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Abstract 
 

High mountain regions including the Andean region are very sensitive to climate 

change. Farmers in the central Andes of Peru are increasingly being exposed to the 

impacts of climate variability. This transdisciplinary research uses field laboratories, 

combining the farming system and the sustainable livelihood approaches, to carry out 

social, ecological, and financial assessments so as to identify sustainable and resilient 

livelihood strategies for small-scale Andean farmers.  

The first research step studies and characterizes farm household systems, influenced 

by their biophysical and socioeconomic contexts, for which two vulnerability indices were 

elaborated. Focused on the climate variability, the five livelihood assets and the three 

IPCC’s vulnerability components, these indices show the highly sensitive conditions of 

most communities with poor health conditions, access to infrastructure and public 

services. Farmers’ capacity of response is often limited by the low on-farm diversity and 

lack of organization. Thereafter, sustainable livelihood strategies were identified. These 

include on-farm intensification and non-farm labor intensification for lowland and better-

access communities. In the middle-access and highland communities, where temporary 

migration is a common coping strategy, sustainable scenarios include an increment in 

diversification strategies through agrobiodiversity and a larger share of tree-based 

production systems.  

Furthermore, research step II explores local strategies to cope with agricultural 

droughts and evaluates, by means of natural resource assessment methods, agroforestry 

systems as an alternative to reduce their negative effects. Mainly affected by the increasing 

variation in precipitation events, farmers identify off-farm and on-farm diversification as 

adaptive strategies against agricultural droughts that reduce the weather dependence and 

covariance between livelihood activities. Among the introduction of more resistant crop 

and pasture varieties, the incorporation of trees in their system is desired because of their 

positive influence in soil moisture and crop yields. Soil moisture in agroforestry systems 

with eucalyptus trees is 10-20% higher than in agricultural systems during the beginning 

of the wet season. Differences in the soil moisture during the end of the dry season and in 

the potato yield are not evident between these systems, although an area without sowing 

reduced the agricultural output in 13-17% in agroforestry systems. 

Research step III seeks to maximize the efficiency of resource allocation in farm 

household systems by developing a linear programming optimization model. This 

financial assessment underpinned the need of additional off-farm activities for resource-

scarcer farmers. In addition, under interest rates below 15% the model includes tree-

based production systems as part of the optimal solution. However, with increasing 

interest rates, a higher share of land is used to cover household’s basic needs and fewer 

resources are available for capital accumulation activities such as forestry. Variations 

introduced in the model show that pasture systems are more sensitive to changes in the 



 

VI 

production outputs, whereas variation in farm worker wages and tree prices affected less 

the optimal solutions, making farming systems less sensitive to these market changes.  

Finally, the incorporation of tree-based systems have proved to be a sustainable and 

resilient livelihood strategy against climate variability available for particular farm 

household systems of the study area.  

 
 
 

Zusammenfassung  
 

Hochgebirgsregionen einschließlich der Andenregion sind gegenu ber dem 

Klimawandel sehr empfindlich. Die in den zentralen Anden von Peru lebenden Bauern 

sind mehr und mehr den Auswirkungen durch Klimaschwankungen ausgesetzt. Diese 

transdisziplina re Forschung nutzt Feldlabore, die  das System der landwirtschaftlichen 

Bewirtschaftung und Ansa tze zur nachhaltigen Lebensunterhaltssicherung kombinieren, 

um soziale, o kologische und o konomische Erhebungen durchzufu hren, so dass 

nachhaltige Livelihood-Strategien fu r die Kleinbauern in den Anden aufgezeigt werden 

ko nnen.  

Der erste Forschungsschritt untersucht und charakterisiert die ba uerlichen 

Haushaltssysteme, die durch ihre biophysikalischen und sozioo konomischen Kontexte 

beeinflusst sind. Hierfu r wurden zwei Vulnerabilita tsindizes herausgearbeitet, die 

Klimavariabilita t und die fu nf Gu ter des Sustainable Livelihood-Konzepts im Fokus haben, 

sowie die drei Vulnerabilita tskomponenten des Intergovernmental Panel on Climate 

Change (IPCC). Diese Indizes decken die hochgradige Sensitivita t fu r die meisten 

Gemeinden auf, aufgrund des schlechten Gesundheitszustandes sowie dem Mangel an 

Infrastruktur und o ffentlichen Dienstleistungen. Die Fa higkeit der Bauern damit 

umzugehen, ist zumeist begrenzt durch eine geringe Diversita t und fehlende Organisation 

auf den Farmen. Anschließend werden nachhaltige Livelihood-Strategien aufgezeigt. 

Diese umfassen die Intensivierung der Arbeit in der Landwirtschaft und der Arbeitskraft 

außerhalb der Landwirtschaft fu r Gemeinden im Flachland sowie besser erreichbare 

Gemeinden. In Hochlandgemeinden und Gemeinden die schwer zuga nglich sind, ist 

tempora re Migration eine gela ufige Bewa ltigungsstrategie. Nachhaltige Szenarien in 

diesen Gemeinden beinhalten eine ho here Anzahl an Diversifizierungsstrategien wie die 

Steigerung von Agro-Biodiversita t und dem Anteil an baumbasierten 

Produktionssystemen.  

Forschungsschritt II untersucht lokale Strategien, um die landwirtschaftliche Du rre zu 

bewa ltigen und bewertet – mit Hilfe von Naturressourcenbewertungsverfahren – 

Agroforstsysteme als eine Alternative, um die negativen Auswirkungen der Trockenzeiten 

zu verringern. Beeintra chtigt durch zunehmende Niederschlagsschwankungen, 

identifizieren Bauern die Diversifizierung von landwirtschaftlichen und nicht-
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landwirtschaftlichen Aktivita ten als Anpassungsstrategie bei landwirtschaftliche Du rre, 

wodurch die Abha ngigkeit vom Wetter und die Kovarianz zwischen den Aktivita ten fu r 

den Lebensunterhalt reduziert werden kann. Neben der Einfu hrung resistenterer Kultur- 

und Weidepflanzen, ist die Einbeziehung von Ba umen in das System wu nschenswert, 

aufgrund ihres positiven Einflusses auf die Bodenfeuchte und Ertra ge. Die Bodenfeuchte 

in agroforstwirtschaftlichen Systemen mit Eukalyptusba umen ist wa hrend der 

beginnenden Feuchtperiode 20% ho her als in landwirtschaftlichen Systemen. Die 

Unterschiede der Bodenfeuchte am Ende der Trockenzeit und bezu glich des 

Kartoffelertrags sind zwischen diesen Systemen nicht markant, obwohl eine Fla che, auf 

der keine Saat ausgebracht wurde, den landwirtschaftlichen Ertrag in Agroforstsystemen 

um 13 bis 17% mindert.  

Forschungsschritt III versucht die Effizienz der Ressourcenzuordnung in 

Farmhaushaltssystemen zu maximieren, indem ein Optimierungsmodell mit Hilfe der 

linearen Programmierung entwickelt wird. Diese o konomische Erhebung unterstreicht 

die Notwendigkeit zusa tzlicher nichtlandwirtschaftlicher Aktivita ten fu r 

ressourcena rmere Bauern. Bei Zinsraten unter 15% umfasst das Model baumbasierte 

Produktionssysteme als einen Teil der optimalen Lo sung. Mit steigenden Zinsraten wird 

jedoch eine gro ßere Bodenfla che dazu verwendet, um die Grundbedu rfnisse der 

Haushalte zu decken und es stehen weniger Ressourcen fu r Aktivita ten zur 

Kapitalanha ufung wie Forstwirtschaft zur Verfu gung. Die in das Modell involvierten 

Variationen zeigen, dass Weidesysteme sensibler auf Vera nderungen des 

Produktionsausstoßes reagieren. Schwankungen bei den Lo hnen der Farmer und 

Vera nderungen der Baumpreise beeintra chtigen hingegen die optimalen Lo sungen 

weniger. Dadurch sind die landwirtschaftlichen Systeme gegenu ber Marktschwankungen 

weniger anfa llig.   

Abschließend erweist sich, dass – fu r bestimmte Farmhaushaltssysteme im 

Untersuchungsgebiet – die Einbeziehung baumbasierter Systeme als nachhaltige und 

resiliente Livelihood-Strategie angesichts von Klimaschwankungen nu tzlich ist.  

 
 
Resumen  

 

Las zonas montan osas, incluyendo la regio n andina son muy sensibles al cambio 

clima tico. Los agricultores de los Andes centrales del Peru  esta n cada vez ma s expuestos 

a los efectos de la variabilidad clima tica. Esta investigacio n transdisciplinaria utiliza 

laboratorios de campo (field laboratories), combinando los enfoques de sistemas 

agrí colas y de medios de vida sostenibles, para llevar a cabo evaluaciones sociales, 

ecolo gicas y financieras con el fin de identificar estrategias sostenibles y resilientes para 

los agricultores andinos de pequen a escala. 
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La primera fase de la investigacio n caracteriza a los sistemas agrí colas familiares, 

influenciados por sus contextos biofí sicos y socioecono micos, para lo cual se elaboraron 

dos í ndices de vulnerabilidad centrados en la variabilidad del clima, los cinco activos de 

los medios de vida y los tres componentes de la vulnerabilidad del IPCC. Estos í ndices 

muestran las condiciones de alta sensibilidad de la mayorí a de las comunidades, con malas 

condiciones de salud y poco acceso a la infraestructura y a los servicios pu blicos. La 

capacidad de respuesta de los agricultores es a menudo limitada por la baja diversidad en 

las actividades agrí colas y la falta de organizacio n. Posteriormente se identificaron las 

estrategias de medios de vida sostenibles. Estas incluyen la intensificacio n en las 

actividades agrí colas y la intensificacio n del trabajo no agrí cola en las comunidades de 

zonas bajas y con mejor acceso. En las comunidades con menor acceso y zonas altas la 

migracio n temporal es una estrategia de afrontamiento comu n. Los escenarios sostenibles 

en estas comunidades incluyen un incremento en las estrategias de diversificacio n p. ej. a 

trave s de un aumento de la biodiversidad agrí cola y una mayor proporcio n de sistemas de 

produccio n asociados con a rboles. 

Por otra parte, la segunda fase de la investigacio n explora las estrategias locales para 

hacer frente a las sequí as agrí colas y evalu a, por medio de me todos de evaluacio n de 

recursos naturales, los sistemas agroforestales como alternativa para reducir sus efectos 

negativos. Afectados principalmente por el aumento en la variacio n de las precipitaciones, 

los pequen os agricultores identifican a la diversificacio n de actividades dentro y fuera de 

sus parcelas agrí colas como una estrategia de adaptacio n frente a las sequí as agrí colas 

que reduce la dependencia clima tica y la covarianza entre las actividades de subsistencia. 

Dentro de la introduccio n de variedades de cultivos y pastos ma s resistentes, como parte 

de la solucio n, los agricultores desean la incorporacio n de a rboles en su sistema debido a 

su influencia positiva en la humedad del suelo y en los rendimientos de los cultivos. La 

humedad del suelo en sistemas agroforestales con a rboles de eucalipto es un 10-20% 

mayor que en los sistemas agrí colas durante el comienzo de la estacio n hu meda. Las 

diferencias en la humedad del suelo durante el final de la estacio n seca y en el rendimiento 

de los cultivos de papa no son evidentes entre estos dos sistemas. A pesar de esto, el 

espacio sin siembra dejado en los sistemas agroforestales redujo la produccio n agrí cola 

en un 13-17%. 

La tercera fase de la investigacio n busca maximizar la eficiencia en la asignacio n de 

recursos en los sistemas agrí colas familiares mediante el desarrollo de un modelo de 

optimizacio n de programacio n lineal. Esta evaluacio n financiera respalda la necesidad de 

actividades adicionales no-agrí colas para agricultores con recursos ma s escasos. Adema s, 

con tasas de intere s por debajo del 15%, el modelo siempre incluye a los sistemas de 

produccio n forestales y/o agroforestales como parte de las soluciones o ptimas. Sin 

embargo, con el aumento de las tasas de intere s, una mayor proporcio n de tierra se utiliza 

para cubrir las necesidades ba sicas del hogar y menos recursos esta n disponibles para las 

actividades de acumulacio n de capital como la silvicultura. Las variaciones introducidas 
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en el modelo muestran que los sistemas de pastoreo son ma s sensibles a los cambios en 

los condiciones de produccio n. Por otro lado, la variacio n en los salarios de los 

trabajadores agrí colas y en los precios de los a rboles afectan en un menor grado las 

soluciones o ptimas, proporcionando sistemas agrí colas menos sensibles a estos cambios 

en el mercado. 

Finalmente, la incorporacio n de a rboles en los sistemas agrí colas ha demostrado ser 

una estrategia de vida sostenible y resiliente a la variabilidad clima tica disponible para 

determinados sistemas agrí colas familiares de la zona de estudio. 

 
 
Resumo  

 

Regio es altomontanas, incluindo os Andes sa o extremamente sensí veis aos impactos 

das mudanças clima ticas. Pequenos agricultores da regia o central dos Andes Peruanos 

esta o progressivamente sendo expostos aos impactos das variaço es clima ticas. A presente 

investigaça o transdisciplinar utiliza “field laboratories”, combinando os enfoques de 

sistemas rurais e dos meios de subsiste ncia sustenta veis, visando uma avaliaça o social, 

ecolo gica e financeira, com intuito de se identificar estrate gias resilientes e sustenta veis 

para os pequenos agricultores Andinos. 

A primeira etapa do presente estudo investiga e caracteriza os sistemas rurais, 

influenciados por seus contextos biofí sicos e socioecono micos, para os quais foram 

elaborados dois í ndices de vulnerabilidade focados na variabilidade clima tica, nos 

recursos dos meios de vida (cinco capitais) e nos tre s componentes da vulnerabilidade do 

IPCC. Esses í ndices mostram as condiço es altamente sensí veis da maioria das 

comunidades, com ma s condiço es de sau de, acesso a  infra-estrutura e serviços pu blicos. 

A capacidade de resposta dos pequenos agricultores e  frequentemente limitada pela baixa 

diversificaça o de actividades na exploraça o agricola e falta de organizaça o. 

Posteriormente, foram identificadas estrate gias de subsite ncia sustenta veis. Estas 

incluem a intensificaça o tanto do trabalho rural, quanto do na o-agrí cola para as 

comunidades de terras baixas e mais acessí veis. Para as comunidades altomontanas e com 

menor acesso, a migraça o tempora ria e  uma estrate gia de enfrentamento comum. 

Cena rios sustenta veis para essas comunidades incluem um incremento nas estrate gias de 

diversificaça o p. ex. aumentando a agrobiodiversidade e a parcela dos sistemas de 

produça o florestais. 

A segunda etapa da pesquisa explora estrate gias locais para lidar com as secas agrí colas 

e investiga, por meio de me todos de avaliaça o de recursos naturais, sistemas 

agroflorestais como alternativa para reduzir os seus efeitos negativos. Afetado 

principalmente pelo aumento da variaça o da precipitaça o, os agricultores identificam a 

diversificaça o tanto no trabalho rural, quanto no na o-agrí cola, como estrate gias 
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adaptativas contra secas agrí colas que reduzam a depende ncia do clima e covaria ncia 

entre atividades de subsite ncia. Entre a introduça o de culturas e de pastagens de 

variedades mais resistentes, a incorporaça o de a rvores em seu sistema e  desejada por 

conta da sua influe ncia positiva na umidade do solo e no rendimento das culturas. A 

umidade do solo em sistemas agroflorestais com a rvores de eucalipto e  de 10-20% maior 

do que em sistemas agrí colas durante o iní cio da estaça o chuvosa. As diferenças na 

umidade do solo durante o final da estaça o seca e na produtividade da batata na o sa o 

evidentes entre estes dois sistemas. Apesar disso, o espaço sem semeadura deixado em 

sistemas agroflorestais reduziu a produça o agrí cola em 13-17%. 

A terceira etapa da presente investigaça o visa maximizar a eficie ncia da alocaça o de 

recursos em sistemas agrí colas familiares por meio do desenvolvimento de um modelo de 

otimizaça o de programaça o linear. Esta avaliaça o financeira sustenta a necessidade de 

atividades na o-agrí colas adicionais para agricultores com recursos escassos. Ademais, sob 

taxas de juros abaixo de 15%, o modelo inclui sistemas de produça o florestais como parte 

da soluça o ideal. Contudo, com o aumento das taxas de juros, uma parcela maior da 

propriedade e  usada para garantir as necessidades ba sicas, e portanto, menos recursos do 

agregado familiar esta o disponí veis para atividades de acumulaça o de capital, tais como a 

silvicultura. Variaço es introduzidas no modelo mostram que sistemas de pastagem sa o 

mais sensí veis a mudanças nas condiço es de produça o. Ademais, variaça oes nos sala rios 

dos trabalhadores agrí colas e nos preços de a rvores afetam menos as soluço es o timas, 

tornando os sistemas agrí colas menos sensí veis a estas mudanças do mercado. 

Por fim, a incorporaça o de sistemas florestais provaram ser uma estrate gia de 

subsiste ncia sustenta vel e resiliente contra a variaça o clima tica para determinados 

sistemas de agricultura familiar da a rea de estudo. 
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1 Introduction 

1.1 Introduction and justification 

 

In the Andes, as in many other mountainous regions especially in the tropics, a wide 

variety of microclimates, agro-ecological zones and vegetation are present. This 

heterogeneity also implicates climate variability. As a consequence, agricultural 

landscapes are affected in different extents by the same climatic event (Crespeigne et al., 

2010). Highly dependent on their agricultural production, Andean peasants are very 

susceptible to climate variations, especially when their production systems are grown 

under rainfed conditions (IGP, 2005c). In this sense, and as stated by Smit & Wandel 

(2006), Andean communities have to struggle to reinforce and develop traditional and 

new practices to reduce risks and vulnerability.  

As in most households in rural communities, the negative impacts of increasing climate 

variations are exacerbated by several factors such as land fragmentation (IGP, 2005c) and 

lack of resources, which affect rural household decisions and livelihood strategies (Stadel, 

2008). 

The exposure and sensitivity to climatic hazards are determined by multiple stressors 

and drivers, which are shaped by the livelihood assets of small-scale farmers. The 

household’s capacity to respond or address these climatic impacts is limited by some of 

these capitals, such as the human and social capitals. An increase in the access of farmers 

to livelihood assets will help enhance their resilience to climate variability.  

The identification of how sources and ways of risks and adaptive capacity are 

distributed between farmers and among communities is essential for reducing 

vulnerability (Ribot, 2010). In this regard, climate change assessments are considered as 

fundamental and, following Preston & Stafford-Smith (2009), they consist of several steps 

such as:  

- Characterization of the system and its context 

- Identification of most vulnerable sectors of the population for priority setting 

- Assessment of the different adaptation options or decision alternatives. 

- Implementation of particular adaptation measures 

The IPCC (2007) identified a lack of vulnerability analyses in communities and of 

feasible adaptation options available at local levels. To understand how small-scale 

farmers are affected by climate variation and extreme events in the Achamayo watershed, 

an integrated bottom-up vulnerability assessment including biophysical and 

socioeconomic drivers - both internal and external - is necessary.  
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1.2 Objectives and thesis statements 

 

This transdisciplinary research aims to analyze the different rural livelihood strategies 

available to small-scale farmers in the central Andes of Peru in order to sustainably 

enhance their resilience to increasing climate variability.  

 

More specifically: 

 

 To assess farming systems and small-scale farmers’ livelihood 

assets. 

 To elaborate two vulnerability indices.  

 To determine how small-scale farmers’ determinants influence 

their resilience to climate change. 

 To identify local livelihood strategies used to adapt and cope with 

hazards. 

 To assess farmers’ experience and perception on climate 

variability.  

 To identify the strategies of small-scale farmers to cope with 

agricultural droughts. 

 To assess local attitudes toward forests and agroforestry systems. 

 To assess the influence of trees on the soil moisture and staple crop 

yields.  

 To develop a linear programming optimization model to maximize 

the efficiency of farm household system’s (FHS) resource 

allocation.  

 To identify FHS’s characteristics in which the incorporation of trees 

are most beneficial. 

 To analyze the sensitivity of the outputs of FHSs to variations 

influenced by changes in the climate and market conditions. 

 To indicate scenarios and sustainable and resilient livelihood 

strategies against climate variability. 
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To address the research objectives and considering the explorative character of the 

present study the following research questions shall be tackled: 

 In which extent communities’ socioeconomic and biophysical conditions 

influence their vulnerability to climate variability and extreme events? 

 Do farmers acknowledge the increasing effects of climate change? Are they 

adopting measures to reduce their negative impacts?  

 Can agroforestry systems reduce the negative effects of agricultural droughts on 

staple crops’ production?  

 How can particular objectives of farm household systems be optimized based 

on the existing production systems? 

 After considering the social, ecological and financial assessments, is the 

incorporation of trees a sustainable and resilient livelihood strategy for small-

scale farmers?  

 

1.3 Outline 

 

The present dissertation is divided in six chapters. After a short introduction, the first 

chapter enumerated the objectives and theses. It includes as well the present outline 

(Figure 1.1) and the definition of terms relevant to this research. 

 

Figure 1.1: Overview of the research. (I: Research step I; II: Research step II;  

 III: Research step III; IV: Research step IV)   
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Chapter 2 provides a general review on the main approaches adopted on this empirical 

research, namely the farming system approach and the sustainable livelihoods approach. 

Furthermore, the methodological framework in which this research was confined is 

depicted and elucidated and is followed by a description of the general characteristics of 

the study area. 

Chapter 3 (research step I: Vulnerability in Achamayo) is devoted to the farm household 

systems and their vulnerability to climate change. A detailed description of the applied 

methodology including the elaboration of the vulnerability indices and their analysis is 

given. Results on the Sustainable Livelihood Vulnerability Index (S-LVI) are presented 

including their six main components and followed by their overall composition and the 

one focusing on the IPCC vulnerability factors (LVI-IPCC index). Results related to the 

external determinants and the livelihood strategies of the small-scale farmers are 

discussed. 

Chapter 4 (research step II: Agroforestry systems and agricultural droughts) focuses 

on agroforestry systems as a potential adaptation strategy to climate change. A brief 

review on agroforestry in the study area is provided together with the farmers’ 

experiences and perception on climate variability and extreme events with focus on 

agricultural droughts. Following this, agroforestry and agricultural systems are contrasted 

with an ecological assessment and discussion on the influence of trees on soil moisture 

and yield variation inside farm staple crops. 

Chapter 5 (research step III: Modeling small farm production systems) is devoted to 

financial trade-off analyses among the existent production systems with the aim of 

maximizing the goals of particular farm household systems through the use of an 

optimization model. Therefore, a linear programming model is developed and designed to 

maximize the efficiency of resources allocation. Characteristics of the production systems 

as well as the set of constraints and requirements for the model experiments are 

explained. The best set of alternatives is presented for each designated FHS. Outcomes 

including different interest rates and sensitivity analyses are further discussed. 

Chapter 6 (research step IV): A synthesis discussing lessons learned from the methods 

and outcomes provided in the previous chapters is presented together with an outlook 

based on the major findings so as to better understand farmers’ sustainable and resilient 

livelihood strategies.  
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1.4 Definition of terms 

 

1.4.1 Vulnerability 

 

The concept of vulnerability, is used in a large variety of disciplines (from computer 

and social science to ecology and evolutionary biology) and has simultaneously being 

interpreted in several ways, with little consensus in its meaning and with, hitherto, 

continuing reformulations (Adger, 2006; Gallopí n, 2006; Smit & Wandel, 2006).  

Vulnerability in the livelihood context is the result of the adverse effects of physical 

events (as a function of exposure and sensitivity) and the capacity of individuals 

(household characteristics) or social groupings to respond (anticipate, cope, resist, 

recover, and adapt) to these interacting stressors affecting their livelihood and well-being 

(Ellis, 2000; Frankenberger et al., 2005; Kelly & Adger, 2000; Luers et al., 2003; Schraven, 

2010; Vogel & O´Brien, 2004; Wisner et al., 2004). In a nutshell, vulnerability is “the 

propensity or predisposition to be adversely affected” (IPCC, 2014a, p. 3).  

The IPCC 4rd Assessment Report definition of vulnerability refers to “the degree to 

which a system is susceptible to and unable to cope with adverse effects of climate change, 

including climate variability and extremes. Vulnerability is a function of the character, 

magnitude, and rate of climate change and variation to which a system is exposed, its 

sensitivity, and its adaptive capacity” (IPCC, 2007, p. 883).  

However, some scholars indicated that this definition intended to encompass all 

contexts of vulnerability in one definition (Fu ssel, 2007), which would be, as above stated, 

inconsistent. To characterize the vulnerable situation more accurately, the four 

dimensions pointed out by Fu ssel (2007) were followed.  

1) The system of analysis: This can vary from an economic region to a natural system. In 

this research, it relates to the coupled human-environment system or socio-ecological 

system (SES, Gallopí n, 1991). Vulnerability is determined by the interaction of both 

sub-systems (Engle, 2011).   

2) The attribute of concern: These are the attributes of the system that are threatened by 

its exposure to a hazard. They can include for example biodiversity, productivity and 

human health. In this research, the attributes of concern are embodied by the 

livelihood assets. 

3) The hazard: A number of discrete hazards i.e. perturbations, which are major spikes in 

pressure beyond the normal range of variability (Turner et al. 2003), or continuous 

hazards i.e. stressors, which are continuous or slowly increasing pressures usually 

within the range of normal variability (Turner et al., 2003), may affect a valued 

attribute of a system. These are human activities, potentially damaging physical events 

or phenomena, which are often but not only external to the system in question. In this 
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research, the climate variability and extreme events are regarded as hazards.   

4) The temporal reference: this refers to the time horizon of the determined situation to 

be assessed. The time horizon used for this research vulnerability assessment includes 

the present and future short and longer term.  

 

To clarify the concept of vulnerability, it is important to decompose and define their 

components such as exposure, sensitivity and capacity of response. 

 

1.4.1.1 Exposure 

 

This term relates the system of interest (e.g. a community incl. its assets, or an 

ecosystem incl. its services) and the degree, duration and/or extent in which it is in 

contact with (or subject to) the hazard, and thus its potential future harm, loss or damage 

(Gallopí n, 2006; Lavell et al., 2012)  

 If exposure is assumed as a component of vulnerability, any system free from stressors 

or perturbations, would be considered as non-vulnerable (Gallopí n, 2006). In an opposed 

way, if exposure is externalized from vulnerability, the vulnerability, hazard and exposure 

components would be determined independently. Only after combining these three 

components the potential risks (impacts) could be estimated (IPCC, 2014a). 

 

1.4.1.2 Sensitivity to climate change 

 

Sensitivity is defined as the degree to which a system (or species) is directly or 

indirectly affected, either adversely or beneficially, by climate variability or climate change 

(IPCC, 2014b). Gallopí n (2006) emphasizes that sensitivity is an attribute of the system 

which exists before the perturbation, and is detached from exposure.  

Nevertheless, many authors including Luers (2005), Smit & Wandel (2006) and Young 

et al. (2010), combine both exposure and sensitivity in their definitions, as an interaction 

of the characteristics of the system and the climate conditions to which it is sensitive. Smit 

& Wandel (2006) remark that local conditions having an influence on the exposure-

sensitivity component reflect the broader livelihood conditions and their external 

determinants (e.g. macroeconomic and political conditions).  

 

1.4.1.3 Capacity of response 

  

Capacity of response or “internal socioeconomic capacity” (Fu ssel, 2007) comprises 
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the adaptive capacity and the coping capacity, both of which are below defined. Gallopí n 

(2006), who employs also this term, emphasizes that the capacity of response is an 

attribute of the system, which exists before the perturbation. 

Following Lavell et al. (2012), capacity expresses the conditions and characteristics 

that permit individuals, communities or organizations, access to and use of the livelihood 

assets and their external determinants to achieve established goals (e.g. reduce 

vulnerability and cope with the consequences of disaster). A relative lack of it will 

contribute to an increase in vulnerability.  

Both terms “coping capacity” and “adaptive capacity” are perceived differently by 

authors (e.g. Gallopí n, 2006; IPCC, 2014b; Schraven, 2010; Smit & Wandel, 2006; Turner 

et al., 2003). The first refers to the short to medium term capacity to achieve basic 

functioning (e.g. just survive) of individuals, social groupings or systems, and the latter to 

the longer term capacity to adjust to potential damage. Moreover, adaptive capacity 

includes the ability of the system to take advantage of opportunities when facing physical 

events (Fu ssel & Klein, 2006).  

Whereas the coping capacity focuses on the moment, constraint and survival, the 

adaptive capacity focuses more on the future (Lavell et al., 2012). It is not possible to make 

use of the adaptive capacity to overcome a disastrous earthquake; however, it can limit the 

need for coping potentially required in the next earthquake. On the other hand, when 

coping needs become too frequent so that no adequate recovery is attained in between, 

assets are being consumed. This leaves fewer resources available for coping and 

adaptation, and thus the system becomes increasingly vulnerable to future hazards 

(Adger, 1996; Lavell et al., 2012; O’Brien & Leichenko, 2000). This would eventually shift 

the system into transient poverty (Lipton & Ravallion, 1995), or even trap it deeper in the 

circle of poverty. 

 

1.4.2 Resilience 

 

The Arctic Council (2013, in IPCC, 2014b, p. 23) defines resilience as:   “The capacity of 

a social-ecological system to cope with a hazardous event or disturbance, responding or 

reorganizing in ways that maintain its essential function, identity, and structure, while also 

maintaining the capacity for adaptation, learning, and transformation”.  

Preston & Stafford-Smith (2009) comment on the differences pinpointed between the 

concepts of ‘adaptation’ and ‘resilience’, while the prior is a fundamental shift in state or 

transformation, the latter represents a return to the former state after disturbance. They 

stress the fact that adaptation implies the ability to anticipate future states. Nevertheless, 

Folke (2006, p. 261) brings out that in relation to socio-ecological systems, resilience 

integrates in addition the concept of adaptation, learning and self-organization (“renewal 
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of the system and emergence of new trajectories”), including the idea of anticipation and 

the enhancement of the basic structures and functions (Lavell et al., 2012). These concepts 

are well integrated in the present definition.  

Finally, Preston & Stafford-Smith (2009) recapitulate that these continuing 

reformulations with the most diverse academic arguments, misconceptions and divisions 

in the terminology derails otherwise productive discussions and pursuits. Therefore, they 

recommend retaining some flexibility (avoiding rigidity) in the use of terms associated 

with the vulnerability approach, mainly due to their broad boundaries and the inherent 

differences among stakeholders’ backgrounds. 

 

1.4.3 Agroforestry systems 

 

Found amongst farming systems, farmers use to incorporate trees into the agricultural 

systems and/or pastures in order to increase and optimize their production sustainably 

(Fassbender, 1993) in what is called agroforestry systems.  Young’s (1989, p. 11) definition 

of agroforestry remains one the most accurate and suitable for the present research. 

“Agroforestry is a collective name for land-use systems in which woody perennials (trees, 

shrubs, etc.) are grown in association with herbaceous plants (crops, pastures) and/or 

livestock in a spatial arrangement ‘…’ and in which there are both ecological and economic 

interactions between the tree and non-tree components of the system”.   

Agroforestry systems provide diverse advantages from the tree outputs such as timber 

and non-timber forest products to the frequent improvements on the crop and livestock 

productivity. These systems create a microclimate which helps protect livestock and 

herbaceous plants from adverse climatic conditions such as frost, strong wind, radiation 

and evaporation, often providing higher humidity and milder temperature variations 

(Bermejo & Passetti, 1985; COTESU, 1994; FAO, 2007). Depending on the species 

selection, conditions and management, trees can improve the soil’s physical and 

mechanical properties e.g. by fixating nitrogen, organic matter, and reducing erosion 

(Ocan a, 1994). Their benefits also extend to the increment in the biodiversity (e.g. birds) 

and landscape values. Diversification through short- and long-term investments allows 

both the spreading and reduction of economic risks (Reyes, 2008). However, 

disadvantages cannot be overlooked as competition for resources with crops difficult 

tillage activities and limit the use of machineries, with their respective consequences.  

In the present study area trees growing in field boundaries as shelterbelts are the only 

existing agroforestry pattern, helping in the demarcation of the fields besides the 

abovementioned interactions. They consist of one row of trees with distances between 

one and three meters between them and up to four tree species per field. In most cases, 

trees do not surround the entire field but two to three sides of it. That being said, 

agroforestry systems in this research refer to this particular spatial arrangement.    
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1.4.4 Farming system approach 

 

Natural resources available to farmers vary from its intrinsic characteristics such as 

soil and topography to their larger components such as diverse water sources and the 

potential and actual fauna and flora; all this being strongly related to the climate 

conditions. On the whole, they form part of the natural capital of the farmer´s 

smallholding. When other capitals such as the human, social, physical and financial capital 

are encompassed and the interaction among these resources taken into account, the 

household (HH) and the resources they manage constitute a system referred as a farm 

system. 

  Farm systems are not a closed system, completely independent of their surroundings. 

Not only are they influenced by natural and physical processes such as soil erosion, 

groundwater flow runoff and irrigation systems, pest infestation, crop pollination, etc. but 

also by social processes with their neighbors and the community they live in such as 

information sharing and knowledge transfer, consensus building and collaboration, status 

seeking and segregation, etc. Therefore, nowadays farm systems are assessed with their 

external elements and in aggregates. The aggregate of farm systems is referred as farming 

system. 

This approach is not new to researchers and has been used since the late 70’s. However, 

early studies used a limited number of variables and left many factors influencing the 

system as constants due to the limitations and difficulties they had to analyze large 

numbers of variables at that time (Norman, 2002). It was dominated by economists and 

multi-disciplinary approaches were hardly used (Beets, 1990). Since then it has evolved 

and thus been subject of constant transformations. The most relevant definitions for the 

present research are listed below:  

Beets (1990, p. 4-5): 

“A farming system thus consists of resources (land, labor, capital) used in activities 

(crops, livestock, off-farm) to produce a flow of outputs (food, raw material, cash)”.  

“A farming system is a unit consisting of a human group (usually a HH) and the 

resources it manages in its environment, involving the direct production of plant and/or 

animal products. Factors such as climate and weather, land-tenure, land-quality, and 

socio-economic variables are included. It is an ecosystem in which all of the components 

– land, operators, hired labor, crops and cropping systems, animals and machinery – are 

considered together to produce goods to meet the requirement for food, clothing, and 

shelter; or, to exchange for goods to meet part or all of those needs. A farming system is 

always part of a larger social, political, economic, cultural and political environment, 

which has impact on everything that happens within the farming system.”  

Dixon et al. (2001, p. 9): 

“Farming system is defined as a population of individual farm systems that have 
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broadly similar resource bases, enterprise patterns, household livelihoods and 

constraints, and for which similar development strategies and interventions would be 

appropriate. Depending on the scale of the analysis, a farming system can encompass a 

few dozen or many millions of households.”   

McConnell & Dillon (1997, p. 9): 

“The terms farm system and farming system are often used interchangeably. Here the 

practice is to use farm system to refer to the structure of an individual farm, and farming 

system to refer to broadly similar farm types in specific geographical areas or 

recommendation domains” 

 

1.4.5 Farm household system 

 

The farm household system (FHS) is composed by three closely linked subsystems 

including the household, the farm and the off-farm employment by household members 

(Norman & Douglas, 1994). The first is a social system providing purpose and 

management to the farm production system (McConnell & Dillon, 1997). Farm resources 

include the fixed or long-term resources such as land, irrigation systems and machinery 

and the short-term or operational resources e.g., seeds and fertilizers. Besides their 

components itself, minor beneficiaries of the FHS’ outputs are (1) the external primary 

beneficiaries such as landless neighbors, landlords, and the extended family; and (2) the 

external secondary beneficiaries such as local governments (e.g. as taxing authorities), 

credit providers, etc. (McConnell & Dillon, 1997). 

The different livelihood activities included in a HH vary from the conventional 

agriculture and livestock husbandry, over agroforestry, salary and non-farm wages, and 

down to hunting and gathering activities. These belong to a range of processes such as 

gathering, production and post-harvest processes that are related and reliant on each 

other (Dixon et al., 2001).  

For some products, mainly tubers, farmers favor the consumption of their own 

production (subsistence agriculture). However, farmers’ increasing profit orientation and 

interest in income generation under a market economy justified the use of monetary 

values, in the present research, for calculating their livelihood activities.  

 

1.4.6 Sustainable livelihood approach 

 

The most accepted and quoted definition of sustainable livelihoods, based on Chambers 

& Conway (1992) and adapted by Scoones (1998) and  the IDS (Institute for Development 
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Studies), Carney (1998, p. 4) and the DFID (Department for International Development) 

among others, and taken over by several development NGO´s such as CARE and Oxfam,  is 

as follows: 

“A livelihood comprises the capabilities, assets (including both material and social 

resources) and activities required for a means of living. A livelihood is sustainable when 

it can cope with and recover from stresses and shocks and maintain or enhance its 

capabilities and assets both now and in the future, while not undermining the natural 

resource base.” 

These capabilities will depend on the assets - basic material and social, tangible and 

intangible assets - that people have in their possession and together these assets are the 

capital base from which livelihoods are erected (Scoones, 1998; Bebbington, 1999; 

Valdivia et al., 2010). 

Early definitions of sustainable livelihoods are found in the Brundtland report (WCED, 

1987), falling back on three decades of changing views of poverty reduction (Ashley & 

Carney, 1999) whose analyses have emphasized the importance of assets, including social 

capital, as well as the importance of institutional and structural issues all this with a focus 

on human wellbeing and sustainability rather than economic growth. A detailed 

chronology of this process can be found in Solesbury’s case study on sustainable 

livelihoods (2003). 

Norman (2002) & Pretzsch (2005) labeled the sustainable livelihoods approach (SLA) 

as being the end product and derivative of this evolutionary process undergone by the 

farming system approach. Dixon et al. (2001) noted that while both recognize diverse 

livelihoods and are farmer-centered approaches, the SLA places more emphasis on 

vulnerability.  

Finally, the DFID developed an analytical (SL) framework, which includes the 

transforming and processes structures and the livelihood strategies and outcomes and is 

built around the five capitals or livelihood assets, which are defined below. 

 

1.4.6.1 Human capital 

"Human capital represents the skills, knowledge, ability to labor and good health that 

together enable people to pursue different livelihood strategies and achieve their 

livelihood objectives" (DFID, 1999, p. 7). Whenever considered at the HH level it varies 

depending on the HH size and composition, health and nutritional status (including intra-

household allocation), skill levels and it serves as cornerstone for building on the other 

capitals.  

 

1.4.6.2 Social capital 

In order to conduct a productive stream which takes the HH a step further on their 
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livelihood objectives, people (in most cases) make use of their social resources (Scoones, 

1998) which include networks, social and political claims, associations and affiliations, 

their systems of norms, rules and sanctions. For many disadvantaged HHs, which have 

little assets from where they can build their livelihoods, the main source of support is 

through the use of their social resources.  

Adger (2003) splits the social capital in two dimensions, the private one where only the 

benefits for this individual are reflected, and the public (or collective) dimension which is 

related to networks being perceived as public goods, enhancing the overall ‘performance’.  

Williamson et al. (2012) indicate further that a high level of social capital in a community 

supports collective action. Finally, De Silva et al. (2007) underline that the social capital 

composition differ between rural highlands and urban areas in Peru, with similar 

organizations and networks having different contributions depending on their location 

and setting.  

 

1.4.6.3 Financial capital 

This capital has two main sources (Kollmair & Gamper, 2002), (1) the available stocks 

such as savings, access to credit and other liquids assets like livestock and other HH items 

that can quickly be converted into cash (with minimal loss of value), and (2) the regular 

inflows of money such as remittances, pensions, labor income and other inflows of money 

which are dependent on a third party. 

Among the most adaptable capitals, the financial capital can be easily used for attaining 

livelihood outcomes. Nevertheless, it is scarce mainly among poor HHs.   

 

1.4.6.4 Physical capital 

Physical assets help reduce the opportunity costs that a HH needs to achieve their 

livelihood objectives. It includes the basic infrastructure such as irrigation systems and 

“fixed” capital e.g., agricultural machinery and equipment, which support processes in at 

least one productive stream (livelihood strategy). Infrastructure like potable water supply, 

education and health institutions, irrigation facilities, enhance almost directly other 

capitals such as the natural, human and social capital, and restricted access to these limits 

the livelihood outcomes in numerous ways. 

 

1.4.6.5 Natural capital 

The different natural resources, such as water, soil, flora and fauna available (and 

potential) and the environmental services provided by them from which resource flows 

and services useful for livelihoods are derived (Scoones, 1998), constitute the natural 

capital. This capital is vital for HHs reliant on income generating activities related to the 

primary sector for a means of living. Additionally, natural events and their variability 
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directly influence the natural capital, including the productivity, making HHs susceptible 

to livelihood unsustainability and thus vulnerable. Furthermore, by managing them 

people can improve or degrade the productivity of these resources (Carney, 1998). 

 

These five principal categories of assets are depicted as a pentagon in order to highlight 

their interconnections and that together and only together, they form the essence of the 

HH livelihoods and their potential strategies.  
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2 Framework and study site 

2.1 Theoretical framework 

 

The present research was carried out within the context of the INCA (International 

Network on Climate Change) project. The INCA over-all objective is to understand the 

situation of local farming and forestry systems in the tropical Andes and how are they 

being affected by climate change and to develop and test livelihood strategies for small 

farms and indigenous communities.  

To identify subsequent research and development network activities in the INCA 

project toward a local strategy for adaptation to and mitigation of climate change, a 

profound understanding of the farming and forestry systems was a necessary 

precondition. Consequently, the methodological framework was based on the interaction 

of the before detailed classical farming system - and further developed to forestry systems 

- and the sustainable livelihood approach (Figure 2.1).  

 

 

Figure 2.1: General framework and research steps of the INCA project  

 

The present research focuses on small-scale farming families (FHS) as analysis units, 

and uses a transdisciplinary and participatory analysis of production and its relationship 
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with biophysical (including climate) and socioeconomic determinants   (Dixon et al., 

2001), taking into account the five livelihood assets (Carney, 1998; Chambers and Conway, 

1992; DFID, 1999) as key indicators (see I in Figure 2.1).  

As a basis to explore the present new field of work, this research uses 

transdisciplinarity, working across and beyond several disciplines to create a holistic 

approach and achieve a common scientific goal, as defined by Gibbons (1994, in Brand et 

al., 2004, p. 16) and Mittelstraß (2003). Transdisciplinary approaches have gained 

recognition in environmental risk and vulnerability as well as for rural development 

research (Leon-Velarde et al., 2008; Stadel, 2008; Karsperson et al., 1995). Therefore, the 

socio-ecological co-evolution model was used as a fundament to elaborate the present 

research framework (Figure 2.2).  

With an emphasis on vulnerability and poverty reduction, the Andean livelihoods 

strategies were analyzed in a holistic manner to identify strategically important 

intervention areas (Norman, 2002; Krantz, 2001). Therefore, communities and more 

specifically farm household systems were assessed (I in Figure 2.2). One way forward is 

through the elaboration of vulnerability indices embracing the research approach.  

As Locatelli et al. (2011) pinpoint, to reduce societal vulnerability to climate variability 

more research regarding the role of ecosystem services should take place. In that sense, 

the incorporation of trees as in agroforestry systems, as part of the sustainable livelihood 

strategies identified by farmers, were assessed based on their ecological and financial 

feasibility to increase Andean farmers’ resilience. 

 

 

Figure 2.2: Transdisciplinary research framework (adapted from Pretzsch et al., 2014) 
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A special focus was put on the ecological relation (II in Figure 2.2) between trees and 

crops and the effects of the former in the soil moisture and yield. For this purpose, 

agroforestry systems were compared to staple crop systems, as an alternative to reduce 

agricultural droughts and their negative effects.  

Financial analyses between different production systems (III in Figure 2.2) were 

carried out by optimizing farm household systems’ basic resources. Although the 

traditional subsistence economy is embedded in the model by covering the minimum food 

requirements, the optimization model is based on market economy principles, with the 

criterion of maximizing farmers’ net revenues. Depending on the characteristics of the 

FHS a specific pattern with different land uses were obtained. The final objective helped 

to reach a better understanding on the potential sustainable livelihood strategies (IV in 

Figure 2.2) available on farm and feasible to small-scale farmers so as to improve their 

conditions and make them more resilient to climate change.  

Past agricultural research and development programs in general and specifically in the 

Mantaro valley, assumed an isolation of small-scale farmers from input and product 

markets and supposed that the first were particularly resistant to change (Horton, 1984). 

As opposed to those previous researches, this research includes the different context and 

structures behind the HHs and communities accompanied by the several processes 

including government policies such as tenure rights, service provision and market 

policies, community social relations and safety nets, as well as market relations and local 

intermediates (Frankenberger et al., 2000). Together they demarcate the farmer’s access 

to particular assets, denying or granting them, building or limiting relations among 

stakeholders, and support or discourage the very same livelihoods through their policies.   

Furthermore, in order to assess the above-mentioned methodological approaches a 

unit of analysis was established, namely the farm household system (FHS). Boundaries, 

which are an important element of this system, are partly physical and partly abstract of 

the farm systems, separating the FHS from the whole and from other neighboring systems, 

for the ease of the analysis.  

The previous can be observed in the FHS framework presented in Figure 2.3. The 

framework has its origins in the work of Beets (1990) and Dixon et al. (2001). Although, 

it has been adapted to the local context, it is well applicable to further researches using 

the above-mentioned approaches. Elements of the external determinants or the 

production systems depicted in the framework could be modified depending on the study 

case and their farming system characteristics i.e., including additional livelihood activities 

performed by HH members.  

The principal external determinants, which are the public and private sector 

organizations, infrastructure, markets, among others, influence the development of a FHS 

and are indicated on the right side of Figure 2.3, placed outside the dash-dotted line that 

marks the FHS’ boundary. Specific characteristics and conditions of the farm and the HH 
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members are here defined. Out-farm, on-farm and off-farm activities are closely related, 

as observed in Machado dos Santos (2003). On-farm labor includes a range of 

interdependent activities such as gathering, production and post-harvest activities taken 

in the farm components. In the research area, the farmland was used for sowing crops in 

a rotation cycle, cattle pasture and silvopastoral systems, agroforestry systems and small 

forest plantations. These are linked with long-dashed arrows in Figure 2.3.  

On the other hand, out-farm labor includes activities such as grazing or herbs and dung 

gathering which are carried out in open access property or communal land. Finally, off-

farm labor includes the different non-farm related activities (e.g. craftsman, salesman) 

along with the wage work comprising the agricultural wage (FAO, 1990; Krause et al., 

2007). 

The long-dashed arrows illustrated in Figure 2.3 represent the constant flow between 

the HH and the production systems inside the FHS. The solid arrows represent the 

determinants, which are related to the FHS, influencing or conditioning it. Contrarily, the 

dotted arrows represent the components of the FHS which are related to - influenced by 

or dependent upon - particular external determinants, such as the cash crops and the out-

farm and off-farm labor supply of the FHS.  

 

 

Figure 2.3: Framework for farm household systems 
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The availability of markets and the prices on offer, and more generally, the 

socioeconomic and political context, influence farmers’ decision-making in the FHS, and 

thus their livelihood strategies. These decisions include output allocation, timing and 

amount of product sales, purchase of inputs and land use change. Thus, decision-making 

is a fundamental and dynamic process, which is quasi-ubiquitous and is represented by 

all the arrows in Figure 2.3. Finally, and as a result of the number of livelihood activities 

carried out by the HH, multiple outputs will be originated. These outputs include, but are 

not limited to the financial capital. Instead, they encompass all five assets, serving as a 

potential path to sustainable livelihood and a way out of the poverty cycle, and are 

therefore of major importance for the present research. These outputs are allocated inside 

and outside the FHS which flow is represented with thicker arrows.   

 
 

2.2 Methodological framework 

 

2.2.1 Field laboratories 

 

The assessment of FHSs was conducted using socioeconomic “Field Laboratories”.  

“Field laboratories” is an umbrella term for a set of participatory and flexible methods that 

belong to the action research and use some elements of the social learning processes. Rist 

et al. (2006) implemented it in their ‘Autodidactic Learning for Sustainability’ workshops 

where they brought together a large diversity of participants, from small farmers and their 

representatives in the rural communities, to public authorities, members of development 

organizations, researchers and academics. Similarly, in the field laboratories 

approximately 3/4 of the participants are local stakeholders and the rest academics 

interacting in a specific working environment close to the reality of informants, so that the 

former have a greater say in the research (Lindner & Pretzsch, 2013).  

Nowadays, the importance of involving small-scale farmers - for their knowledge input 

- in all stages from the design to the implementation of projects intended to improve their 

livelihoods is widely recognized, as they know better their situation and needs (Dixon et 

al., 2001; Krantz, 2001) and they are consequently more committed to implement 

measures to reach expected outcomes.  

In accordance with this, similar models from previous researches have been 

implemented in the Mantaro Valley, such as the “farmer-back-to-farmer” for generating 

and transferring agricultural technology. There, applied research in agriculture began and 

ended with the farmer, involving an interdisciplinary team for a continuous research and 

diffusion process in all phases (Horton, 1984). Potential solutions following an on-farm 
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testing were compared with existing practices in cooperation with the farmer before 

reaching an answer adapted to the farmer´s needs and conditions.  

The main difference between the former applied research and field laboratories is that 

in the latter participants largely turn into informants, researchers, and teachers so as to 

produce collectively knowledge based on the constructed view farming and forestry 

systems and livelihood strategies (Rist et al., 2006).  

As field laboratories include the description and diagnosis of particular FHSs and their 

external determinants, potential sustainable livelihood strategies can be identified. The 

latter scenarios take into account the environmental dynamics, including the 

socioeconomic and biophysical conditions, and consequently seek to reduce the farmers´ 

vulnerability and overall risk in a flexible manner, complementing their livelihood 

strategies with feasible options. 

 

2.2.2 Methods 

 

Based on a mix of quantitative and qualitative research methods a series of analyses 

were carried out in the different communities, such as: descriptive i.e. the study area and 

FHSs, exploratory i.e. agroforestry systems and agricultural droughts, and explanatory i.e. 

livelihood strategies and vulnerability as well as attitudes (i.e. through explicit 

measurements using bipolar scales) towards tree components in their production 

systems. Quantitative methods were carried out for HH surveys and general interviews 

with focus on agricultural droughts and extreme events, both using random sampling. 

Mixed methods were carried out for semi-structured - in-depth - interviews with focus on 

HH labour, land and income allocation, which were purposively selected to broaden the 

understanding, focus groups carried out during the workshops. Qualitative methods were 

carried out through participant observation and key informant interviews with the main 

stakeholders e.g. IGP, Agrorural and the local authorities.   

To achieve the objectives presented in the previous chapter and based on the 

methodological framework, a series of research phases were undertaken, each of which 

requires a more detailed description of the methods used for data collection. A brief 

overview is given in Table 2.1.  
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Table 2.1: Overview of the research methods  

Research steps Main Methods Main Tools 

 
 
 
 
 
I 

Vulnerability in 
Achamayo 

 

- 8 Key informant interviews 

 

- 5 Community meetings with 
authorities 

 

- 7 Community workshops 

 

 

 

 
 

- 137 Household interviews 

 
 

- Meetings 

 

- Participative meetings at local level 
- Oral presentations 

 
- Trend lines  
- Seasonal crop calendars 
- Natural resource & land use maps 
- Historical graphing of production 

systems  
- diagramming  
- Transects walks 
- Direct observation 

 

- Surveys 

- Secondary climatic data (IGP) 

 
 
 
 
 

II 
Agroforestry systems 

and agricultural 
droughts 

 

- 7 Community workshops 

 

 

 

- 137 Household interviews 

- 30 Semi-structured 
interviews  
 

- Direct measurements in 
four agroforestry and 
agricultural systems 

 

- Problem tree analysis 

- Ranking criteria 

- Direct observation 

 

- Surveys 

- Surveys 

 

- Soil texture analyses 

- Soil moisture measurements 

- Participant observation for yield 
measurements 

- Secondary precipitation data 
(Senamhi) 

 
 
 
 

III  
Modeling small farm 
production systems 

 

 

- 11 In-depth interviews  

 

 

- Optimization model 

 
- Trade-off analyses & future 

scenarios 

 

 

- Surveys with 11 key farmers on 
production systems’ basic resource 
allocation & FHSs requirements 

 

- Linear programming model using 
Solver software  

 

- Outcomes & simulation scenarios 
discussion with 11 key farmer 
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2.2.3 Methodology applied in research step I: Vulnerability in Achamayo 

 

This chapter focus on describing the diverse methods used to gather and process the 

data derived from the case studies in the Achamayo watershed - including the selected 

communities, their farming systems and external determinants - for the purpose of better 

explaining the factors that contribute to vulnerability (with focus on climate variability 

and change) and the capacity of response of the HHs in the study area. 

 

2.2.3.1 Data collection 

Research step I includes the description and diagnosis of local farming systems and 

their external determinants. For this purpose, key informant interviews, participatory 

research techniques supported with HH surveys (below described) and secondary data 

were used.  

A total of eight key informant interviews took place. Key informants included the 

partners’ institutions such as the Peruvian Agriculture Ministry through its Agro-rural 

Development Program (Agrorural) both in Huancayo and Concepcio n, the National 

University of Central Peru (UNCP), and the National Agrarian University – La Molina 

(UNALM), as well as the municipal mayors from Santa Rosa and Heroí nas Toledo. 

Furthermore, secondary data from the Peruvian Institute of Geophysics (IGP) was 

collected to support evidence of climate variability and extreme events in the study area.     

To understand how the HHs’ natural, physical, human, social and financial assets shape 

their livelihood strategies, a specific set of methods and tools (Table 2.1) was applied 

based on the methodological framework. As part of the field laboratories principles, and 

with the purpose of a bilateral sharing of knowledge of life conditions, enabling farmers 

to express themselves and be drivers in the process (Chambers, 1994), a participatory 

"bottom-up" approach was used based on participatory rural appraisal (PRA, Geilfus, 

2008) methods.  

A total of seven participatory workshops were carried out in the seven communities. 

Participatory techniques and tools used for this purpose included trend lines, natural 

resource and land use maps, matrix scoring, seasonal crop calendars, historical graphing 

of production systems, diagramming, transect walks and direct observation.  

Firstly, the trend line method (PRA, Geilfus, 2008), was used to have a broad impression 

about changes in production systems (land-use) in the community, resource availability, 

climate change and variation and the different farmer perceptions on these impacts.  

With regard to the management of natural resources, natural resource and land use 

maps were elaborated by the participants. These maps focused on the present land use, 

water bodies and irrigation facilities, access and other characteristics pertaining to the 

physical capital in the community.  The same was applied in a second drawing revealing 
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their past situation, 30 years ago. A third map was drawn depicting the different areas 

prone to the diverse extreme events, their context and effects. Moreover, to direct observe 

and discuss with the local inhabitants the transect walk and diagramming method was 

applied, where areas divided by their altitudinal properties (high/steep, medium, low 

areas) were evaluated individually concerning their land use, natural vegetation, main 

crops, livestock, extreme events, soil characteristics, overall problems, changes over the 

past 30 years and future expectancies. The present tool helped to have a better physical 

understanding of the community land.  

Concerning the production systems, seasonal crop calendars were elaborated to assess 

the different activities undertaken by the farmers during the calendar year for the main 

crops including different commercial and native potato varieties, ulluco and other tubers, 

lima beans, barley, oats among others. This was of particular importance for assessing 

seasonal changes such as climate, diseases, labor, consumption and food patterns, etc. and 

for estimating their local effects in labor demand and supply. The latter was also useful for 

the third phase of the present research. Furthermore, the different changes related to the 

production systems and land use in the past 30 years were described using historical 

graphing of production systems. One of the objectives behind the use of this method was 

the cross – checking and validation of some of the results from the abovementioned 

methods such as transect walk, diagramming, and the trend lines.    

Prior to the beginning of workshops and further surveys, and after the pre-selection 

process, five community meetings with local authorities were held to explain the nature 

of the research project and to ask whether the community wished to participate in the 

research activities. Following the agreement of the community, PRA methods were carried 

out in seven participatory workshops, where the number of participants was between 15 

and 30. Some of the tools such as the trend lines (PRA, Geilfus, 2008) were carried out in 

focus groups with elderly people, who have a greater say and first-hand experience about 

historical patterns of change than younger people.  

Finally, household interviews involving a total of 137 HHs from a total number of 595 

HHs from across the seven communities were completed in order to assess their 

vulnerability to climate variability and extreme events with focus on the five livelihood 

assets. This accounts for a 95% confidence interval, giving a 7.4 % of marginal error with 

a response distribution of 50%. A more detailed coverage of the survey in each of the 

communities is presented in Table 2.2. 

The selection of HHs followed a two-stages sampling design. The geographical areas or 

communities, which were purposively selected as case studies, accounted for the primary 

sampling units (first stage sampling units). The secondary sampling units i.e. the HHs 

were selected following a random sampling design. HH surveys were collected during and 

right after community workshops and in independent visits to the community. The fact 

that these visits were unannounced and surveys took place with adult HH members who 

agreed on them could be associated with a source of selection bias. This is mainly because 

of the time availability of the HH members, so that HHs whose adult members were 
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outside the home, working or simply unavailable at that time were not included in the 

survey. In other words, HHs with low labor capacity such as single-adult HHs may be 

underrepresented. However, the real magnitude of this misrepresentation could not be 

accounted for.   

 

          Table 2.2: Sample size covered per community in the HH surveys 

Community Total HHs Sample size Coverage (%)  

Santa Rosa de Ocopa (L1)  65 38 58.5 

Huanchar (L2)  120 15 12.5 

La Libertad (M1) 121 18 14.9 

San Antonio (M2)  93 17 18.3 

La Florida (H1)  84 11 13.1 

San Pedro (H2) 62 19 30.6 

Santiago de Marcatuna (H3)   50 19 38.0 

Total sum 595 137 23.0 

 

2.2.3.2 Method selection, data processing and analysis 
  

 Sustainable Livelihood Vulnerability Index (S-LVI) & IPCC Livelihood 
Vulnerability Index (LVI-IPCC) 
 

Two approaches are commonly used with the purpose of assessing vulnerability: 

vulnerability variable assessments and indicator approaches (Gbetibouo et al., 2010). The 

first one measures the loss for specific variables with respect to particular stressors. 

However, as mentioned by Luers et al. (2003), this approach does not take hold of the 

three vulnerability components comprehensively. The second approach uses a 

combination of context-specific indicators to calculate the vulnerability through an index 

based on equal- or different weighted averages of these indicators, capturing the multi-

dimensionality of the vulnerability concept (Leichenko & O’Brien, 2002). This approach is 

mainly used for evaluating frameworks for development policies, developing adaptation 

and mitigation plans, and allowing comparisons of vulnerability in different contexts by 

standardizing vulnerability measurements (Shah et al., 2013). Therefore, information 

about the multiple stressors and drivers such as the endogenous and exogenous 

determinants, which could have a potential for harm, is necessary in order to identify 

more specifically the areas of intervention or adaptation actions (Adger et al., 2004). 

Furthermore, Hinkel (2011) favors the use of such an approach for local scales as the 

complexity of the system together with the amount of variables needed - and not always 

available at the desired scale - make larger scale assessments not much revealing or 

uncertain.   

Hahn et al. (2009) developed a pragmatic index to assess risks from climate variability 

and change at a district and community level. Using the vulnerability approach from the 
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IPCC definition (2007) as a function of adaptive capacity, sensitivity and exposure 

together with the sustainable livelihood approach, they developed the Livelihood 

Vulnerability Index (LVI). This index is drawn upon pressure-and-release models using a 

more holistic approach. This is opposite to the risk-hazard and social-vulnerability 

models, which capture components of the biophysical and social vulnerability respectively 

but neglect in some extent elements of the other components (Preston et al. 2011). Here, 

they assessed not only the humans and their social and physical surroundings through the 

five livelihood assets but they also addressed more intensively their interactions and 

exposure to the climate change including sensitivity issues and adaptation practices found 

in the respective HHs. From these, they developed a composite index comprising seven 

major components including the socio-demographic profile, livelihood, health, social 

networks, food, water and the natural disasters and climate variability.  

Based on the previous and taking into consideration the different conditions between 

the two studies such as the local characteristics and the different needs for intervention 

the present index merged and readjusted the constituents of the former composite into 

six major components. Taking advantage of the flexibility of the LVI design, the index was 

refined following the research theoretical framework by mainly focusing on the five 

capitals of the sustainable livelihood approach, and therefore evolving into the Sustainable 

Livelihood Vulnerability Index (S-LVI). In addition, the biophysical conditions and more 

specifically the climate variability and their extreme events are included in the present 

index as a 6th major factor. As depicted in the methodological concept of the INCA project, 

these have a direct and indirect impact on the FHS, sometimes contributing considerably 

to overall vulnerability in the HH. Hence, it was essential to include them as a major factor 

in the S-LVI (Table 2.3).  

Moreover, a second analysis was included in order to better explain the factors that 

contribute to vulnerability in the different communities assessed. To elaborated the IPCC 

Livelihood Vulnerability Index (LVI-IPCC), the single sub-components were grouped in the 

three defined functions of vulnerability i.e. capacity of response, sensitivity and exposure 

(see vulnerability factor in Table 2.3), following the classification in Hahn et al. (2009).  

To assess vulnerability, indices were elaborated avoiding a number of limitations 

related to secondary sources mentioned by some authors (Adger & Vincent, 2005; 

Gbetibouo et al., 2010) regarding data availability and reliance of the indicators. Primary 

data was largely used (85% of data) from the above mentioned 137 household surveys.  

Furthermore, the sub-components included in the present indices were selected 

because of their relevance for explaining the different major factors. The use of 

participatory approaches for this end helped define issues of interest and avoid gaps 

and/or preferential focus on a specific subject (Preston et al. 2011; Shaw et al., 2009). The 

variables and indicators were singled out following a thorough revision of bibliography, 

after discussing them with the local communities in the different workshops during field 

laboratories, and taking into consideration the views of key stakeholders and experts. 

Table 2.3 includes the different components and their original sources and explains how 
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these were quantified. 

 
Table 2.3a: Major components and indicators used for the S-LVI and LVI-IPCC including 
additional sources and applied formulas 

Livelihood 
assets & climate 

variability  
Vulnerability factor Component Sub-component 

Explanation of Sub-
component 

Human capital 

Capacity of response 

Socio-demographic profile 

Age of HH Head  HH Head Age (inverted) 

Education level of HH 
Head  

HH Head Education 

(inverted+1)1 

HH size 
HH number of 
members (inverted)  

Dependency factor 

Ratio of the population 
below 15 and over 65 
years of age to the 
population between 19 
and 64 years of age 

Livelihood strategies 

HH depending only 
on farm labor 

% of HH with no 
members with labor off 
farm  

HH without non-farm 
labor 

% of HH with no 
members with labor 
non-farm  (not related 
to agriculture ) 

Average crop diversity 
index 

N° of different crops 
grown by a HH 
(inverted +1) 

Sensitivity 

Food Malnutrition 
% of malnutrition in 

children below age 5 2 

Health 
Registered children 

illness cases 

% of Registered 

Children illness cases3 

Social capital Capacity of response 

Livelihood strategies Absent HH members  

% of temporarily absent 
HH members in 

occupied housing unit4 

Social Networks 

HH not belonging to 
an organization  

% of HH that do not 
belong to an 
organization 

Frequency of visits to 
the nearest city  

Frequency of visits to 
the nearest city 

(inverted +1)5 

Socio-demographic profile Female headed HH 
% of HH with a female 
head 

Natural capital 

Capacity of response 

Land N° of farm plots 
N° of plots owned by 
the HH (inverted) 

Trees N° of HH with trees  
N° of HH with tree 

systems (inverted +1)6 

Sensitivity Land HH farm area 
Area in m2 of land 
owned by the HH 
(inverted) 

1 No education=0; unfinished primary school=1; finished primary school =2; finished secondary school=3; 
higher technical education=4; university studies=5 
2 % of children below age five whose "height for age" > 2 SD (standard deviations) below the median for 
the international reference population – World Health Organization, (MINEDU et al., 1999) 
3 Incl. acute diarrheic disease for children <1y, acute respiratory infections for children <5y & pneumonia 
for children <5y (average from 2001-2010, Direccio n Regional de Salud (DIRESA-JUNIN) from Enciso, 
2012)  
4 INEI, 2007 
5 < 1/month=0; 1/month=1; 2/month=2; >2/month=3 
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Table 2.3b: Major components and indicators used for the S-LVI and LVI-IPCC including 
additional sources and applied formulas 

Livelihood assets & 
climate variability  

Vulnerability 
factor 

Component Sub-component 
Explanation of Sub-

component 

Natural capital Exposure Land 
N° of agro-ecological zones 

N° of agro-ecological zones 
where the HH has farm plots 

(inverted)7 

Altitude Altitude in m asl. 

Physical capital Sensitivity 

Health 

HH without sanitary facilities 
% of HH without sanitary 

facilities4 

Time to reach a health 
institute 

Time to reach a health 
institute (in minutes) 

Water 

HH without irrigation facilities 
Ratio of HH without irrigation 
facilities 

HH without Drinking water 
(potable) 

% of HH with water sources 
coming only from superficial 

deposits4  

Electricity HH without electricity % of HH without Electricity4 

Communication 
Number of assets (incl. TV, 

cellphone and radio) 

N° of assets in the HH 

(inverted+1)8 

Accessibility 
Frequency of transport 

services provided 
Frequency of transport 
services provided (inverted) 

Financial capital Sensitivity 

Income HH per capita income   
Monthly per capita income in 
the HH (Inverted)4 

Livestock N° of animals in the HH 
 N° of farm animals in the HH 
(in Tropical Livestock Units – 
TLU), (inverted+1) 

Credit Access to credit 
% of HH with no access to 
credit  

Climate variability 
and extreme 

events 
Exposure 

Water 
Affected by excess of rainfall 

or flooding 

% of HH that experienced 
excess of rainfall or flooding 
causing agricultural losses  in 
the last 5 years  

Water 
Affected by agricultural 

drought 

% of HH that experienced 
drought related issues causing 
agricultural losses in the last 5 
years 

Temperature Affected by hail or frost 
% of HH that experienced hail 
or frost causing agricultural 
losses  in the last 5 years 

Others 
Other agricultural losses 
related to extreme event 

% of HH that experienced 
other agricultural losses 
related to extreme events in 

the last 5 years9  

6 No trees=0; few trees in HH or agroforestry system=1; at least 1 forest plot=2 
7 Following Mayer´s (1981) classification and including Very high zone for pastoralism 
8 No assets=0; one asset=1; two assets=2; three assets=3  
9 These include pest and diseases such as: late blight (Phytophthora infestans), early blight 
(Alternaria spp.), Andean potato weevil (Premnotrypes spp.), and potato rust (Puccinia 
pittieriana). 
 

A controversial issue for the index composition came about regarding the directionality 

of some indicators. As it is natural, the full complexity of the conditions and characteristics 

in which a FHS operates cannot be expressed in such indices. When related to 

vulnerability, some of these characteristics are positives in some aspects and negatives in 
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some others. For example, the age of the HH head is related positively with his experience 

but negatively with his emotional and behavioral attitude toward change. Bearing this in 

mind, decisions on the indicator’s directionality were taken deliberately by the researcher. 

 
 

 Data Processing  

 

The present study used mostly primary data to elaborate the index avoiding secondary 

data, when possible, as the latter can even result questionable whenever inconsistency is 

present in the different methodologies used for producing them such as in their scope, 

scale, and accuracy. This is supported by Preston et al. (2011) by pointing out that only a 

9% of the studies on climate change vulnerability mapping where elaborated using 

primary empirical data, and therefore most experience a lower quality in their outcomes 

due to their dependence on different secondary sources.  

Thereafter, the raw data was transformed into their respective measurement units. 

Then, as the measurements were on different scales, each of them had to be standardized 

as an index. For this, a ratio was calculated (equation 1) from the difference between the 

result of the original sub-component of a specific community and the predetermined 

minimum from the entire study area, and the difference between the predetermined 

maximum and minimum: 

 

Ivd =
𝑣𝑑−𝑣𝑚𝑖𝑛

𝑣𝑚𝑎𝑥−𝑣𝑚𝑖𝑛
               (1) 

 

Where Ivd is the index of the sub-component “v” of community “d”, 𝑣𝑑  represents the 

result from community “d”, and  𝑣𝑚𝑎𝑥   and 𝑣𝑚𝑖𝑛 are the minimum and maximum values 

determined using data from the entire study area. For instance, whenever the indicators 

measured percentages and frequencies the minimum and maximum values were set at 0 

and 100, respectively. Moreover, the S-LVI will provide a final value for each community, 

which serves as a measure of vulnerability, the higher the value the greater the degree of 

vulnerability. However, some of the sub-components are assumed to reduce vulnerability 

while their values increase. As a result of this, these contributions will weight against the 

overall S-LVI calculation. To avoid this, each sub-component sharing this characteristic 

was inversed (equation 2) so that higher ratios would lead to higher vulnerability, in line 

with the other variables. That is to say: 

 

Ivd =

1

𝑣𝑑
 − 

1

𝑣𝑚𝑎𝑥
1

𝑣𝑚𝑖𝑛
 − 

1

𝑣𝑚𝑎𝑥

   (2) 
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In some occasions, the values of an indicator in one community can equal the minimum 

predetermined values and so reach an undefined division. Taking the previous into 

consideration, whenever the inverted values of those components (indicated in Table 2.3) 

that included null values in their denominator were needed, the formula was arranged 

adding one unit to the equation, i.e. to the denominator, so as to keep it as a legal fraction.  

Once standardized, the sub-components were integrated into the major components. 

As explained before, an assumption of the importance of every indicator was made 

beforehand, and therefore these were averaged, contributing with an equal weight, into 

each major component of the S-LVI. As mentioned by Hahn et al. (2009), Shah et al. (2013) 

and Vincent (2007), a different weighting can be calculated in the aftermath based on the 

decision maker preference. This did not take place in the present research in order to 

maintain it accessible to a variety of users and more transparent for further analysis. Due 

to the complexity of systems involved and to prevent misinterpretations (Hinkel, 2011), 

background information will be provided in the results and later discussed thoroughly. 

Finally, the six major components were similarly averaged to compose the final 

vulnerability value as depicted by equation (3): 

 

S − LVI𝑑 =
∑ K𝐼𝑑𝑖

𝑛

𝑖=1

𝑛
   (3) 

 

Where S − LVI𝑑   is the Sustainable Livelihood Vulnerability Index of community “d”, 

K𝐼𝑑𝑖  represents the major components, indexed by i, that compose the overall 

vulnerability index, and n is the number of major components. 

 

Similarly as in the S-LVI, the variables for the IPCC Livelihood Vulnerability Index (LVI-

IPCC) were averaged without providing them with a different weight and grouped into 

one of the three functions of vulnerability. Finally, the average of these three major 

components made up the LVI-IPCC vulnerability index (in the same way as in equation 3, 

but with n=3).   

 

 Statistical analysis 

 

In order to identify and measure predictive or dependence relationships between 

different assessed variables where noticeable associations could be implied, correlation 

coefficients were calculated. A normality test, using the Shapiro-Wilk test, was first carried 

out with the purpose of analyzing if the data is from normally distributed population. 

Thereafter, the Pearson correlation coefficient was used to measure the assumed relations 

between selected variables. Finally, caution was taken during their final interpretation to 
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avoid leading to false relationship conclusions, as correlations do not imply causation. 

In addition, the analysis of variance was used to assess the differences between 

community means of the different major components of the vulnerability indices, 

including the different vulnerability assets and climate variability as well as the different 

vulnerability factors. For this purpose, the Shapiro-Wilk test was used to test if the data 

had a normal distribution. As in this case the data resulted as not being from a normally 

distributed population, the Kruskal–Wallis one-way analysis of variance was used to test 

if the medians of the different major components among communities were equal or 

different. Thereafter, a similar but more specific analysis was carried out pairwise 

between communities so as to identify which communities were differing between each 

other.  

All data were statistically analyzed using “R” which is an open-source Linux-based 

programming language and a software environment for statistical computing. 

However, to have a holistic understanding the exposure, sensitivity and capacity of 

response to climate change cannot stand alone (Young et al., 2010) without integrating 

the synergic effects of the dynamic political, social and economic elements that condition 

farmers’ livelihoods and thus the farming system. Therefore, these diverse structures and 

processes are included in the analysis of the different livelihood strategies. 

 

2.2.4 Methodology applied in research step II: Agroforestry systems and 
agricultural droughts 

 

2.2.4.1 Data collection 
 

Research step II includes the assessment of agroforestry systems as an adaptation 

alternative to agricultural droughts. A section of the household interviews involving a total 

of 137 households from across the assessed communities - discussed in the previous 

section - were conducted for describing the local farmers’ experience and perception 

towards extreme events as well as to have a broad understanding on the strategies 

available and favored to cope with these hazards. 

During the participatory workshops mentioned in the previous section, additional PRA 

methods were carried out for the below detailed purposes. The matrix scoring method or 

ranking criteria was used in two opportunities (1) to determine extreme events that 

affected more negatively the household livelihoods and (2) to determine which tree 

species - and for which purposes - were preferred among the farmers. Furthermore, 

flowcharts of activities were drawn for activities carried out by household members 

before, during, and after the occurrence of agricultural droughts events. These illustrated 

the researchers as well as the other participants, the different strategies used to cope and 
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respond to these eventualities.  

To deepen the understanding on the farmers’ attitude towards agricultural droughts 

and the use of agroforestry systems in their FHSs as a measure to mitigate them, a total of 

30 semi-structured interviews (Table 2.4) were carried out among farmers randomly 

selected in two of the communities - La Florida (H1) and San Pedro (H2) - involved in this 

research step.  

 

Table 2.4: Sample size covered per community in the semi-structured interviews 

Community Total HHs Sample size Coverage (%)  

La Florida (H1)  84 15 17.9 

San Pedro (H2) 62 15 24.2 

Total sum 146 30 20.5 

 

Following the specific description of agricultural droughts in the FHSs, agroforestry 

systems were identified as a potential opportunity to reduce the system’s sensitivity and 

thus its overall vulnerability. This alternative was thereafter evaluated by means of natural 

resource assessment methods and participant observation, so as to analyze the influence 

of trees on soil moisture and yield, both of which being the essential variables accounting 

for agricultural droughts.  

Agricultural droughts, as a difference from hydrological droughts and meteorological 

droughts, can be measured locally, independently from larger-scale variables influenced 

by the natural climate variability. In addition to the yield and/or overall biomass 

production, the hydraulic stress level in crops is the major variable used to measure 

agricultural droughts. The best parameter to determine the plant water stress is the soil 

water content (Lo pez et al., 2010). Therefore, a natural resource assessment was carried 

out for analyzing the influence of trees in the yield and in the soil moisture during 

agricultural drought stress. Firstly, after identifying the main production systems in the 

research area, two agroforestry systems and two agricultural systems from La Florida and 

San Pedro were selected in pairs. They consisted of the same crops i.e., the “Yungay” potato 

variety, and each pair selected belonged to the same farmer so as to minimize possible 

external variables such as differences in the farming techniques. Moreover, this variety is 

not only farmers’ first choice in terms of their commercial value and well market 

acceptance because of their external morphology, but also their higher yields in addition 

to being less susceptible to frosts and droughts compared to other varieties (Gira ldez, 

2009). Similarly, the selected agroforestry systems included mostly eucalyptus trees. 

Although the use of exotic trees for the present measurements and later financial analyses 

might be criticized, the decision was made primarily because no perfect conditions but 

rather “as close to the reality as possible” conditions were sought. In addition, since the 
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beginning of the field laboratories farmers expressed their preference in the use of this 

tree species for agroforestry systems. 

Moreover, in these plots, soil moisture measurements were conducted with the help of 

a Decagon’s 5TE and a Decagon’s ProCheck Hand-held reader version 5, to measure the 

volumetric water content. 9 equidistant points per plot, with distances between four and 

five meters between each other depending on the size of the plot, were chosen to measure 

the moisture content at a depth of 30cm (Figure 2.4). It was not deemed necessary to 

directly associate climate change with agricultural droughts, only that the drought event 

is extreme enough to elicit their potential effects on the soil moisture in case they take 

place. Therefore, measurements were conducted biweekly for a period of three months 

between the end of July and mid of October, which represents the end of the dry season 

and the beginning of the wet season, as presented in Figure 2.6 (p. 37). The idea behind 

this is to replicate conditions of possible delay in the beginning of the wet season and 

summer droughts related to the early development and the tuber formation stages, 

respectively,  both being the most critical stages in relation to soil moisture and yield.  

Soil analyses were carried out to measure the mineral proportions of sand, silt and clay 

to determine the soil’ textures from the selected production systems. All laboratory 

analyses were carried out at the Universidad Nacional del Centro del Peru’s soil laboratory 

located in Huancayo, Peru. A total of 6 composite topsoil (0-30cm) samples were collected 

from each assessed production system. Together with the previous water content values, 

these results allow the calculation of the water availability so as to infer potential water 

stress conditions and thus agricultural droughts through soil water deficiency.  

To better understand the soil moisture measurements results, precipitation data from 

the aforementioned period of time were obtained from the Peruvian National Service of 

Meteorology and Hydrology (Senamhi) from its closest meteorological station of 

“Ingenio”, located in the community of Santa Rosa de Ocopa (11°52’51”S, 75°17′16”W; at 

3422 m asl.) roughly 3km away from the selected plots.  

Besides a decline in cultivatable area by establishing trees in contour hedgerow 

systems, a dominant issue debated by farmers was the effect of trees on the crops’ yields. 

Before farmers could be willing to increase their share of agroforestry systems, they need 

to understand more concretely the outcomes of these land use changes. In order to ensure 

that farmers play a leading role in the evaluation and implementation of new practices, 

participatory research approaches are required. Therefore, and as part of the mentioned 

field laboratories principles, participant observation was conducted for the harvest. This 

was carried out between April and Mai, where yield measurements were taken in the same 

spots where the soil water content measurements were taken. In each point, the nearest 

three potato plants were harvested and their tubers were weighted by the farmers. One of 

the main purposes of using participant observation as a tool was the bilateral learning and 

sharing of knowledge, and as with the previous soil moisture results these followed a 

personal discussion with the farmers over the influence and use of agroforestry systems 

as a more resilient strategy against CC.  
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Figure 2.4: Soil moisture and yield measurement points in agroforestry and 

agricultural plots  

 

2.2.4.2 Statistical analysis 
 

In order to identify differences that could corroborate or refuse the idea of trees having 

a significant influence in the yield and in the soil moisture during agricultural drought 

stress, statistical analyses were performed.  

First, deep humidity was chosen to be compared between agroforestry and agriculture 

systems through time. A normality test i.e., the Shapiro-Wilk test, was first carried out with 

the purpose of analyzing if the data is normally distributed. Thereafter, as the data 

presented no normal distribution (p<0.05), a log transformation was done. The normality 

test applied to the transformed data also returned a significant p value (p<0.05). This way, 

a non-parametric comparison test was chosen to be applied to the samples. 

Mean humidity during the whole data collection time was compared between both 

systems for both sites, located in San Pedro and La Florida. Measurements per day 

between systems were compared using Wilcoxon signed rank. However, to avoid possible 

correlation effects between observations, and as exploring the total data set does not 

allow to observe differences between specific timeframes, the data set was additionally 

analyzed and compared per season. Precipitation data from the aforementioned period, 

collected from Senamhi’s meteorological station, allowed to identify the date of the 

beginning of the rainy season and so divide the measurements between seasons. Wilcoxon 

paired signed rank was then used, paired by dates to avoid influence of local daily climate, 

for comparing wet and dry seasons’ deep humidity between both systems.  

In addition, intra-site variation was also compared using the values’ standard error, so 
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as to identify whether both systems show different data homogeneity, possibly influenced 

by the presence or lack of trees around the plots. Therefore, Wilcoxon signed rank was 

used for comparing variation between systems, for both seasons and localities.  

Finally, and although the main purpose of the yield measurements in potato crops was 

the bilateral learning and sharing of knowledge together with farmers through participant 

observation, statistical analysis was also conducted on the yield results. For that purpose, 

ANOVA tests were performed to identify differences in yield between production systems, 

as well as within agroforestry categories based on distances from the crops to the trees. 

 
 

2.2.5 Methodology applied in research step III: Modeling small farm 
production systems 

 

In research step III potential interventions to enhance sustainable livelihoods and food 

security were explored.  In-depth description and assessment on the FHSs and land-use 

decision-making took place in the area. For this purpose, in-depth interviews were carried 

out with 11 farmers over their different production systems. As part of the field 

laboratories, these interviews took place in a number of sessions over a 10-week period 

with a total of 6 hours/farmer approximately.  

Information-oriented sampling was used to purposively select 11 FHSs assessed along 

the different communities. The choice of case studies is grounded on the fact that average 

cases do not offer higher information content, whereas particular and interesting FHSs 

selected purposively can better achieve the objectives of this chapter. Among the HHs 

interviewed to assess their vulnerability the most relevant FHSs willing to further 

participate in this part of the research were shortlisted. This approach was also selected 

because of the higher trust levels that farmers had with the author, after two years of 

acquaintance.  

The information regarding the variables used for each production system was 

calculated from the different of production systems assessed during the in-depth 

interviews with farmers. These included 172 farm plots, namely 16 commercial potato 

plots and four native potato plots, 51 forest plantations, 37 fallow terrains, 15 agroforestry 

plots including different crops and silvopastures, 27 pastures, 15 cereal crops (mainly hay 

and oats), six ulluco and one fava beans crops. In addition, the livestock (over 300) of the 

assessed FHSs consisted in 27 cattle, 4 donkeys, 46 sheep, 33 chickens, 24 swine, and 187 

guinea pigs, all of which were assessed by case on the inputs on land, labor and financial 

capital as well as their different outputs.    

Therefrom, a cash flow was elaborated for each production alternative, from which the 

profitability was calculated as net present values. However, these calculations alone 

maximize the profit of an investment without any restraints of financial capital, land and 
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HH labor, which is far from the reality in the assessed small-scale farmers. As stated by 

Sullivan et al. (1992) nonmarket inputs such as land and HH labor need to be valued in 

terms of their opportunity costs. Therefore, selection of the best alternatives to maximize 

particular objectives given a set of fixed constraints (Hildebrand & Cabrera, 2003) was 

carried out with the use of a linear programming optimization model. The tool used to 

develop the model was the Microsoft Excel Solver application, following Buongiorno & 

Guilles (2003).  

Thereafter, investment calculations and a linear programming model was developed by 

the researcher for the net present value optimization of 15 selected production systems 

with a focus on the three factors of production: HH labour, land, and capital allocation.  

Dealing with risk from climate variability and extreme events in food security is very 

important, taking into account that these events can occur more frequently, and that one 

of the objectives of the present analyses is to secure food supply in FHSs. One way to 

handle risk from climate variability and extreme events is by increasing the interest rate 

(Buongiorno & Raunikar, 2003) when the risk is higher or through the use of risk-adjusted 

discount rates (von Gadow, 2001). However, it is not evident how to determine the degree 

in which the interest rate should be increased. What is more, some production systems 

such as agricultural systems are more sensitive to such changes, entailing higher risks and, 

therefore, should not be assessed in the same manner. To avoid this, the relationship 

among extreme events recorded in the study area and their consequences in the 

production systems were incorporated in the model. Nominal range sensitivity analyses 

were conducted to identify how sensitive the outputs of FHSs were to variations 

influenced by changes in the climate and market conditions (e.g., wages and production 

quantities and prices). 

Discussions over the potential results with farmers of the selected FHSs complemented 

the outcomes so as to define potential interventions. These were accomplished following 

the double-loop learning process (Armitage et al., 2008), where the researcher and the 

participants use an adaptive management approach (Cook et al., 2004, p. 468) for mutual 

interaction in the search for livelihood sustainability. It goes without saying that the 

aforementioned methodological description is a fundamental aspect of the field 

laboratory principles. 

 

2.2.6 Selection of case studies 

 

For the overall fieldwork in the study area, the research strategy selected was the case 

study approach. As pointed out by Yin (2009), case studies are selected in cases where the 

number of variables is higher than the number of subjects, and results depend on several 

sources of evidence, coming together through triangulation processes. The explorative 

nature of the present research makes use of a multiple case study design (Yin, 2009) with 
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embedded units of analysis as subjects of inquiry. 

One of the main rationales behind avoiding the use of a random sampling method for 

the community selection was to overcome time constraints. Trust-building processes 

needed in this kind of research imply long-term ongoing relationships with community 

members. Therefore, communities having established contact and relatively close 

relationship to the project’s partner institutions (IGP and Agrorural) were pre-selected 

using prospective criteria and approached to participate in the research project.  

In order to identify the most suitable communities to work as case studies within the 

study area, a mixture of key and local knowledge cases were selected, following a 

purposive information-oriented sampling, in terms of their geographic locations and 

biophysical conditions and their livelihood strategies. Specifically, areas with evidence of 

impacts from climate variability and extreme events in the livelihoods of small-scale 

farmers and FHSs depending on traditional agricultural practices were the main selection 

criteria. For this purpose, in addition to the use of secondary data, several tools have been 

used such as meetings with local stakeholder and authorities, direct observation and 

inception workshops in pre-selected communities.  

Finally, two of the selected communities were located in the lowland regions, two from 

a middle access range, and three were located in the highlands; a detailed description of 

these is presented in Section 2.4.  

 

2.3 Study area 

 
The study area is located within the Mantaro River basin, more precisely in the 

Achamayo watershed, which is part of the department of Juní n, in the eastern slope of the 

central Andes in Peru. The research area is located among the districts of Santa Rosa de 

Ocopa, Heroí nas Toledo and Quichuay, distributed in the provinces of Huancayo, Jauja, and 

Concepcio n (Figure 2.5).  

 

2.3.1 Soils and topography 

 

With an average altitude of 4000 m asl. and ranging from 3200 to 5325 m asl. within a 

relatively small area of 309.26 km2, the Achamayo watershed area presents an abrupt 

topography. This can be observed mainly in the eastern side where the relief presents 

steep slopes and includes some large rock outcrops. As presented in Table 2.5, the 

previous is confirmed as the largest portion of the area (31.4%) presents steep slopes. 

Moreover, the second largest portion has flat to slightly inclined slopes, these are mainly 
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in the western side and found in the communities of Santa Rosa de Ocopa and Huanchar 

(L1 & L2 in Figure 2.10, p.  48). 

 

 
 
Figure 2.5: Map of the Achamayo watershed in red and their different provinces in 
yellow (source: Drechsel, 2013) 

 
Table 2.5: Slope classification in the Achamayo watershed (source: ONERN, 1984) 
 

Slope classification 
Slope range 

(%) 
% of area in 
Achamayo 

flat to slightly inclined 0 - 4 25.35 

moderated to strongly inclined 4 - 15 10.36 

moderately steep 15 - 25 19.30 

steep 25 - 50 31.41 

strongly steep > 50 13.58 

 

In the slopes, soils derived from alluvial and residual parent material, while the flatter 

areas contain sedimentary soils of alluvial formation with great presence of alluvial stones 

in the lower soil layers. At large, soils in the area are mostly superficial or shallow and 

more often than not, they present very good drainage (Schwartz & Parraga, 1982). Overall 

soils have loamy sand and sandy loam textures or even finer silty loam textures. IGP 
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(2005a), consider the previous and indicates that in some areas the combination of soil 

types and the steep topography makes them susceptible to erosion. 

 

2.3.2 Weather 

 
Weather conditions are similar in the whole study area (PSI, 2012, p. 23), where two 

main seasons are distinguished in the year. The rainy season comprises the months from 

November to April, and is characterized by heavy rains and cloudy days. The dry season 

(between May and September) is characteristic for its clear days with high radiation and 

day-time warming associated with its clear nights and night-time cooling effects, where 

frosts events are no further unexpected. It is then when irrigation in the pasture lands is 

required.    

The climatic data presented in Figure 2.6 were registered in the Huayao weather 

station, identified as the closest reliable weather station for the study area.  

 
 

 

Figure 2.6: 10-year mean maximum and minimum monthly temperatures and 
monthly precipitation (source: Senamhi, 2009) 

 

The mean annual temperature was of 11.1° C and the mean annual precipitation of 654 

mm/year. In addition, the humidity extends from 72-75% in the rainy months of January 

to March down to 64% in the drier months (from May to September), with an annual mean 

of 67.75%. While the relationships between altitude and temperature are clear, having a 

mean annual temperature decrease around 0.5° C per 100 meter increase in altitude, the 

relationship between altitude and precipitation was not so unambiguous. Seltzer & 

Hastorf (1990) did not find a significant correlation between these two variables, whereas 
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data presented by Mayer (1981) point to a variation of precipitation throughout the 

different altitudinal ranges, thus having 735 mm/year at 3500 m asl. up to 1000 mm/year 

at 4800 m asl. Precipitation data specifically for lower altitudinal ranges were not 

available although a similar trend could be assumed.  

 

2.3.3 Agro-ecological zones and vegetation 

 
According to the Holdridge classification, the study area is dominated by the “tropical 

subalpine moist paramo” life zone (between 4000 and 4500 m asl.) accounting for 

49.43%, followed by the “tropical montane moist forest” with 17.43% (between 3500 and 

4000 m asl.), and the “tropical alpine pluvial tundra” representing 16.26% with altitudes 

between 4500 and 4650 m asl. Life zones corresponding to the “tropical montane dry 

forest” and the “tropical snow peaks” accounted for less than 9% of the watershed area 

individually. 

Nevertheless, in accordance with the scope of this study, a greater focus on the agro-

ecological zonation is given for the characterization of climate, soil and terrain conditions, 

all relevant to agricultural production and for determining its land use. The different agro-

ecological zones under the classification of Mayer (1981), which are present in the study 

site, including the “very high” zone used for pastoralism purposes, are indicated in Table 

2.6 and illustrated in Figure 2.7.  

 

Table 2.6: Share of agro-ecological zones in the Achamayo watershed (source: modified 
from Medina, 2011) 
 

Altitude          
range 

Agro-ecological 
zone 

Area       
(km2) 

Share in the Achamayo 
watershed (%) 

3000 – 3500 Low 25.6 8.3 

3501 – 4000 Intermediate 53.9 17.4 

4001 – 4200 High 53.4 17.3 

≥ 4200 Very high 176.3 57 

TOTAL 309.3 100 

 
 

The “very high” agro-ecological zone as mentioned before is not suitable for agriculture 

purposes and only pastoralism activities are carried out in that area. The Peruvian feather 

grass (Jarava ichu) and festuca grass (Festuca dolichophylla) are found among other native 

grasses. As observed in Table 2.6, most of the Achamayo watershed’s land is comprised in 

this zone. The presence of trees, if any, is negligible at this altitude range. 

In the “high” zone mostly native potatoes (Solanum spec.) together with other native 

tubers like mashua (Tropaeolum tuberosum), in addition to pearl lupin (Lupinus mutabilis, 
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a bean from the legume family), and oat among others are cultivated in cycles. Here a long 

fallow period is added in-between the production cycles to improve soil conditions. 

Nonetheless, most of this area remains as communal grassland and is used for raising 

livestock. Although quinual trees (Polylepis sp.) were able to grow up to 4100 m asl. in very 

specific areas in the neighboring communities, only few trees were found to surpass the 

4000 m asl. in the Heroí nas Toledo community land.  

Moreover, in the “intermediate” zone more commercial potatoes (Solanum tuberosum), 

with a preference for the Yungay and Canchan varieties, which have higher yield and 

demand, are grown together with oca (Oxalis tuberosa), ulluco (Ullucus tuberosus), lima 

beans, and wheat in addition to the previous mentioned crops.  

Similarly to the “high” zone, these activities are carried out in cycles, with the difference 

that fallow periods are shorter in time, having just three to four years of duration. Opposed 

to the previous zone, the land use is predominantly cultivated croplands. Pasture lands, 

mainly sowed with Lolium grasses (Lolium perenne and Lolium multiflorum), barley, oat, 

and Trifolium clovers (Trifolium repens and Trifolium pratense) are present in irrigated 

lands. With appropriate climatic conditions, some specific suitable areas above 3900 m 

asl. include some native trees such as quinual (Polylepis sp.), quishuar (Buddleja incana), 

c’olle (Buddleja coriacea), alder (Alnus jorullensis) together with some exotics Eucalyptus 

(e.g. E. globulus). Adding to the species of trees found in the higher zones, below 3800 m 

asl., native trees such as Peruvian pepper (Schinus molle), tara (Caesalpinea sp.), pacte 

(Cassia sp.), black cherry (Prunus serotina), willow (Salix sp.), sauco (Sambucus peruviana) 

and pajuro (Erythrina edulis) are found besides the exotic Pinus, Cupressus and Casuarina 

genera. Some shrubs like the maguey (Agave americana) and the Spanish broom 

(Spartium junceum) are also present. 

Finally, the “low” zone, which accounts just over 8% of the area in the watershed 

(Figure 2.7), is largely a flatter area with deeper soils where crop diversity is higher. This 

includes commercial crops like maize, artichoke, carrots, and alfalfa along with the above-

mentioned crops. Pasture lands are also very present in the landscape. Both of these 

farming systems are very often cultivated in association with trees mainly from the 

Eucalyptus and Polylepis genera. Here, anthropic intervention influences to a greater 

extent than in other agro-ecological zones, not only by working the land but also by the 

more expanded irrigation facilities eased by their greater access to open water sources.  
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Figure 2.7: Map of the agro-ecological zones in the Achamayo watershed (source: 

modified from Drechsel, 2013) 

 

2.3.4 Climate change 

 
Since the appearance of written records, which portrayed the activities and experiences 

that took place in the Inca period, frost events were affecting farmers who had to cope 

with this in a recurrent manner (Lhomme & Vacher, 2003). Nowadays, these extreme 

events continue to impact, in some extent, most of the HHs in the area.  

Moreover, the Peruvian Institute of Geophysics (IGP) has identified droughts and 

surface geodynamic (such as slope and weathering phenomena) together with frosts as 

main natural hazards in the Mantaro watershed. Rural inhabitants directly relate these 

events to economic and social losses, mainly in their farming systems (Trasmonte, 2009). 

To illustrate this, Gira ldez (2009) calculated the influence of the temperature, 

precipitation and photoperiodism on the potato production. Results showed that 78.4% 

of the potato yield is explained by the climatic variables, where the temperature is the 

most influential.  

When linking climatic variation to damages on farmlands, the latter exhibits a great 
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variation in the impacts mainly explained by the diverse microclimates. The temperature 

will vary depending on the specific location of the farmland. Usually in flatter areas, the 

heavier cold air will settle originating more frequent frost events. Consequently, 

agricultural land located in steeper areas will be less affected. 

Furthermore, an increasing trend in frost events has been perceived in the last 40 years 

(IGP, 2005c), with an average of eight additional frost days per decade, thus a total of 40 

additional frost days in the last 50 years. Contradictorily, from 1976 to 2009 the maximum 

and minimum air temperatures in the Mantaro region have increased by 0.6°C (IGP, 

2010a). However, the most important outcome is the increase in the variability of frost 

events, making its occurrence more unpredictable and their impacts more detrimental. 

Related to the interdecadal maximum temperature variation, the interanual and decadal 

variation in precipitation denotes a clear trend in the last 30 years, with a reduction of 

54.3mm/decade. Before this, between 1922 and 1976, a slightly inverse trend was 

perceptible, with an increase of 4.5mm/decade.    

Finally, Figure 2.8 reveals a reduction on the mean annual water discharge of the 

Achamayo River, which is partially explained by the above-mentioned and also very 

related to the reduction of the Huaytapallana ice cap (losing 59.4% of its area from 1976 

to 2006) which is, to a lesser degree, source of some tributaries of the Achamayo River 

(IGP, 2010b). 

 

 

Figure 2.8: Mean annual water discharge of the Achamayo River (ALA Mantaro, 
2010) 

 

In order to have a better prognosis about the consequences of climate change in 2050, 

the IGP carried out a statistical and dynamic downscaling from the IPCC´s global scenarios 

to the Mantaro catchment basin. The regional climate model has three scenarios as 

outcome from the dynamic downscaling. These are thoroughly described in IGP´s 

vulnerability publication (IGP, 2005c) where they mention that depending on the global 

climate model used different outcomes can be expected. Concisely, models show several 
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cases such as a cooling of the western side of the Mantaro basin whereas the eastern side 

would have increase in their mean temperature. A milder temperature increase in the 

global scenario would result in a 1°C decrease for the entire Mantaro basin.  In addition to 

this, a general reduction in the precipitation is also an outcome for the region reaching up 

to 50% of reduction in the west side and the center of the basin.  

On the other hand, the last scenario shows a temperature increase in the west side of 

2°C whereas the central region would be cooling of 1.5°C. Minimum temperatures will also 

be affected by a maximum reduction of 4°C. In the case of the rainfall, prognoses differ 

depending on the specific location, having a 100% of increase in precipitation in the west 

side while the east side shows a decrease of 20%. 

Whenever the statistical downscaling was used as a basis, where atmosphere and 

ocean currents play a main role in describing the regional climate being thereafter refined 

with local climate records, conflicting outcomes with regards to the latter scenario were 

obtained by the IGP. In this context, temperatures are expected to increase 1.3°C while 

precipitation would decrease 19% in the center, 14% in the north, and 10% in the south 

side of the Mantaro basin. This model is according to the IGP, the most realistic scenario, 

as it is consistent with the observed changes in temperature - a rise of 1.24°C - from the 

last 50 years. Assuming this increment in temperature, Drechsel (2013) estimated a future 

increment in the altitudinal limit of potential distribution of the most significant crops and 

tree species present in the study area. These changes are illustrated in Table 2.7. 

 

Table 2.7: Changes in the altitudinal limit of potential distribution of some relevant 

species in the study area (source: Adapted from Drechsel, 2013) 

Species 
Current altitudinal 

limit (m asl.) 
Estimated future 

altitudinal limit (m asl.) 

Commercial potato (Solanum 
tuberosum) 

3700 3860 

Native potato (Solanum spec.) 4200 4460 

Ullucu (Ullucus tuberosus) 3800 4060 

Maize (Zea mays amylacea) 3450 3740 

English ryegrass (Lolium perenne) 4000 4190 

Eucalyptus (Eucalyptus globulus) 3900 4080 

Quinual (Polylepis incana) 4150 4330 

 

2.3.5 Socioeconomic characteristics 

 

A general characteristic related to the total land holding size of HHs in the study area is 

that the vast majority can be categorized as small-scale farming families or smallholders, 
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owing between 0.03 to 3.5 hectares of land, with an average of 1.1 ha, from which a 

considerable percentage is under fallow. HH economies are based in traditional 

agriculture and livestock, and commerce in a lesser degree. Temporal migration is also an 

activity carried out frequently in the region in order to increase the HH incomes. Although 

soils are considered fertile, productivity in the area is clearly limited by the low amounts 

of precipitation, changing temperatures and lack of technical support.  

As aforementioned, in the higher zones of the Andes and specifically in the high and 

very high zones of the study area, potatoes grown are solely from the native and bitter 

varieties, as they are well adapted to these conditions. Despite having a significantly lower 

productivity, these varieties are favored over the commercial ones for the HH own 

consumption. The reason behind this preference is given by the superior culinary qualities 

and their healthier growth conditions as no artificial nutrients and pesticides are used for 

growing any of the native varieties. 

In addition to the crops mentioned in Section 2.3.3, the intermediate and low zones 

have a great potential as pasture lands. Thereafter, cattle pasture systems are expanding 

in areas where irrigation facilities are present. Livestock including cattle, alpaca, llama, 

sheep, pig, and guinea pig is being raised in addition to poultry.  

 

2.3.6 Population 

 

The population share in the rural areas of the Mantaro basin experienced a decrease 

from 40 to 28% in the last 30 years (from 1972 to 2003). These changes have affected 

areas with the abandonment of agricultural fields and several houses in hamlets and 

villages due the emigration of their inhabitants (IGP, 2005b).   

Several HHs are below the poverty threshold, the average monthly per capita monetary 

income is of 200.1 S/. Nuevos Soles (approx. $ 80 dollars), representing the 20% of the 

Peruvian consumer price index, price paid by consumers for a market basket of consumer 

goods and services (IGP, 2005b). Similar values were presented by the MDHT project 

(2012) where the monthly familiar full income, including non-monetary income - was of 

450 S/. Nuevos Soles (approx. $ 180 dollars), from which 50-60% was being used for own 

consumption and the surplus was sold in the market, hence converted in monetary 

income. This implies that the previous amount could meet some basic needs but does not 

necessarily allow HHs to have the means to cope with extreme events.  

Since the beginning of recorded history in the region, agriculture activities are the base 

upon which people build their livelihoods. Therefore, most of the HHs come to be very 

sensitive to climatic variations, which have a strong direct and indirect impact in food 

production and productivity. This situation appears to be worsened by the excessive 

subdivision of land, which averts the use of some technical measures to mitigate the 
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impacts of these events (IGP, 2005b). This is a result of the inheritance practices, shrinking 

assets and hindering asset accumulation for the young HHs (Ho & Milan, 2012).  

Poor sanitary conditions are a common feature in the HHs of the study site. Lack of 

wastewater treatment, a great deficit in drinking water facilities and its supply, which 

becomes irregular depending on the rainfall distribution, are the main trigger factors for 

illnesses such as cholera, diarrhea and parasitic diseases. The number of cases presenting 

these illnesses associated with water, very common in children, increases with the 

temperatures, creating infectious foci in the areas with wastewater exposure.  

Moreover, fluctuations in daily temperature and extreme temperatures, which are 

known to have a relation with the number of cases of acute respiratory infections, occur 

frequently in the area and therefore affect the health status of the population, mainly 

children and elderly.  

Furthermore, a high percentage of children are affected by malnutrition, where the 

"height-for-age" or stunting is over two standard deviations below the median for the 

international reference population (UNICEF et al., 2012). Causes for this are commonly 

related to the lack of food, poor hygiene, frequent illnesses and inappropriate feeding 

practices.  Malnutrition will appear gradually when the body lacks the proper amount of 

energy, protein, micronutrients and fat (UNICEF et al., 2010). Since the HH diet is mainly 

composed by carbohydrates (tubers, rice, sugar and wheat) but presents a deficient 

protein, micronutrients and energy intake, HHs often present cases of severe chronic 

infantile malnutrition. 

Access to education varies from preschools, found in several communities, to primary 

school and secondary school. Higher education is possible in Concepcio n, capital of the 

district, but mainly instructed in Huancayo, capital of the department, which is 1.5 hours’ 

drive away from the communities. In addition, and as a consequence of the rather little 

and skewed access to education facilities, around 20% of the population is illiterate and 

less than a third has reached a secondary school degree (Pronamachcs, 2008).   

 

2.3.7 External determinants 

 

Beyond the FHS, community, government and market relations, described here as 

external determinants (Figure 2.3, p. 17), impose constraints or support communities and 

HHs towards more sustainable livelihoods, influencing their vulnerability to climate 

variability and extreme events. A number of mechanisms coming outside the FHS were 

pointed out in the former major components individually. These will be completed to 

better discuss the influence of external determinants with a focus on the vulnerability 

factors that make up the IPCC – Livelihood Vulnerability Index (LVI-IPCC).   

Two main relations influence the HH livelihoods’ security, which are the community 
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relations and the government relations including service provision, public goods and 

tenure rights (Figure 2.9).  

However, land tenure over the communal property is more complex and determined by 

context-specific factors so that a generalization among communities is not possible. 

Lowland communities, for example, inherited communal land from the Ocopa convent in 

the 1970’s, this was part of the land restitution process as a consequence of the agrarian 

reform.  Moreover, since 1995 a change in the land law relaxed the privatization of land 

through the market (Agu ero & Aldana, 1999), which has also directly impacted land 

tenure in different degrees in the Achamayo watershed.    

Use rights in communal property vary often depending on the zone of production 

(Morlon, 1992, p. 163). They depend not only on their biophysical conditions but also on 

social factors (Mayer, 2002). With a long-term perspective, communities divide their land 

in specific production zones typically related to the agro-ecological zones described for 

the present study area. Some of these areas are partially divided in units of production 

which are then given to individual HHs. In each unit of production, and depending on their 

location (production zone), farmers are subjected to previously established rights and 

obligations or terms of use. These include the specific areas and crops to be cultivated, the 

communal agricultural calendar which broadly describes sowing, harvesting, and grazing 

areas and dates, and finally the communal work (mink’as) (Morlon, 1992). These 

conditions are settled annually in communal meetings where farmers can influence the 

outcomes. In the production units farmers can decide how much they are going to sow, 

the varieties, the tools, production inputs and labor used in farming (informal interview). 

Depending on the community and the production zone farmers can loan, cede, buy and 

sell the use rights of these production units, although this is usually restricted to relatives 

or community members (Mayer, 2002).    

A tendency observed among communities in the area is the increasing individual use of 

land in lower and more productive areas. This is clearly the case of M1 - see 2.4.2 p. 50 - 

where farmers decided to separate themselves from their previous larger community, 

focusing only in their more appealing zone of production and giving up their right of using 

higher communal lands. This disintegration process, different to privatization, seems to 

be common in the Mantaro valley, with increasing number of micro-communities, often 

fragmenting their vertical system into single production zones (Mayer, 2002). This is a 

pattern, as described by Morlon (1992), where farmers search more independence in the 

use of land that may be intensified (lowlands), considering them as private property, 

whereas higher communal control is still important in higher lands (e.g., over 4000m asl.). 

This emphasizes the importance of users’ rights, individual or communal, over private 

versus communal property. Nevertheless, well-defined land tenure rights incentivize 

higher investments from farmers (De Sherbinin, 2006, p. 4) e.g. for conservation and 

enhancement of the land conditions together with longer-term investments such as tree 

plantations (field laboratories’ in-depth interviews). Although this is a common feature in 

the study area for most land below 4000 m asl., at least de-facto, a number of HHs (approx. 
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8-12%) spread along the watershed lack of deeds (HH interviews). This has become more 

evident and complex with the passage of time as a consequence of the traditional 

inheritance practices. Without a deed, farmers of the assessed communities mentioned to 

find difficulties in leasing part of their land as well as being deprived of credit (HH 

interviews), which directly contributes to a deficit in their capacity of response.  

Further discussions on the land tenure and communal regulations, the limitations on 

the free use of land according to market principles and the effects of the titling programs 

in the Andean communities are available in Nuitjen & Lorenzo (2009), Nuijten et al. 

(2006) and Guillet (1981).  

 
Figure 2.9: Local state and customary institutions: examples of dual regulations (source: 
own elaboration) 
 

Water in the Achamayo basin is used for agriculture, municipal water supply, 

agriculture, fish-farming and electric power generation (Antu nez de Mayolo, 1990). For 

this jurisdiction the government authority is the local water authority of the Mantaro.  The 

user organization, the second main foundation, is the officially recognized users’ board of 

the Mantaro irrigation district (PSI, 2012). Although the local water authority assigns 

water to communities and larger users such as the private fish-farm and the electric power 

enterprise, both are responsible for the water management in the study area (Guevara-

Gil, 2011). Individual users are represented by users’ committees in both the official user 

organization and the state. The research area is managed by two committees, the first one 

involving the lowland communities and the second one representing the middle access 

and highland communities (key interviews with local authorities). This division is related 

to water sources or main irrigation canals.  

Water use rights are given to users and are subjected to landownership, participation 

in collective work (maintenance of the canal), local fee payments (related to the extension) 
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and participation in the committee assemblies (Guevara-Gil, 2010). Among the committee 

members an intake officer is elected to locally enforce the distribution system, with 

established schedules for a sequence of daily turns as - due to water scarcity - irrigation is 

carried out in a serial process (Trawick, 2001). The cycle of turns vary depending on water 

availability and can take between one and three months to complete, where users in 

lowland communities are benefited by shorter cycles (informal interviews with 

committee members). Infractions committed by users are sanctioned with fines or 

penalties assigned by the users’ committee during the assemblies. However, when 

conflicts with larger users take place, the local water authority’s assigned rights are 

challenged and mediated by local rights, giving room to legal pluralism, where customary 

laws often prevail over official laws (Guevara-Gil, 2010). Further information about water 

rights and conflicts in the Achamayo basin can be found in Guevara-Gil (2010). 

The capacity of response is similarly constrained by the market economy, an external 

determinant seldom linked to the HH’s capacities. Small-scale farmers have to adequate 

their production systems according to the market’s strengths and opportunities. Large 

producers profit from their lower production costs to offer their products at low prices, 

turning merchants unwilling to pay higher prices for less efficient small volume outputs. 

As a consequence small-scale farmers are doomed to have fewer profits, if at all, for these 

determined products. Options for the sale of their products with higher prices, i.e. in 

bigger markets in the capital, entail higher risks and investment capacity which, more 

often than not, escape from small-scale farmer’s feasibility. Most if not all FHSs suffered 

from these conditions, complaining mainly about the low commercial potato prices. In 

addition to the already low prices, the overflow in the harvest season obliged many HHs 

to sell their outputs at even lower prices, resulting often in losses (informal interviews in 

local market). To avoid this, several FHSs adapt their sowing and harvesting periods so as 

to sell their products before or after the main harvest season. This strategy is also 

mentioned to occur in other communities in the Andes (Crespeigne et al., 2010).  

 

2.4 Case studies  

 

From the study area, a total of seven communities were selected as case studies. For 

ease of understanding these were grouped as follow: Lowland communities (Santa Rosa 

de Ocopa (L1) and Huanchar (L2)); Middle access communities (La Libertad (M1) and San 

Antonio (M2)); and Highland communities (La Florida (H1), San Pedro (H2) and Santiago 

de Marcatuna (H3)).  
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Figure 2.10: Location and access to the different case studies. Paved roads are marked 
in blue, unpaved and dirt roads are marked in yellow (Source: adapted from Google 
earth). 

 

The arrangement in groups follows not only a geographical logic (Figure 2.9), but also 

because the selected communities share some common features which are elucidated in 

Table 2.8. 

During the Incan empire, Andean inhabitants were organized in “Ayllus” to achieve 

well-being through the equilibrium one´s social and natural environments with the means 

of reciprocity (Argumedo & Wong, 2010). The Ayllu system had three different levels of 

organization, namely the family level - here the HHs- the group of families sharing a 

common area - here the communities - and a larger level which accounts for the civil 

society and the Incan empire (or government nowadays). Labor and responsibilities were 

divided among groups and families, so as to build resilience creating an “active adaptive 

management system” (Argumedo & Wong, 2010, p. 89), where the loss of reciprocity, 

including communal solidarity and cooperation, can result in increasing vulnerability. 

Despite conditions have changed together with the market economy, transitions 

undergone by Andean farmers are partly based on their tradition and ethical principles 

(Rist, 2000; Stadel, 2008).  

De jure, some of the selected settlements are not communities per se, having other 

political status such as annexed villages or hamlets. Nevertheless, they keep a de facto 

community organization and therefore were considered in the present study as such. 
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Table 2.8: Case studies’ technical information 

Lowland comm. Middle access comm. Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

District Santa Rosa de Ocopa Heroínas Toledo Heroínas Toledo Quichuay 

Location 
 11°52'38"S  

75°17'38"W 

 11°52'31"S  

75°19'11"W 

 11°50'28"S  

75°18'11"W 

 11°50'8"S 

75°17'28"W 

 11°51'26"S 

75°16'28"W 

11°50'41"S 

75°17'7"W 

11°51'33"S 

75°16'2"W 

Population 

(HHs) 
65 120 121 93 84 62 50 

Altitude 3300 -3400 m asl.  3700 - 3850 m asl. 3750 - 3900 m asl. 

Slope  flat to slightly inclined 
moderated to strongly in-

clined 
steep 

Agro-ecological 

zone 
low intermediate intermediate and high 

Main crops maize and artichokes commercial potatoes native and commercial potatoes  

Farming tecnol-

ogy 
mechanized mechanized 

animal 

ploughs  
animal ploughs  

Physical access paved roads paved roads 
unpaved 

roads 
unpaved roads 

Distance to the 

city 
6 km  7 km  13 km 15 km 17 km 19 km 20 km 

Transport fre-

quency 

15-20 

min 

20-30 

min 
40 min 70 min scarce  and unpredictable 

Public schools* 1+2+3 1 1 1+2+3 1 1+2 1 

*1= preschool; 2=primary school; 3=secondary school 

 

2.4.1 Lowland communities (L) 

 

Production zones in Santa Rosa de Ocopa (L1) and Huanchar (L2) are considerably flat, 

as detailed in the agro-ecological zone description in Section 2.3.3 and as observed in 

Figure 2.9. Both benefit from the more expanded irrigation facilities thanks to a better 

access to open water sources. This characteristics added to the slightly higher 

temperatures (due to the lower elevation) allow farmers from these communities grow 

more profitable crops such as maize and artichoke, where mechanized agriculture is 

common. 

L1 is one of the main districts of Concepcio n, and therefore farmers have access to a 

number of additional or improved public services and infrastructural facilities. From a 

seat of the government for both the city and surrounding communities, a health clinic, to 

public schools up to secondary education. The same is not true for L2. However due to 

their proximity, benefits are often shared.  

Moreover, and very crucial for the present research is their ease of access. Both can be 

reached from the district capital Concepcio n with a two-lane paved road connecting them 
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with only 6-7 km of distance between them. In these communities, the frequency of 

transport is relatively high with share taxis for public transportation travelling 

approximately every 20 minutes.  

These characteristics have improved small-scale farmers’ economic conditions. The 

presence of several small businesses, mainly present in L1, denotes the greater proximity 

to the market and higher number of potential consumers of these communities. In parallel, 

and as a consequence of the previous, labor demand in non-farm related activities are 

higher.  

 

2.4.2 Middle access communities (M) 

 

La Libertad (M1) and San Antonio (M2) share common features having most of their 

sowed land between 3700 and 3850 m asl. Although the altitudinal range in M2 is similar 

to the highland communities, the main characteristics that differentiate M2 are the 

“privileged” accessibility and political status, as well as the overall benefits that come with 

it.  

M1 benefits from the same paved road than lowland communities, although with a 

greater distance of 13km. Contrarily to other assessed communities, M1 does not share 

any communal land. Once part of a larger community, farmers of this community decided 

to split and lose their communal land. Although it remains a community, farmers tend to 

conduct their activities independently with little engagement in communal works or 

exchanging labor force. 

Larger landholdings do not belong to the community members, they belong to - or are 

rented to - farmers living abroad for commercial production. For that reason and thanks 

to the paved road, mechanized agriculture is a common feature, also for community 

members, which also profit from lower transaction costs, as in the lowland communities.  

Land use management in this area, as in most private land, is conducted individually 

per HH, where no definite schedule for the seasonal crop calendar is programmed. This 

calendar depends almost exclusively on the weather conditions, and more specifically on 

the rainy season. However, access to water is a limitation for community members in M1, 

both for direct consumption and irrigation purposes. The latter is in turn used only for 

pasture lands. This, once more, reveals their high sensitivity to agricultural droughts and 

the extreme changes in temperature. 

M2 is the capital of the of the Heroinas Toledo district, and thus benefits considerably 

from better service distribution networks and public facilities than annexes and hamlets 

belonging to the same district. These include a rural health post, a preschool and a 

primary and secondary school, three small grocery stores and the seat of the district and 

communal administration. Agricultural activities in this area are carried out manually 
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and/or by animal ploughs.  

In contrast to the previous described communities, ancestral customs are still in 

practice in a higher degree not only in communal lands but also in private land. The social 

organization is reflected in several communal tasks they undertake such as irrigation 

canal, bridge and trail cleaning and maintenance among other works that benefit the 

whole community and even a number of neighboring communities, in this case it also 

includes the following case studies. Alternatively, other communal works take place such 

as the “Mink’a”, where a community or a HH with a labor-intensive activity such as a 

harvest or a public building construction. These organizational forms help contribute to 

the development of a community and its members (Crespeigne et al., 2010). The labor 

force is recruited through HH networks, where participants, who were traditionally paid 

in kind, are nowadays occasionally paid in cash.  

 

2.4.3 Highland communities (H) 

 

La Florida (H1) and San Pedro (H2) share their communal land and tasks with M2 by 

being annexes of the Heroinas Toledo district. Communal land is located in the higher 

areas (up to 4500 m asl.), commonly with poorer soils and adverse temperatures, where 

hardly any commercial crop grows, see “high” and “very high” zones in the agro-ecological 

zones in Section 2.3.3. Therefore, the main sowed farmland is located between 3750- 3850 

m asl. 

In contrast, in H1and H2 public services are scarce or with networks little expanded. To 

overcome this underlying problem, local measures are slowly taking place in the most 

affected communities. However, farmers in H1 have a better access to irrigation facilities, 

as a difference from farmers in H2, because of their proximity to a tributary of the 

Achamayo River. 

These two communities are connected by unpaved roads. Although farmers tend to 

walk from M2. Here, the frequency of transport availability plays an important role 

because of the big differences found in the field between nearby communities. Taxi drivers 

usually stop in M2, which implies longer waiting times to fill the share taxi or paying 

substantially higher rates for the extra journey, forcing them to spend in higher 

transaction costs, especially for farmers in H2.  

Santiago de Marcatuna (H3) consists only of 50 HHs, a preschool and is also provided 

with very limited basic services. The main difference regarding H3 and other assessed 

communities, is the lower proportion of productive land below 4000 m asl., leaving them 

little options for improving their livelihoods. In addition, this area presents a higher share 

of steep slopes and rock outcrops, reducing the field capacity and further limiting the 

potential productivity. As in H1, farmers in H3 have better access to irrigation facilities, 

which might be explained by the physical proximity to the irrigation canal and the reduced 
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amount of users.    

Located only one km away from H2, share-taxis travel to this last community almost 

solely for taking and picking up school teachers. Any service required off schedule would 

imply to cover the costs of the “missing passengers”. 

As a consequence of the limited access, non-farm related activities are scarce. As a 

result labor offer and demand tend to be very low in these communities. Mechanized 

agriculture is not available and thus manual labor and animal ploughs are used for all 

agricultural tasks.  

Most probably for that reason the ancestral custom the “Ayni” is more commonly 

observed in these highland communities.  There, the “bigger family” (which can include 

friends and neighbors) helps a HH in a specific activity such as building a house (e.g. for 

their daughter) or for stages in the agricultural calendar (Figure A5 in Appendix 1). In 

exchange, the HH who cannot cover the labor needs will reward each supporting HH for 

their offered services with the corresponding labor force either from his own HH or by 

hiring farmhands.  

 

Additional bio-physical and socioeconomic characteristics and conditions present in all 

assessed communities are described in the Study area Section (p. 35). 
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3 Vulnerability in Achamayo 

 

Since their establishment in the Andes, farmers coexist with climate variations and 

extreme weather events (Crespeigne et al., 2010), which make them, in principle, the most 

qualified people to affront climatic hazards. Nonetheless, assessments have identified 

Peru as the third most vulnerable country to climate hazards worldwide (IGP, 2005a).  

The control over a number of agro-ecological zones was acknowledged before the Incan 

empire and measures were taken to profit from a greater diversity (Argumedo & Wong, 

2010). Verticality was used in the past at greater extensions with the help of exchange and 

reciprocity principles. However, in the Mantaro valley, as mentioned by Mayer (2002, p. 

252-254), lower communities have further disintegrated their production zones, losing 

diversity in microclimates. 

Andean smallholders are among the poorest people in Peru (Hellin et al., 2002, p. 2). 

Their weak degree of livelihood security is being aggravated by actual conditions and 

processes of decision-making are an integral part of their outcomes. Therefore, to improve 

this situation, they demand options so as to reduce their vulnerability; for example by 

increasing their productivity, which seems not to have done necessarily well in the past 

(Leo n-Velarde et al., 2008).  

To develop a better understanding of FHSs’ vulnerability and to identify and evaluate 

potential improvement alternatives and livelihood strategies, a bottom-up vulnerability 

assessment was carried out through the elaboration of two vulnerability indices focusing 

in different approaches. Here common biases were avoided, such as the described by 

Preston & Stafford-Smith (2009), where socioeconomic changes are understated and 

biophysical processes often assumed as major drivers. Therefore, socioeconomic drivers 

were well represented and more evenly integrated in the present assessment, including 

the five capitals of the sustainable livelihood approach as well as the main factors that 

compose vulnerability. As noted by Hinkel (2011), these assessments are meant to raise 

awareness and more importantly to serve further policy purposes, as a means of bridging 

the academic work and the political need.  

 

3.1 Results 

 

3.1.1 Sustainable Livelihood Vulnerability Index (S-LVI) 

 

The results obtained from the selected indicators included in the S-LVI are below 
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presented following the major components.  

 

3.1.1.1 Climate variability and extreme events 

As mentioned in the methodology, for the calculation of the S-LVI, climate variability 

and extreme events was included as a major component due to its significance when 

considering sustainability and its well-established connection with vulnerability. 

Therefore, the proportion of HHs affected by excess of rainfall or flooding was measured 

(Table 3.1). A higher percentage of affected HHs was found in relation to the other 

indicators of this major component. In L1, 71% of the HHs were affected, while in L2, M1, 

M2 and H2 the proportion of affected HHs was below 50%, with 47%, 39%, 41%, and 47% 

of the HHs, correspondingly. Higher ratios of losses related to rainfall or flooding were to 

be found in H1 and H3 with 64% and 63%. 

Moreover, another weather event also related to the topography and geography of the 

place is the presence of hails or frosts (Figures A1 - A3 Appendix 1). These are usually 

present in a lesser amount in the lower located communities such as L1 and L2, only 

affecting 29% and 40% of their HHs, respectively. In the other communities, these values 

are slightly higher with 61% in M1, 47% in M2, as high as 64% in H1, 58% in H2 and at the 

end 42% in H3. 

 

Table 3.1: Results of the vulnerability components for climate variability and extreme 

events 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 
Max Min 

L1 L2 M1 M2 H1 H2 H3 

Climate 
variability 

and 
extreme 
events 

Water 

Affected by excess of 
rainfall or flooding 
(%) 

71 47 39 41 64 47 63 100 0 

Affected by 
agricultural drought 
(%) 

0 13 11 12 9 21 5 100 0 

Temperature 
Affected by hail or 
frost (%) 

29 40 61 47 64 58 42 100 0 

Others 
Other agricultural 
losses related to 
extreme event (%) 1 

42 33 67 76 45 37 58 100 0 

1 These include pest and diseases such as: late blight (Phytophthora infestans), early blight (Alternaria 
 spp.), Andean potato weevil (Premnotrypes spp.), and potato rust (Puccinia pittieriana). 

 

The negative impact of agricultural droughts was not fully reflected in the current 

results. Therefore, affected HHs are scarcely present here, with percentages as low as 0% 

for L1, 13% for L2, 11% for M1, 12% for M2, and 9% for H1. HHs in H2 were proportionally 
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more affected, with 21% of the HHs, however, in the community of H3 only 5% of the HHs 

were affected by agricultural droughts.    

The latter indicator includes other agricultural losses related to extreme events which 

are mainly water molds (i.e. potato blight), plant pathogens like fungi (early blight and 

Puccinia pittieriana), and weevils together with some other stressors. These single 

damages are influenced by specific climatic conditions, which differ from one another. 

Therefore, despite their dissimilar origin, they were grouped to help elucidate the general 

effect of climate variability and extreme events in these communities. As a result, in L1 

42% of the HHs were affected with these losses. In L2, only the 33% were affected, while 

in M1 and M2 these values went as high as 67% and 76%, correspondingly. Furthermore, 

in H1, H2 and H3 the proportion of affected HHs was more moderate, with 45%, 37%, and 

58%, respectively. These results were included in Table 3.2 for the further S-LVI 

calculation.  

 

Table 3.2: Vulnerability indices of the seven communities for climate variability and 

extreme events 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Climate 
variability 

and 
extreme 
events 

Water 

Affected by excess of 
rainfall or flooding  

0.71 0.47 0.39 0.41 0.64 0.47 0.63 

Affected by 
agricultural drought  

0.00 0.13 0.11 0.12 0.09 0.21 0.05 

Temperature 
Affected by hail or 
frost 

0.29 0.40 0.61 0.47 0.64 0.58 0.42 

Others 
Other agricultural 
losses related to 
extreme event 

0.42 0.33 0.67 0.76 0.45 0.37 0.58 

Climate variability & extreme events: Average 0.355 0.333 0.444 0.441 0.455 0.408 0.421 

 

Results of the non-parametric analysis of variance using Kruskal-Wallis test - with a 

critical value of 12.59, using a degree of freedom of 6, related to the seven communities, 

and a significance of α = 0.05 - show a final value of H = 1.5175 and a p-value = 0. 0.9583. 

Therefore, it can be concluded that there were no differences among the vulnerability 

values related to the climate variability and extreme events among communities. 

 

3.1.1.2 Human capital 

HH heads in L1 had an average age of 53.8 ± 13.5 years (Table 3.3), all of which 

presented at least a high school degree or higher educational level (50% with technical 

degree and just one with university studies). The respondents had an average of 3.6 ± 1.6 
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members in their HHs, from these, 1.5 were aged below 15 or over 65 (categorized as 

dependents from the other HH members).  The Regional Directorate of Health (DIRESA, 

in the data used for Enciso’s research, 2012) registered that 33.9 % of the population in 

the area had children illness cases such as acute diarrheic disease for children below one 

year, acute respiratory infections and/or pneumonia for children aged below five. 

Moreover, 41% of the children below five years presented malnutrition, which is 

registered whenever the measure of “height for age" is at least two standard deviations 

below the median for the international reference population, following the World Health 

Organization guidelines. 

 

Table 3.3: Results of the vulnerability components for human capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 
Max Min 

L1 L2 M1 M2 H1 H2 H3 

Human 
capital 

Socio-
demographic 

profile 

Age of HH Head  54 48 46 48 53 42 46 75 21 

Education level of HH 
Head 1 

2.6 2.7 2.2 2.1 2.1 2.1 2.3 4 0 

HH size (n° members) 3.6 4.5 3.8 3.4 3.6 4.9 3.7 8 1 

Dependency in HH 2 1.5 1.6 1.1 1.2 1.4 2.6 1.4 4 0 

Livelihood 
strategies 

HH depending only 
on farm labor (%) 

21 47 39 71 55 42 63 100 0 

HH without non-farm 
labor (%) 

42 67 72 94 82 68 79 100 0 

Crop diversity 3 2.2 2.3 2.5 2.6 3.0 2.8 2.8 7 0 

Food Malnutrition (%) 4 41 41 57 57 57 57 57 100 0 

Health 
Registered children 
illness cases (%) 

34 34 15 15 15 15 15 100 0 

1 HH Head Education; No education=0; unfinished primary school=1; finished primary school =2; finished secondary 
 school=3; higher technical education=4; university studies=5 

2 Number of HH members below 15 and over 65 years of age  
3 Number of different crops grown by a HH 
4 % of children below age of five whose "height for age" is two standard deviations below the median  
3 Include acute diarrheic disease for children under one year of age, acute respiratory infections for children & pneumonia 

 for children under five years of age   
 

In relation to the labor, as much as 57.9% were engaged in non-farm activities, while 

just 21.1% of the sampled HHs depended only on their own farming activities, where they 

cultivated in average 2.2 ± 1.2 different crops. 

In L2, the HH heads were aged 47.7 ± 10.9 years in average with 40% having a high 

school degree and 60% a higher educational level. HHs were constituted of 4.5 ± 1.6 

members from which 1.6 were dependent (members aged below 15 or 65 and over). The 

registered cases of children illnesses and malnutrition are assumed to be of the same 
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proportion as the mentioned for L1, as the scale used by DIRESA was larger (per district). 

With regard to the labor, a 33.3% of the HHs worked in non-farm activities. In contrast, 

46.6% of the HHs depended entirely on their farm production. Here, they cultivated 

typically more than two different crops (2.3 ± 0.8). 

In the community of M1, HHs heads were aged in average 45.7 ± 13. Almost 90% among 

them presented at least a high school degree (one third had a technical degree) and the 

rest (11.1%) just a primary school degree. HHs in M1 were inhabited by 3.8 ± 1.3 members, 

where just 1.1 were aged below 15 or 65 and over.  DIRESA registered for the whole 

district - therefore including the four next communities in their calculations – a 15% of 

the population with children illness cases (which were registered). Most children below 

five years presented malnutrition (57%) in the area. 

In M1, as much as 38.8% of the farmers were depending only on farm labor, whereas 

27.8% were involved in non-farm activities.  HHs were cultivating 2.5 ± 1.2 different crops 

in average. 

M2, the capital of the district, presented HH heads with an average age of 47.5 ± 13.4 

years. From these, 29.4% had a technical degree or more, 58.8% a secondary school 

degree and a surprising 11.8% had no formal learning at all. An average of 3.4 ± 1.7 

members made up the HH, including 1.2 of them, which were dependent on the other 

members. Over two thirds (70.6%) of the HHs in M2 depended entirely on their own 

farming systems, there, they cultivated an average of 2.6 ± 1.3 different crops. In contrast, 

the sampled HHs were not involved in non-farm activities. 

Not far from M2, in H1, HH heads were in average slightly older, aged 52.7 ± 12.4 and 

had (all but one) at least a high school degree or higher educational level (18.2% with 

technical degree). The respondents had an average of 3.6 ± 1.8 members in their HHs 

where 1.4 were dependent. Regarding the labor situation, as much as 54.5% were only 

engaged in on-farm activities with 3 ± 0.95 different crops in average. Moreover, 18.2% of 

the HHs were engaged in non-farm activities. 

In H2, the HH heads were among the youngest with an average of 42.1 ± 10.7 years. In 

contrast to their age, 89.5% had at least a higher educational level (21.1% among them 

presented a university degree) and only 10.5% of them had a primary or secondary school 

degree. HHs were constituted of 4.9 ± 1.7 members from which as high as 2.3 were 

dependent members. As in M2 and H1, the registered cases of children illnesses and 

malnutrition were assumed to be of the same proportion than the ones mentioned for M1, 

as DIRESA registered them per district. In relation to the labor, 31.6% of the HHs in the 

community worked in non-farm activities. In contrast, 42.1% of the HHs depended 

entirely on their farm production, where they cultivated in average 2.8 ± 1 different crops. 

The average age of the HHs heads in H3 was 46.3 ± 16.4 years. Almost 90% among them 

presented no less than a high school degree, from which one-third (32.6%) had at least a 

technical degree. In H3 there was an average of 3.7 ± 1.2 members per HH, where 1.4 were 

aged below 15 or over 65.  Finally, the majority of farmers (63.2%) were fully dependent 
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on their land for survival, cultivating as many as 2.8 ± 1.4 different crops, whereas 21.1% 

were involved in non-farm activities.  The before mentioned results were transformed 

with the help of the data processing procedure explained in the methodology and included 

in Table 3.4 for the further S-LVI calculation.  

 

Table 3.4: Vulnerability indices of the seven communities for human capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Human 
capital 

Socio-
demographic 

profile 

Age of HH Head  0.20 0.25 0.31 0.30 0.20 0.36 0.34 

Education level of HH 
Head  

0.11 0.10 0.16 0.23 0.17 0.20 0.15 

HH size 0.24 0.16 0.21 0.32 0.25 0.12 0.22 

Dependency factor 0.26 0.26 0.20 0.21 0.20 0.32 0.24 

Livelihood 
strategies 

HH depending only 
on farm labor 

0.21 0.47 0.39 0.71 0.55 0.42 0.63 

HH without non-farm 
labor 

0.42 0.67 0.72 0.94 0.82 0.68 0.79 

Average crop 
diversity index 

0.30 0.23 0.21 0.24 0.16 0.18 0.19 

Food Malnutrition 0.41 0.41 0.57 0.57 0.57 0.57 0.57 

Health 
Registered children 
illness cases 

0.34 0.34 0.15 0.15 0.15 0.15 0.15 

Human capital: Average 0.276 0.320 0.325 0.407 0.341 0.334 0.365 

 

The socio-demographic profile sub-components related to human capital present an 

overall similar outcome of relatively low vulnerability in most communities except for M2, 

H2 and H3. Results of the non-parametric analysis of variance using Kruskal-Wallis test - 

with a critical value of 12.59, using a degree of freedom of 6, related to the 7 communities, 

and a significance of α = 0.05 - show a final value of H = 0.9533 and a p-value = 0.9873. 

Therefore, the analysis failed to reject the null hypothesis that there were no differences 

among the vulnerability values related to human capital among communities.  

When correlating the HH size with the number of HH depending only on farm labor, we 

observe a negative trend - although not significantly correlated (p=0.0787, r=0.761; 

excluding L1) unless the alpha value is set to 0.1 - where small HHs tend to be dependent 

on farm labor. A stronger and direct correlation (p=0.005, r=0.94; excluding L1) is 

observed between the HH size and the non-farm labor.  

 

3.1.1.3 Social capital 

From the different variables selected to calculate the social capital in the different 
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communities, results coincide with conjectures in this study and will be further discussed. 

A number of organizations where active in the assessed communities, such as the “glass 

of milk” committee (a program promoting child nutrition), environmental conservation 

committee, parents associations, mothers club, community kitchens, self-defense 

committees, irrigation committees, potable water committee and a national program 

which objective is to improve quality of basic health and nutrition services. In L1 for 

example, 55.3% of the HHs did belong to at least one of these organizations (Table 3.5). 

The participation ratio changed considerably in other communities such as L2 (26.7%), 

M1 (16.7%), M2 (35.3%), and H1 where less than 10% of the HH did belong to these 

organizations. In contrast, in H2 every HH involved in the survey belonged to an 

organization, whereas in H3 just 31.6% of the HHs did.   

 

Table 3.5: Results of the vulnerability components for social capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 
Max Min 

L1 L2 M1 M2 H1 H2 H3 

Social 
capital 

Livelihood 
strategies 

Absent HH members 
(%)  

7 3 31 38 22 41 41 100 0 

Socio-
demographic 

profile 

Female headed HH 
(%) 

84 73 78 53 64 79 68 100 0 

Social 
Networks 

HH not belonging to 
an organization (%) 

45 73 83 65 91 0 68 100 0 

Frequency of visits to 
the nearest city 1 

2.4 2.9 2.6 2.5 2.7 2.8 2.8 3 0 

1 Less than 1/month=0; 1/month=1; 2/month=2; more than 2/month=3 
 

In addition, the measured indicator “frequency of visits to the nearest city” which is 

very related to the access (physical capital) and the financial capital, has a major effect on 

the social capital of the HHs. This is because of the expansion of their interpersonal social 

networks, developing a stronger connectivity with the market, creating new sources of 

information and strategic bonds, inter alia. In L1, 18.4% went one or less times per month 

to the nearest city whereas 63% went more than two times per month. Furthermore, HHs 

from the other communities visited more often the city of Concepcio n (the nearest one in 

all cases). Hence, the ratio of HHs whose members visited Concepcio n more than twice 

per month were 93.3% in L2, 61.1% in M1, 58.9% in M2 and 72.8% in H1. In both H2 and 

H3, 84.3% of the HHs visited the city more than two times per month.   

Moreover, the percentage of HHs whose members were absent was also used as a social 

capital indicator for the S-LVI. Here, a higher number of absences was assumed to decrease 

social capital as lesser contact entails a reduction or a weakening of the network of 

relationships (resource) of the HH. These results show that for the lowland communities 
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the ratios of HH absences are very low, being 6.8% for L1 and 3.5% for L2. However, for 

the middle access and highland communities these values increase significantly i.e. M1 

31.3%, M2 38.5%, H1 22.4%, and 40.7% for H2 and H3. 

Finally, the percentage of HHs, which had a female as head of the HH, was also used as 

an indicator. An unexpected high percentage was found in L1, L2 and M1 with 84.2%, 73.3% 

and 77.8% respectively. Additionally, lower values were found in M2 with 52.9% and H1 

with a 63.6% of the HHs with a female HH head. Lastly, H2 and H3 presented again higher 

ratios with 78.9% and 68.4% respectively. After processed (as described in the 

methodology), the results were included in the Table 3.6 for the further S-LVI calculation.  

 

Table 3.6: Vulnerability indices of the seven communities for social capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Social 
capital 

Livelihood 
strategies 

Absent HH members  0.07 0.03 0.31 0.38 0.22 0.41 0.41 

Socio-
demographic 

profile 
Female headed HH 0.68 0.47 0.56 0.06 0.27 0.58 0.37 

Social 
Networks 

HH not belonging to 
an organization  

0.45 0.27 0.17 0.35 0.09 0.00 0.32 

Frequency of visits to 
the nearest city  

0.12 0.01 0.04 0.07 0.04 0.02 0.02 

Social capital: Average 0.329 0.311 0.436 0.291 0.361 0.251 0.369 

 

When looking at the overall vulnerability related to social capital, values do not seem 

to differ much among communities, although they do differ in the single indicators. Results 

of the non-parametric analysis of variance using Kruskal-Wallis test - with a critical value 

of 12.59, using a degree of freedom of 6, related to the seven communities, and a 

significance of α = 0.05 - show a final value of H = 1.2406 and a p-value = 0.9748. Therefore, 

it can be concluded that there were no differences among the vulnerability values related 

to social capital among communities. 

 

3.1.1.4 Natural capital 

 To describe the natural capital of the different HHs one of the most influent variables 

in many aspect is the elevation in which the selected communities lie. Geographically, the 

communities are divided in two main altitude ranges, as presented in the case studies 

description in Section 2.4. In the lowland communities sowed farmlands lie between 

3300-3400 m asl., whereas for the middle access and highland communities these lie 

between 3700-3850 m asl. (Table 3.7).  
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Table 3.7: Results of the vulnerability components for natural capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access comm. 

Highland comm. 
MAX MIN 

L1 L2 M1 M2 H1 H2 H3 

Natural 
capital 

Land 

HH farm area (m2) 6857 10891 19226 10180 14670 14223 7137 19226 6857 

N° of agro-ecological 
zones 1 

1.3 1.3 1.2 1.6 1.7 2.0 1.3 3 1 

Altitude (m asl.) 3376 3330 3740 3830 3840 3800 3840 3840 3330 

N° of farm plots 3.0 3.5 5.6 5.5 6.1 8.2 4.2 12 1 

Trees HH with trees (%)  84 60 83 88 82 95 79 100 0 

1 N° of agro-ecological zones where the HH has farm plots 

 

Related to this characteristic but expressing it in a higher level of detail is the number 

of agro-ecological zones, which describe the possibilities of geographical diversity inside 

a HH (between the different plots of a HH), and thus the possible uses entailed in them. 

The results show that in L1 HHs held 1.342 agro-ecological zones which in this example 

means that 34.2% of the HHs in L1 have two agro-ecological zones, the rest being able to 

utilize just one zone. Similarly, in L2, M1 and H3 26.7%, 16.7% and 26.3% of the HHs, 

respectively, had the opportunity to own land in two agro-ecological zones. Moreover, a 

few HHs in the other communities were in possession of land even in three different agro-

ecological zones. This is the case of M2, which had 52.9% of the HHs with just one agro-

ecological zone, 35.3% with two zones and 11.8% of the HHs with three different zones. 

In H1 most of the HHs had two agro-ecological zones (54.5%), and 9.1% had three zones. 

Lastly, in H2 as high as 78.9% of the HHs had land in two or more zones (57.9% two zones 

and 21.1% with three zones), with only 21.1% of the HHs with just one zone. 

Results on the number of farm plots per HH not only show a marked difference between 

the communities, but mainly a high variability (big dispersion of the data) within each 

community. In the lowland communities, L1 HHs’ landholdings were the smallest in 

average 6857 ± 5838 m2 divided in 3 ± 1.78 plots. Both values were higher for the case of 

L2, which had 10 891 ± 10 481 m2, divided in 3.53 ± 1.59 plots. In contrast for the middle 

access communities, M1 presented the highest values with 19 226 ± 11 589 m2 divided in 

5.56 ± 2.99 plots. With a similar amount of plots (5.53 ± 3.13) M2 presented a lower land 

availability with 10 180 ± 9 661 m2 per HH. Moreover in the highland communities, H1 

and H2 presented similar sizes of land per HH with 14 670 ± 13 388 m2 and 14 223 ± 

10806 m2 divided in 6.09 ±2.97 and 8.21 ± 3.14 plots, respectively, whereas H3 presented 

an average of only 7384 ± 5955 m2 per HH divided in 4.21 ± 2.44 plots.  

 The presence of tree-related land uses as in agroforestry systems and pure plantations 

was assessed (independently of the plot size). In the lowland communities, trees were 

present in 81.6% of the HHs of L1 with just 13.2% having forest plantations. HHs in L2 
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presented the lowest ratio for the presence of trees in their lands with just a 60% and 20% 

of the total having forestry systems. Furthermore, middle access communities’ 

percentages were similar with 83.3% and 88.2% of the HHs having tree-related land uses 

in their plots and over a third of the HHs owning forest plantations (33.3% and 35.2%). In 

the highlands communities of H1 and H2, the proportion of HHs having at least one of their 

plots covered with trees was as high as 45.5% and 63.2%, respectively, with only 18.2% 

and 5.3% of the HHs without trees in their farming systems. In H3, lower values were 

found in both cases, with 78.9% of the HHs with trees present in their land and 26.3 % of 

the HHs with no less than one plot with planted forests. These results were transformed 

and included in Table 3.8 for the further S-LVI calculation.  

Results of the non-parametric analysis of variance using Kruskal-Wallis test - with a 

critical value of 12.59, using a degree of freedom of 6, related to the seven communities, 

and a significance of α = 0.05 - show a final value of H = 2.5979 with a p-value = 0.8574. 

Consequently, the analysis failed to reject the null hypothesis that there were no 

differences among the vulnerability values related to natural capital among communities.  

 

Table 3.8: Vulnerability indices of the seven communities for natural capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Natural 
capital 

Land 

HH farm area 0.68 0.47 0.17 0.41 0.40 0.33 0.62 

N° of agro-ecological 
zones 

0.74 0.80 0.88 0.62 0.50 0.36 0.80 

Altitude 0.11 0.04 0.63 0.76 0.77 0.71 0.77 

N° of farm plots 0.43 0.30 0.20 0.21 0.14 0.08 0.27 

Trees N° of HH with trees  0.33 0.50 0.29 0.25 0.27 0.13 0.34 

Natural capital: Average 0.459 0.421 0.432 0.449 0.418 0.322 0.562 

 

Results on the analysis of correlation shows a positive correlation between on-farm 

labor and farm area, supporting the logical assumption that smaller landholders cannot 

depend only on the outcomes of their production systems, however this resulted not to be 

significant (p=0.1689, r= 0.642). L1 was once more not included in the previous Pearson 

correlation coefficient measurements, because of their better access to off-farm labor 

regardless of their FHS’ area, making it not consistent with the previous statement.  

 

3.1.1.5 Physical capital 

The physical capital variables are usually determined by an external factor (not present 

in the FHS), usually the government or a public institution. These variables have impacts 

essentially on the access, health conditions, and the education level of the HH members. 
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As health institutes were to be found in the lowland communities and M2 the time to reach 

them were in average quite short, depending on how scattered were the housings. 

Therefore, this first indicator shows that for these communities the time was between 10 

(L2 and M2) and 15 minutes (L1, Table 3.9). As public transport is not available and shared 

taxis, which is the common and just about the only motorized way of transport people in 

these communities have, take usually longer to their journey, for farmers of the other 

communities the time was also calculated by foot. Hence, for M1 and H1 they take in 

average 30 minutes, while for the highland communities H2 and H3 they take 60 and 90 

minutes, respectively. 

 

Table 3.9: Results of the vulnerability components for physical capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 
Max Min 

L1 L2 M1 M2 H1 H2 H3 

Physical 
capital 

Health 
HH without sanitary 
facilities (%) 

14 18 38 77 17 46 46 100 0 

Health 
Time to reach a 
health institute (min) 

15 10 30 10 30 60 90 90 10 

Water 
HH without irrigation 
facilities (%) 

25 19 70 59 43 78 34 100 0 

Water 
HH without Drinking 
water (potable) (%) 

1 2 99 60 92 67 67 100 0 

Electricity 
HH without 
Electricity (%) 

12 12 34 30 55 18 15 100 0 

Communication 
Number of assets 
(incl. TV., cellphone 
and radio) 1 

2.3 2.5 2.4 1.9 1.9 1.9 1.9 3 0 

Accessibility 
Frequency of 
transport services 
provided (n°/day) 

30 20 14 8 6 2 2 30 2 

1 No assets=0; one asset=1; two assets=2; three assets=3  

 

 Additionally, a second variable, which is the access to drinking water, has also a direct 

influence in the health of the HH members. In the lowland communities, almost every HH 

was provided of potable water (99% in L1 and 98% in L2). However, these numbers change 

drastically in the middle access and highland communities. M1 with only 1% of the HHs, 

M2 with 40%, H1 with 8% and H2 and H3 with both around 33% of the HHs having access 

to drinking water. 

A third variable also very related is the access to sanitary facilities. This sub-component 

revealed a similar pattern among the communities. In the lowland communities most of 

the HHs had access to these facilities (86% in L1 and 82% in L2) respectively). In the 

middle access communities a contrast is observed, where 62% of the HHs in M1 enjoyed 

the advantages of having sanitary, whereas only 23% of the HHs in M2 did. Finally, HHs in 
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the highland communities predominantly have sanitary facilities, H1 with a proportion of 

83% and H2 and H3 with merely 54%.  

Furthermore, the access to electricity was included in the physical capital indicators. 

Results showed that in almost all of the communities HHs were having access to this 

service. For example in L1, L2 and H1 as little as 7%, 14% and 17% of the HHs, respectively, 

did not benefit from this infrastructure. These percentages were higher in the middle 

access communities with 43% in M1 and 35% in M2, and reached the 50% of the HHs for 

the highland communities H2 and H3. 

The number of assets (television, cellphone and radio) found in a HH helps to better 

understand the access to communication and new information (including even weather 

forecasts, when available). In the first three communities, HHs owned between two and 

three assets, more specifically, in L1 2.34 ± 0.53, in L2 2.53 ± 0.62 and in M1 2.39 ± 0.76 

assets. Moreover, in the other communities HHs remained below the average of two assets 

with 1.94 ± 0.90 in M2, 1.91 ± 1.00 in H1, 1.95 ± 0.69 in H2 and 1.89 ± 0.99 in H3.  

As mentioned in the description of the study area, accessibility is better assessed 

through the frequency of transport availability. For this purpose, the number of transport 

services provided per day, in each community was estimated. As mentioned before the 

first three communities of L1, L2, and M1 had the highest frequency with 30, 20, and 14 

share taxis (“colectivos”) per day. Longer intervals were observed for M2 and H1 with eight 

and six “colectivos” available per day, whereas H2 and H3 received only two “colectivos” 

per day (early in the morning and in the afternoon).  

In addition, although not included in the vulnerability index, the presence of paved 

roads in L1, L2, and M1 facilitated the presence of mechanized agriculture, which in turn 

helps reduce labor inputs and production costs. Higher communities were limited to use 

manual labor and animal ploughs for their agricultural tasks. 

Finally, the last indicator included as a physical capital was the proportion of land 

without irrigation facilities within the HH, which influences directly the suitability and 

productivity of some land use systems. These values varied along the communities having 

less than a quarter of their land without irrigation in the lowland communities (25% in L1 

and 19% in L2) but over 2/3 in M1 (70%). Situated roughly in the average HHs in M2 and 

H1 have the 41% and 57% of their land irrigated while in H2 this proportion its reduced 

to just 22%. Lastly, in H3 the 66% of the HHs’ property is irrigated. These results were 

transformed with the help of the data processing procedure explained in the methodology 

and included in the Table 3.10 for the further S-LVI calculation.  
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Table 3.10: Vulnerability indices of the seven communities for physical capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Physical 
capital 

Health 
HH without sanitary 
facilities 

0.14 0.18 0.38 0.77 0.17 0.46 0.46 

Health 
Time to reach a 
health institute 

0.17 0.11 0.33 0.11 0.33 0.67 1.00 

Water 
HH without irrigation 
facilities 

0.25 0.19 0.70 0.59 0.43 0.78 0.34 

Water 
HH without Drinking 
water (potable) 

0.01 0.02 0.99 0.60 0.92 0.67 0.67 

Electricity 
HH without 
Electricity 

0.07 0.14 0.43 0.35 0.17 0.50 0.50 

Communication 
Number of assets 
(incl. TV. cellphone 
and radio) 

0.08 0.06 0.09 0.24 0.21 0.15 0.22 

Accessibility 
Frequency of 
transport services 
provided  

0.00 0.02 0.04 0.09 0.14 0.48 0.48 

Physical capital: Average 0.102 0.102 0.424 0.394 0.340 0.529 0.525 

 

A number of physical assets were closely linked to health issues and were therefore 

partially included in the discussion on human capital.  Results on the access to the 

different sanitary facilities make clear the good connectivity of HH in the lowland 

communities including the sewage system in combination with the drinking water supply. 

Reasonably, this is not the case for the other communities, as housings are not as close 

together forming a network as in the lowland communities. When statistically analyzed, 

results of the Kruskal-Wallis test one-way analysis of variance - with a critical value of 

12.59, using a degree of freedom of 6 and a significance of α = 0.05 - show a final value of 

H = 22.0342 with a p-value = 0.00119. Therefore, as in this case the H value exceeds the 

critical value, the hypothesis of no differences is rejected. Consequently, it can be 

concluded that there are significant differences among the vulnerability values related to 

physical capital among communities.  

Analyzing in detail using the same Kruskal-Wallis test, with a critical value of 23.2037, 

significant differences were found pairwise between the lowland communities against the 

highland communities of H2 and H3, with the following results: H2-L1 = 25.500, H3-L1 = 

24.9286, L2-H2 = 24.57143, and L2-H3 = 24.000. Further analyses regarding other 

communities were carried out although they failed to reject the null hypothesis that there 

were no differences. These results are presented in detail in Appendix 2.  
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3.1.1.6 Financial capital 

The income variable, one of the main element used to describe the financial capital, and 

more precisely the monthly per capita income of a HH was registered by the INEI (2007) 

per district. In the lowland communities an income of 237.7 S/. Nuevos Soles 

(approximately $86 dollars) per capita per month was presented (Table 3.11). HHs in the 

middle access and highland communities presented an income of 159.1 S/. Nuevos Soles 

(approximately $58 dollars) of income per capita per month. 

 

Table 3.11: Results of the vulnerability components for financial capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 
Max Min 

L1 L2 M1 M2 H1 H2 H3 

Financial 
capital 

Income 
HH per capita income 
($)   

86 86 58 58 58 58 58 763 13 

Livestock 
N° of animals in the 
HH 1 

5.4 3.4 3.2 3.1 4.8 5.3 4.3 13,2 0,1 

Credit Access to credit (%) 87 73 39 35 73 37 63 100 0 

1 N° of farm animals in the HH (in Tropical Livestock Units – TLU) 

In addition, another form of measuring the HHs financial capital is through their assets 

used predominantly as investments and as a form of savings, the HHs animals. In order to 

quantify and compare the different species and amounts found in each of the HHs, the 

concept of “Tropical Livestock Units” was used following the FAO conversion system (in 

Jahnke, 1982, p. 10). An average of 5.36 ± 4.33 TLU was found per HH in L1. In contrast, 

the communities of L2, M1 and M2 had just 3.43 ± 2.2 TLU, 3.23 ± 2.17 TLU, and 3.13 ± 3.28 

TLU per HH, respectively. In the highland communities, a higher number of animals were 

found per HH such as 4.81 ± 3.58 TLU in H1, 5.27 ± 3.03 TLU in H2, and 4.29 ± 3.43 TLU in 

H3. 

Furthermore, the third and last indicator used to form this major component was the 

access to credit, which for many HHs is a way to maximize the production with their 

limited resources, and in several cases, it helps to recover from the adverse effects of crop 

losses. In the lowland communities, similarly as with the access to some previous 

mentioned assets, the proportion of HHs with access to credits is relatively high with 87% 

for L1 and 73% for L2. Similarly, for the communities of H1 and H3 the percentage of HHs 

with access to credits was 73% and 63%, respectively. On the other hand, only 39%, 35%, 

and 37% of the HHs in M1, M2 and H2, respectively, had access to credits. Table 3.12 

includes the above-mentioned results transformed with the help of the data processing 

procedure explained in the methodology for the further S-LVI calculation.  
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Table 3.12: Vulnerability indices of the seven communities for financial capital 

Livelihood 
assets & 
climate 

variability  

Component Sub-component 

Lowland 
comm. 

Middle 
access 
comm. 

Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Financial 
capital 

Income HH per capita income   0.13 0.13 0.21 0.21 0.21 0.21 0.21 

Livestock 
N° of animals in the 
HH 

0.24 0.26 0.33 0.37 0.19 0.17 0.28 

Credit Access to credit 0.13 0.27 0.61 0.65 0.27 0.63 0.37 

Financial capital: Average 0.169 0.221 0.383 0.409 0.222 0.335 0.284 

 

Although when observed at first glance vulnerability values differ considerably 

between L1 and M2, results of the Kruskal-Wallis test one-way analysis of variance - with 

a critical value of 12.59, using a degree of freedom of 6 and a significance of α = 0.05 - 

show a final value of H = 6.4837 with a p-value = 0.3712. Consequently, the analysis failed 

to reject the null hypothesis that there were no differences among the vulnerability values 

related to financial capital among communities.  

  

3.1.1.7 Overall composition of the S-LVI 

In Table 3.13, the values of the different major components were averaged to elaborate 

the S-LVI. From these we observe that the values of “natural capital” and “climate 

variability and extreme events” were the highest and thus the ones that increased the final 

S-LVI values. These were followed by the “physical capital” and further by the “human 

capital”, although the former presented very low rates in the lowland communities, thus 

widening the margin of difference between these and the other communities.  

 

Table 3.13: S-LVI and values of the livelihood assets and climate variability per 

community  

Livelihood assets & climate 
variability 

Lowland comm. 
Middle access 

comm. 
Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Human capital 0.28 0.32 0.33 0.41 0.34 0.33 0.36 

Social capital 0.33 0.31 0.44 0.29 0.36 0.25 0.37 

Natural capital 0.46 0.42 0.43 0.45 0.42 0.32 0.56 

Physical capital 0.10 0.10 0.42 0.39 0.34 0.53 0.53 

Financial capital 0.17 0.22 0.38 0.41 0.22 0.33 0.28 

Climate variability and 
extreme events 

0.36 0.33 0.44 0.44 0.45 0.41 0.42 

Sustainable Livelihood 
Vulnerability Index 

0.282 0.285 0.407 0.398 0.356 0.363 0.421 
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As a consequence, the S-LVI values of the lowland communities were considerably 

lower, followed by two of the highland communities (H1 and H2) that presented similar 

values. The most vulnerable communities provided by this index were M1, M2 and H3. 

Furthermore, in Figure 3.1 differences in the major components between the seven 

communities can be clearly observed. Here parallels along the different factors for lowland 

communities can be revealed. In addition, although having very similar S-LVI, this figure 

shows clearly that middle access communities differ strongly on their human and social 

capital. The same observation is valid between highland communities of H1 and H2; 

nonetheless, divergences here are more common than their similarities.  

 

 

Figure 3.1: Livelihood assets and climate variability of the seven communities 
 

3.1.2 IPCC Livelihood Vulnerability Index (LVI-IPCC) 

 

The main emphasis of this index is to locate the strengths and weaknesses of the 

different functions of vulnerability for decision makers and other stakeholders (incl. 

academia) to be able to better explain them, directly compare each other, and further focus 
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on these factors. The previously selected indicators were grouped for the LVI-IPCC as 

indicated in Table 2.3 (p. 25) in the methodology. Results on the final LVI for each 

community are shown in Table 3.14 and Figure 3.2.  

 

 

 

       Table 3.14: LVI-IPCC and values of the functions of vulnerability per community  

Vulnerability factor 
Lowland comm. 

Middle access 
comm. Highland comm. 

L1 L2 M1 M2 H1 H2 H3 

Capacity of response 0.293 0.321 0.341 0.352 0.323 0.270 0.358 

Sensitivity 0.204 0.199 0.386 0.393 0.320 0.443 0.452 

Exposure 0.379 0.363 0.547 0.523 0.515 0.450 0.543 

IPCC - Livelihood 
Vulnerability Index 

0.292 0.294 0.425 0.423 0.386 0.388 0.451 

 

From the results presented in the previous table, the exposure values are the highest in 

every community and increase considerably the overall LVI-IPCC values. However, when 

compared between communities, lower values in the lowland communities are observed. 

Moreover, slightly low values in exposure for H2 can be explained by the higher number of 

agro-ecological zones found per FHS. Results of the non-parametric analysis of variance 

using Kruskal-Wallis test - with a critical value of 12.59, using a degree of freedom of 6, 

related to the seven communities, and a significance of α = 0.05 - show a final value of H = 

3.9018 and a p-value = 0.69. Therefore, the analysis failed to reject the null hypothesis that 

there were no differences among the vulnerability values related to exposure among the 

different case studies. 

Sensitivity values are again lower for the lowland communities, and are followed by the 

ones of H1. In comparison, the other communities share higher values (more vulnerable), 

with pairwise similarities between the middle access communities as well as between the 

highland communities of H2 and H3. Results of the Kruskal-Wallis test one-way analysis of 

variance show a final value of H = 18.2702 with a p-value = 0.00559. As in this case the H 

value exceeds the critical value (12.59), the hypothesis of no differences is thus rejected. 

Therefore, it can be concluded that there are significant differences among the 

vulnerability values related to the sensitivity among communities. 

Whenever a pairwise analysis using the Kruskal-Wallis test was carried out, no 

detectable differences were found between locations regarding sensitivity values using a 

significance of α = 0.05. Although the critical value (31.475) was very close when the 
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lowland communities were compared against the highland communities of H2 and H3. 

Therefore, a second comparison was carried out with a significance of α = 0.1, which is 

still a very reasonable significance level considering the nature of the assessment. Here, 

the critical value went down to 29.24382 and the H values were as follow: L1-H3= 

31.42308, L1-H2= 30.00, L2-H3= 30.23077 and L2-H2= 28.80769. From the latter results, it 

can be thus concluded that significant differences were found between L1 and H3, between 

L1 and H2, and between L2 and H3. Although quite close to the critical value, values between 

L2 and H2 were not enough to reject the null hypothesis of no differences. Similar results 

were found when comparing other communities, which are presented in the Appendix 3.     

For the capacity of response, values are very case specific and relatively low values are 

to be found also in H2. These distinctive features can be described by their sub-component 

values and will be discussed further on. When statistically analyzed, results of the Kruskal-

Wallis test one-way analysis of variance show a final value of H = 2.4437 with a p-value = 

0.8747. Consequently, the analysis failed to reject the null hypothesis that there were no 

differences among the vulnerability values related to the capacity of response among 

communities.  

The grouped LVI-IPCC values of each community assessed are depicted in Figure 3.2, 

where the differences in each of their factors are revealed. From this, we observe that the 

lowland communities have a clear similitude and that both are the less vulnerable, 

distantly followed by the highland communities of H1 and H2. The most vulnerable 

communities displayed in this figure are the middle access communities and H3, mainly 

attributable to their exposure and capacity of response high values. 

 

 

Figure 3.2: Vulnerability factor values in the seven case studies 
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Results on the final LVI-IPCC for each community differ slightly from those calculated 

for the S-LVI. The source of this disparity lies in the use of the average once the sub-

components were integrated into the major components. Changes in the selection and 

number of indicators in each of the major components derive in slightly variations of the 

final vulnerability values between both indices.   

 

3.2 Discussion 

 

3.2.1 Climate variability and extreme events 

 

A better understanding of the potential climatic hazards is required so as to adjust 

appropriately the different measures to improve farmers’ capacity of response in a more 

efficient and effective manner. Accordingly, values of the impacts related to these hazards 

in the HH of the assessed communities were included in both indices. Overall results on 

this regard showed that the lowland communities are slightly less affected than the middle 

access and highland communities.  

When exploring climate variability and extreme events’ single components, differences 

in water related hazards can be observed. The low values in the communities affected by 

agricultural droughts can be partially explained by their higher access to irrigation 

facilities, which diminishes their sensitivity to these hazards, and indirectly by their 

higher susceptibility to being affected by excess of rainfall and flooding. The latter can be 

explained by their lower field capacity for soil water retention originating from low soil 

depths, exclusive of H3, on one side, and by flatter areas with even swale formations where 

runoff water tends to concentrate, reaching faster their field capacity e.g. in L1, on the 

other side. These processes further saturate the soil to such a degree that drainage is 

restricted, thereafter triggering floods.  

In addition, H1 presents a higher percentage of HHs affected by excess of rainfall and 

flooding, damaging not only crops but also even roads and land (anecdotal evidence), 

which might be partially explained by their proximity to a tributary of the Achamayo River. 

All things considered, and even though they make up the highest proportion of HHs being 

affected by agricultural droughts, as these are more scarce, communities of M1, M2, L2 and 

H2 resulted to be the less vulnerable to water related hazards.  

A partially converse effect is presented in the proportion of HHs affected by low 

temperatures, as hail and frost events cause damage in a lesser extent in the lowland 

communities. This ought to be highly related to the elevation in which these communities 

are located.  
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In relation to damages from specific climatic conditions, results indicating that HHs in 

communities with lower sensibility i.e. lowland communities and H2, present fewer 

production losses related to temperature and precipitation. As a consequence, after 

integrating these indices to the final climate variability and extreme events major 

component the averaged values of the lowland communities were the lowest by far, 

followed by the highland communities of H2 and H3.  

As buttressed by Agrorural (2011), there is an irregular but consistent trend in the 

increasing number of frost events which is affecting negatively the assets of rural FHSs. 

They emphasize that the main cause might be the increasing variability of frost events, 

making their impacts more detrimental as they take place in different and more 

unpredictable periods of time, such as earlier than usual, between February and March, 

where the sowed crops are still vulnerable. 

Moreover, changes in precipitation were of equal concern, as the population is very 

dependent on rainfed agriculture. The measured decrease in precipitation and the 

reduction on the mean annual water discharge of the Achamayo River are felt by the local 

population not only in their crops but also in the water availability in the Achamayo River 

tributaries, scarcer water volumes flowing through their canals and lower productivity of 

the communities’ natural pastures, located above the irrigation canal. For example, in the 

high lands of H3 they have problems mainly with droughts and hails affecting their natural 

pasture, and with the scarce water available to livestock. 

Finally, climate perception is in its essence subjective, and thus consensus is not always 

reached among farmers. An extension of the dry season and a general delaying of the rainy 

season were mentioned by some groups of farmers together with an increment on the 

frequency of heavy rain events and as a consequence more floods. These phenomena were 

either not consistent all-over the watershed or not possible to confirm with the available 

information from previous measurements and models. Moreover, an earlier perception 

assessment, carried out by the IGP in the entire Achamayo watershed, presented similar 

results as in the present study. There, farmers in rural areas identified frosts, long duration 

droughts or delay in the rainy season, heavy rainfall and summer droughts or “veranillos”, 

hails and finally landslides as the most damaging extreme events, in that order (IGP, 2012, 

p. 44). 

As observed, this major component contributes to increase the vulnerability in HHs’ 

livelihoods. Hazards affect not only the expected FHSs’ outputs but also their strategies, 

including the newly implemented, used to cope and adapt from external stress and 

improve their livelihoods.  

As stated by Tucker et al. (2010) perceptions are critical in shaping farmers’ response 

capacities. They operate their livelihoods according to their expectations in relation to 

climate variability in order to cope with them (Agrawal et al., 2008), often limiting larger 

investments in agriculture due to increased risks whenever they lack coping capacities 

(Materer & Valdivia, 2002). However, extreme changes in climate can go beyond farmers’ 
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capacities (Smit et al., 2000) and motivate adaptive changes (Tucker et al., 2010).     

 

3.2.2 Human capital 

 

Lowland communities and H1 have the oldest HH heads adding thus lower values to 

their vulnerability i.e., L1 has 1/3 of their HH heads with over 65 years. Therefore, even if 

L1 presents one of the smallest HH sizes they have a high dependency factor. A higher 

number of HH members increases the amount of labor available in the HH and the ability 

to diversify in livelihood strategies (Escobal, 2001a; Materer & Valdivia, 2002; Wittmann, 

2013, p64). Such an approach can be reached by locating different members in specialized 

occupations (Ellis, 1999), this provides the HH with a lower dependence on a single 

activity and more resilient to individual climate hazards. 

Results on the correlation analyses of HH size with the number of HH depending only 

on farm labor, presented a negative trend, supporting Materer & Valdivia’s assertion. The 

last is however not consistent in L1 which can be explained by their better access to non-

farm labor regardless of their HH size. Consequently, L1 was not included in the Pearson 

correlation coefficient measurements (Section 3.1.1.2).   

HH composition affects the expenditure structure and their savings capacity; however, 

their decision-making is not only related on the HH size or their age composition but also 

non-physical resources such as the members’ cognitive load and capacities. During the 

past decades, extension of literacy and primary education to the majority of the 

population in these rural communities has been one of the major achievements. With all 

but three of the 137 interviewees having at least a full primary education and at least 90% 

of them having completed the high school it can be stated that school enrollment is less of 

a problem in these communities, as it is proved by the low numbers adding up to 

vulnerability. A third of the HH heads in most communities presented at least a technical 

degree, which percentage surpasses the half of the HHs in the lowland communities and 

even reaching almost 90% in H2.  

In contrast, some studies (IGP, 2005c; DHS, 2014) bring to mind that the gender gap in 

education is still present although, nowadays, it hardly occurs among farmers under 50 

years of age. Nevertheless, this indicator on education fails to assess the farmers’ lack of 

technical knowledge in the management of their production systems. During the 

fieldwork, farmers less connected to the urban areas and larger-scale farms mentioned 

recurrently their lack of knowledge in the application - in kind, amount, and frequency - 

of fertilizers among other chemical products. Similar conclusions were obtained in other 

studies in the Mantaro valley (Venero, 2010, p. 75-76). The same is true for pest and 

disease management, livestock management and their veterinary care. This has a very 

negative implication in the costs of production and the final productivity of the different 

production systems in a FHS. As noted by Enfors (2009), higher crop failure frequencies 
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hamper farmers to accumulate capital and thus further investments in their production 

systems.  The previous increases the FHS’ future climate vulnerability and induces farmers 

to migrate as a coping measure. To overcome these limitations, a government programme 

offered sporadically technical support in educational campaigns trough the 

environmental conservation committees (Figure A4 & A5 in Appendix 1) 

Moreover, when analyzing deeper in the subject, an underlying factor not included here 

as an indicator but influencing the overall education system in Peru is the deficit in the 

quality of education in public schools. The low number of teachers per student are often 

absent and are, more often than it is recognized, unqualified. Inequalities exist even 

among communities, as the ones with easier access to urban schooling will profit from 

better education quality.  

Malnutrition in children aged below five years is highly present in the research area, 

affecting most children in the middle access and highland communities, and therefore is 

the indicator with one of the highest contributions in the human component of the index.  

The root of this deficit varies from HH to HH, but several elements are common among 

these communities such as the seasonal variations of self-consumption products, lack of 

financial resources to purchase enough food, and the inadequate dietary intake in terms 

of good nutritional food assortment.  

What is more, HHs that are dependent on on-farm production such as in the middle 

access communities and H3, are affected by their seasonal distribution, and are more 

susceptible to output and asset shocks, both very related to climate. Especially for farmers 

in M2 who share the lowest education level and HH size, and are highly dependent only on 

farm labor. The low human capital on this community increases their vulnerability.   

On the other hand, HHs allocating most of their labor in non-farm activities, which is 

the situation in some FHSs in the lowland communities, are more susceptible to work and 

food shocks, although the latter is not much perceived and has a lesser impact in the study 

area. Through the biweekly market in Concepcio n a very good selection of products, not 

produced in the area, are available to the HHs and prices vary little. However, they are not 

always affordable for many HHs and often farmers favor products with low added 

nutritional values and relative high prices, such as white wheat and sugar and their 

derivatives. Therefore, malnutrition affects HHs not only because of a lack of enough food 

but also due to a lack of a higher diversity and nutrients content in food, mainly protein 

and macronutrient intake (IGP, 2005c), produced by the poor nutrition education.  

To cope with this deficiency, social programs supported by the government were 

established such as the supplementary feeding program (for pregnants and children 

under six years of age). In addition, in the lowland and middle access communities, 

neighborhood soup kitchen with subsidized meals were established.  

After inadequate food intake, extreme weather conditions, or noxious hygiene habits, 

children with low immune systems are prone to illnesses, which in turn will further 

deteriorate the children’s nutrient intake capacity. Acute diarrheic disease and acute 
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respiratory infections are the main illnesses found in the area.  

The higher values in the lowland communities were obtained from registered cases in 

the health institutions. An analysis on the ratio of illness children attending to health 

facilities did not take place. However, farmers from the middle access and highland 

communities mentioned during the field laboratories that the lack of medical supplies and 

equipment discourages them to search for treatment. This might explain a lower incidence 

in reported cases of children illnesses in these communities.  

Increasing variations in the temperature (IGP, 2005c & 2010a), and more precisely the 

diurnal temperature variation, affect directly the presence of acute respiratory infections 

in children and elderly. On the other hand, the decline in rainfall increments the water 

related infections such as diarrhea and cholera. This is exposed and boosted not only by 

the insufficient potable water supply but also by the poor sewage system found mainly in 

the higher and less accessible communities. For this purpose, since 2012, the government 

is implementing latrines and septic tanks and improving the sewage network in the 

watershed (direct observation).  

Several settings leading to a less healthy livelihood are linked to insufficient education 

in general or in specific issues (Cutler & Lleras-Muney, 2006). Education determines 

participation in social programs, employment opportunities, and family income (PAHO, 

2012). It gives HHs a better perspective and decision power to utilize their assets for their 

benefit. Materer & Valdivia (2002) add that higher educational levels can provide HHs a 

higher ability to access resources and information. This idea is not new and has been 

promoted by several government institutions and NGO’s through extension programs so 

as to improve farmers’ skills and providing them a better access to information. These skill 

trainings might give farmers improved outcomes in both on-farm and non-farm activities, 

and further qualify them with vocational skills so as to grant them a wider range of 

livelihood options.  

As mentioned before, differences were found in the livelihood strategies of the assessed 

communities. The proportion of HH depending only on on-farm labor was very low in L1 

and relatively low in L2, M1 and H2. Contrarily, the proportion of HH engaged in non-farm 

labor was higher for these communities. Both results respond to the condition of these 

communities having better physical access and access to market information as well as 

increased non-farm labor demand. These results are consistent with those of Ho & Milan 

(2012) whose study was carried out in the vicinity of the research area. H2 results respond 

to a singular and temporary circumstance where several HHs were engaged in a road 

construction towards its community. These results turn these communities less 

dependent on weather conditions, and therefore make them less vulnerable to climate. 

One of the most important strategies followed by the farmers in these communities also 

related to diversification was the crop diversity used in their land. In addition to the 

different livestock, pasture and forestry related production systems, the predominant 

crops found in their FHSs were the commercial potatoes, and a few native ones, with a 
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preference for the Yungay and Canchan varieties, which have higher yield and demand, 

ulluco, lima beans, mashua, and barley among others. They sow different varieties of 

potato so that they can harvest them earlier and later than the period of highest offer thus 

avoiding lower sale prices, and ensuring market access. Moreover, each variety has its own 

requirements and responds differently to changes in the biophysical conditions. 

Thereafter, sowing diverse varieties (agro-biodiversity) reduces the risks of being affected 

by one specific extreme event, thus less sensitive. This is assumed to be one of the most 

important livelihood strategies used by the farmers, together with the fact of sowing 

different crops, in the same regard.  

Higher diversity in the number and kind of production system was found in HHs 

belonging to the higher and less accessible communities. Conversely, L1 was the 

community with the lowest crop diversity per HH, which can be linked to intensification 

as a strategy to increase physical or financial productivity. This strategy focuses on 

accumulating resources so that HHs can create reserves to reduce poverty and be able to 

cope with hazards (Scoones, 1998), and is considered by Dixon et al. (2001) as an 

extremely important strategy for irrigated farmed systems. 

In order to consider carrying out these alternative strategies for instance in response 

to the increment in the frequency of extreme events, HHs have to perceive these events as 

hazard risks (Brooks & Adger, 2005; Tucker et al., 2010). Therefore, farmers who have had 

not only a direct experience with output loss related to these hazards but also were well 

informed of these by any reliable institution, are more prone to have the required 

motivation to look for an adaptation strategy. The latter provides the farmers with the 

technical complement for their observations, reinforcing their individual perception 

(Williamson et al., 2012). The conscious choice of engaging in a particular behavior, in this 

case towards adaptation, requires motivation (Frank et al., 2011).  

Nonetheless, it would be naí ve to pretend that these strategies and behaviors occur 

individually in each HH without being influenced by their extended family or neighboring 

HHs. As experiences and believes are constantly shared, conceptions and expressions 

related to risk, climate and vulnerability, to name a few, are formed through social identity, 

rather than occurring in a person on their own (Frank et al., 2011).  

 

3.2.3 Social capital 

 

An important form of social capital is found in through memberships (Materer & 

Valdivia, 2002), and as pointed out in the results, a varied number of organizations were 

present and active in these communities. However, HHs affiliations varied greatly to which 

is important to understand the underlying causes. When analyzed in detail, HHs in H2 

presented not only the highest value for the previous but they were also part of the 

community with the highest number of temporary absence of their HH members together 
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with H3.  HHs in H2 presented also the second highest frequency of visits to Concepcio n, a 

relatively high percentage of non-farm activities in the HH, depending little on farm labor, 

and were amidst the youngest HH heads. All these characteristics show them as a dynamic 

group, with high presence and contact with urban areas and non-farm activities, and make 

HH members more aware of the benefits of these organizations and with a greater 

adaptive and coping capacity. 

Having the biggest HH sizes together with the highest number of children per HH, 

makes their time availability and interest in taking part of these organizations more 

evident. As a contrast, the community of H1 presents a relatively low absence rate of their 

members (Table 3.5), with the majority depending on on-farm labor and a very low 

proportion of HHs engaged in non-farm activities. In addition, they represent one of the 

smallest HH in member size, with the older HH heads, denoting very rigid conditions for 

their members being constrained in the market economy as well as further hindered by 

their little social networks.  

Tucker et al. (2010) also supports this idea by stating that partaking with other 

community members in the different organizations and even between different 

communities gives HHs greater access to information and expertise sharing reinforcing 

the bonds among them. This was endorsed by the farmers not only with the precedent 

organization participation but also through several activities such as agricultural work 

with shared outputs (Figure A6 in Appendix 1), community meetings, traditional festive 

events, and intercommunal sport competitions.  

Nonetheless, the same is not true in relation to the use of social capital for economic 

purposes. In the assessed communities, the decision process in the on-farm products 

commercialization is individual, carried out independently from FHS to FHS (informal 

interview and direct observation in the local market). Venero (2010) stresses the lack of 

the aforementioned cooperatives in the Mantaro valley, which could support farmers by 

providing them with bargaining powers and potential niches for marketing their 

production outputs e.g., the native potatoes in national and international markets.  

Furthermore, temporary absence of HH members in an occupied housing unit was 

minor in the lowland communities, principally because their HH members did not have 

the necessity to carry out a different activity beyond their FHSs or because of the better 

road access and labor market conditions, allowing them to conduct non-farm works 

without the need of leaving temporarily their HH. Contrarily, as aforementioned, this was 

neither the case in H2 and nor in the other communities such as the middle access 

communities and H3, all of them having around a third or more HHs with members 

temporary absent. A higher proportion of absence in poorer regions, with HHs having 

little alternatives to overcome losses in their production systems, is explained by 

temporary migration to cities or areas where labor demand is higher. This was also 

confirmed during the community workshops. There, farmers expressed that young 

members - over 16 years - tend to work out of the community, during the low season, in 

the nearby cities or in the mountain forests of the eastern Andes e.g., in coffee or cacao 
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plantations, where labor demand and wages are higher.  

The fact that the membership to an organization had no defined correlation with the 

sex of the HH head is trivial as organizations included in the assessment varied so much 

in their purposes and population target that any HH member, including age and sex, could 

be involved. In that sense no conclusions about decision-making and community 

participation can be drawn on the gender basis. What is more, community leaders and 

representatives included both genders, which was exposed during the several meetings. 

A very important characteristic to bear in mind when analyzing the social capital of a 

HH is the access and more specifically their frequency of contact with people that connects 

them to the market economy (Figure A7 in Appendix 1). In many cases the main sources 

of HH outputs’ sale, food supply, crop protection and production products supply, labor 

demand, saving, investing and credit opportunities are located in the nearest city, 

Concepcio n. Therefore, establishing a good network and nurturing personal relationships 

in this environment is essential for increasing market driven skills and strategies, 

advantages that can be easily translated in higher income chances.  

Being one of the best methods to have access to market information, recurrent visits to 

the city can assure a reduction in future transaction costs. Results on this issue tend to 

agree with this premise as most HHs in every community visited Concepcio n more than 

twice per month. What is more, with the exception of two HHs in M2 and 18.4% in L1, every 

HH went at least one time every two weeks to the city. The exceptions and lower 

frequencies can only be explained by the lack of necessity for a HH to carry out activities 

in the city.  It is not a coincidence that this behavior occur only in the better-equipped 

communities, as both are district capitals of the province of Concepcio n.  

Following Williamson et al. (2012, p. 163) classification, the social factors contributing 

to the deficit in the capacity of response in the assessed communities are mainly the lack 

of effective public consultations in decision-making as some of the poorest are 

underrepresented; the unequal access to water and social services mainly for the more 

distant HHs; and the disharmonious relations existing in the lower zones with farmers 

who own or lease big extensions of land and do not comply with the community’s 

traditional duties. In relation to this, Rakodi (1999) adds that funding for community 

development from external support cannot target strictly the poorer farmers as 

distribution and participation inequalities are difficult to overcome. In communities 

where these characteristics are more present, which are mainly the middle access 

communities and the highland communities of H1 and H3, limitations to adopt common 

adaptive strategies are felt most severely.  

Community members emphasized during the field laboratories the lack of 

consolidation in their communities, predominantly in M1, hindering healthier 

interrelations and more presence with the municipality and government institutions. 

Therefore, less community benefits through assistance, infrastructure, and other 

interventions are achieved resulting in a lower capacity of response.   
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3.2.4 Natural capital 

 

Following the traditional inheritance practices (Ho & Milan, 2012), farmers in the 

Andean regions continue to fragment their entitled land for their children, resulting in a 

continuous shrinkage of their natural asset. The major concern of this practice is the 

increase in the degree of sensitivity for the HHs, as any hazard affecting a determined area 

will proportionally affect more these HHs, having a higher portion of their land being 

damaged. Most HHs of the assessed communities had less than one hectare of land (Table 

3.7).  

Relevant to mention is the case of H3 whose HHs presented relatively smaller 

landholdings when compared to other communities with more similar livelihood 

activities. This can be well explained by their access to abundant land pertaining to their 

community. The communal land in H3 is by far the biggest in the watershed and allows 

farmer to pasture their livestock is this natural grassland. In addition, the nearest areas 

are managed among HHs of the community to produce some native tubers for their own 

benefit. Whereas the biggest landholders were located in M1 (Figure A8 in Appendix 1) 

where they lack of communal land and often lease part of their land, the smallest 

landholdings were found in L1 where HHs carry out more frequently off-farm activities.  

Nevertheless, the consequences of having smaller farmlands also depend highly on the 

livelihood strategies carried out by the HH. A second consequence of having a 

smallholding is related to the limitation in their productive use and economic advantages. 

Therefore, small landholders have more restricted livelihood strategies and thus a lower 

capacity of response to put into effect when exposed to hazards. In addition to this, Tucker 

et al. (2010) explained that farmers with smallholdings have higher risks and costs of 

altering land use than bigger farmers, resulting in higher opportunity costs and being 

more reluctant to change. Similarly, large-scale systems tend to be more efficient 

demanding fewer investments and having an overall higher productivity.  

One of the most important natural characteristics inherent of the communities is their 

altitude range. The altitude used for the S-LVI and LVI-IPCC indices was obtained from the 

communities’ main square, although more interesting distinctions might come when 

regarding their ranges. Farmers from lowland communities focus on the flatter lands with 

lower altitudes which allow them to grow more economically profitable crops such as 

maize and artichokes. M1 has a relatively narrow altitudinal range (3680-3850 m asl.) 

from which farmers have been making a good use of, by sowing in most of its extension. 

Although highland communities and M2 might be expected to be at a disadvantage due to 

more restrictive climatic conditions, they are provided with a wider altitudinal range, 

which is in most cases related to a higher number of agro-ecological zones.  

As mentioned by Mayer (2002), lower communities tend to fragment their land. Here, 
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lowland communities and M1 have further disintegrated their production zones, 

intensified by privatization processes, shortening drastically their fallow periods and 

overall communal land. This phenomenon is not exclusive from the study area but occurs 

also in other in neighboring communities in the Mantaro valley, as confirmed by Ho & 

Milan (2012). This phenomenon occurs after exploiting most of the land with better soil 

conditions (Dixon et al., 2001). Results confirm the above as HHs in the lowland 

communities and M1 covered only two different agro-ecological zones due to their narrow 

altitudinal range and where over 2/3 of them just own land in one of them. As 

aforementioned, H3 has the peculiarity of presenting most of its extension in community 

lands in the higher zones but a narrow extension for the private land of the different HHs. 

As a result, little over a ¼ of these farmers covered two agro-ecological zones, whereas 

the rest just presented one. Oppositely, in the remainder communities most of the HHs 

covered two or more agro-ecological zones in their FHS, about 10-20% among them 

covering three zones, from which H2 presented the highest variety and thereafter a 

comparatively lower exposure.  

Whereas lamoids and occasionally sheep and creole cattle are found in the high and 

very high agro-ecological zones, the intermediate zone has a higher range of livestock with 

fewer lamoids and more commercial breeds (cattle and sheep). In the lowlands mostly 

creole and commercial cattle breeds are present together with fewer sheep. This 

demonstrates a clear pattern in the production intensity with an actual restriction of some 

potential livelihood strategies in the higher zones, and therefore FHSs with a high share 

of their land in these areas such as the highland communities will present a lower capacity 

of response. More specifically, the introduction of improved varieties and breeds will be 

restricted to the few available, whereas in the lowland communities the intensification of 

production as a strategy can be fully employed specially in the irrigated farming systems. 

This condition is exacerbated by the fact that in the higher zones there is a lower grass 

production, which is translated into lower meat, and milk production (IGP, 2010b). To 

overcome this limitation, more land and labor are needed in the higher zones of the 

highland communities to cover this shortage, or, alternatively, more capital is needed to 

buy the equivalent fodder.  

Nevertheless, pressure on land continues to grow, which has driven farmers to reduce 

the fallow time in their FHSs. Before, fallow time was overall around 12-20 years (group 

discussion with farmers during field laboratories) without the need of synthetic 

fertilizers, they applied manure needing thus more time for the breakdown process. They 

used neither pesticides nor herbicides. Nowadays, the land pressure has shortened fallow 

times down to 3-5 years. In addition to the concerns about more prolonged dry seasons, 

farmers during workshops coincide with the negative combined effects of agricultural 

droughts together with shorter fallow periods that lead to a decrease in the soil quality as 

well as the lower quality and yield of natural pasture lands.   

The livestock raising growth in the watershed is also leading to conflicts over water 

resources in the area. As exposed by the farmers, the still reduced amount of tended 
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pastures is mainly restricted by the scarcity in lands with irrigation facilities, which 

prohibits the intensive practice of sowing pasture lands. However, these are more 

numerous than decades ago, and are accompanied by an increasing number of livestock. 

Farmers mention that in the future, there will be more livestock production and less 

agriculture because of the former higher profitability. In turn, a higher need over tended 

and thus irrigated pastures together with a potential reduction in the annual precipitation 

will lead to further conflicts. This can be prevented with the help of different measures 

such as improving the efficiency of the irrigation systems, as below discussed in the 

Physical capital Section (p. 82), or by increasing off-farm activities so as to reduce the 

pressure on land.  

As a consequence of the land fragmentation through inheritance practices (informal 

interviews during field laboratories), current FHSs not only consist of one extension of 

land, but several depending on their prior background and their livelihood strategies. 

Although the correlation between altitude and number of plots was not significant 

(Spearman’s correlation test: p=0.2682) as farmers in H3 have a low number of plots as a 

consequence of their overall smaller landholdings. However, when analyzing the number 

of plots related to the size of the landholdings (considering H1 as an outlier) there is a 

significant difference (p=0.03) between the communities located in the lower zones with 

3.4 plots per ha and communities located in the higher zones with 5.6 plots per ha in 

average. Thereafter, there is a clear trend showing an increment in the number of plots 

parallel to increases in the altitude of the different communities (Figure A9 in Appendix 

1). 

A reduced number of plots have analogous effects on the vulnerability as the above 

exposed shrinkage of farm areas. FHSs depending on a small number of plots for food 

provision and income generation makes them more susceptible to climate hazards as they 

would be proportionally more affected. For example in cases of hail events, described by 

Valdivia et al. (1996) as a spatially isolated quick event, which damages thus localized 

plots. This was underpinned in the field laboratories’ group discussions where farmers 

stated that they prefer to have scattered and smaller fields instead of having them all 

together. 

A higher exposure would demand a better capacity of response through the increment 

of farm plots in the FHS. When analyzed, there was not a significant correlation between 

the latter major component and the number of farm plots (Pearson’s correlation test: p= 

0.245), mainly due to the high number of plots in H2.  

A livelihood strategy selected by many farmers in the research area and promoted by 

the local government to increment the natural assets and outputs in line with the above-

mentioned, is the inclusion of tree components in the production systems so that the FHS 

becomes more resilient to climate hazards. As a consequence, the number of trees has 

increased (confirmed also through the historical graphing of production systems in the 

PRA) in the last 30 years, elderly farmers remarked that at that time trees were bigger 

sized but very scarce. Results support this, where over 80% of the FHSs in all communities 
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but L2 (60%) had agroforestry systems implemented. In the lowland communities, fewer 

than 20% of the FHSs had forestry systems, whereas in the highland communities these 

proportions where around 45% in H1 and up to 2/3 of the FHSs in H2. However, such 

investments are carried out almost only in the HH’s entitled land, as large or as in this case 

long-term investments take place only in land where the farmer has a secure access 

(Rakodi, 1999).  

Finally, natural resources can emerge as a financial instrument providing farmers an 

alternative for storing accumulated capital or savings, similarly as with livestock. 

However, this is more a potentiality than a reality for HHs with a more limited access. 

Different as in urban areas, renting land is hardly a source of income as demand for land 

in the less accessible areas is very low and does not cover the supply. This is not always 

the case in the more accessible and productive land, such as in some areas of the lowland 

communities and M1, where bigger farmers with available means are avid to invest.  

 

3.2.5 Physical capital 

 

An attribute very related to the production systems and their productivity is the 

potential to deliver water when needed. The advantages of possessing land with irrigation 

facilities are manifold, from increasing the yield, increasing the number of harvests per 

year, more steady production outputs both for sale and own consumption, reducing frost 

risks, up to increasing the number of crop species and cultivars e.g. more productive 

grasses. All of this became possible for the higher communities in 1978, when the 

irrigation canal, whose source comes from Lake Pomacocha seven kilometers away, was 

built. However, the above-described advantages were never fully available for their 

inhabitants, mainly because of the limited flow rate and the reduced efficiency in its use. 

The efficiency of water use in irrigation systems in Peru is estimated to be 35% (INRENA, 

2004) which is considered to be a poor performance, still measurements in the study area 

prove that these values are even lower at about 24.8% (PSI, 2012).  During the field 

laboratories a number of deficiencies were identified through direct observation and 

informal interviews such as the inadequate irrigation management using unimproved 

gravity and flooding irrigation methods, open irrigation canal with occasional 

maintenance deficiencies deriving in blockages and leakages. As a consequence of this, 

and in spite of the physical access and the water use rights given to farmers, communities 

located further from the source, such as H2 and H3, have lower de facto benefits from the 

irrigation canal than communities located closer to the source due to water shortages and 

insufficient supply (PSI, 2012).    

Results on FHSs benefiting from irrigation facilities corroborate the previous as the 

communities of the Heroí nas Toledo district, which share the same irrigation canal (Figure 

A10 in Appendix 1), have in average half of their population without irrigated land. 

Differences among them could be related to restricted access mainly due to political 
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conjunction and some individual characteristics of the assessed communities. Such is the 

case of H3 where the high proportion of FHSs might be related to the physical proximity of 

the irrigation canal and the overall reduced amount of HHs (users), being this the smallest 

community of the study area. In M1 large-scale farmers, often not living in the community, 

are the major users of these facilities. Large-scale farmers were underrepresented, as they 

were not objective of the research, and thus values in M1 showed a low number of FHSs 

which benefited from this asset. This carries along more consequences that are negative 

to the non-benefited FHSs, as some relate the reduction of water springs and drier 

conditions to the construction of the canal. 

Opposite to the former, the lowland communities present a much higher access to 

irrigated land. The origin for this difference lies in the higher water availability for these 

lower communities, where an additional significant open source of water is available 

through one main contributor of the Mantaro River.  

One of the factors that influence the most in the rural Andes socioeconomic 

transformation is the improvement in the transportation infrastructure (Stadel, 2008). A 

study carried out by Escobal (2001b) in the Mantaro Valley pointed out that transport 

costs are being some of the most important transaction costs in the area. In his study, 

farmers living in areas with access to the market via paved roads were compared to the 

ones with access through unpaved roads. Farmers with inferior conditions suffered more 

frequently from a weaker market integration and worse access to information on product 

prices. Higher levels of informality in the transaction, decidedly less merchants visiting 

their FHSs offering at the end lower prices.  

On the other hand, farmers with access to paved roads experienced more stable and 

stronger trade relations with fewer merchants, less time invested in transactions with 

reduced uncertainties and higher prices, the latter also related to better bargaining 

powers from the increased demand. Each of these consequences in addition to the lower 

costs for the FHS’ outputs transportation due to the general better road conditions, reduce 

transaction costs to a great extent.  

These differences are also present in the study area, where the lowland communities 

and M1 benefit from paved roads while the other communities, as detailed in the Case 

study Section (p. 47), are reached by unpaved and dirt roads (Figure A7 in Appendix 1). 

Although this has not always been the case, 15 years ago the farm-to-market thoroughfare 

was not a dirt road where motor vehicles could transit but one path just for the pedestrian 

and their livestock (De La Cruz, personal communication, 2012). Therefore, similar 

conclusions can be drawn in relation to the previous implications.  

Moreover, an additional common resultant is the lack of mechanized farming in 

communities with no access to paved roads (Escobal, 2001b) affecting directly the HH’s 

production costs and labor availability. The same conclusions were drawn during the field 

laboratories (direct observation and local key informants), where mechanized farming 

was only available to lowland communities and M1 (Figure A12 in Appendix 1). The use of 



 

- 84 - 

animal ploughs for carrying out agricultural tasks is common in M2 and the highland 

communities (Figure A13 in Appendix 1). Although leasing costs are similar to leasing a 

tractor, farmers are forced to invest more of their limited HH labor and in additional labor. 

This condition is worsen when using only manual labor, which affects negatively the 

efficiency in agricultural tasks and the final productivity.  

Moreover, potable water and electricity are two assets which can make HHs gain 

enormous advantages in their adaptive capacity by making viable for them to make the 

leap into off-farm labor activities such as the home-made manufacture of on or/and out 

farm outputs and other small businesses, through the diversification of their economic 

activities. HHs with access to electricity have also the benefits of improved food storage 

resulting in better food security through consumption smoothing, better information and 

communication access.  

Surprisingly, a very high proportion of HHs in M2 was not provided with sanitary 

facilities. This outcome is unexpected as M2 is the capital of the Heroí nas Toledo district. 

This indicator, together with the potable water, has implications in different aspects of the 

FHS. A recurrent issue is children missing school due to water related infections such as 

diarrhea and cholera. As these diseases are to increase with the expected variations in 

temperature and precipitation patterns, emphasis in targeting the expansion of coverage 

of these facilities should be given in most areas, including specifically the middle access 

and highland communities. These measures are nowadays being taken in some extent to 

counteract this (Figure A11 in Appendix 1). 

Providing HHs with these services does not only support them by equipping them with 

improved health conditions, but also influence positively their educational conditions, 

including electricity to improve the quality of the home learning environment. In 

consequence and as noted by Rakodi (1999), such infrastructure provides farmers with 

an alternative to temporary and permanent migration.  

As observed in the results, the latter has been extra assessed in the different 

communities. These presented greater communication access in the lower communities 

as expected, providing them with greater access to information, although values in 

highland communities were low enough so as not to represent an increase in the HHs’ 

vulnerability.  

A constant in the study area is the growth of the physical capital. Further improvements 

ought to have a more significant weight in the quality of the infrastructure and service 

than in the quantity. A clear example has been evaluated on the access to the health 

institute, evaluating HHs on their time to reach it. Communities like M2 and the 

surrounding ones have a low index value because of the presence of a rural health post. 

Nevertheless, as mentioned in Section 3.2.2 (human capital), the ill-equipped institute 

without the presence of a doctor does not encourage farmers to use their services, missing 

thus the objective of providing a better access. Instead of planning to implement more 

health or education facilities, to improve the access of the more distant communities, 
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efforts should be more focused on improving the conditions of the established facilities so 

as to render them more effective in providing their services and more appealing. This 

would lower costs in terms of time and expenses to reach a better equipped institute when 

wanted, and reduce the consequences and risks involved from not attending. Both of 

which are more beneficial for farmers as these resources can be more efficiently allocated 

in income generating activities. 

 

3.2.6 Financial capital 

 

Deemed by farmers as the most common form of financial capital, the monthly income 

per HH was obtained - per district - from the Peruvian human development report for the 

UNDP and showed a generalized income shortage in the study area. This attempts directly 

to the vulnerability of HHs, as even without external negative effects, they struggle to make 

a living, leaving HHs with little to overcome external constraints, if at all (Inga Bendezu, 

H2 community leader, personal communication, 2011). Although in the communities the 

averaged income values fall under the poverty line, this is not always true when looking 

at individual HHs where a number of farmers are better off. HHs of lowland communities 

present incomes 50% higher than HHs in the middle access and highland communities. 

This is a marked difference whenever it comes to savings and potential investments, both 

being crucial issues in the livelihood strategies as it will be discussed further below. In 

addition to this, very low income HHs rely more on subsistence economy, making them 

more dependent and vulnerable to climate variability. 

A further consequence which exacerbates the HHs vulnerability is the fact that private 

financial services that could support in these constrained times are often not available for 

small-scale farmers with very limited monthly incomes (HH interviews). Results on this 

access helps explain better the financial conditions of HHs along the watershed. Lowland 

communities together with H1 and H3 have largely more access than other communities. 

A similar pattern is observed for the land with irrigation facilities. An additional 

characteristic to bear in mind is the willingness of farmers to apply for a loan with the 

bank. Many farmers are averse to risk their land as collateral knowing the high interest 

rates assigned by banks and their little and fragile ability to repay their loans (informal 

and HH interviews during field laboratories). As a consequence, and because more often 

than not it turns out to be more profitable, HHs tend to borrow from kith and kin.  

Therefore, many farmers having little knowledge on the bureaucratic requirements or no 

interest in taking loans from a financial institution expressed their lack of access to a line 

of credit. This might be one reason in H2 for having such a high proportion of farmers 

without access, relying more in their social capital for loans.  

Although public microfinance institutions are not new to the research area, access to 

credits is limited due to very high interest rates. This limitation is translated in a lack of 

means to invest and thus a final lower productivity for the farmer, and often depleting 
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their own productive capital preventing him to save for unknown future risks or needs 

(11 in-depth interviews during field laboratories). Moreover, and in spite of the several 

reasons limiting the use and access to credits, there is a relation between non-farm labor 

and access to credits, although not statistically significant (Pearson’s correlation test: 

p=0.1182, r=0.70), where access to credit can be cause and consequence of non-farm 

activities. Both the lower productivity and the reduced alternatives limit FHSs when 

exposed to losses, hindering them to smooth their expenses and at times forcing them to 

suffer capital depletion.  

A traditional practice used by farmers to keep abreast of climate variability, extreme 

events and other external and internal unforeseen contingencies is the small investment 

in livestock whenever financial conditions are favorable. These mid-term investments are 

very flexible liquid assets providing an interesting turn over as well as suitable for 

gradually building up “savings” from guinea pigs, pigs, sheep and lamoids until having the 

necessary wealth to invest in cattle (11 in-depth interviews & key interview with 

merchant in the animal market during field laboratories, Figure A14 in Appendix 1). 

Values were higher in communities presenting more access to irrigated land for pasture 

sowing such as in the lowland communities. There, Tropical Livestock Unit (TLU) values 

were higher due to the greater proportion of cattle among HHs.  Moreover, as an important 

measure for sustainability and food security, higher communities attempt to increase their 

number of livestock per HH, which is also observed in the results. Although their amount 

per HH might be higher, it is less reflected in their index values due to the higher presence 

of small livestock with corresponding less weight for the TLU calculation. The presence of 

this sort of livestock relates the interest of farmers in owing assets that can be easily 

liquidated in cases of need and do not imply higher investments. Moreover, HHs in H3 

owned more TLUs in comparison to the HHs of L2, some of the former HHs presented a 

reduced amount of livestock with a low value in the conversion scale, in most cases a 

reduced amount of guinea pigs, sheep or lamoids. This produced in H3 non-corresponding 

higher final inverted values, which increased slightly their vulnerability ratio. Despite the 

fact that these differences influenced little in the vulnerability index, it is worth to take it 

into consideration when using the index. 

 

3.2.7 Livelihood strategies following the S-LVI and LVI-IPCC indices 

 

A number of goals related to livelihood and sustainability are identified by Scoones 

(1998, p. 5-7), from poverty reduction and well-being to natural resource sustainability 

and livelihood adaptation, vulnerability and resilience. Livelihood strategies available to 

small-scale farmers are shaped by the capability of their HH members to choose from the 

set of activities i.e. economic portfolio, and are constrained by their assets and external 

determinants (Valdivia et al., 2003).  
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Livelihood strategies can be classified depending on the situation when they are taken. 

In the assessed communities, these differ depending on the grounds and their 

implications. Specific strategies fall in the three different but not excluding classifications. 

The “ex-ante” strategies are actions taken in the FHS before a hazard event is manifested 

as an ex-ante risk management behavior, but not necessarily implemented before i.e. in 

case of “planned coping” (Siegel & De la Fuente, 2010). On the other hand, “ex-post” risk 

management strategies are responses taken after a hazard event took place, also known 

as coping strategy. In addition, a third strategy is less or not related to climate hazards, 

and focuses in high profit activities. The latter strategy is adopted by better-off farmers or 

by FHSs that are less exposed and sensitive to climatic hazards, and therefore less harmful 

to their livelihood. The relevance of this classification for research is that usually ex-ante 

strategies are more satisfactory, even preventing negative effects from occurring to the 

FHS, rather than depending on ex-post responses. 

From the vulnerability results and indices obtained for the seven case studies, 

scenarios for three exemplary cases are below discussed to explore the potential 

endogenous drivers of farmers in these communities. L1, M1 and H3 were selected because 

of their contrasting outcomes - with the extremes being significantly different - both in the 

S-LVI components as well as in the LVI-IPCC components. The fact that M1 and H3 are the 

most vulnerable communities whereas L1 is the least vulnerable one, expands the range 

of strategies available to better illustrate potential scenarios.  

Before going into detail, one should bear in mind that activities pursued in a FHS not 

necessarily correspond to a planned strategy but also follow reactive or opportunistic 

decisions as conditions change. Options differ from the ones available and the ones 

actually adopted in the field.  

 

3.2.7.1 Scenarios for a lowland community (L1) 
 

Firstly, in lowland communities, a higher investment in intensifying the FHS production 

was identified as a livelihood strategy. The general idea of focusing in intensification 

strategies is to be able to accumulate resources so as to create a buffer stock to use for 

coping with future hazards. 

Taking advantage from the better access to irrigated land, farmers can invest in a higher 

proportion of improved livestock. In addition, farmers in the lowlands have the advantage 

of more profitable artichoke and maize crops that can grow in this agro-ecological zone. 

Intensification in these areas arises from improved breed, crops, and varieties together 

with higher investments in inputs for their production systems increasing their 

productivity.  

A setback of this strategy emerges whenever capital accumulation during the good 

years does not suffice to cover the losses of the bad years (Valdivia et al, 2003, p. 4).   
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Additionally, the reduced number of businesses in this more urbanized community 

largely surpasses the ones in the other case studies.  What is more, farmers can reach the 

capital of the province within just 15 minutes’ drive and 20 minute intervals, providing 

them with better access and lower transaction costs. This concur with Barret et al. (2001) 

assertion that as the proximity to urban areas creates more opportunities for income 

diversification. Therefore, a very important strategy available to lowland communities is 

related to the use of improved labor productivity, such as in non-farm activities, with daily 

migrations akin to frontier workers.  

Liquidity constraints through debts, which are common in lowland communities where 

credit access is usual among HHs, and might become larger with increasing hazards, can 

force HH members into non-farm labor activities to avoid losing their collateral. This can 

be seen as a push factor to adopt this strategy which is also considered as a diversification 

strategy.  

In spite of their favorable conditions with lower exposure to hazards and better 

infrastructure enhancing their physical and human capitals, thus reducing their sensitivity 

(Tables 3.13, p. 67 & 3.14, p. 69), additional strategies to increase the resilience of farmers 

in L1 can be found through strengthening their social and natural capital. Reinforcing their 

social networks might be difficult for farmers commuting to the city but strengthening ties 

with individuals and institutions inside and outside of the community is essential for 

increasing market driven strategies (Tucker et al., 2010). Investing in additional farm plots 

located in different agro-ecological zones, and thus increasing their landholding will make 

farmers in L1 be more resilient, especially if these additional plots are sowed with different 

species, including trees. This diversification strategy increases not only their natural 

capital but also their capacity of response.    

 

3.2.7.2 Scenarios for a middle access community (M1) 
 

On spite of their marked advantage on farm area per FHS, M1 vulnerability is 

comparable to M2 and H3 values (Figure 3.2, p. 70). Still farmers have better chances to 

improve their income earning capacity and security level in conjunction with their 

livelihood assets. One path for achieving this is the intensification in the use of their land 

e.g. through sowing more land with improved drought-tolerant grasses and fodder crops 

in parallel with suitable dairy breed cattle.  

When analyzing the results on off-farm labor and non-farm labor in M1 it becomes clear 

that HH members are much involved in wage employment in agriculture. This is a logical 

outcome, as larger-scale farmers outside the community are investing in agriculture in 

this area and thus are creating a higher demand in wage agricultural labor. Nevertheless, 

this demand is seasonal and when combined with the low social capital and the little 

access to credit, it makes clear that HHs from M1 show higher sensitivity and lower 

capacity of response than most other communities, in spite of their advantageous location.  



 

- 89 - 

As the identified vulnerability for M1 farmers is affected largely by the seasonality,  the 

previous intensification strategy can help smoothing their uneven and unstable income as 

also noted by Valdivia et al. (2003, p. 192). 

When analyzing the indicators and PRA outcomes from the community of M1 so as to 

discern some trends among the FHSs’ livelihood strategies, signs of extensification were 

found. This community’s FHSs are by large the biggest in extension; nevertheless, they 

have a relatively low number of livestock in their system. Although they have a regular 

amount of plots, over five plots per FHS in average, these share similar microclimatic 

conditions, showing the lowest variety of agro-ecological zones in the watershed as well 

as relatively little diversity in their sowed crops, and thus higher sensitivity. Moreover, 

they carry out little non-farm related activities despite the fact that their accessibility is 

much more reasonable than most of other communities.  

Diversification strategies such as increasing the share of non-farm activities could be 

beneficial for farmers in M1. This will reduce the current covariance among the sources of 

vulnerability, and so diminish the avoidable excess of exposure in their FHS (Table 3.14, p. 

69). Farmers can profit more from their advantage in accessibility and shared transport 

frequency. With almost 90% of the HHs heads having a high school degree, HHs in M1 

could invest more time in non-farm employment as daily commuters in the neighboring 

cities i.e., L1 and Conception. Farmers lacking an alternative collateral further benefit from 

this strategy as they can apply for a loan in a financial institution once they carry out non-

farm activities, by earning wages more consistently. This outcome is also supported by 

Wittmann (2013, p. 65). 

What is more, HHs in M1 are also increasing the share of trees in their FHS which is a 

strategy that heightens the natural asset and future income without the need of intensive 

labor or capital investments.  

Finally, the production and commercialization of dairy products in M1 can be further 

developed and expanded by increasing its sale volume and incorporating the manufacture 

of different products including non-dairy inputs. This will create local off-farm 

employments and increase the demand for their production outputs.  

 
 

3.2.7.3 Scenarios for a highland community (H3) 
 

Following the results on the S-LVI and LVI-IPCC, farmers in highland communities such 

as H3 have little options but to increase and improve the management of their FHSs mainly 

by using more efficiently the communal land for private and communal profit. 

Opportunely, the expected increments in the temperature will allow farmers to use bigger 

extensions for productive purposes. However, efforts have to be made to address soil 

erosion reduction and sustainability issues together with an improved water management 

for these higher lands, such as infiltration systems. Benefits from a better management 
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are not only reduced to the increased outputs and the sustainability, but also include the 

increased HH labor availability due to a more efficient use of the labor in out-farm 

activities, as stated by Bluffstone et al. (2001). 

An additional intensification strategy available for H3 is the increment in more 

productive livestock units, which can profit from the higher concentration of irrigated land 

in H3 as well as from the in the future improved communal pastures, can help also as a 

livelihood strategy.  

To better achieve these objectives, investments in reducing the sensitivity to climate 

variability and extreme events have to take place. Construction of suitable livestock 

shelters, increment in the use of trees for reducing frost events and the use of improved 

varieties and breeds resistant to extreme weather conditions are measures that can help 

to these purposes.  

Moreover, the decline in crop yields from environment degradation such the excess or 

lack of rainfall and frost events, very present in all communities was considered one of the 

main factors for diversification in the assessed communities (Wittmann, 2013; p. 65).  

 

Although often exposed as a trade-off against higher potential income as in 

intensification strategies, diversification in the FHS does not necessarily imply lower total 

incomes as advantages from complementarity and the positive interactions among crops, 

livestock and trees can be as profitable as from that of economies of scale in the study area 

(Ellis, 2000; Valdivia et al., 1996). Activities such as crop-livestock integration, benefit 

from by-products such as manure and forage, and tree-crop integration i.e., agroforestry 

systems, benefit from nitrogen fixation i.e. with alder trees, reduced winds and frosts, and 

residual effects of fertilizers.  

Farmers in highland communities of H3 can increase their crop diversity as a strategy 

to reduce their vulnerability to hazards by sowing different varieties and crops that have 

different requirements and tolerances in their different plots. Furthermore, farmers in H3 

can profit from their wide altitudinal range to intentionally sow in a higher number of 

plots which will bring them benefits from different microclimates and soil conditions and 

make the FHS less prone to single extreme events, specific climatic variations, or pest and 

disease problems. Moreover, a share of the production could be further processed, 

upgrading opportunities and values in relation to certain product e.g., as chun o (from 

potatoes) and dairy products, so as to increase farmers’ accumulation opportunities for 

HH consumption and for sale.   

In the highland communities high transaction costs and low prices offered for their 

harvest compel farmers to consume a higher proportion of their production outputs. In 

cases where markets denote failures and livelihood depends on on-farm activities, such as 

in H3, a strategy to provide these HHs with a more diverse diet is to increase the 

agrobiodiversity. This strategy has already been promoted with home gardens by the 
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mothers’ club in H3. Home gardens with irrigation facilities were sowed with several 

vegetables such as beetroot, celery, radish, cabbage, lettuce, carrots and onions. 

Nevertheless, due to a lack of continuity these activities do not take place any longer. 

Farmers in H3 can replicate these diversification strategies to reduce their vulnerability 

using their neighboring communities H1 and H2 as reference (Figure 3.2, p. 70). As a matter 

of fact, diversification strategies were fully exploited in highland communities H1 and H2, 

which is supported by indicators such as their highest number of plots per FHS, highest 

crop diversity and highest number of livestock (TLU) per HH. 

  A further diversification strategy used among farmers is the off-farm labor expressed 

as migration. Used commonly as a measure against seasonality issues and to cope with 

loss i.e. from climatic hazards, migration is a key source for income generation in low 

potential areas where options are more limited such as in the highland communities with 

little access and more detrimental weather conditions (Dixon et al. 2001, p. 319). 

Shortages and erosion of assets e.g. land and livestock, together with the already 

increasing sensitivity and lack of capacity of response has pushed complete HHs or some 

HH members to migrate more permanently. This is underpinned in H3 by the results 

showing a high dependence on farm outputs and little engagement in wage agriculture, 

which is explained by the lack of demand and the low-wages. In H3, wages fall sometimes 

25% below the daily wages of the more accessible communities. 

In H3 the number of deserted FHSs has greatly increased, which can be directly 

observed in the number of abandoned houses in the community. This observation is also 

supported in Wittman’s (2013, p. 69) research in the same community. Emigration of HH 

members was observed along the Achamayo watershed, commonly to bigger cities and 

the Andean Amazon. Most of the migrants, mainly young adults (HH children), send 

frequently remittances to their families. This can be assumed as a form of off-farm income 

from a long-term strategy for risk spreading or “intertemporal family contract” as 

designated by Ellis (1998, p. 16). 

Migration between the high Andean communities and the Andean Amazon is a very 

common practice (Mesclier, 1994) and increases with the perceived climatic hazards (Ho 

& Milan, 2012; Altarmirano, 2012). In accordance with the previous, movements between 

the study area and the Andean Amazon for working mostly in cacao or coffee plantations, 

or in mining areas nearby, were described by farmers (Wittman, 2013). These help 

smooth income throughout the year and act in relation to agriculture as a non-covariant 

income source (Materer & Valdivia, 2002, p. 12). In spite of increasing the level of income 

in HHs, this strategy is perceived as detrimental for their human and social capital, as in 

the case of farmers in H3, and which hypothesis is also supported by Valdivia et al. (2003, 

p. 4).  In addition, a further consequence of migration is the immediate HH’s limitation in 

labor demanding activities of their FHS, leading to a decrease in their farming activities 

and to future lower production outputs (Gray, 2009). 

Differently as in lowland communities, where physical access conditions are favorable, 
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road access and distance to urban areas limit the viability of alternative daily non-farm 

activities for H3 community members.  However, higher non-farm employment 

opportunities can be reached with greater social assets and interactions with nearby 

urban areas.   

Therefore, the reinforcement of social networks is a strategy that boosts the likelihood 

of farmers to be engaged in non-farm activities in urban areas as weekly commuters, 

which is presently low in H3, and provide them with more non-climate dependent (less 

vulnerable) income sources. 

 

3.3 Conclusion 

 

The Sustainable Livelihood Vulnerability Index S-LVI and LVI-IPCC have both proven to 

be very satisfactory measures of exposure of Andean communities to vulnerability. 

Considerable additional insights were gained by comparing the vulnerability sub-

components in the different communities, where multiple interacting stressors were 

identified. The S-LVI focused on the importance of the five livelihood assets with an 

emphasis on well-being and sustainability. On the other hand, the LVI-IPCC focused on the 

three vulnerability components namely, the relation between the system and the degree 

of the hazard, the degree in which the system is affected and the ability of the system to 

use their assets to adapt and cope with these hazards. 

The assessed farming systems were negatively impacted by precipitation and 

temperature variability, although lower communities are less exposed. Very high rates of 

malnutrition and illnesses affect notoriously all the communities in the Achamayo 

watershed. As noted by IGP (2012, p. 187), both consequences are proven to increase with 

higher climate variability and extreme weather events, becoming thus more sensitive to 

hazards. 

Moreover, the lack of consolidation and participation in organizations affected mainly 

the capacity of response of lowland communities, M2 and H3, whereas the poor public 

services, access to markets and lack of irrigation infrastructure affected largely the 

sensitivity of middle access and highland communities. The access to irrigation is also 

externally restricted by the supply and distribution which are dependent on the local 

water users’ rights. Furthermore, middle access communities showed higher sensitivity 

to climate change with more limited access to credits and relative little availability of 

livestock per HH. 

The loss of the Andean verticality principle, through a limited diversity in the number 

of agro-ecological zones within the FHSs, has reduced livelihood options and made them 

more susceptible to larger damages from climatic hazards. To counteract these negative 

effects and increase their capacity of response, FHSs might increase their number of plots, 
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such as in the highest communities of H2 and H3 where FHSs present the highest ratio of 

plots per extension of land. However, divergences between de facto customary and 

registered-by-the-state land tenure rights, as a major external determinant in the area, 

restrict investments, land uses and land markets.   

Thereafter, the identification of local livelihood strategies and the reason why these 

differenced from neighboring FHSs facing similar climatic hazards could be expounded 

from the outcomes of both indices and the assessment of their sub-components. These 

strategies remain an oversimplification of the complexity found among FHSs, and are 

presented for elucidation purposes and should be considered as such. 

Farmers in lowland communities might focus on intensification strategies, such as 

through further technical education, to improve their productivity on-farm and to increase 

their chances to obtain a better-remunerated or more stable non-farm related 

employment in the urban area.  

Some of the strategies found to be accessible to M1 farmers include land use and labor 

intensification. The first by improving the livestock breed and consequently the land 

sowed with drought-tolerant grasses and fodder. The latter by increasing the share of non-

farm labor activities in the community through the expansion of dairy production, and the 

manufacture of different products including non-dairy inputs from their FHSs so as to 

provide them a wider range of livelihood options.  This will enhance FHSs’ capacity of 

response, as these activities are less covariant with on-farm activities when confronted 

with climate change negative impacts. 

Migration strategies were a common ex-post or coping strategy used by farmers in M2 

and H3. As these farmers are highly dependent on their on-farm outputs, when these are 

compromised they are left with limited choices. To overcome this, strategies on 

diversifying on-farm activities into least weather dependent and covariant production 

systems might be sought.  

Diversification strategies are best illustrated by FHSs in highland communities H1 and 

H2, with the highest crop diversity, number of plots and TLUs per HH. H2 strategies also 

include the expansion in forestry systems and migration. In spite of the somewhat more 

favorable conditions, improvements are still required. In H1, intensification strategies 

were found by improving the cattle’s breed, although their higher sensitivity ought to be 

considered. Additionally, an effort towards increasing their access to off-farm labor might 

be sought through the reinforcement of their social capital and network outside the 

community.  

Temporary migration continues to be one of the best strategies along the watershed for 

coping with climate hazards mostly for FHSs with little physical access. However, the 

migration trend towards the Andean Amazon is increasing not only through temporary 

migration but also through permanent migration, both of which promote indirectly 

deforestation.  
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Providing Andean farmers with a highly adapted and sustainable livelihood by 

enhancing their FHSs, converting them into less sensitive systems and increasing their 

capacity to respond to climate variability and extreme events, will directly and indirectly 

help mitigate climate change. Direct measures include the enhancement of the FHS by 

increasing the share of agroforestry and forestry systems. This has not only protection 

purposes such as frost reduction and erosion control but also works as a saving 

mechanism and investment alternative less sensitive to climate change. Finally, indirect 

measures refer to building resilience and reducing food insecurity in the FHSs so as to 

prevent the above described migration consequences, which are also known as adaption-

based mitigation strategies.  
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4 Agroforestry systems and agricultural 
droughts 

 

In 1963, the first national reforestation programs started to promote eucalyptus 

plantations in large areas, including lands with poor soils, steep slopes and drier 

conditions i.e., where there will have low productivity. This was done without considering 

the traditional small-scale afforestation and agroforestry systems e.g., in terraces, nor the 

indigenous species. Their objectives were more focused in the financial aspects such as 

production and supply of the local market (with excessive expectations both in production 

and returns), than in the environmental conservation and protection objectives. This led 

to a substantial reduction on the native flora and a landscape consisting of almost entirely 

eucalyptus plantations (over 90%) in the Andean region. 

National reforestation programs, currently with a broader focus including protection 

and socioeconomic objectives, continue working with both natives and exotic species. This 

is carried out in the assessed communities through conservation committees. Forested 

areas are increasing in the Mantaro watershed, by almost 40% in the last 30 years (Medina 

& Zuleta, 2012). Nowadays, these programs attempt to reduce the share of exotic trees in 

the Andes. 

However, the knowledge about trees’ interaction with other elements of the FHSs is still 

very limited. At the same time, cases of extreme events such as frosts, droughts, floods and 

landslides have more than doubled in the Andean region since 1970 (Ho & Milan, 2012). 

Variations in water availability do not go unnoticed by farmers, where around 71% of the 

total land for agricultural production is rain-fed, reflecting their high sensitivity to drought 

events (Ho & Milan, 2012).  

Agricultural drought is generally defined as a water shortage affecting crop - or grass – 

production. The latter depends on the prevailing weather conditions, the biological and 

physical soil properties as well as the biological characteristics of the specific plant and its 

growth stage (Wilhite et al., 2013). In addition to water losses via evaporation, drainage 

and run-off, a major cause for agricultural droughts is related to the occurrence of dry-

spells (Rockstro m, 2003). In the Mantaro basin dry rainy seasons seem to become more 

generalized, especially after 1986 (Silva et al., 2008).  

Because the difficulties found in the relationship between water shortage and crop 

yields, little efforts have been made to measure agricultural droughts (Panu & Sharma, 

2002). However, and even if damage caused by these events tend to be difficult to calculate 

as frost and hail events also affect crop production during the agricultural season, 

agricultural droughts are expected to affect mostly the income of small-scale farmers in 

local communities (IGP, 2012). 
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Therefore, there is a need for greater understanding of the strategies that can help to 

increase the resilience of farmers against extreme events, which has made research in 

Andean agroforestry systems of key importance. This chapter focuses on agroforestry 

systems as a potential measure of adaptation to agricultural droughts. 

 

4.1 Results  

 

4.1.1 Farmers’ experience and perception on climate variability and 
agricultural droughts 

 

In addition to the data collected for the vulnerability indices, anecdotal evidence from 

farmers reveal their increasing interest in the topic of climate variability and extreme 

events as communication among community members over the topic has overall 

increased. Likewise, farmers notice a rise in the appearance of this topic in the media, 

mainly through radiobroadcast, and in the communication with public employees.  

During the community workshops, farmers unanimously described the past 

approximately 50 years ago as having more soil humidity where a higher number of 

springs were to be found. In some communities, farmers mentioned a reduction in the 

number of hail events, although there was no consensus in this reflection. For example, in 

La Libertad they acknowledge problems with floods, due to heavy rainfalls, in the lower 

parts, droughts in the intermediate lands and hails in the higher, flatter areas. However, 

the general perception is that extreme events are taking place with a higher frequency in 

the last 10 years, and therefore, affecting more their production systems.   

In the future, they expect negative trends in the temperature and precipitation 

distribution with higher frequencies of minimums and maximums for the prior and a 

delay of the rainy season, with more extreme rainfall events added to lower annual 

precipitation for the latter. Farmers’ forecasts differ between low and high zones, with 

further drier water springs and more degraded natural pastures (i.e. lower quality and 

productivity) and thus higher soil erosion for the higher zones, and increasing heavy 

rainfall events for the lower zones.  

 Figure 4.1 was elaborated from the ranking criteria employed to determine extreme 

events that affected more negatively the household livelihoods in the seven communities.  

Percentages show the agglometated outcomes for each extreme event obtained from the 

seven different ranking matrices during the participatory workshops. 
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Figure 4.1: Extreme events with higher negative impacts in the households of the seven 
communities 
 

With regard to agricultural droughts, farmers acknowledge their presence but do not 

discern it as such, they are rather aware of the individual weather events and their latent 

consequences. The main factors leading to agricultural droughts mentioned by farmers in 

the participatory workshops were the delay of the rainy season i.e. long duration droughts, 

and the lack of precipitation for more than eight days during the rainy season, which 

occurred mainly during the month of February.  

 

4.1.2 Agricultural droughts in the farm household systems 

 

The following results were obtained from the 30 semi-structured interviews carried 

out in La Florida and San Pedro.  First, 100% of the interviewed farmers indicated that 

agricultural droughts were taking place with a higher frequency, which supports the 

expressed by farmers from the entire watershed during the different community 

workshops.  

Droughts affect FHSs in many aspects; however, farmers were more distressed by the 

economic losses caused by agricultural drought events. In Table 4.1, the main variables 

mentioned by farmers related to HH income losses from agricultural droughts are 

described. As depicted, the vast majority of FHSs experience the negative effect of 

agricultural droughts in its different manifestations.  
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Table 4.1: Income related losses caused by agricultural droughts 

Variables Economic 
losses 

Lower crop yield 73.4 % 

Increase in pest and 
diseases 

56.7% 

Pastures dry out 80 % 

 
 

Moreover, 80% of farmers from both communities mentioned that agricultural drought 

impacts are felt differently depending on the location of the farm, where elevation was the 

main dependent variable.   

Irrespective of the location, the magnitude of the damage caused by agricultural 

droughts in their respective FHSs was considered high in 56.7% of the cases and low in 

just 10% of the HHs. The consequences varied from re-sowing their fields in cases where 

agricultural droughts affected their crops in an early stage, to a decline in the FHSs assets 

or diversify into wage labor in order to smooth HH consumption. Finally, some farmers 

did not have the need to carry out any extra activities after being affected by agricultural 

drought events. Figure 4.2 presents the mutually exclusive variables and their 

proportions.  

 

 
Figure 4.2: Consequences of agricultural drought in farm household systems 

 

Moreover, agricultural droughts directly affect HHs in the study area by limiting the 

supply of agricultural products. As a consequence, access to these products is denied by 

their restricting prices or reduced on-farm yields. As observed in Figure 4.3, vegetables 

and specifically potato are the most sought consumer goods.  
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Figure 4.3: Households’ limited access to agricultural products as a consequence of 

agricultural droughts 
 

When asked about their response on how to overcome this situation, a very even 

outcome between spending more money in the market and depleting their own food 

reserves was mentioned by farmers. A small but important percentage of HHs had no 

choice but to bear the consequences and were forced to reduce their food intake (Figure 

4.4).  

 

 
  Figure 4.4: Households’ response to avoid undernourishment 

 

To better assess their awareness on their own capacity of response, workshops’ 

participants discussed about the strategies used for prevention, response and recovery, 

the latter starting after the immediate effects of agricultural drought have subsided. 

Farmers monitor the weather forecast through radio forecasts and discussing it among 

them, however just around 50% believe in climatic predictions. In any case, they claim 

that little can be done to prevent agricultural droughts. Diversification is the most used 

strategy, where farmers try to lessen their dependence on a specific crop.  Whereas 

shifting the sowing time is accessible to all FHSs, irrigable land or drought resistant crops 

are not so, in spite of this over one fifth of the farmers sought such strategies.   

Once present, almost half of the FHSs cannot reduce the damage caused by agricultural 

droughts. These farmers mentioned that no activities could ease their loss. Conversely, 

43%

26%

24%

7%
Limited access to vegetables

Limited access to milk and
derivates

Limited access to potato

Limited access to  meat

46,7%
46,7%

6,7%
Purchase food in the local market

Deplete their own food reserves

Bear the consequences



 

- 100 - 

slightly over a third of FHSs with irrigable land could increase the frequency of watering. 

However, for most farmers the previous was mentioned to be all the more inaccessible 

during drought periods. Although several mentioned the increase in the use of fertilizers 

(almost 50%), farmers did not have a specific protocol on the amount and time of 

application, which is a premise for reducing its efficiency. Whenever droughts occurred 

during the end of the agricultural calendar, farmers would harvest earlier. In the results, a 

small percentage felt in this category mainly because of the limited probability of its 

occurrence.    

  Respondent  FHSs 

Strategies to prevent agricultural 
droughts   

Diversify on-farm activities 50%  
Diversify in off-farm activities 37%  

Shift the sowing time 30%  
Focus/invest more on irrigable land 23%  

Sow drought resistant crops 20%  
Reduce the investment / less sowing 17%  

Change the furrows' sense 7%  
No changes / not possible to know 7%  

Strategies to reduce agricultural 
droughts    

Increase the use of fertilizers 47%  
Irrigate more (in irrigable land) 37%  

Harvest earlier 20%  
No extra activities carried out 40%  

Strategies to cope with agricultural 
droughts    

Better plan future agricultural practices 47%  
Asset sales (livestock / trees) 23%  

Increase off-farm labor 17%  
Buy more fertilizers and/or new seeds 13%  

Burn the stubble to reduce pests 13%  
Invest in future irrigation channels  7%  

Seek for loans 7%  
No extra activities carried out 20%  

 
 

Finally, during the 30 semi-structured interviews farmers were asked to describe the 

different strategies used in their FHS to cope with the consequences of agricultural 

droughts. These more relevant strategies were identified by at least two of the interviewed 

farmers, single responses were not included here. As above described, several activities 

are deemed necessary such as dealing with the output loss by seeking cash through off-
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farm labor, asset sales or through loans. Almost half of the FHSs stated that better planning 

for future crops was required, whereas a fifth of the FHSs were not prepared or disposed 

to make any additional activity.  

Several measures previously described entail the fulfillment of some requirements, 

which are grouped in three categories and depicted in Figure 4.5. Responses from the 

interviewees were given with multiple answers, and hence, percentages add up to more 

than 100%. 

 

 
Figure 4.5: Farmers’ needs to mitigate agricultural droughts (% of respondents) 
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A Remarkable outcome is observed as a common need in all categories and for most 

farmers, which is related to their lack of training or knowledge on how to mitigate 

agricultural droughts. Additionally, diversification in all its forms from production systems 

to resistant varieties was mentioned by farmers. Logically, all of the respondents expect 

that with a widespread irrigation supply system this extreme event could be avoided. 

Nevertheless, other measures such as a higher social commitment, financial capital, and 

the proper technology would be required for this to be a feasible and sustainable solution. 

To avoid substantial losses from agricultural drought hazards, 93.3% of HHs would 

thrive for less dependence on their own agricultural outputs, and look further for off-farm 

labor. However, this is not always a feasible option because of the lack of labor demand, 

precisely increasing in hazard times.  Furthermore, another major hindrance was 

mentioned to be the lack of experience and knowledge related to non-farm activities, 

where as high as 50% of FHSs were limited to diversify in this because of this. Moreover, 

approximately 10% of the FHSs were not willing to engage in non-farm activities stating 

that is was part of their custom and traditions. 

 

4.1.3 Farming forestry systems and land-use decision-making  

 

The following results were excerpted from group discussions to have a general 

impression of farmers’ land-use decision-making on incorporating trees in their farming 

system. Besides a few members of the past generation, the present farmers were 

responsible for planting trees in their farm land. With the main purpose of selling them in 

the future or to leave them for their children in bequest, eucalyptus were their first choice 

to plant (from matrix scoring during community workshops). Two main reasons limited 

or delayed their introduction, first, the lack of seedlings, and secondly, the lack of enough 

land to plant them. Finally, relegated to a second level of importance but still present by 

several farmers was the fact of lacking practical knowledge and/or experience related to 

the care and growth of trees. 

Although the main purposes did not include at first reducing risks from agricultural 

droughts or other extreme events, a number of benefits were emphasized in all group 

discussions during the community workshops and supported by most (73%) of the 

assessed farmers after planting trees in agroforestry systems (from the 30 semi-

structured interviews, Figure 4.6). These include wood and mainly firewood availability, 

protect crops from livestock, economical risk reduction in times of need, a stable 

agricultural production with fewer losses from extreme events, where mainly frost events 

were mentioned. Furthermore, benefits from trees present in pastures were mentioned 

including the illness reduction in livestock through their overall temperature-regulating 

properties. Elder farmers stressed that several FHS increase the number of trees in their 

farms as this practice requires clearly less labor efforts than other farming activities, 
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working as a retirement option. Finally, the increase in the income diversity, the 

opportunity trees gave for saving and investing in the FHS, as well as the increase in 

farmers’ decision-making power, were advantages pointed out by farmers. 

On the other hand, the general drawback on including trees in agricultural plots 

mentioned by farmers was the reduction in the agricultural production ranging between 

13 and 17% of yield reduction (calculated in the field laboratories through participant 

observation). Some farmers even included the fact that larger amounts of fertilizer had to 

be applied to avoid the previous. During the semi-structured interviews 10% of the 

respondents mentioned that trees had an overall negative influence on their farmland 

(Figure 4.6). 

Lastly, the fact that soil humidity levels changed with the presence of trees was also 

pointed out. However, a clear and strong disagreement was present among participants. 

Some farmers condemn eucalyptus for drying out the land, while some others support the 

fact that trees help keeping the soil humidity for a longer period of time after rainfall stops 

benefiting both crops and pastures. This is supported by the results from the 30 semi-

structured interviews carried out in La Florida and San Pedro and depicted in Figure 4.6.  

 

 
    Figure 4.6: Influence of trees in agricultural crops 
 

In order to improve the conditions for agroforestry systems farmers suggested to prune 

trees and cut their roots and even to plant the seedlings deeper. Most of the times cutting 

roots was found labor intensive to carry out or technical skills were lacking. In addition, 

increasing the amount of fertilizer to be applied in order to reduce loss in crop yields - 

almost exclusively for potato production - was also pinpointed. 

Finally, 60% of the assessed farmers mentioned that in the future they would prefer to 

plant trees in stands rather than in agroforestry systems, focusing in each production 

system independently.   

 

17%

87%

13%

83%

Presence of trees do not have an influence

Presence of trees have an influence

Presence of trees influence negatively
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Tree species selection 

During the workshops carried out in the different communities, farmers described 

their original goals for planting trees to be first fuelwood production, construction and 

finally crop protection (when planted in boundaries). Rationally, the most important uses 

provided by trees and their inherent characteristics were taken into consideration by 

farmers when selecting tree species. Therefore, and because of their fast growth together 

with their market demand e.g., sawmills located in the nearby cities, and their first choice 

for fuelwood and construction material, eucalyptus trees was favored over other tree 

species. Figure 4.7 presents the presence of tree species in 63 HHs of the study area 

assessed by Zuleta (2012) as part of the project. These results are closely related to the 

ranking outcomes carried through matrix scoring in the workshops and where the exact 

same order of importance was stated, with the only difference being that pine trees were 

not present in the latter ranking.     

 

 

Figure 4.7: Tree species present in the assessed households (adapted from Zuleta, 

2012) 

 

4.1.4 Influence of trees in the soil moisture and yield  

 

Soil analyses were carried out to infer potential water stress conditions. Soils varied 

from clay loam to sandy clay loam in the assessed plots, showing similar characteristics as 

observed in Table 4.2.  

 

 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Buddleja coriacea

Pinus sp.

Polylepis sp.

Alnus jorullensis

Eucalyptus globulus

11%

19%

32%

54%

89%



 

- 105 - 

 

Table 4.2: Soil analyses from the different sites in San Pedro and La Florida 

 

 

 

4.1.4.1 Influence of trees in the soil moisture 

 

In Figure 4.8 daily soil moisture values from San Pedro (n=2x9), with their respective 

measurement dates, can be observed. No significant differences between sites were 

observed during the end of the dry season, where soil moisture went from 16% down to 

5% in both systems. However, days after the first rains, soil moisture values between 

production systems started to diverge, as highlighted in the boxes, going up to 27-30%.  

 

 

Figure 4.8: Soil moisture values in San Pedro agroforestry and agricultural systems 

(Boxes designate the dates where values between sites differ significantly). 

 

In table 4.3, results from the Wilcoxon signed-rank test are presented next to the 

rainfall events registered during the same period of time in the nearest meteorological 

station. When analyzed together, soil moisture daily values start to differ significantly 

Sand Clay Silt

San Pedro (agricultural system) 52 22 26 Sandy clay loam 5,3 0,1 2

San Pedro (agroforestry system) 50 23 27 Sandy clay loam 4,8 0,1 2,9

La Florida (agricultural system) 41 31 28 Clay loam 6,1 0 3,4

La Florida (agroforestry system) 33 40 27 Clay loam 4,9 0 3

Organic matter 

(%) 
 Plot

Relative soil proportions
Soil texture class pH Salt  (‰)
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between sites after light to moderate rainfall events. Although not significantly, the 

previous is also present in the following measurements on September 25 and on October 

9. When analyzed seasonally through Wilcoxon paired signed-rank tests, only the wet 

season presented significant differences between systems, where the agroforestry system 

presented higher soil moisture values. P-values from the evaluated sites in San Pedro were 

p= 0.7775 (n= 2x117) and p=0.0293 (n=2x108) for the end of the dry and beginning of the 

wet season, respectively.  

 

Table 4.3: Comparison of the daily measurements on the soil moisture between 

agroforestry and agricultural sites in San Pedro using the Wilcoxon signed-rank test 

Dry season Wet season Rainfall events 

Date p-value Date p-value Date pp. (in mm) 

20.7 0.730 7.9 0.505 10.9 2.9 

24.7 0.659 11.9 0.536 16.9 4.1 

27.7 0.596 14.9 0.015* 17.9 1.7 

31.7 0.723 18.9 0.008* 19.9 3.6 

3.8 0.929 21.9 0.008* 20.9 10.8 

7.8 0.427 25.9 0.063 22.9 1.8 

10.8 0.453 28.9 0.063 24.9 6.8 

14.8 0.659 2.10 0.387 25.9 3.3 

17.8 0.377 5.10 0.489 30.9 3.6 

21.8 0.565 9.10 0.133 2.10 5.6 

24.8 0.536 12.10 0.001* 7.10 1 

28.8 0.566 16.10 0.015* 8.10 4.6 

4.9 0.691 
  

9.10 4.7 

  
   

10.10 11.5 

  
   

16.10 0.4 

* p-values under 0.05 denoting a significantly difference between soil moisture 

measurements from both production systems. 

 

Moreover, using again the Wilcoxon paired signed-rank test, the data set was analyzed 

more generally without dividing it in seasons. There, comparisons between agroforestry 

and agriculture systems returned significant values (p=0.02929 with n=2x225) in San 

Pedro. The previous indicates that there is a significant difference in the soil moisture 

between agroforestry and agriculture sites, presenting the agroforestry system a higher 

value for the whole data collection period.  

Similarly, soil moisture measurements in La Florida are illustrated in Figure 4.9. Here 

again, the boxes indicate the presence of significantly different daily moisture values 

(n=2x9) between systems. Both boxes are found once more during the beginning of the 

wet season. Likewise, values during the end of the dry season went down from 17% to 8% 

and went up from there to 23% at the end of the observations.  
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 Figure 4.9: Soil moisture values in La Florida agroforestry and agricultural systems 

(Boxes designate the dates where values between sites differ significantly).  

 

Correspondingly, Table 4.4 presents the results from the Wilcoxon signed-rank tests 

carried out on the daily measurements in La Florida. P-values under 0.05 were only found 

after rainfall events during the data collection period. Furthermore, when analyzed 

seasonally between sites, p-values were p=0.2958 (n= 2x117) and p=0.03125 (n=2x72) 

for the end of the dry and beginning of the wet season, respectively. Therefore, only the 

wet season presented significant differences between systems. The agroforestry system’s 

higher soil moisture values were also consistent when analyzed generally per site, where 

the Wilcoxon paired signed-rank test returned significant values with p=0.02157 

(n=2x189) in La Florida.  

In order to deepen the analyses between both production systems, the standard error 

within each site was compared to assess intra-site variation (Table 1 in Appendix 4). 

Wilcoxon signed-rank results showed a significantly higher standard error mean in the 

agroforestry system compared to the agricultural system for San Pedro in the end of the 

dry season (p=0.0000135 with n=2x13), and the opposite during the beginning of the wet 

season (p=0.0083 with n=2x12). 
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Table 4.4: Comparison of the daily measurements on the soil moisture between 

agroforestry and agricultural sites in La Florida using the Wilcoxon signed-rank test 

Dry season Wet season Rainfall events 

Date p-value Date p-value Date pp. (in mm) 

20.7 0.724 7.9 0.1329 10.9 2.9 

24.7 0.823 11.9 0.0054* 16.9 4.1 

27.7 0.796 14.9 0.1135 17.9 1.7 

31.7 0.156 18.9 0.0005* 19.9 3.6 

3.8 0.426 21.9 0.0001* 20.9 10.8 

7.8 0.627 25.9 0.0004* 22.9 1.8 

10.8 0.536 28.9 0.0004* 24.9 6.8 

14.8 0.930 2.10 0.1573 25.9 3.3 

17.8 0.283     30.9 3.6 

21.8 0.102     2.10 5.6 

24.8 0.184        

28.8 0.268        

4.9 0.136         

* p-values < 0.05 denoting a significantly difference between soil moisture measurements 

from both production systems. 

 

Results in La Florida (Table 2 in Appendix 4) differed from the ones in San Pedro. No 

significant differences were found in La Florida between the intra-site variation during 

the dry season (p=0.4274 with n=2x13). However, the opposite of San Pedro's results were 

found in La Florida for the beginning of the wet season, where the agroforestry site 

presented a significantly higher variation (p=0.01748 with n=2x8) than the agricultural 

site. Finally, when compared for the whole data collection period neither the values of San 

Pedro (p=0.131 with n=2x25) nor the ones from La Florida (p=0.4104 with n=2x21) were 

significantly different.   

 

 

4.1.4.2 Influence of trees in the yield 

 

Regarding the potato yields from agroforestry and agricultural systems, participant 

observation was used for the harvest of the sites in La Florida and San Pedro. Results in 

Table 4.5 were obtained together with the farmers in charge of managing their respective 

farms. 

 



 

- 109 - 

Table 4.5: Potato yields from agroforestry and agricultural systems in La Florida and 
San Pedro 

   Yield (kg) 

Agroforestry 
system 

Distance to 
trees 

repetitions 
La 

Florida 
San Pedro 

0-5m 

1 7.5 8.5 

2 6.8 5 

3 9 7 

5-10m 

4 6.3 5 

5 8 7 

6 7 6 

10-15m 

7 7.5 4.5 

8 6.5 6 

9 8.3 7 

Agricultural system 

1 5 4 

2 6 6 

3 6 7.5 

4 5 7 

5 4 5 

6 6 6 

7 5,5 5.5 

8 7 6.5 

9 6,5 6 

 
 

Result analyses were not conclusive. The yields from agroforestry systems were 

compared against the ones from agricultural systems. The one-way ANOVA test in La 

Florida indicated a highly significant difference (p = 0.00069) between production 

systems where agroforestry yields were higher (Figure 4.10). On the other hand, in San 

Pedro the analysis did not identify a statistically significant difference (p = 0.62) between 

the yields of the agricultural and agroforestry systems as clearly depicted in the box-and-

whisker plots of Figure 4.10. Furthermore, when grouped by distances to trees, the ANOVA 

tests carried out among the different categories in agroforestry systems did not 

demonstrate possible relationships between yields in potato crops and their distance to 

trees. The three categories, namely yields obtained within 0-5m, 5-10m, and 10-15m away 

from trees, respectively, presented p-values considerably higher than the significance level 

(0.05) when compared among them in both agroforestry systems of La Florida and San 

Pedro independently.  
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Figure 4.10: Box-and-whisker plots of the yields obtained in La Florida and San Pedro 

in both agroforestry and agricultural systems 

 
 

4.2 Discussion 

 

4.2.1 Climate change and agricultural droughts 

 

The fact that farmers are more interested and discuss more about climate variability 

and extreme events is deemed positive as awareness is one of the first steps to become 

actively more resilient to these hazards.  

Although farmers in the study area described frosts as the single extreme event which 

affected more their FHSs (Figure 4.1), precipitation amount and its temporal variation, 

thus the sum of droughts and extreme rainfall events, have a greater negative effect on 

their FHSs.  Similar results were presented in the IGP´s assessment on farmers’ perception 

in 2010 (IGP, 2012, p. 44). The direct effects of the existing mountain glacier mass 

reduction, estimated in the Peruvian Andes at 30-50% by 2100, are commonly linked to 

climate variations (Raymondi et al., 2012). Trends show on the one hand a further 

increase in the temperature with frost events occurring more unpredictably, and on the 

other hand an increase in seasonal variability of rainfall in the wet and dry seasons, 

including the amount and timing of precipitation (IGP, 2005c; IGP, 2010a; Raymondi et al., 

2012). Moreover, farmers already perceive a drier climate, with longer dry season periods 
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and a more frequent number of heavy rainfall events. Similar perceptions of longer dry 

spells are described in Ho & Milan (2012) case study with farmers from neighboring 

provinces in the same region. All of which underlines the importance of assessing the 

latter more comprehensively.  

Farmers in the assessed communities avoid growing crops during the dry season, thus 

variations in the precipitation have a lower negative impact on their FHSs. Nevertheless, 

as observed in Table 4.1 farmers are having serious economic losses due to agricultural 

droughts, which are deemed to increase with the time. It affects pasture production and 

therefore the livestock’s milk and meat productivity, where farmers are often forced to 

invest more in fodder. Problems with early blight mostly in potato crops and less in ulluco, 

and an overall decrease in the biomass and yield, including grasses, are attributed to the 

reduction of soil water availability.  

The fact that very large portions of FHSs are rainfed makes their crops fully dependent 

on their hydrological resources and specifically vulnerable at some phenological stages, 

especially during midsummer droughts or “veranillos” (7 and 15 consecutive days with 

0.3mm/day or less precipitation) (IGP, 2010b). The same study reveals that only two 

“veranillos” took place between 1992 and 2001 whereas as much as seven took place in a 

shorter period of time, between 2001 and 2008, thus supporting the farmers’ perception. 

Moreover, as stated by Rockstro m & Karlberg (2009) this is not a local issue, as globally 

poverty seems to be relatively prevalent in water-constrained areas, where farmers’ 

livelihoods depend highly on rainfed agriculture. Trawick (2001), goes further stating that 

the current social organization of Andean irrigation systems allows irregular and 

haphazard arrangements where the distribution or turns differ in timing and amount of 

watering, exacerbating the problem. 

To the farmers agricultural droughts affect areas differently, depending on their 

topography, soil conditions and vegetation cover. Typically, higher lands, higher slopes, 

stony soils, and/or open areas with little vegetation are more affected.  

The vast majority of FHS present losses from agricultural droughts, where only 13% 

can hope to recover it through off-farm labor, as even re-sowing would represent losses in 

their FHS (Figure 4.2, p. 98). Only HHs with enough capital were capable of coping with 

agricultural drought events without the need of any additional activities, despite suffering 

income declines. This was often translated into temporal migration, unless not feasible or 

not affordable. The latter consequence is also pointed out by Gray (2009) in his work on 

the southern Ecuadorian Andes. Moreover, farmers, several of which undernourished as 

observed in Chapter 3, have to cope with further limitations in the access to staple food 

and protein (Figure 4.3, p. 99). Their restricting prices and lower overall production 

negatively reinforce the existing nutritional deficiencies. As presented in Figure 4.4 (p. 

99), approximately a half of them use their reserves. However, these reserves are very 

limited in the assortment of nutrients, which on the whole worsen the malnourishment 

and health conditions of the HHs.  
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To prevent their occurrence and their negative consequences, farmers still use several 

strategies, presented in Section 4.1.2 (p. 100) as outcome of the 30 semi-structured 

interviews. Merely 30% of the farmers adjust their agricultural calendar and more 

specifically their sowing time depending on the weather forecast, so as to avoid 

agricultural droughts. A higher proportion of farmers avoided this measure because of the 

low reliability of weather forecasts, with even a 7% explicitly refraining from changes in 

their usual agricultural practices stating that it was not possible to predict these hazards. 

Moreover, human capital in terms of HH labor availability was pointed out by 73% of the 

interviewees (Figure 4.5, p. 101) as insufficient to improve the conditions of the land so 

as to prevent or reduce the effects of these hazards, where measures were referred to as 

extremely time-consuming.  

Although often revealed as strategies, activities such as changing the furrow high 

previous to sowing, planting trees, and switching to more drought resistant crops were 

not carried out, mainly because of the high HH labor inputs, the long-term nature of the 

measure, and the lack of suitable substitutes. What is more, 23% of the farmers would 

focus their investments on the land with access to irrigation, although this measure might 

be very limited for several FHSs (p. 100), and 17% would simply reduce their investments 

in their farmlands. Over 70% of the assessed FHSs indicated the needs of drought resistant 

varieties. Raymondi et al. (2012) describe research and seedbank storage of such varieties 

as important technologies for climate change adaptation; however, they underline their 

need to be available and adopted by farmers in order to have success. In the present study 

area, as expected, these varieties resulted unaffordable and are not available for small-

scale farmers.  

Farmers allude that impacts from agricultural droughts are aggravated by the low 

social resources used to address this issue. 40% recognize that with a good community 

organization they could overcome the physical and financial limitations and even become 

more technical support (30 semi-structured interviews, p. 100). Human capital is also 

mentioned to affect their outcomes owing to their lack of knowledge and training to face 

this issue. As high as 97% stated the needs to improve in this aspect in order to overcome 

agricultural droughts (Figure 4.5, p. 101). This result shows clearly the helplessness felt 

by farmers to overcome this hazard.  

In addition to the mentioned lack of community organization, a lack of contacts and 

local opportunities i.e., demand for off-farm employment revealed low social capital and 

a deficiency in the labor market as an external determinant influencing the HH’s 

livelihood. Venero’s (2010) research in the Mantaro valley presented similar outcomes 

with less than one third of the farmers making use of their social networks to help them 

face climate related problems. In spite of the previous, over a third of the respondents 

were willing to diversify in off-farm activities as a strategy to prevent damages. Half of the 

FHSs would diversify their on-farm activities so that agricultural droughts do not affect a 

high proportion of their production systems. Around 67% of the assessed farmers involve 

more trees in their farmlands for this purpose. 57% would do the same increasing the 
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share of pastures, whereas only 17% would diversify with other crops. An interesting 

outcome is the low percentage in their need for diversifying with other crops, which 

becomes evident due to the use of an often strict production cycle (further details on this 

cycle are presented in the next chapter). A limitation in implementing the former through 

forestry or agroforestry systems was found to be the former lack of tree seedlings in the 

communities. However, overall on-farm diversification measures lack of a better and local 

know-how. Knowledge on alternatives and how to implement them was considered 

insufficient by 50% of the assessed HHs (Figure 4.5, p. 101).  

Moreover, the mentioned lack of organization results in low physical and financial 

capital for the community e.g. for enhancing the irrigation systems, all of these issues 

being mentioned by farmers as part of the equipment requirements. Additionally, a 63% 

also pointed out the need of new irrigation technology, or the lack of their implementation 

(Figure 4.5, p. 101). Only one farmer was known to use a different irrigation system other 

than the inefficient surface or flood irrigation system, namely a very rudimentary 

sprinkler system. Yet, this was only applied in the land surrounding his house. Irrigation 

is still considered by farmers one of the most attractive strategies to mitigate droughts, 

however, they are aware that not much effort is directed towards extending the network 

of irrigation canals. The reason might lie in the limited additionality assumed for this 

measure, as farmers identify limited water availability during the dry season as the main 

shortcoming rather than the canal distribution network itself. As explained in Section 

3.2.5, although the source comes from a lake (Lake Pomacocha) its flow rate is limited, 

mainly during the dry season. Another external determinant directly related to this and 

mentioned, by 30% of the respondents (Figure 4.5, p. 101), to undermine the capacity of 

response in these communities was the lack of presence and support from the regional 

government such as little technical support and poor investment in infrastructure, as 

mentioned in Chapter 3. A report carried out by the local district in 2012 (PSI, 2012) 

revealed that among users and local authorities interests in improving the water 

management and increasing the watering efficiency were shared. Having a total efficiency 

of below 30% in their irrigation system proved that only nearby irrigation beneficiaries 

become adequate watering, whereas far away users suffered from insufficient water 

supply.  

Similar conditions take place in other Andean regions where population is aware of 

their decreasing water supplies, their participation has been strengthened and new 

technologies have been introduced to them (Clements et al., 2010). Furthermore, training 

workshops have taught them efficient water use practices, to better manage their water 

demand, and water supply has been improved with the construction of dams and 

reservoirs, the latter being channeled through pipes instead of irrigation channels so as to 

minimize leakage and evaporation.  

Response measures as a direct, pro tempore reaction to reduce impacts from 

agricultural droughts are generally not known or not viable to households in the study 

area with 40% of the farmers considering that there is a low range of feasible activities to 
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carry out as a response to this event. Soil protection (e.g. mulching) was not mentioned as 

a measure, thenceforth farmers stated that this would require high HH labor inputs. 

Another activity exposed in the flowcharts is the application of foliar fertilizers to the most 

affected crops once the rainfall events have started again, in order to maintain crop 

production levels. Supported by 47% of the HHs (Figure 4.5, p. 101), these are usually 

commercial crops where it is economically viable to apply this measure. Here, a strong 

limitation for HHs is the lack of knowledge on the timing and the quantity of fertilizer to 

be applied. Finally, to avoid losing more “of their harvest” e.g., due to early blights, farmers 

tend to harvest earlier. However, just a 20% stated the previous probably because it 

depends mainly on the sowing time, where it can be only achieved with crops sowed early 

in the calendar.    

In relation to the recovery measures (p. 100), a number of activities were mentioned 

by farmers to cope with these events in the short term. Almost half (47%) of the 

respondents agreed on planning better their future practices, yet this is a very generalized 

and weak statement. Moreover, the fact that 20% of the farmers would not carry out 

supplementary activities to avoid or reduce droughts related impacts in their farm 

outputs in the future might be related to their lack of knowledge, leaving them with no 

alternatives or expectations to overcome this problem.  

In contrast, making use of their human, financial and social capitals, a higher number 

of HHs managed to overcome - to some extent - agricultural droughts effects by changing 

their diets, seeking cash loans from kith and kin or banks, temporary migrating (off-farm 

labor) and selling assets such as livestock (rarely trees), commonly in that order.  

The frequent occurrence of extreme events in the Mantaro watershed, in addition to 

the limited amount of land owned by each FHS, the limited stability of the on-farm outputs 

and their markets together with the negative impacts in the on-farm revenues from these 

extreme events, bring to the light the increasing importance of non-farm incomes in the 

share of the small-scale farmers’ economy (Trivelli & Boucher, 2005). One can go further 

and state that not only increasing the share of non-farm incomes, which currently 

represents around 40% of the FHS’ income share (Trivelli & Boucher, 2005) mostly in the 

lowlands, but also increasing the share of stable, less-weather sensitive income sources 

i.e., through non-covariate diversification, such as timber production.  

Finally, an interesting approach that has not been covered by the present research is to 

assess the order of financial needs, expressed by 63% of the HHs (Figure 4.5, p. 101), in 

order to mitigate agricultural droughts, and compare it with the order of capital used by 

farmers to cope and recover from these events. Even if the latter could add up to lower 

costs at first, it is highly probable to capitalize on the former over the long term. Rossel’s 

(2008) paper on child nutrition and climatic shocks in Peruvian rural areas suggests that 

these shocks may have permanent effects on children’s’ health affecting their cognitive 

and non-cognitive skills. Offsetting the impact through risk-coping strategies showed 

successful with potential positive returns in long-term rural poverty and inequality. The 

5-year long research pointed out the use of savings and credits as well as selling assets as 
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part of the most successful strategies. An approach that might lead to these outcomes is 

the incorporation of trees in farming systems.  

As 67% of farmers favored on-farm diversification through the incorporation of trees 

as a measure to mitigate agricultural droughts, this strategy was singled out in the present 

research as an adaptation alternative, as presented in the results, for further analysis and 

discussion.  

 

4.2.2 Farm forestry systems and land-use decision-making 

 

The incorporation of eucalyptus trees in the Mantaro valley’s farming systems has been 

promoted since over four decades, to the point that these activities threaten in some areas 

the population viability of native tree species, reaching up to 95% of the plantations in the 

Andes by 1982 (Schwartz & Parraga, 1982, p. 14).  

The objectives for their implementation diverge since the government interests lie in 

the environmental conservation whereas farmers were more concerned in the economic 

benefits that could come from this activity. The latter were translated more into direct 

income sources from the sale of trees and their protection effects for crops and to reduce 

livestock illnesses. Additionally, farmers argue that kerosene as a fuel source also does not 

provide protection against cold stress periods such as the early morning and late evening 

whereas cooking with firewood provided extra heat, increasing dwelling temperatures. 

The preference tree species matrix (carried out during community workshops), 

revealed that farmers considered eucalyptus as the tree species that better met their 

personal interests. This was also supported by the share of FHSs planting this tree species 

(Figure 4.7, p. 104). This is mainly because of their fast growth, commercial potential, 

wood quality for construction purposes, favored firewood properties, high resistance and 

coppicing capacity. On the other hand, disadvantages were mentioned such as their higher 

nutrient and water demands, increasing competition for the limiting resources with crops. 

Despite the alder being classified as second tree species in the matrix and in their presence 

in the assessed FHSs, their share in the total amount of planted trees is reduced. Polylepis 

trees, as stated by Reynel & Marcelo (2009), are of particular interest for agroforestry 

uses, as they are better adapted to higher altitudinal ranges, and are very drought 

resistant. Nevertheless, their slow growth and little demand in the market limits their 

share among farmers.  

When evaluated more broadly, farmers recognized the positive effects from the 

increased presence of trees in their communities for the environment - “against 

contamination” - as well as for the landscape. Although farmers are not directly benefited 

by the former, this might have come as a response from the discourses delivered by 

technical advisors whenever they addressed this issue e.g., during meetings of the 

environmental conservation committees. The second value is a positive valuation that did 
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not come first from farmers as a benefit from the presence of trees, and appeared only 

when discussing the subject explicitly.  However, once discussed, very high values such as 

happiness and pleasure were expressed, which was atypical during the assessment. 

In spite of this 13% of farmers described trees to have a negative influence in crops, as 

observed in Figure 4.7. Potatoes are very sensitive to water scarcity, where a direct and 

positive correlation was found between the amount of water available for potato plants 

and their commercial output (Egusquiza, 2000). During the last stages of tuber formation 

and filling, water scarcity affects drastically the potato yield (Mun oz & Herrera, 2000). 

Commercial potato crops of consume between 500 and 700 mm of water during their 120 

to 150 days (MINAG, 2012). From the weather data on Figure 2.6 (p. 37) in the study site 

description in Section 2.3.2, the cumulative precipitation of the five rainiest months 

(approx. 150 days) is calculated to reach 507mm in average. Consequently, the previous 

supports local farmers’ statements about rainfed potato crop yields and their sensitivity 

and dependence on the variations of rainfall amount and timing in the study area. Which 

is also why Egusquiza (2000) states that irrigation in potato crops is essential for ensuring 

higher yields. Nevertheless, the Yungay commercial variety, developed in the 70’s and 

expanded all over the central Andes, is declared to be resistant to frosts and droughts 

(Franco, 1994), at least more than most commercial varieties. 

Cannel et al. (1996, p. 30) state that “the best  opportunities  for  complementarity  exist  

if  shortage  of  one  particular  resource  is  clearly  limiting  plant  growth,  but  other  

resources  are  under-utilized  and  available”. One should go even deeper in this sense and 

include trade-offs between potentially higher crop and pasture yields and more resilient 

but longer-term income from trees. As an example, research with pastures carried out by 

Oelke et al. (2013) identified at low (12%) or middle (26%) shading levels no negative 

effects on pasture production. However, under high shading levels (50%), the pasture 

production decreased 40% in average. 

In this sense, 18 out of 30 respondents of the semi-structured interviews stated their 

preference to grow both sole-crop production systems and sole-tree production systems, 

rather than agroforestry systems. In addition, farmers were more prone to establish 

forestry systems in areas with poor soil quality, usually not suitable for crop production. 

It can be assumed that competition for resources might be considered too high to bear for 

FHSs with low land capital and thus little options for food production. However, the 

previous mentioned specific relationships with the natural resources are neither explicit 

nor completely understood by farmers, where disagreement among them is present, 

especially in relation to the effects of trees on soil moisture and thus agricultural droughts. 

This is why potential water stress conditions that could affect crops’ yields were sought in 

cooperation with farmers inside their agroforestry and agricultural systems.  
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4.2.3 Influence of trees in the soil moisture and yield 

 

A better understanding of the in-situ conditions were obtained with the soil analyses. 

Results show that the assessed plots had similar soil properties, with both soils from La 

Florida having a clay loam texture, and the ones from San Pedro having sandy clay loam 

texture. However, this slight difference in their texture affects their moisture retention 

capacity. La Florida, having a potential higher retention capacity, is less affected by 

prolonged dry periods such as the frequent midsummer droughts. In contrast, in sites 

with lower moisture retention capacity, dry periods of only one week could already affect 

crop yields (Borton & Nicholds, 1994).   

Soils go from slight-moderate acid in La Florida (agricultural plot) down to very strong 

acid soils in San Pedro and La Florida (both agroforestry systems). However, potatoes 

grow very well in these acidic soils, especially with pH values between 5.0 and 6.5 

(Tantowijoyo & van de Fliert, 2006).  Soil organic matter varies from 2 to 3.4% without a 

specific trend. These levels are slightly below the threshold (3.4%) under which a 

potential decline in the soil quality could take place, although there is not enough evidence 

to determine that this could have effects on the soil properties or crop yields. However, an 

increment in the content of organic matter would support soil stabilization and increase 

their water storage capacity, by reducing the evaporation rate and increasing the 

infiltration capacity (Moore, 2001).  

A study on the forest aptitude in the Mantaro, which related the climatic, soil, and 

hydrological conditions to the tree species requirements located in the study area was 

carried out by FOVIDA (2010). Results show that polilepis, alder, c’olle and Peruvian 

pepper present a better aptitude than eucalyptus and pine trees, in that order.  However, 

depending on the objectives of their introduction their ranking changes slightly, having 

thus alder, eucalyptus and pine trees with better aptitude for timber production, and 

polilepis, c’olle, quishuar with better aptitude for their environmental services.   

Eucalyptus does not cause soil erosion (FAO, 1995), on the contrary, it tends to improve 

the soil structure (Anon, 1992 in Palmberg-Lerche’s annotated bibliography; 2002). Anon 

added, along with Davidson (1995), that their use of nutrients is lower than in other crops, 

where greater efficiency is achieved if trees are grown for more than seven years. In fact, 

nutrient loss can be reduced to some extent by storing tree residues such as bark, twigs 

and leaves on the site. 

 

4.2.3.1 Influence of trees in the soil moisture 

 

Soil humidity in both sites had a similar behavior decreasing from around 15-16% in 

the case of San Pedro and 17% for La Florida, down to 5%-8%, respectively. These values 

when combined with the above-mentioned soil textures fall under the permanent wilting 
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point, as observed in Figure 4.11. This explains graphically why farmers avoid growing 

potato crops in this time of the year.  

 

Figure 4.11: Available soil moisture by soil texture (source: Shortt et al., 2011) 
 

Short time after the first rainfall events the influence of trees in agroforestry systems is 

disclosed. When compared to agricultural systems, soil moisture in the former showed 

significantly higher for a period of time. Even if the first rainfall event was of a small 

magnitude (Table 4.3), it was enough to diverge significantly the results between 

productions systems in both communities (Figures 4.8 and 4.9). Nevertheless, soil 

moisture values in agroforestry systems and agricultural systems were again similar 

approx. 10 days after. As in all cases water availability did not reach over 50%, water stress 

was constantly present in every site. Several hypotheses can be advanced to explain the 

previous outcome, such as a higher evapotranspiration rate and thus water consumption 

by agroforestry systems when little available. The greater the leaf area, the greater is the 

evapotranspiration and the shading effect. Whereas effects of light reduction in eucalyptus 

are often minor compared to other broadleaved species (FAO, 1987) e.g., alder, most native 

species (e.g.; polilepis, quishuar and c’olle) tend to have thinner foliage and thus generate 

less shade. On the other hand, Davidson (1995) adds that in these shaded areas, extreme 

temperatures of air and soil surface are reduced, and the surface air humidity is higher 

when compared to areas without trees. The previous favors the micro-climatic conditions 

for neighboring crops, reducing evaporation and frost events. Later in September and on 

October 10, further rainfall events widened the differences between the two production 

systems again in favor of the agroforestry systems.  

A negative influence of trees in the soil moisture was not found. On the contrary, in the 

event of significant differences, these were in all cases positive for the agroforestry 

systems. This is also supported by the seasonal analyses, where the assessed agroforestry 

sites, in both communities, presented significantly higher soil moisture values during the 
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beginning of the wet season. Values in agroforestry systems were in that period of time 

10% higher in San Pedro and 20% higher in La Florida.  Although the same was true for 

the whole data collection period, it is prudent to avoid generalizations and extrapolations 

to longer periods of time. That said, similar conditions might be reflected during an 

extended period of below average precipitation in the wet season e.g., in February. These 

enhanced conditions in agroforestry systems, at least for the water availability during that 

sensitive time of the year, could be of singular advantage for the production of crops.  

The idea of making use of different strata to maximize the use of the water available in 

soils is not new and is present naturally in drier regions (Ashton & Montagnini, 2000). 

Although eucalyptus consume less water per volume of wood produced than most species, 

their fast-growing capacity makes them use more water in absolute terms (Bouvet, 1999). 

Therefore, taking into account the finite water supplies, this consumption must be 

balanced with other agricultural consumption requirements Davidson (1995). Outcomes 

from the expert consultation on eucalyptus conducted by the FAO (1995), expressed that 

while in areas having less than 400 mm/year of rainfall, crops might not be able to grow 

together with eucalyptus trees, in areas with annual rainfall between 400 and 1200 mm - 

such as in the Achamayo watershed - the water balance should be regarded and 

monitored.  

Moreover, a local study on eucalyptus’ root system (Go zar, 1989) describes that the 

large share of roots are located in the first 20-30 cm depth, and therefore competing  with 

crops’ roots. Consequently, to reduce competition between trees and crops for water, 

deep-rooted tree species should be promoted. However, as the soil depth in the assessed 

sites is shallow, and this often determines root architecture of trees to a greater degree 

than their genetic makeup (Davidson, 1995), the previous recommendation might not be 

of great utility for shallow soils but only for the lowlands and the scarce terraces with 

deeper soils. 

Furthermore, agroforestry systems are expected to have, in particular conditions, some 

advantages for maintaining crop production in drier years. With help of their deeper root 

systems, they can access larger volumes of soil for nutrients and water, increase soil 

porosity and, combined with the canopy and litter interception of rainfall, agroforestry 

systems can reduce the soil moisture stress (Verchot et al., 2007). Indeed, some studies 

suggest that part of the water taken up deeper down in the soil profile by trees may again 

diffuse upward into the topsoil at night (Jost, 2009; Feddes et al., 2001). 

 Nevertheless, further analyses demonstrate that the presence of trees is not the major 

factor responsible for the soil moisture variations inside the sites. In fact, no pattern was 

consistent across the locations or between seasons. In San Pedro, the agricultural system 

had significantly higher intra-site variations in their soil moisture values during the wet 

season. However, the contrary was true in the same sites during the dry season and in La 

Florida during the wet season. Therefore, one might argue that specific in-situ factors 

might be more influential for the soil moisture variation amongst the measured points 

than the presence or absence of trees inside the assessed sites.  
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4.2.3.2 Influence of trees in the yield 

 

In spite of the somewhat higher soil moisture conditions found in the assessed 

agroforestry sites during the observation period, yields did not respond quite accordingly. 

Yield measurements varied slightly between distances to trees (Table 4.5); however, a 

definite pattern in both sites could not be ascertained. Although in La Florida the 

agroforestry system presented significantly higher yields than the agricultural system, 

this result was not consistent with the analysis obtained in San Pedro. The reason for this 

could not even lie in the presence or absence of trees, but rather in the limited sample size, 

limiting the strength of the results.  

A compromise was made during the research design phase where participatory 

approach was weighted against statistical robustness in the yield outcomes. The objective 

behind these measurements where defined to facilitate and increase the share of 

knowledge and experiences and involve farmers more in research, so as to make them 

more aware of the possible outcomes. Ashley et al. (2000), support this approach, as 

opposed to regarding them as passive recipients, which has proven them poor results.  

With increasing knowledge of the influence of trees in agroforestry systems, farmers 

will redefine their beliefs about their environment, which, together with their envisioned 

tasks and goals, will shape farmers decision concerning action (McCown, 2005); hence, 

farmers’ decision making over incorporating agroforestry systems. As a consequence, the 

present results on yield measurements are rather descriptive than predictive, where some 

hypotheses are below presented. 

Similar studies on agroforestry systems have been carried out (Oelke et al., 2013) 

where the shadow effect of trees did not have an identifiable trend on potatoes yields. 

What is more, by low and middle shading levels - 12% and 26%, respectively - yields were 

slightly higher than without any shading effect. In relation to the effects in the quality, no 

changes (e.g., in size or starch content) where observed in none of the crops where 

different shading levels were present (Oelke et al., 2013). IIRR (1993) supports the 

precedent by stating that potatoes are considered shade tolerant crops. In addition, 

whenever other stress factors such as temperature or moisture take place, the light factor 

is less relevant (van der Zaag & Doornbos, 1987 in Oelke et al., 2013). 

An inference than can be drawn from the outcomes is that the assessed agroforestry 

systems were not detrimental to the potato yields measured in the field, and therefore the 

presence of trees did not negatively affect in a statistically significant way the output of 

the assessed potato plants.  

However, the same cannot be expressed when taking into account the overall 

productivity of the potato crop per area of land. Besides the harvest and measurements, 

the presence of farmers was deemed of great importance in this matter. A clear space 

between trees and crops was noticed through direct observation, where initially a 

hypothesis on the effects of trees on potato crops was drawn. However, after discussing 
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the issue with farmers in the different communities they explained that they purposively 

avoided to sow close to the presence of trees in order to spare their investments in seeds, 

fertilizers, wage and own labor, among others. The major reason was the lack of economic 

viability, as the output from potato plants located close to trees was mentioned to be very 

low in comparison to the yield in neighboring plants. Therefore, a very common practice 

among farmers in the Achamayo watershed is to leave, in average, the first three meters 

next to the tree row without sowing. The same was mentioned and observed to be true for 

silvopastoral systems. When discussed more in detail, farmers declared that without 

taking into account the before mentioned three meters surrounding the trees, crops have 

a similar yield per sowed area in both agricultural and agroforestry systems.  

Although there are no studies in the area related to the possible allelopathic effects of 

eucalyptus leaves surrounding the trees, it was pointed out by some farmers rather as an 

anecdotal observation. Several authors have discussed the allelopathic effects of 

eucalyptus, although precautions ought to be taken, these are expected to be evident in 

areas with precipitations of less than 400 mm/year (Bouvet, 1999) or even already under 

700 mm (Davidson, 1985).  

As a consequence, it is safe to conclude that in order to ensure a similar output in the 

harvest of potato crops agroforestry systems should encompass a larger area. The same 

line of thought is applied by farmers when they favor the incorporation of trees in areas 

not well suited for agriculture, where poor soils prevent high crop productivity. On the 

other side, farmers with access to irrigation systems stated that even if their sowing area 

will be reduced, they preferred to plant eucalyptus in irrigated land as trees grow even 

faster in these conditions and can be sold in a shorter time.  

 

4.3 Conclusion 

 

Farmers ranked the increasing variation in precipitation events as the single most 

important climate variable affecting households in the study area. With expected negative 

trends in the in the precipitation distribution, farmers are often left with no option but to 

bear the consequences.  

Agricultural droughts affect not only FHSs’ production outputs but also farmers’ 

expenditures both in the household as well as in their production systems. As a 

consequence, consumption goods produced in the FHSs are depleted and substitutes in 

the market become less affordable or scarcely available.  

Strategies to prevent agricultural droughts were focused in diversifying their on-farm 

production and off-farm activities although the low reliability in weather forecasts often 

refrained them from changing their business-as-usual activities. Strategies for on-farm 

diversification included the introduction of more resistant varieties, trees and pastures, 
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mentioned by farmers in that order. Knowledge and training were major barriers that 

limited their adoption along with a deficient irrigation technology and infrastructure.   

Activities focused on reducing the damages of agricultural droughts as a direct 

response were limited and meager whereas recovery measures after their occurrence 

were more diverse. The latter strategies included improving agricultural practices in the 

near future, although this appears too broad a measure, engaging in off-farm labor and 

asset sales to smooth consumption, including livestock and trees. 

In addition to their previous benefits as adaptation and coping strategy, tree-based 

systems might provide sustainable livelihood opportunities in the FHSs, as they have 

under given conditions, some advantages for maintaining production during wetter and 

drier years (Verchot et al., 2007). Most farmers (73%) agreed that the presence of trees 

had a positive influence soil moisture and crops in agroforestry systems when weighted 

against agricultural systems. Still, 10% of the farmers disagreed on this and described 

their presence as negative. Regardless of the latter, farmers favored eucalyptus in 

agroforestry systems among other tree species, mainly because of their fast growth and 

market demand, giving them a means for diversifying their income sources.  

No statistical evidence for heterogeneity was present in the soil moisture between 

agricultural and agroforestry systems during the end of the dry season. On the contrary, 

in the beginning of the wet season, differences were significant. During that period, which 

is a critical time for agricultural production, soil moisture was evidently higher in 

agroforestry systems, with values 10% to 20% higher than agricultural systems. These 

outcomes might as well be interpreted as a behavior reaction pattern that could take place 

during a midsummer drought event, therefore regarded as a favorable sign of the presence 

of trees in hedgerow systems for mitigating the effects of agricultural droughts in potato 

crops. 

Soil moisture results in agricultural systems presented at times higher intra-site 

variations than in agroforestry systems. This, together with the lack of consistency in the 

yield findings between both systems, evidences the lack of a conclusive relation between 

the presence of trees and their effect in potato yields under normal weather conditions. 

However, this does not consider the area left without sowing in the agroforestry systems, 

which affects negatively the final agricultural output in 13 to 17% when compared per 

area of land. Improvements in the management of trees such as appropriate branch and 

root pruning would help reduce the unsowed area and increase the crop yields. 
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5 Modeling small farm production systems: 
optimization of resource allocation 

 

Traditional strategies used to buffer production against climate variability are being 

lost in the Andean region (Zimmerer, 1993), as a result of variations in the market, social 

and economic conditions. This leads to an increment in losses related to extreme events 

and food insecurity (Paul et al., 2009; Valdivia et al., 2010). Supporting farm household 

systems’ efficient allocation of resources as well as farmers’ financial capital can help 

overcome these losses, as an essential step towards adaptation.   

Farmers’ own financial capital can be consumed immediately, saved or invested. 

However, as banking in the area is not very accessible, small-scale farmers tend to use 

other strategies for saving and investing, such as livestock. Small livestock is kept for meat, 

egg, and wool production mostly for own consumption, although sheep and pigs also serve 

farmers as small investments gradually building up savings and liquidated as first choice 

in times of need. As a contrast, cattle raising is strictly considered as an investment. 

Animals are sold in the local market (Figure A14 in Appendix 1).  

Also trees may serve as a means for saving and for capital formation. In non-stable 

economies with inflationary trends, as in the Peruvian case decades ago, less liquid (non-

cash) savings such as other tangible resources have constituted a defense mechanism to 

farmers against fluctuations in the value of the currency.  

Thereafter, in moments of need, when production outputs cannot cover the 

consumption requirements of the HH, farmers can liquidate these natural resources into 

cash with great ease. Their liquidity is considered to be moderate to high and it can be 

sold in the case of livestock within market hours semiweekly and trees can often be sold 

to local sawmills and/or to merchants which make regular visits to the communities, 

approximately every two months.  

However, forestry and agroforestry practices are more likely to be adopted if they can 

be shown to be profitable and financially efficient. Financial analyses can provide a useful 

means of carrying out this assessment and in this way can help to ensure the success of 

their implementation (Sullivan et al, 1992).  

In the context of vulnerability of small-scale farmers to climate variability and extreme 

events, the present chapter explores in detail the financial implications of different 

production alternatives in determined farm household systems (FHSs). As small-scale 

farmers in the Achamayo watershed allocate land, labor and own financial capital at their 

disposal to meet their production goals, for the financial analysis, it is important to use the 

FHS as the basic unit of production and consumption (Castillo, 1994).The financial 

portfolios of small-scale farmers were assessed so as to explain which factors shape 
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strategies that contribute to both reduce risks by securing food and yearly incomes and 

improve their income generating capacities.  

 

5.1 Methodology 

 

The small-scale farmers’ financial portfolios were assessed during in-depth interviews, 

where inputs such as land, labor and financial capital as well as their different production 

outputs were calculated for each production system.   

Following the FHS framework (Figure 2.3, p. 17), Figure 5.1 represents the physical 

model of the farm. Three different strategies used by farmers to work the land are depicted 

here. The most common, where all production systems are available, is the use of the own 

HH labor to work their own land (long-dashed arrows). Investments in own financial 

capital, land, and labor are fully covered by the farmer and are compensated with the total 

production outputs.  

A second strategy, very common mainly for farmers with smaller landholdings, is the 

sharecropping arrangement where farmers work somebody else’s land (sharecropping 

arrangement 1 with dashed-dotted arrows). As no initial investment in land takes place 

the farmer fully covers with his/her own financial capital the costs  as well as most of the 

labor. The labor used for the harvest is divided together with the production outputs 

between the farmer and the landowner, where their shares depend on the production 

system. Only agricultural crops, forest plantations and cattle pasture systems are available 

under these arrangements.  

The third arrangement present in the study area is represented by short-dashed arrows 

in Figure 5.1 and stands for the use of the farmer’s land by a neighbor farmer where the 

former provides the land and little HH labor only to harvest their share of the production 

outputs. Oppositely to the sharecropping arrangement 1, besides the land opportunity 

costs, farmers do not invest their own financial capital. Production systems such as 

agricultural crops, forest plantations and pastures – without livestock – are available 

under these agreements. Finally, land left over without production, because farmers were 

unable to farm them, was also considered in the model as fallow land. In fallow land 

systems, farmers’ investments are reduced to the land as opportunity cost. Little revenues, 

given by other farmers from grazing activities, are obtained yearly. Details including the 

shares under the different arrangements, the cash flows including data on expenditures, 

HH labor and revenues are given for each production systems in Section 5.1.3 and 

Appendix 5.  
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Figure 5.1: Physical model of a FHS with their distinct production systems 
 
 

From each cash flow of the different production alternatives a net present value was 

calculated. The increasing interaction between rural communities and metropolitan 

centers are increasing the market size and profit orientation of farmers in the study area. 

In addition, informal lending through family and friends is a common source of credit 

among farmers, used for their lower interest rates, less formalities and transaction costs, 

and usually no required collateral. Therefore, farmer’s investments were assessed in 

production cycles rather than short-term revenues by measuring their profitability as net 

present values, which is of major interest for farmers in the process of income generation 

for their economic well-being (to satisfy their needs). 

The decision of favoring net present values over alternative financial metric other such 

as gross margin is that the latter is a ratio and doesn’t express in absolute terms the 

profitability of an alternative, while the former not only recognizes the time value of 

money, but also is easier to interpret e.g., for farmers. 
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The following optimization model was elaborated to maximize the efficiency of 

resource allocation for a number of designated FHS with different characteristics (detailed 

in Section 5.1.2). As part of the field laboratories and to collectively produce knowledge 

related to sustainable livelihood strategies, the elaboration of the model and their outputs 

seek to elucidate farmers on the potential outcomes of their resources allocation and land 

use pattern. Therefore, the model was elaborated so as to keep it easy-to-understand and 

practical to replicate. 

 

5.1.1 Optimization Model  

 

The model elaboration and its application in Solver (Microsoft Excel) were derived 

following Buongiorno & Guilles (2003).  

 
Objective function:  

  max 𝜋 = ∑  𝑁𝑃𝑉𝑘 𝑃𝑆𝑘  
15

𝑘=1

  

 
Subject to: 
 

∑   𝑃𝑆𝑘  = 𝐴 
15

𝑘=1

 

 

𝑈𝑞 ≥ 0  (𝑞 = 0,1,2, … ,16) 

 

∑   𝑃𝑆𝑘𝐿𝑘 ≤ 𝐿𝑇 
15

𝑘=1

 

∑   𝑃𝑆𝑘𝐸𝑘  ≥ 𝐸𝑇 
15

𝑘=1

 

𝑈𝑞−1 + ∑ 𝑃𝑆𝑘𝑅𝑞𝑘

𝑘=15

𝑘=1

 ≥  ∑ 𝑃𝑆𝑘 𝐶𝑞𝑘

𝑘=15

𝑘=1

+  𝑀        (𝑞 =  1,2,3, … ,16) 

 

{𝑃𝑆3, 𝑃𝑆4, 𝑃𝑆5, 𝑃𝑆6, 𝑃𝑆9, 𝑃𝑆10 } ∈  
 

and  𝑃𝑆𝑘 ≥ 0                             (𝑘 = 1,2, … ,15)       
 

Where 𝜋  denotes the total net present value in the farm household systems (in $); 

𝑁𝑃𝑉𝑘 is the net present value (in $/ha) of the production system k; 𝑃𝑆𝑘 is the size of the 

production system k (in ha); 𝐴 is the area (in ha) of the farm household system used per 
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unit of production system; D is the cost per unit of production system (in $) to invest in 

the first year; L is the maximum HH labor (in days) per year - which is not likely to be 

carried out by wage laborers - needed per unit of production system; 𝐿𝑇  is the total 

amount of HH  labor (in days) available per year; E is the food energy produced (in Kcal) 

per year per unit of production system; 𝐸𝑇 is the total amount of food energy required (in 

Kcal) to ensure the conventional HH consumption; 𝑈 correspond to the cash balance of 

the FHS budget (in $) in year 𝑞 − 1 ; 𝑀  is the minimum amount needed for home 

consumption (HH expenditures, in $); 𝑅𝑞𝑘  corresponds to the revenues (in $) from the 

production system k obtained in year 𝑞; and 𝐶𝑞𝑘 corresponds to the expenditures (in $) 

from the production system k incurred in year 𝑞; and finally  which stands for Zahlen 

and relates to the integer set of numbers. 

The following expression details how the 𝑁𝑃𝑉𝑘  is calculated: 

(𝑎1)                         𝑁𝑃𝑉𝑘 =  −K𝑘 + 
𝐼𝑘

(1 + 𝑟)𝑡𝑓
+ ∑  

𝑅𝑞𝑘 − 𝐶𝑞𝑘

(1 + 𝑟)𝑞

𝑞=𝑡𝑓−1

𝑞=1

 

Where Kk denotes the initial costs of implementing the production system k, including 

the land investment; Ik is the final revenue obtained in year tf (year 16 which is the end of 

the investment period), including revenues from land; and 𝑟  is the interest rate.The 

following expressions detail how the cash balance of the FHS budget in year 0 (𝑎2) and in 

the following years (𝑎3) are calculated: 

 

(𝑎2)                         𝑈𝑞 =  𝐹𝑇 − ( ∑   𝑃𝑆𝑞𝑘𝐶𝑞𝑘 

15

𝑘=1

(𝑞 =  0) )  

(𝑎3)                         𝑈𝑞 =  
𝑅𝑞

(1+𝑟)𝑞
+ 

𝑈𝑞−1

(1+𝑟)𝑞−1
− 

(𝐶𝑞+ 𝑀)

(1+𝑟)𝑞
    (𝑞 = 1,2,3, … ,16)      

 

 

Where 𝐹𝑇  denotes the total amount of cash (in $) initially available in the farm 

household system (own financial capital). In the model developed, the HHs’ factors of 

production are not substitutable, as explained in the constraints Section 5.1.4, and 

therefore land and HH labor are included as constraints, where the surplus of (a) 

determined resource(s) cannot be reinvested. In addition to labor supply, the HH also 

presents yearly needs for food and expenditures, all of which are dependent on the HH 

size and composition. Thus these three variables could be condensed as one major 

constraint. However, to provide a model with a greater ease to be replicable and 

adjustable, the HH labor available as well as the HH food and expenditure requirements 

were segregated as three constraints in the model. In addition, as some production 
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systems require a minimum extension of land, namely the ones involving livestock, the 

model is constrained to assess these alternatives in an integer set of numbers related to 

the extension needed per head of cattle. As a consequence, the own financial capital 

available together with the two HH factors of production, the food and expenditure 

requirements, and the area needed per head of cattle, were selected as constraints in the 

model. These are considered as the minimum and key elements that determine the 

potential production outputs and basic requirements of a FHS. Additional constraints 

might be added, such as the segregation and classification of the land’s biophysical 

conditions and productivity, which could increase the accuracy of the model, although 

they would have negative effect on the simplicity and replicability of the model.   

Moreover, as the exact output production and future prices in the different production 

systems evaluated cannot be known with certainty, a level of risk is probable to occur and 

must be taken into consideration. Not only some production systems can be more risky 

than others such as the more sensitive improved cattle in the highest FHSs, but also some 

farmers can be more risk averse than others. In both cases, it is important to calculate the 

future expected value of return for each system including the possible variation in outputs 

and prices. General variations such as inflation as well as farmers’ risk perception can be 

assessed through discount rate adjustments (von Gadow, 2001). Additional influencing 

factors will be measured through changes in the main production output quantities and 

prices as well as in on-farm wages and analyzed individually through sensitivity analyses.   

 

5.1.2 Plan of optimization  

 

The present model includes 15 different production systems or decision variables, 

which have specific requirements and generate different incomes. 

For the assessment, a number of HHs was selected as case studies for their 

characteristics as promising and thriving FHSs. These, together with some outlier cases, 

allowed having more comprehensive and true-to-form outcomes. A limited number of test 

samples (8) were adopted from the reality in order to resume and better present the 

properties of FHSs that influence the outcomes in terms of strategies to be used to 

optimize the goal of the present model. Each FHS presents a different combination of 

constraints, including own financial capital, labor, and land availability, depicting 

representative FHSs. In addition to these variables, three different discount rates were 

included in the model. They were selected after validating the model with empirical data 

from the assessed FHSs (results from the model in Section 5.2.1).  

The decision to avoid using the deposit interest rates and the loan interest rates for the 

present calculations was made because of farmers’ lack of access to financial institutions 

as observed in Section 3.1.1.6, which are as high as 65% in some communities. In addition, 

farmers with access have used in very limited occasions these credits because of their 
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conditions, with nominal interest rates estimated at only 5.9% for fixed-term deposits 

(over three years) and as high as 25.7% for loans for rural small-scale farmers by the 

municipal saving and loan institution (Caja Huancayo), regulated by the Central Reserve 

Bank of Peru, without considering the inflation rate, estimated at 2.9% in Peru in the last 

decade.  

Although during the field laboratories through the different surveys, no exact figures of 

the interest rates related to farmers’ capital return was obtained from farmers, 

calculations from the 11 in-depth interviews’ data showed that interest rates varied from 

5% to approximately 17% in the different FHSs. Therefore, at first an interest rate of 15% 

was selected for the calculations after validating the model with empirical data from the 

assessed FHSs (results from the model in Section 5.2.1).  In addition, a range of ± 10% i.e., 

5% and 25% as lower and upper limits, was selected in order to simulate the broad range 

of local time preferences and loan conditions (5% - 25.7%).  

In Table 5.1, an overview of the different experiments carried out in the optimization 

program is given. 

 

Table 5.1: Overview of the experiments conducted in the Optimization model 

Interest rates Land size  HH size Financial capital US$ 

5% Smaller landholder FHS - 1/2ha 1 member  800 

   3 500 

  4 members  800 

     3 500 

 Bigger landholder FHS - 4ha 1 member  800 

   3 500 

  4 members  800 

     3 500 

15% Smaller landholder FHS - 1/2ha 1 member  800 

   3 500 

  4 members  800 

     3 500 

 Bigger landholder FHS - 4ha 1 member  800 

   3 500 

  4 members  800 

      3 500 

25% Smaller landholder FHS - 1/2ha 1 member  800 

   3500 

  4 members  800 

     3 500 

 Bigger landholder FHS - 4ha 1 member  800 

   3 500 

  4 members  800 

      3 500 
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The idea behind the use of the optimization model under different constraints is to 

recognize the conditions in a FHS that could determine the selection of a production 

system. The data employed to develop the different constraints for each FHS are detailed 

in Section 5.1.4 and summarized in Table 5.2.  

 

Table 5.2: Characteristics of the designated FHSs 

 FHS1 FHS2 FHS3 FHS4 FHS5 FHS6 FHS7 FHS8 

Land (ha) 0.5 4 0.5 4 0.5 4 0.5 4 

Labor (days) 176 176 587 587 176 176 587 587 

Financial capital (US$) 800 800 800 800 3500 3500 3500 3500 
25% caloric requirement 
(kcal/year) 184 781 184 781 835 850 835 850 184 781 184 781 835 850 835 850 
Minimum amount needed 
for home consumption ($) 720 720 1440 1440 720 720 1440 1440 

 

The data calculated for the production systems (Section 5.1.3 and Appendix 5) involves 

a number of fixed input values. Variations in the climate (regionally and/or nationally), 

physical access, market conditions such as supply and demand of products and labor, have 

an effect on the wages and output quantities and prices of the main production systems, 

consequently altering the outputs of the present model. To assess how the range of 

variation in the input values impact on the output (Morgan et al., 1992) and to identify the 

most important inputs, sensitivity analyses and more specifically nominal range 

sensitivity analyses were conducted.  

The parameters selected for the first sensitivity analysis related to the climate 

variations were the production outputs of two of the main climate sensitive products 

namely agricultural crops and pastures (identified in the 30 semi-structured interviews). 

With climate scenarios indicating increases in the variability of frost events and a 

reduction in the precipitation in the Achamayo Watershed (Section 2.3.4) and with 

farmers’ perceptions supporting these models (Section 3.2.1), it is expected that the 

productivity of the most climate susceptive production systems will be negatively affected.   

Therefore, two scenarios were arbitrarily selected assuming an average loss of a third 

of the production (in-depth interviews), occurring every 4th year and every 2nd year. As 

these extreme events cannot be predicted, the selection of specific years for their 

occurrence was unadvisable and thus a yearly average loss on the sensitive production 

systems was applied. Therefore, annual losses of 8.33% and 16.67%, respectively, in 

systems involving agricultural and cattle pasture production were independently 

calculated during their productive years. Correspondingly, annual losses also impact food 

energy production for the relevant production systems, which values were also calculated 

(Tables A22 to A25 in Appendix 8). As discussed also with local farmers (semi-structured 
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interviews), extreme events did not affect in a perceptible manner the growth of trees, and 

thus variations in their production outputs and net revenues were not included in the 

model.  

The parameters selected for the second sensitivity analysis related to the variations in 

the physical access and market conditions were the prices of the main outputs products 

as well as the daily agricultural wages. Therefore, lower and upper boundaries were 

arbitrarily selected for each of the parameters by multiplying the inputs’ most likely value 

(or baseline scenario) by a set factor of ± 20%, representing the possible range of the 

input. Wage changes correspond to the different wage conditions found in the research 

area, with higher wages in the more accessible communities. Price variations were also 

included in order to better understand their consequences in the allocation of FHSs’ 

resources. Market variations do not take place in an individual place but simultaneously 

for different products, and often, in combination with variation in wages and off-farm 

labor supply and demand. However, in order to limit complexity, optimization 

experiments were restricted to include singular changes individually, and thus did not 

consider simultaneous changes in the output product prices and wages for the alternative 

production systems.  

 

5.1.3 Production systems  

 

The present research uses findings related to current practices carried out by farmers 

in the different production systems to elaborate the defined production cycles. In order to 

simplify the discussion and analysis, the number of production systems possibilities was 

reduced to a reasonable and feasible amount. For this purpose, 15 different production 

cycles were selected. The main staple crop which in this case was the commercial potato 

and tree species which was Eucalyptus globulus were selected by farmers through ranking 

exercises during the community workshops. Besides the ranking method, the presence of 

eucalyptus as tree species and potato as staple crop is well established and common 

denominator in the Andean region. The same is true for livestock production, whereas 

cattle is produced entirely for commercial purposes, other livestock such as swine, 

chickens and guinea pigs are more associated with own consumption in the study area. 

Alpaca was not raised among the assessed FHS but was present in communal land. 

Similarly, although sheep were raised by the FHS and were to some extent used for 

commercial purposes these were not further included in order to avoid complexity in the 

analysis. In addition, both the agricultural crop cycle and the agroforestry cycle followed 

the traditional rotation system adopted by Andean farmers. 

Agricultural systems were observed to follow a cycle of different annual crops followed 

by a period of fallow that lasted between three to four years. Moreover, pastures were 

sown in particular plots where irrigation was available. The main purpose for this activity 

is to provide cattle with forage. Cattle are commonly kept around eight years in the FHS 
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before selling them, the production cycle of this system was thus determined at eight 

years. Finally, trees or more specifically eucalyptus trees were harvested after a period of 

16 years in average, although some farmers occasionally used smaller individuals for 

firewood production or kept them for longer periods of time for inheritance or insurance 

purposes.  

However, studies in the Mantaro valley, near the research site, revealed optimal rotation 

ages for eucalyptus plantations of between 15 and 23 years depending on soil conditions 

(David & Ca rdenas, 1979). Further studies (in the same area) on the land expectation 

value using the Faustmann’s formula in eucalyptus plantations with similar objectives 

determined that, using a discount rate of 10%, plantations become profitable from the 

16th rotation year (Candela & Gonzales, 1984). Therefore, considering these aspects, the 

model was adjusted to optimize the selection of production systems with a planning 

horizon of a single cycle of 16 years of length. 

In addition, during the field laboratories, a strong interrelation among the different 

production systems was found. This supports the reason behind the use of FHS as a unit 

for financial analysis. Livestock can be used to plough, to transport FHS’s outputs 

including firewood, and to provide manure. Crops contribute with residues that can be 

used as fodder, grains for small livestock, irrigation and fertilizers applied in the field 

contribute also to the faster growth of trees in agroforestry and silvopastoral systems. 

Moreover, depending on the species, trees can contribute to improve the microclimate 

conditions for crops reducing negative effects from frosts and droughts and deliver fodder 

for livestock i.e. in the case of adler trees. All these benefits, however, are seldom 

calculated in a monetary form, mainly because they present very variable and little 

predictable profits to the FHS and they often need a production-based approach for 

assessing their indirect use. Nevertheless, as assessed in the present research and detailed 

in Argumedo & Wong (2010), manure production, usually obtained from family livestock 

or from livestock belonging to other families of the community, is perfectly measurable 

and considered as an important output, and therefore its contribution is included in the 

calculations. 

All data used for calculating the revenues and expenditures of the 15 production 

systems were provided by farmers during 11 in-depth interviews. Expenditures and 

revenues were calculated using an average of the results obtained from the above-

mentioned assessed plots. Expenditures include all costs including non-family labor. 

Revenues are the gross income - calculated annually by summing cash and in-kind income 

(valued at their opportunity cost) - so that net incomes represent net farm earnings. 

Production output prices were provided both by farmers and local markets at the time of 

the study, but did not take in account the price fluctuations during the year. These amounts 

are presented in US dollars and in hectares. One “saco” or sack (1/12 or 0.083̂ ha) is the 

unit of surface most commonly used by farmers in the Andes and often represents the size 

of a production system. Therefore, most cash flows were based on 0.083̂ ha plots. Table 

5.3 presents the cash flow of the agricultural production system used for the net present 
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value calculation.  More detail on each step of the production cycle expenses and revenues 

together with specific details on the cash flows of the 14 additional alternative production 

systems are provided in Appendix 5.  

 

Table 5.3: Cash flow of the agricultural production system (per 0.083̂ ha, in US$)  

   Agricultural production system  

 PS1 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 

Year 0 Potato   336 -336 4 

Year 1 Ulluco 234 142 92 9 

Year 2 fava beans 240 5 235 2 

Year 3 cereals (oats / barley) 55 19 36 2 

Year 4 Fallow 47 0 47 0 

Year 5 Fallow 11 0 11 0 

Year 6 Fallow 11 0 11 0 

Year 7 Fallow 11 0 11 0 

Year 8 Potato 11 176 -165 4 

Year 9 Ulluco 234 142 92 9 

Year 10 fava beans 240 5 235 2 

Year 11 cereals (oats / barley) 55 19 36 2 

Year 12 Fallow 47 0 47 0 

Year 13 Fallow 11 0 11 0 

Year 14 Fallow 11 0 11 0 

Year 15 Fallow 11 0 11 0 

Year 16  126  126  

 

In addition, the research acknowledges the value of the land and its variation in time. 

The latter was calculated following the annual population growth rate of these 

communities that is in the order of -2% (INEI, 2011). The average initial land value was 

160$ per 0.083̂ ha. In addition, the land used with forestry systems had a higher final value 

calculated on the basis of the costs avoided by farmers on the reestablishment of future 

tree plantations, on account of the coppicing capacity of eucalyptus trees. In the year 16, 

the amount of 168.48$ per 0.08 3̂  ha was calculated, during in-depth interviews, as 

avoided costs because farmers do not incur in further expenses for tree seedlings as 

eucalyptus trees coppice. Additional variations were assumed to be zero for the 

calculations. The main reason behind this is that the variation of land prices is higher (due 

to changes in the market) and more unpredictable than their changes due to soil 

conditions. The latter variation cannot, as now, be foreseen in the study area and therefore 

a null variation has been assumed.   

The sharecropper systems PS8 – PS11 (Tables A12 - A15 in Appendix 5) were further 

calculated from the previous arrangements with the peculiarity that although investments 

were similar, slightly lower labor (HH and wage labor) was used for harvesting as only a 
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portion of the yield was harvested by the farmer. Similarly, the income was reduced to the 

same proportion as yields i.e., 75% for agricultural systems and 50% for pasture and 

forestry systems. As in case of PS8 – PS11, the opposite was calculated in the cases were 

farmers shared their own land for sharecropping as observed in PS12 – PS14, where 

incomes represent 25% for agricultural systems and 50% for pasture and forestry 

systems. Agroforestry and silvopastoral systems were not included as sharecropper 

systems in order to simplify calculations and because revenues from trees are not kept by 

the cropper. The basis of the agreements for all sharecropping systems (PS8 – PS14) were 

reported by farmers during the in-depth interviews. The cash flow presented in Table A19 

(in Appendix 5) depicts the systems (PS15) where farmers were unable to farm their land, 

or chose purposively not to do so.  

In spite of the fact that sharecropper systems (PS8 – PS11) have no land investments, no 

restrictions were included in relation to their potential extension. The main reason behind 

this is that the HH labor and own financial capital of the designated FHSs (Table 5.2) 

constrain the farmer to engage in sharecropper systems to an extension that is far below 

the amount of land available in neighboring farms for these purposes.  

From these cash flows, the requirements for initial investment, HH labor, minimum 

area (in case of livestock production systems), as well as the net present value calculated 

from the net incomes, were used as inputs for the linear programming optimization 

model.  

 

5.1.4 Constraints 

 

5.1.4.1 Labor  

In the assessed communities the labor market conditions are poor. In addition, due to 

the seasonal character of the agricultural calendar, labor demand is not always present 

and thus, does not match the labor supply available in these communities. Farmers are 

often forced to migrate to meet their employment needs, which in turn impacts on the 

labor force available and wages in the area. Therefore, farmers avoid depending on wage 

labor for most of their farming activities. In fact, the assessed farmers expressed that the 

presence of a HH member in most on-farm activities was deemed necessary.  

In view of that, it is clear that HH labor and wage labor are not fully substitutable and, 

hence, in the present model HH labor was assessed independently from hired labor. The 

latter was included as expenditures for the different production systems. As 

aforementioned, HH labor depends on the HH size and composition. Two HHs were 

deliberalely adopted from the reality as test samples for the experiments. HH1 is 

composed by one female member with 65 years of age and HH2 is composed by a 32-year 

old couple with one male (aged 14 yrs.) and one female (aged 7 yrs.) children. To calculate 
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the labor availability, HH members were converted into adult equivalents, for which the 

labor capacity of children and other members were calculated in Table 5.4 using the Table 

A20 in Appendix 6. The rate of boundary activity was presented per age cluster and 

residence area (rural in this case) for the less industrialized countries of Latin America 

(including Peru). This was later combined with the occupation per week of Peruvian 

farmers (Dí az et al., 2010) calculated as 36 hours/week for female farmers and of 47 

hours/week for male farmers. Although some activities are exclusive to some HH 

members depending on their age and gender due to differences in physical demands, 

these differences are not accounted for by the conversion.  

Furthermore, practices of labor exchange were assumed as HH labor as this activity is 

carried out as a mutual help among neighboring HHs, where farmers are expected to 

return the favor.  

 

5.1.4.2 Caloric requirements 

As observed in the optimization model, to ensure food security in the HH, a minimum 

partial amount of food production needed to cover the caloric requirements of a specific 

HH was calculated and included as condition or constraint in the model, prior to optimize 

the use of the different production factors. Even if these calories could be substituted by 

alternative products supplied in the local market, independently of their opportunity 

costs, farmers traditionally favor the consumption of their own agricultural production. 

Different motivations other than custom are leading farmers to continue with this practice 

such as direct food availability for consumption, without being exposed to market risks, 

and confidence in the quality of their own products. Although this practice reflects 

farmers’ subsistence economy, as market penetration increases in the research area, 

provision through the market is favored over own consumption, making FHSs’ more 

oriented towards commercial production (Mayer, 2002). This takes place especially where 

the level of market consumption of neighboring HHs are in average higher even affecting 

their subjective welfare (Fafchamps & Shilpi, 2008). Consequently, based on market 

economy principles, the model’s objective function considers investments in own financial 

capital, land and HH labor as well as the sum of the net present values of all production 

systems, while having the minimum food requirements for HH consumption as a 

constraint. 

To calculate the nutritional needs of the HH so as to ensure food security, the caloric 

requirements of the rural population of Peru were obtained from the National Health 

Institute (MINSA, 2012; Appendix 7) and then computed for both HHs in Table 5.4. Potato 

actually contributes to an average of 17.7% of the calories intake per day in rural Andean 

HHs with an average consumption of 495 g/day per adult equivalent (Rose et al., 2009). 

Therefore, and to ensure the caloric requirements of farmers the present calculations 

assume deliberately the coverage of 25% of the calories intake for the whole HH.  

In order to calculate the caloric production of the agricultural and agroforestry 
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production systems, the two main staple crops were taken into consideration. As potatoes 

and ullucos grow together in a same 8-year rotation system (Table 5.3), in order to 

correspond with the rotation system each crop and its output was divided in eight parts. 

Other crops in these systems such as fava beans are not considered in the calculations but 

rather assumed to contribute to the fulfillment of the requirements mainly whenever the 

production of the main staple crops is at risk e.g. after frost and/or drought events. Potato 

yields, producing 1 300kg/0.083̂ ha and with 0.97kcal/g (MINSA, 2009) in the study area, 

and ulluco with yields of 1 200kg/0.083̂  ha and 0.62kcal/g (MINSA, 2009), were then 

computed adding up to a total amount of 250 625kcal/0.083̂  ha/year for agricultural 

production system (PS1). Following the same criteria, and in accordance with the 

calculations presented in Appendix 3 for PS2, where the agricultural output in agroforestry 

systems was 37% lower than the previous system, the total caloric production of PS2 was 

of 157 894kcal/0.083̂ ha/year. As observed in Table A12 of Appendix 5, the sharecropper 

system PS8 does not follow the same cycle as it is only employed for the production of 

these two staple crops and therefore produce in combination a total of 100 

2500kcal/0.083̂ ha/year. Finally, PS12 only benefits from 25% of the production outputs 

and therefore a total of 62 656kcal/0.083̂ ha/year was calculated. 

 

5.1.4.3 Household expenditure 

Revenues from the assessed production systems generated by the FHS could be 

allocated (as depicted in the theoretical framework, Figure 2.3, p. 17) as: (1) investments 

to maintain or enhance the livelihood assets base (savings), (2) being consumed as food, 

clothes, and all the other goods and services that contribute to the material quality of life 

of the HH, (3) re-circulated as inputs into livelihood activities, or (4) cover payments such 

as taxes and interest on loans (Todd et al., 2003). As investments in the production 

systems are already included in the cash flows and social payments are almost inexistent 

in the study area, minimum yearly expenditures needed for home consumption were 

calculated depending on the HH size. The idea behind the present constraint is to provide 

farmers with means to secure their livelihoods in a sustainable manner.  

The data obtained through the 11 in-depth interviews from actual HH expenditures 

was more related to the own financial capital (including remittances) available in the HH 

than to the HH size. For that reason, the average per capita income in the study area 

(approximately $80/month, see population description in Section 2.3.6, p. 43) was 

selected as the scale that reflect the local conditions for minimum expenditure needs for 

HH1. Therefore, the 75% of this average was deliberately selected as the minimum 

required for HH consumption, thus for HH1 a $720/year was calculated. For HH2 the 

minimum amount was calculated based on the local familiar income of $180/month (see 

population description in Section 2.3.6, p. 43). As the average HH in the study area is 

composed of more than two adults (2.25) the income was modified to fit the present HH 

size. Following the same procedure as for HH1, the minimum required for consumption in 
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HH2 was calculated to be of $1440/year (see calculations in Table 5.4).  

 

Table 5.4: Constraints dependent on the HH size  

 Labor availability  Caloric requirements Minimum expenditure 

 Labor in hours/week 
Labor in 

days/year* 
Kcal/day  

1/4 

kcal/year** 
Home consumption 
needs in US$ / year 

HH1          

1 woman 65 
y/o 

36h x 75% 
occupation 

176 2 025 184 781 960 x 0.75 = 720 

HH2          

1 man 32y/o 47h x 97.4% 298 2 836 

835 850 
      2160 x 0.75 = 1 440 
             1.125 

1 woman 32 
y/o 

36h x 97.4% 228 2 216 

1 man 14y/o 47h x 20% 61 2 534 

1 woman 7y/o - - 1 574 

*assuming 8h per day; **assuming a coverage of the 25% of the HH’s caloric requirements  

 

5.1.4.4 Land available 

One of the most important features regarding the land in a FHS, besides their area is its 

site characteristics. This is mainly defined by their physical access and distance to 

markets, altitude, temperature and frequency of frosts, rainfall pattern and 

evapotranspiration ratio, slopes and soil characteristics. Classified in agro-ecological 

zones, and described in detail in Section 2.3.3, the main consequences of these 

characteristics are the natural limitation for production alternatives, productivity and 

higher transaction costs due to their limited accessibility. This diverts the little demand 

for land towards more appealing areas. In addition, the land market in the study area is 

not well developed and presents little activity mainly because of the aforementioned 

characteristics. Additional transaction costs for the transfer of land titles, including 

bureaucracy and time spent until finding an offer and selling the land, avert farmers to 

enter and be active in the land market. Therefore, land as a factor of production is not 

included in the model as a substitutable resource but as a constraint for each FHS.  

Biophysical conditions differ along the Achamayo watershed affecting the viability, 

presence and productivity of most production systems. For that reason they were 

segregated in a number of agro-ecological zones (Section 2.3.3). The model limited the 

number of production alternatives to the ones available in the intermediate agro-

ecological zone. This was selected to limit the scope of the research and to guarantee the 

viability of the outcomes given by the model, but more importantly, to reduce the 

variability in the production outputs of each alternative affected by their different 

biophysical conditions. Nevertheless, slopes, microclimate and soil characteristics still 

differ, although slightly, amid landholdings located in the intermediate agro-ecological 

zone. Therefore, variations of the individual input and output values calculated from the 
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assessed production systems were averaged before being introduced in the model. 

Different productivity levels linked to a variation in the soil characteristics were not 

included in the present simulations.  

Small-scale farmers in the research area have very limited access to land with, in 

average, less than 2 ha per FHS (see Table 3.7). As a basic resource and factor of 

production, this limitation directly influences farmers’ income and welfare. For the 

simulation experiments, two boundaries taken from the assessed FHSs were considered: 

a lower of 0.5 ha for smaller landholdings and a higher of 4 ha for larger landholdings, 

both present in Tables 5.1 and 5.2.  

Although communal land is present, which also adds to FHS,’s assets, and therefore 

considered in the final discussions, these were not included in the model’s calculation. The 

rationale behind this was not only the lack of agricultural activities with commercial 

purposes in communal land operated by single HHs, but also because of the lack of 

communal land present in the intermediate agro-ecological zones. In addition, the rather 

small extensions of land from these communal territories handed over to farmers were 

exclusively used for growing native crops for own consumption (Mayer & Glave, 1999). 

Furthermore, grazing in communal land was not available to all assessed FHSs, therefore 

calculations related to this activity did not include communal land.  

 

5.1.4.5 Financial capital available 

As farmers do not draw up budgets or have financial records, information on the own 

financial capital available for investing in the FHS was calculated from the sum of 

investment expenditures on the FHS made by farmers in the last agricultural calendar 

year. The data were collected from the mentioned key FHS cases during the in-depth 

interviews with farmers. Finally, own financial capital of $800 (US dollars) and $3500 

were finally purposively designated for the FHSs’ test samples, these values represent 

approximately the lower and the upper bounds of the expenditures in the assessed FHSs 

(in-depth interviews).  

The previous considerations are presented in Tables 5.1 and 5.2.  

 

 

5.2 Results 

 

5.2.1 Model 
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First of all, Table 5.5 presents the input data of requirements and outputs of the 15 

production systems that were used to run the simulation tests in the linear programming 

optimization model. Once the data was analyzed under the model conditions, outcomes 

show that farm household systems (FHSs) 1, 3 and 7 do not present a feasible solution 

where all constraints are satisfied. This, as presented in the subsequent Tables 5.6 to 5.8, 

is a constant that is not prone to vary with the modifications adopted throughout the 

present assessment.  

Secondly, not all production systems were part of the feasible solutions among the 

assessed FHSs. Silvopastoral systems with both Creole and Brown cattle failed to appear 

in the outcomes, denoting that these systems are not optimal livelihood activities for 

farmers of the selected communities, under the normal conditions considered in the 

model. 

In order to validate the model, outcomes from the model, using interest rates between 

5 and 20%, were compared with empirical data i.e., HH characteristics and land uses of 

the assessed case studies. An average of 3.9 members per HH was found with 2.4 adults 

with 48.55 years and 1.5 children under 15 years of age, with an average per capita income 

of 58$/month and 1.83 hectares of land. Using the same conversion principles as in Table 

5.4 the constraints of the average HH were the following:  

- HH Labor availability: 638 d/year 

- HH Financial capital available: 2714$/year 

- HH Land available: 1.83 ha 

- HH Caloric requirement:  814954 Kcal/year 

- HH Minimum expenditure: 1300 $/year  

 

 

Figure 5.2: HH land use comparison with empirical data for model validation 
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These constraints were introduced in the model and outcomes were compared to the 

current land use of the case studies (Figure 5.2). Fallow values were added to non-used 

land.  

Whenever the optimal solutions where contrasted with the existing case studies, 

outcomes using a discount rate of 15% were found closer to reality. This is supported by 

Kapp (1998), who stated that discount rates of 15% are commonly used in farm forestry 

projects. Therefore, further sensitivity analyses carried out in this research were adjusted 

to compute optimal solutions at a discount rate of 15%, which proved to be more in 

accordance with reality. 

Consequently, and although model outcomes do not fully reflect the exact values for 

land use in the assessed case studies, their values are similar enough to consider the 

model as valid for the specific above-described conditions. It is important to keep in mind 

that one of the objectives of elaborating the present model is to keep its simplicity to 

facilitate small-scale farmers’ understanding and its replicability for future applications, 

both of which require coarser outcomes, compromising the model accuracy. 
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Table 5.5: Requirements and outputs of the different decision variables (production systems) used for the optimization model (for 1 ha) 
  

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 Agricultural Agroforestry 
Pasture 
- Brown 

cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop - 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 
 
Land req. (ha)  1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 

Cash req. ($)  2112 1452 2016 1391 1565 1098 444 1356 1142 917 444 0 0 0 0 

Labor req. (days)  108 68 219 157 302 207 60 48 110 151 60 48 48 0 0 

Caloric prod. (kcal)   3007500 1894728 0 0 0 0 0 12030000 0 0 0 751872 0 0 0 

Net incomes q=1 ($) 1103 695 -357 -225 -257 -160 0 -397 -312 -262 0 465 336 0 128 

Net incomes q=2 ($) 2822 1778 -357 -225 -257 -160 0 617 -312 -262 0 659 336 0 128 

Net incomes q=3 ($) 433 273 -357 -225 -257 -160 0 -397 -312 -262 0 128 336 0 128 

Net incomes q=4 ($) 560 353 2529 1593 2062 1289 0 617 1131 897 0 128 336 0 128 

Net incomes q=5 ($) 128 81 4188 2638 3372 2108 0 -397 1960 1552 0 128 336 0 128 

Net incomes q=6 ($) 128 165 4188 2718 3372 2188 240 617 1960 1552 240 128 336 0 128 

Net incomes q=7 ($) 128 81 4188 2638 3372 2108 0 -397 1960 1552 0 128 336 0 128 

Net incomes q=8 ($) -1985 -1351 4305 2712 4207 2630 0 617 2019 1970 0 128 336 0 128 

Net incomes q=9 ($) 1103 695 -357 -225 -257 -160 0 -397 -312 -262 0 465 336 0 128 

Net incomes q=10 ($) 2822 1862 -357 -145 -257 -80 240 617 -312 -262 240 659 336 0 128 

Net incomes q=11 ($) 433 273 -357 -225 -257 -160 0 -397 -312 -262 0 128 336 0 128 

Net incomes q=12 ($) 560 353 2529 1593 2062 1289 0 617 1131 897 0 128 336 0 128 

Net incomes q=13 ($) 128 81 4188 2638 3372 2108 0 -397 1960 1552 0 128 336 0 128 

Net incomes q=14 ($) 128 81 4188 2638 3372 2108 0 617 1960 1552 0 128 336 0 128 

Net incomes q=15 ($) 128 81 4188 2638 3372 2108 0 -397 1960 1552 0 128 336 0 128 

Net incomes q=16 ($) 1518 7870 7711 11781 7164 11399 22612 1976 3161 2887 9600 1518 1726 13012 1518 

NPV ($) r=5% 3254 4433 80415 95973 42457 52215 8325 321 73362 38051 4284 1449 2358 4041 108 

NPV ($) r=10% 1619 1727 45659 50435 23908 26878 2789 -392 42913 22194 1877 476 1011 912 -613 

NPV ($) r=15% 609 316 25551 25319 13203 13020 219 -769 25304 13050 749 -88 229 -530 -1007 

NPV ($) r=25% -537 -960 5240 1390 2425 -38 -1635 -1112 7560 3875 -81 -672 -575 -1554 -1382 
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5.2.2 Interest rates 

 

5.2.2.1 Interest rates of 5% 

First of all, the incorporation of trees, as in agroforestry and forestry systems including 

the land leased-in and leased-out for sharecropping for this purpose, is part of the optimal 

solution for every FHS. Forests make up about 50 to 85% of the share of land invested in 

all FHSs but for FHS4. 

In addition to the above-mentioned silvopastoral systems, alternatives with leased-in 

land for sharecropping arrangements with both Creole and Brown cattle failed to appear 

in the outcomes of the model. The same is true for the fallow land left without production 

(Table 5.6).  

Table 5.6: Results of the optimization model used for the different FHSs (in ha, for 
r=5%) 
   Financial capital of 800$  Financial capital of 3500$ 

   HH size: 1 
member 

HH size: 4 
members 

HH size: 1 
member 

HH size: 4 
members 

  Land size 1/2 ha 4 ha 1/2 ha 4 ha 1/2 ha 4 ha 1/2 ha 4 ha 

Production system FHS1 FHS2 FHS3 FHS4 FHS5 FHS6 FHS7 FHS8 

PS1 Agriculture - -  - 0.10 0.09 -  - -  

PS2 Agroforestry - 0.06 - - 0.083̂ 0.23 - 0.27 

PS3 Pasture - Brown cattle - - - - 0.33 0.33 - 0.33 

PS4 Silvopasture - Brown cattle - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.21 - - - - 

PS6 Silvopasture - Creole cattle - - - - - - - - 

PS7 Forest - 1.24 - - - 1.38 - 0.18 

PS8 Sharecrop - Agriculture - 0.01 - - - - - - 

PS9 Sharecrop - Brown cattle - - - - - - - - 

PS10 Sharecrop - Creole cattle - - - - - - - - 

PS11 Sharecrop -  Forest - - - 0.61 1.39 - - 5.34 

PS12 
Given to sharecrop - 
Agriculture 

- - - 1.37 - - - 2.79 

PS13 Given to sharecrop pasture  - 1.94 - 2.32 -  - - 0.42 

PS14 Given to sharecrop -  Forest - 0.77 - - - 2.06 - -  

PS15 Fallow left without production - - - - - - - - 

Maximum net present value ($) - 18234 - 13935 13274 27498 - 37309 

 

Differences between small and larger landholdings FHSs (i.e. FHS5 and FHS6) show 

that the former invest more in leased-in sharecrop forest plantations than in own forest 

plantations, because of the financial capital and HH labor at their disposal but limited land 

availability to invest. For FHS6, the land that cannot be used by the HH, due to a lack of 

labor and financial capital, is leased-out for sharecropping for forest plantation purposes.   
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When comparing HH sizes between single members and large family FHSs (see FHS2 

and FHS6 versus FHS4 and FHS8) it becomes apparent the increase in food producing 

activities to cover their caloric requirements of the latter, in place of allocating their land 

– or leasing-out their land - for afforestation purposes they leased-in land for 

sharecropping for forest plantations purposes. 

Finally, whenever farmers have larger areas of land at their disposal, approximately 

50% or more of their land is given to other farmers for sharecropping. Moreover, under 

the presented conditions, FHSs take in land for sharecropping almost solely for 

afforestation purposes, independently of the amount of land owned.  

 

5.2.2.2 Interest rates of 15% 

Firstly it is important to address the fact that own forests no longer appear as part of 

the optimal solutions, whereas leased-in land for forest plantations in a sharecropping 

arrangement is now only part of the optimal solution for FHS4 and FHS5, denoting also a 

drastic reduction (Table 5.7).  

Table 5.7: Results of the optimization model used for the different FHSs (in ha, for 
r=15%) 
   Financial capital of 800$  Financial capital of 3500$ 

   HH size: 1 
member 

HH size: 4 
members 

HH size: 1 
member 

HH size: 4 
members 

  Land size 1/2 ha 4 ha 1/2 ha 4 ha 1/2 ha 4 ha 1/2 ha 4 ha 

Production system FHS1 FHS2 FHS3 FHS4 FHS5 FHS6 FHS7 FHS8 

PS1 Agriculture - - - 0.15 0.25 - - 0.61 

PS2 Agroforestry - - - - - - - - 

PS3 Pasture - Brown cattle - 0.33 - - - 0.67 - - 

PS4 Silvopasture - Brown cattle - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.21 0.21 - - 1.25 

PS6 Silvopasture - Creole cattle - - - - - - - - 

PS7 Forest - - - - - - - - 

PS8 Sharecrop - Agriculture - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - 0.67 - - - 

PS10 Sharecrop - Creole cattle - - - - - - - - 

PS11 Sharecrop -  Forest - - - 0.28 0.17 -  - - 

PS12 
Given to sharecrop - 
Agriculture 

- 0.71 - 0.53 -  0.27 
- 

0.89 

PS13 Given to sharecrop pasture  - 1.49 -  3.12 0.04 0.37 - 1.25 

PS14 Given to sharecrop -  Forest - 1.47 - - - 2.69 - - 

PS15 Fallow left without production - - - - - - - - 

Maximum net present value ($) - 1631 - 2070 3500 2896 - 7181 

 

On the other hand, the share of PS14 has dramatically increased for FHS2 and FHS6, 

suggesting that leasing-out land for sharecropping with forest plantations has more 

benefits than investing on their own land for the same purposes. In addition, every FHS 
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present as part of their optimal solutions brown (for single member FHSs) or creole (for 

large family FHSs) cattle pasture systems, as well as leased-out land for sharecropping 

with pasture systems. 

With the present interest rates, trees come as optimal solution, mainly for single-

member FHSs such as FHS2 and FHS6, with little HH labor available and limited food 

requirements. The outcomes provided by the model for these FHSs include mainly leased-

out land for sharecropping with forest plantations as optimal investment option. 

Agroforestry systems are no longer part of the optimal solutions compared to the 

outcomes with interest rates of 5%. Hence, as agroforestry systems are no longer part of 

the optimal solutions for farmers, food requirements for the different FHSs are now being 

provided by the model through agricultural systems and PS12. 

Oppositely, the share of cattle pasture systems increased with increasing interest rates 

(r=15%), mainly for PS5 and PS9, making them part of the optimal solutions for every 

assessed FHS. The already mentioned increases for PS13 and PS14 make land leased-out for 

sharecropping contracts a more favorable investment option under these conditions. 

Nevertheless, this shift related to higher discount rates does not come without 

consequences as maximum net incomes reduce drastically, at least 70% in all cases, when 

compared to the maximum net incomes with interest rates of 5%. 

 

5.2.2.3 Interest rates of 25% 

        A further step away from incorporating trees in their systems is observed with 

higher interest rates, where not only forestry systems but also PS2, PS11 and PS14 are no 

longer part of the optimal solution provided by the model, for none of the assessed FHSs 

(Table 5.8).  

Due to the large number of production systems that have negative NPVs under this 

interest rate, optimal solutions for more than 50% of the share of land in larger 

landholdings FHSs (4ha) resulted in land allocated for sharecropping arrangements 

leased-out to other farmers mostly for agriculture and pasture purposes. This denotes a 

clear increase in the shares of single-member FHSs, with 0% of their land allocated for 

own production.  

Additionally, these single-member HHs with larger landholdings (FHS2 and FHS6) are 

provided with a new solution, namely the land fallow left without production, which is 

first included among the results indicating that once HH labor is exhausted in less 

unfavorable activities while covering HH requirements, the former becomes the next best 

option over alternative productive purposes, avoiding the investment of any further basic 

resource available in the FHS. This becomes clearer when the maximum net incomes are 

taken into consideration (Table 5.5).   
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Table 5.8: Results of the optimization model used for the different FHSs (in ha, for 
r=25%) 
   Financial capital of 800$  Financial capital of 3500$ 

   HH size: 1 
member 

HH size: 4 
members 

HH size: 1 
member 

HH size: 4 
members 

  Land size 1/2 ha 4 ha 1/2 ha 4 ha 1/2 ha 4 ha 1/2 ha 4 ha 

Production system FHS1 FHS2 FHS3 FHS4 FHS5 FHS6 FHS7 FHS8 

PS1 Agriculture - - - 0.213 0.292 - - 0.608 

PS2 Agroforestry - - - - - - - - 

PS3 Pasture - Brown cattle - - - - - - - - 

PS4 Silvopasture - Brown cattle - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.208 0.208 - - 1.25 

PS6 Silvopasture - Creole cattle - - - - - - - - 

PS7 Forest - - - - - - - - 

PS8 Sharecrop - Agriculture - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - 0.667 - - - 

PS10 Sharecrop - Creole cattle - - - - - - - - 

PS11 Sharecrop -  Forest - - - - - - - - 

PS12 
Given to sharecrop - 
Agriculture 

- 0.246 - 0.258 - 0.246 - 0.889 

PS13 Given to sharecrop pasture  - 3.439 -  3.320 - 3.439 - 1.252 

PS14 Given to sharecrop -  Forest - -  - - - - - - 

PS15 Fallow left without production - 0.315 - - - 0.315 - - 

Maximum net present value ($) - -2577 - -1944 675 -2577 - -432 

 

For both FHSs, solutions are identical despite their differences, denoting that under 

some circumstances the financial capital (in this case 800$ for FHS2) is not the main 

constraint among FHS’s factors of production in order to improve farmers’ future incomes. 

As a matter of fact, the model did not make use of the FHSs’ initial cash available for their 

optimal solutions.  

Under these interest rates maximum net present values become negative in all cases 

except for FHS5. The latter, presenting the least amount of land available, depicted the 

slightest decline in the maximum net present values when shifting interest rates from 5% 

to 25%.  

 

After comparing these with the actual FHS conditions, using the data obtained from the 

in-depth interviews and household surveys so as to validate the model, outcomes differed 

considerably (see Section 5.2.1, Figure 5.2). When analyzed and weighted, the share of the 

different production systems in each assessed FHS, conditions that expressed actual FHSs 

found in the assessed communities were present with interest rates between 5% and 

15%, often closer to the 15% results. Therefore, for the further sensitivity analyses and 

discussions a basis of 15% was employed because its closeness to reality.  
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5.2.3 Sensitivity analyses 

 

In order to carry out sensitivity analyses for variations in wages and output quantities 

and prices of the main production systems, requirements and outputs including the yearly 

net incomes of the different production systems were modified for each analysis 

individually following the proposed procedures. These are presented in Appendix 8. 

Variations in the climate (regionally and/or nationally), physical access, market 

conditions such as supply and demand of products and labor, have an effect on the wages 

and output quantities and prices of the main production systems, consequently altering 

the outputs of the present model. 

 

5.2.3.1 Variations in the climate 

To take into consideration changes related to the increment of extreme events’ negative 

impacts on the production outputs in the model (Tables A22 to A25 in Appendix 8), losses 

in the agricultural and pasture outputs were introduced independently. As a result, the 

distribution among the considered production systems in the resulting optimal solutions 

generated for every FHS vary, but more importantly, revenues are negatively affected in 

different rates (Tables 5.9 and 5.10).     

 

  
 Changes in agricultural outputs 

Once conditions regarding the increment of extreme events affecting specifically the 

agricultural production were included, the maximum net present value outputs decreased 

at higher rate for large family households, namely FHS4 and FHS8, making them more 

sensitive to these changes. Losses of 1/3rd of the production every second year were so 

high that the model could not find a feasible solution where all constraints were satisfied 

for FHS4 (Table 5.9). Nevertheless, on the whole, effects of the changes in agricultural 

productivity are deemed modest.  

 
Table 5.9: Results of the sensitivity analysis used for changes in agricultural outputs 
(r=15%) 
 

    Maximum net present value ($) 
Sensitivity 

index 

    

most likely 
values 

1/3rd loss every 4th  
year 

1/3rd loss 
every 2nd  

year 

Financial 
capital of 

800$ 

HH: 1 member / Land: 4ha FHS2 1631 1514 1452 0.12 

HH: 4 members / Land: 4ha FHS4 2070 1751 - - 

Financial 
capital of 

3500$ 

HH: 1 member / Land: 0.5ha FHS5 3500 3140 2966 0.17 

HH: 1 member / Land: 4ha FHS6 2896 2837 2775 0.04 

HH: 4 members / Land: 4ha FHS8 7181 6369 5939 0.20 
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 Changes in pasture outputs 

Alterations in the outcomes following changes in the pasture outputs as potential 

consequence of climate variations were significantly higher than the previous outcomes 

from changes in the agricultural outputs (Table 5.10). Here again feasible solutions for 

FHS4 were not available under losses of 1/3rd of the production every second year. The 

FHSs with a more limited own financial capital of $800 were more affected and thus more 

sensitive to these changes, followed by the single-member FHSs.  

 
Table 5.10: Results of the sensitivity analysis used for changes in pasture outputs 
(r=15%) 

    Maximum net present value ($) 
Sensitivity 

index 

    

most likely 
values 

1/3rd loss every 4th  
year 

1/3rd loss 
every 2nd  

year 

Financial 
capital of 

800$ 

HH: 1 member / Land: 4ha FHS2 1631 853 416 1.42 

HH: 4 members / Land: 4ha FHS4 2070 1006 - - 

Financial 
capital of 

3500$ 

HH: 1 member / Land: 0.5ha FHS5 3500 2834 2385 0.39 

HH: 1 member / Land: 4ha FHS6 2896 1968 1111 0.91 

HH: 4 members / Land: 4ha FHS8 7181 5970 5156 0.34 

 

5.2.3.2 Variations in the physical access and market conditions  

 Changes in potato prices 

The price per sack of potato (100kg) was in average of $18. Changes of ±20% in the 

prices would affect farmers during 2 years of the production cycle, when potatoes are 

sowed, with lower limits of $14.4/100kg or $187 for the 13 sacks (average yield for PS1), 

and upper limits of $21.6/100kg or $281 instead of average revenues of $234 in years 1 

and 9. For large family households, namely FHS4 and FHS8, the maximum net present 

value outputs are more affected than other FHSs when varying potato prices (Table 5.11). 

This evidences that the former FHSs are more sensitive to potato price changes. Effects of 

the potato price changes are deemed moderate on the whole.  

 
Table 5.11: Results of the sensitivity analysis used for changes in potato prices (r=15%) 
 

    Maximum net present value ($) Sensitivity 
index 

    Lower limit most likely values Upper limit 

Financial 
capital of 

800$ 

HH: 1 member / Land: 4ha FHS2 1514 1631 1754 0.15 

HH: 4 members / Land: 4ha FHS4 1684 2070 2629 0.46 

Financial 
capital of 

3500$ 

HH: 1 member / Land: 0.5ha FHS5 3127 3500 3677 0.16 

HH: 1 member / Land: 4ha FHS6 2837 2896 3043 0.07 

HH: 4 members / Land: 4ha FHS8 6290 7181 8383 0.29 
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 Changes in milk prices 

The price per liter of milk was in average of $0.4 or $1241/yr per each improved cattle 

and $657/yr per each creole cattle. Changes of ±20% in the prices would affect farmers 

during 10 years of the production cycle, when milk is sold. Lower limits are of $0.32/l or 

$993/yr for improved cattle and $526/yr for creole cattle, and upper limits of $0.48/l or 

$1489/yr for improved cattle and $788/yr for creole cattle in years 4-8 and 12-16. In the 

present analysis it becomes evident the effect of the milk prices in the final outputs of the 

model for every FHS. The FHSs which were more sensitive to milk price variations were 

the single-member FHSs, as observed in Table 5.12.  

 
Table 5.12: Results of the sensitivity analysis used for changes in milk prices (r=15%) 
 

    Maximum net present value ($) Sensitivity 
index 

    Lower limit most likely values Upper limit 

Financial 
capital of 

800$ 

HH: 1 member / Land: 4ha FHS2 856 1631 2308 0.89 

HH: 4 members / Land: 4ha FHS4 1670 2070 2711 0.50 

Financial 
capital of 

3500$ 

HH: 1 member / Land: 0.5ha FHS5 2468 3500 4579 0.60 

HH: 1 member / Land: 4ha FHS6 1345 2896 4249 1.00 

HH: 4 members / Land: 4ha FHS8 5963 7181 9344 0.47 

 

 Changes in eucalyptus prices 

The price per eucalyptus tree was in average of $10.67 or $1601 for the 150 trees 

(average yield for PS7). Changes of ±20% in tree prices would affect farmers during the 

last of the production cycle, when trees are harvested. Lower limits are of $8.54/tree or 

$1281 for pure eucalyptus plantations in 0.083̂  ha, and upper limits of $12.8/tree or 

$1920 for 0.083̂ ha, both in year 16. The variation of eucalyptus prices has an effect on the 

maximum net present values of every FHS. In most cases these changes affect more FHSs 

which have a single member and greater extension of land such as FHS2 and FHS6 (Table 

5.13). The swing weight of eucalyptus prices are considered to be modest.  

 
Table 5.13: Results of the sensitivity analysis used for changes in eucalyptus prices 
(r=15%) 

 

    Maximum net present value ($) Sensitivity 
index 

    Lower limit most likely values Upper limit 

Financial 
capital of 

800$ 

HH: 1 member / Land: 4ha FHS2 1339 1631 1932 0.36 

HH: 4 members / Land: 4ha FHS4 2012 2070 2159 0.07 

Financial 
capital of 

3500$ 

HH: 1 member / Land: 0.5ha FHS5 3465 3500 3538 0.02 

HH: 1 member / Land: 4ha FHS6 2345 2896 3447 0.38 

HH: 4 members / Land: 4ha FHS8 7181 7181 7785 0.08 
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 Changes in farm worker wages 

In-depth interviews revealed in average agricultural wages of $8/day in the research 

area. Changes of ±20% in daily wages would affect for example in PS1 expenditures in 

years 0, 1, and 3 (Appendix 5). Lower limits (higher wages) are of $202 per production 

cycle whereas higher limits (lower wages) are of $134 instead of $168 per production 

cycle for PS1. Thereafter, changes in agricultural wage of farm workers do not have a strong 

effect on the maximum net present values (Table 5.14) of farmers. The FHSs which are 

more sensitive to wage variations are the farms with larger-landholdings and large family 

households such as FHS4 and FHS8. 

 
Table 5.14: Results of the sensitivity analysis used for changes in farm wages (r=15%) 

    Maximum net present value ($) Sensitivity 
index 

    Lower limit most likely values Upper limit 

Financial 
capital of 

800$ 

HH: 1 member / Land: 4ha FHS2 1631 1631 1679 0.03 

HH: 4 members / Land: 4ha FHS4 1905 2070 2258 0.17 

Financial 
capital of 

3500$ 

HH: 1 member / Land: 0.5ha FHS5 3250 3500 3672 0.12 

HH: 1 member / Land: 4ha FHS6 2896 2896 3081 0.06 

HH: 4 members / Land: 4ha FHS8 6540 7181 7953 0.20 

 
 

5.2.3.3 Ranking of the outputs’ ranges of variation of the assessed variables 
 

The comparison between the nominal range sensitivity analyses of the agricultural 

output variations and the variations in the pasture outputs (Figure 5.3) shows that the 

ranges of maximum NPV variation are higher when varying the latter values.  
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Figure 5.3: Ranges of NPV variation of the assessed variables related to potential 
variations in the climate 

 

Similarly, when the nominal range sensitivity analyses of the variables related to the 

variations in the physical access and market conditions are compared (Figure 5.4), it can 

be observed that for each of the FHSs the ranges of maximum NPV variation are higher 

when varying the milk price values. The opposite is true for the variation in the daily 

wages of farm workers for FHS2 and FHS6 and for the variation in eucalyptus prices for 

FHS4, FHS5, and FHS8. The rank in descending order of importance, is as follow: variation 

of milk prices, potato prices, tree prices and worker wages. 

 

Figure 5.4: Ranges of NPV variation of the assessed variables related to the variations in 
the physical access and market conditions 
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5.3 Discussion 

 

5.3.1 Cash flows 

 

The information used in the cash flows resulting from the 11 in-depth interviews with 

farmers and presented in Section 5.1.3, Table 5.3 and Appendix 3, are similar to the yields 

(for crops and pastures) presented by the Regional Direction of Agriculture in the same 

district (PSI, 2012). Moreover, previous research on potato production costs in 

Concepcio n reported an economic deficit (UNDP, 2005), making their production non-

profitable for small-scale farmers. The main reason behind this was the higher use of 

fertilizers and the inclusion and conversion of HH labor, estimating their opportunity costs 

by using the farm worker’s wage as a reference. Emphasis was given in the present 

research to avoid the previous conversion as the assumption of having a permanent 

alternative such as to be hired as a wage worker was not realistic in the study area, and 

therefore was kept as a constraint in the optimization model amongst the other factors of 

production. 

In addition, besides the limited productivity in the production factors such as land, 

investment capital, HH labor and management, the low prices of production outputs are 

one of the main determinants that attempt against farmers’ revenues and their 

sustainable livelihoods Carrasco & Tejada (2008).  

Moreover, as farmers have a limited range of farm products to offer, which are harvested 

and offered to the few existing markets in a narrow time window, they are doomed to have 

no say in the price formation (Mayer, 2002). The limited organization added to the lack of 

negotiating power ensures the low market prices of their production outputs, where 

large-scale commercial farmers with higher productivity and lower production costs can 

afford to set low prices in the urban markets.  

Furthermore, the presence of a high number of intermediaries and the large distances 

between the farm and the urban markets where the large demand is located also has an 

influence in the selling prices. In that sense, farmers in the neighboring communities could 

be organized in producer associations to bypass intermediaries and create more favorable 

marketing conditions.  

Although some experts such as Mayer prefer not to include land values into the 

calculations (Mayer et al., 1992) as farmer do not “pay” for the land, some others (Horton 

et al., 1980; Scott, 1985; Kervyn, 1989) prefer to use the opportunity costs to calculate the 

land value. In the present research, and as mentioned in Section 5.3.3, the value of the land 

and its variation were included in the cash flows. However, a distinction between different 

soil conditions and accessibility was not taken into consideration as relaxing the 

assumption that the land is homogeneous would require a more complex model. 
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Moreover, a referential value of land was difficult to establish as there is limited demand 

for leasing land and thus not a perfect market.  

As a consequence, the values used for its calculation, based on in-depth interviews with 

local farmers, might have been overestimated, as only productive and marketable land is 

sought after. As the resulting higher land values might have affected the net present values 

of the different production systems, lower land values weighing up the non-fertile and 

non-marketable soils must be taken into consideration in future cash flows. 

Hypothetical broad calculations on the revenues per day of HH labor were carried out 

for each production system as presented in Appendix 10. Therefore, net present values 

were divided by the number of days of HH labor invested per production system. A clear 

advantage is observed in the values for tree-based production systems with low interest 

rates. These values were largely superior even to daily agricultural wages ($8), although 

this is no longer true with increasing interest rates. Even though for the latter no further 

resources are required, as above mentioned, these are very limited in the study area and 

thus direct comparisons should not be made. Forests plantations in sharecropping 

arrangements (PS11) are still among the best returns per day of HH labor with 15% of 

interest rates. However, because revenues in tree-based production systems come largely 

in the last year of the cycle, their advantage against other production systems are reduced 

drastically with increasing interest rates. Values for tree-based systems are followed by 

values per day of HH labor in cattle-pasture production systems, which become the most 

attractive whenever the interest rates increase.  

5.3.2 Model outcomes 

 

 The previous modifications alter the optimization model outcomes in the share of land 

allocated for a specific production system as part of an optimal solution, such as a 

reduction in the share of land leased-out to other farmers for different purposes with 

lower land values. What is more, changes in the cash flow, such as higher revenues in the 

short term, would also satisfy the constraints of the model for the FHSs whose optimal 

solution were not found (FHS1, FHS3 and FHS7).  

Feasible solutions for these FHSs were not found mainly because of the severe 

constraints on the land available. All FHSs with 0.5 ha did not satisfy all constraint and 

requirements needed by the model, except for FHS5, which had low food and yearly 

income requirements, and could overcome these with the higher amount of initial cash 

available. The same is not true for FHS7 whose higher yearly HH expenditure 

requirements could not be covered with the higher financial capital but little land 

available.  

Tapia in Kuit (1990) established a minimum amount or size for a FHS under which 

capitalization is not possible, namely 4 tons of potato, 1 ton of cereals and 80-100 sheep 

flock that represents approx. 0.67-0.83 has and $4000. However, as observed in the 
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assessed communities, farmers frequently do not reach this threshold, and therefore 

improvements in their revenues are difficult to achieve. Therefore, in resource-scarcer 

FHSs, where model constraints were not satisfied, additional measures have to be taken 

into account. In Section 3.2.7 scenarios with livelihood strategies such as on-farm 

diversification and engagement in off-farm employment activities where provided. 

Although these strategies fall out of the scope of the model, they are often responsible for 

covering the HH basic requirements. This is usually the case with off-farm labor, as 

temporary migration, used as a coping strategy in resource-scarcer FHSs (semi-structured 

and in-depth interviews during field laboratories). Although their access is not ensured, 

temporal migration during low on-farm labor demanding periods tends to be more 

profitable for the HH, as income from these activities is higher than the local farm worker 

wages. 

Some relations between FHS’ land availability and incomes could not be internalized in 

the model, such as the productivity and production costs that are related to the size of the 

farmer’s landholdings. Mayer et al. (1992) stated that this higher efficiency in production 

for larger-scale farmers is usually accompanied with better soil conditions and technical 

support. They went further and argued that investments in farm workers reduce largely 

with larger extensions of land with 45% of the expenditures in plots with under 0.083̂ ha 

of extension and only 28% in plots with 0.33 ha of extension. They finally stated that in 

the Mantaro valley, expenses for small-scale farmer are as much as 71% higher than large-

scale farmers.  

Similarly, Trivelli et al. (2006) pointed out for the Mantaro valley not only evidence of 

economies of scale at a plot level, but also that a higher use of technology is directly related 

with the FHS’ extension. They argue that larger-scale farmers can reach higher profits (per 

area) not only through technological efficiency but also from better market conditions, 

through better social capital and bargaining power. 

These production costs and outputs prices are also of importance to farmers when 

deciding the objectives of production. Negative or reduced net incomes will increase the 

proportion of own consumption over commercial activities for production outputs 

(Castillo, 1994). 

Moreover, under the current conditions exposed in the requirements and outputs of the 

production systems of Table 5.5, every proposed alternative other than silvopastures were 

proposed as an optimal solution for one or more FHSs among the different interest rates 

applied. This is clearly explained by the fact of being options with one of the highest land, 

initial cash, and labor requirements, and having almost no larger net incomes than their 

cattle pasture pairs until the final revenues.  

The scarce resources generally present among small-scale farmers limit their potential 

future revenues, where optimal solutions often entail less income generating activities 

such as giving their land to other farmers under sharecropping agreements due to lack of 

investment capacities or labor availability.   
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Several experts state that livestock productivity is low and can easily be increased in 

the Andean communities by adjusting some practices and using more efficiently the 

production inputs. An increase in the use of this production system is limited by the lack 

of land, as one of the few reasons for not investing in cattle is their high caloric 

requirements, besides the initial investment costs which are often prohibitive for FHSs 

with limited financial capital. To be more efficient and/or intensify the use of land to 

increase outputs in the cattle pasture systems a focus should be given in secure fodder for 

the cattle. This, as in the case of food security in the HH, is of major concern in order to 

ensure higher outputs and reduce potential risks e.g., reduced production due to droughts. 

An additional reason for lower benefits and high labor requirements of these 

production alternatives is that each household graze their cattle individually. Putting 

together a higher number of cattle would use more efficiently the HH labor. The same is 

stated by Kuit (1990). Communal grazing (or among neighbors) would reduce 

externalities as well as improve efficiency although decision-making processes and 

outcomes might not be tailored for each of the needs of the involved FHSs. These would 

reduce at least 25% of the HH labor requirements of these activities, which in turn, 

following the model outcomes, would represent approximately 10% of increase in the 

maximum net present values for each single-member FHS.  

Whilst the pursuit of private economic interests increases, traditional practices are long 

being lost. Hence, agricultural production cycle lengths are reduced and crops are no 

longer decided communally for all FHSs (Franco et al., 1990). The loss of an integrated 

management among community members for pests control, which use was common in 

the past, has brought as a consequence an increase in the use of pesticides and thus in the 

production costs of agricultural systems. Conversely, increasing the number of years with 

commercial crop outputs and reducing the fallow periods ensures higher short-term and 

stable revenues to the FHS, fulfilling their expenditure requirements. Nevertheless, in the 

long term, it is detrimental for the soil conditions and pest management.   

In addition, it is also known that in these communities, soil and climate conditions 

allow farmers to grow a higher diversity of well-adapted crops, some even very promising 

in terms of profitability due to international market prices such as quinoa and amaranth. 

However, farmers in the study area have expressed their concerns in terms of a lack of 

knowledge and experience in working with these crops. Then again, a technical assistant 

could easily help farmers overcome this issue.  

Changes in the species selection for crops, pasture, livestock and trees, and in general, 

in the cash flows of the different production systems, such as the above-mentioned 

improvements, would alter the optimal solutions provided by the model. Part of these 

changes, mainly related to the cash flows can be observed in the sensitivity analyses of the 

Results Section 5.2.  

An option to cover yearly expenditures is that, whenever there is labor demand and HH 

labor available, farmers look after off-farm activities whenever these are more profitable 
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than the on-farm alternatives, or profiting from the slack periods of their agricultural 

calendar, so that they can later allocate higher shares of land and resources in forest 

plantations. What is more, as alternatives with higher off-farm wages tend to decrease the 

number of days available of HH labor for on-farm activities, and thus higher shares of land 

in the FHS would be leased-out the land to other farmers under sharecropping 

arrangements. On the other hand, higher profits, including increases in output prices, 

from on-farm activities would decrease the supply for off-farm labor (Lopez, 1984).  

In addition, remittances could also help overcome this basic necessity although Verchot 

et al. (2007) also discuss the role of governments whose support is deemed to be required 

to help farmers overcome the first years of reduced incomes when making the transition 

to tree-based production systems.  

Finally, an increment in the distribution and number of production systems or 

diversification allow the spreading (Reyes, 2008) and reduction of both ecological and 

economic risks (Angelsen & Kaimowitz, 2004). This is supported by experiences in 

agroforestry systems in the Andean region of southern Peru (Fe lix et al., 2001), where a 

beneficial trend when introducing these systems is mentioned, allowing FHSs to diversify 

their outputs with less volatile and more sustainable incomes. This implies for farmers a 

clear trade-off between a higher maximum net present value, such as the obtained with 

the optimal solutions, involving a greater probability of income failure in case of 

undiversified investment alternatives, and lower incomes along with greater security 

(Ellis, 1998). 

 

5.3.3 Interest rates 

 

As a consequence of farmers’ lack of access to financial institutions added to the latter’s 

unfavorable loan terms, the present research focused in farmers’ rates of time preference. 

Following Fisher’s theory of interest (Fisher, 1930), time preferences are affected by 

income in their size, time shape or expected distribution in time, their composition (e.g., 

for own consumption or market-dependent) and their degree of risk. Additionally, Fisher 

also mentions at least six HH members’ personal characteristics that also affect their rates 

of time preference, namely foresight, self-control, habit, life expectancy, concern for kith 

and kin’s lives and finally fashion, which is much related to social expectations.  

Keeping the previous in mind, simulations using lower and upper limits of discount 

rates showed how FHSs can differ on the way they favor the selection of some production 

systems over other alternatives depending on their rates of time preference.  

 

5.3.3.1 Interest rates of 5% 

FHSs with low interest (5%) favored, in the model outcomes, the incorporation of trees 
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mostly through forest plantations but also agroforestry systems over other production 

systems. The capacity of a FHS to be patient is therefore rewarded with higher incomes 

coming from tree-based systems.  

To cover the caloric requirements of the HH members, most FHSs showed optimal 

solutions within agroforestry systems, except for the FHS4 where their food requirements 

were covered by the land they gave to other farmers for sharecropping and with their own 

agricultural systems.  

The reason behind it is the high yearly expenditure requirements for a large family HH 

that is a drawback especially in the short term, during the first years of the cycle. In spite 

of the fact that FHS4 is provided with larger landholdings, they are limited to a reduced 

initial cash available ($800). Although they can afford to invest in livestock, this does not 

bring revenues during the first years, quite the opposite, it demands more investments. 

Therefore, investments to cover food production requirements were not carried out 

through agroforestry systems but by allocating land for agricultural systems, which 

provide the highest yearly net incomes in the first three years of their cycle when 

compared with other production systems (Table 5.5). Once the initial cash is consumed, 

and as yearly requirements are not covered, land is then allocated to other farmers for 

sharecropping in agricultural and pasture systems for this purpose. From the 4th year, 

revenues from cattle pasture systems through milk production will make available the 

yearly income required to cover FHS’s expenses.  As a result, after covering food and 

expenditure requirements, FHS4 was left over with very limited financial capital available 

to invest in forest plantations.  

For that reason, in order to cover the large HH expenditures needed for home 

consumption for the larger-family FHSs (FHS4 and FHS8), the optimal solution provided 

was through the low but continuous incomes obtained by giving large extensions of land 

for sharecropping with agriculture and pastures. As these activities requires only land, 

and little HH labor, financial capital can be allocated in a more income generating activity, 

namely forest plantations. The same is true for single member HHs with larger 

landholdings, although because of their lower requirements they can allocate more of 

larger shares of their own land to forest plantations.  

As the number of members in a FHS increases, ceteris paribus, incomes decrease 

whenever the amount of financial capital to be invested is limited (FHS2 and FHS4), and 

increases whenever the initial financial capital of farmers is higher (FHS6 and FHS8). This 

is explained by the need for food production, which is primordial to be covered (being a 

constraint) before higher income-generating activities can take place. Conversely, 

between FHS6 and FHS8 an increment in the maximum net present value reflects the more 

efficient use of the household (HH) labor available in more profit-making alternatives such 

as tree-based production systems.   

Regarding the maximum net present values, these almost double when FHSs with very 

limited initial financial capital ($800) are compared to FHSs with larger initial financial 
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capital ($3500) under the same conditions. For the later, they can afford to allocate most 

of their land for forestry related activities, which do not provide immediate incomes by 

using their initial cash to cover part of the FHS’s yearly expenses. That is to say, FHSs with 

very limited initial financial capital have to allocate a larger share of their land to early 

income generating production systems such as PS12 and PS13, instead of PS11 or PS14. 

Therefore, the fact of having a larger amount of initial financial capital is decisive for 

ensuring farmers sustainable livelihoods. 

Additionally, FHSs with single members and large amount of cash initially available 

(FHS5 and FHS6), used the surplus of their initial investments for implementing their 

production systems to cover the first years’ HH expenditures until positive net incomes 

from cattle pastures commenced in year 4. The remaining resources are entirely invested 

in forest resources. It is noteworthy the difference in the maximum net present values 

between both FHSs (over 100%), which is only on account of the landholding size 

difference.  

All in all, with lower discount rates such as 5%, after covering HH’s food requirements 

all resources would be allocated in forest plantations so as to maximize the net present 

values, if no yearly expenditure requirements were taken into account.  

 

5.3.3.2 Interest rates of 15% 

The same is not true for discount rates of 15%, where own forest plantations (PS7) are 

no longer part of the optimal solutions and forests in sharecropping systems (PS11) have 

reduced their share. With a higher impatience or personal preference for early revenues, 

production systems such as cattle pasture are favored. This is expressed by an increase in 

their share in all assessed FHSs. Between single and larger-family FHSs the model 

provided optimal solutions including improved cattle pasture systems for single-member 

FHSs and creole cattle pasture systems mostly for larger-family FHSs.  

Furthermore, all net present values are logically lower, some of which becoming even 

negative, such as PS8, PS12, PS14 and PS15. As a consequence, once food and yearly income 

requirements are covered and investments in cattle pasture systems are no longer 

feasible, land would be allocated to other farmers for sharecropping with pastures where 

investments are still profitable. For FHS2 and FHS6 with larger landholdings and little HH 

labor available, this was at some point no longer feasible, as PS13 also requires HH labor, 

therefore their remaining land was allocated for the next best option, which is forest 

plantation under the same scheme (PS14), where no labor is needed despite the negative 

net incomes.  

The previous starts to depict an issue among FHSs with larger landholdings but little 

availability of other basic resources. When comparing FHS5 and FHS6 maximum net 

present values, it can be perceived that the fact of owing more land in the FHS does not 

entail that incomes for the given FHS will be automatically higher. Nonetheless, no land is 
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better left without investing in it (working the land) as most net present values are still 

positive at this interest rate. 

 

5.3.3.3 Interest rates of 25% 

The previous becomes more apparent when assessed under even higher interest rates 

(25%), where only the FHS with the smallest landholdings presented a positive maximum 

net present value. This is clearly exposed in Table 5.5, where net present values of all but 

five production systems are negative. On-farm intensification strategies in cattle-pasture 

systems shows here to be a suitable strategy at least for FHS5.  

Mainly because the internal rates of return are lower than such high rates of time 

preference, investments in on-farm activities become financially unattractive. This was 

brought to the extreme where the initial financial capital does not play any a longer a 

decisive role in the optimal land allocation for some FHSs (see comparison between FHS2 

and FHS6). As a consequence, optimal solutions include land allocated for fallow, without 

production. In this regard, it is not a surprise that farmers (with higher rates of time 

preference) favor to engage in non-farm activities, often involving temporal migration of 

household members. This supports the idea that strategies related to diversifying farmer’s 

sources of income generation outside the farm (non-farm labor) are suitable in scenarios 

with higher risk. 

Although only cattle pasture systems have a positive NPV, optimal solutions include to 

a greater extent other production systems. Not only because of the fulfillment of 

households’ food requirements, but also because their arrangement allows a continuous 

yearly revenue, the solution of including both agricultural and cattle pasture systems is 

regarded as a good combination. Nevertheless, and because of the previous mentioned 

negative net present values, these produce a final negative maximum net present value, 

which is translated in a future resource depletion.  

Investing in production systems with revenues coming most only at the end of the cycle 

is no longer profitable for small-scale farmers with very high rates of time preference 

(similar to 25% interest rates). This may be the case of FHSs with smaller landholdings 

(1/2ha) and/or with very limited initial financial capital (about $800). These farmers 

cannot invest in forestry systems, as they have to cover first their food requirements 

partially through own production and ensure minimum yearly incomes to cover their HH 

expenses.  

 

 

Research calculating net present values of similar agricultural and agroforestry 

systems in the Peruvian northern Andes (Arica & Yanggen, 2005) obtained similar 

outcomes. The net present value of agroforestry systems, calculated with an interest rate 

of 5%, was also largely higher than agricultural systems’. In addition, agricultural systems 
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presented also a slightly higher net present value than agroforestry systems when using 

interest rates of 25%, although they were still positive, unlike the present research.  

The previous is also supported by research comparing agroforestry systems with 

agricultural systems by using optimization models (Kapp, 1998), where findings 

determined that discount rates lower than 8.5% would render agroforestry systems more 

profitable than the pure crop systems. Additionally, he stated that reforestation is a viable 

option with discounting rates below 8.3%, although these outcomes are more case 

specific. Therefore and because of additional inconsistencies with the actual FHS 

conditions when validating the model, as pointed out in results, Section 5.2, a basis of 15% 

was employed for the sensitivity analyses. 

All in all, considering the model outcomes and the previous variations in the discount 

rates, it is possible to conclude that with low interest rates tree-based production systems 

become automatically part of the optimal solutions for every FHS and therefore an overall 

financially sound investment option. 

 

5.3.4 Sensitivity analyses  

 

Sensitivity analyses are a good means to identify the parameters that have a greater 

effect on the model outcomes, which are here associated with product prices and wage 

uncertainties. As pointed out by Sullivan et al. (1992) and for the sake of easing the 

interpretation, parameters such as the above-mentioned should be varied individually. 

Although solutions for land use allocation and resource optimization do not fully depend 

on changes in their financial performance as basic constraints or HH requirements are the 

major determining factors, these changes provide significant insights on production 

systems for future decision making.  

 
 

5.3.4.1 Increase in extreme event incidences 
 

Changes in agricultural outputs  

The productivity decline in agricultural crops, introduced in the model to portray the 

potential consequence of increasing extreme events, accounts for a reduction in the first 

years’ net revenues of each half cycle (mainly years 1, 2, 9 & 10), principally for the diverse 

arrangements used for crop production (Figure 5.5). Consequently, the model favors other 

strategies for farmers to cover yearly income needs. An optimal solution is to rely more in 

the meager but continuous revenues from pasture systems leased-out to other farmers for 

sharecropping. The previous certainly in cases where FHSs own larger landholdings.  
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Figure 5.5: Most affected production system under agricultural losses occurring every 

4th & 2nd year 

However, for FHS4, with larger food requirements and limited own financial capital,   

under the worst scenario, with agricultural or pasture losses occurring every 2nd year, the 

model could not satisfy the constraints, mainly owing to the low returns of the affected 

production systems (Table A23 in Appendix 8 & Table A32 in Appendix 9). As stated by 

Trivelly & Boucher (2005), strategies to overcome losses from climate change are limited 

so that private measures given by the model or described in Section 5.3.2 (p. 152) are not 

sufficient and will - without external support - face resource depletion. 

A measure commonly used by Andean farmers in areas more exposed to extreme 

events is to minimize financial risk through reducing the investment or resource input 

(such as no tillage reducing labor input or less fertilizers and other purchased inputs), 

producing a higher net return despite lower productivity levels (Horton, 1984). These 

potential modifications in the cash flows were not included in the model to avoid excessive 

complexity.  

Although it might seem attractive to share risks from extreme events (Stiglitz, 1974), 

production outputs and overall productivity under sharecropping arrangements is lower 

than when sowed in farmers’ own land, and therefore, often not the favored strategy. The 

main reason behind this is that net investments made by farmers, including household 

labor, are customarily lower than when carried out in their own fields. Since farmers do 

not benefit from the whole harvest, a minor tragedy of the commons or a “drama” as in 

Ostrom et al. (2002) comes into play. This predetermines and explains the outcomes given 

by the model where the share of land allocated for agricultural systems - leased-in or 

leased-out to other farmers - in sharecropping contracts did not increase at first with the 

inclusion of the negative impacts to the production outputs.  

However, outputs from the model consider the productive efficiency of the 

sharecropping systems whereas some of the positive risk-sharing features mainly for risk 
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averse farmers were not considered, which includes not only risks from extreme events 

but also from price fluctuations. These characteristics may also play an important role 

when favoring sharecropping arrangements. 

As potential damages in agricultural crops are amplified in the model, single member 

FHSs with larger landholdings slightly increase their share of fallow land left without 

production, affecting negatively their NPV. The reason behind this is that to produce the 

same households’ food requirements farmers are compelled to invest more of their 

limited HH labor as the productivity declines (Table A23 in Appendix 8). Another 

consequence of the previous is that optimal solutions presented by the model for every 

FHS look after covering the minimum amount of food required, as the low productivity 

make these production systems no longer attractive for investment.  

In his work, Stiglitz (1974) pointed out the relation between risks and land use. 

Farmers would absorb all the risks (e.g., from extreme events) by farming their own land 

and using wage laborers for - most of - these tasks. On the other hand, farmers could avoid 

the risks totally by renting their land to other farmers. Following this, and although 

renting was not taken as a decision alternative in the present model because of the lack of 

demand for it in the study area, leased-out land to other farmers under sharecropping 

arrangements remains amongst the least risk-prone activities. The previous is 

demonstrated with the small decreases in the net revenues of these production systems.  

On-farm diversification strategies were not evident with higher losses, as an increase 

in the number of production systems provided as optimal solutions was not present.  

In addition, considering the productivity decline, for FHSs with greater own financial 

capital, namely FHS5, FHS6 and FHS8, the model revealed that the allocation of land for 

eucalyptus plantations in leased-in or leased-out sharecropping arrangements were a 

substantial part of the optimal solutions, reaching around 50% or more of the managed 

land (Figure 5.6).   

 

Figure 5.6: Variations in the land use pattern of FHSs affected by agricultural losses 

occurring every 4th & 2nd year 
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Changes in pasture outputs 

Changes in the pasture outputs affect greatly the related production systems as their 

negative effect is almost constantly present in the cash flow (Figure 5.7).  

 

 

Figure 5.7: Most affected production system under pasture losses occurring every 4th 

& 2nd year 

 

After the decline in the outputs of the pasture-related production systems, land leased-

out to other farmers in sharecropping arrangements assigned for pasture purposes (PS13) 

presented an overall decrease in their share, whereas in large member FHSs land allocated 

for agricultural crops under the same arrangements (PS12) presented a slight increment 

in their share. Changes in the land use pattern among FHSs depicted a general decline in 

the cattle-pasture related activities. Optimal options with tree related production systems 

for FHSs with larger own capital steeply increased, whereas the share of solutions only 

with agriculture related activities was contradictory among FHSs (Figure 5.8). 
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Figure 5.8: Variations in the land use pattern of FHSs affected by pasture losses 

occurring every 4th & 2nd year 

 

The introduction of improved cattle breeds in land more exposed to climate risks also 

has some considerations. Improved breeds, which are more sensitive and have a lower 

adaptive capacity (Kuit, 1990), also demand higher initial investments. Farmers who 

might afford it have to hazard the consequences of these more susceptible cattle and be 

able to bear the risks. On the other hand, external institutions who support these 

measures should avoid politics or initiatives prioritizing commercial or more income-

producing breeds that can attempt with food security in more vulnerable FHSs, as 

livelihood sustainability should be one of their top priorities. Thereafter, and regardless 

of the model outcomes, enhancing the use and productivity of the more resilient creole 

cattle could be the best alternative to address vulnerable FHSs’ production strategies.  

In addition, land for agroforestry systems became part of the optimal solutions and, 

similarly to variations in agricultural crops’ productivity, in FHS5 and FHS8 a substantial 

share of the land was allocated to eucalyptus plantations in leased-in sharecropping 

arrangements by the model, reaching over 50% of the managed land under the worst 

scenario of pasture production decline.   

In general, the introduction of a decline in the productivity in the model portraying 

potential climate variations affects negatively the net present values of most assessed 

production systems: hence, FHSs are impaired with lower maximum net revenues. This 

leaves forestry as one of the only - most profit generating - activities which do not suffer 

explicitly from the inclusion of these climatic impacts into the model. That is to say, FHSs 

that can rely more on forestry systems will have more stable revenues and thus be more 

resilient to the negative effects of climate variation and extreme events (Figure 5.8).  
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5.3.4.2 Variations in the physical access and market conditions  

 

 Fluctuation in potato prices  

As mentioned by Mayer et al. (1992), the medium and large-scale potato producers are 

the ones that play a main role in determining sale prices. Therefore, the origin of the low 

prices lays more in the industrial agriculture sector and not among small-scale farmers. 

The latter are the ones that have to occasionally sell below their investment costs to take 

part in the price competition with industrial agriculture (Mayer, 2002). These changes 

vary in a monthly basis, where prices are mostly determined by the supply curve shifts. In 

addition, changes in production output prices have additional effects beside the cash flow 

in a production system, such as a higher costs for purchasing this crop for consumption, 

as well as future higher supply and lower demand. These effects, which were not 

considered in the present outcomes, are described in Upton´s (1997) HH models.  

Although a considerable portion of the revenues is being altered, the price variation 

does not alter much the original conditions in the model, so that farmers would be far 

better off by shifting from agriculture to another production system or vice versa e.g., 

FHS2 and FHS6 (Table A36 in Appendix 9). This is partly due to changes affecting only two 

years of revenues (years 1 & 9) during the whole production cycle (Figure 5.9).  

 

Figure 5.9: Agricultural system affected by changes in potato prices 

 

Moreover, as potatoes are selected, as part of a production system, mainly to cover food 

and first year expenditure requirements, the share of the FHSs’ land allocated for these 

purposes tend to be limited and so are their changes in the maximum net present values. 

This evidences that FHSs under the present conditions are not very sensitive to potato 

price variations.  
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 Fluctuation in milk prices  

Milk price variations influence the model in such a manner that optimal solutions shift 

towards a measurable increase or decrease in the investment of resources for cattle 

pasture production systems (Table A37 in Appendix 9). This entails that these production 

systems are very sensitive to milk price variations and can easily shift from optimal to 

non-favorable option. The reason behind this is that changes in milk prices affect the main 

revenues during 10 years (out of 16) of these production systems (Figure 5.10). In spite 

of that, FHS2 and FHS6’ optimal solutions remained unaltered.    

 

 

Figure 5.10: Improved cattle - pasture system affected by changes in milk prices 

 

Although milk prices are generally stable in the Peruvian market throughout the year 

with very slight monthly variations, whenever milk prices decline there is a substantial 

increase in the share of land leased-in for forest plantations in sharecropping 

arrangements as part of the results. 

The sensitivity analysis with varying milk prices presented the highest variations in the 

maximum net present values for every assessed FHS when compared to the other analyses 

carried out in the present research.  Livestock can be therefore regarded as a very sensitive 

investment, especially when the amount of land, HH labor and financial capital invested 

in just one head of cattle is to be considered, yet the little exposure to price changes turns 

them into a less risk prone investment.  

It is also important to take into consideration that farmers have a lifetime experience 

with agricultural and cattle pasture production and whenever they seem reluctant to 

change their production systems it is because they might foresee future negative 

consequences from these changes. Changes such as drop in prices due to excess supply 

generated by higher productivity and/or original higher market prices are not new to 

farmers and therefore a number of HH are unwilling to change or become early adopters. 
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Fluctuation in eucalyptus prices 

The market for round wood and firewood is heavily dominated by the few sawmills 

from the neighboring cities and is focused mostly in eucalyptus and other tree species like 

pine, which are very scarce in the assessed communities. Selling prices of standing 

eucalyptus are then established by these, following the demand coming largely from the 

mining industry and from farmers and restaurants as firewood consumers. Variation in 

prices may come from a reduction in the demand of wooden columns as well as from the 

replacement of biomass fuels as the alternative for domestic cooking with liquid gas 

bottles. However, the latter is seldom favored over eucalyptus logs as they fail to improve 

the flavor in their food and do not provide heat to the housing. Furthermore, changes in 

the demand and thus prices for round wood should not be of concern in the present 

research as the objectives for shorter-term tree plantations e.g., 16 years are fire wood 

production. 

Furthermore, and although not included in the model calculations, the presence of tree-

based production systems in the FHS directly reduce the HH labor required for biomass 

fuel collection for domestic cooking and heating purposes (FAO, 1995), making this 

resource available for more income-generating alternatives.  

Nevertheless, besides the increase in the share of land leased-in for forest plantations 

in sharecropping arrangements with higher tree prices (mainly for FHS8), most FHSs did 

not vary the selection of optimal solutions and the shares of land devoted to different 

production systems with changing tree prices (Table A38 in Appendix 9). This is explained 

because changes in tree prices only affect once the net incomes of the production cycle 

and this during the last year, and therefore these impacts are buffered by their decrease 

in the present value (Figure 5.11). This evidences that FHSs are less sensitive to changes 

in eucalyptus prices due to the little influence of the latter in the model selection 

parameters, thus providing similar optimal solutions.  

 

Figure 5.11: Forestry system affected by changes in eucalyptus tree prices 
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 Fluctuation in farm worker wages 

Agricultural wage labor or hiring labor was present in the study area, where its supply 

was adequate and not restricted, even considering peak demand periods during harvest 

time. In spite of the irregular pattern with peak and slack periods on the on-farm labor 

demand in the Central Andes, which follows the agricultural calendar and climate 

characteristics, wages do not fluctuate much along the year (Brush & Gulliet, 1985). A 

lower labor demand was observed in the less accessible communities and was translated 

in relatively lower wages. Nevertheless, a slightly growing trend can be observed thanks 

to inflation accompanied by a steady national economic growth.  

Moreover, farmers in the FHSs are not only demanders of farm labor but also suppliers. 

Hence, farm wage levels have an important influence on the FHS’s total incomes (Escobal 

et al., 1998).   

Considering that changes in the daily wages affect little PS1, PS2, PS7, PS8 and PS11 

(Figure 5.12 & Appendix 5), when looking into individual changes in the proposed 

production systems, these suggest that optimal solutions vary indirectly as a consequence 

of the changes in the expenditures and cash flow of the mentioned production systems.  

 

 

Figure 5.12: Agricultural system (most external-labor dependent system) affected by 

changes in workers wage 

 

Although wage variations have a lower impact in the added net incomes for most FHSs 

than any of the above-assessed price alterations, changes in the production system shares 
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provided by the model were more present (Table A39 in Appendix 9) than in some of the 

previous sensitivity analyses, especially for single member HHs where agroforestry 

appeared as an optimal solution whenever farm worker wages were lower. 

 

5.3.4.3 Ranking the range of variations of the assessed variables 
 

The relevance of identifying the variables that affect in higher degree the maximum net 

present values is to provide farmers and other decision makers with information 

regarding which parameters are critical to control and monitor to reduce uncertainties in 

the model outcomes, as well as to identify the parameters that might require further data 

acquisition or research (Ariens et al., 2000; Salehi et al., 2000).  

Compared results on the ranges of variation showed that the present model is more 

sensitive to changes in pasture productivity and milk prices, both of which are related to 

cattle-pasture production systems. This outcome is consistent for all assessed FHSs. As a 

consequence, the incomes of most farmers will be more susceptible to changes in milk 

prices and pasture productivity. This is not necessarily a negative attribute; on the 

contrary it should be exploited to farmers’ advantage by focusing in measures that might 

increase the productivity in pastures and the demand of milk or elaborate a series of value 

added products derived from milk meeting the demand for alternative products. Both of 

which directly or indirectly increase the productivity and profits from milk production 

and thus greatly benefit farmers through higher net incomes.      

The variable to which the model is less sensitive was the daily wages of farm workers, 

where changes in this variable presented a small range of variation in the outcomes. This 

result is important because of the potential applicability of similar outcomes in 

neighboring communities with similar conditions but slightly varying labor wages. In 

addition, changes in tree prices also showed to be a variable for which the model is less 

sensitive in several cases (FHS4, FHS5, and FHS8).  

All in all, increasing extreme events and risks of changing prices affect largely farmers 

who invest more in cattle-pasture production systems. Although more unstable, this 

activity, able to provide higher net present values, can become a suitable - intensification 

- strategy for FHSs with enough own financial capital to create a buffer stock to cope with 

disturbances. However, FHSs which are more vulnerable to climate change, unable to 

overcome hazards with their own savings, are better off engaging in more reliable, less 

climate sensitive activities.  

 

 

 



 

- 169 - 

5.4 Conclusion 

 

In the search for sustainable livelihood strategies that help reduce risks and improve 

small-scale farmers’ income, a number of additional goals and considerations were able 

to be taken into account with the use of the optimization model. Nonetheless, and as noted 

by Kapp (1998) even the most intricate optimization models oversimplify the complexity 

of farming systems’ reality, and therefore results have to be interpreted with caution.  

Firstly, the present model is deemed valid and most appropriate, fitting the conditions 

of small-scale farmers in the research area. A number of improvements for the model can 

also be taken into consideration, such as the inclusion of additional considerations even 

turning it into a dynamic model. However, the present research avoided its adoption for 

simplifying purposes. The idea behind the use of a practical model with limited needs of 

input data was not only to meet the above-stated objectives but also to develop a tool that 

elucidate farmers the potential outcomes of their resources allocation and that is practical 

to replicate in other communities and farming systems, for dissemination purposes. 

Resource-scarcer FHSs were not provided with optimal solutions, as constraints could 

not be satisfied by the model. The poorer FHSs, whose incomes from on-farm activities 

will not suffice to cover food and yearly HH expenditure requirements, are unable to 

capitalize and will undergo a resource depletion. As a consequence, if external conditions 

are not improved, HH members will be compelled to work in additional off-farm activities.   

Investment in tree-based production systems are relatively new to Andean farmers, 

whose experience with afforestation as an investment alternative does not comprise more 

than two generations. Therefore, discussion about their knowledge and the outcomes of 

the research with farmers was deemed essential to perceive the potential gaps in the 

assessment and for them to understand the concrete results and the long-term impacts of 

these alternatives before they decide and take any action to adopt them. 

Under lower interest rates (below 15%) all tree-based production systems were part 

of the optimal solutions for farmers with different backgrounds (FHS characteristics), 

meaning that, under the assessed conditions, the incorporation of trees in their systems 

helps farmers’ increase their income while reducing the risks from market and climate 

variations. 

Although forest plantations cannot cover HH’s food and yearly income requirements, a 

combination between agricultural and cattle pasture systems was found most favorable 

for this purpose.  

Lower food and expenditure requirements and higher financial capital allow farmers 

to invest more in agroforestry and forestry systems for capital accumulation. Greater 

benefits from these production systems are present under lower interest rates and lower 

rates of time preference, where optimal tree coverage often overtakes the majority of 

farmers’ landholdings. Benefits from agricultural systems for most FHSs fall behind the 
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ones from agroforestry systems under these conditions.  

As net present values reduce to the point of becoming negative with increasing interest 

rates, the opposite is true. Fewer resources are available for capital accumulation such as 

forestry and are thus mostly allocated to cover HH’s basic needs. With increasing climate 

and market risks, rates of time preference increase affecting negatively farmer’s longer-

term incomes. As a consequence, poor FHSs with scarce primary factors will be compelled 

to work out of their farms or communities and eventually face resource depletion trapping 

their FHS deeper into the circle of poverty. 

Changes related to losses in the agricultural and pasture outputs present scenarios 

portraying the increase of extreme events’ negative impacts on farmers. The model 

outcomes showed that changes in the pasture productivity are more sensitive and have a 

greater effect on the objective of maximizing farmers’ net present value.   

Land use pattern of FHSs do not depend only on the values and changes in the cash flow 

of production systems, as HH basic needs (incorporated in the model as constraints) must 

be covered. Nevertheless, price changes do alter optimal solutions for farmers in different 

degrees, especially in FHSs with more resources, where more investment options are 

available. Farm worker wage and tree variations affect less the provided optimal solutions 

and the households’ final aggregated incomes, making farming systems thus less sensitive 

to these market changes.  

Finally, it is crucial to bear in mind that the goal is not to find a single best solution or 

production system but to find optimal combination of activities for given FHS’s internal 

and external conditions considering their potential variations.  
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6 Synthesis 

 

6.1 Lessons learned 

 

The integration of both the farming and forestry system approach and the sustainable 

livelihood approach, as expounded in the methodological framework, was the basis of the 

present research. These approaches allowed the clear definition of boundaries including 

the farm household system and the external determinants (Figure 2.3, p. 17) and the 

interrelationships between their components. This was fundamental not only for the 

vulnerability assessment of farming systems in the different communities but also for the 

financial assessment on the FHSs’ resource optimization in research step III.   

As the research was set with a focus on vulnerability, the sustainable livelihood 

approach was used to identify and understand the major factors that affect farmers’ 

options and choice of livelihood strategies. The selection of the five capitals as part of the 

vulnerability assessment proved to be very useful and suitable for this purpose.  

As a difference to the usual input-output assessment where little can be explained 

rather than blurred and broad assumptions, the use of the sustainable livelihoods 

approach to assess FHS in the selected communities had many advantages related to 

evaluating the different entry points and the determinants that are influencing this 

system. The research framework allowed determining the vulnerability levels by 

evaluating the circumstances in which farmers engage in their livelihoods. Focus was not 

limited to their assets but also included the structures and processes that are external to 

farmers but have a direct impact on their outcomes and their capacity to make use of their 

assets, so as to reduce the negative effects of climate hazards and improve their 

opportunities to attain a more sustainable livelihood. Taking into consideration the 

external and regional influences, vulnerability results can also be used to assess in the 

future the impacts on FHS and communities of the introduction of a new program or new 

policy measures (Gbetibouo et al., 2010). For this purpose, in collaboration with farmers, 

measures that involved the public and private sectors were sought together with 

strategies available in the study area that could help reduce their vulnerability to climate 

variability and extreme events.  

Although the principle of sustainability is embedded in the sustainable livelihood 

approach, its use does not ensure that sustainability is necessarily addressed (Ashley & 

Carney, 1999). Pretzsch (2005) advises that SLA might not have such a strong function to 

initiate a process of sustainable development as expected, but rather a more short-term 

function to reduce negative side effects of global development. Therefore, to ensure 
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sustainable outcomes, in the field laboratories additional methods including research 

regarding the ecological (research step II) and financial assessments (research step III) of 

livelihood options or production systems were employed. 

As a set of methods, socioeconomic field laboratories were employed for the present 

study, participatory involving different actors from different levels. The use of field 

laboratories was crucial during every stage of the research. Farmers’ and key 

stakeholders’ participation since the beginning of the field study helped in the design of 

the goals and boundaries of the research. Once the main issues relevant to Andean farmers 

were identified, and with the aim of enhancing their resilience to increasing climate 

variability, their revealed livelihood strategies, stated, adopted and/or available, were 

analyzed. Outcomes of the different assessments were also discussed with farmers and 

key informants not only with the purpose of diffusion but also to produce collectively 

knowledge, with insights from farmers on the potential strategies and production options. 

This helped elaborate more sound and feasible scenarios.  

However, final outcomes of the general research and overall project were not able to be 

brought back to representatives in the rural communities and public authorities, due time 

and budget shortages. This was a hindrance to the completion of the field laboratories 

original purposes such as the future diffusion, by farmers acting as teachers, of the 

produced outcomes.   

As mentioned in the Methods Section 2.2.2 and in Table 2.1 (p. 20), a number of 

methods and tools were used throughout the research as part of the field laboratories. 

These include the use of participatory rural appraisal tools, natural resource assessment 

methods and participant observation, as well as the elaboration of vulnerability indices 

and optimization model. Some of which will be discussed below.  

 

6.1.1 Research step I 

 

The use of the livelihood vulnerability index was decided upon the need to integrate 

the influence of climate variability and extreme events as an important component of 

farmers’ livelihood sustainability. Therefore, including exposure and sensitivity aspects 

that help explain better how capable is a FHS to respond to these climate hazards. 

Moreover, these indices provide a range of indicators, which can be tailored incorporating 

local contextual vulnerability factors that can be used, replicated and compared in 

different socio-ecological settings, providing an assessment tool for policy analysis (Shah 

et al., 2013).  

Although the used indices apply equal weights to all indicators and components 

vulnerability values from the different communities are not discussed as a composed 

index. To avoid subjective weightings on the degree of influence of each indicator, each of 

the constituents and determinants were discussed independently. The flexible design of 
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these indices leaves local stakeholders the option open for future weighting, depending 

on their foci and goals.   

Nonetheless, the present assessment could not escape from plausible biases and 

presented some limitations. Because of restrictions inherent of most researches such as 

temporal and financial limitations, HH surveys did not include all community members 

and the selection process could have brought some bias. More precisely, the absence of 

some community members could have promoted an involuntary partiality in the 

respondent characteristics e.g. a lower percentage of off-farm labor observed in the FHSs 

or a higher percentage of female headed HHs. This partiality could have plausibly been 

more present in the communities, with a higher proportion of absent members, such as in 

M2, H2 and H3.  

HH interviews did not include information related to the monthly income per HH, due 

to risks of a lack of reliability regarding trust and the nature of the issue together with a 

known given large dependency of these on the time of the year. Moreover, during the field 

laboratories, several farmers were reluctant to supply information on wealth or income 

(Zuleta, 2012, p. 67). However, this was no longer the case with data obtained from the 11 

in-depth interviews used in the research step III, where higher trust levels were apparent 

between farmers and the author. 

Although deeper analyses addressing intra-household disparities and gender issues 

were not part of the present research as the unit of analysis is the HH itself, sex as a 

measure of the HH’s demographic profile is part of its integrity, and therefore was 

included as an indicator. The unusual high proportion of female HH heads found in the 

results can be the consequence of an involuntary bias while carrying out the survey. As a 

result of the limited time available combined with the lack of knowledge on the 

whereabouts and later availability of the absent HHs, surveys were made with adult HH 

members present at the time of the unannounced visits to the communities  and who were 

willing, and had time to participate on them. This, as mentioned in the methods and 

discussed in Ho & Milan (2012), originated a bias with a higher percent of female present 

in their HH surroundings and accessible to make the surveys.  This issue was addressed 

by validating the data through the use of triangulation with data obtained from the PRA 

workshops, discussion with key informants and thorough literature review.   

Regarding the S-LVI and LVI-IPCC indices, and as noted by Vincent (2007), the use of 

minimum and maximum values from the evaluated communities to standardize the 

indicators makes inconvenient its comparison to vulnerability values of other 

communities.  

Moreover, although relevant indicators were selected following the described 

methodology, subjectivity and underestimation of underlying factors influencing the FHS’ 

development might have been involved in the selection process. Determining how to best 

value the indicators used for the S-LVI and LVI-IPCC indices was out the scope of this 

research.   
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Despite the fact that differences among the vulnerability values related to human 

capital among communities were present, when looking individually an intricately 

intertwined pattern is observed. This is explained by the use of indicators trying to 

oversimplify the reality.  

As already mentioned by Hahn et al. (2009, p. 13) and Vincent (2007), these normative 

judgments on assigning more vulnerability to smaller number of HH members or younger 

HHs heads does not reflect the complexity in each individual case. For example, a HH with 

a healthy 67 years old HH head living with two children (13 and 14 years of age), would 

be assessed as a vulnerable HH due to their small size and high dependency ratio, even if 

the three of them are well capable of contributing to the HH. However, a HH with an unwell 

78 years old HH head with a daughter of 20 having herself three children under six years 

of age, will be assigned a lower vulnerability value. This is mainly because of having an 

older HH head “with more experience” - although it cannot work the land - since they have 

a larger number of members in the HH - although it does not enrich the HH labor 

availability - and because of their lower dependency ratio - even if the non-dependent 

daughter is unable to work much because of children’s care. These two extreme examples 

denote the above-mentioned limitation which has to be assumed, as no vulnerability index 

can be carried out without the use of indicators that simplify the multifaceted reality.  

In addition, caution is needed when analyzing outcomes from S-LVI and LVI-IPCC 

indices as results from the major component “Climate variability and extreme events” and 

the “Exposure” vulnerability factor and not completely independent values as indicators 

of the degrees of damage are partly consequence of the level of sensitivity and capacity of 

response where FHSs are found.    

Scenarios and livelihood strategies that increase resilience differ not only among 

communities but also among FHSs in a community. This variation cannot be explained 

only by a vulnerability index, as it is exacerbated by personal factors, which can include 

age and previous experience, self-control, concern for their children’s lives, all of which 

for example, turn elderly individuals into more risk averse farmers. This favors a 

diversification in their portfolio to reduce potential risks and assure more stable revenues, 

even if it derives in lower total income generation.  

Strategies differ also among members inside the HH depending on the individual 

development of their capacities and conditions, in combination or even independently 

with individual goals where cultural aspects can have large influence in the rural Andes. 

Nevertheless, the present research did not reach the levels of detail needed to conduct a 

proper assessment in these compositions as no specific intra-household analysis took 

place because of the use of the HH as a unit.  
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6.1.2 Research step II 

 

In-depth information about the direct impacts of climatic variations and extreme 

events on local FHSs, which was not previously gathered and therefore not available for 

the present research, would have been considerably advantageous for the present 

discussions. Nonetheless, the general climate variations and trends measured and 

modeled by the IGP (2005c; 2010a; 2010b) were contrasted with the farmers’ perception.  

Even though farmers cannot estimate the magnitude of climate variations and in the 

occurrence of extreme events, their inference in the different changes and trends in the 

climate are notably accurate. Direct observation characteristics which are substantial to 

local farmers were good acknowledged and described such as the past climate and actual 

trends. However, more specific, difficult to observe or indirect climate-related conditions 

in the area, such as the origin of summer droughts or variations in the climate, often lacked 

of understanding or a logical explanation.  

Overall, soil moisture responses to precipitation were very similar in each site. 

However, even when the nearest meteorological station is located only 3km away from the 

assessed sites, slight variations in the amounts and timing of the rainfall events compared 

to the data provided by the station should be considered. It is important to take into 

account that the previous discussion did not consider anomalous variations in the 

weather conditions. Time limitations in the present research did not allow assessing crop 

yields after the occurrence of extreme events. However, as a general rule, farmers pointed 

out that under normal weather conditions production in agroforestry systems is lower 

because of the unsowed perimeter but after extreme weather conditions usually the yield 

is higher compared to agricultural systems. 

What is more, outcomes related to soil moisture and yield between both production 

systems correspond to the results measured in a specific year in two communities of the 

same water catchment area, and thus, they allude to these very particular conditions. 

Therefore, a generalization of these outcomes omitting the above statement should be 

avoided. Moreover, further longer-term studies in this field are required where a higher 

number of repetitions are needed to have stronger statistically sound outcomes.    

The complex nature of the system and the diverse factors influencing plant water 

availability and crop production, as well as the limited temporal and spatial resolutions, 

makes it difficult to determine the sources of change and causal relationships between the 

presence of eucalyptus trees and potato production in the study area. Therefore, the use 

of the obtained data was limited to the explored specific correlation analyses. 

Generalizations of such claims should be treated with deep suspicion, as this relationship 

is very site dependent. 

A deeper assessment on a larger scale on the use of this and additional adaptation 

alternatives in relation to water availability in the watershed and other ecological 

considerations, including available predictions on future climate variability, under the 
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sustainability principle is advisable. 

 

6.1.3 Research step III 

 

In order to improve the livelihoods of small-scale farmers in the assessed communities, 

a number of approaches can be used to select the most profitable production systems, by 

calculating and comparing for example their internal rates of return, benefit-cost ratios, 

and net present values. Moreover, approaches such as Faustmann’s method to assess 

interest rates and the opportunity costs of reinvesting in forestry or other production 

systems by shortening or extending production cycles and their timing are optimal for 

infinite series of replanted stands (Buongiorno & Raunikar, 2003).  

However, the model used here for optimizing the allocation of resources takes into 

account present conditions - such as HH size and composition, requirements for food 

security planning, specific interest rate, and present land-use expectations - for analysis 

and discussion. These characteristics, which are not static and change over time, cannot 

be easily included using Faustmann’s formula. In addition, when used independently, the 

previous investment calculations maximize the profit of an investment or - financial 

capital and/or resource allocation, without considering any restraints in the initial 

investment or factors of production being this, however, far from the truth.   

The latter expounds the choice of favoring optimization, where the constraints of a FHS 

can be internalized - together with additional HH requirements - in the selection of the 

best alternatives to maximize farmer’s incomes. The rationale was to optimize their 

current options, with real and known inputs and outputs, and without changing the way 

farmers are accustomed to work their land with the final purpose of assessing trade-offs 

between production systems feasible to small-scale farmers. Furthermore, as the factors 

of production were treated as fixed factors and uncertainties about the effects of future 

variations in the market and resource conditions were not assessed with a probabilistic 

approach as in dynamic programming (Ducey et al., 2000), a number of sensitivity 

analyses were used for this purpose. 

Additional modifications in the model related to relaxing the fixed factors of production 

along the cycle length would increase maximum net present values, where new 

investments could be within farmer’s means after the initial year.  A clear example was 

experienced in some of the assessed FHSs in the study area. Farmers invested yearly in 

forest plantations in sharecropping contracts in neighboring lands. This activity, limited 

by the fixed conditions of the present model, could be incorporated if the model would 

run for longer periods in a dynamic setting and constraints in HH labor would follow the 

production systems’ annual requirements along the cycle. Consequently, as HH labor 

requirements are practically insignificant after the initial year for forestry systems, 

farmers, mainly FHSs with higher financial capital, would be able to establish yearly forest 
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plantations in neighboring land, increasing greatly their maximum net present values. 

Assessed farmers mentioned that these resources were also employed for farming in 

communal land or additional off-farm income generating activities. 

This and additional variations, were not incorporated in the model to avoid 

overwhelming outcomes and discussions; not only for the present research but also for 

farmers as it must be kept understandable and practical to replicate for dissemination 

purposes in other communities and farming systems. Nevertheless, the present model 

fitted with considerable accuracy the real conditions of small-scale farmers in the 

assessed communities (Figure 5.2, p. 139). Several outcomes and conditions previously 

discussed with farmers are represented in the model’s optimal solutions (mostly with 

discount rates of 15%), whereas room for additional improvement is also noteworthy, 

both in the model as in the field for a number of FHSs.  

In the present model, HH labor distribution during the year has not been taken into 

consideration. In spite of that, the proportion of the different optimal solutions among the 

tested FHSs does not present a potential accumulation of labor e.g., in case all land would 

be allocated in agricultural systems. Moreover, for solutions provided by the model with 

more than 1 cattle per FHS, a potential overestimation on the HH labor requirements has 

taken place. As HH labor employed for cattle raising is not directly proportional to the 

number of cattle. What is more, no underemployment of HH labor is being assumed in the 

model, although slack periods in the agricultural calendar and climate variation most 

likely will promote its occurrence. As tree planting activities tend to be more flexible in 

time, unused HH labor can be employed for these activities during slack periods, buffering 

thus potential losses from underemployment (Kapp, 1998). This again illustrates 

advantages in the incorporation of tree-based systems in the Andean FHSs that could not 

be integrated in the present model.   

To avoid an underestimation of risks or solutions that could worsen malnutrition in the 

assessed FHSs, agricultural crops sown in communal land were not included in the model 

calculations, and could therefore be regarded as a surplus production for own 

consumption.  In high-altitude zones, and more specifically above the 4000 m asl. in the 

research area, the property and control of land is not individual but rather communal, 

where long-term planning is a necessity and communal decision-making takes priority 

over individual short-term needs. 

Nevertheless, as market penetration increases in the research area, provision through 

the market is favored over own consumption, making FHSs’ more oriented towards 

commercial production (Mayer, 2002). This in turn threatens the sustainability as the 

pressure on communal land for agricultural intensification increases. This take place 

especially where the level of market consumption of neighboring HHs are in average 

higher even affecting their subjective welfare (Fafchamps & Shilpi, 2008). Although 

communal land cannot be used by farmers as liquid capital (Brush & Guillet, 1985) due to 

their restricted use, benefits from this activity would be very limited as the demand for 

land over 4000 m asl. from non-community members is very low or almost non-existent. 
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Particular biophysical conditions differing inside a farm were not assessed 

independently in the model, and therefore variations in the allocation of particular plots 

to specific production systems affect de facto the final outcomes. Although assuming 

homogeneous soil conditions and productivity for the selected production systems is 

unreal, this was selected to limit the complexity of the outcomes, as it helps to understand 

the outcomes and use of the model in a more simple and clear way.  

This model should be later adjusted to the specific conditions and productivity levels 

of the FHS. Changes in the soil and overall biophysical conditions as well as in the 

management of the production system will affect their input and output values including 

HH labor, land, expenditures and revenues. As a consequence the net present values will 

differ together with the optimal outcomes given by the model. Therefore, adjustments 

portraying specific local conditions of the different plots used in the FHS as well as the 

management carried out by the individual HH should take place in order to provide 

individual and more accurate optimal outcomes to any given FHS. 

In relation to the species selection, since farmers have expressed clear preferences for 

certain local staple crops, livestock and tree species. These preferences need to be taken 

into consideration e.g., when planning new agroforestry projects, in order to ensure their 

success. However, the inclusion of additional species (e.g., underused native species) 

should also be evaluated in the future for their potential greater benefits. Cattle were 

selected as livestock because they were favored by farmers being raised as a commodity 

and almost the only one used for financial profit and as a highly liquid asset in the study 

area. The same is true in other Andean communities (Kuit, 1990). In addition, farmers’ 

preference for cattle is strongly associated to their production of dairy, not only for the 

own consumption as an important nutrient source mainly for children, but also for the 

provision of daily financial income. 

 

On top of that, it is important for farmers, researchers and other decision makers to 

take into account the scale in which these changes are going to take place. Even if the best 

strategy for a specific community is identified, whenever it is followed by every FHS it 

might lose its consistency. As when translated to a bigger scale, changes can be 

detrimental for individual FHS when considering the market’s supply and demand, as well 

as the environmental conditions including pest and disease problems, resulting in 

maladaptation practices. In addition, farmers compete for off-farm and non-farm labor, 

markets and natural resources, and therefore it is difficult to improve their livelihoods in 

the same manner.  

Moreover, it might be challenging to extrapolate the outcomes to other areas in the 

Andes, given its heterogeneity not only their exposure to climate variability and extreme 

events vary but also conditions between communities and farmers differ. Therefore, 

strategies to enhance resilience and limitations to be targeted could also diverge along the 

Andes and initiatives to replicate adaptation measures should take this into consideration.  
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6.2 Conclusions & outlook 

 

6.2.1 General conclusions 

 

Notwithstanding that the breadth of the present study might have limited the depth of 

some specific analyses, employing a transdisciplinary, 3-stage research, with assessments 

in the social, ecological and financial fields, lead to robust sustainable outcomes on 

livelihood strategies for Adean farmers.    

With the elaboration of the IPCC livelihood vulnerability index (LVI-IPCC) insights 

about the vulnerability factors present in each of the assessed communities were 

provided. Here, low values or the scarce presence of specific elements that are crucial for 

resilience were identified. This became more obvious with the development and 

application of the sustainable livelihood vulnerability index (S-LVI).  

As an example, results showed that less privileged communities presented similar or 

even greater capacities of response than communities with better physical and financial 

capital and lower exposure. This is evidence that measures to increase these capacities in 

the different farm household systems are within reach.  

At large, small-scale farmers’ limited resources, low education levels, together with the 

absence or limited access to basic infrastructure services, were responsible of low 

production outputs, food insecurity, malnutrition, and  poor health. All of which threaten 

farmers’ livelihood by being more sensitive to climate change. These conditions - which 

differed among communities in their magnitude - were worsened with the persisting lack 

of organization and commitment, limited technical assistance, restrictive and inadequate 

credit conditions, high transaction costs owed to deficient access to the market, and last 

but not least, the increasing exposure to climate variation and extreme events. In view of 

that, a number of issues and measures were argued for improving current conditions, 

increase farmers’ resilience and provide more sustainable livelihoods in the assessed 

communities.  

In addition, a number of livelihood strategies such as temporary migration, to 

overcome the low wages and little labor demand, were present together with 

extensification, intensification as well as on- and off-farm diversification strategies among 

FHSs. Scenarios including these strategies are expected to enhance the capacity of 

response of farmers while reducing their sensitivity to climate change, thus making the 

system more resilient. S-LVI analysis is deemed an important and useful tool to identify 

which strategies are more suitable, effective and efficient for achieving the 
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abovementioned goals for each individual FHS. Finally, a deeper analysis over a longer 

time dimension will provide greater understanding on the farmers’ responses and 

behavior related to these livelihood strategies. 

Moreover, Chapter 4 dealt with strategies and practices available to promote resilience 

to climate variability with emphasis on agricultural droughts. Farmers experienced a 

higher variability related to extreme temperatures and precipitation amount and 

distribution. Agricultural droughts were described by farmers as increasing in frequency, 

elevating the level of exposure in the system. These affect HH’s revenues through lower 

output production, often compelling them to sell or consume their productive assets, re-

invest in their land or engage in additional off-farm labor to cope with these hazards. 

Around half of the farmers were willing to cope with agricultural droughts by better 

planning their on-farm activities, diversifying their production systems to prevent these 

hazards most of them with resistant varieties and by introducing trees. Nearly all farmers 

mentioned a lack of technical training or basic knowledge required to mitigate agricultural 

droughts. All of these measures are intended to improve farmers’ capacity of response.  

Although most agreed that the presence of trees had a positive influence in agricultural 

crops, this was mainly related to the additional benefits coming from wood production. 

Scenarios including the incorporation of trees were considered as a beneficial trend, 

allowing farmers to diversify their outputs with less volatile and more sustainable 

incomes, reducing their sensitivity to climate change. 

Influences of trees in agricultural crops were thereafter evaluated with a focus on 

agricultural droughts. A positive influence on the presence of trees in the soil moisture 

was found during the beginning of the wet season. Nevertheless, at the end of the dry 

season no significant differences were obtained. In addition, no conclusive relations 

between potato yields and the presence of trees were derived. Therefore, negative effects 

other than the reduction in physical space for potato sowing in the agroforestry systems 

could not be proved through the natural resource assessments. This supports the idea that 

social-ecological systems, in this case FHSs, are in the whole more capable to cope with 

agricultural droughts if they incorporate trees in their system, thus making it more 

resilient.  

Moving on to Chapter 5, the introduction of trees as a resilient and sustainable 

livelihood strategy for small-scale farmers was assessed through the development and 

application of an optimization model to determine if they form part of the financially 

optimum arrangements among other production systems.   

Accurate and positive outcomes from the model were obtained for all but the resource-

scarcer FHSs. With low interest rates, trees were always included in different 

arrangements - except for silvopastoral systems – in the optimal solutions for all FHSs. 

Therefore, under these scenarios, the incorporation of trees in the FHS improves farmer’s 

livelihood. However, increasing climate risks and unstable markets increase small-scale 

farmers’ rates of time preference, making long-term investments like tree-based 
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production systems less interesting for their FHSs. Hence, with 15% of interest rates forest 

planted in farmers own land were not an optimal option anymore, and with 25% systems 

that included any sort of tree arrangement were no longer present as part of the solutions. 

This implies that scenarios with FHSs highly exposed to climate hazards cannot rely on 

trees to cover their immediate needs. On-farm intensification with cattle-pasture systems 

is only a suitable strategy to FHSs with small-landholdings and high own financial capital. 

As a matter of fact, under these circumstances of higher risk, most FHSs will suffer from 

resource depletion unless they engage in non-farm activities, diversifying their sources of 

income generation.   

Surprisingly, and in spite of its inherently less climate-sensitive nature, the share of land 

for forestry systems did not increase correspondingly after intensifying the potential 

negative consequences of extreme events for pasture and crop-related productivity in the 

optimization model. As more resources are needed to cover HH food and revenues’ 

requirements, less resources remain available for capital accumulation through surplus 

(over their needs) investments. Although the latter are more profitable, which represent 

investments in tree-based systems under the present conditions, not every farmer can 

afford to invest the same amount in these longer-term production systems. This evidences 

that the incorporation of trees in the FHSs as an adaptation strategy is limited to specific 

FHSs, often restricted to HHs with a higher own financial capital. 

Moreover, FHSs with more resources are more affected, and thus more vulnerable, to 

changes in their production output prices, especially with variations in milk prices. 

Overall, farmers were less sensitive to changes in tree prices and agricultural wages.  This 

provides additional evidence for decision makers and support farmers willing to venture 

in eucalyptus plantations but unconfident of the possible changes in the long-term 

conditions. 

Finally, farmers with characteristics that lead to a higher share of land allocated for 

tree-related activities as part of their optimal solutions will be less sensitive and climate 

dependent and thus more financially resilient to increasing climate variability and 

extreme events. These characteristics are farmers’ rates of time preference, FHSs’ own 

financial capital and the size of their landholdings, respectively. 

 

6.2.2 Outlook 

 

The combination of the farming and forestry system approach and the sustainable 

livelihood approach allowed a comprehensive and holistic understanding of the resources 

and determinants that influence small-scale farmers’ vulnerability to climate change. 

Through the elaboration of vulnerability indices, it was possible to identify the different 

assets that could be enhanced through livelihood strategies to help improve farmers’ 

resilience.  
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The present transdisciplinary research made use of social, ecological and financial 

assessments in order to analyze the potential sustainability of some of the identified 

resilient livelihood strategies (Figure 6.1). Positive results were obtained in this regard for 

the incorporation of trees in FHSs; although, it does not apply in all cases, its sustainability 

was proved under some of the beforehand described conditions.  

 

 

Figure 6.1: Outlook of the research outcomes 

 

For the most vulnerable farming systems, an increment in the distribution and number 

of production systems or diversification allows the reduction of both ecological and 

financial risks. Although with higher risks of losing part of the production because of 

increasing extreme events, the share of land for covering farmers’ first needs (food and 

yearly revenues) ought to be larger than the minimum required. Farmers need to allocate 

a higher share of land and resources to buffer the output of these critical production 

systems, so as to cope with these eventualities. Above this buffer, the optimal option could 
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include investing in tree-based production systems.   

At the same time, the willingness of farmers to engage in short term production systems 

for commercial purposes is influenced by local improvements in market accessibility and 

higher purchasing intentions. As this increases the share of land allocated to commercial 

crops and reduces the fallow time, further impoverishment of the soil nutrients and 

increment of pest incidences and/or disease resistance can be expected. Hence, concern 

might be raised on the adoption of this strategy, as it will degrade farmer’s resource base 

and future productivity through unsustainable production, affecting in the long term their 

future revenues and overall livelihood.   

Production systems that generate revenues in the short-term are systematically 

favored when analyzed financially using discount rates, even if they involve future costs 

(through resource base degradation), and discourage longer-term systems without future 

costs (Kapp, 1998). Tree-based systems not only work as a resilience mechanism (Section 

4.5.2), helping to cope with losses when needed, but also are sustainable as mid-long term 

income sources and for resource protection.  

Although for the financial analysis monetary estimates are necessary, a sizeable 

proportion of agroforestry inputs and outputs are not included in the budget, such as 

environmental services. In the study area, the presence of eucalyptus trees proved to be 

positive for increasing the plant water availability during the beginning of the wet season.  

Following this line of thought, and mainly in areas where conditions are not ecologically 

and/or financially feasible for eucalyptus plantations, the introduction of alternative tree 

species might be considered. Although native species do not present the same shorter-

term financial benefits, their use might be endorsed by their longer-term and more 

sustainable outcomes, principally through their ecological but plausibly also through their 

financial benefits, in areas with adverse climate conditions and/or nutrient-poor soils. 

Therefore, a similar optimization assessment should be carried out for alternative tree 

species in those areas, with emphasis on desired and adapted native species. At present, 

national reforestation programs attempt to reduce the share of exotic trees in the Andes; 

conversely, local farmers seem to be very passionate and reluctant to change back to 

having a higher quota of native trees as they prefer the short-term benefits provided by 

fast-growing species such as eucalyptus trees.  

Considering the three empirical studies, the use of tree-based systems has proven to be 

a socially and ecologically sound and financially optimal resilient livelihood strategy in the 

study area and for particular FHSs. Conversely, these assessments have shown that FHSs 

with very limited basic resources, immediate needs and highly exposed to risks are forced 

to engage in non-farm activities to overcome climatic hazards and avoid resource 

depletion.  

With more sustainable on-farm livelihoods, small-scale farmers will reduce their need 

for migration in order to cover their needs through off-farm activities. Temporary and 

permanent migration to the Andean Amazon is a strategy commonly used by farmers to 
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cope with production losses often owed to climate variations, which directly or indirectly 

encourages deforestation. Therefore, promoting agroforestry or other tree-based 

production system in the FHSs is deemed as one of the most important approaches to 

support sustainable livelihoods and help increase, in the mid-term, farmers’ revenues, 

hence releasing pressure on the natural forests. Here, a win-win situation is being 

contemplated where a synergy of adaptation and mitigation strategies to address issues 

linked to climate variability and sustainable livelihood is possible.   

Finally, it is not expected that single solutions will be sufficient to overcome the 

vulnerability issues present in these communities. The dynamic conditions of the 

socioeconomic and biophysical determinants should also be considered when evaluating 

solutions by including different temporal scales and feedback mechanisms, so as to avoid 

static or inflexible adaptation measures. Different and fail-safe arrangements ought to 

back investments to help avoid maladaptive measures. 
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Appendix 1 
 

Picturing the study area 
 

                    
 
Figures A1 – A3: Potato crop exposed to a hail event in the community of La Florida (H1) 
 
 
 

   
 

Figures A4 – A5: Field school for farmers (Escuela de Campo de Agricultores – ECA) in H1 on 
improving livestock management. 
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Figure A6: Farmers in H2 working together for 

shared future outcomes 
 

 
 

Figure A7: Kith and kin from M1 well-
groomed on their way to visit the city 

Concepcio n 
 
 
 

 
 

Figure A8: Harvest of a potato crop from a 
larger-scale farmer in M1 

 
 

Figure A9: Small farm plots belonging to five 
different HHs in H2 

 
 

 
 

Figure A10: Irrigation canal in H3 
 

  
 

Figure A11: Sanitary facilities being 
implemented in M2 
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Figure A12: Mechanized agriculture in M1 

 

 
Figure A13: Traditional ploughing with 

draft animals in H3 

   
 

 
 

Figure A14: Animal market in the closest 
city Concepcio n 

 
 

Figure A15: Couple from H3 selling meat bi-

weekly in the market of Concepcio n. They 

butcher livestock that they buy and raise. 
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Appendix 2 
 
 

Comparison of Livelihood assets & climate variability 
between locations 

 

 

Normality test: W = 0.9462, p-value = 2.225e-07 
Transformation (log). normality test after transformation: W = 0.91, p-value = 5.27e-10 
Not normal data, therefore: 
 
 
Non parametric ANOVA (Kruskal-Wallis test): 
 
 

 

ANOVA 
(Kruskal-Wallis 

test) 
 p-value n-1 (df) 

Human capital 0.953 0.987 6 

Social capital 1.241 0.975 6 

Natural capital 2.598 0.857 6 

Physical capital 2.203 0.001* 6 
Financial capital 6.484 0.371 6 

Climate variability 
& extreme events 

1.518 0.958 6 

 
Kruskal-Wallis ANOVA test was significant only regarding the physical capital. 
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Comparisons of the physical capital among locations:  
 
Multiple comparison test after Kruskal-Wallis 
 

 

Kruskal-Wallis multiple comparison test 
(p-value: 0.05) 

Physical capital 
observed 
difference 

critical 
difference 

H0: μ1 ≠ μ2  

L2 - LF 13.714 23.204 False 

L2 - M1 16.286 23.204 False 

L2 - M2 16.857 23.204 False 

L2 - H3 24.000 23.204 True 

L2 - H2 24.571 23.204 True 

L2 - L1 0.929 23.204 False 

H1 - M1     2.571 23.204 False 

H1 - M2    3.142 23.204 False 

H1 - H3   10.286 23.204 False 

H1 - H2   10.857 23.204 False 

H1 - L1  14.643 23.204 False 

M1 - M2     0.571 23.204 False 

M1 - H3   7.714 23.204 False 

M1 - H2    8.286 23.204 False 

M1 - L1   17.214 23.204 False 

M2 - H3  7.143 23.204 False 

M2 - H2     7.714 23.204 False 

M2 - L1  17.786 23.204 False 

H3 - H2     0.571 23.204 False 

H3 - L1    24.929 23.204 True 

H2 - L1   25.500 23.204 True 
 
Regarding Physical capital, L1 and L2 are both significantly different from H3 and H2, 
although no differences were found between each other. 
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Appendix 3 
 

 
Comparison of vulnerability factors between locations 

 

 
Normality test: W = 0.9462, p-value = 2.25e-07 
Transformation (log). normality test after transformation: W = 0.91, p-value = 5.27e-10 
Not normal data, therefore: 
 
Non parametric ANOVA (Kruskal-Wallis test): 
 
Adaptive: 2.4437, df = 6, p-value = 0.8747 

Sensitivity: 18.2702, df = 6, p-value = 0.005591 
Exposure: 3.9018, df = 6, p-value = 0.69 
 
Comparisons of the sensitivity factor among locations:  
Multiple comparison test after Kruskal-Wallis (p.value: 0.1)  
 

 

Kruskal-Wallis multiple comparison test 
(p-value: 0.1) 

Sensitivity 
observed 
difference 

critical 
difference 

H0: μ1 ≠ μ2  

L2 - H1 14.692 29.244 False 

L2 - M1 19.846 29.244 False 

L2 - M2 22.846 29.244 False 

L2 - H3 30.231 29.244 True 

L2 - H2 28.808 29.244 False 
L2 - L1 1.192 29.244 False 

H1 - M1     5.154 29.244 False 

H1 - M2    8.154 29.244 False 

H1 - H3   15.538 29.244 False 

H1 - H2   14.115 29.244 False 

H1 - L1  15.885 29.244 False 

M1 - M2    3.00 29.244 False 

M1 - H3   10.385 29.244 False 

M1 - H2    8.962 29.244 False 

M1 - L1   21.038 29.244 False 

M2 - H3  7.385 29.244 False 

M2 - H2     5.962 29.244 False 

M2 - L1  24.038 29.244 False 

H3 - H2     1.423 29.244 False 

H3 - L1    31.423 29.244 True 

H2 - L1   30.00 29.244 True 
 

Regarding Sensitivity, Kruskal-Wallis ANOVA test was significant. Although no 
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detectable differences were found between locations when pairwising at a 0.05 p-value, 

differences were observed when setting the alpha to 0.1, which can be well justified by the 

nature of the uncontrolled experiment and the low amount of n. L1 exhibit significant 

differences with H2 and H3, and L2 exhibit significant differences with H3 and pretty close 

to being different from H2. 
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Appendix 4 
 

Comparison on the intra-site variation of soil humidity in 
agroforestry and agricultural systems 

 
 

Table 1: Comparison on the intra-site variation of soil humidity in San Pedro’s 

agroforestry and agricultural systems 

Dry season 
Standard error 

Wet Season 
Standard error 

Agriculture Agroforestry Agriculture Agroforestry 

20.7 0.009 0.012 7.9 0.006 0.011 

24.7 0.004 0.012 11.9 0.010 0.009 

27.7 0.003 0.011 14.9 0.011 0.010 

31.7 0.003 0.010 18.9 0.004 0.006 

3.8 0.004 0.008 21.9 0.013 0.005 

7.8 0.005 0.009 25.9 0.010 0.006 

10.8 0.006 0.009 28.9 0.006 0.006 

14.8 0.006 0.010 2.10 0.017 0.004 

17.8 0.009 0.013 5.10 0.007 0.009 

21.8 0.010 0.014 9.10 0.011 0.008 

24.8 0.010 0.014 12.10 0.009 0.005 

28.8 0.008 0.013 16.10 0.010 0.005 

4.9 0.007 0.012 Average 0.00956 0.00682 

Average 0.00638 0.01118       
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Table 2: Comparison on the intra-site variation of soil humidity in La Florida’s 

agroforestry and agricultural systems 

Dry season 
Standard error 

Wet Season 
Standard error 

Agriculture Agroforestry Agriculture Agroforestry 

20.7 0.005 0.019 7.9 0.009 0.004 

24.7 0.004 0.011 11.9 0.006 0.009 

27.7 0.004 0.011 14.9 0.008 0.015 

31.7 0.006 0.008 18.9 0.007 0.009 

3.8 0.006 0.006 21.9 0.005 0.014 

7.8 0.008 0.007 25.9 0.006 0.012 

10.8 0.011 0.006 28.9 0.005 0.006 

14.8 0.009 0.006 2.10 0.007 0.007 

17.8 0.010 0.005    

21.8 0.014 0.008    

24.8 0.012 0.009 Average 0.00639 0.0092 

28.8 0.009 0.007    

4.9 0.010 0.005 
   

Average 0.00828 0.00826 
   

 

  



 

- 209 - 

Appendix 5 
 

Cash flow tables of the selected production systems used for 
the net present value calculations 

 

The information regarding the variables used for each production system was 

calculated from the production systems assessed during the 11 in-depth interviews with 

farmers. These were backed up with available literature from the Mantaro Valley (e.g., milk 

and pasture productivity; Horber, 1984). The present cash flow tables were performed on 

an annual basis. Cattle were kept in equilibrium, meaning that the herd size did not change 

and hence the increment (calves) was sold. For the agroforestry systems and silvopastoral 

systems in the present calculations, trees were calculated to take approximately 37% of 

the land area (as detailed for PS2). However, this proportion can be reduced under larger 

land units and a different arrangement (e.g., less trees/ha).  

 

Table A1: cash flow of the agricultural production system  

   Agricultural production system / 0.083̂ ha per ha 

 PS1 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Potato 0  336 -336 4 -4032 

Year 1 Ulluco 234 142 92 9 1104 

Year 2 fava beans 240 5 235 2 2820 

Year 3 cereals (oats / barley) 55 19 36 2 432 

Year 4 Fallow 47 0 47 0 564 

Year 5 Fallow 11 0 11 0 132 

Year 6 Fallow 11 0 11 0 132 

Year 7 Fallow 11 0 11 0 132 

Year 8 Potato 11 176 -165 4 -1980 

Year 9 Ulluco 234 142 92 9 1104 

Year 10 fava beans 240 5 235 2 2820 

Year 11 cereals (oats / barley) 55 19 36 2 432 

Year 12 Fallow 47 0 47 0 564 

Year 13 Fallow 11 0 11 0 132 

Year 14 Fallow 11 0 11 0 132 

Year 15 Fallow 11 0 11 0 132 

Year 16  126  126  1512  

 

The individual expenditures and revenues are detailed below in Table A2. 
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Table A2: detailed distribution of the revenues and expenditures of PS1 

 PS1 Revenues ($) Expenditures ($) 

Year 0 Potato   336 
land ($160) + costs for 
growing potatoes ($176) 

Year 1 Ulluco 234 Sale of potatoes (13 sacks x $18) 142 
costs for growing ulluco 
($142) 

Year 2 fava beans 240 Sale of ullucos (12 sacks x $20) 5 costs for growing beans ($5) 

Year 3 
cereals  
(oats/barley) 

55 Sale of beans ($55) 19 
costs for growing cereals 
($19) 

Year 4 Fallow 47 Sale of cereals ($47) 0 none 

Year 5 Fallow 11 benefits from livestock rearers ($11) 0 none 

Year 6 Fallow 11 benefits from livestock rearers ($11) 0 none 

Year 7 Fallow 11 benefits from livestock rearers ($11) 0 none 

Year 8 Potato 11 benefits from livestock rearers ($11) 176 
costs for growing potatoes 
($176) 

Year 9 Ulluco 234 Sale of potatoes (13 sacks x $18) 142 
costs for growing ulluco 
($142) 

Year 10 fava beans 240 Sale of ullucos (12 sacks x $20) 5 costs for growing beans ($5) 

Year 11 cereals  55 Sale of beans ($55) 19 
costs for growing cereals 
($19) 

Year 12 Fallow 47 Sale of cereals ($47) 0 none 

Year 13 Fallow 11 benefits from livestock rearers ($11) 0 none 

Year 14 Fallow 11 benefits from livestock rearers ($11) 0 none 

Year 15 Fallow 11 benefits from livestock rearers ($11) 0 none 

Year 16  126 
Land ($115.8) + benefits from 
livestock rearers ($11) 

  

 

Land value was calculated in $160 for the year 0 (as initial investment) and $115.8 in 

year 16 (Section 5.1.3). 

Costs for growing the different crops were obtained from averages of the assessed farm 

household systems in the study area where farmers detailed their expenses in the 

following items: 

1. Wage labor ($8/day in average) required for: Preparing the soil, tilling & plowing, 

sowing, weeding, applying fertilizers & insecticides, harvesting, sorting & sacking, 

hauling 

  Potato: 10 days / Ulluco: 10 days / beans: 0 days / cereals: 1day / fallow: 0 days 

2. Leasing or contracting machinery/animal traction: tractor, pump sprayer, yoke of 

oxen/horses 

3. Physical inputs: seeds, manure, fertilizers, insecticides, sacks,  

4. Additional costs: transport costs, irrigation  

Table A3: cash flow of the agroforestry production system  
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   Agroforestry system / 0.083̂ ha per ha 

 PS2 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Potato Forest  0 281 -281 4 -3372 

Year 1 Ulluco Forest 147 89 58 5.7 696 

Year 2 fava beans Forest 151 3 148 2 1776 

Year 3 cereals (oats / barley) Forest 34 12 23 2 276 

Year 4 Fallow Forest 29 0 29 0 348 

Year 5 Fallow Forest 7 0 7 0 84 

Year 6 Fallow Forest 14 0 14 1 168 

Year 7 Fallow Forest 7 0 7 0 84 

Year 8 Potato Forest  7 119 -113 4 -1356 

Year 9 Ulluco Forest 147 89 58 5.7 696 

Year 10 fava beans Forest 158 3 155 3 1860 

Year 11 cereals (oats / barley) Forest 34 12 23 2 276 

Year 12 Fallow Forest 29 0 29 0 348 

Year 13 Fallow Forest 7 0 7 0 84 

Year 14 Fallow Forest 7 0 7 0 84 

Year 15 Fallow Forest 7 0 7 0 84 

Year 16   656  656  7872 

 Expenditures and revenues of PS2 are similar to Table A2, however a perimeter of three 

meter surrounding the tree borders is not being sowed under this system. Therefore, the 

following area has been taken out of the calculations: 

Agricultural Area = a x b  
Agroforestry Area = (a-2x3m) x (b-2x3m) 

 

If Agricultural Area = 0.083̂ ha (or 1 sack square)  
a = b = 29m approx. 

 hence agroforestry area = 23 x 23m = 0.05 ha 

or 63% of the original agricultural area 

 

 

 

Following this reasoning expenditures and revenues in PS2 represented 63% of the 

values of PS1, besides land values, which remained at a 100% of its value. In addition, costs 

of implementing 50 trees ($10), revenues from firewood during pruning activities in years 

6 and 10 of ($7), and in year 16 from the sale of trees (50 x $10.67) were included in the 

cash flow (Table A3). Hired labor was assumed to be the same as for PS1. 

 

 

3m 

3m 

a 

b 
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Table A4: cash flow of the pasture-improved cattle production system  

    1 Brown cattle / 0.33 ha per ha 

 PS3 
revenue 

($) 
net income 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Pasture + Livestock 0 1312 -1312 73 -3936 

Year 1 Pasture + Livestock 73 192 -119 73 -357 

Year 2 Pasture + Livestock 73 192 -119 73 -357 

Year 3 Pasture + Livestock 73 192 -119 73 -357 

Year 4 Pasture + Livestock 1314 471 843 73 2529 

Year 5 Pasture + Livestock 1867 471 1396 73 4188 

Year 6 Pasture + Livestock 1867 471 1396 73 4188 

Year 7 Pasture + Livestock 1867 471 1396 73 4188 

Year 8 Pasture + Livestock 2107 672 1435 73 4305 

Year 9 Pasture + Livestock 73 192 -119 73 -357 

Year 10 Pasture + Livestock 73 192 -119 73 -357 

Year 11 Pasture + Livestock 73 192 -119 73 -357 

Year 12 Pasture + Livestock 1314 471 843 73 2529 

Year 13 Pasture + Livestock 1867 471 1396 73 4188 

Year 14 Pasture + Livestock 1867 471 1396 73 4188 

Year 15 Pasture + Livestock 1867 471 1396 73 4188 

Year 16  2570  2570  7710 

 

The individual expenditures and revenues are detailed below in Table A5. 
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Table A5: detailed distribution of the revenues and expenditures of PS3 

   1 Brown cattle / 0.33 ha 
 PS3 Revenues ($) Expenditures ($) 

Year 0 
Pasture + Livestock 

  1312 
land (4 x $160) + buy a calf ($480)+ veterinary services (vet, 
$60) + buy forage ($89.3) + rent of fallow land ($42.7) 

Year 1 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 2 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 3 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 4 Pasture + Livestock 1314 Dung ($73) + milk (8.5L x 365 x $0.4) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 5 Pasture + Livestock 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 6 Pasture + Livestock 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 7 Pasture + Livestock 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 8 Pasture + Livestock 2107 Dung (2x $73) + milk ($1241) + calf ($480) + cow ($240) 672 Buy a calf ($480)+ vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 9 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 10 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 11 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 12 Pasture + Livestock 1314 Dung ($73) + milk (8.5L x 365 x $0.4) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 13 Pasture + Livestock 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 14 Pasture + Livestock 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 15 Pasture + Livestock 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 16  2570 
Land (4 x $115.8) + Dung (2x $73) + milk ($1241) + calf 
($480) + cow ($240) 

  

 

In PS3 as well as in the following production systems involving cattle no wage laborers were employed and all labor was assumed by the HH 

members.  
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Table A6: cash flow of the silvopastoral production system with improved cattle 

   Silvopastoral system: 1 Brown cattle /0.53 ha per ha 

 PS4 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Pasture + Livestock Forest  0 1752 -1752 83 -3311 

Year 1 Pasture + Livestock Forest 73 192 -119 73 -225 

Year 2 Pasture + Livestock Forest 73 192 -119 73 -225 

Year 3 Pasture + Livestock Forest 73 192 -119 75 -225 

Year 4 Pasture + Livestock Forest 1314 471 843 73 1593 

Year 5 Pasture + Livestock Forest 1867 471 1396 73 2638 

Year 6 Pasture + Livestock Forest 1909 471 1438 79 2717 

Year 7 Pasture + Livestock Forest 1867 471 1396 73 2638 

Year 8 Pasture + Livestock Forest  2107 672 1435 73 2712 

Year 9 Pasture + Livestock Forest 73 192 -119 73 -225 

Year 10 Pasture + Livestock Forest 115 192 -77 79 -146 

Year 11 Pasture + Livestock Forest 73 192 -119 73 -225 

Year 12 Pasture + Livestock Forest 1314 471 843 73 1593 

Year 13 Pasture + Livestock Forest 1867 471 1396 73 2638 

Year 14 Pasture + Livestock Forest 1867 471 1396 73 2638 

Year 15 Pasture + Livestock Forest 1867 471 1396 73 2638 

Year 16   6234  6234  11781 

 

 Expenditures and revenues of PS4 are similar to Table A5, however as in PS2, trees are 

taking up 37% of the area and therefore a larger area (0.53 instead of 0.33 ha) is needed 

to cover the needs of improved cattle. Apart from the additional investments in land, 

expenditures and revenues remain the similar as in the cash flow of PS3. The only 

differences come as in PS2 from tree planting in year 0 (HH labor 10 days +$64), additional 

HH labor from pruning activities in years3 (2 days), 6 (6 days) and 10 (6 days) and their 

respective additional revenues from firewood in years 6 and 10 ($42). Finally, incomes in 

year 16 include in addition the sale of trees (318 trees x $10.67) and from a larger 

extension of land (6.35 x $115.8 instead of 4 x $115.8). 
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Table A7: detailed distribution of the revenues and expenditures of PS4 

   1 Brown cattle / 0.53 ha 
 PS4 Revenues ($) Expenditures ($) 

Year 0 
Silvopasture +Forest 

  1752 
land (6.35 x $160) + buy a calf ($480)+ veterinary service ($60) 
+ buy forage ($89.3) + rent of fallow land ($42.7) + tree ($64) 

Year 1 Silvopasture +Forest 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 2 Silvopasture +Forest 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 3 Silvopasture +Forest 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 4 Silvopasture +Forest 1314 Dung ($73) + milk (8.5L x 365 x $0.4) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 5 Silvopasture +Forest 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 6 
Silvopasture +Forest 

1909 
Dung (2 x $73) + milk ($1241) + calf ($480) + pruning 
($42) 

471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 7 Silvopasture +Forest 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 8 Silvopasture +Forest 2107 Dung (2x $73) + milk ($1241) + calf ($480) + cow ($240) 672 Buy a calf ($480)+ vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 9 Silvopasture +Forest 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 10 Silvopasture +Forest 115 Sale of dung (36.5 sacks x $2) + pruning ($42) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 11 Silvopasture +Forest 73 Sale of dung (36.5 sacks x $2) 192 vet ($60) + forage ($89.3) + fallow ($42.7) 

Year 12 Silvopasture +Forest 1314 Dung ($73) + milk (8.5L x 365 x $0.4) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 13 Silvopasture +Forest 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 14 Silvopasture +Forest 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 15 Silvopasture +Forest 1867 Dung (2 x $73) + milk ($1241) + calf ($480) 471 vet (2 x $60) + forage ($89.3) + fallow ($42.7) + fodder ($219) 

Year 16  6234 
Land (6.35 x $115.8) + Dung (2x $73) + milk ($1241) + 
calf ($480) + cow ($240) + tree ($3393) 
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Table A8: cash flow of the pasture-creole cattle production system  

    1 Creole cattle / 0.21 ha  per ha 

 PS5 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Pasture + Livestock 0 726 -726 63 -3485 

Year 1 Pasture + Livestock 73 126 -53 63 -254 

Year 2 Pasture + Livestock 73 126 -53 63 -254 

Year 3 Pasture + Livestock 73 126 -53 63 -254 

Year 4 Pasture + Livestock 730 300 430 63 2064 

Year 5 Pasture + Livestock 1003 300 703 63 3374 

Year 6 Pasture + Livestock 1003 300 703 63 3374 

Year 7 Pasture + Livestock 1003 300 703 63 3374 

Year 8 Pasture + Livestock 1203 326 877 63 4210 

Year 9 Pasture + Livestock 73 126 -53 63 -254 

Year 10 Pasture + Livestock 73 126 -53 63 -254 

Year 11 Pasture + Livestock 73 126 -53 63 -254 

Year 12 Pasture + Livestock 730 300 430 63 2064 

Year 13 Pasture + Livestock 1003 300 703 63 3374 

Year 14 Pasture + Livestock 1003 300 703 63 3374 

Year 15 Pasture + Livestock 1003 300 703 63 3374 

Year 16  1493  1493  7166 

  

The individual expenditures and revenues are detailed below in Table A9. 
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Table A9: detailed distribution of the revenues and expenditures of PS5 

   1 Creole cattle / 0.21 ha 
 PS5 Revenues Expenditures 

Year 0 
Pasture + Livestock 

  726 
land (2.5 x $160) + buy a calf ($200)+ veterinary services (vet, 
$28) + buy forage ($55.8) + rent of fallow land ($42.7) 

Year 1 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 126 vet ($28) + forage ($55.8) + fallow ($42.7) 

Year 2 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 126 vet ($28) + forage ($55.8) + fallow ($42.7) 

Year 3 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 126 vet ($28) + forage ($55.8) + fallow ($42.7) 

Year 4 Pasture + Livestock 730 Dung ($73) + milk (4.5L x 365 x $0.4) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 5 Pasture + Livestock 1003 Dung (2 x $73) + milk ($657) + calf ($200) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 6 Pasture + Livestock 1003 Dung (2 x $73) + milk ($657) + calf ($200) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 7 Pasture + Livestock 1003 Dung (2 x $73) + milk ($657) + calf ($200) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 8 Pasture + Livestock 1203 Dung (2 x $73) + milk ($657) + calf ($200) + cow ($200) 326 cow ($200)+ vet ($28) + forage ($55.8) + fallow ($42.7) 

Year 9 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 126 vet ($28) + forage ($55.8) + fallow ($42.7) 

Year 10 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 126 vet ($28) + forage ($55.8) + fallow ($42.7) 

Year 11 Pasture + Livestock 73 Sale of dung (36.5 sacks x $2) 126 vet ($28) + forage ($55.8) + fallow ($42.7) 

Year 12 Pasture + Livestock 730 Dung ($73) + milk (4.5L x 365 x $0.4) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 13 Pasture + Livestock 1003 Dung (2 x $73) + milk ($657) + calf ($200) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 14 Pasture + Livestock 1003 Dung (2 x $73) + milk ($657) + calf ($200) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 15 Pasture + Livestock 1003 Dung (2 x $73) + milk ($657) + calf ($200) 300 vet (2 x $28) + forage ($55.8) + fallow ($42.7) + fodder ($146) 

Year 16  1493 
Land (2.5 x $115.8) + Dung (2x $73) + milk ($657) + calf 
($200) + cow ($200) 
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Table A10: cash flow of the silvopastoral production system with creole cattle  

   Silvopastoral system: 1 Creole cattle /0.33 ha per ha 

 PS6 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Pasture + Livestock Forest  0 1006 -1006 69 -3018 

Year 1 Pasture + Livestock Forest 73 126 -53 63 -159 

Year 2 Pasture + Livestock Forest 73 126 -53 63 -159 

Year 3 Pasture + Livestock Forest 73 126 -53 64 -159 

Year 4 Pasture + Livestock Forest 730 300 430 63 1290 

Year 5 Pasture + Livestock Forest 1003 300 703 63 2109 

Year 6 Pasture + Livestock Forest 1030 300 729 66 2187 

Year 7 Pasture + Livestock Forest 1003 300 703 63 2109 

Year 8 Pasture + Livestock Forest  1203 326 877 63 2631 

Year 9 Pasture + Livestock Forest 73 126 -53 63 -159 

Year 10 Pasture + Livestock Forest 100 126 -27 66 -81 

Year 11 Pasture + Livestock Forest 73 126 -53 63 -159 

Year 12 Pasture + Livestock Forest 730 300 430 63 1290 

Year 13 Pasture + Livestock Forest 1003 300 703 63 2109 

Year 14 Pasture + Livestock Forest 1003 300 703 63 2109 

Year 15 Pasture + Livestock Forest 1003 300 703 63 2109 

Year 16   3800  3800  11400 

 

Expenditures and revenues of PS6 are similar to Table A9, however as in PS4, trees are 

taking up 37% of the area and therefore a larger area (0.33 instead of 0.21 sacks) is needed 

to cover the needs of creole cattle. Apart from the additional investments in land, 

expenditures and revenues remain the similar as in the cash flow of PS5. The only 

differences come as in PS4 from tree planting in year 0 (HH labor 5 days + $40), additional 

HH labor from pruning activities in years 3 (1 day), 6 (3 days) and 10 (3 days) and their 

respective additional revenues from firewood in years 6 and 10 ($27). Finally, incomes in 

year 16 include in addition the sale of trees (200 trees x $10.67) and from a larger 

extension of land (4 x $115.8 instead of 2.5 x $115.8). 
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Table A11: cash flow of the forest production system  

  Forest/ 0.083̂ ha per ha 

 PS7 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net income 

($) 

Year 0 Forest  0 197 -197 5.3 -2364 

Year 1 Forest 0 0 0 0 0 

Year 2 Forest 0 0 0 0 0 

Year 3 Forest 0 0 0 1 0 

Year 4 Forest 0 0 0 0 0 

Year 5 Forest 0 0 0 0 0 

Year 6 Forest 20 0 20 3 240 

Year 7 Forest 0 0 0 0 0 

Year 8 Forest  0 0 0 0 0 

Year 9 Forest 0 0 0 0 0 

Year 10 Forest 20 0 20 3 240 

Year 11 Forest 0 0 0 0 0 

Year 12 Forest 0 0 0 0 0 

Year 13 Forest 0 0 0 0 0 

Year 14 Forest 0 0 0 0 0 

Year 15 Forest 0 0 0 0 0 

Year 16  1884  1884  22608 

 

In forest production systems expenditures are only required in year 0 for land 

investment (opportunity cost of $160) and plantation costs ($36.7) mainly corresponding 

to the cost of seedlings in addition to the HH labor employed for planting activities (5.3 

days). HH labor from pruning activities appear in years 3 (1 day), 6 (3 days) and 10 (3 

days) and their respective additional revenues from firewood production in year 6 and 10 

($20 each). In year 3 there are no revenues from pruning activities due to the small size of 

the treelets. In year 16 revenues appear from the sale of trees (150 x $10.67) and from 

land ($284.3). The latter present higher values ($115.8 +$168.5) because of the costs 

avoided by farmers on the reestablishment of future tree plantations, on account of the 

coppicing capacity of eucalyptus trees. In forestry plantations most labor is assumed by 

the HH members, and hired labor is minimum, calculated to be under 1 day (0.84) of wage 

labor per 0.083̂  ha of land planted or 10 days per ha. Trees are sold as standing trees 

(stumpage prices) and therefore HH labor is not employed for the harvest. 

  



 

- 220 - 

Table A12: cash flow of the agricultural production system in sharecropping  

   Crop prod system /0.083̂ ha sharecropping (75%) per ha 

 PS8 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net income 

($) 

Year 0 Potato 0 113 -113 3.8 -1356 

Year 1 Ulluco 116 149 -33 4.3 -396 

Year 2 Potato 165 113 51 3.8 612 

Year 3 Ulluco 116 149 -33 4.3 -396 

Year 4 Potato 165 113 51 3.8 612 

Year 5 Ulluco 116 149 -33 4.3 -396 

Year 6 Potato 165 113 51 3.8 612 

Year 7 Ulluco 116 149 -33 4.3 -396 

Year 8 Potato 165 113 51 3.8 612 

Year 9 Ulluco 116 149 -33 4.3 -396 

Year 10 Potato 165 113 51 3.8 612 

Year 11 Ulluco 116 149 -33 4.3 -396 

Year 12 Potato 165 113 51 3.8 612 

Year 13 Ulluco 116 149 -33 4.3 -396 

Year 14 Potato 165 113 51 3.8 612 

Year 15 Ulluco 116 149 -33 4.3 -396 

Year 16  165  165  1980 

 

Farmers use neighboring land for agricultural purposes under sharecropping 

arrangements only to sow the more commercial crops, namely potato and ulluco tubers. 

As in PS1, in sharecropping arrangements expenditures and revenues for growing the 

potatoes and ullucos were obtained from averages of the assessed farmers using these 

systems. Specific spending items are the same as in PS1 although with different 

percentages, and revenues are lower as 25% of the production outcomes are left to the 

owner of the land. Finally, an average of eight days of hired labor were calculated per year 

for this production system.  
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Table A13: cash flow of the pasture-improved cattle production system in 

sharecropping  

   1 Brown cattle / 0.67 ha sharecropping (50%) per ha 

 PS9 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Pasture + Livestock 0 761 -761 73 -1142 

Year 1 Pasture + Livestock 73 281 -208 73 -312 

Year 2 Pasture + Livestock 73 281 -208 73 -312 

Year 3 Pasture + Livestock 73 281 -208 73 -312 

Year 4 Pasture + Livestock 1314 560 754 73 1131 

Year 5 Pasture + Livestock 1867 560 1307 73 1961 

Year 6 Pasture + Livestock 1867 560 1307 73 1961 

Year 7 Pasture + Livestock 1867 560 1307 73 1961 

Year 8 Pasture + Livestock 2107 761 1346 73 2019 

Year 9 Pasture + Livestock 73 281 -208 73 -312 

Year 10 Pasture + Livestock 73 281 -208 73 -312 

Year 11 Pasture + Livestock 73 281 -208 73 -312 

Year 12 Pasture + Livestock 1314 560 754 73 1131 

Year 13 Pasture + Livestock 1867 560 1307 73 1961 

Year 14 Pasture + Livestock 1867 560 1307 73 1961 

Year 15 Pasture + Livestock 1867 560 1307 73 1961 

Year 16  2107  2107  3161 

 

The present cash flow is very similar to PS3 in Table A5. Besides the fact that land is not 

taken here into consideration because of the sharecropping arrangement, higher costs are 

involved in the production of pastures needed to cover cattle forage requirements. Thus 

instead of investing $89.3 in the production of forage, $178.5 are needed under this 

arrangement. No additional changes are involved in PS9 when compared to Table A4. 
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Table A14: cash flow of the pasture-creole cattle production system in sharecropping 

   1 Creole cattle / 0.42 ha sharecropping (50%) per ha 

 PS10 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Pasture + Livestock 0 382 -382 63 -917 

Year 1 Pasture + Livestock 73 182 -109 63 -262 

Year 2 Pasture + Livestock 73 182 -109 63 -262 

Year 3 Pasture + Livestock 73 182 -109 63 -262 

Year 4 Pasture + Livestock 730 356 374 63 898 

Year 5 Pasture + Livestock 1003 356 647 63 1553 

Year 6 Pasture + Livestock 1003 356 647 63 1553 

Year 7 Pasture + Livestock 1003 356 647 63 1553 

Year 8 Pasture + Livestock 1203 382 821 63 1970 

Year 9 Pasture + Livestock 73 182 -109 63 -262 

Year 10 Pasture + Livestock 73 182 -109 63 -262 

Year 11 Pasture + Livestock 73 182 -109 63 -262 

Year 12 Pasture + Livestock 730 356 374 63 898 

Year 13 Pasture + Livestock 1003 356 647 63 1553 

Year 14 Pasture + Livestock 1003 356 647 63 1553 

Year 15 Pasture + Livestock 1003 356 647 63 1553 

Year 16  1203  1203  2887 

 

As with PS9 the present cash flow is very similar to PS5 in Table A9. Besides the fact that 

land is not taken here into consideration because of the sharecropping arrangement, 

higher costs are involved in the production of pastures needed to cover cattle forage 

requirements. Thus instead of investing $55.8 in the production of forage, $111.6 are 

needed under this arrangement. No additional changes are involved in PS10 when 

compared to Table A9. 
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Table A15: cash flow of the forest production system in sharecropping 

 Forest/0.083̂ ha sharecropping (50%) per ha 

 PS11 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net income 

($) 

Year 0 Forest  0 37 -37 5.3 -444 

Year 1 Forest 0 0 0 0 0 

Year 2 Forest 0 0 0 0 0 

Year 3 Forest 0 0 0 1 0 

Year 4 Forest 0 0 0 0 0 

Year 5 Forest 0 0 0 0 0 

Year 6 Forest 20 0 20 3 240 

Year 7 Forest 0 0 0 0 0 

Year 8 Forest  0 0 0 0 0 

Year 9 Forest 0 0 0 0 0 

Year 10 Forest 20 0 20 3 240 

Year 11 Forest 0 0 0 0 0 

Year 12 Forest 0 0 0 0 0 

Year 13 Forest 0 0 0 0 0 

Year 14 Forest 0 0 0 0 0 

Year 15 Forest 0 0 0 0 0 

Year 16  800  800  9600 

 

 Similar to PS7, expenditures for PS11 appear only in year 0 but just for plantation costs 

($36.7) as own land is not used. Revenues from firewood production after pruning 

activities ($20) appear in years 6 and 10, and from the sale of trees (150 trees/2 (50% 

arrangement) x $10.67) in year 16. As in PS7, hired labor is minimum and calculated to be 

under 1 day (0.84) of wage labor per 0.083̂ ha of land planted. 
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Table A16: cash flow of the agricultural production system given for sharecropping 

  Crop prod system given for sharecropping / 0.08�̂� ha Per ha 

 PS12 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net income 

($) 

Year 0 Potato 0 160 -160 0.2 -1920 

Year 1 Ulluco 39 0 39 3.7 468 

Year 2 Fallow 55 0 55 0 660 

Year 3 Fallow 11 0 11 0 132 

Year 4 Fallow 11 0 11 0 132 

Year 5 Fallow 11 0 11 0 132 

Year 6 Fallow 11 0 11 0 132 

Year 7 Fallow 11 0 11 0 132 

Year 8 Potato 11 0 11 0.2 132 

Year 9 Ulluco 39 0 39 3.7 468 

Year 10 Fallow 55 0 55 0 660 

Year 11 Fallow 11 0 11 0 132 

Year 12 Fallow 11 0 11 0 132 

Year 13 Fallow 11 0 11 0 132 

Year 14 Fallow 11 0 11 0 132 

Year 15 Fallow 11 0 11 0 132 

Year 16  127  127  1524 

 

For PS12 no expenditures besides land in year 0 are needed as farmers do not invest in 

growing the different crops. Only HH labor is needed for harvest. Only potato and ulluco 

tubers are sowed by other farmers under these arrangements, therefore main revenues 

are reflected only for these two production outputs. In addition, benefits in the following 

years are provided from fallow, where grazing activities are carried out by neighboring 

farmers ($11). Revenues from crops are 25% of the total output production or, to put it 

otherwise, 1/3 of the revenues of PS8.  
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Table A17: cash flow of the pasture system given for sharecropping 

  Pasture system given for sharecropping  / 0.08�̂� ha Per ha 

 PS13 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net income 

($) 

Year 0 Pasture  0 160 -160 4 -1920 

Year 1 Pasture  28 0 28 4 336 

Year 2 Pasture  28 0 28 4 336 

Year 3 Pasture  28 0 28 4 336 

Year 4 Pasture  28 0 28 4 336 

Year 5 Pasture  28 0 28 4 336 

Year 6 Pasture  28 0 28 4 336 

Year 7 Pasture  28 0 28 4 336 

Year 8 Pasture  28 0 28 4 336 

Year 9 Pasture  28 0 28 4 336 

Year 10 Pasture  28 0 28 4 336 

Year 11 Pasture  28 0 28 4 336 

Year 12 Pasture  28 0 28 4 336 

Year 13 Pasture  28 0 28 4 336 

Year 14 Pasture  28 0 28 4 336 

Year 15 Pasture  28 0 28 4 336 

Year 16  144  144  1728 

 

In PS13 constant revenues represent the 50% of the pasture production outputs, namely 

$28, where four days of HH labor are required for the harvest. Apart from this, only 

expenditure related to land as initial investment (opportunity cost) in year 0 ($160) and 

their revenues in year 16 ($115.8) are involved in the cash flow. 
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Table A18: cash flow of the forest production system given for sharecropping 

  Forestry system given for sharecropping  / 0.08�̂� ha Per ha 

 PS14 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net income 

($) 

Year 0 Forest  0 160 -160 0 -1920 

Year 1 Forest 0 0 0 0 0 

Year 2 Forest 0 0 0 0 0 

Year 3 Forest 0 0 0 0 0 

Year 4 Forest 0 0 0 0 0 

Year 5 Forest 0 0 0 0 0 

Year 6 Forest 0 0 0 0 0 

Year 7 Forest 0 0 0 0 0 

Year 8 Forest  0 0 0 0 0 

Year 9 Forest 0 0 0 0 0 

Year 10 Forest 0 0 0 0 0 

Year 11 Forest 0 0 0 0 0 

Year 12 Forest 0 0 0 0 0 

Year 13 Forest 0 0 0 0 0 

Year 14 Forest 0 0 0 0 0 

Year 15 Forest 0 0 0 0 0 

Year 16  1084  1084  13008 

 

In Table A18 only the expenditure related to land as initial investment (opportunity 

cost) in year 0 is involved in the calculations ($160), without plantation costs. Revenues 

include only the sale of trees (150/2 x $10.67) and land with higher values ($115.8 

+$168.5) as in PS7. Labor and benefits from pruning activities are not given by and to the 

farmer (landowner). 
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Table A19: cash flow of land left over without production (fallow) 

  Land left for fallow - no production / 0.08�̂� ha Per ha 

 PS15 
revenue 

($) 
expenditure 

($) 
net income 

($) 
HH labor 

(days) 
net 

income ($) 

Year 0 Fallow 0 160 -160 0 -1920 

Year 1 Fallow 11 0 11 0 132 

Year 2 Fallow 11 0 11 0 132 

Year 3 Fallow 11 0 11 0 132 

Year 4 Fallow 11 0 11 0 132 

Year 5 Fallow 11 0 11 0 132 

Year 6 Fallow 11 0 11 0 132 

Year 7 Fallow 11 0 11 0 132 

Year 8 Fallow 11 0 11 0 132 

Year 9 Fallow 11 0 11 0 132 

Year 10 Fallow 11 0 11 0 132 

Year 11 Fallow 11 0 11 0 132 

Year 12 Fallow 11 0 11 0 132 

Year 13 Fallow 11 0 11 0 132 

Year 14 Fallow 11 0 11 0 132 

Year 15 Fallow 11 0 11 0 132 

Year 16  127  127  1524 

 

Without any work in the land, PS15 only benefits from fallow revenues given by 

neighbor farmers grazing in the land. Finally, land values are also taken into consideration 

with investments (opportunity costs) of $160 in year 0 and revenues in year 16 ($115.8+ 

$11 from grazing). 
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Appendix 6 
 

Household Labor availability 
 

 
Table A20: Rate of boundary activity in % per age cluster in the rural areas (INEI, 2010) 
 

 
 

In addition, for the calculations (Table5.4), it was assumed that in the Andes a HH labor 

day involves eight hours and that male farmers work 47 hours/week whereas female 

farmers work 36 hours/week (Dí az et al., 2010). 

Therefore: 

HH1:    - 1 female 65 yrs. ->    
36ℎ

8ℎ
 x 52weeks x 75% = 176 days/year 

HH2: - 1 male 32 yrs. ->    
47ℎ

8ℎ
 x 52weeks x 97.4% = 298 days/year 

  -  1 female 32 yrs. ->    
36ℎ

8ℎ
 x 52weeks x 97.4% = 228 days/year 

  -  1 male 14 yrs. ->    
47ℎ

8ℎ
 x 52weeks x 20% = 61 days/year 

  -  1 female 7 yrs. ->    no labor 

 Total HH2: 176 + 298 + 228 + 61= 587 days/year 
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Appendix 7 
 

Household caloric requirements 

 

 

Table A21: Daily energetic requirements in rural areas (MINSA, 2012) 

Gender Age  Kcal/day 

female 7 1574 

male 14 2534 

male 32 2836 

female 32 2216 

male 65 2025 

 

Potato contributes approx. to 17.7% of the calories intake in rural Andean HHs (Rose 

et al., 2009). To ensure the caloric requirements of the HHs, 25% of the calories intake was 

assumed. 

Therefore: 

 

HH1:    - 1 female 65 yrs. -> 2025 x 25% x 365 = 184 781 kcal/year 

 

HH2: - 1 male 32 yrs. -> 2836 x 25% x 365 = 258 785 kcal/year 

  -  1 female 32 yrs. ->   2216 x 25% x 365 = 202 210 kcal/year 

  -  1 male 14 yrs. -> 2534 x 25% x 365 = 231 228 kcal/year 

  -  1 female 7 yrs. ->    1574 x 25% x 365 = 143 628 kcal/year 

 

 Total HH2: 258 785 + 202 210 +231 228 + 143 628 = 835 850 kcal/year 
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Appendix 8 
 
 

Sensitivity analyses’ requirements and outputs tables  
 
 

  



 

 

Table A22: Adjusted requirements and outputs of the different production systems after including a loss of 1/3 in agricultural production 
every 4th year  
  

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- Brown 

cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   229740 144737 0 0 0 0 0 918962 0 0 0 57435 0 0 0 
Net incomes q=1 ($) 72 46 -119 -119 -53 -53 0 -43 -208 -109 0 36 28 0 11 
Net incomes q=2 ($) 215 136 -119 -119 -53 -53 0 38 -208 -109 0 50 28 0 11 
Net incomes q=3 ($) 32 20 -119 -119 -53 -53 0 -43 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 43 27 843 843 430 430 0 38 754 374 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1396 1396 703 703 0 -43 1307 647 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1396 1438 703 729 20 38 1307 647 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1396 1396 703 703 0 -43 1307 647 0 11 28 0 11 
Net incomes q=8 ($) -165 -113 1435 1435 877 877 0 38 1346 821 0 11 28 0 11 
Net incomes q=9 ($) 72 46 -119 -119 -53 -53 0 -43 -208 -109 0 36 28 0 11 
Net incomes q=10 ($) 215 142 -119 -77 -53 -27 20 38 -208 -109 20 50 28 0 11 
Net incomes q=11 ($) 32 20 -119 -119 -53 -53 0 -43 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 43 27 843 843 430 430 0 38 754 374 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1396 1396 703 703 0 -43 1307 647 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1396 1396 703 703 0 38 1307 647 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1396 1396 703 703 0 -43 1307 647 0 11 28 0 11 
Net incomes q=16 ($) 126 611 2570 6234 1493 3800 1884 151 2107 1203 800 126 144 1084 126 
NPV ($) r=15% 1   -10   2129   2110   1100   1085   18   -133   2109   1088   62   -16   19   -44   -84   
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Table A23: Adjusted requirements and outputs of the different production systems after including a loss of 1/3 in agricultural production 
every 2nd year 
  

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   208853 131578 0 0 0 0 0 835413 0 0 0 52213 0 0 0 
Net incomes q=1 ($) 53 33 -119 -119 -53 -53 0 -52 -208 -109 0 32 28 0 11 
Net incomes q=2 ($) 195 123 -119 -119 -53 -53 0 24 -208 -109 0 46 28 0 11 
Net incomes q=3 ($) 27 17 -119 -119 -53 -53 0 -52 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 39 24 843 843 430 369 0 24 754 374 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1396 1396 703 619 0 -52 1307 647 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1396 1438 703 646 20 24 1307 647 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1396 1396 703 619 0 -52 1307 647 0 11 28 0 11 
Net incomes q=8 ($) -165 -113 1435 1435 877 776 0 24 1346 821 0 11 28 0 11 
Net incomes q=9 ($) 53 33 -119 -119 -53 -53 0 -52 -208 -109 0 32 28 0 11 
Net incomes q=10 ($) 195 129 -119 -77 -53 -27 20 24 -208 -109 20 46 28 0 11 
Net incomes q=11 ($) 27 17 -119 -119 -53 -53 0 -52 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 39 24 843 843 430 369 0 24 754 374 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1396 1396 703 619 0 -52 1307 647 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1396 1396 703 619 0 24 1307 647 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1396 1396 703 619 0 -52 1307 647 0 11 28 0 11 
Net incomes q=16 ($) 126 566 2570 6234 1493 3522 1884 137 2107 1203 800 126 144 1084 126 
NPV ($) r=15% -48   -46   2129   2110   1100   1085   18   -202   2109   1088   62   -23   19   -44   -84   
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Table A24: Adjusted requirements and outputs of the different production systems after including a loss of 1/3 in cattle pasture production 
every 4th year 
  

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 26 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 26 0 11 
Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 26 0 11 
Net incomes q=4 ($) 47 29 734 734 369 369 0 51 644 313 0 11 26 0 11 
Net incomes q=5 ($) 11 7 1240 1240 619 619 0 -33 1151 563 0 11 26 0 11 
Net incomes q=6 ($) 11 14 1240 1283 619 646 20 51 1151 563 20 11 26 0 11 
Net incomes q=7 ($) 11 7 1240 1240 619 619 0 -33 1151 563 0 11 26 0 11 
Net incomes q=8 ($) -165 -113 1259 1259 776 776 0 51 1170 721 0 11 26 0 11 
Net incomes q=9 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 26 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 26 0 11 
Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 26 0 11 
Net incomes q=12 ($) 47 29 734 734 369 369 0 51 644 313 0 11 26 0 11 
Net incomes q=13 ($) 11 7 1240 1240 619 619 0 -33 1151 563 0 11 26 0 11 
Net incomes q=14 ($) 11 7 1240 1240 619 619 0 51 1151 563 0 11 26 0 11 
Net incomes q=15 ($) 11 7 1240 1240 619 619 0 -33 1151 563 0 11 26 0 11 
Net incomes q=16 ($) 126 656 2395 5776 1392 3522 1884 165 1931 1103 800 126 141 1084 126 
NPV ($) r=15% 51   26   1.700   1.651   866   832   18   -64   1.680   853   62   -7   5 -44   -84   
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Table A25: Adjusted requirements and outputs of the different production systems after including a loss of 1/3 in cattle pasture production 
every 2nd year 
  

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 23 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 23 0 11 
Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 23 0 11 
Net incomes q=4 ($) 47 29 624 624 308 308 0 51 535 252 0 11 23 0 11 
Net incomes q=5 ($) 11 7 1085 1085 535 535 0 -33 996 480 0 11 23 0 11 
Net incomes q=6 ($) 11 14 1085 1127 535 562 20 51 996 480 20 11 23 0 11 
Net incomes q=7 ($) 11 7 1085 1085 535 535 0 -33 996 480 0 11 23 0 11 
Net incomes q=8 ($) -165 -113 1084 1084 676 676 0 51 995 620 0 11 23 0 11 
Net incomes q=9 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 23 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 23 0 11 
Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 23 0 11 
Net incomes q=12 ($) 47 29 624 624 308 308 0 51 535 252 0 11 23 0 11 
Net incomes q=13 ($) 11 7 1085 1085 535 535 0 -33 996 480 0 11 23 0 11 
Net incomes q=14 ($) 11 7 1085 1085 535 535 0 51 996 480 0 11 23 0 11 
Net incomes q=15 ($) 11 7 1085 1085 535 535 0 -33 996 480 0 11 23 0 11 
Net incomes q=16 ($) 126 656 2219 5318 1292 3243 1884 165 1756 1002 800 126 139 1084 126 
NPV ($) r=15% 51   26   1272   1192   631   578   18   -64   1251   619   62   -7   -9 -44   -84   
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Table A26: Adjusted requirements and outputs of the different production systems after including a reduction of 20% for hired wages  
 
  

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  160 105 672 736 326 366 35 100 761 382 35 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 108 74 -119 -119 -53 -53 0 -20 -208 -109 0 39 28 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 64 -208 -109 0 55 28 0 11 
Net incomes q=3 ($) 38 24 -119 -119 -53 -53 0 -20 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 47 29 843 843 430 430 0 64 754 374 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1396 1396 703 703 0 -20 1307 647 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1396 1438 703 729 20 64 1307 647 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1396 1396 703 703 0 -20 1307 647 0 11 28 0 11 
Net incomes q=8 ($) -149 -97 1435 1435 877 877 0 64 1346 821 0 11 28 0 11 
Net incomes q=9 ($) 108 74 -119 -119 -53 -53 0 -20 -208 -109 0 39 28 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 64 -208 -109 20 55 28 0 11 
Net incomes q=11 ($) 38 24 -119 -119 -53 -53 0 -20 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 47 29 843 843 430 430 0 64 754 374 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1396 1396 703 703 0 -20 1307 647 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1396 1396 703 703 0 64 1307 647 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1396 1396 703 703 0 -20 1307 647 0 11 28 0 11 
Net incomes q=16 ($) 126 656 2570 6234 1493 3800 1884 165 2107 1203 800 126 144 1084 126 
NPV ($) r=5% 326 424 6701 7998 3538 4351 695 172 6114 3171 358 121 197 337 9 
NPV ($) r=10% 182 191 3805 4203 1992 2240 234 78 3576 1849 158 40 84 76 -51 
NPV ($) r=15% 92 67 2129 2110 1100 1085 20 24 2109 1088 64 -7 19 -44 -84 

NPV ($) r=25% -10 -45 437 116 202 -3 -135 -30 630 323 -5 -56 -48 -129 -115 
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Table A27: Adjusted requirements and outputs of the different production systems after including an increment of 20% for hired wages  
 

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  192 137 672 736 326 366 38 126 761 382 38 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 76 42 -119 -119 -53 -53 0 -46 -208 -109 0 39 28 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 39 -208 -109 0 55 28 0 11 
Net incomes q=3 ($) 34 21 -119 -119 -53 -53 0 -46 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 47 29 843 843 430 430 0 39 754 374 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1396 1396 703 703 0 -46 1307 647 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1396 1438 703 729 20 39 1307 647 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1396 1396 703 703 0 -46 1307 647 0 11 28 0 11 
Net incomes q=8 ($) -181 -129 1435 1435 877 877 0 39 1346 821 0 11 28 0 11 
Net incomes q=9 ($) 76 42 -119 -119 -53 -53 0 -46 -208 -109 0 39 28 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 39 -208 -109 20 55 28 0 11 
Net incomes q=11 ($) 34 21 -119 -119 -53 -53 0 -46 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 47 29 843 843 430 430 0 39 754 374 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1396 1396 703 703 0 -46 1307 647 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1396 1396 703 703 0 39 1307 647 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1396 1396 703 703 0 -46 1307 647 0 11 28 0 11 
Net incomes q=16 ($) 126 656 2570 6234 1493 3800 1884 165 2107 1203 800 126 144 1084 126 
NPV ($) r=5% 216 315 6701 7998 3538 4351 692 -119 6114 3171 356 121 197 337 9 
NPV ($) r=10% 88 97 3805 4203 1992 2240 231 -143 3576 1849 155 40 84 76 -51 
NPV ($) r=15% 10 -15 2129 2110 1100 1085 17 -152 2109 1088 61 -7 19 -44 -84 

NPV ($) r=25% -79 -115 437 116 202 -3 -138 -155 630 323 -8 -56 -48 -129 -115 
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Table A28: Adjusted requirements and outputs of the different production systems after including a reduction of 20% in potato prices 
 

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 45 28 -119 -119 -53 -53 0 -56 -208 -109 0 31 28 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 28 0 11 
Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -56 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1396 1396 703 703 0 -56 1307 647 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1396 1438 703 729 20 51 1307 647 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1396 1396 703 703 0 -56 1307 647 0 11 28 0 11 
Net incomes q=8 ($) -165 -113 1435 1435 877 877 0 51 1346 821 0 11 28 0 11 
Net incomes q=9 ($) 45 28 -119 -119 -53 -53 0 -56 -208 -109 0 31 28 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 28 0 11 
Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -56 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1396 1396 703 703 0 -56 1307 647 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1396 1396 703 703 0 51 1307 647 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1396 1396 703 703 0 -56 1307 647 0 11 28 0 11 
Net incomes q=16 ($) 126 656 2570 6234 1493 3800 1884 165 2107 1203 800 126 144 1084 126 
NPV ($) r=5% 196 322 6701 7998 3538 4351 694 -102 6114 3171 357 108 197 337 9 
NPV ($) r=10% 73 105 3805 4203 1992 2240 232 -128 3576 1849 156 29 84 76 -51 
NPV ($) r=15% -3 -8 2129 2110 1100 1085 18 -138 2109 1088 62 -16 19 -44 -84 

NPV ($) r=25% -88 -108 437 116 202 -3 -136 -143 630 323 -7 -63 -48 -129 -115 
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Table A29: Adjusted requirements and outputs of the different production systems after including an increment of 20% in potato prices 
 

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 

Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 

Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 

Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 

Net incomes q=1 ($) 139 87 -119 -119 -53 -53 0 -10 -208 -109 0 46 28 0 11 

Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 28 0 11 

Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -10 -208 -109 0 11 28 0 11 

Net incomes q=4 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 

Net incomes q=5 ($) 11 7 1396 1396 703 703 0 -10 1307 647 0 11 28 0 11 

Net incomes q=6 ($) 11 14 1396 1438 703 729 20 51 1307 647 20 11 28 0 11 

Net incomes q=7 ($) 11 7 1396 1396 703 703 0 -10 1307 647 0 11 28 0 11 

Net incomes q=8 ($) -165 -113 1435 1435 877 877 0 51 1346 821 0 11 28 0 11 

Net incomes q=9 ($) 139 87 -119 -119 -53 -53 0 -10 -208 -109 0 46 28 0 11 

Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 28 0 11 

Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -10 -208 -109 0 11 28 0 11 

Net incomes q=12 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 

Net incomes q=13 ($) 11 7 1396 1396 703 703 0 -10 1307 647 0 11 28 0 11 

Net incomes q=14 ($) 11 7 1396 1396 703 703 0 51 1307 647 0 11 28 0 11 

Net incomes q=15 ($) 11 7 1396 1396 703 703 0 -10 1307 647 0 11 28 0 11 

Net incomes q=16 ($) 126 656 2570 6234 1493 3800 1884 165 2107 1203 800 126 144 1084 126 

NPV ($) r=5% 346 416 6701 7998 3538 4351 694 156 6114 3171 357 133 197 337 9 

NPV ($) r=10% 197 183 3805 4203 1992 2240 232 63 3576 1849 156 50 84 76 -51 

NPV ($) r=15% 105 60 2129 2110 1100 1085 18 10 2109 1088 62 2 19 -44 -84 

NPV ($) r=25% -1 -52 437 116 202 -3 -136 -42 630 323 -7 -49 -48 -129 -115 
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Table A30: Adjusted requirements and outputs of the different production systems after including a reduction of 20% in milk prices 
 
  

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 28 0 11 
Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 47 29 595 595 298 298 0 51 506 242 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1148 1148 571 571 0 -33 1059 515 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1148 1175 571 598 20 51 1059 515 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1148 1148 571 571 0 -33 1059 515 0 11 28 0 11 
Net incomes q=8 ($) -165 -113 1187 1187 745 745 0 51 1098 689 0 11 28 0 11 
Net incomes q=9 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 28 0 11 
Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 47 29 595 595 298 298 0 51 506 242 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1148 1148 571 571 0 -33 1059 515 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1148 1148 571 571 0 51 1059 515 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1148 1148 571 571 0 -33 1059 515 0 11 28 0 11 
Net incomes q=16 ($) 126 656 2322 5986 1361 3668 1884 165 1859 1072 800 126 144 1084 126 
NPV ($) r=5% 271 369 5145 6430 2714 3527 694 27 4557 2347 357 121 197 337 9 
NPV ($) r=10% 135 144 2768 3157 1444 1691 232 -33 2539 1301 156 40 84 76 -51 
NPV ($) r=15% 51 26 1403 1377 716 701 18 -64 1383 703 62 -7 19 -44 -84 

NPV ($) r=25% -45 -80 38 -287 -9 -214 -136 -93 231 112 -7 -56 -48 -129 -115 
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Table A31: Adjusted requirements and outputs of the different production systems after including an increment of 20% in milk prices 

 
 

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 28 0 11 
Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 47 29 1091 1091 561 561 0 51 1002 505 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1644 1644 834 834 0 -33 1555 778 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1644 1687 834 861 20 51 1555 778 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1644 1644 834 834 0 -33 1555 778 0 11 28 0 11 
Net incomes q=8 ($) -165 -113 1683 1683 1008 1008 0 51 1594 952 0 11 28 0 11 
Net incomes q=9 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 28 0 11 
Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 47 29 1091 1091 561 561 0 51 1002 505 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1644 1644 834 834 0 -33 1555 778 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1644 1644 834 834 0 51 1555 778 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1644 1644 834 834 0 -33 1555 778 0 11 28 0 11 
Net incomes q=16 ($) 126 656 2818 6483 1624 3931 1884 165 2355 1334 800 126 144 1084 126 
NPV ($) r=5% 271 369 8258 9554 4362 5175 694 27 7670 3995 357 121 197 337 9 
NPV ($) r=10% 135 144 4842 5240 2541 2789 232 -33 4613 2398 156 40 84 76 -51 
NPV ($) r=15% 51 26 2855 2836 1485 1469 18 -64 2835 1472 62 -7 19 -44 -84 

NPV ($) r=25% -45 -80 836 515 413 208 -136 -93 1029 534 -7 -56 -48 -129 -115 
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Table A32: Adjusted requirements and outputs of the different production systems after including a reduction of 20% in tree prices 
 
 

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 
Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 
Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 
Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 
Net incomes q=1 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 
Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 28 0 11 
Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 
Net incomes q=4 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 
Net incomes q=5 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 
Net incomes q=6 ($) 11 14 1396 1438 703 729 20 51 1307 647 20 11 28 0 11 
Net incomes q=7 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 
Net incomes q=8 ($) -165 -113 1435 1435 877 877 0 51 1346 821 0 11 28 0 11 
Net incomes q=9 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 
Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 28 0 11 
Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 
Net incomes q=12 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 
Net incomes q=13 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 
Net incomes q=14 ($) 11 7 1396 1396 703 703 0 51 1307 647 0 11 28 0 11 
Net incomes q=15 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 
Net incomes q=16 ($) 126 548 2570 5556 1493 3373 1564 165 2107 1203 640 126 144 924 126 
NPV ($) r=5% 271 320 6701 7687 3538 4156 547 27 6114 3171 284 121 197 263 9 
NPV ($) r=10% 135 120 3805 4055 1992 2147 163 -33 3576 1849 122 40 84 41 -51 
NPV ($) r=15% 51 15 2129 2037 1100 1039 -16 -64 2109 1088 45 -7 19 -61 -84 

NPV ($) r=25% -45 -83 437 97 202 -15 -145 -93 630 323 -11 -56 -48 -134 -115 
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 Table A33: Adjusted requirements and outputs of the different production systems after including an increment of 20% in tree prices 
 

 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS14 PS15 

 
Agricultural Agroforestry 

Pasture 
- 

Brown 
cattle 

Silvopasture 
- Brown 

cattle 

Pasture 
- 

Creole 
cattle 

Silvopasture 
- Creole 
cattle 

Forest 
Sharecrop 

- 
Agriculture 

Sharecrop 
- Brown 

cattle 

Sharecrop 
- Creole 
cattle 

Sharecrop 
-  Forest 

Given to 
sharecrop 

- 
Agriculture 

Given to 
sharecrop 

pasture  

Given to 
sharecrop 
-  Forest 

Fallow left 
without 

production 

 
Land req. (ha)  0.08�̂� 0.08�̂� 0.33 0.53 0.21 0.33 0.08�̂� 0 0 0 0 0.08�̂� 0.08�̂� 0.08�̂� 0.08�̂� 

Cash req. ($)  176 121 672 736 326 366 37 113 761 382 37 0 0 0 0 

Labor req. (days)  9 6 73 82.5 62.9 68.9 5.3 4.3 73 62.9 5.3 3.7 4 0 0 

Caloric prod. (kcal)   250625 157894 0 0 0 0 0 1002500 0 0 0 62656 0 0 0 

Net incomes q=1 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 

Net incomes q=2 ($) 235 148 -119 -119 -53 -53 0 51 -208 -109 0 55 28 0 11 

Net incomes q=3 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 

Net incomes q=4 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 

Net incomes q=5 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 

Net incomes q=6 ($) 11 14 1396 1438 703 729 20 51 1307 647 20 11 28 0 11 

Net incomes q=7 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 

Net incomes q=8 ($) -165 -113 1435 1435 877 877 0 51 1346 821 0 11 28 0 11 

Net incomes q=9 ($) 92 58 -119 -119 -53 -53 0 -33 -208 -109 0 39 28 0 11 

Net incomes q=10 ($) 235 155 -119 -77 -53 -27 20 51 -208 -109 20 55 28 0 11 

Net incomes q=11 ($) 36 23 -119 -119 -53 -53 0 -33 -208 -109 0 11 28 0 11 

Net incomes q=12 ($) 47 29 843 843 430 430 0 51 754 374 0 11 28 0 11 

Net incomes q=13 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 

Net incomes q=14 ($) 11 7 1396 1396 703 703 0 51 1307 647 0 11 28 0 11 

Net incomes q=15 ($) 11 7 1396 1396 703 703 0 -33 1307 647 0 11 28 0 11 

Net incomes q=16 ($) 126 764 2570 6913 1493 4226 2204 165 2107 1203 960 126 144 1244 126 

NPV ($) r=5% 271 419 6701 8309 3538 4547 840 27 6114 3171 430 121 197 410 9 

NPV ($) r=10% 135 167 3805 4351 1992 2333 302 -33 3576 1849 191 40 84 111 -51 

NPV ($) r=15% 51 38 2129 2182 1100 1131 52 -64 2109 1088 80 -7 19 -27 -84 

NPV ($) r=25% -45 -77 437 135 202 9 -127 -93 630 323 -2 -56 -48 -125 -115 
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Appendix 9 
 
 

Sensitivity analyses’ detailed results  
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Table A34: Detailed results of the sensitivity analysis used for changes in agricultural production (in ha, for r=15%) 
 
 

  

   Financial capital of 800$ Financial capital of 3500$ 
   HH size: 1 member HH size: 4 members HH size: 1 member HH size: 4 members 
   Land size: 4 ha Land size: 4 ha Land size: 1/2 ha Land size: 4 ha Land size: 4 ha 
   FHS2 FHS4 FHS5 FHS6 FHS8 

Production system 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

PS1 Agriculture - - - 0.15 0.18 - 0.25 0.16 0.07 - - - 0.61 0.37 0.33 

PS2 Agroforestry - - - - - - - - - - - - - - - 

PS3 Pasture - Brown cattle 0.33 0.33 0.33 - - - - 0.33 - 0.67 0.67 0.67 - - 0.33 

PS4 Silvopasture - Brown cattle - - - - - - - - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.21 0.21 - 0.21 - - - - - 1.25 0.21 - 

PS6 Silvopasture - Creole cattle - - - - - - - - - - - - - - - 

PS7 Forest - - - - - - - - - - - - - - - 

PS8 Sharecrop – Agriculture - - - - - - - - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - - - 0.67 - 0.67 - - - - 0.67 - 

PS10 Sharecrop - Creole cattle - - - - - - - - - - - - - - - 

PS11 Sharecrop -  Forest - - - 0.28 0.04 - 0.17 1.34 1.07 - - - - 3.17 4.32 

PS12 Given to sharecrop - 
Agriculture 

0.71 0.27 0.29 0.53 0.50 - - - - 0.27 0.27 0.29 0.89 - - 

PS13 Given to sharecrop pasture  1.49 1.90 1.87 3.12 3.12 - 0.04 0.01 0.43 0.37 0.38 0.35 1.25 3.42 3.34 

PS14 Given to sharecrop -  
Forest 

1.47 1.07 1.01 - - - - - - 2.69 2.62 2.56 - - - 

PS15 Fallow left without 
production 

- 0.43 0.49 - - - - - - - - 0.13 - - - 

Maximum net present value ($) 1631 1514 1452 2070 1751 - 3500 3140 2966 2896 2837 2775 7181 6369 5939 
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Table A35: Detailed results of the sensitivity analysis used for changes in cattle pasture production (in ha, for r=15%) 
 

  

   Financial capital of 800$ Financial capital of 3500$ 
   HH size: 1 member HH size: 4 members HH size: 1 member HH size: 4 members 
   Land size: 4 ha Land size: 4 ha Land size: 1/2 ha Land size: 4 ha Land size: 4 ha 
   FHS2 FHS4 FHS5 FHS6 FHS8 

Production system 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

Most 
likely 
value 

1/3rd  
loss 

every 
4th  

year 

1/3rd  
loss 

every 
2nd   

year 

PS1 Agriculture - - - 0.15 0.18 - 0.25 0.24 0.11 - - - 0.61 0.28 0.20 

PS2 Agroforestry - 0.09 0.09 - - - - 0.05 0.06 - 0.20 0.20 - - 0.083̂ 

PS3 Pasture - Brown cattle 0.33 0.33 0.33 - - - - - 0.33 0.67 0.67 0.67 - 0.67 0.33 

PS4 Silvopasture - Brown cattle - - - - - - - - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.21 0.21 - 0.21 0.21 - - - - 1.25 - - 

PS6 Silvopasture - Creole cattle - - - - - - - - - - - - - - - 

PS7 Forest - - - - - - - - - - - - - - - 

PS8 Sharecrop – Agriculture - - - - - - - - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - - - 0.67 0.67 - - - - - - - 

PS10 Sharecrop - Creole cattle - - - - - - - - - - - - - - - 

PS11 Sharecrop -  Forest - - - 0.28 0.22 - 0.17 0.17 1.37 - - - - 3.56 5.20 

PS12 Given to sharecrop - 
Agriculture 

0.71 1.03 1.22 0.53 1.52 - - - - 0.27 0.36 0.36 0.89 3.06 1.81 

PS13 Given to sharecrop pasture  1.49 1.07 0.89 3.12 2.10 - 0.04 - - 0.37 - - 1.25 - 1.58 

PS14 Given to sharecrop -  
Forest 

1.47 1.48 1.47 - - - - - - 2.69 2.77 2.77 - - - 

PS15 Fallow left without 
production 

- - - - - - - - - - - - - - - 

Maximum net present value ($) 1631 853 416 2070 1006 - 3500 2834 2385 2896 1968 1111 7181 5970 5156  
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Table A36: Detailed results of the sensitivity analysis used for changes in potato prices (in ha, for r=15%) 
 

 
* Lower limit = lower potato prices  

   Financial capital of 800$ Financial capital of 3500$ 
   HH size: 1 member HH size: 4 members HH size: 1 member HH size: 4 members 
   Land size: 4 ha Land size: 4 ha Land size: 1/2 ha Land size: 4 ha Land size: 4 ha 
   FHS2 FHS4 FHS5 FHS6 FHS8 

Production system 
Lower 
limit* 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

PS1 Agriculture - - - 0.14 0.15 - 0.16 0.25 0.29 - - - 0.33 0.61 0.49 

PS2 Agroforestry - - 0.09 - - - - - - - - 0.44 - - - 

PS3 Pasture - Brown cattle 0.33 0.33 0.33 - - - 0.33 - - 0.67 0.67 0.67 - - - 

PS4 Silvopasture - Brown cattle - - - - - - - - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.21 0.21 0.42 - 0.21 0.21 - - - 0.21 1.25 1.04 

PS6 Silvopasture - Creole cattle - - - - - - - - - - - - - - - 

PS7 Forest - - - - - - - - - - - - - - - 

PS8 Sharecrop – Agriculture - - - - - - - - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - - - - 0.67 0.67 - - - 0.67 - 0.67 

PS10 Sharecrop - Creole cattle - - - - - - - - - - - - - - - 

PS11 Sharecrop -  Forest - - - - 0.28 0.31 1.34 0.17 0.14 - - - 3.07 - 0.14 

PS12 Given to sharecrop - 
Agriculture 

0.25 0.71 0.50 0.58 0.53 3.00 - - - 0.25 0.27 - - 0.89 2.46 

PS13 Given to sharecrop pasture  1.92 1.49 1.56 3.07 3.12 0.58 - 0.04 - 0.40 0.37 - 3.46 1.25 - 

PS14 Given to sharecrop -  
Forest 

1.06 1.47 1.52 - - - - - - 2.61 2.69 2.89 - - - 

PS15 Fallow left without 
production 

0.44 - - - - - - - - 0.083̂ - - - - - 

Maximum net present value ($) 1514 1631 1754 1684 2070 2629 3127 3500 3677 2837 2896 3043 6290 7181 8383  
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Table A37: Detailed results of the sensitivity analysis used for changes in milk prices (in ha, for r=15%) 
 

   Financial capital of 800$ Financial capital of 3500$ 
   HH size: 1 member HH size: 4 members HH size: 1 member HH size: 4 members 
   Land size: 4 ha Land size: 4 ha Land size: 1/2 ha Land size: 4 ha Land size: 4 ha 
   FHS2 FHS4 FHS5 FHS6 FHS8 

Production system 
Lower 
limit* 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

PS1 Agriculture - - - 0.13 0.15 0.02 0.13 0.25 0.25 - - - 0.25 0.61 0.56 

PS2 Agroforestry - - - - - - - - - - - - - - - 

PS3 Pasture - Brown cattle 0.33 0.33 0.33 - - - 0.33 - - 0.67 0.67 0.67 0.33 - - 

PS4 Silvopasture - Brown cattle - - - - - - - - - - - - - - - 

PS5 Pasture - Creole cattle - - - - 0.21 - - 0.21 0.21 - - - - 1.25 0.63 

PS6 Silvopasture - Creole cattle - - - - - - - - - - - - - - - 

PS7 Forest - - - - - - - - - - - - - - - 

PS8 Sharecrop - Agriculture - - - - - - - - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - - - - 0.67 0.67 - - - - - - 

PS10 Sharecrop - Creole cattle - - - 0.42 - 0.83 - - - - - - - - 1.25 

PS11 Sharecrop -  Forest - - - 0.24 0.28 - 1.37 0.17 0.17 - - - 4.96 - - 

PS12 Given to sharecrop - 
Agriculture 

0.71 0.71 0.71 0.58 0.53 3.64 - - - 0.27 0.27 0.27 0.12 0.89 1.31 

PS13 Given to sharecrop pasture  1.49 1.49 1.49 3.29 3.12 0.34 0.03 0.04 0.04 0.37 0.37 0.37 3.30 1.25 1.50 

PS14 Given to sharecrop -  
Forest 

1.47 1.47 1.47 - - - - - - 2.69 2.69 2.69 - - - 

PS15 Fallow left without 
production 

- - - - - - - - - - - - - - - 

Maximum net present value ($) 856 1631 2308 1670 2070 2711 2468 3500 4579 1345 2896 4249 5963 7181 9344  
 
* Lower limit = lower milk prices 
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Table A38: Detailed results of the sensitivity analysis used for changes in eucalyptus prices (in ha, for r=15%) 
 

   Financial capital of 800$ Financial capital of 3500$ 
   HH size: 1 member HH size: 4 members HH size: 1 member HH size: 4 members 
   Land size: 4 ha Land size: 4 ha Land size: 1/2 ha Land size: 4 ha Land size: 4 ha 
   FHS2 FHS4 FHS5 FHS6 FHS8 

Production system 
Lower 
limit* 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

PS1 Agriculture - - - 0.15 0.15 0.13 0.25 0.25 0.24 - - - 0.61 0.61 0.23 

PS2 Agroforestry - - - - - - - - 0.05 - - - - - - 

PS3 Pasture - Brown cattle 0.33 0.33 0.33 - - - - - - 0.67 0.67 0.67 - - 0.33 

PS4 Silvopasture - Brown cattle - - - - - - - - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.21 0.21 0.21 0.21 0.21 0.21 - - - 1.25 1.25 - 

PS6 Silvopasture - Creole cattle - - - - - - - - - - - - - - - 

PS7 Forest - - - - - - - - - - - - - - - 

PS8 Sharecrop - Agriculture - - - - - - - - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - - - 0.67 0.67 0.67 - - - - - - 

PS10 Sharecrop - Creole cattle - - - - - - - - - - - - - - - 

PS11 Sharecrop -  Forest - - - 0.28 0.28 0.46 0.17 0.17 0.17 - - - - - 5.13 

PS12 Given to sharecrop - 
Agriculture 

0.25 0.71 0.71 0.53 0.53 0.94 - - - 0.25 0.27 0.27 0.89 0.89 0.52 

PS13 Given to sharecrop pasture  1.92 1.49 1.49 3.12 3.12 2.72 0.04 0.04 - 0.40 0.37 0.37 1.25 1.25 2.92 

PS14 Given to sharecrop -  
Forest 

1.12 1.47 1.47 - - - - - - 2.67 2.69 2.69 - - - 

PS15 Fallow left without 
production 

0.38 - - - - - - - - 0.02 - - - - - 

Maximum net present value ($) 1339 1631 1932 2012 2070 2159 3465 3500 3538 2345 2896 3447 7181 7181 7785 

* Lower limit = lower eucalyptus prices 
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Table A39: Detailed results of the sensitivity analysis used for changes in farm worker wages (in ha, for r=15%) 
    

Financial capital of 800$  Financial capital of 3500$    
HH size: 1 member HH size: 4 members HH size: 1 member HH size: 4 members    

Land size: 4 ha Land size: 4 ha Land size: 1/2 ha Land size: 4 ha Land size: 4 ha    
FHS2 FHS4 FHS5 FHS6 FHS8 

Production system 
Lower 
limit* 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

Lower 
limit 

Most 
likely 
value 

Upper 
limit 

PS1 Agriculture - - - 0.12 0.15 0.15 0.27 0.25 - - - - 0.47 0.61 0.64 

PS2 Agroforestry - - 0.10 - - - - - 0.50 - - 0.44 - - - 

PS3 Pasture - Brown cattle 0.33 0.33 0.33 - - - - - - 0.67 0.67 0.67 - - - 

PS4 Silvopasture - Brown cattle - - - - - - - - - - - - - - - 

PS5 Pasture - Creole cattle - - - 0.21 0.21 0.21 - 0.21 - - - - 0.42 1.25 1.25 

PS6 Silvopasture - Creole cattle - - - - - - - - - - - - - - - 

PS7 Forest - - - - - - - - - - - - - - - 

PS8 Sharecrop - Agriculture - - - - - - - - - - - - - - - 

PS9 Sharecrop - Brown cattle - - - - - - 0.67 0.67 0.67 - - - - - - 

PS10 Sharecrop - Creole cattle - - - - - - 0.42 - 0.42 - - - 1.67 - - 

PS11 Sharecrop -  Forest - - - 0.44 0.28 0.43 - 0.17 0.09 - - - 0.29 - 0.21 

PS12 Given to sharecrop - 
Agriculture 

0.71 0.71 0.62 1.17 0.53 0.53 0.09 - - 0.27 0.27 - 3.11 0.89 - 

PS13 Given to sharecrop pasture  1.49 1.49 1.42 2.50 3.12 3.12 0.13 0.04 - 0.37 0.37 - - 1.25 2.11 

PS14 Given to sharecrop -  Forest 1.47 1.47 1.52 - - - - - - 2.69 2.69 2.89 - - - 

PS15 Fallow left without production - - - - - - - - - - - - - - - 

Maximum net present value ($) 1631 1631 1679 1905 2070 2258 3250 3500 3672 2896 2896 3081 6540 7181 7953 

 
* Lower limit = higher farm worker wages 
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Appendix 10 
 
 

Net present value per day of HH labor  
 
 

  

NPV ($) 
r=5% 

NPV ($) 
r=10% 

NPV ($) 
r=15% 

NPV ($) 
r=25% 

PS1 Agricultural 8 4 2 -1 

PS2 Agroforestry 12 5 1 -3 

PS3 Pasture - Brown cattle 6 3 2 0 

PS4 Silvopasture - Brown cattle 7 4 2 0 

PS5 Pasture - Creole cattle 4 2 1 0 

PS6 Silvopasture - Creole cattle 4 2 1 0 

PS7 Forest 56 19 1 -11 

PS8 Sharecrop - Agriculture 0 -1 -1 -1 

PS9 Sharecrop - Brown cattle 5 3 2 1 

PS10 Sharecrop - Creole cattle 3 2 1 0 

PS11 Sharecrop -  Forest 29 13 5 -1 

PS12 Given to sharecrop - Agriculture 16 5 -1 -7 

PS13 Given to sharecrop pasture  3 1 0 -1 

PS14 Given to sharecrop -  Forest 337 76 -44 -129 

PS15 Fallow left without production 9 -51 -84 -115 
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