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ABSTRACT OF THE THESIS

Assessing Vulnerability: A Synthesis of Climate Change Impacts
to Agriculture
by
Laurel Hanscom
Master of Arts in Geography
San Diego State University, 2015

Over the next century, experts project a 2-5° C rise in global temperatures — a change
that will result in significant and lasting impacts to agriculture. The impacts of global
warming will affect more than commercial agriculture; in fact, some argue that impacts will
be most acute in regions where a majority of the population survives through subsistence
farming. This shift will have direct impacts on those who rely on agriculture for their
livelihoods, such as fieldworkers and farmers, but will moreover impact the entire planet
with effects to global food production and consumption. Because these impacts are urgent
and wide-reaching, understanding and anticipating how agriculture will be affected by
climate change is crucial for global adaptation efforts. Through a synthesis of 52 case studies
conducted since 2001, this research examines patterns in agricultural vulnerability to climate
change around the world. Vulnerability, a combination of exposures, sensitivities and
adaptive capacity, is measured in myriad ways. A synthesis approach allows for the
identification of common factors in sensitivity and adaptive capacity while respecting the
heterogeneity of pressures and the diversity of studies. Despite a universal recognition in the
literature that vulnerability is a combination of biophysical and socioeconomic factors,
biophysical factors constitute the bulk of those identified in the case studies. In two thirds of
the studies, variable precipitation and drought conditions are cited, and over half the studies
cite temperature increase. Frequently cited factors that impact adaptive capacity include
access to financial resources, credit and social networks. Important adaptive techniques to
combat climate change impacts to agriculture are crop diversification, irrigation, and shifts to
the timing of planting and harvesting. However, while these practices and many others
identified in the case studies address the biophysical vulnerabilities of agriculture, fewer
adaptive measures address the socioeconomic sensitivities that also comprise vulnerability.
These findings suggest that addressing climate change vulnerability in policy and scholarship
should go beyond the adaptive measures to improve farming systems and consider ways to
expand access to financial, technical and social resources.
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SECTION 1

INTRODUCTION

Over the next century, experts project a 2-5° F rise in global temperatures — a change
that will result in significant and lasting impacts to agriculture (IPCC 2014b; Mechler et al.
2010). The impacts of global climate change will affect more than commercial agriculture; in
fact, some argue that impacts will be most acute in regions where a majority of the
population survives through subsistence farming (World Bank 2012). This shift will have
direct impacts on those who rely on agriculture for their livelihoods, such as fieldworkers and
farmers, and will impact food production and consumption globally. Because these impacts
are likely to be large in magnitude and extent (P. Jones and Thornton 2003; David B Lobell
and Field 2007; D. B. Lobell et al. 2008), understanding and anticipating how agriculture will
be affected by climate change is crucial for global adaptation efforts. Changes associated
with global climate change have the potential to create social conflicts that transcend farmers
and farming communities who experience negative change (Ahmed et al. 2011; Hsiang,
Burke, and Miguel 2013). Poverty rates for many non-agricultural households in Africa and
Asia could rise by 20-50% by 2030, under low-productivity scenarios (Hertel, Burke, and
Lobell 2010). While some climate change impacts are geographically specific (e.g., island-
dwelling communities dealing with sea level rise), impacts to agriculture will be widespread.

Climate change impacts have been measured across a wide variety of disciplines
since the middle of the last century, and especially over the last 15 years. Many of these case
studies have assessed the vulnerability of agriculture to climate change. Documenting this
vulnerability is critical in order to identify appropriate adaptive measures. For instance, crop
sensitivity to unexpected changes in temperature, the abundance or lack of water, and
degradation of soil, have been well documented and many studies have calculated estimates
of climate change impacts to agriculture. Changes in temperature, annual precipitation rates,
and erosion rates have been used to model staple crop yields globally and regionally (e.g.,
(David B Lobell and Field 2007; Parry et al. 2004). Additional studies have focused on



specific crops and regions, for example rice in India (Barnwal and Kotani 2013), maize
yields in Africa and Latin America (P. Jones and Thornton 2003), and subsistence crops
(maize, millet, sorghum, rice, and cassava) in Nigeria (Adejuwon 2005). Studies have also
been conducted to estimate impacts of extreme events on agriculture, such as heatwave
impacts to the local agrarian economy in Spain (e.g., Mechler, Hochrainer, Aaheim, Salen, &
Wreford, 2010). While there are some studies that indicate that the effects of global climate
change may increase yields in parts of the world in the near term, especially in the northern
latitudes (Pittman et al. 2011), the majority of research overwhelmingly suggests that crop
yields and food production will be negatively impacted (IPCC 2014a).

In many cases, these studies focus on measuring the vulnerability of individuals,
communities, and regions. Vulnerability, broadly defined as a combination of exposures,
sensitivities, and adaptive capacities (W. N. Adger 2006), provides a comprehensive
framework for assessing impacts experienced in agriculture while simultaneously taking into
account the ability for agricultural systems to adapt to those impacts. Despite disagreement in
the past about the definition of vulnerability (Dow 1992), the above definition is now widely
embraced in climate change scholarship (McCarthy, Intergovernmental Panel on Climate
Change, and Working Group Il 2001), even while the frameworks and methods employed to
measure vulnerability remain disparate. The literature varies widely across disciplines and,
consequently, no synthesis of these studies has been conducted to compare results across
different climates and types of agriculture.

Synthesizing the results of vulnerability case studies is critical in order to help
establish adaptation pathways, and to inform policy and provide promising practices for
future case studies. Through a synthesis of 52 case studies conducted since 2001, this
research examines patterns in case studies that assess agricultural vulnerability to climate
change around the world. A synthesis approach allows for the identification of common
factors in exposure, sensitivity and adaptive capacity, while respecting the heterogeneity of
vulnerability factors experienced in different areas and by different farming communities.
Scaling up the results of an individual vulnerability case study is likely to produce results that
could fail to recognize important disparities from place to place (Rudel 2008). By contrast,
this synthesis examines and compares unique elements from a breadth of studies, rather than

attempting to apply findings from one case study across a broader region or community.



Specifically, | cataloged and analyzed the kinds of exposures or sensitivities to climate
change identified in the case studies; the identified factors that affect adaptive capacity; and
the factors that are identified most frequently in determining agricultural vulnerability to
climate change. Additionally, | cataloged the adaptive measures that have been both observed
and suggested in the studies. In identifying these details, | show where research currently
stands and provide insight into promising practices for climate change vulnerability case
studies, especially those focused on agriculture. Finally, I illuminate trends in the studies that
are useful for communities (and the institutions that support those communities) as the world
community addresses climatic change in the decades to come. The objective of this study is
to guide future research and contribute to pathways to adaptation by asking:

1. How is vulnerability analyzed?

a. What kinds of exposure and sensitivity factors are identified in the
vulnerability case studies?

b. What kinds of adaptive capacity factors are identified in the vulnerability case
studies?

2. What adaptive measures are observed and suggested in the vulnerability case studies?
3. How does vulnerability analysis inform pathways to adaptation?



SECTION 2

BACKGROUND

CLIMATE CHANGE VULNERABILITY

Since projections of crop yields and market impacts only tell a partial narrative, it is
valuable to consider other aspects of vulnerability when discussing climate change impacts to
agriculture. In addition to being a more robust account of the ways in which climate change
will have impacts on households, communities, nations and regions, it has applications in
proactive development work (Cannon, Twigg, and Rowell 2003; Downing et al. 2006). In the
context of climate change, analyzing vulnerability can be a key aspect of informing policy
and other pathways to adaptation, emphasizing a sustainable livelihoods approach rather than
a reactionary one (Magombeyi and Taigbenu 2008).

The term ‘vulnerability’ in reference to climate change has been used in a wide range
of disciplines and, accordingly, comes with a range of definitions. While there was little
consensus before the turn of the century as to the definition of vulnerability (Dow 1992),
interdisciplinary collaboration has finally led to one widely agreed-upon definition. The basic
components of vulnerability are commonly recognized to be a combination of: a) the
probability of experiencing adverse effects in the form of exposures and sensitivities, and b)
the ability to adapt to those effects (Figure 1). As a combination of exposures and
sensitivities and adaptive capacity, vulnerability varies spatially and temporally, and is

shaped by social context.



Figure 1: Components of vulnerability
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Exposure and Sensitivity

Exposure is described as stress, perturbation, or susceptibility; sensitivity refers to the
degree of exposure that is experienced (Magombeyi and Taigbenu 2008). The scale of
exposure and sensitivity varies (household, group, community, nation, region, etc.), as do
their sources. Exposures and sensitivities are often associated with biophysical impacts, and
are well represented in the studies that estimate the impacts of climatic change to crop yields
and markets, including those focused on vulnerability. Most commonly, these studies focus
on precipitation changes and extreme temperatures (IPCC 2014a). However, exposures and
sensitivities can also be socioeconomic, and include economic, social, political, and cultural
impacts, such as civil strife, political oppression, marginalization, and social stratification.
‘Natural’ disasters, hazards and risks, therefore, are “historical, political-economic, and

cultural processes interacting with the dynamics of nature” (Eakin and Appendini 2008, 556).

Adaptive Capacity

Adaptive capacity is the ability of an individual, community or system to adjust to
changes in their environment. In climate change vulnerability studies, adaptive capacity is
commonly found to be influenced by non-climate factors (N. Adger, Khan, and Brooks 2003;
as cited in L. Jones and Boyd 2011), such as social capital and access to credit. Jones and
Boyd (2011) divide socioeconomic barriers to adaptation into two categories: social and
informational, where social barriers include marginalization, discrimination and structural

inequities that restrict access to key resources, and informational barriers refer to limits to



informational resources regarding change or potential change in environment. Adaptive
capacity can also be influenced by biophysical factors, such as geographic configuration of

land holding (e.g., low-lying farmland) and ecosystem thresholds (Jackson et al. 2011).

Adaptive Measures

Adaptations to climate change and adaptive decision making by individuals and
communities address vulnerability impacts from climatic shifts, as well as social context
(Pittman et al. 2011). Adaptive capacity differs from adaptive measures in that the latter
refers to changes made to decrease vulnerability, while the former is a component of
vulnerability (L. Jones and Boyd 2011). Adaptive measures are adopted and proposed to
address exposures, sensitivities and/or barriers to adaptive capacity in order to reduce
vulnerability. It can be helpful to differentiate between the different kinds of adaptation, in
terms of public or institutional measures versus individual or household measures, and in
terms of reactionary adaptation versus planned or anticipatory adaptation (Mechler et al.
2010). Reactionary adaptations could include shifted planting seasons as climatic factors
dictate (e.g., Cuesta and Ranola 2009). Planned adaptations, by contrast, could include

capacity building sessions in agricultural extension (e.g., Challinor et al. 2010).

Synthesis of case studies

While individual case studies vary in terms of their focus and scope, two cases
illustrate how our understanding of vulnerability analysis can be enriched by comparing
different sites. In a case study of dryland communities in the Elqui Valley of Chile using
mixed-methods approach, Young et al. (2009) found that the inter-annual variability in
precipitation and availability of water resources were the main biophysical challenges to
agricultural stability and the most influential factors for adaptive capacity include
infrastructure, economic wealth, and familial relationships. By contrast, a case in
southeastern Arizona, a semi-arid region found that variable precipitation is a key factor in
agricultural vulnerability (Vasquez-Leon 2009). Farming in this region occurs at a much
larger scale than in Chile’s Equi Valley, and the author shows that technological and
infrastructure advances have protected some farmers from climatic variability. However, by

exploring social capital, Vasquez-Leon (2009) shows that Hispanic farmers and farmworkers



are more vulnerable than Anglo-American farmers. With the availability of advanced
farming techniques, the author shows that it is the socio-cultural fabric of southern Arizona
that accounts for the variations of vulnerability. By comparing these two cases, we can better
understand commonalities (e.g., the importance of infrastructure and institutional support for
adapting to variable precipitation), as well as discrepancies (e.g., the role of social
stratification and marginalization in reducing adaptive capacity). It is by synthesizing the
findings of multiple case studies, rather than attempting to extrapolate findings from a few,
that broader conclusions regarding vulnerability may be revealed (Rudel 2008).

CLIMATE CHANGE IMPACTS TO AGRICULTURE

The most recent report from the Intergovernmental Panel on Climate Change (IPCC)
identifies 10 phenomena that are occurring or will occur from increased levels of greenhouse
gas (GHG) emissions in the atmosphere and increased global temperatures: warming trends,
extreme temperatures, drying trends, extreme precipitation, precipitation, snow cover,
damaging cyclones, sea level rise, ocean acidification, and carbon dioxide fertilization
(2014b). These changes have the potential to impact the lives of people around the world in
many ways, including land loss, damaged and destroyed homes, and strained resources for
basic necessities. Of the ten climate-related drivers of impacts identified by the IPCC in their
most recent report, seven will directly impact farmers’ ability to produce food for their

families, communities, and the global marketplace.



SECTION 3

METHODS

CASE STUDY SELECTION CRITERIA

In order to refine the collection of case studies for the synthesis, a rigorous set of
criteria were used to select relevant studies, including: those focused on climate change,
agriculture and vulnerability; published after 2001; and peer-reviewed. First, case studies
were required to focus on climate change explicitly, rather than tangentially. Second, the case
studies all addressed different kinds of terrestrial agricultural production (for a list of
agriculture types, see Appendix). Third, case studies addressed vulnerability, defined as a
combination of sensitivities, exposures and adaptive capacity. Many studies examined
biophysical and socioeconomic sensitivities related to climate change; in order for them to be
included in the synthesis, they were also required to address adaptation or adaptive capacity
in some form. In addition to the thematic criteria, only case studies published in 2001 and
thereafter were included. In 2001, the IPCC in their third Assessment Report changed their
Working Group II title to include vulnerability (“Vulnerability, consequences, and options™)
— a shift that reflects the emergence of vulnerability as a crucial component of climate change
assessment. Finally, case studies were retrieved through a Web of Science search in order to
limit the collection to peer-reviewed articles. The studies were retrieved from the online
Thomson Reuters Web of Science Core Collection during June and July of 2014, using the
following search terms: “climate change AND agriculture AND vulnerability AND case
study” and further refined using the above mentioned criteria. While there is ample
information in unpublished studies, grey literature, and studies published outside of peer-
reviewed journals, these sources were not included in the synthesis in order to maintain the
highest level of confidence in the analysis. This set of criteria yielded 45 journal articles with
a total of 52 individual case studies. The collection of case studies had some limitations: it
was limited to peer-reviewed journal articles and only included English language



publications. Moreover, books and book chapters were not included as they are not part of
the Web of Science database. Future syntheses could provide a more comprehensive picture

by including some of these sources (Janssen et al. 2006).

DATA COLLECTION AND ANALYSIS
Each article was evaluated, coded, and documented in a database. First, the following
basic information was recorded for each study (for examples, see Table 1):

Article title

Author

Date of publication

Location/region of study

Type of agriculture

Climate (as identified by authors)

Key words

Methods (quantitative, qualitative, or mixed)

For articles that included more than one case study location, each site was counted
separately. For example, in Campos et al. (2013), the authors compared perceptions and
adaptations to climate change in rural communities in both Mexico and Spain. In this

scenario, Ichamio, Mexico and Montlus, Spain were considered separate records.

Recording factors that influence variability: exposure and sensitivity & adaptive capacity
Vulnerability factors for each case study were categorized according to whether their
focus was on biophysical, socioeconomic, or a combination of factors (referred to as class),

then further sub-divided into categories (Figure 2).

Figure 2: Diagram of relationships between class, category, and factor

Class

Category

Factor
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Each study was first evaluated for information related to the first sub-question: What kinds of
exposures or sensitivities to climate change are identified in the vulnerability case studies?
Exposure and sensitivity factors were recorded for presence in the study, grouped into
categories, and assigned a class — biophysical, socioeconomic, or combination (Figure 3).
Exposures or sensitivities that had both biophysical and socioeconomic elements were
categorized as combination in order to account for factors such as food insecurity, declining
soil fertility, and reduced biodiversity where the biophysical aspects are inextricable from the
socioeconomic components. For example, Esham & Garforth (2013) identified sensitivities,
including lack of irrigation water and rainfall variability, as well as cost of production,
fertilizer prices, and market access. In this example, water scarcity and rainfall variability
were recorded as biophysical factors (water and precipitation); lack of irrigation, cost of
production, fertilizer prices, and market access were recorded as socioeconomic factors.
Similarly, each study was evaluated for information related to the second sub-question: What
factors that impact adaptive capacity are identified in the vulnerability case studies? Again,
these data were recorded for presence in the study, grouped into categories, and codified by
class: biophysical, socioeconomic, or combination. Factors that influence adaptive capacity
included those related to individuals (e.g., social class/caste, gender, education levels) and
systems (e.g., regional conflicts, government incentives). Together, exposure and sensitivity
factors and adaptive capacity factors were aggregated to quantify which factors were

identified most frequently in determining agricultural vulnerability to climate change.
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Figure 3: Examples of Classes, Categories, and Factors

BIOPHYSICAL SOCIOECONOMIC COMBINATION

Precipitation Land Access, Personal Finance and Livelihoods Environmental Fragility and Degradation
variable precipitation access to credit soil fertility
increased drought land availability biodiversity
rainfall decrease alternative livelihoods overfarming
increased rainfall intensity deforestation

Extreme Weather Events Poverty and Unemployment Health and Disease
increased frequency of storm events household poverty pests/increased pests
increased intensity of storm events widespread economic decline illness/infirmary
increased flooding unemployment disease (crops or livestock)

Temperature Extremes and Changes Market Fluctuations, Reliance, and Access Food Security
temperature increase market fluctuation decrease in food security
heat stress/heat waves market access

Recording responses to vulnerability: adaptive measures

Additionally, I identified and recorded any adaptation measures that were mentioned
in the case studies. Each adaptive measure was divided into groups based on purpose, scale
and degree of planning. Some examples of adaptation measures include crop management,
such as shifted or shortened growing seasons or species; varietal substitution, such as
changing the type of crop or changing to resilient crop varieties; income diversification, such

as ecotourism; or internal or transnational migration.

CHARACTERISTICS OF THE CASE STUDIES
The case studies included in the study draw from across the globe. Notably, there
were clusters in Central America (Guatemala and Honduras) and South Asia (especially
Nepal, India and Bangladesh). Mexico boasted the highest number of cases, with six studies.
The 52 cases include 15 quantitative studies, 18 qualitative studies, and 19 mixed methods

studies.
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Table 1: Number of Case Studies per Region of Study

Region Studies
Africa 11
Asia 12
Europe 5
Latin America 15
North America 6
Oceania 3
Total 52

Figure 4: Case Study Locations
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SECTION 4

SYNTHESIS RESULTS

VULNERABILITY ASSESSMENT

In order to assess vulnerability factors that affect farmers, communities and
agricultural systems holistically, all of the identified factors were aggregated. Since the case
studies were often imprecise in categorizing vulnerability factors into the main components
of vulnerability (exposure and sensitivity and adaptive capacity), a combination of all
identified vulnerability factors were assessed to compare them by class before separating
them out into the vulnerability components. Biophysical factors and socioeconomic factors
were cited in the case studies with nearly equivalent frequency (44.2% for socioeconomic

factors compared to 45.9% for biophysical factors; Figure 5).

Figure 5: Vulnerability by Class (Biophysical, Socioeconomic or Combination)

Biophysical 271
Socioeconomic 261
Combination 59

When all vulnerability factors were aggregated, the most common category was Precipitation
— identified in the case studies on 117 occasions. Precipitation was identified over twice as
many times as each of the next most common categories: Extreme Weather Events (56) and
Land Access, Personal Finance and Livelihoods (52). Water quality and availability are
clearly important limiting factors for agriculture, and together, Precipitation and Water Stress
and Scarcity account for 27% of all factors identified in the 52 studies. The Precipitation
category included factors such as rainfall increase, decrease and variability, while Water

Stress and Scarcity included general water stress, surface and groundwater scarcity, salinity,
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and water pollution. By comparison, Agriculture Policy, Governmental Support and
Stability; Social Status and Social Networks; Education Levels and Technical Knowledge;
Infrastructure Access, Availability and Quality; Health and Disease; Food Security; and
Geographic Land Constraints combined account for the same percentage (27%) of factors
identified in the studies. Across the 52 case studies, the ten most frequently identified factors
associated with vulnerability in agriculture were:

1. Variable Precipitation

Drought Conditions/Increased Drought
Temperature Increase

Rainfall Decrease

Poverty/Financial Resources

Increased Rainfall Intensity

Access To Credit

Increased Frequency Storm Events

. Market Fluctuations/Low Prices

10. Acute/Household Poverty

© o N R WD

Exposure and Sensitivity

Although biophysical and socioeconomic factors were identified with equal
frequency when all vulnerability factors were combined, when vulnerability is separated into
its two component parts — exposure/sensitivity and adaptive capacity — the pattern is
different. The majority of agricultural exposures and sensitivities identified in the studies
were biophysical (65.0%; Figure 6). This pattern was consistent across all of the study
regions, with only 6-27% of identified factors being categorized as socioeconomic factors
(Figure 6).
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Figure 6: Exposure and Sensitivity by Class (Biophysical, Socioeconomic or
Combination) by Region

ALL (N=52) 65% 12%
Africa (n=11) 58% 16%
Asia (n=12) 71% 9%
Europe (n=5) 87% 6%
Latin America (n=15) 58% 14%
North America (n=6) 67% 6%
Oceania (n=3) 65% 17%
0:% 2(I)% 4(;% 6(I)% 80I% 10I0%
M Biophysical m Socioeconomic Combination

When the broad classes of exposures and sensitivities were broken down into
categories, the most commonly identified categories were Precipitation; Extreme Weather
Events; and Temperature Extremes and Changes (Table 2). Precipitation factors included:
variable precipitation, drought conditions or increased drought, increase in rainfall intensity,
rainfall decrease, low average rainfall, and hail storms. Overall, Precipitation factors
appeared over twice as many times as the next category (Table 2). Variable precipitation
alone—included in the Precipitation category—was identified in nearly two thirds of the case

studies.
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Table 2: Categories of Exposure and Sensitivity Identified in the Case Studies

Categories of Exposure & Sensitivity Count
Precipitation 117
Extreme weather events 56
Temperature extremes and changes 51
Water stress and scarcity 41
Environmental fragility and degradation 28
Market fluctuations, reliance and access 25
Poverty and unemployment 24
Health and disease 16
Population change and demographics 16

Agriculture policy, governmental support, and stability 9
Land access, personal finance, and livelihoods 9
Infrastructure access, availability and quality 8
Food security 6
Education levels and technical knowledge 4
Geographic land constraints 2
Social status and social networks 2

Adaptive Capacity

While most of the agricultural exposures and sensitivities identified were biophysical,
the opposite was true for factors influencing adaptive capacity, where there was an
overwhelming emphasis on socioeconomic factors. In fact, 93.2% of the factors identified
were socioeconomic (Figure 7), and this was consistent across regions. In case studies from
the Asia region, there were no biophysical or combined adaptive capacity factors identified at
all, while in other regions such as Latin America and Africa there were no biophysical factors
identified and 5-11% of factors were combined socioeconomic and biophysical. The one
exception to this pattern was Europe, where 14% of the factors identified as influencing

adaptive capacity in agriculture were biophysical.
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Figure 7: Adaptive Capacity by Class (Biophysical, Socioeconomic or Combination) by
Region

ALL (N=52) 6%
Africa (n=11) 0 5%
Asia (n=12) 0 %
Europe (n=5) %
Latin America (n=15) 0 11%
North America (n=6) 4%
Oceania (n=3) 0 10%
0:% 2(;% 4(;% 6(I)% 8(;% 10I0%
m Biophysical = Socioeconomic Combination

Note: For a complete list of Adaptive Capacity factors, see Table 3.

When the three broad classes of adaptive capacity (biophysical, socioeconomic, and
combination) were broken down into categories, the most commonly identified categories
affecting adaptive capacity were Land Access, Personal Finance and Livelihoods; Social
Status and Social Networks; and Agriculture Policy, Government Support and Stability
(Table 3). Land Access, Personal Finance and Livelihoods included factors such as access to
credit, farm holding size and land availability, and alternative livelihoods. For many factors,
access was the key aspect; for example, access to capital, markets, credit, irrigation, and

social networks were all recognized as influencing adaptive capacity.



Table 3: Adaptive Capacity Factors Identified in the Case Studies

18

Land Access, Personal Finance 43 Education levels and technical 19

and Livelihoods knowledge

access to credit 16 lack of public 10

access to land/farm holding size 9 awareness/perception of cc

access to financial insurance 5 high illiteracy rates/lack of 6

alternative livelihoods 5 education

high input costs (to diversify) 3 lack of t(_echnlcal knowledge 3

debt/indebtedness 2 Population Qhange and 19

delayed return on investment 2 Demographics

land tenure 1 gender (woman) 8

- age of farmers (advanced) 5

Ag Policy, Governmental 25 hiah d q i 3

Support and Stability \gh dependency ratio

government safety 9 household size (small)_ 1

nets/institutional support labor-intensive adaptation methods 1

local/regional government 5 (advanced age)

collaboration or support small town/village 1

government incentivized 2 Poverty and Unemployment 138

monoculture poverty/access to capital 18

government policy interventions 2 Infrastructure Access, 11

against trade adaptation Availability and Quality

inappropriate adaptations promoted 2 lack of access to irrigation 7

by local gov't lack of roads/transportation 4

institutional barriers to alternative 2 infrastructure

crops Environmental fragility and 8

adaptation tradeoffs 1 degradation

financial incentives 1 poor soil/soil degradation 4

regional/civil conflicts 1 diversity in agro-ecosystem 2

Social Status and Social 25 reliance on rainwater 2

Networks _ Market fluctuations, reliance 5

lack of access to social 13 and access

networks/capital N market access/reliance on 3

resistance to change/"tradition" 4 intermediaries to sell crop

discrimination 3 market fluctuations/low prices 2

being "marginalized” 2 Health and disease 2

caste/class (lower) 2 malnutrition 1

low perception of adaptation 1 poor health 1

effectiveness Geographic land constraints 2
fields in flood basins 1
steep slope of arable land 1
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ADAPTIVE MEASURES

While the studies evaluated identified 44 factors that influence the ability to adapt to
climate change, they also identified specific measures that could be implemented to mitigate
or respond to climate change effects on agriculture. For farmers, farming communities and
agriculture systems, adaptive measures are adopted to address and combat the many aspects
of vulnerability. The measures identified across the studies were wide ranging, differing in
purpose, scale (individual/household or institutional/public), and degree of planning
(planned/anticipatory or reactionary). Adaptive measures were categorized as primarily
addressing vulnerabilities that were biophysical, socioeconomic, or both. When divided this
way, 42% of adaptive measures focused on tools and techniques to help farmers mitigate for
biophysical factors such as a variable and changing climate; 33% explicitly addressed
underlying socioeconomic factors that increase vulnerability, and 26% of the adaptive
measures addressed factors that could be categorized as both biophysical and socioeconomic.
In the case studies, the most frequently cited category of adaptive measure was Crop
Management, followed by Varietal Substitution and Institutional Support. Crop Management
included techniques such as changing planting and harvesting times; crop rotations and
cropping pattern migration; and agroforestry. Varietal Substitution included diversifying crop
varieties; adopting heat or drought resistant varieties; and planting different crops. The case
studies also identified various types of Institutional Support, including outreach programs
and research; poverty alleviation programs; and subsidized fertilizer.

When separated by scale, institutional or public adaptations (such as poverty
alleviation programs or information dissemination to farmers) comprised 35 of the different
individual adaptive measures identified and 36% of all adaptive measures suggested or
observed in the studies. By contrast, individual or household-level adaptations (such as
reducing household expenditures or increasing fertilizer use) comprised 39 of the 74 kinds of
measures identified and over 64% of all the measures suggested or observed in the studies.
Divided into planned or reactionary, the majority of the adaptive measures identified in the
case studies were planned adaptations (57 out of 74), such as capacity building and shifted
harvesting times. Among those planned adaptations, the percentage that focused on
addressing biophysical impacts increased to 53%, compared to just 22% that focused on

addressing socioeconomic impacts. Across all 52 case studies, the most frequently observed



20

or suggested adaptation measures largely addressed biophysical vulnerability factors (Table
4).

Table 4: Most Frequently Identified Adaptation Measures

Class of Vulnerability

Adaptation Measure Count Addressed
Diversify Crop Variety (Same Crops) 17 Biophysical
Irrigation 15 Biophysical
Change Planting/Harvest Dates/Times 12 Both
Internal Migration 11 Socioeconomic
Heat/Drought Resistant Crops/Varieties 11 Biophysical
Different Types of Farming (e.qg., livestock, cash crops) 10 Both
Migration Of Cropping Patterns/Crop Rotations 9 Biophysical
Agrobiodiversity/Diversify Crop Type (different crops) 9 Biophysical
Water Conservation Measures 8 Biophysical
Agroforestry 8 Biophysical
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SECTION 5

DISCUSSION

Returning to the final research question: How does vulnerability analysis inform
pathways to adaptation?, this synthesis shows that the factors identified as contributing to
vulnerability in the case studies influence the types of adaptation measures proposed and
adopted by affected communities. Determining what class of vulnerability (biophysical,
socioeconomic or combination) an adaptation measure was designed to address was
complicated, as measures often addressed multiple vulnerabilities. Furthermore, reinforcing
an artificial demarcation between biological and economic, social or cultural factors can be
problematic as it obscures their interconnectedness (Speed Rossiter et al. 2015). However,
many case studies included in this synthesis reinforced these norms in the way that factors

were addressed, and in observed and suggested adaptation measures.

Socioeconomic Vulnerability Factors and Biophysical
Adaptive Measures

There is widespread recognition in climate change literature that vulnerability is a
combination of exposures, sensitivities and adaptive capacity (W. N. Adger 2006; W. N.
Adger and Kelly 1999; Smit and Wandel 2006). In this synthesis, the studies used similar
definitions, but in practice, exposures and sensitivities dominated, both in terms of the total
number of factors identified and, more importantly, the frequency with which they were
identified. Furthermore, while vulnerability has been adopted widely as a measure of climate
change impacts (McCarthy, Intergovernmental Panel on Climate Change, and Working
Group 11 2001) and it is defined as a combination of physical, geographic, economic, social,
political and cultural factors (Alwang, Siegel, and Jorgensen 2001; Blaikie et al. 1994)—or

more broadly, biophysical and socioeconomic factors—this analysis illustrates that the case
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studies focus much more heavily on the biophysical factors, leaving understandings of the
socioeconomic aspects of vulnerability less well documented.

These findings support similar ideas put forth in several articles that highlight the
prevalence of biophysical impact-based studies in the climate change literature. Despite long-
held recognition of the importance of social structures in the analysis of vulnerability (Dreze
and Sen 1991; Watts 1983), the focus on biophysical factors persists. O’Brien et al. (2007)
characterize the division in vulnerability frameworks in context of outcome vulnerability and
contextual vulnerability, where the former refers to a ‘scientific framing” and the later
‘human-security framing’. They argue that the human-security framing has been
underrepresented in scholarship and policy and that additional attention to contextual
vulnerability would “broaden the scope of adaptation policies” (O’Brien et al. 2007, 73).
Through a content analysis of four major climate change journals, Bassett and Fogelman
(2013) found that a mere 3% of climate change adaptation articles focus on the underlying
socioeconomic factors of vulnerability. Sugden et al. (2014) initiated their agricultural
vulnerability case study® on the premise that the political economic approach to vulnerability
has been sidelined in favor of biophysical impacts. In their analysis, they consider climatic
changes alongside other stresses to agriculture, including political-economic processes and
the intersections between gender, caste and socio-economic status, concluding that adaptive
measures proposed in both international and national levels focus on “technocratic
interventions to respond to the proximate causes of vulnerability” (Sugden et al. 2014, 268).
The findings from this synthesis support these works, and suggest that addressing climate
change vulnerability in policy and scholarship should go beyond adaptive measures intended
to address only biophysical impacts, to also consider ways to expand access to financial,

technical and social resources.

Focus on Easily Measurable Variables and Poverty
Of the 116 vulnerability factors identified in this synthesis, easily measureable
variables were among the most frequent. In fact, six out of the top ten related to precipitation

and temperature. This finding is unsurprising, as a) precipitation and temperature are limiting

! The Sugden et al. article was published after the data collection period and therefore was not included in the
synthesis results.
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factors in most types of agricultural yield and, b) there is ample evidence that global climate
change is leading to changes for both (IPCC 2014b; World Bank 2012). As much as 30% of
year-to-year variations in global average crop yields can be attributed to precipitation and
growing season temperatures (David B Lobell and Field 2007). Poverty, income levels and
market fluctuations also featured prominently in the synthesis. This finding is also
unsurprising, given that across disciplines—such as economics, environmental science,
risk/disaster management, public health, and others—poverty is considered a major source of
vulnerability (Alwang, Siegel, and Jorgensen 2001). These factors additionally work
synergistically because of the large role agriculture plays in low-income countries, where
fluctuations in both the climate and market contribute to income variations and poverty
(Morduch 1994). All other things being equal, in regions and countries where agriculture is
central to GDP, the impacts of climate change will be more acute (Fussel 2012).

While some climate data may be readily available, data on social variables can remain
more elusive. For instance, data on social networks and perceptions of climate change require
qualitative data collection, which can prove logistically difficult or beyond the scope of many
studies. In this synthesis, there were several factors that occurred less frequently, but were
pivotal to the studies that included them. For example, in 13 out of the 52 studies, social
capital, or access to social networks, was identified as influencing adaptive capacity. The
majority of case studies that identified social capital and access to social networks
acknowledged these factors as being crucial in determining vulnerability (Gilbert and
McLeman 2010; Jones and Boyd 2011; Westerhoff and Smit 2009). Metrics and data
collection methods for measuring social capital have been developed and used in
environmental management, but were largely missing from this collection of studies
(Carpenter, Daniere, and Takahashi 2004a; Carpenter, Daniere, and Takahashi 2004b).
Similarly, perceptions of risk and awareness of climate change appeared in only 10 of the 52
case studies, but in over half of those cases, it was considered to be the most important factor
(Kerry et al. 2012; Li et al. 2013; Mallick et al. 2005; Tucker, Eakin, and Castellanos 2010).
Given the importance of social networks and perceptions of risk in these studies, it is possible
that they were similarly important in other places, but neglected in the analysis. Likewise,
Pittman et al. (2011) suggest that despite findings that technical adoptions are constrained by

social context, many impact-based studies continue to emphasize technical adaptations. In
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efforts to inform pathways to adaptation, neglecting to include vital factors in vulnerability
analysis can lead to adaptation suggestions that only address vulnerability factors that are

easily measured.

Consistent Patterns Across Regions

Literature on global climate change frequently points to variability across regions and
locations, as stressors and change are geographically disparate (IPCC 2014a; P. Jones and
Thornton 2003; Schaap et al. 2011). However, this analysis suggests that the literature may
not be capturing these differences, as the case studies are relatively consistent across regions,
with regards to the emphasis on biophysical exposure, sensitivity, and socioeconomic
adaptive capacity. For both exposure and sensitivity factors and adaptive capacity factors,
European case studies in this synthesis identified only a slightly higher percentage of
biophysical factors than the rest of the world. This indicates the relatively higher importance
of biophysical factors over socioeconomic factors for European agricultural systems, but the
pattern is not significantly different than other regions. Research suggests, however, that
Europe is not as vulnerable to climate change, especially compared to Asia, Africa and Latin
America (P. Jones and Thornton 2003). Studies suggest European agricultural yield will
continue to exceed demand for food, largely due to anticipated technological advancements
(e.g., Ewert et al. 2005). The relatively consistent findings indicate vulnerability studies may

be underreporting socioeconomic factors.
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SECTION 6

CONCLUSION

Since increases in agricultural vulnerability to climate change are imminent and the
consequences are significant, there is an urgent need to consider the many ways that climatic
change could impact communities and to share effective strategies for adapting to those
changes. Vulnerability provides an ideal framework with which to assess impacts to
agriculture by considering a combination of exposures, sensitivities and adaptive capacity.
Case studies that focus on both experienced and anticipated climatic change, as well as
adaptive measures and factors that influence adaptive capacity, are useful for communities
and institutions as they develop pathways to adaptation.

This synthesis of the vulnerability factors identified in 52 case studies considered a
wide variety of studies and a breadth of study types, identifying patterns that were consistent
across regions. Notably, exposure and sensitivity factors made up the bulk of factors
identified in the case studies, a finding that is likely linked to how factors are expressed and
described semantically. However, the overemphasis on exposure and sensitivity factors could
be problematic when looked at concurrently with the distribution of classes of vulnerability
(biophysical, socioeconomic and combination) as they were overwhelmingly biophysical.
The emphasis on exposures and sensitivities, especially easily quantifiable variables, leads to
a possible overemphasis on adaptation measures that address biophysical impacts rather than

socioeconomic ones.

Recommendations for Policy and Scholarship
Identifying pathways to adaptation is an increasingly important objective in policy
and scholarship. Vulnerability analyses shape pathways to adaptation by identifying
exposure, sensitivity and adaptive capacity factors, as well as adaptive measures. Moving

forward, however, additional steps can be taken to support further vulnerability studies that
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explicitly include socioeconomic aspects, in addition to the many that focus on biophysical
impact factors. For findings from these kinds of studies to be useful for society, in policy and
otherwise, taking societal situations into account is crucial (“Time for the Social Sciences”
2014). While biophysical impact-based case studies are essential, considering socioeconomic

aspects of vulnerability is equally vital in order to fully inform pathways to adaptation.
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