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ABSTRACT

Climate extreme trends and land use/land cover changes were evaluated for their
interconnections with feed resources availability and management in a case study in Ethiopia.
A 42 years (1967-2008) annual trend was computed for 20 rainfall and temperature extreme
indices/indicators at 11 stations located across three major eco-environments. Households’
perceptions were also surveyed across eco-environments and seasons and compared with the
recorded trends at nearby stations for selected rainfall and temperature extreme
indices/indicators, and determinants of the perceptions were identified. Land use/land cover
changes were analyzed from remotely sensed satellite images at districts located over the three
eco-environments and compared with households’ perception on relative contribution of
different feed resources and feed deficit management strategies available to households over
the last 30-40 years. Current altitudinal range and habitat area was surveyed for 67 herbaceous
grassland species along altitudinal gradients (1342 m asl- 3410 m asl) and future distributions
were predicted under no-migration and with migration scenarios to 4.2°C increase of
temperature by 2090. Most of the temperature and rainfall extreme indices did not show
significant trends at many stations and the significant trends were not uniquely differentiated
by eco-environment. However, more than 8 of the 11 stations showed positive trends for
maximum value of the maximum temperature (TXx), warm days (TX90p), warm nights
(TN90p) and warm spell duration indicators (WSDI) and negative trends for cool days
(TX10p), cool nights (TN10p) and cold spell duration (CSDI) indicators. Precipitation extreme
trends showed high variability among nearby stations within eco-environments and were not
significant at many of the stations studied. The majority of households (52.5-98.8%) across the
three eco-environments perceived increasing number of extreme warm days and warm nights
and decreasing number of extreme cool days and cool nights for all seasons. In most cases,
households’ perceptions agreed with the recorded extreme temperature trends. The perceptions
on seasonal total rainfall and daily rainfall intensity, however, varied across seasons and eco-
environments, but agreed with recoded trends in the pastoral eco-environment in all seasons.
Households’ perceptions of the studied extreme events were significantly affected by literacy,
eco-environment, agricultural extension service, and relief aid. Land use/land cover change is

occurring across all eco-environments. Areas of grasslands are decreasing while that of

XX



cropland is increasing across all study sites. The contributions of feeds of grazing resources
are decreasing while feeds of non-grazing resources such as crop residues, agro-industrial by-
products and other feeds from crop lands are increasing across all study sites. Similarly the
feed deficit management strategies of households are also changing significantly from
mobility to herd management and feed conservation in the pastoral areas; from mobility to
feed conservation and purchasing of feed in the agro-pastoral areas and from transhumance to
feed conservation and purchase of feed in the mixed crop-livestock highland areas. All the
studied grassland herbaceous species faced range contraction and habitat loss with range shift
gaps among forty two species under the no-migration scenario. With the migration scenario,
however, the forty two species with range shift gaps are predicted to benefit from at least some
habitat area retention. Between growth forms, legumes are predicted to lose significantly more
habitat area than grasses under the no-migration scenario while no significant difference in
habitat area loss is predicted under the migration scenario. Thus the results indicated that
availability and use of different feed resource and the management strategies followed are
changing being at a cross roads of warming planet and changing land use/land cover across all
eco-environments. There is a need for integrated research and policy interventions for eco-
environment/ site specific feed resources development and management strategies that on one
hand ensures sustainable availability of feeds both in quality and quantity, and conserve
biodiversity of grasslands under warming climate and changing land use/ land cover.

Key words: Climate extremes trend; Feed deficit, Feed resource; herbaceous grassland

species; Household perception.
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1. GENERAL INTRODUCTION

1.1. Background

The Sub-Saharan Africa (SSA) region where Ethiopia is located covers over 2 billion hectares of
land and is home to about 920 million people (FAO, 2013). Seventy one percent of the
population is living in rural areas—higher than the world average 51% (FAO, 2013). Agriculture
is the mainstay of the economy accounting for 20% of GDP and 60-90% of the total labor force
(UN and AU, 2008).

The region has very diverse climatic and land use /land cover conditions ranging from arid
deserts in the Sahel, to semiarid lowlands of eastern Africa, and the rainy humid and sub humid
tropical conditions in the central and western Africa (Dixon et al., 2001). The arid and semi-arid
eco-environmental zones' make up 43% of the land area while the dry sub-humid zone account
for 13% and the moist sub-humid and humid zones jointly together accounts for 38 % of the total
land cover (Hazell and Diao, 2005). The annual precipitation in SSA is estimated at an average
of 815 mm with a wide range of variation. The variation ranges from less than 100 mm in Sahel
to above 1200 mm in Ethiopia and more than 2000 mm in coastal areas and some islands. The
Central African sub-region usually receives the highest amount (40%) of the total precipitation
while the Sudano-Sahelian sub-region the least amount (14%) (FAO, 2012).

In recent decades the human population of the region has increased considerably from 236
million in 1961 to 920 million in 2013 (FAO, 2013) triggering diversification of agricultural
activities in order to meet the demands for food and welfare (Rosenzweig et al., 2007). As a
result considerable land use/ land cover change has occurred over the past decades. Agricultural
lands have expanded from 958 million ha in 1961 to 1.1 billion ha in 2011, and considerable

areas of grazing and forest lands have been converted to arable land, urban and rural settlements,

tEco-environment is defined as a spatially and functionally coherent unit of environment, and
includes the living and nonliving components involved in a given environment as well as their
interactions. Note the word “eco-environment” is used in this dissertation to describe inter
connection or interactions among different components of the study environments over the
classical “agro-ecology” which is limited in use to agriculture.
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industrial and infrastructural development (FAO, 2013). Greenhouse gas such as CO,, CH, and
NO, emissions from agriculture have also increased considerably from 350, 201 and 148
million CO, equivalent gigagrams in 1990 to 533, 308 and 255 million CO; equivalent
gigagrams, respectively in 2010 in the region ( FAO, 2013), The land use/land cover transitions
however, varied with region and localities. For example over the last three to four decades, large
areas of water, forest and woodlands have been converted to intensive cultivation, mixed
cultivation, degraded land and marshy areas in Ethiopian Rift Valley (Garedew et al., 2009,
Meshesh et al., 2012; Biazin and Sterk, 2013) while more areas of woodland and grasslands have
gone to bush land and cultivated lands over the same period in Northern and Southern Ethiopia
(Mesele et al., 2006; Tsegaye et al., 2010).

Over the last 50 years the SSA region experienced rapid increase in livestock population from
108 million TLU to 274 million TLU in 2011 (FAO, 2013). The production system has largely
been based on traditional herding where animals range over extensive grazing lands with little or
no supplementation. The bulk of feed for this barging animal population is obtained from
grasslands, bush/scrublands and croplands (Ibrahim, 1999; Mengistu, 2005). However, the
performance of the livestock sector and agriculture in general is low. More than 40% of the
region’s population is living below the poverty line with per capita incomes of less than US$1.25
per day (UN, 2010). Most SSA countries have struggled to eradicate extreme poverty and hunger
(SESRTCIC, 2007). Of even more concern is that Sub-Saharan Africa is the only region in the
world where the number of people facing poverty is still increasing and per capita food
production is declining (Adesina, 2007). In the last three decades, undernourishment has
increased significantly from over 200 million people in the mid-1990s to about 325 million
people in 2000 (Hazell and Diao, 2005; Smith, 2007).

Without making a substantial contribution to global greenhouse gas emissions (only about 3.8
%), the SSA region and Africa as a whole has become a victim of global climate change (UN
and AU, 2008). Although regional reports are variable (AMCEN, 2011), the temperature has
increased by 0.7°C over the last century and is projected to continue to increase in future by 1.5
to 3°C by 2050 and beyond (IPCC, 2001). These adverse climatic trends and the rain-dependent
economic structures that underpin the economy make the region vulnerable to cycles of drought
and flood (UN and AU, 2008). Since 1951, Sub-Saharan Africa has been the global region worst
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affected by increasing frequency, severity and duration of drought (Spinoni et al., 2013). For
instance, the droughts of 1968-1971 in the Sahel, Ethiopia, Sudan, and Somalia, and the droughts
of 1982-1985 and 1990 in both the Sahel and southern Africa, caused severe shocks (Jayne et al.,
2005). In Ethiopia alone, between 1999 and 2004, 46.8% of the households experienced drought
shocks (Ruben, 2005) and at least two-thirds of the small farm population was under difficult

circumstances (Jayne et al., 2005).

In an attempt to overcome the issue of food security amidst rapid population growth, agricultural
activities has expanded including into fragile arid and semiarid areas once exclusively used for
extensive livestock production (Garedew et al., 2009; Tsegaye et al., 2010). This in turn has
resulted in scarcity of grazing resources and shortages of feed (Benin et al., 2002; Sarwar et al.,
2002; TECHNIPLAN, 2004; Berhe et al., 2013) prompting the herding and farming households
to look for alternative non-conventional feeds and feed deficit management strategies (Benin et
al., 2002).

Such major impacts are partly the outcome of changes in climate extremes in conjunction with
land use/land cover change. Climate change and climate variability are global issues (IPCC,
2001). The degree of impact, however, varies from region to region and sector to sector
depending on the extent of exposure, sensitivity and coping capacity of the system. An
understanding of how climate extremes and land use/land cover are changing globally,
regionally, and locally is thus imperative for planning appropriate adaptation measures (Aguilar
et al., 2009). Aggregations of information at global and regional levels, however, usually under
estimate the impact on the most vulnerable communities and sectors. Hence, it is important for
the region in general and the country in particular to derive information on effects of change

drivers disaggregating to specific site and at household level which is the subject of this study.

1.2. Motivation/ Rationale

In spite of the complex interplay of climate and land use/land cover, our understanding of the
effect of climate change and land use/land cover change on feed resources is very limited in

Ethiopia and the SSA region in general. To date considerable endeavors have been made at
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quantifying some of the agricultural impacts of climate change including mapping of “hot spot”
areas (Thornton et al., 2006; 2007), but most were carried out at low spatial resolutions (Parrya
et al., 2004; Thornton et al., 2007) with a focus on the length of growing period. Such
information is of limited importance for drawing generalizations for a region like sub-Saharan
Africa in general and Ethiopia in particular where topographic and resource endowment
heterogeneities are high (FEWS NET, 2003; Bewket and Conway, 2007). There is a need for
high resolution information at local level.

Several studies (Osman and Sauerbon, 2002; Tadesse and Dagnachew, 2006; Cheung et al.,
2008; Doherty et al., 2009; Bewket, 2009; Aguilar et al., 2009; GebreMichael and Kifle, 2009;
Makokha and Shisanya, 2010; Williams and Funk, 2011; Ayalew et al., 2012) attempted to
assess changes in rainfall and temperatures but analyses were often limited to showing trends of
total annual rainfall and mean annual temperatures were generally crude. Important parameters
such as frequency of occurrence of extreme temperature and precipitation events that have
significant direct and indirect effects on the biophysical environment including feed resources
have not been addressed adequately (New et al., 2006; Kruger and Shongwe, 2004; Kruger and
Sekele, 2013). As a result there is a large spatio-temporal information gap on these and other
important climate parameters which hampers design of climate-resilient polices and

implementation of development strategies.

Dozens of studies have also attempted to investigate trajectories of land use/land cover
transitions in the country and the SSA region as a whole. Many of these studies, however,
focused on analysis of drivers of the changes (Reid et al., 2000; Amsalu et al., 2007; Tsegaye et
al., 2010; Meshesha et al., 2012; Biazin and Sterk, 2013), and only a few studies have dealt with
consequences (Reid et al., 2000; Meshesha et al., 2012) and none have dealt with land use/land

cover change and its effect on availability and management of livestock feed resources.

Through time, farmers and pastoralists of the region have accumulated a wealth of traditional
knowledge on local climate and land cover to which they responded with innovative practices of
managing feed resources that sustained livelihoods under variable conditions (GebreMichael and

Kifle, 2009). The capacity of these practices to deal with change is now being surpassed and



livelihoods are being threatened. The shift from communal grazing and fallow land-grazing to
on-farm production and increasing use of by-products of low quality (in crop—livestock systems)
has proceeded in parallel with changes in land use/land cover and climate. However, information
is lacking on households perception of climate extremes trend, determinants of the perception

and the changes in relative contribution of the different management options

It has also been well understood that the conversion of grasslands and forest areas into crop lands
and lands of other use is causing habitat fragmentation and loss of niche for many of the
important grassland species (Klein et al., 2007). Many studies have also shown that global
warming is a threat to plant species distribution. Under warming climate species are expected to
shift habitat area polward along latitude or upward along altitudinal gradients to allow survival in
optimum thermal zones (Colwell et al., 2008; Kreyling et al., 2010; Laurance et al., 2011;
McCain and Colwell, 2011; Sheldon et al., 2011). Nevertheless, information is lacking on
potential response of the important grassland species of the tropical environment in the country
and the SSA region in general where land use/land cover change and the attendant habitat
fragmentation is a barrier to species redistribution. Hence there is a wide knowledge gap to be
filled particularly in the areas of feed resource dynamics and household reactions to cope with

the changes under the changing climate and land use/land cover.

1.3. Research question

This dissertation using empirical evidences assesses the extent to which climate change and land
use/land cover change intersect with livestock feed production and management over the

different eco-environments by addressing the following research questions.

e s there any historical trend in temperature and precipitation extremes? Can the trends be
uniquely differentiated by eco-environment?

e What do households perceive about climate extreme trends? What are the factors that
explain these perceptions?

e What was/is the land use/land cover classes 30-40 years ago and at present? What feed

resources and feed deficit management strategies were/are available to households 30-40



years ago and at present? Which land use/land cover classes, feed resource and feed
deficit management strategies have been changing?

e How herbaceous grassland species of feed importance are distributed along altitudinal
gradients in terms of altitudinal range and habitat area? What will be the consequence of

global warming on species distribution where land fragmentation is an impediment?

1.4. Objectives of the study

The general objective of the study was to generate information on temporal and spatial trends,
and interconnections among climate, land use/land cover and livestock feed resource availability
and management in a case study over three eco-environments of Ethiopia and thereby develop
recommendations, which can lead to informed resource management, conservation and

adaptation to climate change. The specific objectives were to:

a, characterize the nature of past temperature and precipitation extreme trends based on
historical daily weather data from selected stations.

b, assess households’ perceptions on temperature and precipitation extreme
trends, compare with records and identify determinants of their perceptions.

c, assess land use / land cover change from remotely sensed satellite imagery and assess how
this is related to feed resource dynamics from households’ perceptions.

d, assess potential response of herbaceous grassland species to climate change under different

land use scenarios.

1.5. Organization of the dissertation

The dissertation has been organized into six chapters. Chapter One addresses the general
background, motivation/rationale, objectives and organization of the dissertation. Chapters Two
to Five present individual papers with abstract, background, methodology, results, discussion and
conclusions. Chapter Six gives a summary of the main findings of the work and draws
conclusions and recommendations. Chapters 2, 4 and 5 are based on published article

(bibliographic details in Appendix 8.3).



2. TRENDS IN DAILY OBSERVED TEMPERATURE AND
PRECIPITATION EXTREMES OVER THREE ETHIOPIAN ECO-
ENVIRONMENTS

(Published in International Journal of Climatology)



Abstract

Ethiopia has wide eco-environmental diversity ranging from extreme heat at one of the lowest
places in the world to one of the coolest summits in Africa. Associated with this environmental
diversity and climate change, climatic extremes are expected to change over time and also vary
across eco-environments in the country. This study was conducted to examine the trends of past
precipitation and temperature extremes over three eco-environments in Ethiopia. The study
involved analysis of 20 extreme indices computed from daily temperature and precipitation data
spanning over 42 years (1967 - 2008). The climate data were obtained from 11 stations selected
from three major eco-environments (pastoral, agro-pastoral and highland). The results indicated
positive trends for maximum value of the maximum temperature (TXXx), warm days (TX90p),
warm nights (TN90p) and warm spell duration indicators (WSDI) and negative trends for cool
days (TX10p), cool nights (TN10p) and cold spell duration (CSDI) indicators in more than 8 of
the 11 stations studied. However, most of the trends were not significant at many of the stations
and the significant trends were not uniquely differentiated by eco-environments. Unlike
temperature extremes, precipitation extreme trends showed high variability among nearby
stations within eco-environments and were not significant at many of the stations studied. It is
concluded that trends of temperature and precipitation extremes vary considerably among
stations located within a given eco-environment indicating that the response of local climate to

global warming could be different in physiographically diverse regions.

Key words: Climate change; Climate extremes; Eco-environment; Precipitation; Temperature;
Trend



2.1.Introduction

Ethiopia is located in a tropical region where temperature differences are strongly modulated by
elevation (Kreyling et al., 2010). It has unusual eco-environmental settings ranging from extreme
heat at one of the lowest places in the world (Dallol) to one of the coolest summits in Africa (Mt.
Ras Dashan). The lowlands, below 1500 meters above sea level, constitute about 61% of the
total land mass of the country and are generally warmer and drier than the highlands and
mountains (McSweeney et al.,2010). The warm and drier lowlands, particularly extensive in the
south east, eastern and north eastern parts of the country, are inherently areas of low and erratic
precipitation not suitable for reliable crop production and are used for extensive pastoral
livestock production (Coppock, 1994). The cool and moist highland plateau and mountains, on
the other hand, are under extensive crop production. In between the two systems, there are
transitional areas that share the properties of both. These are referred to as agro-pastoral systems
and are characterized by a livestock-dominated crop production system. Agro-pastoralism is
common particularly in the great East African Rift Valley region of the country. These varied
eco-environmental settings in Ethiopia offer unique opportunities to study climate change in the

tropics.

As in other parts of Africa and the rest of the world, studies on Ethiopia’s climate have shown
changes in temperature and precipitation trends during recent decades (Osman and Sauerbon,
2002; Seleshi and Zanke, 2004; Cheung et al., 2008; Doherty et al., 2009). Though the
magnitude and trends of change reported vary with reports and locations, time series analysis of
mean national maximum and minimum temperatures have shown positive trends (NMA, 2001;
Belliethathan et al., 2009; GebreMichael and Kifle, 2009). The observed warming is
accompanied by a steady decline in precipitation in many parts of the country (Osman and
Sauerbon, 2002; Genet and Alem, 2006; Abebe et al., 2006; Tadesse and Dagnachew, 2006;
Williams and Funk, 2011) although increases have been reported in some areas (NMA, 2001;
Meze-Hausken, 2004) and no changes detected in others (Seleshi and Zanke, 2004; Rosell and
Holmer, 2007). Associated with these long term changes in mean temperature and precipitation
patterns (NMA, 2001; Osman and Sauerbon, 2002; Seleshi and Zanke, 2004; Lemi, 2005),

changes in climatic extremes have been observed (Seleshi and Demaree, 1995; Funk et al., 2005;



Seleshi and Camberlin, 2006; Bewket and Conway, 2007; McSweeney et al., 2010; Shang et al.,
2010). Climatic extreme events such as drought, flood and hail often have more significant
negative effects on the biophysical environment than the long-term mean changes in temperature
and precipitation alone (Weber et al., 1994; Meehl et al., 2000; Salinger and Griffiths, 2001;
Vincent and Mekis, 2006, Zhou et al., 2009).

On the other hand, the occurrence of most climatic extremes is rare and change detection can be
problematic. The development of various indices - absolute and percentile-that can be described
by computational statistics and software packages available since the late 1990s, has made the
monthly, seasonal and annual temperature and precipitation extremes easily measurable from
daily temperature and precipitation data records (Bonsal et al., 2001). As a result, during the last
ten to fifteen years several extreme temperature and precipitation indices have been computed
around the world from daily temperature and precipitation data (Manson, 1999; Zhai et.al, 1999;
Haylock and Nichlls, 2000; Bonsal et al., 2001; Zhang et al., 2001; Suppiah et al., 2001; Osborn
and Hulme, 2002; Tank and Konnen, 2003; Liu et al., 2005; Vincent and Mekis, 2006;
Nandintsetseg et al., 2007; Soltani and Soltani, 2008; Pal and Al-Tabbaa, 2009; Rahimzadeh et
al., 2009; Kruger and Sekele, 2013).

Existing reports on extremes for Ethiopia indicate declining trends in frequency of heavy rains
(Easterling, et al., 2000, Endalew, 2007), increase in frequency of dry extremes (Endalew, 2007)
and increases in the number of warm days and nights (McSweeney et al., 2010). Despite this,
information available so far is limited in scope, fragmented in coverage and does not give a full
picture of the diverse topography, relief features, and eco-environments of the country (Bewket
and Conway, 2007; McSweeney et al., 2010). Hence to fill this information gap the current paper
reports an assessment of trends in temperature and precipitation extremes using observed climate

data from stations located in three major eco-environments of the country.
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2.2. Materials and Methods

2.2.1. Description of the study areas

Eleven weather stations were selected for the study from three major eco-environments in
Ethiopia. The study area comprises the Rift Valley, the southern rangelands and the eastern
highlands falling in elevation ranges designated the lowland ‘Kola’ (less than 1500 m asl),
midland © Weina Dega’ ( 1501-2000 m asl) and highland ‘Dga’ ( greater than 2001 m asl) ( Fig
1). The three major eco-environments represented by these altitudinal ranges are the pastoral,
agro-pastoral and highland eco-environments. The pastoral eco-environment constitutes a
significant proportion of the low-lying areas of four states, namely Oromia, Afar, Somali Region
and the Southern Nations Nationalities and Peoples Region (SNNPR) regional governments of

the Federal Democratic Republic of Ethiopia (Figure 2.1).
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Figure 2.1. Map of Ethiopia showing geographic location of the study stations and eco-
environments.
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The pastoral eco-environment is not suitable for rainfed crop production unless supplemented
with irrigation (Coppock, 1994; Abebe, 2000; Desta, 2000). The highlands - dissected by the
great Rift Valley into western and eastern highlands - constitute the central part of the country
where precipitation is sufficient both in amount and distribution for good crop production. Thus
the major land use in the highlands is extensive smallholder crop production (Gebru, 2001). The
agro-pastoral eco-environment is intermediate between the more livestock-based pastoral and the
crop-dominated highland systems. It is fairly widely distributed in a number of Ethiopia’s
regional states without having the clear spatial coherence and boundaries characterizing the
pastoral and highland eco-environments. The agro-pastoral eco-environment is particularly

dominant in the central areas of the great east African Rift VValley part of the country.

2.2.2. Data source and station selection

Although there are over a thousand meteorological stations in the country, their spatial
distribution over the different eco-environments varies greatly from less than a few kilometers
between two stations in some parts of the highlands to hundreds of kilometers between stations
in pastoral eco-environments. Initially, daily precipitation, maximum and minimum temperature
records as long as the stations’ history were sourced from the National Meteorological Agency of
Ethiopia for 20 stations in the pastoral, 18 in the agro-pastoral and 27 in the highland
environments. Unfortunately, most of the stations in all the three eco-environments have records
only over a short period or have major discontinuities. Stations for final study were selected
based on representativeness within a given eco-environment, length of record period, and the
lowest proportion of missing data. In station selection, previous studies considered stations with
less than four (Haylock et al., 2006) to 30 percent (Peralta-Hernandez, 2009) missing days. For
this study stations with more than 25% missing days for the entire duration of the study period
were discarded. Accordingly we found 11 stations (listed in Table 2.1), four of which represent
the pastoral eco-environment, four the agro-pastoral and the remaining three the highland eco-
environments. Elevation wise three of the 11 stations are in the lowland ‘Kola’, five in the
midland ‘Weina Dega’ and the other three in the highland ‘Dega’ ranges. Geographically six of
the 11 stations are located in the Rift Valley, two in the southern rangelands and the remaining

three in the eastern highlands of the country (Figure 2.1). The 11 selected stations have been
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functional for varying durations with start years ranging from 1941-1970 with large
discontinuities in their early years of establishment mostly before 1967. To minimize the number

of missing data points, records before 1967 were disregarded uniformly from the analysis.

Table 2.1. Description of selected stations.

No Station Geographical coordinates Elevation Period
Latitude Longitude (m) (years)
(N) (E)
1 Werer 9925 40°20° 740 1967-2008
2 Metehara 8952’ 39954 930 1967-2008
3 Mieso 9°14° 40°45 1400 1967-2008
4 Negele-Borana  5°20° 39934 1544 1967-2008
5 Koka 8925 39954 1595 1967-2008
6 Nazret 8933 39°17° 1622 1967-2008
7 Ziway 7956° 38°43 1640 1970-2008
8 Yavelo 4°53° 38°06° 1740 1967-2008
9 Kulumsa 8°08’ 39°08° 2200 1967-2008
10 Asela 7957’ 39°08° 2350 1967-2008
11 Kofele 7°04° 38948’ 2620 1967-2008

2.2.3. Data quality control

For quality control, the data of the 11 stations were plotted against time in days of the year
format and subjected to visual examination for the presence of discontinuities and special codes
for missing values. Special codes were removed, typing errors such as Tmin greater than Tmax
duplicated years and outliers defined as values above or below the mean plus or minus 4 times
the standard deviation (Albert et al., 2009) were treated case by case using information from the
day before and after the event and also by reference to nearby stations. Duplicates were removed
and those identified as due to keying errors were corrected and missing values filled by artefact
data generated using ClimGen (http:/www.sipeaa.it/ASP/ASP2/ClimGen.asp).

2.2.4. Defining the extreme parameters

A wet day in this study is a day with precipitation greater than 1mm. This was to avoid artificial

trends due to sensitivity of lower thresholds to changes in units and underreporting of small
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precipitation events due to higher thresholds (Haylock et al., 2006; Manton et al., 2001 and
Wijngaard et al., 2003). The temperature and precipitation extreme indices were computed for
the period 1967-2008 for ten stations while data from 1970-2008 were used for the remaining
station (Table 2.1). The period from 1971-2000 was used as the base period. Definitions of
indices were taken from ETCCDI (http://cccma.seos.uvic.ca/ETCCDI) (Tables 2.2 and 2.3).

Table 2.2. Extreme temperature indices selected for the study and their definition.

No Index Definition of the index Unit

1 TXx Max Tmax: Monthly maximum value of daily maximum temperature °C

2 TXn Min Tmax: Monthly minimum value of daily maximum temperature  °C

3  TNx Max Tmin: Monthly maximum value of daily minimum temperature  °C

4  TNn Min Tmin: Monthly minimum value of daily minimum temperature ~ °C

5 TN10p Cool nights: Percentage of days when TN <10™ percentile of base Days
period

6  TX10p Cool days: Percentage of days when TX <10™ percentile of base Days
period

7 TN9Op Warm nights: Percentage of days when TN >90" percentile of base  Days
period

8  TX90p Warm days: Percentage of days when TX >90" percentile of base Days
period

9  WSDI Warm spell duration indicator: Annual count of days with at least6  Days
consecutive days when TX >90" percentile of base period

10 CSDI Cold spell duration indicator: Annual count of days with at least 6 Days
consecutive days when TN<10"™ percentile of base period

11 DTR Diurnal temperature range: Monthly mean difference between TX °C
and TN

2.2.5. Trend analysis

The data of the selected 11 stations was subjected to trend analysis using the RClimDex package
of the open source R software (R Development Core Team, 2012) widely used for trend analysis
(Vincent et al., 2005; Haylock et al., 2006; New et al., 2006; Pal and Al-Tabbaa, 2009;
Rahimzadeh et al., 2009; Kruger and Sekele, 2013). A linear trend was fitted using Kendal’s tau
and the slope of the line, as an indicator of the rate of change, was computed using the Sen’s
slope estimator. Rates of changes were assumed to be significant at the 5% probability level.
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Table 2.3. Extreme precipitation indices selected for the study and their definition.

No Index Definition of the index Unit

1 Rx1DAY Max 1-day precipitation: Monthly maximum 1 day precipitation mm

2 RX5DAY Max 5-day precipitation: Monthly maximum consecutive 5 days mm
precipitation
3 SDII Simple daily intensity index: Annual total precipitation on wet days mm/day

divided by number of days with precipitation >1 mm

4 R10mm  Heavy precipitation days: Number of days with precipitation >10 Days
mm in a year

5 R25mm  Very heavy precipitation days: number of days with precipitation Days
>25 mm in a year

6 CDD Consecutive dry days: Maximum number of consecutive days with  Days
precipitation <1 mm in a year

7 CwWD Consecutive wet days: Maximum number of consecutive days with  Days
precipitation > 1mm in a year

8 R95p Very wet days: Fraction of annual total precipitation exceeding the %
base period 95™ percentile

9 R99p Extremely wet days: Fraction of annual total precipitation %

exceeding the base period 99" percentile

2.3. Results

2.3.1. Trends in temperature extremes
2.3.1.1. Max Tmax (TXx) and min Tmax (TXn)

With respect to TXx, significant increasing trends were observed at Werer, Ziway, Nazret and
Asela, whereas a significant decreasing trend was observed only at Mieso (Figure 2.2a). On the
other hand, trends of TXx were not significant at Metehara, Negele-Borana, Koka, Yavelo,
Kulumsa and Kofele stations. Except a decreasing trend at Werer, the TXn values were not

significantly changing over time at almost all the stations (Figure 2.2b).
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2.3.1.2. Min Tmin (TNn) and Max Tmin (TNXx)

A significant increasing trend in TNn was observed at one station in the pastoral eco-

environment (Negele-Borana) and at another station in the highland eco-environment (Asela),

whereas trends were not significant at the remaining nine stations (Figure 2.2c).
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Figure 2.2. Annual trends in TXx (°C/year), TXn (°C/year), TNx (°C/year) and TNn (°C/year)
for the 1967-2008 period at different stations over the pastoral, agro-pastoral and highland eco-
environments of Ethiopia. The star (*) on bar graph represents significant trends at p <5%

probability level.

This indicated that TNn is not significantly changing at many of the stations, particularly at all
stations in the agro-pastoral eco-environment. Although 7 out of the 11 stations tend to show a
negative TNx trend, only one station (Mieso) had a significant decreasing trend, whereas two

stations (Negle-Borana and Ziway) had a significant increasing trend in TNx (Figure 2.2d).

2.3.1.3. Diurnal temperature range (DTR)

Trends in DTR are not significant at 9 of the 11 stations (Figure 2.3) indicating that daily

maximum and minimum temperatures are not changing in opposite direction at many of the
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stations studied. Only Negele-Borena and Kulumsa stations showed significant decreasing and

increasing trends in DTR, respectively.
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Figure 2.3. Annual trends in DTR (°C/year) for the 1967-2008 period at different stations over
the pastoral, agro-pastoral and highland eco-environments of Ethiopia. The star (*) on bar graph
represents significant trends at p <5% probability level.

2.3.1.4. Warm days (TX90p) and warm nights (TN90p)

Although a tendency of increasing trends in TX90p was observed at 8 of the 11 stations, the
trends were significant at only four of the stations (Metehara, Negele-Borana, Ziway and Asela)
which represent three different eco-environments (Figure 2.4a). Mieso, Kulumsa and Kofele
stations showed decreasing but non-significant trends in TX90p. Similar to the case in TX90p,
nine of the eleven stations showed increasing trends in TN90p, but trends were significant at
only four (Metehara, Negele-Borana, Yavelo and Asela) of the nine stations (Figure 2.4b). On

the other hand, Koka and Kofele stations had a negative but non-significant tends in TN90p.

2.3.1.5. Cool days (TX10p) and cool nights (TN10p)

The TX10p showed significant decreasing trends at Negele-Borana, Mieso, Kulumsa and Asela
stations and a non-significant negative trend at Werer, Metehara, Koka, Nazret, Ziway, Yavelo
and Kofele (Figure 2.4(c). Two stations in the agro-pastoral eco-environment (Koka and Nazret)
had positive but non-significant trends in TX10p. Although 10 of the 11 stations had negative

trends in TN10p, the trends were significant only at Asela, Negele-Borana, Mieso and Yavelo
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stations (Figure 2.4d). Kulumsa is the only station where a significant increasing trend in TN10p

was observed.
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Figure 2.4. Annual trends in TX90p, TN90p (days/year), TX10p (days/year) and TN1Op
(days/year) for the 1967-2008 period at different stations over the pastoral, agro-pastoral and
highland eco-environments of Ethiopia. The star (*) on bar graph represents significant trends at

p <5% probability level.
2.3.1.6. Warm spell duration indicator (WSDI) and cold spell duration indicator (CSDI)

Among seven of the 11 stations that showed increasing trends in WSDI, only three (Metehara,
Negele-Borana, and Ziway) stations had significant increasing trends (Figure 2.5a). On the other
hand, four stations tend to show decreasing trends in WSDI but the trend was significant only at
Kulumsa. With respect to CSDI, a significant increasing trend was observed at Kulumsa,
whereas significant decreasing trends were observed at Werer, Metehara, Negele-Borana, Koka,
Ziway, and Asela ( Figure 2.5b) indicating a decline in number of consecutive cool days at the
stations. However, like the other temperature indices, there was no spatial coherence among the

stations within a given eco-environment with respect to WSDI and CSDI.
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Figure 2.5. Annual trends inWSDI (days/year) and CSDI (days/year) for the 1967-2008 period at
different stations over the pastoral, agro-pastoral and highland eco-environments of Ethiopia.
The star (*) on bar graph represents significant trends at p <5% probability level.

2.3.2. Trends in precipitation extremes

2.3.2.1. Maximum 1-day (Rx1DAY) and 5-day (Rx5DAY) precipitations

Among the studied stations, seven had positive trends while four had negative trends in Rx-
1DAY. However, the positive trend was significant only at Yavelo and the negative trend was

significant only at Negele-Borana (Figure 2.6(a)). Trends in RxXSDAY were similar to that of
Rx1DAY except that the trend at Yavelo was not significant (Figure 2.6Db).
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Figure 2.6. Annual trends in RXIDAY (mm/year) and Rx5DAY (mm/year) for 1967-2008
period at different stations over the pastoral, agro-pastoral and highland eco-environments of
Ethiopia. The star (*) on bar graph represents significant trends at P <5% probability level.

2.3.2.2. Daily intensity index (SDII)

Except a significant increasing trend at Koka and a significant decreasing trend at Negele-
Borana, trends in SDII were not significant at the stations studied (Figure 2.7). Koka and Negele-
Borena are located in the agro-pastoral and pastoral eco-environments, respectively and represent
site specific and region wide differences in climate. However, the trends in other stations located
in the pastoral and agro-pastoral eco-environments are not significant implying that the

significant trends observed at the two stations represent isolated site-specific conditions rather

than region wide events.
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Figure 2.7. Annual trends in SDII (mm/day/year) for 1967-2008 period at different stations over
the pastoral, agro-pastoral and highland eco-environments of Ethiopia. The star (*) on bar graph

represents significant trends at p <5% probability level.

2.3.2.3. Number of heavy (R10mm) and very heavy (R25mm) precipitation days

Trends in R10mm and R25mm were not significant at most of the stations indicating a similar
number of heavy rain days over a period of 42 years. However, some stations scattered over the

study area showed significant decreasing (Negele-Borena and Asela) and increasing (Koka)

trends in R10mm and R25mm (Figure 2.8a & b).
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Figure 2.8. Annual trends in R10mm (days/year) and R25mm (days/year) for 1967-2008 period
at different stations over the pastoral, agro-pastoral and highland eco-environments of Ethiopia.

The star (*) on bar graph represents significant trends at P <5% probability level.
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2.3.2.4. Very wet days (R95p), extremely wet days (R99p), consecutive wet days (CWD) and
consecutive dry days (CDD)

There were no significant trends in R95P and R99p at any of the stations except Negele-Borena
where a significant decreasing trend was observed. Despite lack of statistical significance, trends
in R95p and R99p were negative at 5 and 3 and positive at 6 and 8 of the 11 stations,
respectively (Figure 2.9a & b). Trends in CWD and CDD were not significant at any stations
except at Asela where CDD showed a decreasing trend (Figure 2.9c & d) indicating a similar

distribution of wet and dry spells across the study area over the study period.
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Figure 2.9. Annual trends in R95p (percent/year), R99p (percent/year), CDD (days/year) and
CWD (days/year) for 1967-2008 period at different stations over the pastoral, agro-pastoral and
highland eco-environments of Ethiopia. The star (*) on bar graph represents significant trends at
P <5% probability level.

2.4. Discussion and conclusions

It is apparent from the results of the present study that most of the temperature and precipitation
extreme indices computed at the 11 stations distributed across three major eco-environments of
Ethiopia showed both positive and negative trends at several isolated stations. The TXx, TX90p,
TN90p and WSDI showed positive trends at more than seven stations while the TX10p, TN10p
and the CSDI revealed negative trends at more than 8 stations with trends being significant at
more than four stations. This indicated a general tendency of increasing warm extremes and a

decreasing tendency of cold extremes in the study eco-environments. This is in line with
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previous studies that indicated an increase in warm extremes and decrease in cold extremes in
tropical environments (Manton et al., 2001 Kruger and Shongwe, 2004; McSweeney et al., 2010;
Kruger and Sekele, 2013). The observed changes in temperature extreme could be attributed to
climate change which is mainly a result of human activities such as deforestation and industrial
and agricultural greenhouse gas emissions (Eltahir and Bras, 1993; Houghton, 2005; Zhou et al.,
2007; Meinshausen et al., 2009).

The trends in precipitation extremes were much more variable and more inconsistent among
neighboring stations. Although some indices showed positive (RxIDAY, Rx5DAY and R99p)
and negative (R10mm, CDD and CWD) trends at more than seven stations, trends were
significant only at a few stations. Similar to the current results, New et al. (2006) also reported
inconsistencies and lack of statistical significance in precipitation extreme indices computed

from stations in southern and western Africa regions.

In the present study, seven of the nine precipitation extremes were exceptionally significant at
one station (Negele-Borana) with a negative trend. Homogeneity test of the climate data of the
station did not reveal evidence of station relocation or instrument change to contradict the
observed general decline in precipitation extreme events. Negele-Borana and Yavelo stations are
located in the southern part of Ethiopia and receive major rains from February to May and small
rains from September to November as compared to the major rain season from June to
September and small rain from March to April in the rest of the stations. Although the different
results at Negele-Borena seems to be related to a different climate system that brings
precipitation to the region, the results at Yavelo, a station within the same region, do not support
this assertion. Therefore, the results at Negele-Borena need to be seen with caution and also

require further investigation.

Most of the observed extreme trends in temperature and precipitation did not show spatial
coherence among stations within eco-environments and varied among neighboring stations with
some showing opposite trends. This could be due to the fact that in mountainous countries, the
spatial and temporal patterns of temperature and precipitation are complex due to both regional
synoptic-scale and landscape-scale physiographic controls of the climate system (Dobrowski et

al., 2009). The spatial and temporal variability observed in the trends of both precipitation and
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temperature extremes could thus be related to the diverse topography and relief features of the
country (Bewket and Conway, 2007; McSweeney et al., 2010) which affects local and regional
atmospheric circulations (NMSA, 1996; Shanko and Camberlin, 1998; NMA, 2001; Segele and
Lamb, 2005). Similar differences among neighboring stations were also reported in previous
studies from other tropical regions (New et al., 2006). However, the present study did not cover
the entire relief features and geographic areas of the country because of practical limitations and
hence the results of this study should not be taken as representative of the whole country but an
example of the long-term trend of temperature and precipitation extremes among different eco-
environments in the country. However, the study clearly indicated that trends of climate
extremes could vary considerably among stations within a given eco-environment and that local

climate could respond differently to global warming in physiographically diverse regions.
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3. PERCEPTION OF CLIMATE EXTREME TRENDS OVER THREE
ETHIOPIAN ECO-ENVIRONMENTS: COMPARISON WITH RECORDS AND
ANALYSIS OF DETERMINANTS
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Abstract

Understanding household perceptions of climate change and determinants of such perceptions
are important for planning climate change adaptation and mitigation strategies. In this study,
herding/farming households’ perceptions were compared with recorded trends of extreme rainfall
and temperature indicators from nearby weather stations for three seasons (major rains, small
rains and dry season) across three eco-environments (pastoral, agro-pastoral and mixed crop-
livestock highland system) in Ethiopia. Factors influencing household perceptions were assessed
using a multinomial logit model. Results indicated that the majority of households (52.5-98.8%)
across the three eco-environments perceived increasing numbers of extreme warm days and
warm nights and decreasing numbers of extreme cool days and cool nights for all seasons. In
most cases, the household perceptions agreed with the recorded extreme temperature trends. The
perceptions of seasonal total rainfall and daily rainfall intensity varied across seasons and eco-
environments. Thus, the majority (50-95.5%) of the respondents in the pastoral and agro-pastoral
eco-environments perceived decreasing trends across seasons while respondents in the mixed
crop-livestock highlands were almost equally divided in perceiving increasing and decreasing
trends of rainfall in the major and small rainy seasons. Most of the households in the mixed
crop-livestock highlands also perceived either a decreasing trend or no change in rainfall amount
during the dry season. Household perceptions on the studied rainfall extreme events agreed with
recorded trends in the pastoral eco-environment in all seasons. Household perceptions of the
studied extreme events were significantly affected by literacy, eco-environment, contact with the
agricultural extension service, and presence of relief aid. We conclude that policy programs that
enhance the literacy level of household and strengthen eco-environment-based extension services
may increase the level of awareness and understanding of climate change by households which
could help them to better adapt to climate change.

Key words: Household perception; Recorded data; Season
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3.1. Introduction

Climate change as a reality has been increasingly recognized with the advent of a growing
number of scientific studies (Henry, 2000; Thornton et al., 2006; Trenberth et al., 2007). In
many cases, analysis of weather monitoring station data is a primary source of evidence
(Trenberth et al., 2007). In Sub-Saharan Africa, however, scientific studies based on station data
lag behind other parts of the world mainly because of low station density, lack of data continuity
and heterogeneity in the quality of records (Seleshi and Zanke, 2004). Similarly weather
information from monitoring stations seldom reaches herders and farmers who rather rely on age
old traditional knowledge and perceptions accumulated through long historical exposure to the

different facets of local climate (Nyong et al., 2007; Ishaya and Abaje, 2008).

Numerous studies have investigated how local knowledge and perceptions (Hansen et al., 2004;
Viscusi and Zekhauser, 2006; Maddison, 2007; Semenza et al, 2008; Gbetibouo,2009; Deressa
et al., 2011; Ofuoku, 2011; Piya et al., 2012; Silvestri et al., 2012) or social awareness (Saroar
and Routray, 2010; Sarkar and Padaria, 2010; Acquah, 2011; Mandleni and Anim, 2011; Akerlof
et al., 2013) are related to weather monitoring stations’ records from climate change perspectives
(Maddison, 2007; Benedicta et al., 2010). Among others, studies by Maddison (2007) in eleven
African countries showed that significant number of African farmers’ perceptions of increased
temperature and decreased rainfall are somewhat equivocal with records from weather
monitoring stations. Farmers’ perceptions that climate is changing were found to be consistent
among neighborhoods (Maddison, 2007; Bryan et al., 2013) and overwhelming in some cases
(Benedicta et al., 2010; Enujeke, and Ofuoku, 2012) while trends derived from weather station

data were found to show a much less clear picture of climate change (New et al., 2006).

The joint CCI/CLIVAR/JCOMM Expert Team (ET) on Climate Change Detection and Indices
(ETCCDI) (http://cccma.seos.uvic.ca/ETCCDI) have developed and recommended 27
precipitation and temperature extreme indices for detecting climate change. Yet there are no
agreed standard indices available for using human perceptions in climate change studies.
Available literature to date reports perceptions based on general descriptions of temperature and
rainfall trends (Hassan and Nhemachena 2008; Maddison, 2007; Deressa et al., 2011). Such
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generalizations, however, are ambiguous to understand as they are not validated against weather
station data. Secondly, people seem more able to detect and remember extreme weather events
(Bento et al., 2013) than more gradual changes in averages (Hulme et al., 2009). Thirdly,
because of media exposure, people may falsely attribute occasional but normal events such as
yield reductions, changes in vegetation phenologies and/or droughts to climate change where in
reality they represent extremes of a time series whose mean is stable (Byrd et al., 2001; Weber,
2010). However, these short comings of perception studies could be partially dealt with by
matching perceptions with analysis of standard meteorological extreme indices using records

from nearby weather observatory stations.

Climate change perceptions can also be shaped by psychometric, cultural, demographic, social
and institutional factors (Vedwan, 2006; Dhaka et al., 2010; Acquah, 2011; Hasan and Akhter,
2011; Silvestri et al., 2012). For example the way in which the climate change issue is addressed
in mass media, education and extension determines households’ awareness. Farming experience
is also highly related to experience with local climatic normal, extreme events and general
environmental responses. For instance, the Borana and Guji pastoralists of southern Ethiopia
have an ecologically sound range management culture. Their seasonal movements, grazing and
watering resources are managed by traditional rules and regulations that have evolved in
response to local climate (Coppock, 1994; Abebe, 2000; Desta, 2000; Angassa and Oba 2007;
Abate et al., 2010). Similarly the mixed crop-livestock farming highlanders who have adopted a
sedentary life based on crop farming have also developed cropping and farming cultures in
response to their local climate (Gebru, 2001; Vedwan, 2006; Lamma and Devkota, 2009). The
agro-pastoral households have also developed efficient herding and farming cultures based on
opportunistic use of experience from both pastoralism and farming.

Despite this rich traditional knowledge, there are few rigorous studies that relate household
perceptions to weather station data in Sub-Saharan Africa. A prior understanding of these
households perceptions on climate extreme trends and their relationship with weather monitoring
station data and other factors at play could help to create community sensitization on climate
change; such understanding could also enable policy makers and development planners to design

and popularize community based climate resilient adaptation strategies. Thus this paper presents
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results of relating household perceptions on selected rainfall and temperature extremes indicators
and comparing them with values computed from nearby daily weather station data. It also
assesses major environmental, social and/or institutional factors that influenced household
perceptions over three seasons and major eco-environments of Ethiopia taking the case of
pastoralists in Liben, agro-pastoralists in Mieso and mixed crop-livestock highland farmers in

Tiyo districts® of Oromia National Regional State in Ethiopia.

3.2. Materials and methods

3.2.1. Analysis of extreme rainfall and temperature trends

3.2.1.1. Data source, station selection and quality control

Long term (1967-2008) daily rainfall and temperature data from stations located at Negele-
Borana in Liben district in the pastoral eco-environment, Mieso district in the agro-pastoral eco-
environment, and Asela and Kulumsa in Tiyo district in the mixed crop-livestock highland eco-
environments of the country were sourced from the National Meteorological Agency of Ethiopia.
Prior to analysis, the data of all these stations were plotted against time in days of the year format
and subjected to visual examination for quality control. Special codes for missing values were
removed. Typing errors, duplicated years and outliers defined as values above or below the mean
plus or minus 4 times the standard deviation (Tank et al., 2009) were treated on a case by case
using information from the day before and after the event and also by reference to nearby

stations as indicated in Chapter Two. Missing values were also filled as stated in chapter two.

3.2.1.2. Defining the extreme parameters and trend analysis

The quality controlled data were subjected to the RClimDex package developed to run under the

open source R software (R Development Core Team, 2012) to compute number of extreme cool

2 District is Woreda which is a higher administrative unit above the lowest administrative unit-
Kebele.
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days (TX10p), number of extreme cool nights (TN10p), number of extreme warm days (TX90p)
and number of extreme warm nights (TN90p), seasonal total rainfall (PRCPTOT) and simple
daily intensity index (SDDI) for the major rainy, small rainy and dry seasons as defined in Table
3.1 after ETCCDI’s (Slightly modified from that of Tables 2.2 and 2.3 in Chapter 2) definition.
The period from 1971-2000 was used as the base period in the analysis. A linear trend was then
fitted (on mean values of the two station in case of Tiyo district) using Kendal’s tau and the
slope of the line was computed using the Sen’s slope estimator in order to determine the rate of
change in extreme events. The statistical significance of the slopes was tested at 5% probability

level.

Table 3.1. Extreme precipitation and temperature indices and their definition

No Index Definition of the index Unit

1  PRCPTOT Seasonal total rainfall: determined by summing daily precipitation ~ mm/day
events in a season with daily rainfall >1 mm.

2 SDhi Simple daily intensity index: determined as season’s seasonal total ~mm/day
rainfall on wet days (precipitation >1 mm) divided by number of
rainy days with rainfall >1 mm in a season.

3  TN10p Cool nights: Percentage of days in a season when the daily Days
minimum temperature is less than 10" percentile of base period
(1971-2000).

4  TX10p Cool days: Percentage of days in a season when the daily maximum Days
temperature is less than 10™ percentile of base period (1971-2000).
5  TN90p Warm nights: Percentage of days in a season when the daily Days

minimum temperature is greater than 90™ percentile of base period
(1971-2000).

6  TX90p Warm days: Percentage of days in a season when the daily Days
maximum temperature is greater than 90" percentile of base period
(1971-2000).

3.2.2. Household perception survey

3.2.2.1. Site and household selection
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A total of 217 households were selected through a mix of purposive and stratified random
sampling. First, the three districts, one from each of the three major eco-environments of the
country were selected purposively so as to represent the pastoral, agro-pastoral and mixed crop-
livestock highland eco-environments. Once the districts are selected, the lowest administrative
units (Kebeles) in each of these districts were stratified into three strata using subjective expert
judgment based on relative proportion of land allocated to crops and livestock, and agro-
ecological settings of the Kebeles. From each stratum one Kebele was randomly selected and
household censuses conducted to collect names and ages of the household heads. Household
heads above 50 years old (supposed to have rich knowledge of local environment) were
identified and later sampled randomly for selection of households. The number of households
surveyed was proportional to the number of households in the district; a total of 81, 44 and 92
households in the pastoral, agro-pastoral and mixed crop-livestock highland systems were

randomly selected for interview.

3.2.2.2. Household interview

A structured questionnaire was prepared, pretested and administered with 217 selected household
heads whose age range from 51-82 with mean of 63 years old. Data collected included household
level data such as literacy level of the household head, land holding, livestock ownership, social
and /or institutional responsibility of the household head, distance from market, access to
extension services and relief aid (Table 3.3). The interview also included information on
perceptions of the respondent about trends of rainfall amount, daily rainfall intensity, and
frequency of extreme cool days, cool nights, warm days and warm nights for the major rainy,
small rainy and dry seasons (Table 3.2). For ease of communication and understanding,
respondents were asked to compare the extreme indicators of interest for three historical periods:
the Imperial regime (before 1974), the Derg regime (1974-1991) and the current regime (from
1991 to present). Responses were then translated as increasing, decreasing or no change over the
last 30-40 years.
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3.2.3. Perception analysis: Theoretical framework

According to the Oxford dictionary perception is defined as the way in which something is
regarded, understood, or interpreted. In the climate literature models two perception theories
emerge prominently (Tansey and O'riordan, 1999). These are the psychometric and cultural
theories. The psychometric theory is all about individualism and perception is treated as an
exclusive property of individuals (Tansey and O'riordan, 1999). The cultural theory on the other
hand is about people. It focuses on what is shared by people who form their outlook through their
interaction in the social world (Tansey and O'riordan, 1999). According to Tansey and O'riordan
(1999) culture is a shared interpretative framework for such groups or the common way that a
group of persons make sense of the world. They share common sets of plans, laws, rules,
regulations, customs, belief, norms and rituals to which individuals abide. According to the
psychometric theory a human being uses close observation to assess his local climate and makes
day to day decisions about farming, travel, clothing and others to match his local weather
conditions. Thus, from experience per se human beings can assess significant changes in local
climate.

Table 3.2. The dependent variables and definition used for the study

variable Definition of the variable Unit

No

1 TR Seasonal total rainfall: Perceived amount of  polycotomous: 1= increasing;
rainfall in a season. 2, decreasing; 3= no change

2 IR Intensity of rainfall: Perceived strength of Polycotomous: 1= increasing;
rainfall during raining time in a season. 2, decreasing; 3= no change

3 CD Frequency of cool days: number of days Polycotomous: 1= increasing;
with extreme coolness of the day time hours 2, decreasing; 3= no change
in a season.

4 CN Frequency of cool nights: number of days Polycotomous: 1= increasing;
with extreme coolness of the night time hours 2, decreasing; 3= no change
in a season.

5 HD Frequency of warm days: number of days Polycotomous: 1= increasing;
with extreme warmness of the day time hours 2, decreasing 3= no change
in a season.

6 HN Frequency of warm night: number of days Polycotomous: 1= increasing;

with extreme warmness of the night time
hours in a season.

2, decreasing; 3= no change
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Those who oppose this theory, however, say that “the deviations in the long term mean termed
climate change is difficult to recognize unless one uses certain statistical analysis and that
climate change is a constructed issue” (Storch, 2011). According to this group there are different
classes of constructions (Stehr and Storch, 1995; Pasquaré and Oppizzi, 2012). One is through
objective analysis of observations and interpretation by theories and the other is what is
maintained and transformed by the public media (Stehr and Storch, 1995; Pasquaré and Oppizzi,
2012). Thus, according to this theory farmers’ and herders’ perceptions of changes in the
extremes of rainfall and temperature indices might be derived from external sources such as
extension services or mass media. According to Weber (2010); Frank et al. (2011) and Akerlof et
al. (2013) knowledge of local climate is derived from personal experiences, local sources of
knowledge and external sources of techno-scientific information. This indicates that
herding/farming household perceptions of changes in those indices could be a result of personal
experiences and influences from external agents. Based on these theories we used empirical
models to identify what might be responsible for the observed household perceptions of rainfall
and temperature extremes from sets of given environmental, social/ institutional and personal

variables as given below.

3.2.3.1. The empirical model and model specification

A multinomial logit (MNL) model commonly used for climate change adaption studies (Deressa
et al., 2009, Hassan and Nhemachena, 2008; Bryan et al., 2013 ) and adoption decision studies
involving multiple choices was used to identify the determinants of household perceptions of
rainfall and temperature extreme indicators. The model was estimated based on households’
responses using three choices namely increases (j=1), decreases (j=2) and no change (j=3) in
specified climate extreme variables. Each household head was asked to give as single perception
choice (j=I1...J) to each rainfall and temperature extreme indicator denoted as y=1...Y. Thus for
each extreme indicator taking one perception choice with sets of conditioning factors and

household characteristics, the MNL model takes the following form:
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P(y=j1x)=—y2UA)

J

1+ exp(xph), j=1..J

The MNL model requires assumption of independence of irrelevant alternatives (I11A) to hold
which states that the probability of choosing a certain perception alternative by a given
household needs to be independent from the probability of choosing another perception
alternative (that is, Pj/Pk is independent of the remaining probabilities).

The parameter estimates of the MNL model offer only the direction of the effect of the
independent variables on the dependent (response) variable, and estimates do not signify either
the actual magnitude of change nor probabilities. Hence differentiating the equation above with

respect to the explanatory variables provides marginal effects of the explanatory variables given

as.
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Where X is a vector of perception characteristics (specified in Table 3.3), B is a set of estimated
parameters and J is a number of choices.

The marginal effects or marginal probabilities are functions of the probability itself and measure
the expected change in probability of a particular choice being made with respect to a unit

change in an independent or explanatory variable (Greene, 2000).

3.2.3.2. Dependent variables

A total of six dependent variabl