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1.0 Introduction
Uganda, like other parts of the world has witnessed in the past years a series of events and
dramatic changes in the patterns of the earth’s climate that have confirmed our growing
vulnerability to climate changes. The multiple channels of climatic change include an
increase in the frequency and severity of extreme weather events such as droughts, floods,
storms and hurricanes, changes in rainfall patterns and climatic circulations and, of course,
an increase in global mean temperatures (Partz et al., 1996; UNAPA, 2007; UBOS, 2008). In
turn, these changes have negative effects on socio-economic and ecological systems such as
the reduction in agricultural productivity in form of declining crop yields, crop failures and
drop in fish stocks, extinction of some species and spread of vector-borne diseases, among
others.
There is now wide recognition of the impact of climate change on the production activities
and welfare of the population. According to the Climate Change, Uganda National
Adaptation Programmes of Action (UNAPA, 2007), it is indicated that in South western
Uganda, temperatures had risen by 0.3 degrees in a decade, while in semi-arid areas, tickborne diseases have become rampant and rainfall is more erratic. The frequency and
severity of droughts has increased significantly in Uganda with thirteen droughts recorded
in the period 1991 to 2006, which have affected food production and led to perpetual
dependency on food aid in some regions of the country and has also resulted into a loss of
household production and food insecurity.
This study is particularly important for the case of Uganda which largely relies on rain-fed
agriculture and as a result, it is highly vulnerable to changes in climate variability, seasonal
shifts, and precipitation patterns. With increased warming this results into increased water
stress in some areas especially the ones whose main activity is livestock. Any amount of
warming will result in increased water stress. Over 75 percent of the population lives by
farming, and 30 percent of all exports are agricultural products (UBOS, 2008). Three-fifth of
the income in Uganda is generated by agriculture. Crop production and livestock husbandry
account for about half of household income. It is therefore important to establish the
implications of climate variability on production and incomes of the population.

This study is aimed at providing empirical evidence of the effects of climate change on crop
production at a micro and macro level in Uganda. To make this analytical assessment, this
study will identify three main areas of investigation which are all interrelated. The first part
of this work will focus on estimating production functions augmented with rainfall and
temperature as one of the determining factors. By identifying the impact of these two
variables on productivity by crops, this will enable us to quantify the actual output lost as a
3

result of climate change. The study will also estimate yield functions and relate them to
changes in rainfall and temperature. Secondly, by using the productivity effects estimated in
the earlier sections, the paper will apply these productivity changes in the dynamic CGE
model to determine the short and long-term effects of climate change on the economy.
Lastly, the CGE model is used to assess the extent to which the welfare of households is
affected by climate change.
The rest of the paper is structured as follows. Section 2 provides a detailed overview of the
previous literature. Section 3 provides a detailed overview of the methodology used both
for the micro estimations and the CGE model. Section 4 briefly describes the data sources.
Section 5 presents the results. The last section concludes and provides some policy
recommendations.

2 Literature Review
There is a vast economic literature on the impacts of climate change on agriculture. The
pioneering studies Decker et al. (1986), Adams (1989), among others adopted the so-called
“production function approach”. This approach, also called “agronomic model”, takes an
underlying production function and varies the relevant environmental input variables to
estimate the impact of these inputs on production of different crops. Due to its
experimental design, the production function approach provides estimates of the effect of
weather on yields of specific crops that are purged of bias due to determinants if
agricultural output that are beyond farmers´ control. Its disadvantage is that these
estimates do not account for the full range of compensatory responses to changes in
weather made by profit maximizing farmers. For example, in response to changes in climate,
farmers may alter their use of fertilizers or change their mix of crops. Since farmers´
adaptations are completely constrained in the production function approach, it is likely to
produce estimates of climate change that are biased downward.
Anuforom (2009) studies the impact of climate change on agriculture productivity in the
West Africa countries. The author finds that the droughts that occurred in West Africa in the
1970s and 1980s had adverse impact on agriculture and hence the economies of countries
in the sub-region Africa, particularly the Sahel. As noted by the authors, IPCC 4th
Assessment Report indicates that the area suitable for agriculture, the length of growing
seasons and yield potential in Africa, are expected to decrease due to Climate Change. The
author notes that Africa remains one of the most vulnerable continents to climate variability
and change because of multiple stresses and low adaptive capacity coupled with poor
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technology. Given that up to 10% of West Africa falls within the humid zone, the zone is
characterized by high rainfall and forest cover is the typical vegetation. Empirical evidence
indicates significant change in the rainfall pattern in the humid zone. The main conclusion
from this study is that African agro-ecosystems have been affected by climate change,
livelihoods are greatly affect and there is a great need to increase on the adaptability
measures necessary to mitigate the negative effect of climate change. Thus, capacitybuilding is required to enable NHMSs in the West African sub-region play the expected role
of providing meteorological products and services for climate change adaptation and
mitigation.
Xiao et al (2008) carried out the investigation in order to check the effect of climate
variability on high altitude crop production and to check whether the wheat yield at high
altitude could be affected by the climate variability. They investigated the effect for the time
period of 1981 to 2005. Their results showed that yield of both the sites increased during
this period bearing positive change in temperature and precipitation. Initially up to 1998
yield of two altitudes was high but after that yield of high altitude showed an increasing
trend as compared to loss at low altitude. The simulated results up to 2030 also showed that
the agriculture production of wheat for low altitude would increase by 3.1% and that of high
altitude would increased by 4.0%. In addition, Zhai et al (2009) used comparable general
equilibrium (CGE) model in order to examine the impact of climate change on agriculture
sector of China in 2080. Their results showed that 1.3% decline of agricultural share in GDP.
The CGE simulation results showed that in 2080 agricultural output would become slow
which ultimately leads to output losses except wheat which showed enhancement in output
because of increase in global wheat demand. The simulation results also showed that as
compared to world average agricultural production the agricultural productivity in China
would decline less.
Cerri et al (2007) used simulation model for Central South region of Brazil up to 2050. They
revealed that 3oC to 5oC increase in temperature and 11% increase in precipitation would
cause to decrease the productivity of wheat to the level equal to one million ton by weight.
They said that in Brazil wheat had already been cultivating at the threshold level of
temperature and any further addition to this level of temperature would cause to decline
agricultural production specially wheat. They further added that most of the developing
countries lying on the tropical belt and relying on agriculture would, face losses in
agricultural yield. Furthermore, Zhai and Zhuang (2009) made a study on Southeast Asian
region to investigate the economic impact of climate change on the said region by suing CGE
model. According to them impact is not consistent throughout the world and developing
countries would face large losses. According to the simulation results made by them up to
2080 Southeast Asia would face 1.4% decline in GDP. Crop productivity would fall up to
17.3%, whereas, the agriculture productivity of paddy rice would fall 16.5% and that of
wheat up to 36.3%. In future, the Southeast Asian countries’ dependency on import of these
5

agricultural products would increase creating more welfare losses and hence weakening the
term of trade of this region.
Ayinde, et al. (2010) using time series data empirically analyzes trend climate change and
agricultural production in Nigeria. The authors find that there is continuous rise in output
from 1987 to 2000 before it dropped in 2001 attributed to many government programs and
policies, such as the Lower Niger River Basin Development Authority (LNRBDA) and The
Agricultural Development Program (ADP). Also the findings reveal that temperature was
relatively constant and does not have a linkage with agricultural output. However, they find
that rainfall exhibit variability. Their Granger causality analysis indicates that there is a
relationship between changes in rainfall and agricultural production in Nigeria. The main
conclusion of this study is that the current changes in climatic factors can be minimally
controlled if the government gears their policy towards mitigation procedures and also if
the private sectors focus on increasing the output of agricultural production by developing
technology, which will not contribute to changes in climate, but will increase production. It
is, therefore, recommended that if agricultural production will be increased and sustained,
irrigation, as a constant water supply, is the most suitable mode of water provision, which
will have positive influences on the environment. Hence, the efforts and policies should be
gear towards providing effective and affordable irrigation facilities to the farmers in the
country.
Deschênes and Greenstone (2007) propose a fixed-effects model that exploits the
presumably year-to-year variation in temperature and precipitation to estimate the impacts
of climate change on agricultural profits and yields. More specifically, the authors use a
county-level panel data to estimate the effect of weather on US agricultural profits,
conditional on county and state by year fixed effects. The weather parameters are identified
from the county-specific deviations in weather about the county averages after adjustment
for shocks common to all counties in a state. This variation is presumed to be orthogonal to
unobserved determinants of agricultural profits, so it offers a possible solution to the
omitted variable bias problems that appear to plague the hedonic approach. Using long -run
climate change predictions from the Hadley 2 Model, their preferred estimates indicate that
climate change will lead to a 4.0 percent increase in annual agricultural sector profits. They
also find the hedonic approach to be unreliable because it produces estimates that are
extremely sensitive to seemingly minor choices about control variables, sample and
weighting.
Also, Kurukulasuriya and Mendelsohn (2008) examine the impact of climate change on
primary crops grown in Africa. Using sample of 5,000 farmers, they find that farmers use
crop switching as a strategy for adapting to climate change using a ‘structural Ricardian
model’. The authors note that the model first captures the type of crop a farmer will select
and then examines the conditional net revenue of that crop. The main conclusion from this
6

study is that farmers shift the crops they plant to match the climate they face. Studies that
fail to account for crop switching will overestimate the damages from climate change and
underestimate the benefits.
Further, the literature provides that climate change has a negative effect on agriculture
productivity and affect peoples’ welfare. However, Tobey et al. (1991), challenges the
hypothesis that negative yield effects in key temperate grain producing regions of the world
resulting from global climate change would have a serious impact on world food production
and human welfare. The authors in their model results demonstrate that even with
concurrent productivity losses in the major grain producing regions of the world, global
warming will not seriously disrupt world agricultural markets and documented. That is, they
show that even with concurrent productivity losses in the major grain producing regions of
the world, global warming may not cause widespread havoc in the agricultural sector. They
further note that regional crop yield changes induce interregional adjustments in production
and consumption that serve to buffer the severity of climate change impacts on world
agriculture and result in relatively modest impacts on world agricultural prices and domestic
economies. The results underscore the fact that an assessment of climate change winners
and losers cannot be made on the basis of domestic yield effects alone. How yield effects
alter world food prices and the structure of world agricultural trade also must be
considered. The main shortfall in their analysis is that the world agricultural model used in
the analysis is static in the sense that it does not assume any farm responses to changing
climatic conditions, and does not introduce changes in technology, population, or other
growth conditions all which may have reasonable effects on crop yields. Thus, their findings
provide a "snapshot" of the economic effects that a doubling of CO2 levels might have on
world agriculture, given present agricultural technologies, structure of production, and
demand conditions.
Temesgen et al. (2009), empirically analyse the farmer adaption techniques to varying
climate change in Ethiopia using the Ricardian approach using household level data from
different agro-ecological zones of the country. In their empirical analysis, net crop revenue
per hectare was regressed on climate, household and soil variables. The findings from their
study show that these variables have a significant impact on the net crop revenue per
hectare of farmers under Ethiopian conditions. The authors further reveal that marginally
increasing temperature during summer and winter would significantly reduce crop net
revenue per hectare whereas marginally increasing precipitation during spring would
significantly increase net crop revenue per hectare. Furthermore, their results for the net
crop revenue impact of predicted climate scenarios from three models (CGM2, HaDCM3 and
PCM) for the years 2050 and 2100 showed that there would be a fall in crop net revenue per
hectare by the years 2050 and 2100. They also note that the reduction in net revenue per
hectare by the year 2100 would be more than the reduction by the year 2050 indicating the
damage that climate change would pose increases with time unless this negative impact is
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abated through adaptation. They conclude that the net revenue impact of climate change is
not uniformly distributed across the different agro-ecological zones in the country and
farmers of different crops are affected differently and thy adapt different mitigation
strategies.

3 METHODOLOGY
Climate change directly and indirectly affects the economic outcomes of households and the
nation at large; through various ways including its effect on agricultural productivity, disease
incidence, water availability as well as infrastructure quality -such as roads. Considering the
complexity of channels through which climate change affects the livelihood of households,
most of the studies however, focus on the direct impacts of climate change on agricultural
production (Skoufias, 2012). In this paper therefore, our analysis of the impact of climate
change will focus on its direct effect on agricultural productivity. We first estimate the
productivity effects at the firm level. Later we use the productivity effects in a computable
general equilibrium model.

3.1

The firm level micro-econometric model

Given the fact most farm-households in developing countries including Uganda rely on the
prevailing weather conditions for agricultural production, it is obvious that besides physical
inputs such as land, labour and capital, climate variables including rainfall, temperature, and
humidity are an important input in production. Both the quantity and the variability of
climatic variables across the growth period of the crop or livestock –that is from planting to
harvesting in the case of crops, are critical to overall output and productivity. This
relationship for each household (i) and agricultural commodity (j) can be stated as a
production function (Equation 1).
(

)

(1)

Where q is the vector of outputs and x is the vector inputs including climate variables. The ε
is the error term and β is a vector of unknown coefficients to be estimated.
Depending on the research questions to be addressed and the data at hand, different
studies have used different variables to capture the output and inputs in Equation 1. In
some studies such as that of Schlenker and Roberts (2008), and Rowhani et al. (2010), the
dependent variable (q) is modeled as yield while for other studies such as Molua and Lambi
(2007), farm value (revenue) is used instead. With regard to explanatory variables, some
studies for example Rowhani et al. (2010) include and regress only the weather variables of
different forms –for example as mean, standard deviation, coefficient of variation, or
8

squared values; on the dependent variable. In most studies however, the standard
agricultural production inputs (land, labour, manure, fertilizers, fungicides and pesticides)
are included in the model besides the weather variables. In another set of studies –
especially focusing on climate impact on household welfare (for example Skoufias et al.
2012; Skoufias and Vinha 2012), household and community characteristics are included as
explanatory variables besides agricultural production inputs and climate variables.
With regard to estimation, some studies specify and estimate equation (1) as a linear model
while others estimate it as non-linear function. The specification and estimation of equation
(1) generally depends on the data used (time-series, longitudinal/panel or cross-sectional
data), the assumed relationship (linear or non-linear) between climate variables and
outcome variable, and the assumptions made regarding the normality and independence of
error term with respect to the explanatory variables. Molua and Lambi (2007), for example
use cross-sectional survey data to estimate a non-linear function farm revenue function –
whereby some climate variables enter the model as squared values. Rowhani et al. (2010)
on the other hand use a longitudinal dataset to estimate crop-specific non-linear yield
functions –with a squared precipitation variable. In the studies by Skoufias et al. (2012), and
Skoufias and Vinha (2012), the estimates are linear.
The specific model that we estimate in this paper is given in equation 2.
(2)
where yij is yield –measured in tones per hectare (t/ha) for crop j for farmer i. The crops
included in the analysis are maize, sorghum, beans, groundnuts, banana, coffee, and sweet
potato. The mean rainfall and temperature per season are represented by R and T
respectively while the variation in rainfall and temperature in the season is represented by
Rv and Tv.
Mean rainfall is measured in millimeters, mean temperature in degrees Celsius while rainfall
and temperature variation is measured as the coefficients of variation from the mean. The
letters L, M and K represent the physical inputs of family labour –measured in person days,
manure in kilogrammes and capital –which is an aggregation of the cost of purchased inputs
(for example land rent, seed, fertilizer, and pesticides) used in production of a particular
crop. In case the crop is produced under the intercropping system, the inputs are
determined according to the proportion on area under the crop.

3.2

Computable General Equilibrium Model

For the purposes of the analysis we are using a new CGE model for Uganda based on the
2007 Social Accounting Matrix. We draw on a number of strengths from the CGE modeling
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framework in our analysis. Firstly, the model simulates the functioning of the economy as a
whole and track how changes in economic conditions are transmitted through price and
quantity adjustments on a range of markets. Secondly, the structural nature of the CGE
model allows us to analyse separately the impacts of multiple climate changes. Thirdly, since
the basis of the CGE model is a Social Accounting Matrix we are able to discern the effects of
the changes in economic conditions on individual sectors of the economy. Fourthly, the link
of the model to household survey data enables an assessment of the impacts on the welfare
of households, which is particularly interesting since this is where the most important policy
implications are likely to be found. Finally, the recursive dynamic nature of our model
implies that the behaviour of its agents is based on adaptive expectations when faced with
difficult circumstances, rather than on the forward looking expectations that underlie intertemporal optimization models. Adaptation frequently involves changing the social and
economic framework within which livelihood and coping strategies take place, that is,
adjustments to improve long-term livelihood security. Local level coping strategies to shocks
such as drought and floods differ among households and communities depending on the
types of resources, economic activities and social networks that they can access. Activities
may range from collection of wild fruits, depending on remittances, switching to nonfarming activities, migrating to other areas, or in extreme cases, sale of assets. For example,
among dryland pastoral groups like the Karamojong, mobility is critical to the viability of
survival strategies. On the other hand, farmers use mixed cropping and diversification of
crops as a form of insurance against rainfall variability and pests attack. Since a recursive
model is solved one period at a time, it is possible to separate the within-period component
from the between-period component, where the latter governs the dynamics of the model.
The CGE model used in the present study is based on a standard CGE model developed by
Lofgren, Harris, and Robinson (2002). This is a real model without the financial or ba nking
system (See Appendix for detailed description). The CGE model is calibrated to the 2007
Social Accounting Matrix. GAMS software is used to calibrate the model and perform the
simulations.

4 DATA
In this paper we use three sets of data: Uganda National Household Survey (UNHS) 2005/6,
Uganda National Panel Survey (UNPS) 2009/10, and meteorology data. Both the UNHS
2005/6 and UNPS 2009/10 datasets are collected by Uganda Bureau of Statistics (UBoS)
while the weather data are collected by the Meteorology Department of Ministry of Water
and Environment (MD-MWE). As survey data, the UNHS data are cross-sectional while
weather data are in the form of monthly time-series.
The UNHS data are collected in modules including the socio-economic, agriculture,
community and market modules. The socio-economic and community data are collected at
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household level -only once in the survey period, while in the agricultural module, data are
collected at plot1 level per parcel per season (six months period). Data in the UNHS 2005/6
was collected for season two (July-December) of 2004 and season one (January – June) of
2005. The UNHS 2009/10 on the other hand was collected for season one (January – June)
of 2009 and season two (July-December) of 2009.
The UNHS 2005/6 survey covered 5603 agricultural households 2 cultivating a total of 36,883
agricultural plots in the second season of 2004 and 45, 201 plots in first season of 2005. In
the UNPS 2009/10 survey, which was a re-survey of UNHS 2005/6 households, UBoS was
able to track 2,346 agricultural households cultivating a total of 13,987 agricultural plots in
the first season of 2009 and 13,422 plots in the second season of 2009.
In the case of data on weather, information on average rainfall (in millimeters), and
minimum and maximum temperature (in degrees Celsius) per month for twelve districts namely: Arua, Entebbe, Gulu, Jinja, Kabale, Kasese, Kampala, Lira, Mbarara, Masindi, Soroti
and Tororo -for the four seasons corresponding to UNHS data, were generated from timeseries data provided by MD-MWE. Details of how these data were managed to generate
climate-related variables and mapped onto the UNHS plot-level data is explained below under the subsection of weather variables.
The analysis in this paper is therefore based on plot level data for season two of 2004 and
season one 2005 (UNHS 2005/6); season one 2009 and season two 2009 (UNPS 2009/10);
and the monthly weather data averaged per season in correspondence with the seasonal
data on crop input and output.

4.1

Dependent variable

The dependent variable for the agricultural productivity model is crop yield. In Uganda, over
fifty crops and cultivated and production data is usually collected by UBoS in the national
household surveys in conducts. In most cases however, data on inputs used in crop
production and output is not complete. Complete data is usually on few key crops. In this
paper, seven key crops on which data was found to be complete considered. These crops,
ranked high to low according to their frequency of cultivation by households are maize,
beans, bananas, sweet potato, groundnuts, coffee, and sorghum. Although cassava is
ranked third in Uganda in terms of frequency of cultivation after maize and beans by
households, it was not included the analysis due to lack of consistent data on output.
1

A plot is a piece of land within the holding on which a specific crop or a crop mixture is grown while a parcel
may be made up of one or more plots (UBoS 2008).
2

The total sample size of UNHS 2005/6 was 7,421 households while the sample size of UNHS 2009/10 -for
which the UNPS 2009/10 is a subset, was 6800 households (UBoS 2006; 2010).
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Yield data is derived by dividing crop output (in tonnes) by area cultivated (in hectares) after
conversion of UNHS crop output data from kilograms and area data from acres. Outliers in
the data were checked and dropped. The mean yield for the seven crops is given in Figure 1.
The figure indicates generally that season two crop yield is slightly higher than that of
season one. Nonetheless, overall farm-household yield in Uganda is much lower than
research station yield3.
Figure 1. Crop average yield by season
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Data source: UNHS 2009 and UNPS 2009/10, UBoS.

4.2

Explanatory variables

Weather variable
To capture the seasonal weather condition that corresponds with the seasonal production
as per UNHS 2005/6 and UNPS 2009/10 data, monthly data for rainfall and temperature for
the periods July – December 2004 (season 2: 2004), January – June 2005 (season 1: 2005),
January – June 2009 (season 1:2009), and July – December 2009 (season 2: 2009) were
averaged into a single value. Derivation of the seasonal average rainfall is straightforward
from the monthly data that reports average amount based on daily readings. In the case of
temperature, data is reported as monthly maximum and minimum temperature. So the
season’s average temperature was derived by getting the average of the average value of
the month’s minimum and maximum temperature.

3

For example, information from Uganda’s national research station -Namulonge, indicates that hybrid maize
seed yields as much as 8 t/ha while open pollinated varieties yield at least 5 t/ha
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To assess the effect of climate variability on crop productivity, the coefficient of variation is
obtained by dividing the standard deviation by the mean value of rainfall and temperature
in the season.
The values of the weather variables (mean and coefficient of variation of seasonal rainfall
and temperature) were mapped onto the UNHS 205/6 and UNPS 2009/10 data by linking
the district location of weather station with districts that have closely similar agro-ecology.
The final mapping of districts to the weather stations was reached in consultation with
officials from MD-MWE. For example, weather data from Kabale district was mapped onto
districts in highlands such as Bundibugyo, Kisoro, Kanungu, Rukungiri, and Kapchorwa.
Districts of Teso region were mapped onto data from Soroti weather station while districts
in Buganda region were mapped on to Kampala weather data.
The mean and variability of the rainfall and temperature level in the period of analysis are
shown in Figure 2. The variability is measured by the standard deviation. The statistics presented as box plots give the inter-quartile range (25th, 50th and 75th percentile) of the
distribution, the 5th percentile (tip of lower whisker), 90th percentile (tip of upper whisker)
as well as the outliers of the distribution.
Starting with rainfall, Figure 2a indicates generally that season 2 had more rainfall averaging above 100 mm per month, than season 1 -where average rainfall is just slightly
above 80 mm per month. Figure 2c indicates that season 2 also had lower variability from
the mean. In season 1 of 2005, mean rainfall was not only lower than that of the other three
seasons (Figure 2a) but the dispersion from the mean was high and wide (Figure 2c). This
obviously has negative implications of productivity of most crops.
With regard temperature, Figure 2b indicates generally that average seasonal temperatures
in the four seasons were close to each other. In particular, the figure indicates that in season
2 of 2004 and season 1 of 2005, seasonal mean temperatures were more or less the same
and slightly below 23 oC while in season 1 and season 2 of 2009, average temperature were
at or slightly above 23 oC. Figure 2d indicates that for all the four seasons except season 1 of
2005, the standard deviation in temperature averaged 0.5 oC. Considering the fact that
season 1 of 2005 had lowest mean rainfall, it is not surprising that this season was also
associated with a high dispersion in temperature from the mean. High low rainfall coupled
with high variation in both rainfall and temperature has grave implication on the yield of
farmers who solely depend on rainfall for crop production.

13

Figure 2. Box plots of the mean and standard deviation of rainfall and temperature by season
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Figure 2b: Year 2005, season 1
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Other explanatory variables

Other variables included in the model are the inputs used in crop production. These inputs
included area cultivated (plot size), labour (both family and hired), seed/planting materials,
manure, plant chemical fertilizers, herbicides, pesticides and fungicides. In the dataset,
family labour is measured in person-days -separately for men, women and children while
hired labour is measured by the amount of money spent on hiring workers. Due to lack of
uniformity in the measurement of labour, in this paper, family labour is taken as separate
variable while hired labour is aggregated with other monetized variables (seed, manure,
fertilizer, herbicides, pesticides, fungicides) to form a variable we refer to as capital. Due to
the fact that most of the manure that farmers use is home generated and hence no cost
attached, we also included manure as a separate variable in the analysis. The mean value of
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these inputs that were used by farmers on the seven crops in season 2: 2004 & season 2:
2005; and season 1: 2009 & season 2: 2009 is shown in Table 1.
Table 1. Mean value of inputs used in crop production

Crop

Sea son 2: 2004 & s eason 2: 2005
hous ehold
pl ot
l a bour
s i ze
(pers on
ma nure
(ha )
da ys )
(kg)

Ca pi tal
(Us h)

Sea son 1: 2009 & s eason 2: 2009
hous ehold
pl ot
l a bour
s i ze
(pers on
ma nure
(ha )
da ys )
(kg)

Ca pi tal
(Us h)

Ma i ze

0.27

36.25

1.01

18423

0.21

174.86

16.86

19102

Sorghum

0.23

24.43

0.00

4690

0.22

98.11

7.53

12381

Bea ns
Groundnuts

0.18

29.37

0.28

9242

0.17

155.83

97.04

15315

0.2

38.9

0.0

16270

0.3

130.1

10.1

20454

Coffee

0.34

31.26

100.24

8404

0.20

194.24

179.67

39858

Ba nana

0.23

26.03

42.00

6422

0.24

148.12

373.60

22470

Sweet potato

0.16

30.26

0.00

5191

0.24

119.59

13.19

6875

Source: a uthors ca l cul a ti on ba s ed on UNHS 2005/6 a nd UNPS 2009/10

Results in Table 1 indicate generally that farmers use manure most in banana and coffee
cultivation. In particular, the results indicate that in 2009, farmers spent more resources
including family labour, manure and money on coffee and banana production while in 2004
and 2005; they spent twice more cash on maize and groundnuts production than any of the
other crops. The other observation is that sorghum and groundnuts production attracts the
least amount of manure application.
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5 EMPIRICAL RESULTS
5.1

Descriptive results

The predicted effect an increase in rainfall or temperature on the farmers’ crop yield is
shown in Figure 3. The predictions are based on the fractional polynomial model for fitting
nonlinear functions. Fractional polynomials are more flexible than standard polynomials
such as quadratic functions (Royston and Altman 1994). Figure 3 has two rows and six
columns, where the first row depicts the relationship between rainfall and crop yield while
the second row depicts the relationship between temperature and crop yield. Each column
indicates the crop for which the fractional polynomial is estimated.
Each of the graphs in Figure 3 tells its own unique story. The big picture is that –holding
other factors constant, higher rainfall above 80mm per month appears to enhance coffee,
banana and groundnuts yield while yield for crops such as maize, sorghum and beans is
sensitive to higher amounts of rainfall –above 100mm per month. With respect to
temperature, most crops, especially coffee, banana, groundnuts and maize are sensitive to
increased temperatures.
Specifically, the rainfall-yield graph (Figure 3a) for maize indicates for example that -other
factors constant, an increase in rainfall is good for enhancing maize yield -but there is limit
to the amount of precipitation that leads to optimal yield. The figure shows that –all else
constant, farmers who received rainfall in the range of 110 mm per month obtained optimal
maize yield of about 1.6 t/ha. Farmers who received rainfall -anywhere below or above 110
mm per month were associated with lower yield. The temperature-yield graph (Figure 3g)
indicates an exponential growth in maize yield in the temperature range of 16 -22 Celsius;
and beyond which the yield declines exponentially reaching the lowest yield when
temperature is above 26 Celsius.
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Figure 3. The Nonlinear relation between rainfall and crop yield

Figure 3h

Figure 3i

Figure 3j

Source: Authors calculations based on UNHS 2005/6, UNPS 2009/10 and MD-MWE data.

Note. In Figure 3a, the graphs show
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5.2

Econometric results

Results of the generalized least squares random effects (GLS-RE) model are reported in
Table 2. In the analysis, the season was set as panel identification variable. To increase the
efficiency of the estimates, the z-value is derived from the bootstrapped robust standard
errors –which are based on 50 replications of the observations.
Before considering the GLS-RE model as the most appropriate, other model specifications
including the GLS fixed effects (GLS-FE) model and the ordinary least squares (OLS) based on
pooled data were estimated (not presented in the paper) and compared with GLS-RE model
results for robustness. The robustness of our GLS-RE model results is supported by other
studies –for example Deininger and Okidi (2001) that also found the GLS-RE model
coefficients had smaller standard errors and hence appropriate to report compared to GLSFE or OLS estimates.
There effect of weather variability on crop yield is estimated separately for each crop. From
Table 2, the overall picture is that increased temperature levels had an adverse effect on the
yield of all crops except sweet potato. Increased variability in the temperature too had an
adverse effect on crop yield. Specifically, the results indicate that increased level of
temperatures had highly unfavorable affect on pulses (beans and groundnuts), coffee and
sorghum yields while increased variability in temperature severely affected maize and
banana yields besides that of pulses.
Sorghum produces grain even when the temperature is high. Sorghum will continue to grow
in flooded area but maize will die. Sorghum is however not tolerant to cool weather as some
maize cultivars.
With regard to rainfall, results in the table indicate that the increased level of rainfall had a
significantly positive effect on bean and sweet potato yield but a significantly negative effect
on sorghum and banana yield. Although one would expect increased rains to have a
favourable effect on banana yield -as a matter of fact, in Uganda, heavy rains that are
associated with hailstorms at the start of the rain season usually break banana plants that
weak due the preceding dry spell. Additional rains only help banana crops that have
withstood the hailstorms to blossom and flower. Hence in most cases, farmers in Western
Uganda get high banana yields during the dry spells in the months of December to March
than when rainfall is intense September to November.
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Table 2. Results of effect of rainfall and temperature variation on crop yield: Random effects model
Dependent variable = Yi eld (log)
Expl a natory

Ma i ze

Sorghum

-0.05

-0.66

-0.67

-17.74

0.43

13.28

-0.24

-0.72

0.43

0.87

-0.30

-3.07

0.43

2.88

Temperature
(l og)

-0.03

-0.21

-0.98

-3.19

-0.23

3.43

-1.15

-3.47

-1.38

-6.02

-0.05

-0.25

0.12

2.47

Temperature
va ri a tion (log)

-0.56

-6.94

0.20

1.60

-0.44

-7.74

-0.37

-2.30

-0.01

-0.05

-0.32

-3.20

-0.19

-1.81

-0.44

-25.98

0.36

19.81

0.15

1.29

0.04

0.91

0.03

0.21

0.00

0.11

0.33

7.51

0.03

3.01

0.08

1.58

0.02

2.01

0.01

0.28

0.05

14.73

0.08

53.08

0.01

0.10

0.00

-0.57

-0.01

-7.32

-0.01

-3.36

0.01

13.70

0.00

0.75

-0.03

-4.72

0.00

0.39

0.03

1.78

0.02

0.90

0.02

0.79

0.01

0.33

0.08

7.76

0.01

0.45

0.11

2.10

Cons ta nt

1.63

17.78

4.14

5.49

-3.51

-8.10

3.73

1.25

1.94

1.23

1.39

4.39

-3.44

-4.89

No of obs .

7443

No of
repl ications
R

2

50
0.16

1437
50
0.12

7376
50
0.09

Coef.

z

Coef.

z

Coef.

z

Sweet pota to

Ra i n (log)

l a bour (l og)

z

Ba na na

Z

Hous ehold

Coef.

coffee

Coef.

Ca pi tal (log)

z

Groundnuts

va ri a ble

Ra i n va riation
(l og)
Ma nure (log)

Coef.

Bea ns

Coef.

1734

2195

28415

21018

50

50

50

50

0.14

0.18

0.15

0.10

z

Note: Number in bold indicate the estimated coefficient is statistically significant at least at the conventional level. Z-values based on robust standard errors from 50
replications.
Source: Authors’ calculations based on the UNPS 2009/10 and UNHS 2005/6 data
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5.3

Simulation results

Based on the productivity changes that arise due to rainfall and temperature changes, we
apply the CGE model to evaluate the effect of changes in climate conditions especially on
the agricultural sector. The spillover effects on other sectors apart from agriculture are also
evaluated. We start by evaluating the baseline for the economy where in this case we
assume that there are no productivity changes due to climate changes. We assume
therefore in this scenario that the productivity of the various sectors remains the same over
the simulation period. Using a timeframe of 2010-40, the baseline for each sector is
developed. The choice of the time period 2010-40 is motivated by two factors: first, is the
fact that climate changes indeed take quite some time to have considerable effects on
production. Second, this period also coincides with the Vision 2040 for Uganda. The baseline
is the basis for comparison with other simulations for comparison with various cli mate
changes.
The effects on productivity on Uganda’s economy are captured through four main channels.
The first two channels mainly focus on the amount of rainfall and temperature received in
the two seasons as described in the previous section. The second two effects focus on the
productivity effects of the variability of the two factors rainfall and temperature. Using the
estimated results, we apply the elasticities on productivity for each crop and assume that
the productivity effects of climate changes observed between the survey periods will carry
on to the subsequent years.
The first simulation focuses on the changes in rainfall patterns and its implied effects on
productivity of crops and this is named rain. The simplifying assumption is that the elasticity
or productivity effects observed in the survey will persist until 2040. Likewise, we also use
the same analogy for the variability of rain and this simulation is named rain-var. The third
simulation which focuses on temperature is named temp. The simulation for the variability
of temperature changes is referred to as temp-var. We also ran a simulation where the
amount of rainfall is combined with its variability which is named rain-rain-var. A similar
simulation is also implemented for temperature where we combine the level of
temperature and its variability which is referred to as temp-temp-var.
5.3.1 Baseline
We first perform a simulation where we assume that business remains as usual. The
purpose of this simulation is to compare the case if climate conditions are not changed at
all, what would be the impact on the economy. In this case we assume that there are no
productivity effects on the various crops as a result of changes in temperature and rainfall
patterns. The derived growth effects under the baseline show that the average growth rate
of the economy during the period 2008-40 would be 5.64 percent. This growth would be
contributed by agriculture growing by 3.56 percent, industry growing by 5.32 percent and
services growing by 6.41 percent. The path of growth shows a decline as the economy
reaches its steady state. The implications of this simulation on the welfare of individuals
21

show that there would be a reduction in poverty levels from 25.7 percent in 2010 to 3
percent in 2040. The reduction would mainly be driven by the lower poverty levels in rural
areas from 26.9 in 2010 to 3.0 percent in 2040. Likewise, poverty for the urban areas would
reduce from 16.7 to 0.7 percent over the same period.
5.3.2 Rainfall changes and productivity effects
The impact of the amount of rainfall on growth is indeed positive although largely negligible.
This is partly because increasing levels of rainfall do not affect production for the key crops
grown in Uganda. As shown in Table 3, the rainfall levels over the period 2010-40 would
result into a higher growth trajectory than the baseline. For the case of Uganda, there have
been some isolated cases where rain has resulted into destruction of crops but this is largely
due to poor farming methods and the terrain of the land used for farming especially in
mountainous areas of Eastern Uganda.
While the impact of increased rainfall is positive, its deviation from the baseline is also very
small. This suggests an important point that the impact of rainfall levels would take some
considerable time to have any noticeable impact. For example, the average growth rate
under this simulation is estimated at 5.66 percent over the period 2008-40. The divergence
from the baseline is only 0.01 percent which is negligible. The impact on agriculture sector is
however noticeable. In this simulation we would observe increased production for the
sector of about 3.66 percent during the period 2008-40 which is higher than the baseline by
0.10 percent. The key crops contributing to this higher growth of the agriculture sector
include root crops, pulses and exportable crops. To assess the impact of this simulation on
other sectors, we observe some impact on sectors like agro-processing which are directly
linked to the agriculture sector. The simulation shows that there would not be much
difference from the baseline for the agro-processing industries compared to the baseline.
On average, the growth rate of agro-processing would be about 5.15 percent under this
simulation compared to the baseline when it is 5.20 percent.
5.3.3 Temperature changes and productivity effects
We assume the same productivity effects exhibited in the previous in between the surveys
used for the period 2010-40. We assume that the productivity effects are the same for each
year. We also assume that there are no mitigation measures taken to address the problem
of temperatures increasing. Some of the measures could include adopting for example crop
varieties that would withstand the higher temperatures. The results shows that as
temperature continue to increase there would be some effects on the level of output. The
average growth rate under this scenario is about 5.61 percent on an annual basis during the
period 2008-40 compared to the baseline where the average growth rate is 5.64 percent.
Notwithstanding this decline, it is also considered to be small over the simulation period of
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30 years. This could be partly explained by the declining composition of agriculture in total
GDP which is about 22 percent.
While the impact on overall GDP is generally small, temperature increases would definitely
have an impact on the agriculture sector. The overall impact on the sector would result into
an average GDP growth of 3.25 percent which is lower than the baseline by 3.56 percent
over the period 2008-40. The crops that would be affected the most include cereals, pulses,
bananas and exportable crops. For instance, the cereals growth would be about 1.21
percent compared to the baseline where it would grow by 1.87 percent. These reductions
in output owing to increases in temperature are also reflected in the agro-processing
sectors which are directly linked to the agricultural sector. The overall reduction in agroprocessing is 0.15 percent points on annual basis.
Table 3. Average Grow th Rate by Sectors (2008-2010)
BASE

rain

rain-var

temp

temp-var

rain+rain-var temptempvar

Overall GDP

5.64

5.66

5.65

5.61

5.63

5.65

3.30

Agriculture

3.56

3.66

3.62

3.25

3.41

3.63

0.66

Cereals

1.87

1.47

1.37

1.21

1.14

1.37

(1.35)

Root Crops

3.66

4.02

3.97

3.69

3.48

3.80

0.78

Pulses

3.03

3.29

3.18

2.57

2.63

3.42

0.04

Matooke

3.82

3.58

3.85

2.65

3.55

3.60

0.93

Horticulture

4.08

4.18

4.14

3.97

3.96

4.23

1.16

Export Crops

2.46

3.09

2.52

0.42

2.44

3.15

(0.72)

Livestock

3.21

3.20

3.21

3.21

3.20

3.20

0.16

Forestry

4.01

4.02

4.01

4.01

4.01

4.01

1.16

Fishing

4.85

4.85

4.85

4.87

4.86

4.85

2.19

5.32

5.31

5.31

5.30

5.31

5.31

3.04

Mining

5.42

5.43

5.41

5.42

5.42

5.42

3.09

Manufacturing

5.14

5.12

5.12

5.06

5.11

5.12

2.64

Food Processing

5.20

5.15

5.17

5.05

5.14

5.16

2.67

Non-Food Processing

5.08

5.08

5.07

5.07

5.08

5.08

2.60

Utilities

6.25

6.25

6.24

6.25

6.25

6.25

3.98

Construction

5.05

5.05

5.04

5.05

5.05

5.05

2.89

Services

6.41

6.42

6.42

6.43

6.42

6.42

4.14

Private

7.08

7.08

7.08

7.10

7.09

7.08

4.87

Public

3.39

3.39

3.39

3.39

3.39

3.39

0.43

Of which

Industry
Of which

5.3.4 Rainfall and Temperature Variability
The unpredictable rainfall and temperature patterns are also considered to be harmful to
the economy in the following ways. Given that there are limited irrigation schemes in
Uganda, unpredictable rainfall hurts farmers as they cannot easily time when they are
supposed to do the planting. The same problem with unpredictable temperature changes
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could have an impact on farmer’s activities. From the simulations, it is observed that the
average overall growth rate under increased variability of rainfall would be 5.65 percent
which is an indication that rainfall variability would not have any serious impact on growth.
All agriculture crops would not be affected by the variability of rain. For instance, bananas
would grow by 3.85 percent which is lower than the baseline by 3.82 percent.
Temperature variations would have a larger impact on agriculture production than rainfall
variations. The loss in agriculture output due to temperature variations is about 0.15
percent relative to the baseline. The key crops that are most affected in this simulation are
cereals, root-crops, pulses and all the exportable crops.
As expected the impact of the combined effects of both rainfall and temperature and their
variability changes would be much larger. For instance, if we combine temperature levels
and their variability, we notice that the reduction in agriculture would be about 3 percent.
All agricultural activities would be affected especially cereals, root-crops, pulses, bananas,
horticulture and export crops. This reduction is also reflected in the agro-processing
industry. The combination of rainfall levels and its variability would not have much impact
on the rest of the economy.
Overall, these changes appear to be small in magnitude over a long period of 2010-40. It has
been argued that higher levels of rainfall and temperature increases would affect the
various crops differently for example wheat, rice, cassava and potato by suppressing their
photo-respiration but the impact on other crops like maize, sorghum and millet could be
limited. Lastly, the limited impact of climate changes could also be associated with the
endogeneity problem where farmers could adapt to the new changes. This is an issue not
properly captured in this analysis.
5.3.5 Poverty impacts
The above analysis has some implications for poverty. Agriculture being the dominant
employer of households (70 percent of the population), there is an impact of climate change
both rainfall and temperature changes on these households. Using the productivity effects
exhibited in the first period, we observe that the proportion of people who would fall below
the poverty line would be highest due to temperature level rises. The level of poverty in
2050 due to climate changes would be 3.15 percent on average compared to the baseline
where poverty is 3 percent. Poverty levels would increase due to the variability of especially
temperature compared to the variability in rainfall. The overall level of poverty would be
3.2 percent in 2040 under increased temperature variations compared to 3 under the
baseline. For the case of rainfall as shown in the figure below its shown that rain level and
variability would not exacerbate poverty.
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6 Conclusion and policy recommendations
The objective of this paper was to assess the impact of climate changes on productivity and
overall macroeconomic effects and welfare changes. Based on the basic data that was
collected from the meteorological department, it’s clear that Uganda has had variations in
both rainfall and temperature. While this is a well established fact, the study goes further to
establish whether this phenomenon has had any productivity effects especially in the
agriculture sector. Using household surveys for 2005/06 and 2009/10, it is found that indeed
there have been productivity effects across various crops. By decomposing productivity,
both the erratic rainfall and changing temperatures have had a negative impact on crop
production of which this varies by the different crops.
Using the productivity results estimated, it is found that production at the aggregate level of
the agriculture sector would be affected by temperature variations. However we also find
that the rainfall levels and variability does not necessary affect production or yields. The
impact of rainfall variation over the period 2008-40 is quite marginal. In addition, other
sectors which entirely depend on the agriculture sector for raw materials will be affected
mainly under temperature variations. Agro-processing sectors would be affected in line with
the deteriorating temperature conditions.
The key message from this study suggests that for the case of Uganda, climate changes
would take quite some considerable period of at least more than 30 years to have any large
impact on the economy. We may also conclude that climate changes for example the erratic
rainfalls with increased variation would have different impact on the various crops. In some
cases there would be a positive impact on some crops. Despite these findings, variable
rainfall patterns affect the planning activities of farmers where they sometimes for example
plant at the wrong time resulting into less yields.
At a policy level, increased variation of rainfall could be mitigated by more investment in
small irrigation schemes. This has already been identified as one of the core project to
undertake within the National Development Plan which covers the period 2010-15. The
increased temperature levels can partly be addressed by use of better seeds which can
withstand the varying temperature levels. The government could also strengthen the
meteorological department which predicts rainfall and temperature levels. This would help
farmers in their planning processes especially when to plant and harvest.
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Appendix
A.1

Social Accounting Matrix for Uganda

A Social Accounting Matrix (SAM) is a table which summarizes the economic activities of all
agents in the economy. These agents typically include households, enterprises, government,
and the rest of the world (ROW). The relationships included in the SAM include purchase of
inputs (goods and services, imports, labour, land, capital etc.); production of commodities;
payment of wages, interest rent and taxes; and savings and investment. Like other
conventional SAMs, the Uganda SAM is based on a block of production activities, involving
factors of production, households, government, stocks and the rest of the world. The
Uganda SAM is a 120 by 120 matrix. The various commodities (domestic production)
supplied are purchased and used by households for final consumption (42 percent of the
total), but also a considerable proportion (34 percent) is demanded and used by producers
as intermediate inputs. Only 7 percent of domestic production is exported, while 11 per
cent is used for investment and stocks and the remaining 7 percent is used by government
for final consumption. Households derive 64 per cent of their income from factor income
payments, while the rest accrues from government, inter-household transfers, corporations
and the rest of the world. The government earns 32 percent of its income from import
tariffs – a relatively high proportion, but a characteristic typical of developing countries. It
derives 42 percent of its income from the ROW, which includes international aid and
interest. The remainder of government’s income is derived from taxes on products (14
percent), income taxes paid by households (6 percent) and corporate taxes (5 percent).
Investment finance is sourced more or less equally from government (26 percent), domestic
producers (27 percent) and households (26 percent), with enterprises providing only 21 per
cent. Imports of goods and services account for 87 percent of total expenditure to the
ROW. The rest is paid to ROW by domestic household sectors in form of remittances; wage
labour from domestic production activity; domestic corporations payments of dividends;
income transfers paid by government; and net lending and external debt related payments.
The extent of household dis-aggregation is very important for policy analysis, and involves
representative household groups as opposed to individual households. Pyatt and Thorbecke
(1976) argue for a household dis-aggregation that minimizes within-group heterogeneity.
This is achieved in the Uganda SAM through the disaggregating of households by rural and
urban, and whether households are involved in farming or non farming activities. Moreover,
the Uganda SAM identifies three labour categories disaggregated by skilled, unskilled and
self employed. Land and capital are distributed accordingly to the various household groups.

27

A.2
Productions and commodities
For all activities, producers maximize profits given their technology and the prices of inputs
and output. The production technology is a two-step nested structure. At the bottom level,
primary inputs are combined to produce value-added function. At the top level, aggregated
value added is then combined with intermediate input within a fixed coefficient (Leontief)
function to give the output. The profit maximization gives the demand for intermediate
goods, labour and capital demand. The detailed disaggregation of production activities
captures the changing structure of growth due to the pandemic.
The allocation of domestic output between exports and domestic sales is determined using
the assumption that domestic producers maximize profits subject to imperfect
transformability between these two alternatives. The production possibility frontier of the
economy is defined by a constant elasticity of transformation (CET) function between
domestic supply and export. On the demand side, a composite commodity is made up of
domestic demand and final imports and it is consumed by households, enterprises, and
government. The Armington assumption is used here to distinguish between domestically
produced goods and imports. For each good, the model assumes imperfect substitutability
(CES function) between imports and the corresponding composite domestic goods. The
parameter for CET and CES elasticity used to calibrate the functions used in the CGE model
are exogenously determined.
A.3
Factor of production
There are 6 primary inputs: 3 labour types, capital, cattle and land. Wages and returns to
capital are assumed to adjust so as to clear all the factor markets. Unskilled and self employed labor is mobile across sectors while capital is assumed to be sector-specific.
Unskilled labor is not substitutable for skilled labor. Within the model, producers instantly
adjust to changes in rates of returns for factors of production for each sector. The model
does not take into account adjustment costs of switching resources between sectors.
A.4
Institutions
There are three institutions in the model:, households, enterprises and government.
Households receive their income from primary factor payments. They also receive transfers
from government and the rest of the world. Households pay income taxes and these are
proportional to their incomes. Savings and total consumption are assumed to be a fixed
proportion of household’s disposable income (income after income taxes). Consumption
demand is determined by a Linear Expenditure System (LES) function. Firms receive their
income from remuneration of capital; transfers from government and the rest of the world;
and net capital transfers from households. Firms pay corporate tax to government and these
are proportional to their incomes. Government revenue is composed of direct taxes
collected from households and firms, indirect taxes on domestic activities, domestic value
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added tax, tariff revenue on imports, factor income to the government, and transfers from
the rest of the world. The government also saves and consumes.
Macro closure
Equilibrium in a CGE model is captured by a set of macro closures in a model. Aside from the
supply-demand balances in product and factor markets, three macroeconomic balances are
specified in the model: (i) fiscal balance, (ii) the external trade balance, and (iii) savings investment balance. For fiscal balance, government savings is assumed to adjust to equate
the different between government revenue and spending. For external balance, foreign
savings are fixed with exchange rate adjustment to clear foreign exchange markets. For
savings-investment balance, the model assumes that savings are investment driven and
adjust through flexible saving rate for firms.
A.5
Recursive dynamics
To appropriately capture the dynamic aspects of aid on the economy, this model is
extended by building some recursive dynamics by adopting the methodology used in
previous studies on Botswana and South Africa (Thurlow, 2007). The dynamics is captured
by assuming that investments in the current period are used to build on the new capital
stock for the next period. The new capital is allocated across sectors according to the
profitability of the various sectors. The labour supply path under different policy scenarios is
exogenously provided from a demographic model. Population growth rates overtime are
assumed to be 3.2 percent annually. The model is initially solved to replicate the SAM of
2007.

29

References
Anthony C. Anuforom (2009), “Climate Change Impacts in Different Agro-ecological
Zones of West Africa–Humid Zone”, Paper presented at the International Workshop on
Adaptation to Climate Change in West African Agriculture at Ouagadougou, Burkina Faso
from 27 – 30 April 2009
Ayinde, O. E. and Ajewole, O. O., Ogunlade, I. and Adewumi, M.O. (2010) “Empirical
Analysis of Agricultural production and Climate change: a case of Nigeria”, Journal of
Sustainable Development in Africa (Volume 12, No.6, 2010)
Bosello, F. and Zhang, J. “Assessing Climate Change Impacts on Agriculture. CMCC
Research Paper No. WP2.
Cerri Carlos Eduardo P., Sparovek Gerd, Bernoux Martial, Easterling Willian E., Melillo
Jerry M. and Cerri Carlos Clemente, (2007), Tropical Agriculture and Global Warming:
Impacts and Mitigation Options. Sci. Agric. (Piracicaba, Braz), v.64, n.l, p.83-99,
January/February 2007.
Deschenes Olivier, Greenstone Michael, (2007), The Economic Impacts Of Climate
Change: Evidence from Agriculture Output and Random Fluctuations in Weather. The
American Economic Review, Vol. 97, No. 1 (Mar., 2007), pp. 354-385.
Jetten, T., Martens, W and Takken W. (1996), “Model Simulations to Estimate
Malaria Risk under Climate Change”, Journal of Medical Entomology, 33 (3) pp.361-371.
Kurukulasuriya and Robert Mendelsohn (2008), “Crop switching as a strategy for
adapting to climate change”, Bureau of Development Policy, United Nations Development
Programme, New York.
Kurukulasuriya, P. and R. Mendelsohn (2006b), “Crop selection: adapting to climate
change in Africa. CEEPA Discussion Paper No. 26”.Centre for Environmental Economics and
Policy in Africa. Pretoria, South Africa: University of Pretoria.
Maddison, D. (2006) “The perception of and adaptation to climate change in Africa.
CEEPA. Discussion Paper No.10”. Centre for Environmental Economics and Policy in Africa.
Pretoria, South Africa: University of Pretoria
Meteorology Depertment Kampala (2007), “Climate Change – Uganda National
Adaptation Programmes Of Action 2007” Republic of Uganda Meteorology Department
Kampala
Patz, J., Epstein, P., Burke, T. and Balbus, J. (1996), “Global Climate Change and
Emerging Infectious Diseases”Journal of the American Medical Association, 275 (3), pp. 217223.
Royston, P. and Altman, D. (1994). Regression using fractional polynomials of
continuous covariates: parsimonious parametric modelling. JRSSA, 43(3):429 - 467.

30

Temesgen T. D. and Hassan R.M. (2009), “Economic Impact of Climate Change on
Crop Production in Ethiopia: Evidence from Cross-section Measures”, Journal of African
economies, Volume 18, Number 4, PP. 529–554 doi:10.1093/jae/ejp002 online date 15
March 2009
Tobey J., Reilly J. and Kane S. (2010), “Economic Implications of Global Climate
Change for World Agriculture”, Journal of Agricultural and Resource Economics, 17(1): 195204
Xiao Guoju, Zhang Qiang, Yao Yubi, Zhao Hong, Wang Runyuan, (2008), Impact of
recent climatic change on the yield of winter wheat at low and high altitudes in semi arid
northwestern China. Agriculture, Ecosystems and Environment. Vol. 127 (2008) 37-42.
Uganda Bureau of Statistics (2007), “Statistical Abstract, Uganda Bureau of
Statistics”. Republic of Uganda, (UBOS)
Uganda Bureau of Statistics (2008), “Statistical Abstract, Uganda Bureau of
Statistics”. Republic of Uganda, (UBOS)
Uganda Bureau of Statistics (2009), “Uganda Census of Agriculture 2008/09:
Enumerators”, Instructors Manual. Kampala, Uganda
World Health Organization (1999), “El Nino and Health–Protection of the Human
Environment” manuscript, Gevena.
World Health Organization (2003), “The world health report 2003; WHO”, Geneva,
Switzerland, 2003.
World Bank (2003), “Africa rainfall and temperature evaluation s ystem (ARTES)”.
World Bank, Washington, DC .
Zhai Fan and Zhuang Juzhong (2009), Agriculture Impact of Climate Change: A
General equilibrium Analysis with Special Reference to Southeast Asia. ADBI Working Paper
131. Asian Development Bank Institute.

31

