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Abstract
This study aims at assessing the vulnerability of six key crops (maize, beans, cassava, millet, groundnuts, and sweet 
potatoes) to variations in growing season precipitation at both the national and regional scale (southwest) in Uganda. To 
achieve this objective, a vulnerability model that is a function of sensitivity, exposure and adaptive capacity is used. Crop 
yield data for the period 1998–2017 for both the national scale and regional level analysis were collected from FAOSTAT 
and the Crop Yield Gap Atlas respectively. Precipitation data for the period 1998–2017 for both the national scale and 
regional level analysis were collected from the Climate Change Knowledge Portal of the World Bank Group. Adaptive 
capacity which reflects how the crops and the farmers growing these crops are adapted was measured using two prox-
ies (literacy and poverty rates) and were collected from the Uganda Bureau of Statistics, UBOS (Uganda national house-
hold survey 2002/2003, 2002. https ://www.ubos.org/wp-conte nt/uploa ds/publi catio ns/03_2018u nhs_20020 3_repor 
t.PDF; 2002 Uganda population and household census analytical report: education and literacy, 2006. http://www.ubos.
org/onlin efile s/uploa ds/ubos/pdf%20doc ument s/2002%20Cen susEd ucAna lytic alRep ort.pdf; Uganda national house-
hold survey 2012/2013, 2014. https ://www.ubos.org/wp-conte nt/uploa ds/publi catio ns/04_20182 012_13_UNHS_Final 
_Repor t.pdf; Uganda national household survey 2016/2017, 2018. https ://www.ubos.org/wp-conte nt/uploa ds/publi 
catio ns/03_20182 016_UNHS_FINAL _REPOR T.pdf) and Daniels (Measuring poverty trends in Uganda with non-monetary 
indicators, 2011. http://www.fao.org/filea dmin/templ ates/ess/pages /rural /wye_city_group /2011/docum ents/sessi on3/
Danie ls_-_Paper .pdf ). The results show that at the national scale, cassava is the most vulnerable crop while maize is the 
least vulnerable crop while at the regional scale millet is the most vulnerable crop and sweet potatoes are least vulner-
able. At both scales, vulnerability has a positive relationship with exposure and sensitivity and an inverse relationship 
with adaptive capacity. The coefficients of determination at both scales are equally above 50% for most of the indices 
indicating that the models presented here are generally reliable and can be explained by the linear relationship between 
the variables. This study underscores the importance of regionally focused studies being that national and more global 
studies often have results that diverge from regional trends due to internal variations in precipitation, temperature, 
poverty and literacy rates at different levels. Proposing adaptation options that will be applicable at the regional scale 
must require studies like this involving results from both regional and national scale analysis.
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1 Introduction

In the last three and a half decades, sub-Saharan Africa 
(SSA) has witnessed climate warming in the range of 
between 0.2 and 2.0 °C [53]; recent projections in the 
sixth assessment report (AR6) suggest future tempera-
ture variations of between 1.5 and 2.5 °C for the baseline 
and worse case scenarios respectively [50]. This increase 
is disturbing because agriculture which is the ‘life wire’ 
of most SSA countries is essentially rain-fed and is in the 
hands of small-scale peasant farmers who are poorly 
equipped to adequately respond to climate change 
through adaptation [9, 11, 29, 31, 32, 51, 74, 76, 78, 86, 
97].

Previously, the fifth assessment report (AR5) of the 
IPCC showed that on a decadal basis, mean temperatures 
are likely to increase by 1.8 °C by 2020, by about 1.9 °C by 
2030, by about 1.8 °C by 2040, by about 1.7 °C by 2050 
and by about 1.2 °C by 2100 [52]. The early repercussions 
of these predictions are variations in temperature and 
precipitation and increase vulnerability of agricultural 
systems, increase poverty, low adaptive capacity and 
increase in climate stressors [20, 66, 67]. In spite of the 
importance of climate in the SSA region, non-climatic 
drivers such as agricultural expansion, deforestation, 
occasioned by rapid population growth have tilted the 
debate on which of climatic or non-climatic drivers are 
the stressors. Therefore, is therefore a current interest in 
global change research that is considering the role of 
significant non-climatic drivers in shaping development 
and environmental protection across SSA and Africa [43].

Globally, the influence of climatic variables on agri-
cultural production systems is acknowledged. As such, 
climate change cannot be excluded from the environ-
mental and development debates across Africa and 
in most parts of the world because the rate at which 
agrarian ecosystems will respond to climate change will 
determine the pace of African development [43, 44]. This 
current study is one effort geared towards obtaining a 
better understanding of the role of precipitation varia-
tions on agricultural systems. However, in Africa south 
of the Sahara a myriad of climatic and non-climatic vari-
ables are tilting the debate on what is driving the current 
trends in agricultural production [44].

To grapple with these climate change uncertainties, 
the use of integrative monitoring approaches that reflect 
several empirical indices and captures the role of climatic 
and non-climatic variables can help scientists assess the 
degree of vulnerability of cropping systems to climatic 
and non-climatic variables [14, 48, 65, 84, 91, 103]. Vul-
nerability has been previously assessed using several 
indices. Some examples include the Notre Dame Global 

Adaptation Index (ND-GAIN) [12], the crop-drought indi-
cator [92], water-poverty index [1, 25, 96], livelihood vul-
nerability index [46] and farmers vulnerability to global 
change index in the context of large-scale irrigation as 
maladaptation [2]. However, this current vulnerability 
index was developed specifically for application in an 
African crop farming context and it has as advantage 
its ability to use proxies to capture adaptive capacity in 
a continent where data availability is often a big issue.

The current vulnerability index was used because in 
addition to the fact that it is more suitable for studies in 
African contexts, it enables us to easily represent variables 
such as adaptive capacity which are generally difficult to 
estimate due to data deficiency in most African contexts 
[20, 21]. Despite these strengths, the current adaptive 
capacity index is limited in that it uses proxy indicators to 
represent adaptive capacity. Also, being that these indi-
cators vary from one country to another, it is difficult to 
standardize the adaptive capacity part of the equation. 
In addition, a lack of information on the choice of appro-
priate variables and their relative weighting required to 
establish a value index in a region [63].

Increased understanding of the potential effects of 
climate change, climate variability and extreme events is 
important in planning adaptation and mitigation options 
[60]. These models can leverage the influence of histori-
cal data on crop yields as they have the advantage of lim-
ited reliance on field calibration data and are much more 
able to transparently assess the level of uncertainty of the 
model as reflected by their coefficients of determination. 
However, they are limited because of issues of co-linearity 
and stationarity [24, 45, 60, 102].

The six crops considered for this analysis play an impor-
tant role in the diet and food charts of the average Ugan-
dan and were selected for the following reasons: (1) they 
are among the most widely cultivated, affordable, and 
most widely grown crops in Uganda and Africa [9, 23, 62] 
(2) these crops constitute staple foods and play an income 
generation role as they are often transformed and sold 
(3) they are mainly grown (~ 90%) by small-scale peasant 
farmers [10, 18, 22, 58, 70, 73, 80] and (4) they grow across 
the country in different agro-climatic zones due to their 
higher tolerance range [70, 73]. Despite the importance 
above, gaps still exist in the context of the relationships 
that these crops have with precipitation in Uganda. For 
example, there are no studies that have analysed the vul-
nerability of these/several crops based on historical cli-
mate and crop yield data at both the national and regional 
scales in Uganda. The only studies that come close to the 
objectives of this current study were focused on how 
maize yields respond to droughts at the national scale 
and at five districts in the north and south of the coun-
try [20, 21]. Others have focused on precipitation deficits 
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and temperature changes, [68, 69] while [54, 55, 79] have 
employed the use of physical and social perspectives to 
assess the vulnerability of maize yields to droughts at the 
SSA level. As such, this paper assesses the vulnerability of 
six crops at two scales with an objective of verifying how 
vulnerability varies at different spatial scales in Uganda. 
This study is important because a better understanding of 
the vulnerability of these crops can help to inform adap-
tation options to better handle recurrent droughts. By 
understanding the crops that are less or more vulnerable, 
it becomes easier to identify adjustments that are required 
to support the less adaptive crops.

2  Study area

The agricultural sector in Uganda accounts for about 20% 
of Uganda’s GDP, employs about 73% of the population, 
and contributes about 48% to export earnings [49, 57, 
80]. It has been argued that poverty reduction in Uganda 
is inextricably tied to innovations in the agricultural sec-
tor [49]. There is increasing evidence of the effects of 
droughts on crops and crop prices in Uganda; for exam-
ple, in 2008, 2009, 2010 and 2011 droughts compromised 

hydroelectricity-power generation, livestock and food 
production and created a deficit of about 2.8 trillion 
(2.8 × 1012) Uganda shillings; an equivalent of US$ 1.2 bil-
lion (US$1.2 × 109); 7% of Uganda’s GDP [17].

In 2013, Uganda an East African country had a popula-
tion of about ~ 36 million [72]. Uganda has a humid equa-
torial climate with average annual precipitation ranging 
between 800 and 1500 mm. In the south of Uganda, pre-
cipitation is bi-modal being dominant from March–May 
and September–November. In the north of Uganda, pre-
cipitation is uni-modal, dominant from April–October [26, 
41]. Temperature on its part varies minimally across the 
country, this study will base its analysis on precipitation 
which is a vital crop yield determinant in Uganda’s crop 
production system [26, 70] (Fig. 1).

3  Methods

This paper employs explorations at two scales to enhance 
an assessment of how the vulnerability of these crops var-
ies as one scales down from national to regional scale. This 
approach provides a baseline against which comparisons 
can be made and will go a long way in helping adaptation 

Fig. 1  Map of Uganda showing 
the different regions
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efforts in the agricultural sector. It is worth noting that a 
comparison of the regional or southwest scale findings 
with our exploration at a national scale helps to further 
situate the regional scale findings in the context of what 
obtains at the national scale. When southwest scale obser-
vations are higher/lower than national scale observations, 
the degree of intensity of vulnerability can be judged as 
either exceptionally high or exceptionally low relative to 
the national scale observations.

While our exploration at a national scale implies that the 
data covers all the growing seasons for each of the crops 
for the entire country spanning north to south and east to 
west; the regional matrix is the southwest of the country. 
This region was selected because it is an important the-
matic zone for the cultivation of the six crops above and is 
inhabited by populations that are essentially farmers and 
gatherers such as the Batwa pygmies whose livelihoods 
depend entirely on the land. In this paper, vulnerability is 
a function of sensitivity, exposure and adaptive capacity. 
The sections that follow will define these terminologies as 
well as the methods used in fitting the models.

3.1  Vulnerability

Vulnerability is defined as the extent to which a system 
is susceptible or exposed to and unable to cope with the 
negative effects of climate change, climate variability and 
extreme weather events [53, 89]. Vulnerability in the con-
text of this paper assesses the ability of cropping systems 
to cope with multiple stressors and shocks including cli-
mate change and variability driven by cultural, political, 
and socio-economic drivers interacting with climate to 
render some households, communities, regions, coun-
tries, and continents more susceptible to climate change, 
climate variability and extreme events [92]. Consistent 
with the general vulnerability scholarship [9, 29, 38, 41, 
64, 77, 90] vulnerability is driven by: (1). the sensitivity [29, 
30], (2). the level of exposure [29, 30] and (3) the adaptive 
capacity which is the ability of the crops and farmers to 
absorb the stress caused by variations in elements of cli-
mate such as precipitation measured in this study through 
proxies of adaptive capacity such as literacy and poverty 
rates [19, 29, 33, 34, 70, 75, 94]. The vulnerability index 
proposed here is based on a sub-index for each of the 
above components of vulnerability to assess the degree 
of vulnerability of the six crops to droughts at the national 
and southwestern scales in Uganda. To fit the empirical 
crop models, this paper uses a composite vulnerability 
index (Eq. 1) which builds on builds other vulnerability 
indices such as the Notre Dame Global Adaptation Index 
(ND-GAIN) [12], the crop-drought indicator [92], and the 
water-poverty index [1, 25, 96] but this current index is 
unique in that it is developed specifically for application 

in an African crop farming context. It is important to note 
that the vulnerability index used here combines crop yield 
and precipitation data in the context of the sensitivity and 
exposure indices respectively while the adaptive capacity 
index uses proxies of adaptive capacity that are relevant to 
Uganda such as literacy and poverty rates. Therefore, the 
vulnerability index captures crop specific parameters such 
as yield and precipitation and characteristics of the farm-
ers that enhance or reduce adaptive capacity as proxies. 
A summary of the indices used, and their components are 
represented on Table 1.

where VUxi is the crop yield (beans, maize, cassava, ground-
nuts, millet and sweet potatoes) vulnerability index, SExi is 
the crop yield sensitivity index, EXxi is the crop yield expo-
sure index and ADCxi is the crop yield adaptive capacity 
index.

3.2  Sensitivity index

The sensitivity index describes the quantifiable decline in 
crops yields due to climate change, climate variations and 
extreme events [29, 30, 53, 89]. It can also be described as 
the manifestations of climate change, climate variability 
and extreme events in a cropping system. For the regional 
scale (southwest Uganda) analysis, time series data for the 
period 1998 to 2017 on actual crop yields (tons/ha/year) 
for all the six crops under investigation were collected 
from the Global Yield Gap Atlas [56, 57]. At the national 
scale, time series data from 1998 to 2017 on actual crop 
yields (hectograms/ha/year converted to tons/ha/year) 
were collected from FAOSTAT [27]. These time scales were 
selected because of the availability of data. The actual crop 
yield data for the regional as well as national scale analysis 
were subjected to detrending by removing a linear model 
in the time series by dividing the projected linear trend by 
the actual linear trend (Eq. 2). This exercise (detrending) 
removes the repercussions of increased technology, illus-
trates annual crop yield variations attributable to precipi-
tation, reduces the effects of consistent reporting errors 
and results in our projected or expected crop yields [19, 59, 
61]. The projected or expected crop yields were projected 

(1)VUxi = SExi + EXxi − ADCxi

Table 1  Summary of indices and their components

Indices Components/model inputs

Vulnerability index Sensitivity index, exposure index 
and adaptive capacity index

Sensitivity index Actual & projected crop yields
Exposure index Growing season precipitation
Adaptive capacity index Proxies: poverty and literacy rates
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for each year by using the trend line equation for a sim-
ple linear regression (Eq. 2). At both the nation and the 
regional scale, the actual crop yield data were regressed 
with the precipitation data. The sensitivity indices for the 
various crops at both the national and regional scale were 
fitted by dividing the mean expected crop yields by the 
mean actual maize yields (Eqs. 3, 4). This approach is like 
that used by Simelton et al. [92] and Antwi-Agyei et al. [5] 
in identifying the socio-economic indicators associated 
with sensitivity and resilience to droughts for each of Chi-
na’s main grain crops.

where EXPyrn is the expected crop yield at regional or 
national scale, χ is the year, a is the linear trend, b is the 
intercept when EXPyrn = ax

where SExr is the crop yield sensitivity index at the regional 
scale, EXPyr is the mean projected or expected crop yield 
at the regional scale, ACTyr is the mean actual maize yield 
at the regional scale.

where SExn is the crop yield sensitivity index at the national 
scale, EXPyn is the mean projected or expected crop yield 
at the national scale, ACTyn is the mean actual maize yield 
at the national scale.

3.3  Exposure index

The exposure index describes the extent and nature of the 
stimulus reflected in the magnitude, intensity and dura-
tion of the drought [29, 30, 53, 89]. To fit this index, precipi-
tation data for the period 1998–2017 were used to reflect 
the extent to which the crops were exposed to droughts. 
It is important to note that, for each crop only the grow-
ing season precipitation data were used to fit the model. 
Spatial variations in the growing season for the six crops 
exists in Uganda. The national scale analysis was based 
on the following crop calendars studies [28, 40, 85] while 
the regional scale analysis was based on a crop calendar 
obtained in the summer of 2018 through field work in 
parts of south west Uganda such as the Batwa pygmies’ 
zone (Fig. 2).

To fit the model for the national scale analysis, the 
mean short- and long-term growing season precipitation 
time series data from 1998 to 2017 were obtained from 
the Climate Change Knowledge Portal of the World Bank 

(2)EXPyrn = ax + b

(3)SExr =
EXPyr

ACTyr

(4)SExn =
EXPyn

ACTyn

Group [104]. These data were validated by averaging over 
the crop growing months for each 5′ × 5′ grid for Uganda 
from the Global Crop Calendar Dataset [85]. At the regional 
scale the mean short and long term growing season pre-
cipitation from 1998 to 2017 were also culled from the Cli-
mate Change Knowledge Portal of the World Bank Group 
[104]. At both the nation and the regional scale, the mean 
growing season precipitation and annual growing season 
precipitation data were regressed against crop yield data 
for the period 1998–2017. The exposure index was now fit-
ted by dividing the mean long-term crop growing season 
precipitation by the mean precipitation for each year dur-
ing the crop growing season (Eqs. 5, 6). This is same as the 
procedures used in other studies [5, 35, 36, 92]. In fitting 
the exposure index models, only precipitation data were 
used because precipitation is the most vital agro-climatic 
variable in Uganda [93].

where EXxir is the crop yield exposure index at the regional 
scale, �LTcgsppt(1998to2017) is the mean long term crop grow-
ing season precipitation from 1998 to 2017 for the regional 
scale analysis, �STYcgsppt(1998 to 2017) is the mean precipita-
tion for each year’s crop growing season from 1998 to 2017 
at a regional scale.

where EXci_ns is the crop yield exposure index at a national 
scale, �LTcgsppt(1998 to 2017) is the mean long term crop grow-
ing season precipitation from 1998 to 2017 at a national 
scale, �STYcgsppt(1998 to 2017) is the mean precipitation for 
each year’s crop growing season from 1998 to 2017 at a 
national scale.

3.4  Adaptive capacity index

This is the ability of a production system to adjust/adapt 
or cope with multiple stressors and shocks including cli-
mate change, climate variability and extreme events [29, 
30, 53]. The magnitude of the effects a drought has on 
crop yields is often determined by the adaptive capac-
ity of the system to manage the drought reflected in 
proxies such as literacy and poverty rates. For example, 
Simelton et al. [92] observed that small droughts might 
have relatively large effects on crop yields in the face 
of inadequate adaptive capacity and vice versa because 
low adaptive capacity increases vulnerability. Socio-eco-
nomic variables have been suggested for use as proxies 
for adaptive capacity in indicator-based approaches for 

(5)EXxir =
�LTcgsppt(1998 to 2017)

�STYcgsppt(1998 to 2017)

(6)EXxi_ns =
�LTcgsppt(1998 to 2017)

�STYcgsppt(1998 to 2017)
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vulnerability assessment; some of these include: level 
of education and poverty, availability of safety nets, and 
transportation system [3, 6, 7, 15, 28, 47, 67, 95].

To assess the adaptive capacity of the crops used in 
this study, we adopted two socio-economic proxies of 
adaptive capacity: poverty (%) (Material asset) and lit-
eracy rates (%) (Human asset). Poverty rate in the con-
text of this study refers to material than financial assets 
because; “…income poverty measures provide important 
but incomplete guidance to redress multidimensional 
poverty” [4]. Income shows higher rates of poverty 
than there really is and not all households can translate 
income into health or educational expenses [4]. The pov-
erty rate data for the national and regional level models 
were culled based on indicators such as: size of house-
hold, type of floor, source of water, type of toilet, pres-
ence or absence of electricity Daniels [15]. The poverty 
rate and literacy rate data were collected from [15] and 
UBOS [98–101] in which literacy and poverty related data 

are presented for different cropping systems, regions, 
districts, gender, ethnicities and ages, inter alia.

These two proxies of adaptive capacity were selected 
as the main socio-economic proxies because of limited 
data on the other potential proxies such as route network, 
safety nets, natural resources and because these two prox-
ies adequately capture and impact all other proxies. For 
example, poverty reduction can lead to improvements in 
the literacy rates (human assets) and the spillover effects 
of this could be reflected in improved social connections, 
networks and safety nets (social assets), improved trans-
port and route networks (physical assets), improved own-
ership of property (material assets), and improved dispos-
able income (financial assets). The Government of Uganda 
is said to use growth in the agriculture sector to drive 
economic growth [49]. Poverty reduction among farming 
households will drive growth in other sectors in Uganda 
[15] and UBOS [98–101]. Also, ~ 87% of Ugandans live in 
rural areas and about 30% of all rural people (10 million 

Fig. 2  Regional crop calendar for all six crops
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men, women and children) are still below the national pov-
erty line. Reducing poverty through agriculture is the main 
avenue to developing other sectors [49]. For the adaptive 
capacity index (see Eq. 7).

where ADTCxrnis the crop yield adaptive capacity index , 
Prtrn is the poverty rate (%), Lrtrn is the literacy rate (%).

4  Results

4.1  Vulnerability, sensitivity, exposure 
and adaptive capacity at the regional scale 
in Southwest Uganda

At the regional scale in Uganda, millet stands out as the most 
vulnerable crop with a vulnerability index of 1.08 (108%) 
(Fig. 3). The second most vulnerable crop in the series is 
maize with a vulnerability index of 0.90 (90%) while ground-
nuts have a vulnerability index of 0.70(70%) (Fig. 3). Millet 
with the highest vulnerability index also records a relatively 
high sensitivity index of 1(100%) (Fig. 3) and the highest level 
of exposure reflected in an exposure index of 1.57 (157%) 
(Fig. 3). Maize with the second highest vulnerability has a 
sensitivity index of 1 (100%) (Fig. 3) and a corresponding 
exposure index of 1.39 (139%) (Fig. 3). Finally, groundnuts, 
the third most vulnerable crop has a sensitivity index of 0.99 
(99%) (Fig. 3) and an exposure index of 1.21 (121%) (Fig. 3). 
As concerns adaptive capacity, millet with the highest vul-
nerability index has the lowest adaptive capacity index of 
1.49(149%) (Fig. 3) while maize and groundnuts have slightly 

(7)ADTCxrn =

(

102 − Prtrn

102

)

+

(

Lrtrn

102

)

higher adaptive capacity indices of 1.49 (149%) and 1.50 
(150%) respectively (Fig. 3).

At a regional scale, the least vulnerable crops in order of 
magnitude of vulnerability indices are sweet potatoes with 
a vulnerability index of 0.16 (16%), cassava with a vulner-
ability index of 0.17 (17%) and beans with a vulnerability 
index of 0.59 (59%) (Fig. 3). Sweet potatoes with the lowest 
vulnerability index also records the lowest sensitivity and 
exposure indices of 0.95 (95%) and 0.74 (74%) (Fig. 3) respec-
tively and the highest adaptive capacity index in the series of 
1.53 (153%) (Fig. 3d). As the vulnerability indices rises, so also 
does the corresponding sensitivity, for example, in the case 
of cassava and beans (Fig. 3) and exposure (Fig. 3) indices. 
The adaptive capacity index of cassava is the same as that 
for sweet potatoes 1.53 (153%) while that for beans is 1.51 
(151%) (Fig. 3). It can be said that at the regional scale in 
southwest Uganda, crops with the highest level of vulner-
ability equally have relatively higher sensitivity and exposure 
to climate change and variability and low adaptive capacity 
(Fig. 3). On the other hand, crops with lower vulnerability 
equally have relatively lower sensitivity and exposure and 
higher adaptive capacity (Fig. 3).

4.2  Scatter plots of vulnerability, sensitivity, 
exposure and adaptive capacity at the regional 
scale in South West Uganda

Apart from an observed inverse relationship between adap-
tive capacity and vulnerability (Fig. S4), adaptive capacity 
and exposure (Fig. S4) and adaptive capacity and sensitiv-
ity (Fig. S4) in which as adaptive capacity rises, vulnerability, 
exposure and sensitivity decrease, the rest of the scatter 
plots show a direct relationship between the concerned 
variables. When exposure increases, vulnerability increases 
(Fig. S4), when sensitivity increases, vulnerability also 
increases (Fig. S4) and when sensitivity increases, exposure 
also increases (Fig. S4). These results are realistic in the sense 
that it makes sense to argue that when the adaptive capac-
ity is high there is a tendency for the crops in question to 
show more resilience and lower vulnerability, sensitivity and 
exposure. For all these scatter plots, the least coefficient of 
determination  (R2) is 0.52 or 52% in the case of the scatter 
plot of sensitivity against vulnerability (Fig.S4); the rest of the 
scatter plots have a reliability of above 0.90 or 90%, an indi-
cation that most of these models are reliable as they aptly 
explain the relationship between the variables concerned.

4.3  Vulnerability, sensitivity, exposure 
and adaptive capacity at the national scale 
in Uganda

At the national level in Uganda, the main difference from 
the southwestern scale is that cassava stands out as the 
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Fig. 3  Regional comparative representation of vulnerability, adap-
tive capacity, exposure and sensitivity indices of crop yields to 
droughts in Southwestern Uganda for the period 1998–2017
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most vulnerable crop with a vulnerability index of 0.61 
(61%) (Fig. 4) followed by beans with a vulnerability index 
of 0.55 (55%) and groundnuts with a vulnerability index 
of 0.52 (52%) (Fig. 4). Cassava with the highest vulnerabil-
ity index also records a relatively high sensitivity index of 
1(100%) (Fig. 4) and the highest level of exposure reflected 
in an exposure index of 1.0 (110%) (Fig. 4). Beans, the sec-
ond most vulnerability crop has the same sensitivity as 
cassava of 1.0 (100%) (Fig. 4) and an exposure index of 1.12 
(%112) (Fig. 4). Finally, groundnuts have a sensitivity index 
of 0.99 (99%) (Fig. 4) and exposure index of 1.21 (121%) 
(Fig. 4). In the context of adaptive capacity, cassava with 
the highest vulnerability index has a low adaptive capacity 
index of 1.45 (145%) (Fig. 4) while beans and groundnuts 
record a relatively higher adaptive capacity index of 1.46 
(146%) (Fig. 4).

In terms of least vulnerable crops, the national scale 
results differ from the southwestern results in that maize 
has the least vulnerability with an index of 0.33 (33%), 
millet with a vulnerability index of 0.38 (38%) and sweet 
potatoes with a vulnerability index of 0.42 (42%) (Fig. 4). 
Maize with the lowest vulnerability index also records a 
sensitivity index of 1.0 (100%) and an exposure index of 
0.82 (82%) (Fig. 4) and the highest adaptive capacity index 
in the series of 1.49 (149%) (Fig. 4). As the vulnerability 
indices increase in the case of millet (0.38) and sweet 
potatoes (0.42), so also does the corresponding sensitivity 
(Fig. 4) and exposure (Fig. 4) indices. The adaptive capacity 
index of maize 1.49 (149%) is higher than that for millet 
1.47 (147%) and sweet potatoes 1.46 (146%) respectively 
(Fig. 4). It can be said that at the national scale in Uganda, 
crops with the highest level of vulnerability equally have 
relatively higher sensitivity and exposure to climate 
change and variability and low adaptive capacity (Fig. 4). 
On the other hand, crops with lower vulnerability equally 
have relatively lower sensitivity and exposure and higher 
adaptive capacity (Fig. 4).

4.4  Scatter plots of vulnerability, sensitivity, 
exposure and adaptive capacity at the national 
scale in Uganda

Apart from an observed inverse relationship between 
adaptive capacity and vulnerability (Fig. S6), adaptive 
capacity and exposure (Fig. S6) and adaptive capacity and 
sensitivity (Fig.S6) in which as adaptive capacity increases 
vulnerability, exposure and sensitivity decrease, the rest 
of the scatter plots show a direct relationship between 
the concerned variables. When exposure increases, vul-
nerability increases (Fig. S6), when sensitivity increases, 
vulnerability also increases (Fig. S6) and when sensitivity 
increases, exposure also increases (Fig. S6). These results 
are realistic in the sense that it is right to argue that when 
the adaptive capacity is high there is a tendency for the 
crops to show more resilience and lower vulnerability, 
sensitivity and exposure. For all these scatter plots, a 
coefficient of determination  (R2) of more than 50 percent 
(except for those on Fig S6c, d, & f ) is recorded meaning 
most of these models (except for the relationship between 
sensitivity and vulnerability and sensitivity and exposure) 
are reliable as they aptly explain the relationship between 
the variables concerned.

5  Discussion

This paper has shown that there is an inverse relationship 
between adaptive capacity on the one hand and vulner-
ability, exposure and sensitivity at both the national and 
regional scales in Uganda. The varying nature of the adap-
tive capacity index is anchored in variations in proxies of 
adaptive capacity such as poverty and literacy rates. For 
example, high poverty rates often coincide with low lit-
eracy rates. Low income farmers often have limited access 
modern farming equipment and planting materials, an 
issue that reduces their ability to adapt their cropping 
systems.

In Uganda, adaptive capacity is confounded by trends 
of declining precipitation across Uganda. Farmers that 
are unable to adapt have their crops exposed to the rav-
ages of declining precipitation. It has been observed that 
climate change has effects on food security and declin-
ing precipitation and rising temperatures are among the 
most important climate change variables that champion 
this change [13, 36, 37, 42, 92, 97]. This finding is important 
because it alerts stakeholders on the possible outcomes 
of an already bad situation. Also, there is evidence aligned 
with the view that areas of high poverty and low literacy 
rates often have low adaptive capacity as they are poorly 
equipped to adapt and respond to climate change, climate 
variability or extreme events [20, 21, 82].
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Socio-economic disparities between regions, commu-
nities and even countries can trigger differences in the 
ability to respond to changes in climate. In the context 
of Uganda, it has been argued that in 2010, the poverty 
rate in the north was 46.2% and higher than the 21.8% 
recorded in the south [15] thus rendering farmers in the 
north less vulnerable when compared to those in the 
south. Poverty reduces access to resources as poor com-
munities have restricted assess to inputs such as fertilizers, 
high yielding drought resistant crop species, and irrigation 
infrastructure [7]. In 2006, it was reported that the literacy 
rates in the south of Uganda were between 63 and 75% 
while in the north they ranged between 60% and 63% 
[98–101]. Such disparities in literacy rates render it diffi-
cult for farmers in areas with low literacy rates to be able 
to respond adequately to droughts either because of lack 
of basic education, indigenous knowledge or exposure to 
training. For example, IFAD [49] argues that small-holder 
peasant farmers in northern Uganda lack: vehicles and 
roads to transport their produce, technological inputs to 
increase production and reduce pests, have limited access 
to financial services that can boost their incomes and 
expand production. These findings are consistent to those 
from other studies [6–8, 16, 39, 71, 88]. In South Africa for 
example, vulnerability to droughts has been linked to the 
degree of socio-economic development; assets, whether 
financial, human, natural, physical and social do greatly 
affect the ability of communities to cope with climate 
change related problems [6–8, 16, 39, 71, 88].

Socially, it has been argued that in the face of droughts, 
well connected households rely on their friends and fami-
lies for sustenance [81]. In countries with strong social 
safety nets, during hazards, shelter, food, clothing and 
even finances are placed at the disposal of the people. 
Financial assets such as savings, pensions and credit facili-
ties increase a community’s ability to absorb the shocks 
related to droughts [87]. Financial assets are limited by 
the fact that they tend to show higher rates of poverty 
than there really is. It is also difficult to translate income 
into health or educational expenses [4]. Farm to market 
roads/physical assets may predict how fast a commu-
nity responds to climate change, climate variability and 
extreme events as seen in the degree of rapidity with 
which relief or external support gets to the affected com-
munities [1, 3, 22, 47]. The literacy level thus however 
affects this response as well and could include for example 
education, indigenous knowledge and exposure to train-
ing (human asset) which can hamper the ability of farm-
ers to comprehend climate change related information 
[83]. Being that there are several possible determinants 
of adaptive capacity, it is important to note that poverty 
and literacy rates are used as proxies of adaptive capacity. 
However, these two variables are highly representative 

proxies of adaptive capacity because the government of 
Uganda has argued that it depends on poverty reduction 
in the agricultural sector and training of farmers to reduce 
poverty in Uganda [49].

The results from this study show some disparities from 
the national to the regional. For example, at the regional 
scale the most vulnerable crops are millet, maize and 
groundnuts while at the national scale the most vulner-
able crops are cassava, beans and groundnuts. These 
differences can be explained by variations in scale from 
national to regional which can trigger differences in the 
response and adaptive capacity of crops to droughts. In 
other words, different crops respond differently, and this 
is due to internal variations in the scale of the data used in 
fitting the models for the different crops. Also, the inter-
nal variations of the different crops might have been trig-
gered by variations in the growing seasons for the same 
crops at different scales of analysis, the reason why the 
same crops might have different levels of vulnerability at 
different scales of analysis. Sweet potatoes recorded the 
least vulnerability in the southwest of the country and 
this can be attributed to the increasing importance of the 
crop across Uganda. In fact, Uganda is the largest producer 
of sweet potatoes in Africa and third on the world chart 
after China and India. The crop generally grows all-over 
the country but most importantly in areas with fertile soils. 
The presence of fertile volcanic soils in western Uganda 
around Lake Edward with average productivity in the 
greater south can also explain the surge in the cultivation 
and resilience of sweet potatoes in that region. Fertile clay 
soils are also found in the southwest of the Nebbi district 
and around Jinja [57]. Also, the fact that Uganda is the 
largest producer of sweet potatoes in Africa shows that 
the crop has been valorized as it plays a major role in the 
diet and economy of the country. The use of high yielding 
varieties and drought tolerant species of the crop has gone 
a long way to complement the enhanced adaptive capaci-
ties recorded in the area.

At the national scale, maize is the least vulnerable crop. 
The increase valorization of the maize in Uganda can be 
because of several factors among which are: it is among 
the most widely cultivated crops in the world, it is afford-
able and most widely grown in most of Africa and Uganda 
[9, 23, 62], it constitutes a major part of the diet of the 
people of Uganda as it is consumed as staple fermented 
dough, roasted, used as corn porridge or converted into 
‘corn beer’, maize is produced primarily (~ 90%) by small-
scale peasant farmers [10, 22, 70, 73, 80], and Ugandan 
maize is also grown across the country in differing agro-cli-
matic zones, requiring medium (500 mm/growing season 
month) to high (800 mm/growing season month) precipi-
tation [70, 73]. So, it can be said that the crop has a high 
range of tolerance surviving under conditions of minimum 
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precipitation, thus the reason for the crop recording the 
lowest vulnerabilities at a national scale.

These findings have implications for agricultural plan-
ning as these vulnerability indices can be used to inform 
future planning in the context of improving the resil-
ience of the more vulnerable crops by either introducing 
drought tolerant species or adjusting planting dates to 
avoid exposing the crops to too much stress. This paper 
is limited by the fact that the adaptive capacity index is 
based on the use of proxies such as literacy and poverty 
rates; these were however rationalised by the absence of 
more direct data to represent adaptive capacity. Also, the 
data range for this paper ends in 2017. Missing out on 
2018 and 2019 trends which would deprive the results of 
more recent data.

6  Conclusion

This study has shown that at a regional scale, the most 
vulnerable crops are millet, maize and groundnuts while 
at the national scale the most vulnerable crops are cassava, 
beans and groundnuts. It is therefore recommended that 
more research be carried out on these more vulnerable 
crops to further identify options for creating resilience and 
producing high yielding drought resistant varieties. It is 
also important that finer scale studies at the grassroot level 
be carried out to verify how these crops operate at such 
scales, this might include experimental farms that simulate 
droughts at the catchment area scale. This is important 
because more specific small-scale studies may be able to 
track the local realities in the field that many regional and 
national scale studies like the current are unable to reflect. 
Furthermore, it will be important to use models that han-
dle several environmental and human variables to verify 
the relative contributions of climatic and non-climatic driv-
ers of specific crop yields at varying scales in Uganda.
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