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ABSTRACT 

Climate change is a big problem in Sub-Saharan Africa because it brings about 

prolonged droughts and heavy rainfall that destroys crops. Further, heavy 

rainfall amounts throughout the entire region have caused flooding and 

landslides, thus leaving many houses destroyed and people and animals dead. 

However, the past, current, and future trends of climate change and its impact 

in Uganda remain unachieved. In this paper, we: 1) analyse the past, current, 

and future climate change in Uganda; 2) determine the relationship between 

climate variables; and 3) review the impact of climate change in Uganda. Our 

study employed the use of secondary data from authentic sources such as the 

National Aeronautics and Space Administration, journal articles, and books. 

We used Inverse Distance Weighing interpolation to show the trend of climate 

change in Uganda. We employed the PCA to show the variation between 

climate variables in different regions in Uganda. Our data shows that the mean 

± SD of temperature (25.24±3.85), rainfall (1252.5±476.9), relative humidity 

(63.45±7.11), and solar (19.831±1.46) from 1982 to 2019. One Way ANOVA 

showed a significant difference between temperature (p = 0.003), relative 

humidity (p = 0.00), and solar radiation (p = 0.00), while rainfall did not vary 

between regions (p = 0.239). Our study evidences that the current climate 

change impacts in Uganda include prolonged drought, which causes water 

stress and increases crop loss, floods, landslides, invasion of locusts, rises in 

lake water levels, and floating islands on Lake Victoria.  
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INTRODUCTION  

Climate change is a big problem in Sub-Saharan 

Africa (Desanker, 2002; International Monetary 

Fund, Africa Dept., 2020). Mainly, climate change 

causes rising sea-level changes, high rainfall 

intensities, and high temperatures (World 

Meteorological Organization (WMO), 2021). 

According to a study by Masters and Norgrove 

(2010), Africa was predicted to experience 

increased water stress and several countries 

experienced a 50% decrease in agricultural 

productivity. 

Human activities and natural hazards are seen as 

major causes of climate change at a global level 

(UNFCCC, 2011). Humans have been noticed as 

major influencers of climate change globally 

through deforestation, burning of fossil fuels, and 

livestock rearing, which add enormous greenhouse 

gases into the air, increasing the greenhouse effect 

and hence causing global warming that affects crop 

productivity (European-Union, 2020). 

In addition, climate change has increased the level 

of drought, which has a great effect on lowering 

animal growth and productivity (IPCC, 2019). For 

instance, food insecurities and reduced food 

production in the Sub-Saharan African region are 

attributed to climate change effects (Misselhorn, 

2005; Ruwoldt, 2013). 

Since Uganda is dependent on agriculture and rain-

fed crop growing, the low levels of rainfall and high 

temperatures have resulted in low crop productivity 

(Raworth & Oxfam, 2008). Moreover, low crop 

productivity in Uganda is attributed to prolonged 

drought (Mworozi et al., 2012; McGuire et al., 

2015). This is because prolonged drought leads to 

increased water stress and crop failure (Elhadi et al., 

2015; Sabiiti et al., 2018). 

Based on the sedimentary and archaeological 

records of the past 6000 years, it was noted that the 

climatic variability has affected the livelihoods of 

approximately millions of people in the East 

African area (Marchant, 2021). In Uganda, it was 

shown that between 1960 and 2002, the mean 

annual temperature increased in the southeast 

(~0.02 °C/year) and the northwest (~0.03 °C/year), 

which was between March and May. For instance, 

the average hot and cool days increased by 74 (24%) 

and 136 (37%) respectively between 1990 and 2009 

(UNDP, 2012). In addition, the temperature rose by 

22.3 degrees (CCKP, 2015). 

According to (CCKP, 2015), the average annual 

precipitation was 1160 mm with a 150 mm peak in 

April. The country also has a short-wet season 

between October to December and a long-wet 

season ranging from March to May, with an average 

of 3.4 mm and a 6 mm decrease in precipitation 

(UNDP, 2012). However, the data on drought is 

scanty, with the drier periods experienced in La 

Nina years (UNDP, 2012). Prolonged drought was 

evidenced in the southwestern region of Uganda, 

especially in the Isingiro district (Kushaba, 2016; 

NBS, 2016; Newvision, 2017; Twongyirwe et al., 

2019). The areas that faced prolonged drought 

include Mbale, Kashumba, and Rugaaga sub-

counties in Bukanga County. Evidence from the 

research also shows that agricultural diversification 

and production are interfered with by the prolonged 
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drought experienced in the Isingiro district (Desai, 

2010). 

Furthermore, Uganda is located in a tropical region 

in Africa, which means it experiences weather and 

climate anomalies. This includes erratic rainfall that 

triggers landslides, especially in the Eastern Region 

of Uganda, such as the mountainous Elgon Region 

area, which has left many dead (Masiga, 2012). 

More recent, extreme climate anomalies that have 

been noted in Uganda include floods and melting of 

ice on top of Mount Rwenzori in Kasese district, 

moving islands in Lake Victoria, landslides in 

Eastern Uganda, and prolonged drought in north-

eastern Uganda, especially in the Karamoja region 

(World-Bank, 2019). The floating islands on Lake 

Victoria led to the interference of national power 

due to the failure of the turbines to work properly 

(BBC, 2020). 

The current extreme weather events, for example, 

prolonged drought in 24 districts in the regions of 

Karamoja, Teso, Acholi, Lango, and Busigu, have 

led to the invasion of desert locusts, which have 

caused great harm to vegetation as well as destroyed 

food crops like maize, hence causing food insecurity 

(FAO, 2021). More so, the rising water levels on 

Lake Kyoga led to flooding in the Amolatar district 

in northern Uganda, which left numerous people 

homeless, along with crops, and roads (NTV, 2021). 

Efforts have been made to determine the impact of 

climate change (Babel & Turyatunga, 2015; Lwasa, 

2018). However, there are limited studies reviewing 

the past, current, and future climate change impacts 

as well as presenting the trend of climatic 

information using the Geographic Information 

System. Even where efforts have been made, the 

information is scanty and too generalized. More so, 

the maps that have been developed are not realistic. 

Adequate arrangement and decision-making in the 

management of climatic disasters through the help 

of early warning systems needs proper and well-

detailed information to come up with a standard 

early warning system that can yield real-time data 

(Twongyirwe et al., 2019). 

This study aims to provide detailed review 

information on climate change in Uganda and aims 

to answer the subsequent queries: 1) What has been, 

is being, and will be the past, current, and projected 

climate change in Uganda (temperature, rainfall, 

humidity, relative humidity, and solar)?2) What is 

the relationship between climate variables? 3) What 

is the impact of climate change on Uganda? 

MATERIALS AND METHODS  

Study Area 

Uganda is located in Eastern Africa. The country is 

landlocked, surrounded by South Sudan to the 

north, Kenya to the east, the Democratic Republic 

of Congo to the west, Rwanda to the south-east, and 

Tanzania to the south (see Figure 1). The majority 

of Uganda is located on a plateau with a gentle 

sloping area of about 1,500 m a.s.l. in the south and 

3000 m a.s.l. in the north. The dominant soil types 

in the country are ferrisols, which are productive, 

followed by ferruginous that are scattered 

throughout the whole country. Uganda is dependent 

on agriculture as a major source of income as well 

as being classified as the backbone of the country 

(CEPA, 2019). The vegetation in Uganda is mostly 

tropical, with tropical shrubs, trees, and savannah 

grass. The climate in Uganda is dominated by wet 

and dry seasons. Rainfall ranges from 500 m to 2000 

m from March to May and October to November, 

with temperatures ranging from 20 °C to 25 °C from 

November to March (Kiwanuka et al., 2021). 
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Figure 1: Map of the study area showing the location of Uganda 

 

Our study employed the use of secondary data from 

different authentic sources like websites and 

published journal articles and books. Data on 

climate such as rainfall, temperature, relative 

humidity, and solar radiation was obtained from the 

NASA website (https://www.nasa.gov/) and the 

World Bank Climate Change Knowledge Portal 

(https://climateknowledgeportal.worldbank.org/). 

The other literature on the current impact of climate 

change was also obtained from the media stories, 

most especially those concerning challenges caused 

by climate change (NBS, 2016; NTV, 2021). 

The data on climate (rainfall, temperature, relative 

humidity, and solar) was interpolated using IDW in 

ArcGIS Software version 10.5 (Figures 2 and 3). 

Interpolation using the Inverse Distance-Weighted 

(IDW) has been widely used to model climate data 

and has yielded very good results (Chen & Liu, 

2012; Yang et al., 2020). It is, therefore, very 

reliable in modelling climate data. The Inverse 

Distance-Weighted involves estimating unknown 

values using a set of known control points 

(Baddeley et al., 2015; Maleika, 2020). The choice 

of the study area was grounded on our expert 

knowledge and information about the study area. 

Data Analysis  

We used three data analysis methods. Each research 

query had a data analysis method. For the first 

research question, we used descriptive statistics 

(Mean ± SD) of the climate variables (rainfall, 

temperature, relative humidity, and solar), as well as 

an interpolation method, to show the trend and 

projection of climate change as from 1981 to 2019. 

Arc GIS version 10.7 was employed to map the 

spatial and temporal trends of the climatic variables 

in the study area. 

The Principal Component Analysis was used on the 

second objective to determine the relationship 

between different variables such as rainfall, 

temperature, relative humidity, and solar radiation 

within the regions of Uganda (Figure 2). 

Furthermore, One-Way Anova was also employed 

to determine the difference between different 

groups. All the statistical analysis was carried out at 
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a 95% confidence interval and a 5% level of 

significance using Minitab version 19.0. 

The third objective used secondary data sources 

such as journal articles, reports, media websites, and 

climate websites to get information concerning 

climate change impacts in Uganda (Figure 3). 

RESULTS AND DISCUSSIONS 

Trend of Weather and Climatic Variables in Uganda 

 

Table 1: Mean of weather and climatic variables (Mean ± SD) from 1981 to 2019 

Variable Mean ± SD Minimum  Maximum 

Temperature (0C) 25.24±3.85 18.74 27.85 

Rainfall (mm) 1252.5±476.9 282.01 3794.06 

Relative humidity 63.448±7.11 50.18 76.21 

Solar 19.831±1.46 16.13 23.89 

The results in Table 1 show that between the years 

1981 to 2019 in Uganda, the most recorded weather 

and climatic variables were temperature 

(25.24±3.85), rainfall (1252.05±476.09), relative 

humidity (63.45±7.12) and solar (19.831±1.46). 

The statistics on minimum and maximum 

temperatures (18.74 and 27.85), rainfall (282.01, 

3794.06), relative humidity (50.18, 76.21) and solar 

(16.13, 23.89) respectively were recorded for the 

period from (1981 to 2019). 

Figure 2: Climate projections for Uganda from 1981 to 2019 

 
 

Figure 2 shows the climate projections for Uganda 

from 1981 to 2019 very high in the northern region, 

moderate in the northern central and 

eastern regions, and very low in the south-western 

region and central region. Solar is very high in the 

north-eastern and south-eastern regions, moderate 

in the central and north western regions with green 

colour, and very low in the western, central, and 

small parts of north-western Uganda. The relative 

humidity in Uganda is very high in the western, 
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central, and eastern regions; very low in some parts 

of the north-western and northern Uganda; rainfall 

is very high in the central region; moderate in the 

northern parts of Uganda; and very low in north-

eastern Uganda.

 

Figure 3: Uganda's projected climate (rainfall and temperature) from 2020 to 2100 

 

Figure 3 shows Uganda's projected climate (rainfall 

and temperature) from 2020 to 2100. Rainfall was 

projected to be high and moderate in the central, 

western, north-western, and some parts of the 

eastern region, and very low in some spots in south-

western Uganda, western Uganda, and some small 

areas in northern and north-eastern Uganda. The 

reason for making only rainfall and temperature 

data is that we lacked data on solar and relative 

humidity. The mean ± SD rainfall (1406.8 ± 202.07) 

and temperature (18.79 ± 9.62) were also 

determined for the period between 2020 and 2100, 

respectively. The minimum and maximum 

projected temperatures and rainfall are as follows: 

maximum temperature (2.7±23.96). 
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Relationship between Climatic Variables 

Figure 4: Principal Component Analysis of the climate variables for Central, Eastern, Northern and 

Western regions in Uganda 

 

The One-Way Anova was also used to determine 

whether there was a significant difference between 

the climate variables. Our data showed that there 

was variation in temperature (p = 0.003), relative 

humidity (p = 0.00) and solar (0.00) in the regions 

of Uganda, while rainfall did not vary in all regions 

(0.239). 

5.3 Impact of Climate Change in Uganda  

 

Figure 5: Climate Change's Impact in Uganda) landslide in Bududa, eastern Uganda 
(a) 

 

(b) 

 
Source: 

https://www.watchdoguganda.com/news/20200210/87193/l
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Source: 

https://blogs.agu.org/landslideblog/2018/10/12/bu

duda-1/ 

ocust-invasion-locals-in-karamoja-stone-locusts-in-a-bid-to-

scare-them-off.html 

(c) 

 
Source: Office of the Prime Minister, May 10, 2020 

(d) 

 
Source: NTV Uganda, Oct 31, 2016 

(d) 

 
Source: Uganda Radio Network 

Figure 5 shows Climate Change's Impact in 

Uganda) landslide in Bududa, eastern Uganda, 

which left homesteads stranded; b) locust invasion 

in north-eastern Uganda (Karamoja), which 

destroyed many crops; c) flooding in River 

Nyamwambwa, which destroyed the Kasese-

Kirembe road; d) drought in Isingiro district, which 

caused food scarcity and thus the death of people; 

and e) floating island on Lake Victoria, which 

hinders electricity power generation. 

 

DISCUSSION 

Trend of Weather and Climatic Variables in 

Uganda 

There has been a trend in weather and climate 

variables like temperature, solar radiation, relative 

humidity, and rainfall. Evidence from this study, 

however, shows that the weather and climate 

variables keep on changing as time goes on 

changing. According to Mangheni et al. (2012), 

Uganda as a country has experienced several 
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changes in climate and weather events in the last 30 

years, like an increase in temperature, frequent 

floods, and severe winds, especially in the eastern 

region. A study by Nimusiima et al., (2013), also 

explains that between 1961 and 2010, it was 

observed that there was a gradual increase in 

temperature in Uganda. The causes of climate 

change are attributed to deforestation, bush burning, 

continuous agricultural activities, overgrazing, 

wetland degradation, and industrial pollution 

(Nimusiima et al., 2013; Nagasha et al., 2019; 

Twinomuhangi et al., 2021). The recent changes in 

rainfall patterns around Lake Kyoga have caused a 

rise in lake water levels (Obubu et al., 2021). This 

also demonstrates that Uganda has experienced 

weather and climate change. 

Relationship between Climatic Variables 

The Principal Component Analysis of the climate 

variables (temperature, relative humidity, and solar 

radiation) for the Central, Eastern, Northern, and 

Western regions varied significantly, hence having 

different characteristics. The differences in 

temperature, relative humidity, and solar radiation 

in all the regions could be due to differences in the 

agro-ecological zones of Uganda. 

Further, the variations in climate variables in 

regions of Uganda could also be due to the existence 

of tropical high forests. These include Kalinzu 

central forest reserve, Budongo central forest 

reserve, Bugoma central forest reserve, Bwindi 

Impenetrable National Park and Katsyoha-Kitomi 

central forest reserve, which play a lot in 

moderating the climate, thus bringing more 

variations. 

The tropical rain forests are dominated by tropical 

climates with two rainfall patterns (Wangalwa et al., 

2021), thus causing the variation in the climatic 

conditions between the regions of Uganda. One-

Way Anova also determined whether there was a 

significant difference between the climate variables. 

Our data showed that temperature (p = 0.003), 

relative humidity (p = 0.00) and solar (0.00) varied 

greatly in the regions of Uganda while rainfall did 

not vary in all regions (0.239), meaning that the 

rainfall is at least uniformly distributed throughout 

the entire country, though little rainfall was noticed 

in the north-eastern region of Uganda, especially in 

the Karamoja area. 

In addition, Uganda is located along the equator and 

areas around the equator receive two rainfall 

seasons throughout the year, hence making rainfall 

uniformly distributed throughout the country 

(USAID, 2013). 

Impact of Climate Change in Uganda  

Climate change in Uganda has led to the death of 

human and animal life and the destruction of crops 

due to drought and landslides in Isingiro and Mbale 

districts. The destruction of toilets has been noted 

due to the flooding of rivers and lakes such as the 

Nyamwamba, Lake Kyoga, and Lake Victoria, as 

well as the destruction of crops due to the invasion 

of desert locusts in northern Uganda. It has been 

noted that the failure in crop productivity and yield 

in Uganda is attributed to prolonged drought and 

little rainfall received (Zziwa et al., 2015; Mubiru et 

al., 2018). In addition, the prolonged drought 

experienced in south-western Uganda has caused 

destruction of crops and the death of animals, which 

has caused food insecurity and a reduction in 

people’s sources of livelihood (Twongyirwe et al., 

2019). Furthermore, projections in crop 

productivity have been shown to be higher in the 

wet season as compared to the dry season for the 

majority of crops, which are needed for food 

security in the entire country (Sridharan et al., 

2019). The impact of climate change is also felt, 

especially due to prolonged drought periods that 

cause water stress, hence leading to wilting of crops 

(Lobell & Gourdji, 2012; Teixeira et al., 2013). 

CONCLUSIONS  

This paper analyses the past, current, and future 

climate change and the relationship between climate 

variables and the impact of climate change in 

Uganda. Rainfall did not vary in regions of Uganda. 

Current climate change impacts noted in this study 

include prolonged drought, landslides, floods, 

locust invasion, and an increase in water volume on 

Lakes George, Albert, and Kyoga, as well as 

moving islands on Lake Victoria. 

This study also noted that the decline in crop 

productivity and yields is due to climate change, 

most especially the prolonged drought, the decrease 
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in rainfall amounts, and the shift in rainfall periods 

in the entire country. The study also noted that the 

temperature, relative humidity, and solar radiation 

varied in the regions of Uganda and rainfall did not 

vary. 

RECOMMENDATIONS  

We recommend the following for the better 

management of climate change impact in Uganda;  

We recommend that Uganda National 

Meteorological Authority should provide timely, 

annual and decadal climate change information in 

order to make people be aware of climate change 

hazards and catastrophes. 

We recommend that Uganda National 

Meteorological Authority should broadly study the 

interplay between climate and weather variables in 

order to better predict or forecast accurately which 

can help most especially people who deal in rainfed 

agriculture. 

We further recommend that Uganda should do more 

research and be able to discover other strategies and 

models to better deal with climate change impacts 

once it happens. 
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