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Background: Climate change and associated prolonged meteorological drought have affected crop productivity and food security for
decades across the world. Most developing counties including Uganda are majorly affected due to their limited social, economic and
technical capacity in climate change mitigation. Isingiro district for instance, is located in the Ugandan dry cattle corridor and has been
affected by prolonged meteorological drought resulting in limited crop productivity and food insecurity for the last four decades. The
extent to which meteorological drought has affected Isingiro district is not well documented hence the need for this study. The study
aimed at mapping meteorological drought-vulnerable extent for the selected six sub-counties of Isingiro District, South Western Uganda.
Methods: Precipitation datasets from 1982-2022 were downloaded from NASA powers website. SPI calculator, QGIS 3.4 and
ArcGIS10 software were used to calculate SPI values and map the extent of meteorological drought in the selected sub counties.
Result: Results show increasing average annual negative and extreme meteorological vulnerability following the order: Masha -
2.57 > Mbaare -2.40 > Kikagate -2.28 > Isingiro Town Council -2.26 = Rushasha -2.26 > Kashumba -2.05 indicating extremely high
vulnerability of the study sub counties to meteorological drought. Results are discussed, conclusions and recommendations are

provided in the manuscript.

Key words: Climate Change vulnerability, Climate-smart water conservation, Drought tolerant crops, Maize, Metrological drought,

Standard precipitation index.

INTRODUCTION

Climate change and variability affect food and income
security across the globe. This includes, inter alia,
meteorological drought, changes in weather patterns and
unpredictable rainfall. Uganda and especially Isingiro
district has been negatively affected by meteorological
drought for the last four decades. Being located in the dry
cattle corridor of Uganda, Isingiro district has suffered from
meteorological drought for decades (Epule et al., 2017) .
Meteorological drought is a type of drought that occurs when
an area experiences a prolonged period of abnormally low
rainfall, usually compared to the average rainfall amount
in that region (Blauhut, 2020). This type of drought is
focused solely on the meteorological aspects of drought,
such as precipitation and temperature (Mondol et al., 2017).
Some key aspects of meteorological drought include:

1. Reduced precipitation

Meteorological drought is characterized by a significant
decrease in precipitation over an extended period, often
several months or even years.

2. Duration

The duration of meteorological drought can vary greatly,
ranging from a few months to several years or even decades.

3. Severity

The severity of meteorological drought can also vary,
depending on the amount of precipitation deficit and the
impact on the surrounding environment.
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4. Impact on water resources

Meteorological drought can lead to reduced water
availability, affecting surface and groundwater sources
and impacting agriculture, industry and human
consumption.
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5.Regional variability

Meteorological drought can occur in any region and its
impacts can vary greatly depending on the local climate,
geography and water management practices. Some
common indices used to measure meteorological drought
include:

i. Standardized precipitation index (SPI) and ii. Palmer
Drought Severity Index (PDSI). This study used SPI and
selected sub counties from Isingiro district.

The standardized precipitation index (SPI) is a widely
used tool for characterizing meteorological drought on
various timescales and is among the most commonly used
across the globe (Prathima et al., 2023). It's a statistical
index that essentially describes how unusual a particular
precipitation amount is for a specific location and time of
year. The SPI transforms precipitation data into a
standardized scale, allowing for easy comparison of
drought conditions across different regions and climates.

Data collection

Precipitation data for a specific location and time period
are collected.

Probability distribution

The precipitation data are fitted to a probability distribution,
typically the gamma distribution.

Calculation of SPI

The SPI is calculated based on the probability of
precipitation for a given time period. It's essentially the
number of standard deviations by which the observed
precipitation value deviates from the long-term mean
precipitation value. A positive SPI value indicates wetter
than average conditions. A negative SPI value indicates
drier than average conditions. The magnitude of the SPI
value indicates the severity of the deviation from the long-
term average, with more negative or positive values
indicating more extreme conditions.

Timescale

SPI can be calculated for various timescales, such as 1
month, 3 months, 6 months, 12 months, etc., depending
on the specific application.

Scarcity of and too much rainfall affects crop productivity
and food security in many parts of the Isingiro District.
Previous researchers pointed out that prolonged
meteorological drought has been the major threat to food
and income insecurity among smallholder farmers in
Isingiro District (Twongyirwe et al., 2019). Meteorological
drought affects soil fertility, the social, economic and food
security of smallholder farmers in most developing
counties (Kachiguma et al., 2023). It negatively affects the
hydrology, soil water, relative humidity, temperature, soil
structure and species diversity (Benton and Newell, 2014;
Lu et al., 2017; Segurado et al., 2016; Woods et al., 2008).
Furthermore, meteorological prolonged drought affects
agricultural activities such as crop productivity, livestock,

fisheries and apiary hence peoples’ livelihoods in various
countries across the globe (Azadi et al., 2018) and affects
farmers livelihoods (Kakeeto et al., 2019). This is
exacerbated by smallholder farmers’ high poverty levels
and technical inability to mitigate the impacts of prolonged
meteorological drought in their regions.

Previous studies linked land degradation, drought and
desertification with poor socioeconomic development and
human welfare (Mariano et al., 2018). Landscapes affected
by drought are, in most cases, degraded and are not
suitable for supporting agricultural activities and healthy
livelihoods (Webb et al., 2017). Mapping meteorological
drought vulnerability landscapes is pertinent for policy
review and formulation thus supporting Uganda’s
sustainable developmental objectives. Previous
researchers also linked drought with climate change, water
resources management and food security in Isingiro
District (Nagasha et al., 2019; Twongyirwe et al., 2019;
Zziwa et al., 2015) but their studies did not focus on
meteorological drought that undermines crop production.
Moreover, Ugandan agricultural challenges are more policy-
related and climate is one other policy issue that needs
timely intervention (Lu et al., 2017; Rwamigisa, 2019).

The extent to which meteorological drought has
affected the six sub-counties (Masha, Mbare, Kikagate,
Isingiro Town Council, Rushasha and Kashumba) of
Isingiro district is not well documented hence the need for
this study. The study aimed at mapping the extent of
meteorological drought vulnerability for the study sub
counties of Isingiro District in the last 4 decades (1982 to
2022).

MATERIALS AND METHODS

The study used a qualitative study design involving key
informant interviews using interview guides (Creswell,
2009) and secondary datasets. Key Informant interviews
were conducted using 2 Senior District Officers, 2 natural
resource officers and 4 Sub-County agronomists to identify
the most maize-growing sub-counties which are also
drought-vulnerable in the district. The participants identified
six sub-counties (Table 1). To validate their submissions,
climate data were obtained from NASA POWERS website
(https://power.larc.nasa.gov/data/) accessed on 10" April
2024 at a spatial resolution of 0.05° (5.5 km x 5.5 km)
using the geographic coordinates for each sub-county. Data
was analyzed using SPI calculator based on the daily

Table 1: Geographic coordinates of study sub-counties of Isingiro District.

SC Latitude Longitude
Town council -0.134712 30.49500
Masha -0.66873, 30.76987
Rushasha -0.73373 31.0036
Kikagate -1.04251 30.66324
Kashumba -0.89508 30.93366
Mbare -0.95000 31.03333
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rainfall received in each sub-county for the last 40 years
(1982-2022). Secondary data for 2022 maize yields was
obtained from the district production office (Table 2). The
SPI variations for four decades were tabulated and
associated bar charts were drawn using Microsoft Excel
2021 thus establishing the extent of vulnerability to
meteorological drought for each study sub-counties. This
was supplemented by the application of ArcGIS 10, QGIS
3.4 and SPI calculator software for further data analysis.

Description for study area

The study was conducted in Isingiro District in the
southwestern part of Uganda located between coordinates
0.84°S (-0.134712°) and 30.80°E (30.49500°) (Fig 1). The
region is found in the dry cattle corridor for Uganda at an
elevation of 1455.72 meters (4775.98 feet) above sea level,
Isingiro has a Tropical wet and dry or savanna climate
(Classification: Aw). The district’'s yearly temperature is
22.01°C (71.62°F) and it is -1.46% lower than Uganda's
averages. lIsingiro typically receives about 357.72

Table 2: Drought classification based on SPI.

SPI values Classification
2.0 or more Extremely wet
1.5t0 1.99 Very wet

1.0 to 1.49 Moderately wet
-0.99 to 0.99 Near normal
-1.0 t0-1.49 Moderately dry
-1.5 t0-1.99 Severely dry
-2.0 or less Extremely dry

(Source: Tigkas et al., 2015).

millimeters (14.08 inches) of precipitation and has 282.18
rainy days (77.31% of the time) annually (GoU, 2014).

Table 1 show the geographic coordinates for the study
sub counties of Isingiro district, south western Uganda. All
the six sub counties are located below the equator and
slightly more than 30° west of the Prime Meridian
(Greenwich).

Table 2 shows classification for meteorological
drought based on SPI values. Standard Precipitation Index
(SPI) for the selected sub-counties were calculated using
SPI calculator for 40 years 1982-2022 based on standard
procedures recommended by previous experts based on
drought assessment protocols. (W.M.O., 1987).

RESULTS AND DISCUSSION

Table 3 shows average annual SPI values for the last 40
years (1982-2022). All the six study sub counties show
minimum high negative average annual SPI values less or
equal to -2 demonstrating extreme dryness through the
entire region.

Table 4 show annual maize yields for the six sub
counties studies for the years 2022. All the sub counties
show 3 tons/ha which is less than the average maize yields
for the entire country between 4-9 tons/ha depending on
the variety and environmental characteristics (W akabi,
2016).

Table 5 shows annual average SPI values for six study
sub counties of Isingiro district. Severity of meteorological
drought increases in order: Masha -2.57 > Mbaare -2.40 >
Kikagate -2.28 > Isingiro Town Council -2.26 = Rushasha
-2.26 > Kashumba -2.05.
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Fig 1: Map of Africa showing the location of the study sub counties.
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Table 3: Continue...
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Fig 2 presents variations of SPI values for Isingiro Town
Council from 1982-2022 divided in two parts: -1982-2002
(to the left); 2003-2022 (to the right). For the years 1998 to
2002, 1982 to 1986, 1998 to 2002, Isingiro Town Council
experienced meteorological drought, as depicted by the
negative SPI values -1 to -2.8. Wet years that are likely to
have experienced some amount of rainfall include: 1987-
1991,1996-1997 and extremely wet years that might have
received heavy rains include 2020-2022.

Fig 3 presents variations of SPI values for Rushasha
Sub County from 1982-2022 divided in two parts: -1982-
2002 (to the left); 2003-2022 (to the right). Negative SPI
values were obtained for the years 1982-1986, 1990, 1992-
1994,1998-2002, 2003,2006,2016-2018 where the sub
county experienced meteorological drought and wet years
where the area might have obtained more rains include:
1983,1987-1991, 19951997, 2007-2012. Heavy rains and
extreme wet years include 2020-2022.

Fig 4 presents variations of SPI values for Kashumba
Sub County from 1982-2022 divided in two parts: -1982-
2002 (to the left); 2003-2022 (to the right). The sub county
experienced meteorological drought during the years 1982-
1986,1992-1994,199-2000 and 2006 where negative SPI
values were obtained. On the other hand, rainfall and wet
years with positive SPI include 1987-1991,1996-
1997,2004-2005,2007-2018. Heavy rains and extreme wet
years include 2020-2022.

Fig 5 presents variations of SPI values for Kikagate
Sub County from 1982-2022 divided in two parts: -1982-
2002 (to the left); 2003-2022 (to the right). Negative SPI
values were obtained during 1982-1986,1992-19941999-
2002,2003 and 2006 for Kikagate Sub County. Positive SPI
values and most likely rainfall was obtained during the
years: -1987-1991,1986-1997,2004-2005,2007-2019.
Heavy rains might have been received resulting in extreme
wetness for the sub county during 2020-2022.

Fig 6 presents variations of SPI values for Masha Sub
County from 1982-2022 divided in two parts: -1982-2002
(to the left); 2003-2022 (to the right). For Masha Sub County,
meteorological drought was obtained during 1982-
1986,1992-1995,1986-2006 where negative SPI values
were obtained. Positive SPI values were obtained and most
likely some rainfall during 183,1987-1991,1995-1997,
2008-2016 in the Sub County. Heavy rains and extreme
wetness were obtained during 2020-2022.

Fig 7 presents variations of SPI values for Mbare Sub
County from 1982-2022 divided in two parts: -1982-2002
(to the left);2003-2022 (to the right). The sub county
experienced meteorological drought with negative SPI
values during 1982-1986,1992-1994,1999-2006,2016-
2019. Positive SPI values indicating wetness and some
rains were obtained for the years 1983, 1987-1991,1995-
1997,2007-2015. Heavy rains and extreme wetness were
obtained during the years 2020-2022.

Table 6 presents annual rainfall and temperatures for
the six study sub counties. Generally, the annual rainfall is
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Table 4: Maize production for six study sub counties of Isingiro district in 2022.

Isingiro district local government

Production levels per sub-county Jan 2022

Maize

Sub-county Land aréa (KM?) Land aFea (Ha) Total area under ;naize in Ha (Est) Annual yield ETon;/Ha)
Endinzi 122.4 12240.0 23.4 3.0
Kashumba 178.0 17800.0 22.0 3.0
Ngarama 244.0 24400.0 35.1 3.0
Rugaaga 199.8 19980.0 34.1 3.0
Mbaare 168.0 16800.0 102.7 3.0
Birere 152.8 15280.0 23.6 3.0
Kabingo 156.2 15620.0 90.0 3.0
Kabuyanda 137.0 13700.0 356.9 3.0
Kikagate 416.0 41600.0 522.7 3.0
Masha 189.4 18940.0 112.7 3.0
Nyakitunda 301.0 30100.0 175.0 3.0
Isingiro TC 189.4 18940.0 133.7 3.0
Kaberebere TC 61.5 6150.0 7.9 3.0
Kabuyanda TC 93.0 9300.0 142.8 3.0
Rushasha 111.4 11140.0 130.9 3.0
Ruborogota 171.7 17170.0 73.9 3.0
Nyamuyanja 119.0 11900.0 33.9 3.0
Total 3,010.60 260,850.00 2,021.14 51.0

Table 5: Average annual negative SPI for study sub counties
1982-2022.

40-Year average negative annual SPI1 1982-2022

Sub county SPI
Isingiro town council -2.26
Masha -2.57
Rushasha -2.26
Kikagate -2.28
Kashumba -2.05
Mbaare -2.40

Table 6: Annual rainfall and temperature variations for study sub
counties.

Annual rainfall (mm) and temperature (°C) for study sub counties 2020

Sub county Rainfall Tmin Tmax
Isingiro TC 5.27 11.19 30.64
Masha 5.27 11.02 27.92
Rushasha 5.27 12.05 28.86
Kikagate 5.27 11.19 29.48
Kashumba 5.27 11.19 29.48
Mbaare 5.27 11.8 29.48

low and annual temperatures are high for all the sub
counties thus making them most likely to be less suitable
for optimum maize productivity.

Fig 8 shows the SPI and rainfall variability for six sub-
counties where the study was conducted. Over the last four

decades, Kikagate, Isingiro Town Council, Masha and
Ngarama obtained negative SPI values between -1.5 to
-1.49 indicating vulnerability to meteorological drought of
the region. The same sub counties experienced annual
rainfall between 1011 mm-1091 mm. To understand better
rainfall variability and Sub Counties vulnerable to
meteorological drought in Isingiro District, ArcGIS10
software was used and standard procedures were followed
based on previous experts to produce a standard map
(Mondol et al., 2017).

To get more understanding of the region, further analysis
using QGIS 3.4 revealed that the study sub counties were
vulnerable to drought (2001-2015) which has a negative
implication on maize productivity in the region.

Fig 9 shows drought vulnerability 2001-2015 for the
study sub counties in Isingiro district. More than half the
land cover for Mbaare, Kashumba, Ngarama, Kikagate and
Isingiro Town Council is vulnerable to prolonged drought
and the landscape is degraded to a large extent.

Mapping and monitoring

SPI values can be mapped to show areas experiencing
drought or surplus conditions, helping policy makers, water
managers and other stakeholders to monitor drought
conditions and make informed decisions regarding water
resource management, agriculture and disaster
preparedness. Overall, the SPI is a valuable tool for drought
monitoring, as it provides a standardized measure that
can be easily interpreted and compared across different
regions and time periods.
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Results agree with previous findings that Standardized
Precipitation Index (SPI) can have a significant effect on
maize productivity, as maize is highly sensitive to water
availability throughout its growth cycle. SPI can impact
maize productivity as follows:

Drought stress

Negative SPI values indicate drier than average conditions,
which can lead to drought stress for maize plants. Insufficient

moisture during critical growth stages such as germination,
flowering and grain filling can result in reduced plant growth,
lower kernel development and ultimately decreased vyields.

Water stress during critical growth stages

Maize requires adequate water during critical growth stages to
optimize yield potential. If SPI indicates prolonged periods of
below-average precipitation during these stages, it can lead to
water stress and reduced productivity (Fisher et al., 2015).
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This study is in agreement with this study previous
researchers reported that in regions where SPI indicates
delayed onset of the rainy season or prolonged dry spells,
maize planting may be delayed. Delayed planting can lead
to shorter growing seasons, reduced time for crop
development and lower yields. Additionally, reduced
moisture availability during germination can lead to poor
seedling establishment and lower overall plant populations
(Fisher et al., 2015).

Impact on soil moisture availability

SPI reflects not only current precipitation but also
precipitation over longer timescales. Prolonged negative
SPI values can lead to depletion of soil moisture, further
exacerbating water stress for maize plants, especially in
rain fed agricultural systems (Steward et al., 2018a).

Additionally, this study agrees with previous
researchers who stated that farmers and agricultural
planners often use SPI data to inform decision-making
regarding crop selection, planting dates, irrigation
scheduling and other management practices. In regions
where SPI indicates potential drought conditions, farmers
may implement drought-tolerant maize varieties, adopt
conservation tillage practices to conserve soil moisture, or
invest in irrigation infrastructure to supplement water
availability (Tesfaye et al., 2018).

The study agrees with previous studies which pointed
out that SPI variability can lead to yield variability from one
growing season to another. This variability can have
significant economic implications for maize farmers,
affecting their income and livelihoods. In regions heavily
reliant on maize production for food security and economic
stability, fluctuations in maize productivity due to SPI
variations can have far-reaching consequences (Msowoya
and Madani, 2016). Overall, the SPI serves as a valuable

tool for assessing the potential impact of precipitation
variability on maize productivity, helping farmers and
policymakers develop strategies to mitigate the adverse
effects of drought and optimize yields in maize-growing
regions (Okal et al., 2020).

This research agrees with previous studies which
reported that Standardized Precipitation Index (SPI) on
maize productivity has been widely studied, as maize is
one of the most important cereal crops globally. Drought
Stress and Yield Reduction: Negative SPI values, indicating
drought conditions, have been consistently linked to
reduced maize yields. Studies have shown that drought
stress during critical growth stages such as flowering and
grain filling can significantly decrease maize productivity
(Tao et al., 2018; Yosef et al., 2021). On the contrary, Positive
SPI values, indicating surplus precipitation, can also
influence maize productivity. However, excessive moisture
can lead to waterlogging and nutrient leaching thus
negatively impacting maize growth and yield (Jain et al.,
2019).

Temporal variability

SPI can exhibit temporal variability, with different timescales
(e.g., monthly, seasonal) influencing maize productivity
differently. For instance, prolonged dry spells during
specific growth stages may have a more pronounced effect
on yield compared to overall seasonal precipitation deficits
(Gbegbelegbe et al., 2017).

At the same time, the impact of SPI on maize
productivity varies across different regions due to
differences in climate, soil characteristics and farming
practices. Studies have highlighted the importance of
local-scale assessments to understand the specific
effects of SPI on maize yields in different agro ecological
zones (Zhang et al., 2020).
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Adaptation strategies

Farmers often employ various adaptation strategies to
mitigate the adverse effects of SPI on maize productivity.
These may include crop diversification, adoption of drought-
tolerant maize varieties, improved water management
practices and investment in irrigation infrastructure (Funk
et al., 2019; Alhassan et al., 2020). Modeling Approaches:
Statistical and modeling approaches integrating SPI data
with crop growth models have been used to assess the
relationship between precipitation variability and maize
productivity. These studies provide valuable insights into
the potential impacts of future climate scenarios on maize
yields (Ruane et al., 2018).

The findings of this study are in agreement with
previous studies which reported that prolonged drought
degrades landscape hence threatening food security of
different regions (Araya et al., 2015; Katengeza et al., 2019;
Steward et al., 2018b). Additionally, the majority of the
population in Isingiro depend on agriculture for their
livelihoods and meteorological drought negatively affects
their crop production hence their livelihoods (Twongyirwe
et al., 2019). Extreme drought and land degradation result
in households increased famine and prolonged shortage
of food causing widespread diseases and deaths from
starvation (Mulinde et al., 2019; Surendra et al., 2012). The
findings also agree with the District Multi-hazard
assessment report conducted by the Prime minister’s office
which concluded that “the most affected sub-counties by
drought were Kikagate and Masha, Rugaaga, Kashumba,
Isingiro TC and Ngarama in that order of severity” (NECOC,
2017). Additionally, household food shortage has enhanced
land conflicts between locals and refugees, resulting into
migration of people from Isingiro to Tanzania to look for
food and livestock feeds for their households (NECOC,
2017) thus exacerbating conflicts between the two
countries.

Moreover, this study agrees with previous researchers
who pointed out that prolonged drought has been the major
threat to food and income insecurity among smallholder
farmers in Isingiro District (Twongyirwe et al., 2019). Previous
scholars classified drought into three categories namely.
Meteorological drought; Agricultural drought and
Hydrological drought (Shobanadevi et al., 2022). The first
category is the precursor for the rest and all of them negatively
affect crop production and smallholder farmers’ livelihoods.
Prolonged drought affects the social, economic and food
security of smallholder farmers in most developing counties.
It negatively affects the hydrology, soil water, relative humidity,
temperature, soil structure and species diversity (Benton
and Newell, 2014; Lu et al., 2017; Segurado et al., 2016;
Woods et al., 2008).

Furthermore, prolonged drought affects agricultural
activities such as crop productivity, livestock, fisheries and
apiary hence peoples’ livelihoods in various countries
(Azadi et al., 2018). This is exacerbated by smallholder
farmers’ high poverty levels and technical inability to

mitigate the impacts of prolonged drought in their regions.
This study also agrees with previous studies which linked
land degradation, drought and desertification with poor
socioeconomic development and human welfare (Mariano
et al., 2018). Most of the landscapes affected by drought
have also been reported to be degraded hence not suitable
for supporting crop production and peoples’ livelihoods
(Webb et al., 2017). Mapping meteorological drought
vulnerability and landscape degradation are pertinent for
policy review and formulation thus supporting Uganda’s
sustainable developmental objectives and motivation for
small holder farmers to look for drought-resilient varieties
to increase crop productivity (Shobanadevi et al., 2022).
Similarly, previous researchers linked drought with climate
change, water resources management and food security
in Isingiro District (Nagasha et al., 2019; Twongyirwe et al.,
2019; Zziwa et al., 2015).

CONCLUSION AND RECOMMENDATIONS

Over the four study decades, Isingiro District has suffered
from meteorological drought and land degradation. All the
six sub counties have negative annual mean SPI values
indicating extreme meteorological drought, scanty,
unreliable and limited rainfall. For the years 1992-1994 all
the six sub counties show large negative SPI values
indicating extreme meteorological drought that might have
affected maize productivity across the study area.

On the other hand, for the years 2020-2022, all the
study sub counties demonstrate high positive SPI values
indicating very wet conditions and mostly much rainfall in
the study area. This can likely be attributed to climate
change mitigation intervention options including climate
change awareness creation, tree planting, alternative
energy initiative supported by the Development Response
to Displacement Impacts Project (DRDIP) in the region.

Most of the smallholder farmers depend on rain-fed
agriculture and meteorological drought degrades
landscape and negatively affects farmers’ livelihoods.
Drought has enhanced landscape degradation and
reduced maize productivity in the region. The scarcity of
rain has affected smallholder farmers’ crop productivity,
income and household food security. The sub counties
vulnerable to meteorological drought are at the same time
most degraded and less productive in terms of crop and
livestock sectors.

The study recommends climate-smart agricultural
innovative practices that have the potential to improve soil-
water conservation, boost crop productivity and mitigate
climate change effects. These innovations include
afforestation, agroforestry, reforestation, use of alternative
energy sources, planting early maturing, disease resistant
and high yield maize varieties for improving households’
food and income security in the study area. Early-warning
and weather insurance approaches are also
recommended for the study sub counties.
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