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Abstract

The volatile changes in climate are increasingly becoming a threat to
many economies globally. This study assesses Uganda’s vulnerability to
climatic variability in the context of how these volatile changes in climate
are likely to affect long-run water resources availability. This is done by
using household survey data, rainfall data as well as findings from a water
resource accounting study on Uganda. First, we use the results from the
water accounts to establish the current level of demand for available water
resources. Second, these findings are mirrored to the drought prevalence
results with a view to highlight the potential adverse affects on water
availability, and ultimately economic activity in Uganda.

Whereas the country’s water resource accounting position shows that
the current level of water resources is still adequate to meet current de-
mand, drought is affecting economic activity primarily in the agricultural
sector since it is rain-fed. It is also affecting the water recharge system
as a big proportion of precipitation is lost through evapo-transpiration.
This has implications for long-run water availability for the country. The
findings point to the need for policy interventions that can ensure opti-
mal water use in the economy. These may include improved hydrological
planning and the development of water supply infrastructure.

JEL Classification code: E01, Q56

Keywords: Water accounting; Drought; Standardized Precipitation
Index; Economic activity; Uganda

1 Introduction

This paper seeks to highlight the vulnerability of the Ugandan economy to the
observed changes in climatic trends. The concept of vulnerability has been
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used in different contexts when analyzing the impacts of climate change and cli-
matic variability. Its foundations are based in the study of natural hazards (see
Janssen et al., 2006; Dong et al., 2015). Conventionally, vulnerability has been
associated with concepts such as resilience, marginality, susceptibility, adapt-
ability, fragility, and risk (Liverman, 1990). Other studies have extended it to
include exposure, sensitivity, coping capacity, criticality, and robustness (Fussel,
2007; Dong et al., 2015). In this paper, vulnerability is used to highlight the
potential effects on the economy of the unfavorable disturbances caused by cli-
mate variability (see e.g., Li et al., 2008). In this case, vulnerability is analyzed
as the extent of damage which the economy could potentially suffer when ex-
posed to the adverse effects of climate variability over the medium to long term.
According to IPCC (2001), “vulnerability is the degree to which a system is
susceptible to, or is unable to cope with the adverse effects of climate change,
including climate variability and extremes, is a function of the character, mag-
nitude and rate of climate change and variation to which a system is exposed
to, its sensitivity, and its adaptive capacity” (IPCC, 2001). Adaptive capacity
is defined as “a system’s ability to adjust to climate change (including climate
variability and extremes), moderate potential damages, take advantage of op-
portunities, or cope with consequences” (Dong et al., 2015). In this paper,
vulnerability and adaptive capacity of the state of the economy are assessed in
terms of renewable water resources availability, spatial distribution and water
supply infrastructure. In the end, actions which need to be taken in order to
enhance adaptive capacity are highlighted.

The volatile changes in climate are increasingly becoming a threat to the
social economic set up of many economies globally. This has raised a lot of
attention for researchers and policy makers (Dong et al., 2015). Most impor-
tantly, empirical evidence cites developing counties as the most susceptible to
these volatile changes in climate. This is largely driven by their inability to
cope with the hostile changes in climate which manifest in the form of frequent
and severe climatic shocks as well as shifts in temperature, rainfall patterns and
water availability (IPCC, 2007; IPCC, 2013; Hepworth and Goulden, 2008).
Whereas some studies argue that these changes in climate would bring positive
outcomes in terms of yields of certain crop varieties, the positive effects could
be outweighed by the negative effects of these changes (Lobell and Field, 2007;
IPCC, 2007; Hepworth and Goulden, 2008). These changes present a major risk
to agriculture which the majority of the world’s population especially those in
the developing countries highly depend on (World Bank, 2007; Seo et al., 2009).
Bhavnani et al. (2008) note that in sub-Saharan Africa, droughts and floods
account for approximately 70-80 percent of losses, both human, and economic.
Frequent drought occurrences have hence reduced the economic growth of many
African countries (see Jury, 2000; World Bank, 2005; Brown et al., 2011) and
threaten their long term development prospects (Hellmuth et al., 2007).

The largest portion of agricultural activity in sub-Saharan Africa is based on
rain-fed smallholder farming. This exposes the sector and people’s livelihoods to
weather and climate vagaries (Shiferaw et al., 2014; Macours et al., 2012). Fur-
thermore, the region’s adaptation capacity is still low (Hassan and Nhemachena



2008). As a result, households, especially those that depend on agriculture risk
being stuck in the vicious cycle of poverty. The consequences of this are huge
drops in household welfare, in terms of significant reductions in household con-
sumption and asset depletion (Macours, 2013; Janzen and Carter, 2013). It
can also hamper households’ nutrition, productivity, and upward mobility, with
inter-generational consequences. In their study of shocks and their consequences
in Zimbabwe, Hoddinott (2006) shows that women’s Body Mass Index (BMI) fell
as a result of drought due to nutritional deficiencies. Furthermore, households
with fewer opportunities for engaging in non-agricultural activity were found to
have been severely affected by the drought as there was little scope for drought
shock mitigation through engaging in other income generating activities.

Drought has a direct impact on production, health, livelihoods, household
assets, and infrastructure which in turn leads to food insecurity and poverty
(Shiferaw et al., 2014). However, it is critical to note that its indirect impacts
on the environment and the resulting decline in household welfare through its
impact on crop and livestock prices could often be larger (Zimmerman and
Carter, 2003; Holden and Shiferaw, 2004). Whereas drought accounts for ap-
proximately 8 percent of global natural disasters, it is a major threat in Africa,
accounting for approximately 25 percent of all natural disasters on the continent
for the period 1960-2006 (Gautam, 2006). The Sahel, Greater Horn of Africa
and Southern Africa have been cited as the regions experiencing frequent and
prolonged droughts which have led to increased vulnerability at a household and
national level (Hansen et al., 2004). Gautam (2006) notes that over the past 50
years, the frequency of droughts has steadily increased in the East Africa but
declined in West Africa.

Kurukulasuriya and Rosenthal (2003) argue that the distribution of impacts
of climate shocks is influenced by a given economy’s ability to respond to such
impacts. In this regard, it is more likely that developing countries will be
more vulnerable to the effects of climate variability than the developed coun-
tries. IPCC (2007) in its fourth assessment report warns that by 2100, parts
of sub-Saharan Africa are likely to emerge as the most vulnerable, with likely
agricultural losses of between 2 and 7 percent of annual GDP. These impacts
have been projected to occur along with high population growth rates which is
estimated to reach approximately 2 billion by 2050 (UNDP, 2007). This vulner-
ability is also due to the fact that current trends in climate are already severe in
most parts, and technological change has been dismal .()(Mendelsohn & Dinar,
2009). For instance, the eastern and southern Africa regions are characterized
mainly by semi-arid and sub-humid climates with long dry seasons (Shiferaw
et al., 2014). In contrast with West Africa, the variability in precipitation is
concentrated on relatively short annual timescales and it is directly influenced
by the El Nifio and La Nifia-Southern Oscillation (ENSO) (Nicholson, 2001).!

LEl Nifo and La Nifia, respectively refer to the warming and cooling of surface temperatures
(SST) in the equatorial Pacific Ocean. These influence atmospheric circulation and hence
rainfall and temperature in specific regions around the globe. Since the changes in the Pacific
Ocean (El Nino and La Nina) and changes in the atmosphere (Southern Oscillation) are
inseparable, the acronym ENSO is used to describe the resulting atmospheric changes (Singh,



ENSO events strongly influence the inter-tropical convergence zone (ITCZ), re-
gional monsoon wind circulation, and patterns of rainfall anomalies over many
parts of sub-Saharan Africa (Jury, 2000; Singh, 2006).

As studies on vulnerability continue to emerge, it is vital to keep identifying
findings and trends for the economies in regions which have been cited as the
most vulnerable. The outcome of such investigations is that lessons learned from
current and future assessments about vulnerability can provide essential insights
into the processes and actions that need to be taken in order to enhance our
understanding of the link between climate change and social-economic activity
especially in developing country context. The trends in climate variability with
implications for vulnerability which are considered in this paper primarily focus
on changes in rainfall patterns. In addition, there is an exposé on other extreme
weather events such as the rising temperatures and floods. For an agro-based
economy like Uganda, temperature and rainfall are the climate variables that
directly affect the economy through their primary effects on agricultural produc-
tion (see Ziervogel et al. 2006). Empirical evidence suggests that increases in
average temperatures can shift the duration of a typical growing season thereby
affecting crop growth in regions where heat already limits production.

1.1 Rationale

Approximately 25 percent of Uganda’s population lives in poverty. This situ-
ation is exacerbated by the high spatial and temporal climatic variability in a
country whose economy is agro-based. In addition, the inadequate institutional
capacity, and limited infrastructure are likely to expose the already vulnera-
ble sections of the population to the adverse effects of the increasing climate
related shocks. It is therefore critical that an assessment of vulnerability to
climate variability is undertaken as it will be essential for developing and im-
plementing mitigation strategies. According to IPPC (2001), the agricultural
sector is under serious threat as a result of the increasingly volatile changes in
climate. This threat is nowhere more serious than in Uganda where the agricul-
tural sector is a major source of foreign exchange earnings through agro-based
exports. In addition, the sector supplies inputs to other sectors and is a critical
source of employment for the majority population since over 80 percent live in
rural areas. Most importantly, the sector is the primary source of food security
and is therefore key to human survival (MFPED, 2011). A study by the Uganda
Office of the Prime Minister cites how rainfall deficits severely affect food secu-
rity in the country (OPM, 2012). The decline in agricultural output not only
presents a knock-on effect on food prices but it has often to led to economy-wide
macroeconomic instability. For instance, the OPM (2012) study estimated that
the value of damage and losses caused by a typical rainfall deficit in a given year
was approximately US$ 1.2 billion, equivalent to 7.5 percent of GDP.
Although expansion of irrigated agriculture would serve as an important
strategy for mitigating vulnerability to climate variability, there are existing

2006).



challenges with respect to the temporal and spatial distribution of water re-
sources. Moreover, Uganda like many African countries is projected to be water
stressed by 2025 (see Bekele et al., 2014 p. 69). Evidence indicates that the
unsustainable use of land and other natural resources had increased the vulner-
ability of people especially in sub-Saharan Africa. This has resulted in small-
holder farmers and pastoralists having to live off small parcels of degraded and
fragmented land which makes them to be highly vulnerable to climatic shocks,
especially droughts. Land degradation and fragmentation has often stemmed
from poverty, population pressure and the lack of capacity to invest in sustain-
able agricultural practices (Shiferaw and Okello, 2011). In Uganda, average
landholding per household is less than 1.5 hectares (UBOS, 2012). This lim-
ited land acreage coupled with the rudimentary farming practices and climate
variability has often implied that the odds of crop failure are higher. In the
absence of alternative livelihoods, the poors’ recourse is often encroachment
on fragile protected areas such as forests and wetlands. The result is further
environmental degradation and desertification.

No study has used a combination of biophysical and social economic data
on Uganda to highlight the vulnerability of the economy to climate variabil-
ity. This study uses the biophysical and social economic data to identify the
regions which are more vulnerable to the adverse effects of climate variabil-
ity. The key objective is to characterize the spatial and temporal pattern of
drought hazards, identify the vulnerability of various regional populations to
the impact of droughts by highlighting the most vulnerable regions of the coun-
try. The Standardized Precipitation Index (SPI) (see McKee et al., 1993) is
used for the identification of drought hazard patterns in Uganda. Vulnerability
of population to droughts has been identified from various socio-economic and
physical /structural indicators.

1.2 Objectives

1. (a) Use the existing water resource accounting results to determine water
availability.

(b) Demonstrate the country’s vulnerability to climate variability by an-
alyzing drought prevalence in Uganda.

(¢) Use the social-economic and biophysical data to highlight the regions
which are most vulnerable to the effects of drought shocks.

(d) Highlight key policy issues which arise from the findings.

This study employs the conventional statistical methods of drought iden-
tification to analyze drought prevalence in Uganda. The major objective is to
demonstrate the country’s vulnerability to climatic variability despite the appar-
ent availability of renewable water resources. This is resulting from the erratic
rainfall caused by the increased climate variability and the spatial differences
in the availability versus need for the existing renewable water resources across
regions. The theoretical approach to risk assessment can be broken down into a



combination of hazard and vulnerability (Shahid and Behrawan, 2008). As it is
the case with other climatic risks, drought risk depends on a combination of the
physical nature of a drought and the degree to which a community or activity is
vulnerable to its effects. Therefore, to study how communities and the economy
are vulnerable to drought, it is vital to investigate its frequency, severity, and
spatial extent as well as the infrastructural and socioeconomic ability of the
country to anticipate and cope with the drought. In this paper, the following
steps are used to identify the vulnerability of the economy to climatic variability
through the drought prevalence patterns across the country. First, we identify
the drought hazard with regard to its spatial extents, frequency and severity;
and second, we identify vulnerability to drought, i.e., how communities, the
economy and its structure when exposed to the drought shock may not be in a
position to cope given the status quo. This is articulated in section 2.

This paper is organized as follows. Section 2 provides insights into the fac-
tors which are driving vulnerability to climate variability in Uganda. Section
3 presents the link between Uganda’s hydro-climatic conditions and the econ-
omy, while the methodology is articulated in Section 4. Section 5 discusses the
findings, while Section 6 provides the conclusions and emerging issues.

2 Situational analysis of vulnerability in Uganda

Understanding household vulnerability to climate variability is not straight for-
ward as it depends on biophysical and socioeconomic factors, with the latter
being the key determinants for a community or household’s ability to cope
(Naumann et al., 2013). In this paper, vulnerability is assessed by highlight-
ing the socioeconomic and biophysical characteristics of the different regions of
the country which makes them to be vulnerable to the adverse effects of cli-
mate variability. From a welfare point of view, the 2009/10 survey data shows
that 24.5 percent of Ugandans are poor, which translates into approximately
7.5 million people. Table 1 provides results of a detailed breakdown of poverty
dynamics by region and rural-urban status from two household surveys. It is
clear that the incidence of poverty remains higher in rural areas than in ur-
ban areas. It is also important to note that it is the rural areas whose sources
of livelihood are rooted in climate sensitive economic activity. A decomposi-
tion of national poverty by region shows that the incidence of income poverty
varies significantly. The regional ranking is consistent with the previous poverty
studies on poverty dynamics in Uganda (UBOS, 2012). Results show that the
incidence of poverty remains highest in the Northern region and is least in the
Central region. A comparison of results from UNHS IV with those of UNHS
I1T reveals that the percentage of the people living in absolute poverty declined
by 7 percentage points. The proportion of poor households declined from 26.5
percent in 2005/06 to 19.3 percent in 2009/10, corresponding to 1.4 million
households in 2005/06 and 1.2 million households in 2009/10. However, the
increased volatility in climate trends might jeopardize these marginal welfare
improvements.



Vulnerability of a community to climate hazards e.g., droughts depends on
factors such as population, social behavior, water use, and level of economic
development (Bekele, et al., 2014). From the results in Table 1, it is clear
that the largest proportion of the population lives in rural areas where the main
economic activity is smallholder rain-fed agriculture. Furthermore, poverty data
shows that these rural households have the largest prevalence of poverty in the
country. Esikuri (2005) notes that up to 60 percent of sub-Saharan Africa’s
agricultural sector, is heavily dependent on rainfall. This makes the sector to
be susceptible to the effects of severe droughts. Miguel et al. (2004) found that
rainfall shocks constitute a good proxy to household income shocks in Uganda.?
Since agricultural activity in Uganda is rain-fed, changes in climatic conditions
have important implications for the households’ agricultural production; income
and welfare (see Asiimwe and Mpuga, 2007). Bjorkman-Nyqvist (2013) shows
that rainfall deviations from the long-term mean are associated with deviations
in crop yields in Uganda. The increase in vulnerability to climate shocks is
largely a result of their increased frequency and severity. In Table 2, we see that
the largest percentage of climate shocks reported by households emanates from
drought prevalence.

The findings in Table 2 have implications for the overall economy and house-
hold welfare. According to DWRM (2011), drought episodes present huge mois-
ture deficits for all crops in the nine distinct farming systems in the country.
This implies that any sustained period of drought can have adverse effects on
economic activity. In fact, Shad et al. (2013) used the Standardized Precipi-
tation Index (SPI) in which results showed that drought episodes significantly
influence water resources even for drought occurrences over short periods.

3 Hydro-climatic situation and Uganda’s econ-
omy

Issues of water resources availability for any country have to start with an
assessment of the ability for these water resources to replenish. In Uganda, the
recharge of surface and ground water sources— key components of renewable
water resources depends on rainfall. Rainfall which is a key input into the
hydrological cycle is increasingly becoming variable, both regionally and globally
(Nsubuga et al., 2014). Such variations have implications for the availability of
water resources especially for those water sources whose recharge is derived from
it (Ngongondo, 2006). This is a serious threat to water availability through the
reduction in the recharge of both surface and ground water sources. Similarly,
river basins which depend on the monsoon type regime, such as the Nile river
in Africa and the Ganges in India have been cited as vulnerable to changes in
the seasonality of run-off. This has implications for water resources availability

2Note that Miguel et al. (2004) finds a close relationship between rainfall and GDP.
Moreover, Levine and Yang (2006) find that deviations in rainfall from the district level mean
were positively associated with agricultural output in Indonesia in the 1990s.



in countries which lie within these basins (World Bank, 2012). In the case of
Uganda, the average seasonal cycle in precipitation rate for the period 1940-
2009 over seven sub-basins exhibits a marked contrast in seasonality between
the sub-basins that lie above and below latitude 2°N? (Nsubuga et al., 2014).

Studies of rainfall fluctuations have demonstrated that total rainfall during
the March to May season and the number of wet days in a number of weather
stations have been decreasing (see Nsubuga et al., 2011). Similarly, FEWSNET
(2012) in a study of climate trends in Uganda shows that the period 1975-2009
witnessed an increase in temperature and a reduction in rainfall. Average tem-
peratures in Uganda are projected to increase by up to 1.50° C in the next two
decades (LTS International, 2008). The increasingly unreliable rainfall coupled
with the uneven distribution of surface and ground water sources is threatening
the sustainability of economic activity in a big part of the country. Empirical
evidence shows that average annual rainfall exceeds potential evaporation in
only 11 percent of the land area. For the other 20 percent, the average rain-
fall deficit is less than 200mm per annum, while in another 35 percent, it is in
the range of 200-400 mm (DWRM, 2011). In addition, the Northeastern region
(approximately 35 percent of the country) experiences an annual rainfall deficit
exceeding 400 mm. With these increases in temperature and variable rainfall,
the sustainability of economic activity is under threat.

3.1 Water demand projections and water availability in
Uganda

Water demand can be defined in economic terms as the ability and willingness
of users to pay for water and the services it provides. Since this paper seeks
to highlight issues of water scarcity, water demand in this case, is taken as an
expression of water requirements necessary for the functioning of the different
social-economic sectors given the level of water supply. It is vital to note that
water demand is driven by factors which by and large, are anthropogenic. For
instance, population growth and changes in consumption patterns directly affect
demand for water via the demand for goods and services. In addition, population
pressure on water resources rises as its income grows. Increasing incomes are
leading to a rise in the percapita demand for food. As a consequence, percapita
food consumption is increasing on average in most regions of the world (FAO,
2012). It is therefore expected that both the proportion of cropland under
irrigation and the share of irrigated production will increase, resulting in greater
demand for agricultural water (Bruinsma, 2009). Such emerging trends are
important in shaping future demand for agricultural water. Table 3 presents the
growth in percapita water availability in the country against the conventional
benchmarks for water stress.

In Table 3, the Falkenmark and Widstrand, (1992) and UN-Water, (2006)
indicator of national water scarcity is used to compare the available percapita re-
newable water in Uganda against the water stress threshold values of 500, 1,000,

3i.e., the Northern and Southern sub-basins. Also see Figure 1 for a look at these patterns.



and 1,700m? /percapita/year. Water stress is an indicator of water scarcity or
shortage. It takes the form of widespread, frequent and serious restrictions on
use, growing conflict between users and competition for water, declining stan-
dards of reliability and service, harvest failures and food insecurity (FAO, 2012).
Based on this criterion, countries or regions are considered to be facing absolute
water scarcity if their renewable water resources are <500 m? per capita; chronic
water shortage if renewable water resources are between 500 and 1,000m? per-
capita and regular water stress if resources are between 1,000 and 1,700m? per
capita. Based on this criterion, Uganda will be water stressed by 2020.

However, it is critical to note that although this measure has its merits; it
is largely based on estimates of the number of people that can reasonably live
with a certain unit of water resources (see Falkenmark, 1984; FAO, 2012). This
approach omits critical local factors that determine access to water, as well
as the feasibility of solutions aimed at water provision in different locations.
Most importantly, it does not account for the prevailing climatic conditions;
inter and intra-annual variability of water resources and environmental water
requirements, which tend to vary from region to region and also affect water
availability (Kilimani et al., 2015).

In the case of Uganda, national averages may be indicative but not fully
informative since the country has strong regional variations in the spatial dis-
tribution of water resources. What is vital to note is that the indicators show
that the country will be water stressed by 2020. However, when we factor in
the adverse effects of climatic variability via the interference with the recharge
system? and the rising temperatures, it implies that the stress levels become
evident, faster than projections reveal. Similarly, the level of severity is bound
to be more acute than otherwise thought. Additional pressure on water avail-
ability is bound to emanate from economic growth, population growth and rapid
urbanization. A combination of these factors is likely to lead to extraction of
significant amounts of water thereby further contributing to water scarcity.

4 Methodology

In this section, we highlight the different methods used to achieve our research
objectives. First, we establish the amount of water consumed vis-a-vis the avail-
able water resources using the System of Environmental and Economic Account-
ing for Water (SEEAW)? in sub-section 4.1, and later, the findings in sub-section
5.1.1. Later, we demonstrate in sub-section 5.2.2 the country’s water resource
vulnerability from the analysis of drought prevalence using meteorological data
but first, an exposition on the climatic set up of the country is provided in
sub-section 5.2. This is largely derived from the results of a technical study by
the Department of Water Resources Management of the Ministry of Water and
Environment (DWRM, 2011). The sub-section is aimed at using these empirical
findings from DWRM (2011) as a primer for understanding the empirical results

4See Table 3.
5See: http://unstats.un.org/unsd/envaccounting/SEEAW DraftManual.pdf.



of drought occurrence derived from the Standardized Precipitation Index (SPT)
in sub section 5.2.2.

4.1 The System of Environmental and Economic Account-
ing for Water (SEEAW)S

The SEEAW is a comprehensive water accounting system which has been de-
veloped with the objective of standardizing concepts and methods in water
accounting (UNSD, 2012). The SEEAW provides a conceptual framework for
organizing economic and hydrological information thereby permitting a consis-
tent analysis of the contribution of water to the economy, and the impact of
the economy on water resources (FAO, 2012). These accounts are vital for they
furnish information to policy-makers about the impact of current economic poli-
cies and growth patterns on environmental resources. In that way, judgment
can be made as to whether or not such policies are sustainable. In addition,
information from these accounts helps us to gauge the impact on the economy of
policies taken for environmental reasons. Finally, one of the fundamental aims
of this accounting framework is to assess how much of economic ‘growth’ as it
is normally measured, is actually capital consumption due to resource depletion
(World Bank, 2006 in FAO, 2012).

4.2 Climate shocks data

Monthly precipitation data in millimetres (mm) from the Department of Me-
teorology was taken for the period 1980-2011 from 13 meteorological stations
distributed across the different regions of the country in the 12 agro-ecological
zones. The break down is presented in Table 4. These data used to calculate the
Standardized Precipitation Index (SPI)7— a measure for drought occurrence.

4.2.1 Measurement and identification of drought shocks

There are a number of definitions in the literature regarding what constitutes a
meteorological drought. Regardless, there is a general consensus that a drought
should be seen as an ‘abnormal’ event and should therefore not be confused with
dry spells (Karl et al., 2011). An event is categorized as a drought when the
precipitation or soil moisture levels are sufficiently below the long-run mean®.
In this paper, the Standard Precipitation Index (SPI) developed by McKee et
al. (1993) is used. The SPI is a robust technique for defining and monitoring
drought. In fact, the US National Drought Mitigation Center has used it to
replace the Palmer Drought Severity Index (Keyantash and Dracup, 2002; Khan
and Gadiwala, 2013). This index uses precipitation data in the measurement

6This section draws from a detailed study on water resource accounting for Uganda (see
Kilimani et al., 2015). The reader is urged to see this study for details on the accounting
process for Uganda including the Supply and Use Tables as well as the Resource flow Matrix.

"See McKee et al. (1993) for a thorough exposition on this index.

8See Heim (2002) for an extensive review of the drought identification indices.
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of drought intensity, magnitude or severity as well as duration. Its analytical
set up is based on the probability of an event occurring within a certain year
as estimated on the basis of historical data (Heim, 2002). The SPI provides a
comparison of precipitation over a specific period with the precipitation totals
from the same period for all the years included in the historical record. In order
to compute the SPI, historic rainfall data of each station are fitted to a gamma
probability distribution function. Formally:

g(x) = ﬁar;@xafle*z/ﬁ for >0 (1)

The analysis assumes that rainfall at each station follows a gamma distrib-
ution X; ~ I'(a, B;), where x > 0 is the amount of rainfall at a given station;
a > 0, and 8 > 0 are shape and scale parameters respectively, of rainfall event
x at a given weather station. This probability distribution function is largely
considered to be a good fit for precipitation distributions (McKee et al., 1993).
The parameters are estimated using maximum likelihood estimation as follows:

n is the number of rainfall observations.
This allows the rainfall distribution to be represented as a cumulative prob-
ability function. Formally:
x T
1

G(z) :O/g(x)dx: —ﬁal—‘(a) O/xa—le—x/ﬁdx (5)

Since the gamma function is undefined for z = 0, and the rainfall distribution
may contain non-rainfall events especially as the time scales tend to zero, the
cumulative probability distribution is modified in order to include such events.
In that case:

H(z) = q+ (1 -q)G(x) (6)

where ¢ is the probability of zero rainfall on a specified time scale; G(x) is
the cumulative probability of the incomplete gamma function. The cumulative
probability H(zx) is then transformed into a standard normal random variable
7 with mean zero and standard deviation 1. This yields the value of the SPI
in terms of number of standard deviations to the left (dry events) or right (wet
events) from zero. Panofsky and Brier (1958) contend that it is the essential
feature for transforming a variate from one distribution (i.e., gamma) to a variate
with a distribution of prescribed form (i.e., the standard normal). In that case,
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the probability of being less than a given value of the variate shall be the same
as the probability of being less than the corresponding value of the transformed
variate.

The resulting Z-score as is it widely used in statistical analysis expresses the
x score’s distance from the average in standard deviation units. This transfor-
mation process in equation (6) enables the SPI result to be directly interpreted
as a Z score, i.e., a standard normal random variable. The values of the SPI,
and the nominal class descriptions are provided in Table 5. While the value of
SPI is theoretically unbounded, it is uncommon to observe values greater than
+3.0 or less than -3.0 in any typical dataset (Giddings et al., 2005). However,
it is important to note that the wetness or dryness of a given period is relative
to the historical average for the station and not the absolute total of rainfall.

The SPI has fixed expected values and standard deviation. This is a key
condition for comparing index values between different locations or regions. In
this way, frequencies of extreme drought events are comparable between different
locations. McKee et al. (1993) provide a criterion for drought identification for
any of the time scales. Specifically, a drought event occurs any time the SPI
is continuously negative and reaches an intensity of -1.00 or less, later ending
when the SPI becomes positive. The sum of the SPI for all the months within
a drought event gives us the magnitude of the drought.

In the analysis and identification of droughts, a time scale of 36 and 48
months is used in this paper. The results indicate an increase in drought occur-
rence over time. For purposes of reporting, only results for the 48 months are
reported here. The choice of time scale was guided by existing empirical litera-
ture on drought analysis. For instance, whereas Wu et al. (2005) indicate that
differences in the SPI values computed using different time scales were not sign-
ficant, they add a caveat that the precipitation pattern for their study period
was stable. In addition, they caution that researchers should be careful when
adopting short time scale SPI results for arid regions. In such instances, the
analysis should focus on the duration of the drought rather than on its sever-
ity (Molanejad et al., 2014). In an empirical investigation of drought events
over Sindh-Pakistan, Khan and Gadiwala (2013) used precipitation data from
1951-2010 and found that time scales which were less than 12 months had enor-
mous fluctuations. As a result, identifying droughts and wet periods proved a
challenge. However, the 36 and 48 month time scales yielded SPI values where
droughts and wet periods would clearly be identified by region. Their results
also demonstrate that the duration, attenuation, intensity and magnitude for
any particular month during historical records were time scale dependent. Since
this paper focuses on indentifying drought occurrences, a longer time scale of
48 months has been employed.
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5 Results

5.1 Water Accounts
5.1.1 Water Accounts Balance

In this section, we begin by assessing the availability of water resources against
the level of current demand. This is undertaken using the Water Balance Equa-
tion. The findings regarding water availability in Uganda are obtained from a
detailed study on water resource accounting for Uganda (see Kilimani et al.,
2015). In the study, water accounts were developed, and a water balance model
was also derived. The water balance model is an identity with the following
key components: a) Abstraction, which is the process of obtaining water from
the environment for use in the economy. At the end of the abstraction process,
water is considered a product as it enters into the economic sphere. Abstraction
has two components i.e., abstraction for delivery to other users in the economy
by say, a water distribution agency, or abstraction by an economic unit for its
own use; b) When water is no longer useful in its current state, it is considered a
residue. In a water balance model, this component is accounted for under “total
returns”. Some flows of residues are recorded within the economy (for example,
the routing of waste water to treatment plants) but ultimately, all residues are
returned to the environment; c) “Consumption” is water that is not returned to
water bodies (returns) because it has been absorbed by other economic units.

These indicators follow the rules of the SEEAW (see Kilimani et al., 2015
for details). The water balance model in millions of cubic meters is expressed
as:

Total abstraction (4,511) + Use of water received from other economic units
(83.4) = Supply of water to other economic units (83.4) + Total returns (336)
+ Water consumption (4,175).

Since total water supply to other economic units equals the total water use
received from other economic units, the identity can be re-written as:

Total abstraction (4,511) = Total returns (336) + Water consumption
(4,175)

5.1.2 Summary of water accounts findings

Flows from the environment to the economy are estimated at 43.2 billion m?3.

Agriculture accounts for 63% of total water use with 21.2% going to livestock,
18.4% to irrigation; 47.5% for crops, 13% to fisheries. Industry accounts for 4%
of total water use in the economy while households consume 20.4%. The results
show an estimated 38.6 billion m? in water surplus. This implies that there are
available water resources which can be exploited for productive use. Subject to
technical hydrological assessments and recommendations say, for riverine habi-
tat [in-stream-flow requirements (IFR)], the existing water resources can be

91n their study of the South African economy, King and Crawford (2001) cite an estimate
of 30 percent of the Mean Annual Run-off (MAR) as the in-stream-flow requirement.
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harnessed and utilized in order to wean the key sectors of the economy such as
agriculture off rainfall (Kilimani et al., 2015).

Flows within the economy consist of water supply to other economic units via
distribution (approximately 83.4 million m?®) which accounts for a small portion
of total use water (6.5%). This is evidence of the limited distribution of water
in the country through the piped network. For instance, the NWSC and the
Small Towns Water and Sanitation Programme’s distribution network is only
limited to a few districts in the country and is confined largely to urban areas.
Consequently, a big proportion of water use by economic agents is obtained from
other sources like springs, deep wells and boreholes among others. The limited
water supply infrastructure in the country constrains existing water resource
utilization and makes the country vulnerable.

5.2 Climatic shocks analysis
5.2.1 Climate of Uganda'®

This subsection is presented as a precursor to the results and analysis of drought
shocks in Uganda. It is aimed at giving a brief but informative background
regarding the nature of climate in Uganda (see DWRM, 2011 for details). Ge-
ographically, the country is a continental plateau with much of its area above
sea level. It is located in the equatorial zone of low pressure with generally light
and variable winds. The climate is characterized by high levels of temperature,
humidity, and rainfall. Annual rainfall varies from 500 mm to 2800 mm, with an
average of 1180 mm (NEMA, 2008; DWRM, 2011). The spatial pattern of rain-
fall is complex and stems from the interaction between different factors. These
include large-scale patterns which are dominated by convective rainfall from the
seasonal migration of the Inter-tropical Convergence Zone (ITCZ). These dy-
namics result in two main rainfall seasons; the long rains from March to May
(MAM) and the short rains from September to November (SON).!! The coun-
try’s rainfall patterns are varied, following a bimodal system near the Equator
and tending to a unimodal system away from it (Conway, 2005; Asadullah et
al., 2008). For instance, the northern region experiences one season of more
prolonged rains in the summer months. It is worth noting that the reliability
of rainfall generally declines towards the north of the country while intensifying
for areas in proximity to the Lake Victoria crescent and the montane areas (see
Figure 2).

Inter-annual variability of rainfall correlates with sea-surface temperatures
(SST) in the Pacific through atmospheric tele-connections i.e., the El Nifio/South-
ern Oscillation (ENSO) phenomenon (LTS International, 2008; Nsubuga et al.,
2014). The highest levels of precipitation are generally observed in the moun-
tainous regions of the Southwest, East and in the neighbourhood of Lake Victo-
ria. On the other hand, the La Nina event associated with a dry phase influences
the weather patterns of the Northeast of the country on the border with Kenya

10This section draws extensively from DWRM (2011).
11See Nsubuga et al. (2014) for a detailed analysis of the nature of rainfall in Uganda.
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and South Sudan. As a consequence, these parts experience the least amount
of rainfall and it is where drought events are most common (NARO, 2001 in
Nsubuga et al., 2014).!? Temperature levels stand at a long-term mean of 21°C
while annual temperature ranges from a minimum of 15°C in July to a maxi-
mum of 30°C in February. The conventional properties of large water bodies—
i.e., the Lakes: Victoria, Albert and Kyoga— and the differential heating of
the adjacent land areas produce localized winds which influence the country’s
climatology. Furthermore, a combination of the significant elevation differences
in the country emanating from the presence of Mountain Elgon on the East,
the Rwenzori mountain range and rift valley on the West are responsible for the
pronounced spatial variability of the weather patterns in the country (DWRM,
2011). Figure 3 presents the average annual reference evapo-transpiration based
on historical data. It ranges from 882 mm/yr on the Rwenzori region (Western
Uganda) to 1970 mm/yr in Karamoja (Northeastern Uganda). Much of the
country (74.7%) falls within the band 1350-1750 mm/yr.

From Figure 3, it is clear that there are marked seasonal variations in evapo-
ration rates, mainly depending on patterns of cloud cover, but average monthly
rates rarely fall below 75 mm, even in highland areas (DWRM, 2011). These
high values of evapo-transpiration have serious implications for agricultural ac-
tivity, ground water recharge, and productivity in the range lands. It also
highlights the challenge of maintaining sufficient soil moisture storage capacity
to cope with periodic dry spells. With the increasing variability of rainfall and
rising temperatures, this situation is expected to jeopardize economic activity in
the country. Therefore, measures need to be put into place to mitigate the likely
adverse effects. DWRM (2011) uses a rainfall-recharge relation to derive three
distinct water recharge zones which are depicted in Figure 4 (see DWRM, 2011
section 4.4.4, and 4.4.6 for details). Essentially, the map shows the distribution
of the estimated annual total groundwater recharge in an average year.'?

With regard to the assessment of rainfall reliability, Hulme (1992) asserts
that the coefficient of variation (CV) serves as an important indicator for rainfall
reliability in Africa. From Figure 5, Nsubuga et al. (2014) computes CVs for
36 stations in order to investigate the spatial pattern of inter-annual variability
of rainfall totals over Uganda. The CV is defined as:

CV = (Us/R_5') * 100

where Rg is long-term mean annual rainfall, and o is the standard deviation
of annual rainfall totals for the stations and is used to represent changes in
reliability (Tiirkes, 1996). Figure 5 presents results from this measure of annual
rainfall variability change over Uganda. Annual rainfall CVs for the stations
in the sub-basins ranges from 13% to 29% (see Nsubuga et al., 2014 pg. 285
for details). According to Tiirkes (1996), areas with CVs of >20% are likely to

12See Figure 5 for a map showing the annual rainfall distribution patterns in the country.

13See DWRM (2011) page 92 for details on the estimated sustainable groundwater resource
per district and Annex 4.1 for the corresponding data on the average sustainable recharge
values per major river basin and Water Management Zone respectively.
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have more frequent and severe droughts because of the low reliability of normal
rainfall. Conversely, lower CV values imply high rainfall reliability. In fact, a
comparison of figure 4 and 5 clearly shows that the areas with the least reliable
rainfall are those that have the lowest recharge capacity.

5.2.2 Drought shock results and discussion

This section presents results for drought occurrences at the different meteorolog-
ical stations across the country by region. Meteorological stations were selected
with spatial and lake basin considerations in each region in order to represent a
fairly accurate picture of the country’s climatic outlook. In Figure 6, we present
results from five stations for the central and eastern regions of the country.

In figure 6, we present the trends of SPI results for the five stations in
the central and eastern region. The stations in the central region of the country
indicate a generally positive trend with a slope of 0.007 for the Makerere station,
followed by Namulonge, and Entebbe. It is important to note that the central
region lies in the Lake Victoria basin which is in the area supposed to experience
intense rainfall (see Figure 2). However, the results still indicate variability and
a reduction in rain intensity (see Figure 5). We equally see that even for the
Makerere station with the biggest slope, the SPI has been oscillating around
near normal for 60% of the time in the past decade. The Entebbe station has
been recording droughts starting with mid 2003, getting severely dry in 2006
(-1.55) before a brief reprieve in 2010 (0.32), and later dipping to -0.78 in 2011.
This is a worrying development considering that this station is right on the
shores of Lake Victoria.

The SPI coefficients for the eastern region show a negative trend for Soroti
(in the Teso sub-region) over the study period (-0.0039). The sub-region started
experiencing dry episodes starting from 1993, recovering between 1996 and 2000
and slipping into moderately dry episodes in 2001 (-1.11). There was a recovery
between 2003 and 2005 only to get into a severe drought in 2006. Over the
study period, the worst experience of extremely dry conditions was recorded in
2008 (-2.24). Generally, the start of the last decade has witnessed a worsening of
drought events for this sub-region. It is important to note that this sub-region
has limited alternative water resources. Therefore periods of sustained droughts
have the potential to disrupt economic activity in the sub-region.

In contrast, a look at the Jinja station (Busoga sub-region) indicates that
although the precipitation events have been variable, the sub-region has largely
escaped from the historical drought episodes which plagued it in the early 1980s
to the mid 90s with the worst episodes of severely dry conditions being recorded
in 1986 (-2.11) and in 1994 (-2). The spike in precipitation in 1998 was due to
the El Nino weather phenomenon which occurred almost across the country with
the exception of the northern region. The results from this analysis show that
the sub-region has experienced variable climatic conditions with precipitation
events oscillating above normal except for 2010. Ironically, this sub-region with
less drought episodes has a presence of surface sources such as the River Nile
and Lake Victoria. Such sources could be utilised in the event of severe and
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prolonged drought. This is in contrast with the Teso sub-region with more and
severe episodes of drought events but with no immediate alternative sources of
water supply. Such developments highlight the challenges of adapting to these
volatile changes in climate. Next, the results for the north and western regions
of the country are presented in Figure 7 and the discussion follows.

In figure 7, we present results for the north and western regions of Uganda,
each represented by four meteorological stations. The rationale for having a
larger representation is derived from the diverse nature of climate dynamics
within each of these regions. Starting with the north, we see that the stations
in the Aswa basin (Gulu and Kitgum) recorded a declining trend in rainfall
events, starting from 1997 after the recovery from earlier dry episodes in the
1980s. Specifically, the Kitgum station recorded extremely dry events between
1986 and1992, with an extreme dry event recorded in 1989 (-2.82). It then
recovered and recorded severely wet events in 1992 and 1995 before receding and
oscillating around near normal conditions from 1996 to 2005. The past decade
has witnessed episodes of moderately dry conditions with a slight recovery in
2010 before declining in 2011. This station is in proximity to the arid Karamoja
sub-region in the northeast of the country (see Figures 2-5).

However, the general trend for this sub-region has been around near normal
with a slope of 0.0011. It is clear that despite the erratic extremely dry and
severely wet conditions, the SPI results show that given the historical record
of this region, the trend has been marginally positive around zero. This result
emphasizes the robustness of the SPI in yielding results which can be compared
across different regions with different climatic conditions. A closer analysis
of the Gulu station (Acholi sub-region) shows a declining trend in wet events
from the historically wet episodes, yielding a slope of -0.0035. The sub-region
recorded a shift from wet events between 1987 and 1997, with an extremely wet
event of 2.34 in 1993 before later declining at the end of 1997. Since 1998, the
sub-region has experienced sustained dry events with the lowest point being in
2001 (-1.48). The last such severely dry event was recorded in 1984 (-1.59). As
it is the case with the Teso sub-region in the eastern region, this region does not
have presence of surface water resources in its proximity which could easily be
utilised whenever such dry events are experienced. Analysis of the Lira station
in the Aswa basin shows an increasingly positive trend towards wet events with
a slope of 0.0062. This is a departure from its historical dry events which were
witnessed in the 1980s right through the early 1990s. The most extremely dry
events were witnessed in 1987 (-2.67) and 1989 (2.18). The trend has been that
of wet events right through the early 2000s before briefly declining in 2006 and
recovering for the rest of the study period.

Similarly, the Arua station in the Albert Nile basin shows a mildly positive
trend in wet events with a slope of 0.0029. This sub-region has witnessed more
swings between extremely wet and extremely dry episodes throughout the study
period. The early 1980s produced dry events, later recovering in the early to
mid 1990s before plunging into dry episodes with the worst extremely dry event
being experienced in 2001 (-2.31). The sub-region recovered in 2005 and has
since been experiencing sustained wet events from near normal to severely wet
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for the rest of the study period. Whereas the results show a positive trend, the
danger is that this extreme variability has implications for economic activity.
This is primarily the case for the agricultural sector which is rainfall dependent,
the effect on ground and surface water recharge, and the sustenance of soil
moisture to support crop production.

Finally, we analyse the trends for the stations in the western region. Mbarara
and Kabale stations recorded a positive trend for the study period with Mbarara
registering the highest improvement (with a slope of 0.0046), followed by Ka-
bale. Mbarara (in the Ankore sub-region) has a history of mild wet and dry
events which are fairly more stable compared to Kabale (in the Kigezi sub-
region). Generally, the stations in the west show mild positive trends with
Kasese recording the smallest slope of 0.007. On the other hand, the Masindi
station (in the Bunyoro sub-region) recorded a negative trend with a slope of
-0.0055. The sub-region experienced a shift from wet events recorded in the
1980s right through the end of the 1990s with an extremely wet event being
recorded in 1988 (2.6). There was a shift to dry episodes at the beginning of the
millennium, briefly recovering between 2002 and 2004, before slipping into dry
events in 2005. It is critical to note that the Bunyoro sub-region borders the
Acholi sub-region in the north. A closer look at the trend for Masindi (-0.0055)
and Gulu (-0.0035) shows that both exhibit similar dynamics.

A general look at the trends across the 13 stations indicates that the most
severe drought among all the stations was detected in the western region at
the Masindi station with a negative SPI trend of -0.0055. The year 2008 was
identified as the driest in terms of drought severity with an SPI value of -2.41).
Meanwhile, 13 out of 31 years recorded from near normal to extremely wet
conditions (see Figure 7, for the Masindi station). The results appear mixed in
terms of trends. From the results, it is clear that the stations which are towards
the border of the region tend to exhibit the same trend as the neighboring
region. For instance, the Jinja station which is at the border between the east
and central region exhibits a positive trend as the stations in the central region.
Similarly, the boarder station of Masindi in the western region towards the
north exhibits similar characteristics with the stations in the northern region.
The same holds for the Kitgum station in the north which borders the arid
region of Karamoja in the northeast of the country.

At the Kasese station (in the Bukonjo sub-region), the SPI trend is stable
for the period of study. This is generally the trend for most of the stations in
the western region of the country except for the border station of Masindi whose
characteristics follow those of the northern region. This finding is in line with
Taylor et al. (2007) who found no decline in rainfall over the 20" Century for
the western region of the country. However, they cited a rapid decline in the
area covered by glaciers in the Rwenzori Mountains (Kasese station-Bukonjo
sub-region) which they attributed to rising alpine air temperatures, amplifying
ice losses through evaporation and melting. Air temperatures observed at the
stations in the Western region showed an increase of approximately 0.5°C per
decade since the 1960s (Taylor et al., 2007). The same trend is assumed to have
occurred on the upper slopes of the Rwenzori Mountains. From the results of
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this study and findings from similar studies, the challenges faced by the country
with regard to climatic variability are clear. This is due to the fact that areas
with a positive SPI trend (increased wet events) face increasing temperatures
while those which a declining trend (increased dry events) face either declining
precipitation levels or rising temperatures or both. This is the case for the
Far east and northeast of the country. It is critical to note that despite the
positive trend for most stations in the western region, results show that the
region has experienced frequent dry events since the early 2000s. This is seen
to have been the case for Kabale since 2001, with severely dry episode (-1.83)
recorded in 2006. Masindi recorded the most extremely dry episode in 2008
(-2.25). Mbarara recorded a positive but mixed experience with respect to dry
and wet events over the last decade. Essentially, the sub-region experienced wet
episodes from the beginning of the millennium till 2004, with a severely wet
event recorded in 2000. However, there was a shift towards dry episodes from
2005 to 2008 before a steady climb into wet events for the rest of the study
period.

6 Conclusion and emerging issues

The study sought to address two key objectives; first, highlight the level and use
of the available renewable water resources in the country. The water accounting
position shows that there is still adequate supply of renewable water resources
compared to the level of utilization. The second objective was to demonstrate
vulnerability to climatic variability by analyzing drought prevalence in the coun-
try. This was achieved using the Standardized Precipitation Index (SPI) on data
for a 31-year period. The SPI index was used to identify the occurrence of dry
spells as well as their severity. The behaviour of the SPI in the identified sub-
regions generally shows similar trends in climatic variability. The results for the
entire study period show a negative trend i.e., an increase in drought frequency
in 23% of the stations studied. However, when a sub-sample starting from the
year 2000 is considered, this percentage increases from 23% to 53% of stations
with drought events. The slopes for stations in the central and western region
stations although positive, indicate a declining trend in wet events and increases
in the frequency of dry occurrences. In fact, those with positive trends, notably
Mbarara and Kabale exhibit a weak trend from the sub-sample results. On
the other hand, Kasese and Masindi show strongly increasing trends towards
dry episodes. Meanwhile, a long-term increasing trend towards wet periods is
detected in the northern region except for the Kitgum station which is in close
proximity with Karamoja, an arid sub-region of northeastern Uganda. Simi-
larly, the central and eastern regions indicate an increasing trend towards dry
events. These results clearly show evidence of increasing climatic variability in
Uganda.

Given that the results from the water accounts show evidence of water avail-
ability, mechanisms need to be put into place to exploit those water resources
in order to address the effects of climatic variability on the economy. Among
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the urgent interventions would include development infrastructure for irrigation
and dams for livestock in addition to piped water for households and other
economic uses. Currently, only approximately 14,420 ha of the farming area
are equipped for formal irrigation with another 53,000 ha of managed wetlands.
However, estimates of Uganda’s spatial potential for improved irrigation vary
between 170,000 ha and 560,000 ha, whereas the total potential arable area for
irrigation is approximately 4,400,000 ha (MWE, 2011; Kilimani et al., 2015).
From the climatic variability results, it is clear that areas which are increasingly
experiencing drought shocks are those whose location is far from the proximity
of surface water sources. Similarly, these are the areas with higher incidences of
poverty. Hence, there is mismatch between the location of the water resources
and the regions where demand is high, notably the arid and semi-arid areas
in the East and Northeast of the country. MacDonald et al. (2005) suggest
that such areas are best served through development of groundwater sources
via natural reservoirs. Finally, once this lop-sided availability of water resources
is put into account, the country’s vulnerability is bound to increase despite the
apparent surplus of renewable water resources. In the absence of the necessary
interventions, the Ugandan economy and indeed household welfare may be in
jeopardy.
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Table 1: Trends in Household poverty in Uganda

Location Population share Mean CPAE Poverty headcount
2005/06 2009/10 2005/06 2009/10 2005/06 2009/10
National 100 100 55,092 62,545 31.1 245
Residence
Rural 84.6 85.0 47,031 52,467 34.2 27.2
Urban 15.4 15.0 99,525 119,552 13.7 9.1
Region
Central 29.2 26.5 79,830 100,441 16.4 10.7
Eastern 25.2 29.6 44,759 49,697 35.9 24.3
Northern 19.7 20.0 31,329 38,988 60.7 46.2
Western 25.9 24.0 55,325 56,232 20.5 21.8
Region (Rural/Urban)
Central (R) 20.6 17.3 62,759 77,204 20.9 135
Central (U) 8.6 9.1 120,807 144,604 55 51
Eastern (R) 23.2 27.3 41,584 47,616 375 24.7
Eastern (U) 2.0 2.3 82,147 74,748 16.9 18.7
Northern (R) 16.9 18.1 28,449 35,996 64.2 49.0
Northern (U) 2.8 1.9 48,603 67,216 39.7 19.7
Western (R) 23.9 22.3 51,894 52,538 21.4 23.1
Western (U) 2.0 1.7 96,959 104,124 9.3 4.2

Source: Computations from UBOS Uganda National Household Surveys.

Table 2: Households’ exposure to climate shocks and stresses (Percentages)

Climatic shocks and stresses  2005/06 2009/10 2010/11 2011/12
Droughts 39.8 45.8 45.9 43.3
Floods 13.8 2.1 6.5 11.3
Landslides N/A 0.8 0.5 1.3
Crop pests and diseases 95 4.6 2.6 4.7
Livestock diseases 5.9 2.8 2.4 2.4

Source: (UBOS, 2012): Uganda National Panel Survey data.

Table 3: Water demand estimates and projections against the standard benchmarks for water

stress®

Water demand projections (Millions m?) Benchmarks for water stress

Total water Available water percapita (m®)  Annual renewable  Stress level
Year demand fresh water

percapita (m®)

2009 707 2,171 >1,700 Occasional water stress
2015 994 1,740 1,000-1,700 Regular water stress
2020 1,266 1,480 500-1,000 Chronic water shortage
2035 2,113 896 <500 Absolute water scarcity

Notes: ® Conventional definitions of water stress following Falkenmark and Widstrand (1992).
Source: MWE (2009) and FAO (2012).

28



Table 4: Site characteristics of the selected meteorological stations across Uganda (1980-2011)

Station ID Station name Latitude Longitude Elevation  District Basin
North
87320000 Gulu 02 47 N 032 17 E 1105 Gulu Aswa
86300000 Arua 03 02 N 030 52 E 1280 Arua Albert Nile
86320000 Kitgum 03 18 N 032 53 E 938 Kitgum Aswa
87320390 Lira 02 17 N 032 56 E 1300 Lira Aswa
East
88330060 Soroti 01 43 N 033 37 E 1132 Soroti Lake Kyoga
89330430 Jinja 00 28 N 033 11 E 3840 Jinja Lake Victoria
Central
89320660 Entebbe 00 03 N 032 27 E 1155 Mpigi Lake Victoria
89320670 Namulonge 00 32 N 032 37 E 1130 Mpigi Lake Victoria
Makerere 00 20 N 032 34 E 1190 Kampala Lake Victoria
West
89300630 Kasese 00 11 N 030 06 E 691 Kasese Lake Edward
91290000 Kabale 01 15 S 029 59 E 1869 Kabale Lake Victoria
90300030 Mbarara 00 36 S 030 41 E 1420 Mbarara Lake Victoria
88310030 Masindi 01 41 N 031 43 E 1147 Masindi Lake Albert
Source: Department of Meteorology
Table 5: Benchmark values for SPI interpretation
SPI Value Nominal SPI Class
2 above Extremely wet
15-1.99 Very wet
1-1.49 Moderate wet
-0.99t00.99 Near normal
-1.0to -1.49 Moderately dry
-1.5t0-1.99 Severely dry
-2 above Extremely dry
Source: World Meteorological Organization, (2012).
Figure 1: Average monthly rainfall for the seven Sub-basins (1940-2009)
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Figure 2: Average annual rainfall Figure 3: Average annual evapo-transpiration
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Figure 4: Annual ground water recharge Figure 5: Regional rainfall dIStrIbutIO
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Figure 6: Time series and trends for the SPI coefficients for the selected stations in the East and Central regions
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Notes: The stations for Central region include (Makerere, Entebbe and Namulonge), while the Eastern region
include (Jinja and Soroti).
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Figure 7: Time series and trends for the SPI coefficients for the selected stations in the North and

Western regions.
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Kasese and Masindi).
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