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Abstract 

Land use, land cover, and climate change impacts are current global challenges that are affecting many sectors, like 
agricultural production, socio-economic development, water quality, and causing land fragmentation. In developing 
countries like Uganda, rural areas with high populations dependent on agriculture are the most affected. The devel-
opment of sustainable management measures requires proper identification of drivers and impacts on the environ-
ment and livelihoods of the affected communities. This study applied drivers, pressure, state, impact, and response 
model in the L. Kyoga basin to determine the drivers and impacts of land use, land cover, and climate change on live-
lihoods and the environment. The objective of this study was to determine the drivers and impacts of land use, land 
cover, and climate changes on the environment and livelihoods in the L. Kyoga basin and suggest sustainable mitiga-
tion measures. Focus group discussions, key informant interviews, field observations, and literature reviews were used 
to collect data. Population increase and climate change were the leading drivers, while agriculture and urbanization 
were the primary pressures, leading to degraded land, wetlands, and forests; loss of soil fertility, hunger, poverty, poor 
water quality, which are getting worse. The local communities, government, and non-government institutions had 
responses to impacts, including agrochemicals, restoration, and conservation approaches. Although most responses 
were at a small/pilot scale level, most responses had promising results. The application of policies and regulations to 
manage impacts was also found to be weak. Land use, land cover changes, and climate change occur in the L. Kyoga 
basin with major impacts on land, water, and community livelihoods. With the observed increase in climate change 
and population growth, drivers and impacts are potentially getting worse. Therefore, it is essential to expand inter-
ventions, provide relief, review policies and regulations, and enforce them. The findings are helpful for decisions and 
policy-makers to design appropriate management options.
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Introduction
Land use and land cover (LULC) change and climate 
change (CC) have become synonymous with contem-
porary discussions globally as they are intertwined 
and are impacting many aspects of livelihoods and 
socio-economic developments (IPCC 2007; Wan et  al. 
2014; Amjath-Babu et  al. 2016). Whereas land cover 
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(LC) includes the natural physical features of the land 
in addition to artificial structures that form the land-
scape, land use (LU) covers the way humans utilize 
land and its associated resources (Alemayehu et  al. 
2009). On the other hand, climate change refers to the 
human-induced change in climate that varies the con-
figuration of the global atmosphere and adds to natural 
variability experienced over similar time scales (UNF-
CCC 2011). There are many drivers of LULC and CC 
at the international level, and they are divided into two 
main categories, i.e., proximate and underlying (Bisaro 
et  al. 2014; Pingali et  al. 2014; Belay et  al. 2015). The 
proximate drivers with direct impacts on watersheds 
include natural phenomena associated with climate, 
droughts, topography, deforestation, agriculture, and 
wildfires (Dregne 2002; Lambin et al. 2008). The under-
lying drivers, with indirect consequences, include pop-
ulation density, poverty, the land tenure system, and 
weakly implemented regulations and policies (Tiffen 
et  al. 1994; Kabubo-Mariara 2007; Gessessew 2017). 
Whereas emission of greenhouse gasses, especially by 
developed countries, is regarded as the primary driver 
of CC, population increase in less developed coun-
tries is considered the main underlying driver of LULC 
change (Farauta et  al. 2012; Bone et  al. 2017; Gondwe 
et  al. 2019). Population increase alone might not lead 
to LULC change, especially in the developed countries, 
with diverse sources of livelihoods; it is only an issue 
in developing countries where the people are depend-
ent on natural resources with less advanced agricul-
tural technologies (Nkonya et  al. 2011). Other drivers 
are economic and technological developments (Turner 
et  al. 1995) and urbanization (Alemayehu et  al. 2009). 
The desire to satisfy the insatiable human needs for a 
better life has impacted the environment, water, and 
livelihoods (Agarwal et  al. 2000; Rawat and Kumar 
2015). Hence, LULC change and CC are reoccurring 
without abatement unless drastic actions are taken 
(Mustard et al. 2005).

There is a synergetic relationship between LULC 
changes and CC with other factors causing impacts 
in our environment (Agyemang 2012; Vu et  al. 2014). 
Whereas LULC change can lead to loss of soils and nutri-
ents from poor agricultural activities (Fatumah et  al. 
2020), it is the CC that is responsible for transporting 
the sediments and nutrients to the receiving water bod-
ies through river/stream flows, run-off, and shallow 
groundwater (Urama and Ozor 2010; Huong and Pathi-
rana 2013). LULC changes and CC have been studied at 
global, regional, and national levels. Nevertheless, study-
ing at the local level is essential to properly understand 
the drivers and impacts of these changes on livelihoods, 
land, and water. This is important since understanding 

human-nature interactions require explicit local knowl-
edge and involvement of the local communities (Bremner 
et al. 2010; Wantzen et al. 2019).

Different ways have been used to identify LULC 
changes, including geographical information systems 
(GIS) and remote sensing using satellite data (Sun et al. 
2013; Bu et  al. 2014). However, the use of the Driver, 
Pressure, State, Impact, and State (DPSIR) model to 
link socio-economic growth effects on the environment 
(Kelble et  al. 2013) has also gained popularity. It effec-
tively describes the cause-effect associations between 
human-led development sectors and the environment 
(Pinto et al. 2013; Hou et al. 2014) and links its compo-
nent elements (Dzoga et al. 2020). For example, the rela-
tion between the ’impacts’ of a change in ecosystem or 
humans and the ’state’ of the ecosystem depends on the 
system’s threshold and carrying capacity (Kristensen 
2004). The ’model’s credibility is on its ability to serialize 
human effects on the environment, from drivers to the 
responses (Sun et al. 2016), and for establishing informa-
tion on the status of the environment (Elliott 2002). Thus, 
it is an essential tool for decision-makers, policy-mak-
ers, water and land managers, and the general public for 
effective and sustainable management (Timmerman et al. 
2011; Sekovski et  al. 2012), at regional and local levels 
(Kelble et al. 2013; Sun et al. 2016). It has been applied in 
different circumstances, for example, to support fish and 
fisheries management in Lake Tana, Ethiopia (Gebreme-
dhin et  al. 2018); and to interpret the rate of siltation 
of water reservoirs in Mexico (Porta and Claret 2011). 
Unlike the remote sensing approach, the model allows 
researchers to interact with communities, identifying 
local drivers, pressures, states, impacts, and responses/
coping mechanisms. Therefore, it provides a platform 
where local community knowledge can be incorporated 
into the scientific aspects of particular natural resources, 
bridging the gap between science and management and 
policy developments/reviews (Gebremedhin et al. 2018). 
Despite the value of information that the DPSIR model 
generates, valid for management and decision making, 
developed countries have applied it more (Gabrielsen 
and Bosch 2003; OECD 2003; Martins et  al. 2012) than 
developing ones, especially those in Africa where most 
published papers are reviews (Agyemang et  al. 2007; 
Gessesew 2017; Gebremedhin et  al. 2018), including 
Uganda.

The objective of this study was to use the DPSIR model 
to identify drivers, and impacts of both LULC change 
and CC on the environment, water, and livelihoods in the 
L. Kyoga basin, using indigenous knowledge and stake-
holder interactions. The research used focused group 
discussions (FGDs) and key informant interviews (KIIs) 
with the local community members, stakeholders, and 
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field observations to identify these drivers, impacts, and 
coping mechanisms. The outcome of this research is 
the development of holistic and efficient LULC change 
and CC management approaches that are "bottom-up" 
driven, i.e., from communities to government policy 
and decision-makers (Bell and Morse 2001). This is in 
contrast to common top-down approaches in Uganda, 
where government through decision and policy-makers 
prefer to use expert, scientific/reductionist legislation 
and regulations with less consultation with local com-
munities, which often leads to counterproductive efforts 
in dealing with LULC change and CC impacts (Wantzen 
et  al. 2019; Kosamu et  al. 2022). Most research studies 
have shown that both approaches are ineffective in deal-
ing with the impacts independently (Hägerstrand 2001; 
Grêt-Regamey et al. 2013; Ricaurte et al. 2014; Wantzen 
et al. 2019). Whereas top-down approaches are useful at 
global, regional, and national levels, they do not empha-
size intricate local resource user community perspectives 
and are problematic for the local communities to fol-
low and implement (Reed et  al. 2006; Gray et  al. 2014). 
Bottom-up approaches are useful at the local community 
level and have been referred to as participatory or conver-
sational (Bell and Morse 2001). This approach recognizes 
that the local communities are important in designing 
sustainable management measures as they determine 
what they will adjust to and when (Gray et  al. 2014). 
Therefore, their views must be taken into consideration 

by top-down legislation and regulation if sustainable 
management has to succeed (Palmer et al. 2014). There-
fore, the new paradigm shift, which this study is focused 
on, is towards the integration of both approaches (Reed 
et al. 2006). The findings are also applicable in the moni-
toring and implementation of United Nations Sustainable 
Development Goals (SDGs) in Uganda, which advocate 
poverty reduction (Goal 1), maintenance of clean water 
quality and sanitation (Goal 6), and taking corrective 
action on climate (Goal 13) by 2030.

Materials and methods
Study area
The study area is in eastern Uganda, north of L. Victo-
ria, with coordinates 0o24.50’N – 2o25.50’ N; 32o5′10’ E 
– 34o46′30’ E, and covers three catchments, including 
Awoja, Mpologoma, and Lwere, (Fig.  1). These catch-
ments cover a more significant part of the eastern catch-
ments of L. Kyoga, which is a recipient of the water from 
these catchments. Lwere is the smallest of these catch-
ments, with an area of 1500  km2; Mpologoma is the 
second largest in the basin with 9,000km2, with 13 sub-
catchments (MWE 2018). Awoja is the most extensive 
catchment of the basin, with an area of 11,000 km2 and 
14 sub-catchments (MWE 2015). The study area covers 
34 of the 58 districts of the L. Kyoga basin. Its popula-
tion estimate is 9.4 million people, with the youth below 
30 years constituting over 75% of this population (UNBS 

Fig. 1  The location of the study area
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2020). The study area has Mt Elgon, 4,321  m above sea 
level (m.a.s.l), at the border between Uganda and Kenya. 
This mountain is the source of rivers and streams that 
drain the catchment and is also a settlement, agricul-
tural, and forestry area, hence playing a significant role 
in LULC changes and CC. This mountain and lakes in the 
area, like Kyoga and Victoria, are the leading influencers 
of the climate of the study area (Camberlin 2009; MWE 
2018). The two phenomena of LULC change and CC are 
the most critical factors affecting this basin, impacting 
livelihoods and the environment.

The study area was divided into three segments, 
including (1) the upstream, which covered the top and 
slopes of mountains Elgon and Kadam, the districts 
here included Kapchorwa, Nakapiripirit, Bududa, 
Bukwo, and Kween (2) the mid-stream, which included 
the lower slopes of Mt. Elgon and the higher grounds, 
districts covered here included Mbale, and Kumi, 
Butebo; and (3) the downstream, which included the 
flood plains of Teso and parts of Busoga. Districts 
here included Serere, Pallisa, Ngora Butaleja, Buyende. 
Upstream districts experience erosion due to the steep 
nature of the land, with bare land as a result. Mid-
stream areas were observed with lush wetlands due to 
nutrient and sediment deposition from the upstream, 
resulting in fertile agricultural soils. The downstream 
areas had extensive wetlands, as the river flow slowed 
down before discharging water into L. Kyoga. Fur-
ther deposition of sediments occurs here, making 
soils and wetlands nutrient-rich; hence they are highly 

cultivated and degraded (Fig.  2). The 2020 LULC map 
was developed using remotely sensed data from global 
optical satellites, obtained from the United States Geo-
logical Survey (USGS) (https://​earth​explo​rer.​usgs.​gov), 
accessed on 20th November 2020 as described in Obubu 
et  al. (2021a). Agriculture was the main LULC change 
activity in the study area (Fig. 2). The cultivation dimin-
ishes the ecological buffering role of wetlands, includ-
ing the uptake and storage of excess nutrients and 
filtering sediments.

The topographical division influences the state and 
impacts of LULC change and CC under the same 
drivers. The study area also had two distinct climatic 
zones; the drier northern cattle corridors of Karamoja 
and parts of Teso, which receive less rainfall, and the 
Mt. Elgon area, which receives high amounts of rain-
fall, making the region vulnerable to impacts of CC 
and LULC change (Mbogga 2012; MWE 2013). The 
main LULC activities in the study area include convert-
ing land, forests, and wetlands into agriculture, mainly 
for rice fields, human settlement, and urbanization. 
Further, sand mining, quarrying for marram, and arti-
sanal mining of minerals, such as limestone, occur in 
the area. Land use, land cover changes, and CC were 
established through FGDs and KIIs with the local com-
munities. The LULC changes, alongside CC impacts, 
primarily result in floods, landslides, mudslides, and 
droughts, adversely affecting the environment, water, 
and livelihoods over time.

Fig. 2  The current LULC map of the study area ( Source: Obubu et al. 2021a)

https://earthexplorer.usgs.gov
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Data collection and analysis
Data collection
Data collection was done using three principal 
approaches: focus group discussions (FGDs), key inform-
ant interviews (KIIs), and field observations. The FGDs 
is a key that was first developed in the 1920s (Mor-
gan 1998), formalized in the 1940s (Madriz 2000), and 
has been refined and widely used by various scientists 
for qualitative data collection (Onwegbuzie et  al. 2009; 
Nyumba et  al. 2018). The data collection was done in 
representative districts in the upstream, midstream, and 
downstream areas to capture all study areas’ perceptions 
and views. Focus groups consisted of a minimum of 12 
and a maximum of 15 members, although there were 
21 members in Kumi district. Fifteen members for each 
FGD have been recommended and used by many authors 
to allow members to express themselves (Onwegbuzie 
et al. 2009; Makwinja et al. 2021), but at the time of this 
study, it allowed FGDs to follow standard operation 
procedures (SOPs) against Covid-19 pandemic, which 
included social distancing and wearing of facemasks 
(Fig. 3).

The FGDs and KIIs took a maximum of one and a 
half hours and were moderated by two people, the 
researcher, and a well-trained assistant, to ensure con-
sistency, as recommended by Maxwell (2012). There 
were nine FGDs, and thirteen KIIs carried out in the 
study area. That number was reached as information 
saturation was attained, following Sandelowski (2008). 
The FGDs were organized with the help of the Min-
istry of Water and Environment (MWE) deconcen-
trated regional office, Kyoga Water Management Zone 
(KWMZ), in conjunction with district community 
development officers (DCDOs). Open-ended ques-
tions were administered on the types of LULC changes, 
CC, and also on the drivers, pressures, states, impacts, 

and responses to LULC changes and CC. The par-
ticipants ranked the drivers and impacts according to 
the Linkert scale, from 1–5 (1 = most important, and 
5 = least important) (Solehana et  al. 2019; Tien and 
Thuy 2020). KIIs followed a phenomenological tactic as 
described by Patton (1990). The KIs were elderly, above 
55  years of age, and residents of the study area. Oth-
ers were experienced office bearers rendering service 
to the community, from government and non-govern-
ment agencies. The independent data and information 
from KIs were used to validate the information from 
the FGDs. All FGDs and KIIs strictly followed ethical 
guidelines recommended for data collection (Levy and 
Lemeshow 2013).

Field observations by the researcher during the time 
of data collection were also used to collect the cur-
rent information on the drivers and impacts of LULC 
changes and CC in the study area. Here, the state of 
wetland degradation and conversion into rice fields was 
observed, and forest degradation, among others, was 
observed firsthand during data collection. The exercise 
took over three weeks in total but was taken in three 
segments. Degradation activities like conversion into 
rice growing were observed directly, and pictures were 
taken (Fig. 5), as reported in similar studies in Zimba-
bwe and India (Crecious and Lazarus 2013; Das and 
Basu 2020).

Literature reviews were also carried out to obtain rel-
evant data and information for the study. For example, 
the Uganda Bureau of Statistics (UBOS, www.​ubos.​
org), accessed on the 25th May 2021) was visited to 
obtain accurate and projected population data. Second-
ary data on the river discharges, water levels, and water 
quality for Mpologoma, Awoja rivers, and L. Kyoga 
were obtained from MWE.

Fig. 3  A section of a FGD a and KII b in Busiu Mbale 

http://www.ubos.org
http://www.ubos.org
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Data analyses
FGD and KII data were analyzed through coding and 
organization into thematic groups for easy presenta-
tion. This was done following the constant compari-
son analysis approach (Onwegbuzie et al. 2009), which 
was first developed by Glaser et  al. (1968). Data were 
then grouped into drivers, pressures, state impact, 
and responses. Water discharge data, water level, and 
water quality data were analyzed in Excel and graphs 
and developed into tables.

Results
The results obtained from the FGDs and KII are summa-
rized in the DPSIR conceptual framework model (Fig. 4).

Discussion
Drivers (D) of land use, land cover, and climate change
Drivers are essential societal needs like food, shelter, 
energy, and transport that have to be met regularly, and 
are in two categories, namely proximate (Dregne 2002; 
Lambin et  al. 2008) and underlying (Tiffen et  al. 1994; 
Kabubo-Mariara 2007). The requirements for meeting 
these needs vary from one country to another and from 
urban to rural settings. In less developed countries, like 

Fig. 4  DPSIR framework model of the findings of LULC change and CC in the study area
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Uganda, especially in rural settings, the immediate needs 
are met mainly by using natural resources (Reynolds et al. 
2007; Bremner et  al. 2010). During data collection, six 
significant drivers were identified by the local communi-
ties. These included population increase (Fig. 4), climate 
change, economic development, politics, low education 
levels, and land tenure. However, these drivers do not 
work in isolation, but rather synergize with one another 
to cause impacts on land, water, and livelihoods.

The population increase was identified as a number 
one driver in eight of the nine FGDs carried out, except 
in Nakapiripirit (Karamoja region), where low education 
levels/high illiteracy rates ranked highest. Population 
pressure has impacted land, wetlands, and forests, which 
have been degraded to meet the essential human needs, 
primarily through agriculture. UBOS data indicates the 
study area as one of the most populated regions in the 
country (UBOS, 2020), as shown in Fig. 5.

Whereas high population impacts LULC change and 
CC, the youthful population structure in Uganda and in 
the study area in particular, where up to 78% of the pop-
ulation is below 30  years of age, is worrying. Uganda’s 
average population density is estimated at 228/Km2, with 
a growth rate of 3.32% and a fertility rate of 4.78 births 
per woman, ranking among the highest globally UBOS 
(2020). Such population growth rate is associated with 
rapid urbanization and high poverty levels observed in 
the study area. With an unemployment rate of over 2.9%, 
which is higher than the national rate of 2.44, this pop-
ulation is now heavily dependent on natural resources 
as sources of income or doing petty jobs in the urban 
centers. Therefore, the young, energetic population, 
dependent on parents, has become a real burden to the 
natural resources, as they are being used as human labor 

to degrade natural resources, which in turn has resulted 
in CC, as has been observed by other studies (Reynolds 
et  al. 2007; de Sherbinin et  al. 2008; Alemayehu et  al. 
2009; Bremner et al. 2010; Akhtar et al. 2011; Kirui and 
Mirzabaev 2015; Ashfaq et al. 2019).

Population-related drivers also act synergistically with 
other community aspects, like poverty, socio-econom-
ics, and environmental factors, causing LULC change 
and CC. Poverty, an underlying driver, in synergy with 
other factors was the second driver of LULC changes 
and CC, as poor people depend on natural resources, as 
pointed out by other authors in Kenya (Kirui and Mirza-
baev 2015), the USA (Bremner et al. 2010) and Germany, 
(Bisaro et  al. 2014). National poverty indices showed 
Eastern alongside the Northern regions as one of the 
poorest in Uganda (UBOS 2020; UNICEF 2020).

The need for shelters, energy in the form of firewood 
and charcoal and hunger, low education levels, weak law 
enforcement, urbanization for alternative income, lack of 
cash crops, loss of cultural values, and high cost of land 
were other drivers of LULC change and CC; all these 
drivers are related to the high youthful population. This 
agrees with what was found by other authors (Lambin 
et al. 2001; Geist and Lambin 2002; Harte 2007). In Naka-
piripirit and Karamoja areas, low education level, hence 
high illiteracy, was the number one driver. Production of 
domestic and industrial effluents from Karamoja min-
eral mining and domestic effluents from urban centers, 
including Mbale, and Soroti cities, Iganga, and Tororo 
municipalities impacted the land and water resources 
as pointed out by other studies (Kristensen 2004; Anaba 
et  al. 2016). Climate change was also identified as one 
of the significant drivers of LULC changes in the study 
area. This was in agreement with the findings of CC in 
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the study area, reported in the related study (Obubu 
et  al. 2021a). For example, high population growth, led 
to establishment of urban centers, with economic activi-
ties, and increased demand for energy and construction 
materials. These in turn resulted in LULC change in form 
of deforestation and wetland degradation, hence increase 
in CC; meanwhile, CC leads to forest and wetland loss, 
a vicious cycle that is observed globally (Bremner et  al. 
2010; Nkonya et  al. 2011; Bisaro et  al. 2014). Politi-
cal interference was cited as one of the drivers of LULC 
changes, especially in wetland and forest degradation. 
This was cited in Pallisa, Kibuku, Kumi, and other dis-
tricts, where politicians would urge their constituents to 
defy regulations and encroach on wetlands and forests 
for political gain, especially during elections. Limoto wet-
land, located between Pallisa and Kibuku is an example 
where political interference seriously compromised con-
servation activities.

Land tenure systems were drivers of LULC change and 
CC. There were four types of land tenure systems in the 
study area: customary ownership the most dominant 
type, community; leasehold in urban centers; and cultural 
land ownerships. Customary tenure was identified as a 
driver of LULC change as parents have to keep on sub-
dividing the finite land to the infinite number of children 
over generations. This would result in land fragmentation 
and conflicts between families. It further demonstrated 
the connection and synergy between different drivers 
(population and land tenure). This study revealed that, 
in Bududa, the amount of land a son inherits is depend-
ent on how well-behaved his wife is to the parents-in-law. 
The participants noted the difficulty in commercializing 
customary, communal, and cultural lands without the 
parents’ permission, community and cultural leaders, and 
the result was land fragmentation for agriculture and set-
tlement. In Nakapiripirit, the communities accused the 
local government leaders of taking advantage of com-
munal land tenure by selling and leasing it to commer-
cial developers like companies and academic institutions 
without consulting them, thus changing ’LU’s purpose. 
Acerer village and Nakapiripirit town council were cited 
as examples where such abuse of land tenure systems was 
rampant. These findings agree with what was found in 
Kenya by Kakubo-Mariana (2007), where land rights and 
land conservation issues were discussed.

Pressures of land use, land cover changes, and climate 
change
The need to meet the drivers of LULC change and CC 
results in exploiting natural resources; these exploitative 
activities place pressure on the environment (land and 
water) (Kelble et  al. 2013). The pressures were grouped 
into thematic areas, with agriculture, urbanization, and 

economic development identified and leading pressures 
(Fig. 4). Many people are entirely dependent on agricul-
ture, just like it is the mainstay in the country, where it 
supports over 70% of the local economy (Ojara et  al. 
2020). Although maize, sorghum, rice, and millet were 
cultivated across the study area, Arabica coffee was 
unique to the mid and upstream districts on Mt. Elgon 
like Mbale, Bududa, Kapchorwa, as the weather here and 
high altitudes above 1600 m.a.s.l favors it (MWE 2015). 
Cassava was dominant in the downstream districts of 
Serere, Kumi, and Pallisa. The demand for food resulted 
in the conversion of wetlands, riverbanks, l, and forests 
into agricultural lands as observed in Limoto wetland in 
Palissa, a situation observed in Kampala, Uganda (Matagi 
2002), in Kenya, Malawi, and Tanzania (Kirui and Mir-
zabaev 2015). There was also reported cultivation on the 
steep slopes of Mt. Elgon with minimum terracing. This 
practice loosened the soil, hence resulting in mudslides 
and landslides during rainy seasons. These damaged 
infrastructures and caused deaths annually, as was also 
pointed out by Dregne (2002).

Boosting agricultural production to meet food 
demands is now supported by applying agrochemicals, 
which included fertilizers (NPK, Organic manure, Urea, 
DAP, CAN, TAP, Allwin gold super, Vegimax, Evergreen 
and Aminocop), pesticides (Super grow, Dudu cipher, 
Rocket, Stricker, Tafgor/dimethoate, Ambush, Dudu 
maki, and Golden drop), and Herbicides/Fungicides 
(Roundup, weed master, (2-4-D) Diamine, Force up and 
Ametrine) as reported by the participants. The partici-
pants emphasized that, without their use, the farmers 
get poor and low yields. Other reasons for using these 
chemicals included loss of soil fertility, losses due to pests 
and diseases, and CC. It was only in Nakapiripirit, where 
agrochemicals were not used yet, due to land availabil-
ity, small population, good soil fertility, and nomadic 
lifestyle.

The communities started using these chemicals at dif-
ferent times; the upstream districts over 30  years ago, 
while the downstream districts started as recently as five 
years ago. This confirmed the argument that upstream 
districts lost fertility earlier due to soil erosion, while 
the downstream district had fertile soils due to deposi-
tion of nutrients and sediments from upstream districts. 
Land fragmentation has affected most parts of the study 
area, as shown by the widespread use of agrochemi-
cals, except in Nakapiripirit. The KIs indeed confirmed 
that land in Nakapiripirit was plenty and fertile in the 
past 30–40 years. Fallowing eliminated the need for the 
use of agrochemicals. These agrochemicals affect soils, 
but especially the water quality of the receiving water 
resources, like rivers Awoja and Mpologoma and L. 
Kyoga, through run-off, facilitated by CC (Obubu et  al. 
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2021a). Similar observations were made in Qatar and 
Ethiopia (Akhtar et al. 2011; Gebremedhin et al. 2018).

Urban centers have put pressure on land as agricultural 
land, forests, and in some cases, wetlands have been con-
verted into urban centers, like Imatakojo forest in Pallisa 
district, which was converted into an urban center, as has 
also been observed in other areas (McKinney 2002; Tang 
et  al. 2005; Akhtar et  al. 2011; Rawat and Kumar 2015; 
Gebremedhin et al. 2018). Forests have been degraded to 
provide timber for construction and energy in the form 
of charcoal and firewood. Meanwhile, domestic wastes 
from these centers are also sources of contamination of 
land and water resources. Sewerage effluent data from 
Soroti and Mbale cities and Tororo and Iganga munici-
palities were obtained from the MWE from 2014 to 2021. 
The mean annual values for Electrical conductivity (EC), 
pH range, Total Suspended Solids (TSS), Total Phospho-
rus (TP), Total Nitrogen (TN), and Biochemical Oxygen 
Demand (BOD) were compared with the National Envi-
ronment (Standards for discharge of effluent into water 
or land) Regulations 2020, (Table 1).

All the parameters were at least above the standards 
in different years, putting pressure on the water quality 
of L. Kyoga and land. The EC met the standards in 2016, 
and pH tended to alkalinity in all the years. TSS, COD, 
and TN did not meet the standards; BOD in two years 
(2016 and 2020) out of the seven years did not meet the 
standards. The result is the pollution of water resources 
and land. According to local communities, other eco-
nomic activities in the study area that exerted pressure 
on natural resources were the development of agro-pro-
cessing industries like distilleries, where raw hot waste 
was released into the environment without treatment, 
affecting receiving water ecosystems such as River Naki-
biso in Mbale district. As a result, parts of the river had 
been seriously contaminated, rendering the water unfit 
for any use. The participants in Nakapiripirit district also 
reported pollution from artisanal mining activities of 
minerals like gold. Meanwhile, most industries in Mbale 

and Tororo districts operated dry processes, hence the 
need to monitor gaseous emissions and their effects on 
the atmosphere and CC, which was not done in the study.

State of land use, land cover change, and climate change
Given that drivers are the human needs, and pressures 
are the activities carried out using the natural resources 
to satisfy the needs, the transformation of natural 
resources, hence the loss of quality ecosystem services 
they provide, represents the state of particular natural 
resources. (Kristensen 2004; Gessesew 2017).

State of water and environment
Participants ranked land, wetlands, forests, and river-
banks as the most degraded land use, especially for agri-
culture. Soil erosion, bare land, and formation of gullies, 
especially in the upstream districts at the slopes of Mt. 
Elgon, but also in Pallisa was, reported. Protected areas 
are getting degraded by displaced people as the popula-
tion keeps increasing. There was increase in pests and 
diseases, which could not be independently verified 
due to a shortage of data. One of the salient issues dis-
covered by this research was the conversion of the most 
revered cultural land/sites into agriculture, especially 
in Pallisa, Bududa, and Nakapiripirit districts. Some of 
these cultural sites included Nashinda, Nashoba, Yera-
kha, Namasho, Nameremu, and Nehoyo in Bududa, 
which were hitherto protected by the communities. Up 
to 30 years ago, they were sites of sacrifices and celebra-
tions during catastrophes and in plenty. Indirectly, they 
became bushy and forested, thus refugia for biodiver-
sity (wild animals and birds), reported in Burkina Faso, 
Benin, and Togo in Weste Africa (Juhe-Beaulaton 2006; 
Kokou and Sokpon 2006). Some elderly participants and 
KIs associated the current droughts, floods, and diseases 
with the encroachment to these sites as they believe the 
"gods" were "annoyed". Government and other stakehold-
ers should take advantage of these cultural values and 
beliefs and integrate them into conservation policies and 

Table 1  Domestic effluents against wastewater discharge standards

Data source: Ministry of Water and Environment

Year EC (µS/cm) pH (pH units) TSS (mg/l) TP (mg/l) TN (mg/l) BOD (mg/l) COD (mg/l)

2014 884 8.0–10.0 3.16 35 231

2015 612 7.1–9.2 75 12 144

2016 1039 6.8–9.4 136 3.6 187 1438

2017 837 6.8–8.6 210 18 152

2018 1098 6.9–9.1 75.7 7 264

2020 6.8–9.9 69 156

2021 1059 5.3–11.0 309 7.9 52.8 26 366

Effluent Standard 750 5.0–8.5 50 5 10 50 70
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laws to protect the environment and natural resources in 
the study area.

Field observations during data collection also con-
firmed the degradation of natural wetlands through rice 
growing (Fig. 6). These findings agree with the work done 
in the Namataba wetland (Namaalwa et  al. 2013) and 
Naigombwa wetland (Were et al. 2020), which are parts 
of this study area.

Meanwhile, the National Water and Sewerage Corpo-
ration (NWSC), the water supply agency for Mbale City, 
reported increased siltation, sedimentation, and colora-
tion of water in River Manafwa, an intake point, during 
wet seasons, due to soil erosion, especially from artisanal 
sand and iron mining in the upstream areas (Table 2).

There was a distinct variation in water quality param-
eters in wet seasons (March–May) and dry seasons (June 
to August), with the management reported an increase in 
the quantities of water treatment chemicals, potentially 
increasing the cost of water supplied to consumers. For 
example, the corporation used water treatment chemicals 
worth 5400 USD during the dry season compared to 8700 
USD during the wet season. Indeed, some participants in 
this area reported that tap water supplied by NWSC was 
often brownish, especially during heavy rainy seasons.

There was also reported loss of biodiversity, especially 
wild animals like leopards, antelopes, baboons, and wild 
birds like eagles that dwelt in wetlands, forests, and 
woodlands, due to clearance of their habitats. These were 

pointed out by the KIs, who were knowledgeable about 
these animals before they disappeared.

State of livelihoods in the study area
Many people are being displaced internallyby floods, 
land, and mudslides. For example, over 500 people were 
resettled in Kiryadongo with a further 600 in Bulambuli. 
There were shortages of some basic needs, including 
sanitation, food, and water supply for domestic purposes. 
There was damage to homes and infrastructure includ-
ing roads and water supply lines, affecting livelihoods. 
This shows that CC is acting synergistically with LULC 
changes, exacerbating the damage to the environment 
and negatively impacting human livelihoods through 
poor sanitation, shortage of food, and shelter. Further, 
participants, especially in the downstream districts of 
Serere, Kumi, and Pallisa, the traditional cattle-keeping 
communities, reported a reduction in domestic animals 
due to a shortage of grazing land.

Impacts of LULC change and CC on the environment, water, 
and livelihoods
Impacts on land
Loss of soil fertility was reported across the study area as 
a number one impact of LULC change and CC. The par-
ticipants reported low harvests compared to what they 
used to get from the exact acreages of land 30 years ago. 
Crop and animal yields were of poor quality due to low 
soil fertility, which agrees with findings by Osbahr et al. 
(2011) in Mbarara district, western Uganda. The local 
communities noted that soil erosion had eroded the top-
soil especially in the steep slopes of Mt. Elgon, leaving 
infertile underground soil, which agrees with what was 
reported by other authors (Alemeyehu et al. 2009; Porta 
and Claret 2011; Anaba et  al. 2016). Expect in Naka-
piripirit where land is still fertile, the rest of the study are 
reported increased application of agrochemicals to boost 

Fig. 6  Parts of Mpologoma wetland, a converted for growing rice; and b intact wetland area

Table 2  Seasonal variation of water quality in R. Manafwa (intake 
for Mbale water supply)

Data source: NWSC, Mbale district

Season pH EC (µS/cm) Turbidity 
(NTU)

Colour-app 
(PtCo)

TSS (mg/l)

Wet 7.1 113 1348 10,843 1900

Dry 7.2 171 475 5179 774
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agricultural production, which is in line with a study by 
Akhtar et al. (2011).

The land resources have been degraded and no longer 
support the population; hence the local communities are 
encroaching on protected lands, like forests and wet-
lands, for crop production. The clearance of forests and 
degradation of wetlands has resulted in erratic precipita-
tion and droughts (climate change), and the vicious cycle 
is getting worse every year, as also reported by Bremner 
et  al. (2010) and Obubu et  al. (2021a). At the national 
level, forest coverage has reduced from 24% in the 1990s 
to 12.4% in 2020 (MWE 2020). Relatedly, wetland cov-
erage has reduced from 15.6% in 1994 to 8.9% in 2020 
(MWE 2020). The conversion to agricultural land is the 
main LULC change, as reported in the tropics (Geist and 
Lambin 2002). There was a loss of biodiversity in forests 
and wetlands.

Further, the poor-quality crops and animals are more 
vulnerable to infestation by pests and diseases, with par-
ticipants reporting an increased outbreak of pests and 
diseases exacerbated by CC; this was also observed by 
Hisali et  al. (2011). These observations were proved by 
the increasing use of pesticides over the last five years 
generally and over 30  years in the upstream district, 
which experienced the loss of soil fertility due to soil 
erosion due to steep terrain. There were also reported 
increased costs incurred by the respective local govern-
ment authorities and members of communities in the 
maintenance, repair, and replacement of damaged infra-
structure and facilities, including roads, homes, health 
centers, and schools.

Impacts of LULC change and climate change on livelihoods
There were displacements from land and mudslides and 
deaths in different communities. A total of 427 peo-
ple were reportedly killed by floods, land, and mud-
slides from 2010 to 2021, with Bududa district the most 
affected (417 people), Nakapiripirit (6 people), Kap-
chorwa (3 people), and Mbale (2 people). There was also 
an increase in temperature, including warm nights, and 
mosquitoes due to CC, thus malaria in areas that used to 
be cool, e.g., Kapchorwa, as reported in a related study 
(Obubu et  al. 2021a). There were increased conflicts 
within communities and between communities and 
law enforcement agencies like National Forest Author-
ity (NFA) National Environment Management Author-
ity (NEMA) over natural resources like wetlands, fertile 
land, and forests; for example, Limoto wetland in the bor-
der between Pallisa and Kibuku districts. These conflicts 
were also reported in the fishing communities in Lake 
Tana, Ethiopia (Gebremedhin et al. 2018), Uganda (Hisali 
et  al. 2011; MWE 2015), and in Southeast Asia (Fran-
cisco 2008). Measures should be undertaken to ensure 

that conservation and sustainable resource utilization 
co-exist.

There was increased poverty and hunger among the 
local communities as agriculture was not adequately 
productive due to floods, [poor soils, and droughts. Lack 
of not only cash crops but also markets for agricultural 
produce was affecting family income. Poverty and hun-
ger resulted into school dropouts, child labor, early child 
marriages, and pregnancies, and gender-based violence, 
where women reported husbands abandoning homes, 
leaving women with the burden of raising children, as 
was also observed in Ethiopia (Gessesew 2017), and other 
developing countries (Bremner et  al. 2010). Participants 
reported increased disease outbreaks, including malaria 
and trachoma, with some claiming that even the covid-19 
pandemic could be related to CC.

Impacts of LULC change and climate change on water 
resources
When asked about the impacts of LULC change and 
CC on the water resources, especially Lake Kyoga, par-
ticipants from Serere, Kumi, and Pallisa districts near the 
lake, pointed out several impacts. For example, flooding 
at the lake shores, especially following the heavy rains, 
was more frequent than 40  years ago. Indeed, the years 
2007 and 2020 had the most damaging floods, with the 
floods of the year 2020 leading to the breaking of the 
water level record of 1964 (Table 3). Data obtained from 
MWE was used to map the 2020 floods to show the 
extent of spread and was found to support the local com-
munities’ observation (Fig.  7). The analysis showed that 
the spatial extent of the lake expanded by 12.2%.

The 2020 floods did not affect only L. Kyoga but other 
major lakes in the country. A summary of the water levels 
of three major lakes in Uganda is given in Table 3.

Lake Kyoga was the most affected by these floods, as 
pointed out by the participants during the FGDs and 
KIIs, which agreed with the data from the MWE (see 
Table 3 and Fig. 8). The water level data gaps in the 1980–
1990s were caused by the insurgency, which interrupted 
data collection. Lakes Kyoga and Victoria reached new 
record levels in May 2020; meanwhile, L. Albert, located 

Table 3  Record-breaking water level trends for major Ugandan 
lakes

Data source: MWE

Water levels (m)

SN Lakes 1964
(Old record)

2020
(New record)

Difference

1 Kyoga 13.25 14.41 1.16

2 Victoria 13.41 13.48 0.07

3 Albert 14.2 14.68 0.48



Page 12 of 21Obubu et al. Environmental Systems Research           (2022) 11:11 

downstream of the two lakes, broke the record in Octo-
ber 2020.

The record-breaking floods could be associated with 
climate change in the study area, which has been steadily 
increasing in the last two decades (Obubu et al. 2021a). 
Floods are responsible for transporting and loading nutri-
ents and sediments from the catchment into the lake, as 
reported in the related study (Obubu et al. 2021b). This 
showed the connection between LULC changes and 
CC and why these two components should be studied 
together. They were also responsible for the flushing out 
and drowning of S. molesta, an invasive weed that had 
invaded L. Kyoga. The participants and the literature 
reviewed on the floods in L. Kyoga agreed on the dam-
ages caused by floods on people, infrastructure, animals, 
and crops, which resulted in hunger, poverty, and malnu-
trition, especially among children. They also affected fish-
ing by dislodging shoreline vegetation into floating suds, 
which blocked landing sites, interfered with boat landing 
and leaving, and water supply to the riparian communi-
ties as observed in Mugarama and Iyingo landing sites, 
in Serere and Buyende districts, respectively. This was 
also observed in other parts of the world (Keskinen et al. 
2010; Kundzewicz et  al. 2014). The fishing community 
also reported a reduction in fish catches, destruction of 
fish breeding sites, increase in siltation of the lake and 
wetlands, poor water quality, increased risks of attack 
from reptiles like crocodiles, snakes, and monitor lizards. 
Further, the area witnessed a higher abundance of mos-
quitoes, with increased incidences of malaria, according 
to participants.

Application of agrochemicals in the catchment and 
soil erosion contributes to pollution of Lake Kyoga and 
the observed brown water in the rivers laden with sedi-
ments, as has been pointed out by other authors (Ogutu-
Ohwayo et  al. 2013; Andama et  al. 2017). On the other 
side, floods helped drown and flush out the invasive 
weed, Salvinia molesta from L. Kyoga, although it also 
helped spread it into the catchment and could indeed 
lead to its reinvasion later, as reported in other stud-
ies (Oliver 1993; McFarland et  al. 2004; Lal 2016). The 
FGDs confirmed that the local communities had rich 
knowledge and experience of environmental issues. This 
presents an opportunity for engaging the community 
members in environmental protection and conservation 
practices.

Pollution of L. Kyoga has exposed it to invasion by 
invasive water weeds like S. molesta. When the partici-
pants, however, were asked why L. Kyoga was invaded 
by invasive water weeds, especially S. molesta and 
water hyacinth; there were varied responses. Some par-
ticipants thought minister Nankabirwa brought it; oth-
ers said it was from L. Victoria. At the same time, some 
pointed out nutrient enrichment from the catchments, 
warm water, many bays where the weeds are protected 
were responsible. Other contributing factors included 
slow water flow and others said it was the act of ’God’ 
These responses were similar to the scientific findings 
(Ogutu-Owahyo et al. 2013; Wanda et al. 2015; Andama 
et  al. 2017), although the local community knowledge 
showed more details, which are often missed when only 
scientific approaches are used. This research shows the 

Fig. 7  A map showing the extent of 2020 floods in L. Kyoga, the yellow circle shows the study area. Data source (MWE)
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importance of integrating scientific knowledge with 
social or community-based perceptions, observations, 
and experience to identify causative factors for envi-
ronmental degradation, hence developing more reliable 
and lasting sustainable solutions to the environmental 
and CC issues. The participants listed consequences of 
invasion by the weeds, including fish kills, reduced oxy-
gen, and difficulty in navigation.

On the massive fish kills, especially of Nile perch in 
Lake Kyoga in 2020, the participants outlined the pos-
sible causes as pesticides in household sprays and 
from the gardens in the catchments drained to the lake 
through floods, increased heat in the water, Nile perch 
diseases, and poison fishing was. Meanwhile, the joint 
report on the massive death of Nile perch issued by the 
Ministry of Agriculture, Animal Industry and Fisheries 
(MAAIF 2020) pointed out reduced dissolved oxygen 
levels. The reduction in dissolved oxygen could have 
been caused by deposits of organic matter drained by 
the floods and drowned S. molesta. The decomposition 
of these organic matter by aerobic bacteria could have 
resulted in the reduction of dissolved oxygen, hence the 
death of Nile perch, which is sensitive to low oxygen 
levels of less than 2.5 mg/l (hypoxia condition) (Goud-
swaard et al. 2011). Both the community and scientific 
views are in consonance, hence are essential for man-
agement purposes.

Linkage of LULC change and CC from catchments to the lake
One of the main objectives of this social part of the 
research was to find out whether the local communities 
were aware that LULC change activities in the catch-
ment and CC impacted the water quality of rivers and L. 
Kyoga. When the question of connectedness was posed 
to the FGDs and KIIs, the response was a resounding 
no. The participants in all groups, from the upstream, 
mid, and downstream, even those at the landing sites, 
were unaware that catchment activities were impact-
ing the water quality of Lake Kyoga. As a result, the 
researcher educated the participants on the relationship 
between LULC changes and CC in the catchment and 
their adverse impact on water ecosystems. This finding 
exposed a perception gap in the connectivity between 
land and water and calls for awareness of the linkage. 
There was, therefore, a strong recommendation by par-
ticipants on sensitization of the local communities on 
this matter. The issue of LULC change activities in the 
catchments being responsible for the water quality of 
the receiving water bodies has been well researched and 
proven elsewhere (Donohue et  al. 2006; Miranda et  al. 
2014), but are still a challenge in Uganda. These find-
ings illustrate the importance of integrating scientific and 
local knowledge to manage natural resources better. The 
participants requested feedback on the research findings 
and increased the extent of sensitization.
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Fig. 8  Water level trends for Lake Kyoga, over six decades. Data source (MWE)
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Responses to LULC change and climate change impacts
This component of the DPSIR has responses from differ-
ent sections of society, including local community coping 
mechanisms central and local government responses.

Local community coping mechanisms
The participants gave a list of coping mechanisms to 
alleviate the impacts of LULC changes and CC, shaped 
by prolonged exposure to these impacts. These included 
moving to urban centers for business purposes since the 
land was too fragmented for agriculture. They use agro-
chemicals to improve crop and animal production, plant 
tree to combat CC impacts, and to meet timber and 
firewood demands. For those communities near water 
bodies, migration and land acquisition from safer areas 
and even in other districts was common practice. For 
example, people from Pallisa reported moving to nearby 
districts like Serere. Although they still said this was inef-
fective, use of crop rotation since the soils had lost fertil-
ity. Planting quick maturing and drought-resistant crops, 
like the peanut variety "Serenut," was reported in Kumi 
and Serere, and eating once a day during a food shortage, 
or the use of relief foods from the government for seri-
ously affected communities. Some people often resort to 
offering cheap labor to those who can provide for their 
needs, as was also reported by Hisali et al. (2011). Oth-
ers have reduced the number of domestic animals, espe-
cially cattle, goats, and sheep, due to shortage of grazing 
land, especially in Serere, Kumi, Ngora, and Soroti, which 
used to be semi-nomadic. Others have resorted to dairy 
farming, reared on the zero-grazing regime, reducing the 
number of animals. People hire gardens for a season(s) 
from those with more land, while others practice aqua-
culture in wetlands as an alternative livelihood. Small 
scale irrigation, using valley tanks and solar-powered 
pumps like in Limoto wetland in Pallisa, has been used 
to mitigate LULC change and CC impacts. The respond-
ents, however, wanted more significant irrigation projects 
from the MWE. In Kameke Pallisa, the Kameke wetland 
was protected by the local community, as they appreci-
ated its value, a rare positive occurrence that needs to 
be promoted in other areas. Other farmers have formed 
cooperative societies like Pallisa to improve their income 
through agriculture. Unfortunately, some families give up 
their girl children to early marriages to earn money to live 
on, and participants also reported child labor. Given the 
increasing community and individual conflicts due to the 
shortage of land resources, the communities adopted sev-
eral conflict resolutions approaches, including mediation. 
It was important to note that the elite need consultancies 
to develop these measures, but the local communities 
apply them regularly. They may not have the resources to 
implement all their coping mechanisms, but they have a 

wealth of experience that needs to be tapped for better 
LULC change and CC management.

The local communities expressed challenges about 
coping mechanisms; these included the unreliability 
of fast-maturing, drought-resistant crops and exotic 
tree varieties. Participants in Kumi, Serere, and Pallisa 
districts noted that the improved crops (cassava and 
groundnuts) showed a reduction in productivity within 
two years and were vulnerable to pests and diseases. 
Meanwhile, exotic trees were destructive to the environ-
ment. Relief food for the hungry was not always forth-
coming unless major disasters, like landslides in Bududa, 
attracted the national public concerns and humanitarian 
response from the central government. Some interven-
tions, like irrigation at a small scale, needs capital, which 
was not readily available for the local farmers unless 
external assistance was offered.

Participants agreed that family planning was a better 
approach to managing the ever-growing population, but 
the negative perceptions prevented its implementation. 
Negative perceptions included adverse effects, including 
over bleeding, failure to conceive following their use, or 
giving birth to deformed children, and the demand by 
men for more children. Relatedly, many women feared 
that when they adopted family planning measures, their 
husbands would engage in extra-marital affairs with 
other women to produce children. There is a need for the 
Ministry of Health (MoH) to carry out more sensitiza-
tion to both women and men to assure the public about 
the benefits and how to mitigate any side effects of dif-
ferent family planning measures. This could help reduce 
the ever-growing population in the study area, expected 
to reach over 12 million in 2030 (UBoS 2020). This study 
has shown that family planning approaches are not being 
applied.

Institutional responses
There were several institutional response activities in the 
study area led by the MWE, through its regional offices 
under KWMZ. This office works with other agencies 
like NEMA, NFA; ministries like Ministry of Trade and 
Cooperatives (MTC); Local governments (LGs); research 
institutions like National Semi-Arid Resources Research 
Institute (NaSARRI) in Serere, universities, religious and 
cultural institutions, local councils (LCs) and the media. 
These institutions work together with various pro-
jects which are focused on mitigation of LULC changes 
and CC impacts. The sources of funds are mainly from 
the Government of Uganda (GoU), grants, and donor 
funds acquired through projects, like the Enhancing 
Resilience of Communities to Climate Change through 
Catchment Based Integrated Management of Water and 
Related Resources in Uganda (EURECCCA), funded by 
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Green Adaptation. Others were Green Future Farming, 
AID environment, funded by the Dutch government, 
Integrated Water Management Development Project 
(IWMDP), funded by World Bank, International Union 
for conservation of nature (IUNC), funded by IUCN, 
and Support to resilient initiatives in vulnerable entities 
(STRIVE) project, funded by Water Aid. Kyoga Water 
Management Zone was also a government decongested 
agency in the east, receiving funds from the govern-
ment and other development partners. These projects are 
operating in Awoja and Mpologoma catchments in areas 
of agriculture, CC resilience, drawing catchment man-
agement plans, and water supply.

The responses focused on restoring degraded wet-
lands, forests, and land, although they had different focus 
components. Their scope was small, and most of them 
were pilot projects covering small areas. The MWE, 
through KWMZ, used funds from the EURECCCA pro-
ject, acquired from Adaptation Fund through Sahara 
and Sahel Observatory (OSS), to demarcate and restore 
some wetlands in Awoja catchment, including Oongino 
in Kumi, Kamurojo in Serere, Adoka in Ngora, Asubaki-
akiteng in Katakwi, and Limoto in Pallisa-Kibuku. Sec-
tions of riverbanks have also been restored, such as rivers 
Manafwa, Kere, Tabagon-Chepiakamit, and Siti-Greek, 
to reduce siltation on the downstream lakes, protect 
river banks, and reduce floods. Water soil conservation 
activities by the construction of soil and water retention 
pits, and flood control structures, were implemented 
to increase groundwater recharge and soil moisture, 
increasing crop production. This was aimed at control-
ling rampant soil erosion, especially on the slopes of Mt. 
Elgon. Demonstration wetlands were also established in 
Amurojo, Serere, and Adoka to teach local communities 
how to co-exist and use wetland resources sustainably. 
Further, the wetlands department of the MWE has devel-
oped an inventory of wetlands with risks in the country 
and is implementing a global CC project which encour-
ages vegetation growth and tree planting in river banks, 
wetlands, and bare land.

Communities that depended on these wetlands and 
riverbanks as their source of livelihoods, hence degraded 
them, were given alternative livelihoods. These included 
forming a water and environment cooperatives society 
revolving funds planned by the EURECCCA project, 
facilitated by MTC and LGs. Construction of fish ponds 
in Limoto wetland and introduction of piggery as a source 
of income was done. Others included mushroom farming 
in Kumi, Ngora, Soroti, and Serere districts. Restoration 
and conservation of forests have been done by planting 
indigenous trees and bamboos on the steep slopes and 
critically degraded catchments by the EURECCCA pro-
ject. Individuals, groups, and schools participated, with 

over 725,000 trees planted and about 660 ha of bare land 
restored. Seedlings and extension services were provided 
locally by NaSARRI. Relatedly, the production of energy-
saving stoves, called ’Lorena’ fire-shielded (target was 
4200) to local community women groups was also done 
to conserve forests and trees, improve health by reduc-
ing smoke and save time used while looking for firewood. 
Most interventions have not emphasized measures that 
encourage terracing in the steep slopes, yet they are 
essential.

Response contributions of other projects like IUCN 
in developing catchment management plans (CMPs) for 
implementation by other projects were necessary. Pro-
jects like IWMDP, and STRIVE focused on increasing 
community resilience to CC by supplying drinking water 
to households and livestock to mitigate water scarcity 
caused by CC impacts. These interventions were vital 
in mitigating the impacts of LULC change and CC and 
achieving sustainable development goals (SDGs). Goal 
6, focused on clean water and sanitation for all in 2030, 
and goal 15, aimed at protecting, restoring, and promot-
ing sustainable use of terrestrial ecosystems, especially 
forests and land, including combating desertification and 
reversing biodiversity loss (UNCCP 2018), are prime tar-
gets. However, during the FGDs and KIIs, communities 
appreciated the Lorena energy-saving stoves and recog-
nized tree planting efforts, although they said the survival 
rate was low.

Policy and regulation response
Uganda has good Policies, Acts of Parliament, and Regu-
lations regarding environment protection and CC; the 
challenge is their weak implementation. If they were 
implemented effectively, the observed adverse impacts 
would be reduced. For example, the Uganda National 
Policy on Climate Change calls on all stakeholders to 
manage CC impacts and causes by promoting a green 
economy for sustainable development (UNCCP 2018), 
which is not being realized. Uganda is also a signatory 
to many CC conventions and protocols, like the Kyoto 
protocol of 1997, on the reduction of greenhouse gas 
emissions and the Rio Summit of 1992. The National 
Environment Act, Cap 153, through the National Envi-
ronment (wetlands, riverbanks, and lakeshores manage-
ment) regulations, No. 3 of 2000 sets buffer zones for 
rivers, and wetlands at 100 m, lakes at 200 m (NER 2000), 
but these are not being followed. The National Forestry 
and Tree Planting Act of 2003 encourages all people to 
plant trees and also prohibits the destruction of forests, 
except under authorization by the responsible authori-
ties. National Agricultural Policy recognizes agriculture 
as a driver of national economic growth, the most signifi-
cant source of food and employment. It also recognizes 
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the vital role environment and natural resources play in 
achieving agricultural objectives. It, therefore, recom-
mends sensitization of the population on the use and 
conservation of the critical resources, which are soils 
and water, through extension services (NAP 2013). The 
National Urban Policy (NUP), through the Town and 
Country Act of 2000, the National Urban Policy (NUP), 
and the Physical Planning Act of 2010, are responsible 
for urban land use and planning (NUP 2017). The policy 
seeks to promote urban environmental protection and 
conservation and develop adaptation and mitigation 
measures against CC. Through the National Environment 
(standards for discharge for effluents into water or land) 
Regulations (NER 2020), the Water Act prohibits the dis-
charge of industrial and domestic point source effluents 
into the environment or water that does not meet the set 
standards. But most of the effluent quality of the domes-
tic wastes in the study area did not meet these standards, 
over the years, without any punitive action taken against 
the companies responsible.

The most significant challenge is the implementation of 
these legislations since the enforcement arms are either 
missing or weak. Where the penalties are provided for 
defaulters, they are not adequately punitive or are not 
enforced. Meanwhile, some of the provisions of legisla-
tion need to be revised to include critical missing areas. 
For example, the national forestry and tree planting Act 
should include a section on the follow-up of the people 
or organizations that plant trees to make sure trees are 
cared for and survive. Local communities also recom-
mended punishment for individuals and organizations 
that fail to care for trees and reward the responsible tree 
planters. There should be regulations on the application 
of agrochemicals to operationalize National Agricultural 
policy since there are fake products in the market. This 
study has shown that Uganda has well-established top-
down mechanisms for dealing with LULC change and 
CC impacts, but are not strictly implemented. This is in 
contrast to countries like China, which operates mostly 
a top-down approach but with strict enforcement (Liu 
et al. 2018). The bottom-up approach is weak in Uganda, 
a gap that could be due to a shortage of knowledge, and 
scientific information that this research is trying to pro-
vide. There is a need to strengthen both bottom-up and 
top-down approaches and align them to work together to 
achieve long-lasting sustainable management and mitiga-
tion of LULC change and CC impacts, as pointed out by 
Reed et al. (2006), Papageorgiou and Kontogianni (2012) 
and Gray et al. (2014). The focus should be to allow sci-
ence to speak to policy, to bridge the gap that currently 
exists between the two paradigms, a finding supported by 
other studies (Ness et al. 2010; Papageorgiou and Konto-
gianni 2012; Wantzen et al. 2019).

Challenges of mitigation of land use, land cover, and climate 
change impacts
The institutional response interventions were short-
lived and only covered small areas as pilot projects. 
Therefore, there is a need to expand them, which 
requires more funds given the expansive nature of 
LULC change and CC impacts. When the interven-
tional projects reach their lifetime, it is often expected 
that GoU, through MWE, LGs, and communities, 
would continue implementing the objectives to ensure 
the sustainability of their outputs, but this is seldom the 
case due to a shortage of technical, financial, and infra-
structural resources. As a result, in most cases, the end 
of pilot projects lifespan implies the end of implement-
ing their respective ideas, hence limiting their impact. 
Meanwhile, the Covid-19 pandemic was one of the 
challenges that affected the effective implementation 
and supervision of the project activities. Shortage of 
land, lack of alternative livelihoods, and the ever-grow-
ing population have made the population encroach on 
protected areas. Hence, the restoration of wetlands 
and forests is not entirely accepted by local communi-
ties, even when involved in these interventions. Local 
communities often have resistance and violent confron-
tation against law enforcement officers and interven-
tion staff, exposing them to danger during demarcation 
exercises, as reported in Adoka and Oongino villages 
during wetland demarcation and restoration.

Since the constitution gives land rights to individu-
als, the public often sees restoration interventions as 
schemes to ’grab’ land and are resolutely resisted. Climate 
change itself was identified as a challenge to the interven-
tions because prolonged dry weather affects the survival 
of planted trees. Also, superstitious beliefs and attitudes 
of some of the members of the communities, which are 
generally "resigned to fate as it were" are unhelpful for 
conservation efforts since they do not accept that inter-
ventions such as tree planting and restoration of wet-
lands can mitigate against effects of LULC change and 
CC impacts. Therefore, to ensure the adoption of recom-
mended interventions by local communities, such atti-
tudes need to be changed through sensitization, which 
takes time. In some cases, seedlings were supplied to 
the communities during the dry season or towards the 
end of rainy seasons, which would substantially reduce 
the chance of survival since there were no options for 
irrigation. New fast-growing crops promoted as coping 
measures against CC were prone to pests and diseases, 
thus requiring the use of agrochemicals to ensure good 
production. Therefore, the communities recommended 
indigenous trees, such as fruit trees, and reintroducing 
indigenous crop varieties, like cassava, including cash 
crops, like cotton.
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There was a strong sentiment by institutions and the 
local communities on political interference of environ-
mental management activities. Politicians often conveyed 
conflicting ideas and signals to the public to gain popu-
larity, leading to incitement, resistance to restoration, 
and conservation efforts by the government and other 
stakeholders. These political leaders often hold more 
power over their constituents and are respected by the 
communities, who are therefore negatively influenced, 
leading to low adoption of appropriate LULC and CC 
mitigation measures. This was reported in Ngora, Pallisa, 
Kibuku, and Kumi districts.

Conclusion
The LULC changes and CC have been proven by both 
scientific and local community perceptions in the Lake 
Kyoga basin. Whereas population was the main underly-
ing driver of LULC change and CC, agriculture was the 
primary pressure on the natural resources. For man-
agement purposes, the study of LULC change and CC 
together, especially at the local level, should be the new 
paradigm shift in identifying their drivers and impacts 
on water and the environment. It is also vital to inte-
grate pure scientific approaches and social sciences when 
coming up with mitigation measures against impacts of 
LULC changes and CC. This is critical since scientific 
study alone without integrating the social knowledge is 
inadequate in developing local, sustainable management 
tools. LULC change alone would have limited impacts, 
especially in water without CC. CC exacerbates impacts 
of the degradation of land by helping to deliver nutrients 
and sediments into the receiving water bodies through 
rivers and streams. There any efforts to mitigate LULC 
change impacts should incorporate CC. There were many 
impacts of LULC change and CC in the study area that 
were articulated by the local communities. These include 
displacements, deaths, hunger, poverty, damage to infra-
structure, loss of biodiversity, and conflicts. Although 
policies and legislation that mitigate drivers and impacts 
of LULC change and CC are available, they are not being 
applied fully. The use of cultural values to manage and 
protect natural resources as brought forth by this study 
is one of the management measures that should be pur-
sued. The local communities are rich in knowledge about 
environmental and CC threats. A lack of resources and 
leadership only challenges them to develop sustainable 
interventions and mitigation measures.

FGDs and KIIs are key social science approaches that 
should become key in identifying and developing bot-
tom-up sustainable management approaches as they 
allow interaction with the affected local communities, 
thus integrating their valuable perceptions on any inter-
ventions from top-down scientific expert and policy 

lead measures. This study has underscored the need for 
an integrated approach to managing natural resources, 
as the threats do not work in isolation but rather syner-
gize to cause significant impacts. The Ministry of Health 
needs to sensitize the public on the advantages of fam-
ily planning since the population is the primary cause of 
LULC change.

Recommendations for management options
Most of the response projects have proved successful; 
however, they had a short lifespan and covered small 
areas as pilots. For example, the soil water conserva-
tion practice done by the construction of soil and water 
retention reservoirs and flood control structures was at 
the demonstration pilot level. This should be expanded 
to cover hilly and steep slope areas of Bukwo, Bududa, 
Kween, Kapchorwa, and Sironko districts. Demarcation 
and restoration of wetlands and forests areas should be 
done using available regulations, and local communities 
should be encouraged to plant trees in woodlots. Terrac-
ing on the steep slopes of Mt. Elgon should be encour-
aged and done to reduce soil erosion. Therefore, MWE 
needs to design more significant conservation projects 
in collaboration with other line ministries like MAAIF, 
Ministry of Finance Planning and Economic Develop-
ment (MFPED), and lobby funds locally and internation-
ally for their implementation. This will mitigate against 
pollution of rivers, wetlands, and Lake Kyoga.

Before any restoration of wetlands, forests, and 
degraded lands is undertaken, it is essential to seek com-
munity buy-in, support, and participation. The leaders 
(political, religious, and cultural) should be consulted and 
coopted. Sound and viable alternative sources of income 
need to be put in place and agreed upon by the affected 
communities. If necessary, bylaws may be drafted to pun-
ish members, including leaders who deviate from abiding 
by agreed steps for respective projects.

Integration of cultural values into the management of 
natural resources should be given priority. Most com-
munities respect cultural values; for example, in Pallisa, 
some hills were protected as cultural celebrations and 
sacrifice areas. In Nakapiripirit, cutting big trees was pro-
hibited as they were revered as having "gold" and attract-
ing "rains,"; while in Bududa, wetlands were treated as 
cultural grounds. When these cultural beliefs are inte-
grated into natural resources management, it will be a 
better local solution; thus, cultural leaders are critical in 
mitigation measures.

Since food production is the most considerable pres-
sure of LULC change and CC, expansion of irrigation 
should be prioritized by the MWE. Climate change in 
the form of droughts and heavy rains affects the study 
area; rainwater storage during excess rains through 
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the construction of water reservoirs, which would be 
used for irrigation, domestic and animal watering dur-
ing droughts should be done. Communities also recom-
mended the growing of upland rice to reduce pressure on 
wetlands. Further, the local communities recommended 
that irrigation programs be ensured for both individuals 
and groups, not the current MWE policy of prioritizing 
groups only.

There should be reviews of policies, laws, and regu-
lations to match the current LULC changes and CC 
impacts in the study area and throughout the country 
since most of these policies were made long ago. The 
enforcement sections should be included in the regula-
tions and budgeted for if the legislation results are to 
be realized on the ground. Any policy reviews, legisla-
tion, and regulations should take care of the bottom-up 
paradigm for sustainable management solutions. For 
example, the National Forestry and Tree planting Act 
should include in its regulation sections that force peo-
ple to plant trees, like the principle of "cut one tree, plant 
two" Planting trees in land boundaries, at roadsides in 
towns, health centers, hospitals, schools, and peoples’ 
compounds should be regulated. Recognition of the com-
pliant individuals and institutions and punishment for 
defaulters should be part of the regulation. Therefore, 
the integrated approach is key to achieving holistic and 
sustainable management of LULC changes and CC. The 
Ministry of health should be instrumental in promot-
ing family planning in the communities. There should be 
some incentives for families that adopt family planning.

Search for markets and value addition to agricultural 
products should be prioritized to get the farmers out of 
poverty, which was identified as one of the pressures for 
LULC changes and CC. This could be achieved by rein-
troducing cooperative societies, a move the government 
seems to pursue as recommended by the National Agri-
cultural Policy. There should be regulation by MAAIF 
on the use of agrochemicals that are not being regulated. 
Otherwise, with the overall poverty levels in the country, 
natural resources will continue to degrade.

The communities also requested for recruitment of 
more agricultural extension workers by MAAIF and 
their deployment at the sub-county level. Key informants 
had fond memories of over 40 years ago when extension 
workers worked closely with farmers and were helpful. 
They said the current extension workers are not in touch 
with the farmers and are thin on the ground.

Other recommendations from the study included 
zoning of the country agriculturally according to the 
suitable crops/animals for the particular climate and 
soils. Artisanal mineral mining activities, especially in 
the Karamoja and Tororo areas, are not conventional; 

communities complained of pollution from the crude 
mining methods. Mining should be formalized, and 
conventional approaches should be applied to reduce 
pollution of the environment and water resources.

The MWE, through Uganda National Meteorologi-
cal Authority (UNMA), should improve the accuracy 
of weather forecasts and broaden the delivery of the 
forecasts to help farmers plan appropriately. The use of 
print media, television, radio, and social applications 
to pass out information to the communities should be 
encouraged. This study is unique to this area of study, 
and its findings are relevant since they are from the 
local communities; it should therefore be replicated in 
other parts of the country and region. Policy-makers 
and analysts, water, environment.
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