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Participatory Rural Appraisal was used to compare stakeholder perceptions of spatial
and temporal variation in tree cover and water availability using Uganda’s Mt. Elgon
Water Tower as a case study. This study was guided by the research question: How do
multi-level stakeholders’ perceptions of changes in tree-cover and water availability
vary across spatial and temporal scales of the water tower? Five Participatory Rural
Appraisal tools were applied to understand multi-level stakeholders’ perspectives
on the changes in tree-cover and water availability. Data was collected from
farmers’ focus group discussions, key experts from local government offices and
structured household interviews with local communities. This study focused on the
upper and lower zones of the water tower, which differ in terms of proximity to Mt.
Elgon National Forest Park, household water-use, elevation, and tree-cover. Results
showed that there are both similarities and differences in perceptions of changes
in tree cover and water availability among stakeholders. Farmers and key experts
perceived a decrease in water availability and a decrease in overall tree cover for
the period 1990-2020. There are differences in stakeholders’ perceptions of water
availability across the zones and sub-catchments. For instance, more farmers in Sipi
River Sub-catchment perceived a decrease in water availability during 2006-2020
compared to 1990-2005 period. There were notable contradictions in farmers’
and key experts' perceptions on tree cover. Farmers’' perceptions of 1990-2020
precipitation were in agreement with trends in existing precipitation data. Declining
trends of natural tree cover especially outside the Mt. Elgon national forest park
pose great threat to water resources originating from forests. Changes in tree cover
and water availability in the study area can be partly explained by the tree species
grown. Local stakeholders' perceptions complemented the existing data gaps
in explaining the changes in tree cover and water availability. Participatory Rural
Appraisal tools are helpful for documenting the perceptions of local communities.
However, this cannot replace reliable data resulting from large-scale efforts for
monitoring changes and variations in tree-cover and water availability. The findings
of this paper can be valuable to inform strategies for community involvement in
sustainable agroforested landscape management.
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GRAPHICAL ABSTRACT
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Highlights

 Tree cover change follows different patterns across the two
altitudinal zones in both River Manafwa and Sipi River
sub-catchments.

o Key experts perceived a decrease in overall tree cover and in

natural forest cover during the 1990-2020 period.

Households selected from River Manafwa and Sipi River

sub-catchments perceived that during 2006-2020 period, water
availability in their catchments had increased and decreased,
respectively.

« Differences between two zones for 2006-2020 water availability
were noticeable in both River Manafwa and Sipi River
sub-catchments.

Since 2006, average monthly precipitation has increased and
decreased in River Manafwa and Sipi River sub-catchments,
respectively, corresponding with FGD exercise findings.

1 Introduction

Human population growth raises demand and competition for
natural resources and the resulting change in land-use activities affects
forest and water resources. For this study, a water tower is defined as a
mountain ecosystem associated with rivers and streams that supplies/
provides lowland areas with natural vital freshwater for different uses
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(Viviroli et al., 2008; Wamucii et al., 2021). East African water towers are
essential sources for water provisioning to lowland actors demanding
water. In the region, forest transition (Mather, 1992; Rudel et al., 2010) is
driven by social transformations and anthropogenic pressures such as
high population growth rates, urban extension, overdependence on
natural resources for communities’ livelihoods, conflicting conservation
policies, high poverty levels, previous regimes/politics, local cultural
preferences, market access and changes (Bonell and Bruijnzeel, 2005;
Norgrove and Hulme, 2006; Sassen, 2014; World Bank, 2016; Garcia
et al., 2020). Mt. Elgon was first declared as a forest reserve gazette in
1929 (Vedeld et al,, 2016), and is considered a contested landscape with
a protected national park area, majorly comprising of Sabiny and Bagisu
ethnic groups. The region is historically associated with displacements
due to Karimojong raids, restricted access to national park by local people
(Vedeld et al.,, 2016), besides evictions due to endemic species and
degraded land (Sassen et al., 2013). Due to divergent values and interests
of the densely populated communities, there is encroachment on the Mt.
Elgon National park, thus fueling land-use and management related
conflicts among farmers and government agencies that aim to protect
the park (Norgrove and Hulme, 2006; Petursson et al., 2013; Cavanagh,
2015; Vedeld et al., 2016).

In the Mt. Elgon water Tower (MEWT) on the border of Kenya and
Uganda, ensuring food security, water availability and improving income
levels of the densely populated areas (Masiga, 2013) are major concerns
and thus understanding the key drivers of land-use and land cover
change (LULCC) and impact on the water balance is vital (MEMR, 2012;
EAC, UNEP, and GRID-Arendal, 2016; Wasonga and Opiyo, 2018;

frontiersin.org


https://doi.org/10.3389/frwa.2024.1283574
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

Kimbowa et al.

Geussens et al., 2019; Luwa et al., 2021). According to Van Noordwijk
(2020), water availability is influenced by trees, agroforestry and forests
at varying landscape scales. In MEWT, limited hydrologic information
(David, 2018) confines water resources evaluation allocation and
planning. With an estimated tripling of MEWT 2014s population by
2035, domestic water demand is likely to exceed capacity of existing
sources (Masiga, 2013). Scholars have long debated and came up with
contradictory findings about human-induced tree-cover changes and
impact on streamflow (Lacombe et al.,, 2016; Ellison et al., 2017; Qazi
etal., 2017; Bennett and Barton, 2018; Guzha et al., 2018). Recent studies
conducted in East Africa indicate an increase in surface runoft and
streamflow due to forest cover loss (Mango et al., 2011; Guzha et al.,
2018; Dibaba et al., 2020). According to Mango et al. (2011), converting
forest land cover to agriculture and grassland correlates with reduction
in streamflow during the dry season and increase in peak flows during
the wet season. However, Schilling et al. (2014) indicate that LULCC in
agricultural watersheds could also reduce the likelihood of flood events
and severity of flood risks at downstream areas.

For the past few decades, MEWT has experienced increasing,
recurring and extended climatic extremes (floods and drought)
manifested in water scarcity, poor crop yield and sometimes famine.
These prolonged extreme climatic events are frequently related to
increasing climate variability and human activities such as deforestation
(Mugagga, 2015). However, studies supporting and relating tree cover
changes and water availability at regional level are not yet established
(Guzha et al., 2018). In their review, Kilama Luwa et al. (2020)
emphasized that population and agricultural area expansion are among
the 23 reported major drivers of LULCC in Uganda. Recently, Luwa
et al. (2021) focused on variabilities and trends of precipitation,
temperature and streamflow in Sipi River Sub-Catchment (SRSC).
Besides, Mugagga (2015) studied the effect of land-use on carbon
stocks and implications for climate variability on the slopes of Mt.
Elgon Region, Uganda. However, to the best of our knowledge, there is
limited information linking and describing changes in tree cover and
hydrology in MEWT. Limited spatial information and (local)
community perceptions of tree cover changes is vital for understanding
of actual trends and patterns of surface water availability in the
landscape (Bruijnzeel, 2004; Ellison et al., 2017; Ahammad et al., 2019).
Like most tropics, water availability in MEW'T, especially during dry
season is more relevant than total annual streamflow.

Understanding the extent, spatial and temporal variation of
changes in tree-cover and water availability in a forested water tower
can provide insights into stakeholders’ perceptions about extreme
hydrological events experienced by the up- and down-stream
communities as well as a water tower’s future water security. For Mt.
Elgon, the changes in tree cover and water availability can be explored
using available historical remote sensing products of LULC,
precipitation data (CHIRPS) and streamflow data (local gauging
stations). However, remote sensing is less reliable due to challenges
associated with acquiring high quality remote sensed data and
consistent datasets for ground truthing (Avitabile et al., 2012;
Govender et al., 2022). Also, there are various uncertainties in
precipitation and streamflow data due to limited weather and gauging
stations (Onyutha et al.,, 2021). Besides, from the available remote-
sensing data, one cannot for instance extract information on tree
types/species yet such information plays a key role in producing and
regulating water flows (Ellison et al., 2017) at farm and landscape levels.

It is worth noting that the uncertainties with regard to LULC (tree
types) and hydrological data, for instance spatial and temporal
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resolution and accuracy further complicates understanding of the
Forest-Water-People nexus. This can for instance be seen in the
differences in methodologies and temporal satellite imagery
availability used to produce LULC maps (Derdouri et al., 2021; Maviza
and Ahmed, 2021). For Mt. Elgon water tower system, the data for
analyzing the Forest-Water-People nexus was available for different
periods thus complicating disentangling the relationship between tree
cover changes and water availability. While LULC maps were available
from 1990, some streamflow data were scattered for some years thus
leaving little basis to analyze the potential relationship between tree
cover and water availability.

The overall aim of this study was to explore and understand
spatial and temporal variation of tree-cover changes and (surface)
water availability in the MEWT using participatory rural appraisal
(PRA) tools (Chambers, 1994a). The choice of PRA is based on its
ability to allow for active learning, triangulation, flexibility and thus
enabling sufficient knowledge sharing and on-the-spot analysis
1994b; 1999).
understanding of the effect of human-environment interactions on

(Chambers, Bar-on and Prinsen, Improved
water availability at farm and landscape levels is indispensable for

supporting sustainable forest/agroforestry management. A
participatory approach based on the explicit inclusion of key
stakeholders’ roles in landscape change processes and of the three-way
interactions between people, forest and water was considered. PRA
tools that allow for revelation of local perceptions that can be linked

to the scientific knowledge were applied.

2 Materials and methods
2.1 Case study area

Mt. Elgon Water Tower (MEWT), Uganda comprises Bugisu and
Sebei Sub-Regions. For this study, two representative sub-catchments
for the two Sub-regions that are hypothesized to encompass full range
of tree cover-water relationships in MEW'T were considered that is
River Manafwa Sub-Catchment (RMSC) in Bugisu Sub-region and
Sipi River Sub-Catchment (SRSC) in Sebei Sub-region. There are
serious future water-availability concerns within both sub-catchments
due to climate variability (Bomuhangi et al., 2016; Onyutha et al,,
2021). RMSC, 503 km? in Mpologoma catchment, is characterized by
high population growth rates, low income generating activities, high
deforestation levels, seasonal downstream-floods, decreasing base
flows and drying river streams (Lang and Byakola, 2006; Gunderman
and Saravanan, 2010; Mugagga et al., 2012). SRSC, 124 km? located in
Awoja Catchment, experiences increased degradation of land through
unfavorable land-use practices, overgrazing and deforestation, thus
leading to downstream flooding.

2.2 Selecting study sites

During preliminary fieldwork, local government officials were
consulted, talks were held with sub county residents, existing scientific
literature was reviewed and the agroforested landscape was divided
into two zones (i.e., upper and lower) following elevation differences
(Figure 1). The survey and collection of data by PRA tools in both
RMSC and SRSC was conducted over a period of 6 weeks (October—
December, 2021) and subsequent data analysis took another 6 weeks
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(December 2021 to January 2022). Three to five key experts (officials)
from each of the six districts of RMSC and SRSC and thus a total of
27 key experts were interviewed. Also, interviews were conducted
with 91 households in 9 sub counties (6 and 3 sub counties from
RMSC and SRSC respectively). Random stratified sampling was
applied considering 3 sub counties from each of zone of the RMSC. For
SRSC, 2 sub counties and 1 sub county were considered to represent
the upper and lower zones, respectively.

2.3 The methodological approach

The specific steps of the research include: 1-scientific literature
review of Forest-Water-People nexus of the MEWT system and
2-application of PRA tools to selected study sites (Figure 2). The

10.3389/frwa.2024.1283574

methodological steps of the study for analyzing changes in tree
cover and water availability are presented in Figure 3. It shows how
implicit local social-ecological knowledge and available secondary
information sources were explored to understand the Forest-
Water-People nexus.

2.4 Participatory Rural Appraisal approach

Participatory Rural Appraisal (PRA), a qualitative data collection
approach was adopted to gain an understanding of the relationship
between population growth and tree cover changes and water
availability of MEWT. This approach enables sharing of perceptions
by local people through discussions (between participants),
visualization and comparison among other means (Chambers, 1994b).

FIGURE 1

Sub-catchments. The household questionnaires was tested from one site.

Map showing 10 sites (blue color) where PRA tools were administered: Six and three sub counties were selected from Manafwa River and River Sipi
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Conceptual Framework modified from van Noordwijk (2021) of how the social-ecological and knowledge systems and forest-water-people, FWP-

nexus are linked. The social-ecological system is explored up to diagnostic level to understand the link between the FWP-nexus components in the Mt.
Elgon Water Tower, Uganda. The knowledge system is used to describe and link changes in local and scientific knowledge as well as policies. Feedback
resulting from diagnosis of social-ecological issues using PRA tools is shown.

Diagnosis of Water related Social-ecological issue(s)

Research Method
- Research Output
Research Tool Research Input (Transformation)
. . MEWT zones of
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FIGURE 3
Flowchart of the methodological approach modified from Loader and Amartya (1999) and JICA (2002). Participatory Rural Appraisal tools used for
analyzing tree cover changes and water availability in Mt. Elgon Water Tower, Uganda. The five PRA tools applied for this study are applied in both
upper and lower zones of the two representative sub-catchments of Mt. Elgon Water tower considering 1990-2005 and 2006-2020 periods.
Research output resulting from application of PRA tools is shown.
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The approach also enables participants to learn from the research
other than just being study respondents (Stadler, 1995). PRA aids
knowledge and experience sharing among local people hence enabling
a plan of actions (Chambers, 1994a). PRA techniques have been
applied in conservation research (Nyumba et al., 2018) and in
management of natural resources including forestry (Ahammad et al.,
2019). For this study, PRA approach was used to explore changes in
tree-cover and water availability in a contested agricultural landscape.
The method can account for people’s experiences regarding changes
in land use and cropping patterns around their community
(Chambers, 1994b). A combination of PRA techniques used in this
study include: 1-structured interviews; 2-focus group discussions,
3-seasonal calendar; 4-timeline; and 5-transect walk and diagramming
(direct observations). Prior to application of all the five, an informed
consent was sought from all the study participants.

It should be noted that study results generated from PRA tools are:
more reliable; applicable to community interests; and fairly represent
participants’ complex and sophisticated expertise. However, the PRA
approach: can restrict participants’ learning basing on the researcher’s
interest for specific subject and choice of PRA tools; can be definitely
biased to rural communities; has a tendency to use groups instead of
individuals; and thus results in public knowledge rather than private
discourses. This way, the approach may not thoroughly explore
perceptions and knowledge of all community sections. Besides, there
is possibility to misinterpret and misrepresent facts while summarizing
the information. Additionally, the PRA techniques may underplay
unseen conflicts and possible disputes/differences in social life and thus
study results are often based on assumed consensus (Stadler, 1995).

2.4.1 PRA 1: household survey and key experts
interviews

For this study, nine sub-counties from two Sub-catchments in
MEWT, Uganda were selected based on suggestions by Sunderland et al.
(2017) and considering their relative proximity to the Mt. Elgon National
park and to the two main rivers (Manafwa and Sipi). A two-level
sampling scheme was considered: 1- a sample of sub counties selected
from the upper and lower zones of the two selected sub-catchments; and
2- random selection of 10 households from each subcounty. Two
different sets of structured questionnaires were designed comprising 52
and 69 questions in English for key experts and households, respectively.
The questionnaires were divided into four sections: basic socio-
demographic information; tree-cover change; water availability and tree-
water relationships. The key expert questionnaire was reviewed and
discussed with ICRAF Uganda research scientist and two water and
environment experts at Kyoga Water Management Zone. The household
questionnaire was pretested with 10 participants from Lukhonge
subcounty in RMSC to assess its clarity and suitability to participants.
The key-expert questionnaire was administered in English. In RMSC,
household survey was conducted in either English, Lugisu or Luganda
basing on respondent’s fluency. Similarly, in SRSC, household interviews
were conducted in either English, Kusabiny or Luganda.

Prior to interview, each participant (key expert and household)
was requested to sign a consent form. For all interviews, answers were
recorded on papers, using digital recording equipment and GPS
devices to take elevation and location coordinates. For each of the
sub-catchments, the trained survey team comprised a team of 4 people
(one well-known community member, PhD Researcher, and 2 other
persons experienced in working with communities) to ask questions,
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take photos, record data and GPS coordinates. A total of seven
interviewers for both sub-catchments were selected based on
experience with conducting related surveys among local communities
and fluency in the local languages.

During preliminary field visits, the team contacted extension
officers, requesting for household lists. From the lists, the team
randomly selected 10 households for each sub county (Figure 1). The
selected households were subsequently visited and interviewed. In
case some selected household was not available for interview, another
one from the same list could be randomly selected. The survey took
1.0-1.5h. Exploratory data analysis and descriptive statistics was
conducted to generate sample statistics. Also, upper and lower zone
subgroup results were compared. In Table 1, the relative characteristics
of the two zones basing on average statistics of the sampled sub
counties were summarized.

2.4.2 PRA 2: focus group discussions

The main objective of the focus group discussion (FGD) was to
understand local people’s knowledge on tree cover changes and water
availability over the 1990-2020 period. Perceived change in tree cover at
subcounty level was recorded as “increased,” “decreased,” or “remained
stable” For water availability, participants were asked what water uses
they considered as important to their livelihoods and most affected?
Participation of male and female farmers was encouraged to capture
gender-based differences in understanding tree cover-water relations.
The four steps (research design, data collection, analysis and reporting)
recommended by Morgan (1997) were followed while conducting the
FGDs. Purposive sampling was followed to select participants (Nyumba
et al, 2018). A mixed group (to improve quality of discussion and
outcome gender) of participants above 40years (to capture historical
views on tree-water relations) belonging to the same ethnic group was
considered. This aimed at reaching consensus within a group and testing
for diversity across groups. Ten participants, a number considered by
Krueger and Casey (2015) large enough to gain variety of perceptions
and small enough to avoid fragmentaion and disorderly was targeted.
However, 10-15 participants were identified and recruited to cater for
failure of some invited people to attend FGD (Rabiee, 2004). Following
household lists provided by local government extension staff, a mix of
local leaders, elderly, opinion and cultural leaders were contacted via
telephone. For each study site, an accessible and reasonably sized venue
away from distractions with sufficient space for FGD considering
Covid-19 standard operating procedures was selected. Informed consent
was sought for and a sitting arrangement that enabled participant clear
view of each other and facilitator(s) was ensured.

Nine FGD sessions were conducted with an assumption that the
principle of theoretical saturation where a clear pattern on local
people’s perception emerges with subsequent sessions producing no
new information was achieved (Krueger and Casey, 2015). Overall,
100 people participated in the nine FGDs conducted across the study
area. The facilitation team comprised a skilled facilitator, an assistant
facilitator, note-taker and photographer. The facilitator was responsible
for managing existing relationships, creating a relaxed and comfortable
environment for unfamiliar participants. The assistant facilitator was
responsible for translating facilitator’s communication to local
language and vice versa, observing non-verbal interactions, recording
overall discussion content (Nyumba et al., 2018) and ensuring that all
members participated. Methods of data collection included: 1-audio
recording, 2-note taking; and 3-participant observation. Quantitative
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TABLE 1 Salient features of the two zones of Mt. Elgon Region Uganda.

10.3389/frwa.2024.1283574

Salient feature Upper zone Lower zone
Sub-catchment MRSC SRSC

Population density (persons/km?) 796 324 935 332
Elevation (m above sea level) 1,223-1,467 1791-1956 1,163-1,309 1,456-1,604
Average no. of settlement years 47 41 49 27
Human population (people, 2014 National census) 13,299 6,786 13,924 4,490
Average Household tree growing duration (years) 19 21 15 11
Percent household growing trees (%) 95 100 Markhamia lutea 97 100

Dominant tree cover type 1. Eucalyptus

1. Eucalyptus

1. Albizia coriaria

1. Eucalyptus

2. Cordia africana

2. Cordia africana

2. Eucalyptus

2. Cordia africana

3. Markhamia lutea

3. Fruit trees

3. Ficus natalensis

3. Ficus natalensis

4. Fruit trees

4. Markhamia lutea

4. Fruit trees

4. Fruit trees

5. Ficus natalensis

5. Grevillea Robusta

5. Markhamia lutea/Grevillea

5. Markhamia lutea/Grevillea

Robusta Robusta
Average household members (people) 10 8 8 8
Household water use (liters) 246 236 660 226

The bold values mean population density is higher than Uganda’s national value (173 persons per square kilometer): Source:Researcher’s own data (Uganda Bureau of Statistics, 2016, https://www.

citypopulation.de/).

results were generated to draw comparisons across the focus groups
(Carey and Smith, 1994; Morgan, 1995; Charmaz, 2006). Reporting
was done using semi-structured interviews, ranking and matrix.
Display boards, big flip charts, pencils and markers were used.
Photographs of materials were taken for reference while reporting.
The FGD lasted for 1.8-3.0h.

2.4.3 PRA 3: seasonal calendar

This tool was used to explore seasonal changes in water availability
using a big sheet of paper. The activity was guided by three main
questions: 1-At what time of the year is water scarce?; 2-How does
rainfall vary over the year?; and 3-How does water availability for
household use vary over the year? Participants were asked to draw a
matrix, indicating each month of the year along x-axis. Starting with
rainfall patterns, participants were asked to choose a symbol (zero) for
rainfall and draw it next to column illustrating rain. Using a flip chart,
pencil and markers, each group was asked to draw symbols (zeros)
under each month of calendar to present relative amount of rainfall.
The following rating scale was used to guide participants in developing
the rainfall matrix: 0-no rainfall; 1-less rainfall; 2-medium rainfall;
3- more rainfall; 4-too much rainfall; and 5-excess/rainfall.
Participants were then asked to indicate month(s) during which water
is usually scarce; to discuss reasons why it was scarce; to discuss the
domestic water alternatives that households use. Then participants
were asked to discuss linkages that they could see on calendar. Each
seasonal calendar had a key to explain different items and
symbols used.

2.4.4 PRA 4: timeline

This aimed at generating knowledge about past and present
conditions of each of the nine sub counties. Guided by the facilitator,
each group discussed particular hydrological events from 1990 to
2021. Basing on secondary data and together with local people,
timeline of particular events (significantly perceived droughts, floods,
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landslides, etc.) was drawn. Units understood by local people, e.g.,
number of buckets/day was used (converted to liters/day) or trees/
acre, river/streams that dried, etc. and information was recorded in a
table. Also, tree-cover time line (1990-2021) was discussed for each
of the selected sub-counties with participants with an aim to assess
relationship between human population pressures, tree cover changes
and water availability. As timeline neared completion, trends of
particular events were discussed.

2.4.5 PRA 5: transect walk and diagramming

The objective was to visually represent features by conducting a
field tour/discussion on past and present tree cover (species), water
resources, etc. found in each sub county focusing on their uses and
associated problems. These features were topographically illustrated
(high hillside, plain/low hillside and valley) in a simple diagram. This
complemented data from FGDs. The activity was guided by three
questions: 1-What does each area contain trees(species), water
(resources)?; 2-Who has access to trees/water resources?; and 3-Have
significant (tree cover/water) changes occurred in past? 3-5
participants were selected and the objective of the exercise was
explained to the group. The best route for the transect walk based on
terrain and existing tree cover was then discussed. Following agreed
route, the tour was began. During the transect walk, the research team
kept writing down main features/changes in trees and water using
local terms. The research team could stop and speak to people that
were met along the way. During the walk, together with participants,
information was written and created a diagram on a large sheet of
paper describing terrain, areas visited and their names. The team
checked with participants to agree on the classification. Together with
participants, essential information on use and status of trees (species),
water (resources), etc. was generated. The activity duration depended
on distance covered and overall was within 1.0-1.5h on average. Maps
of sub counties, notebooks, paper(s), pencils and markers were used
to generate the final diagram for each study site.
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3 Results

3.1 Perception of spatial and temporal
variation in tree cover changes across
MEWT

The PRA results perceived diverse patterns of tree cover change.
Respondents of the household survey (farmers) for instance perceived
an overall decrease in tree cover for RMSC (Figure 4E). It was evident
that 59% farmers perceived that tree cover around them had either
decreased or remained stable. Across the two zones, more farmers
(64%) in the lower zone perceived higher levels of tree cover loss
(Figure 4E). Specifically, between 1990 and 2005, farmers perceived
an increase in natural forest cover and a decrease in plantations and
agroforestry across the two zones (Figure 4A). Considering 2006
2020, there was a notable increase in plantations and agroforestry as
well as a decrease in natural forest cover (Figure 4C).

Considering the SRSC, during 1990-2020, farmers perceived an
increase in overall tree cover across all the two zones (Figure 4E). It
was evident that 61% farmers perceived an overall increase in tree
cover around them. Across the two zones, more farmers (67%) in the
lower zone perceived higher levels of tree cover gain (Figure 4E). Like
in RMSC, considering 1990-2005, farmers in SRSC that perceived an
increase in natural forest cover and a decrease in plantations across
the two zones were almost equal to the respondents with the opposite
perception (Figures 4B). Considering 2006-2020, reverse perceptions
were notable in the three categories of tree cover across the two zones.
That is farmers perceived an increase in plantations and agroforestry
as well as a decline in natural forest cover (Figures 4D). Also, 63% key
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experts perceived a decrease in overall tree cover trend for the 1990-
2020 period (Figure 5A). Overall, from 1990 to 2020, the plantations
and natural forest cover change was perceived by key experts to
follow a pattern similar to that of farmers. However, 74% key experts
perceived a decline of natural forest cover during the 1990-2005
period (Figure 5A). During the tree cover trend analysis, the FGD
participants considered tree cover loss as a decrease in the natural
forest cover. Similarly, farmers perceived gain in tree cover as an
increase in tree plantations and agroforestry expansion. It was evident
that most farmers from upper zone sub counties that were in close
proximity to the Mt. Elgon national forest park perceived a loss in
tree cover.

3.2 Perception of spatial and temporal
variation in water availability across Elgon

There was variation in water availability as reported by
respondents of the household survey across all the nine sub counties.
Farmers were asked to share their perceptions on whether and how
the 1990-2005 and 2006-2020 tree cover trends had consequently
affected water availability in their sub counties. Similarly, key experts
were asked to share whether the sub counties that had undergone high
levels of tree cover loss, had as a result, experienced water related
challenges. For RMSC, there was high variation in water availability
perception during 1990-2005. For instance, 60% respondents in upper
perceived water around them either decreased or remained stable yet
55% respondents in the lower zone perceived decreased water
availability during the same period (Figure 6A). Overall, 75%
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FIGURE 4
1990-2005 household perceptions on plantations, natural forest and agroforestry for River Manafwa Sub-Catchment (A) and Sipi River Sub-
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respondents selected from RMSC perceived an increase in
sub-catchment’s water availability during 2006-2020. Despite 77%
farmers in RMSC reporting that their daily household water use was
enough (Figure 6A), more households (over 90%) would increase
their water usage in case they could get more water. More households
(69%) would specifically increase water for drinking for livestock and
washing. This corresponded to water use/availability challenges and
the most affected water uses due to water scarcity reported during the
FGDs and by the key experts.

Overall, households surveyed in all SRSC’s sub counties perceived
water availability to have decreased in 2006-2020 relative to 1990-
2005 (Figure 6B). A higher proportion of households in the upper
zone (90%) reported decreased water availability than in the lower
zone (80%) (Figure 6B). Besides, 87% of participating farmers in the
lower SRSC perceived enough household water. However, almost the
same farmers (84%) indicated that they would as well increase
household water use (Figure 6C). Overall, farmers in SRSC perceived
that the household water was enough and that the sub-catchment’s
water seasonality was sufficient. Over half of respondents in SRSC’s
sub counties perceived sufficient water availability at sub-catchment
level and 83% reported that their daily household water use was
enough (Figure 6D). However, it was evident that the same number of
respondents would increase their household water usage in case they
could get more water. As such, households spent more time to reach
and to queue up before they got their turn to fetch water. More than a
half households spent more time queueing up for water compared to
the time they spent to reach the water source from their households.
For SRSC, most household preferred to increase water use for
irrigation and washing. Similarly, their preferred purpose to increase
water use corresponded with water use/availability challenges and
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water uses most affected by water scarcity reported during the FGDs
and by the key experts.

It was evident that 89% key experts reported that tree cover loss
correspondingly resulted in reduction in water availability in their
districts. Figure 4F presents household perception of the effect of tree
cover on stream water level and flooding. Also, Figure 5B presents
current and future effect of tree cover on hydrological extremes
including floods, droughts, land/mudslides as perceived by both
farmerss and key experts. Over three quarters households reported
that trees were very helpful in controlling current hydrological
extremes (Figure 5B). Sixty three percent key experts (Figure 5B)
perceived that trees play an important role in controlling current
hydrological extremes citing however, that the current tree cover was
low to have a significant effect on hydrological extremes within the
sub-catchments. A high percentage of both key experts and
households perceived that trees are very helpful in minimizing future
hydrological extremes. Besides, most sub counties that were noted by
farmers to be prone to flooding had undergone deforestation as cited
by key experts. The study results show variations in tree cover and
water availability perceived by farmers across all the two zones. Nearly
three quarters of farmers in lower zone of RMSC perceived a decrease
in seasonal rainfall duration compared to more than half of the
farmers in upper RMSC that instead perceived an increase in seasonal
rainfall duration (Figure 5C). Similarly, more farmers in upper RMSC
perceived an increase in seasonal rainfall amount and number of rainy
days compared to those in the lower zone. Correspondingly, majority
of the participating farmers in upper and lower SRSC perceived a
decrease in both seasonal rainfall duration and number of rainy days
(Figure 5D). Correspondingly, 60% of the farmers in the lower zone
of SRSC perceived an increase in rainfall amount (Figure 5D).
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3.3 Perception of spatial and temporal
variation in precipitation distribution across
Elgon

Precipitation distribution has varied both spatially and over time
as reported by FGD participants across all the nine sub counties.
During the seasonal calendar exercise, participants were asked to
share their experience of the 1990-2005 and 2006-2020 average
monthly precipitation. Figure 7 presents the 1990-2005 and 2006-
2020 average monthly CHIRPS precipitation data for the two
sub-catchments in MEWT that was compared with precipitation
perception of FGD participants’ across the two zones. From the
CHIRPS rainfall data (1990-2020) for both sub-catchment, the
maximum monthly rainfall was 250 mm. Therefore, each zero-symbol
was multiplied by a rainfall factor of 50 mm to convert the monthly
perceived rainfall into monthly amount. Basing on CHIRPS
precipitation data, it was evident that except for January, average
monthly precipitation was higher during 2006-2020 than 1990-2005
period in RMSC. Similarly, in SRSC, average monthly precipitation
(November-March) was higher during 2006-2020 than 1990-2005
period. The reverse is true for April-October months in SRSC
(Figure 7). For both zones in the RMSC and SRSC considered for FGD
and seasonal calendar exercise across the region, precipitation
variation was generally satisfactory. Overall, from analysis of CHIRPS
precipitation, there is an increase and decrease in the 2006-2020
average monthly precipitation for RMSC and SRSC, respectively.
These results correspond with the findings of the FGD exercise
(Figure 7). For instance, in RMSC, participants generally perceived
higher average monthly precipitation with clear trends more
pronounced in the lower zone (Figure 7D). Generally, a lower average
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monthly precipitation with clear trends more noticeable in the lower
zone (Figure 7F) was reported in SRSC.

3.4 1990-2020 hydrological extreme
events across MEWT

In both sub-catchments, participants experienced more events in
the recent years (2006-2021) compared to the past (1990-2005). Also,
more events were experienced by farmers in RMSC compared to
SRSC. Most extreme events were experienced in 1997 and 2012 for
RMSC and SRSC, respectively. Throughout the 1990-2021 period,
extreme flood events generally occurred in the upper zone of
RMSC. For both sub-catchments, extreme drought events were
generally experienced by farmers in the lower zones. Also the effect of
extreme flood events were experienced by farmers in the lower zone
compared to those in the upper zone (Tables 2, 3).

3.5 Transect walks

Results from the transect walk were summarized as past and
current tree species and water sources that existed in selected areas.
These results are indicators of tree cover and water changes across the
high hillside, mid-hillside and valley; ownership (access to) trees and
water and observations about trees and water. The dominant tree
cover types as perceived by farmers in both MRSC and SRSC (Table 1)
were confirmed from the transect walks along the zones of selected
hills. As emphasized during the FGD, various indicators of tree cover
and water changes were observed during the transect walks. For
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instance, remains of dominant indigenous tree species with bushes  the system changes over the past decades in MEWT with respect to
that promoted free and selective firewood collection. Besides, it was ~ changes in tree cover (gain/loss) and in water availability. Major
evident that most people settled downhill encouraging establishment ~ changes in tree cover and variation in surface water availability
of indigenous trees uphill. Also, human activities such as charcoal ~ examined here are based on diverse scientific literature (Marchant
burning and timber logging for exportation to major cities and towns et al.,, 2018; Kilama Luwa et al., 2020; Bunyangha et al., 2021) and
was realized during the transect walks. For the case of water  recent developments and policies concerning use of land, forest and
availability, some (current) water sources used by households were  water resources (Petursson et al., 2013; Russell et al., 2017) within the
observed besides historical water sites previously used by same  Mt. Elgon Region.
households. The variation in trees grown by farmers as well as the
difference in water resources used by households across the upper and
lower zones of RMSC and SRSC in Mt. Elgon was confirmed. Thisalso 4.1 Changes in tree cover and water
gave insights on farmers perceptions regards water availability. ~availabi llty in MEWT
Considering ownership of tree and water resources, all the eight hills
where transect walks was conducted were communally owned with This study highlights views by PRA participants of the changes in
every person allocated a plot of land and thus Individual (customary)  tree cover and water availability across different zones in
land ownership including resources on land. In the lower zone of =~ MEWT. Overall, changes in tree cover follow different patterns across
SRSC, at least 50 m from top of each selected hill was left uncultivated  the two zones in both RMSC and SRSC. Farmers across the two zones
and thus reserved to minimize the effects of hydrological extremes. ~ perceived tree cover gain and loss differently. For 1990-2020 period,
Other key observations noted during the transect walks across the ~ there was a reported overall gain and loss in SRSC and RMSC,
zones of MEWT included increased adoption of eucalyptus trees;  respectively. Also, key experts perceived an overall decrease in tree
zero-grazing livestock systems; uprooting of tree stamps for firewood; ~ cover during 1990-2020. Generally, farmers and key experts perceived
cutting indigenous trees and adopting fast growing eucalyptus, that the plantations and natural forest cover increased during 1990-
unhealthy agroforestry coffee systems besides sites where rampart 2005 and decreased during 2006-2020. Other studies conducted
floods and mud/landslides had lately occurred (see  across larger spatial levels have showed similar trends in tree cover.
Supplementary Table S1). For instance, the national assessment (Mwanjalolo et al., 2018; Kilama
Luwa et al., 2020) and studies by Mugagga et al. (2012), Sassen (2014),
) ) and Russell et al. (2017) reported a decline in tree cover especially
4 Discussion outside the Mt. Elgon national forest park.
The tree cover change (gain and loss) presented in this study
The present study was designed to explore and understand spatial ~ unmask a general decline in MEWT’s tree cover that can be partly
and temporal variation of tree-cover changes and water availabilityin  attributed to population pressures such as demand for forest products
Mt. Elgon Region, Uganda. The study findings can provide insight into  and need for settlement and agricultural land extension/expansion

Frontiers in Water 11 frontiersin.org


https://doi.org/10.3389/frwa.2024.1283574
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

J212/\\ UI SI213U0.4

T

610" uISIa1U0L

TABLE 2 RMSC timeline of events.

Low

Upper Zone

Moderate

Floods

Extreme

Low

Lower zone

Moderate

Extreme

Upper Zone

Moderate

Drought

Extreme

Low

2

Lower zone

Moderate

Extreme

Low

Upper Zone

Moderate

Land/mudslides

Extreme

Low

Lower zone

Moderate

Extreme

‘le 1o emoquuy

¥/S£82T'¥202'eMIy/68¢5 0T


https://doi.org/10.3389/frwa.2024.1283574
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

Kimbowa et al.

Extreme

Lower zone
Moderate

Land/mudslides
Low

Extreme

Upper Zone
Moderate

Low

Extreme

Lower zone
Moderate

Low

Extreme

Upper Zone
Low Moderate

Extreme

(V]
S
N2
5 S
z 3
So
=
2
(e]
)
(V]
£
(V]
o
E
x
. wl-lJ
w
g 5
L:_
s alg
g S 9
= 2=
[}
£
= 2
(O]
& S
o
(%]
M
w
-
2
|_

Frontiers in Water

1

10.3389/frwa.2024.1283574

among other factors. Local stakeholders’ (farmers and key experts)
perceptions on historical tree cover and water availability
complemented the existing data gaps in explaining the changes in tree
cover and water availability. There was notable contradictions in
perceptions on tree cover changes among farmers and key experts. For
instance, the 1990-2005 decreasing natural forest cover trend in
MEWT perceived by key experts was contrary to farmers’ perception
that revealed a gain in forest cover during the same period. In
particular, key experts viewed that natural forest and overall tree cover
had declined since 1990 despite tree planting and conservation efforts
especially in government’s natural forest park and reserves besides tree
plantations on private lands. However, key experts backed up their
perceptions with detailed explanations. Arguably, farmers’ perceptions
on changes in tree cover and water availability was based on and
limited to their local experiences (observations) regards use of the
forest and water resources. It implied for instance that farmers living
in sub-counties where agroforestry and private tree plantations was
highly practiced perceived an increase in tree cover compared to those
staying in sub counties where massive deforestation took place. The
key experts’ reporting on sub counties that experienced deforestation,
restoration and conservation corresponded with farmers’ perceptions
on tree cover changes in most selected sub counties considered for
this study.

Findings from this study to a large extent show variations in
perceived changes in water availability. Key experts perceived that
overall tree cover loss since 1990 correspondingly resulted in
reduction in water availability in both SRSC and RMSC. 57% of all
surveyed household respondents reported an increasing water
availability during 1990-2005 while 52% of all surveyed household
respondents perceived decreasing water availability during 2006—
2020. Generally, 89% key experts perceived a decrease in water
availability across the MEWT districts from 1990 to 2020. Declining
trends of natural tree cover especially outside the Mt. Elgon national
forest park pose great threat to water resources originating from these
forests. According to farmers and key experts, this has led to drying
of some water sources (streams and springs) especially during
dry-season leading to increased long distances trekked and more time
spent in search for water especially in the lower zones. Our study
results are similar to findings of Ellison et al. (2012) and Creed et al.
(2019) that also report drying of water resources due to tree cover loss.

While assessing the impacts of climate change and land-use
change on hydrological extremes in the Jinsha River Basin, China,
Chen et al. (2020) concluded that there is relatively little impact from
LULCC on runoff extremes with climate change dominantly
contributing to changes in hydrological extremes for over half a
century period of time. Despite a significant positive correlation
between LULC changes and flood peaks at sub-catchment level, Sanyal
et al. (2014) argue that catchment characteristics such as shape and
slope may play an important role in causal relationship between
LULCC and flood peak flows at the basin outlet.

Tree cover loss is often accompanied with changes in water
availability (Creed and van Noordwijk, 2016; Ellison et al., 2017;
Ellison, 2018; Staal et al., 2020). For MEW'T, as perceived by PRA
participants, there was variation in tree cover and water availability
changes across all zones. Though farmers in SRSC perceived an overall
increase in tree cover, they also experienced a decrease in water
availability from 2006 to 2020. Also, a higher proportion of households
in upper zone of SRSC experienced a higher decline in water
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availability in their locality compared with household in the lower
zone that perceived the highest levels of tree cover in their locality.
PRA participants were highly concerned about tree cover changes
across all zones of MEWT. Particularly, more concern was about the
loss of natural tree cover that was perceived to negatively affect the
surface water sources. Changes in tree cover change and water
availability can be partly explained by the tree species grown. In SRSC,
and upper zone of RMSC, where eucalyptus is the dominant tree
species (Table 1), has experienced water scarcity in the recent decades.
Most farmers most farmers grow eucalyptus despite being aware of its
detrimental effect on water resources. One farmer reported °..in case
one farmer plants eucalyptus trees, its effect on soil water consumption
and crop yield will be felt on the neighboring farm, forcing the
neighboring farmer to plant eucalyptus as well...”” Similar studies such
as Selamyihun (2004), Alemie (2009), and Mugunga (2016) conducted
across east-Africa, highlighting the effect of eucalyptus on soil and
water conservation recommend that: farmers with very small land
should avoid eucalyptus woodlots to minimize significant yield losses;
eucalyptus planting and (small) woodlots should be outside riparian
zones; a holistic and integrated planning and management that
sustains agricultural production, environmental conservation and
ecosystem protection should be considered.

Unlike the upper zone’s water sources that mainly originate from
the Mt. Elgon national forest park, most water sources in the lower
zones are developed on private land. As such, lower zones water
catchment areas are often degraded thus affecting quantity and quality
of most water sources. Also, gravity flow scheme water supply coverage
was low besides reduction in protected spring flows during dry season.
Based on literature (GoU and UNFPA, 2010; Ministry of Water and
Environment, 2018), household surveys, focus face-to-face interviews
with key experts, focus group discussions and transect walk across Mt.
Elgon region, it was noted that increasing population growth,
customary land tenure system and tree cover gain/loss influences the
quantity and quality of most water resources. As such, this
economically impacts on the productivity and performance of several
water supply infrastructure facilities such as the water treatment plants
and major irrigation schemes, besides flooding, landslides and drying
up of some river streams.

According to Van Loon and Laaha (2015), water availability at
catchment level can be partly explained by variation in precipitation
seasonality, duration and amount. Comparison of 1990-2005 and
2006-2020 CHIRPS precipitation data indicates a general increase and
decline in the average monthly precipitation in RMSC and SRSC,
respectively, in the last decade. The spatial and temporal variation in
precipitation distribution as perceived by FGD participants can
be partly explained by the zonal altitude differences. Generally, local
communities in upper (higher altitude) zones experience favorable
climate compared to those in lower zones. Also, FGD participants’
perceptions of 1990-2005 and 2006-2020 precipitation were in
agreement with trends in CHIRPS precipitation data (Figure 7).
However, there was variation in perceptions across the zones of the
region. The seasonal calendar exercise demonstrated that local
stakeholders’ perceptions can provide localized context of variation in
precipitation (and thus water availability) especially in areas where
meteorological stations are lacking (Bomuhangi et al., 2016). The main
drivers of the sub-catchments’ streamflow are precipitation, tree cover
and actual evapotranspiration. Variability in available water in MEWT
can therefore be best explained by changes in the region’s hydrological
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system rather than consumption (abstraction) by the growing human
population. Understanding the relationship between tree cover change
and patterns hydrology and feedbacks (van Noordwijk et al., 2020) at
landscape/catchment level is paramount for contested landscapes such
as the MEWT as it can facilitate a dialogue between resources actors
(stakeholders) to reach consensus. Variation in perceptions among
stakeholders on tree cover changes and water availability can
be explained by: 1-experience (years spent in the area); 2-direct
interaction/benefits from trees and water availability; 3- adequate
knowledge on scientific literature forests/trees and water availability
and; 4- information about existing water and forests/trees related
policies among other factors. In this aspect, participatory approaches
that involve scenario evaluation such as Q-methodology, fuzzy
cognitive mapping and serious gaming that can include local cultural
perspectives in assessment of water availability in agroforested
landscapes and water towers maybe appropriate.

4.2 Data uncertainty

The average age of 56 and 54 years for interview respondents and
FGD participants is considered appropriate given the study period of
1990-2020. However, the capability of the memory of participants and
respondents to remember the data for the past 30years could not
be guaranteed. Besides, the ambiguity of some terms used in the study
could have compromised the study. For instance, some participants
took long to understand the difference between the three tree cover
categories used in the study. Specifically, perception on 1990-2005
changes in tree plantations and agroforestry was often mixed up by
some participants. Also, given that the study was conducted in more
than one language, some information could have been misinterpreted
by either the field staff or the participants/respondents. These
uncertainties could have affected accuracy and effectiveness of
participants’ perception data. As such, statistics from the study results
can be treated by various decision-makers with some level of certainty.

There was limitation of some tools. For instance, given the
topography of the study sites, it was increasingly challenging especially
for field staff to reach the highest points of the selected hills during the
transect walks. This was because during the morning time preferred
for transect walks, most participants were working on their farms/
fields. Besides, generating a collective diagram during/after the
transect walk was difficult due to abrupt rainfall in the study area and
most participants were impatient after transect walks. Data recording
using audio and devices was useful for further interpretation however,
this meant more time spent during data analysis (McMullin, 2021). In
their study, “Conducting in-depth interviews with and without voice
recorders: a comparative analysis,” Rutakumwa et al. (2020) observed
that using the audio recorder can influence the nature of data
produced by respondents yet its absence can be perceived as a threat
to validity and credibility of collected data by the research community.
Highlighting the major national/regional events that took place during
1990-2005 was useful in refreshing memories of the PRA respondents
however, this sometimes resulted in diversion of participants from the
study topic and thus time wastage. Mixing male and female
participants during FGDs was useful in generating collective
perceptions but could lead to intimidation of females in some study
sites. In a few cases, there was tendency of local leaders to dominate
the FGDs (Mukherjee, 2018). In case, community members have had
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bad experiences related to land acquisition, etc. with ‘outsiders’ visiting
their community, study participants are likely to respond negatively,
hesitate and fear to talk openly. This was experienced by the research
team in the lower zone of RMSC where communities were
experiencing land tenure insecurities. Farmers thought that the
research team was from Uganda’s central government with an interest
to acquire land near River Manafwa to set up water reservoirs.
Consequently, the transect walk activity in one of the study site was
halted since it created more anxiety, alarming the community.

Thus, basing on experience, one has to be careful and sensitive
while choosing the PRA tools/techniques to be used in a particular
study. Preparatory activities prior PRA field work may involve good
knowledge of the community, acquisition of reliable contacts and the
entire process requires adequate time (Chambers, 1994a; Stadler, 1995;
Avitabile et al,, 2012). Besides, there is need to assess the local
knowledge’s limitations and constraints to prevailing community
systems. Also, stakeholders’ perceptions and knowledge can
be broadened, deepened and complemented with other resources, etc.

4.3 Key lessons learned

Experience and lessons learned concerning understanding changes
in tree cover and water availability using the PRA approach is
presented. Testing the data collection instruments (questionnaires) on
few selected participants provided insightful feedback that helped in
improving the survey and thus became clear to implement. Mixing
farmers from different villages during the FDGs led to a broad view
and clarity among household perceptions on changes in tree cover and
water availability. Some participants especially in the upper zone were
not confident and less literate thus needed further guidance and
encouragement to speak throughout the discussion. The seasonal
calendar and timeline of event exercises were very interesting to all
participants as they involved backing their responses with evidence
besides seeking for consensus during the entire process. Since the study
area was an agricultural landscape, the research teams conducted
transect walks before the FGD in all the study sites to reduce on the
waiting time for participants. Due to COVID-19, there was several
burials in addition to routine introduction ceremonies and wedding
celebrations in most villages. This led to interruptions in the planned
participatory field activities besides impatience of some participants.
In most of the FGDs, more than the planned number of participants
joined the discussions thus encouraging ‘small groups’ discussions.
Given the limited number of invited FGD participants and following
the community’s culture and tradition, most local leaders wanted to
always be part of the FGD. Besides, male household representatives
invited preferred to have the women left out of the discussions
especially when there was more than the required number of
participants. Even after explaining the importance of gender balance,
the men intended to dominate the discussion rendering the women less
active in addition to women isolating themselves from men.

Notably, most male participants did not want to sit with their
female counterparts and thus the research team adjusted protocol
during the FGDs. Also, including multiple choice options on
questionnaire was faster than manual data entry. Besides, the need
to be ready to adjust fieldwork plans was noted. For instance, land
security concerns in one of the study sites were brought to attention
leading us to changing one of the study locations in the lower zone
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of RMSC and postponing the FGD and the household survey. In the
end, research team proceeded with the study as planned. The
research team ensured that FDG and household interviews in this
particular study site were conducted from the sub county
headquarter so as to ensure safety of both the field staff and
participants. In case study meetings were held at sub-county
headquarters, there was some interruption by local government
extension staff. Also, rainfall disrupted field activities especially in
the upper zones of the study area thus delaying and prolonging
FGDs. One participant said “..whenever it clocks mid-day (12:00
noon), be ready to expect rainfall in our village and the surrounding
areas....” Besides, during all the FGDs, there was a lot of sensitivity
regards tree-cutting activities with some respondents heard trying
to direct colleagues on what answers to give. In some zones of the
study area, due to land related conflicts, there was need to involve
local government leaders at all levels. Also, during some transect
walks, community members who wanted to join the exercise with
the aim of understanding the objectives the exercise were met.

4.4 Policy implication

The stakeholders’ perceptions and knowledge on tree cover
changes and water availability is a useful indicator of increasing
population and land use pressure in the MEWT. This can be a source
of practical information useful to decision makers in land use planning,
environmental management, water resources management and thus
sustaining the management of agroforested landscapes (Bunyangha
etal., 2021). The findings of this study also have implications regarding
the way trees and water resources are currently managed with
particular reference to promotion of agroforestry and tree plantations
on private land besides water catchment protection. There is need to
systematically assess privately owned tree plantations so as to
understand changes in tree species, their management and involved
stakeholders at both local and regional levels. Incentives should
be provided where possible to private land owners to plant and retain
indigenous trees on their land for sustainability. Research promoting
tree planting/agroforestry should be participatory to respond to
community needs and encourage easy adoption. Scientists need to help
local people understand tree-water relations. However, organizations
that are promoting tree growing and water resources management
should be aware that there is a discrepancy between the local people
perceptions and the science perceptions of the role of trees in relation
to water availability. Also, research findings need to be sustainably
disseminated and linked to policy and decision making regarding
land-use planning, forest and water management. Trees are useful in
regulating water quantity and quality. Despite enormous scientific
research on forest-water research, predicting and quantifying the effect
of forests/trees on water availability still remains challenging. Policy
makers in Uganda have taken some measures designed to promote tree
planting and protect rivers and streams from drying up. However, these
efforts are not jointly planned and funded and have thus not always
realized the desired outcome. To address the key management issues
in the study area and in Uganda at large, there is need to prioritize and
thus significantly fund other natural resources departments at local
government other than water. This calls for sustainable agroforested
landscape management and adaptive management strategies of forest
and water resources.
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5 Conclusion

By applying five PRA tools, the current study explored local
socio-ecological knowledge and its contribution to an improved
understanding of the Forest-Water-People nexus. The case study
was Mt. Elgon water tower, a contested agroforested landscape
located in eastern Uganda. PRA tools can give insights on changes
in tree-cover and water availability in a data poor region like Mt.
Elgon, Uganda. Basing on stakeholders’ perceptions, there was
noticeable similarities and differences in tree cover and water
availability across the two sub-catchments. The study results
reveal that stakeholders perceived a decrease in water availability
and a decrease in overall tree cover for the period 1990-2020.
More farmers in Sipi River Sub-catchment perceived a decrease in
water availability during 2006-2020 compared to 1990-2005
period. Tree cover change follows different patterns across the two
altitudinal zones in both River Manafwa and Sipi River
sub-catchments. Key experts perceived a decrease in overall tree
cover and in natural forest cover during the 1990-2020 period.
According to farmers, water availability during 2006-2020 period
increased and decreased in River Manafwa and Sipi River
sub-catchments. Differences between two zones for 2006-2020
water availability were noticeable in both River Manafwa and Sipi
River sub-catchments. Since 2006, average monthly precipitation
has increased and decreased in River Manafwa and Sipi River
sub-catchments, respectively, corresponding with FGD
exercise findings.

Structured interviews were useful for comparing household
perceptions on changes in tree-cover and water availability across the
MEWT. The FGDs were useful in highlighting and comparing the
indicators of changes in tree-cover and water availability and thus
collective perceptions about the changes. The seasonal calendar was
particularly useful in comparing perceived rainfall- a clear indicator
of water availability with CHIRPS rainfall data across the study area
for 1990-2005 and 2006-2020. The timeline was suitable for
highlighting participants experience with tree-cover and water related
events and their extreme levels across the zones of sub-catchments.
The transect walks by direct observations of the field staff was useful
for validating the datasets collected from the four other PRA tools.
Specifically, the transect walks were useful in validating and comparing
various indicators of tree cover and water availability changes across
the zones. PRA tools were helpful for documenting the perceptions of
local people. This cannot replace reliable data resulting from large-
scale efforts for monitoring changes and variations in tree-cover and
water availability. This is underlined by the variations in the
perceptions of different people in different areas. Overall, this study
gives insights regards 1990-2020 changes in tree cover and water
availability across the Mt. Elgon region based on multilevel
stakeholders’ perceptions. Based on the results of this study it cannot
be concluded that PRA tools are helpful in improving our
understanding on the relationship between tree-cover and water
availability. Therefore, results of the PRA analysis should be interpreted
with care and merely suggest that there is a considerable variation in
changes in tree cover (gain or loss) and water availability patterns in
MEWT. The primary results of this study shed light on general
understanding that can further inform detail hydrological studies
related to Forest-Water-people nexus.
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