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Summary

Transitions in land use and land cover (LULC) are key indicators of human activities,
impacting both the environment and human well-being. Spatiotemporal analysis and
the projection of future LULC trends under various scenarios are crucial tools for
monitoring past changes, predicting future developments, and guiding management
interventions to achieve desired LULC trajectories.

This study used the freely available, open source LULC maps for 2001 (when the
dataset was first available), 2011 and 2021 to perform a spatiotemporal analysis of LULC
changes in key areas in Kenya where changes in forest cover could help to prevent
land degradation. Three scenarios were generated and used to project LULC in 2050:
achieving a 10% forest cover, converting forests to croplands, and restoring degraded
forests. The analysis was conducted for four counties that are primarily arid and semi-
arid lands (ASAL), and in which the Integrated Management of Natural Resources

for Resilience in Arid and Semi-Arid Lands (IMARA) program is implemented. These
counties are Turkana, West Pokot, Elgeyo Marakwet and Narok.

Based on the findings of this study, the distribution of LULC classes among the four
counties varies considerably. This suggests that decisions regarding the selection and
implementation of sustainable land management interventions should be tailored to
the specific geographical context. For counties with conditions similar to Turkana, the
focus should be on increasing tree cover and restoring degraded lands. In contrast, for
counties resembling Narok, West Pokot and Elgeyo Marakwet, halting deforestation
may be a more effective starting point for environmental conservation.

As a signatory to multilateral agreements addressing climate change and its impacts,
the Kenyan government is committed to achieving a 10% forest cover due to its

critical role in climate regulation and environmental protection. Our study found that
adopting interventions to maintain a 10% forest cover (scenario 1) would yield the most
favourable environmental outcomes by 2050. In all four counties, this scenario not only
increased forest cover but was also associated with an expansion in croplands.

Our modelling also indicates that by 2050, the cropland proportion attained under
scenario 1 (achieving 10% forest cover) will not be significantly different from that
under scenario 2 (forest-to-cropland conversion). This is attributed to the significant
role of healthy forest cover in providing favourable conditions to croplands through
climate regulation, conservation of underground water (groundwater resources) and
protection of soils from erosion.

We observed the occurrence of croplands along rivers, especially in Turkana and

West Pokot counties, which implies that forests are likely to be converted to cropland
in these areas due to the availability of water resources for cultivation. Coupled with
the conversion of wetlands to croplands, as identified in our analysis, we anticipate
possible wetland degradation through over-extraction and pollution of water resources.

Likewise, the observed proximity of farmlands to forest also could promote
deforestation through forest-to-cropland conversion. This potential outcome
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underscores the importance of zoning to clearly demarcate forest lands from cultivable
parcels. Such zoning can help prevent encroachment into forests and support
sustainable conservation efforts. According to scenario 2, the “Shamba system”, in
which farmers are allowed to cultivate within forests, is expected to significantly
contribute to the loss of forest cover.

Spatial mapping of LULC also reveals the linear distribution of forest cover along water
bodies, especially in Turkana County. Owing to the challenges of invasive species,

and the fact that the severity of their implications increases with their spread, it is
important for the local communities to understand the long-term implications of
invasive species and the approaches to contain their extent to an acceptable threshold.
Capacity-building programs aimed at building consensus on the definition, impacts and
management of invasive species can be valuable tools for early detection and rapid
response to invasions by “alien” or “non-native” species.

Scenario analysis of LULC provides insight into the implications of alternative
management strategies. However, while spatiotemporal LULC analysis is important in
monitoring the implications of alternative LULC changes, integrating local knowledge
and experience can enhance our understanding of the drivers behind the observed
and projected land cover transitions. Consequently, land management interventions
should be context-specific and evidence-based for them to yield practical and
sustainable solutions.

Abbreviations

AFR100  African Forest Landscape Restoration Initiative
ASAL Arid and semi-arid land

DEM Digital elevation model

ESA European Space Agency

FAO Food and Agriculture Organization of the United Nations

GIS Geographic information system

IMARA Integrated Management of Natural Resources for Resilience in Arid and
Semi-Arid Lands

INVEST Integrated Valuation of Ecosystem Services and Tradeoffs

IUCN International Union for Conservation of Nature

LULC Land use and land cover

MMWCA Maasai Mara Wildlife Conservancies Association
MODIS Moderate Resolution Imaging Spectroradiometer
NRT Northern Rangelands Trust
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1. Introduction

Anthropogenic activities are considered one of the key driving forces of environmental
disturbances, often reflected in the changes of land use and land cover (LULC) (Abbas
et al,, 2021; Bajocco et al., 2012). Transitions in LULC can serve as an indicator of the

interactions between human activities and the natural environment (Zhou et al., 2008).

In arid environments, which are dominated by fragile ecosystems, land cover change
often reflects the most significant impact on the environment due to human activities.
Anthropogenic pressure on fragile arid and semi-arid land (ASAL) ecosystems has
often translated into competition for these regions’ limited resources, resulting in
resource-based conflicts and loss of life and property (World Bank, 2020).

The analysis of historical patterns of LULC change and their association with other
environmental and human drivers is vital to the understanding of human impacts
on the natural environment. The availability of extensive sets of remote sensing
imagery has facilitated the examination of spatiotemporal patterns of environmental
components and the influence of human actions (Zhou et al., 2008).

A spatiotemporal analysis of LULC change can inform context-specific land
management decisions. Such snapshots of change over time can provide an
understanding of underlying drivers of change. However, while crucial, such
spatiotemporal analyses have limitations regarding predicting future resource statuses
or determining optimal strategies for achieving desired LULC changes. To address
this, pairing LULC analyses with scenarios becomes advantageous. Scenarios help in
assessing the potential impacts of past and current land management decisions on
future LULC trends. They aid in evaluating different management strategies, including
shifts in land use patterns, establishment of various land use configurations, and
analysing the effects of diverse land use approaches (Abbas et al., 2021; FAO, 2016;
Sharma et al., 2018; Sohl et al., 2012).

According to Kangas et al. (2018), prevalent scenarios utilized in LULC modelling

can be classified into statistical-trend extrapolations or predictive models foreseeing
transitions among LULC classes. The choice between these methods depends on
the analysis purpose. This study employed a predictive model to simulate future land
cover, considering changes in other land cover or land use classes. The study is a part
of the Integrated Management of Natural Resources for Resilience in Arid and Semi-
Arid Lands (IMARA), a seven-year program (2018-25), implemented by World Vision
in collaboration with SEI, Northern Rangelands Trust (NRT), Safer World and Maasai
Mara Wildlife Conservancies Association (MMWCA), meant to enhance resilience of
ASAL through the restoration of degraded natural resources, through exploring the
interconnections among water, energy and food systems.

In this report, we focused on alterations in forest cover, which are considered to have
significant consequences on the environment (Deribew & Dalacho, 2019; Kissinger
et al,, 2012; Teng et al,, 2019). This is due to their high capacity to define climatic
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conditions by sequestering carbon, conserve soils and provide habitats. Consequently,
understanding their potential use, which is contingent on forest management
strategies, and evaluating alternative approaches and their consequences in terms

of future forest products and services are integral to participatory and collaborative
decision-making processes and policy formulation (FAO, 2016, 2021; UNCCD, 2019).

To inform sustainable land management interventions, we analysed LULC trends
within the study area from 2001 to 2021, using historical changes in land cover. We
then generated key scenarios that are relevant in forest management, and then we
projected future LULC based on these scenarios.
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2. Methodology
21 Study area

This analysis was carried out in four Kenyan counties within which IMARA programs
are being implemented: Elgeyo Marakwet, Turkana, West Pokot and Narok (Figure

1. All four counties are mostly composed of ASALs within the Great Rift Valley and
are characterized by their vulnerability to the impacts of climate change and land
degradation in Kenya (Broeck, 2009; Odhiambo, 2013; Shanguhyia & Koster, 2014). The
ASAL regions also are more prone to impacts from invasive plant species, where non-
endemic trees and shrub species displace endemic ones and pose adverse impacts on
ecosystem services and livelihoods, as well as hinder effective ecosystem restoration.
One such species, Prosopis juliflora, dominates ASAL regions, posing a net negative
impact on ecosystem services (Adoyo et al., 2022; Maundu et al., 2009; Mwangi &
Swallow, 2008; Wakie et al., 2016).

Figure 1: IMARA project implementation sites: Turkana, Narok, Elgeyo Marakwet and West Pokot counties.
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2.2 Data sources and analysis

We used the most recent European Space Agency (ESA) LULC data available, at a fine
spatial resolution of 10 m, to map the current LULC classes in the project sites. Based
on satellite imagery that detects different land cover, including vegetation type and
water bodies, the dataset has a classification accuracy of 73% and is available just for
the year 2000.

This was supplemented with years for when data are available from the Moderate
Resolution Imaging Spectroradiometer (MODIS) LULC maps, for 2001, 2011 and
2021. Using ArcGIS software version 10.3, we clipped the shapefiles for the study
sites, performed LULC change detection analysis, and calculated the area for
each LULC class.

Scenario generation

We generated LULC scenarios using the proximity-based scenario generator in the
Integrated Valuation of Ecosystem Services and Tradeoffs (INVEST) software. The
proximity-based scenario generator creates different patterns of LULC based on
user-defined convertible LULC (LULC class to be converted to other classes) and
focal points classes (the intended LULC class into which the convertible LULC class is
converted to during a scenario generation). The user determines which habitat can be
converted and what these habitats are converted to, as well as type of pattern, based
on proximity to the edge of a focal habitat. In this manner, an array of land use change
patterns can be generated, such as cropland encroaching into the forest from the
forest edge. The resulting land use maps can then be used as inputs to INVEST models
or other spatial analyses to project future LULC based on the generated scenarios
(InVEST, 2016).

To identify the user-defined focal points and convertible LULC classes, we conducted
a trajectory analysis of forest cover in ArcMap. A LULC trajectory is a sequential
transition of LULC over multiple timeframes (Zhou et al., 2008). Unlike LULC change,
which assesses changes between two timeframes, land cover trajectories evaluate
successive LULC changes over more than two timeframes.

Using the ArcMap’s “combine tool”, we integrated the LULC for the three timeframes
to produce a map showing all the possible combinations of forest cover over the
selected timeframes. For instance, one possible combination may indicate areas

with the presence of forest cover in all the three timeframes (T1, T2, and T3), while
another combination may represent areas with the presence of forests in T1and T2,
but the absence of forests in T3, indicating its conversion to other land uses. We then
categorized the output into three major trends, to illustrate potential forest cover
according to the modelling:
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o Stable forest cover (trajectory trend 1): areas exhibiting consistent forest cover
since the establishment of the forest or tree cover. These areas indicate successful
forest management and are less prone to deforestation.

e Projected deforestation (trajectory trend 2): areas with a consistent presence of
forest cover until the most recent year (2021), but with projected absence of forest
cover by 2050. These areas are under threat of future degradation and require
prioritized forest restoration measures.

e Consistent deforestation (trajectory trend 3): parcels that initially had forest
cover but have consistently lost it over time, with no attempt at restoration or
replacement. This trend indicates ongoing deforestation or failure to undertake
reafforestation measures on previously deforested land.

The above three trajectories were then applied to produce scenarios for forest
management initiatives. The three scenarios considered were: the attainment of a
recommended tree cover of 10% (the national goal), conversion of forest cover to
croplands through the “Shamba system” (in which farmers are allowed to cultivate
crops in forests), and maintaining existing forest cover while restoring degraded
forestland. Each of these scenarios is presented below.

Scenario 1: attainment of the recommended 10% tree cover

Kenya has committed to achieving a 10% tree cover by 2030 (Government of Kenya,
2007) as part of its commitment to multilateral agreements such as the Bonn
Challenge and the African Forest Landscape Restoration Initiative (AFR100). In this
scenario, we projected potential locations for implementing afforestation interventions
to fulfil the 10% tree cover commitment.

For each county, the current forest cover was calculated and subtracted from the
recommended 10% forest cover within the respective counties. The result is equal
to the deficit needed to fill, to meet the 10% target. This was then used to generate
scenario 1 as the maximum convertible land, using these areas as representations of
places to convert to achieve 10% forest cover.

Scenario 2: integrating crops into forest lands through the
Shamba system

There are conflicting findings on the integration of crops into forests. On the one hand,
previous studies have reported forest-to-cropland conversion as the most dominant
transition advancing deforestation (Berrahmouni & Mansourian, 2021; Oberle, 2020).
On the other hand, the Shamba system, allowing communities to cultivate within
forests while tending young seedlings, has been considered an inclusive approach

to communal participation in forest conservation (Odieny, 2022). However, in forest
areas such as the Mau Forest, where the Shamba system has been adopted, there are
potential challenges in achieving long-term forest management objectives. Farmers
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are often tempted to engage in illegal logging within the forest instead of conserving
tree seedlings.

Given the increasing occurrences of famine and drought in Kenya, there is a
likelihood of reintroducing the Shamba system approach to enhance food security
in the country. Therefore, evaluating its potential future impacts is crucial in
providing guidance to decision-makers regarding sustainable and integrated forest
management interventions.

This scenario was generated by considering the worst-case scenario, where farmers,
instead of planting trees alongside crops to attain the 10% tree cover, “fill the deficit”
by converting forest land into croplands. The code corresponding to croplands was
used as the replacement land cover, while the code for forests was applied as the
convertible land cover. The additional area needed to meet the 10% forest cover was
used as the convertible acreage.

Scenario 3: maintenance of existing forest cover and restoring
degraded forest land

This scenario projects LULC status if consistently degraded forest lands are restored
and conserved. The scenario generation was therefore limited to areas experiencing
trajectories 2 and 3, which are considered as either deforested or vulnerable to
deforestation. The maximum convertible land was calculated as areas under forest
trajectory trend 3 above, which have experienced consistent forest loss. As a
precondition, land cover under trajectory 2 (vulnerable forest cover) and trajectory 1
(consistent forest cover) were maintained under forest cover and hence excluded from
convertible land cover.

2.3 Projection of LULC

The land change modeller in TerrSet software (Eastman, 2016) was used in projecting
future LULC for the year 2050, while considering the generated scenarios in section
2.2 above. The LULC simulation model was trained based on landscape features
(elevation, population density, distance to roads, distance to rivers, rainfall, soil data
and LULC; see Table 1) that have been considered significant in predicting LULC
change transitions (Baig et al., 2022; Eckert et al., 2020), owing to their likelihood

of influencing a change from one LULC to another. In generating LULC transition
potential, the MODIS LULC land cover maps for 2011 and those of each generated
scenario were used to produce LULC change maps. These maps illustrate transitions in
LULC between the two input maps.

Markov chain analysis was then applied to project the 2050 LULC maps. Using the
transition potential maps that define the probability of a LULC changing to another
LULC class, Markov chain analysis competitively assigns a LULC class for each pixel
for the future scenario. The output was exported to Displayr software, where a Sankey
chart representing the temporal flow among LULC classes was produced to analyse
trajectories in LULC changes.
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Table 1. Variables used in modelling future LULC

Soil types https://data.apps.fac.org/map/catalog/srv/eng/catalog.search#/metadata/446ed430-8383-
11db-b9b2-000d939bc5d8

Accessed on 2 June 2022

Population density https://energydata.info/dataset/kenya-population-density-2015/resource/a57fce6f-b00c-428f-
b1f9-86855c64b9df

Accessed on 8 January 2022

Distance to rivers (Euclidean distance in metres) https://www.wri.org/data/kenya-gis-data

Accessed on 17 June 2022

Distance to roads (Euclidean distance in metres) https://www.wri.org/data/kenya-gis-data

Accessed on 17 June 2022

Elevation in metres https://www.worldclim.org/

Accessed on 12 May 2022

2021 LULC map https://developers.google.com/earth-engine/datasets/catalog/modis

Accessed on 17 July 2022

Mapped forest reserves https://opendata.rcmrd.org/datasets/rcmrd::kenya-gazetted-forest-dataset/explore?location=-
0.720060%2C37.762785%2C6.72Site

Accessed on 2 June 2022

Amount of water found within 150 m of the soil surface. https://power.larc.nasa.gov/

The proportion of rain infiltrates into the soil and the soil’s Accessed on 12 May 2022
storage capacity.

Pixel size:30 m
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3. Observed LULC between 2001 and 2021
3.1 Turkana County

The main LULC classes in Turkana County are grasslands, shrublands, bare lands,
water bodies, tree cover, herbaceous wetlands, croplands and built-up areas such as
settlements and buildings in the order of their dominance (Figure 2). Approximately
half (46%) of Turkana County is covered by grasslands, which is the most dominant
LULC, while built-up areas are the least dominant.

In 2021, a significant increase in most LULC classes was registered, including a sharp
rise in croplands, wetlands and water bodies (Figure 2). The only LULC class that
experienced a sharp decline was the bare (“barren”) land. The observation confirms the
positive correlation between water availability and farming practices (Bandyopadhyay
et al,, 2009; Nkomoki et al., 2018).

Figure 2: Distribution of LULC in Turkana County derived from ESA 2020 LULC dataset
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Area percentage (%)

A considerable amount of the Turkana land mass (15%) is bare or barren land indicating
that the majority (60%) of such areas are non-vegetated, or covered by rocks, sand

or soil (Gray et al., 2019), thus making them vulnerable to soil erosion and its impacts.
An integrated soil management approach should therefore be a key element of land
management strategies within the county.

While the Kenyan government is committed to attaining 10% tree cover, due to its
significance in regulating climate and protecting the environment, the forest cover in
Turkana County occupies less than 1% of the total LULC (Figure 3). Parallel analysis
with ESA LULC, which is the most accurate owing to its fine spatial resolution of 10 m,
showed 1.8% forest cover, which is not significantly different from outputs derived from
the 250-m resolution MODIS data. This confirms a very low forest cover within the vast
Turkana County, which is 68 233 km?.

Figure 3: Percentage coverage of LULC in Turkana County in 2021.
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Among the four counties studied, Turkana has the least forest cover, with nearly

half (46%) of its forests located within 1 km of river channels (Figure 4). The linear
distribution of tree cover along rivers (Figure 4) indicates their likelihood of being
invasive species. According to Eckert et al. (2020), invasive tree species such as

P. juliflora are mainly found within a distance of between 500 and 1000 m from rivers
and pathways, which often act as dispersal agents for their seeds.

Figure 4: Linear distribution of tree cover along rivers in Turkana County

Source: Authors’ own.
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3.2 Narok County

The LULC classes present in Narok County are grasslands, shrublands, bare lands,
water bodies, tree cover, herbaceous wetlands, croplands and built-up areas (Figure 5).
The majority of the county is covered by grasslands, with dense patches of forest or
tree cover in the north and southeast, as well as some parts of the west. Major towns
characterized by settlement and human activities are centralized in the northeastern
areas, while croplands are observed to be spreading towards forest areas (Figure 5).

Forest covers 7% of the county. Savanna and grasslands are observed surrounding

the edges of the forest. Croplands are majorly confined to the central parts, which are
largely lowlands and characterized by gentle terrain.

Figure 5: Spatial distribution of LULC in Narok County in the year 2020.
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3.3 West Pokot County

West Pokot County is dominated by shrublands that are evenly spread throughout the
county, apart from the southern and northern parts, which have patches of dense tree
cover and grasslands (Figure 6). Based on the ESA LULC dataset, the most dominant
LULC is shrublands, which occupy more than three-quarters (77%) of the entire county.

Figure 6: West Pokot LULC classes as of 2021.
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Tree cover (not forest cover) occupies 11% of the overall land mass in the county
(Figure 7). However, out of this, only 2% of the total LULC constitutes forests (Figure
7), which is only slightly less than the area under cultivation within the entire county.
Likewise, bare land accounts for less than 1% of the total LULC; this implies low
susceptibility in the county to severe impacts of soil erosion, based on the soil cover
(Gonzalez-Morales et al., 2018; Pandey et al., 2021).
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Figure 7: Percentage coverage of different LULC classes in West Pokot County.
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We observed that croplands and tree cover occur mostly adjacent to water bodies
such as rivers (Figure 8). This occurrence is consistent with previous findings
(Bandyopadhyay et al., 2009; Nkomoki et al., 2018), which linked access to water as an
incentive to crop cultivation as well as to a suitable environment for the establishment
of trees. As also reported, management interventions aiming to encourage agriculture
and forest planting, for example, should take into consideration the availability of water
sources to ensure their success.

Forest cover composes at most 2% of the total land cover in West Pokot County. Water,
bare land and built-up areas constitute the least LULC in the county.
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Figure 8: Distribution of croplands and tree cover along rivers in West Pokot County.

Source Authors’ own, derived from ESA dataset.
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3.4 Elgeyo Marakwet County

Based on ESA LULC datasets, LULC classes found in Elgeyo Marakwet County are
grasslands, shrublands, bare lands, water bodies, tree cover, herbaceous wetlands,
croplands and built-up areas (Figure 9). A temporal analysis of MODIS LULC points to
savannas as the most dominant land cover in Elgeyo Marakwet, covering 60% of the

total in 2020.

Figure 9: LULC classes in Elgeyo Marakwet County.
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4. Projections of LULC for the year 2050
under different scenarios

Here we present projections of LULC in 2050 under the three scenarios for each
county. Based on MODIS LULC datasets, we used the TerrSet software to project the
LULC for 2050 and conducted a spatiotemporal analysis of LULC changes. We offer
key insights from our findings and the scenarios as to how management might be
steered to achieve desired outcomes.

41 Turkana County

The findings indicate the persistence of grasslands as a dominant land cover, an
increase in savannas, and a decline in bare lands, especially in areas close to Lake
Turkana, along which portions of wetlands are projected to be converted to croplands
(Figure 10).

Figure 10: LULC between 2001 and 2021, with projections for 2050, in Turkana County.
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Four LULC classes - croplands, forests, built-up areas and wetlands - are projected
to be less than 1% throughout the years considered in this analysis (Figure 11) with
a projected decline by the year 2050. The results also indicate that between 2001
and 2021, forest cover has consistently increased (Figure 11). However, based on the
biophysical and social factors used in the model, forest cover is projected to decline by
2050. The most probable explanation for this occurrence may be projected decline in
rainfall and increasing temperatures, also reflected in the projected decline in the area
covered by water and wetlands by 2050 (Figure 11).
Figure 11: Temporal LULC change in Turkana.
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All the observed changes in forest cover, whether gains or losses, were attributed to
either grasslands or shrublands (Figure 12), with none of the losses in forest cover
being attributed to croplands. On the contrary, any gains in croplands by 2050 are
likely to be attributed to grasslands, shrublands, wetlands and bare land. While this
suggests areas suitable for crop cultivation, it also indicates that areas currently
occupied by forest cover in Turkana County might not be suitable for cultivation.
This is because the tree cover composition in Turkana County includes more invasive
species. According to Mwangi and Swallow (2008), invasive woody tree species such
as P. juliflora extract underground water, making it impossible for any crop to grow
where P. juliflora becomes established.
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Figure 12: Trajectories of LULC in Turkana County between 2001 and 2050.
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Although croplands seem not to encroach forest cover, their gains from wetland
areas especially along Lake Turkana indicate the significance of proximity to water
bodies as a determinant for suitable croplands. Thus, precautions should be taken in
ensuring appropriate farming practices to minimize the degradation of such wetlands.
Alternatively, owing to the observed and expected conversion of shrublands and
savannas into croplands, interventions for establishing irrigation schemes on such
parcels should be explored. All in all, empirical studies are needed to analyse the
cropland suitability areas before implementing such interventions.

LULC scenarios

Scenario modeling and mapping (Figure 13) indicate that the most ambitious

but desirable trajectory can be achieved if management interventions transition
towards scenario 1, which aims to achieve a 10% forest cover. In this case, immediate
interventions are channelled toward achieving a 10% forest cover, and the trend
maintained until 2050. The results indicate that Turkana County will be subjected to
continued vulnerability to land degradation, as indicated by widespread bare land
(Figure 14).
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Figure 13: A map of projected LULC under different scenarios in Turkana County by 2050.
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Note: scenario 1: 2050 LULC projection if 10% tree cover is attained in 2021 and maintained; scenario 2: 2050
projection under forest-to-cropland conversion; scenario 3: 2050 projection if degraded lands are restored; and
scenario 4 representing projected 2050 LULC under prevailing LULC trends, “business as usual”.

Employing forest management interventions aimed at achieving 10% forest cover, such
as tree planting initiatives and conservation of existing forests, is projected to yield
33% forest cover by 2050 (Figure 14). Likewise, the greatest cover of bare land (19%) is
projected to be observed under the business-as-usual scenario.
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Figure 14: Projected LULC under different scenarios in Turkana County by 2050, with 2021 for comparison.
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Note: scenario 1: 2050 LULC projection if 10% tree cover is attained in 2021 and maintained; scenario 2: 2050
projection under forest-to-cropland conversion; scenario 3: 2050 projection if degraded lands are restored; and
BAS scenario representing projected 2050 LULC under prevailing LULC trends.

Scenario 2 (forest-to-cropland conversion) and scenario 3 (restoration of degraded
forests) show a minimal difference in changes to bare land, with both scenarios
simulated to result in less than 10% bare land. The model however indicates that by
2050, the highest cropland proportion will be attained under scenario 1 rather than
scenario 2. This implies that the conversion of forestland into croplands may not be
sustainable in optimizing productivity, leading to food security in the future. There is a
risk that cropland encroachment into forests could lead to the destruction of forests,
which are crucial for absorbing greenhouse gases such as carbon dioxide, protecting
soils from erosion, and creating a microclimate favourable to crop production. The

UN Food and Agriculture Organization (FAO) report The State of the World’s Forests
2022 emphasized that maintaining healthy forest cover through a sustainable agrifood
system is the most effective way to achieve food security and optimize securing

the multiple benefits that forests provide to farming systems (FAO, 2022). Thus,
maintaining a sustainable forest cover, especially within dryland areas, may be a
promising entry point to promote food security.
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4.2 Narok County
Based on the analysis of LULC changes between 2001 and 2021, and using the three
scenarios, we project an expansion of grasslands and a reduction in forest cover
(Figure 15).
Figure 15. Temporal LULC change in Narok County between 2001 and 2050.
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We observed that croplands have declined over the past two decades by 179 km?, from
4% to 3%, with a projected decline trend to a further 2% by 2050 under the prevailing
conditions (Figure 15). We observe that most of the losses in croplands are translated
to grasslands, a trend we expect to continue (Figure 16). The last timeframe for this
observation coincides with the Covid-19 pandemic, which affected transportation of
farm inputs as well as the food-related markets and trades, leading to a decline in crop
production (Government of Kenya, 2018).
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Figure 16: Temporal transitions among LULC between 2001 to 2050.
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Similar to croplands, our findings reveal a consistent decline in forest cover since 2001,
a trend expected to be maintained by 2050 (Figure 17). However, unlike the sharp
decline between 2001 and 2011, the rate of deforestation is observed to have slowed
between 2011 and 2021 (Figure 17). This timeframe coincides with the period when the
Kenyan government executed massive eviction of communities from the forests in a
bid to establish the boundary of Mau Forest, to prevent further deforestation (Klopp &
Sang, 2011D. This points to the success of forest management interventions in slowing
deforestation in the county.

Findings of this study reveal that losses in forest cover were attributed to shifts
croplands, as losses in forest cover were transitioned to mixed vegetation, grasslands
and savanna (Figure 16). However, the observed proximity of croplands at the edges

of forests (Figure 17) implies a high probability of cropland expansion into the
surrounding forests (Duku et al.,, 2021). The occurrence of farmlands at the edges of
the forest covers Narok County, therefore, presents the possibility of future expansions
of farmlands into the forest land.
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Figure 17: LULC change in Narok County between 2001 and 2050.
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In Narok County, the only LULC classes that have shown an increasing trend in the
past two decades are grasslands, savannas and mixed vegetation. No significant
changes have been observed in built-up areas, while a sharp decline in bare land was
observed (Figure 16).

Despite the current decreasing rate of deforestation, the forest cover in Narok is
expected to decline further by 2050, albeit at a slower rate according to the models
results (Figure 12). This finding is consistent with the historical pressure experienced
by the Mau Forest in previous decades. However, it also suggests that current
management interventions, while effective at present, will be insufficient to sustainably
halt the losses in the Mau Forest in future.

The analysis of forest cover trajectories in Narok indicates that the ongoing decline in
forests has primarily affected the forest edges, while the projected decline in 2050 is
observed to be concentrated in the central areas of the forest (Figure 18). Further, a
huge portion of the forest is under threat of deforestation and should be prioritized for
conservation (yellow patches in Figure 18).
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Figure 18: Forest cover trajectories in Narok County.
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LULC scenarios

Transitions between and among land cover classes were found to significantly vary
under different scenarios in Narok County in the long term. The most desirable
outcome is expected to occur under scenario 1, where forest cover is expected

to surpass the nationally targeted 10%. However, under this scenario, most of the
restoration seems to occur in the southern and western parts of Narok, leaving the
significant northern part of the forest vulnerable to encroachment (Figure 19).
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As mentioned earlier, this scenario illustrates the limitation of focusing on new tree
plantations while neglecting the established forest cover. To meet the national

commitment of achieving 10% forest cover, the establishment of new tree plantations
is widely acknowledged as a promising entry point. However, since existing forest
cover indicates suitable areas for their establishment, it is imperative to prioritize the

conservation of existing and restoring degraded forest cover alongside new plantations

on new plots.

Figure 19: Projected LULC under different scenarios in Narok County.
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Note: scenario 1: current attainment of 10% tree cover; scenario 2: forest-to-cropland conversion; scenario 3:

restoration of degraded lands; scenario 4: business-as-usual scenario.

Through the Shamba system, as represented in scenario 2, cultivated cropland would
nearly triple in Narok County by 2050, from 4% to 11% (Figure 20). However, while this
scenario represents an enhancement of food security, it could result in intense forest

encroachment and degradation as farmers clear forested land to pave the way for
cultivation. The output in Figure 20 (red circles) shows the projected conversion of
forestland into farmlands, leading to more than 50% decline in forested land by 2050

(Figure 20).
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Figure 20: Projected LULC under different scenarios in Narok County.
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Note: scenario 1: current attainment of 10% tree cover; scenario 2: forest-to-cropland conversion; scenario 3:
restoration of degraded lands; scenario 4: business-as-usual scenario.

As noted above, the proximity of farmlands to forestlands, along with provisions
allowing forest-to-cropland conversion, has historically led to deforestation.

We propose that zoning lands to clearly delineate the best sites for forests and
cultivation could substantially mitigate encroachment into forests and promote their
sustainable conservation.

4.3 West Pokot

The findings of this study reveal a consistent dominance of grasslands throughout
the considered period, and our models show an expected increase from 69% to 83%
between 2021 and 2050 (Figure 21).

Compared to other counties, such as Turkana, the low proportion of bare land
implies that West Pokot County is less vulnerable to land degradation through soil
erosion. However, soil conservation measures should still be implemented to prevent
the extension of bare land. Despite their low percentage, forests are projected to
experience a sharp decline by 2050 (Figure 2.
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Figure 21: The temporal transitions (gains and losses in LULC classes) between 2001 and 2021, with predictions
for 2050 in West Pokot County.
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The conversion of areas adjacent to water bodies to forests or crops presents the
possibility of wetland degradation through over-extraction and pollution of water
resources. In essence, sustainable agricultural technologies should be employed to
promote food security while protecting the natural resources on which agricultural
activities rely.

The mutual occurrence of tree cover and croplands presents the possibility to
consider agroforestry as a form of land management. This approach, however, requires
precautions to ensure that the extension of agricultural lands does not lead to the
degradation of forests.

A decline is projected for water bodies and wetlands by 2050. This might indicate
predicted low precipitation in 2050, a condition that may also explain the projected
decline in croplands during the same year. Despite their observed low cover,
forestlands are expected to decline to 1.1% by 2050 (Figure 22).
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Figure 22: West Pokot temporal LULC change between 2001 and 2050.
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Parcels that are projected to be under massive threat of deforestation lie between the
border of West Pokot and Elgeyo Marakwet counties, while consistent deforestation
may occur along the edges of the forest (Figure 23). Attaining the recommended 10%
forest cover, therefore, requires deliberate and strategic measures in restoring forests
and curtailing further degradation.

The county government, partnering with other institutions, has made such efforts

by planting trees across the county. However, it should be noted that such initiatives
have long-term impacts and that their benefits might not be realized immediately.
Also, the management of existing trees should not be neglected at the expense of new
seedling plantations.
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Figure 23: Forest cover trajectories in West Pokot County, projected for 2050.
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LULC scenarios

The 2050 projection of LULC under different scenarios in West Pokot is presented

in Figure 24. Scenario 1 presents a desirable outcome that increases both the forest
cover and croplands to enhance both food security and protect the environment.
However, this scenario shows that following previous trends, croplands are likely to
be located at the edges of forested lands. While the consequence of this proximity
may not always pose a threat of forest encroachment and destruction, it is most likely
to occur; measures to monitor and protect the forested parcels from encroachment
should be maintained.
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Figure 24: The LULC scenarios in West Pokot, with 2021 for comparison to current conditions.
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In all the considered scenarios, grasslands remain the most dominant LULC in West
Pokot County. If interventions in the first scenario are maintained, the county will
achieve 13% forest cover by 2050 (Figure 25). Compared to the restoration of degraded
forests as outlined in the third scenario, which is projected to lead to 4% forest cover,
this approach presents the most promising pathway towards sustainable forest cover

(Figure 25).
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Figure 25: Projected LULC under different scenarios in West Pokot County.
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Figure 26: Temporal LULC change in Elgeyo Marakwet County between 2001 and 2021, with predictions for 2050
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4.4 Elgeyo Marakwet County

Of all four counties analysed in this study, Elgeyo Marakwet presently has the highest
proportion of forests, covering approximately 12% of its entire LULC. However, this is
a decline in forested land from 13% in 2001, and it is projected to decline further by
nearly 50% in 2050 (Figure 26). This finding indicates that despite the considerably
high forest cover, prevailing forest management strategies are inadequate in
maintaining or improving the forest cover.

Savannas are predicted to decrease to 30% by 2050 (Figure 26), and the analysis of
LULC change predicts these shifts will be to grasslands by 2050 (Figure 27). While
such changes may not have significant impacts due to the similarity of their ecological
functions, the projected massive decline in all forest covers from 12% to 6% is a
worrying trend (Figure 26) and an early warning sign which demands rapid response
through adoption and implementation of sustainable forest management intervention.

Apart from forests, both croplands and savannas are expected to decline while mixed
vegetation, grasslands, and shrublands are simulated to increase sharply by 2050
(Figure 26). Further, we observed that croplands are in highland regions at the edges of
forests and are projected to shift inward towards the declining forest cover (Figure 27).

Figure 27: LULC between 2001 and 2021, with a projection for 2050 in Elgeyo Marakwet.

2011 2021
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Source: Author’s own, adapted from MODIS dataset.
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Noting the projected coexistence of forests and cropland, it would be imperative to
engage farmers in forest management decisions. Community members are agents
of any transformative change, and their engagement in defining forest management
priorities and strategies is vital in ensuring sustainability (Wiesmann et al., 2011).

Figure 28: Shift of cultivation land towards declining forest land in Elgeyo Marakwet County.
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An analysis of LULC trajectories confirms a 25% decline in forest cover (from 12%
to 8%) by 2050, changed to savannas (Figure 29). Similarly, 20% of savannas are
projected to change to croplands, shrublands and mixed vegetation. Additionally, a
significant decline in croplands is projected, with these areas being reduced by half
and transitioning to mixed vegetation.

Figure 29: LULC trajectories in Elgeyo Marakwet County between 2001 and 2050.

2011 2021 2050

Savannas (19%)

Source: Author’s own, adapted from MODIS LULC dataset.

LULC scenarios

An analysis of LULC under different scenarios shows savannas and grasslands
dominating in all four scenarios (Figure 30). However, forestland and croplands seem to
be more dominant in scenarios 1 (attaining 10% forest cover) and 2 (forest-to-cropland
conversion) respectively. While scenario 1 is projected to result in forest distribution
along the western and southern parts of the county, restoration of degraded forests
(scenario 3) will result in forest distribution in the northern and southern parts of

the county, where forests have experienced consistent degradation (Figure 30).

A combination of scenarios 1and 3 would therefore result in a more widespread
distribution of forest cover throughout the county.
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Figure 30: Projected LULC under different scenarios in Elgeyo Marakwer County.
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A closer look reveals a very slight difference in forest cover under scenarios 1and 3,
which are expected to yield forest cover of 26% and 24% respectively by 2050. If the
business-as-usual status is maintained (scenario 4), the forest cover is expected to
decline to 7% of the total LULC by 2050. For forest cover under scenario 2, in which
communities are permitted to cultivate within the forests, projections show the highest
cropland cover of 20%, at the expense of forests, which are projected to fall to 4% by
2050 under the same scenario (Figure 31).
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5. Discussion and key insights

Each county, while similar in some ways, has its own outcomes due to a variety of
reasons. Below we list findings for each county individually, before concluding with
overall insights for the region.

5.1 Key insights for Turkana County

A significant portion of land in Turkana County (15%) is categorized as bare land,
indicating its susceptibility to soil erosion. Implementing an integrated soil management
approach would be crucial for land management strategies within the county.
Implementing forest management interventions that aim to achieve 10% forest cover,
such as tree planting and conservation of existing forests, is projected to yield a 33%
forest cover by 2050. Conversely, the business-as-usual scenario is projected to result in
the highest proportion of bare land (19%).

The conversion of forestland into croplands may not be sustainable for promoting future
food security. Conversely, the promotion of forest establishment in Turkana appears to
create favourable conditions that may lead to increased crop yields by 2050.

Further studies should be conducted to ascertain the composition of tree cover within
the county as well as the distribution of invasive species. Biological invasions are
prominent along the edges of natural forests and where tree density is low (Khaniya &
Shrestha, 2020), as visualized in Turkana County.

During the IMARA project’s third quarterly meeting, feedback from local stakeholders on
preliminary findings confirmed the tree cover along rivers in Turkana to be non-endemic
(“invasive” or “alien”) species. However, there was a general resistance against the
control of invasive species in Turkana County owing to their perceived benefits.

According to the International Union for Conservation of Nature (JUCN), invasive alien

species often pose a net negative impact as their cover increases. After habitat loss, they
are the leading contributor to species endangerment and extinction and pose a worldwide
economic loss exceeding USD 423 billion annually (IPBES, 2023). Invasive tree species can
change habitat suitability for native plants, reduce grazing potential of land, and deplete
groundwater TK(T. Linders et al., 2020; T. E. W. Linders et al., 2019). While beneficial at

the initial stages of establishment, invasive species always pose a net negative impact as
their cover increases (Wise et al.,, 2012). Research findings on management strategies for
non-endemic species should be disseminated to inform local actors and to help to control
their spread. Conflicts on non-endemic or “invasive” species management often arise due
to their perceived short-term benefits. It is essential to educate communities on the nature
and impacts of non-endemic species to encourage timely action in managing the species.

5.2 Key insights for Narok County

The analysis of LULC changes in Narok County from 2001 to 2021 suggests a projection
for 2050 that includes an expansion of grasslands and a decline in forest cover. It is
crucial to prioritize the conservation of existing forests and the restoration of degraded
forest areas, alongside establishing new plantations on available plots.


http://www.iucn.org/
https://www.farmafrica.org/ethiopia/prosopis-management
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The presence of farmland at the forest edges in Narok County indicates the potential
for future expansion of farmlands into forested areas. Croplands are observed to
have consistently declined over the past two decades, with a projected further
decline. The increasing cost of production and unfavourable market conditions have
previously contributed to the abandonment of wheat and maize farming, leading

land users to shift towards agribusiness ventures with secured financial returns,
such as hay cultivation.

5.3 Key insights for West Pokot County

In West Pokot County, tree cover occupies 11% of the total land area, of which only 2%
constitutes forests necessitating the need for forest conservation and restoration of
degraded forests. If interventions from the first scenario are maintained, a forest cover
of 13% is projected by 2050.

Forest cover along county boundaries is particularly vulnerable to deforestation.
Collaborations across borders are therefore crucial for ensuring sustainability in
forest management.

Bare land makes up less than 1% of the total LULC, indicating a low susceptibility to
severe soil erosion impacts based on soil cover. However, under the business-as-usual
scenario, bare land is expected to increase significantly by 2050.

5.4 Key insights for Elgeyo Marakwet County

Elgeyo Marakwet County has a considerably high proportion of forest cover (12%).
A very slight difference in forest cover is projected under scenarios 1 (attaining 10%
forest coven) and 3 (restoring degraded forests), which are expected to yield forest
cover of 26% and 24% respectively by 2050.

If the trends of the past two decades persist, forest cover could decline to 7% of the
total LULC by 2050. Additionally, if communities are allowed to cultivate within forests
(scenario 2), cropland cover could reach 20%, but this would come at the expense of
forests, which are projected to drop to 4% by 2050 under this scenario.

The implementation of either scenario 1 or 3 could lead to a broader distribution of
forest cover across the county. However, additional modeling is required to illustrate
the potential interactions between these two scenarios.

Considering the anticipated coexistence of forests and cropland, it is crucial to
involve farmers in forest management decisions. Community members play a pivotal
role in driving transformative change, and their involvement in establishing forest
management priorities and strategies is essential for ensuring sustainability.
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6. Conclusions and recommendations

Based on the findings of this study, the spatiotemporal distribution of land cover
significantly varies among the four counties. Decisions on the selection and
implementation of sustainable land management interventions should, therefore, be
contextualized based on the geographical location rather than through generalization.

Overall, the existing forest cover seems to be neglected and at threat of future
degradation. Integrating management interventions that aim at achieving 10%
forest cover while restoring degraded forest lands would yield the most desired
environmental outcome by 2050.

The model indicates that by 2050, the cropland proportion attained under scenario 1
(achieving 10% forest cover) will not be significantly different from that under scenario
2 (forest-to-cropland conversion). This is because croplands are being abandoned due
to rising production costs and unfavourable market conditions. Integrating a holistic
approach, which simultaneously promotes economic benefits from farm produce while
conserving the environment, may therefore offer promising solutions to achieving
sustainable farming systems. The proximity of farmlands to forestlands presents the
challenge of future forest-to-cropland conversion. Consistent degradation of forests is
rampant at the edges of forests, with the central parts of the forests being vulnerable
to future deforestation. Clear demarcation and zoning of lands to clearly distinguish
between forest lands and cultivatable parcels would therefore be a vital step toward
curtailing further deforestation.

The conversion of forestland into croplands may be unsustainable in promoting food
security in the long term, a perspective affirmed by Padoch and Sunderland (2013).
Maintaining healthy forest cover may facilitate the provision of favourable conditions to
croplands through climate regulation (Madeira et al., 2009; Palmer, 2021), conservation
of groundwater (Berrahmouni & Mansourian, 2021; Shah et al., 2022) and protection

of soils from erosion (Elliot et al., 2018; Rodrigues et al., 2021; Teng et al., 2019).
Maintaining a robust forest cover within a sustainable agrifood system is therefore
expected to be an efficient approach in attaining food security and maximizing the
diverse benefits that forests offer to farming systems. Our finding that forests and
farming tend to cluster alongside water bodies underscores the possibility of wetland
degradation through over-extraction and pollution of water resources. Sustainable
agricultural practices and technologies should be adopted to protect wetlands from
future degradation while ensuring food security.

Spatial mapping of LULC also reveals the linear distribution along water bodies of
forest cover, which is composed mainly of the invasive species. Developing capacity-
building programs aimed at building consensus on the definition, impacts and

need to manage invasive species may be a useful tool for early detection and rapid
response to invasion by alien species. This approach could assist authorities and
local communities in learning about the costs of and adopting approaches to contain
non-endemic species.
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The analysis of LULC changes presented here can aid in identifying hotspot areas
that require prioritized management interventions. Additionally, it highlights potential
drivers of change which may guide strategies for sustainable ecosystem restoration.
However, to enhance the effectiveness of LULC mapping, it is essential to integrate
empirical field data gathered from land users with practical experience and knowledge
of LULC changes and their underlying causes. Future work building on this analysis
should incorporate the perceptions of local actors to derive insights into the drivers of
LULC changes.



47 Land cover scenarios in four Kenyan arid and semi-arid regions by 2050

References

Abbas, Z., Yang, G., Zhong, Y., & Zhao, Y. (2021). Spatiotemporal
change analysis and future scenario of LULC using the CA-
ANN approach: a case study of the Greater Bay Area, China.
Land, 10(6). https://doi.org/10.3390/land10060584

Adoyo, B., Schaffner, U., Mukhovi, S., Kiteme, B., Mbaabu, P.R,,
Eckert, S., Choge, S., & Ehrensperger, A. (2022). Pathways
towards the sustainable management of woody invasive
species: understanding what drives land users’ decisions
to adopt and use land management practices. Land, 71(4).
https://doi.org/10.3390/land11040550

Baig, M. F,, Mustafa, M. R. U,, Baig, |., Takaijudin, H. B., & Zeshan,
M. T. (2022). Assessment of Land Use Land Cover Changes
and Future Predictions Using CA-ANN Simulation for
Selangor, Malaysia. Water (Switzerland), 14(3). https://doi.
org/10.3390/w14030402

Bajocco, S., Angelis, A. D., Perini, L., Ferrara, A., & Salvati, L.
(2012). The impact of Land Use/Land Cover Changes on
land degradation dynamics: a Mediterranean case study.
Environmental Management, 49(5), 980-989. https://doi.
org/10.1007/s00267-012-9831-8

Bandyopadhyay, S., Jaiswal, R. K., Hegde, V. S., Jayaraman,
V., Jaiswal, R. K., Hegde, V. S., & Jayaraman, V. (2009).
Assessment of land suitability potentials for agriculture
using a remote sensing and GIS based approach.
International Journal of Remote Sensing, 1161. https://doi.
0rg/10.1080/01431160802395235

Berrahmouni, N. & Mansourian, S. (2021). Review of Forest and
Landscape Restoration in Africa. Accra. FAO and AUDA-
NEPAD. https://doi.org/10.4060/cb6111en

Broeck, J. V. (2009). Conflict motives in Kenya’ s North Rift
Region. IPIS, pp. 40. https://reliefweb.int/report/kenya/

conflict-motives-kenyas-north-rift-region-interns-volunteers-

series

Deribew, K. T., & Dalacho, D. W. (2019). Land use and forest
cover dynamics in the North-eastern Addis Ababa, central
highlands of Ethiopia. Environmental Systems Research, 8(1),
8. https://doi.org/10.1186/s40068-019-0137-1

Duku, E., Mattah, P. A. D., & Angnuureng, D. B. (2021).
Assessment of land use/land cover change and
morphometric parameters in the Keta Lagoon Complex
Ramsar Site, Ghana. Water (Switzerland), 13(18). https://doi.
org/10.3390/w13182537

Eastman, R. J. (2016). Terrset Geospatial Monitoring and
Modeling System Manual. http://www.clarklabs.org/

Eckert, S., Hamad, A, Kilawe, C. J., Linders, T. E. W,, Ng, W. T,,
Mbaabu, P. R., Shiferaw, H., Witt, A., & Schaffner, U. (2020).
Niche change analysis as a tool to inform management of
two invasive species in Eastern Africa. Ecosphere, 11(2).
https://doi.org/10.1002/ecs2.2987

Elliot, W. J., Page-Dumroese, D., & Robichaud, P. R. (2018).
The effects of forest management on erosion and soil
productivity. In Soil Quality and Soil Erosion (pp. 195-208).
CRC Press. DOI: 10.1201/9780203739266-12

FAO. (2016). Forests and agriculture: Land-use challenges and
opportunities. In State of the World’s Forests. FAO report.
https://unesdoc.unesco.org/ark:/48223/pf0000125559

Gonzéalez-Morales, S. B., Mayer, A., & Ramirez-Marcial, N. (2018).
Assessment of soil erosion vulnerability in the heavily
populated and ecologically fragile communities in Motozintla
de Mendoza, Chiapas, Mexico. Solid Earth, 9(3), 745-757.
https://doi.org/10.5194/se-9-745-2018

Government of Kenya. (2007). The Kenya Vision 2030: A
Globally Competitive and Prosperous Kenya. https://
vision2030.go.ke/

Government of Kenya. (2018). Baringo County 2020 Annual
Development Plan Report: Fastrack and operationalize
projects for socio-economic development and service
delivery. https://ipfglobal.or.ke/wp-content/uploads/2023/10/
baringo-Final-ADP-2019-2020.pdf

Gray, J., Sulla-Menashe, D., & Friedl, M. A. (2019). User Guide
to Collection 6 MODIS Land Cover Dynamics (MCD12Q2)
Product. User Guide, 6(Figure 1, 1-8.


https://doi.org/10.3390/land10060584
https://doi.org/10.3390/land11040550
https://doi.org/10.3390/w14030402
https://doi.org/10.3390/w14030402
https://doi.org/10.1007/s00267-012-9831-8
https://doi.org/10.1007/s00267-012-9831-8
https://doi.org/10.1080/01431160802395235
https://doi.org/10.1080/01431160802395235
https://doi.org/10.4060/cb6111en
https://reliefweb.int/report/kenya/conflict-motives-kenyas-north-rift-region-interns-volunteers-series
https://reliefweb.int/report/kenya/conflict-motives-kenyas-north-rift-region-interns-volunteers-series
https://reliefweb.int/report/kenya/conflict-motives-kenyas-north-rift-region-interns-volunteers-series
https://doi.org/10.1186/s40068-019-0137-1
https://doi.org/10.3390/w13182537
https://doi.org/10.3390/w13182537
http://www.clarklabs.org/
https://doi.org/10.1002/ecs2.2987
https://unesdoc.unesco.org/ark
https://doi.org/10.5194/se-9-745-2018
https://vision2030.go.ke/
https://vision2030.go.ke/
https://ipfglobal.or.ke/wp-content/uploads/2023/10/baringo-Final-ADP-2019-2020.pdf
https://ipfglobal.or.ke/wp-content/uploads/2023/10/baringo-Final-ADP-2019-2020.pdf

48 Land cover scenarios in four Kenyan arid and semi-arid regions by 2050

Madeira, E. M., Boyd, W., Lawlor, K., & Niles, J. O. (2009). The

Crucial Role of Forests in Combating Climate Change (Policy

INVEST. (2016). Scenario Generator: Proximity Based. In The
Natural Capital Project. https://storage.googleapis.com/

releases.naturalcapitalproject.org/invest-userguide/latest/en/

scenario_gen_proximity.html

IPBES. (2023). Summary for Policymakers of the Thematic

Assessment Report on Invasive Alien Species and their
Control of the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services. IPBES secretariat.
https://doi.org/10.5281/zenodo.7430692

Kangas, A., Korhonen, K. T, Packalen, T., & Vauhkonen, J.

(2018). Sources and types of uncertainties in the information
on forest-related ecosystem services. Forest Ecology

and Management, 427, 7-16. https://doi.org/10.1016/].
foreco.2018.05.056.

Khaniya, L., & Shrestha, B. B. (2020). Forest regrowth reduces

richness and abundance of invasive alien plant species

in community managed Shorea robusta forests of central
Nepal. Journal of Ecology and Environment, 44(1). https://
doi.org/10.1186/s41610-020-00158-7

Kissinger, G., Herold, M., & Sy, V. D. (2012). Drivers of

deforestation and forest degradation: A synthesis report for
REDD+ policymakers.

Klopp, J. M., & Sang, J. K. (2011). Maps, power, and the

destruction of the Mau Forest in Kenya. Georgetown Journal
of International Affairs, 12(1), 125-134.

Linders, T, Bekele, K., Schaffner, U,, Allan, E., Alamirew, T.,

Choge, S. K., Eckert, S., Haji, J., Muturi, G., Mbaabu, P. R,,
Shiferaw, H., & Eschen, R. (2020). The impact of invasive
species on social-ecological systems: Relating supply

and use of selected provisioning ecosystem services.
Ecosystem Services, 41(December 2019), 101055. https://doi.
org/10.1016/j.ecoser.2019.101055

Linders, T. E. W, Schaffner, U, Eschen, R., Abebe, A., Choge, S.

K., Nigatu, L., Mbaabu, P. R., Shiferaw, H., & Allan, E. (2019).
Direct and indirect effects of invasive species: Biodiversity
loss is a major mechanism by which an invasive tree affects
ecosystem functioning. Journal of Ecology, 107(6), 2660-
2672. https://doi.org/10.1111/1365-2745.13268

Brief NI PB 09-05). https://nicholasinstitute.duke.edu/sites/
default/files/publications/the-crucial-role-of-forests-in-

combating-climate-change-paper.pdf

Maundu, P, Kibet, S., Morimoto, Y., Imbumi, M., & Adeka, R.
(2009). Impact of Prosopis juliflora on Kenya’s semi-arid and
arid ecosystems and local livelihoods. Biodiversity, 10(2-3),
33-50. https://doi.org/10.1080/14888386.2009.9712842

Mwangi, E., & Swallow, B. (2008). Prosopis juliflora invasion
and rural livelihoods in the Lake Baringo Area of Kenya.
Conservation and Society, 6(2), 130-140. https://doi.
0rg/10.4103/0972-4923.49207

Nkomoki, W., Bavorova, M., & Banout, J. (2018). Adoption of
sustainable agricultural practices and food security threats:
effects of land tenure in Zambia. Land Use Policy, 78,
532-538. https://doi.org/10.1016/j.landusepol.2018.07.021

Oberle, Dr. B. (2020). The Bonn challengelmpact and potential

of forest landscape restoration. Restore Our Future, 7-37.

Odhiambo, M. O. (2013). The ASAL policy of Kenya: Releasing
the fill potential of Arid and Semi-Arid Lands-an analytical
review. Nomadic Peoples, 17(1), 158-165.

Odieny, A. 0. (2022). Shamba System of Forest Management
and Economic Change in Kodera, Homabay County, 1957-
20172. Maseno University.

Padoch, C., & Sunderland, T. (2013). Managing landscapes for
greater food security and improved livelihoods. Unasylva,
64(247), 3-13.

Palmer, L. (2021). How trees and forests reduce risks from
climate change. Nature Climate Change, 11(5), 374-377.
https://doi.org/10.1038/s41558-021-01041-6

Pandey, S., Kumar, P, Zlatic, M., Nautiyal, R., & Panwar, V. P.
(2021. Recent advances in assessment of soil erosion
vulnerability in a watershed. International Soil and
Water Conservation Research, 9(3), 305-318. https://doi.
org/10.1016/j.iswcr.2021.03.001



https://storage.googleapis.com/releases.naturalcapitalproject.org/invest-userguide/latest/en/scenario_gen_proximity.html
https://storage.googleapis.com/releases.naturalcapitalproject.org/invest-userguide/latest/en/scenario_gen_proximity.html
https://storage.googleapis.com/releases.naturalcapitalproject.org/invest-userguide/latest/en/scenario_gen_proximity.html
https://doi.org/10.5281/zenodo.7430692
https://doi.org/10.1016/j.foreco.2018.05.056
https://doi.org/10.1016/j.foreco.2018.05.056
https://doi.org/10.1186/s41610-020-00158-7
https://doi.org/10.1186/s41610-020-00158-7
https://doi.org/10.1016/j.ecoser.2019.101055
https://doi.org/10.1016/j.ecoser.2019.101055
https://doi.org/10.1111/1365-2745.13268
https://nicholasinstitute.duke.edu/sites/default/files/publications/the-crucial-role-of-forests-in-combating-climate-change-paper.pdf
https://nicholasinstitute.duke.edu/sites/default/files/publications/the-crucial-role-of-forests-in-combating-climate-change-paper.pdf
https://nicholasinstitute.duke.edu/sites/default/files/publications/the-crucial-role-of-forests-in-combating-climate-change-paper.pdf
https://doi.org/10.1080/14888386.2009.9712842
https://doi.org/10.4103/0972-4923.49207
https://doi.org/10.4103/0972-4923.49207
https://doi.org/10.1016/j.landusepol.2018.07.021
https://doi.org/10.1038/s41558-021-01041-6
https://doi.org/10.1016/j.iswcr.2021.03.001
https://doi.org/10.1016/j.iswcr.2021.03.001

49 Land cover scenarios in four Kenyan arid and semi-arid regions by 2050

Rodrigues, A. R., Marques, S., Botequim, B., Marto, M., &
Borges, J. G. (2021). Forest management for optimizing soil
protection: A landscape-level approach. Forest Ecosystems,
8(1), 50. https://doi.org/10.1186/s40663-021-00324-w

Shah, N. W,, Baillie, B. R., Bishop, K., Ferraz, S., Hégbom, L., &
Nettles, J. (2022). The effects of forest management on
water quality. Forest Ecology and Management, 522. https://
doi.org/10.1016/j.foreco.2022.120397

Shanguhyia, M., & Koster, M. M. (2014). Land and conflict
in Kenya’s Rift Valley: Historical and contemporary
perspectives. In T. Falola & E. M. Mbah (Eds.), Contemporary
Africa: Challenges and Opportunities (pp. 191-223). Palgrave
Macmillan US. https://doi.org/10.1057/9781137444134_9

Sharma, R, Nehren, U,, Rahman, S. A., Meyer, M., Rimal, B.,
Seta, G. A., & Baral, H. (2018). Modeling land use and land
cover changes and their effects on biodiversity in Central
Kalimantan, Indonesia. Land, 7(2). https://doi.org/10.3390/
land7020057

Sohl, T. L., Sleeter, B. M., Sayler, K. L., Bouchard, M. A, Reker, R.
R., Bennett, S. L., Sleeter, R. R., Kanengieter, R. L., & Zhu, Z.
(2012). Spatially explicit land-use and land-cover scenarios
for the Great Plains of the United States. Agriculture,

Ecosystems & Environment, 153, 1-15. https://doi.org/10.1016/j.

agee.2012.02.019.

Teng, M., Huang, C., Wang, P, Zeng, L., Zhou, Z., Xiao, W.,
Huang, Z., & Liu, C. (2019). Impacts of forest restoration
on soil erosion in the Three Gorges Reservoir area, China.
The Science of The Total Environment, 697. https://doi.
org/10.1016/J.SCITOTENV.2019.134164

UNCCD. (2019). Forests and Trees: At the Heart of Land
Degradation Neutrality (pp. 1-36). United Nations
Convention to Combat Desertification (UNCCD). https://
www.unccd.int/sites/default/files/documents/2019-08/Forest

brochure - web.pdf

Wakie, T. T,, Laituri, M., & Evangelista, P. H. (2016). Assessing
the distribution and impacts of Prosopis juliflora through
participatory approaches. Applied Geography, 66, 132-143.
https://doi.org/10.1016/j.apge0g.2015.11.017

Wiesmann, U,, Ott, C,, Ifejika Speranza, C., Kiteme, B. P.,, Mller-
Boker, U., Messerli, P, & Zinsstag, J. (2011. A Human
Actor Model in Interdisciplinary Research for Sustainable
Development. Research for Sustainable Development:
Foundations, Experiences, and Perspectives. Perspectives
of the Swiss National Centre of Competence in Research
(NCCR) North-South, August 2015, 231-256. https://doi.
org/10.5167/uzh-61718

Wise, R. M., Wilgen, B. W. van, & Maitre, D. C. L. (2012). Costs,
benefits and management options for an invasive alien tree
species: The case of mesquite in the Northern Cape, South
Africa. Journal of Arid Environments, 84, 80-90. https://doi.
org/10.1016/j.jaridenv.2012.03.001

World Bank. (2020). Kenya County Climate Risk Profile: Kiambu
County. 1-34.

Zhou, Q., Li, B., & Kurban, A. (2008). Trajectory analysis of land
cover change in arid environment of China. International
Journal of Remote Sensing, 29(4), 1093-1107. https://doi.
0rg/10.1080/01431160701355256



https://doi.org/10.1186/s40663-021-00324-w
https://doi.org/10.1016/j.foreco.2022.120397
https://doi.org/10.1016/j.foreco.2022.120397
https://doi.org/10.1057/9781137444134_9
https://doi.org/10.3390/land7020057
https://doi.org/10.3390/land7020057
https://doi.org/10.1016/j.agee.2012.02.019
https://doi.org/10.1016/j.agee.2012.02.019
https://doi.org/10.1016/J.SCITOTENV.2019.134164
https://doi.org/10.1016/J.SCITOTENV.2019.134164
https://www.unccd.int/sites/default/files/documents/2019-08/Forest
https://www.unccd.int/sites/default/files/documents/2019-08/Forest
https://doi.org/10.1016/j.apgeog.2015.11.017
https://doi.org/10.5167/uzh-61718
https://doi.org/10.5167/uzh-61718
https://doi.org/10.1016/j.jaridenv.2012.03.001
https://doi.org/10.1016/j.jaridenv.2012.03.001
https://doi.org/10.1080/01431160701355256
https://doi.org/10.1080/01431160701355256

Visit us

SEI Stockholm

Environment

Institute

SElHeadquarters

Linnégatan 87D

Box 24218

104 51 Stockholm Sweden
Tel: +46 8 30 80 44
info@sei.org

SEl Tallinn

Arsenal Centre
Erika 14

10416 Tallinn Estonia
Tel: +372 6276 100
info-Tallinn@sei.org

Mans Nilsson
Executive Director

Lauri Tammiste
Centre Director

SEIl Africa

World Agroforestry Centre

United Nations Avenue Gigiri

P.O. Box 30677 Nairobi 00100 Kenya
Tel: +254 20 722 4886
info-Africa@sei.org

SEl York

University of York
Heslington

York YO10 5NG UK
Tel: +44 1904 32 2897
info-York@sei.org

Philip Osano
Centre Director

Sarah West
Centre Director

SEl Asia

Chulalongkorn University
Henri Dunant Road Pathumwan
Bangkok 10330 Thailand

Tel: +66 2 251 4415
info-Asia@sei.org

Niall O’Connor
Centre Director

SEI US Main Office

11 Curtis Avenue

Somerville MA 02144-1224 USA
Tel: +1 617 627 3786
info-US@sei.org

Ed Carr
Centre Director

SEl Latin America

Calle 71 # 11-10

Oficina 801

Bogotd Colombia

Tel: +57 16355319
info-LatinAmerica@sei.org

SEI US Davis Office

501 Second Street
Davis CA 95616 USA
Tel: +1 530 753 3035

David Purkey
Centre Director

SEl Oxford

Oxford Eco Centre

Roger House Osney Mead
Oxford OX2 OES UK

Tel: +44 1865 42 6316
info-Oxford@sei.org

Ruth Butterfield
Centre Director

SEI US Seattle Office

1326 Fifth Avenue #640
Seattle WA 98101 USA
Tel: +1 206 547 4000

sei.org
@SElresearch @SElclimate





