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Abstract 
Forests play a critical role in providing for essential goods and services to the forest adjacent 
communities. However, there is insufficient information on how land uses of affect the 
availability and use of forest products and services by the forest adjacent communities. This 
study analysed the impacts of land use changes on the livelihoods of the Mt Elgon forests 
adjacent communities. Land use changes were investigated for the period 1977-2019 segmented 
into four time periods corresponding to remote sensing data obtained for the years 1977, 1986, 
1999 and 2019. Household surveys were conducted using structured questionnaires administered 
to 387 respondents to assess how changes in land uses has impacted livelihoods. Analysis of data 
revealed that between 1977 and 2019, the size of natural forest has declined by 18%, bamboo 
declined by 15% while grasslands declined by 13%. On the contrary, the size of land under 
mixed farming and fallow increased by 30% and 27% respectively. Majority of the households 
(91%) were affirmative that they obtained products from Mt Elgon forest pointing to the 
importance of the forest to the forest-adjacent communities. Households closer to the forest were 
more reliant on the forest compared to those that lived far away. It is clear that the use of forest 
resources has been declining from 1970s with herbal medicine, game meat and wild fruits 
experiencing the highest decline of 28%, 27% and 23.7% respectively. The high dependency of 
the forest-adjacent communities on the Mt. Elgon forests call for enhanced conservation of the 
forest ecosystem and sustainable utilization of forest resources. 
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Introduction 
The United Nation Economic  Commission  of Europe defines  land  use as the  manner  in  
which  land  is  utilized (UNECE, 2004). Land use is characterized by the arrangements, 
activities and inputs people undertake in certain land cover types to produce, and maintain 
change. Land use changes worldwide have become a global concern because of the negative 
impacts often associated with them (Lambin and Meyfroidt, 2011). These changes may occur in 
the form of intensification and extensification in which case one or more land uses expand at the 
expense of other land use type. Intensification of agriculture, for example, can be at the expense 
of grazing land, forestry, and settlement (Mungo, 2003). 
 
In the recent past, land uses have been transforming land cover at both local and global scales. 
The significance of these changes is reflected in the consequences on biodiversity, ecosystem 
services and livelihoods of the forest adjacent communities. Whereas as agricultural production 
is easy to quantify in monetary terms, quantifying forest products can be a challenge given that, 
many of them are derived in the form of ecosystem services. Changes in land uses from natural 
forests to agricultural land can lead to a decline in these essential ecosystem services and affect 
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Satellite imageries downloaded from the USGS website Data was analyzed. In addition, structure 
questionnaires were used to collect data on changes in livelihoods. Land use changes between 
1977 and 2019 were analyzed using satellite imagery for 1977, 1986, 1999 and 2019. The 1977 
Multi Spectral Scanner (MSS) satellite image that was used was taken on 28th December 1977 
and had (Path/Row 170/59). The image had a resolution of 60m. Other images used included the 
Landsat 4-5 Thematic Mapper™ for 1986 and 1999 taken on 18th March 1986 and 17th 
December 1999 respectively. For the 1986 and 1999 images, Path/Row 170/59 was used. 
Landsat images for 1986, 1999 and 2019 consisted of seven spectral bands with a spatial 
resolution of 30 metres for Bands 1 to 5. The downloaded satellite images from 
https://earthexplorer.usgs.gov/ had the global reference system World Geodetic System 1984 
(WGS84) and the projection Universal Transverse Mercator (UTM) 37N.  
 
The administrative state boundary map for the study area was also brought to Universal 
Transverse Mercator project in zone 37 and later the satellite imageries were clipped with the 
administrative boundary of Mt. Elgon forest and the adjacent region (figure 1). The different 
False Colour Composite (FCC) of the Mt. Elgon region for the different stated periods were 
prepared. The preparation ensured that the pixel grids of the images for the year 1977 conformed 
to the corresponding images of the year 1986, 1999 and 2019. This enabled pixel by pixel 
comparison of the images. Ground truthing on land uses changes was carried out for seventy 
points obtained in the field with a Garmin Etrex 30x Global positioning Systems (GPS). 
 
A supervised multispectral classification was performed using Arc GIS 10.5 to distinguish 
between the seven possible classes which included natural forests, planted forests, tea farming, 
mixed farming, grasslands, bamboo forest and fallow land. Some 50 training samples were 
created for each land use. Change analysis was run between 1977 and 1986, 1986-1999, and 
1999-2019 imageries which created change maps. Change analysis was done by use of Idrisi 
Selva 17.0 software. These maps showed the changes that have occurred over the periods under 
study. An accuracy assessment via ground truthing was done from the change maps in order to 
verify any land use change that may not have been captured.  
 
Assessment of Livelihoods 
Household surveys were conducted by administering structured questionnaires with closed and 
open-ended questions to collect qualitative and quantitative data on households and their 
activities. Specific livelihoods analyzed included, grazing fields, wood fuel, herbal medicine, 
timber, wild vegetables, wild fruits and ornamental products. A total of 387 respondents were 
selected as derived from the sample size determination.  Random sampling was used to identify 
members of households to be interviewed based on the Kenya’s 2009 population census. The 
surveyed households data was analyzed by use of Statistical Package for the Social Sciences 
(SPSS). 
 
RESULTS  
Land Use Change 
The land use change analysis conducted for three time periods (1977, 1986, 1999 and 2019) and 
the results are presented in the table 1.d 
 



 

 

Table 1: Land Use/ Land Cover Changes in Mt Elgon Forest Ecosystem between 1977-
2019 

Land Use 1977 1986 1999 2019 

Area 
(Km2) 

% 
Area 

Area 
(Km2) 

% 
Area

Area 
(Km2) 

% Area 
(Km2) 

Area 
(Km2) 

% 
Area 

Natural 
Forest 

671.37 36.08 578.11 31.07 370.72 19.91 336.88 18.08

Planted 
Forest 

- - - - 407.67 21.89 120.44 6.46

Grasslands 525.35 28.23 546.52 29.37 344.71 18.51 282.89 15.18

Bamboo 309.72 16.64 40.44 2.17 85.22 4.58 27.12 1.46

Mixed 
Farming 

25.39 1.36 235.42 12.65 561.19 30.14 570.76 30.63

Tea - - - - 1.81 0.1 2.42 0.13

Fallow Land 328.93 17.68 398.94 21.44 62.39 3.35 520.27 27.92

 
In 1977, natural forest was the dominant land use. However, the natural forest cover has declined 
from 36.08% in 1977 to 32.13% in 1986, 19.91% in 1999 and 18.08% in 2019. In total, natural 
forest declined by 18% between 1977 and 2019. This decline was highest in 1986-1999 (-
11.16%) compared to the period of 1977-1986 (-3.95%) and 1999-2019 (-1.83%). In 1977-1986 
period, grasslands experienced a 1.1% increase. But in subsequent years, there was a marked 
decrease in the area covered by grasslands. Between 1986-1999 there was a 10.86% and 3.3% 
decline in 2019. The decline in natural forests and grasslands was driven by encroachment into 
the forest to create land for the Nyayo Tea Zone Plantation and the establishment of the second 
and third phase of the Mt Elgon resettlement scheme. Phase two covered an area of 1741.99 
hectares while phase 3 covered an area of 2865.42 hectares. The introduction of the resettlement 
schemes led to an increase in land under mixed farming by 11.3% between 1977 and 1986, 
17.48% between 1986 and 1999. There was, however, a slight increase of 0.5% between 1999 
and 2019. In total, mixed farming in Mt Elgon forest ecosystem has recorded a 29.27% increase 
between 1977 and 2019 (table 2). 
 

Table 2: Trends in Changes in Land Use/Land Cover 

Land use type 
% Change 
1977-1986 

% Change
1986-1999 

% Change 
1999-2019 

Overall % 
Change 

1977-2019 
 Natural Forest -3.95.0 -12.22 -1.83 -18.0 

Planted Forest - +21.89 -15.43 +6.46 

Grasslands +1.1 -10.86 -3.3 -13.06 

Bamboo -14.5 +2.4 -3.12 -15.22 

Mixed Farming +11.3 +17.48 +0.5 +29.28 

Tea Farming - +0.1 +0.03 0.13 



 

 

Fallow Land +3.8 -18.09 +24.55 +10.26 

 
Analyses of the Landsat Images of 1999 established revealed that plantation forests and tea 
farming were the added land uses in the Mt. Elgon ecosystem. The size of land under plantation 
forest increased by 21.89% to 407.67 km2   in 1999. Both indigenous plantations comprising of 
the Elgon teak species and exotic plantations of cyprus and eucalyptus trees were promoted by 
the government. These tree species have both commercial and household use. Tea farming 
covered some 0.01% (1.81km2) of the total forest land area.  Tea farming was established as a 
buffer zone to prevent further encroachment by the forest-adjacent communities into the forest. 
The introduction of plantation forest and tea farming (Nyayo Tea Zone) further led to a reduction 
in land under natural forest, grasslands and fallow land. 
 
At present, more than 58% of study area is occupied by agricultural area with 30.63% under 
mixed farming, 27.92% under fallow land and 0.13% under tea farming whereas natural forest 
area has declined to about 18% and planted forest area is 6.46%. This is one of the major change 
of land use of Mt Elgon forest ecosystem. The figure below shows land use land cover changes 
as shown on Landsat images. 
 
 Assessment of Rural Livelihoods 
Results of questionnaire analyses revealed that majority of the households in the Mt. Elgon forest 
ecosystem had varied sources of income. Ninety one percent 91% (n=332) derived their income 
from the forest. Sixty-five (65.6; n=229) percent reported farming as their primary sources of 
income, business 11.7% (n=48), government employment 11.46% (n=47), employment in the 
private sector 7.8% (n=32) and charcoal burning 2.9% (n=12) (figure 2). Despite having 
additional sources of income, it was clear that they majority were dependent on the forest for 
livelihoods. 

 
Figure 2: Sources of Income of the forest adjacent communities in Mt Elgon forest ecosystem 
 
Firewood was the most sought-after livelihood, being a major source of fuel energy in the area. 
Ninety-one (91.7; n=330) percent of the households were dependent of wood fuel from the 
forest. Use of grasses and fodder were reported by a further 91% (n=328) of the households that 
own livestock. Data further revealed that some 54% (n=200) of the forest adjacent-communities 
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rely on the forest for construction materials such as timber. Forty-seven (47; n=171) percent of 
the households obtain herbal medicine from forest. Forty-three (43.8; n=160) percent of the 
households obtained wild vegetables, game meat 41.6% (n=152), wild fruits 38.5% (n=140) and 
ornamental resources 24% (n=89) from the forest (figure 2). Wild fruits and wild vegetables 
were important in household nutrition.  
 
Distance Effects on Household-dependence on the Mt Elgon ecosystem 
The distance from the forest significantly influenced the likelihood of dependence on the forest 
for livelihoods. Respondents living closer to the forest were more dependent on the forest than 
households further away from the forest. Data analysis revealed that some 42% (n=137) of the 
respondents living less than 2km obtained majority of their livelihoods from the forest compared 
with those who lived further away (17%; n=56) (figure 3). These findings clearly demonstrate 
that household dependence on the forest is inversely proportional to distance. 
 

 
Figure 3: Distance Effect on Households dependence on the Mt Elgon ecosystem 

Changes in Forest Livelihoods 
Results of this study show that, there have been significant decline in majority of livelihoods 
among the Mt Elgon forest-adjacent communities. Over the last 50 years (1970 to 2019), the use 
of herbal medicine, fodder, timber and wood fuel showed a declining trend. The highest decline 
was in the use of herbal medicine, 28% decline from the 1970s 2010s (figure 4). Wild fruits had 
the second highest decline from 27% in 1970s to 38.5% in 2010s. The use of game meat 
similarly, declined by 23.9% in 1970s to 41.6% in 2010s. Grasses and fodder reported a 21% 
decline from 76% in the 1970s to 55% in 2010s. Wild vegetables declined by 16.5% from the 
1970s to 2010s.  
 
There was a further decline of 14.1% in the use of ornamental resources from 38.1% (n=139) in 
1970s to 24% (n=89) in 2010s. The use of timber from the forest declined by 13.4% from 67.4% 
(n=246) in 1970s to 54% (n=197) in 2010s while wood fuel had the lowest decline of 12% from 
67% (n=244) in 1970s to 55% (n=201) in 2010s (figure 4). 
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Figure 4: Percentage decline in livelihoods obtained from Mt Elgon forest 

 
There were notable trends in livelihoods. Between 1970 and 1980, there was an increase in the 
use of majority of forest products with the use of wild vegetables having the highest increase of 
5.2%, wood fuel 4%, timber 3.9%, fodder 2%, game meat and wild fruits 1.9% and herbal 
medicine 1%. Between 1980 and 1990 there were declining trends with the highest decline being 
in the use of game meat and wild fruits (9.9% ). The use of wood fuel experienced a 7% decline, 
timber 6.9% decline, ornamental products 6% decline, wild vegetables 5.2% while herbal 
medicine and fodder 5% and 3% decline respectively. Between 1990 and 2000 there were further 
declines with herbal medicine and wild vegetables exhibiting the highest decline of 14% and 
13.3% respectively. Fodder showed a 10% decline, wild fruits and timber reported a 8.5% and 
6.2% decline respectively; ornamental products a 6.9% decline; while timber and wood fuel 
reported a 4.4% and 4% decline respectively.. Game meat reported a 5.4% decline, wood fuel 
5% decline, and wild vegetables 3.2% (figure 5).  

 
` Figure 5: Trends in Changes in livelihoods in Mt Elgon Forest Ecosystem. 
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In line with the decrease in the use of herbal medicines, there was a corresponding decline in 
abundance of medicinal plants. Melia volkensis and Warbugia ugandensis had greatest decline in 
the ecosystem as reported by 24.1% (n=88) and 12.6% (n=46) of the respondents respectively. 
Other herbal plant species also declined considerably and included Diospyros abyssinica (9%; 
n=33), Grewia trichocarp (7.9%; n=29), Croton macrostachyus (5.8%; n=21) and Aloe elgonica 
(4.9%; n=18).  A number of wild vegetables have also declined in the Mt Elgon forest ecosystem 
and include Amaranthus retroflexus (67.7%; n=248), Vegetable amaranth (62.7%; n=229), 
Basella alba (49%; n=180), Urtica dioica (46.3%; n=169), Solanum nigrum (3.3%; n=12), 
Brassica oleraceae (2.2%; n=8), Bidens pilosa (1.4%; n=5) young shoots of Bambusa vulgaris 
(1.4%; n=5) and forest mushrooms (0.8%; n=3). There has also been reported decline in some 
ornamental plant species that include Bambuso ideae (43.68%), Markamia lutea (21.58%) 
Erythrina abyssinica 10.53%, Diospyros abyssinica (9.47%), Olea europea (6.32%), Tectona 
grandis (3.16%) and Entada abyssinica and Spathodea campanulata (2.11%). 
 
Figure 6 provides a summary of trends in changes in land uses and livelihoods in Mt Elgon 
forest. It is clear that natural forests, bamboo forests and grasslands have been on the declining 
trend between 1977 and 2019. On the contrary, the land under agriculture (mixed farming, fallow 
land and tea farming) have expanded over the same period (figure 6). All livelihoods continue to 
decline with wild fruits and game meat showing significant declines. 

 
Figure 6: Land Use/Land Cover and Livelihood Changes in Mt Elgon Forest Ecosystem 

 
Discussion 
Results of the analyses of Landsat images clearly show that 18% decline in natural forest and a 
29% and 10% increase in mixed farming and fallow land respectively. This demonstrates that in 
the Mt Elgon forest ecosystem, there has been a clear shift changes in land uses, from 
dependency on livelihoods from the forest by the forest-adjacent communities, to agricultural 
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activities as mitigation and adaptation strategies to reduced access to forest resource. The 
profitability of agriculture coupled with the government policies that prohibit and limit 
utilization of forest resources appears to be the main driver for the shift by the forest-adjacent 
communities to agriculture. The decline in natural forest may explain the decline in forest-
derived livelihoods. Githae et al. (2007) concurs that currently, the capacity of tropical forests to 
sustain and improve livelihoods has declined. Albinus et al. (2008) reported that major land use 
changes observed in the sub-catchments of Lake Victoria region are the transformation from 
perennial to annual cropping, forest encroachment and conversion of wetlands to agriculture; and 
this has led to a decline in land productivity. Gautam (2008) confirmed that land use changes 
significantly impacted livelihoods of the people of Madertala village in Khulna District who 
dependent on land directly or indirectly. Asaha and Deakin, (2016) opined that the disappearance 
of primary forest was the main driver for the dwindling non-timber forest products (NTFPs) such 
as bush mangoes in Cameroon. This has in turn, encouraged the domestication and cultivation of 
these fruits. 
 
Results of this study also established that distance influences access to the forest. Households 
within a 2km radius of the forest were highly dependent on the forest compared to those far 
away. A number of studies have also reported similar observations on the distance-effects on the 
utilisation of forest products (Maua et al. 2018; Dash et al. 2016; Timko et al. 2010). Most 
livelihoods have declined in Mt Elgon forest ecosystem. Herbal medicine, wild fruits, timber, 
wild vegetables, ornamental products, wood fuel and fodder have all declined. Kokwaro (1976) 
reported that some 58 tree species were medicinally exploited for their bark in Kenya and their 
abundance was declining. For instance, Overexploitation of Warburgia ugandensis, a much 
sought-after medicinal species has declined significantly in forests bordering Nairobi. In 
Kakamega forest, Olea capensis is being excessively debarked for similar reasons (Mutangah et 
al. 1992). IUCN (1996) affirmed that forests supply many foodstuffs such as, wild fruits, 
vegetables, fibres, nuts and tubers that constitute a regular and integral part of a household's diet. 
These tend to gathered for immediate consumption or used as dry-season or emergency foods. 
Asaha and Deakin (2016) reported that in Cameroon, hunting and fishing were carried out at a 
minimal level of less than 10% of the households. Increasing government regulations as well as 
dwindling numbers of wildlife were reported to contribute to the unavailability of bush meat and 
fish in the Cameroon. Wass (1994) confirmed that ornamental products obtained from Kenyan 
forest, are dwindling due to changes in land uses. 
 
Conclusion 
Changes in land uses has led to a dramatic decline in extents of natural forest, bamboo forests 
and grasslands cover and an accompanying expansion in land under agriculture. Consequently, 
majority of the household that obtain products from the forest are affected. Large areas of the 
natural forest have been converted to mixed farms and tea plantations driven by dwindling forest 
livelihoods and the high income and prohibitive government laws and policies that discourage 
forest livelihoods. Consequently, majority of the livelihoods that were derived from the forest 
have declined. There is also a distance-effect on forest dependency. Households that live within a 
2km radius are more dependent on forest livelihoods that those farther away. There is the need to 
enhance sustainable forest management strategies should be adopted to safeguard the livelihoods 
of the forest-adjacent communities. Further, there is need to enlighten forest-adjacent 
communities on sustainable exploitation of forest livelihoods. 
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