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Abstract 

The study evaluated the effects of climate change on the availability of NTFPS in Kavonge and Museve hilltop forests in 
Kitui County, Kenya. The specific study objective was to assess local community perception on rainfall and temperature 
patterns on NTFPs availability. A sample size of 120 respondents were selected for the study using the Yamane formula. 
A purposive sampling method was used to select villages within 5 kilometer radius to both hilltop forests and a 
systematic transect line design of 1km by 1km was used to select households for data collections. Data were collected 
by employing structured questionnaires, key informant interviews and focus groups discussions. The data was analyzed 
using descriptive statistics (frequencies, percentages, bar charts), chi-square test and logistic regression. The result 
revealed that majority 83.0% of respondents strongly agreed that climatic conditions of the area has changed. The 
results submit that 96% of the respondents perceived an increase in temperature pattern during this recent period of 
2018-2023 while, 100% perceived a decrease in rainfall pattern during this recent period of 2018-2023. The logistic 
regression model results revealed that, age, education, occupation and residency period significantly (p < 0.05) 
influenced community perception of climate change (rainfall and temperature) patterns on NTFPs availability in the 
study area. It is ascertained that the Kavonge and Museve forests edge communities still rely on the available NTFPs as 
a safety net when faced with unfavorable circumstances, such as crop failure due to climate change. However, it was 
reported that the available quantities of NTFP are declining due to climate change. I conclude that, available NTFPs will 
continue to decrease if stringent sustainable utilization and management measures are not implemented. 
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1. Introduction

The long-term change in distribution of weather patterns over some period of time from decades to millions of years is 
known as climate change [1,2]. The increase in temperature and atmospheric carbon-dioxide as well as rainfall 
variation, frequency and severity of extreme climatic events have been observed globally [3]. The notable changes have 
several impacts on global forest ecosystems through extinction of species (including plants and animals), long growing 
and fluctuations of seasons and change in forest fires. The human induced global climate change has entered into second 
half of the last century [4,5]. The change in the climatic system negatively impacts natural and manmade forests mainly 
artificial forest designed for carbon sequestrations. [6] estimated that 294 million ha which is 7 % world forest areas 
and natural regenerating forests accounting 93% of the world forest area. The changes in extreme weather and climate 
conditions affects forestry and agriculture productivities and increase food shortages. The effects of climate change on 
species populations and ecosystems affect the availability and supply of ecosystem services including changes to 
provisioning, regulating, supporting and cultural services are pronounced [7]. Due to changes in the ideal temperature 
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range, climate change has also endangered the integrity and survival of multiple species, accelerating the loss of NTFPs 
by gradually altering the forest structures [8]. 

Non-timber forest products (NTFPs) are integral part of the forest ecosystem playing supportive roles on landscape, 
habitat conservation and wildlife, maintenance of macro-climate and soil conservation [9,10]. This further provides a 
supportive role on livelihood and socio-economics security during change in agricultural systems that are essential part 
of communities living near forests [11,12,13]. The third world countries which are mainly the agriculture dependent 
are most vulnerable to climate change consequences. These countries cannot promptly prevent and respond to its 
impacts due to the lack of adequate knowledge on policy formulation and funding’s to mitigate the effects [14]. The 
disastrous impacts and the rise of vulnerable groups on communities increases seasonally and periodically. Researchers 
has proposed the increasing effects of climate change on the impoverish population through rise in death rate, 
malnutrition, tropical diseases and urban heat stress by the year 2030 [15,16].  

The goals and aspirations of Africa continent for sustainable development are thought to be threatened by the reality of 
climate change [17]. Climate change has the potential to reverse decades of African development, which is worth 
emphasizing. For instance, climate change is not just considering global warming but other variations in climate 
variability, frequency and intensity of extreme occurrences. This include an increased in droughts and floods across 
forest edge communities that are depending on NTFPs. Along with the effects of unexpected weather occurrences, there 
is also the chance of climate change accumulations until certain points are reached, which might lead to the collapse of 
forest communities dealing with NTFPs. This generally perceived a potential risk to livelihoods and socio- economic 
systems of communities depending on NTFPS [18]. According to Muzari et al. and Martinez et al.  [19,20], understanding 
local stakeholders' attitudes and perspectives of climate change is vital since their ability to effectively adapt and have 
the incentive to do so depends on their ability to perceive and understand the phenomenon. Additionally, the 
perspectives and experiences of the local community play a vital role in supporting the planning of overall adaptation 
during climate change mitigation in forest edge communities. 

Kenya is one of the countries in sub-Sahara Africa that depends on agricultural produces, earning about 69.7% from 
export and engaging 80% of Kenyan work force in manufacturing and distributions [21]. The country is endowed with 
diversity in climate and geological formations owning substantial climate change effect in the ASALs region. Forests in 
Kenya just like other forests in Africa are facing climate change related challenges leading to reduction in available 
NTFPs species. These climatic changes also impact on Kavonge and Museve hilltop forests in Kitui County. Despite 
multiple benefits which NTFPs provide, the effects of climate change on its availability has not been investigated at 
Kavonge and Museve hilltop forests area. Previous studies carried out in the two forests focused on anthropogenic 
activities on tree species composition and diversity in Kavonge and Museve hilltop forests [22]. The study took place in 
Kavonge and Museve hilltops forests in Kitui Central. The study aimed to evaluate the effects of climate change on the 
availability of NTFPs in Kavonge and Museve hilltop forests. The current study provides an understanding on how 
Kavonge and Museve hilltop communities perceive on the availability of NTFPs through local experiences on rainfall 
and temperature patterns. Also it’s generate information for timely scientific input for strategic management to policy 
makers which can be used during initiatives to combat climate change effects. To achieve this aim, the specific objective 
used was to assess the local community perception on local rainfall and temperature patterns on the availability of 
NTFPs in the Kavonge and Museve hilltop forests. 

2. Materials and Methods 

2.1. The Study Area description 

The Kavonge and Museve hilltop forests are located between latitude 1°19'59" S and longitude 38°2'59" E. The hilltops 
are dry land forests fragments both covering an area of 436Ha [23]. The forests are rock outcrops which rise above the 
sedimentary plains and are usually low in elevation [24, 25]. The area receives an annual average rainfall ranging from 

750 mm to 1150 mm distributed in two rainy seasons. A temperature ranges from a minimum of 15.7℃ to a maximum 
of 27.1oC annually, with two rainy seasons, the long and the short rains seasons. The long rains seasons starts at the end 
of March till May, while the short rains season starts at the end of October till December [26, 27]. Temperature varies 

throughout, during the day, the normal temperature is around 23 ℃ and at night it is around 17℃. Dry season starts in 
July to August. It was estimated that the sources of livelihoods of the rural people in developing countries and their 
income is between 20-25% obtained from natural resources [28]. The main economic activities around Museve and 
Kavonge forests include raising livestock, growing agricultural crops, hunting, trading on traditional medicine, timber, 
firewood, building poles and charcoal burning. The location of the two forests is as shown in figure 1 below. 
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Figure 1 Location of the Kavonge and Museve hilltop forests within Kitui County in Kenya 

2.2. Data collection 

Many datasets were collected using both primary and secondary data. The primary data was collected using household 
survey questionnaires, Key informant interviews, Focus Group Discussions and direct field observations. The secondary 
data was collected using pertinent books, journals and published papers in the area of study. Secondary data intended 
to uncover research gaps and evaluate previous work related to the study's focus. A reconnaissance survey was carried 
to obtain fundamental understanding of the study area, pre-testing of research instruments, stakeholders identification 
and to give the researcher a clear general picture on the socio-economic activities, ethnicity, population size and 
settlement patterns of the study area. The study area was purposively selected based on their closeness to the forest 
while a systematic transect line design of 1km by 1km within a 5km distance from forest edge was used for household 
selection. The 5km distance was considered as the maximum distance from forest edge where one can make trips to the 
forest to collect NTFPs (figure 2). The study employed a sample of 120 respondents using lists of households established 
in collaboration with the village chief for each village to determine the representation through the formula adopted 
from Yamane [29].  

 

Figure 2 Research design 
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2.3. Data Analysis 

The data were analyzed using descriptive statistics (frequencies, percentages, bar charts, etc.) and logistic regression 
analysis. Percentages were used to analyze perception and bar charts to represent the same. The differences in 
perception between the socio-economic characteristics such as age, educational level, occupation and resident duration 
of Museve and Kavonge hilltop forests communities were analyzed using logistic regression model. It was further 
applied to identify the factors that determine perception and collection of NTFPs in forest edge communities of Museve 
and Kavonge hilltop forests. The model specification as outlined by Gujarati [30] and applied by Ndung’u and Bhardwaj 
[31] is presented below  

Y1 = α + β1X1 + β2X2 + β2X2 + β3X3 + B4X4 + β5X5 + β6X6 + β7X7 + β8X8 ……………………. (1) 

Where Yi is a dichotomous dependent variable (Access to forest or not, specified as yes = 1, no =2. Α is the Y-intercept 
whereas β1 – β8 is a set of co-efficient to be estimated X1- X8 are explanatory variables factors (Table 1) hypothesized 
based on theory and related work, to influence climate change effects on NTFPS in Museve and Kavonge hilltop forests, 
Kitui County.  

Equation (1) can be rewritten as;  

Logit (p) = log (p/ 1-p) = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8……………2) 

Where p is probability that Y = 1 i.e. p = probability (Y =1). In terms of probability, equation (2) Can be expressed as:  

P = exp (α + β1X1 + …. +β10X10)/1 + exp α + β1X1 +…. + β8X8………………………………. (3) 

The table 1 below described the explanatory variables that explains the community perception on local rainfall and 
temperature pattern in the Kavonge and Museve hilltop forests areas. 

Table 1 Description of explanatory variables 

Variables Description 

X1 Occupational (1 = employed; 2= farmer: 3=business: 4 others) 

X2 Gender of household head ( 1= Male , 2= Female) 

X3 Age (Age of household head in years)  

X4 Household size (number of family members in household) 

X5 Marital status (1= single; 2 = married;3=widowed;4=divorced) 

X6 Education level (1 = educated; 2 = no formal education  

X7 Average monthly income in Ksh  

X8 Residency period ( number of Years) 

3. Results  

3.1. People’s general perception on climate change  

A large number 83.0% of respondents strongly agreed that climatic conditions of their area has changed. Only 1.5% of 
respondents were not sure of the changes in climate (Figure 3). 
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Figure 3 Percentage distribution of People’s general perception on climate change 

3.2. Socio-economic characteristics influencing climate change perceptions 

A logistic regression analysis on people’s perception on climate change using the socio-economic factors such as age, 
education, occupation and residence time was done (Table 2). There were significant differences in perception of 
respondents due to age, education level, occupation and residence time (p<0.05). In other words, climate change was 
perceived in terms of respondents age, education level, occupation and residence time. 

Table 2 Logistic regression model on peoples’ perceptions on climate change 

Factor  𝑿𝟐  Df `p-value Odds Ratio 

Gender 0.355 1 0.552 0.361 

Marital status 1.502 3 0.682 0.493 

Age 0.400 1 0.001* 0.971 

Education 15.426 2 0.01* 0.270 

Occupation 11.675 2 0.003* 0.241 

Household size 7.447 3 0.059 0.530 

Income 0.153 2 0.362 0.540 

Residence  5.871 3 0.046* 0.243 

significant level p<0.05 

3.3. People’s perception on changes in temperature patterns 

A big proportion of the respondents 96% perceived an increase in temperature during this recent period of 2018-2023 
while 4% reported no change. In 2013-2017, 98% of the respondent’s perceived increase in temperature while only 2% 
perceived decreased in temperature. Also in the period of 2008-2012 the results found out that 80% of the respondent’s 
perceived increased, 12% decreased and 8% reported no change in temperature patterns. Additionally, during the 
period of 2003-2007, 75% of the respondents perceived increased, 20% decreased and 5% no change in temperature 
of the area. Furthermore, the respondents’ local perceptions in 1998-2002 periods revealed a mixed pattern, in which 
46% reported a significantly decreased temperature, while 45% perceived a significant temperature increment. Lastly, 
during 1993-1997 period, 78% of the respondents reported significant decrease in temperature and 22% perceived an 
increased in temperature (Figure 4). 
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Figure 4 Percentage distributions of respondents on perceptions of changes in temperature patterns 

3.4. People’s perception on rainfall change patterns 

A big proportion of the respondents 100% perceived a decrease in rainfall during this recent period of 2018-2023. In 
2013-2017, 94% of the respondents perceived decreased in rainfall while only 6% perceived no change in rainfall. In 
contrast, during the period of 2008-2012 the results revealed that 95% of the respondent’s perceived increased in 
rainfall, while 5% reported no change in rainfall patterns. Additionally, during the period of 2003-2007, 80% of the 
respondents perceived increased in rainfall while, the respondent’s local perceptions in 1998-2002 periods revealed 
that, 98% of the respondents reported to have experienced an increment in rainfall at that time. Lastly, during 1993-
1997 period, 97% of the respondents attested significant increment in annual rainfall (figure 5). 

 

Figure 5 Percentage distribution of respondents perception of changes in rainfall patterns 

4. Discussion 

4.1. Socio-economic characteristics influencing climate change perceptions 

Understanding the dynamic relationship between the effects of climate change on the availability of Non-Timber Forest 
Products (NTFPs) requires evaluating local perceptions of people on climate change as represented by prevailing 
rainfall and temperature patterns as well as their socio economic parameters. The study finding indicated that majority 
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of the respondents in the Kavonge and Museve hilltop forests area attested to the fact that indeed the climate of the area 
have been changing due to climate change effect on the forest. From the findings in this study it was observed that age, 
education, occupation and residency periods were found to have a significant effect on how respondents perceive 
changes in rainfall and temperature patterns on the availability of NTFPs. This is because age positively reflects life 
experience and hence more opportunity to see weather related changes, hence an elderly person is more reliable and 
has accumulated more experience in the climate change patterns in the study area. Education indicates that a person 
can be able to correctly perceive rainfall and temperature trends than an uneducated person. Occupation is a reflection 
of livelihood strategy and especially those depending on environmental resources discern temperature and rainfall 
changes more easily. Residence duration reflects life time experience of respondents and have help residents that have 
lived in the area for more years to have a lot of experience and knowledge on climate change issues in the study area. 
The findings are comparable to Suleiman et al. [32] who found out that elderly people have more experience compared 
to young people living around forest areas. Educated people stand a good chance of understanding climate change 
scenarios and adopting new technologies to cope with it consequences. Education increases working efficiency and 
productivity, making households with more educated individuals to benefit more from generation of income from 
NTFPs. The local knowledge can aid in a more thorough understanding of the localized effects of climate change on 
NTFPs availability and its impact on communities dealing with the changing climate conditions [33].  

4.2. People perception on changes temperature and rainfall patterns 

Local perceptions on temperature changes throughout the study period reported a steady increment in temperature 
patterns in the most recent period of 2018–2023. This was closely attributed with the global conversation on climate 
change and the observed warming trends worldwide. The results are in line with [34, 35, 36, 37] who reported that 
changes in precipitation patterns and increment in global average temperatures will have an effect on the availability 
of NTFPs. Equally the study reported that all the respondents in the Kavonge and Museve hilltop forests area perceived 
a decrease in rainfall of the area in the recent years. In this study the consistency of local views with recognized scientific 
discoveries emphasizes the importance and veracity of these local observations on rainfall and temperature patterns. 
This phenomenon is in line with research done by Smith [38] and Brooks et al., [39] who highlighted the need of using 
local knowledge to supplement and validate climate information gathered using conventional scientific techniques. 
Furthermore, the results agreed with the findings of [19, 20] who reported that local community’s perspectives and 
experiences play a crucial role in supporting the overall planning of adaptation measures. In order for local stakeholders 
to properly adapt and be motivated to do so, it is critical to comprehend their attitudes and perspectives regarding the 
changing climate. The fact that the locals in the Kavonge and Museve hilltop forests area are aware of temperature 
increment, its provides a crucial element in context to the larger climate change narrative on the decrease in available 
NTFPs. These impressions act as an early warning system and can guide local adaptation plans. Additionally, the 
concurrence between local opinions and scientific data supports the validity of climate change research and the 
necessity of addressing its effects as soon as possible. The significance of the study included local knowledge and views 
in climate research and adaptation techniques which has been stressed in numerous publications. Typically, local 
populations are frequently the first to experience and adjust to the effects of climate change as noted by Nyong ’ [18] 
and their insights are priceless for decision-makers and academics. Local views and scientific findings being in 
agreement highlight the possibility for traditional knowledge and climate science to work in agreement to improve 
climate mitigation and adaptation efforts [40]. 

In this study, the local population's capacity to identify and describe temperature patterns highlighted their significance 
as crucial players in measures to manage resources and increase climate resilience. According to Brooks [41], their 
perceptions can form the basis for community-driven adaptation initiatives. Adapting agricultural operations, shifting 
NTFPs harvesting dates, or creating sustainable resource management plans that take climate change into account are 
some examples of such strategies of NTFPs and the livelihoods of people living in mountainous forest. The main climate 
related changes enumerated in the study area were observed to be the cause in temperature change patterns and 
unpredictable rainfalls. These has led to the decreased in NTFPs availability, dryness of river sources, damage to crops 
by high temperature intensity, pest and disease damage to crops farmers. Also, the observed changes were not only in 
the total amount of rainfall but also in the timing of the rains; with rains coming either earlier or later than expected. 
Equally, the Focus Group Discussions also indicated that the rapid changes in rainfall and temperature patterns in the 
study area has led to the continuous decreased in NTFPs availability over the years. The findings were ascertained by 
Haule, [42] who concluded that both climate variability and anthropogenic activities are responsible for NTFPS 
reductions both in quality, availability and quantity.  
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5. Conclusion 

The local people’s long time experiences on rainfall and temperature patterns play an important role in understanding 
the current dynamics of changes in climate of the study area. It is indicated that education level, age, occupation and 
residence duration significantly influence the peoples’ perceptions on climate change and variability impacts on NTFPs 
availability in the Kavonge and Museve hilltop forests areas. The study also concludes that, the local perception of people 
on the rainfall and temperature pattern of the Kavonge and Museve hilltop forests area are in line with the scientific 
conclusions that rainfall is decreasing while temperature is increasing in the study area. 

Recommendations 

The findings of the study established the following recommendations: 

 Local people’s knowledge and experience should be relied to a greater extent when seeking to understand long 
time climate change dynamics especially for rainfall and temperature pattern. This will help the researcher 
understand better the climate change scenarios of the study area, especially when dealing with both the 
people’s perceptions and the scientific data on the climate for comparisons. 

 Based on the declining position of NTFP resources, serving as forest food safety net for resident in Kavonge and 
Museve hilltop forests areas, I recommend that both Central and County government to support residence with 
tree seedlings and encourage them to establish own forest farm for maintaining continuous supply of NTFPs 
for their sustenance and income generation.  
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