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Abstract
Climate change is expected to have serious economic and social impacts in East Africa, particularly on rural farmers
whose livelihoods largely depend on rain-fed agriculture, hence adaptation is required to offset projected drawbacks of
climate change on crop productivity. This paper examines farmers' perceptions and understanding of climatic variability,
coping strategies adopted and factors that influence the choice of a particular adaptation. The study uses cross section
data collected from 510 farmers in three mountain gradients sites, namely; Mount Kilimanjaro of Tanzania, Taita and
Machakos Hills of Kenya. Farmers’ perceptions were compared to actual trend in meteorological records over the last
thirty years (1981-2010). The result revealed that farmers in East Africa were partly aware of climate variability, mainly
in temperature and rainfall patterns. Many respondents reported that conditions are drier and rainfall timing is becoming
less predictable. The perception of farmers on temperature and rainfall were in line with recorded meteorological data,
but contrary with that of recorded rainfall in Machakos which was perceived to be decreasing by the farmers. Farmers
perceived changes in rainfall and temperature to have negative effects on the production and management of crops.
The common adaptation strategies used by farmers include water harvesting, soil conservation techniques and shifting
of planting periods. The most important variables affecting farmers choices in regards to adaptation option were, lack
of access to credit, farming experience and household size. As a conclusion, there is a need for these factors to be
taken into account in the development and implementation of smallholder farmers’ adaptation strategies to climate
variability in East Africa. Additionally, dedicated capacity building and extensive outreach initiatives on adaptation
through governments, researchers, policy-makers and the farmers groups themselves are needed to achieve large
scale success.

Keywords: Adaptation; Climate variability; East Africa; Farmers’

perceptions

Introduction
Increasing global average temperature provides evidence on climate
change [1-5], and is mainly due to human activities [1,6-8]. Global
temperatures are expected to continue to rise regardless of human
interventions for at least the next two decades [2,9]. It is projected that
the impacts of climate change will be greater in developing countries
with predominant small holders and subsistence farmers, whose
livelihoods depend on the use of the natural resource base, being most
severely affected [10-13]. Countries in East Africa are highly vulnerable
to climate change, primarily due to their reliance on rain-fed agriculture
[14-16]. Agriculture is of critical importance given its multiple roles
for economic development, poverty alleviation, job creation, and food
security of East African countries, yet vulnerability to climate risk
[17-20]. The annual average temperatures in the region are expected
to increase by about 1.3oC - 2.1oC by the year 2050 [21,22]. Higher
temperatures mediate faster loss of soil moisture, and with prolonged
drought create favourable conditions for pest and diseases to multiply
[23]. It is also predicted that rainfall will be more erratic and violent,
further disrupting predominantly rain-fed agricultural production
systems and impeding livelihoods [13,16,22,24-27]. Furthermore,
evidence strongly suggests that increased events of droughts and floods
may be exacerbating poverty levels, leaving many rural farmers trapped
in a cycle of poverty and vulnerability to diminishing resources [28]. For
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instance, frequent droughts and floods have caused failure and damage
to crop and livestock leading to persistent food shortages [26,29-31].
Smallholder farmers in East Africa are predicted to be more at risk
because of their lower capacity to adapt, resulting from various socioeconomics, demographic, policy trends and high population density
[4,5,32-36]. Meanwhile population growth in East African countries is
among the highest in the world, and estimated to double the demand
for food, water, and livestock foraging lands within the next 30 years
[22,36]. Smallholder farmers are particularly vulnerable to changes in
climate that reduce productivity and negatively affect their weather-
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dependent livelihood systems [16,37]. These farmers also face the
challenges of land degradation, poor soil fertility management, and
continuous cropping [22]. Despite these vulnerabilities of smallholder
farmers, their perceptions and concern on climate variability have
largely been overlooked and sidelined by both policy and decision
making processes, besides perception of local farmers are important
because farmers often manage land according to their perceptions and
belief [38]. However, a few studies done across the world demonstrate
the growing importance of this focus area [39]. For example, studies
done by Aemro et al. [1]; Gandure and Alam [40]; Maddison [41]; Bryan
et al. [42]; and Hartter et al. [43] show that educated and experienced
farmers have more knowledge and information about climate variability
and agronomic practices that they can use in response. Deresa et al.
[44] also found that educated farmers significantly increased soil
conservation and changing planting dates as adaptation methods. A
study in Tanzania by O’Brien et al. [45], reports that despite farmers’
awareness and willingness to apply numerous adaptation options, the
lack of income to purchase the necessary inputs and other associated
equipment (such as purchasing seeds, acquiring transportation, hiring
temporary workers) is one of the significant constraints to adaptation.
They further noted that large households are more willing to implement
the adaptation measures, such as soil conservation techniques, chemical
treatments, that are labor intensive. However, people working on
climate variability do not really know what information the grassroots
people need in the short- and medium-term and what information
they already have. Many studies show that adaptation measures and
actions are being planned and implemented and need to be further
supported [16,41,46-48]; nonetheless, these studies focused on the
continental, regional or national levels and only few of them captured
local adaptation strategies [49,50]. In this context information on
smallholder farmers’ perceptions on climate variability is a first step
to strengthened adaptation strategies. In addition, local-scale analyses
also can help highlight the primary constraints to adaptation and the
differential nature of vulnerability of particular groups [51]. Presently,
such information is, however, still limited in East Africa, particular
at a local scale. Therefore, the present study fills this information
gap by exploring the indigenous knowledge of local scale farmers on
their perception of climate variability, and on the various adaptation
strategies adopted. This study also considers factors influencing the
choice of a particular adaptation strategy in Mount Kilimanjaro of
Tanzania, and Taita and Machakos Hills of Kenya.

Material and Methods
Study sites
The study areas are located at the Eastern Afromontane Biodiversity
Hotspot (EABH) in Kenya and Tanzania. This important biodiversity
hotspot is composed of scattered, but biogeographically similar
mountain ranges. The EABH have important ecosystem service values
arising from the water towers it provides for the low lying areas, food
production from major crops such as maize, cabbages and cash crops
like coffee and avocado, recreation and eco-tourism, habitats and
refugia, and nutrient recycling [52,53]. The high human population
density results in resource competition between agriculture, forest and
biodiversity conservation, water provision and carbon sequestration.
Due to climate and land use changes, exacerbated through high
population increase, EABH is at risk of extreme climatic changes, while
the goods and services its ecosystems provide are under significant
threat [52]. The target areas represent samples of the EABH agricultureforest mosaics in which all above-mentioned crops can be studied on
farms with various scales of agricultural intensity, environmental
J Earth Sci Clim Change
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settings and altitudinal gradients. In Kenya, the target areas are Taita
and Machakos Hills. The Taita Hills are situated in the Coast province,
at an elevation ranging from 700-2000 meters above sea level (m.a.s.l),
between latitude 3°25´ S and longitude 38°20 E. Mean annual rainfall
ranges from 500mm to over 1500mm and mean annual temperature
ranges from 16.5 to 23.5°C . The location is generally characterized by a
bimodal rainfall distribution, where the long rains occur from March to
May/June and short rains from September/October to December [53].
The Machakos Hills is situated in Eastern Province in Kenya, and has
elevation ranging from 1000 to 2100 m a.s.l, between latitude 1°31´ S
and longitude 37°16´ E. Mean annual rainfall varies between 900mm to
1200mm. The long rains occur during March to May and the short rains
from October to November. The temperature ranges from a minimum
of 9.1 to a maximum of 26.7oC per annum. In Northeast Tanzania,
the target area is situated in the Pangani river basin with a focus on
the small upper catchment areas on the southeastern slope of Mount
Kilimanjaro, at 700-1800 (m.a.s.l), approximately located between
latitude 3°4´ S and longitude 37°4´ E. The mean annual temperature
ranges from 18 to 23.6°C and mean annual rainfall ranges between
1000mm to 1300mm. The area experiences two distinct rainy seasons:
the long rains from March to May and the short rains between October
and December [53].

Data collection
Data were collected in 2012 by administering semi-structured
questionnaire to a random sample of 510 smallholder farmer households
residing in 17 villages. 30 farmers were selected per village, and one
respondent was interviewed per household. Data were collected on
farmers’ perception of climate variability, specifically the changes in
rainfall, temperature and other climatic events over the past 10 years
and the adaptations option they use. Each farmer was subjected to
an interview session for approximately one hour. All interviews took
place face-to-face on the farmers homestead. In addition, secondary
data on rainfall and temperature over the last thirty years (1981-2010)
were collected from Kenya Meteorological Department and Tanzania
Meteorological Agency.

Data analysis
Descriptive statistics together with an ordinary least square and
multinomial logit model (MNL) were used to characterize farmers’
perceptions on climate variability. The qualitative and quantitative
information gathered was analyzed using STATA, version 12 (StatCorp
Lp, TX, USA). Trends of annual rainfall and temperature over the past
30 years (1981-2010) were calculated using simple linear regression.
The main descriptive analyses used were the frequencies; cross
tabulations, and Chi-square tests. Further, Principal Component
Analysis (PCA) [54] was used to develop farmers’ perception score
on climate variability such as temperature, rainfall and occurrences
of extreme events. A measure of sampling adequacy was carried out
using Kaiser-Meyer-Olkin (KMO) to ensure suitability of the use of
PCA. The computed value of the KMO measure of sampling adequacy
for the set of variables used in this study for the PCA is 0.631, which
implies appropriateness of the PCA technique [55]. To determ ine the
strength of relationship, we conducted Bartlett’s test of Sphericity (BTS)
The result of BTS yield a Chi-Square of 854.18, at a level of significance
of p< 0.001. We then rejected the null hypothesis and concluded that
there are correlations in the data set that are appropriate for PCA. Four
principal components were extracted with their proportion of variation.
The four factors explained 68.59% of the total variation. Using the
proportion of variation as a weight of the component score, the Non-
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Standardized Index (NSI) score of climate perception was computed,
using the formula:

=
NSI

n

pci

∑ Tpc × fc
i =4

i

(1)

where pci is the proportion component at i, Tpc is the principal
component score at i, and Tpc is the total proportion variation.
However, the value of NSI can be positive or negative, making it difficult
to interpret. Thus, a Standardized Index (SI) was calculated (Antony
and Rao, 2007), using the following formula:

SI

NSI i − MinNSI
×100
MaxNSI − MinNSI

(2)

where MaxNSI and MinNSI are the maximum and minimum values
of the non-standardized index, respectively. The value of SI usually
ranges from 0 to 100. The SI of 0 indicates a low perception on Climate
change while 100 indicates a high perception.
A standardized index of perception constructed was used in a linear
regression to estimate factors influencing farmers’ perception. The
regression model is specified as:
Y=
β 0 + β1 x1 + β 2 x2 + β3 x3 + β 4 x4 + β5 x5 + β 6 x6 + β 7 x7 + β8 x8 + β9 x9
+ β10 x10 + β11 x11 + β12 x12 + β13 x13 + β14 x14 + ε

(3)

where Y is the farmer’s perception on climate change (dependent
variable), x1 ,..., x14 are the independent variables namely age of
household head, household size, total land areas the house hold own
(land owned), sex of the household head, access to credit, irrigation,
farmers practices cropping farming activities, farmers practices
livestock farming activities, farmer who plant maize as major crops,
farmers practices mixed farming activities, farmer plant beans as major
crops, farmers member of agricultural social-network and farmers
practices intercropping, respectively; β 0 ,..., β14 are constant parameters
estimates for the independent variable, and ε is an error term.
To establish factors that govern choices of a particular adaptation
technique a multinomial logit model (MNL) was used. This study
utilizes a MNL model to analyze the determinants of farmer’s decisions
because it is widely used in adoption decision studies involving multiple
choices, easier to compute than its alternative, and also since households
employ different adaptation strategies, which are not mutually
exclusive [16,38,56]. Further, the advantage of using MNL model is its
computational simplicity in calculating the choice probabilities that are
expressible in analytical form [1]. The parameters of the MNL model
provide only the direction of the effect of the independent variables
on the dependent variable; they do not represent the actual magnitude
of change of probability. Thus, the marginal effects of the explanatory
variables were computed. The marginal effects are functions of the
probability itself and measure the expected change in probability of
a particular choice being made with respect to a unit change in an
independent variable from the mean. The MNL was structured by closely
grouping related choices together in the same category to produce
significant estimates of adaptation. The likelihood ratio statistics as
indicated by the chi-square statistics was found to be highly significant.
Multi-collinearity among the independent variables was checked
using Variance Inflation Factor (VIF), which for all variables was less
than 10, indicating that multi-collinearity is not a serious problem
in model estimation. Finally, the model was tested for validity of the
Independence of Irrelevant Alternatives (IIA) assumptions by Using
Hausman’s Test. The choice set in the restricted MNL model included
J Earth Sci Clim Change
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six adaptation options; (a) soil, water and conservation management
(such as tree planting, mulching, rainwater harvesting and irrigation;
(b) change of crop varieties; (c) change in planting and harvesting dates
(change in time of planting and harvesting); (d) crop diversification; (e)
other adaptation (such as diversifying from farm to non-farm activities;
and no adaptation. The empirical Model is defined as:

Yi = f (z1 , z 2 ,..., z7 )

(4)

where Y i is the dependent variable and z1 ,..., z7 are independent
variables namely; sex, age, education level, household size, access
to credit, access to climatic information and farmer experience,
respectively.

Results
Socio-economic characteristics
The results indicate that males accounted for 52.75% of the
respondents while females 47.25%. The average age for farmers was
53 years ranging from 21 to 95 years of age, indicating that most
farmers are within the productive and economically active age group
and assumed to have a better knowledge and information on change
in climatic conditions. The average household size was 5.19 (±2.63)
in the study sites. About 8.63% of the respondents had no formal
education, 63.73% had attended primary and other education after
primary school (tertiary education), and 26.47% reached secondary
level, had either completed secondary school (“O” Level or “A” Level in
the English schooling system) . This later proportion had discontinued
their secondary education before finishing, either at Form one or Form
two or reached tertiary institution after secondary and other training.
However, only 1.17% of the respondents had received University
degree. Taita Hills had the highest percentage of respondents without
any formal education, followed by Machakos and Mount Kilimanjaro.
Highest level with primary school was found in Mount Kilimanjaro
with 74.44% followed by Taita (57.77%). Agriculture is the main
economic activity in the areas with 79.41% of farmers practicing mixed
farming. In single farming practice the respondents are engaged in
cropping (16.27%), livestock keeping (2.16%), apiculture (0.39%) and
aquaculture farming (0.2%). However, apiculture and aquaculture
activities were reported only in the Taita Hills. This is probably due to
the difference in the level of urbanization in these three sites. Analysis
indicated that maize and beans are the major crops grown in all the
three sites. Apart from these two major crops recorded across all the
three study areas, potatoes, banana and cowpeas occupied the third
place in Taita Hills, Mount Kilimanjaro and Machakos respectively.
About 85.6% of maize production in study areas is used for home
consumption, and the remaining percentages are sold at the local
markets for other needs of the households.

Farmers’ perception towards changes in temperature and
rainfall
The respondents identified three characteristics associated with
the changes in rainfall and how this affected their livelihoods. Firstly,
rainfall variability was described in terms of annual and seasonal
variation. They perceived that the rainfall was likely to be irregular from
one year or season to the next. The duration of the respective seasons
were calculated from the stated onset (March/April and September/
October and offset months (June and December) for long rain and
short rain, respectively. The results indicate that the mean duration of
the long rain and short rain seasons is distinct in each site (Table 1).
Almost all the farmers interviewed (97%) believe there had been
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Study sites
Mount Kilimanjaro

Long Rains (months)

Short
Rains(months)

T-value

3.09

1.88

11.671***

Taita Hills

2.68

2.21

4.48***

Machakos Hills

2.39

1.73

4.60***

Table 1: Perception of changes in the mean durations of seasons in months. *** is
the significant at 1%.
Overall

Mount
Kilimanjaro

Taita Hills

Machakos
Hills

Recent past (<15
years)

72.58

73.89

76.27

66.67

Long time ago (>15
years)

27.42

26.11

23.73

33.33

100
90
80
70
60
50
40
30
20
10
0

(a)

Less

More

Earlier in Later in No change
the season the Season

100
90

Respondents (%)

80
70
60
50
40
30
20
10
(b)

Respondent (%)

changes in the overall rainy seasons. The results show that there was no
significant relationship between the year of change in seasons and the
study sites (χ2 = 4.0026, p = 0.135). However, there was considerable
variation concerning the time this change had begun to be evident, and
72.58% of the farmers identified the change of climate to have started
less than 15 years ago; while 27.42% had noticed that rainfall changes
started more than 15 year ago (Table 2). Secondly, majority of the
surveyed farmers (99%) believed that rainfall had declined in terms of
frequency and amount (Figure 1a), and there was no difference between
study sites. The trend analysis of rainfall data showed that annual
rainfall decreased from year 1981 to 2010 in the Taita Hills and Mount
Kilimanjaro (Figure 2b and d), indicating that farmer’s perception are
in accordance with the statistical records in the these two study areas.
However, the result was contrary to the view of farmer’s perception in
Machakos (Figure 2f). The third factor associated with the variations
in rainfall was the change in the time the first rains generally occurred,
95% of the farmers have observed that rains were now coming very late
for the last 10 years (Figure 1a). In the case of temperature, majority
of interviewed farmers perceived changes in temperature patterns
in all three study sites. The results showed that 95.51%, 77.65% and
91.33% of the farmers perceived that temperature became warmer in
Mount Kilimanjaro, Taita and Machakos Hills, respectively (Figure 1b).
Some farmers thought this was due to the changes in seasons, while
others were not sure about the causes. The farmer’s perceptions on
temperature are similar with the trend for annual mean temperature
analysis over a period of 30 years from the meteorological stations
(Figures 2a, c and e), which showed an increasing of temperature in
all study sites. With respect to the prevalence of drought, flood and
storms, a large percentage of farmers reported that there have been
many changes in drought for the three sites (Figure 1c); less than 25%
of farmers reckoned changes with flooding and storms incidence in all
the three study areas for the past 10 years (Figure 1c). However, there
was considerable variation among study areas concerning believes of
the extreme events, and 43% of farmers in Machakos, have observed
extreme events compared to Mount Kilimanjaro (31%) and Taita Hills
(29%) who believed that this is a normal phenomenon. As to the causes
of perceived changes, the majority (91%) of the farmers attributed it to
cultural and religious factors. There is a general feeling that as much
as science provides evidence on climate variability, there is now a
deliberate effort to ignore cultural and religious dimensions that have
been central in climate prediction and analysis. There was a significant
association (χ2 =10.675, P = 0.016) with the levels of education and
perception of causes of climate variability. Farmers with higher level of
education constituted majority (92.77%) of those citing environmental
factors that identified deforestation, overpopulation, environmental
destruction and corruption as critical factors causing climate variability
while those with less education cited mainly (25%) socio-cultural

Respondents (%)
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20
10
0

(c)

0

Warmer

Storms

Floods

Mount Kilimanjaro

Cooler

Drought
Taita hills

No change

No change
Machakos hills

Figure 1: Farmers perception towards changes in rainfall (a), temperature
(b), and extreme climatic events (c) for the past 10 years across the Mount
Kilimanjaro (blue), Taita Hills (red) and Machakos Hills (green) sites of East
Africa.

and religious factors, referred to the Bible, arguing that disobedience
of humankind to God’s principles and/or lack of respect to ancestral
spirits and other customs.

Factor explaining farmers’ perception
The results showed that farmers practicing intercropping, maize
production and livestock keeping in their farms have a higher climate
variability perception score as compared to farmers engaged in other
farming activities such as cropping, mixed farming, aquaculture and
apiculture (Table 3). Farmers who do not have access to credit and
farmers cultivating beans have a lower perception score towards
climate variability (Table 3). There is no evidence that age, household
size, irrigation, land owned, mixed farming, apiculture, aquaculture
and access to any information shape farmers perception on climate
variability (Table 3).

Current adaptation strategies at farmers’ level to climate
variability
In response to the impacts associated with climate variability,
farmers in the study areas reported to have taken different adaptation

Table 2: Perception of farmers’ realization of change in the seasons (%).
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Figure 2: Annual variability and trend (line) of the development of annual mean temperature (left hand graphs) and rainfall (right hand graphs) during the past 30
years in three study areas; (a) and (b) along Taita Hills; (c) and (d) along Mount Kilimanjaro; and (e) and (f) along Machakos Hills.

measures (Table 4). The main adapting mechanism that was consciously
acknowledged as a direct result of the change in climate was increased
use of rain water harvesting and soil conversation techniques, which
were used by about 60% of farmers. Another common response to
climate variability was the shifting of planting periods. There were two
main ways to change their planting techniques. The first option was
earlier planting, technique used by about 28.0% of the farmers (Table
4); however, farmers noted that this was vulnerable to the possibility
that the rain would not come, and their investment would be lost;
coupled with this shift, farmers were also spreading the risk by planting
twice and only when it rains. The other option was to wait until the
rains actually started and to carry out late planting used by about 28.2%;
however, farmers reported that waiting for the rains coupled with a
shorter rains season, resulted in a rushed season which affected yields.
Furthermore, it was noted that farmer have wide advantages of different
varieties on crop, drought-tolerant varieties and also practice mixed
cropping among the major adaptation strategies identified in the study
sites (Table 4). Additionally, about (87.43%) of respondents mentioned
that government-based weather information, both daily and for future
seasons, reach most of the farmers. The presence of television and radio
in village households is becoming increasingly widespread in both
the three study areas, and farmers recalled hearing this information
either from television or on the radio. However, there were very mixed
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views on the importance of this information. A greater proportion
(67.58%) of the farmers did not trust the information, and 25.11% of
them complained of having followed a government prediction only to
have the rains fail or fall unexpectedly. Although, those farmers who
accessed and used this information noted that, it is delivered in a way to
farmers that is hard to understand, and further it was noted that there
is a lack of understanding of how to apply recommendations practically.

Determinant of farmer’s choice of adaptation
The analysis of barriers to adaptation to climate change in the study
areas indicate that there were three major constraints against adoption
of adaptation methods; these include household size, access to credit
and farming experience (Table 5). The results revealed that farmers with
more experience and access to credit have higher chance of choosing
change of planting date, soil and water conservation management as an
adaptation measure (Table 5). This result supports the important role
of increased institutional support in promoting the use of adaptation
options to reduce the negative impact of climate variability.

Discussion
In this study, farmers’ perceptions of climate variability and
adaptation strategies as well factors affecting the adoption of a specific
strategy were assessed. Across the three study sites farmers were
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Perceptions~e

β

Std. Err.

t

P>|t|

[95% Conf. Interval]

Cropping

46453.1

44089.3

1.05

0.293

-40176.9

133083.2

Livestock

207508.1

74361.7

2.79

0.005

61396.4

353619.8

Mixed

51215.4

39174.3

1.31

0.192

-25757.2

128188.0

Maize

76469.3

42622.7

1.79

0.073

-7279.1

160217.7

Beans

-56215.6

63163.9

-2.43

0.016

-101729.9

-10701.3

Sex of the household head

22146.5

17244.8

1.28

0.200

-11737.4

56030.5

Age

851.9

526.7

1.62

0.106

-182.9

1886.9

Household size

1512.72

3797.3

0.40

0.691

-5948.5

8973.9

Landowned

654.468

2232.2

0.29

0.769

-3731.5

5040.5

Intercropping

70340.6

27685.5

2.54

0.011

15941.9

124739.3

Irrigation

-25755

31694.7

-0.81

0.417

-88031.4

36520.9

Access to credit

-60133

19515.9

-3.08

0.002

-98479.8

-21786.8

Apiculture

-8613.7

57395.4

-0.15

0.881

121388.6

104161.2

Aquaculture

-15452.5

55287.7

-0.28

0.780

-124086.1

93181.1

Infopro

-26702.5

18230.5

-1.46

0.144

-62523.3

9118.3

Grame

8836.3

21258.5

0.42

0.678

-32934.1

50606.7

Table 3: Factor explaining farmers’ perception. Infropro is the access to any information related to maize cropping,and Grame is the agricultural social network.

Strategy applied

Mount Kilimanjaro

Taita Hills

Machakos Hills

Overall

Different varieties of one crop

2.9

52.9

2.0

20.2

New variety of one crop

17.9

34.4

2.7

19.2

Stopped planting a crop forever

0.0

16.1

0.0

5.7

Shift to other crops (stopped to grow one crop and plants another instead)

0.0

3.9

0.0

1.4

Use of drought-tolerant varieties

0.6

50.6

2.0

18.6

Use of pest-resistant varieties

0.0

27.9

0.0

9.8

Use of short-maturing varieties

2.9

32.2

14.7

16.7

Increased use of insecticide

0.6

6.7

4.0

3.7

Earlier planting and harvesting dates

30.6

29.4

23.3

28.0

Late planting and harvesting dates

30.0

30.0

24.0

28.2

Increased use of irrigation

0.0

1.1

2.0

0.9

Crop diversification

0.6

8.9

1.3

3.7

Increased use of water and soil conversation techniques

27.8

74.4

67.3

55.9

Diversification from non-farm activities

0.0

18.9

14.0

10.8

Change in cultivated area

10.0

0.0

14.0

7.7

Table 4: Current measures adopted (%) by farmers in response to climate variability in Mount Kilimanjaro, Taita, and Machakos Hills of East Africa.

aware of climate variability and perceived changes in temperatures
and rainfall regimes, and its impacts on their livelihoods. However,
their perceptions on climate variability differed from one farmer to
another and were largely dependent on the characteristics of the study
sites and education. Similar results were reported by Maddison [41]
whereby a significant number of farmers in eleven countries believed
that temperature had increased and that rainfall had declined as a
result of climate change. Also our results are consistent with studies
reported by farmers in western Uganda, who cited changes in weather
patterns, including increasing temperatures and decreasing rainfall as
causes of decreased crop yields [43]. Furthermore, according to IPCC
[19], an increase in average temperature will adversely affect crops,
especially in semi-arid regions, where already heat is a limiting factor
for production. Interestingly, this observation was in line with the
meteorological records trend analysis on the temperature and rainfall.
J Earth Sci Clim Change
ISSN:2157-7617 JESCC, an open access journal

However, rainfall observations were contrary to the trend analysis in
the Machakos study site. This difference could be as a result of erratic
rainfall in the past 10 years because farmer put more weight on recent
information. A similar discrepancy between farmer’s perception and
recorded weather data was reported by Zampligre et al. [57] from
different agro-ecological zones in Burkina Faso. Further, perception of
climate variability may vary based on the number of years spent as a
farmer, level of education, wealth, gender, and age [38,41,58]. However,
it is important to be aware of these perceptions since farmers frequently
act on their perceptions, change their behavior, and develop coping
strategies based on their dynamic and evolving knowledge, whether
or not they are consistent with meteorological data [59,60]. The results
indicate that farmers, who practice intercropping, keep livestock, have
access to credit, grow maize, and beans are more likely to perceive
climate variability. This is due to the fact that farmers who practice
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Explanatory
variables

Soil and water
Conservation

Change of crop
varieties

Change of planting
dates

Crop diversification

Other adaptation

No adaptation

Gender

0.243

0.959

0.972

1.000

1.000

0.345

Age

0.961

0.678

0.419

1.000

1.000

0.730

Household size

0.984

0.279

0.460

1.000

1.000

0.083*

Literacy

0.551

0.598

0.564

1.000

1.000

0.988

Access to credit

0.000**

0.176

0.000**

1.000

1.000

0.986

Experience (Years)

0.016**

0.193

0.015**

1.000

1.000

0.959

Weather Information

0.131

0.341

0.533

1.000

1.000

0.197

Table 5: The marginal effects of the determinants of household adaptation decision. **Significant at 5%, *Significant at 10%.

those activities observed a decline in crop yield which had resulted
into food insecurity [43]. Farmers’ adaptation to climate variability was
innovative and self-reliant. Respondents used several coping strategies
to reduce the adverse impacts of climate change, these include; water
harvesting and soil conversation techniques, shifting of planting
periods and multi-cropping systems. It was rare to find farmers who
did not grow at least two types of crops or more. Moreover, according
to farmers’, a combination of strategies to adapt, such as proper timing
of agricultural operations, crop diversification, use of different crop
varieties, changing planting dates, and diversifying from farm to nonfarm activities were their main adaptation options. This result is in
line with findings by Below et al. [37] who stipulated that variation in
crops and improved crop varieties, change in timing of cropping and
cropping patterns, water conservation techniques and implementation
of irrigation schemes irrigations are common adaptation strategies
used by small-scale farmers in Africa. Deressa et al. [56] concluded
that the most common adaptation strategies by agriculturalists were
tree planting, soil conservation, planting different crop varieties, being
flexible with the planting time, and irrigation schemes. Farmers indeed
possess the capacity and desire required for successful adaptation to
climate variability at households levels, but need to be further supported
and strengthened. Such measures might play an important role in
maintaining or increasing the countries productivity and therefore help
farmers to cope with food security and the negative impacts of climate
change [46]. With regards to the choice of a given adaptation strategy,
the results indicate that experienced farming households and those
with access to credit have an increase likelihood of choosing coping and
adaptation strategies such as change in planting date, planting different
crops and planting different varieties. Experience has taught most of the
farmers on the various farm management practices and techniques that
can be used in the face of anticipated climate change. Access to credit
of the households surveyed has a positive and significant effect on
using coping strategies such as improved crop varieties, soil and water
conservation and crop diversification techniques. These results confirm
the findings of Nhemachena [61] and Gbetibouo [38]. Furthermore,
the results are consistent with many studies which also point out the
significant role of socioeconomic factors such as the individual decision
maker’s experience, education, wealth status and availability of resource
such as land, credit and water storage facilities as important factor
influencing adaptation and coping strategies [41,56,62]. Deressa et al.
[56] concluded that ecological zones also affect choice of adaptation
strategies. A similar study by Ajibade [63] and Salick and Byg [64]
hypothesized that local adaptation strategies are based on coping
experience acquired over time, which is transmitted from generation
to generation. This implies the important role of increased institutional
support in promoting the use of adaptation options to reduce the
negative impacts of climate variability.

Conclusion
This study demonstrated the importance of the local context,
J Earth Sci Clim Change
ISSN:2157-7617 JESCC, an open access journal

and the role of existing practices and farmers’ perceptions in the
investigation of possible adaptation strategies to climate change. The
study shows that farmers in the three study areas have already adopted
some creative strategies to secure their livelihoods in view of perceived
and actually occurring climate variability; these can be further adjusted
to the challenge of climate change by incorporating lessons learned
from other regions of the world as well as through the findings of
innovative science. However, current policy trends in the three study
sites indicate less government support for interventions in the solution
of specific agricultural sector problems. Thus in developing effective
adaptive management strategies in the three case studies, there is a need
for increase collaboration between small-scale farmers, researchers,
policy-makers, the private sector and the local government. Finally,
quantifying local people’s perception to climate variability and their
adaptation options is fundamental to addressing the dual challenge of
food insecurity and poverty alleviation in densely population in East
Africa.
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