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ABSTRACT

Water constitutes a vital element of household food security for humans and livestock. Therefore,
the general objective of this study was to establish the ease of water access, water scarcity and
coping strategies used by rural communities in selected study sites of Makueni (Kilili sub-location
in Makueni sub-county and Kyanguli sub-location in Kibwezi East sub-county), all located in
Makueni County. The study involved a total of 70 households which were selected using cluster
and simple random approach to gather quantitative data using household surveys. The data were
collected using a structured questionnaire and in-depth interviews with key informants. The
collected data was coded and analysed using the Statistical Package for Social Sciences (SPSS).
Results from the analysed data were presented using tables. Results obtained revealed that
majority of the households obtained water from rivers (78%), followed by shallow wells (31%),
boreholes (28%), sand dams (24%) and springs (11%). However, most respondents at Kyanguli
obtained water from rivers (94%) compared to Kilili (62%). Further, at Kilili sub-location, majority of
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the households got water within less than 1 km (46%) while at Kyanguli most respondents got
water within 1-3 km (48%). Five major water access problems were documented in the study sites
included increasing distance to water sources, high cost of water, dirty water, water scarcity and
conflict with neighboring communities. In overall water scarcity was the commonest problem in
both study sites (77%), followed by dirty water (62%), increasing distance to water sources (45%),
high cost of water (44%) and conflict with neighboring communities (43%). Water use coping
mechanisms identified in the study included use of water harvesting structures, soil conservation
techniques, diversification of crop types and varieties, irrigation, water reuse, reducing number of
livestock and reduced water use. In overall the commonly used water copying mechanisms
included soil conservation (85%), water reuse (71%), reduced livestock (64%), reduced water use
(55%) and crop diversification (54%). We concluded that water scarcity, dirty water, increasing
distance to water sources, high cost of water and conflict with neighboring communities were the
main challenges which led the households to develop water coping mechanisms in the selected
sites of Makueni County. We recommend the results of this study to be used by policy makers in
water development projects in Makueni to improve water availability and access in the selected

study sites.

Keywords: Climate change; coping mechanisms; cost of water; soil conservation; water scarcity;

water sources.
1. INTRODUCTION

There is a consensus that over the coming
decades human influenced climate change will

cause dramatic transformations in the
biophysical systems that will affect human
settlements, ecosystem services, water

resources and food production; all of which are
closely linked to human livelihoods [1,2,3]. These
transformations are likely to have widespread
implications on individuals, communities, regions
and nations. According to [4] the poor, natural
resource-dependent rural households will bear
the greatest burden of the adverse impacts. This
is because rural livelihoods are subject to
multiple shocks and stresses that can increase
household vulnerability. Climate variability is one
of the pervasive stresses that individuals and
communities in rural areas have to cope
with. However, seasonal climate forecasts
provide an indication of how variable the
rainfall might be compared to past years and is
therefore considered as information that could
help to prepare for and adapt to climate
variability.

Rural community are particularly vulnerable to
changes in the climate that reduce productivity
and negatively affect their weather-dependent
livelihood systems. For instance, in Malawi,
frequent droughts and floods have eroded assets
leaving people more vulnerable to disasters [5]
such as water and food insecurity, diseases and
land degradation. Evidence strongly suggests
that increased droughts and floods may be
exacerbating poverty levels, leaving many rural

communities trapped in a cycle of poverty and
vulnerability to diminishing resources [6].

Water scarcity is already a major problem in arid
and semi-arid areas of Sub-Saharan Africa
(SSA) [7]. This is most probably because African
countries are particularly susceptible to climate
change due to the desertification process,
declining run-off from water catchments,
declining soil fertility, dependency on subsistence
agriculture, the prevalence of HIV and AIDS and
vector-borne diseases, inadequate government
mechanisms and rapid population growth [8].
High reliance on climate-sensitive renewable
natural resources sectors such as water and
agriculture in Africa will worsen the negative
impacts of climate change on African countries

[9].

The availability of water resources in Kenya has
been decreasing over time as a result of
persistent droughts and land-use patterns. The
climate scenarios show that rainfall variability
and increased evaporation due to higher
temperatures will lead to further decreases in the
available water. Already there are dramatic
reductions in the snow and glaciers of Mount
Kenya, believed to be associated with global
warming. These glaciers could vanish in the next
15 years. The disappearance of the glaciers will
affect agricultural activities, the availability of
water for both rural and urban populations,
hydroelectric production and tourist activities
[10].

Adaptation to climate change is one of the most
important issues facing Kenya today as there are
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indications that rural Kenyans' livelihoods are
already affected by a changing climate, [11].The

growing evidence of global environmental
change and increased climate variability
demands that adaptation options, adaptive

capacity and ways to reduce risk should be
prioritized [12]. However, catchment degradation
is undermining the limited sustainable water
resources base in the country [13]. Degradation
of both surface and ground water resources
through over-abstraction and illegal abstraction,
among other factors has led to serious
degradation of the water catchments in terms of
quantity and quality [14]. This study therefore
sought to document the current water sources,
problems associated with water access and
adaptation  mechanisms used by rural
communities in selected sites of Makueni and
Kibwezi East sub-counties in Makueni County,
Kenya.

2. METHODOLOGY

2.1 Physiographic Conditions and Choice
of the Study Sites

The area is generally arid and semi-arid with
annual temperature ranging between 27 and
34T the area has two rain seasons. The long
rain season is between March and April and the
short rains between November and December.
The rainfall pattern is erratic and ranges between
400-1000 mm per year. The altitude of the area
ranges between 400-900 metres above sea
level. The area is characterized by low lying
grassland with scattered acacia trees and
shrubs. The study was carried out in two
selected sites of Makueni County (Kilili sub-
location in Makueni sub-county and Kyanguli
sub-location in Kibwezi East sub-county). The
choice of the study sites was based on research
problem including increasing water scarcity
within the study sites and existence of high
numbers of water based project initiatives which
are aimed at mitigating the negative impacts of
water scarcity on the local communities [10].

2.2 Data Collection and Analysis

A total of 70 households from the two selected
sites were interviewed, which included 33
households at Kyanguli and 37 households at
Kilili. The household were selected using cluster
and random sampling. Questionnaires were
administered to households in selected sites
through random sampling, which involved
random visits to households. Questionnaire was

used as a guide in household interviews so as to
attain the set objectives. To validate data
collected using questionnaires, interviews were
conducted on various key informants from the
institutions dealing with water conservation
technologies. The collected data was coded
and entered into the computer for analysis using
the Statistical Package for Social Sciences
(SPSS).

3. RESULTS

Results obtained on water sources (Table 1)
revealed that rivers, shallow wells, boreholes,
sand dams, roof catchment and springs were the
sources of water in the study sites. However
majority of the households obtained water from
rivers (78%), followed by shallow wells (31%),
boreholes (28%), sand dams (24%) and springs
(11%). At Kyanguli, rivers (94%), shallow wells
(55%), sand dams and also roof harvesting
(42%) were the four sources of water. However
at Kilili rivers (62%) and boreholes (43%) were
the main sources of water (Table 1).

In overall, most of the households (46%) in both
sites got water within 1-3 km away from their
homes, in which 43% were from Kilili and 48%
were from Kyanguli (Table 2). However, a
substantial number of households in Kilili sub-
location (46%), got water within less than 1km
(46%) compared to Kyanguli (9%). Further,
Kyanguli led in the households who accessed
water within 4-5 km (27%) and over 5 km (15%),
compared to Kilili, 3% and 5%, respectively
(Table 2).

Five major water access problems were revealed
in the study sites (Table 3) which included
increased distance, high cost of water, dirty
water, water scarcity and conflict with
neighboring communities. In overall, scarcity of
water was the commonest problem in both study
sites (77%), followed by dirty water (62%),
increased distance (45%), high cost of water
(44%), and conflict with neighboring communities
(43%). However, priority problems varied from
site to site. Thus at Kilili, main water problems
included scarcity of water (86%), followed
byconflict with neighbouring communities (43%),
dirty water (35%), high cost of water (30%) and
finally increased distance to water sources
(27%), while at Kyanguli, priority problems
included dirty water (88%) followed by water
scarcity (67%), increased distance (64%), high
cost of water (58%) and there were no water
conflicts reported in the site (Table 3).
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Table 1. Water sources (%) in selected study sites of Makueni County

Water source Sub-locations SD
Kilili Kyanguli Mean
N=37 N=33
1. Rivers 62 94 78 16
2. Shallow wells 8 55 31 235
3. Boreholes 43 12 28 15.5
4, Sand dams 5 42 24 18.5
5. Roof catchment 5 42 24 18.5
6. Spring 11 0 11 11
Table 2. Water access (%) in selected study sites of Makueni County
Water access Sub-locations SD
Kilili Kyanguli Mean
N=37 N=33
Distance
1. Less than 1 km 46 9 28 18.5
2. 1-3 km 43 48 46 25
3. 4-5 km 3 27 15 12
4, Over 5 km 5 15 10 5

Table 3. Problems in accessing water (%) in selected study sites of Makueni County

Water access problems Sub-locations (%) SD
Kilili Kyanguli  Mean (%)
N=37 N=33
1. Increased distance 27 64 45 18.5
2. High cost of water 30 58 44 14
3. Dirty water 35 88 62 26.5
4, Scarcity of water 86 67 77 9.5
5. Conflict with neighbouring communities 43 0 43 43
The main water use coping mechanisms (64%), reduced water use (55%) and crop

identified by the respondents in the study sites
included use of water harvesting structures, soil
conservation techniques, diversification of crop
types and varieties, irrigation, water reuse,
reducing number of livestock, and reduced water
use (Table 4). In overall, the common used water
copying mechanisms included soil conservation
(85%), water reuse (71%), reduced livestock

diversification (54%). The major water coping
mechanisms at Kyanguli in decreasing frequency
included soil conservation techniques (94%),
water reuse (88%) and reduced livestock (82%),
while at Kilili the major coping mechanisms in
order of decreasing frequency included reduced
water use (89%), soil conservation techniques
(76%) and water re-usage (54%) (Table 4).

Table 4. Water use coping mechanisms (%) in selected study sites of Makueni County

Water use coping mechanisms Sub-locations SD
Kilili Kyanguli  Mean
N=37 N=33
1. Build water harvesting structures 11 24 18 6.5
2. Use of soil conservation techniques 76 94 85 9
3. Diversification of crop types and varieties 30 79 54 24.5
4. Irrigation 30 3 16 135
5. Reusing water 54 88 71 17
6. Reduced number of livestock 46 82 64 18
7. Reduced water use 89 21 55 34
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4. DISCUSSION

Sources of water in the study sites included
rivers (78%), shallow wells (31%), boreholes
(28%) sand dams (24%) roof catchment (24%)
and springs (11%). Rivers were the commonest
source of water (78%) most probably because of
the availability of rivers in the study sites.
Further, rivers in the drylands are public utilities
and many inhabitants can freely access river
water. This is most probably why rivers were the
commonest source of water in the study sites
(Kyanguli, 94%; Kilili, 62%, (Table 1). This
observation was in agreement with [15] who
noted that rivers are the main sources of water
as long as weather remains favorable. Besides
rivers, the next most important source of water at
Kilili were boreholes (42%). This is because the
area is dry and water table is low thus sinking a
borehole being the next option to getting more
water for the inhabitants. However at Kyanguli,
shallow wells were the next most important
source of water (55%) after rivers, followed by
sand dams (42%) and roof catchments (42%).

The presence of shallow wells at Kyanguli can be
attributed to high water tables in this study site,
especially along river banks where sand is
commonly trapped by riverine vegetation during
rain seasons. In addition, high presence of roof
water harvesting recorded at Kyanguli was
most probably enhanced by perennial water
shortages in the study site. Water shortage
at local community levels can result to
adoption of roof catchment practices and
installation of water storage tanks to harvest rain
water [14].

Water constitutes a vital element of household
food security for humans and livestock. During
drought in the semi-arid areas people, especially
women and children, walk for long distances to
search for water, which is usually of poor quality.
In this study, it was evident that majority of the
households had to travel up to 3 km to get water
in both the sub-locations while a few had to get
water over 5 km away from their households.
This can be attributed to scarce water sources
across the study sites. In Kilili majority of the
households got water in less than one kilometer
(46%) or within 1 to 3 km (43%) due to presence
of sources of water in the seasonal rivers and
boreholes near the village. However, in overall
Kyanguli residents travelled a long distance to
search for water which was mostly attributed to
distant sources of water in the seasonal rivers,
shallow wells and sand dams. During long trips

to fetch water, substantial time is lost that can
otherwise be used in other income generating
and livelihood activities [16]. Similarly, when
livestock have to walk for long distances from
their regular dry season pasture and water
sources, they lose body weight and weaken
thereby fetching lower prices, or they become
emaciated and die [17]. Thus water scarcity and
distant water sources can lead to reduced food
security, low living standards due to
compromised access to livelihoods [16].

In overall water scarcity was commonly (77%)
recorded in both study sites followed by dirty
water (62%). This phenomenon is likely to be
contributed bydegradation of both surface and
ground water resources through over-abstraction
and illegal abstraction, decreasing rainfall due to
climate change among other factors leading to
serious degradation of the water resources in
terms of quantity and quality [14]. However,
water scarcity was the commonest problem at
Kilili (86%) most probably due to limited diversity
of major water sources accessible by the majority
of the respondents. It was noted that Kilili had
only two major water sources, rivers and
boreholes (Table 1). The limited nhumber of the
water sources at Kilili could have been the
reason for the reported conflicts with neigbouring
communities at the study site (Table 3).

With respect to water access problems, Kyanguli
had most of the water access problems most
probably due to water scarcity and long
distancetravelled by about 27 percent of the
respondents in the sub-location to water sources
(Table 2). With long distances travelled, the
respondents are most likely to have no control of
water quality and will most probably fetch any
water available at the water sources, whether
clean or dirty. Also with distant water sources,
some residents usually opt to buy water. In most
cases, water vendors’ fetch the water available at
the water sources, which can be either clean or
dirty. In addition, many water sources in the
drylands consist of open pools of stagnant water
or open shallow well on sand, which in most
cases are easily accessed. Further, in most
communal water sources there are no water
access control measures and in most cases
water hygiene is compromised. For example,
some of the people fetching water can use the
same water source for bathing, washing and
watering their livestock. These scenarios may
explain why many respondents at Kyanguli
(88%) cited dirty water as a problem related to
water accessibility.



Nthenge and Kimiti; ACRI, 6(4): 1-7, 2016; Article no. ACRI.28535

High cost of water in the study sites was most
probably caused by the water access problems
commonly water scarcity, dirty water and
increasing distance to water sources. This is
because many residents cited that they found it
easier to buy water from water vendors rather
than spending most of their time looking for
water. The effect of water scarcity and increasing
distance to water sources on water cost was
most felt at Kyanguli which led in the number of
residents (58%) who reported that water access
was costly (Table 3). In the semi-arid regions,
increasing numbers of the rural poor are
recognizing access to water for food production,
livestock and domestic purposes as more critical
than access to primary health care and education
[18].

Results obtained showed that the coping
mechanisms in the two study sites were slightly
varied. Thus the major water coping mechanisms
at Kyanguli included soil conservation techniques
(94%), water reuse (88%) and reduced livestock
(82%) while at Kilili the major coping
mechanisms were reduced water use (89%), soil
conservation techniques (76%) and water re-
usage (54%) (Table 4). This observation agrees
with [19] who found that variation of many
adaptation mechanisms were local, district,
regional or national issues rather than
international. Further, according to [20], rural
community cope with climate variability, but can
adapt differently to climate change as varied as
the agro-climatic zones and expected impacts on
peoples’ livelihoods. In addition, differences
obtained at Kyanguli were most probably more
related to distant water sources and water
scarcity where water scarcity could have been
more important. Distance to water sources would
negatively affect both livestock and human. This
is because long distances walked by livestock is
likely to lead to loss of body weight, weakening,
loss of market value, and even death of the
livestock, especially when livestock walk for long
distances from their regular seasonal pasture
and water sources [17]. This may partly explain
why at Kyanguli sub-locationa one of the coping
mechanisms was reducing livestock. Thus, the
Kyanguli respondents might have found livestock
uneconomical as distance to water sources
increase hence resolved to cut down on livestock
numbers. Further, while reduced water use and
water reuse, construction of water structures,
and reduced livestock numbers were some of the
coping strategies used in both study sites to
address both water scarcity and distant sources
of water (Tables 2 and 3). However, use of

diversification of crop types and Vvarieties,
irrigation and soil conservation techniques were
coping mechanism aimed at enhancing food
production in the semi-arid environment. The
coping mechanisms reported most probably
enhanced water sources, water conservation and
food access to the residents of the selected
study sites.

5. CONCLUSION

We concluded that most respondents in the
selected study sites got water from rivers most of
which were within 1-3 km from their households
although 15% of the respondents at Kyanguli
indicated that they accessed water 5 km away
from their homes, which took time. However,
water was scarce and dirty forcing inhabitants to
adopt water saving mechanisms which included
soil conservation, water reuse, and reduction of
livestock numbers. This study recommended the
results of this study to be adopted by the county
policy makers so that they can address the water
access problems in the study sites.

ACKNOWLEDGEMENTS

The authors are grateful to household heads and
institutions at Kilili and Kyanguli who accepted to
be interviewed during data collection. They also
thank the support accorded them by the data
enumerators who assisted during data collection.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. UNFCCC. Caring for Climate Change A
guide to climate change convention and
the Impacts, vulnerabilities and adaptation
in developing world University Press; 2005.

2. IPCC. Impacts, adaptation and
vulnerability. Report by Working Group Il
on climate change impacts, adaptation and
vulnerability; 2001.

3. IPCC. Working Group II: Impacts,
Adaptation and Vulnerability Chapter 17:
Assessment of Adaptation Practices,
Options, Constraints and Capacity. IPCC,;
Geneva; 2007
Available:http://www.ipcc.ch/pdf/assessme
nt- report/ar4/wg2/ar4-wg2-chapter17.pdf
(Accessed December 2015)




10.

11.

Nthenge and Kimiti; ACRI, 6(4): 1-7, 2016; Article no. ACRI.28535

Adger WN, Arnell NW, Tompkins EL.
Successful adaptation to climate change
across scales. Global Environmental
Change. 2005;15:77-86.

Gandure S, Alam K. Climate change
and smallholder farmers in Malawi:
Understanding poor people’s experiences
in climate change adaptation. A report by
Action Aid, Action-Aid International; 2006.
Available: www.actionaid.org

(Accessed December 2015)

Phiri MG, Saka I, Alex R. The impact of
changing environmental conditions on

vulnerable communities of the Shire
Valley, Southern Malawi. Lilongwe,
Malawi; 2005.

Rijsberman FR. Water scarcity: Fact or
fiction?, Agric. Water Manage. 2006;80(1-
3):5-22.

Anyadike RNC. Climate change and
sustainable development in Nigeria:
Conceptual and empirical issues. Debating
Policy Options for National Development;
Enugu Forum Policy Paper 10; African
Institute for Applied Economics (AIAE);
Enugu, Nigeria. 2009;13-18.
Available:http://www.aiaenigeria.org/Public
ations/Policypaper10.pdf.

(Accessed December 2015)

Eboh EC. Introduction: Debating policy
options for national development; Enugu
Forum Policy Paper 10. African Institute for
Applied Economics (AIAE), Enugu,
Nigeria. 2009;9-12.
Available:http://www.aiaenigeria.org/Public
ations/Policypaper10

(Accessed December 2015)

Ministry of Environment and Mineral
Resources (MNRM), Kenya. Kenya:
Understanding and responding to climate
change; 2009.
Available:http://www.environment.go.ke/
(Accessed December 2015)

Ritho C, Ndambiri HK, Mbogoh SG,
Ng’'ang’a Sl, Muiruri EJ, Nyangweso PM,

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kipsat MJ, Ogada JO, Omboto PI, Kefa C,
Kubowon PC, Cherotwo FH. Assessment
of farmers’ adaptation to the effects of
climate change in Kenya: The case of
Kyuso District. Journal of Economics and
Sustainable Development. 2012;3(12).
Smit B, Burton |, Klein RJT, Wandel J. An
anatomy of adaptation to climate change
and variability Climatic Change. 2000;45:
223-51.

Vision 2030. Republic of Kenya, Ministry of
Devolution and P. 2"Edition. 2015:127.
Makueni County Integrated Development
Plan (MCIDP). 2013-2017.

Mutai C, Ochola S. Climate Change and
Variability. National Drought Management
Authority Makueni County drought monthly
bulletin for January 2014. 2011;3:46-59.
Ngigi SN. Climate change adaptation
strategies: Water resources management
options for smallholder farming systems in
Sub-Saharan Africa. The MDG Centre for
East and Southern Africa, the Earth
Institute at Columbia University, New York.
2009;189.

Behnke R, Muthami D. The contribution of
livestock to the Kenyan economy. IGAD
Livestock Policy Initiative Working Paper
No. 03-11; 2011.

UN. Water for people, water for life — UN
World  Water Development  Report
(WWDR). UNESCO/ Berghahn Books UN;
2003.

Paavola J, Adger TW. Analysis of fair
adaptation to climate change. Ecological
Economics. 2005;56(2006):594-609.
Cooper PJM, Dimes J, Rao KPC, Shapiro
B, Shiferaw B, Twomlow S. Coping better
with current climatic variability in the
Rainfed farming systems of sub-Saharan
Africa: A dress rehearsal for adapting to
future climate change. Global Theme on
Agro-ecosystems Report No. 27. ICRISAT,
Nairobi. 2006;24.

© 2016 Nthenge and Kimiti; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/18035




