i{{® MedCrave

Step into the Wonld of Research

International Journal of Hydrology

Research Article

a Open Access @

The drivers of water abstraction and river water
diversion in tropical rivers: a case of south west

upper tana basin, Kenya

Abstract

The study to determine the drivers of water abstraction and river water diversion in
tropical rivers was undertaken in four rivers that constitute the South West Upper Tana
Basin in Kenya. Rainfall and river discharge data for the period between years 1998
and 2018, water abstraction data and field survey data collected through questionnaires
was used in this study. The water abstraction data was collected for a period of one
year, from January 2018 and December 2018. The analysis of the drivers was guided by
the DPSIR framework. Regression and correlation analysis was used to test the nature
and strength of relationship of variables respectively. The results of the study indicate
that the main drivers of water abstraction and river water diversion are climate change,
government policies and strategies, agricultural development and population pressure.
60% of the people in this basin rely on agriculture hence irrigation agriculture has
intensified water abstraction in the basin. There is a significant positive relationship
between water abstraction and crop production with a correlation coefficient of
0.78 and coefficient of determination of 0.73. The study also established that water
abstraction increased during dry season and when the rainfall received in the area
decreases. The relationship between rainfall and streamflow show that increase in
rainfall leads to subsequent increase in streamflow with a correlation coefficient of
0.70 and coefficient of determination of 0.61. Government policies of intensifying
irrigation agriculture in order to improve food security and inter basin water transfers
to improve water supply in urban and rural areas have increased water abstraction in
the basin. The study recommends frequent monitoring of the rivers by authorities and
licensing of all water abstractors to improve sustainability in the abstraction of water.
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Introduction

Rivers are important freshwater resources that are important
in supporting and sustaining socio-economic systems in the world.
However, the distribution of these freshwater resources is erratic
and unreliable. Thus, man has always tried to exploit these resources
by diverting river water to satisfy different needs. In tropical river
basins, river water diversions has been done as a flood control
measure and also to improve urban and rural water supplies, avail
water for irrigation and generate hydropower.! The escalating demand
for hydropower, irrigation and domestic water is likely to increase
water abstractions in rivers.>* River basins in the world are facing
multiple stressors including pollution, infrastructure developments
like dams, eutrophication and land use changes.’ Limited studies have
been undertaken to determine drivers of water abstraction and river
water diversions in Kenya. In addition, the studies undertaken have
mainly concentrated on water supplies and urban water demands.
There is limited data on the root causes of water abstraction and river
water diversion in tropical river basins. This study will fill this gap
by establishing the main drivers of water abstraction and river water
diversion in South West Upper Tana Basin. In South West Upper
Tana, there are many low magnitude river diversions which are not
documented. These diversions are necessitated by water needs such

as irrigation agriculture, recreation, domestic use, and rural and
urban supplies. However, it is not been established which of these
water needs is the most dominant in the basin. Poor licensing and
monitoring of water abstractions and river diversions in the basin
has led to increased water abstractions in the basin and unintended
consequences that has greatly affected the flow of rivers in the basin.
The declining streamflow in the basin is a major concern since it
affects the livelihoods in the region, degrades the aquatic ecosystem
and affects the rural and urban water supplies in the area.®’ Thus, it
is important to understand the main drivers of these abstractions in
order to formulate policies and strategies to improve sustainability of
the water resources. This study seeks to determine how these drivers
interact categorically, synergistically and additively by applying the
DPSIR framework.

Rivers in South West Upper Tana Basin are important sources of
water for Nairobi City. Through Ndakaini dam, rivers in this basin
supply 84% of water to Nairobi City (Athi Water Services Board,
2014). Thus, there is a need to understand the drivers of water
abstraction in this basin since they may affect the streamflow in the
rivers in this basin which could lead to inadequate water supply in the
city. In addition, for Kenya to attain Vision 2030 and attain Sustainable
Development Goal number 6 of clean water and sanitation, sustainable
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management of water resources is important. The main objective of
this study was to determine the drivers of water abstraction and river
water diversion in South West Upper Tana Basin in Kenya.

Description of the study area
Location

The South West Upper Tana Basin is located in Muranga County
and partly in Kiambu County, Kenya. The basin lies between latitudes

Copyright:

©2019 Mwendwa et al. 150

0° 34’ South and 1°7” South and Longitudes 36° East and 37° 27’ East.
The basin covers a total surface area of 2,558.8 Km?with an elevation
of between 1,340 m above sea level to the east and 2,190 m above sea
level to the west.® The main rivers in the study area (Kiama, Kimakia,
Chania and Thika) originate from the Aberdare mountain ranges in
the west and flow eastwards, dissecting the steep slopes in the area.
Kimakia and Chania River intersect at Ng’ethu while Kiama and Thika
River intersect after Gatanga.’ The rivers then join at Ndururumo to
form Thika River which flow to River Tana (Figure 1).

Figure | Location of the main rivers in South West Upper Tana Basin.

Climate

Rainfall in the study area is influenced by the monsoon winds that
occasionally blow from the Indian Ocean and the Aberdare Mountain
ranges. These winds blow through the area twice a year leading to a
bimodal rainfall distribution with long rainy season occurring between
March and May and short rain season occurring between October
and December.!*!! There are dry seasons in between the two rainy
seasons that are caused by the persistent North Easterly Moonsoons.
The highest annual rainfall in the study area is 1800mm/yr. received in
the higher altitudes of Aberdare Mountain ranges while mid attitudes
receive rainfall amounting between 1000 to 1800mm/yr. The low
altitude areas receive less than 700mm/yr.'> Temperatures in the area
are regulated by altitude with the lower altitude areas experiencing a
maximum of 26°C. The higher altitude areas in the Aberdare Mountain

ranges experience a maximum of 18°C and lowest temperatures of
6°C. The hottest month in the study area is February while the coldest
month is July. The mean annual potential evaporation in the study
area is between 2300 mm in the lower altitudes and 1200 mm in the
Aberdare mountain ranges."?

Soils

The main soils in this basin are nitosols, cambisols and andosols.
In the high altitude areas (1800 to 2190 m above sea level) there are
dark coloured soils that are rich in organic matter. In the lower slopes
(<1800 m above sea level), soils are highly influenced by the amount
of rainfall received. For instance, areas that receive high rainfall have
red soils with traces of clay.'
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Geology

The geology of this area mainly consists of volcanic rocks of
Pleistocene age and basement system rock of Achaean type.'* Volcanic
rocks are dominant on the western part of the study area extending
into the Aberdare mountain ranges while on the eastern part of the
study area, rocks of the basement system are found.” On the southern
and the eastern margin of the study area, there are outcrops of pre-
Cambrian basement rocks. '

socio-economic activities

Most people in SWUT basin are farmers with crop farming being
the most dominant activity. 98% of the people in this basin grow cash
crops such as tea and coffee and subsistence crops.'® Food crops such
as potatoes, bananas, pineapples and cereals as well as horticultural
crops are also grown in this basin. Dairy and beef farming are also
practiced while pig farming is widespread in the study area.'® Other
economic activities in the area include forestry and wildlife in the
upper parts of Aberdare, Kieni, Kimakia and Gatare forests.!® The
high population in the area has led to subdivision of land into small
plots averaging 2 Acres or less.'

Population

The population in this basin is estimated to be 163,597 people."”
This translates to 276 people/km?. The female population (82,610)
is slightly higher the male population (80,987). The high female
population in the basin can be attributed to the emigration of male
population to towns in the area in search of employment.® The upper
parts of the study area that lie in the Aberdare forest have the least
population density of 0.06 people/km?. This is mainly because this
area is a protected zone since it is a major water catchment area in
Kenya.

Methodology

Rainfall and river discharge data

Rainfall data for this study was obtained from the Kenya
Meteorological Department (KMD) for Gatare forest station, Thika
meteorological station and Thika dam. Rainfall data for these stations
was available for the period between 1998 and 2018. This data
was important in determining whether rainfall changes are a major
driver of water abstraction in SWUT basin. River discharge data was
obtained from Water Resources Authority (WRA) for RGS 4CBS,
RGS 4CA15, RGS 4CA19. Data for these stations was available for a
period of 20 years, between 1998 and 2018.

Water abstraction Data

Water abstraction data was obtained from the field using
questionnaires where the entire basin was sub divided into four (4)
sub basins. Twenty five (25) questionnaires were administered in each
sub basin, fifteen (15) in the upstream and ten (10) in the downstream.
These questionnaires were randomly administered in households
for a period of twelve (12) months then daily, monthly and annual
abstraction rates calculated. The mean monthly water abstraction rates
were calculated as follows;

i

Qabs(m): ZQabs(d) (1)

—
Where; !
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Where O abs(m) the total monthly water abstraction is rate (in
litres) and Qabs( d) is the daily water abstraction rate.

Annual water abstraction rates were calculated as;

Qs (a)= iéabs(m) @

Water abstraction data was also obtained from the WRA archives.
This data, however, only included water abstraction from licensed
abstractors.

Target population size and sample size

Population for this study involved households that abstract water
from the four rivers in the SWUT basin. Twenty five (25) questionnaires
were administered in each sub basin, fifteen (15) upstream and ten
(10) downstream. Institutions, organisations and large irrigated farms
in the study area also formed part of the study population. The sample
size was determined using Cochran formula as follows;

2
zZ
n==21 3
e

Where;

n is the sample size, P is the estimated proportion of an attribute
present in the population (0.5), q isl-p, z?is abscissa of the normal
curve that cuts off an area a at the tails (value of z obtained from the
statistical table). This yielded a sample size of 96.04 rounded off to
100 households.

Determination of the influence of agricultural
practices on water abstraction

To determine how agricultural practices were influencing water
abstraction, questionnaire surveys, field based observations and
review of secondary data was done. Data on farm size, crops grown,
income from crops and best time to sell crops was collected. Excel
statistical package was used to establish the relationships between
water abstraction and agricultural practices. Analysis of Variance
(ANOVA) was done to establish if there was any statistical difference
between the means of samples obtained from different variables in
the four rivers.

Data analysis

The statistical methods used to analyse data in this study were
parametric tests, descriptive statistics, correlation analysis, regression
analysis and Analysis of Variance (ANOVA). The descriptive statistics
used include mean, standard deviation, percentages and cross
tabulation. Parametric tests were used to test the influence of several
drivers to ascertain the drivers with the influence on water abstraction
in SWUT basin. T-test was used because of its ability to compare
the means of two independent variables.” Simple and multiple
regression analysis were used to establish the nature of relationship
between variables. For instance the relationship between rainfall
and water abstraction, agricultural practices and water abstraction
and population changes were established. Simple linear regression
analysis was calculated as follows;

Y=a+bX+e 4)
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Where Y is the independent variable, a and b are the numerical
constants, X is dependent variable which was water abstraction and
e is the error term.

Multiple linear regression analysis was calculated as follows;
y=Lo+B1X1+L2X2+ - -+LkXk+e &)

Where Y is the dependent variable (water abstraction), X1, X2,...,
are the independent variables for instance income from crops, farm
size, household size, amount of fertilizer used, type of crop grown
and technology used. f1, (2...., are Beta coefficients and “k” is the
number of independent variables. ¢ is the random error taken to be
a random variable with variance (62) and mean 0. To explain the
strength of relationships, correlation analysis was done. The strength
of relationship between water abstraction and agricultural practices,
water abstraction and household characteristics, water abstraction and
technologies used and water abstraction and population changes were
determined.

Results of the study

Effect of rainfall variability on water abstraction

The patterns of water abstraction rates in the four sub basins
in SWUT basin were found to be similar. In the four basins, water
abstraction is highest in the dry periods between May and September
and between January and March. Water levels in the period between
May and September decreases from 0.78m to 0.24m, 1.01m to 0.5m,
0.83m to 0.41m and 0.83m to 0.4m in Thika, Kiama, Chania and
Kimakia rivers, respectively. The water level also decrease in the
period between November and February from 0.79m to 0.38m, 1.5m to
0.58m, 0.99m to 0.41m and 0.89m to 0.41m in Thika, Kiama, Chania
and Kimakia rivers respectively (Figure 2). The periods of low water
levels in the rivers coincide with the period of high water abstraction
rates. Maximum water abstraction rates of 107,2001/d, 95,5001/d,
63,4001/d and 66,900 1/d in Thika, Kiama, Chania and Kimakia rivers,
respectively is in the months of September and January (Figure 3).
These are the driest months in the study area. The low rainfall in these
periods drives people to abstracting more water from the rivers which
subsequently lowers the water levels in the rivers. The statistical
relationship between water abstraction and river water level yielded a
correlation coefficient r of 0.51 and coefficient of determination R? of
0.46 at 95% confidence level.

Influence of household characteristics on water
abstraction

It was established that most of the households in the study area
have an average of 5 members. Most of these households abstract
less than 10,000 1/d. Households with the highest abstraction rates
between 15,000 1/d and 40,000 1/d have 2 to 6 members. These results
are consistent with Mwadini." The study established a weak statistical
relationship between water abstraction and household size with a
correlation coefficient r of 0.01 and coefficient of determination R? of
0.005 at 95% confidence level (P=0.05). This could be attributed to the
fact that most people abstracting water from the rivers in the basin do
so for farming. Thus, some small households abstract more water than
larger households by procuring water abstraction technologies such
as water pumps. This, however, contradicts the findings of Aseyehegn
et al.,”® Zhang?' who noted a positive relationship between household
size and water abstraction. Majority of the people abstracting water
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in this basin are between the ages of 25-55 years old. This could be
attributed to the fact that majority of the people in this age group have
relatively young families to take care of hence they abstract water
to improve farm production and income. The study established a
weak relationship between age and water abstraction with correlation
coefficient r of 0.052 and coefficient of determination R* of 0.049
at 95% confidence level.?>>* This study established that most of the
people living in this basin have low levels of education since 69%
of the respondents have only acquired secondary school education
(54%) and Primary school (15%). The low education levels could be
one of the reasons why most people abstract water from the rivers in
this basin since they cannot secure any form of formal employment.
The low education level also means that the people lack adequate
knowledge on the sustainable water abstraction methods. This is
consistent with Alufah,” Chebil et al.,*® and Getacher et al.,”” 50% of
the people in the study area are farmers who rely on irrigation farming
to boost their crop production in the dry season (Table 1). Attempt
was made to determine the influence of income levels on water
abstraction. It was established that 74% of the people in the study
area earn between Kshs 5,000 and Kshs 20,000 per month. Only 4%
of the people living in the study area earn more than Kshs 30,000per
month. The low income levels drives many people to abstract water
for irrigation agriculture to enable them obtain enough income to cater
for the needs of their families.

Influence of water abstraction technologies on water
abstraction

The main water abstraction technologies in SWUT basin are
buckets and 20 1 jerricans, pumps, siphons, diversion canals and pipes.
40% of the people abstracting water from the basin use buckets, 26%
use diversion canals, 25% use pumps while 8% use pipes and siphons.
Buckets are common because they are cheap to acquire and easy to
use. Water pumps are popular among farmers with large farms and
those earning higher income that can enable them to buy and maintain
the water pumps.?®® The study established that there is a weak
correlation coefficient r of 0.071 and coefficient of determination R?
of 0.04. These were statistically significant at 95% confidence level
(P=0.05).

Influence of agricultural practices on water abstraction

This study established that most of the farms in the study area are
0.5 acres and 3 acres.®***! The main crops grown under irrigation in
the study area are mainly horticultural. The unreliability of rainfall
in the study area has led to increase in irrigation farming in the study
area. An attempt was made to establish the reason why many farmers
resorted to irrigation farming. It was noted that farmers practicing
irrigation farming produce higher crop yields that enable them to
obtain more income from crop sales. The relationship between water
abstraction and crop sales yielded a correlation coefficient r of 0.78
and coefficient of determination R?of 0.78 (Figure 4). In addition,
farmers with higher acreage of land under irrigation are able to obtain
more income from the sale of crops. The relationship between crop
sales and farm size yielded a correlation coefficient r of 0.84 and
coefficient of determination R? of 0.70. The study established that
trading patterns influence water abstraction for irrigation in the study
area. It was established that 39% of farmers in the study area sell their
produce to the local markets while 36% of the produce is sold to other
counties in Kenya.
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Figure 2 Water levels in rivers in SWUT basin in 2018.
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Figure 4 Relationship between water abstraction and crop sales in SWUT basin.
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Table | Occupation of respondents in south west upper tana sub basin
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Sub-basin Occupation/percentage (%)
Farming Teaching Business Informal sector Civil service County government
Chania 57 I 14 4 7 7
Thika 63 3 8 5 10 I
Kimakia 6l 8 I 6 14
Kiama 49 8 20 8 10 5

Influence of population growth on water abstraction

Population in the SWUT basin has tremendously grown over the last
50 years. The population grew from 64,619 people in 1969 to 163,597
in 2017. This increase in population has led to increased demand for
water resources. Ngigi et al.,’> noted that increasing population in
the basin has led strain on the available water resources since most
farmers have ventured into irrigation agriculture.’® Population change

from rural to urban has also placed the urban areas as water scarce.
To cater for the growing demand for water in the urban areas, the
government has come up with various water abstraction and river
diversion projects such as the Ndakaini dam and the ongoing Northern
Collector Tunnel. The projected increase in population will increase
the water abstraction rates in the study area. This is consistent with
Howard et al.,** and Mokaya*® (Figure 5).
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Figure 5 Population Changes in SWUT Basin (Source: Murang’a County Development Planning Office).

Discussion
Effects of rainfall on water abstraction

The study established that there is a significant relationship
between water abstraction and rainfall variability. It was evident that
decrease in rainfall leads to increase in water abstraction. Years that
have experienced high rainfall recorded increased streamflow since
water abstraction rate was low. The relationship between rainfall and
streamflow yielded a correlation coefficient r of 0.70 and coefficient
of determination R?of 0.61.%8 The results of this study showed that
during the dry season, rivers in the SWUT basin have the lowest
water levels. Water abstraction increases during this period due to the
high demand for irrigation water leading to mean water level of <0.5
m. These results agree with Liniger et al.,** and TNC," who noted
that during the dry period, water abstractions reduce the base flow

in rivers. The study established a strong relationship between water
abstraction and streamflow with a correlation coefficient r of 0.51
and coefficient of determination R? of 0.46. These were statistically
significant at 95 % confidence level (P=0.05). The impacts of water
abstraction on streamflow were more evident during the dry season,
since farmers need more water to irrigate their farms. However, during
the rainy season, the impacts were less evident since farmers reduce
water abstraction during rainy season.

Influence of household characteristics on water
abstraction

The mean family size in the study area was established to be 4
members with 81% of the households having between 3 and 5 years.
It was established that the relationship between water abstraction
and household size is weak with a correlation coefficient r of 0.01
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and coefficient of determination R? of 0.005. Thus, some smaller
households abstract more water than larger households since other
factors such as the technology used income of the farmer." The study
established that most of the people abstracting water from the basin
were aged between 30 and 50 years. This can be attributed to the fact
that at this age most of the people have relatively young families
that they have to take care of. Thus, they abstract more water for
irrigation to produce more from the farms for their families. Water
abstraction rate is low among those aged above 50 years since at that
age most of the people are retirees and do not have a lot of energy
to invest in irrigation farming.?>** The relationship between age and
water abstraction yielded a correlation coefficient r of 0.052 and a
coefficient of determination R? of 0.049. These were statistically
significant at 95% confidence level.* 56% of the people abstracting
water in the basin are women. This could be attributed to the high
number of female headed families in the study area. The high
emigration rate by men to the urban centers in search of employment
could also be the reason why women are more dominant in water
abstraction.!**! Educational level of the people in the study area also
affects water abstraction. It was established that majority of the people
abstracting water from the four rivers in the basin have only acquired
secondary school education. This limits their chances of securing a
formal employment; hence irrigation farming is their only source of
livelihood. The study also established that majority of the people who
are employed earn between Kshs 5,000 and Kshs 20,000 per month.
This low income drives more people to water abstraction for irrigation
farming to improve their monthly income. This is consistent with
Rutasire et al.,* who established that the occupation of the household
head determines water abstraction rate and the agricultural activity
the family engages in. This also agrees with the findings of Chebil et
al.,”* and Mwangi.*

Influence of abstraction technologies on water
abstraction

This study established that water abstraction technologies influence
water abstraction rates. Most of the water abstractors use buckets and
20 1 jerricans to abstract water from the rivers. Buckets are popular
since they are cheap to acquire and relatively easy to use. 26% of
the water abstractors use diversion canals. These are, however, not
popular because they require constant silt removal especially in the
rainy season. Water pumps are popular with 25% of water abstractors.
The pumps are only used by people with large irrigated farms and
those earning high income because they are expensive to acquire and
maintain.'>*

Influence of agricultural practices on water abstraction

It was established that irrigation agriculture is the main cause of
water abstraction inthe study area. There is a strong positive relationship
between water abstraction and crop sales with a correlation coefficient
r of 0.78 and coefficient of determination R* of 0.73. This could be
attributed to the fact that more water abstraction allows the farmer
to do farming all year round. There is also a significant relationship
between crop sales and farm size with a correlation coefficient r of
0.85 and coefficient of determination R?of 0.75. Thus, farmers with
higher acreage of land under irrigation earn more from the crop sales
since they are able to produce more crop yields from their farms. This
is consistent with the findings of Speelman (2009) who established a
significant relationship between water abstraction, farm size and the
crop grown. Similarly, Michailidis et al.,* established that irrigation
agriculture contributes the highest water abstraction volumes in the
developing countries.®*# Most of the farm produce is sold during
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the dry season, an indicator that only farmers who practice irrigation
farming produce more yields even in dry season.*”*

Conclusion

The study concluded that the increasing rainfall variability in
SWUT basin has led to increase in water abstraction. This is mainly
the case during dry seasons since farmers need to abstract more water
for irrigation agriculture. Water abstraction increases from the months
of May to September (dry season) and the months of December to
February. The abstraction rate decreases with the onset of short rains
between the months of October and November and long rains between
the months of March and May. Agricultural practices such as farm
size and the income generated from sale of crops have a significant
influence on water abstraction. The study established a strong positive
relationship between water abstraction and income from crops as
well as farm size. The more water the farmer abstracts from the river,
the higher the yields from the farms and income from the sale of the
crop yields. Higher farm acreage enables the farmer to diversify crop
production. This gives the farmer higher opportunity of obtaining
higher yields from the farm. The increasing population in SWUT basin
and the surrounding urban areas has increased the demand for water
leading to increase in water abstraction. Water abstraction projects
to provide water for the rural households and the surrounding urban
centers have increased in the recent past. Household characteristics
such as household size, age, income, education and occupation do not
have a significant influence on water abstraction. This is mostly so
because some smaller households are able to abstract more water from
the rivers since they employ technologies such as water pumps. Thus,
the main drivers of water abstraction in this basin are agricultural
development, rural-urban water supplies, population growth and
climate change. This study recommends a review of the existing
policies on water abstraction to ensure that water abstractions are
sustainable. It is also recommended that Water Resources Authority
(WRA) conduct regular visits in the study area to monitor water
abstractions and weed out illegal abstractions. Licensing of water
abstractors should be enhanced and public awareness campaigns
conducted to educate farmers on the sustainable ways of abstracting
water from the rivers.
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