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Abstract  

The study to determine the impacts of water abstraction in South West Upper Tana Basin which is part of the 

larger Upper Tana basin was undertaken in four major rivers, Thika, Kimakia, Kiama and Chania. Data for this 

study was obtained from the Kenya Meteorological department (KMD), Water Resources Management (WRA) 

and questionnaire surveys. The questionnaires were administered in the period between January 2018 and 

December 2018 to determine the impacts of water abstraction in both dry and wet seasons. Regression and 

correlation analysis was used to determine the nature and strength of relationships between different variables. 

The results of the study indicate that the main impacts of water abstraction are hydrological, environmental and 

socio-economic. The hydrological impacts include reduced water levels, changes in stream morphology, 

decreased turbidity and reduced siltation. Socio-economic impacts include increased income from crop 

production and conflicts while environmental impacts were mainly changes in riparian vegetation. The study 

established that the best combination of impacts of water abstraction in the South West Upper Tana Basin were 

changes in water turbidity, decline in water levels, improved crop yields, changes in channel morphology and 

siltation with a coefficient correlation r of 0.57 and coefficient of determination R2 of 0.52. To mitigate these 

impacts, there is a need for better enforcement of legislations on water abstraction and the monitoring of the river 

basins to curb water over-abstraction. Public awareness campaigns and involvement of stakeholders could also 

minimize these impacts. 
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1. Introduction 

Rivers are important hydrological systems of the planet earth since they support livelihoods in the planet 

(Manatunge et al., 2008). The distribution of these freshwater sources is, however, erratic and unreliable (Saleh 

et al., 2005). Thus, man has endeavored to modify them through construction of dams, diversion of waters and 

abstraction of water for various uses (Jim and Truls, 2005). Due to the increasing population and the need for 

irrigation water, water for hydroelectric power and domestic purposes, water abstraction is set to increase in the 

near future (Finer and Jenkins, 2012). It is estimated that over 60% of the Worlds Rivers are diverted (IWMI, 

2007). Additionally, water abstraction from rivers for irrigation, industrial and domestic use has doubled in the 

recent past (MEA, 2005).Water abstraction for the fore mentioned uses is in some parts of the world approaching 

or has exceeded the amount of renewable water available (IWMI, 2007). This has resulted in hydrological 

modifications of most of the rivers.  

The need for governments to provide adequate supply of drinking water has resulted in the construction of 

large water abstraction projects to supply water in large cities (Dahm et al., 2013). These projects have far 

reaching consequences locally and regionally. Some of the documented impacts include, emergence of large 

waterway networks, conversation of previously dry and unproductive lands to agriculturally productive areas and 

reduction in the areal extent of large lakes (Accreman et al., 2000; Beeton 2002; Helled_en and Tottrup, 2008). It 

is, however, important to note that, at sub-catchment level especially in Africa, the impacts of water abstraction 

are largely unknown. This is because very few studies have been undertaken to unravel the impacts of water 

abstraction in Africa.  

The impacts generated by any water abstraction project depend on the type and nature of the project. For 

instance, large dams generate major hydrological impacts such as changes in water chemistry, changes in water 

turbidity, changes in channel morphology and changes in water temperature (Poff and Allan, 1995; Friedl and 

Wuest, 2002; Olden and Naiman 2010). These hydrological changes may impact on the riparian vegetation and 

the riverine biodiversity (Haxton and Findlay, 2008; Aristi et al., 2014). 

In the South West Upper Tana basin, there are many low magnitude water abstractions that are necessitated 

by the need to provide water for rural and urban water supplies, agricultural or irrigation water, industrial and 

recreation purposes. Most of the water abstractors in this basin are not licensed and there is poor monitoring of 

the abstractions by the relevant authorities. These unregulated abstractions have brought major impacts, largely 

because there are no tools and strategies to address the cumulative impacts. This study seeks to unravel these 
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impacts and recommend ways of promoting integrated water resource management in the basin. This will guide 

the authorities and other stakeholders in establishing a framework for sustainable water abstraction in the basin. 

 

2. Description of the study area 

2.1 Location 

The study area is located in central Kenya in the counties of Muranga and Kiambu. It lies between latitudes 034' 

S and 1 7' S and longitudes 36 E and 37 27' E. The total surface area of the basin is 2558.8 Km2. The highest 

point in the basin is 2190 m above sea level while the lowest point is 1340 m above sea level (Muranga 

Integrated Development Plan, 2018). The main rivers in this basin (Thika, Chania, Kiama and Kimakia) 

originate from the West in the Aberdare Mountain ranges and flow eastwards. Chania and Thika rivers intersect 

at Ngethu and flow downstream as Chania River while Thika intersect with Kiama River at Gatanga and flow 

downstream as Thika River (Kimenju, 2018). The rivers then join at Ndururumo to form the main Thika River 

which flows to Tana River (Figure 2.1).  

 

2.2 Climate 

Temperature in the study area is influenced by altitude with the higher altitudes experiencing a maximum 

temperature of 18 C and minimum temperature of 6 C. The low altitude area experience maximum temperature 

of 26 C and minimum temperature of 16 C. Rainfall in the area is influenced by the relief factor of Aberdare 

Mountain ranges and the monsoon winds that occasionally blow from the Indian Ocean (Otieno et al., 2000). 

There are two rainny seasons in the area, between March and May (long rain season) and between October and 

December (short rain season). Each of these seasons is preceded by a dry season which is caused by the 

persistent North Easterly monsoons (See also Okoola, 1996; Onduru and Muchena, 2011). The highest rainfall in 

the study area is 1800 mm/yr (received in high altitude areas) and the lowest rainfall is 700 mm/yr (received in 

low altitudes) (Otieno, 2000).The area has a mean annual potential evaporation of 2300 mm in the lower 

altitudes and 1200 mm in the higher altitudes (Leisher, 2013). 

 
Figure 2.1: The main rivers in the SWUT basin 

 

2.3 Soils 

The main soils in SWUT basin are andosols, cambisols and nitosols. The distribution of soils in the area is 

influenced by altitude and rainfall. In the high altitude areas, above 1800 m asl, soils are dark in colour because 

they have high quantities of organic matter. In the low altitude areas, below 1800 m asl, rainfall has great 

influence on the soils. For instance, areas that receive high amounts of rainfall have red soils with some traces of 

clay (Athi Water Services Board, 2014). 
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2.4 Geology 

The geology of the study is characterized by a rock basement system of the Achean type (AWSB, 2014). 

Volcanic rocks of the pleicestone age dominate the Aberdare region which on the western part of the study area 

(Kimenju, 2018). On the eastern side, the basement system is found while on the southern side, rock outcrops of 

the pre-cambrian rocks are found (Leisher et al., 2016).  

 

2.5 Population 

Population of the SWUT basin is estimated to be 163, 597(KNBS, 2010). The female population of 82,610 is 

higher than the male population of 80,987. This is so because most men migrate to the nearby urban centers to 

seek for employment. The area has a population density of 276 persons /Km2 (MCIDP, 2018). The western parts 

have the lowest population density since most of the area is forested and protected land.  

 

2.6 Socioeconomic activities 

60% of the people in the study area are farmers (MCIDP, 2018).Tea and coffees are the main cash crops grown 

in the area (TNC, 2015). However, the production of coffee has dwindled over the last few years due to 

emergence of more profitable horticultural crops and real estate business (Kitheka et al., 2019). Food crops such 

as cabbages, bananas, potatoes, tomatoes and pineapples are also grown. Dairy, beef and pig farming is also 

widespread in the basin (Agwata, 2006). Forestry and wildlife is practiced in the upper parts of the study area in 

Kieni, Gatare, Kimakia and Aberdare forests (Agwata, 2006). There are also small urban centres and markets 

such as Kirwara, Gatura, Gatunyu and Kangari. 

 

3. Methodology 

3.1 Water abstraction data 

Field based measurements were used to obtain water abstraction data in the study area. The study area was sub-

divided into four (4) transects which were defined by the four major rivers (Kiama, Kimakia, Chania and Thika). 

For each transect, a total of 25 households were randomly selected and a questionnaire administered to make the 

total of questionnaires used to be 100. This was repeated daily for a period of 12 months (January 2018 to 

December 2018). The data collected enabled for the calculation of daily, monthly and annual water abstraction 

rates. The mean monthly abstraction rates were calculated as follows;  

�������� 
 ∑ �������




� ………………………………………………………………equation 1 

Where �������� is the total monthly water abstraction rate (in litres) and ������� is the daily water abstraction rate. 

The annual water abstraction rate is the sum of the monthly water abstraction rates �������� calculated as follows;  

��
��� ���
 ∑ ��������

�
���

 ……………………………………………………………equation 2 

Secondary data was also obtained from Water Resources Authority (WRA) archives.  

 

3.2 River discharge data and water level 

River discharge data was obtained from the Water Resources Authority (WRA) for river gauging stations RGS 

4CA15, RGS 4CB5 and RGS 4CA19. This enabled the study to determine the changes that have occurred as a 

result of water abstraction in the rivers. Water level measurements were taken daily for a period of 12 (twelve) 

months. This allowed the study to note the changes in water level in each month of the year.  

 

3.3 Water quality data 

The parameters used to describe water quality in this study were turbidity, siltation and nutrient level 

concentrations. This data was obtained from WRA archives. To determine the relationship between turbidity, 

siltation and nutrient level concentrations and water abstraction, regression curves were plotted.  

 

3.4 Determination of sample size 

Population for this study included households that abstract water from the four rivers in SWUT basin. The 

sample size was determined as follows; 

� =
�� ��

��
………………………………………………………equation 3 

Where; 

N is the sample size, P is the estimated proportion of an attribute present in the population (0.5),q is 1-p, z2 is 

abscissa of the normal curve that cuts off an area α at the tails (value of z obtained from the statistical table). 

This yielded a sample size of 96.04 rounded off to 100 households. 

 

3.5 Socioeconomic data 

Socioeconomic data for this study was mainly collected using questionnaires. A total of 100 (hundred) 



Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) DOI: 10.7176/JEES 

Vol.9, No.5, 2019 

 

64 

questionnaires were administered randomly in the four transects (rivers) in the basin (see section 3.1 above). 

Data collected through the questionnaires include the impacts of water abstraction on farmers (agricultural 

production), riparian vegetation and income level of the people in the basin. This data was analysed by 

comparing each variable with water abstraction through plotting a regression curve.  

 

3.6 Data analysis 

Data analysis techniques used in this study include descriptive statistics, parametric tests, regression analysis, 

correlation analysis and Analysis of Variance (ANOVA). Descriptive statistics used include mean, cross 

tabulation and percentages. Simple and multiple regression analysis were used to determine the nature of 

statistical relationships between variables such as the relationship between water abstraction and income from 

crop sales, water abstraction and turbidity, water abstraction and siltation, water abstraction and riparian 

vegetation and water abstraction and nutrient concentrations. Simple linear regression was calculated as; 

Y= a+bX+e……………………………………………………………………………equation 4 

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; 

�=� +�1!1+�2!2+⋯+�"!"+#……………………………………………………equation 5 

Where Y is the dependent variable (water abstraction), !1, !2,…, are the independent variables for instance 

income from crops, farm size, household size, amount of fertilizer used, type of crop grown and technology used. 

�1, �2,…, �" are Beta coefficients and “k” is the number of independent variables. # is the random error taken 

to be a random variable with variance ($2) and mean 0 (See also Chirchir, 2014). 

 

4. Results and Discussions of the Study 

4.1 Influence of water abstraction on river discharge 

The results of the study indicate that increase in water abstraction rate leads to subsequent decline of water level 

in rivers. Figure 4.1 shows the variations in water levels in the four rivers in SWUT basin. Water level in the 

four rivers decrease in the period between April and September from 0.78 m to 0.24 m, 0.83 m to 0.41 m, 1.01 m 

to 0.5 m and 0.83 mto 0.4 m in Thika, Chania, Kiama and Kimakia rivers respectively. The water level also 

decrease in the period between November and February from 0.79 m to 0.38 m, 0.99 m to 0.41 m, 1.5 m to 0.38 

m and 0.89 m to 0.41 m in Thika, Chania, Kiama and Kimakia rivers, respectively. These are the periods when 

water abstraction rates are also very high. Figure 4.2 shows water abstraction rates in the SWUT basin. The 

period of maximum water abstraction rate of about 107, 200 l/d, 63, 400 l/d, 95, 500 l/d and 66, 900 l/d in Thika, 

Chania, Kiama and Kimakia rivers, respectively is between the months of September and January. These are the 

same periods with low water levels. Water abstraction rates increase during these periods because farmers 

abstract more water for crop production. The analysis of the relationship between water level and water 

abstraction yielded a correlation coefficient (r) of 0.51 and coefficient of determination (R2) of 0.46 both of 

which are significant at 95% confidence level (P=0.05). These results agree with (Mokaya, 2015), who 

established that increased water demand during dry season led to decline in water level in Nyakomisaro river. 

This is also consistent with Mromba (2012) who noted a significant relationship between water abstraction and 

stream discharge.  

 
Figure 4.1: Water levels in Thika, Kiama, Chania and Kimakia sub basins in 2018 
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Figure 4.2: Water Abstraction rates in Thika, Kiama, Chania and Kimakia sub basins in 2018 

 

4.2 Relationship between water abstraction and water turbidity 

There are significant seasonal variations in water turbidity in the four rivers in SWUT basin. Turbidity increases 

in the periods between September and November and between February and April (Figure 4.3). Low turbidity 

levels are in the periods between May and September and between November and February. Water abstraction in 

the basin also increases during the same periods. Decrease in water turbidity as water abstraction rate increases 

could be attributed to the fact that low flows decrease the amount of suspended sediment loads. The relationship 

between water abstraction and water turbidity yielded a correlation coefficient (r) of 0.81 and coefficient of 

determination R2 of 0.75. This is a significant relationship since 75% of the variations in turbidity in SWUT 

basin can be explained by water abstraction. The findings also agree with Lane et al., (1999) who noted that 

there was a decrease in water turbidity in Mississippi river due to the diversion of the river. These results also 

concur with those of Moldan and Ceny, 1994; Manohar et al., 2014; Wambugu, 2018. 

 

Figure 4.3: Seasonal variations of water turbidity in South West Upper Tana Basin 
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Figure 4.4: Relationship between water abstraction and turbidity in South West Upper Tana Basin 

 

4.3 Influence of water abstraction on eutrophication and siltation 

There is a significant seasonal variation in siltation and eutrophication in the SWUT basin. Eutrophication 

happens when there are high nutrient levels in rivers. These nutrients include phosphorus, nitrates and nitrites 

(Schilling and Wolter, 2001; Manohar et al., 2017). The nitrate levels in SWUT basin vary from 0.4 mg/l to 2 

mg/l during rainny season and 4 mg/l to 14 mg/l during dry season. The nitrate concentration levels decrease 

during periods of high water abstractions (between January and February and between July and August). This 

can be attributed to the concentration of nutrients during the dry period when fertilizers from nearby farms are 

washed into the rivers since there is no return flow (See also Kithiia, 2006, 2008, Okoth and Otieno, 2000 and 

Mavuti, 2003). These findings also agree with Mattias (2010) who established that water abstraction for 

agricultural use led to increase in nitrate and phosphorus compounds in water.  

 

Figure 4.5: Seasonal variations of nitrate concentrations in South West Upper Tana Basin 

The study established that, most (63%) of the water abstraction canals take between 1 and 3 months to fill 

up with silt. The main reason why these canals take long to fill up is due to the fact that water abstraction reduces 

sediment loads in the rivers. Only 20% of the canals fill up with silt within the first week after rains while 13% 

of the canals take more than 3 months to fill up with silt. This is an indicator that water abstraction in the basin 

has decreased sediment loads in rivers.  

Table 4.1: Siltation of water canals in South West Upper Tana basin 

Sub-Basin Time taken for diversions to fill up (Percentage) 

1 week 2 weeks 3 weeks 1 month 2 months 3 months More than 3 months 

Chania 30 5  45 5 10 5 

Kimakia 17 5 6 22 17 11 22 

Thika 14  5 18 27 18 18 

Kiama 40 8 28 8 8 8  

Source: Mwendwa, 2018 

 

4.4 Influence of water abstraction on agricultural production 
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established that farmers with higher acreage of land under irrigation obtain more yields than those with smaller 

farm sizes. Crop sales increase with increase in water abstraction. High crop sales of >Kshs 400,000 and water 

abstraction >3000 l/d for each farmer are limited. The maximum Income realised from crop sales and water 

abstraction were Kshs 500,000 and 4000 litres while minimum income realised from crop sales and water 

abstraction was Kshs 2000 and 100 litres respectively. Most of the respondents indicated that they have benefited 

from high crop yields due to water abstraction. 43% of the respondents use the income generated from sale of 

crops to pay school fees while 34% use the income to maintain their families. 13% of the income is used to grow 

businesses while 10% is invested in other sectors (Table 4.2). The larger the farm size the more water is 

abstracted for irrigation from the river (C.f Gichuki et al., 1998; Ericksen, 2011). There are a variety of crops 

grown in the study area including tomatoes, cabbages, kales, French beans, flowers, tea, coffee and potatoes. 

Most of these crops are grown under irrigation due to the changing rain patterns in the study area (see also 

IFAD/UNEP/GEF, 2004; AWSB, 2014). The relationship between water abstraction and crop sales yielded a 

coefficient of determination (r) of 0.78 and coefficient of determination R2 of 0.73 (Figure 4.6). These were 

statistically significant at 95% confidence level (P=0.05).This shows that the volume of water abstracted can 

explain 73% of variations in crop sales in SWUT basin. The relationship between crop sales and farm size 

yielded a correlation coefficient (r) of 0.84 and a coefficient of determination R2 of 0.70. These were statistically 

significant at 95% confidence level (P=0.05). These findings are consistent with Spelman (2009) who noted that 

farm size and the type of crop grown by the farmer significantly influence water abstraction for irrigation use. 

Similarly, Michailidis et al., (2010) established that irrigation agriculture contributes the highest water 

abstraction rates in developing countries. The results also agree with Qadir et al., (2010) who noted that water 

abstraction for agriculture improves crop production.  

Table 4.2: Benefits of income from crop sales in the SWUT basin  

Sub basin Benefits of income from crops (%) 

Maintaining family Growing business Pay fees Investments 

Kiama 35 15 40 10 

Thika 37 9 43 11 

Kimakia 32 13 45 10 

Chania 33 15 42 10 

Mean  34.25 13 42.5 10.25 

Source: Mwendwa, 2018 

The increase in agricultural production in SWUT has led to a rise in use of fertilizers to improve crop 

yields. It was established that the main types of fertilizers used by farmers in the study area are Diammonim 

Phosphate (DAP), TSP and NPK. These fertilizers are rich in nitrogen and phosphorus which cause eutrophic 

conditions when washed into the rivers evidenced by change of water colour from clear to green due to high 

concentrations of green algae (chlorophyta) (see also (Matsui and Takigami, 2001,WHO/EU, 2002). 

 

Figure 4.6: Relationship between crop sales and water abstraction in the SWUT basin 
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that water abstraction in the upstream of River Ewaso Ng'iro was the main cause of water use conflicts in the 

downstream.  

 

4.6 Impact of water abstraction on environment 

This study established that there has been a significant change in the riparian vegetation as result of water 

abstraction especially in the downstream of the rivers. In Kiama and Thika rivers, there has been introduction of 

water weeds due to the influence of Ndakaini dam. It was also established that some plants that grow along the 

river banks dry up especially in the dry season when water levels decline as result of water abstraction. These 

findings are consistent with Reinfelds et al., (2006) who established that reduction in water level as a result of 

water abstraction can alter the abundance of micro invertebrates and reduce river biodiversity (See also Procipio, 

2010). The low flows in the dry season due to water abstraction lead to high water temperature which affect 

aquatic plants and animals (Mukhwana, 2016) (see also Bunn and Arthington, 2002; Milton and Dean,2010). 

 

5. Conclusion 
The study concluded that the main impacts of water abstraction in SWUT basin are hydrological, socioeconomic 

and environmental. Hydrological impacts include extremely low flows in the dry season, changes in stream 

morphology, reduced water turbidity, eutrophication and reduced siltation. High water abstraction rates during 

the dry season for irrigation agriculture leads to the low stream flows in SWUT basin. Water turbidity also 

decreases during the dry season because of reduced total suspended solids due to low velocity of the river. 

Eutrophication, which is evidenced by change of water colour to green due to presence of green algae, is also 

common during dry season. Socioeconomic impacts of water abstraction are improved income from crop sales 

and water related conflicts. Farmers who abstract water from the rivers obtain more yields from the farms since 

they don't necessarily rely on rainfall. The income obtained from sale of crops is utilised in paying school fees, 

maintaining the family and investments. Water related conflicts mainly occur in the dry season due to water over 

abstraction in the upstream which leaves the downstream users without enough water for irrigation. The 

environmental impacts of water abstraction in the study area are introduction of invasive species and drying up 

of riparian vegetation in dry season. Water weeds are common in River Thika and River Kiama because of the 

influence of Ndakaini dam. The study recommends that Water Resources Authority (WRA) should increase the 

frequency of visits to the river basins to monitor water abstractions in the area. The authority should also carry 

out public awareness campaigns and encourage stakeholder participation to ensure farmers are aware of the 

impacts of water over abstraction in the rivers. WRA should also ensure that Water Resource Users Associations 

(WRUAs) are properly constituted and functional to ensure the leadership can encourage sustainable water 

abstraction.  

 

References 

Acreman M., Dunbar M., Hannaford J., Mountford O.,Wood P., Holmes N.,CowxI., Noble R., Extence C., 

Aldrick J.,King J., Black A and Crookall D. (2008). Developing environmental standards for abstractions 

from UK rivers to implement the EU Water Framework Directive. Hydrological Sciences 53:1105-1120.  

Agwata J.F. (2006). Resource Potential of the Tana Basin with Particular Focus on the Bwathonaro Watershed, 

Kenya, Participatory Watershed Management Plan, FWU,Vol.5 

Aristi I., Arroita M., Larranaga A., Ponsat, L., Sabater S., Von Schiller D.et al,. (2014). Flow regulation by dams 

affects ecosystem metabolism in Mediterranean rivers. Freshwater Biology, 59, 1816–1829. 

AWSB (2014). Environmental Impact Assesment Study Report for Augmentation and Rehabilitation of Gatanga 

Water Supply. Nairobi; Government Printer 

Bekele, M. (2013). Effects of Rainfall Variability on Streamflow and its impacts on Small Scale Irrigation: The 

case of Gademso River, Central Rift Valley of Ethiopia. AAUInstitutionalRepository. 

Dahm C., Boulton A.,Correa L.,Kingsford R.,Jenkins K.& Sheldon F. (2013). The role of science in 

planning ,policy and conservation of river ecosystems .In:River Conservation: Challenges and 

Opportunities (Eds A. Elosegi & S. Sabater), pp.301–331.Fundaci_onBBVA,Bilbao. 

Ericksen, P., De Leeuw, J., Said, M., Silvestri, S., and Zaibet, L. (2011). Mapping ecosystem Services in the 

Ewaso Ng'iro catchment. International Livestock Research Institute. 

ERM (2007). Climate Change and Water Resource. London; Environmental Resources 

Finer M. and Jenkins C.N. (2012). Proliferation of hydroelectric dams in the Andean Amazon and implications 

for Andes-Amazon connectivity. PLoSONE, 7, e35126. 

Gichuki, F.N., Liniger, H.P., MacMillan L.C., Schwilch G.,and Gikonyo J.K., (1998). Scarce Water: Exploring 

Resource Availability, Use and Improved Management. Eastern and Southern Africa Geographical Journal, 

Vol.8, (15–28). 

IFAD/UNEP/GEF (2004). Mount Kenya East Pilot Project for Natural Resource Management, Project brief 

Report, IFAD, UNEP, GEF. 



Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) DOI: 10.7176/JEES 

Vol.9, No.5, 2019 

 

69 

International Water Management Institute. (2007). Water for Food, Water for Life: A Comprehensive Assessment 

of Water Management in Agriculture. London: Earthscan, and Colombo. 

Kimenju, J.K, (2018). Evaluating payment potential for environmental services and watershed conservation of 

Thika Dam, Muranga County Kenya. Msc Thesis, Kenyatta University 

Kitheka, J.U., Mwangi, S., Mwendwa P.K.,(2019). The effect of rainfall variability and land use/land cover 

change in a small tropical river basin in Kenya. IntJHydro.2019,3(1)58-64DOI:10.15406/ijh 

Kithiia, S.M., (2006). Impacts of land use changes on sediment yields and water quality within the Nairobi River 

sub-basin, Kenya. In: Sediment dynamics and the Hydromorphology of Fluvial systems. (ed. by J.Rowan, R. 

W. Duck & A. Werrity)(Proceedings of a symposium held in Dundee, UK, July 2006), 583-

588.IAHSPubl.306.IAHSPress,Wallingford, UK. 

Kithiia, S.M., (2008). Sediment dynamics and improved control technologies in the Athi River drainage basin, 

Kenya. In: Sediment Dynamics in Changing Environments (ed. by J. Schmidt, T. Cochrane, C. Phillips, S. 

Elliott, T. Davies & L. Basher) (Proceedings of a symposium held in Christ church, New Zealand, 

December 2008), 485-480.I AHS Publ.325,IAHS Press, Wallingford, UK. 

KNBS (2010). 2009 Kenya Housing and Population Census. Kenya National Bureau of Statistics. 

Lane R., Day J., and Thibodeaux B., (1999). Water quality analysis of fresh water diversion at Caernarvon, 

Louisiana. Springer Nature volume 22, issue 2, pp 327-336. 

Leisher, C., (2013): Maragua and Thika-Chania Baseline Survey for the Upper Tana Water Fund. The Nature 

Conservancy, UNDP, SACDEP, KENFAP and Pentair. 

Leisher,C., Makau,J., Kihara,F., Kariuki,A., Sowles,J., Courtemanch,D., Njugi,G., and Apse,C., (2016): 

UpperTana-Nairobi Water Fund Monitoring and Evaluation Plan. The Nature Conservancy, IFAD, CIAT, 

GEF and TRICOKEN. 

Manatunge J., Priyadarshana T., & Nakayama M. (2008). Environmental and social impacts of reservoirs: Issues 

and mitigation.vol1 Oceans and Aquatic Ecosystems. 

Mattias, T., (2010). Studies of the water scope of Kilimanjaro, Tanzania Water management in hill furrow 

irrigation (Doctoral Thesis). Norwegian University of Science and Technology, Norway. 

Matsui A. and Takigami H. (2001). Emerging Global issues-Endocrine Disrupting Chemicals (EDCs) and 

Cynotoxins. China Environmental Science Press. 

MEA (2005): Ecosystems and human well-being: wetlands and water synthesis. Washington DC, World 

Resources Institute. 

Michailidis, A., Nastis, S.A., Loizou, E., and Mattas,K., (2010). The adoption of water saving irrigation 

practices in the Region of West Macedonia. In 120th Seminar, September2-4, 2010, Chania, Crete. 

European Association of Agricultural Economists. Retrieved from http://ageconsearch.umn.edu. 

Mokaya B., (2015). The effects of hydrological characteristics of river Nyakomisaro on the water supply of Kisii 

municipality, Kenya. Msc Thesis, Kenyatta University. 

Mromba, C., (2012). Effects of water abstraction on the riparian vegetation of Kiladeda River in Pangani river 

basin, Tanzania (Unpublished Master’s Thesis) .Kenyatta University, Nairobi, Kenya. 

Moldan, B. and Cerny, K., (1994). Biogeochemistry of small catchments: A tool for environmental research. 

Wiley; Chisester, England. 

Mukhwana, L.V., Leone, M., Hamerlynck, O.and Duvail, S. (2016). Climate change Vulnerabilities and 

resilience of communities dependent on the flood plains of the Ewaso Ng’iro North River. International 

Development Research Centre. 

Muranga County Government (2018). Murang’a County Integrated Development Plan 2018-2022. Nairobi; 

Government Printer. 

Mutiga, J.K., Mavengano, S.T., Zhongbo,S., Woldai,T.,and Becht,R. (2010). Water Allocation as a Planning 

Tool to Minimise Water Use Conflicts in the Upper Ewaso Ng’iro North Basin, Kenya. Water Resource 

Management, 24, 3939–3959.doi:10.1007/s11269-010-9641-9. 

Ngigi, S.N., Savenije, H.H.G. and Gichuki, F.N. (2007). Land use changes and hydrological impacts related to 

upscaling of rainwater harvesting and management in the Upper Ewaso Ng’iro river basin, Kenya. Land 

Use Policy, 24,129-140. 

Okoola, R.E., (1996).  Space- Time Characteristics of the ITCZ over Equatorial Eastern Africa during 

Anomalous Years. Phd Thesis, Department of Meteorology, University of Nairobi 

Onduru, D. and Muchena, F., (2011).  Cost Benefit Analysis of Land Management Options in the Upper Tana. 

Green Water Credits Report 15.ISRIC, Wageningen. 

Otieno, F.A.O., Maingi, S.M., Gichuki, F.N., Mungai, D.N., Gachene, C.K.K., and Thomas, D.B. (2000). 

Sedimentation problems of Masinga reservoir .In Land and water management in Kenya: towards 

sustainable land use. Proceedings of the Fourth National Workshop, Kikuyu, Kenya, 15-19 February, 1993. 

(pp. 43-46). Soil and Water Conservation Branch, Ministry of Agriculture and Rural Development. 

Reinfields I., Haeusler T., and Williams S., (2006). Temporal patterns and effects of surface-water diversions on 



Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) DOI: 10.7176/JEES 

Vol.9, No.5, 2019 

 

70 

daily flows and aquatic habitats: Bega-Bemboka River, New South Wales, Australia. Geographical 

Research 44(4)401-417. 

Schilling, K.E, Wolter, C.F., (2001). Contribution of base flow to non point source pollution loads in an 

agricultural watershed. Ground Water39:49-58. 

Shah, T., Verma, S., and Pavelic, P. (2013). Understanding small holder irrigation in Sub-Saharan Africa: results 

of a sample survey from nine countries. Water International, 38(6), 809–826. 

doi:10.1080/02508060.2013.843843. 

Pallant, J., (2011). SPSS Survival Manual: A step by step guide to data analysis using SPSS. (4thed.). Australia: 

Allen & Unwin. 

Poff, N.L., Allan J.D., Palmer M.A., Hart D.D., Richter B.D., Arthington A.H. (2003). River flows and water 

wars: emerging science for environmental decision making. Frontiers in Ecology and the Environment,1, 

298–306. 

Procopio, N.A. (2010). The effect of stream flow reductions on aquatic habitat availability and fish and 

macroinvertebrate assemblages in coastal plain streams. Pinelands Commission, New Lisbon, New Jersey, 

USA. 

The Nature Conservancy, (2015). Upper Tana Nairobi water fund business case. Version 2. Nairobi, Kenya: The 

Nature Conservancy. 

Wambugu, G.M., (2018). Spatio-Temporal dymamics of land use change on rivers in tropical watersheds: A 

case study of Ruiru and Ndarugu basins, Kiambu County, Kenya (Doctorate Theseis). Kenyatta University; 

Nairobi, Kenya. 


