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Abstract	  
This study investigates the source of nutrients in an agricultural landscape in Kenya. 
Kapshoi furrow has its intake from Embobut River and flows through the village of 
Sibou until it reaches the plots in the lowland in Keu. The pH, electrical conductivity 
(EC), sediment transport, total nitrogen (N) mass flux and total phosphorus (P) mass 
flux all change when the furrow flows through the village. The most possible cause for 
the nutrients peaks is the farmers' goats, sheep and cows that walk freely in and around 
the furrow. This is counter to some existing local theories. The likely cause for the pH 
decrease and the EC increase are inflow of groundwater (springs) to the furrow. To 
secure safe drinking water it would be good to uphold the old rules in Sibou of (1) not 
to live in close proximity of the furrows and (2) not to bathe or do the dishes in the 
furrow water. This might be difficult due to a fast growing population. 
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1. Introduction 
Sub-Saharan Africa is among the regions of the world most vulnerable to environmental 
change and the least able to adapt (IPCC, 2007). Lack of water in such regions produces 
negative effects on food security, health, gender equality and education. Water 
availability and water quality are thus both indirectly and directly connected to many of 
the United Nations’ (UN) millennium development goals (MDG).  
 
Sub-Sahara African farming is a central example of both direct and indirect connections 
between MDG and water. It is typically dominated by smallholder farming and 
accounts for a vast majority, and in many cases a growing part, of the regions total 
GDP. Approximately two out of three people living in Sub-Sahara Africa are directly 
dependent on agriculture (Kidane et al., 2006). However, the potential increases in 
agricultural productivity realized do not typically keep up with the growing population. 
As a result, many sub-Saharan countries are reliant on foreign assistance, particularly in 
combination with food aid, to maintain rural livelihoods.  
 
As such, international development strategies often target African landscapes to bring 
about a significant increase in agricultural productivity in order to combat rural poverty 
and increase food security. Since these development strategies typically target rural 
farmers and diffuse populations, they can have broad impacts on the landscape and 
water resources over many spatial scales. Specifically, the daily practices of small-scale 
farmers change the properties of soils with consequences for ecosystems, slope stability 
processes and water quality. According to the UNEP-funded GLASOD project human-
induced degradation is affecting 65% of croplands and 19% of the forests in Africa. As 
for cropland, Africa has the highest degradation globally while it is the second highest 
for forest land (after Asia, with 27% of its forest affected by degradation). About 40% 
of the world’s agricultural land is estimated to be moderately degraded and 9% strongly 
degraded. On a global scale only half of the nutrients that crops take from the soil are 
being replaced. This is now seen as the primarily limiting factor for small-scale farms in 
Africa to be sustainable. Soil erosion reduces crop yields and water productivity by 
removing nutrients and organic matter and soil erosion almost always rises with 
increased agricultural activity. Surface runoff carries microbes, nutrients, organic 
matter, pesticides, and heavy metals from surface soils to water bodies. Phosphorus 
levels, for example, can be approximately 10 times higher in surface runoff than in 
groundwater (Bossio et al, 2009).  
 
In Kenya soil erosion is considered the key environmental problem particularly in the 
arid and semi-arid lands due to unsustainable agricultural intensification (Adams & 
Watson, 2003). Soil erosion as a result of unsustainable intensification of crop and 
livestock production is a large natural resource problem in Kenya. Further, water 
scarcity in Kenya often occurs temporarily due to the unevenly distributed rainfall 
throughout the year and this has a significant impact on regional livelihoods (Kidane et 
al., 2006). This makes for a delicate balance between rural populations, landscapes, and 
water resources. Case studies are therefore needed to synthesize information and assess 
the potential impacts of rural farms on key natural resources to provide a basis for 
ascertaining sustainability of such practices. To this end, this thesis focuses on the water 
resources and water quality of the village of Sibuo in southern Kenya along the 
Marakwet Escarpment (Figure 1). Specifically, the interaction between people, their 
farms, and the irrigation system is explored.  
 



Hanna Wiborgh 

	  2	  

 
Figure 1: Map over study site, the village Sibou in Marakwet, Rift valley Kenya. Map developed from Google 
Maps. 

This region makes for an interesting case study as the water supply for Marakwet is 
declining and rivers in the area are drying out or have diminishing flows. Many farmers 
in Marakwet experience a problem with water shortage due to a lack of rain (about 33% 
of farmers) or lack of irrigation water (about 50% of farmers). Irrigation water is mainly 
used to supplement rainfall, with about 88% of farmers getting an average of one hour 
of irrigating water per week (Adam et al, 1997). Despite these general pieces of 
information, little is actually known about the long history of the irrigation systems 
along the Marakwet Escarpment. The first written record of the irrigation systems was 
made by Joseph Thomson in the late nineteenth century. He wrote about his encounter 
with an irrigation furrow (he thought it was a stream) that went dry during the night as 
the irrigation water was switched away (Thomson, 1885). But the irrigation systems of 
Marakwet Escarpment were already well established at the time of Thomson’s 
discovery. During the twentieth century more research around the irrigation schemes at 
the escarpment were conducted but still there is relatively little known in detail of the 
irrigation and the history of the people who presently live in the escarpment (Watson et 
al, 1998). This is interesting since the region is undergoing agricultural expansion via a 
growing population. By understanding the interactions of people living in Sibuo with 
their landscape and water resources, it may be possible to better tailor sustainable 
development strategies regionally and help improve food security (without sacrificing 
natural resources).  
 
This research was carried out in connection with the ongoing SIDA-funded research 
project “Current expansion and past dynamics of small-holder irrigation farming in 
African dry-lands – measuring landscape, labour and climate interactions”. The aim of 
that interdisciplinary project is to address questions related to current development 
targets such as rural poverty reduction, adaptation to climate change and enhanced 
resilience and productivity of African small-holder farming. The project takes place in 
two small villages, Tot in Kenya and Engaruka in Tanzania. Both of the villages have 
ancient irrigation systems that have been the subject of historical and anthropological 
studies but never taken up in a current context with respect to how people and the 
irrigation systems interact. The project consists of the PhD-projects of Martina Angela 
Caretta, with supervision by Lowe Börjesson (Department of Human Geography, 

Nairobi

Tot
Sibou

Kenya
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Stockholm University) and Lindsey Higgins, with supervision by Lars-Ove Westerberg 
(Department of Physical Geography, Stockholm University). Martina Angela Caretta’s	  
research	  is	  focused	  at	  gender	  equality,	  how	  gender	  labour	  dynamics	  imply	  
different	  perceptions	  of	  climate	  variability	  and	  what	  role	  local	  agricultural	  
knowledge	  plays	  in	  the	  development	  and	  sustainability	  potential.	  Lindsey	  Higgins 
research is focused around how the climate and physical environment have changes in 
East Africa over the last 1000 years and how human activity is connected to the climatic 
and environmental change. The project is a collaboration between Stockholm 
University, the Institute of Research Assessment within the University of Dar Es 
Salaam, Tanzania, the British Institute in Eastern Africa and Jomo Kenyatta University 
of Agriculture and Technology, both located in Kenya.  
 
Within this larger project, the aim of this thesis is to develop a case study for the water 
quantity and quality associated with the Sibou village in Kenya. Specifically, this thesis 
attempts to answer questions with regards to the flow distribution in the region and how 
this relates to the irrigation scheme (develop a relevant conceptualization). Further, the 
thesis will quantify nutrient and sediment loads in order to characterize loading sources 
across the landscape.	  
	  
	  

	  
Figure 2: Schematic map over the waters and places that is of concern in this study.  
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2. The case study setting and background 
 

a. Landscape and climate 
The village Sibou lies on the steep Elgeyo Escarpment (part of the Marakwet 
Escarpment) in the Kerio Valley (Figure 1). The escarpment rises some 1500 meters up 
to the peaks of the Cherangani Hills at 2200 to 3500 meters above sea level. The 135 
kilometer long valley widens into the Pokot and Turkana plains in the north. Sibou 
extends for 20.6 km2 on an altitude between 1000 and 1600 meter above the sea level 
(Moore, 1995). The geographical location of Sibou is also referred to as Tot, the market 
and administrative centre established in 1949 by the colonial authority (Moore 1995). 
Kerio River traverses the valley, flowing north to Lake Turkana (Kipkorir et al., 1983).  
Kerio River is a meandering stream with ox-bow lakes left as evidence from past paths. 
It is perennial up to Rorok after which it is intermittent becoming dry in January and 
February (Mason & Gibson, 1957). The Kerio drainage area is a part of the larger 
Turkana drainage basin. Kerio’s three largest tributaries flow from western hills: (1) 
Arror furthest to the south, (2) Embobut flowing through Tot and (3) Katupe furthest to 
the north (Figure2) (Mason & Gibson, 1957). The tributaries originate from the forested 
areas in the hills, Embobut starts in the Emobut forest. 
 
Sibou village has two main rainy seasons. The long rains start in March and continue 
until June/July and the short rains occur in October and November (Caretta, 2014). 
Annual rainfall is around 597 mm with April and May being the only months where 
rainfall exceeds potential evapotranspiration (Muchena & Kibe, 1984). November 
through February (and typically June) is dry in the plains with hot days and warm 
nights. The annual average evaporation is about 2400 mm per year (Mason & Gibson, 
1957) and clearly exceeds local rainfall amounts in Sibou. In the Chrangani Hills at the 
Elgeyo Forests station the annual rainfall is 1365 mm with rain occurring every month 
(Adams & Watson, 2003). Here, the temperatures are pleasant during the day and cold 
and damp during the night (Mason & Gibson, 1957). The vegetation of the escarpment 
is shrub and woodland type with most types of trees being drought resistant. Various 
types of fruit bearing trees grow here and are important sources of food. Acacia trees 
grow both at the escarpment and in the valley, both thorny and fruit bearing types. In 
the valley vegetation also consists of various types of shrubs and tall grasses (Adams & 
Watson, 2003). 
 
Cherangani Hills, Sekerr Hills and Chamorongit Hills are located south to north along 
the western side of the Rift Valley. It is believed that the hills owe their heights to a 
composition of weathering resistant rocks. Cherangani Hills consists mostly of granitiod 
gneisses and granite (Miller, 1950). The Elgeyo escarpment on the eastern side of the 
Kerio Valley is a fault feature formed of basement system rocks, which mainly consists 
of banded hornblende-biotite gneisses (Mason & Gibson, 1957). At the base of the 
escarpment a series of coalescing piedmont alluvial fans are covering the area, almost 
reaching to the Kerio River. They are formed by erosion of the escarpment (Adams & 
Watson, 2003). On the eastern side of the Rift Valley lie the Karissa Hills and the 
Matthew range. These are at similar heights as the western hills and are made up of the 
basement system rocks (Miller, 1950).  
 
In the Kerio valley the soil is mainly alluvial sandy clay whereas the soil along the 
escarpment is loamy-sand to sandy-clay loams. At the escarpment the soils are often 
shallow, stony and eroded (Figure 3). The soils of the piedmont fans are deep (5-20 m) 
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colluvium, derived from gneisses and quartzites. These soils have significant 
deficiencies of N, P and K (Adams & Watson, 2003). The agricultural potential of the 
area is limited and the alluvial soils of the valley floor are considered by both farmers 
and the Ministry of Agriculture as the most fertile (Fisher, 2012). The soil in the 
Cherangani hills is deep and rich in humus, especially in the forest area. Black cotton 
soils exist north of Tot and were formed under bad drainage conditions (Mason & 
Gibson, 1957). The valley floor is covered with an 18m thick layer of red or pale 
yellow–brown fine, earthy silt with layers of coarse ill-sorted boulders (Walsh, 1969). 
 
 

	  
Figure 3: Looking out over Kerio Valley and Sibou village. In the foreground the shallow, stony and eroded 
soils of the Elgeyo Escarpment/Lagam is visible.  

	  
b. People of Marakwet and gender aspects 

About 108,000 people were living in the Marakwet District in 1989 with most of the 
people living in the highland plateau or in the escarpment. Children up to 14 years make 
up 48,8% of the population while people over 80 years make up 1,1% (Kipkorir, 2012). 
Most of the people living in Sibou belong to the Marakwet tribe. Besides Marakwet 
there are 8 other sub-tribes in the Kalenjin ethnic group (Moore, 1986).  

The population in Sibou, 2453 people (KNBS, 2009), is divided into four clans: 
Kapsiren, Kachepsom, Shaban and Kapshoi. Each clan has its own intake from the 
Embobut River and allocates an area from the escarpment to the valley floor. The 
irrigation furrows (see next section) are managed by men-only water user groups that 
build and repair furrows and decide on water rights and turns (Caretta, 2014). 
Traditionally the Marakwet economy builds on subsistence agriculture, which is still the 
dominant activity today. The agricultural system consists of a combination of irrigated 
and rain-fed cultivation, livestock husbandry, bee-keeping and gathering of wild fruits 
and vegetables (Kipkorir, 1983).  

An awareness urban lifestyles and different economic opportunities makes more men 
shift to non-farm jobs as traditional farming activity, with furrow maintenance, is 
viewed as ineffective, time-consuming and unattractive. Women however still depend 
on agriculture for their livelihood. Women are not permitted to take part in any work 
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regarding the furrows. This includes maintenance, managing water level at the intake or 
diverting water to the fields and they are not allowed to bath or wash clothes in the 
furrow. The reason for this seems to be a combination that maintenance work is 
regarded as too heavy for women (Adam et al, 1997) and that menstrual blood pollutes 
the furrow waters and causes leakage and breakage of furrows. The offenders are 
believed to become infertile and have miscarriages (Kipkorir & Kareithi, 2012).  

Because this taboo women need to relay on their husband or other male relatives to get 
water or they can pay a man to work with the furrow on their behalf. In recent years 
there has been an increase in female household heads (widows, women with husbands 
working in the highlands or in urban areas and women who have children outside a 
marriage). As such, some women do break the taboo and divert water to their field by 
themselves. These are usually older women beyond childbearing age (Adam et al, 
1997). Men usually grow cash crops while women grow food crops. Since the end of 
the 1980s men in Sibou have been increasingly producing and selling cash crops such as 
mangos, green gram, watermelon, and tomatoes – all labour intensive crops. Yet, 
weeding and harvesting of these crops requires the concerted effort of both husband and 
wife. Due to men´s cash cropping, women have taken up men´s tasks such as fencing 
and herding. Traditionally women are involved mostly with soil and crop management 
while men irrigate, clear out, and fence plots of land when needed. Cash crops have 
radically changed the farming repertoire of Sibou, improved local livelihood conditions, 
and enabled many families to afford school fees (Caretta, 2014).  

c. Irrigation system and agriculture 
Sibou’s gravitational irrigation system comprises approximately 94 channels adding up 
to a total of 350 km (Davies & Moore 2011).  Water is diverted from rivers at the 
escarpments by structures that are made of earth, stone, brushwood and grass. These 
structures are simple but robust. To water a field, the banks of a sub-furrow are broken 
and the water floods the fields. The water is directed around the fields with hoes and 
earth- and trash barriers (Adams & Watson, 2002). Hill irrigation often has a good 
hydraulic head but the energy needs to be controlled to control scour. During high flood 
intakes made of brushwood and branches can easily be carried away and thus saving the 
furrow structure itself. These intakes can then easily be rebuilt using local material. 
Another way implemented, to control water flow, is to have sluices; these can be made 
of natural features such as rocks across the stream.  

After the intake the furrows are usually narrow and deep and flow is turbulent and fast. 
The water is transported across the steep and rocky escarpment slope in manmade 
furrows. The angle of the furrows varies from fairly flat to steep. Natural features such 
as sloping rock faces are used for the water to descend directly without erosion. Cuts in 
the furrow bank are used to divert the water and the banks can easily be restored with 
mud, stones or vegetation. Soper (1983) describes various elaborate indigenous 
structures for conveying water across problem areas such as gullies and other furrows. 
These include stone-revetted terraces (telek) up to two metres high and consolidated 
with sedge and other plants or a bridge of a hollowed-out log (ngerep). In steep parts of 
the escarpment, particularly on furrows fed from the River Embobut, a viaduct can be 
used (Figure 4). But many such features have been partially or wholly rebuilt with 
modern materials (concrete, galvanized or plastic pipe) in recent decades. 
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The farmers identify a range of problems with the furrows such as sedimentation, 
blockage, leakage and bank breakage. Transmission losses may be 30-40 % down the 
length of the furrow (Watson et al, 1998). It is likely that rates of erosion have risen 
since deforestation and cultivation have spread in the rivers catchment. The Embobut 
furrows were sufficiently used to irrigate for adequate food and surplus in the Tot 
Division of Marakwet until the late 1990s. The surplus crop was traded with the Pokots 
for milk and with the Tugens for poisoned arrows. The food production had then 
declined as a result of the deterioration of the furrows. The food production, particularly 
cassava, maize, finger millet and sorghum, decrease with an average of 2.8% in 2004, 
15% in 2005, 21,3% in 2006 and 30,8% in 2007. Currently, 61.3% of the subsistence 
farmers receive insufficient water for crop irrigation; hence are incapable of producing 
adequate food for household’s consumption (Kipkorir & Kareithi, 2012).   
 

 
Figure 4: A viaduct built of stone and concrete in the Kapshoi Furrow shortly after intake. 

Traditionally the Marakwet economy has been based on production for subsidence 
through a combination of irrigated and rain-fed cultivation, livestock keeping (goats and 
sheep in the pre-colonial period, but more recently also cattle) and gathering. The main 
crops before colonial intervention in the 1940s were finger millet and brown sorghum. 
The colonial government introduced cassava, sweet potatoes, groundnuts, bananas, 
mangoes and cotton. Now the Marakwets grow a wide range of crops, the crops 
mentioned earlier and greengrams, beans, cowpeas and sukimawiki (kale). Manure is 
the most commonly used fertilizer and farmers rarely use inorganic fertilizer; ash is the 
most frequently used pest deterrent (Adams et al., 1997).  

The agricultural calendar follows the rainy seasons. The main farming season lasts from 
May to September, when all crops are cultivated. When rainfall is limited, the timeslot 
given to every plot to be irrigated is reduced, which can lead to the failure of part of the 
harvest. For example, following the severe droughts of 1984 and 1993, food aid was 
received from the government and international organizations. After the 2009 drought, 
farmers reported that they could not harvest maize and that many crops failed (Caretta, 
2014).  
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3. Methods  

In this study, the goal was to investigate the potential connection between irrigation and 
rural development and water quality using the Sibou village as a case study. This was 
done through a snapshot investigation were several locations within the Sibou irrigation 
system were monitored over a relatively short period of time. In the following sections, 
the fieldwork and analysis carried out are presented and described.  

 
a. Field work overview 

Fieldwork was carried out in and around the village of Sibou, Marakwet County in the 
Rift Valley, Kenya, between the 17th of February and 5th of March 2014. Different water 
bodies were considered in the subsequent sampling. These included, mainly, the furrow 
Kapshoi but also the furrows Shaban and Kapsiren, the rivers Emobut, Embomon, 
Embokaptun, Chemson, Arror and Kerio, two wetlands, one in Cherangani Hill and one 
in Sibou, groundwater from a well, rainwater from a storage tank, and also Embobut 
water that had been stored in different tanks and different taps from these tanks. In total, 
102 locations were measured (see Figure 5). For all these sample locations, pH, 
electrical conductivity and temperature were measured with a hand-held pen. For almost 
all of the sample locations, streamflow was measured using the velocity/area method 
with a current meter and a wading rod (most cases) and using a float (few cases). For 
selected locations water samples were collected.  These samples were filtered with a 
hand-held vacuum pump and the filter saved for sediment analysis and the filtrate saved 
for nutrient load analyses.  
	  

b. Measuring pH, electric conductivity, temperature 
Electric conductivity and temperature were measured with an YSI EcoSense EC30A 
and pH and temperature were measured with an YSI EcoSense pH10A. To measure, 
these pens were placed in the water at a given sample location, shaken to get rid of 
water bubbles, and left in the water for a few minutes until the numbers shown in each 
display were stable. While the pH-pen needed to be calibrated about once every six 
months, the EC-pen needed to be calibrated every day. Before a day in the field the EC-
pen was calibrated by putting it in calibration mode and measuring a salt solution with a 
known electrical conductivity (1000 µS). A simple precautionary test of the pH-pen was 
made two times during the field study by putting the pen in bottled water with a known 
pH (both times it showed the correct value). The EC-pen has a resolution of 5µS and an 
accuracy of ±1-2 % for measuring EC depending on the temperature of the water, i.e., 
lower in warmer water. For the temperature measurements the resolution is 0.5 °C and 
the accuracy ±0.5°C. The pH-pen has a resolution of 0.01 pH and an accuracy of ± 0.02 
pH ± 1 LSD for measuring pH and for temperature the resolution is 0.1°C and the 
accuracy ±0.3°C. 
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Figure 5: Map over the irrigation system in Sibou with sample locations marked with X and sample numbers 
for the main Kapshoi furrow, modified from Davies and Moore (2011). 

 
c. Measuring streamflow and water quality 

Streamflows were measured using the velocity-area method. This method uses a 
current meter with a propeller to measure number of rotations per time and, thus, 
stream velocity (Figure 6). For every location several measurements along the cross-
sectional area (perpendicular to flow) were made at different depths to get a 
representative value of velocity and cross-sectional area for that location. The product 
of these gives the streamflow rate at the location. For very shallow streams and some 
of the larger rivers a simpler method was used as well as the current meter or instead 
of the current meter. For this method the stream velocity was measured as the time it 
takes a float, in this case sticks were used, to flow a known distance. To get a 
representative value the mean of several measurements are used. The product of this 
value and the cross sectional area gives the stream flow rate. 
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Figure 6: Socho Kapsimotwo branch intake from main furrow. Assistants Florence and Kipkeu measures 
stream flow with a current meter. 

For 50 sample-locations water samples were collected. The sites were chosen to get a 
representation of how the nutrient load changed throughout Kapshoi Furrow and to 
compare across water sources. Most of the water samples were taken in the furrow 
Kapshoi. With a measuring cylinder (Thermo Scientific™ Nalgene™ Polypropylene 
Economy Graduated Cylinder 250 ml) 100 ml of water was collected. The measuring 
cylinder was first rinsed three times in the water that was about to be collected. 
Samples were taken in the middle of streams in about the middle of the water column. 
The 100 ml of water was then filtered through a 0.45 µm filter (Thermo Scientific™ 
Nalgene™ Filter Membrane) using a hand-help vacuum pump (Mytivac Selectline 
Hand Vacuum Pump MV8030 or MV8257 with a Thermo Scientific Nalgene™ 
Reusable Filter Holder with Receiver 250 ml). The filter, with the suspended solids, 
were put in a sealed plastic bag and named with sample number, date and water 
source. The filtered water was put in 125 ml bottles (Thermo Scientific™ Nalgene™ 
Wide-Mouth HDPE 125 ml) that also had been rinsed three times in the tested water. 
For each water sample, 1 ml of 4M H2SO4 (sulphuric acid) was added to prevent 
microbes from consuming nutrients. As there was no opportunity to store the bottles 
cold in the village, the acid presented the best option to prevent nutrient loss. The 
bottles were also stored in black plastic bags (not in direct sunlight) to lower the risk 
of bacteria growth. The bottles were also named with sample number, date and water 
source.   
 

d. Analysing water nutrients 
The water samples were analysed for total nitrogen (tot-N) and total phosphorus (tot-P) 
at the Department of Applied Environmental Science at Stockholm University. Briefly, 
the samples were analysed using an AutoAnalyzer II, this is a, automatic instrument that 
use the flow technique continuous flow analysis (CFA).  For both the tot-N and tot-P 
analyse the samples were absorbed to convert all N to NO3 and all P to PO4. The 
nutrients were absorbed by adding potassium peroxide sulphate. During analyse, 
different reagents that gives a colour reaction that can be quantify though photometry. 
For more about the analyse methods the reader are referred to SS-EN ISO 15681-
2:2005 mod. for the tot-P analyse, and SS-EN ISO 11905-1:1998 for the tot-N analyse. 
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For the tot-P analyse the measurement uncertainty is 10% at 25 µg/l and for the tot-N 
analyses the measurement uncertainty is 15 % at 230 µg/l. 
 

e. Analysing suspended solids 
The analyses of suspended solid mass were made at the Kenya Agricultural Research 
Institute (KARI) in Nairobi, Kenya. The filtered suspended solids, with the filters and 
the plastic bags they were stored in, were weighed and then dried for an hour in 50°C 
and then weighed again. This procedure was repeated until there were no differences in 
weight before and after drying. To obtain the mass of the solids the average weight of 
ten plastic bag and the average weight of ten filters were subtracted from the total 
weight of the bag, filter and suspended solids. The masses were then divided by the 
sample volume (i.e. 100 ml) to obtain the concentration of suspended solids in the 
water. While this provides only a rough estimate of suspended solids due to possible 
variability in bag and filter weights, it was the best solution possible given the 
conditions of the study. 

4. Results 
	  
For the main Kapshoi furrow the pH, electrical conductivity, the sediment transport, 
total nitrogen (N) and total phosphorus (P) mass fluxes all have a clear change in 
pattern when passing through the village (Figure 7). While pH is lower in the part of the 
furrow that is in the village, the other parameters all increase. The water in the main 
Kapshoi furrow has a stable pH coming off the mountain. By the first socho (branch) 
the pH starts to increase. It continues to increase until it reaches the central part of the 
village were the pH abruptly decreases. Before the last socho the pH starts to increase 
again and when it reaches the plots the water has similar pH as in the beginning of the 
furrow. 
 
The electrical conductivity (EC) has a similar pattern as the pH, with stable levels 
before reaching the central part of the village were the EC starts to increase (Figure 7). 
By the end of the furrow the water has appeared to stabilize at a higher EC. The total N 
mass flux and the suspended sediment transport have similar pattern with a small 
increase at the start of the furrow then decreases until the village where both have a 
peak. The peak for total N mass flux is larger than the peak for sediment transport. After 
the peak the levels decrease to similar values as before the peak. The total P mass flux 
has a small decrease from the start to the central part of the village where it has a large 
peak. After the last socho the total P mass flux has similar values as before the peak. 
The flow rate decreases from the beginning of the furrow to the agricultural plots. It has 
a small increase where the peak in total N and total P mass flux occur and at the end of 
the furrow at the communal plots.  
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Figure 7: Change in pH, electrical conductivity, sediment load, nutrient mass flux and flow rate in main 
Kapshoi Furrow. Sample locations are shown in order from the beginning of the furrow, through the village 
Sibou to the plots in the lowland Keu. For samples K22 and K23 were two samples taken at the same location 
but at different days. For map over sample locations see Figure 5. 
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The average pH of the sochos was higher than the main furrow while the average EC 
was similar throughout the entire Kapshoi furrow (Figure 8). Other water sources in 
Lagam have lower pH (one sample from the wetland and one from the groundwater 
well) and were about four (wetland) and five (ground water) times as high for EC as the 
furrow waters in Lagam. The wetland has low nutrient concentrations while the main 
Kapshoi furrow has, of these locations, the highest nutrient concentrations even though 
the sochos and the groundwater have similar concentrations as the main furrow. 
 

 

 

 

 
Figure 8: Box graph showing average pH, electrical conductivity and nutrient concentration in Kapshoi main 
furrow, the sochos, the wetland in Lagam and the groundwater from a drinking well. Standard deviation bars 
show the variability of the results within Kapshoi and the sochos (one sample in the wetland and one from the 
groundwater well). 
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Of the sochos and the main channel the socho Chebelion has a much higher pH than the 
other channels as seen by the standard deviation bars that do not overlap (Figure 9). All 
the other channels have similar average pH values. All sochos show a trend of 
decreasing pH from the branch start to the end (which is usually at an agricultural plot). 
For EC the values were similar throughout the entire Kapshoi furrow. For EC the 
sochos show an increasing trend from the branch start to the end, the same trend as 
shown in the main furrow. 
 
Table 1: Average total N and total P mass flux  
within the furrow system in Sibou village. 

Sample site Avg. mgN/s Avg. mgP/s 
Main Kapshoi  20198 1462 
Socho Abraham 3740 154 
Socho Kapsimotwo 10721 830 
Socho Chebelion 4028 202 
Socho Kalam 3726 231 
Socho Ngerep 5903 391 
All Sochos 6452 440 
Entire Kapsoi 13816 987 
Shaban 66136 2193 
Kapsiren - - 
 
As expected, the main channel has a higher average flow compared to the sochos. Of 
the sochos the first one, Abraham, has the highest average flow while Kalam, the fourth 
one, has the lowest average flow. The main channel also has the highest sediment 
transport and, total N mass flux and total P mass flux in the Kapshoi furrow system. Of 
the sochos Kapsimotwo has the highest average considering the sediment transport, 
total N and total P mass flux, at values about half of that of the main channel and about 
the double of the other sochos (Figure 9). Shaban furrow has a higher total N (five 
times) and total P (two times) mass flux than Kapshoi (Table 1). Most of the parameters 
(except pH) in Kapshoi main furrow had a relatively large variability as shown by the 
standard deviation bars in figure 9.  
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Figure 9: Box graph compering the average pH, electrical conductivity, flow rate, sediment transport and total 
N and P mass flux in the different channels of Kapshoi Furrow. 

Of the other water sources, the ones in Lagam, (wetland and groundwater) had 
considerably higher EC than that of the wetland in Masop (Table 2, Figure 10). Except 
the wetland in Lagam and the groundwater the river Embokaptun, also called the salty 
river, has a high EC value of 255 mg/l. Embokaptun flows past the wetland before it 
enters Embobut. The wetlands have in general a higher pH than the groundwater and 
the wetland in Maspo has the highest pH observed. The groundwater has a much higher 
P concentration than the wetlands, which have similar total P concentrations (Table 2). 
For the total N concentrations the wetland in Lagam has much lower concentration than 
the wetland in Masop and the groundwater, which have more than five times higher N 
concentrations. The groundwater has similar nutrient concentrations as the Kapshoi 
furrow. 
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Table 2: Electrical conductivity of other                        Table 3: N and P concentrations of the other water 
water sources sampled. *Average EC                             sources in Lagam and Kapshoi. *Average concentration 

 
 
 
 
 

 

 

 

 

 
Figure 10: Box graph showing the pH, electrical conductivity and nutrient concentration of the wetland in 
Masop, the wetland in Lagam and the groundwater from a drinking well. 
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Sample site mg/l 
Wetland in Masop 40 
Wetland in Lagam 275 
Groundwater 330 
Piped water 55* 

Sample site Avg. µgN/l Avg. µgP/l 
Wetland in Masop 525 10 
Wetland in Lagam 100 11 
Groundwater 475 32 
Kapshoi entire 462* 58* 
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Figure 11: Embobut meets Kerio. Clear Embobut water, with a lower sediment transport flows into the 
muddy Kerio water with a higher sediment transport. 

Of the three big rivers in the study area (Figure 2) Embobut has the lowest average pH 
and Arror the highest (Figure 12). Also, regarding EC, had Embobut the lowest value, 
about half of that of Kerio and Arror, which had similar average EC values. For the 
nutrient mass flux, sediment transport and flow rate Kerio has several times higher 
values than its tributaries, Embobut and Arror.  Embobut and Kerio are considerably 
different (Figure 11) in every parameter, as seen by the standard deviation bars that do 
not overlap in any of the parameter measured and the rivers do not have a large 
variability within itself.  
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Figure 12: Box graph compering average pH, electrical conductivity, sediment transport, flow and nutrient 
mass flux between the three big rivers, Embobut, Kerio and Arror. Arror were only measured at one location 
hence the values for Arror is not an average.  
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5. Discussion  
	  

f. Where do the nutrients come from? 
The farmers in Sibou believe that the furrow water brings a large amount of nutrients to 
the agricultural plots. (Fischer, 2012). The furrows do bring water with nutrients but the 
amounts are decreasing along the way as, especially for nitrogen (N), the flow is 
diminishing and the suspended solids with nutrients are settling. The total phosphorus 
(P) mass flux is a bit more stable than N, but is also deceasing along the system.  
However, this natural system of nutrients does not explain the large peak in both N and 
P in the village (Figure 7). These peaks are likely an effect of the human activity in and 
nearby the furrows, such as bathing, washing clothes and dishes. It is also likely linked 
to the animals in the area (Hubbard et al., 2004; Shukla, et al., 2011). Most of the 
villager’s cows, goats and sheep walk around freely in the village and thus also around 
and in the furrows. The total P mass flux has a larger difference from before the peak to 
the peak than the total N mass flux. The P peak (K25, Figure 5) is over 600 times larger 
than before (K23) while the N peak is over 200 times larger. The high nutrient mass 
flux is very concentrated to a location as the two sample location (K24 (Figure 13), 
K25) that is the peak lies close to each other while the points before (K23) and after 
(K26) have a distance of about 100 – 150 m from the peak location. The nutrient mass 
fluxes decrease quite rapidly, both total N and total P, which probably is because the 
flow decreases and thus the nutrients sediments along with the solids in the water settle 
out. Unfortunately, it was not possible in this experiment to test the nutrient 
concentrations of the sediments filtered for the water samples. When the furrow reaches 
Keu, where many people have their plots, there is a small increase in nutrient mass flux 
most likely because of the fertilizer (mainly manure) used within the landscape.  
 
The pH and electrical conductivity (EC) also show a difference in pattern as water flows 
through the village. The pH decreases from the start of the village, reaching its lowest 
just before the nutrient mass fluxes peak, then it increases again but never really 
reaching the same levels as before. The EC starts to increase as the furrow flows into 
the village and reaches its highest value as the nutrients peak. The pH and EC behavior 
may be the result of a spring (groundwater upwelling) flowing in to the furrow. The 
geology in the area supports this theory as the village lies on an alluvial fan, which can 
contain a spring and/or fast-flowing groundwater pathways relative to the surrounding 
material (Stimson et al., 2001). The water from the wetland in Lagam as well as the 
groundwater well have low pH and higher EC supporting the conceptualization that a 
groundwater spring could be altering the pH and EC in Kapshoi.  
 
Clearly, if there is a spring flowing in with “fresh” groundwater, it is possible that it is 
diluting the water and thus the N and P mass fluxes are lower than they could have been 
if there was no spring. It must be considered, however, that human activities could also 
impact the water chemistry. For example, the pH could be affected by the soaps and 
detergents used in the furrow since these types of product usually are alkaline. 
However, since other water sources in the rift valley also have a slightly higher pH than 
neutral (Chernet et al., 2001) this is not likely to be the case here. The EC are likely not 
affected by the human activity and the animals living in the village. 
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Embobut has much lower EC and pH than the other rivers studied. Its waters are similar 
to that of the wetland in Masop, which could mean that, at least partly, the Embobut is 
feed by groundwater sources. Given the dryland nature of the region and the wetland 
persistence, this conceptualization is likely a relevant one.   
The wetland in Masop, however, is much different from both the wetland in Lagam and 
the groundwater from the well in Lagam.  This could indicate that there are two 
different (separated) ground water aquifers, one in Masop and one in Lagam or that the 
groundwater changes in respect to pH and EC as it flows through the mountain. Further 
investigation and/or modeling would be needed to confirm these speculations.  
 

 
 
 

b. Uncertainties and improvements 
This project involved many people coordinating over long distance and cultural divides. 
This could have significantly impacted some of the results. For example, the results of 
analyses of suspended solids, performed by a local Kenyan lab (KARI), came back with 
some samples (plastic bag + filter paper + sediment) weighing more than the plastic bag 
and filter paper together. By assuming that the same person weighed all the samples in 
the same way with the same scale the smallest sample (K27) were used as plastic bag + 
filter paper weight to get a relative result for the suspended solids. As such, at best, it 
should not be viewed that the sampled waters contain exactly this amount of suspended 
solids rather that these values are more of an indicator on how the suspended solids can 
vary through the water bodies. As the sediment transport and total N mass flux do show 
similar pattern the relative values for suspended solids are thus likely correct.  

Figure	  13:	  The	  location	  for	  sample	  K24,	  the	  beginning	  of	  the	  peak.	  	  
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Also filtering in the field brings several potential sources of error: touching the filter 
paper, dust in the air, putting the filter in the plastic bag, the different amount of writing 
on each bag. Also, to facilitate the workflow, an average of ten bags and ten filters were 
used as representative weights for all bags and filter weight even though this can vary. 
For the water samples it was important that the pipette that were used to add acid to the 
water did not touch anything (e.g., become contaminated). Still, it is possible that the 
acid got less effective over the time in the field. Further, the GPS stopped working the 
third field day. Because of that no calculations on how the parameters (constituents) 
behave with distance could be made. Therefore the samples in figure 7 are displayed 
with even spacing by sample number and not with true distance along flows. These 
difficulties, which are typically for this style of research involving remote locations and 
rough conditions, make it difficult to repeat the research, as it would be best to do it at 
the same spot as before. Still, the results are potentially robust given the large impacts 
seen (there is a considerable signal to noise ratio here). This lends some confidence to 
the conceptualizations made. 
 
Still, this research is a snapshot for this specific location. For a better understanding the 
same measurements should be done again at the same location to get a better idea of 
how the different parameters vary though the area. In addition, the sampling was done 
during low-flow conditions. It would also be interesting to do the same measurements 
during high-flow to compere the two extremes over a year (or several years). To get 
better and more precise results more sophisticated methods could be used, such as a 
sediment trap that gives you the suspended solids over a longer period of time and also 
an electric current meter for assessing flows.  
 
Along the same lines, a water balance over Embobut would be interesting to see if 
amounts are diminishing. This is especially true since the local people think there is less 
water every year. Also, there are other rivers in the area that are diminishing. These 
potential data on flows and chemistry over space and time in the region would be very 
valuable especially if one wanted to model the systems. The water is very important for 
the local community and the population is growing rapidly, therefore it would be 
important and interesting to model future scenarios for Embobut. It could be a good 
basis for managing practices. Regardless, given the remote location and the low budget 
allowed for this project, it is encouraging to see that even with rather simple and basic 
techniques it is possible to learn something about water flows within a landscape. Such 
knowledge about the flow pathways of water is limited in many places around the world 
even though it is very important for management.  
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6. Concluding remarks and recommendations 
	  	  
This study addresses the water flows and nutrient loads in the Sibou village. While 
simple in nature, the experimental design is potential robust against the variability and 
problems associated with working in a developing and remote region of the world. 
Thus, the results and conceptualizations are encouraging in that they demonstrate that 
something of value can come from short, well-designed experiments in the field. Taking 
the results of this step further, this thesis can conclude with some recommendations to 
help in managing the water resources for irrigation and to secure safe drinking water.  
 
Because the nutrients peak in the village, I conclude the following: 
Specifically, the Kapshoi clan has old rules for the irrigation system including (1) to not 
live in close proximity to the furrow (2) to not bathe nor wash in the irrigation water. To 
help maintain safe drinking water it could be good to try to uphold that rule. This is 
difficult due to increased pressures form a growing population locally. On top of this, 
the most important recommendation would be to not have the domestic animals walk 
freely around the furrows. Keeping the animals away from the furrows will help reduce 
the risk for water bourn diseases, such as e. coli or cryptosporidium. While currently not 
a major issue, an excess of nutrients, especially phosphors could, cause eutrophication 
and algae blooming in the future. This can also be disastrous for human health and the 
aquatic ecosystems (Carpenter et al., 1998). 
Finally, it would be good to keep the animals closer to the communal plots in Keu to 
better harvest their manure to take advantage of the nutrients within the agricultural 
plots. These basic recommendations, known in the region and community for a long 
time, would be useful to uphold before minor problems become major ones. 
 

	  
	  Figure 14: The main Kapshoi furrow in Keu by a plot where mango is cultivated. 
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8. Appendix 
 
Figure A1:  Set of data used in the thesis. pH, EC, flow were measured in the field, 

sediment  concentration is the results from KARI laboratory, total nitrogen 
concentration and total phosphorus concentration are results from nutrient 
analyses, Sediment load, total nitrogen mass flux and total phosphorus 
mass flux are calculated from the other results. For location of the samples 
see Figure A2.  

 
Figure A2:  Map showing the sampling location in Sibou village. K = main kapshoi 

furrow, S = sochos, F = other furrows, E = Embobut, P = piped water, G = 
the other water sources in Lagam, i.e. groundwater. 
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pH EC Sed(Con Flow Sed(load tN(con tP(con tN(mass(flux tP(mass(flux
[mg/l] [g/100ml) [m3/s] [kg/s] (µg(N/l) (µg(P/l) [mg(N/s] [mg(P/s]

Kapshoi
K1 8,37 50 0,570 0,125 0,071 375 16 46977 2004
L 8,39 50 0,046
K2 8,35 50 0,159
K3 8,34 50 0,183
K4 8,38 45 0,725 0,139 0,101 375 14 52126 1946
K5 8,39 50 0,126
K6 8,35 45 0,691 0,153 0,106 365 13 55741 1985
K7 8,33 45 0,123
K8 8,27 45 0,124
K9 8,31 45 0,111
K10 8,34 45 0,118
K11 8,28 50 0,641 0,115 0,073 350 13 40127 1490
K12 8,28 50 0,087
K13 8,27 50 0,049
K14 8,32 45 0,115
K15 8,36 50 0,077
K16 8,41 50 0,646 0,085 0,055 340 14 29019 1195
K17 8,43 50 0,073
K18 8,48 50 0,078
K19 8,53 50 0,087
K20 8,59 50 0,611 0,052 0,032 325 15 16971 783
K21 8,58 50 0,032
K22 8,15 50 0,521 0,005 0,003 440 19 2268 98
K22 8,16 55 0,786 0,014 0,011 390 31 5605 446
K23 7,93 55 0,692 0,0003 0,0002 325 29 108 10
K23 7,98 60 0,014
K24 7,85 65 0,755 0,015 0,012 775 204 11975 3152
K25 7,9 75 0,765 0,022 0,016 1115 280 24021 6032
K26 8,02 65 0,716 0,005 0,004 1040 206 5399 1069
K27 8,15 70 0,000 0,006 850 156 4794 880
K28 8,08 75 0,004
K29 8,24 65
K30 8,23 65 0,410 0,003 0,0011
K30 8,23 65 0,216 0,003 0,0006 575 49 1488 127

K30(ofiltr 0,000 475 67
K31 8,32 65 0,508 0,007 0,004
K32 8,35 65 0,435 0,013 0,0058
K33 8,38 65 0,540 0,013 0,0069 500 56 6344 711

Socho*Abraham
S1 8,39 50 0,089
S2 8,54 55 0,699 0,011 0,008 340 14 3740 154
S3 7,88 55 0,012

Socho*Kapsimotwo
S4 8,26 50 0,021
S4 8,79 55 0,763 0,055 0,042 290 12 15913 658
S5 8,57 50 0,768 0,023 0,018 350 16 7981 365
S6 8,18 50 0,715 0,031 0,022 390 29 11949 888
S7 8,04 55 0,696 0,014 0,010 490 98 7042 1408
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pH EC Sed(Con Flow Sed(load tN(con tP(con tN(mass(flux tP(mass(flux
[mg/l] [g/100ml) [m3/s] [kg/s] (µg(N/l) (µg(P/l) [mg(N/s] [mg(P/s]

Socho%Chebelion
S8 8,6 50 0,009
S8 9,12 55 0,025
S9 9,07 55 0,561 0,027 0,015 365 16 9855 432
S10 8,89 55 0,018
S11 8,93 55 0,010
S12 8,94 55 0,008
S13 8,97 55 0,010
S14 8,95 55 0,015
S15 8,98 55 0,610 0,007 0,004 290 19 2030 133
S16 8,85 55 0,626 0,012 0,008
S17 8,86 55 0,033
S18 8,46 60 0,680 0,0004 0,0003 500 100 200 40

Socho%Kalam
S19 8,66 50 0,007
S19 8,63 60 0,019
S20 8,43 60 0,265 0,021 0,005 350 20 7257 415
S21 8,33 55 0,004
S22 8,35 60 0,0022
S23 8,37 60 0,0010
S24 8,46 65 0,0017
S25 8,4 65 0,650 0,0005 0,0003 400 97 195 47

Socho%Ngerep
S26 8,38 55 0,036
S27 8,25 55 0,775 0,032 0,024 340 20 10738 632
S28 8,22 55 0,774 0,010 0,008 350 24 3630 249
S29 8,25 55 0,013
S30 8,24 55 0,634 0,009 0,006 365 32 3342 293
S31 8,36 55 0,008
S32 8,3 55 0,006
S33 8,21 60 0,0009
S34 8,23 60 0,392 440 68

Shaban
F1 8,6 60 0,731 0,188 0,138 450 12 84645 2257
F2 8,52 65 0,724 0,088 0,063
F3 8,46 65 0,596 0,054 0,032
F4 8,17 60 0,510 0,112 0,057 425 19 47627 2129

Kapsiren
F5 8,63 55 0,741 0,106 0,078

Embobut
E1 8,34 50 0,690 0,451 0,311 390 16 176023 7221
E2 8,46 65 0,528 1,162 0,613 390 10 453228 11621
E2a 0,527 0,411 0,216
E2b 0,610 0,263 0,160
E2c 0,550 0,112 0,061
E2d 0,423 0,377 0,159
E3 8,42 65 0,565 0,193 0,109
E4 8,43 65 0,560 0,255 0,143
E5 8,48 65 0,606 0,805 0,488
E5a 0,471 0,312 0,147
E5b 0,719 0,349 0,251
E5c 0,627 0,144 0,091
E6 8,4 45 0,573 1,086 0,622 400 14 434248 15199
E7 8,15 60/65 0,702 325 15
E8 8,39 95 0,645 1,300 0,838 390 16 506888 20795
E8a 0,679 0,179 0,121
E8b 0,607 0,408 0,248
E8c 0,648 0,408 0,264
E8d 0,644 0,713 0,459
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Figure A1: Set of data used in the thesis. pH, EC, flow were measured in the field, sediment  concentration is 
the results from KARI laboratory, total nitrogen concentration and total phosphorus concentration are results 
from nutrient analyses, Sediment load, total nitrogen mass flux and total phosphorus mass flux are calculated 
from the other results. For location of the samples see Figure A2. 

	  

pH EC Sed(Con Flow Sed(load tN(con tP(con tN(mass(flux tP(mass(flux
[mg/l] [g/100ml) [m3/s] [kg/s] (µg(N/l) (µg(P/l) [mg(N/s] [mg(P/s]

Kerio
RK1 8,73 130 0,710 3,496 2,482 440 89 1538105 311117
RK2 8,565 130 0,606 4,518 2,737
RK2a 8,43 100 0,532 1,136 0,605
RK2b 8,7 160 0,440 1,661 0,731
RK2c 8,7 160 0,809 1,661 1,344
RK2d 8,7 160 0,642 1,720 1,104
RK3 8,62 120 0,608 3,647 2,217 340 76 1240028 277183

Arror
R1 8,76 125 0,559 0,731 0,408 700 34 511412 24840

Chemson
R2 8,68 130 0,66 0,221 0,146 875 72 193742 15942

Embomon
R3 0,661 1150 41

Embokaptun
R4 7,7 275 0,713 100 11

Wetland6in6Masop
G1 7,92 35/40 0,623 0,019 0,012 525 10 9888 188

Werland6in6Lagam
G2 8,29 255 0,644 0,004 0,003 75 13 337 58

Groundwater
G3 7,23 330 0,657 475 32

Piped6water
P1 8,58 60 0,764
P2 7,69 55 0,629 375 14
P3 8,19 55 0,659 415 16
P4 8,11 50 0,522 375 14
P5 7,7 55 0,605 500 16

Rainwater
Rain 7,67 60 0,534 925 131

K(=(Kapshoi,(S(=(Socho,(F(=(Furrow,E(=(Embobut,(RK(=(River(Kerio,(R(=(Rivers,(G(=(other(water(sources,(P(=(Piped(water
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Figure A2:  Map showing the sampling location in Sibou village. K = main kapshoi furrow, S = sochos, F = 
other furrows, E = Embobut, P = piped water, G = the other water sources in Lagam, i.e. groundwater. 
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