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ABSTRACT 

Changes in climatic conditions have greatly affected surface runoff and stream flows both at 

local and global scale. This has led to adverse effects on surface run off and climatic system as a 

whole. Research on these hydrological changes at basin scale is of great importance to the water 

managers for the future planning and management of water resources. The Thika River 

catchment is of great importance to Kenya and plays host to Ndakaini Dam which provides about 

84% of Nairobi’s water supply to a population of over 3 million residents, whose contribution to 

Kenya’s Gross Product is 60%. Observed climatic variability and trends for Thika catchment 

were assessed for significance with Mann Kendall’s trend test and discussed in light of future 

climate variability scenarios. The results indicate that the catchment has become relatively 

warmer over the last four decades. The annual precipitation and means of daily mean 

temperatures over the past 30 years has increased by about 7.8 mm (although not statistically 

significant), and 2.14°C respectively. The trend for the annual mean of daily temperatures was 

statistically significant. Hydrological simulation model was used to simulate runoff and quantify 

the effects of climate variability on runoff within the area of study. The model was calibrated and 

validated giving a coefficient of determination (R2) of 0.923, an RMSE of 0.56 and a BIAS of 

1.697. The future climate of the catchment is projected to be warmer and, with less confidence, 

wetter. However, stream flow could increase by between 1.2% on the lower case to 4.5% on the 

higher case under these projections. There is therefore need to prepare for the increased runoff as 

it would affect the agricultural sector, industry, urban communities, as well as the environment. 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background information 

Changes in climatic conditions have greatly affected surface run off and stream flows both at 

local and global scale. This variability also impacts on the the functioning of water facilities in 

existence including flood control facilities, hydropower, irrigation and drainage facilities as well 

as water regulation practices (Michael & Cayan, 1995). The variations are a natural component 

of the climate which is caused by changes in the system(s) which influence the climate such as 

the General Circulation system. According to UNEP (2013) it has been observed periodically 

that Nile basin’s weak system has given rise to extreme climate events due to variations in the 

various climate variability drivers. Climate variability drivers are elements that bring about a 

climatic variability, they include: precipitation distribution, temperature, soil moisture and 

evaporation. 

 

Research on hydrological changes at basin scale is of great importance to the water managers for 

future policies formulation, planning and management of the resource. According to Box and 

Jenkins (1970), the traditional way of forecasting forthcoming climate conditions based on the 

assumption of past hydrological occurrences is no longer applicable. Adverse effects of 

meteorological conditions on drinking water systems aggravate the implications of other stresses, 

such as human population growth, changing economic activity, land-use change and urbanization 

(KMD, 2010). While quantitative projections of changes in rain, stream flows and water levels at 

the river-basin scale are uncertain, it is very likely that hydrological characteristics will change in 

the coming years (IPCC, 2014). Adaptation procedures and risk management policies that 
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incorporate projected hydrological changes with related uncertainties are being developed in 

several countries and regions (IPCC, 2014). The consequences of climate variability may alter 

the reliability of current water management systems and water-related facilities. These changes 

call for runoff modeling which takes into account the changing conditions. The runoff should be 

simulated under the different climate variability scenarios. Hydrological Simulation Model 

(HYSIM) was used in this study by incorporating the various scenarios as suggested by the IPCC 

to study the impacts of the climate variability in the basin. 

 

According to Turral (2011), despite the great importance of climate variability and its impacts 

across many sectors of the economy, society, and the environment, there is little understanding 

of its extent in Kenya. This study was aimed at spearheading initiatives towards such 

understanding. The Thika River catchment is of great importance to Nairobi County in Kenya 

since the catchment provides 84% of water supply to a population of over three million residents 

whose contribution to Kenya’s Gross Domestic Product from Nairobi alone is over 60% 

(Mogaka, 2006). It is a tributary to the Tana River which provides the bulk of the country’s 

hydroelectricity power needs, irrigation needs as well as providing drinking water to millions of 

other individuals. Ndakaini Dam which provides about 84% of Nairobi’s water supply is also 

located in this catchment (Athi, 2006). According to NEMA (2006), Kenya was mostly 

characterized by dry conditions in 1950s and early 1970s whereas wet conditions occurred in 

early 1960s and late 1980s. Recent extreme events include: droughts of 1984, 1990, 1994, and 

1999 and El Nino floods in 1997/1998 (NEMA, 2006).  

 

Temperatures in Kenya do not show large variation in its mean throughout the year but shows 

variation geographically, seasonally and diurnally due to altitude. The mean annual rainfall 
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depicts a wide spatial variation, which ranges from 200mm in the driest areas in northwestern 

and eastern parts of Kenya to the wetter areas with rainfall of 1200-2000 mm in areas which 

boarders Lake Victoria and central highlands east of the rift valley (Ndirangu, Kabubi, & Dulo, 

2009). The Kenyan climate has evidenced natural disasters, with floods and droughts occurring 

periodically as result of rainfall anomalies. There has been in the past 50 years at least thirteen 

serious droughts and six major flooding which have affected Winam gulf of the Lake Victoria 

and the lower Tana area (NEMA, 2006). 

 

1.2. Statement of the problem 

Determining climate variability effects on surface runoff both on a local and regional scale helps 

in effective planning of the future water resources. According to IPCC (2000) temperature is 

expected to increase by between 0.2oC and 0.5oC consequently triggering a rainfall increase of 

about 5 to 20% during the wet months and 5 to 10% during the dry months. Determining these 

changes in runoff in both climate variability and climate change is not enough without taking 

into account the climate variability scenarios. Unfortunately, there is a major challenge in taking 

account of climate change scenarios making it hard to significantly determine climate variability 

effects. This leads to use of assumptions on the climate change effects resulting to wrong data 

when predicting surface runoff (Arnell, 2003). The outcome of wrong assumptions compromises 

future planning of water resources.  

 

According to Hulme et al. (2001), there are two main reasons why there is little confidence about 

the magnitude, and even direction, of regional rainfall changes in Africa. The first reason relates 

to ambiguous representation of climate variability in the tropics. This is in most GCMs via 

mechanisms such as ENSO, for example, which is a key determinant of African rainfall 
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variability. The second reason is the omission in all current global climate models of any 

representation of dynamic land cover–atmosphere interactions. These interactions have been 

suggested to be vital in determining climate variability in Africa during Holocene and may also 

have played a role to the more recently observed desiccation of the Sahel (Hulme et al. 2001). 

Work is now underway however, to incorporate such links in regional climate models (Moore et 

al. 2009). 

 

Unless credible models are used, the problem cannot be effectively solved. Hydrological models 

have been used in exploring the implication of making certain assumptions about the real world 

system and predicting the behavior of the real system under a set of naturally occurring 

circumstances. This research used the HYSIM model to overcome the challenge of taking into 

account climate variability scenarios while accessing runoff within the Thika river catchment. 

 

1.3. Study justification 

Over recent years there has been increasing evidence that the earth's climate will become warmer 

in 21st century, which raises the essential question: What impacts will global warming have on 

the environment and human activities (IPCC et al., 2000). Global warming will lead to 

hydrologic changes that will affect freshwater resources including surface runoff. These are 

among the most significant potential impacts of climate change and variability. As the climate 

warms, changes in the nature of global precipitation, evaporation, snowpack, stream flow and 

other factors that will affect freshwater supply and quality will be evidenced. According to Athi 

(2006), Thika River not only provides water to power the energy needs of the country but also 

84% of its water needs to drive Nairobi, the country’s capital city. Nairobi is periodically faced 

with serious water shortages as water levels in Ndakaini Dam hit unprecedented low levels 
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during dry spells. The energy situation is made worse by frequent low water levels at Masinga 

dam along the Tana River which leads to shut downs. All this has come about due to the serious 

changes and variability in climate. Kenya was faced with the worst dry spell in early 2015 

followed by a season of extreme rainfall events. Climate variability and change will present 

challenges to water utilities, and developing mitigation now could prevent freshwater crises in 

upcoming years (KMD, 2010). Determination of the effect of climate variability on surface 

runoff in Thika catchment helps the country to be in a position to determine future floods or 

drought and predict possible future trends to enable formulation of mitigation and preparedness 

measures. Exploring vulnerability means extreme events providing most important message 

needed for impact prediction, analysis and development of mitigation measures. 

 

1.4. Objectives 

1.4.1 General objective 

The main objective of this study was to evaluate the response of surface runoff due to climate 

variability in Thika river basin in Kenya using hydrological simulation model.  

1.4.2 Specific objectives: 

The specific objectives are to: 

i. Calibrate and validate HYSIM model’s ability to simulate surface runoff through use of 

rainfall, stream flow, and PET data for the period between 1960 and 1995. 

ii. Simulate changes in runoff from different climate variability scenarios developed by 

IPCC with weather data, stream flow data and topological maps. 

iii. Analysis of the trends in temperature and rainfall generated in the catchment based on the 

climatic data for the period starting 1976 to 2006.  
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1.5. Research Questions 

Research questions were; 

a) How does surface runoff in the catchment respond due to climate variability? 

b) How can HYSIM be used in runoff simulation in a watershed? 

c) Are there any trends in temperature and rainfall generated in the catchment?  

1.6. Scope and limitations of the study 

The area that was under this study is Thika river catchment. The main river in this catchment is 

Thika River which is part of the larger Tana catchment. HYSIM model was used to simulate 

surface runoff from the available weather data and hence thereafter the results evaluated. The 

model used a 15 years’ dataset in batches of 5 years each three stream flow gauging stations 

within the catchment.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 General introduction 

In 1997, the UN Comprehensive Assessment of the Freshwater Resources of the World (WMO, 

1997) gave estimations that a third of the world’s population was living in countries suffering 

from water stress. This meant that the populations in these countries were drawing more than 

20% of the water resources available. The report also came up with estimations that by 2025, two 

thirds of the world population would be living in water stressed countries. With the increasing 

levels of greenhouse gases (GHG), the volume and timing of the runoff and ground recharge will 

be affected. This will have a great impact on the number of people who are affected by water 

scarcity. The estimates on the impact of climate change are based on the assumed emissions 

scenarios, climate models and the assumed changes in population (Luijten, 1999). This means 

that climatic conditions will vary along with time (IPCC et al., 2000). 

 

In a study by Lukeman (2003), it is reported that the main drivers of Climate variability include 

precipitation distribution, soil moisture, evaporation and temperature. Other drivers of weather 

and climate variability include solar energy from the sun, earth’s pressure systems, moisture 

sources, sea/ocean land interface, the surface albedo, the topography and relief (Ndirangu,  

Kabubi, & Dulo, 2009). Climate variability implies variations in the mean state and other climate 

statistics such as standard deviations, the occurrence of extremes amongst others on all temporal 

and spatial scales beyond those of individual weather events. Universal climatic variability may 

be resulting from internal natural processes or perhaps even external processes. Global climate 

warming is the increase of earth's near-surface air and ocean temperatures which is usually as a 

result of the accumulation of more and more greenhouse gases resulting from anthropogenic 
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pursuits like burning of fossil fuels (NEMA, 2014). It is essential to note from the above 

definition that global climatic change, climatic variability and global climate warming are not 

quite the same though closely related. 

 

2.2 Climate Variability  

Based on the Millennium Ecosystem Assessment (2005), natural hazards and disasters are 

products of both natural variability and human–environment interactions. It is important to note 

that extremes in variability are defined as hazards when they represent threats to people and what 

they value and defined as disasters when an event overwhelms local capacity to cope. There is 

little information on changes in African climate variability (Sivakumar et al. 2005; Christensen et 

al. 2007). The increase in African rainfall is associated partly with an increase in atmospheric 

water vapor. The increase in number of wet seasons is estimated to be at 20% (Christensen et al. 

2007). 

 

2.2.1  Reasons for climate variability and its factors 

Climate variability changes as a consequence of a several variables. These variables are; 

interface between ocean and the atmosphere, changes in the world's orbit and changes in energy 

from the sun. There is proof that the late global warming is not only attributable to natural 

variables but rather human causes which appear to be the significant cause (IPCC, 2013). The 

progressions seen over late years and those anticipated for the following century are taken to be 

mostly the consequence of human conduct through interaction with the environment. Human 

activity is the primary driver of the changes found in atmosphere in the recent decades.  
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The earth has warmed by 0.75 degrees Celsius in the most recent 100 years globally and ocean 

levels have gone up (Stocker et al., 2014). Extreme weather, such as floods and dry spells, are 

likely to happen regularly resulting in immediate direct and indirect impacts. These can lead to 

flare-up of ailments such as Malaria (Hay et al., 2002). The increase in carbon dioxide 

concentration worldwide are significant because of fossil fuel usage and land use change, while 

those of methane and nitrous oxide are principally because of agribusiness that generally comes 

about from the production process utilizing animals (IPCC, 2007). 

 

Unlike weather which varies day to day, climate varies seasonally. Some summers are colder 

than others while some years have high overall precipitation. Climate variability is not as 

noticeable as weather variability since it happens over seasons and years. Common drivers for 

climate variability are El Nino and La Nina events, volcanic eruptions and sunspots. El Nino and 

La Nina events are shifts of warm tropical Pacific Ocean currents (Hay et al., 2002). 

 

2.3 Classification of Climate Variability 

Climate variability can be classified into two major sub-groups depending on their causes; 

a) Natural variability: This is the disparity in the various components of climate resulting 

from the effects of natural processes. For example, the natural greenhouse effect where 

the natural greenhouse gases and clouds cause changes in temperatures and also in the 

solar radiation (Fu et al., 2009). 

b) Anthropogenic variability: This is the variation resulting from impact of Human activities 

for instance the burning of fossil fuel resulting into the alteration of the composition of 

the atmosphere. A good example is through land use changes such as urbanization, 

deforestation, construction of land water reservoirs (Lukeman, 2003). 
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There are several forms of climate variation as can be seen in Figure (2.1) after Fu et al. (2009). 

 

 

 

 

 

 

 

 

a) Periodic change: This is as shown in Figure 2.1 it occurs in form of periodic cycles. The 

length of the cycles corresponds to the time scale adopted for the variability study that 

can either be daily, annual, decadal or longer time scales. 

b) The climate may undergo a sudden shift from its current state to another state, maybe one 

characterized by significantly colder or warmer conditions as shown in Figure 2.1. 

c) The climate may also undergo a steady change until a stable state is reached, for instant, 

steady warming or cooling as shown in Figure 2.1. 

d) Another common pattern is where the climate maintains what appears to be a steady state 

when characterized by a specific variable e.g.  Mean annual temperature, but variations in 

other measures e.g. seasonal temperature, diurnal range of temperature indicates that 

significant change has taken place as shown by Fu et al., (2009) on Figure 2.1.  

 

Figure 2.1: Types of climate variations 
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2.4 Temperatures variability 

2.4.1 Global variability 

It is estimated that global temperature has increased by 0.6oC since the 19th century (KNMI. 

2006). In the recent decades (1950 – 1993), the increase in temperatures has involved a faster 

rise in daily minimum (0.20C / decade) than in daily maximum (0.10C / decade) in many 

continental regions. This has led to a decrease in diurnal temperature range (-0.1 0C / decade 

trend) in many parts of the world (Parry, 2007). This is a rate higher than for the mean 

temperatures for the entire 20th century, indicating very strong warming in recent decades. The 

challenge with these ranges is that they were done for only 57% of the global surface and hence 

may not accurately reflect the global trend. However, with more GCM models in the market this 

is likely to change (Westmacott & Burn, 1997). 

 

2.4.2 Regional variability 

According to Lins and Slack (1999), temperatures have increased almost everywhere with the 

exception of eastern Canada, small areas of Eastern Europe and the middle east. The diurnal 

temperature range has decreased in most areas except over middle Canada, and parts of South 

Africa, south-west Asia, Europe and western tropical pacific islands. In New Zealand and central 

Europe, maximum and minimum temperatures have increased at similar rates. Other regions like 

India have experienced increased diurnal temperature range due to decrease in minimum 

temperatures (Lins and Slack, 1999). These different occurrences of variability across regions 

make the assumption of a global value insufficient for evaluation of impacts and planning of 

mitigation at local scale. This leads to the need of assessing variability even at local scale i.e. sub 

regions of the continental regions are generally adopted in such studies (Fu et al., 2009).  
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2.5 Precipitation variability 

Over the 20th century, the annual precipitation increased by between 7% and 12% for the zones 

300N to 850N and by about 2% between 0o to 55oS (IPCC et al., 2000). In the year 1998 the high 

latitudes (55°N and higher) of the Northern hemisphere had their wettest year on record and the 

mid-latitudes recorded precipitation totals exceeding the 1961 to 1990 mean every year since 

1995 (Beven, 1989). Studies have shown that precipitation in Canada has increased by about 

10% during the 20th century. In china there has been a declining trend in total annual 

precipitation for the period 1950 to 2000 (Ndirangu et al., 2009). Studies have shown multi-

decadal variation in the Indian monsoonal rainfall, from 1906 to 1960 the rainfall increased and 

then decreased through 1974 and has continued to increase since then, western Mexico has 

experienced an increasingly erratic monsoonal rainfall since 1940s (Fu et al., 2009). The driest 

period was in the 1980s. Southern Africa region has experienced significant decreases in 

precipitation since 1970s. Early 2000 have seen flood-producing rains in the eastern part of 

South Africa (Lukeman, 2003). From all this consideration, it is seen generally that there is an 

increasing trend in precipitation. 

 

2.6 Climate variability impacts 

Climate variability has several impacts (Hay et al., 2002). Bases on climate change projections 

made by IPCC, climate change increases the occurrence of droughts, floods and extreme rainfall 

events (IPCC, 2007). Recent studies show that cyclones intensity will increase with up to 10-

20% due to climate variability. More El Niño like weather conditions are expected as a result of 

climate variability. All these will have an impact on crop agriculture, forestry, livestock and 

human life in general (van de Steeg et al., 2009).  
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2.6.1 Assessment of climate variability effects 

As presented by IPCC (2007), a set of four future climate scenarios to project emission gases and 

temperatures are paramount to addressing these unforeseen challenges. These scenarios are used 

by researchers and policy makers to assess potential future conditions and compare them to 

baseline conditions in the absence of climate change. As an example rainfall variability in Kenya 

affects agricultural production and the livelihoods of people, especially in the ASAL areas, like 

Makindu (John Walker Recha et al., 2016). These scenarios can also be used to analyze 

adaptation scenarios to mitigate the negative effects of climate change. 

 

2.6.2 Water resources under climate variability 

Runoff is a key area in water resources and can be affected by environmental changes. It is also 

influenced by the changes in temperature and precipitation. Runoff being an important in water 

supplies dynamics has led to more and more research on the impacts of environmental changes 

on overflow. It is important to look at runoff as a little representation of precipitation. Its 

magnitude depends on temperature, dampness, solar intensity, vegetation, wind speed, and soil 

moisture. In this case, changes in runoff are not similar to changes in precipitation. Fredrick and 

Gleick (1999) were able to model effects of temperature and changes in precipitation on different 

stream bowls hence effectively investigating the effects of environmental change on water 

supplies. They found that by expanding temperature by 2oC and reducing precipitation by 10%, 

the measure of runoff inside the Great Basin Rivers, Upper Colorado, Lower Colorado, and 

Colorado River will diminish by - 17% to - 28%, - 35%, - 56%, and - 40% (Miller, 1997) 

respectively.  



  
21 

 
  

In Kenya dry extremes are projected to be less severe than they used to be during September to 

December (Wambua et al. 2014). Despite this, the GCM does not give a good agreement on the 

projected changes in dry extremes during the months of March to May (KNMI, 2006; Thornton 

et al., 2006). The wet extremes also known as short and long rains are experienced from 

September to December and March to May rainy season respectively. In the northern regions, the 

dry extremes are projected to be less severe during September to December (KNMI, 2006). 

Despite this, the GCM model fails to show a good agreement in the projected changes of the dry 

extremes which are expected from March to May (Thornton et al. 2006). 

 

According to KNMI (2006), on average, the projected variations in wettest events occur once in 

every 10 years. It is important to take note of the fact that the existing climate models 

underestimate the strength of long rains in current climate. This limits the confidence of the 

projections (KNMI, 2006; Thornton et al. 2006). There are 112 models which were used by 

KNMI (2006). Through use of these models, KNMI investigated on the precipitation changes 

using the runs forced through Special Report Emission Scenario (SRES) A1B scenario (KNMI, 

2006). According to Osbahr and Viner (2006), increases in temperatures have a significant 

impact on water availability. The increases are expected to exacerbate drought conditions which 

are experienced regularly.  Rainfall in Kenya is unpredictable and has a tendency to fall heavily 

in short periods. This is likely to cause problems through increased occurrences of heavy rainfall 

periods as well as flooding (Osbahr and Viner, 2006).  
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2.7 Climate variability and change scenarios  

Based on state of the Special Report on Emissions Scenarios (SRES) (IPCC, 2000), climate 

change scenarios are not the prediction or forecast of the future but rather they are potential 

future scenarios and each of scenario represents a way in which the future might unfold. There is 

little information on climate change available for East Africa at both country and local scale. In 

Kenya, rainfall projections are inconsistent as evidenced by a range of models and scenarios 

which shows increases and decreases in total precipitation (Osbahr and Viner, 2006).  

 

According to IPCC (2007), a climate variability scenario is the estimation of future resource 

availability factoring in the estimation of the implications of climate change or variability for 

water stress. The scenarios describe future demographic conditions, environmental conditions, 

social conditions, economic conditions, technologies, and policies. The four scenarios described 

by the IPCC (2000) are Al, A2, B1 and B2 Scenarios. 

 

2.7.1 A1 Scenario:  

"This scenario describes a world with a very rapid economic growth and a global population that 

attains its peaks in mid-century. The population declines thereafter with new and more efficient 

technologies being rapidly introduced. Major underlying themes are convergence among regions, 

capacity building and increased cultural and social interactions, with a substantial reduction in 

regional differences in per capita income. The three A1 groups are distinguished by their 

technological emphasis: fossil-intensive (A1FI), non-fossil energy sources (A1T) or a balance 

across all sources (A1B)." 
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2.7.2 A2 Scenario:  

"The A2 scenario and scenario is based on describes a very heterogeneous world. The main 

theme is self-reliance and preservation of local identities. Fertility patterns across regions 

converge very slowly, which results in continuously increasing population. Economic 

development is regionally oriented and per capita economic growth and technological change 

more fragmented and slower than other storylines." 

2.7.3 B1 Scenario:  

"This scenario shows a convergent world with the same low population growth as in the A1 

scenario, but with a fast change in economic structures toward a service and information 

economy, with reductions in material intensity and the introduction of clean and resource-

efficient technologies. The emphasis is on global to economic, social and environmental 

sustainability which includes improved equity, but without additional climate initiatives." 

2.7.4 B2 Scenario:  

"The B2 storyline and scenario family is based on a world in which the emphasis is on local 

solutions to economic, social and environmental sustainability. It is a world with an increasing 

population, at a rate lower than A2. The level of economic development is intermediate, and 

there is less rapid and more diverse technological change compared to B1 and A1 storylines. It is 

important to note that while the scenario is also oriented towards environmental protection and 

social equity, it focuses on local and regional levels." 
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These scenarios are as summarized in Table 2.1. 

Table 2.1 Scenarios to be adopted 

 

2.7.5 Generation Global Climate Model (GCM) 

GCM is widely applied for weather forecasting, understanding the climate and projecting climate 

change. Mathematical models are used to simulate the present climate and predict future climate 

while considering impacts of greenhouse gases and aerosols. As they are based on physical laws 

and physically based empirical relationships, GCMs are, therefore, the only tools that estimate 

changes in climate due to increased greenhouse gases for a large number of climate variables in a 

physically consistent manner (Watson et al., 2001). Praveen Kumar et al. (2012) demonstrated 

that GCMs are very important in climate variability studies were they found that they were very 

reliable in predicting India’s rainfall. This was achieved through simulation of monsoon rainfall 

at a 95% confidence level. 

 

 SCENARIO 1 

(low) 

SCENARIO 2 

(high) 

Temperature (increase in degrees) 0.2 0.5 

Rainfall (%increase during wet months) 5 20 

Rainfall (% decrease during dry months) 5 10 
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2.8 Runoff under climate variability 

By far the highest frequency of hydrological studies into the effects of climate variability has 

focused on potential changes on river flow (Maidment, 1992). The distinction between “stream 

flow” and “runoff” may well be vague, however in general terms stream flow is water within a 

river channel, usually expressed to be the rate of flow past a point typically in m3 s-1, whereas 

runoff is truly the quantity of precipitation that does not evaporate, usually expressed as an 

equivalent depth of water along the area of the catchment. A good link between them is that 

runoff can easily be considered stream flow divided by catchment area, although in dry areas this 

doesn't necessarily hold because runoff generated in a single area of the catchment may infiltrate 

before reaching a channel and becoming stream flow. Over short durations, the amount of water 

leaving a catchment outlet usually is expressed as stream flow; over durations of a month or 

more, it usually is expressed as runoff (Maidment, 1992). 

 

Lvovitch (1972) suggests that the distribution of runoff per continent shows some interesting 

patterns as stipulated in Table 2.1. Areas having the most runoff are the ones with high rates of 

precipitation and low rates of evaporation. 

 

Table 2.1: Continental run-off values 

 Continent  Runoff Per Unit Area (mm per yr.) 

 Europe  300  

 Asia  286  

 Africa  139  

 North and Central America  265  



  
26 

 
  

 South America  445  

 

2.9 Trends in observed stream flow 

Since the second assessment report, there have been many notable hydrological events-including 

floods and droughts-and therefore many studies into possible trends in hydrological data 

(Wambua et al. 2014). In general, the patterns found are consistent with those identified for 

precipitation: Runoff tends to increase where precipitation has increased and decrease where it 

has fallen over the past few years (Lins and Slack, 1999). The variability of runoff and water 

resources is particularly higher for drier climates, e.g., a higher percent change in runoff resulting 

from a small change in precipitation and temperature in arid or semiarid regions (Fu et al., 2009).  

It is very important for water resources managers to figure out and prepare to tackle the effects of 

global climatic variability on the changes of hydrological cycles and stream flow regimes. The 

better understanding toward the relationship between global climatic change/variability, 

anthropogenic activities and the water resources availability in addition to its withdrawal and 

exploit, will allow water resources managers to make more rational decisions on water allocation 

and regulation (Pacini and Harper, 1998). 

 

2.10 Hydrological models 

The rainfall runoff models classifications are based on the input parameters together with the 

physical principles applied (Moradkhani and Sorooshian, 2008). This leads to classification of 

models as lumped and distributed based on the parameters which are function of both time and 

space. They are also classified as deterministic and stochastic models according to other criteria. 

The deterministic models can only give same output based on a given set of input (Refsgaard, 
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1996). This is contrary to stochastic models which give varying values of outputs for a given 

single set of inputs (Moradkhani and Sorooshian, 2008).  

 

 Moradkhani and Sorooshian (2008) assert that the entire river based output is considered as a 

single unit. In this case, spatial variability is disregarded and outputs are generated without 

considering the spatial processes. In this case, a distributed model can be used in making 

predictions that are distributed in space. This is realized by dividing the entire catchment into 

small units which in most cases are square cells or triangulated irregular network. In this case, 

the parameters, inputs and outputs vary in a spatial manner. Based on time factor, it is possible to 

classify the models as static or dynamic (Osbahr and Viner 2006). Static model excludes time 

unlike the dynamic model. According to Sorooshian et al. (2008), the models can be classified as 

event based or continuous. It is important to note that the former can only produce output in 

specific time intervals unlike the latter which has a continuous output.  The most vital 

classifications are empirical model, conceptual models and physically based models (Osbahr and 

Viner 2006). 

 

2.10.1 Empirical models  

Empirical model also referred to as Metric model is an observation based model which only 

takes information from the existing data without taking consideration for the features and 

processes of hydrological models (Osbahr and Viner 2006). The models are also known as data 

driven models. They involve use of mathematical equations which are derived from the 

concurrent input and output time series and not from the physical processes of catchment 

(Sorooshian et al. 2008). These types of models are only valid when used within the boundaries. 

Regression and correlation are used by the statistically based methods and helps in finding the 
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existing relationship between inputs and outputs. Some of the machine learning techniques used 

in hydroinformatic methods are neural network and fuzzy regression (Moradkhani and 

Sorooshian, 2008).  

 

2.10.2 Conceptual methods  

Parametric models which are also referred to as parametric models are used in describing all 

hydrological processes. This consists of a number of interconnected reservoirs which are used as 

a representation of the physical elements in a catchment. The reservoirs are recharged by the 

rainfall, infiltration, and percolations and are emptied through evaporation, runoff and drainage 

among others (Abbott et al. 1986 a, b). Use of semi empirical equations in this method and 

model is not only accessed from field data but also from calibration. Large number of 

meteorological and hydrological data is required for calibration.  Calibration includes use of 

curve fitting making interpretation difficult hence effects of land use cannot be predicted 

accurately (Osbahr and Viner 2006). Many of the conceptual models are developed with varying 

degrees of complexity. Stanford Watershed Model IV (SWM) is the first major conceptual model 

developed by Crawford and Linsley in 1966 with 16 to 20 parameters.  

 

2.10.3 Physically based model 

This model is a representation of a real problem mathematically. Physical based model is also 

known as a mechanistic model and includes principles of physical processes (Refsgaard, 1996). 

The model uses state variables which are measurable and are functions of time and space. 

Through use of finite differential equations, it is possible to represent hydrological processes of 

water. The model does not require use of extensive hydrological and meteorological data during 

calibration (Abbott et al. 1986a, b). Despite this, there is evaluation of large number of 
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parameters which describes the physical characteristics of the required catchment (Abbott et 

al.1986a). Through this method, a huge amount of data which includes soil moisture, water 

depth, topology and the dimensions of river network are required (Refsgaard, 1996). Physical 

model has the ability to overcome a lot of defects which are in the other two models since it uses 

parameters with physical interpretation.  The model can provide a large amount of information 

even outside the boundary and can be used in a wide range of situations. SHE/ MIKE SHE 

model is an example (Abbott et al. 1986a, b). 

 

2.11 Rainfall – Runoff models 

2.11.1 USDA HL-74 watershed model  

This is a continuous model intended specifically for small Agricultural watershed (ASCE, 1999). 

The SWBM is continuous model which is suitable for an ASAL Watersheds but its use is 

constrained by availability of stream flow data, measured for at least five years (Luijten, 1999). 

However, this model could not be applicable in the assessment of climate variability effects on 

Thika catchment because the catchment does not fall in ASAL area.  

 

2.11.2 HEC-1Model  

The hydrologic modelling system (HEC-1) model is a continuous simulation model developed 

by US corps of Engineers for planning design and operation of water project in the Columbia 

River Basin (HEC, 2000). HEC-1 is a single event lumped parameter model frequently used to 

develop hydrographs for project design rather than climate studies (Singh, 1995).  
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2.11.3 VIC model  

Also referred to as Variable Infiltration Capacity model, it is a semi distributed grid based 

hydrology model which uses both energy and water balance equations. The main inputs are 

precipitation; minimum and maximum daily temperature and wind speed and allows many land 

cover types within each model grid (Gao, 2010). The processes like infiltration, runoff and base 

flow are based on various empirical relations. Surface runoff is generated by infiltration excess 

runoff (Hortonian flow) and saturation excess runoff (Dunne flow) (Moradkhani and Sorooshian, 

2008). VIC simulates saturation excess runoff by considering soil heterogeneity and precipitation 

(Linsley, 1972). It consists of three layers where the top layer allows quick soil evaporation, 

middle layer represent dynamic response of soil to rainfall events and lower layer is used to 

characterize behavior of soil moisture (Moradkhani and Sorooshian, 2008). 

 

Improvised VIC model has included both infiltration excess runoff and saturation excess runoff 

and also the effects of variability of soil heterogeneity on surface runoff characteristics. It can 

deal with the dynamics of surface and ground water interactions and calculate ground water table 

(Gao, 2010) and can be applied in cold climate. The model has nowadays been applied to a 

number of river basins and helps in predicting climate and land cover changes over the study 

area (J. Wei et al., 2016). 

 

2.11.4 Stanford Watershed Model 

Stanford watershed model developed by Stanford faculty members Ray Linsley, Joseph B. 

Franzini, and John K. Vennard in 19th century is a continuous, distributed model is intended for 

application into watershed of all sizes. Primary data input includes the hourly and daily 

precipitation and daily maximum and minimum temperatures. According to Ray (1975), the 
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greatest drawback with the model is in its incapacity to take in various climate scenarios when 

simulating. 

 

2.11.5 HYSIM Model 

HYSIM is a theoretical rainfall runoff-model, which utilizes precipitation and potential 

evaporation information to mimic river flow parameters. The model has been used in Scotland 

among other places to study climate variability effects (Scottish Water, 2009). 

2.12 The HYSIM conceptual rainfall-runoff model 

2.12.1 Model Overview 

HYSIM was authored by Manley (1993) as a commercial package. The model origin can be 

traced back to the 1970s. Despite this, the commercial PC version of HYSIM was coded in 

Visual Basic for DOS by Microsoft and released in 1992. At the point of model development, the 

author had the essential prerequisite that the parameters of the model ought to be physically 

significant (Manley, 1978). This information on HYSIM is prevalently based on the data 

distributed in the user and technical guides (Manley 1992a, 1992b). It was created by the Water 

Resource Associates (WRA). WRA are a group of experts in water assets, water quality, 

hydrology, groundwater hydrology and flooding. Their customers include probably the most 

critical water administration bodies in Europe such as the European Union, United Kingdom 

Environmental Agency, National Power, French government, British Waterways and SNIFFER 

(Manley, 1978). 

 

According to Manley (1993), HYSIM is a theoretical rainfall runoff-model, which utilizes 

precipitation and potential evaporation information to mimic river flow parameters for hydrology 

and hydraulics that characterize the river basin and channels realistically. Despite being spatially 
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lumped and hydrological conceptual in nature, HYSIM model has a number of dimensions that 

can be determined from physical reality. HYSIM model is based on two sub-routines; the first 

routine simulates catchment hydrology and the second simulates channel (Manley, 1978). 

 

The combined program with other models is viewed to be among the techniques for estimation 

of yield (Scottish Water, 2009) and enhances past estimations of yield. This combination of the 

Aquator software with the rainfall-runoff model is currently being used in England while the 

Hydrologic Resource Center reservoir resource Simulator (HEC-ResSim), developed their model 

incorporating HYSIM into it (US Army Corps of Engineers, 2011). HYSIM is based on two 

IBM mathematical formula translating system (FORTRAN) (Manley, 1978). At first, the model 

processes both the hydrology and hydraulics of a catchment independently. When the model is 

run, the parameters govern the limits and the rates of exchange between every store through 

mathematical equations hence the transfer process.  

 

2.12.2 The Structure of HYSIM 

HYSIM can be connected to single or various sub-catchments, each of which ought to be 

homogeneous regarding the soil structure. The model requires an input of five particular data 

types; of which none are compulsory. These are:  

i. Catchment average precipitation time series;  

ii. Catchment normal potential evapotranspiration;  

iii. Catchment normal potential melt rate for snow;  

iv. Net emanating/surface water abstraction rate;  

v. Total groundwater abstraction rate.  
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The time venture for this information can be monthly, daily or sub-daily despite the fact that 

there is an option of using data with varying time steps. The model has been coded in a way that 

the water driven and hydrological parts can likewise be kept running on various time steps 

(Manley, 1978). 

2.12.2.1  Snow and interception stores 

If the precipitation is snow (as characterized in the input data), it enters a semi - limitless store. 

In the event that there is snow storage at time step I the outflow is equivalent to the input melt 

rate within every time step. The interception store represents detainment of water on vegetation. 

The limit of the interception store (ci) has a greatest limit characterized by the maximum depth of 

the store (Imax) and the impermeable part of the catchment as presented in Equation 2.1: 

                                                                                      (2.1) 

The store gets water from precipitation and snow melt (if any) and loses water by dissipation, 

which happens at the potential rate. Excess precipitation (EP) from interception store is divided 

between the upper soil horizon and minor channel storage by partial degree of the impermeable 

region of the catchment. 

 

2.12.2.2 Soil moisture stores  

Soil moisture comprises of two stores; the Upper Soil Horizon (USH) and the Lower Soil 

Horizon (LSH). The USH represents moisture held in the top soil (the A moisture horizon) whilst 

the LSH represents moisture beneath the USH. The USH has a finite limit given by:  

                                                                                                           (2.2) 

Where D is the depth of the zone (mm) and F is the mean porosity of the zone.  
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The maximum rate at which the store can acknowledge EP is controlled by an estimate to the 

Philip's invasion mathematical statement (Philip, 1957). Manley (1977) showed that Philip's 

mathematical statement can be approximated by:  

                                                                                                           (2.3) 

Where  

x is the separation voyaged downwards by the wetting front (mm),  

k, is the saturated permeability at the top of the horizon (mm/hr.),  

t is the duration of the time step and  

P is the capillary suction (mm. H20). This relationship encourages the count of the most extreme, 

or potential, penetration rate over the time step. EP steered to the USH in excess of this 

restricting rate is directed to the minor channels store as overland flow. It has been demonstrated 

that P can be expressed as: 

                                                                                                                                  (2.4) 

Where Pb is the percolating weight (mm/hr),  

y is the pore size dispersion file and  

Se the powerful immersion which is characterized as:  

                                                                                                                             (2.5) 

Where m is the saturation toward the start of the time step and Sr is the remaining immersion 

which is the base immersion that can be obtained by de-watering the soil under expanding 

suction. Evapotranspiration happens from the USH at the potential rate (less any loss from the 

interception storage) if P is under 15 atmospheres (Lukeman, 2003). In the event that P is more 
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prominent than 15 atmospheres dissipation happens at a rate decreased in proportion to the 

remaining depth of water storage.  

 

The next exchange of moisture is by means of interflow. As demonstrated by Manley (1978) in 

Equation 2.6, conceptualization of bury stream depends on the Brookes and Corey observational 

model for the viable porousness of permeable media. Interflow is figured utilizing:  

                                                                                                     (2.6) 

Where Rfac1 is characterized as the interflow from the USH at extreme saturation. The power 

function of Se is used to balance Rfac1 when the saturation is lower than the extreme. This 

reflects that, conceptually, lateral porousness will be less when the soils are not completely 

saturated. The last exchange of moisture is by percolation from the USH to the LSH, where 

permeation is estimated in an analogous approach to inter flow utilizing:  

                                                                                                      (2.7) 

Where Kb is saturated porousness at the horizon limit. By consolidating the mathematical 

statements for Interflow and permeation the change in storage can be evaluated through:  

                                                                                                  (2.8) 

Where I is the net inflow rate. 

This common differential comparison can't be solved unequivocally as the estimation of Se is a 

component of the water in the storage. However, a scientific estimate is found if the inflow over 

a period step is steady and the aggregate change away over a period step is little in contrast with 

the total depth of water at the beginning of the time step. This last suspicion implies that Se can 

be taken as being consistent over the time step being considered. Inside HYSIM the adjustment 
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away is obliged to lie between an upper and lower limit. Upper limit is determined by the storage 

capacity at which the rate of output is equivalent to the rate of inflow. Lower limit is obtained 

from setting 1=0. It is not clear whether this rough arrangement guarantees that mass is 

preserved.  

 

The permeation from the USH forms the input to the lower soil horizon (LSH). The LSH is 

configured similarly to the USH where the penetration of percolation is controlled by the 

capacity of the LSH to acknowledge percolation from the USH. Percolation in excess of the 

penetration limit is directed to the minor channels store. Loss from the LSH through inter flow 

stream and permeation to the groundwater is controlled by similar equations to the USH. 

Evaporation potential that is not met by the USH is met from the LSH, subject to the same 

suction weight requirement that operated in USH (Lukeman, 2003). 

 

2.12.2.3 The Groundwater Store 

The groundwater store is subdivided into two infinite direct supplies; the transitional 

groundwater and deep groundwater stores. The transitional groundwater store gets percolation 

from the LSH, represents the primary phase of groundwater storage where direct release to 

surface waters might happen by means of fissure flow (Dooge, 1973). The outflow from the 

transitional groundwater store is partitioned between the minor channels store and the deep 

groundwater store. The deep groundwater store releases to the minor channels. It is from this 

groundwater store that ground water deliberations can be made. The function characterizing the 

surge, q, from a linear reservoir is given by:  

                                                                                                                                   (2.9) 
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Where  

s is the volume of water in storage (Cubic Meters) and  

k is a constant (with units of time).  

This explicit formulation neglects that within a time step the instantaneous value of s is 

dependent on the function of the outflow q. combining this power equation with the equation of 

continuity gives: 

                                                                                                                              (2.10) 

Where u is the inflow over the time period yields: 

                                                                                                                   (2.11) 

Which is the linear representation of the Horton-Izzard model (Dooge, 1973).  

 

2.12.2.4 The Minor Channels Store and Hydraulic Routing  

The minor channels store represents flow routing in minor streams, trench and, if the catchment 

is saturated, ephemeral streams. This store uses a triangular Instantaneous Unit Hydrograph 

(IUH), with the time base equivalent to 2.5 times the peak time. Time to peak is assessed 

utilizing the Flood Studies Report mathematical statement (NERC, 1975) given as:  

 

                                                                                                                 (2.12) 

Where Tp is an ideal peak time, L is the stream length (km) and S is the stream slope (m/km).  

The time base of the IUH reaction to influent volume, V, = qi.t, in time step (t) will be calculated 

by:  

                                                                                                                     (2.13) 
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Where  

TL is the time base of hydrograph, and  

qt is equivalent to zero at x = 0 and  

τ = TL The maximum flow rate (qmax) happens at Tp and is given by:  

 

                                                                                                                     (2.14) 

The "main" stream inside HYSIM is represented as a number of hydrology homogenous reach. 

Velocity of water along a reach is portrayed by the kinematic wave estimation to the Saint 

Venant’s comparisons:  

                                                                                                                                 (2.15) 

Where ∆Q and ∆A are the incremental changes in speed along the scope and hydraulic cross-

sectional zone. The kinematic wave estimate is utilized as the Saint Venant mathematical 

statements can't be tackled unequivocally. An experimental model is utilized within HYSIM for 

assessing cross-sectional area. The estimate considers that most channels lie between the two 

extremes of a rectangular channel and triangular channel. The form of this approximation is as 

follows: 

                                                                                                                            (2.16) 

Where C is a coefficient of proportionality. 

If bank flows may occur then Manley (1978) advises the user to develop site specific coefficients 

which HYSIM will use under these conditions. Manley (1978), also advises the development of 

two such sets; the first for use when the flood plain is filling and the second when the flood plain 

is full. HYSIM has facilities for using the hydraulic sub model to link together a number of sub 
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catchment models in series, thus enabling the model to be used in a semi-dispersed mode 

(Manley, 1978). 

 

2.12.3 Model Parameters  

Parameters modifications are split into three segments inside HYSIM, these are information, 

basic and advanced. According to Jacobs (2010) standard calibration technique, which is based 

on the HYSIM User Manual (Manley, 2006), the information specific and advanced hydraulic 

parameters stay at their default values. The essential hydrological parameters that are changed 

are outlined at their default values in Table 2.2.  

Table 2.2: Model Parameters 

Parameters Description Default 

Interception storage (mm) Moisture storage before infiltration 2.00 

Impermeable Proportion Portion of the catchment where water cannot 

penetrate 

0.02 

Time to peak (hrs.) time interval from the start of the resulting hydro 

graph 

2.00 

Rooting Depth (mm) the depth of soil from which plant roots take up 

water, or the depth of soil to which roots reach 

1000.00 

Pore size distribution index measure of the void (i.e."empty") spaces in a 

material 

0.15 

Permeability (horizon boundary) 

(mm/hr.) 

the state or quality of a material or membrane that 

causes it to allow liquids or gases to pass through 

10.00 
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it 

Permeability (base lower) 

(mm/hr.) 

the state or quality of a material or membrane that 

causes it to allow liquids or gases to pass through 

it 

10.00 

Interflow (upper) (mm/hr.) Movement of water between layers 10.00 

Interflow (lower) (mm/hr.) Movement of water between layers 10.00 

Precipitation factor Weighting factor for precipitation 1.00 

PET factor sum of evaporation and plant transpiration from 

the Earth's land 

1.00 

Catchment Area (sq. km) Catchment Area 1.00 

 

2.12.4 Previous application of HYSIM  

According to CDI (2010), a successful implementation of HYSIM was in Yeşilirmak basin in 

Turkey in a drainage area of around 36,000 km2 and flowing into Black Sea. The study was 

aimed at developing an understanding of the water balance in the basin and also examine the 

potential effects of climate change on the basin. To get the initial appraisal of the likely impacts 

of climate change, the simulated flow for the period 1980 to 1999 was compared with simulated 

flow for projected values for the period 2080 to 2099 (CDI, 2010). This is a hundred years in 

future relative to the observed period. Through the model, it was observed that the main effect of 

climate change to the basin was a reduction in spring flows. The results made it vital for the 

policy planners to think of a need for reservoir storage in the basin (CDI, 2015). In the Thika 

basin the model basically evaluates the climate variability effects on stream flows hence acting 

as a decision support tool to the planners. 



  
41 

 
  

 

2.13 Trend Analysis 

This method usually employs testing of trends of the times series of the climatic data over time. 

Trend detection can be done by both analytical and graphical methods (Lins and Slack, 1999; 

Gocic and Trajkovic, 2012). The graphical methods involve the fitting of a trend line to a time 

series of the data. This method has the advantage of being visual, for instance, if a trend actually 

exists it can be seen visually and at times its magnitude can be appreciated from the slope of the 

trend line. However, this method is limited in that if the trend is too slight it may not be easily 

discernible and also the actual magnitude of the change cannot be accurately determined (Lins 

and Slack, 1999). Analytical methods have the advantage of revealing even the slightest changes 

and also the magnitude of the change. There are various methods used for trend detection 

depending especially on the nature of the data distribution. The broad categories are parametric 

and non-parametric methods (Lins and Slack, 1999). 

 

2.13.1 Mann-Kendall’s trend test’s  

The Mann-Kendall trend test is a non-parametric test used to detect trend in time series data. By 

the virtue of it being non-parametric, it does not require data to be of any particular distribution, 

it also has a high asymptotic efficiency (Hamed, 2008). The test statistic Z for a particular period 

will be estimated according to Fu et al. (2009) as follows: 

 

                                                                                                          (2.17) 
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                                                       (2.18) 

 

                                                                                               (2.19) 

 

Where  

X is the variable, a sample of n independent and identically distributed random variables (e.g. 

Monthly precipitation or temperature) it is the extent of any given tie. 

For testing the null hypothesis, Ho, meaning no significance trend, against H1 significant upward 

trend, Ho is rejected if Z >Z1-α. Testing for significant downward trend H2, reject Ho if Z < 0 and 

the absolute value of Z >Z 1-α (Fu et al., 2009).  

 

According to (Barnett, 1983, 1991; Casella and Berger, 1990), the choice used for a significant 

level (α) is completely arbitrary. Another way to carry out the test for hypothesis is through 

comparing the p-value of the sample test statistic with a significance level(α). In this case, the p-

level of the sample test is the lowest level of significance where null hypothesis (H0) can be 

rejected.  The p-value is compared against actual significance level of the test and if it is smaller, 

results are taken as significant. If the null hypothesis is rejected at 5% significance level, it is 

reported as “p<0.05”. Thus, the smaller the value is, the more convincing it becomes to reject the 

null hypothesis. This is rejection of the null hypothesis through use of strength of evidence rather 

than simply making conclusions “Reject H0” or “Do not reject H0”. The p-value is very 

important in evaluation and interpretation of the findings. This makes it possible for the 

researchers to set their own level of significance. It also makes it possible to reject or accept null 

hypothesis based on their criterion instead of using fixed level of significance.  
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2.13.2 The Sen’s slope for trend magnitude 

The Mann Kendall trend test merely indicates the presence of trend but shows no indication of 

the magnitude of the trend. The Sen’s slope is a formula that is used to measure the magnitude of 

the trend by estimating the slope of the assumed linear trend (Gocic and Trajkovic, 2012).  When 

the data time series depicts a linear trend, a true slope can be estimated through use of a simple 

nonparametric procedure given by Sen (1968). The Sen’s slope estimator denoted by, b, is 

determined using Equation. 2.20. 

                                                                                                 2.20 

Where xj and xi are two generic sequential data values of a variable.  

For a time series of annual values, b represents the annual increment under the hypothesis of a 

linear trend. The b estimator approximates the true slope of the trend, which can slightly differ 

from the slope of the trend line obtained by linear regression. Hirsch et al. (1982) concluded that 

a lurking variable was unlikely to be affected by outliers since sens estimate is robust against 

these outliers. 

 

2.14 Modeling 

2.14.1 Importing data to the HYSIM format 

This is an option found under Tools/Import to HYSIM/ASCII (TXT) to HYSIM. The process 

involves importing data from an original file to HYSIM.  On opening the data file, one opens the 

details for the template and saves the template with an appropriate name (e.g. Thika Catchment). 

On clicking on run/import the imported data hence becomes visible.   
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The next step is checking the correctness, in particular, looking at the end of December and start 

of January to ensure that the values are not out of phase and if OK then it is saved (‘File/Save 

data). The process is repeated for the potential evaporation and flows. Manley (1993) suggested 

that the algorithm used for conversion is usually stable but this also means that if one encounters 

an error in the starting date, or in the template file, the output file will not be correct.  

  

2.14.2 Model Calibration 

Calibration involves adjusting the models parameters. This includes parameters such as PET 

factor, soil infiltration coefficients to come up with acceptable accuracy. Through model 

calibration, it becomes possible to have proper water management. The greatest problem faced in 

calibration is inconsistency. A model can only reproduce one event but cannot reproduce 

another. Calibration in this case is aimed at "Single parameter" optimisation whereas confirming 

that PET factor has been selected and that "maximum iterations" selected as 10.  For a successful 

calibration, it is important to obtain an accurate mean flow through adjusting the PET factor. 

This is followed by selecting the "Extremes Error of Estimate".  Multi-parameter options should 

be selected by the user and confirmed that the four parameters selected are permeability at lower 

horizon, permeability at the horizon boundary, interflow at the upper horizon and interflow at the 

lower horizon.  The number of iterations is supposed to be confirmed to be 50. The model should 

run again without optimisation and thereafter plot the results (Manley, 1972).  At this stage the 

results should be getting good and if they are not, then the calibration process should be repeated. 

Hydrological simulation involved two important exercises that must be carried out successfully. 

These are calibration and validation of the model (Refsgaard, 1996). According to Beven (1989), 

calibration exercise is used in determining the best parameters in modeling studies and which is 

vital in the being that parameters can only be found through the calibration exercise. 
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2.15 Sensitivity analysis 

According to Richard H. McCuen (1973), sensitivity analysis is very important exercise on 

model validation as well as its calibration. Most parameters when subjected to this analysis 

reflect how useful they are to the model parameterization and hence their optimization through 

this technique. This technique has been used in the various models and has proved vital to model 

parameterization. Marinoé Gonzaga da Silva et.al. (2015) demonstrated that analysis helps identify 

parameters most sensitive to the basin characteristics. This helped determine those parameters 

which would improve simulation results by the model through the totals of square errors (SSE) 

between the observed and simulated flows. 
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CHAPTER THREE 

METHODOLOGY 

3.1 Study area 

3.1.1 Location 

Thika river catchment lies between latitude 36035’ and 370 35’E and longitude 0’35’ and 1’ 10’S 

and encompasses Murang’a, Thika, Machakos and Nyandarua sub counties in Kenya as shown in 

Template 3.1.  

 

 

 

 

 

 

 

 

The catchment has an area of 867 km2 and is approximately 40 km North West of the city of 

Nairobi (KMD, 2010) and it is part of the Tana catchment. Rivers Thika and Chania originate 

from the slopes of Nyandarua ridges and flow south eastwards for approximately 100 km before 

joining in Thika town to form the main Thika River. The river then flows for approximately 

100km before joining River Tana. Within the larger catchment is Thika dam, located at a 

distance of about 80km north of Nairobi city. The dam catchment area features a fragile 

Template 3.1: River Thika Catchment 
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ecosystem, owing to deforestation of Aberdare ranges, and a weak soil structure that is prone to 

landslides (Gathenya, 1999). 

 

3.1.2 Topography 

The land slopes generally in the eastern direction. Altitudes vary from 1525m a.m.s.l. at the 

catchment outlet and rises to 3,906m a.m.s.l at the headwaters of the Thika River. The average 

elevation is 1,700m a.m.s.l (KMD, 2010). Thika River which rises from the eastern Aberdare 

ranges drains the catchment. The river maintains a steep gradient in the upper reaches, but the 

gradient flattens out as it approaches the lower reaches of the catchment. The river flows south 

east wards to Thika town where it joins River Chania and forms the main Thika River about 

100kms downstream (Gathenya, 1999). Thika River flows into River Tana on which the 

hydroelectric power dams are located. Two types of channels are defined within the catchment 

i.e. the main channel and tributary channels. In the Aberdare forested areas, runoff is minimized 

by the vegetation canopy unlike in the coffee zone where runoff is comparatively high (KMD, 

2010). 

 

3.1.3 Climate 

The catchment is characterized by altitude dependent agro- climatic zones (humid to semi-arid). 

The rain distribution is bimodal with high peaks from March to May (long rains) and October to 

December (short rains). Annual rainfall varies from about 800mm at an altitude of about 1525m 

a.m.s.l to about 2200mm at an altitude of 2600m a.m.s.l (KMD, 2010). The annual potential 

evapotranspiration increases from about 1250mm at an altitude of 2400 a.m.s.l to about 1800mm 

at 1100m a.m.s.l (Gathenya, 1999).The temperature is high at the lowest altitude ranging from 
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250 C to 300 C but reduces to between 180 C and 200C towards the higher altitudes of 3500m 

a.m.s.l. (KMD, 2010). 

 

3.1.4 Soils 

The soils in the catchment vary with the parent material and also altitude. Deep into the forest the 

soils are well drained, very deep dark, silty clay loam, with humic top soil of mollic Andosols 

combined with well drained, dark reddish brown to very dark grayish brown, friable and slightly 

smeary clay, with a humic top soil of Ando curvicp haeozems (KMD, 2010).  In the middle zone 

where small scale farming is mostly practiced the soils are extremely deep dark reddish brown to 

dark brown, friable and slightly smeary clay, with acidic humid topsoil generally of nit soils and 

sols type (Pacini and Harper, 1998). 

 

3.1.5 Thika River Characteristics  

River flows and gauges along the river were visited and their recorded flows over the years 

determined. This involved recording on minimum and maximum annual discharges from gauges 

and coming up with an average.  

 

3.1.6 Parameterization variables 

The parameterization of variables was carried out as shown on the table below. The parameters 

used are all listed in the Table 3.1.  

Table 3.1: Parameterization variables 

Parameters Input File 

Interception storage (mm) Soil data file 
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Impermeable Proportion Soil data file 

Time to peak (hrs.) Soil data file 

Rooting Depth (mm) Soil data file 

Pore size distribution index Soil data file 

Permeability (horizon boundary) 

(mm/hr.) 

Infiltration data file 

Permeability (base lower) 

(mm/hr.) 

Infiltration data file 

Interflow (upper) (mm/hr.) Infiltration data file 

Interflow (lower) (mm/hr.) Infiltration data file 

Precipitation factor Rainfall data file 

PET factor Rainfall data file 

Catchment Area (sq. km) Topography map file 

 

3.2 Runoff Simulation 

This involved simulation of changes in surface runoff considering the climate variability 

scenarios as suggested by IPCC and summarized in Table 2.1 earlier presented.  

3.2.1 Base case and comparative period 

The base period was between the years 1981 and 1995 while the period 2017 -2022 was chosen 

as an ideal comparative period and data obtained from the Second Generation Global Climate 

Model (GCM) for the period (Climate Data Information, 2015).  
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3.2.2 Weather data Input 

This was the data required to simulate changes in runoff from the above climate variability 

scenarios. The input data required for this study included PET data, rainfall data, stream flow 

data and topological maps. This data was available from various sources which included IPCC 

weather data website, water resources management authority as well as Kenya Meteorological 

Department (KMD). The data was partitioned in two sets where 75% of it was used for testing 

and calibration and the rest 25% used for validation. 

 

3.2.2.1 Rainfall Stations 

Rainfall data was obtained from rainfall recording stations in and around the catchment. The data 

was in the form of daily mean rainfall for a period starting the year 1981 to 1996 for the 

calibration process and the period between 1960 to 1964 for the validation of the model. This 

was obtained from KMD stations in the catchment and then abstracted in its raw form from daily 

record sheets at the stations to excel sheets. 

 

3.2.2.2 PET data 

Potential evapotranspiration data was also required. However due to inability to obtain adequate 

and reliable PET data records, Subramanian et al. (1999) used Thornwaitte’s equation to 

generate the data required. For this purpose, monthly mean temperatures as well as hours of 

sunshine were obtained from Water resources management authority that was used to generate 

the data. The PET data was divided into two sets the calibration set representing 75 percent of 

the data while the rest was used on validation. 
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3.2.2.3 Long term climatic data 

Long term climatic data for Karuga, Kimakia, Thika stations was also obtained from the IPCC 

website. This data comprised of the long term means of the main climate change drivers i.e. 

rainfall and temperature. This data set for the period 1976 to 2006 was used for trend analysis. 

 

3.2.2.4 Stream flow data 

Discharge data (daily mean discharges) was required from the study area. This was obtained 

from gauging stations around the catchment. These were 4CB04 - Thika, 4CB05- Ndakaini and 

4CB07 – Kimakia stations. This data was cleaned by an inbuilt function of the model that 

checked the missing data, infilled and also checked for its consistency respectively. 

 

3.3 Model Calibration and validation 

The HYSIM model was calibrated with daily stream flow data from years with the least number 

of missing values in both observed daily rainfall and stream flow. Calibration was done by 

manually adjusting the model calibration parameters. The direction and the rate of change of the 

parameters were guided by the results of the parameter sensitivity analysis as described by the 

user manual for the model. Visual and numerical methods were used to assess the goodness of fit 

between the simulated and the observed stream flow. In visual method the simulated and the 

observed stream flow was plotted on the same graph against time and compared visually. In 

numerical method observed and simulated stream flow was compared using the coefficient of 

determination (R2) (Refsgaard, 1996). Rainfall, stream flow, and PET data from suitable period 

were used to validate the model. The simulated stream flow was compared to the observed. 

According to Refsgaard (1996), the model performance is evaluated using both visual and 
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statistical methods as in the calibration exercise. Assess and validate HYSIM model’s ability to 

simulate surface runoff through use of rainfall, stream flow, and PET data from year 1981 to 

1995 for 4CB04, 4CB05 and 4CB07 stations.  

 

To effectively simulate flow, the Nash–Sutcliffe efficiency (NSE) (Nash and Sutcliffe, 1970); 

percent bias (PBIAS) (Gupta et al.,1999); and the mean absolute error (MAE) (Dawson and 

Wilby, 2001) were used to evaluate parameters behavior. The NSE evaluates the line of best fit 

between the observed flow against the simulated flow (Moriasi et al., 2007). An NSE value 

closer to 1 reflects a very good accuracy for the hysim model. PBIAS is expressed as a 

percentage between the simulated flow being more or less than the observed flow. + (-) PBIAS 

values reflects that the simulated flow exceeds (was below) the observed flow. 

 

3.4 Sensitivity analysis of the model parameters 

The parameters tested under this analysis were as outlined by Manley (1972). This was done 

using the default parameters initially and later adjusted to determine their sensitivity to the 

hydrological simulation. The parameters tested were precipitation factor, PET factor and rooting 

depth as suggested by Manley (1972). Marinoé Gonzaga da Silva et al. (2015) suggested the 

following procedure where an incremental addition to the parameters should be done followed 

by substitution by other values other than the default for a period not less than 6 months of the 

observed data. This was applied for the data for the period starting January 1960 to December 

1963. Parameter sensitivity was calculated as the percentage difference between the simulated 

data and the observed data immediately after running the model as shown on equation 3.1. 

  

                                             Equation 3.1  
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3.5 Trend Analysis 

3.5.1 Mann Kendall’s test 

The non-parametric Mann Kendall’s test was used to detect trends in precipitation and 

temperatures over the 30-year period. The data value was evaluated as part of an ordered time 

series. Each of the data value had to be compared with the subsequent data values. In instances 

where the data value obtained was higher than the later period value, an increment of 1 was 

added to statistic S. Also, when the data value from later period was lower than value which has 

been obtained earlier, a decrement of 1 to S was applied (Hamed, 2008). A significance level of 

0.05 (5%) was used in this study as the level below which a significant trend can be observed. 

Effectively, in instances where Mann-Kendall test has a statistic above 1.96, the trend present in 

the data was said to be significant.  

 

3.5.2 The Sen’s Slope for Trend Magnitude  

The Sen’s slope formula was used to measure the magnitude of the trend in both temperature and 

precipitation by estimating the slope of the assumed linear trend. To get value of slope estimate 

(Q), the following formula as shown in Equation 3.1was used (Hamed, 2008).  

            (3.1 )   

Where: 

Qi is the slope 

X denotes the variable 

J, K are the indices 

N is the data size 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Study Area 

4.1.1 Thika River Characteristics 

Records of stream flow at for the period from 1960 to 2003 were readily available in digital form 

for the WRMA office. For the purposes of this study, three stream gauges were examined. The 

temporal coverage of the data at these gauges varied, and were operational at the same time. A 

summary of the stream gauges is as presented in Table 4.1. 

Table 4.1: Thika river characteristics 

 

Station Annual 

Max 

Flow 

(m3/sec) 

Annual 

Min 

Flow 

(m3/sec) 

Annual 

Mean 

Flow 

(m3/sec) 

Monthly 

Min 

Flow 

(m3/sec) 

Monthly 

Max 

Flow 

(m3/sec) 

Monthly 

Mean 

Flow 

(m3/sec) 

First Date 

Available 

Last Date 

Available 

4CB04 21.9 1.1 4.2 1.1 6.2 4.1 01/01/1960 31/12/2003 

4CB05 27.3 6.2 7.3 6.8 27.2 7.2 01/01/1960 03/08/1998 

4CB07 19.5 2.8 10.2 2.8 20.3 10.8 01/01/1960 15/10/2000 

 

From the results presented in Table 4.1, gauge 4CB04 had a maximum annual flow of 21.9m3 

and minimum annual flow of 1.03m3 which gave an average annual flow of 4.27m3. Gauge 

4CB05 showed a maximum annual flow of 27.3m3 and a minimum annual flow of 6.27m3 giving 

an average annual flow of 7.36m3. Lastly, Gauge 4CB07 gave a maximum annual flow of 

19.5m3 and a minimum annual flow of 2.86m3 which gave an average annual flow of 10.26m3. 

This dataset was then to be used as an input to rainfall runoff modelling software. 
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4.1.2 Rainfall Stations 

Rainfall data was one of the inputs for the hydrological model. The rainfall data used for Thika 

catchment in this study was obtained from different sources and had varying quality and 

coverage over times. These sources were KMD and the IPCC website (IPCC,2007). Data 

availability is shown on Table 4.2. 

Table 4.2: Rainfall Stations 

Station Annual 

Max (mm) 

Annual 

Min (mm) 

Annual 

Mean (mm) 

Monthly 

Min (mm) 

Monthly 

Max (mm) 

Monthly 

Mean (mm) 

Data Set 

Period 

9036220 3996 0 772 0 1656 423 1976 - 2006 

9036233  4023 0 759 0 1423 526 1976 - 2006 

9137048  3026 10 765 10 1296 624 1976 - 2006 

 

The yearly rainfall data was available in almost every station. The stations which had some 

missing data were Karuga farm – station ID 9036220 in 1987 and Kimakia - station ID 9036233 

in 1983. The mean annual rainfall from the three stations was 772mm in Karuga farm, 759mm in 

Kimakia and 765 in Thika. The rainfall analysis started by carrying out thorough quality control 

of the data from KMD. Quality control in this case was used in correcting errors in the data and 

filling gaps where appropriate.  

4.1.3 Data cleaning results 

The years chosen for use had less gaps in the flow records. The model infilled the gaps using an 

inbuilt model function with a default value of -999.9.  
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4.2 Sensitivity analysis results 

This was performed on the three model parameters namely precipitation factor, PET factor and 

also the rooting depth. An increment in the precipitation factor showed an increment (decrement) 

in the simulated flows while the PET and rooting depth increment (decrement) showed no or 

minimal effects on the simulated flow for the period between January 1960 and December 1963. 

 

4.3 HYSIM model calibration and validation 

4.3.1 HYSIM calibration for the period 1981 - 1995 

The objective of model calibration was to minimize the error between observed and simulated 

water levels. This was done through the adjustment of the model parameters. Initial parameters 

before and after calibrations are presented in Table 4.3.  

 

Table 4.3: HYSIM Parameterization variables 

Parameters Default Calibrated value 

Interception storage (mm) 2.00 20.00 

Impermeable Proportion 0.02 0.02 

Time to peak (hrs.) 2.00 2.00 

Rooting Depth (mm) 1000.00 2000.00 

Pore size distribution index 0.15 0.16 

Permeability (horizon boundary) 

(mm/hr.) 

10.00 11.03 

Permeability (base lower) 10.00 10.98 
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(mm/hr.) 

Interflow (upper) (mm/hr.) 10.00 9.42 

Interflow (lower) (mm/hr.) 10.00 9.56 

Precipitation factor 1.00 1.04 

PET factor 1.00 5.34 

Catchment Area (sq. km) 1.00 897 

 

The HYSIM model was calibrated using stream flow data from 1981-1995 for 4CB04, 4CB05 

and 4CB07 in batches of 5 years and an average coefficient of determination (R2) obtained as 

0.923 as shown in Figure 4.1 and visually on Figure 4.2. The value of R2 obtained corresponds to 

the results by Murphy and Charlton (2006) who obtained a value between 0.7 and 0.85.  

 

 

Figure 4.1: Simulated against Recorded Flows - Thika catchment 
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According to Santhi et al., (2001), higher values of R2 indicate less error variance and typically 

values greater than 0.50 are considered acceptable. The simulated and observed data for the year 

1981 is presented in Table 4.4 and the subsequent period of calibration on Appendix 1.  

 

Table 4.4: Recorded and Simulated flows from Calibration Process (Year 1981) 

Series name Simulated Recorded 

Series type Flow Flow 

Units Cumecs Cumecs 

Jan 0.448 3.554 

Feb 0.41 2.301 

Mar 4.859 3.05 

Figure 4.2 Total Stream Flow Hydrograph from 1981 to 1996 - Thika Catchment 
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Apr 31.948 16.405 

May 23.556 28.668 

Jun 10.185 9.024 

Jul 6.25 4.366 

Aug 3.421 2.752 

Sep 1.845 2.179 

Oct 1.18 2.557 

Nov 8.974 3.904 

Dec 7.46 4.295 

 

 

4.3.2 HYSIM Validation for the period 1960 - 1964 

The HYSIM model was validated using stream flow data from 1960 – 1964 and a coefficient of 

determination (R2) obtained of value 0.916 as shown in Figure 4.3 and visually presented in 

figure 4.4. This value also corresponds to results obtained by Murphy and Charlton (2006) who 

obtained a value between 0.67 and 0.79  
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Figure 4.3: Simulated against Recorded Flows – Thika river catchment 

 

 

 

 

 

 

 



  
61 

 
  

 

 

 

The simulated and observed data for the year 1964 is presented in Table 4.5 the subsequent 

period of validation on Appendix 2. 

Table 4.5: Recorded and Simulated flows from the Validation Process (Year 1964) 

Series names Simulated Recorded Bias MAE 

Series types Flow Flow   

Units Cumecs Cumecs   

Jan 4.63 4.54 0.10 0.0956 

Feb 4.18 4.65 -0.48 0.476 

Mar 4.18 4.02 0.16 0.157 

Apr 5.10 4.98 0.12 0.118 

Figure 4.4 Total Stream Flow Hydrograph from 1960 to 1964 - Thika Catchment 
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May 5.34 5.33 0.02 0.0166 

Jun 4.40 4.33 0.08 0.078 

Jul 4.25 4.25 -0.01 0.0068 

Aug 4.09 4.55 -0.45 0.453 

Sep 3.94 3.87 0.07 0.073 

Oct 3.78 3.75 0.03 0.0308 

Nov 3.63 3.52 0.10 0.104 

Dec 3.47 3.45 0.02 0.02 

MAE & BIAS   -0.004 0.14 

 

The results for the calibration and validation stages of the HYSIM model are detailed in Table 

4.6. 

Table 4.6 Calibration and validation results 

Catchment 

Name 

Measured 

Average 

Calibration 

Simulated 

Average 

Calibration 

Calibration 

(1981 - 1995) 

 

Measured 

Average 

Validation 

Simulated 

Average 

Validation 

Validation 

(1960 - 1964) 

 

R2 R2 

Thika 

Catchment 

5.8 6.3 0.95 4.3 5.6 0.92 
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The results of the calibration and validation stage were very encouraging and showed that the 

HYSIM model was performing extremely well over the full period of record. The performance 

criteria is as summarized in Table 4.7. 

Table 4.7: Performance criteria for calibration and validation. 

Statistic Calibration Validation 

 Value Performance Value Performance 

BIAS 1.697  Good -3.72 satisfactory 

RMSE 0.56 Satisfactory 0.61 Not satisfactory 

NSE 0.95 Very good 0.92 Very good 
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4.4 Surface Runoff – Comparative period 

The surface runoff for the comparative period of 2017-2021 was simulated and is presented 

below graphically in Figure 4.3 and tabulated in Table 4.6. 

 

Figure 4. 2: Comparative period graphical representation 

Table 4.6: Surface Runoff - Comparative (Year 2017 - 2022) 

 

Year Comparative Period 

(mm) 

Scenario 1 

(mm) 

Change 

between Sc.1 

and the 

Comparative 

period 

Scenario 2 

(mm) 

Change 

between Sc.1 

and the 

Comparative 

period 

2017 7135 7185 50 7310 175 

2018 27448 28026 578 29753 2305 

2019 32041 32257 216 32902 861 

2020 25995 26242 247 26932 937 

2021 23823 24074 251 24830 1007 

2022 22062 22241 179 22719 657 

Total 1524  5943 

 

The two scenarios described in the methodology were carried out and the comparative period 

runoff simulated. Further analysis of the runoff simulated indicated that in both scenarios (both 
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high and low) there was an increase. In the low scenario an increase of 1524 mm over the 

comparative period was observed. This was an increase of 1.2% in surface runoff over the 

comparative period. In the high scenario an increase of 5943 mm over the comparative period 

was observed. This was an increase of 4.5% in surface runoff over the comparative period. Since 

the climate variability changes and trends in the catchment are potentially a result of global 

climate change, the future climate, including rainfall and temperature, is of utmost interest to 

water resource management and planning, agriculture, and water users in the region. The 

scenarios used in this study were results of climate change studies by IPCC in the region. This 

change in the main climate change drivers (temperature and precipitation) were developed using 

the Second Generation Global Climate Model. In both cases the GCM’s prediction was that both 

temperature and precipitation would increase. This confirms results I obtained from the trend 

analysis that indicated increase over the past three decades. Thus an increase in precipitation in 

the catchment coupled by an increase in temperatures can still result in a projected increase of 

stream flow. This will produce a serious challenge for water resources management in the NCP 

region and enhance the vulnerability of water resources.  

 

4.5 Trend analysis  

4.5.1 Rainfall trends and magnitude  

Both Mann Kendell and Sen’s slope estimate tests were carried on the 30-year rainfall data for 

the period between 1976 and 2006. The results illustrate that rainfall desiccation of the early 

1980s established by Hulme (2000) and Nicholson et al (1999) in Sahelian region also affected 

the Great Horn of Africa. The results are presented in t Table 4.7. 
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Table 4.7: Mann Kendell and Sen’s slope estimate tests results 

Time 

series 

First 

year 

Last 

Year n 

Test 

Z Significance Q 

Mean 

Monthly 

Rainfall 

Min 

Monthly 

Rainfall - 

mm 

Max 

Monthly 

Rainfall - 

mm 

Jan 1976 2006 31 0.07 

 

0.063 56.9 0.0 358.4 

Feb 1976 2006 31 -0.17 

 

-0.050 44.7 0.0 236.1 

Mar 1976 2006 31 -0.82 

 

-1.238 118.0 6.3 318.5 

Apr 1976 2006 31 0.44 

 

1.500 216.4 5.0 487.2 

May 1976 2006 31 1.67 + 2.960 107.7 0.6 357.5 

Jun 1976 2006 31 -1.67 + -0.311 34.6 0.9 343.3 

Jul 1976 2006 31 -1.17 

 

-0.208 16.0 0.0 94.3 

Aug 1976 2006 31 0.00 

 

0.000 17.7 0.0 212.3 

Sep 1976 2006 31 -1.05 

 

-0.192 18.6 0.0 80.2 

Oct 1976 2006 31 -0.03 

 

-0.150 92.1 2.8 248.9 

Nov 1976 2006 31 1.29 

 

3.041 174.9 2.1 422.6 

Dec 1976 2006 31 0.41 

 

0.678 100.0 12.1 243.1 

Annual 1976 2006 31 0.78 

 

0.348 56.9 0.0 358.4 

 

Overall, the Kendall’s test results show a slightly increasing trend for annual precipitation, 

although it is not statistically significant as displayed on Figure 4.4.  
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Figure.3.4: Average annual precipitation against time 

This is in agreement with the findings by Yue et al. (2002). The magnitude of the precipitation 

trend from Sen’s slope indicates that overall the annual precipitation in the catchment has 

increased by 7.8mm in the last 30 yrs. A summary of the trend analysis results is as present on 

Table 4.8. 

Table 4.8: Summary of statistical analysis on Rainfall trend 

Years 1976 -  2006 

No of years 31 

Test Z 0.78 

Significant Not 
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4.5.2 Temperature trends and magnitude  

Both Mann Kendell and Sen’s slope estimate tests were carried on the 30-year temperature data 

as presented in table 4.8. 

Table 4.8: Mann Kendell and Sen’s slope estimate tests results 

Time series 

First 

year 

Last 

Year n 

Test 

Z Significance Q 

Mean 

Monthly 

Temp 

Min 

Monthly 

Temp – 
0c 

Max 

Monthly 

Temp – 
0c 

January 1976 2006 30 0.35 

 

0.004 19.7 18.0 20.8 

February 1976 2006 30 0.09 

 

0.000 20.4 17.6 21.5 

March 1976 2006 30 0.93 

 

0.020 21.2 19.8 22.5 

April 1976 2006 30 1.44 

 

0.028 20.9 19.8 22.1 

May 1976 2006 30 1.15 

 

0.017 20.2 18.3 22.1 

June 1976 2006 30 0.31 

 

0.005 18.8 17.8 20.6 

July 1976 2006 30 0.02 

 

0.000 17.8 16.8 19.3 

August 1976 2006 30 1.19 

 

0.021 18.1 17.0 19.3 

September 1976 2006 30 1.39 

 

0.019 19.5 18.2 20.5 

October 1976 2006 30 1.22 

 

0.023 20.5 19.6 21.7 

November 1976 2006 30 0.60 

 

0.010 20.1 19.3 23.4 

December 1976 2006 30 1.96 * 0.031 19.7 18.8 20.9 

Annual Mean 1976 2006 30 2.14 * 0.018  

 

The results of Kendall’s test show that the climate of Thika Catchment has become warmer 

during the last three decades. From Figure 4.5 results show that the annual means of daily 

temperature have increased in the last three decades. 
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Figure 4.4: Annual mean temperatures against time 

 The Kendall analysis showed a statistically significant increasing trend during the last three 

decades (Fig. 4.5.) at α=0.05 level. A statistically significant trend in daily minimum 

temperature, or in the range of maximum and minimum daily temperature, is to be expected as 

an indicator of a global warming signal (Karl et al. 1993). The magnitude of the temperature 

trend from Sen’s slope indicates that overall, the mean temperature in the catchment has 

increased by 2.14°c in the last 30 yrs. A summary of the results is a shown on Table 4.9. 

 

 

 

 

 

 

Table 4.9: Summary of statistical analysis on Temperature trend 

Years 1976 -  2006 

No of years 30 

Test Z 2.14 

Significant yes 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

i. Rainfall amounts and the mean annual temperatures were found to have increased in 

Thika catchment in the last four decades by about 7.8 mm (although not statistically 

significant), and 2.14°C respectively. This was a clear indication that climatic 

variability has been occurring in the catchment and affecting levels of runoff 

produced into the rivers. There is reasonable evidence that some of the warming in 

the catchment is a result of global warming. 

ii. The HYSIM model proved to be a near perfect model for simulating runoff within the 

catchment. Upon calibration the model gave a coefficient of determination of 0.923 

which was confirmed upon validation with a value of 0.916.  

iii. The scenario analysis on the comparative period showed that surface runoff will 

increase with between 1524 mm and 5943 in the coming 5 years. Intensive water 

resource management is therefore required to ensure minimal loss as well as 

conservation of this precious resource. 

 

5.2 Recommendations 

i. The stream flow data quality and its consistency available at WRMA very poor. This can be 

partly blamed on the vandalism of river flow gauges in the catchment. Automatic/real-time 

river flow stations should be employed to capture weather data for the catchment. 
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ii. Nairobi water company should build more water harnessing dams or alternatively expand 

the existing Ndakaini dam in the catchment. This will ensure that the excess runoff is 

captured and hence more water to the city residents.  

iii. More research on land use changes needs to be done. Thika town has become more 

urbanized which is factor to consider in studying increased flow within catchment. 
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Appendix 

 

Appendix 1 – Simulated and Observed monthly mean values for the calibration period – 1982 - 

1995 

 

Year Simulated Flows Observed Flows 

Jan-82 3.53 8.40 

Feb-82 3.74 9.07 

Mar-82 3.32 7.40 

Apr-82 3.32 6.77 

May-82 3.32 5.03 

Jun-82 3.32 3.59 

Jul-82 3.11 2.64 

Aug-82 3.11 1.60 

Sep-82 2.91 1.29 

Oct-82 3.53 4.97 

Nov-82 3.53 3.69 

Dec-82 3.32 4.32 

Jan-83 4.40 5.87 

Feb-83 4.18 5.60 

Mar-83 3.53 3.78 

Apr-83 3.32 3.72 

May-83 3.11 3.49 

Jun-83 3.53 2.85 

Jul-83 3.96 2.19 
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Aug-83 3.74 0.41 

Sep-83 3.32 -0.32 

Oct-83 3.11 1.65 

Nov-83 2.91 2.09 

Dec-83 2.72 0.46 

Jan-84 2.72 2.17 

Feb-84 2.72 2.43 

Mar-84 2.53 2.59 

Apr-84 1.03 0.64 

May-84 1.81 2.32 

Jun-84 1.81 1.98 

Jul-84 1.81 1.98 

Aug-84 1.81 2.97 

Sep-84 1.81 0.76 

Oct-84 1.81 3.01 

Nov-84 1.81 2.31 

Dec-84 1.81 1.04 

Jan-85 1.81 1.61 

Feb-85 1.81 2.97 

Mar-85 1.81 3.08 

Apr-85 1.81 2.84 

May-85 1.81 2.55 

Jun-85 1.81 3.86 
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Jul-85 1.81 3.07 

Aug-85 1.81 1.70 

Sep-85 1.81 1.66 

Oct-85 1.64 2.36 

Nov-85 1.64 1.91 

Dec-85 1.64 -0.56 

Jan-86 1.64 3.29 

Feb-86 1.81 2.92 

Mar-86 1.81 2.99 

Apr-86 1.81 2.34 

May-86 2.34 2.16 

Jun-86 3.11 0.90 

Jul-86 3.32 1.44 

Aug-86 2.91 -0.89 

Sep-86 2.16 -2.44 

Oct-86 1.98 -1.78 

Nov-86 1.64 -2.27 

Dec-86 1.33 -2.00 

Jan-87 1.33 0.39 

Feb-87 1.18 0.81 

Mar-87 1.64 2.36 

Apr-87 1.64 1.76 

May-87 1.33 1.03 
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Jun-87 1.03 0.06 

Jul-87 1.03 -0.82 

Aug-87 1.03 -0.82 

Sep-87 1.03 -2.38 

Oct-87 1.03 -0.86 

Nov-87 1.03 -1.43 

Dec-87 1.33 -1.49 

Jan-88 1.18 -0.85 

Feb-88 1.33 -1.44 

Mar-88 3.11 0.76 

Apr-88 3.74 3.49 

May-88 1.18 0.33 

Jun-88 1.33 1.39 

Jul-88 3.11 2.47 

Aug-88 3.74 1.73 

Sep-88 4.40 1.65 

Oct-88 5.34 2.68 

Nov-88 7.39 4.99 

Dec-88 16.19 13.25 

Jan-89 9.42 9.09 

Feb-89 10.50 11.69 

Mar-89 12.16 13.82 

Apr-89 13.82 16.01 
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May-89 15.48 17.15 

Jun-89 17.13 18.98 

Jul-89 21.89 24.12 

Aug-89 18.01 19.23 

Sep-89 15.75 17.78 

Oct-89 20.89 25.06 

Nov-89 19.43 22.38 

Dec-89 17.09 22.19 

Jan-90 15.32 17.33 

Feb-90 14.04 16.89 

Mar-90 13.63 16.95 

Apr-90 13.63 16.30 

May-90 12.81 14.32 

Jun-90 11.25 13.13 

Jul-90 10.50 12.13 

Aug-90 10.50 10.29 

Sep-90 10.14 10.78 

Oct-90 9.42 10.43 

Nov-90 8.73 12.09 

Dec-90 8.39 4.62 

Jan-91 7.74 2.67 

Feb-91 7.74 7.11 

Mar-91 7.39 10.78 
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Apr-91 7.74 10.17 

May-91 7.74 9.61 

Jun-91 6.86 8.44 

Jul-91 6.60 6.41 

Aug-91 6.34 7.40 

Sep-91 6.34 6.18 

Oct-91 6.43 7.50 

Nov-91 6.51 8.72 

Dec-91 6.60 10.93 

Jan-92 6.60 8.70 

Feb-92 6.39 10.02 

Mar-92 6.17 9.29 

Apr-92 5.96 8.15 

May-92 5.71 7.77 

Jun-92 5.46 8.00 

Jul-92 5.34 6.89 

Aug-92 5.34 5.43 

Sep-92 5.11 -3.25 

Oct-92 4.87 3.83 

Nov-92 4.63 5.50 

Dec-92 4.40 5.31 

Jan-93 4.40 6.53 

Feb-93 4.52 7.96 
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Mar-93 4.18 -0.57 

Apr-93 4.18 6.03 

May-93 4.18 7.30 

Jun-93 4.18 7.86 

Jul-93 4.18 4.46 

Aug-93 4.18 6.64 

Sep-93 4.87 -0.73 

Oct-93 5.34 7.11 

Nov-93 5.83 2.97 

Dec-93 6.09 0.78 

Jan-94 5.34 3.89 

Feb-94 5.59 7.08 

Mar-94 5.83 7.42 

Apr-94 6.34 7.95 

May-94 6.34 9.00 

Jun-94 5.59 7.90 

Jul-94 5.10 7.94 

Aug-94 4.63 6.40 

Sep-94 4.40 6.04 

Oct-94 4.18 6.49 

Nov-94 3.96 7.71 

Dec-94 3.96 5.37 

Jan-95 3.74 7.22 
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Feb-95 3.74 7.03 

Mar-95 3.74 6.58 

Apr-95 3.74 6.26 

May-95 3.96 5.70 

Jun-95 3.74 5.58 

Jul-95 3.96 4.74 

Aug-95 4.63 6.12 

Sep-95 5.10 5.68 

Oct-95 4.63 8.66 

Nov-95 4.40 6.92 

Dec-95 4.18 5.83 

 

 

Appendix 2 – Simulated and Observed monthly mean values for the validation period – 1960 - 

1963 

 

Year Simulated Observed 

Jan-60 0.88 1.26 

Feb-60 0.88 1.53 

Mar-60 0.80 1.59 

Apr-60 0.80 4.40 

May-60 0.74 5.81 

Jun-60 0.74 6.27 

Jul-60 0.74 5.02 

Aug-60 0.74 4.39 
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Sep-60 0.74 2.65 

Oct-60 0.74 1.21 

Nov-60 0.88 0.60 

Dec-60 0.80 0.51 

Jan-61 0.74 0.69 

Feb-61 0.88 2.52 

Mar-61 0.74 1.10 

Apr-61 0.80 2.01 

May-61 0.88 2.55 

Jun-61 0.95 2.57 

Jul-61 0.95 1.40 

Aug-61 0.88 1.48 

Sep-61 0.80 1.38 

Oct-61 0.88 0.41 

Nov-61 0.74 0.83 

Dec-61 0.74 2.39 

Jan-62 0.74 2.70 

Feb-62 0.74 0.53 

Mar-62 0.95 0.33 

Apr-62 1.36 0.70 

May-62 1.63 1.29 

Jun-62 2.45 2.37 

Jul-62 2.23 2.49 
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Aug-62 2.02 1.83 

Sep-62 1.92 2.63 

Oct-62 1.72 2.10 

Nov-62 1.72 2.10 

Dec-62 1.63 2.99 

Jan-63 1.45 0.60 

Feb-63 1.54 2.94 

Mar-63 1.45 2.15 

Apr-63 1.36 0.79 

May-63 1.36 1.36 

Jun-63 1.45 2.81 

Jul-63 1.36 2.84 

Aug-63 1.27 2.50 

Sep-63 1.72 2.66 

Oct-63 1.72 3.97 

Nov-63 1.63 3.09 

Dec-63 1.45 1.54 

 


