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Abstract  In the management of water resources projects, water managers are often interested in quantifying the 
frequency and magnitude of floods that will occur at the management areas or units. The frequency analysis of these 
events is one of the most important aspects that define the relationship between the magnitude and the frequency of 
an event, for which that event is exceeded. Frequency analysis therefore find its usefulness in the design and 
implementation of water projects such as in irrigation water requirement where the interest is on how much water 
can be available from a water resource to support irrigation throughout the year. The objective of this paper therefore 
was to assess the available water, using the extreme value analyses methods, that can be put to other uses such as 
irrigation water demand, domestic water requirement after due consideration to the environmental flow. The 
available water was estimated by deducting the following from the 80% probable flows orQ80: i) Deduction of 
estimated existing/future abstractions- determined from available information on irrigation activities along the three 
rivers (upstream and downstream) and ii) Deduction of the environmental flow - taken as 30% of the Q95 probable 
flow based on monthly mean flows. In particular this research was biased towards supporting the water requirement 
for a proposed irrigation project in the study area. The area of study was Awach-Kibuon catchment of the Lake 
Victoria South Catchment Area. This river catchment drains parts of Nyamira County through the Awach-Kasipul 
sub-catchent (Nyabomite, Charachani and Eaka tributaries). Data used included daily rainfall and temperature data 
obtained from the Kenya Meteorological Department Headquarters in Nairobi while daily discharge or flow levels 
data from the three tributaries i.e. Nyabomite, Charachani and Eaka were obtained from the Water Resources 
Authority (Kisii sub-regional office). The flow levels from Nyabomite, Charachani and Eaka were converted to river 
discharge using appropriate rating curves. Rainfall data was used with the Curve Number method to estimate river 
discharge at Eaka where flow levels were hardly available. Flood frequency distributions (GEV, the Gumbel) with 
different methods of parameter estimations (moments, maximum likelihood, probability weighted moments) were 
then used to estimate flow magnitudes corresponding to specific return periods (Q50, Q80 and Q95) and generate 
flow duration curves. Results from the flood frequency analysis from the General Extreme Value and Extreme Value 
type 1 distribution using the methods of moments (mom), maximum likelihood (ML) and Probability Weighted 
Moments (PWM) indicated the best distribution to be EV1-PWM since it exibited the lowest standard error 
estimates. Based on the most suitable distribution (EV1-PWM), the probabilities of exceedance were computed  
and used to estimate the water available for irrigation purposes at the three target gauging stations in the  
sub-catchment.From the results, a larger volume of water is available for irrigation at Charachani, for example, 
lowest being 0.388 cumecs in the month of July compared to 0.147 cumecs for Nyabomite and 0.249 cumecs for 
Eaka.. The largest amount of water for irrigation is available during the months of May and November, with peaks 
corresponding to those of the rainy seasons. The months with the least available water for irrigation are December, 
January and February, which also corresponds with the dry seasons. These results were used to inform planning in 
setting up of flow control structures for irrigation project in the Charachani-Eaka-Nyabomite cluster in Nyamira 
County. 
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1. Introduction 

In the management of water resources projects, water 
managers are often interested in quantifying the frequency 
and magnitude of floods that will occur at the 
management areas or units. The frequency analysis of 
these events is one of the most important that define the 
relationship between magnitude and the frequency of an 
event, for which that event is exceeded.  

Before the estimation of Flood Frequency (FF); there is 
need to obtain peak flow data, that used to obtain the 
probability distribution of floods [1]. Flood Frequency 
Analysis (FFA) is commonly used by hydrologist and 
engineers and involves estimating flood peak for a set of 
non exceedance probabilities. It involves the fitting of a 
probability model to the sample of annual flood peaks 
recorded over a period of observation, for a hydrologic 
management area or unit. The model parameters 
established are then used to predict the extreme events of 
large recurrence interval.. Floods rank as one of the most 
damaging form of natural disaster in the world [2], 
claiming lives and affecting millions of people worldwide 
[3]. While floods are inevitable natural events, their 
impact on people and the environment can be reduced by 
putting mitigation measures in place. Effective mitigation 
measures require a solid understanding of the frequency of 
floods. It is crucial to accurately estimate the relationship 
between extreme flow quantiles and the associated 
recurrence interval to design appropriate infrastructure and 
plan river engineering works. 

Historical floods can help inform future design and can 
be utilized to project future flooding so that prevention 
and mitigation practices can be developed or improved. 
Flood frequency analysis (FFA) is an important technique 
to estimate flood magnitudes, and their associated 
frequencies, based on the use of historical flood data. This 
technique often serves as a foundation for proactive flood 
management projects such as infrastructure design for 
flood control and floodplain mapping for hazard region 
identification [4,5]. Computation of return period is an 
essential tool in hydrology that is used to estimate the time 
interval between events of a similar size or intensity. 
However, estimating the return period of such events can 
become an arduous task due to the fact of various reasons 
such as missing data, short times data series, or the 
unknown probability distribution function of annual peaks 
Oosterbaan [6]. Hence, frequency analysis is used to 
estimate the return period of specific events. This method 
of analysis can be used in the following among other 
applications, design of dams, bridges, culverts, and storm 
drainage channels. Frequency analysis can also be used in 
predicting the frequency of drought, in agricultural 
planning, as well as in flood prediction. Several 
probability distribution functions have been developed to 
fit the sample distributions. 

The suitability of the candidate probability distributions 
can be evaluated by considering their ability to reproduce 
different features of the annual maximum flow series 
(upper bound of the distribution, upper tail of the 
distribution, the shape of the body of the distribution,  
 

lower tail of the distribution, lower bound of the 
distribution) that are of particular importance in flood 
frequency modeling [7]. 

The best probability distributions that can be used in 
various situations are based on the specific properties of 
such distributions [8,9,10]. The samples for flood 
frequency analysis can be chosen based on the annual 
maximum flow or the annual peak flows over some 
defined truncation levels. 

The annual maximum flow method has been widely 
used for flood frequency analysis in different regions [8,9], 
in which the sample is defined by the maximum flow  
of each year of the study period. It is essential to note  
that the main drawbacks of relying on peaks over 
threshold method are the threshold selection and assuring 
independence criteria [11]. Thus, to investigate the robust 
probability distribution function for flood frequency 
analysis, this study considered the annual maximum flow 
series from six representative stations that cover three 
different spatial scales in the upper Blue Nile River Basin. 

The hydrological analysis in this study involve  
flood frequency analysis, determination of exceedance 
probabilities for specific flows and extraction of flow 
duration curves, which eventually contribute to the 
determination of the available water. The General Extreme 
Value (GEV) distributions are used to estimate the 
discharges corresponding to specific return periods and 
the exceedance probabilities of discharge at different 
locations in the sub-catchment. The water balance 
equation is also used to determine the amount of water 
available for irrigation at three tributaries in Awach 
Kasipul sub-catchment, which include Charachani, 
Nyabomite and Eaka.  

Irrigation water requirement (available water) was 
obtained from Charachani, Nyabomite and Eaka rivers. 
All the three rivers are tributaries of the Awach Kibuon 
River within the AwachKibuon River basin (subbasin 
1HD) with the Lake Victoria Basin (referred to as 
Drainage Area 1). The rivers originate from the Kisii 
Highlands and flow North West into Lake Victoria near 
Kendu Bay. 

1.1. Description of the Study Area 
The area of the study is the Upper Awach-Kasipul sub-

catchment (part of the larger Awach-Kibuon catchment) 
located in Nyamira County. The larger Awach Catchment 
(Figure 1) is part of the Lake Victoria South Catchment 
Area (LVSCA) and flows North West (NW) into Lake 
Victoria around the port of Kendu Bay Figure 1. The 
Kibuon River is 52 km long and has a catchment area is 
760 km2. 

According to the 2009 census the population of 
Nyamira County was estimated to be 598,252 and 
projected to be 632,046 persons in 2012. Approximately 
46.3% fall below the poverty line and this is high 
compared to Kenya’s poverty rate which is projected to be 
in the range of 34 and 42 percent (Kenya Economic 
Update 2013; World Bank [12]). The food poor are 
estimated to be around 21.8% and 1.9% are the hard-core 
poor who cannot afford poor even when they spend all 
their income on food. 
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Figure 1. Base map for Awach-Kibuon catchment (Source: [13]). 

In order to address poverty, the [14] proposes 
development programs such as intensive farming, 
improvement in electricity connectivity, maintenance  
of roads and establishment of cottage industries for 
processing agricultural produce. Only a few farmers (8%) 
are practicing any type of irrigation and another (15%) 
who have on farm experience on irrigated agriculture.  

The crop choice under irrigation is based on the 
suitability for various crops to soils, climate, topography, 
both in long and short rain seasons; as well as water 
availability, particularly in the months of September  
-March; to take advantage of the rained agriculture 
development as much as possible. 

1.2. Objectives of the Study 
The objective of this research study was to assess the 

available water that can be put to other uses such as 
irrigation water demand, domestic water requirement  
after due consideration to the environmental flow. The 
available water was estimated by deducting the following 
from the 80% probable flows orQ80: i) Deduction of 
estimated existing/future abstractions- determined from 
available information on irrigation activities along the 
three rivers (upstream and downstream) and ii) Deduction 
of the environmental flow - taken as 30% of the Q95 
probable flow based on monthly mean flows. Q80 is the is 
the flow that is exceeded 80 % of the time, e.g. 4 out  
of 5 years. Environmental or reserve flow (Q95) is  
the flow that must be released to meet ecological  
needs downstream and normally used as a design  
criterion for domestic water supplies); while Q50 is the 
flood flow. 

2. Data and Methodology 

This section outlines the source and characteristics of 
data used in the analysis, and the steps involved in the 
analysis, which include estimation of missing data, 
estimation of flow discharge using both the rating formula 
and the curve number methods, flood frequency and 
probability of exceedance analyses.  

2.1. Data 
Daily discharge data was obtained from Water Management 

Authority (Kisii sub-regional office) while daily rainfall 
data from the Kenya Meteorological Department (KMD) 
Headquarters in Nairobi.. The Rated Gauging Station 
(RGS) 1HD06 at Eaka had only water level data available 
over a period of 7 years, while the rest of the RGSs had 
flow data. With the exception of Nyabomite coffee factory 
rainfall station which had less than10 years of data, the 
rest had more than 20 years of data. A list of flow and 
rainfall stations used is summarized in Table 1a and 1b. 

Table 1a. River flow data (Source: Water Management Authority, 
Kisii sub-regional office) 

RGS Name Area (km2) Lat. Long. 
1HD06 Eaka Kioge** - -0.5083 34.9500 
1HD05 Awach Kabondo 32 -0.4486 34.8833 
1HD04 Awach Kibuon 540 - - 
1HD03 Awach Kasipul 119 -0.5014 34.8403 
1HD02 - 119 -0.4500 34.8830 
1HD01 - 508 -0.4030 34.6690 

*No data **Water level data only. 
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Table 1b. Rainfall data (Source: Kenya Meteorological Department 
Headquarters) 

Station 
code Name 

Rainfall 
record 
length 

Temperature 
record length Lat. Long. 

- Kipkebe tea 
estate 1983-2014 2002-2014 -00.38 35.29 

- Keritor estate 1983-2014 2002-2014 - - 

- Magura 1983-2014 2002-2014 - - 

- Nyabomite 
coffee* 2005-2014 - - - 

- Kiptenden 1983-2014 2002-2014 - - 

*huge data gaps 
 
The following sub-section involves estimation of 

missing data, calculation of discharge for specific  
return periods, estimation of flow duration curves and 
computation of available water for irrigation. 

2.2. Methodology 

2.2.1. Estimation of Missing Data Using the LOESS 
Model 

The Local Regression or Locally weighted polynomial 
regression (LOESS) was used to estimate missing data 
[15,16]. At each point in the data set a low-degree 
polynomial is fitted to a subset of the data, with 
explanatory variable values near the point whose response 
is being estimated. The polynomial is fitted using 
weighted least squares, giving more weight to points near 
the point whose response is being estimated and less 
weight to points further away. The value of the regression 
function for the point is then obtained by evaluating the 

local polynomial using the explanatory variable values for 
that data point. The LOESS fit is complete after regression 
function values have been computed for each of the data 
points. Many of the details of this method, such as the 
degree of the polynomial model and the weights, are 
flexible. The range of choices for each part of the method 
and typical defaults are briefly discussed. The weighting 
factor for input data point i is a sigmoidal curve based on 
equation 1: 

 𝑊𝑊𝑖𝑖 = �1 − 𝑋𝑋𝑖𝑖3�3
 (1) 

Where 𝑋𝑋𝑖𝑖  is the normalized distance (along the X axis) 
between input data point i and the output X value at which 
the LOESS smoothed value is being computed. The 
normalization X is the distance/ (maximum distance 
among points in the moving regression). 

Apart from being simple, this method provides a 
specification of a function that fits a model to all the data 
in the sample, thus requiring the smoothing parameter 
value and not the local polynomial. Additionally, it is 
possible to model complex processes for which no 
theoretical model exists due to its simplicity. To estimate 
missing data for Eaka at 1HD06, this method is used. The 
estimates are plotted in Figure 2, with the X axis 
indicating years and the y-axis displaying the water levels.  

As mentioned earlier, Eaka at 1HD06 had only water 
level data. To be able to use this station data in the 
analysis, the water levels had to be converted into 
discharge. Both the rating formula and the Curve Number 
(CN) methods were used to convert water levels to 
discharge. The rating formula was first used to obtain flow 
values, and the CN method used to obtain values for 
verification. 

 
Figure 2. Use of Loess procedure to estimate missing values for EAKA (Source: Author, 2019) 
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2.2.2. Estimation of Discharge Using the Rating 
Formula 

The rating formula was used to obtain discharge for 
stations with water level data only. The rating equation is 
expressed as in equation 2 where Q is the discharge (m3/s), 
α is the stage for zero discharge (meters), G is the gauge 
depth (meters) while Cr and β are coefficients [17]. 

 ( ) .rQ C G a β= −  (2) 

The equation becomes: 

 log𝑄𝑄 = 𝛽𝛽 log(𝐺𝐺 − 𝛼𝛼) + 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 (3) 

 𝑌𝑌 = 𝛽𝛽𝑋𝑋 + 𝑏𝑏 (4) 

𝛽𝛽 and 𝑏𝑏 from equations 3 and 4 can be calculated using 
equations 5 and 6 

 ( ) ( )
( )( )22

N XY X Y

N X X
β

Σ − Σ Σ
=

Σ − Σ
 (5) 

 ( )
log .

Y X
b C

N
βΣ − Σ

= =  (6) 

The coefficient of correlation can be estimated using 
equation 7 where a running method can be used to 
estimate the constant α [17]: 

 ( ) ( )

( ) ( ) ( ) ( )2 22 2
.

(

N XY X Y
r

N X X N Y Y

Σ − Σ Σ
=

Σ − Σ Σ − Σ
  (7) 

The constants for the station Eaka at 1HD06 are 
estimated as: C=16.453, α=0.216 and β=2.397, thus 
producing equation 8 as the final rating formula.  

 ( )2.39716.453 0 ..216Q G= −  (8) 

2.2.3. Estimation of Discharge Using the Curve 
Number (CN) Method 

In hydrology, the quantification of design peak discharges 
on data-scarce catchments has been a continuing problem 
[8,18]. Precise estimates of flood quantiles are needed for 
efficient design of hydraulic structures [19,20]; however, 
historical data that are required to quantify the flood 
statistics are usually unavailable at the site of interest or 
the available information may not be representative of the 
catchment studied because of the changes in the watershed 
characteristics, such as urbanization [8,21]. 

The measured hydrological data, particularly in 
developing countries such as Kenya can be limited, short, 
or nonexistent to the extent that they are far from 
representative of the basin under consideration [18,22]. In 
this paper, the Curve number method has been used to 
estimate run off depth from rainfall where the former was 
not available. 

The Curve Number (CN) method or the Soil 
Conservation service (SCS) Curve number method was 
developed by the US Soil Conservation Service for 
agricultural purposes [23]. In this approach a simple 
empirical formula and readily available tables and curves 
are used. The CN is a crucial factor to consider for runoff 
estimation [24]. A high curve number means high runoff  
 

and low infiltration; whereas a low curve number means 
little runoff and high infiltration [25]. The curve number is 
a function of land use and Hydrologic Soil Group (HSG). 
It is a method that can incorporate the land use for the 
computation of runoff from rainfall. The SCS-CN method 
provides a rapid way to estimate runoff change due to land 
use change [25]. 

Using this approach, the run off depth, Q from the  
sub-basin can be estimated using equation 9. In this 
equation, P represents the basin average rainfall estimated 
from available rainfall records and S is the potential 
maximum retention of the soil (in mm) after runoff begins 
and is related to the soil and land cover conditions of the 
watershed. S can be related to the CN as given in equation 
10.  

 ( )
( )

20.2
0.8

P S
Q

P S
−

=
+

 (9) 

 1000 10.S
CN

= −  (10) 

The CN can be estimated from the land cover type and 
the hydrologic soil group for the region (s) of interest. Soil 
group classifications for the USA can be referred at SCS 
[23] but classifications based on East African conditions 
are documented by Springer [26]. The land cover type for 
the Upper Awach-Kibuon is considered to be good (grass 
cover >75%) with a hydrologic soil group D which 
provides a maximum infiltration rate. The curve number 
for these types of conditions is estimated to be equal to 80. 
Hence, from equation 10, S was estimated to be equal to 
1.111. It should be noted that the runoff depths Q 
generated in equation 9 are equivalent to effective rainfall 
series 𝑅𝑅𝑑𝑑  in mm given by equation 11, where Qd is the 
required series of discharge. The catchment area 
corresponding to RGS 1HD06 is 39 km2. This value was 
used to convert the run-off depths in equation 11 to 
estimate discharge in equation 9. The discharge calculated 
using the CN method was compared to those by the  
rating formula, and these values used to compute the 
exceedance/non-exceedance probabilities.  

 
( )2

86.4
.d

d
Q

R
Area Km

=  (11) 

2.2.4. Flood Frequency Analysis: Calculation of 
Discharges for Specific Return Periods  

Flood frequency analysis involves the calculation of 
flow values that correspond to specific return periods. The 
return period T (in years) of an event was given as a 
function of the General Extreme Value (GEV) function 
(equation 12). 

 𝑇𝑇(𝑛𝑛𝑛𝑛𝑛𝑛𝑏𝑏𝑛𝑛𝑛𝑛 𝑙𝑙𝑜𝑜 𝑦𝑦𝑛𝑛𝑦𝑦𝑛𝑛𝑦𝑦) = 𝐹𝐹(𝛶𝛶,𝛽𝛽,𝛼𝛼)  (12) 

If F(x) represents the distribution of the annual 
maximum series, T is calculated using equations 13 and 
14, where 1 − 𝐹𝐹(𝑥𝑥)  represents the population survival 
function. 

 ( ) ( )
1

1
T number of years

F x
=

−
 (13) 
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 ( ) 11 .F x
T

= −  (14) 

The inverse distributions for these equations can be 
calculated using equations 15 and 16, where x is the 
discharge value corresponding to specific F(x) and α, β 
and ϒ the location, shape and scale parameters respectively. 
The values of x represent discharge at specific return 
periods.  

 𝑥𝑥 = 𝛼𝛼 + 𝛽𝛽
𝛾𝛾
�1 − � 𝐼𝐼𝑛𝑛�𝐹𝐹(𝑥𝑥)� �𝛾𝛾� for γ ≠ 0  (15) 

 𝑥𝑥 = 𝛼𝛼 + 𝛽𝛽(−𝐼𝐼𝑛𝑛(−𝐼𝐼𝑛𝑛𝐹𝐹(𝑥𝑥))) for γ = 0 . (16) 

2.2.5. Flow Duration Curves  
A flow duration curve indicates the percentage of  

time the river discharge (either daily, monthly or annually) 
is exceeded over a given period. Flow duration is 
represented by an empirical exceedance frequency E 
(equation 17), where t- represents the stream flow rank 
(flow records sorted in descending order), and s the 
sample size considered. 

 ( ) 100% tE
s

=   (17) 

The exceedance frequency for high flows is calculated 
using equation 18 where XE is the exceedance level while 
G denotes a GEV distribution to which the flows fit into. The 
exceedance frequency for high flows with an exponential 
distribution can therefore be calculated using equation 19 

 ( ) ( )
100 1%

1 E

tE
s G x

 =   − 
  (18) 

 ( )
1

100% exp .tx xtE
s β

−
 −  =    

    
 (19) 

The E-percentage event can then be calculated using 
equation 20 where t represents the number of observations 
above the threshold, s the sample size, β the location 
parameter and xt the threshold discharge. 

 ( )100ln ln .E t
tx x E

s
β   = + −    

 (20) 

3. Results and Discussion 

This section presents the results of the analyses and a 
brief discussion on their implications. An analysis of the 
rainfall and temperature time series shows that the 
monthly maximum temperature has an increasing trend 
while the minimum monthly temperature is on a general 
decrease. This implies a steady increase in the temperature 
ranges for this area. The hightemperature in this sub-
catchment may also suggest a high rate of evaporation.. 
Monthly rainfall at Keritor and Magura estate rainfall 
stations show a slight increasing trend and decreasing 
trend respectively for Keritor and Magura respectively 
(Figure 3a and Figure 3b); and the mean monthly flows 
also indicate an increasing trend (Figure 3c). It is also 
observed that the rainfall values however have a high 
variability across the years. The years 2005 and 2013 have 
the highest monthly rainfall recorded, with values of more 
than 450 mm. The positive trend in monthly rainfall 
suggests an increase in the risk of flooding.  

 
Figure 3a. Keritor Estate monthly rainfall (Source: Author 2019) 

 
Figure 3b. Magura monthly rainfall (Source: Author 2019) 
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Figure 3c. Eaka (1HD06) mean monthly flows (Source: Author 2019) 

Table 2. Flood frequency analysis results (Source: Author 2019) 

Return 
period 
(years) 

NYABOMITE CHARACHANI EAKA 

EV1-mom EV1-PWM GEV-PWM EV1-mom EV1-PWM GEV-PWM EV1-mom EV1-PWM GEV-PWM 

2 10.14 10.13 10.11 30.51 30.47 31.06 8.89 8.91 7.71 
5 12.29 12.33 12.37 37.84 38.05 38.70 17.60 17.52 15.50 

10 13.72 13.78 13.87 42.70 43.07 43.20 23.36 23.21 22.01 
25 15.52 15.62 15.76 48.83 49.41 48.32 30.65 30.41 32.17 
50 16.85 16.99 17.16 53.38 54.12 51.75 36.05 35.75 41.41 

100 18.18 18.34 18.56 57.90 58.79 54.87 41.42 41.05 52.32 
200 19.50 19.69 19.95 62.40 63.44 57.71 46.76 46.34 65.25 

*Unit is m3/s. 

 
Figure 4. Standard error estimates for different distributions for Nyabomite, Eaka and Charachani flow stations (Source: Author, 2019) 

3.1. Flood Frequency Analysis 
Results from the flood frequency analysis are displayed 

in Table 2, as estimated from the General Extreme Value 
and Extreme Value type 1 distribution using the methods 
of moments (mom), maximum likelihood (ML) and 
Probability Weighted Moments (PWM) to estimate the 
parameters of the distribution. The best distribution is the 
EV1-PWM since it has the lowest standard error for all the 
RGS (Figure 4). 

The flow discharges corresponding to specific return 
periods are therefore estimated using the EV1-PMW 
method (Figure 5). At each of the return periods, the 
results indicate relatively higher discharge values for 
Charachani compared to Eaka and Nyabomite, suggesting 
bigger floods at this location relative to the other locations. 
This further suggests a need for larger flood control 

structures at Charachani, as the discharges at this location 
are twice those at Nyabomite and Eaka.  

3.1.1. Exceedance Probabilities 
Exceedance probabilities are used to construct flow 

duration curves, which display the chance that a given 
flow is exceeded in a given time period. The exceedance 
probabilities at Eaka, Charachani and Nyabomite were 
calculated based on mean monthly flow records. Results 
show that high flow values have low probabilities of 
exceedance and vice versa. Actual flow values vary from 
one location to another. At all exceedance probabilities, 
Charachani has the highest flows as compared to the other 
two stations (Table 3). Table 4 shows the exceedance 
probabilities of flows at Eaka, calculated using discharge 
values estimated by the CN method. The annual flow 
duration curves are plotted in Figure 6. 
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Figure 5a. Flood frequency curve for Eaka (Source: Author, 2019) 

 
Figure 5b. Flood frequency curve for Charachani (Source: Author, 2019) 

 
Figure 5c. Flood frequency curve for Nyabomite (Source: Author, 2019) 
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Table 3. Exceedance probabilities for low flows for stations at Eaka, Nyabomite and Charachani (Source: Author, 2019) 

Month 
Low flows based on mean monthly flows(m3/s) 

Eaka at 1HD06 (Rating formula) Nyabomite Charachani 
Min Max Q95 Q80 Q50 Min Max Q95 Q80 Q50 Min Max Q95 Q80 Q50 

JAN 0.02 1.94 0.02 0.04 1.03 0.02 0.78 0.02 0.05 0.19 0.05 2.71 0.08 0.26 0.67 
FEB 0.01 2.43 0.01 0.04 0.30 0.02 0.99 0.02 0.05 0.24 0.04 2.60 0.04 0.14 0.57 
MAR 0.14 2.41 0.14 0.19 0.45 0.05 1.72 0.21 0.38 0.72 0.28 5.41 0.47 1.16 1.63 
APR 0.15 4.38 0.15 0.30 0.44 0.07 1.84 0.44 0.70 1.12 0.77 6.28 1.35 2.03 3.27 
MAY 0.06 4.65 0.06 0.34 2.72 0.15 1.78 0.24 0.47 0.76 0.69 5.43 0.77 1.08 1.97 
JUN 0.01 4.52 0.01 0.28 0.45 0.13 1.25 0.17 0.35 0.57 0.25 3.33 0.29 0.77 1.30 
JUL 0.03 4.53 0.03 0.25 0.73 0.05 0.99 0.07 0.17 0.31 0.12 2.83 0.18 0.44 1.08 
AUG 0.16 5.92 0.16 0.30 2.02 0.09 1.48 0.10 0.19 0.46 0.19 3.29 0.32 0.51 1.25 
SEP 0.24 4.32 0.71 0.79 1.37 0.06 1.41 0.14 0.31 0.48 0.31 4.45 0.34 0.72 1.20 
OCT 0.25 3.68 1.95 2.83 2.95 0.01 1.14 0.04 0.20 0.42 0.22 3.94 0.27 0.53 1.14 
NOV 0.16 5.86 0.16 0.44 3.10 0.18 1.73 0.23 0.35 0.57 0.20 4.01 0.32 0.85 1.78 
DEC 0.01 7.07 0.01 0.07 1.44 0.03 1.29 0.07 0.23 0.48 0.07 3.99 0.16 0.58 1.30 

Table 4. Exceedance probabilities for flows at Eaka, for discharges estimated via the CN method.(Source: Author, 2019) 

Month Unit: m3/s Low flows (based on mean monthly flows) 
Min flow Max flow Q95 Q80 Q50 

JAN 0.003 2.388 0.015 0.290 0.793 
FEB 0.003 2.282 0.041 0.338 0.953 
MAR 0.171 5.812 0.318 0.763 1.564 
APR 1.076 5.760 1.083 2.412 3.592 
MAY 0.505 5.486 0.734 1.359 2.281 
JUN 0.109 3.874 0.354 0.757 1.623 
JUL 0.124 4.045 0.257 0.604 0.997 
AUG 0.324 3.417 0.424 0.805 1.283 
SEP 0.191 3.797 0.312 0.621 1.255 
OCT 0.067 3.617 0.145 0.460 1.225 
NOV 0.103 5.287 0.251 1.043 1.697 
DEC 0.049 6.553 0.298 0.580 1.548 

 
Figure 6. Flow duration curves for (i) Nyabomite (ii) Charachani (iii) Eaka (Source: Author, 2019) 

3.3. Estimating the Amount of Water 
Available for Irrigation 

The probabilities of exceedance were used to estimate 
the water available for irrigation at the different gauging 
stations in the sub-catchment. The available flow for 
irrigation and the environmental flow are crucial in this 
process. The available flow for irrigation is calculated 
from Q80 (also called the natural flow, i.e. flow exceeded 
4 out of 5 times in a year) and the environmental flow 
computed from Q95 i.e. flow exceeded 95% of the times. 
Environmental concerns are foremost on the minds of 
administrators, planners, and the general populace, with 
the result that there is a steadily increasing awareness and 
emphasis on the requirements of environmental flows in 

any river system toward maintaining ecosystems such  
as wetland and in-stream environs [27]. Computed values 
of Q80, Q90 and Q95 are shown in Table 3. The 
difference between the environmental and natural flow 
gives estimates of the available water for irrigation 
purposes. Kenyan regulations require that 30% of the  
Q95 base flow be considered as the environmental flow. 
The available water for irrigation is therefore calculated 
from equation 21. This formula is also called the water 
balance calculation for irrigation water requirement. 
Results for the available water at each RGS are shown in 
Table 5.  

Give the actual figures or values 

 ( )80 0.3* 95 .Available water for irrigation Q Q= − (21) 
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Figure 7. Available water (Source: Author, 2019) 

Note: The available water is calculated on a monthly 
basis for each of the three locations. Figure 7 and Table 5 
below indicate the amount of water that can be extracted 
in this case for irrigation purposes after satisfying the 
environmental flow.  

Table 5. Available water for irrigation extraction at Eaka, 
Nyabomite and Charachani (Source: Author, 2019) 

Month 
Available water for irrigation (m3/s) 

EAKA at 1HD06 Nyabomite Charachani 
JAN 0.026 0.051 0.240 
FEB 0.030 0.053 0.130 
MAR 0.133 0.321 1.020 
APR 0.197 0.570 1.627 
MAY 0.272 0.405 0.851 
JUN 0.277 0.302 0.683 
JUL 0.249 0.147 0.388 
AUG 0.089 0.161 0.416 
SEP 0.362 0.270 0.618 
OCT 0.025 0.187 0.450 
NOV 0.339 0.280 0.758 
DEC 0.042 0.212 0.535 
 
From the results, a larger volume of water is available 

for irrigation at Charachani, for example, lowest being 
0.388 cumecs in the month of July compared to 0.147 
cumecs for Nyabomite and 0.249 cumecs for Eaka.  
The largest amount of water for irrigation is available 
during the months of May and November, with peaks 
corresponding to those of the rainy seasons. The months 
with the least available water for irrigation are December, 
January and February, which also corresponds with the 
dry seasons.  

4. Conclusions 

The management of water resources most often  
may require the quantification and determination of the 
frequency and magnitude of flow events that will occur at 
the water management areas or units. The frequency 
analysis define the relationship between the magnitude 
and the frequency of an event, for which that event is 
exceeded.. The probabilities of exceedance, for example,  
 

can be used to estimate the water available for irrigation 
purposes. This is especially relevant to a region like the 
Awach-Kibuon sub-catchment, which even though makes 
a considerable contribution to the country’s food security 
due to its high agricultural potential; it is still faced  
with threats arising from frequent droughts which often 
threatens rainfed agriculture.. This paper sought to  
carry out a hydrological assessment that can inform the 
design, construction of flow control structures and 
estimation of available water that could be extracted from 
nearby water resources (Eaka-Nyabomite-Charachani 
streams) for irrigation purposes. The available water  
was estimated by deducting the following from the  
80% probable flows or Q80: i) Deduction of estimated 
existing/future abstractions- determined from available 
information on irrigation activities along the three rivers 
(upstream and downstream) and ii) Deduction of the 
environmental flow - taken as 30% of the Q95 probable 
flow based on monthly mean flows 

From the results, a larger volume of water is available 
for irrigation at Charachani, for example,lowest being 
0.388 cumecs in the month of July compared to 0.147 
cumecs for Nyabomite and 0.249 cumecs for Eaka..  
The largest amount of water for irrigation is available 
during the months of May and November, with peaks 
corresponding to those of the rainy seasons. The months 
with the least available water for irrigation are December, 
January and February, which also corresponds with the 
dry seasons. Refining these results to take into account the 
present and future challenges will require use of gridded 
data sources such as NOAA, NCEP, CPC to augment the 
scarce observations. Moreover, climate projections may be 
useful in order to keep pace with the challenges of climate 
change. 
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