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1 INTRODUCTION 
Cassava farmers in Ganze Sub-County of Kilifi County experience poor access to 
water. Although cassava is a drought tolerant crop, it still requires water during 
the planting and processing stages, a lack of which can result in reduction of crop 
yield and/or product value. This report looks at the existing situation facing the 
farmers and how they manage with the available limited water supplies. This is 
detailed in Chapter A decision making matrix has been developed to asses these 
supplies and determine which of a number of interventions is the most suitable 
for the site. The interventions are detailed with a design calculator (for 
rainwater harvesting), implementation costs and a cost benefit analysis. This 
aims to give the groups a quantitative overview of options available to them to 
enable timely access water. The Water Management Toolkit is a separate file 
(excel) that must accompany this report. 
 

2 METHODOLOGY 
 

This report is based on information gathered during site visits in November 
2014 with CAST staff members. A total of six sites were visited, two in each of the 
divisions of Ganze, Bamba and Vitengeni. These sites were chosen so that a 
representative range of environments and situations were experienced in order 
to allow the report to be applied to other sites within the Sub-County. The sites 
visited were as follows: 
 
Group name Village Division Date Time 

Vikale Mugandamwani Bamba 13/11/2014 9 am 

Jipemoyo Miereni Bamba 13/11/2014 11 am 

Mbonga Mbonga Ganze 13/11/2014 1 pm 

Kimbule Kimbule Ganze 13/11/2014 3 pm 

Ushirika Kizingo Vitengeni 14/11/2014 9 am 

Funajeza Zia ra lufa Vitenegni 14/11/2014 11 am 

 
Field data regarding each of the sites is detailed in Appendix A. This data has 
been incorporated into the following chapters, with a case study from Ushirika 
used for the rainwater harvesting calculation.   
 

3 EXISTING WATER MANAGEMENT MODEL 
The Water Budget is an overview of all water used at a particular site. It 
considers different available sources of water, how and where water is used, if it 
is treated and finally, how wastewater is disposed of. These are quantified with 
current values where possible.  

3.1 WATER SOURCES 

Depending on the area, there are different sources available for use. These vary 
in terms of accessibility, quality and reliability.  
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3.1.1 MUNICIPAL SUPPLY 

The municipal supply provided by KIMAWASCO (Kilifi and Mariakani Water & 
Sewerage Company) was available to users in each of the six sites visited. This is 
widely variable in terms of quantity available. Distance from the main pipeline 
has a large effect on pressure, rendering some taps dry for weeks or even 
months at a time. Some users will only receive water on a rationed basis 
resulting in supply on limited days. Many users have installed tanks to help 
buffer this irregularity, but this often is only sufficient for a few days (depending 
on size of storage tank).  
 
The water is billed on a progressive scale, meaning the price increases for higher 
quantities. The billing scale is as follows: 
 

Consumption Block (m3) Approved tariff (kshs/m3) 
0-6 50 
7-20 75 
21-50 97.5 
51-100 120 
101-300 150 
>300 227.5 

 
Water kiosks are the main supply points for KIMAWASCO water, whereby an 
individual with an account will set up a tank and tap and charge users between 5 
and 10kshs per jerrycan of 20litres. This is 2.5 to 5 times the actual cost. The 
water bill calculations are given in the Toolkit.  

3.1.2 BOREHOLES 

There are a number of boreholes in the area, but these are mainly saline. The 
underlying geology (Mazeras and Mariakani Sandstones) means that 
mineralization is high, hence salinity, rendering the water unsuitable for human 
consumption or irrigation of cassava. Boreholes in Douni (Vitengeni) and 
Rimarapera (Bamba) are typical of this, they produce high quantities of saline 
water.  This supply is not feasible for use unless a desalination system is put in 
place which is not a sustainable option for the farmers to consider.  

3.1.3 RAINWATER HARVESTING 

Roof top harvesting systems were observed at a number of sites, but none of 
these systems were functioning. Many roofs are thatch (makuti), so collection off 
these surfaces is not suitable as the colour and taste of the water is affected.  

3.1.4 SURFACE WATER 

Limited natural surface water bodies were observed during the site visit. The 
numerous watercourses marked on the map mostly reflect seasonal streams that 
may only flow for a few days or even hours. One exception to this was Kaguda 
River near Mbonga that had some water present, although flow was very low. 
There are numerous water pans throughout the Sub-Division. 
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3.1.4.1 WATER PANS 

These are man made structures of various sizes that rely on surface water flow 
(from rainfall) to fill up. Numerous water pans have been constructed in the 
study area and represent the most commonly used water source. All water pans 
observed were unlined in order to minimise costs. However, where the soil is 
predominantly sand this often results in poor water retention and rapid drying 
up. The pans are usually built on land allocated by the community and often are 
constructed by community members in a “work for food” or for cash basis. The 
banks and overflow are not reinforced, leading to gradual deterioration over 
time, especially during times of heavy surface flow.  
 
The pans are often maintained by the community through a “collection for 
clearing” basis, whereby de-silting is done by individuals when they collect 
water. Time needed for collecting water from the pans is a major consideration 
as these may be a few kilometers from the point of use. This may take a number 
of hours per day and prevent the individuals from achieving other profitable 
activities (although one group stated that collecting water for processing was not 
an issue as this occurred during the dry season when there were not many other 
agricultural activities going on).  
 
Water quality in the pans is usually of a poor nature as they are rarely protected 
from livestock. Despite this, they represent a very valuable source to the local 
population and may be the only option for much of the year, although all were 
said to dry up for a number of months. In many instances, the water was only 
used for domestic purposes and the groups suggested that it would be 
unacceptable to start collecting more for the purposes of farming.  

3.2 WATER USE 

Water demand varies from month to month. The farmers have a continual 
demand for domestic water throughout the year but the cassava will require 
water depending on when the crop was planted. Planting occurs during the rains 
in April/May and/or October/November, water may be required for irrigation if 
these rains fail. The harvest occurs approximately 8 to 12 months later, i.e. 
Jan/Apr and May/Oct and water is needed to process the product. These are 
discussed more in the following sections.  

3.2.1 IRRIGATION WATER  

Cassava is grown primarily as a rainfed crop. No irrigation of cassava was 
observed during the site visits. This has historically been impractical based on 
distance from water sources and lack of pumps with which to move the water. 
Literature regarding Cassava growing conditions states that “cassava finds the 
most favourable growing conditions in humid-warm climates at temperatures of 
between 25 - 29°C and precipitations of between 1000 - 1500mm which ideally 
should be evenly distributed” (ONWUEME, 1978). From experiences at KALRO 
Katumani it is seen that to yield 35 tonnes/ha during 8 months of growing 
period it needed 840mm (from CAST TOR). Despite this, cassava is a drought 
resistant crop and will survive with less rainfall, but grow more slowly and 
produce smaller tubers (see Appendix B and C for a climate prediction summary 
and rainfall data for the region). Depending on whether the farmer is growing 
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cassava for bulking or production purposes will affect the quantity of water 
required.  Good water quality is not paramount, although highly 
saline/mineralised water is unsuitable.  

3.2.1.1 BULKING  

This is for production of planting material and requires approximately 200mm of 
rainfall in the first month. Planting material is usually harvested after the normal 
growing period of 8-12 months and planted out. This usually occurs on a 
commercial scale where large quantities of planting material are required, or 
when a new field is brought into service. This equates to 808m3/acre/month 
see1, or the equivalent deficit based on the monthly rainfall (i.e. if 150mm of rain 
was received, only 50mm additional water would be required).  

3.2.1.2 PRODUCTION 

 The plants in the field are for tuber and leaf generation (start up plants for this 
project were provided by CAST or from other bulking sites). Once the plants are 
harvested, a section of the stem is planted directly back into the soil. It is 
essential that planting occurs during the rainy season and that the plants are 
well established before the land dries out.  If the rains do not arrive within a 
week of planting, it is recommended that 20mm of water per fortnight be applied 
to the crops to prevent them from total failure. This equates to 
162m3/acre/month see2 for the first three months or the equivalent deficit 
(explained above).  

3.2.2 PROCESSING WATER REQUIREMENT 

Water is required for processing of cassava, mainly for washing off soil and then 
washing a second time after peeling and/or slicing.  Processing was not observed 
during the site visits as few places had started harvesting, the main harvesting 
period being around January/April and June/Oct. Harvesting is often determined 
by market price as the roots may stay in the ground for longer than the optimal 
period should the price not be favourable. This allows the farmers to wait for the 
best time to uproot and start to process their harvest for the raw product. 
Cassava will start to rot if not processed within approximately 3 days of 
harvesting, therefore, timeliness of uprooting, cleaning, chipping and drying are 
essential. However, once this has been done, the farmers may then store it, 
allowing them to produce throughout the year. This may result in a spread of 
processing over a period of weeks or even months, which also means the water 
demand is spread out.  This is advantageous bearing in mind that the processing 
period usually coincides with the dry season in Kenya, particularly during the 
months of January and February when the last significant rains may have been 
experienced two or three months previously. This will obviously have an effect 
on the availability of water harvested from water pans and rainwater harvesting 
systems and may also be reflected in a more limited municipal supply.  
 
There are three main uses for cassava at present, although all of these require a 
level of sensitisation to encourage the local population to make more use of them 

                                                 
1 200mm/month x 4041 (m2/acre) / 1000 = 808m3/acre 
2 40mm/month x 4041 (m2/acre) / 1000 = 162m3/acre 
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(ongoing with CAST). As awareness of cassava rises and cooking techniques 
become more familiar, it is anticipated that the major part of the harvest will be 
for flour, even though this is not currently the case.  
 
The products are summarised in the following table with the water needed for 
processing.  
 
cassava 

products 
Water required 

(l/kg) 
Water required 

(m3/acre) 
Notes 

fresh 0.6 9 Soil must be washed off 
flour 1.2 18 Soil washed off, tubers 

peeled then re-washed and 
soaked again 

crisps 1.2 18 Soil washed off, tubers 
peeled, sliced then re-
washed and soaked again 

 
The following key points must be considered in satisfying the water demand: 
 

 water for all processing activities must be of a high quality so that the 
quality and colour of the product is not adversely affected.  

 daily water requirement is dependent on the timing of the harvest and the 
products produced (a factor of market prices). 

 the maximum amount of cassava that may be chipped per day by a 
manual chipper (for flour production) is 500kg which would require 600l 
of water. A mechanised chipper may be introduced which would allow 
greater production. 

 a maximum additional 500kg per day (depending on group size, plot size 
and market price) of cassava could be harvested for fresh product which 
would require 300l of water.  

3.2.3 WATER TREATMENT 

At present, water is not treated by most of the farmers prior to use (for domestic 
purposes). In some instances it is boiled and/or chemically dosed using 
Waterguard (a Chlorine based product) but only as a result of this being donated. 
As there are no domestic systems for water treatment in place, the farmers are 
restricted to sources of a reliable quality (such as municipal) for domestic 
consumption. They will be forced to use this same water for processing if an 
alternative is not made available.  

3.3 WASTEWATER DISPOSAL 

Thus far, harvesting has occurred on an “as needs” basis, so has not generated 
large quantities of wastewater at a single time. If a large amount of cassava is 
harvested at once (1tonne per day is probably the maximum the farmers could 
manage), then the wastewater quantity will become viable to capture, treat and 
re-use for irrigation.  This represents a maximum of 1,200litres of water per day 
if the cassava was being used for flour and/or crisps. It is not usually viable to 
invest in a wastewater treatment system for such a small quantity of water. 
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However, due to the potentially polluting nature of the wastewater, care should 
be taken in it’s disposal so that it is not able to enter surface water bodies or 
nearby wells (if any). It is suggested that an idea of a recycling kitchen garden be 
investigated, whereby processing water may be disposed of and used for diet 
improvement. This would require information regarding water quality, 
particularly starch and cyanide concentrations.  

 

4 DECISION MAKING MATRIX 
 
In consideration of any intervention for water supply, four factors must be 
considered for the different sources, namely: 

 Cost 
 Convenience (time required to collect) 
 Quality, and  
 Reliability of supply 

 
If these may be quantified then they may be directly compared for the different 
existing sources. Proposed interventions may be ranked in the same way to see 
which is the most appropriate solution. 
  
Each of these factors is explained in the following section, with an example from 
one of the project sites.  

4.1 COST OF SUPPLY 

Existing sources fall into two categories, free (water pans) and chargeable (water 
kiosks). Prices for the water kiosks have been detailed in Section 3.1.1. 

4.2 CONVENIENCE OF SUPPLY 

Different water sources are located in different areas and require variable 
amounts of time to be collected.  In most cases, 20litre jerrycans (mtunges) are 
used to collect and carry water. Sometimes there are queues at the source (such 
as waiting for a low flow tap to fill containers) that adds more time. Total time 
required to collect water should factor the return trip plus waiting. The value 
that individuals put on their time and may be a factor of many things including 
social interaction, quality of supply, safety of route and others, therefore, they 
must be the ones to set the levels.  
 

4.3 QUALITY OF SUPPLY 

Quality varies widely between supplies ranging from quite good (municipal 
supply) to poor (water pans). Farmers generally use different sources for 
different activities based on the quality required. In most cases, good quality 
water is reserved for cooking and drinking, whilst poor quality water is used for 
washing and any other activities. Processing of cassava will require drinking 
quality water, so if the source is not adequate then it must be treated. This is 
detailed more in the interventions section.  
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4.4 RELIABILITY OF SUPPLY 

It is essential to consider reliability of supply as even if all other factors are 
satisfied (good quality water at a reasonable cost and not too far away from the 
user), if this supply stops for a month it will leave the users with limited options, 
if any. The supply must be available when needed, in this case during the 
processing and (possibly) the irrigation of the cassava 
 

4.5 RANKING WATER SOURCES 

A table has been developed to help assessment of existing sources and decision 
making for future improved sources. This is referred to as the Decision Making 
Matrix (see example below).  
 
To use the matrix, each water source is ranked by the farmers in order to give a 
quantitative comparison. It is essential that the farmers set the ranges for the 
ranking as they may have a different set of priorities than the assessor (or than 
another group). The farmers must discuss and agree on their levels of good (rank 
1), moderate (rank 2) and poor (rank 3) for each category. They then can go 
through each source currently available to them and fill in the table. Possible 
appropriate interventions can be suggested by the assessor (who would also 
help to rank them as benefits may be unfamiliar) and add to the table. Results 
are summed in the last column and in general terms, the lowest value represents 
the best option.  An example of how this could be done is shown on the table 
below using estimations of ranking criteria.  
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Site: USHIRIKA 

cost of 20l 
time to collect 

20l quality reliability total 

1 = no cost 

1 = no time 

needed 1 = treated 1 = continuous   

2 = 1-9 kshs 

2 = less than 

30mins rtn 

2 = untreated, 

moderate 

2 = less than 2 

weeks no water   

3 = 10kshs or 

more 

3 = more than 

30mins rtn 3 = untreated, poor 

3 = more than 2 

weeks no water   

Existing situation           

water pan 1 2 2 3 8 

water kiosk 3 2 1 2 8 

rainwater harvesting system 
(various) 1 1 2 3 7 

Interventions           

      

new water pan with treatment n/a n/a n/a n/a n/a 

improvement of existing water 
pan plus treatment 1 2 1 2 6 

pre-pay mobile system for tap 2 2 1 2 7 

sand dam 1 3 1 1 6 

rainwater harvesting system 
(various) 1 1 1 1 4 

Table 1 – Decision Making Matrix - ranking sheet for communities to assess water sources (blank 
sheet in Appendix E and in Toolkit) 

 

Ushirika Summary - In this example the water pan is not very far away 

and offers free water, but this is of a medium quality and the water dries 

up for a number of months at a time. The water kiosk is close by and of 

good quality, but is costly and may run out from time to time (usually less 

than a week in duration). It may be seen that the rainwater harvesting 

system offers free water with no collection effort, but is of moderate 

quality and doesn’t last due to the poor condition of the existing system.  

 

For the proposed interventions it was not applicable by the group to 

construct a new water pan due the existence of the current one so close 

to the processing site, unless this could be done uphill of the fields. 

Improving this water pan by enlarging it would allow it to last for most of 

the year and by introducing household treatment would ensure that the 

quality was brought up to drinking standard. Introducing a pre-pay system 

for the tap water would reduce the cost, whilst keeping other factors the 

same. If a suitable water course was nearby in which to build a sand dam 

(further site assessment required), this could offer a reliable supply of 

good quality water at no cost except for the effort required to collect it. 

Improving the rainwater harvesting system (or introducing a new one) 
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represents the best solution whereby good quality water is available 

throughout the year at the point of use and at no cost.  
 
Comparing the interventions in this way allows a ranking of the options, the best 
solution indicated by the lowest score in the totals column. This must be 
combined with the cost associated with each intervention. This is considered in 
the cost benefit analysis in Section 6.  
 

5 INTERVENTIONS 
 

The decision making matrix will identify which aspects of water supply can best 
be addressed. These are detailed below.  
 
If an improved water source is made available, it is accepted that this will not be 
solely reserved for the purposes of cassava irrigation and/or processing. 
Improved water supplies have a multitude of direct benefits including improved 
health, reduction of time spent collecting water and greater agricultural 
activities. Secondary benefits may include better school attendance and 
ultimately improved prosperity.  
 
It is not in the scope of this assessment to cater for the domestic supply of water, 
but this will have an impact on the CBA, as outlined in Section 6.  

5.1 MUNICIPAL WATER – PRE PAID SUPPLY 

It was noted from many locations that access to the municipal supply was not 
always the problem, but it was the ability to pay bills. Some of the groups 
previously held an account with KIMAWASCO but had been unable to pay the bill 
at the end of the month, therefore had been cut off. They now rely on water 
kiosks where they are charged approximately three times the official rate. This 
reflects a typical approach to money management, whereby it is easier to pay for 
small items on a daily basis (even when that price is high) than a larger item at 
the end of the month i.e. clearing a water bill. Mobile payments for water is a 
technology which has been adopted in Kitui with great success. In this instance 
water is sold for 2kshs for 20litres which more reflects the actual KIMAWASCO 
cost, but is pre-paid (the user loads credit onto their mobile phone and then uses 
the SIM card in the kiosk to release the water). Were this technology to be 
implemented in the project area, it would allow the users to take 2.5 times more 
water for the same price, providing the supply was available.  
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A smart card is placed in the pump station and borehole water runs from the water tank 
until the card is removed or the money is finished. This concept may be refined to 
dispense other water sources from the tank i.e. municipal water or treated water from 
water pans. 

5.2 SAND DAMS 

The single site with a river that was observed was Mbonga (Ganze Division). 
Sand dams have been used very successfully throughout Kenya in areas with 
suitable conditions (the bed must be sand in order to store the water). These are 
simple concrete barriers constructed across the width of the river bed which 
retain water behind them within the sand. This allows a large amount of water to 
be stored and prevents contamination as the water is not directly accessible, it is 
usually taken from bankside shallow wells. The approximate cost of a sand dam 
is 7,500USD. Sand dams are significant structures so must have approval from 
necessary bodies for construction. This would include and Environmental Impact 
Assessment from the National Environmental Management Authority 
(www.nema.go.ke) 
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Sand dam pictures from http://mcccanada.ca 

5.3 WATER PANS 

During the site visits a brief inspection was completed of the local soil conditions 
and samples taken to test for silt/clay. This was to give an initial indication as to 
whether a water pan would be successful when combined with information 
regarding topography, drainage and land availability. For a comprehensive 
assessment regarding the feasibility of constructing a water pan it is necessary to 
engage a technician from KIMAWASCO. The procedure and cost for this is as 
approximately as follows: 
 

1. Feasibility assessment (1 day)    2,000kshs 
2. Survey (6-10days, includes clearing bush)  100,000kshs 
3. Design       50,000kshs (TBC) 
4. Construction   manual 4-5M, mechanical 7-8Mkshs (this is 

dependent on size) 
 
Rehabilitation and/or improvement of water pans may be feasible, but it is 
necessary to know how much more water will be captured and retained with 
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these improvements in order to assess this option quantitatively. In addition, it is 
necessary to know who else is using the water and in what quantity in order to 
know how far the available water will stretch. This was not possible within the 
scope of this report, but should the decision making matrix suggest this is a 
preferred option, then it may be investigated further on a site specific basis. 
Should soil conditions not be suitable for a water pan, it may be possible to 
construct a berkad instead, see Section 5.5.2.2 (surface water flow must still 
occur for this to be feasible, even if infiltration rates are generally high).  

5.4 BOREHOLES 

It is not considered to be cost effective to develop boreholes in the area due to 
the poor quality of water.  

5.5 RAINWATER HARVESTING 

Rainwater harvesting (RWH) can be a feasible means of supplying water for 
many months of the year given adequate collection/storage facilities and careful 
use. As it is usually collected from buildings, it is often also close to the point of 
use so is not time consuming to collect. Provided it is collected off a clean surface 
and stored in a suitable tank with a tap then the quality may be preserved. After 
the initial investment the only ongoing costs are those of time for maintenance in 
cleaning the collection surface and conveyance systems. It should be noted that 
the timings of processing will determine the water demand, which itself is a 
factor of climate and market conditions.  

5.5.1 DESIGN CALCULATION FOR RWH SYSTEMS 

The potential amount of water that may be collected is dependent on: 
 

1. Rainfall - what is the average amount of rainfall expected every month? 
2. Collection area - what is the surface area of the collection site in m2? 
3. Recovery rate - what proportion of water falling on the collection surface 

makes it into the storage area? (a function of material quality, 
maintenance and upkeep) 

4. Storage capacity (how much water can be stored? Once this is full, water 
will be lost via an overflow) 

 
These factors have been combined into a Rainwater Harvesting Design 
spreadsheet so that the most appropriate system may be designed (see Toolkit). 
Processing water and irrigation water are considered on separate sheets as the 
requirements are on such a different scale. Rainfall data is taken from the County 
wide averages but these values may be adjusted to sub-division specific data if 
required (see Appendix C ). 

5.5.1.1 RWH DESIGN FOR PROCESSING WATER 

The water demand for processing cassava (based on producing flour, fresh 
tubers or crisps) is added in so that the system can supply water when required. 
This also allows an overview of the income received from these products. A 
number of variables allow the user to size the system appropriately so that water 
demand is met.  
 



 page 

Water Management Tool 
GreenWater 5Dec14 

13 

An example of the results produced by the calculator is shown below using some 
of the Ushirika data. Figures have been estimated when not known (such as 
which cassava products they will produce). A screen shot of the calculator shows 
the worksheet, indicating where data is required in the purple boxes. All other 
cells auto-calculate.  
 

 

 
 
Ushirika Summary – At present Ushirika have three domestic buildings with 
mbati roofs with a total surface area of 280m2. The recovery rate is 0% as the 
system is totally redundant (all gutters broken and not feeding into tanks). 
Water demand is anticipated during Jan-Mar when the harvest is collected as all 
the 3.25acres were planted during April 2014. This equates to 14.4m3, 13.5m3 
and 9.0m3 of water required for these months respectively, based on arbitrary 
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choice of products (this can only be determined closer to the time or by 
predictions from CAST.  
Given a storage tank of 20m3 (20,000l), an increase in collection area to 400m2 
and improved conveyance system (replacing gutters and ensuring adequate size) 
it can be seen that an average year of rainfall will completely satisfy this demand. 
To provide all this water from the water kiosk as an alternative would cost 
9,255kshs, but it is not certain that this will be available when needed.  
 
The calculator allows the user to change the input data to reach a satisfactory 
solution whereby there is no shortfall of water. In this case, it was to increase the 
collection area, change the tank volume, improve the conveyance system (fixing 
gutters) and/or changing the type of processing to one which uses less water 
(raw cassava). Another benefit of the system is that for the rest of the year (from 
March onwards), rainwater will be available for other purposes, thereby helping 
to offset the investment. It can be seen that the maximum amount of water 
collected by the selected surface areas in this scenario is 193m3, which at the 
current water kiosk price of 0.25kshs/l equates to a value of nearly 50,000kshs. 
A calculation during the site visit indicated that the average household domestic 
daily consumption of kiosk water was approximately 130l3. This equates to 
nearly 50m3/month between the 12 families, which may be partially offset by 
rainwater during the months of April to December. It should be noted that by 
including this demand and adjusting the system accordingly, greater savings may 
be appreciated and a more favourable cost benefit achieved.  
 

5.5.1.2 RWH DESIGN FOR IRRIGATION WATER 

Irrigation volumes are detailed in Section 3.2.1. Bulking cassava requires 
808m3/acre per month and planting requires 162m3/acre per month if rainfall is 
insufficient. Whilst a similar procedure is used to that for processing water, there 
is an additional allowance for adjusting the rainfall. This is due to the fact that 
irrigation is more necessary during a year of limited rainfall, so this will 
obviously have implications on a collection system which itself relies on rain. 
Further analysis of rainfall will allow these figures to be refined, at present a 
bulk figure is used to adjust the average rainfall value (e.g. a year of poor rainfall 
is assumed to be 50% of the normal amount).  
 

                                                 
3 based on answers from 6 farmers in Funajeza and 9 in Ushirika on the number of 20l jerrycans 
they collected, this was an average of 6.3 jerrycans x 20l = 130l/day. 
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Ushirika Summary – A tank/reservoir of 300m3 and artificial collection area of 
6,000m2 will satisfy the irrigation demand. As the quality is not imperative, an 
open reservoir will be acceptable. If higher quality water is required then 
treatment will be needed. This example assumes an artificial catchment 
(concrete or liner) but if surface water flow is to be collected, at least 16,000m2 
(1.6 hectares) of catchment area will be required (based on a runoff coefficient of 
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0.25 or 25% - this is highly dependent on land use, soil type and vegetation). This 
represents a large area and it may not be practical to keep animals away, or will 
require extensive fencing.  

5.5.2 RWH TECHNOLOGIES 

In order to harvest rainfall, the follow are needed: 
1. collection surface (roof or impermeable catchment) - this must be kept 

clean and free from contaminating matter. 
2. conveyance system (gutters or pipes)  
3. storage system (tanks & reservoirs) – plastic roto-moulded, ferro-cement 

or block & concrete tanks, reservoir using dam liner material. These may 
be above or below ground (a pump may be required to remove water), 
with open or closed tops (open tanks will be more susceptible to 
contamination).  

 
A number of different technologies exist for collecting rainfall in a manner which 
is convenient, cost effective and safe. RWH systems are often constructed by the 
community, greatly reducing construction costs and increasing ownership. Some 
different options are outlined in the following sections. Many techniques may be 
unfamiliar so should only be implemented after appropriate sensitisation and 
acceptance by the community.  Storage is usually the most costly part of the 
system so significant savings may be made by having an open reservoir made 
from dam lining material instead of a ferro-cement tank. This is particularly 
significant for large tanks so alternatives should be considered where possible. 
An example of a lined reservoir is shown below. 
 

 
This reservoir is 12m long, 4m wide and 4m deep giving a capacity of approximately 
200m3.  

5.5.2.1 ROOFTOP HARVESTING 

A suitable and widely used material is iron sheets (mbati), although in many 
cases these may be in poor condition (rust and holes). Grass and makuti are not 
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suitable as the water collected from these surfaces is coloured and has also a 
particular taste. It is also necessary to have a roof which is possible to attach 
gutters onto, meaning that modifications may need to be made to the edges of 
the roof. Gutters may be custom made from moulded tin sheets or bought ready 
made (often plastic). A good source of information for these systems can be 
found on www.rainwaterharvesting.org. 
 
A typical arrangement for rooftop harvesting is shown in the photo below. 
  

 
The roof supports are iron bars, therefore the brackets are iron and clamp around these 
bars. Gutters are custom made from iron sheets. 

5.5.2.2 BERKAD 

 These are traditional water basins used in Somalia which collect overland flow 
(surface water). An inlet structure (silt trap) helps to prevent solids being 
washed into the tank. The basins must be located in an area where surface water 
is concentrated in overland flow and are usually of block and concrete 
fabrication. The tank is covered with netting to restrict access by birds. Berkads 
are more applicable for many areas than water pans as they are not restricted to 
any particular soil type (excessively rocky areas may however make excavation 
expensive and/or impractical). In Kenya, the rectangular berkad was redesigned 
to be oval-shaped and roofed with barbed wire covered with thorny 
Bougainvillea climbers, two large silt traps and a staircase made of concrete for 
drawing water by hand in buckets. 
 
More information on berkads may be found at 
https://www.betterplace.org/en/projects/3406-clean-water-saves-lives-red-cross-
helps-somalia#gallery 

https://www.betterplace.org/en/projects/3406-clean-water-saves-lives-red-cross-helps-somalia#gallery
https://www.betterplace.org/en/projects/3406-clean-water-saves-lives-red-cross-helps-somalia#gallery
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Top – the “improved” Kenyan version of a berkad. Bottom – the berkad inlet structure, 
overland flow passes through a silt trap prior to entering the storage tank. 

5.5.2.3 DJABIA 

These are below ground storage tanks with a protected surface catchment area 
that is usually concreted. Each djabia can hold approximately 200 m3 of water 
and can supply around 150 people4. There are a number of these structures in 
Lamu which  have been in operation for some time. They are often found in 
disrepair as the concrete has a tendency to crack. 
 

                                                 
4  "Rainwater Harvesting." USAID Kenya. 12 April 2011. Retrieved 
from http://kenya.usaid.gov/programs/water-and-sanitation/969 
http://kelly.worldconcern.org/tag/wash/ 

http://kenya.usaid.gov/programs/water-and-sanitation/969
http://kelly.worldconcern.org/tag/wash/
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A djabia in Lamu, showing the concrete catchment leading into the circular ferro-cement 
tank.  

5.5.2.4 ARTIFICIAL CATCHMENT 

A similar concept to the Djabia, these structures utilise a flexible plastic liner to 
collect water on the ground surface which is then channelled into storage tanks. 
The tanks may be above or below ground, depending on local topography. The 
liner is laid out during the rainy season and then brought in during the dry 
season to protect it from UV degradation.  The requirement of this system is an 
area protected from livestock and which has had all shrubs and stones removed. 
The take off point must be at the lowest part of the catchment. Time of 
installation is very low if using ready made tanks. 
 

 

An artificial catchment in 
the Chyulu Hills. Food 
grade pvc liner is laid out 
on the hillside in the rainy 
season with sandbags 
weighing down the edges. 
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Rainwater is channelled to 
a low point where it enters 
the outlet pipe. 

 

Flexible “pillow” tanks are 
used to store water, each 
of these holds 100m3. 

 

5.6 SMART FARMING TECHNIQUES 

The most efficient use of available water may minimise total quantities needed 
or ensure that the maximum benefit is gained from the water supplied  

5.6.1 MOBILE FARMER NETWORK 

Optimal quantities of rainfall were detailed in Section 3.2.1. The degree to which 
this demand is presently satisfied is entirely dependent on rainfall. It is 
necessary to understand the quantity of rainfall that may be expected in any 
given year in order to define the risk associated with planting cassava. This risk 
may be managed through seasonal forecasts and predications of timings of the 
rain.  
 
It was noted from the rainfall analysis and from the farmers verbal feedback that 
rainfall had become increasingly variable. This does not necessarily mean that it 
has reduced in amount, but that it does not come when expected nor in the 
expected quantities. According to IPCC (2001), global changes in climate are 
expected to further exacerbate this variability (Appendix A). This means that 
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farmers will have to deal with more uncertain weather and with extreme events 
occurring more frequently. If deliberate attention is not directed to managing the 
impacts of climate variability, the majority of poor farmers, especially in semi-
arid areas, will face higher insecurity in food and incomes.  
 
This poses a challenge for the farmers as they must decide on the optimal time to 
plant in order to give their crop the best possible chance of survival. They usually 
plant based on the early warning bulletin produced by NDMA (www.ndma.go.ke) 
which is disseminated to the community via the chiefs, radio announcements 
and monthly stakeholder meetings. There are also relatively new initiatives 
whereby information is sent to farmers via their mobile phones. One of these 
initiatives includes the following: 
 
Agro-advisor from Kenya Agricultural and Livestock Research Organisation 
(KALRO) - http://41.207.65.77/androidApp.aspx 
The "AgroAdvisor - Kenya" mobile App has been developed by RMSI Pvt. Ltd. and 
financed by The World Bank under the Bank Netherlands Partnership Program 
(BNPP) Sustainable Development and Climate Change Window (SDCC). This App 
incorporates climate-information and best-bet agronomic management 
recommendations for farmers. The app is targeted to help farmers manage 
weather risks, maximize productivity, and minimize the environmental impacts 
of farming practices. Whilst it does not currently provide data for cassava 
farmers, it is anticipated this will soon be added in light of the growing numbers 
involved in this area. An indication of how this app is realised is shown below.  

 

5.6.2 MINIMISING WATER STRESS FOR CASSAVA PLANTS 

Certain precautions may also be taken by farmers to reduce water stress for the 
cassava plants. These include the following: 

 Deep tilling of soil and planting the stem at least 1foot below ground level 
– this means that the plant will not be in the hot upper layers of the soil 
which are more prone to drying out. 

 Rapid planting of stems to prevent dehydration 
 Intercropping with Vetiver Grass (www.vetiver.com), particularly on 

slopes (this helps to prevent runoff and retains soil moisture) 
 

http://www.vetiver.com/
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5.7 WATER TREATMENT 

Simple, low cost water treatment on the domestic level may result in a 
previously unacceptable source of water becoming viable. Most methods are 
aimed at producing fairly low quantities of water, but depending on the 
harvesting schedule it may be possible to process enough water to provide for 
this. 
  
A large number of different techniques exist for domestic water treatment so the 
following are just a select few. Their appropriateness must be verified on site 
based on water quality. Techniques include: 
 

 Moringa seed – this is a plant that is easily grown in the local conditions. 
The seeds are crushed and added to turbid water to act like alum (this 
results in particles – including organic matter – flocculating together and 
settling out of the solution, enabling them to be drained off). Water should 
then be further treated for micro-biological improvement.  

 Bio-sand filter - this is a simple and cost effective method for achieving 
drinking water. The systems are very effective for removal of·bacteria, 
protozoa, helminthes, turbidity, taste, odour and colour. Each system 
costs approximately 100USD (9,000ksh) and may be manufactured 
locally. Economy of scale is a consideration, so this may be a solution to 
provide to all farmers. Inlet water must be < 50 NTU5, so if collected from 
a water pan may require settlement (straining through a cloth, 
sedimentation or clarification) 

 Solar disinfection (SODIS) method – this is an extremely simple 
practice of putting PET bottles full of water in the sun for a minimum of 6 
hours in order to kill any bacteria and pathogens. It requires water to be 
of a reasonable clarity, so represents a good second stage after settlement 
and/or clarification. Tests have proven that it is safe to put these bottles 
in the sun http://www.sodis.ch/methode/forschung/pet/index_EN.  
 

These techniques are detailed in Appendix D. Generally the cost is very low for 
these systems, but in order to be effective they must be accompanied with 
training and sensitisation of the community.  

5.8 INTERVENTION COSTS 

 
System costs will be dependent on design and size, therefore will vary from site 
to site. The table below gives a rough indication of anticipated costs for different 
interventions.  
 

                                                 
5 Nephelometric Turbidity Units – used by field kits to test for suspended matter  

http://www.sodis.ch/methode/forschung/pet/index_EN
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Intervention cost in kshs details 

pre-pay mobile system 
for municipal tap 

100,000 TBC Tank and kiosk, must involve mobile provider (safaricom) 

sand dam 667,500 varies based on size of river (cost from website6 7,500USD x 
90kshs 

construction of water pan 
(capacity approx 

3,500m3) 

5,000,000 Labour costs may be offset with incentives 

improvement of existing 
water pan 

2,500,000 
TBC 

Labour costs may be offset with incentives 

rainwater harvesting 
system - rooftop 

200,000 based on 200m2 collection area and tank of 10m3 

roto tank = 70,000, labour = 50,000 gutters etc = 80,000 

rainwater harvesting 
system - berkad 

1,200,000 no catchment cost, ferro-cement, block and concrete tank cost 

only = 200m3 x 6ksh/litre 

rainwater harvesting 
system - djabia 

800,000 based on 1000m2 collection @ 500kshs/m2 and tank of 50m3 

@ 6ksh/litre = (1000x500)+(50000x6) 

rainwater harvesting 
system - artificial 

catchment 

503,200 based on 20m3 pillow tank (170,000) and 2000m2 0.3mm 
MDPE liner collection area@ 157ksh/m2 (labour for clearing 
assumed to be free) and pipework (20,000kshs) = 170000 + 

(2000 x 157) + 20000 

Smart farming practices No cost Only training is required. 

treatment - biosand filter 10,000 filter to be made locally, economy of scale important. For 
details see7 

treatment - moringa 10,000 trees to be established, cost is estimate 

treatment - sodis No cost only plastic bottles and black surface needed plus training 

TBC = To be confirmed. Due to time limitations it was not possible to get up to date prices 
for all sections  

 
As mentioned in Section 5.5, costs may be significantly reduced if constructing 
large storage tanks as open lined reservoirs as opposed to ferro-cement or block 
and concrete tanks. This can bring the price of a 200m3 tank down from 1.2M 
kshs (200 x 6ksh/litre x 1000  = 1.2Mkssh) for a ferro-cement tank to about 
250,000kshs. For an open lined reservoir (342kshs/m2 x 400m + excavation 
500kshs/m3 x 200m3 )  = 236,800kshs.  
 
More information relating to storage options, evaporation rates etc may be found 
on http://www.infonet-biovision.org/print/ct/180/soilConservation  
 
Costs used in the above calculations (to be verified with local suppliers) are as 
follows: 

 Ferro-cement tanks = 6ksh/litre i.e. a 10m3 tank would cost 10 x 
1,000litres x 6 = 60,000kshs 

 Roto tank 10m3 = 70,000kshs 
 Flexible pillow tank 20m3 = 170,000 
 Concrete catchment (20cm thick) = 500kshs/m2 
 MDPE catchment (0.3mm) = 157kshs/m2  

                                                 
6 https://sites.google.com/site/isat380ekenya/home/solutions/implemented-technologies/sand-
dams  
7 https://sites.google.com/site/isat380ekenya/home/solutions/implemented-
technologies/biosand-filters  

http://www.infonet-biovision.org/print/ct/180/soilConservation
https://sites.google.com/site/isat380ekenya/home/solutions/implemented-technologies/sand-dams
https://sites.google.com/site/isat380ekenya/home/solutions/implemented-technologies/sand-dams
https://sites.google.com/site/isat380ekenya/home/solutions/implemented-technologies/biosand-filters
https://sites.google.com/site/isat380ekenya/home/solutions/implemented-technologies/biosand-filters
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 MDPE reservoir (1mm) = 342kshs/m2 which equates to 
approximately800kshs/m3 (allowing for edges and overlaps) 

 1.5HP petrol pump = 20,000kshs 
 Petrol = 110kshs/litre 
 

6 COST BENEFIT ANALYSIS  
 
The cost benefit analysis (CBA) is a quantitative method used to make a decision 
based on how quickly the investment is repaid (the payback period). It may also 
be used to compare various options, in this case, for water supply, to see which is 
the more favourable. This is done separately for irrigation and production water 
as these are used at different times, in different quantities and can be of different 
qualities.  
 
The value of the cassava crop is the underlying factor in the CBA. This will 
determine how much money may be used for getting water. The following 
figures have been collected to represent the potential return from one acre of 
cassava. It is anticipated that given average conditions, a total of 15,000kg 
(15tonnes) will be harvested per acre.  
 

cassava 
products 

kshs/kg 
Income in 
Kshs/acre 

Details 

flour 70 195,000 
1kg flour = 3 to 5kg of fresh, 5kshs/kg 
to mill, flour price varies between 60-

80kshs/kg 

fresh tuber 20 300,000 
product doesn't last more than about 3-

5 days after harvesting 

crisps 85 1,035,000 
7-10packets/kg. allow for cost of oil 

and fuel, (16kshs/kg) 
 
Although crisps are the most profitable activity, it is not possible to produce 
large quantities of them. Flour is not the most profitable, but it is desirable to 
produce as it has a long shelf life, allowing access to more markets. Fresh roots 
are moderately profitable and currently the most accepted form of use, although 
they must be used quickly after harvesting. As there are a number of factors 
affecting which products are chosen, an estimation of the potential products is 
made at this stage to assess the average income based on the following – 30% 
flour, 60% fresh tubers and 10% crisps. This gives an income per acre of 
342,000kshs. This may be adjusted on a site specific basis.  

6.1 IRRIGATING CASSAVA CBA 

The CBA puts a value on investing in a certain technology in order to increase 
yields (or in the case of a severe drought, measures to save the crop from failure) 
versus doing nothing. In the case of the cassava farmers, it is necessary to 
estimate whether irrigation adds enough value to the crop (by improving and/or 
saving the yield) to justify the effort and expense. Exact figures are not available 
for the effects of water stress on the cassava plants, so for the purposes of this 
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calculation it is estimated that severe drought during the first month of planting 
out will result in 50% loss of the crop. This may be regarded as 50% of the profit 
lost i.e. 171,000kshs per acre (half of 342,000kshs), which may be avoided by the 
application of 182m3/acre/month. Options to provide this are as follows: 
 

1. Municipal water would cost between 40,000kshs and 80,000kshs from a 
kiosk, but it is highly unlikely sufficient volumes would be available, 
therefore this option is not considered viable. 

2. A new water pan close by (use for irrigation from existing community 
pans is usually restricted) if site conditions are suitable. Pump running 
cost for 182m3= 600kshs 

3. A new berkad can be used as an alternative to a water pan where soil is 
highly permeable (sandy). Pump running cost for 182m3= 600kshs. 
Appropriate design and size may be determined using the calculator as 
explained in Section  5.5.1.2. 

 
Chinese petrol pumps of 1.5 HP can pump 3 litres per second (10m3/hr) and 
consume less than 0.3 litres of gasoline per hour. 20% is added for maintenance 
and oil which equates to a water cost of 3.7kshs/m3. If a water pan or berkad 
could be developed uphill of the fields so that irrigation could achieved by 
gravity then this would remove the pumping cost. Initial purchase of pump and 
development of water sources must also be considered as these are not included 
above.  
 
It can be seen that given an adequate supply of water, it would be well worth the 
farmers irrigating from a new water pan or berkad during the drought months in 
order to save their crop. 
 
Ushirika Summary - Using Ushirika as an example (as per Section 5.5.1.2) the 
following cost benefit is achieved: 

 Water demand (estimated) 
o March = 200m3, April, May, Nov, Dec = 162m3, total 868m3 

 System design for irrigation 
o storage of 300m3  
o artificial catchment of 6,000m2 

 System costs 
o RWH system = 1.2M kshs 
o pump purchase = 20,000 kshs 
o pump running cost/yr = 600kshs x 3.25 acres = 1,950kshs 
o total cost = 1,220,600kshs 

 Savings (or avoidance of loss) = 171,000Kshs/yr x 3.25 acres  
o Total savings = 555,750kshs 

 Payback period = 2.2years 
 
The payback calculation only considers the value of the cassava not lost to 
drought, it does not consider any other benefits which may be enjoyed by having 
this source of water available. When these are included the payback period will 
be significantly reduced.  
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6.2 PROCESSING CASSAVA CBA  

The value of the crop after it is processed (342,000kshs) is compared to the 
water cost for calculation of the payback period. This is because if the crop is not 
processed, it will have no value.  
 
Ushirika Summary - Using Ushirika again as an example (as per Section 5.5.1.2) 
the following cost benefit is achieved: 
 

 Water demand (estimated) 
o Jan = 12.6m3, Feb = 13.5m3, Mar = 9m3, total = 35.1m3 

 System design for processing 
o storage of 20m3  
o catchment area of 400m2 

 System costs 
o RWH system = 200,000 kshs 
o Treatment (if needed) = 10,000Kshs 
o total cost = 210,000kshs 

 Savings = 342,000Kshs/yr x 3.25 acres  
o Total savings = 555,750kshs 

 Payback period = 0.2years 
 
As the volume of water required for processing is relatively small (35.1m3), the 
unit cost of RWH water appears to be quite high. This again, does not allow for 
the additional water that a RWH system can offer the community throughout the 
rest of the year. In this Ushirika example, a total of 193m3 of water is available 
from the RWH system, which would have cost the community nearly 50,000kshs. 
The processing water cost is not directly compared with existing sources, (such 
as a water kiosk), because in most cases the reliability or quality of these 
alternatives may not be adequate. 
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7 CONCLUSIONS 
 
This report has developed a toolkit comprising of a decision making matrix and a 
RWH Design guide for irrigation and processing water. Use of these tools allows 
the user to assess the current situation at each site regarding water supply and 
make informed decisions about the most appropriate course of action.  
 
Main conclusions are as follows: 

 rainwater harvesting represents a viable and cost effective means of 
supplying water to the cassava growers for both irrigation and 
processing, 

 water may be available throughout the year, even during the dry season, 
from these systems providing use is restricted, 

 initial investment for systems is relatively high, but payback period may 
be less than a year,  

 maximum use should be made of smart farming techniques, whereby 
farmers are informed (via mobile technology) about the best possible 
time to plant, minimising water stress in plants and helping to alleviate 
the need for irrigation, 

 processing water should be of a high quality so must be stored in a closed 
tank and/or treated prior to use (low cost treatment options have been 
provided), 

 irrigating water quality may be of variable quality so can be stored in 
open tanks, dams or reservoirs, reducing the cost of the storage, 

 areas unsuited to water pans (such as those with highly permeable soil) 
may have a RWH system by utilising artificial catchments and lined 
storage, 

 sand dams must be further assessed for suitability in the region 
 users pay 2.5 – 5 times more for water from a kiosk than if they were to 

have their own supply – prepay systems would be able to change this. 
  
Areas for further work include a more in depth analysis of rainfall data if this 
becomes available. This will allow District specific data to be used in the toolkit 
increasing the accuracy of the results. A longer data set will also help to indicate 
long term trends which may affect decision making in light of increased future 
risk. This data may be easily pasted into the toolkit sheet.  
 
Future site visits to the farmers should utilise the decision making matrix to 
assess the current situation and work towards an acceptable future solution. It is 
imperative that the whole group is involved in this exercise so they may quantify 
their priorities regarding time, cost, quality and reliability of water.  
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Appendix A – Field Results 
 
Data was collected from the six project sites using a questionnaire with the 
following sections: 

 General details (location, site surroundings, power etc) 
 Physical details (topography, geology, hydrology) 
 Water supply (sources, quality, quantity, reliability) 
 Wastewater disposal 
 Group details (size, type, planting times) 

  
Results were summarised as per the table on the following two pages.  
 
Soil samples were also taken from each site and analysed on a basic level. A full 
soil assessment will be done by the construction engineer should the community 
decide to go ahead with a water pan. It is outside the scope of this report and the 
consultants equipment to perform any quantitative tests on the soil.  
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Motivati
on group size Vegetation utilised? Slope Soil type 

Demo 
site size 
(acres) date planted 

Details note 1                 

 Site    Women Men             

Vikale 5 15 10 bush/trees 50% gentle sand some humus 2.5 

Nov '13 
(0.5A), April 
'14 (1A), 
Oct'14 (1A) 

Jipemoyo 4 20 0 scrub 20% gentle sand no humus 1 Mar '14 

Mbonga 2 6 7 bush/baobabs 100% rolling hills 
red sand with clay 
after 1m 1 

Apr'14 (0.5A), 
Nov'14(0.5A) 

Kimbule 3 7 8 forest 20% steep 
red sand with clay 
after 1m 1 Apr '14 

Ushirika 5 12 0 bush/trees 10% rolling hills 
dark red loam (black 
clay down hill) 3.25 Apr '14 

Funajeza 5 17 3 bush/trees 50% 
low hills, valley 
floor 1km to east 

dark brown 
clay/loam 1 Apr '14 

NOTE 1 - Liz Koech (CAST) gave each site a motivation value based on their receptiveness to new ideas/initiative etc, 
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date 
harvest 

(est) 

Land 
availablity 

Roof 
material 

Surface 
area 
(m2) 

RWH 
potentia

l 

RWH 
Pot 

annual 
m3 

water 
kiosk 
cost 
(20l) 

Relia
bility 

Water 
pan trip 

(hrs) 
quality? 

Reliab
ility 

Details 

Details 
 

note 2 
  

note 3 
  

note 
4 

note 5 
 

note 4 
 

Site 
            

Vikale ongoing 
 

mbati x 3 136 31.7 77 10 2 0.75 
not protected, 

high tss 
2 

 

Jipemoyo 
Apr/Ma

y'15 

yes, in valley 
0.5km from 
demo plot in 
direction of 
processing 

mbati x 5 150 35.0 85 10 1 1 
 

1 
dries up 

quickly as sand, 
also shallow 

Mbonga 
Jan '15 

and 
July?'15 

yes, tho demo 
plot is on top 

of hill 
makuti 0 

 
0 5 1 0.75 poor 1 

filled with silt, 
trip may be 
2hrs if other 

pan used 

Kimbule Jan '15 yes, in valley mbati x 1 50 11.7 28 5 1 0.5 
   

Ushirika Jan '15 
 

mbati x 3 280 65.3 159 5 3 0.25 not protected 2 
 

Funajeza Jan '15 yes, in valley n/a 0 
 

0 5 2 1 

protected from 
livestock, treat 

with 
waterguard 

and/or boiling 

2 
 

NOTES  
2. - for water pan - if not already there (or additional one needed) 
3 - harvested from available roofs during average AMJ period, using county average rainfall 
4 - 1 - poor (2 months + with no water), 2- medium (1 month with no water), 3 - good (less than 2 weeks of no water) 
5 - time for round trip (there and back plus waiting in hours), social issues may feature in time and importance for water pan use. 
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Soil was collected and visually observed for basic appropriateness for a water 
pan.  
 
 

Site Soil type Photo 

Vikale 

sand some 
humus 

 
water pan 
potential = 

poor 

 

Jipemoyo 

sand no 
humus 

 
water pan 
potential = 

poor 

 

Mbonga 

red sand 
with clay 
after 1m 

 
water pan 
potential = 

good 
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Kimbule 

red sand 
with clay 
after 1m 

 
 water pan 
potential = 

good 

 

Ushirika 

dark red 
loam (black 
clay down 

hill) 
 

water pan 
potential = 
very good 

 

Funajeza 

dark 
brown 

clay/loam 
 

water pan 
potential = 
very good 
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Appendix B – Productivity Outlook (Forecast) from KALRO 
http://41.207.65.77/ProductivityOutlook.aspxey oint s - Likely implications of 
climate change on crop production in Kenya 
Rainfed agriculture will, in all likelihood, be substantially affected by climate 
change, especially in countries with large agricultural sectors in the tropics and 
subtropics, where agricultural production is weather sensitive and adaptive 
capacities are low. 
Warmer temperatures may make many crops grow more quickly, but could also 
reduce yields. Crops tend to grow faster in warmer conditions but faster growth 
reduces the amount of time that seeds need to grow and mature. This can reduce 
yields (i.e., the amount of crop produced from a given amount of land). 
The effect of higher temperature will depend on the crop's optimal temperature 
for growth and reproduction. If warming exceeds a crop's optimum temperature, 
yields would decline. 
Higher CO2 level can increase the crop yield; wheat and soybean yields could 
increase by 30% or more under a doubling of CO2 concentrations. However, the 
yields for crops such as maize, exhibit a much smaller response (less than 10% 
increase). Some factors such as insufficient water due to decline in rainfall and 
poor soil nutrients may counteract these potential increases in yield. 
More extreme temperatures and decline in rainfall can prevent crops from 
growing. Extreme events, especially floods and droughts, can also harm crops 
and reduce yields. 
Dealing with drought could become a challenge in areas where summer 
temperatures are projected to increase and precipitation is projected to 
decrease. 
Many weeds, pests and fungi thrive under warmer temperatures, wetter 
climates, and increased CO2 levels. 
For the farmers’ and extension workers the extreme events are likely to be 
exacerbated with ongoing climate change. These climate extremes will have 
more significant impacts on the agricultural productivity at local scale. In this 
context, the best possible option to protect livelihood of farmers in long run 
would be to introduce the crop insurance scheme in the country. 
 
Kenyan scenarios  
Change in key climatic variables was developed across the Kenya focusing on the 
two cropping seasons [Long Rainy Season (LRS), March – September and Short 
Rainy Season (SRS), October – February] as simulated by two state-of-the-art 
Global Climate Models (GFDL-CM3 Model and HadGEM2-ES Model) which have 
demonstrated reasonable degree of skill in simulating the baseline climatology 
over the East African region. The emission scenario considered for climate 
change scenarios is RCP 6.0 (Representative Concentration Pathways) emission 
pathways and identified as modest future emission scenario bracketing plausible 
future climate change without stringent mitigation policies.  
The analysis of spatial distribution in surface air temperature and rainfall over 
Kenya provides the likely shifts in spatial changes during 2040s (2026-2055) 
and 2080s (2061-2090) with respect to baseline time period (1961-1990). Table 
1 illustrates the likely changes in LRS and SRS rainfall and surface air 
temperature.  

http://41.207.65.77/ProductivityOutlook.aspxey
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Table 1: Projected changes in rainfall and surface air temperature during long 
and short rainy seasons for the selected GCMs relative to long and short rainy 
seasons rainfall and surface air temperature for baseline period  
 

 
 
The analysis suggests that projected rise in LRS mean surface air maximum 
temperature over Kenya in the selected models is likely to be around 1.42°C 
during 2040s and about 2.92°C during 2080s. The projected rise in LRS mean 
surface air minimum temperature over Kenya in is likely to be about 1.71°C 
during 2040s and about 3.00°C during 2080s.  
Further the analysis suggests that projected rise in SRS mean surface air 
maximum temperature over Kenya in the selected models is likely to be around 
1.47°C during 2040s and about 2.61°C during the period of 2080s. The projected 
rise in SRS mean surface air minimum temperature over Kenya is likely to be 
about 1.75°C during the period of 2040s and about 3.00°C during 2080s.  
The rainfall projections for the future suggest that in LRS no significant change is 
likely during both the time slices. Whereas, rainfall projections for the future 
during SRS suggest that moderate increase in rainfall is likely with time (around 
50 – 100 mm during the season).  
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Appendix C – Rainfall Data 
 
A number of attempts were made to get rainfall data, with the following results: 
 

1. NDMA  - National Drought Management Authority – records only County 
wide for 7 years 

2. Metereological Department – Only monthly records for Bamba, all other 
montitorign sites are distant from the project sites and may not be 
relevant. 

3. Satellite imigary – from the Fews Net Data Portal 
http://earlywarning.usgs.gov/ADDS/downloads/index.php?regionID=af
&productID=3&periodID=6 which allows the user to pull off records of 
certain times and places. The results are then viewed in Arc Gis overlain 
onto a map. The data may be exported to an excel file and then analysed. 
This is the technique used for the data below.  

 

DIVISION Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
Annual 
total 

Longer term mean (1996-2014) 

BAMBA 23 21 64 94 103 40 29 34 47 69 106 77 706 

GANZE 21 16 54 120 195 77 56 54 64 89 100 60 906 

VITENGENI 17 15 53 111 164 72 51 46 58 77 97 62 822 

Shorter term mean (years TBC) 

BAMBA 16 3 56 78 85 10 8 5 36 71 81 58 998 

GANZE 12 1 29 73 131 29 20 18 12 92 81 43 1068 

VITENGENI 11 1 31 78 101 22 6 1 10 62 77 43 879 

2013 mean 

BAMBA 1 1 73 51 86 6 6 4 18 30 45 154 950 

GANZE 1 0 64 43 140 28 33 24 97 29 28 91 1153 

VITENGENI 0 0 57 32 118 1 3 0 0 0 41 93 694 

2014 mean  

BAMBA 0 34 101 43 44 112 3 2 2 25       

GANZE 0 24 62 33 74 2 14 13 10 98       

VITENGENI 0 18 76 39 78 8 0 0 0 0       

 
  

http://earlywarning.usgs.gov/ADDS/downloads/index.php?regionID=af&productID=3&periodID=6
http://earlywarning.usgs.gov/ADDS/downloads/index.php?regionID=af&productID=3&periodID=6
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The data obtained from NDMA is for Kilifi County as follows.  
 
Kilifi County 

        

 
2007 2008 2009 2010 2011 2012 2013 LTA 07 -13 

Jan 31 18 28.1 36.3 5.1 17 70.4 29.4 

Feb 14 16 14 10.1 14 2 3.2 10.5 

Mar 16 35 8.77 17.2 10.4 1.8 21.4 15.8 

Apr 59 71 27 53.8 35.7 30 33.3 44.3 

May 202 101 27.9 76.2 46.9 75.1 177.5 100.9 

Jun 183 112 78 96.3 58.6 33.33 55.4 88.1 

Jul 21 55 38.1 22.3 12.3 19.67 24.6 27.6 

Aug 25 29 17.3 31.5 10.9 12.4 44.1 24.3 

Sep 44 26 7.6 20.4 13.5 33.8 20 23.6 

Oct 38 68 97.9 15.6 120.4 62.1 55.5 65.4 

Nov 69 80 115.9 48 81.5 80.9 44.6 74.3 

Dec 38 29 73.9 62.6 66.3 77.95 87.6 62.2 

 
740 640 534 490 476 446 638 566 

 
It appears that the county wide averages are much lower than the sub-division 
specific figures. This seems unusual given that the project areas are in arid to 
semi-arid environments so should be further investigated.  
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Appendix D – Water Treatment  
 
Moringa – from http://miracletrees.org/moringa_water_purification.html  
Moringa seed powder can be used as a quick and simple method for cleaning 
dirty river water. Studies showed that this simple method of filtering not only 
diminishes water pollution, but also harmful bacteria. The moringa powder joins 
with the solids in the water and sinks to the bottom. This treatment also removes 
90-99% of bacteria contained in water. By using Moringa seeds people will no 
longer be depending on expensive means originating from the West. Using 
Moringa to purify water replaces chemicals such as aluminium sulphate, which 
are dangerous to people and the environment, and are expensive. Water from 
varying sources will need different amounts of Moringa seeds powder because of 
the impurities present will not be the same. Experiments with a jar will help in 
working out the correct amount needed. 

 

 
 
 
  

http://miracletrees.org/moringa_water_purification.html
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Biosand Filter - from 1http://biosandfilters.info/technical/fact-sheet-biosand-
filter 
 
The Treatment Process 

 
Potential Treatment Capacity 

 Very Effective For: 
 Somewhat 
Effective For: 

 Not Effective 
For: 

·Bacteria, protozoa, helminthes, 
turbidity, taste, odour, colour 

·Viruses 
·Iron 
 

·Dissolved 
chemicals 
  

  
What is a Biosand Filter? 
The biosand filter (BSF) is an adaptation of the traditional slow sand filter, which 
has been used for community water treatment for hundreds of years. The BSF is 
smaller and adapted for intermittent use, making it suitable for households. 
Water treatment is carried out by the sand inside the filter. The filter container 
can be made of concrete, plastic or any other water-proof, rust-proof and non-
toxic material. The concrete filter box is cast from a steel mold or made with pre-
fabricated pipe. 
The container is filled with layers of sieved and washed sand and gravel (also 
referred to as filter media). There is a standing water height of 5 cm above the 
sand layer. 
As in slow sand filters, a biological layer of microorganisms (also known as the 
biolayer or schmutzedecke) develops at the sand surface, which contributes to 
the water treatment. 
A perforated diffuser plate or basin is used to protect the biolayer from 
disturbance when water is poured into the filter. 
 

 

http://biosandfilters.info/technical/fact-sheet-biosand-filter
http://biosandfilters.info/technical/fact-sheet-biosand-filter
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Solar Disinfection (SODIS) – from www.sodis.ch 

SODIS is ideal to disinfect small quantities of water of low turbidity. 
Contaminated water is filled into transparent plastic bottles and exposed to full 
sunlight for six hours. During the exposure to the sun the pathogens are 
destroyed. If cloudyness is greater than 50% , the plastic bottles need to be 
exposed for 2 consecutive days in order to produce water safe for consumption. 
However, if water temperatures exceed 50°C, one hour of exposure is sufficient 
to obtain safe drinking water. The treatment efficiency can be improved if the 
plastic bottles are exposed on sunlight re- flecting surfaces such as aluminium- 
or corrugated iron sheets. 

 

 
 
 
  

http://www.sodis.ch/
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Appendix E – Decision Making Matrix Sheet 
 

Site: ……………………….. 

cost of 20l time to collect 20l quality reliability Other details total 

1 =  1 =  1 =  1 =     

2 =  2 =  2 =  2 =     

3 =  3 =  3 =  3 =     

Existing situation            

water pan            

water kiosk            

rainwater harvesting system 
(various)         

 
  

Interventions            

new water pan with treatment            

improvement of existing water pan 
plus treatment         

 
  

pre-pay mobile system for tap            

rainwater harvesting system 
(various designs)         

 
  

sand dam            

 
Instructions: 

1. Ask the group to decide on their levels of good (rank 1), moderate (rank 2) and poor (rank 3) for each category (cost, time, quality 
and reliability).  

2. Ask them to go through each source currently available and fill in the table.  
3. Possible appropriate interventions can be suggested by the assessor (who would also rank them) and add to the table.  
4. Results are summed in the last column and in general terms, the lowest value represents the best option.  


