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Module l : INTRODUCTION TO RAINWATER 
HARVESTING 

 
By Ato Hune Nega /SMIS/ 
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1. RAINWATER HARVESTING 
 
1.1 General 
 
In dry land areas rainfall is generally erratic, low and extremely variable and unpredictable. The soils are 
also fragile. Basically, the highest priority of the community living in dry land areas is water for human, 
livestock and crop production. 
 
The basic source of all water on earth is rain, and rainwater can be harvested from any point of hydrological 
cycle. Run-off arising from uncontrolled rainwater is the greatest agent of soil erosion, which subsequently 
gives rise to other forms of land degradation including desertification.  In order to sustain the natural 
resource base as a whole, the environment must be conserved through controlling and conserving 
rainwater. Rainwater harvesting technique, therefore, serves the dual purpose of preserving the 
environment and providing water the most needed commodity. 
 
Rainwater harvesting is the most important agricultural activity in arid and semi-arid areas.  Without these, 
no meaningful agricultural production would be possible as water is the major limiting factor.   
 
 
This manual describes about rainwater harvesting techniques, concepts and technology options for the use 
of water supply and crop production using small reservoirs, the soil it self as a storage media and household 
drip irrigation system 
 
1.2 What is rainwater harvesting? 
 
Rainwater harvesting is a collection of surface runoff from a catchment area, such as roofs or ground 
surfaces as well as from seasonal watercourses. The runoff can be concentrated in the soil profile or in 
artificial reservoir such as pond, basin, or tank from which it can be directed to various uses, ranging from 
crop production to water supply for domestic, animals and other productive uses. Rainwater harvesting 
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technique is therefore, a collection and concentration of direct rainfall or surface runoff for 
productive purposes, instead of runoff being left to cause soil erosion. 
 
1.3 Principles and definition of rainwater harvesting 
 
Rain, forms the most important natural source of water. Rain that falls on the earth’s surface can do one of 
the three things:  

 It may evaporate quickly 
 It may seep into the soil, or 
 May run, as the surface runoff.  

 
If the water evaporates, it is lost into the atmosphere (though it may fall again somewhere else as rain). If 
the water seeps in, it may stay in the soil where plant roots can reach it. Or it may filter further down in to 
the ground to recharge ground water. This water maybe reached by deep-rooted plants, or it may reappear 
at a lower surface lower down as a spring or people can tap it by digging wells. 
 
Too much rainfall can result in excess runoff or flood. Water that runs off the surface may remove small soil 
particles and carry them away, causing erosion. Runoff is the movement of land water to a large water body 
(may be ocean), chiefly in the form of rivers, lakes, and streams. Rainwater harvesting is therefore a concept 
of utilizing this runoff water for any productive uses. In theory, if no water is lost, 1 mm of rainfall should 
produce 1 liter of runoff water from every square meter of catchment. But the actual amount is never 
this much: some water will seep into the ground, some evaporates to the atmosphere, and some stays in 
the soil. 
 
1.4 Rainwater harvesting. Where to use? 
 
Rainwater harvesting is most suitable in arid and semi-arid areas.  These are areas of average annual 
rainfall of 200 – 800 mm and evapotranspiration of up to 2400 mm.  The average temperatures are above 
180c.  The rainfall may come in one or two season.  In such an environment, rain fed crop production is 
difficult without some form of rainwater harvesting.  In general, Rainwater harvesting techniques can be 
applicable in the following circumstances: 
 

 In semi arid areas, where the potential for crop production is diminishing, due to environmental 
degradation. Providing water to these areas through rainwater harvesting can improve the 
vegetative cover and enhance resource conservation. 

 In the area where other permanent water sources such as rivers, shallow wells, and springs are 
not available or uneconomical to develop and use them.  

 In dry environment, where low and poorly distributed rainfall normally makes agricultural production 
impossible. 

 In rain fed areas where crops can be produced, but with low yield and with high risk of failure. 
 Where water supply, for domestic and animals is not sufficient.  

 
1.5 Rainwater harvesting and its potential  
 
Rainwater harvesting can be mentioned as one of the most important viable option to address household 
food security in drought affected moisture stressed areas. The following are some of the main reasons: 
 

 In moisture stress area, rainwater is more available compared to others water sources.  
 Rainwater harvesting requires low level of external energy for its extraction or transportation.  
 Rainwater harvesting technologies can be easily implemented with family labor using locally 

available materials.  
 Low initial investment cost, and simple to manage and maintain. 
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 The collection and safe storage of rainwater for water supply purpose could save time and labor 
that may be used profitably in other agricultural activities 

 The technical know how in the rural area could eventually create substantial employment 
opportunities for rural youths (off farm income source). 

 The ever-increased shortage of water from the conventional water sources, shallow wells, perennial 
springs and streams would be improved through rainwater harvesting.  

 Make marginal lands productive  
 Soil fertility can be improved through reduced soil erosion. 
 Increase recharge of ground water 

 
1.6 Reasons for failure of water harvesting activities/ projects 

 Technology not appropriate for the country or area 
 Luck of sufficient labor 
 Wrong design 
 Lack of motivation/ involvement of farmers or users 
 Weakness in local capacity 
 Lack of a long-term government policy 
 Not in accordance with culture 
 Too costly 
 Too time consuming 
 No monitoring 
 If no cooperation between teams of similar activities/ projects 

1.7 Basic categories of rainwater harvesting systems  
 
Rainwater-harvesting system can be classified into the following basic categories: 
 

 Roof top rainwater harvesting technique 
 Micro-catchment techniques, and 
 Macro-catchment techniques 

 
2. INSITU RAINWATER HARVESTING  
 
2.1 Planning and concept of insitu rainwater harvesting 

system  
 
Rainwater harvesting in agriculture is a means of collecting some run-off from one area and directed it to 
another area to increase moisture supply.  Rainwater harvesting for crop production assumes that rainfall 
in an area is normally inadequate and must be supplemented by adding run-off from elsewhere. Rainwater 
harvesting is a directly productive form of soil and water conservation. Rainwater harvesting concept is 
slightly different from the practice of soil and water conservation. Water conservation implies retention of 
whatever little rainfall at the place where it falls. It means: 
   
 
 
Example:   terracing, contour plowing, mulching, tie ridging, trenches, pits, etc.   
 
Where as rainwater harvesting can be expressed as: 
                   
 

   Runoff multiplying factor = 1       

     Runoff Multiplying Factor (RMF) > 1 
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           Cropped 

 
        

Water conservation   R MF = 1 
 

                                      Runoff catchment      cropped 
Runoff 

 
 
                                        Rainwater harvesting RMF  > 1 
  
Rainwater harvesting for crop production is therefore a concept of rainfall multiplier on a cropped 
area by a factor greater than one. 
 
Working on the provision of water alone to agricultural field cannot contribute much.  Therefore, to increase 
agricultural production and productivity in arid and semi-arid areas, the following agronomic practices 
should be integrated with rainwater harvesting technology: 
 

 Fertility improvement though organic and inorganic fertilizer 
 Return of crop residues to maintain and improve organic matter content. 
 Suitable crop rotation (if field crops) 
 Mulching 
 Selection of dough tolerant crop varieties 
 Timely weeding 
 Plant spacing, etc 

 
In general, the following are important factors need to be considered during the planning process of 
rainwater harvesting system: 
 

 Climate and rainfall characteristics 
 Topography 
 Soil 
 Crop 
 Socio-economy 

 
Climate:  
 
Rainfall, temperature, sunshine hours, wind and humidity have direct impact on the crop water requirement 
(Table 8).   
 
Table 8. Effect of major climatic factors on crop water needs 
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Climatic factors Crop water need 

High Low 
Sunshine Sunny (no clouds) Cloudy (no sun) 
Temperature Hot Cool 
Humidity Low (dry) High (humid) 
Wind speed Windy Little wind 

 
 
Rainfall characteristics 
 
The main rainfall characteristics in rainfall runoff analysis are intensity, duration and distribution. 
 
The planning and management of water harvesting presents difficulties that are due both to the limited 
amount of rainfall and the degree of variability.  In arid and semi-arid climates, the amount of rainfall is 
much low, the variation is much greater, and the annual rainfall distribution becomes increasingly 
unpredictable with increasing aridity. 
 
The technology of water harvesting wholly depends on rainfall.  The simplest system which farmers can 
use require catchment areas as source of runoff.  If the rainfall is very low, the catchment area required 
may be too large.   
 
For the purpose of designing a rainwater harvesting system for crop production it is necessary to estimate, 
from local rainfall data, how much rain can be expected on average during the cropping season.  This figure 
is called the design rainfall and is the total amount of rainfall during the period when the crop is growing 
and maturing. 
 
The expected runoff is, therefore, the expected design rainfall multiplied by the runoff coefficient. 
 
Topography:  
 
A land slope of 2 to 5% is considered suitable for water-harvesting system. In some places it is also 
practiced at a steeper slope up to 12%.  Steep slopes normally yield more runoff than gentle slopes, but 
the volume of runoff per unit area decrease as the size of catchment gets bigger because some is trapped 
in depressions. 
 
Although higher slopes produce more runoff, they also place restrictions on water harvesting.  High slopes 
are likely to induce soil erosion by moving water.  Secondly, the size of runoff control structures increases 
as the slope increases, and this requires more labor and material inputs. If the area is also very flat, water 
logging would be a major problem,  
 
Soils 
 
Soil depth, texture, structure, and nutrients have direct impacts on water harvesting system. Infiltration 
capacity depends on porosity of the soil, which determines the water storage capacity and affects the 
resistance of water to flow in to deeper layer. Loose, sandy soils have high infiltration capacity, while heavy 
clay or loamy sols have much smaller infiltration capacity. For example infiltration rate rates of sand=30 
mm/hr, loam=10-20 mm/hr, clay=1-5 mm/hr.  
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Water holding capacity of soil directly affects the water needs of crop. The higher the water holding capacity 
of soil will be the higher the water availability to the crops and vice versa. For example, water holding 
capacity of sand = 55 mm/m depth, sand loam = 120 mm/m and clay loam = 150 mm/m. 
 
Sealing and crusting of the soil surface is common in arid and semi-arid areas due to the nature of the soil 
and the high intensity of rainstorms.  This causes high rate of runoff, even when the rain fall duration is 
short and the amount is low. 
 
The best water harvesting soil in the catchment area is one that crusts at the surface. This is 
because it can produce large amount of runoff, hence less catchment area is required. 
 
 
Crops  
 
The crop type has an influence on the daily water needs of a fully-grown crop; i.e. the 
peak daily water needs of a fully developed maize crop will need more water per day than 
a fully developed crop of onions. The crop type has also an influence on the duration of 
the total growing season of the crop. In general, crops of short duration and low water 
requirement are more suitable for water harvesting system. 
 
Socio -economy 
 
A water harvesting system will only be sustainable if it fits in to the socio-economy context of the area.  
 
2.2 Main components  
 
The two key components of water harvesting system for crop production are the run-off area (catchment 
area) and the run-on area (storage).  
 
Run-off area (catchment area)  
 
The best runoff collection surfaces are completely impervious.  These include Asphalt roads, rock 
catchment and house roofs.  These surfaces are not always available or enough for the amount of water 
required for growing of various crops.  Therefore, runoff can also be collected from other areas such as, 
roads, homesteads, hilly areas, pasture area and so on.  Impervious surface can shed at least 90% of the 
rainfall as run-off.  For other surface, the percentage of rainfall that runs as runoff various greatly, and is 
influenced by the characteristics of catchments area and rainfall (table 3 & 4). 
 
The catchment characteristics will determine how much of the rain which falls during a given storm will 
become run-off.  The amount of run-off in a given catchment area is also influenced by: - 

 The soil type 
 Vegetation cover, and 
 Slope and catchment size 

 
 
Run-on area (storage) 
Because of the shortage and poor distribution of rainfall, it is important that the harvested water (runoff) is 
stored in small earth dams, ponds, water pans and underground tanks.  The volume of storage is based on 
the demand and supply of water.  The simplest storage for crops is the soil storage (root zone).  This is 
where crop roots grow and get moisture supply.  The soil should therefore be: - 



 
 

8 
 

 
 Deep 
 Have good water storage capacity. (Example: High organic matter content) 
 Free of stones 
 Fertile for good crop performances 
 Not saline  

 
2.3 Design concepts for crop and trees production 
 
2.3.1 Design for crops 
 
A rainwater harvesting system for crop production consists of two areas.  These are a cropped (cultivated) 
and a catchment area.  A cropped area is where a crop is planted and gets its moisture and nutrient supply.  
A catchment area is an area used to provide additional soil moisture in form of runoff. 
 
The aim of a rainwater harvesting design is to estimate the catchment area required so that a planted crop 
gets sufficient moisture to produce the needed product i.e. grain, fruit, vegetable, fodder, etc. 
 
The first step in designing a rainwater harvesting system is to calculate the ratio between the catchment 
area and cultivated (cropped) area such that, if the estimated design rainfall is received the amount of water 
harvested will be equal to the extra water required by the crop. The ratio is based on the concept that the 
design must comply with rule: 
 
 
    
 
 
The amount of water harvested from the catchment area(C) is a function of the amount of runoff created by 
the rainfall on the area. This runoff for a defined time scale is calculated by multiplying a “design” rainfall 
(DR) with a runoff coefficient.(K) As not all runoff can be efficiently utilized (because of deep percolation 
losses, etc.) it must be additionally multiplied with an efficient factor(Ef).  
 
 
 
 
 
  
 
The amount of water required is obtained by multiplying the size of cultivated area (CA) with the net crop 
water requirements (CWR), which is the total water requirement less the assumed design rainfall (DR). 
 
  
  
 
 
By substitution in the original equation, we obtain: 
 
 

 
Water harvested = extra water required 

 

Water harvested  = C  DR K Ef 

Extra water required = cultivated area (crop water 

requirement – design rainfall) 

Water harvested = extra water required 
C    DR   K   Ef  = CA  (CWR –DR) 
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If this formula is rearranged we finally obtained,  catchment / cultivated area ratio as: 
 

 
 
 

   
                   

Where: 
 
Ef (Efficiency factor) 
 
The efficiency factor represents the proportion of water that the plant can actually utilize.  The efficiency 
factor takes in to account the uneven distribution of the water within the field and losses due to evaporation 
and deep percolation below the root zone of the crop.  The factor for fodder crops or trees that have deep 
roots will be higher than shallow rooted crops.  Where the cultivated area is leveled and smooth the 
efficiency is higher.  Micro-catchment systems have a higher efficiency than macro-catchment systems as 
water is deeply ponded, more even spread, and evaporation losses are less. 
 
The factor varies greatly from season to season. Low rainfall seasons have high efficiency values because 
there may be very limited deep percolation. In the design of surface irrigation systems, an efficiency factor 
of 0.4-0.85 is commonly used. Because of poor rainfall distribution, a figure of 0.4-0.6 is suggested, with 
the lower figure for drier areas. 
 
 
Example 4 
 
You have recommended water harvesting for 110 days sorghum production to a farmers living in Semi-arid 
zone.  The 60% seasonal rainfall is 250 mm.  The crop water requirement is about 400 mm.  The land 
slopes at 6% and the soil is a silt loam.  What is the desired cultivated and catchment area if each terrace 
is 15 m wide? Use, e  = 50% and c  = 0.6. 
 
Solution 
 

From the data given  
CWR     = 400 mm 
R         = 250 mm 
E         = 0.5 
C         = 0.6 

 
Then; C: CA    = 400 – 250         = 2:1 
       250x0.6x0.5 
 
 
 
 

   CWR- DR 
   C/CA =  DR*K*Ef 
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This means that the cropped (cultivated area) will be 1 unit wide and the catchment area 2 unit wide.  Thus 
for a 15 m wide terrace, the cultivated area will be about 5m wide (1/3 x 15 ) and the catchment area about 
10 m wide (2/3 x 15). 
 
 
2.3.2  Design systems for trees 
 
Trees are almost exclusively grown in micro-catchment systems where it is difficult to determine the 
proportion of total area exploited by the root zone, due to root development over the year.  However, it is 
assumed that the roots occupy an area equivalent to the canopy of the tree. Instead of calculating the C:CA, 
the procedure for trees is to estimate the total area of the micro-catchment (MC) i.e.  the catchment and 
cultivated (infiltration pit) together, for which the following formula can be used. 
 
 
 
 
 
 
 
 
 
Where:  
 
 MC:   total size of micro catchment( m2) 
 RA:    Area exploited by the root system (m2) 
 CWR:   water requirement (annually) (mm) 
 DR:  design rainfall (annual) (mm) 
 K:  runoff coefficient (annual) 
 Ef:  efficiency factor. 
 
2.4 Some important insitu rainwater harvesting 

techniques  
 
While using insitu rainwater-harvesting techniques for crop production, two types of construction materials 
and methods namely, stone and earth bund embankments are used. Soil is the most abundant construction 
material. Stone bunds are porous and can allow some overtopping. Therefore, they may not require a 
freeboard. They also silt quickly and may lose their effectiveness in holding runoff unless they are increased 
subsequent to silting. When loose stone is available, earth bunds are preferred. Stone bund can be used 
together with grasses; this helps to slow runoff and deposit suspended soil while allowing the water to 
slowly flow down the land slope. Soil bunds are made by compacting soil at optimum moisture until the 
required height is achieved.  
 
In water harvesting systems, to ensure stability of the structure side slopes 1: 1 on both sides are 
recommended. For field conditions, the most practical construction period is when the soil is moist, such 
as: 

 Immediately after harvesting the crop; 
 After a few showers at the beginning of the main season; 
 Making bunds during the minor season contribute to the reduction of labor competition in the main 

season. 
 

 
MC  = RA +RA (CWR-DR)  

     
DR*K*Ef 
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There are two general techniques of rainwater-harvesting system for crop production using soil and stone 
bund embankments. These are: - 
 

 Macro-catchments, and 
 Micro-catchments techniques 

 
Various types of micro-catchment rainwater harvesting techniques which are already adapted by many 
farmers in various countries and/or which have good results are listed below: 
 
 

 Negarim Micro catchment 
 Semi-circular bunds 
 Contour ridges 
 Contour stone bunds 
 Contour soil bunds 
 Broad bed and furrow system 
 Ridging and tied ridging 
 Conservation bench 
 Zay pits 
 Runoff harvesting from the road and Root storage basins 

 
 

 
 


