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ABSTRACT 
 

The difficulty for rainwater harvest (RWH) system implementation is to match the 
demand and the supply along with time. Because both demand and supply are 
stochastic, a properly sized storage may be critical for a success. Since the crop root 
zone can be thought as storage space in irrigation system design, operation and 
management, it may be much easier to use RWH in irrigation then in domestic 
demand supply. If the irrigations are operated carefully to match the rainfall pattern, 
more effective rainfall may be captured. An adequately sized storage farm pond may 
also be needed to store the excess rainwater for later use.  
 
This study proposed a simulation model build under Microsoft Excel to simulate the 
RWH operations under different scenarios with different input combinations of 
climate, soil, crop, and storage sizes. The model will report back related evaluation 
parameters such as realized effective rainfall, total irrigation requirement other than 
the water supplied with the RWH, the optimum size for the storage facility, and the 
total pumping requirement if the water in storage need pumping to irrigate the field. 
These are all vital decision support information for both irrigation engineers and field 
irrigation managers in system designs and operations. The system manager may use 
this information to evaluate the feasibility to implement a RWH based on the irrigation 
demand reduction from the installation of the RWH pond. Also the irrigation operator 
may use this simulation tool to justify the allowable depletion level for best realization 
of effective rainfall capture.  
 
The model was built as a daily model to reveal the fluctuation effects in climate 
factors (e.g. rain, temperature, humidity, wind) and crop (e.g.ET, Kc). The users may 
change the input parameters, such as allowable depletion before irrigation, maximum 
storage pond size, or initial water level in soil and storage farm pond, etc. The model 
is also potable for any locations by changing the input setting of climate, soil, and 
crop. 
 
Keywords: Rainwater Harvest, Decision support, Irrigation management. 
 

1. INTRODUCTION 
 
Imbalance of water supply and demand has long been a common issue in water 
resources management in many countries especially in developing countries where 
population is increasing rapidly. About 49% of Thai population rely on agriculture 
which contributes to 10% of GDP (Water Resource System Research Unit 2011). 
Therefore, when flood or drought occurs, it causes substantial damage not only to 
farmers but also the country as a whole. To address the problem of excess supply in 
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wet season or water shortage in dry season, a number of measures including 
rainwater harvesting have been implemented. Rainwater harvesting is an ancient 
technique involving the collection, conveyance, and storage of rainwater from 
rooftops, land surfaces or rock basins. The scope, method, technologies, system 
complexity, purpose, and end uses vary, e.g. from rain barrels for garden irrigation in 
urban areas to large-scale collection of rainwater for all domestic and agricultural 
uses (UNEP 2000; Texas Water Development Board 2005; Tortajada 2006). 
Rainwater harvesting has been widely used in many parts of the world such as 
Germany, Japan, Taiwan (Su et al. 2009) and Thailand (UNEP 2000). Singapore is 
one of the few countries in the world that invested in a large scale rainwater 
harvesting. In 2003, Singapore's National Water Agency has introduced an integrated 
systems approach to water management known as Four National Taps to ensure an 
efficient, adequate and sustainable water supply for which has limited fresh water 
supplies both surface and subsurface (PUB 2011). One of the Four National Tap’s 
strategies is called local catchment area which refers to rainwater harvesting. As 
Singapore has no significant, accessible natural lakes and aquifers, it relies heavily 
on storing rainwater and reservoirs. A comprehensive network of drains, canals, 
rivers and storm water collection ponds was constructed to collect rainwater which 
subsequently routed to reservoirs for storage. Advantages of rainwater harvesting 
includes rainfall quality and availability, low point source pollution, and applicability to 
wide range scales (Texas Water Development Board 2005). A simple network with 
small investment can be applied at a local scale as it does not require complex 
distribution system. Due to its advantages and previous achievements of 
implementing the rainwater harvesting systems in many areas such as in Singapore, 
itis interesting to evaluate the performance of the technique which possibly offers 
practical solutions to address flood and drought in Thailand. This study aims at 
establishing a methodological frame work for developing rainwater harvesting 
systems for irrigation. 
 

2. WANGBUA IRRIGATION PROJECT 
 

The Wangbua irrigation project in Kampheangphet (latitudes 1551-1654 N and the 

longitudes 9000-1003 E) is located in at the left bank of the Ping basin in North 
West Thailand (Figure 1). The Wangbua irrigation project was initiated in 1975 with 
irrigated area of 459km2 (Water Resource System Research Unit 2011). The irrigation 
system is overflow type from the Ping River. The structures consist of 1) temporary 
weir at the Ping River 450 m width x 4.50 mhigh, 2) main canal (MC) 83 km long, 3) 
Canal 1R 29 km long, 4) Canal 2R 45 km long, and 5) Canal 3R 42 km long. 
 
Mean annual rainfall in Kampheangphet is 1,150 mm; 1,021 mm of which occur in wet 
season (May – October) and 129 mm of which occur in dry season (November – 

April. Mean temperature ranges between 27C -29C with highest temperature in 
April. Due to impacts of climate change, extreme events have become more intense 
in this region (Water Resource System Research Unit 2011). The Wangbua irrigation 
project has experienced flood and drought for long period (Water Resource System 
Research Unit 2011). The lack of the area to collect and store rainwater is considered 
to partly contribute to the problems. Managing water resources especiallyfor irrigation 
for all-year paddy cultivation is more challenging due to climate change. 
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Figure 1. Location plan with elevations, river network and province boundaries shown 
on the left panel. Irrigation structures shown on the right panel. 
 

3. METHODS 
 

The major goal of this study is to create a framework for assessing the performance 
of the RWH system in the study area. Additional analysis of the relationshipsbetween 
RWH storage capacities and water supply deficits may also be investigate at later 
step. An annual Microsoft Excel simulation model was developed based on the 
diagramshown in Figure 2, for this purpose. Water balance analysis was incorporated 
into the model. Equations for tracking free water depth for paddy and soil water 
content (SWC) for upland crops are shown as follows: 
 
Upland Crops: Tracking soil water moisture SWC 
 
SWCt+1 = SWCt +PPTt –ETCt/EFFA 
 
IF SWC t+1<AD Then IRRt= TAM – SWCt+1 
 EFFRt= PPTt 
 SWCt+1 = TAM 
 
 IF St>IRRt Then  St+1= St – IRRt 
   
  ELSEIF St> 0 Then IRRt = IRRt-St 
  St+1 = 0 
 
IF SWCt+1> TAM Then EXCESSt = SWCt+1 – TAM 
 SWCt+1 = TAM 
 St+1 = St + EXCESS 
 EFFRt = TAM - St 
 
Paddy: Tracking free water depth 
Dt+1 = Dt + PPTt– SPt-ETCt 

EFFRt = PPTt 

 
IFD t+1>BH Then EXCESSt= Dt+1-BH 
 Dt+1 = BH 
 St+1 = St + EXCESSt 

 EFFRt = PPTt - EXCESSt 
 
IFD t+1<0 Then IRRt= IRD – Dt+1 

 Dt+1= IRD 
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 IF St>IRRt Then  St+1 = St – IRRt 
   
  IF St> 0 Then IRRt = IRRt-St 
  St+1 = 0 
 
Performance Indicators are ΣIRRt,ΣEFFRt,ΣEXCESSt,ΣPUMPt,MAX(St). 
 
Where  

IRRt: Irrigation SPt: Seepage loss 
 

ETCt: Crop ET 
 

RZD: Root zone depth 
 

PPTt: Rainfall 
 

BH: Border height 
 

EFFRt: Effective rainfall 
 

EFFA: Irrigation application efficiency 
 

SWCt: Soil water content 
 

TAM: Total available moisture 
 

St: Storage for excess rainfall 
 

AD: Allowable depletion (Design depletion * 
TAM) 
 

 

 
 

Figure 2. Diagram for simulation model 
 
 

4. RESULTS AND DISCUSSION 
 

Initial results obtained from running the model using input data between 2007-2010 
for assessing the performance of the RWH system for irrigation in the Wangbua 
irrigation project are summarized in Table 2.Prior to the implementation of the RWH 
system, 6.51 Mm3 of total deficits were found in 11 areas. After implementing the 
RHW, the total deficits decreased to 1.7 Mm3 in two area. This indicates that the 
proposed RWH system is a successful implementation. Other scenarios of varying 
pond sizes are being assessed for further improvement (e.g., Figure 3). Additional 
analysis for the relationships between RWH storage capacities and water supply 
deficits is being performed and will be available for the discussion session.  
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Table 2.Simulation results summarizing deficits. 

 

 
 
 

 
 
Figure 3. Microsoft Excel simulation example for assessing the relationships between 
varying pond sizes and irrigation deficits. 

 

5. CONCLUSIONS 
 
Rainwater harvesting system (RWH) is a conventional solution for addressing water 
supply issue. However, the efficiency of the RWH depends primarily on temporal 
distribution of rainfall and water demand. As rainfall in Thailand is characterized by 
strong seasonal variation, this led to a research question at what extent the RWH 
system will be able to alleviate water shortage, especially for irrigation, in Thailand. 
The methodology was demonstrated through a case study of the Wangbua irrigation 
project. The results showed that the RWH helped reduce water shortage in 11 areas 
in the Wangbua irrigation project. The deficits in 9 out of 11 areas were totally 
removed leaving 1.7 Mm3 deficits in two areas. Ways forward improving the efficiency 
of the system is being investigated and will be presented in the discussion session. 
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