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ABSTRACT 
 

Nearly all the irrigation facilities in Taiwan are operated and managed by the farmers’ 
water users organizations or commonly known as Irrigation Associaitons (IAs), under 
the government supervision. At present, there are 17 IAs to serve a total area of 
375,125 ha farm lands which were owned and or cultivated by 1,528,330 IA members. 
In addition, there is a Taiwan Joint Irrigation Association (TJIA) aiming to coordinate 
the activities of all the IAs. A rotational system of water adopts rotation distributions to 
groups of farmlands in equitable quantity at pre-determined time and in proper order 
for crop cultivation in Taiwan. Experiments in Taiwan indicate that rotational irrigation 
can achieve water savings of about 20~30 percent without any sacrifice to rice yield. 
Water so saved can be used to fully or partially supply irrigation water to areas where 
there is a complete or partial shortage of water. Since the rotational irrigation practice 
was initiated in 1956, the productions of more than 126,000 hectares of paddy fields 
have been improved. 
 
Field experiment for paddy fields with four irrigation methods and two repeat 
treatments were executed in the Hsueh Chia Experiment Station of Chia Nan IA. The 
results demonstrated that the irrigation water requirements for farmer method, 7 day, 

10 day and 15 day irrigation schedule methods are 1248 mm, 993 mm, 848 mm and 
718 mm, respectively. Based on the 7 day irrigation schedule, the percentage of 
irrigation water requirements for compare method, 7 day, 10 day and 15 day irrigation 
schedule methods are 125.7%, 100%, 85.4% and 72.4%, respectively. Compare to 
traditional irrigation methods with 7 day irrigation interval, the alternative wetting and 
drying irrigation schedules with 10 days and 15 days irrigation intervals can save 
14.6% and 27.3% irrigation water requirements; on the other hand, the crop yields will 
decrease 7% and 15 %, respectively. 
 
The CROPWAT model was used to simulate on-farm water balance with 10 day 
irrigation schedule for 2nd paddy field in ChiaNan Irrigation Association, Taiwan. The 
results demonstrated that the total irrigation water requirements, net irrigation water 
requirements, runoff and infiltration were 1168.6 mm, 818 mm, 187.6 mm and 482.5 
mm, respectively. Compare the net irrigation water requirements with 10 days 
irrigation schedule for paddy field, the results from model and field experiment are 818 
mm and 848 mm, respectively and error percentage is 3.54%.  

 
Keywords: Irrigation Association, Capacity Building, Field Experiment, Irrigation 
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1.  INTRODUCTION 
 

In Taiwan, nearly all the irrigation facilities are operated and managed by the farmers’ 
water users organizations or commonly known as irrigation associations, under the 
supervision of the Government. Since 1945, the organizations responsible for 
irrigation management have been called Irrigation Associations (IAs), which are 
organized by farmers to maintain or improve their own irrigation facilities, construct 
new irrigation works and supply irrigation water to farm lands, in the individual 
designated service areas of the IAs. They also assist the government in the planning 
and development of new irrigation projects and land consolidation projects. 
 
A rotational system of water adopts rotation of water distributions to groups of 
farmlands in equitable quantity at pre-determined time and in proper order for crop 
cultivation. In order to facilitate this method of irrigation, the irrigation system is so 
designed that irrigation water can be simultaneously delivered into each individual 
“rotation area” of about 50 hectares. Experiments in Taiwan indicate that rotational 
irrigation can achieve water savings of about 20~30 percent without any sacrifice to 
rice yield. Water so saved can be used to fully or partially supply irrigation water to 
areas where there is a complete or partial shortage of water. 
 
The influence of global warming and climate change has increasingly made significant 
impacts to water supply, irrigation water requirements and crop yield. Bouman et al. 
(2006) pointed out that 34~43% of the water resources around the world are used for 
paddy irrigation. Tejendra & Eiji (2009) performed field experiment of paddy fields by 
compared two different irrigation methods, the conventional flooded and AWD in 
Japan. Virgilio et al. (2009) conducted field experiment for paddy fields using the AWD 
method in Japan. Chung (2009) used crop productivity model, AquaCrop, a tool 
developed by FAO to analyze the effects of climate change to rice production and 
water usage in Korea. Pleban and Israeli (1989) stated that the on-farm water balance 
is the normal method to decide the amount of water to apply at each irrigation. 
 
Many models determine farm water demands based on climate-soil-plant systems. 
Keller (1987) developed the UCA model based partly on concepts in the CRPSM 
model. Cheong (1992) developed the RIMMOD to increase crop yield by providing 
water for transplanting and growing rice at appropriate times and in appropriate 
amounts and by reducing water stress via improved system operation and 
management. Prajamwong (1994) developed the Command Area Decision Support 
Model (CADSM) based on concepts in the UCA model. Kuo (1995) developed the 
Irrigation Simulation and Optimization Model (ISOM) based on an application of a 
genetic algorithm (GA) for on-farm irrigation simulation to optimize allocation of 
irrigated areas to maximize the net benefit of irrigation. The CROPWAT model, which 
was developed by Smith (1999), was applied in this study to evaluate crop water 
requirements in the ChiaNan Irrigation District. 
 
In recent years, water shortages have caused the dilemma of insufficient agricultural 
water and rice fallow in Southern Taiwan. Therefore, it is an important task to compare 
the irrigation water requirements and crop production in the paddy fields by using a 
technique which differs to the traditional flood irrigation. This technique, known as the 
alternate drying and wetting irrigation (AWD), is used to efficiently utilize limited water 
resources, and enables Taiwan respond to global climate change, water scarcity and 
food security. This study coordinated with the HsuehChia Experiment Station, 
ChaiNan IA, and performed field experiment to evaluate irrigation water requirement 
and production of paddy under different irrigation cultivation techniques and methods. 
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2.  METHODS 
 
2.1  Capacity Building of Irrigation Associations 

 
There are 17 IAs to serve a total area of 375,125 ha farm lands which are cultivated by 
1,528,330 IA members as shown in Table 1. Figure 1 shows the organizational chart 
of the IAs. In the IA head office, the chairman represents the irrigation association and 
is assisted by a general manager (GM) in performing the functions of the association, 
and there are regional management offices each oversees and coordinate the 
activities of several field working stations. Under the regional management office, 
working stations (WSs) implement the systems operation and maintenance activities 
in the field, while the divisions in the head office exercises planning, design, 
supervision and monitoring work. Each WS handles an area of 1,000~2,000 ha. There 
are 289 WSs, with the number of WS of each IA as listed in Table 1. 
 
Within the IA service area, each working station supervises and renders guidance to 
the activities of Irrigation Groups (IG), each organized by the members of one tertiary 
unit, the IA basic unit for irrigation and drainage operation and management at the 
tertiary system level. Each IG handles an area of 50~150 ha. Members of such groups 
serve gratis; as they are the land owners and or tenants of the irrigated farm lands. In 
all, there are 3,476 IGs for all the IA service areas, which distribution in each IA are 
shown in Table 1. Each irrigation group consists of several irrigation teams (ITs) of 
10~15 members. The IG heads and the IT leaders are elected by and from among the 
members, and continuously serve if re-elected.  

 
2.2  Rotational Irrigation Systems in Taiwan 
 
A rotational system of water adopts rotation of water distributions to groups of 
farmlands in equitable quantity at pre-determined time and in proper order for crop 
cultivation. In order to facilitate this method of irrigation, the irrigation system is so 
designed that irrigation water can be simultaneously delivered into each individual 
“rotation area” of about 50 hectares. Each “rotation area” is subdivided into four or five 
“rotation units”, about 10 ha in size. Every “rotation area” is provided with one turnout 
gate, one measuring device, and several division boxes. Water flowing through the 
turnout is measured and rotated among the “rotation units” with the amount of water 
and interval of irrigation adjusted according to the actual rotation unit size, soil and 
crop condition, effective rainfall and conveyance losses. 
 
Rotational irrigation can save water by about 20~30 percent without any sacrificing. 
Water so saved can be used to fully or partially irrigate planned irrigated areas where 
there is a shortage of water. Furthermore, rotational irrigation supports better plant 
growth, saves fertilizer, eliminates water disputes and saves labor especially in 
drought seasons. Since the rotational irrigation practice was initiated in 1956, the 
productions of more than 126,000 hectares of paddy fields have been improved. Table 
2 shows the consumptive uses between continue and rotational irrigation method for 
rice within different region in Taiwan. 
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Table 1. Basic features of Irrigation Associations in Taiwan 
 

Name of 

Irrigation 
Association 

Irrigation 
Area (ha) 

No, of 
Members 

No. of Members 

of 
Undertakings 
Commission 

No. of 

Irrigation 
Groups 

No. of 

Working 
Stations 

No. of Staff 
Members 

Ilan 

Peichi 

Taoyuan 

Shihmen 

Hsinchu 

Miaoli 

Taichung 

Nantou 

Changhua 

Yunlin 

Chianan 

Kaohsiung 

Pingtung 

Taitung 

Hualien 

Chiseng 

Liukung 

19,543 

4,307 

24,650 

12,085 

7,464 

9,504 

26,533 

12,412 

46,413 

64,575 

74,640 

20,209 

24,962 

14,312 

12,498 

627 

391 

80,421 

21,281 

140,140 

63,080 

47,661 

51,856 

168,787 

52,731 

201,000 

193,746 

290,511 

68,218 

71,320 

30,955 

28,970 

8,509 

9,144 

21 

17 

23 

19 

16 

18 

23 

19 

25 

29 

33 

21 

23 

19 

19 

15 

15 

198 

60 

329 

105 

105 

117 

291 

109 

383 

506 

667 

153 

203 

134 

83 

17 

16 

10 

4 

13 

7 

5 

10 

23 

9 

30 

54 

71 

16 

18 

9 

8 

— 

2 

124 

32 

200 

99 

56 

85 

240 

96 

320 

555 

678 

212 

207 

85 

74 

32 

33 

Total 375,125 1,528,330 355 3476 289 3,128 

 
Table 2. Comparison of Irrigation Water Requirement between Continue and 

Rotational Irrigation Methods for Paddy Rice in Taiwan (unit: mm) 
 

 Methods 

Region 

1st Paddy Rice 2nd Paddy Rice 

Rotational 
Irrigation 

Continue 
Irrigation 

Water Saving 
(%) 

Rotational 
Irrigation 

Continue 
Irrigation 

Water Saving 
(%) 

North Region 1,551 1,927 19.5 1,300 1,667 22.0 

Central Region 1,750 2,209 20.8 1,466 1,911 23.3 

South Region 1,713 2,151 20.4 1,458 1,886 22.7 

East Region 2,715 3,828 29.1 2,275 3,303 31.1 

Average -- -- 22.5 -- -- 24.8 

 
2.3  Cropping Pattern 
 
Crop rotation patterns practiced in paddy fields are very common in Taiwan and 
different from district to district. This practice may also be called multipurpose use of 
paddy fields. Generally, a basic rotation pattern with four crops within a year in paddy 
fields according to growth periods of crops is arranged as Table 3. The period for inter 
crop is short and suitable for growing vegetables, melons, etc., while the period after 
second crop is near end of dry season in general and suitable for cultivating winter 
crops, such as corn, peanut, sorghum, potato, etc. which need longer time to grow. 
The time to start the first rice crop is of course different locally. Its time lag from south 
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to north may be approximately three months, and accordingly the beginning times of 
other crops follow the end of the first crop. The beginning and ending times are 
sometimes overlapped among the adjacent crop seasons. The above mentioned 
pattern is typical for double rice crop fields.  
 
If water sources are not sufficient for irrigating two rice crops, either first rice crop or 
second rice crop is replaced with miscellaneous crops, and then called single rice crop 
pattern as Table 4. 
 

Irrigation Association 

Undertaking Commission

Chairman

General 

Manager

Chief/Principal

Engineer

Security

Office

Engineering

Office

Management

Office

Finance 

Office

Administrative

Office

Accounting

Office

Personnel

Office

Member

(Farmer)

Irrigation Team

Irrigation Group

Working 

Station

Regional 

Management

Office (option)

 
Figure 1. Organizational chart of the Irrigation Associations in Taiwan 

 
 

Table 3. Double Rice Cropping Pattern in Taiwan 
 

Pattern: First Crop Inter Crop Second Crop Winter Crop 

Crop (Rice) (Upland Crop) (Rice) (Upland Crop) 

Time 4 months 2 months 3.5 months 2.5 months 

 
Table 4. Single Rice Cropping Pattern in Taiwan 

 

Pattern: First Crop Inter Crop Second Crop Winter Crop 

Crop (Rice) (Upland Crop) (Upland Crop) (Upland Crop) 

 (Upland Crop) (Upland Crop) (Rice) (Upland Crop) 
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2.4  Implementation of CROPWAT Model 
 

The CROPWAT model can be used to calculate crop-related data in each decade of a 
month and applied to estimate the irrigation schedule for each crop with 5 different 
options: (1) each irrigation defined by irrigation manager, (2) irrigation at below or 
above critical soil depletion (% RAM), (3) irrigation at fixed interval per crop growing 
stage, (4) deficit irrigation, and (5) no irrigation. Afterwards, the CROPWAT model can 
simulate the on-farm crop water balance, including : (1) irrigation times, dates and 
depths, (2) soil moisture depletion, (3) amount of percolation, (4) actual crop 
evapotranspiration, and (5) crop yield. The on-farm water balance was based on the 
theory of Eq (1) below: 
 

 DPROIRPEETSMDSMD ctt  1
 (1) 

where: 
 

t: time (decade of month) 

SMDt, SMDt-1 : soil moisture depletion at t and t-1 decade (mm) 

ETc : actual crop evapotranspiration (mm); PE : effective rainfall (mm);  

IR: irrigation depth (mm); RO: runoff (mm)’ DP: deep percolation (mm) 
 
The effective rainfall was calculated following the USDA SCS method (Eq 2): 
 

 

mm

tottoteff

mm

tot

tot

toteff

PforPP

Pfor
P

PP

2501.0125

250
125

2.0125






  (2) 

 
where, PE: effective rainfall (mm) and Ptot: total rainfall (mm) 

 
After finishing the simulation of irrigation schedule for each crop, the CROPWAT model 
could furthermore be used to estimate the monthly agricultural water requirements of 
an irrigation scheme, based on different cropping patterns as expressed in the Eq (3): 

   










 



n

i scheme

crop

effcscheme

p

gross
A

A
PETA

te
Q

1

116.0
1

 (3) 

where, 
 

Qgross: monthly agricultural water requirement of irrigation scheme (l/s) 

ep : irrigation efficiency (<=1, dimensionless) 

t : time operational factor (<=1, dimensionless) 

i : crop index of the cropping pattern for an irrigation scheme 

Acrop: crop planted area (ha); Ascheme: total area of irrigation scheme (ha) 

ETcrop: crop evapotranspiration (mm/day); Peff: effective rainfall (mm/day) 
  

3.  RESULTS AND DISCUSSION 
 
3.1  Evaluation of Irrigation requirements with different irrigation schedules 

for Paddy 
 

Four different types of irrigation treatments were imposed in a field experiment on the 
paddy crop at the HsuehChia Experiment Station, ChaiNan Irrigation Association. The 
treatments included: (1) Control: irrigation by the farmers’ methods; (2) 7-day irrigation 
schedule: irrigation by rotation, as decided by the IA; (3) 10-day irrigation schedule: 
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rice irrigated at 10-day interval after tillering and (4) 15-day irrigation schedule: rice 
irrigated at 15-day interval after tillering. Treatments (3) and (4) belong to the water-cut 
and restored irrigation treatment, i.e. the AWD method. In other words, the rice was 
treated with a flooded irrigation, and the follow-up irrigation was implemented after the 
water vanished for a certain number of days. This method can reduce irrigation water 
and increase the potential of using usable soil moisture, which is considered as a 
water-saving irrigation technique. 
 
Figure 2 shows the lysimeter set up at HsuehChia Experiment Station of ChaiNan IA. 
The field experiment of different irrigation treatments for the paddy field started on July 
21, 2014. Table 1 is an agronomic survey of the different irrigation schedule treatment 
for growing rice during the paddy field on 2014. Tables 3 and 4 compare the water 
usage and production from the different irrigation treatments for the paddy field on 
2014. From Table 3, it can be seen that the irrigation water requirements of the paddy 
field for the control area, 7-day; 10-day and 15-day irrigation schedules were 1248mm, 
993mm, 848mm and 718mm, respectively. Calculated based on the 7-day irrigation 
schedule by the IA as the baseline, the percentage of irrigation water were respectively 
125%, 100%, 85.4% and 72.3%. From Table 4, the average rice production for the 
paddy field on 2014 of the control area, 7-day, 10-day and 15-day irrigation schedule 
were 7788.5kg/ha, 7007.5kg/ha, 6537kg/ha and 5956kg/ha, respectively. Based on 
the IA’s 7-day irrigation as baseline, the percentage of irrigation water requirements 
was calculated as 111%, 100%, 93% and 85%, respectively.  

 
The AWD methods, i.e. the 10-day and 15-day irrigation schedule, shown in Tables 5 
and 6, respectively, indicate 14.6% and 27.3% of irrigation water saved compared to 
the existing irrigation method by the IA. However, crop production reduced 7% and 
15%, respectively. The linear regression between the irrigation water requirements (x) 
and crop production (y), is: y= 3802.12+3.17x   (R = 0.91).  
 
Table 5.  Comparison irrigation water requirements with different treatments for paddy 

fields in 2014 
 

Treatments 
Area I 

(mm) 

Area II 

(mm) 

Average Irrigation 

depth (mm) 

Comparison  

(%) 

Farmer region 1173 1323 1248 125.7 

7day irrigation 

schedule 
973 1013 993 100 

10 day irrigation 

schedule 
893 803 848 85.4 

15 day irrigation 
schedule 

673 763 718 72.3 

 
Table 6. Comparison crop production with different treatments for paddy fields in 2014 
 

Treatments 
Area I 

(kg/ha)  

Area II 

(kg/ha)  

Crop 

production 
(kg/ha) 

Comparison  

(%) 

Farmer region 7706 7871 7788.5 111 

7day irrigation 
schedule 

6984 7031 7007.5 100 

10 day irrigation 

schedule  
6400 6674 6537 93 

15 day irrigation 
schedule  

6024 5888 5956 85 
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Figure 2.  L ysimerers for field experiment at the Hsueh Chia experimental station 

within ChaiNan IA, Taiwan 
 
3.2  CROPWAT model to analyze irrigation water requirements  

 
The water balance model can be applied for creating an irrigation plan. Based on the 
actual requirements in the irrigation plan, the manager can determine different 
irrigation treatments and cropping pattern to calculate the monthly agricultural 
irrigation water requirements within the planned area. It also has mobility by changing 
the cropping pattern and estimate agricultural water requirements within a reasonable 
and acceptable range. In response to climate change, the model can be used to make 
mobile changes with the crop irrigation method to calculate irrigation water 
requirements, and determine the non-plant area during drought or fallow periods to 
achieve the purpose of saving water resources. The CROPWAT is actually an 
irrigation management water balance model developed by FAO with the main purpose 
to assist irrigation managers to estimate the required water requirements for crops and 
planning of the irrigation project. 

 
This study analyzed the irrigation water requirement for the paddy fields for the 10-day 
irrigation schedule of the AWD method. Figure 3 shows the variation of soil moisture 
for the 10-day irrigation schedule based by the AWD method. From Table 5, the overall 
irrigation water requirements, net irrigation water requirements, runoff and infiltration 
for the paddy field with a 10-day irrigation schedule were 1168.6mm, 818mm, 
187.6mm and 482.5mm, respectively.  
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The simulation by the CROPWAT model for the net irrigation water requirements 
based on the 10-day irrigation schedule was 818mm, whereas the actual amount by 
field experiment at HsuehChia Experiment Station was 848mm. The error between the 
simulation and measurement was 3.54%.  
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Figure 3. CROPWAT model simulate soil moisture variation with 10 day irrigation 
schedule for paddy fields in ChaiNan irrigated area  
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Figure 4. Regression relationship between irrigation water requirements and crop 

yield for paddy field in ChaiNan irrigated area on 2014 
 

4.  DISCUSSION 
 

There are 17 IAs to serve a total area of 375,125 ha farm lands which are cultivated by 
1,528,330 IA members in Taiwan. Under the regional management office, working 
stations (WSs) implement the systems operation and maintenance activities in the 
field. Each WS handles an area of 1,000~2,000 ha. Within the IA service area, each 
working station supervises and renders guidance to the activities of Irrigation Groups 
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(IG),each IG handles an area of 50~150 ha. A rotational system of water adopts 
rotation distributions to groups of farmlands in equitable quantity at pre-determined 
time and in proper order for crop cultivation in Taiwan. Experiments in Taiwan indicate 
that rotational irrigation can achieve water savings of about 20~30 percent without any 
sacrifice to rice yield. Water so saved can be used to fully or partially supply irrigation 
water to areas where there is a complete or partial shortage of water. Since the 
rotational irrigation practice was initiated in 1956, the productions of more than 
126,000 hectares of paddy fields have been improved. 
 
This study conducted field experiment for the paddy field on 2014 by using four 
different irrigation treatments at HsuehChia Experiment Station, ChaiNan IA. Results 
showed that the water percentages by the alternate drying and wetting irrigation (AWD) 
method with a 10-day and 15-day irrigation schedule were respectively 85.4% and 
72.3% when compared to the 7-day irrigation schedule by the Irrigation Association. 
Therefore the irrigation method with the 10-day and 15-day irrigation schedule could 
save irrigation water requirements up to 14.6% and 27.3%. Furthermore, analysis with 
the crop production showed that the crop production percentages for the 10-day and 
15-day irrigation schedule by the AWD method were respectively 93% and 85% when 
compared to the 7-day irrigation schedule method by the Irrigation Association. The 
crop production of the 10-day and 15-day irrigation schedule therefore reduced 7% 
and 15%, respectively. 
 
The CROPWAT model was used to simulate on-farm water balance with 10 day 
irrigation schedule for 2nd paddy field in ChiaNan Irrigation Association, Taiwan. The 
results demonstrated that the total irrigation water requirements, net irrigation water 
requirements, runoff and infiltration were 1168.6 mm, 818 mm, 187.6 mm and 482.5 
mm, respectively. This study further used statistical software to analyze the correlation 
between the irrigation water requirements (x) and crop production (y) for the paddy 
field on 2014. Figure 4 is the illustration of the linear regression and 95% confidence 
interval. The figure indicates that the irrigation water requirements and crop production 
have a positive correlation with the correlation coefficient at 0.91, and the linear 
regression equation is y= 3802.12+3.17x.  
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