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ABSTRACT 
 

In Taiwan, most irrigation water distribution depends on manual operating. 
Furthermore, irrigation water loss from the conveyance cannot be accurately 
calculated. The situation turns worse as the climate change leads to uneven rainfall, 
both spatial and temporal. If the agricultural water usage, which accounts for 70% of 
total nation’s water usage, can be allocated more precisely and efficiently, it would 
improve water resource allocation effectivity. This study applies system dynamic 
model to establish irrigation water management model for a companion and inter 
cropping field in central Taiwan. Combining rainfall and irrigated water was 
considered in the supply side, the model simulated two scenarios by decreasing 30%, 
and 50% planned irrigation water in the wet year 2013. The result shows that field 
storage of the end rotation of the study area, will be lower than wilting point, under 
50% decreased water of irrigation plan only. It appears that the original irrigation plan 
can be reduced to be more efficient, and when stricter drought occurs, 50% reduction 
of irrigation can be applied as a solution of water shortage, however, it’s suggested to 
implement adjustment of water gate more frequently for ensuring of the downstream 
rotation areas to obtain allocated water. 
 
Keywords: Field capacity, Precision irrigation, VENSIM model, Irrigation Plan. 
 

1. INTRODUCTION 
 
Enhancing water use efficiency to cope with climate change is a major issue around 
the world, especially in the part of agricultural water resources. Taiwan locates in 
subtropical region with a high annual rainfall of 2,500mm in average. However, under 
the effect of climate change, the uneven of spatial and temporal distribution of rainfall 
become much worst, therefore several drought events occurred in 2002, 2003, 2006, 
2011, and 2014. During the drought period, some of the agricultural water has to be 
transferred to the domestic and industrial sector. When facing deficits, the limited 
irrigation water should be used with efficiency. Precision irrigation is one of the 
possible ways to achieve raising water use efficiency (WUE) and maintaining crop 
growth conditions with productivity. In view of the purpose, the study applies the Water 
Balance Method and system dynamic program to establish field irrigation water 
management model, and investigates the effect of water reduction in field irrigation 
and soil content of the study region in central Taiwan. 
 

2. METHODOLOGY 
 
2.1  Field Water Balance Method 
 
The study bases on the Water Balance Method and applies the total inflow equals to 
the outflow in a control volumeunder the condition of mass conservation to evaluate 
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the residential discharge from paddy field. Through the three-dimensional microcosmic 
view, the porosity medium flow condition can be shown as Eq. (1). 

𝑞𝑖𝑛 − 𝑞𝑜𝑢𝑡 =
𝑑𝑠

𝑑𝑡
(1) 

 

Figure 1. The microcosmic view of porosity medium flow condition 

 
Where, q𝑖𝑛 : Inflow; q𝑜𝑢𝑡 : Outflow, d𝑠 : The storage of control volume; t: Time. 
Considering the field as a linear reservoir, q𝑖𝑛  as the summation of rainfall and 
irrigation, q𝑜𝑢𝑡 as the summation of crop evapotranspiration, surface runoff, shallow 
ground water outflow and infiltration, and d𝑠 as field storage, the summation of field 
ponding depth and shallow water content in the soil, the figure 1 can be applied as a 
simple hydrology cycle of paddy field in three-dimension. The parameters that can be 
analyzed include rainfall, irrigation water, crop evapotranspiration, and soil water 
content.  

Assuming the paddy field is under cultivation, and the plow sole exists, the water 
balance method can be shown as Eq. (2), and the control system of field and the 
limited conditions for irrigation decision analyzing formula can be represented by Eq. 
(3)~(4). 

𝑆𝑖 = 𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝑅𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖    (2) 

𝐼𝑓 𝑆𝑖−1 + 𝑃𝑖 < 𝑁𝑖，𝑡ℎ𝑒𝑛  𝐼𝑅𝑖 > 0 

𝐼𝑓 𝑆𝑖−1 + 𝑃𝑖 ≥ 𝑁𝑖，𝑡ℎ𝑒𝑛  𝐼𝑅𝑖 = 0 

𝑁𝑖 = 𝐸𝑇𝑖 + 𝐷𝐹𝑖 + 𝑅ℎ𝑖 (3) 

𝐼𝑓 𝑅𝑖𝑖 ≥ 𝐼𝑅𝑖，𝑡ℎ𝑒𝑛 𝐶ℎ𝑖 = 𝐼𝑅𝑖 

𝐼𝑓 𝑅𝑖𝑖 < 𝐼𝑅𝑖，𝑡ℎ𝑒𝑛 𝐶ℎ𝑖 = 𝑅𝑖𝑖  

𝐼𝑅𝑖 = 𝑆𝑡𝑖 − (𝑆i−1 + 𝑃𝑖) + 𝑁𝑖(4) 
 
Where the suffixes i and i-1 are used to represent the time period. Field storage (S) 
considering a daily time step (i).Rainfall (P), supplementary irrigation (Ch) are 
considered as the inflow to the system, whereas evaporation and actual crop 
evapotranspiration(ET), field overflow(DR), canal water volume (Ri), vertical 
percolation(DF) , and lateral seepage inflow (Rh) are considered as the losses from 
the system (N). The target depth of storage (St) equals to the summation of ponding 
depth and soil saturation depth. 
 
In the study, field storage is regarded as the sum of the height of soil water content 
and the water depth above the soil surface. The soil water content depends on its type 
shown as Table 1. 
 
2.2 Irrigation water demand 
 
Paddy field need different water under different growth stages, and the control of 
irrigation water should be maintained with adjustment mechanism, which combined 
with gates and ditches. During the period of irrigation, the loss of conveyance, 
infiltrations, evapotranspiration from water and soil surface, should be included in the 
amount of irrigation water demand. And it can be regarded as the difference between 
the amount of ponding depth andthe summation of previous field storage, after 
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deduction losses, and precipitation of the day. Considering the conveyance loss during 
water allocation period, the actual irrigation water amounts to the total of irrigation 
water and the conveyance loss, which can be described as Eq.(5)~(6). 
 

Water loss of conveyance =
Irrigation water demand

(1−Water loss rate of conveyance)
− Irrigation water demand(5) 

 
Actual irrigation water = Irrigation water demand + Water loss of conveyance(6) 
 
The conveyance loss  are calculated with the length of every ditches from intake gate 
to each block, and the loss rate of 10% in every kilometer will be calculated with the 
conveyance loss as shown in Table 2. 
 
 

 

Figure 2. Field water balance Schematic diagram 

 
Table 1. Soil types and characteristics (Sih et al. 1982；Hsu et al. 2004.) 

Soil  
type 

Soil porosity  
(%) 

Field  
Capacity (%) 

Wilting Point 
(mm) 

Coefficient of Conductivity  
(day-1) 

Sih et al.(1982) Hsu et al. (2004) 

Clay 53 35 17 0.0100499 

Loam 47 22 10 0.0112591 

Sand 38 9 4 0.0141543 

Sandy Loam 43 14 6 0.0115808 

 
Table 2. The conveyance loss from intake gate to every block (unit :%) 

 

Block Rotation 1 Rotation 2 Rotation 3 Rotation 4 Rotation 5 

1 8.15 13.15 20.23 21.16 28.5 

2 8.15 13.15 20.23 24.93 28.5 

3 10.45 11.9 22.01 24.93 29.33 

4 10.45 11.9 22.01 33.33 29.33 

5 11.71 19.08 22.85 ─ 30.38 

6 11.71 19.08 ─ ─ 30.38 

7 12.74 21 ─ ─ ─ 

8 12.74 21 ─ ─ ─ 
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2.3  Crop evapotranspiration calculation 
 
At the growth duration of plants, the metabolism and photosynthesis consumes a small 
amount of water, most of the plant is discharged via transpiration from the stomata. 
When the field capacity (FC) reaches the wilting point (WP) of soil, the 
evapotranspiration of plant will be stopped. The evapotranspiration of paddy field 
called crop evapotranspiration, represented asETcrop(mm/day). The study applies the 

indication of Kan et al. (1996), that Taiwan is much more suitable to use Penman-
Monteith, published from The International Commission on Irrigation and Drainage 
(ICID 1994)  for the estimation of crop evapotranspiration. With the crop coefficient 
(Kc), the crop evapotranspiration can be represented as Eq.(7). 
 

𝐸𝑇𝐶𝑂𝑅𝑃 = 𝐾𝑐 × 𝐸𝑇0 (7) 
 
Where the crop coefficient (Kc) differences with crop seasons, and related with growth 
stages. Generally, in terms of rice, the crop coefficient is about 0.95 to 1.35. The 
corresponding crop coefficients of different growth stages of rice obtained from 
experiments in Taiwan are listed as Table 3. 
 
The parameters of evapotranspiration estimation includes crop coefficient (Kc), soil 
depth, and wilting point. When the value of Kc is determined by crop type and the 
stage of growth, the wilting point plays as the key role to judge the occurrence of 
evapotranspiration. It means the soil water content that plants can’t absorb any more 
water from its root. Thus, the field evapotranspiration can be represented as Eq. 
(8)~(9). 
 

𝐸𝑇𝑖 = {
𝐾𝐶 × 𝐸𝑇0       𝑖𝑓     𝑆𝑖−1 > 𝑊𝑝

0                     𝑖𝑓     𝑆𝑖−1 < 𝑊𝑝
(8) 

𝑊𝑝 = 𝑆𝑜𝑖𝑙 𝑑𝑒𝑝𝑡ℎ ×  𝑊𝑖𝑙𝑡𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡(9) 

 
Where, S: The depth of field storage (mm);Wp: The depth of wilting point (mm), Kc: The 

crop coefficient. ET0: The referenced crop evapotranspiration (mm). 
 

Table 3. The rice crop coefficient (Kc) for each stage of growth (FAO 1984; Sih et al. 

1982；Yao et al. 2005) 

Growth days Growth stage 
Growth 
degree 

Yao et al.(2005) Sih et al.(1982) 
FAO 

(1984) 

Kc Kc 
Kc 

1st crop 2nd crop 1st crop 2nd crop 

─ Ground  ─ ─ ─ ─ ─ ─ 

1~15 Seeding  185 0.92 1.01 0.6 1.0 

1.05 16~30 Early tillering 381 1.00 1.11 1.0 1.3 

31~45 End of tillering 589 1.00 1.11 1.3 1.6 

46~60 Earlyflowering 808 1.13 1.23 1.5 1.7 
1.20 

61~75 End of flowering 1032 1.13 1.23 1.5 1.6 

76~90 Early aging 1259 0.89 0.93 1.4 1.4 

0.6~0.9 91~105 Middle of aging 1487 0.89 0.93 1.1 1.0 

106~120 End of aging 1715 0.89 0.93 0.8 0.5 

 
2.4 Percolation calculation 
 
The percolation is a complex process of paddy field. It’s influenced by soil texture, 
ponding depth, ground water level, water temperature, terrain slope, and field crop root 
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development etc. It’s the summation of vertical percolation and lateral seepage, which 
are described as follows: 
 

1.  Vertical percolation 

The experiment result under different irrigation condition indicated the plow sole leads 
to the decrease of vertical and lateral percolation (Chen 1999, Sharma and De Datta 
1985). After passing through the plow sole, the water subsidize to ground water. The 
model separates the infiltration condition into 3 stages, shown as Figure 3 (Bhadra et 
al. 2013.). And its occurrence depends on the compare of field capacity and previous 
field storage, shown as Eq.(10)~(12). 

𝐷𝐹𝑖 = {
𝑃𝑡       𝑖𝑓     𝑆𝑖−1 > 𝐹𝐶
0       𝑖𝑓     𝑆𝑖−1 ≤ 𝐹𝐶

(10) 

𝐹𝐶 = 𝑆𝑜𝑖𝑙 𝑑𝑒𝑝𝑡ℎ ×  𝐹𝑖𝑒𝑙𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦  (11) 

𝑃𝑡 = 𝑘𝑝 ×
ℎ𝑡+𝑙𝑚

𝑙𝑝
        (12) 

Let Cp = kp lp⁄ , the Ptcan be obtained as Eq. (13): 

𝑃𝑡 = 𝐶𝑝 × (ℎ𝑡 + 𝑙𝑚)(13) 

Where, Pt : The percolation (mm/day), calculated from Darcy’ Law (Bear1979), FC : 
The depth of Field Capacity (mm), Kp : The coefficient of hydraulic conductivity 

(mm/day), ht: The previous ponding depth (mm), lp: The thickness of plow sole (mm) 

which set as 7.5cm (Chen 1999), lm: The thickness of muddy layer (mm)；Cp:The 

coefficient of conductivity (day-1), see Table 1. 

 
 

Figure 3. The 3 stages of water balance calculationschematic  
diagram (Bhadraet al. 2013.) 

 
2. Lateral seepage 
 
The lateral seepage occurred obviously in the border area of wet and dry, with the 
amount of about 10 times the vertical percolation, and it changes with the length of 
border, the area of paddy field, and the initial soil water content. The lateral seepage 
should be considered with saturated and unsaturated case of field soil (Chen 1999). 
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The study assumes the lateral seepage occurs under saturated condition, and the 
terminal of seepage should be ground water level. The schematic diagram of ridge 
lateral seepage can be shown as Figure 4. The transmission mechanism derived from 
Dupain Eq. (Bear 1979) as follows Eq. (14): 
 

𝐿𝑡 =
𝑙𝑔

𝐴
× 𝑘𝐿 ×

(ℎ𝑡
2−ℎ0

2)

2𝐿
                                                    (14) 

 
Where,lg: The length of ridge near drainage (m), and it’s set as the side length of each 

paddy block in the study. A : The area of paddy field (m2). KL : The hydraulic 
conductivity of ridge (mm/day), set as 5 times of Kp, the hydraulic conductivity ofridge 

(Gao 2003). ht: Ponding depth (mm). h0: The water level of irrigation channel (mm), 
set as 0 cm. L: The width of ridge (mm), set as 50cm. In the study, field capacity (FC) 
is the critical judge to choice the calculation of lateral seepage, shown as Eq. (15). 
 

𝑅ℎ𝑖 = {
𝐿𝑡       𝑖𝑓     𝑆𝑖−1 > 𝐹𝐶
0        𝑖𝑓     𝑆𝑖−1 ≤ 𝐹𝐶

                                          (15) 

 

Where, Rh: The lateral seepage of ridge (mm/day), Lt: The lateral infiltration (mm/day)。 

 

 
Figure 4. The Schematic diagram of ridge lateral seepage(Gao 2003) 

 
2.5 Field surface runoff calculation 
 
In Taiwan, the ponding depth needed for rice paddy have to be adjusted properly 
during different growth stages, and it controlled by the height of outfall on the ridge 
breach. The height of ridge and outfall are the average elevation difference from the 
elevation of ridge and outfall respectively, and the height of outfall determines the 
magnitude of field storage.When actual irrigation water and rainfall enter paddy field, it 
become field surface runoff, and transform into overflow, crossing the ridge to 
drainagewhen the ponding depth is higher than outfall or the ridge as shown in  
Figure 5. 
 
The height of outfall of this study applies the research of Paddy rice cultivation in 
different stages of 1st crop season in Taiwan and set as Table 4(Kan2000). The 
outflow of field runoff can be represented as Eq. (16)~(18). 
 

𝐷𝑅𝑖 = 𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖 − 𝑉𝑓𝑖(16) 

 
𝑖𝑓    𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖 > 𝑉𝑓𝑖 
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𝐷𝑅𝑖 = 0,𝑖𝑓𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖 ≤ 𝑉𝑓𝑖       (17) 

 
𝑉𝑓 = (ℎ + 𝑆𝑜𝑖𝑙 𝑑𝑒𝑝𝑡ℎ × 𝜑) (18) 

 
Where, Vf : The depth of field storage(mm), itmeans the total height of water in soil 
saturation and outfall. DR: The outflow of field runoff (mm). h: The height of outfall 
(mm). φ: Soil porosity (%). The sectional view can be shown as Figure 5. 
 

 
Figure 5. The diagram of two drainage stages in the paddy field 

 

Table 4. The ponding depth of rice cultivation during 1st crop season in Taiwan (Kan 2000) 

 

Growth 
stages 

Survive period 

Start 

of 
tille-
ring 

End 

of 
tille-
ring 

Young 

panicle 
differen-
tiation 

Young 

panicle 
forma-

tion 

Boo-
ting 

stage 

Hea-
ding 

Milk 
ripe 

Ma-
ture 

Rea-
ping 

The day 
after 

transplant
ing 

1 16 25 30 48 50 65 77 92 107 120 130 

Date 3/4 3/19 3/28 4/2 4/20 4/22 5/7 5/19 6/3 6/18 7/1 7/11 

Ponding 
depth(cm) 

5 5 5 5 5 5 10 10 10 3 3 0 

 
For the extended duration of rain, the depth of storage may be higher than the height 
of outfall, and the maximum outflow of the ridge breach should be computed to avoid 
affect the growth of the crop roots. The factors that related with outflow include the 
rainfall, area, crop allowed soaking time, and the planned period of drainage. The 
average discharge of surplus watercan be calculated as Eq. (19) ~ (22),(Sihet al. 
1982). 
 

Qi =
C×RD

1000×D
𝑖𝑓    𝑃𝑖 > 𝑄𝑖 + 𝐸𝑇𝑖 + 𝐷𝐹𝑖 + 𝑅ℎ𝑖     (19) 

𝐷𝑅𝑖 = 𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖 − 𝑉𝑓𝑖
′ (20) 

𝑖𝑓    𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖 > 𝑉𝑓𝑖
′  

𝐷𝑅𝑖 = 𝑚𝑖𝑛[𝑄𝑖；𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖 − 𝑉𝑓𝑖](21) 

𝑖𝑓    𝑆𝑖−1 + 𝑃𝑖 + 𝐶ℎ𝑖 − 𝐸𝑇𝑖 − 𝐷𝐹𝑖 − 𝑅ℎ𝑖 ≤ 𝑉𝑓𝑖
′  

𝑉𝑓
′

= (𝐻 + 𝑆𝑜𝑖𝑙 𝑑𝑒𝑝𝑡ℎ × 𝜑 ) (22) 

 
Where, Vf′: The maximum depth of field storage (mm), it means the total height of 
water in soil saturation and ridge. Q: The outflow in unit area (mm). D: The crop 
allowed soaking time (day), the study set as 3 days.C: The runoff coefficient (C=0.6). 
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RD: The continuous rainfall in D days (mm), adopted the Xi-Zhou rainfall station with 10 
years return period 294.5mm/day. H: The height of ridge (mm). 

 
3. SYSTEM DYNAMIC MODEL ESTABLISHMENT 
 
To calculate the irrigation and drainage discharge clearly, the selection of study region 
must equipped with distinct canals and ditches for irrigation and drainage respectively. 
The area chose by the study, has the same elements as mentioned above. There’re 
clear ditches to irrigate to and drain from every paddy field. Besides, a main drainage 
lies on the middle position and accommodates the surplus water from every ditches, 
which is helpful to calculate the total drainage discharge. Because the height of ridge, 
when the amount of rainfall or irrigation water less than field need, it’ll be stored in field 
and won’t take shape as over flow. But if under heavy shower, the field will going to 
drain the extra water through outfall on the ridge or the runoff over flow the ridge may 
occurred. The study uses system dynamic software VENSIM to establish and simulate 
the water demand and usage estimation model, the study region description and 
model set up are explained as below. 
 

3.1  Regional overview 
 
The study region located in Chang-Hua County, which lies in the central Taiwan and 
with a river, Zhou-Shui-Xi, as its main water resources. For reaching the precision 
irrigation, the study takes the irrigated area of the Shin-Yong-Chi channel which get 
water source under the second restrict gate of the Tzu-Tsai-Pi channel as a study 
region. For the reason to control the quantity of irrigation, the study chooses a small 
area of 215ha under San-Tiao-Zun channel irrigation region which belongs to Shin-
Yong-Chi main channel irrigation system. There are 5 supplement ditches in the area, 
which responses for rotation 1 to 5 respectively. The soil type of the study region is 
sandy loam. And the following model is established according to their spatial 
distribution as Figure6. 
 

 

Figure 6. The diagram of rotations, drainage and irrigation channels in study region 

 
3.2 Model establishment 
 
In the study region, 5 irrigation rotation areas and each rotation area divided into 4~8 
blocks as a total of 31 blocks are included. The main motor-driven diversion facility 
named San-Tiao-Zun inflow gate and 5 manual gates down streams intake water into 
supplement ditches with the sequence from rotation 1 to 5 as shown in Figure 7. The 
model built with the water balance principle to evaluate irrigation water and field 
drainage, if the ponding depth reaches the target value, it‘ll stop water supply. The 
water usage condition of each block built in model shown as the architecture in  
Figure 8.  
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Figure 7. The direction and sequences of drainage and irrigation in study region  

 

Figure 8. The architecture of water usage sequences of model establishment 

 
The water flows with the rotation sequences in the study region, if the depth of rainfall 
is less than the height of outfall, the system won’t drain water out, but if the cumulative 
rate of rainfall greater than drainage speed of outfall, the water level raises till over the 
effective height of ridge, the over flow occurred. The over flow drains to the nearby 
small drainage ditch first, and converge to the main drainage as shown in Figure 9. 
 

 

Figure 9. The flow direction of each block and rotation in the study region  

 
The procedure of field water demand computing model can be represented as Figure 
10. In addition to basic soil texture data that have been established in the model, 
rainfall, irrigation water, and field storage have to be read from monitoring system. And 
the model computes field overflow, infiltration and evapotranspiration to estimate the 
flow of irrigation demand, which will be transported to information center with a cycle of 
two hours. At the same time, the field ponding depth bill be judged with the target 
depth. If the depth monitored does not reach the target value in one of the 5 rotations, 
the model will calculate the difference water volume of that rotation, and transport to 
information center after transforming into flow unit. The main inflow gate monitoring 
station, located in the head of study region with an advanced Programmable logic 
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controller (PLC), will download target flow value from information center in every 10 
minutes through network, and auto fine tuning the open degree of the water gate to 
attain the target flow. The steps described above and scene of field station can be 
shown as process diagram as Figure 11. 

 

Figure 10. The model calculus processes diagram  

 

 

Figure 11. The process diagram of main inflow gate adjusting with target flow 

 
3.3 Model verification 
 
The study applies the system dynamic program VENSIM to build field water demand 
computing model which coordinating with an auto-adjustable inflow gate for the study 
region. In order to verify the model established for the region, the study adopted the 
Coefficient of Correlation (R2) to investigate its accuracy.The formula of R2 shown as 
Eq. (23). 

R2 = {
∑ (Oi−O̅)(Pi−P̅)N

i=1

[∑ (Oi−O̅)2N
i=1 ]

0.5
[∑ (P−P̅)2N

i=1 ]
0.5}

2

                            (23) 

Because of the field station setting and the adjustment of the model, the data available 
during the experiment period are from 22 Apr. 2015 to 6 May 2015, the discharge of 
observed and simulated value can be shown as Figure12. The tendency of both the 
two curve in the 15 days of are similar in high and low value, the Correlation 
Coefficient, R2calculated is 0.9033 as shown in Figure 13. 
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Figure 12. The observed and simulated 
discharge valuecurve 

Figure 13. The Coefficient of 
Correlation curve diagram 

 

4. RESULTS AND DISCUSSION 
 
Usually, the study region will be irrigated in accordance with the irrigation plan for 
rotation 1~5, if once the water allocated to agriculture have to be reduced during 
drought period, the manager should reduce irrigation water to each rotation depending 
on the growth stage and the drought tolerant of rice paddy. In principle, the 
management method includes stop the supply of water if there occurs rainfall to 
recharge the water on the field, or reduction of water supply to get through the dry 
season. Under this premise, the study simulates the study region with different 
discount of inflow under the hydrologic condition of 1st crop season in 2013 to 
investigate the influence between each rotation area and the extentof irrigation water 
reduction. There’re two scenarios of 30% and 50% discount of irrigation water to be 
discussed as follows. 
 
4.1  Scenario 1: 30% discount of planned irrigation water 
 
The first scenario of this study assumes 30% discount from the original irrigation plan. 
The result of simulation and planned irrigation water during 1st crop are drawn in 
irrigation, discharge and rainfall curve respectively as shown in Figure 14.The 
discharge of total drainage raised to a high value on the 44th day after transplanting, 
the survive period of rice, due to the rainfall of about 150mm, and the irrigation 
allocated by the model turns into zero. During the 55th to 63th day, because lacking of 
enough rainfall, the model supplies the water for field basic requirement, at this time, in 
principle, there won’t be any discharge from the field. During the 80th to the 100th day 
period, with a continuous rainfall depth higher than 50mm, the field exhausts the 
unnecessary water. And till the 107th day, the target ponding depth changes to only 3 
cm, as to the model discharges surplus water even with the rainfall of 25mm. And the 
results of the rotation areas are described below: 
 

1. The inflow volume allocated follows the slope from rotation 1 to 5. Because of 
the initial ponding depth is 3cm, according to the table of rice cultivation 
ponding depth of 1st crop season in Taiwan (Table 4) ,during the survive and 
tillering period, the depth should be 5 cm, the model supplies water to the 
region then. For the rotation 1, because of located in the front area when the 
irrigation started, it will obtain the target ponding depth and the volume of 
irrigation water as shown in Figure 15. 

 
2. The 2nd rotation only received 3.5mm in depth at the first day, and had enough 

volume of irrigation as shown in Figure 16. 
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3. The 3rd rotation was unable to get irrigation water distribution, and pulled in 
water on the second day, adequate irrigation water in the 4th day, and 
reachedthe depth of field goals as shown in Figure 17. 

 
4. The 4th rotation can’t obtain any volume of water to irrigate the field until the 

5th day, and reach the target ponding depth with sufficient income of irrigation 
water. But due to the shortage of rainfall and allocated water, it did not reach 
the target depth on 3 days of booting stage, and 2 days of Milk ripe stage as 
shown in Figure 18. 

 
5. The last field of the study region, rotation 5 can’t obtain any water from 

allocation until the 9th day, but still cannot reach target depth. During the 
period from the 39thto the 56th day, which required higher ponding depth and 
the rice was booting and heading, the 5th rotation cannot obtain sufficient 
water include milk ripe stage, and this may lead to the reduction of rice 
productivity, as shown in Figure 19. 

 
In the scenario of 30% reduction from irrigation plan, besides rotation 5, the rotation 1 
to 4 obtained the required volume of water from day 1 to day 5. Although rotation 5 
didn’t have sufficient irrigation water to satisfy target ponding depth of every growth 
stage, the field storage curve still keep away from its Field Capacity, and this indicates 
that during dry period, the account of 30% reduction doesn’t affect the growth of paddy 
rice and should be applied as basic adjustment strategy. The simulated irrigation, 
discharge water, infiltration, crop evapotranspiration of each rotation are listed as 
Table 5. Fewer than 30% discount of planned irrigation water, every rotation in the 
region still have the discharge of 1.127~1.374 times of the total irrigation water, it 
seemed much stricter polices in M ay able to be implemented. 
 

  
Figure14. The irrigation, discharge and 
rainfall simulation result of 30% discount of 
planned irrigation water during 1st crop 

Figure 15. The simulation result of rotation 1 
under 30% discount of planned irrigation water 
during 1st crop diagram 

  
Figure 16. The simulation result of rotation 
2 under 30% discount of planned irrigation 
water during 1st crop diagram 

Figure 17. The simulation result of rotation 3 
under 30% discount of planned irrigation water 
during 1st crop diagram 
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Figure 18. The simulation result of rotation 
4 under 30% discount of planned irrigation 
water during 1st crop diagram 

Figure 19. The simulation result of rotation 5 
under 30% discount of planned irrigation water 
during 1st crop diagram 

 

Table 5. The simulation result of 30% discount of planned irrigation  
water during 1st crop 

 

Depth 
(mm) 

 

Rotation 

30% dis-

count of 
planned 
irrigation 

water 

Total  
irrigated  

water 
Rainfall 

Infil-
tration 

Dis-
charge 

Crop 
evapor. 

Discharge

Rainfall
 

Discharge

(Irrigated water )
 

1 

1003.2 

762.1 675 537.2 

858.8 

336.3 

1.272 

1.127 

2 756.6 675 535.9 336.3 1.135 

3 732.7 675 533.5 336.3 1.172 

4 704.5 675 528.4 336.3 1.219 

5 624.7 675 513.4 336.3 1.374 

 

4.2  Scenario 2: 50% discount of planned irrigation water  
 
The second scenario simulates a drought period that the study area can obtain 50% of 
the planned irrigation water. With the less volume of water, the discharge from the field 
decreases unless there occurs a rainfall like the 44th day after transplanting as shown 
in Figure 20.And the result of the rotation areas are described below: 
 
1. For the 1st day to the 20th day of the period of survive, the target ponding depth is 

5cm, and the rotation 1 didn’t reach the goal until the 4th day for its initial depth 
with 3cm. As shown in Figure 21. The 2ndand the 3rdrotation reached the target 
depth on the 5th day and the 11th day respectively, as shown in Figure 22-23. 
 

2. The 4th rotation can’t have enough water to reach the goal depth during the 
period of survive, but reached the target on the 34th day which belongs to the 
stage of tailoring as showed in Figure 24. 

 
3. The depth of 5th rotation decreased below the saturated soil moisture curve on 

the 6th day from transplanting, due to the shortage of water and can’t be allocated 
with any water from the 1st day to the 31day. On the 21th day, the field storage 
lowers than Field Capacity and the vertical percolation stops. On the 29th day, the 
field storage much lower and then reach the wilting point, which makes the 
evapotranspiration stopped, as shown in Figure 25. 
 

For the discount 50% water of the irrigation plan, the discharge of rotation 1 to 5 turns 
down to 0.678~1.408 times of the total irrigation water, although the 5th rotation release 
more surplus water but that’s because of the rainfall., before the rain comes, the rice 
plant may be already cannot survive.The data calculated was shown as the Table 6. 
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Figure 20. The irrigation, discharge and 
rainfall simulation result of 50% discount of 
planned irrigation water during 1st crop 

Figure 21. The simulation result of rotation 1 
under 50% discount of planned irrigation 
water during 1st crop diagram 

 
 

Figure 22. The simulation result of rotation 2 
under 50% discount of planned irrigation 
water during 1st crop diagram 

Figure 23. The simulation result of rotation 3 
under 50% discount of planned irrigation 
water during 1st crop diagram 

 
 

Figure 24. The simulation result of rotation 4 
under 50% discount of planned irrigation 
water during 1st crop diagram 

Figure 25. The simulation result of rotation 5 
under 50% discount of planned irrigation 
water during 1st crop diagram 

 
Table 6. The simulation result of 50% discount of planned irrigation  

water during 1st crop 
 

Depth 
(mm) 

 
Rotation 

30% 
discount 

of 

planned 
irrigation 

water 

Total  
irrigat-

ed  
water 

Rainfall 
Infiltra-

tion 

Dis-

charge 
Crop evapor. 

Discharge

Rainfall
 

Discharge

(Irrigated water )
 

1 

716.6 

761.5 675 537.3 

516.0 

336.3 

0.764 

0.678 

2 740.7 675 534.7 336.3 0.697 

3 703.7 675 528.3 336.3 0.733 

4 558.0 675 498.4 336.3 0.925 

5 366.6 675 420.4 325.5 1.408 
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CONCLUSIONS 
 
The study applies the water balance model to simulate experiment region water 
demand and consumption to analyze the limitation of water conservation. The crops in 
the study region are regarded as rice paddy, although about 30% area cultivated with 
upland crops. It is recommended the model to further develop upland crop water 
estimation mechanism to raise the model adaptation for different types of land use. 
 
Results from the scenario of 30% reduction of irrigation water indicate that the soil 
water content reveals less affected, this may be suggested as the first step of policy 
implementation the initial of drought event. When the situation of hydrology turns much 
stricter, the scenario of 50% reduction in irrigation water can be applied as a solution 
of water shortage. However, it’s suggested to implement adjustment of water gate 
more frequently for ensuring of the downstream rotation areas to obtain allocated 
water. 
 
The water allocation in the study, defined as the sequence from rotation 1 to 5, leads 
to the situation of over inflow on the front rotations, it’s recommended to develop an 
advanced mechanism of water allocation in the modelto make sure rotations thereafter 
can preserve water. 
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