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Analysis of Irrigation Water Amount Variability based on Crops
and Soil Physical Properties Using the IWMM Model
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Abstract

In this study, we analyzed the variability of irrigation water amounts based on the combination of various crops and soil textures using the Irrigation
Water Management Model (IWMM). IWMM evaluates the degree of agricultural drought using the Soil Moisture Deficit Index (SMDI). When crops are
damaged by the water scarcity under the drought condition indicating that the SMDI values are in negative (SMDI<0), IWMM irrigates appropriate water
amounts that can shift the negative SMDI values to “0” to crop fields. To test the [IWMM model, we selected the Bandong-ri (BDR) and Jucheon (JC) sites
in Gangwon-do and Jeollabuk-do provinces. We derived the soil hydraulic properties using the near-surface data assimilation scheme form the Time
Domain Reflectrometry (TDR)-based soil moisture measurements. The daily root zone soil moisture dynamics (R: 0.792/0.588 and RMSE: 0.013/0.018
for BDR/JC) estimated by the derived soil parameters were matched well with the TDR-based measurements for validation. During the long-term
(2001~2015) period, IWMM irrigated the minimum water amounts to crop fields, while there were no irrigation events during the rainy days. Also,
Sandy Loam (SL) and Silt (Si) soils require more irrigation water amounts than others, while the irrigation water were higher in the order of radish, wheat,
soybean, and potato, respectively. Thus, the IWMM model can provide efficient irrigation water amounts to crop fields and be useful for regions at where
limited water resources are available.
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Fig. 1 Flow chart of the Irrigation Water Management Model (IWMM)

Table 1 Constrained ranges of genetic algorithm

GA types | Parameters Minimum Maximum Pcreep Pmutate Pcross Polu.latlon No. . Seed No.
values values size generation
o 0.006 0.033
GA-SWAP Ores 0.061 0.16 0.5 0.05 0.5 10 200 2000
O 0.37 0.55 3000
Keat 184 100
EMOGA (P*)| WA= N 0 100 0.5 0.05 0.5 10 30 2574
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Fig. 2 The bangdong—ri (BDR) and Jucheon (JC) sites in Gangwon—
do and Jeollabuk—do provinces
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Fig. 3 The water retention (q(h)) and hydraulic conductivity (K(h)) functions for 9 soil textures from the UNSODA® database (USA)
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Table 2 Crop information

Crops Sowing/Harvesting dates
Radish April 29th/July25th
Grass March 1th/October3ith
Soybean May 5th/October10th
Wheat May 5th/October10th
Potato May 5th/October10th

1 Lo A= IWMM 28-S o] 851 thofal 2HEm} B
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Fig. 4 Comparison of the TDR°P—based and estimated® root zone (0~30 cm) soil moisture dynamics; (a) Bangdong—ri site (2011) and (b)

Jucheon site (2015)
*TDR-Time Domain Reflectometry theta probe

®Near—surface soil moistur data assimilation scheme (Ines and Mohanty, 2008a)
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Table 3 The soil hydraulic properties derived by the near—surface data assimilation scheme for the Bandong—ri (BDR) and Jucheon (JC)

sites
Site Statistics a n Ores Osat Keat
BDR Avg. 0.03 2.075 0.063 0.372 947
SD 0.001 0.026 0.003 0.004 4.2
o Avg. 0.025 1.852 0.136 0.399 34.6
SD 0.005 0.093 0.024 0.030 224
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Table 4 The statistics of IWMM—-based yearly irrigation amounts for various vegetation and soil textures for the Bandong—ri (BDR) site

Soil Wheat Potato Radish Soybean
Textures Avg. SD Avg. SD Avg. SD Avg. SD
C 119 98 127 89 146 98 157 150
CL 139 149 160 159 103 133 168 126
L 19 126 129 124 122 99 152 1563
SCL 119 124 130 95 164 107 172 140
Si 491 127 143 120 298 12 153 126
SiC 134 125 130 98 124 99 172 121
SiCL 126 110 155 144 108 110 173 130
SiL 14 13 119 105 180 M 132 137
SL 244 140 128 102 433 148 150 134
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