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Development of An Agricultural Drought Evaluation Model
for Administrative Decision Support

Jang, Min-Won' - Chung, Ha-Woo - Park, Ki-Wook’
*Graduate School, Seoul National univ.

" School of Biological Resources and Materials Engineering, Seoul National Univ.

ABSTRACT : The objectives of this study are to develop an agricultural drought evaluation model based on administrative
boundaries and to assist the effective drought-related decision-making of local governments. The model which was named
ADEM(Administrative Drought Evaluation Model for Paddies) is designed to simulate daily water balance between available water
quantities from various agricultural water facilities such as reservoirs, wells, pump stations, etc. and water requirements in
paddies. And in order to numerically describe the agricultural drought severity, two indices were defined; One is ADFP
(Agricultural Drought Frequency for Paddies) which is calculated with a frequency analysis of monthly water deficit, and the
other is ADIP(Agricultural Drought Index for Paddies) with a scale of -4.2~+4.2. The developed model was applied to Yeoju
district and showed good correspondence with the historical records of drought.
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Computativnal ponding depth

Regional water demand &
supply analysis
dauly water supply, water deficit

v Evaluation of
Monthly Water Deficie  Agricultural drought
‘ severity
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fitting test o

Monthly agricultural drought indax far
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2% 1. A procedure diagram for ADEM
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RD(t)=H—D(t—1)+ ET,(t)+DP(t)

if RD(W)<PP(t), ER(t)=RD() ©

else ER(t)=PP(t)

Meteorological data & Farm

practices information Water facilities specipications

inchuding daily precipitation reservoi, weir. well, pump station,

P ial Crop Evap pirati
Modified FAQ Penman Eq.
PET

‘ Crop cocffivient; Kc

Actual Crop Evapotranspiration
ETafty = PET x Ke

‘ Deep percalation; DP

Consumptive Use
CU=ETa{t}+DP{l

; DI=D-1-Clty

Effective Rainfall
ERYt=PP}-SFO-1)

‘ D2=DI+ER(D) y

Water Requirements
REQu=E Tathe DPH-ERIN-DI-1)

Max, Water Supply Capacity [

MWSCt

D3=N2+MHSC)
=MWSC(-REQ®)

No Water Deficit
WD(1)=0. Dit)=D3

Water Deficit
WO(t)=-1'03, Dit)=0

I
Z1% 3. A process diagram of regional water demand and
supply analysis
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¥ 1. Classification of drought stages with ADFP

Drought Emergency Monthly .
t
Level Monthly ADFP ADIP Classification
Level 0 3 years below |+4.20~-1.39| Normal
Level 1 3 ~ 5 years |-1.39~-2.50 |Mild drought
Moderate
Level 2 5 ~ 10 years|-2.50~-3.33 drought
Severe
~ -3.33~-3.
Level 3 10 30 years|-3.3 89 drought
Extreme
Level 4 30 years above|-3.89~-4.20 drought
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¥ 2. Evaluation of the optimal probability distribution by

K-S G.OF test
) Log Gamma (Log
Gaussian Normal | Pearson Type III Pearson Typelll)
Month I M Month
Monthly Monthly onthly Monthly onthly Monthly
water | gl | Y ingall | 2| rainfall
deficit deficit deficit
April 0.137 0.171 0.091

May 0.226 0.165 0.258 0.173 | 0.167 0.106
June 0.160 0.150 0.163 0.133 | 0119 0.096
July 0.214 0.157 0.134 0.183 | 0.100 0.119
August 0.133 0.216 0.248 0206 | 1.115 0122
September |  0.188 0333 0.156 | 0234 0.192
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1Y 9. Monthly water deficit in drought years
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Monthly ADFP (year)
8

April May June

July
Month

1977

August September

19 10. Monthly ADFP in drought years
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May June July August

Year Monthly Monthly water Monthly Monthly water Monthly Monthly water Monthly Monthly .water

rainfall deficit rainfall deficit rainfall deficit rainfall deficit

(year) | ADFP | ADIP (vear) | ADFP | ADIP (year) ADFP | ADIP (year) | ADFP | ADIP
1973 1.4 2.5 -0.83 1.3 3.1 -1.48 24.4 34.6 -3.93 1.7 1.6 +1.04
1974 1.0 1.3 224 6.3 3.0 139 2.0 24 -0.69 76 4.7 239
1975 1.7 13 +2.24 6.2 3.7 -1.61 1.1 1.2 +2.78 43 4.2 218
1976* 7.0 243 -3.82 35 1.5 1.39 7.7 6.3 2.84 1.1 1.1 +3.41
1977* 25 3.8 -1.97 33 3.8 -197 32 100 333 40.0 235 -3.81
1978 7.0 33 -1.64 1.1 1.7 +0.74 3.4 23 -0.54 1.5 1.5 +1.39
1979 1.6 12 +2.78 1.1 1.2 +2.78 4.4 34 -1.72 15 1.4 +1.79
1980 1.8 24 -0.69 1.3 1.4 +1.79 1.4 1.5 +1.39 2.0 1.8 +0.46
1981* 22 22 -0.38 5.0 4.5 231 1.1 1.5 +1.39 1.9 1.6 +1.04
1982* 1.4 1.6 +1.04 125.0 203 -3.76 53 11.1 342 1.8 1.3 224
1983 3.0 2.8 -1.19 35 16.7 367 2.1 1.1 4341 8.7 7.0 -2.98
1984 14.0 3.9 2.03 1.8 11| 84 1.7 2.7 -1.08 39 2.4 0.69
1985 1.1 3.8 -1.97 4.0 5.7 270 56 5.8 273 1.8 1.6 +1.04
1986 2.0 5.0 250 1.7 29 129 1.9 2.0 +0.00 2.0 1.7 +0.74
1987* 1.4 1.0 +4.17 1.8 1.1 +341 1.0 1.4 +1.79 1.1 1.1 1341
1988* 3.5 1.5 +1.39 3.0 1.9 +0.22 1.0 1.1 +3.41 28.0 222 379
1989 2.5 32 -1.56 1.4 1.0 +4.17 1.7 1.5 +1.39 24 39 2,03
1990 1.6 1.4 +1.79 1.0 1.3 +2.24 1.6 1.0 +4.17 1.7 1.7 +0.74
1991 1.2 1.0 +4.17 23 2.1 -0.20 13 i3 +2.24 6.3 20.3 3.76
1992 1.4 2.6 -0.96 5.2 1.8 +0.46 3.7 22 -0.38 1.4 13 224
1993 1.4 29 -129 1.5 1.1 +3.41 1.4 1.6 +1.04 22 1.1 +3.41
1994* 1.4 12 +2.78 2.1 4.7 239 142.0 56.0 402 1.4 39 2.03
1995* 25 2.6 -0.96 133 35 -1.79 1.7 19 +0.22 1.0 1.5 +1.39
1996 100.0 29 -1.29 1 2.0 +0.00 1.7 1.8 +0.46 7.7 59 275
1997 [ 1.1 1.0 +4.17 1.7 5.0 -2.50 1.7 14 | +179 1.9 35 -1.79
1998 | 17 56 | -2.68 1.2 12 | #2718 | 20 15 | +139 1.9 L | 34

* historic drought years
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X 4. Annual ADFP and ADIP from annual water deficit

Year ~ ADFP  ADIP Year  ADFP  ADIP Year  ADFP  ADIP Yewr  ADFP  ADIP
1973 5.9 -3.22 1980 L4 4252 1987 10 +414 1994 400 373
1974 3.7 -1.22 1981 17 -0.53 1988 44 -1.86 1995 16  +081
1975 24 -0.94 1982 6.5 -2.75 1989 13 +0.78 1996 33 -2.62
1976 14 +051 1983 3.6 253 1990 1.1 +2.80 1997 3.0 -0.59
1977 303 -3.86 1984 16 +16l 1991 27 4031 1998 1.1 +3.50
1978 17 +021 1985 33 217 1992 13 +1.30
1979 L4 4239 1986 1.9 -0.33 1993 12 4342
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