Agricultural Drought Analysis using Soil Water Balance Model and
Geographic Information System
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Abstract

Drought 1s a serious disaster in agricullure, especially to upland crops. Hence, the
Agricultural Drought Analysis Model(ADAM) that is integratable with GIS was applied to
analyze agricultural drought in upland. ADAM is composed of two sub-models. one is a
Soil Water Balance Model(SWBM) and the other is a Drought Analysis Model(DAM)

that is based on the Runs theory.

The ADAM needs weather data, rainfall data and soll physical characteristic data as

input and calculates daily soil moisture contents. GIS was integrated to the ADAM for the

calculation of regional soil moisture using digitized landuse map, detailed soil map, thiessen

network and district boundary. For the agricultural drought analysis, the ADAM adapt the

Runs theory for analyzing drought duration, severity and magnitude. Log-Pearson Type-1I

probability distribution function and Kalmogorov-Smirnov test were used to test the fitness

of good of the model, The integration of ADAM with GIS was successfully implemented

and would be operated effectively for the regional drought analysis.
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Fig. 1. Conceptual diagram of agricultural drought
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Table 1. Input variables of agricultural drought analysis model

Type Variable name Description

I . Meteorological data WH Weather data for Penman equation

II. Rainfall data RAIN Rainfall
FC Field capacity

. Soil characteristic WP Wilting point

data BD Bulk density
ED Effective soil depth
. } SN Soil series name
V. Soll series AREA Area for each soil series

Table 2. Qutput variables of agricultural drought analysis model

Type Variable name Description
) . SM Daily soil moisture
I. Soil moisture data ET Evapotranspiration
Duration Drought duration
Severity Drought severity
II. Drought Magnitude Drought magnitude
characteristic data D—Value Duration for return period
S—Value Severity for return period
M—Value Magnitude for return period
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Fig. 5. Soil map of the Cheongdo district
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Table J. Drought duration for return period in the
Cheongde district

(Unit : day)
o Return period (year) .
District 5 0120 I 50 GOF
Cheongdo 84 | 111 | 147 217 SH*

*GOF : Goodness of fit test, **S : Significant
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Table 4. Drought severity for return period in the
Cheongdo district
(Unit : % - day)

o Return period(year)
District 5 0 0 50 GOF
Cheongdo {3218 | 4,418 | 6,163 | 9,381 3
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Table 5. Drought magnitude for return period in the
Cheongde district

(Unit: %)
Return period(year)
District GOF
5 10 t 20 | 50
Cheongdo | 404 [435)465( 505 S
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Table 6. Drought duration for return period in

counties
(Unit : day)
Return period (year)

County 5 T10 120 50 GOF

Yeoju 55 | 67 | 81104 3
Yeongweol 42 | 50 | 59 73 3

Goisan 61 | 80 [103| 144 8

Nonsan 46 | 63 | 85| 127 3
Sunchang 53 | 72 | 98] 145 g
Gogseong 57 | 76 1100] 142 S
Cheongdo 72 | 85 1011 124 S
Sancheong 56 [ 71 | 89| 116 S
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Table 7. Drought severity for returm period in

counties
(Unit:% - day)
County Return period{year) GOE
5 10 20 50

Yeoju 1,699 | 2,357 | 3,215 | 4,775 S
Yeongweol | 1,356 | 1,678 | 2,036 | 2,580 5

Goisan 1,644 | 2510 | 3,780 | 6,423 S

Nonsan 1,195 | 1,927 | 3,063 | 5,591 S
Sunchang | 1,503 | 2,417 | 3.819 | 6,897 5
Gogseong | 1,681 | 2,542 | 3.802 | 6,422 S
Cheongdo | 2,762 [ 3,476 | 4,331 | 5,745 3
Hamyang | 1.249 | 1,786 | 2,516 | 3,911 S
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Table 8& A9¥ AA7|ZE 7H5271E e
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Fe Bgon 7z =aEd JETAAN M &
& 2 ol veiEgh 109 WEg AfdE
278~450(%)9 & 7MAe ALZ YER,
50 WIEe] ZASolE 39.8~502(%) A9 e
Bnoon w#zpo] 74 AL e Btk HAH
E FAAF 247 EE A9 AL 5% FAFE
ol 4] Log-Pearson Type-lll &SE X AHA
o] elA = o™, Log-Pearson Type-Ill &%

Table 8. Drought magnitude for return period in

counties
(Unit : %)
Return period(year)
County GOF
5 10 | 20 50
Yeoju 336 | 369 [ 401 | 442
Yeongweol 346 | 278 | 410 | 456
Goisan 302 | 341 | 379 428
Nonsan 284 | 334 | 387 462

Sunchang 30.8 | 358 | 405 | 423
Gogseong 322 | 367 | 41.6 | 487
Cheongdo 426 | 45.0 [ 47.0 | 498
Sancheong 338 | 369 | 401 | 442

LW wywmn e w

#Be HEINEAA Age) ted AR ¥9
S e

v.d £

E AFdAE 7 ug 2AgelMY e
24871 98 AAFRAN2DFH FF o) 7t
23 EgSE E4ARYd 7R BAAE §
g £ glE FHEEH2E(ADAM, Agricultural
Drought Analysis Model) & A¥ed FA7TES
Eodgen, 1 245 2okstd dhga A

1) NIAARAN2" g olfdte JMHERHE &
F ALE AW, 4579 ZAA, T BAAA,
EXoj4r ¢ EU%E FHIIL, olEZRE )4
AR 5& 49y o gt Addon, B
Gr o} EXo|RLE o] &3la LFFHAY F
73 BEgrRRE S ALtslgoh

2) ¥& 45799 AJERE FEZ AZAT
o] ADAME R ABAILHEH EFete HE3)
3, A7 AAEAE, /MR 2R AS
Log-Pearson Type Il BE7t 5% F5TeA
Aol dAHNUeH, 108 Nxe Afdds
111(day), 4,418(% - day), 435(%) = ‘tebute},

3) M= 87 2o ADAME HE&E & Jx =
gasds & FAAAE FH(ovelay) 8t} 714
ARE AMNEHR, HEE E4Ed € A3 7t
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ol 4% FH7MEEY

Z+& Log-Pearson Type I #X7F 5% 5
oA HEAdo) JA=HALH, 10d Rvlzs A
50~85(day) 9} wE 7HAE ASE EiET,
7V e Log-Pearson Type 1 BX7F 5%
rEAA AFAdel dFHUed, 108 HEY
7% 1678~3476(% - day) 8] 2+e 7AE Aoz
vebget 7HEE7|E Log-Pearson Type I &
7} 5% fATEAA HFEAel dAHALH,
27.8~450(%)9 & 7tAx= A2 Jeiwh

4) FH BEE o|R= 7R B4 AREFR
Alzde) Hgo] ERFHo|or FF 0| ol&
T M E o] 7heE ALE AEHAD
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