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ABSTRACT

This study aims to establish and apply a drought vulnerability assessment plan
including various factors related to drought. The evaluation technique consisted of three
stages: evaluation factor and weight selection, evaluation data database construction,
evaluation data and weight combination, and Delphi investigation method was applied to
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evaluation factor and weight selection. As the evaluation method, the TOPSIS method,
which is a widely used MCDM method, was used. The results of the drought
vulnerability assessment were applied to the administrative districts of Sigun—gu, Korea
from March 2016 to September 2019. As a result of the evaluation, drought vulnerable

areas were Iidentified in Chungcheongbuk—do,

Gyeongsangnam—do, and Jeollanam—do,

and it was analyzed that it is necessary to establish drought response plans for these

areas.
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| Step 1. Criteria and weights determination using Delphi survey J

‘ (1) Adopt criteria

‘ (2) Estimate their weights uaing rank, rate, and fuzzy methods ‘

-

Step 2. Data acquisition and construction of database J

‘ (3) Acquire criteria data

‘ (4) Calculation of normalized data matrix ‘

‘ (5) Construction of database using GIS tools ‘

‘ (6) Calculation of the aggregating function for TOPSIS ‘

‘ (7) Determination of the rank of the risk using the assessment table ‘

FIGURE 1. Study procedure
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TABLE 1. Information of Survey Participant
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FioF(Agricultural factors), A}3)7#|Eof
(Socioeconomic factors), 2Hd¥-oF(Natural
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University(27%), Research institutes(53%), National institutions(13%), Engineering company

Employer and other organizations(7%)
Field of work Water resources(47%), Agriculture(40%), Government official (13%)
Education Bachelors(40%), Masters(13%), PhD(47%)

Experience in water resources Yes(73%), No(27%)

Career(Yes response)

Less than 2yr(18%), Less than 5yr(37%), Less than 10yr(27%), More than 10 yr(18%)

Experience in drought management  Yes(60%), No(40%)

Career(Yes response)

Less than 2yr(0%), Less than 5yr(33%), Less than 10yr(56%), More than 10 yr(11%)

Experience in drought damage Yes(20%), No(80%)
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TABLE 2. Assesment criteria

Criteria Sub—criteria
. S1. Precipitation
0C1. Meteorological factors S2. Evapotranspiration
S3. Crop damage

S4. Agricultural output
[0C2. Agricultural factors S5. Agricultural water quantity
S6. Reservoir
S7. River level
S8. Drought damage
S9. Quantity of living
S10. Industrial water quantity
. . S11. Gross regional product
0C3. Socioeconomic factors
S12. Hydropower
S13. Disease outbreak
S14. Fire occurs
S15. Measures established
CA. Natural System S16. River maintenance water
' S17. Land use
5 Aode] wj$- AEiRon, wY ok PPNY $we 0ol ¥ 3, 5 79 vehiy
AT 47, XA, A7% A e 24k o o]F FAlste] A TheA]= i 4, 6,
AA] EFrro] FHeksGlTh ek ARSI AIA & gell Ak iAo R F ol BE
QL B Azl el BFRA B AR 29N P A AEE A8
TRt Aepde] e %Yo FHokslgl e Al Fol, A g ok 71 okl AR Tt
W $7 Rokzi BAAE Tk walek A FAvF AgERIch ol AAH g} Ay
o] Fetataich £ Roph w3 AEA Rofolr] w4
ARzAb] SHE A7k 158 /4R A ok ARAQ pdo] Qi Bow BAE:
N N
| Socioeconomic factors
( Drought_sigun
Qo Matural System
L] oo - 020 Drought_sigun
oz - 00
I a6t - 00 [ Joo
I o6t - 130 oo -030
I .51 - 200 [ 031 - 0.60
’ g 2o - 270 '] I o1 - 090
( Iz - 290 ‘ o - 20
> - 320 .2 - 50
- 520 N s - e

(c) C3. Socioeconomic factors

FIGURE 2.

(d) C4. Natural System

Criteria database
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Meteorological factors Agricultural factors
Drought_sigun Drowght_sigun
|ooo- 020 [Joom
[ Jon-os0 [ Joo-o0z0
[Toe - o080 [loz- 040
[ oo - 1.00 [ o - 080
I .01 - 130 06l - 0.80
5 - 150 0t - 10
» g s - y 2 s
¢ - s ‘ s - e
s - 220 : & s - 250
Mz - N pes - -2
(a) C1. Meteorological factors (b) C2. Agricultural factors
FIGURE 2. Continued
TABLE 3. Survey results of rank weights method
Contents C1 C2 C3 C4
P1 4 2 1 3
P2 4 1 2 3
P3 4 1 1 3
P4 2 1 2 4
P5 1 1 1 4
P6 2 1 2 4
P7 1 2 2 4
P8 1 1 1 4
P9 4 2 2 1
P10 3 1 2 3
P11 4 1 2 2
P12 4 1 1 3
P13 4 1 2 2
P14 4 1 2 3
P15 4 1 1 1
TABLE 4. Calculation results of rank weights method
Contents C1 C2 C3 C4
Rank weights (w,) 017 0.34 0.30 0.19
2. TOPSIS H7} Z3} 20199 997H4 pevet Al Qe o

EEehE P4 deledlolas AgAg  Th T 16771 Xeiol el ma, fuszy
AHg3to] TOPSIS 7IMo® Hrhdnte wgs o /FeXl Al mep Aol eplel Aol
ck w7kel v1Eh A 2016d e T R BRSNS teel S 35
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TABLE 5. Survey results of rate weights method

Contents C1 C2 C3 C4
P1 0.130 0.304 0.348 0.217
P2 0.150 0.350 0.300 0.200
P3 0.185 0.296 0.296 0.222
P4 0.222 0.370 0.222 0.185
P5 0.263 0.263 0.263 0.211
P6 0.250 0.313 0.250 0.188
P7 0.290 0.258 0.258 0.194
P8 0.263 0.263 0.263 0.211
P9 0.222 0.250 0.250 0.278
P10 0.200 0.350 0.250 0.200
P11 0.200 0.320 0.240 0.240
P12 0.190 0.286 0.286 0.238
P13 0.214 0.286 0.250 0.250
P14 0.143 0.333 0.286 0.238
P15 0.182 0.273 0.273 0.273
TABLE 6. Calculation results of rate weights method
Contents C1 C2 C3 C4
Rate weights (w;) 0.207 0.301 0.269 0.223
TABLE 7. Survey results of fuzzy weights method
Contents C1 C2 C3 C4
P1 VL MH H ML
P2 VL MH Y L
P3 ML H H M
P4 M VH M ML
P5 VH VH VH H
P6 H VH H M
p7 VH H H M
P8 VH VH VH H
P9 MH VH VH VH
P10 L MH ML L
P11 ML H Y M
P12 L M M ML
P13 M H MH MH
P14 VL MH M ML
P15 L M M M
TABLE 8. Calculation results of fuzzy weights method
Contents Cl C2 C3 C4
Fuzzy weights (Ji') 0.176 0.336 0.287 0.201
bl om Botel mE 7HaFH R g9l 25 FoAAE dsFE FHPste] AR o] B
N A A T 7V A E w7 AR E 9of AAEATH
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FIGURE 4. Assessment results using
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Assessment results
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Assessment results
Drought_sigun
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rate weights method
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Assessment results
Drought_sigun
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FIGURE 5. Assessment results using fuzzy weights method

TABLE 9. Top 25 regions of drought vulnerability assessment

Results using rank weights Results using rate weights Results using fuzzy weights Drought Warning and Emergency
Rank - — , — - — y —
Province District Province District Province District Province District
1 Chungcheongnam-do  Hongseong—gun  Chungcheongnam—-do ~ Hongseong—gun ~ Chungcheongnam—do ~ Hongseong—gun ~ Chungcheongnam—do  Hongseong—gun
2 Chungcheongnam~do Seosan Chungcheongnam—do Seosan Chungcheongnam-do Seosan Chungcheongnam-do Boryeong
3 Chungcheongnam-—do Boryeong Chungcheongnam—do Boryeong Chungcheongnam-do Boryeong Chungcheongnam-do Seosan
4 Chungcheongnam-do Yesan—gun Chungcheongnam-do Yesan-gun Chungcheongnam-do Yesan-gun Chungcheongnam-do Yesan-gun
5 Chungcheongnam—do Tagan—gun Chungcheongnam-do Taean—gun Chungcheongnam-do Tagan—gun Chungcheongnam~do Dangjin
6 Chungcheongnam—do Dangjin Chungchgongnam~do Dangjin Chungcheongnam-do Dangjin Chungcheongnam~do Tagan-gun
7 Chungcheongnam=do ~ Cheongyang—gun ~ Chungcheongnam—-do ~ Cheongyang-gun  Chungcheongnam=do ~ Cheongyang-gun  Chungcheongnam—do  Cheongyang—gun
8  Chungcheongnam-do  Seocheon—gun  Chungcheongnam—do  Seocheon—gun  Chungcheongnam-do  Seocheon-gun Chungcheongnam-do  Seocheon—gun
9 Gyeongsangnam—do Miryang (Gyeongsangnam-—do Miryang Gyeongsangnam—do Miryang Gyeonggi-do Anseong
10 Gyeonggi-do Anseong Gyeonggi—do Anseong Gyeonggi-do Anseong (Gyeongsangnam~do Miryang
11 Gyeongsangnam-do Yangsan (Gyeongsangnam~do Yangsan Gyeongsangnam—do Yangsan Gyeongsangbuk—do Pohang
12 Gyeongsangbuk—do Gyeongsan (Gyeongsangbuk—do Gyeongsan Gyeongsangbuk—do Gyeongsan (Gyeongsangnam~do Yangsan
13 Gyeongsangbuk-do  Cheongdo—gun  Gyeongsangbuk—do  Cheongdo—gun Gyeongsangbuk-do ~ Cheongdo—gun Usan Ulju—gun
14 Jeallanam—do Jangseong—-gun Jeollanam—do Jangseong—gun Jeollanam-do Jangseong-gun Jeollanam—do Jangseong—-gun
15 Gyeongsangbuk-do Yeongcheon Gyeongsangnam-do  Changnyeong—gun Jeollanam-do Yeonggwang—gun  Gyeongsangbuk—do (Gyeongsan
16 Jeollanam~do Yeonggwang—gun  Gyeongsangbuk—do Yeongcheon (Gyeongsangbuk—do Yeongcheon Gyeongsangbuk—do ~ Cheongdo—gun
17 Gyeongsangnam—do  Changnyeong—gun Ussan Ulju=gun Gyeongsangnam—do ~ Changnyeong—gun ~ Gyeongsangnam—do  Changnyeong—gun
18 Daequ Daegu Gyeongsangbuk—do Pohang Ulsan Uju-gun Jeollanam—do Boseong—gun
19 Gyeongsangbuk—do Pohang Jeollanam-do Yeonggwang—gun  Gyeongsanghuk—do Pohang Gyeongsangbuk—-do Gyeongju
20 Ulsan Ulu-gun Gyeongsangbuk—do Gyeongju Gyeongsanghuk—do Gyeongju Gyeonggi—do Hwaseong
21 Gyeongsangbuk—do Gyeongju Daegu Daegu Daegu Daegu Jeollanam—do Yeonggwang—gun
2 Jeollanam—do Boseong—gun Jeollanam—do Boseong—gun Jeollanam-do Boseong—gun Gyeongsangbuk—do Yeongcheon
23 Jeollanam—do Hampyeong-gun Jeollanam—do Wando—gun Jeollanam-do Wando—gun Daegu Daegu
24 Jeallanam—do Wando—gun Jeollanam—do Hampyeong—gun Jeollanam-do Hampyeong-gun Jeollanam—do Naju
25 Jeollanam—do Damyang—gun Jeollanam—do Naju Jeollanam—do Damyang-gun Gyeonggi-do (Osan
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