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ABSTRACT: As the impacts of climate change have been emerged all the way through society, the potential risks specifically on
agricultural water and facilities are recently getting concerned. Evaluating vulnerability of agriculture to climate change on is a
time-tested strategy. While a number of researches on the adaption and mitigation of climate change were performed in various
aspects for sustainable agricultural production, the vulnerability of management system for agricultural water and infrastructure has not
been investigated yet. This study is aimed to clarify the definition of vulnerability to climate change, find the major indicators able
to presume the vulnerability, and finally determine the relative importance of the indicators based on the specialist questionnaire
survey and its analyses. The lists of indicators for major parts of agricultural water management such as, water use, flood control,
reservoir related issues, and pumping and drainage systems are initialized referring to the related precedent studies. The primary
survey was conducted in the form of Delphi to complement the list and methods and the main survey was then conducted using
AHP(Analytic Hierarchy Process) technique to quantitatively prioritize the indicators. The results derived in this study would be
directly adopted in weighting importance of indicators to investigate the indicator-based vulnerability analysis to climate change in

agricultural water and infrastructure management.
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Table 1. The AHP results for the proxy variables and indicators associated with agricultural water

3HH, Delphi AR} AHP 5% FAF A3E v

Target Part Proxy variable Indicators mmrm facm: : :
average academic experts ' | practical experts
precipitation during irrigation period 0.199 0.197 0.200
annual average number of effective rainy days 0.141 0.131 0.149
dlimate exposure consecutive dry days 0.138 0.152 0.127
0331 annual average precipitation 0.123 0.111 0.135
0305 reference evapotranspiration 0.116 0.130 0.103
0353 precipitation during non-irrigation period 0111 0098 0.124
mean temperature during irrigation period 0.097 0.108 0.088
annual average termperature 0.073 0.073 0.074
net water requirement for paddy field 0.166 0.169 0.163
Water supply annual average effective precipitation 0.159 0.152 0.164
sensitivity net water requirement for upland 0.139 0.154 0.127
0293* records of drought damages 0.134 0.144 0.124
02957 subsurface water level 0.115 0.121 0.109
0292 area of paddy field 0.110 0.101 0118
area of upland 0.093 0.086 0.099
Agricultural water average area of unit field 0.085 0075 0.095
0281 management costs per unit area 0.298 0.284 0309
02947 adaptag\%gapac v irrigation efficiency 0288 0309 0270
0268 0399 nummber of management staffs 0231 0220 0240
0354 the ratio of readjustment of fields(%) 0.184 0187 0.180
number of days with precipitation =80mm 0.208 0230 0.188
dlinute exposure daily maximum precipitation 0202 0215 0.188
0341 Greatest 5-day total rainfall 0.190 0213 0170
03317 . average precipitation during irrigation period 0.176 0.149 0202
0349 annual average precipitation 0.114 0.100 0.126
number of rainy days 0.110 0.093 0.126
Flood control sensitivity records of flood damages 0.384 0414 0357
QI area of paddy field 0348 0315 0378
0287 area of upland 0269 0272 0265
adaptative capacity | Management costs per unit area 0413 0397 0428
83387g number of menagement staffs 0312 0308 0316
0365 the ratio of readjustment of fields(%) 0274 0295 0257

T The academic experts’ were selected based on the background knowledge and experience associated with agricultural water and facility management
F The practical experts indicate the practical water managers working for KRC(Korea Rural Community Corporation)
* indicates the relative importance factor averaged over entire survey targets
** indicates the relative importance factor averaged over the academic experts
*** indicates the relative importance factor averaged over the practical experts

Vol. 25, No. 1,2019 81



B
o
e
ol
=
r“{g
=
ofy
o\
oxl
o
ot

Table 2. The AHP results for the proxy variables and indicators associated with reservoir

importance factor
Target Part Proxy variable Indicators average mf ractical expenf
precipitation during irrigation period 0228 0225 0231
annual average number of effective rainy days 0.158 0.148 0.167
climate exposure | consecutive dry days 0.156 0.166 0.147
bl annual average precipitation 0.136 0123 0.147
0347 reference evapotranspiration 0.131 0.146 0.119
mean temperature during irrigation period 0.110 0.114 0.105
annual average termperature 0.082 0.079 0.084
number of days with low storage rate(ex. <60%) 0202 0235 0174
Water supply sensitivity net water requirement for paddy field 0.181 0.187 0.174
0314" annual average effective precipitation 0.160 0.127 0.195
%333?:* irrigated area 0.155 0.140 0.168
number of days with irrigation 0.154 0.154 0.152
net water requirement for upland 0.148 0.158 0.137
acaptative capecity effective capacity per umt area 0297 0329 0270
0341 management Costs per unit area 0271 0249 0291
%33%1; number of management staffs 0228 0208 0246
safety rating 0203 0215 0192
number of days with precipitation =80mm 0202 0222 0.181
daily maximum precipitation 0201 0.226 0177
climate exposure -
0340 Greatest 5-day total rainfall 0200 0224 0177
Reservoir %ﬁl precipitation during irrigation period 0.167 0.125 0210
0298° annual average precipitation 0.120 0.103 0.135
0308 number of rainy days 0.111 0.09 0.120
0287™ Hood ey | SETSY number of days with water level high water level( LWL, 0409 0407 0409
. number of days with pre-discharge for preventing flood 0342 0371 0317
0306 irrigated area 0.249 0222 0274
degree of deterioration 0218 0250 0.192
adaptative capacity | management costs per unit area 0211 0.186 0233
s safety rating 0202 0228 0.180
0350 total storage per area of basin 0201 0.183 0215
number of management staffs 0.168 0.153 0.180
consecutive dry days 0218 0242 0.198
climate e number of heat wave days 0214 0.246 0.187
et precipitation during irrigation period 0.198 0.176 0217
0362™ annual average precipitation 0.189 0.165 0210
number of days with precipitation >80mm 0.181 0.171 0.189
number of livestock per unit area 0255 0267 0244
Water quality | sensitivity water quality(TOC, T-P, COD) 0245 0255 0237
s water temperature 0.186 0.169 0203
0302™ area of upland within the basin 0.158 0.158 0.158
area of paddy field within the basin 0.155 0.152 0158
adaptative CAPACIY | ranagement costs per unit area 0573 0.584 0.562
(())33336*** number of management staffs 0427 0416 0438

T The academic experts’ were selected based on the background knowledge and experience associated with agricultural water and facility management
¥ The practical experts indicate the practical water managers working for KRC(Korea Rural Community Corporation)

* indicates the relative importance factor averaged over entire survey targets
** indicates the relative importance factor averaged over the academic experts
*** indicates the relative importance factor averaged over the practical experts
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Table 3. The AHP results for the proxy variables and indicators associated with pumping and drainage station

Target Part Proxy variable Indicators average m:;:g practical experts*
precipitation during irrigation period 0222 0219 0223
consecutive dry days 0.167 0.171 0.162
climate exposure annual average number of effective rainy days 0.157 0.154 0.160
s reference evapotranspiration 0137 0.158 0121
0332 annual average precipitation 0.131 0.115 0.147
mean temperature during irrigation period 0.105 0.106 0.104
annual average temperature 0.08 0.077 0.083
Pumping station amount of pumping per unit area 0.109 0.208 0.176
0.209:‘ Water supply sy irrigation area ‘0f pumping 0.179 0.164 0.192
01997 0304° net water requirement for paddy field 0.177 0.172 0.182
0219 %%9111’; number of days operating irrigation purps 0171 0.180 0.162
annual average effective precipitation 0.144 0.134 0.154
net water requirement for upland 0.138 0.142 0.135
maximum pumping capacity per unit area 0.245 0.256 0235
adeptative capecity | height of droughty water level(absorption inlef 0234 0233 0236
il management costs per unit area 0197 0.190 0203
0354 number of menagement staffs 0177 0.160 0193
safety rating 0.146 0.161 0.133
daily meximum precipitation 0230 0237 0225
Greatest 5-day total rainfall 0218 0223 0213
clinze number of days with precipitation =80mm 0213 0225 0203
%33}“;; precipitation during irrigation petiod 0.143 0.137 0.149
number of rainy days 0.102 0.091 0.112
Drair;at;,rﬁogmxp annual average precipitation 0.093 0.088 0.09
0212 Flood control sensitivity amount of drainage per unit area 0424 0440 0410
%ggi; 8228859 drainage area 0315 0291 0338
0.294 number of days operating drainage purmps 0.260 0270 0251
maximum drainage capacity per unit area 0321 0345 0298
adeptative CPRCI | pagement costs per unt area 0243 0226 0257
%.‘;2;1 number of management staffs 0220 0.195 0244
safety rating 0216 0234 0.200

1 The academic experts’ were selected based on the background knowledge and experience associated with agricultural water and facility management
F The practical experts indicate the practical water managers working for KRC(Korea Rural Community Corporation)
* indicates the relative importance factor averaged over entire survey targets
** indicates the relative importance factor averaged over the academic experts
*** indicates the relative importance factor averaged over the practical experts
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Table 4 Comparison of 1* and 2" ranked indicators from Delphi-AHP survey results
- Delphi AHP
T Pat Y : ;
arget sk Indicators importance Indicators importance
climate | precipitation during irrigation period 469 | precipitation during irrigation period 0.199
exposure | annual average number of effective rainy days 441 | annual average number of effective rainy days 0.141
Water .. net water requirerent for paddy field 450 | net water requirement for paddy field 0.166
sensitivi
supply o annual average effective precipitation 4.17 | annual average effective precipitation 0.159
adaptative| Managemment costs per unit area 393 | menagement costs per unit area 0.298
Agricultural capacity | munrber of management staffs 3.79 | imigation efficiency 0.288
water climate | nuber of days with precipitation =80mm 4.55 | number of days with precipitation =80mm 0.208
€Xposure | precipitation during irrigation period 4.16 | daily maximum precipitation 0202
Flood ... | records of flood damages 3.87 | records of flood danmges 0384
sensitivi
control o area of paddy field 373 | area of paddy field 0.348
adaptative| Managemment costs per unit area 4.04 | menagement costs per unit area 0413
capacity | munrber of management staffs 3.87 | mumber of management staffs 0312
climate | mean temperature during irigation period 3.62 | precipitation during irrigation period 0.228
€Xposure | annual average temperature 341 | annual average number of effective rainy days 0.158
Water .. precipitation during irrigation period 452 | mumber of days with low storage rate(ex. <60%) 0202
sensitivi
supply o net water requirement for paddy field 446 | net water requirement for paddy field 0.181
adaptative| effective capacity per unit area 421 | effective capacity per unit area 0297
capacity | management costs per unit arca 399 | nmnagement costs per unit area 0271
climate | number of days with precipitation =80mm 461 | number of days with precipitation =80mm 0.202
€Xposure | precipitation during irrigation period 4.17 | daily maximum precipitation 0201
R .| Flood . mumber of days with water level =high water level HWL)| 4.15 | number of days with water level =high water level HWL) | 0.409
eservoir sensitivi
control o nuber of days with pre-discharge for flood 396 | number of days with pre-discharge for flood 0.342
adaptative safety rating 430 | degree of deterioration 0.218
capacity | management costs per unit area 407 | nenagement costs per unit area 0211
climate | number of heat wave days 425 | consecutive dry days 0218
exposure | consecutive dry days 422 | number of heat wave days 0214
Water .. water quality(TOC, T-P, COD) 4.55 | number of livestock per unit area 0255
-~ | sensitivil
quality v number of livestock per unit area 442 | water quality(TOC, T-P, COD) 0.245
adaptative| Managemment costs per unit area 378 | menagement costs per unit area 0.573
capacity | murber of management staffs 3.67 | mumber of management staffs 0427
climate | annual average number of effective rainy days 4.16 | precipitation during irrigation period 0222
€Xposure | annual average precipitation 4.02 | consecutive dry days 0.167
Pumping | Water .. net water requirerrent for paddy field 443 | amount of pumping per unit area 0.190
. sensitivi
station  |supply o irrigation area of pumping 438 | imigation area of pumping 0.179
adaptative| MeXimum pumping capacity per unit area 4.14 | maximum pumping capacity per unit area 0.245
capacity | management costs per unit area 406 | height of droughty water level(absorption inlet) 0234
climate | number of days with precipitation =80mm 476 | daily maximum precipitation 0.230
€Xposure | precipitation during irrigation period 4.00 | Greatest S-day total rainfall 0218
Drainage ood ... amount of drainage per unit area 436 | amount of drainage per unit area 0.424
pump sensitivity ; :
sation ol drainage area 435 | drainage area 0315
adaptative, Meximum drainage capacity per unit area 451 | maximum drainage capacity per unit area 0321
capacity | pmnagement costs per unit area 410 | management costs per unit area 0.243
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