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Abstract

In this study, we developed evaluation indicators of dam rehabilitation considering climate change in order to prepare for safety of aging dam
facilities in accordance with changes in rainfall intensity. The validity and appropriateness of each indicator, and the evaluation criteria were
selected for quantitative indicators for each detail through domestic and international case studies, literature review, and expert advice. The
survey was carried out to estimate the importance of each indicator for dam rehabilitation. The subjective assessment of the respondents was
rearranged using pairwise comparison from the Analytic Hierarchy Process (AHP). The reliability of the survey results was evaluated through
consistent verification. In addition, a comparative assessment was carried out which evaluated the reliability importance estimation result to
refine the criteria to distinguish rating scales between expert and non-expert groups on dam-related fields.
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Table 1. Standards for priority evaluation of dam rehabilitation in consideration of climate change

category evaluation index

evaluation standards

B/C ratio

cost of water resources development

economics -
dam scale and effectiveness

use rates of water resources

water quality

water quality (BOD)

environmental area of ecological nature

area of 1* class ecological nature

characteristics living creatures subject to protection

number of animals and plants subject to protection

influence of the increase of foggy days

number of foggy days

project urgency

current condition of national welfare and property protection

regarding drinking water, drought, and floods

opinions of group I

opinions of experts and dam managers

policy-sociality opinions of group II

opinions of the local government and residents

preservation of cultural assets

number of cultural assets to be preserved

contribution to community development

connection between the economic development of the dam area

and the local development plans

condition assessment result

condition assessment result based on the recently performed in-depth

inspection

assessment of freeboard appropriateness
considering dam type and condition

freeboard appropriateness according to the detailed guideline
ofin-depth inspection on dams

hydrologic safety structural stability during overtopping caused

by PMF (especially for concrete dams)

structural stability during overtopping caused by PMF
(especially for concrete dams)

risk assessment of downstream due to PMF

risk assessment (loss of life and property) of downstream

due to dam-break according to the EAP (Emergency Action Plan) report

projected change in average annual
precipitation

influence of

projected change in average annual precipitation
considering climate change scenarios

climate change on - — - p
& projected change in rainfall intensity

projected change in rainfall intensity considering climate change scenarios

each dam

projected change in freezing (or thawing)
catchment

degree days

projected change in freezing (or thawing) degree days
considering climate change scenarios
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Table 2. Statistical summary of reliability distribution of evaluation items
Qauntiles
10% 25% 50% 75% 90% | Mean S.D cov

main category 0.066 0.090 0.168 0.277 0.349 0.206 0.174 0.846
2 environmental characteristics 0.001 0.025 0.107 0.209 0.382 0.161 0.187 1.163
i'; policy-sociality 0.024 0.065 0.120 0.221 0.365 0.177 0.188 1.057
<+
U§ hydrologic safety 0.000 0.033 0.131 0.272 0416 0.176 0.176 0.997
o R .
g~ | influenceofclimate changeon | 500 | 0012 | 0147 | 0320 | 0458 | 0299 | 0791 | 2.648
w each dam catchment
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Fig. 2. Distribution of CR for each evaluation item
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Avks weon, thit PMF] digt 954 724 A
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influence of climate
change oneach dam
catchment
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Fig. 4. Analysis results of the importance evaluation of each
category. case 1: non-expert group, case 2: expert group,
case 3: weighted group by professional experiences
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Fig. 5. Analysis results of the comprehensive importance of sub-categories. case 1: non-expert group, case 2: expert group, case 3:

weighted group by professional experiences

Table 3. Analysis results of the importance of evaluation factors

importance evaluation hensive i ”
category evaluation index of each category COMPrenensIve importance
casel case2 case3 casel case? case3
cconomics B/C ratio 0.38 0.28 0.35 0.04 0.02 0.04
dam scale and effectiveness 0.62 0.72 0.65 0.07 0.06 0.07
water quality 0.34 0.40 0.35 0.05 0.04 0.05
environmental area of ecological nature 0.27 0.21 0.24 0.04 0.02 0.03
characteristics living creatures subject to protection 0.25 0.28 0.26 0.04 0.03 0.03
influence of the increase of foggy days 0.14 0.11 0.14 0.02 0.01 0.02
project urgency 0.22 0.30 0.25 0.02 0.03 0.02
opinions of experts and dam managers 0.27 0.36 0.30 0.03 0.03 0.03
policy-sociality opinions of the local government and residents 0.16 0.13 0.15 0.02 0.01 0.01
preservation of cultural assets 0.23 0.11 0.18 0.02 0.01 0.02
contribution to community development 0.14 0.10 0.13 0.01 0.01 0.01
Condition assessment result 0.19 0.05 0.15 0.09 0.03 0.07
Assessment of freeboard appropriateness 0.25 047 0.30 011 028 015
. considering dam type and condition
hydrologic safety Structural stability during overtopping 0.30 03 0.32 0.13 022 0.16
caused by PMF (especially for concrete dams) ) 37 ) ) ) )
Risk Assessment of downstream due to PMF 0.27 0.11 0.24 0.12 0.07 0.12
influence of climate Projected change in average annual precipitation 0.40 0.22 0.37 0.07 0.03 0.06
change on each dam Projected change in rainfall intensity 0.45 0.68 0.49 0.08 0.08 0.08
catchment Projected change in freezing (or thawing) degree days| 0.15 0.10 0.14 0.03 0.01 0.02

xcase 1: non-expert group, case 2: expert group, case 3: weighted group by professional experiences
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Table 4. Example of hydrologic safety evaluation

b Weighting factor tal Ranki
AM S, (0.15)HS; (0.30)HS; (0.32)HS, (0.24) ' O Seorqranking
Dam| B A A A | LI6B)| 6
Dam C E B E 3.79 (D) 1
Damy C E A B |275)| 2
Dam/ C E A B |275)| 2
Damy C A A A | 131@®B)| 5
Damd C E A B |275(C)| 2

Here, HS; Condition assessment result, HS,: Assessment of
freeboard appropriateness considering dam type and condition,
HS5  Structural stability during overtopping caused by
PMF(especially for concrete dams), HSs Risk Assessment of
downstream due to PMF
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