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Abstract

Water Management Resilience Index (WMRI) was developed as a policy measure of adaptability to withstand water stresses and to
set up water management strategies mainly in mid-small scale tributaries, and then evaluated on 117 sub-basins in South Korea. The
index consists of 3 sub-indices such as vulnerability, robustness and redundancy sub-indices, each including indicators of 3 sectors:
water use, flood mitigation, and river environment. Total number of indicators selected for the index was 31. Taking into account the
stream order and control capability of river flow discharge, sub-basins were categorized into 3: 1 for mainstreams of lower large dams,
2 and 3 for tributaries, respectively without and with flow discharge regulation. As a result of the evaluation, resilience index scores in
Category 2 and 3 are much lower than that of Category 1, especially with very poor score of redundancy. Although there was no
significant difference between mainstream and tributaries in vulnerability and robustness sub-indices, results of redundancy sub-index
in tributaries were lower than those in mainstream. Thus, it is conceived that the variety of water management schemes should be
considered to improve their resilience in the face of future uncertainty. Addressing comprehensive stability of river basin against internal
and external impacts, WMRI in this study can also be used for the prioritization of water management plans.
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Table 1. Indicators for water management resilience index

Sub-index Indicator
) L9

Water demand sufficiency of precipitation (%

Water use Past limited water supply population ratio (%) ¥

Water shortage prospect (m3)2)

Occurrence frequency of heavy rain(more than 80mm) (%) *

100-year return period probable precipitation amount (mm) ~

Urbanization rate (%) 1)

Vulnerability

L Paddy area ratio (%) b
(Natural condition) Flood mitigation 4

Population density (capita/ki’) "
Flood damage (10° %) 1"

Past flooded area ratio (%) "

Past flood-population ratio (%) R

BOD pollution loads per unit area (kg/km) "

River environment - - D
T-P pollution loads per unit area (kg/km)

Water use reliance on external inflow (%) D

Water demand sufficiency of total water supply capacity (%) b

Irrigated paddy area ratio (%) b

Water use Aged pipe ratio (%) K

Robustness Capacity utilization of water supply facilities (%) b
5)

(Existing Instream flow satisfaction (%)
infrastructure) Water rate (W) 5)

River improvement ratio (%) b

Flood mitigation - - )
Subsidy for flood disaster recovery (W)

Sewer penetration (%) B

River environment - - - )
Water quality target satisfaction (%)

. I 1
Water use reliance on auxiliary water resources (%) )

Water use — — 5
Additional water secure possibility (%)

Investment on structural measure against flood disaster (W) "
Redundancy Flood mitigation - - - N
(Future Establishment of non-structural measure against flood disaster

adaptability) )

)

Aquatic ecosystem sanity >

River environment |Class 1 area ratio on the ecological zoning map (%) 13

)

Algal and water quality forecasting or early warning system °

Data sources :
1) Water management information system (WAMIS)
2) National water resources plans (2011~2020)
3) Report on national monitoring of river basins
4) 2001 drought record monitoring report, performance report for overcoming 2008~2009 drought
5) Assessment, estimation and water securing measurement of instream flow considering natural and social improvement
6) Water information system
7) Statistics of waterworks
8) Statistics of sewerage
9) Korean meteorological administration (KMA)
10) Korean statistical information service (KOSIS)
11) National emergency management agency (NEMA)
12) Environmental analysis information system
13) Environmental geographic information service (EGIS)
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Table 2. Comparison of resilience index between applying equal
weight and scenario weight

(a) Resilience index in each river basin

Index Resilience Index

Basin Equal weight Scenario weight
Han river 54.3 51.1
Nakdong river 52.6 48.9
Geum river 51.8 48.0
Seomjin river 49.4 45.7
Youngsan river 42.4 38.7
Jeju 60.0 55.6

(b) Resilience index in each category of sub—basins

Resilience index

Category

Equal weight Scenario weight
1 58.3 55.1
2 473 433
3 523 48.9
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] Upper 20% Rank
] 20-40% Rank
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w I 50-80% Rank

B Lower 80% Rank

(a) Water management resilience index (b) Vulnerability sub—index

(¢) Robustness sub—index (d) Redundancy sub—index

Fig. 2. Results of water management resilience index

Table 3. Results of water management resilience index in each river basin

Basin Index Resilience Vulnerability Robustness Redundancy
Han river 543 40.0 51.1 46.6
Nakdong river 52.6 39.1 48.2 422
Geum river 51.8 38.8 45.0 425
Seomjin river 49.4 42.7 422 40.7
Youngsan river 42.4 459 38.5 30.7
Jeju 60.0 28.6 61.5 41.1
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Table 4. Comparison of water management resilience index between inside and outside of main river basins

Sub-Index Inside of main basin Outside of main basin
Basin Resilience | Vulnerability | Robustness | Redundancy | Resilience | Vulnerability | Robustness | Redundancy
Han river 55.4 38.6 50.6 49.7 50.0 45.2 52.8 353
Nakdong river 55.0 36.7 483 46.9 47.9 442 47.9 32.7
Geum river 56.3 36.0 50.1 459 429 444 347 35.6
Seomjin river 57.5 33.7 47.0 50.5 37.3 56.2 35.0 26.0
Youngsan river 49.7 44.9 46.6 39.0 32.6 472 27.7 19.6
Jeju 60.0 28.6 61.5 41.1
Average 55.7 36.4 50.7 455 42.1 47.4 39.6 29.8
Table 5. Results of water management index in each category of sub—basins
Category Resilience Vulnerability Robustness Redundancy
1 58.3 37.6 49.3 54.3
2 473 41.0 46.5 32.8
3 52.3 415 45.0 453
Table 6. Comparison of sub—indices in each sector of sub—basin category
Sub-basin category
Sub-index Sector Difference
1 2 3
Water use 31.9 38.5 29.6 8.9
Vulnerability Flood mitigation 49.5 46.6 52.3 5.6
River environment 46.5 44.8 58.9 14.1
Water use 49.7 47.7 50.1 2.3
Robustness Flood mitigation 55.3 47.2 44.6 10.7
River environment 48.6 48.4 46.9 1.7
Water use 61.9 41.9 44.6 20.1
Redundancy Flood mitigation 62.5 30.9 55.9 31.5
River environment 46.2 38.2 46.5 8.3
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