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Water Supply Risk Assessment of Agricultural Reservoirs using Irrigation Vulnerability Model
and Cluster Analysis

Nam, Won-Ho - Kim, Taegon - Hong, Eun-Mi - Michael J. Hayes - Mark D. Svoboda

Abstract

Because reservoirs that supply irrigation water play an important role in water resource management, it is necessary to evaluate the vulnerability of this
particular water supply resource. The purpose of this study is to provide water supply risk maps of agricultural reservoirs in South Korea using irrigation
vulnerability model and cluster analysis. To quantify water supply risk, irrigation vulnerability indices are estimated to evaluate the performance of the
water supply on the agricultural reservoir system using a probability theory and reliability analysis. First, the irrigation vulnerability probabilities of 1,346
reservoirs managed by Korea Rural Community Corporation (KRC) were analyzed using meteorological data on 54 meteorological stations over the past
30 years (1981-2010). Second, using the K-mean method of non-hierarchical cluster analysis and pre-simulation approach, cluster analysis was applied
to classify into three groups for characterizing irrigation vulnerability in reservoirs. The morphology index, watershed area, irrigated area, and ratio
between watershed and irrigated area are selected as the clustering analysis parameters. It is suggested that the water supply risk map be utilized as a basis
for the establishment of risk management measures, and could provide effective information for a reasonable decision making on drought risk mitigation.
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Table 1 Data and model description of irrigation vulnerability assessment model (Nam and Choi, 2014)

Categories

Data and model description

a. Input data

Farming practice data

Date of pre—planting and transplanting, reference ponding depth by growth stages

Meteorological data
9 hours

Observation station data, temperature, rainfall, relative humidity, wind speed, sunshine

Reservoir specification data

Watershed area, benefited paddy area, effective storage capacity, area ratio by land use

b. Paddy water balance model

Crop evapotranspiration

Penman—Monteith equation,
10—days crop coefficients of paddy rice

Net irrigation water requirements

Computational ponding depth

c. Reservoir operation model

Reservoir inflow and runoff TANK model

Reservoir release operation model

Reservoir available storage, surface precipitation, intake water supply

d. Water supply capacity analysis

Potential water supply capacity

Daily water supply analysis in agricultural reservoir

Irrigation water requirement

Daily water balance analysis in irrigation region

e. Reliability analysis

Definition of resistance capacity and load

Comparison of probability distribution function between water supply capacity and
irrigation water requirement

f. Vulnerability assessment

Definition of water supply failure standard |Convolution of probability distribution

Irrigation vulnerability index

Probability of water supply failure
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Table 2 Number of agricultural reservoirs of the eight provinces—level in the study

Design frequency of drought

Administrative district
Normal years | Three years | Five years | Seven years | Ten years |Twenty years Total

Gyeonggi—do - 4 5 2 54 - 65 (4.8%)

Gangwon—do - - - - 63 - 63 (4.7%)

North Chungcheong—do - 6 4 1 95 1 107 (7.9%)

South Chungcheong—do - 7 6 3 151 - 167 (12.4%)

North Jeolla—do 1 2 3 - 110 6 122 (9.1%)

South Jeolla—do - 45 14 1 313 - 383 (28.5%)

North Gyeongsang—do - 12 15 10 172 - 209 (15.5%)

South Gyeongsang—do 1 18 3 4 204 - 230 (17.1%)

Total reservoirs 2 (0.1%) 94 (7.0%) 0 (3.7%) 31 (2.3%) [1,162 (86.3%)| 7 (0.5%) |1,346 (100%)
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Table 3 Number of agricultural reservoirs for irrigation vulnerability probability according to eight provinces—level

Irrigation vulnerability probability (%)
Administrative district
below 5.0 ~10.0 ~14.3 ~20.0 ~33.3 ~50.0 over 50.0
Gyeonggi—do 51 3 4 2 2 1 2
Gangwon—do 61 - - - - - 2
North Chungcheong—do 89 7 3 1 - 2 5
South Chungcheong—do 124 13 6 2 8
North Jeolla—do 71 19 5 4 9
South Jeolla—do 206 39 31 25 30 18 34
North Gyeongsang—do 147 22 7 6 12 4 11
South Gyeongsang—do 127 34 14 9 16 12 18
Total reservoirs 876 (65.1%) | 137 (10.2%) 70 (5.2%) 61 (4.5%) 70 (5.2%) 43 (3.2%) 89 (6.6%)
” e = & e Deep lakes (74.1%)
S T 100
7 o .o B
£, e .
_i 60 o :‘... . A g
% wla .{‘. 50.0% g 10 NaFmal lakes (25.9%)
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Fig. 1 Distribution of irrigation vulnerability index according to ratio Fig. 2 Results of morphology index for agricultural reservoirs
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Table 4 Number of agricultural reservoirs for morphology index
according to eight provinces—level

Morphology index
Administrative district Deep | Normal | Shallow
lakes lakes lakes Average

Gyeonggi—do 32 33 - 12.90
Gangwon—do 44 19 - 16.34
North Chungcheong—do 90 17 - 20.32
South Chungcheong—do 79 88 - 13.03
North Jeolla—do 92 30 - 18.32
South Jeolla—do 291 92 - 20.14
North Gyeongsang—do 156 53 - 19.08
South Gyeongsang—do 214 16 - 28.52
Total reservoirs (73?1?%) (2?98%) - 20.19

Table 5 Results of cluster mean based on clustering analysis

Cluster mean (log—scale)

Categories
Cluster 1 Cluster 2 Cluster 3

(a) Watershed area 0.3056333|(4) 0.5418005|(—) 0.1560242

(b) Ratio between
watershed area |(—) 0.4464292|(+) 0.5254474
and irrigated area

0.5189958

(c) Irrigated area 0.4072901|(+) 0.5435674|(-) 0.2060172

(d) Morphology index 0.6952661|(—) 0.6167890|(+) 0.7027047

Total reservoirs (count) 593 340 413
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