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Abstract

Drought is a natural disaster which is hard to recognize its onset and termination and to estimate the damage from the events which
occurred in the past and are expected in near future. While the drought indices or their frequencies are widely applied to explain the
severity of each event in the existing studies, decision-makers and stakeholders (the public) may have trouble in understanding the
results due to the unfamiliar expression with statistical values. In this study, therefore, the methodology for assessment and forecast of
drought severity based on the amount of water shortage from the water balance analysis was be placed at the center of the discussion.
Firstly, in order to improve the existing analysis for drought assessment adopted in the National Water Resources Plan, alternative
methods have been suggested to estimate the amount of water demand in each sub-basin using the land use map, and in an aspect of water
supply, reservoirs and underground water are included in the simulation of MODSIM-DSS. The relationship between drought severity
from the simulated water shortage in the study area and the values of SPEIs (SPEI 6 = estimated for 6 months - winter and spring season,
SPEI 3 = estimated for 3 months - summer season) has been analyzed by the Decision tree. Due to this achievement, at the end of the
spring season, every year the forecast for the drought severity will be available with the quantitatively estimated water shortage, and it
will be helpful to activate the drought mitigation measures before the disaster occurs.
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Table 1. Classification structure for land use map (GIS, 1:25,000)
Level 1 Level 2 Level 3 CODE
Field with irrigation facilities 1110
. Paddy field X . - I
Agricultural area Field without irrigation facilities 1120
Farm field Orchard, dry field, etc. 1210, 1220
Forestry area Grass and forest area 2110 to 2340
Residential and commercial area 3110, 3120, 3130
) . Transportation facility (road, railway, air-port/harbor, etc.) 3210 to 3240
Urban residential area -
Industrial area 3310, 3320
Public facility (school, church, administrative office, etc.) 3410 to 3440
3018 3 3004, ]
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A y
3"‘74—\,.‘# ¥ «\\//
% 1
< y
XA/PV‘{ Janasu /J
(a) MOLIT(2016) (b) This Study
Area Ratio Residential | Industrial paaddyfioks Eoaady/fiekd e foud

‘with irrigation without irrigation with iirigation

Muju 0.164 Muju 0.219 0.372 0470 0313 0.165

Jangsu 0.597 Jangsu 0.853 0.682 0.586 0.705 0.784

Jinan 0.651 Jinan 0.628 0.857 0.252 0.689 0633

Fig. 2. Ratio for both studies to estimate the water demand in the sub-basin 3001
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Table 4. Water balance simulation cases in this study
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(3) CASE 3: /RN G A4 7R - vlTid 42 A8
CASE 29| 75t A SHAE 2 TR o A E
F7Yoto] S7ohs ER-EEE Elsklt
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— ==

CASE 1(MOLIT, 2016)

CASE 2(alternative)
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Demand estimation
in the sub-basin Eq. (1) adopted Eq. (2) adopted Eq. (2) adopted Eq. (2) adopted
Demand for household © . © © ©
& industry (one demand in (separate demands (separate demands (separate demands
Water each sub-basin) for each city) for each city) for each city)
Demand [ mand for paddy field and
emand for paddy field an
farm field with irrigation © O O ©
Dem.and fqr f.arm. field X % O o
without irrigation
Underground water X X X O
Water Location of intake facili d
Supply ocation of intake facility an x X x o
sewage treatment plant

Simulation Results Annual water shortage

Annual water shortage | Annual water shortage

Water shortage in
each simulation period
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Fig. 3. Explanatory figures for each simulation case in this study
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Table 5. Water shortage in the worst year (1995) for each simulation case

(unit : 10° m>/year)

. CASE 1 CASE 2 CASE 3 CASE 4
Sub-basin
Hos+Ins Agr Hos+Ins Agr Hos+Ins Agrl Agr2 Hos+Ins Agrl Agr2
3001 ~ 3010 ) ) ) ) ) ) ) ) ) )
3012
3011 - - 2 - 3 - 10 - - 2
3013 - 4 - - - 2 1 - 2 1
3014 - - - - - - 2 - - 2
3101 - - - - 2 - 21 - - 17
3201 - - - - - - 9 - - 9
3202 - - - - 1 - 28 - - 28
3203 - 25 - 2 1 - 10 - - 9
3301 - - - 1 - 4 - - -
3302 - 41 - 53 - 50 17 - 50 16
3303 - - - 1 - - 16 - - -
Sum - 70 2 56 8 52 118 - 52 84
Remark) Hos+Ins = water shortage not to meet the household and industrial demand

Agr = water shortage not to meet the agricultural demand

Agrl = water shortage not to meet the agricultural (with irrigation facilities) demand

Agr2 = water shortage not to meet the agricultural (without irrigation facilities) demand
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Table 6. Comparison of drought warning criteria between NDIC (2016) and Mckee et a/. (1993)

NDIC (2016) Mckee et al. (1993)
Sl Category Category Severity of event
0t0-0.99 - Mild dryness 1 in 3 years
-1.00 to -1.49 - Moderate dryness 1 in 10 years
-1.50 to -1.99 Cautious Severe dryness 1 in 20 years
over -2.00 Severe dryness Extreme dryness 1 in 50 years
over -2.00 (lasting for 20 days) Very severe dryness

Table 7. Simulated water shortage under the Case 4 condition

Sub-basin ID 3201 3202 3203 3302
Number of dry years 48 years 48 years 48 years 21 years
Range of annual water shortage (10° m*/year) 0.1~99 1.1~30.7 0.7~31.1 0~72.6

Table 8. Drought warning criteria depending on the annual water shortage

Category Minor dryness

Moderate dryness

Severe dryness Extreme dryness

Annual water shortage 0 to 5x10° m*/year

5t0 10x10° m*/year

10 to 30x10° m*/year over 30x10° m*/year

(a) CASE 4

(b) SPEI6 (June 1995)

Fig. 4. Comparison of drought severity based on the water shortage and SPEI 6
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Table 9. Drought severity simulated by the decision tree depending on SPEI 6 and SPEI 3

Sub-basin 3203

Sub-basin 3302

SPEI 6 SPEI 3 Simulated Drought | Number of Years SPEI 6 SPEI 3 Simulated Drought | Number of Years
below-1.8 Severe 1 below-0.4 Extreme 6
below-0.4 | -1.8t0-0.6 Moderate 11 below-1.0 -0.4to0 1.1 Severe 2
over -0.6 Minor 4 over 1.5 No drought 2
041017 below-0.3 Moderate 101004 below-0.4 Severe 1
over -0.3 Minor 23 over -0.2 Minor 6
over 1.7 - Minor 3 over -0.4 - No drought 31
Sum 48 Sum 48

Remark) SPEI 6 = SPEI index for 6 months (Dec. to May), SPEI 3 = SPEI index for 3 months (July to Aug.)
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