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Abstract

The drought resulting from insufficient rainfall compared to the amount in an ordinary year can significantly impact a broad area at the
same time. Another feature of this disaster is hard to recognize its onset and disappearance. Therefore, a reliable and fast way of predicting
both the suffering area and the amount of water shortage from the upcoming drought is a key issue to develop a countermeasure of the
disaster. However, the available drought scenarios are about 50 events that have been observed in the past. Due to the limited number
of events, it is difficult to predict the water shortage in a case where the pattern of a natural disaster is different from the one in the past.
To overcome the limitation, in this study, we applied the four RCP climate change scenarios to the water balance model and the annual
amount of water shortage from 360 drought events was estimated. In the following chapter, the deep neural network model was trained
with the SPEI values from the RCP scenarios and the amount of water shortage as the input and output, respectively. The trained model
in each sub-basin enables us to easily and reliably predict the water shortage with the SPEI values in the past and the predicted
meteorological conditions in the upcoming season. It can be helpful for decision-makers to respond to future droughts before their onset.
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Fig. 1. Conceptual flow chart of the study
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Fig. 3. Comparison of annual rainfall and evapotranspiration between the past data (1966-2015) and RCP scenarios (2011-2100)
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Fig. 4. Water demand area and network structure of water balance analysis
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Table 1. Water balance analysis comparison between MOLIT (2016) and improved method

National Water Resources Plan (MOLIT, 2016)

Improved Method (Jang ef al., 2021)

- Household & industrial demand
Network : one node in each sub-basin

Components | - Agricultural demand

: one node in each sub-basin

- Household & industrial demand

: one node in each administrative district
- Agricultural demand

: one node in each sub-basin

Water D d .
ater Leman the sub-basin

- Calculated based on each administrative district’s area in | - Calculated based on the number of population and the water

demand area in the sub-basin

- Underground water and reservoirs

- Underground water and reservoirs

: The supply capacity is considered after the simulation : Included in the simulation

Water Supply
- Local water supply and treatment system

: Not included in the simulation

- Local water supply and treatment system
: Included in the simulation

Table 2. Water balance analysis result in case of the past data and RCP scenarios

Past Data RCP Scenarios (201 1-21 00)
(1968-2015) | RCP 2.6 | RCP 4.5 | RCP 6.0 | RCP 8.5
Max. annual water shortage (10°m®) 17 28 84 74 29
Sub-basin
3101 Frequency of dry years 0.75 0.74 0.76 0.63 0.79
Water shortage exceeding the max. value in the past data (1968-2015) - 4 9 6 6
Max. annual water shortage (10°m?®) 10 14 14 16 13
Sub-basin
3201 Frequency of dry years 0.83 0.86 0.87 0.79 0.86
Water shortage exceeding the max. value in the past data (1968-2015) - 3 8 9 5
Max. annual water shortage (10°m®) 31 33 39 55 34
Sub-basin
3202 Frequency of dry years 0.94 0.88 0.88 0.86 0.89
Water shortage exceeding the max. value in the past data (1968-2015) - 2 4 6 1
Max. annual water shortage (10°m®) 31 35 32 27 34
Sub-basin
3203 Frequency of dry years 0.88 0.89 0.89 0.87 0.88
Water shortage exceeding the max. value in the past data (1968-2015) - 1 1 0 1
Max. annual water shortage (10°m®) 72 127 127 104 114
Sub-basin
3302 Frequency of dry years 0.40 0.52 0.52 0.47 0.49
Water shortage exceeding the max. value in the past data (1968-2015) - 8 6 5 7
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Fig. 5. Annual water shortage in the sub-basin 3101 and 3302



128 0.-J. Jang and Y .-I1. Moon / Journal of Korea Water Resources Association 55(2) 121-133

Input layer Hidden layers Output layer Input values igl
Back Propagation

E

@ — w—

AT
— A \ Activation

_ ( O : O \ / O O — @ ws Wei:hted Sum Function (ReLY) Output Cost Function
Y 4 N, d - . . * fowi —_— - 5} — E= Z(J' 75))2
Y Y | Q \ o A O i=1

~ W - .

® o o o—n/
(a) Typical structure of DNN model (b) Back propagation process of DNN model

Fig. 6. Typical structure and back propagation process of DNN model

Input layer(1) Hidden layers(m) Output layer(1)

SPEI 1
(from Oct. to Sep.)

® ® O

®

Drought Severity
(0~1)

—

ER

- 66

‘ -

Fig. 7. DNN model structure to estimate the drought severity

2019; Nielsen, 2020). H#] Z} node2] A& gk(x,, x27- ,)°l 714 y, 7}y, = EHEC] kA oA Pkt o 25t
TVEA (wy, Wy, BB FEO] |, 2 AP 0] 712 = HERIH, wl = A 29 ShgollA] o F-0] i A ke &
A(weighted sum)7}-245-2] QJ2Z{gho] =ny, 24 o] 4] SFhS Zo] jH) LT Afolo] 71EA|2 oluls}, i B

+ 842t eFr(activation function)= 5ol Y3S =4k E{(learning rate)S L}FERHATE
© 2 Akl "ot 2 Ao = 2 A A4 (gradient B Lo AL hEAAY B Eo] Zel oA o=
vanishing) ZAIE HA]ot2t 448} g2 ReLURTE St} oh= A2 Fig, 73 2o 7Tha A =2 A, 9FA] et

&)
A5t} o] S 01Eﬂ%}\-o] oF=o]H, o et =5+ Z3} Zro] ujgfjof] Tl 715t AxPE & K25 Eq. (3)9
S7L g 1017] gl B AL SEAE ZOl  Gpy Bme] 2 gate] AEE H]zﬂﬂ*%(o D& Bl =
B HIF QI SERAA el 2UES Bal 23] musz masiont oo 2 AmE ol AdE 109
A AEH FHp)T BEH(y) 2 LA AF] AAIE vl ‘%‘—Ei T 9971A] 9] 9] SPEI 1 12711& A8t
(cost function) 211 51, o] H]-g5t47} 2 47} =2 715 FHS 4], SPEIA S-S B2 HE L 2-g5te] 417
A5 2Ashe B wEA 0 & L6 At vl g8 B 27181 5(0-1)2 H-8GH0 2H, F U5 scale?] Fho]
2} 715214= Egs. (4) and (5)2F 2k @ AT ol HE= It 7Ra e 71 =5(NDIC, 2016)
A 7g71Ee] o R U 6N D - g 7]

T SPIZIS(SPI 6)5 285131 QAT 7HE]| Qlold:
S ol HisZol Hagt Aoz ﬂ&‘i‘rﬂﬂ SPEIZ]

I

L.

o= Qlsf| tiF2 2 %‘%’i | %_Oﬂ*i 9
o] 7|7tel| ARME e AT 2 AtollM A8

i &)



0.-]. Jang and Y .-I. Moon / Journal of Korea Water Resources Association 55(2) 121-133

3 0] SPEIZI S 670 o)4F0] 4 795 BAlef

TS ek & 4 ek

SAY Y 752 el 2Y shsa dSa el
U asiet 42 0 2 70-80%2] Hlo|E1 5 F-&9] 2 A

o] 23 bl 283}, 1ol 7]

20-30% HlolEE A3l A

Bohe WSS ol B ES 15T 2 Aol A= RCP
AU2] Q(RCP 2.6, 4.5, 6.0, 8.5) F & 201 1A} A 2100F 7}
2] &5 2] B4 of| A8t 155 F 3607099 AFuE 1Y

o] st AEI el A4kt BYO S AFL 2
U%0] 5502138 1em 0] 41 815815 epoch 5) 55
2 2447 AAH 9,

o] 1 u}2tu|Elhyperparameter)

—-

HEA ] vl 83 BAAF A H A4t He s /S AE
Z7JSIATE RCP AU @5 2850 755 RP2 oF5T
AT oll= FH=A] g2 71 499 o] TEAFE(1967-

2015%Q)°] 285k 244 24

2P FAIEE ==

S AE Bl A BRI 7V AR B Y

& FaER M0 a7

Y EY o= AHstH

74
o) 2|4 sjo| mietaet 2

Table 3. Simulation cases of DNN model training and cross validation
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Fig. 8. Cross validation result after DNN model training for predicting the drought severity
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Fig. 9. Inference results using the optimal DNN models for predicting the drought severity
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Table 5. Inference results comparison between the models trained by the past data and RCP scenarios
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Fig. 10. Estimated water shortage comparison between water balance model and optimal DNN model
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