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Abstract

As the occurrence of drought is recently on the rise, the reliable drought forecasting is required for developing the drought mitigation
and proactive management of water resources. This study developed a probabilistic hydrological drought forecasting method using
the Bayesian Networks and drought propagation relationship to estimate future drought with the forecast uncertainty, named as the
Propagated Bayesian Networks Drought Forecasting (PBNDF) model. The proposed PBNDF model was composed with 4 nodes of past,
current, multi-model ensemble (MME) forecasted information and the drought propagation relationship. Using Palmer Hydrological
Drought Index (PHDI), the PBNDF model was applied to forecast the hydrological drought condition at 10 gauging stations in Nakdong
River basin. The receiver operating characteristics (ROC) curve analysis was applied to measure the forecast skill of the forecast mean
values. The root mean squared error (RMSE) and skill score (SS) were employed to compare the forecast performance with previously
developed forecast models (persistence forecast, Bayesian network drought forecast). We found that the forecast skill of PBNDF model
showed better performance with low RMSE and high SS of 0.1~0.15. The overall results mean the PBNDF model had good potential
in probabilistic drought forecasting.
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Fig. 1. Study area - Nakdong river basin in South Korea
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(a) Converging

(b) Diverging () Linear

Fig. 2. Various connection types of Bayesian Networks
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Fig. 3. Schematic diagram of Bayesian Networks drought forecasting with drought propagation relationship
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Fig. 4. Relationship between Nth month SPI and (N+1)th month
PHDI and the regression curve (the line is the regression
fitted line about the observed data and the dashed line
indicates the 90% uncertainty ranges of the regression, The
black arrow means the (N+1)th month PHDI calculation
procedure from Nth month SPI)
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Fig. 6. Examples of drought forecasting (2008/03~2012/12) with confidence intervals and the probability of drought occurrence

.S o =49 PHDIC] &HE
AFA5}o] Fig, 601 T A}
4= PHDIC] F42tEE
-2.0 o]ste] A SEGk
S ARt datg g o2 7thg Y S ES W OH S 28
Sho] A X|5FATE Figs. 6(a) and 6(b)S A EH, PHDIS] A
Al =gkl 0 olste] &2] gho &2 TEH 7)o A 7hE Ay
ShEo] w7 Usith= AL 81T 4= Qlct. dl% 7130 7
Ay SHE2 7 9 b Ao A F o 2 o] 7HE Aol
A 7158 A o = mpetdt 4= QA o, o] =7 Y]
A o8- Qe HHE &8 7Hs5tt

o=

4.2 7}= 0| Aol 2M
1 A Lo]| A At 7= o] & 2 & (PBNDF) Q] (&A%

S AFH oz Frletlt). A, AR 22 54 (Receiver

Operating Characteristics, ROC) &4 7|92 &85} 1~3
N 7ha ol & Atoll tiste] 7k A fi-ofl thiet 1543
= B71slH 6701 d 7Ha 159 -9, MME dll& 23]
A Bf717o] 2 0 = 7] wiof 7he o 'HAY of = o
5735 W7F5h= ROC #2412 4-88512] ¢kSkth. PBNDF=
FEEH & ATHE AR Z, ROC 242 9lsto] o=
FEREO 50%0] NP == 44} Bt PHDIZF 7 e EH 7]
F(-2.0) oI5k A4 7Hgo] AE 2 0 = westgirt ROC
THLEq. (9)S S-85to] AZB(hit rate) T} B A ZE(false
alarm rate)= Alitoto] FRA =, = Z12 57k =35k
7y wsto] AP e

ooz
T 1=

Hit Rate = (92)

H+M



776 J. Y. Shin et al. / Journal of Korea Water Resources Association 50(11) 769-779

F
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Aol A 715814 B3 O] RPS (RPS i) T 7|58 o=
& (reference forecasts).0. 2 25Tt RPS jims HA| A
1717¢ Bete] 9 3= pHDI Q] Ho it BARS ghgsto] At
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Z A7} RPS2} RPS i Table 10 AJAISHITE & Lo
A AARE R O] RPS7H 0] O] 717k 3hS UrER o] |54
o] L3k 84918 4= QItk. Table 191 314 LFERA RPSS 2]
Fho] &0 oo gho 2 SFEEA oS HA it A=
PBNDF 23 9] of| & Ax}o] &8 7Fs/do] HEE T
PBNDFE &8¢t o5 A& of 2 R ato] vl w g B2t
ASA HEE FIote] 710l L= Hjo| 2 YIELIT 7|5t

Table 1. Average RPS, RPScim and RPSS values during January 2008 to December 2015

Region RPS RPSciim RPSS
1 month 2 month 3 month 1 month 2 month 3 month

Daegu 0.975 1.125 1.223 1.590 0.277 0.175 0.104
Jinju 1.069 1.285 1.433 1.713 0.271 0.125 0.028
Yeongju 1.048 1.244 1.371 1.758 0.293 0.167 0.076
Mungyeong 1.077 1.258 1.429 1.788 0.284 0.166 0.052
Uiseong 0.940 1.104 1.194 1.667 0.326 0.225 0.156
Yeongcheon 1.017 1.171 1.275 1.713 0.275 0.197 0.117
Geochang 1.044 1.308 1.371 1.727 0.284 0.160 0.111
Hapcheon 0.987 1.158 1.217 1.558 0.269 0.162 0.107
Miryang 1.027 1.202 1.290 1.667 0.277 0.168 0.107
Sancheong 1.104 1.260 1.338 1.746 0.257 0.172 0.112
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Table 2. RMSEs of 1, 3, 6-month forecasts
1;(1):1:2? Region 1 month 3 month 6 month Region 1 month 3 month 6 month
Persistence 1.101 1.987 2.680 0.982 1.800 2.418
BNDF Daegu 1.103 1.647 1.725 Jinju 1.115 1.535 1.669
PBNDF 0.960 1.373 1.407 0.963 1.369 1.484
Persistence 1.130 2.284 3.223 1.188 2.346 3.377
BNDF Yeongju 1.243 1.923 2.436 Mungyeong 1.307 1.988 2.496
PBNDF 1.103 1.666 2.009 1.170 1.744 1.998
Persistence 0.899 2.009 3.102 1.161 1.902 2.658
BNDF Uiseong 1.136 1.929 2.768 Yeongcheon 1.213 1.724 1.906
PBNDF 0.908 1.589 2.371 1.038 1.501 1.564
Persistence 0.986 1.896 2.538 1.085 2.070 2.678
BNDF Geochang 1.176 1.618 1.544 Hapcheon 1.331 1.716 1.639
PBNDF 1.055 1.427 1.339 1.142 1.493 1.361
Persistence 0.919 1.705 2.468 0.881 1.489 1.892
BNDF Miryang 1.081 1.351 1.499 Sancheong 1.010 1.224 1.109
PBNDF 0.883 1.156 1.216 0.878 1.090 1.028
o= 23 (BNDF) (Shin et al., 2016)S -8t of| = Az}o} Table 20]] LFER HER}L ZHo] RMSE= o= 7]710] 1 7)ol
A4 (Persistence) o5 Aol vl mstdek A5 A5 A eHLE F74E5E 371 o) BY BE RMSEZE 371
ARt E Wi o 2, AR o] wEgho] oS5kl ke 7] St 22 2Rl 4= ok T8, 2 Aol A A1 A% PBNDF
7ro] oZgte] FlE S sHe oS 7ol (Kimand Valdes, o] RMSEZ} 4] o 5712k 4 71 22 2k thebfio] 4]

2003). 71 2ol A= A& oS By o STt =ofE
A& 2] J5H7te] 7o 2 8 E T glom, A&
& R H} o S/do] Bold H¢-offd BaS &8 o]
97} §li= Zlo|th. BNDF 2 3-2 Shin etal. (2016)°]14] H]o]
ZIRFHES|A R o g8ato] 714deta 7Ha2]5 SP1 371
&2 9ot AXE RP O 2, Fig. 30|14 DP,.; = E7H A
Q¥ A3t e}, B AolA= 7HE Fo] @4t T 1A}
7} 575 PBNDF 91575 782 215toI BNDF 2o =2
T2 7HE A &5-E S-85te] 1 A vl A5k Tk
37}2] of| ZHH(PBNDF, BNDF, 2|44 %) 0 & 4-3)
H 7k A5 2E v wst| flste] B Al eake] Alad
(RMSE)S 283519t RMSE= @2} Al 5 3kS A Al Sto] o
Zo]| AghAS wois, gho] 0of| 77hEE oS gto] T
el 7Rk A& 52 2 EA A5 AT A
S, PBNDFT BNDF 7|92 &&524] o5 27} A4tE
o] &+ PHDI gte] obd PHDIS] PDF7} A3t AP =]
t}. o] wj&of| of| == PHDI2] PDFOI|A 2] F e E-g5}o]
RMSEE Aiteto] H|w sttt 2014 = 5-E] 2015E =7
219] 1~67]E |52 535t A5l Ao tf$t RMSES
Table 20| A|AISFA T

1Y FolM 71 o &Ao] L Bl A& Folst 4= Qi
olojA, Btgkel it A&/ AES $15t4] Eq. (11)7 o]
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Table 3. Skill Scores of 1, 3, 6-month forecasts
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Forecast Region 1 month 3 month 6 month Region 1 month 3 month 6 month
method
BNDF 0.216 -0.163 -0.170 0.256 -0.048 -0.121
Daegu Jinju
PBNDF 0.318 0.031 0.045 0.363 0.088 0.080
BNDF 0.197 -0.104 0.028 0.116 -0.188 -0.078
Yeongju Mungyeong
PBNDF 0.306 0.015 0.135 0.207 -0.047 0.065
BNDF . 0.402 0.115 -0.106 -0.026 -0.298 -0.084
Uiseong Yeongcheon
PBNDF 0.469 0.233 0.088 0.120 -0.129 0.100
BNDF 0.360 0.029 -0.226 0.247 0.040 -0.027
Geochang Hapcheon
PBNDF 0.428 0.149 0.018 0.385 0.178 0.167
BNDF . 0.544 0.285 0.027 0.067 -0.108 0.132
Miryang Sancheong
PBNDF 0.635 0.411 0.167 0.189 0.013 0.196
54 =2 E et 7hE e Al 2ol mebA 2kl ERREl A
S 1R 3] 158 4 Gl HRE AT THs oo
RO R S I DS B e QR e e Bk B0 R REd

5t7] flste] & Oﬂ%LOﬂH = H[o] 2] U EL
= g st Ho] x| U EL
A AY I Qe AlARS e 7] Q1
5] #d7Feot, A Ha4ES F7FeAY
A lg 4= Qo] g oAl St AT TheFe IAES &85
T = A5 mgolrt
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