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Abstract

As the uncertainty of precipitation increases due to climate change, seasonal forecasting and the use of weather forecasts become
essential for efficient water resources management. In this study, the categorical probabilistic long-term forecasts implemented by KMA
(Korea Meteorological Administration) since June 2014 was evaluated using assessment indicators of Hit Rate, Reliability Diagram,
and Relative Operating Curve (ROC) and a technique for obtaining quantitative precipitation estimates based on probabilistic forecasts
was proposed. The probabilistic long-term forecasts showed its maximum predictability of 48% and the quantified precipitation estimates
were closely matched with actual observations; maximum correlation coefficient (R) in predictability evaluation for 100% accurate and
actual weather forecasts were 0.98 and 0.71, respectively. A precipitation quantification approach utilizing probabilistic forecasts
proposed in this study is expected to enable water management considering the uncertainty of precipitation. This method is also expected
to be a useful tool for supporting decision-making in the long-term planning for water resources management and reservoir operations.
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(b) 3 month Probabilistic forecast

Fig. 2. Time series of original and modified probabilistic forecasts for (a) 1-month and (b) 3-month
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Fig. 5. Reliability diagrams of 3-month probabilistic forecasts for Daejeon - Sejong - Chungcheongman-do ((a)~(c) leadtime =1, (d)~(f)
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Fig. 6. Relative operating curves of 3-month probabilistic forecasts for Daejeon - Sejong - Chungcheongman-do ((a)~(c) leadtime = 1, (d)~(f)

Fig. 7. Reliability diagrams of 1-month probabilistic forecasts for Busan - Ulsan - Gyeongsangnam-do ((a)~(c) leadtime = 1, (d)~(f) leadtime = 2,
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Fig. 9. Reliability diagrams of 3-month probabilistic forecasts for Busan - Ulsan - Gyeongsangnam-do ((a)~(c) leadtime = 1, (d)~(f) eadtime =2,

Fig. 10. Relative operating curves of 3-month probabilistic forecasts for Busan - Ulsan - Gyeongsangnam-do ((a)~(c) leadtime=1, (d)~(f)



574

FAl - EAE A EE S 3709 e B O] Hit Rate S
TRE AT, 32 40%, F3=44%, F2-244%2 17119 S5
H tjH] =2 Hit RateE ZH= A o= EA = AT Fig. 9+
Reliability Diagram =41 237HE 2|3t 2 2 2 Fig. 9(c)2}
HAE FP 3 B ANO| 7P =2 58S Bl oH Fie
NN &l &8 o] 714 =7 et ROC A5 2K Fig. 10),
FIF 7= BNY] &40 5(Figs. 10(a) and 10(d))°] 7F =

A Vet w7 0] 739 NN O] ol &A4d-5(Fig. 10(h)°] 7H

C. Son et al. / Journal of Korea Water Resources Association 50(8) 563-577

39
ir
2

)
[
i oy

2 ko=
o Aw)=

nE skl

il

20 WF 3, v
715t of| & 50 2014 62 HEH A
A 6219] B 35 o] ekl 2 B
Pgv, Py, PavS ZVZE 0%, 0%, 100% 2 7Fg =] o] of| = 7343
FE2 SRt HFE o B gE= &8o et

Fig. 11220143 6 97E 201619 69714] 100%2 7
ZE @2 A8ct] @Ad 79 AT A BSAa(Figs.

2 me 4>

o Lok

e

=k

o]

Ho

o gl o2 BATeI) 11(a)~11(d)<t -SFH 79 A BS54 (Figs. 11(e)~
oF 74 O : _ _ e
TR R A 11(0)] Sll% 3 Bt Y A=T2H95%, 99%)& 787
ATto} AA P25 L 7H4ekS v wet 190 2 BaA)
. _ _ _ = = A Rl oT o= R a—T—1 =2
4.2 HR3] 3221708 2 5t25} o] = ZFA2E AFA - B
otk 1=eass g‘};;;; SO REUS WAL A0 At 2ol
] A A M5 HEAV|AHE BT AS s
EUTANAUL TG HEW NG DILAS 24 pyme sme) mgEn 50 A AL
S atgr|fo] AeFH o 2 of| & ks Ao 2 eS8 2]5} 71 9122 318} 4 g o v Ak 0 @ Fh=
— =) — = — — — 1
2014 2015 2016 s 2014 2015 2016
=
81 = Pesctonmemn (@)Jinju | " .. (b) Geochang
v | gx peediction CI - 5% prediction Ci
- prediction Cl 2 E BE% pradiction Cl
=37 -
£ 1 £zl
£g &
z 2 7
=9 = 8_
E i
) §/ W
RN L R R N
Time(Month) Time(Month)
8 g
T I T (¢)Hapcheon | T 7 geene | (d) Sancheong
i 954 pesdlicticn CI 4 5%, predietion C1
§ ] 99% prediction CI § 1 59% plediction C1
£ £g]
&g A &8l
A 4 4
51/ - 3f
I o e e e e e e e LI B 0 e o e o o 2 o e
8 1012 2 4 6 8 10 12 2 4 B 1012 2 4 6 B 10 12 2 4
Time(Month ) Time{Month)
=4 I ge?-;m.o:wal!‘ {el Geumsan §_- —:— gﬁe:::\o:\em (f] Muju
= 5% prediction ¢ i 95% prediction CI
S8 prediction CI - B9% peediction CI
Bsf 3
H 58
£ 2
i% e
§_

= Trrrrrrrrrrrrrerrrrrrrr
€ B8 W12 2 4 6 8 W12 2 4
Time{Menth)

]

Time(Maonth)
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Table 2. Statistical results comparing observed and simulated (ensemble mean under perfect forecast) monthly precipitation for two study
watersheds from June 2014 to June 2016

Dam Namgang Yongdam
Efficiency measure Jinju Geochang Hapcheon Sancheong Geumsan Muju
Mean absolute error (MAE, mm) 29.59 20.26 19.59 20.71 30.58 22.06
Root mean square error (RMSE, mm) 44.69 25.99 27.46 30.11 38.65 29.79
Coefficient of efficiency (CoE) 0.75 0.91 0.9 0.94 0.77 0.85
Index of agreement (loA) 0.95 0.98 0.98 0.99 0.94 0.96
Pearson Correlation coefficient (R) 0.93 0.96 0.96 0.98 0.89 0.93
Coefficient of determination (R?) 0.87 0.92 0.92 0.95 0.79 0.87
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Fig. 12. Observed and simulated (using actual forecast probabilities) time series of monthly precipitation with 95% and 99% confidence
intervals for two study watersheds (Namgang Dam: (a)~(d), Yongdam Dam: (e) and (f)) from June 2014 to June 2016
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Table 3. Statistical results comparing observed and simulated (ensemble mean using actual forecast probabilities) monthly precipitation for
two study watersheds from June 2014 to June 2016

Dam Namgang Yongdam
Efficiency measure Jinju Geochang Hapcheon Sancheong Geumsan Muju
Mean absolute error (MAE, mm) 68.90 59.46 58.73 70.12 64.07 57.10
Root mean square error (RMSE, mm) 95.99 77.62 75.95 97.99 89.07 77.67
Coefficient of efficiency (CoE) 0.13 0.36 0.40 0.31 0.07 0.20
Index of agreement (lo4) 0.76 0.81 0.83 0.83 0.71 0.72
Pearson Correlation coefficient (R) 0.60 0.69 0.71 0.71 0.53 0.59
Coefficient of determination (R?) 0.36 0.47 0.51 0.51 0.28 0.35
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