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ABSTRACT

Over the last few decades, meteorological and climatological predictions using
weather and climate models have been improving steadily. In contrast, sub—seasonal
forecasts, which are between weather and climate models, have revealed a gap
in the construction of seamless numerical forecasting systems. Climate data
produced mainly by the APEC Climate Center (APCC) is seasonally forecasted
monthly data with a lead-time of one to six months. It cannot be used directly
in hydrological or other application fields because of its low spatial and temporal
resolution. In the meteorological / climatic field, efforts are being made to increase
the predictability of the weather and the availability climate data by extending
seasonal forecast data to the sub—seasonal time scale, from two weeks to two
months. As the result, the Subseasonal-to-Seasonal (S2S) project conducted jointly
by the World Weather Research Program and the World Climate Research Program
of the World Meteorological Organization was begun in 2013.

In this study, we evaluated the accuracy of S2S forecast data, which has increased
in importance recently given the interest in seamless weather and climate forecast
data, and evaluated its applicability to disaster areas, especially in river flood risk
assessment. To evaluate the accuracy of the S2S forecast data, the Namgang dam
basin was selected as the study area and the grid rainfall data corresponding to
the eight rainfall stations in the area were extracted in 40 and 7 day intervals. The
prediction accuracy of the S2S forecast data was evaluated by direct comparison
with the rainfall data observed at the eight stations. Analysis using the RMSE and
the coefficient of determination (R2) were performed to evaluate the prediction



accuracy of the S2S rainfall forecast data. To test the possibility of improving accuracy
of this data, a study was conducted using the S2S rainfall forecast data for the
Korean peninsula to predict the precipitation at Namgang Dam Rainfall Observation

Station using the machine learning technique known as multilayer perceptron.

In addition, time series data for fluctuations in river water elevation in the Nam
River dam were predicted using the Long Short-Term model (LSTM) technique,
which is effective for applying machine learning to time series data, to evaluate
the river flood risk using S2S prediction data. To evaluate the feasibility of estimating
fluctuations in river water elevation using S2S prediction data, three variables were
estimated using the LSTM method: 1) the river water elevation using only water
elevation; 2) river water elevation using only daily precipitation data; and 3) changes
in river level using daily composite (river water and precipitation) data.

The result of the study shows that if the LSTM model is constructed using the
S2S prediction data and river water elevation, the risk of flooding can be understood
in terms of disaster preparedness. However, the R2 value was very low from the
2nd day due to limitations in the predictability of rainfall within the S2S forecast
data itself. Therefore, it is necessary to develop methods to improve the accuracy
of the S2S forecast data for extension to areas such as agriculture, water resources,

and energy.
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Figure 1. Forecast skill among weather, sub—seasonal and seasonal forecasts (source:
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Figure 1. Forecast skill among weather, sub-seasonal and seasonal forecasts (source: https://iri.columbia.
edu/news/ga-subseasonal-prediction-project/)
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Table 2. Introduction of ECMWF S2S data

Center Forecast Forecast Forecast Hindcast Hindcast Hindcast
Frequency | Time range | Ens. Size Frequency Ens. Size length
2/week . 2/week

FOMAFE 1 (von,Thyy | 0746 days o1 (Mon, Thu) 1 past 20 years

Table 3. Initialization date of hindcast for 2017 forecasting

Month Date
01 02, 09, 16, 23, 30
02 06, 13, 20, 27
03 06, 13, 20, 27
04 03, 10, 17, 24
05 01, 08, 15, 22, 29
06 05, 12, 19, 26
07 03, 10, 17, 24, 31
08 07, 14, 21, 28
09 04, 11, 18, 25
10 02, 09, 16, 23, 30
11 06, 13, 20, 27
12 04, 11, 18, 25
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Figure 2. Basin map of Namgang Dam
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Table 4. Attribute of water elevation observation in Nagang Dam basin

B FPis 1

Station Name Latitude Longitude Classification
Hamyang 35-30-49 127-43-53 Local 1th stream
Macheon 35-24-07 127-40-58 Local 2th stream
Imcheon 35-27-52 127-47-28 Local 2th stream
Sancheong 35-25-05 127-53-28 National stream
Qisong 35-20-15 127-56-24 National stream
Samga 35-24-50 128-07-03 Local 2th stream
Shinan 35-19-12 127-59-45 Local 2th stream

Changchon 35-10-43 127-55-13 Local 2th stream

Table 5. Attribute of rainfall observation in Nagang Dam basin

Station Name Latitude Longitude Classification
Aneui 34-37-40 127-48-56 Local 1th stream
Ayoung 35-31-40 127-36-57 Local 1th stream
Chahwang 35-29-30 127-55-56 Local 1th stream
Changcheon 35-10-43 127-55-13 Local 1th stream
Cheongam 35-12-04 127-50-37 Local 1th stream
Goopyeong 35-33-16 127-51-44 Local 1th stream
Hamyang 35-30-49 127-43-53 Local 1th stream
Imcheon 35-27-52 127-47-28 Local 1th stream
Macheon 35-24-07 127-40-58 Local 1th stream
Samga 35-24-50 128-07-03 Local 1th stream
Samjang 35-18-53 127-47-11 Local 1th stream
Sanael 35-20-49 127-32-46 Local 1th stream
Sancheong 35-25-05 127-53-28 National stream
Seoha 35-38-15 127-40-53 Local 1th stream
Shicheon 35-17-03 127-43-26 Local 1th stream
Shinan 35-19-12 127-59-45 Local 1th stream
Shindeung 35-24-32 127-59-28 Local 1th stream
Sookok 35-14-08 127-55-42 Local 1th stream
Taesoo 35-16-12 127-53-34 Local 1th stream
\Woonbong 35-26-53 127-33-49 Local 1th stream
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Figure 3. Simple Neural Network vs. Deep Neural Network
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Table 6. Type of machine learning

Type Technique

" Perceptron * Regression

SL * Classification )
: . * Forecasting
* Diagnosis
* Self Organizing Map(SOM) * Dimension reduction
uL * Grouping * Feature extraction
* Density estimation * K-means

ssL . Elas&ﬁcanon * Forecasting
* Regression

* Trial&error . .
RL « Reward function Dynamic programming
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A HEE O & A9 SR BRI i 449 dee Addr(Hard
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A5} e dY 4S9 S &Y 4SS R Holols SrEHA AZAIT O] F3to]
43 E dodx] TRE ARt drFR] 443} o] SFE= Sigmoid 3,
ReLU%<:, Softmax 5 5ol Ut

2.3.2.1 Sigmoid &4

Sigmoid &= 4] (DE B9l & 4 Stk
 1+4exp(—z) W

oA71A, x= LEZHE AR ZFE oJulshH Figure 4914+ Sigmoid <9
FEHE YeR 2 9t} Sigmoid3rs LEZHE J2zh(x)S Aghtol 03} 1410]9]
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235 LSTM

Deep-Learning(®lsl @819)< 7|AIeE2] stt=4# 7147l S(Hidden layer)<
A 9Eo] g 7AE 285k 7 39 TSRS 240t doke @
S9ste 7R ouitth wEbA W84 QuioMe "ed Hue ASAEw
(Artificial Neural Network”}, ANN)o|2} k= Aol & A&sit}. Q1534178 gt
&5+2 Recurrent Neural Network(e]5t RNN)> A|AIE dlo|g A 2jo] £l darg]
59| 7Fssitt. 18U AAIE A B4 UEtdle Akm o] #AZE | A5 dlS/do] vt
A= AS HolH, Hochreiter and Schmidhuber(1997)+= ©]#3t RNN9] #7]9]&
d BAIE sfidstz] s LSTM 71" AlRFstAT:. Figure 6olA= LSTM 7189 7id
L5 HolFal gtk LSTMZ o8 7119 AlolE(gate)7t 01U Alcel)= 4=,
AlolE= A AHl Ko B AolE #3F B, o9, 99 Al S/=E F2EH LSTM
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Figure 6. Long Short-Term Memory, LSTM
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2.3.6 Keras
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Table 7. Model summary
Index | Prediction Target Input data Method
1 Observed rainfall S2S Multilayer Perceptron
2 Observed water elevation
3 Observed rainfall
Observed water
4 elevation 528 LSTM
5 Observed water elevation & rainfall
6 Observed water elevation & S2S
Mete ot di
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Table 8. Predictability comparison of observation vs. S2S (cont.)

Rainfall obs. 40day interval 7day interval

station RMSE R? RMSE R?
Anedui 11.02 -0.104 10.21 0.05632
Ayoung 12.95 0.0137 11.66 0.199
Chahwang 12.28 0.0232 1.1 0.1998
Changcheon 13.69 0.0403 12.50 0.1993
Cheongam 17.31 0.0379 15.98 0.1806
Goopyeong 11.32 0.0031 10.06 0.2122
Hamyang 11.43 0.0055 1016 0.2149
Imcheon 12.50 0.0261 11.39 0.1906
Macheon 14.34 0.0313 13.22 0.1768
Samga 12.12 0.0119 10.84 0.2101
Samjang 20.30 0.0263 19.06 0.1414




A2 GEN=E OIZ3 27

S FVis i

Table 8. Predictability comparison of observation vs. S2S

Rainfall obs. 40day interval 7day interval
station RMSE R? RMSE R?
Sanae1 15.95 0.0209 14.72 0.1659
Sancheong 15.11 0.0266 14.06 0.1575
Seoha 11.80 0.0139 10.35 0.2417
Shicheon 21.55 0.0189 20.29 0.1305
Shinan 12.90 0.0327 11.63 0.2129
Shindeung 12.83 0.0310 11.62 0.2043
Sookok 14.01 0.0377 12.75 0.2037
Taesoo 15.58 0.0318 14.29 0.1852
Woonbong 12.31 -0.0011 11.05 0.1930
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Table 9. Predictability comparison of observation vs. machine learmning result of S2S (cont.)

Rainfall obs. 40day interval 7day interval
station RMSE R? RMSE R
Anedui 10.56 0.0063 11.62 -0.2034
Ayoung 12.62 -0.0236 11.44 0.1581
Chahwang 11.92 -0.0343 12.26 -0.0937
Changcheon 15.29 -0.0014 13.44 0.2270
Cheongam 19.73 -0.1294 16.68 0.1924
Goopyeong 11.38 -0.0364 10.24 0.1615
Hamyang 12.01 -0.0494 11.08 0.1071
Imcheon 12.13 -0.0299 11.36 0.0975
Macheon 15.74 -0.0580 14.07 0.1545




20 | AHL (SRS 0185 S0 WP IS Y

Table 9. Predictability comparison of observation vs. machine learning result of S2S

Rainfall obs. 40day interval 7day interval

station RMSE R? RMSE R?
Samga 13.76 -0.0114 11.95 0.2377
Samjang 20.20 -0.0415 19.53 0.0352
Sanae1 15.25 -0.0646 15.09 -0.0382
Sancheong 14.28 -0.1148 14.29 -0.1162
Seoha 11.52 0.0103 10.87 0.1195
Shicheon 20.15 -0.0204 22.08 -0.2260
Shinan 14.51 -0.0411 12.53 0.2230
Shindeung 15.18 -0.0388 13.63 0.1743
Sookok 16.11 -0.0147 14.63 0.1630
Taesoo 17.99 -0.0569 15.65 0.1993
Woonbong 12.58 -0.0565 11.65 0.0958
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Table 10. Predictability of predicted water elevation using houly water elevation data

Wiater Gauge R?

Station Thour | 2hour | 3hour | 4hour | 5hour | 6hour | 12 hour
Hamyang 0.9860 0.9655 0.9434 0.9077 0.8715 0.8313 0.6950
Macheon 0.9901 0.9618 0.9295 0.8937 0.7917 0.8063 0.6258
Imcheon 0.9756 0.9339 0.8944 0.9498 0.7913 0.7747 0.5614

Sancheong 0.9823 0.939% 0.9129 0.8811 0.8245 0.7872 0.3735

Qisong 0.9762 0.9478 0.9093 0.8474 0.7807 0.8315 0.6472

Samga 0.9841 0.9656 0.9360 0.9061 0.8810 0.8495 0.6900

Shinan 0.9895 0.9726 0.9415 0.9171 0.8349 0.8170 0.6839

Changchon 0.9640 0.9686 0.9272 0.8962 0.8662 0.8213 0.6296
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Figure 7. Variation of coefficient of determination (hourly water elevation case)
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Table 11. Predictability of predicted water elevation using daily water elevation data

Water Gauge R’

Station 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Hamyang 0.5780 0.4058 0.3103 0.2119 0.1369 0.067 0.0070
Macheon 0.5359 0.3523 0.2596 0.1845 0.1351 0.0274 0.0736
Imcheon 0.5852 0.3274 0.2296 0.1358 0.1465 0.0592 0.1037

Sancheong 0.5482 0.2490 0.2037 0.0780 0.0350 -0.1374 | -0.1969

Qisong 0.6068 0.3831 0.2627 01754 0.1075 0.0492 0.0792

Samga 0.4500 0.1972 0.1881 0.1540 0.1175 0.0915 0.0519

Shinan 0.5436 0.1800 0.1763 0.0989 0.0432 -0.0340 0.0071

Changchon 0.6023 0.3301 0.1920 0.1229 0.1463 0.1219 0.0502
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Figure 8. Variation of coefficient of determination (daily water elevation case)
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Table 12. Predictability of predicted water elevation using daily observed rainfall data

Water Gauge R?

Station 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Hamyang 0.1935 0.03% | -02637 @ -03740 | -0.3332 | -0.6895 | -0.3623
Macheon 02398 | -0.0003 | -0.0658 | -0.1969 | -0.3990 | -0.1525 | -0.2824
Imcheon 0.4991 02077 | -0.0591 | -0.1290 | -0.1676 | -0.0477 | -0.1162

Sancheong 02554 | -0.0520 | -05167 | -0.3641 | -0.5567 | -0.6452 | -0.9909

Qisong 0.6083 0.2422 0.0593 | -0.0831 | -0.1678 | -0.0822 | -0.3873

Samga 0.5327 0.0675 | -0.0738 | 03101 | -0.1738 | -0.2742 | -0.2071

Shinan 05225 | -0.0132 | -0.1598 | -0.2841 | -0.1412 | -0.1713 | -0.1350

Changchon 0.6298 0.2125 00177 | -0.1126 | -0.1927 | -0.2656 | -0.1118

Table 12014 & &= 31520l & 9] ¥ FA=E o8 sk =9 523 Al



A2Y GEN=E OIE% 2t F/Vis Y

9] 9] HokE o] 83ste] ISt sk 9Rk= Sl Histe] Aidom Y2 aE
o] SIS HAFUT 1€ $9] 5P dlS0] R? 0.6(91F +HHSa)0lA
0.24("Fd = 9lEE2)2 HAE HolFlen oS AdfAte] dojd
Aoz Sojte Aoz e o 24 o|FREHE v, 1HY, At edsa
A R? gl 29 #2 HEilen APAIRE 49 e e FedEaolA Rl
=9 w2 HERIAH.

J

Figure 9014 418 A7kl uhE /i 912540 R? gh EAISIh I0IA
B 4 o] AWARE 19 8 G, 2%, AE ARk BE 591 24| R? 2050
A 0.6 4508 UeRton Fok b, 4H 591 B2 REEE 02914 025452
HolZolth, E3F 29 o]F F23] of&Ao] WolA 0 ol5}e] g HolFl SeuSL
= uPgelich ol E3ke] HBHES WolAli olf H4AtRo] AAY st} s
Aole] ApA} ul$- W7] TSl Aow Wtk 2, Y Golo] 49| wsjo]
GEFL TN Y ZRARIO] BT ofstoly] uhe] A Be] 74t ] 4915}
Aolo] BAZ §331717} olele Aow Wtk

I

ol &3t &G TS AAE H]J—Jll‘} Appendix
1T Appendix C-2-8~C-2-140] HE3tqch

F7140R SgE RUg
gEE

C-2-1~C-2-79]
1.00
® Changchon
0.75 ® Hamyang
Imcheon
: ® Macheon
0.50 A » Oisong
» Samga
0.25 A 3 » Sancheong
» Shinan
‘@ 0.00 3 k
> [ > M
> [ J E p »
~0.25 - ) B » °
® . [
—0.50 1
[ ]
—0.75 4
-1.00 T T T T T T T
0 1 2 3 4 5 6 7 8

Lead time(Day)

Figure 9. Variation of coefficient of determination (observed rainfall case)
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Table 13. Predictability of predicted water elevation using S2S data (40day interval)

Water Gauge R?

Station 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Hamyang -03294 | -03185 | -0.7979 | -0.6580 | -0.7874 | -0.6527 | -1.1009
Macheon -0.1703 | -0.2101 0.2933 -0.2594 | -0.1083 | -0.2944 | -0.5576
Imcheon -0.1471 | -0.1898 | -0.3803 | -0.3128 | -04143 | -0.4550 | -0.6003

Sancheong -08124 | -0.7209 | -0.7791 | -09292 | -0.7918 | -0.9978 | -0.6660

Qisong -0.1957 | -0.3513 | -0.2487 | -0.0285 | -0.3449 | -0.6527 | -0.3281

Samga -0.1682 | -0.2031 | -0.2352 | -0.3710 | -0.3284 | -0.2944 | -0.2441

Shinan -05541 | -0.3670 | -0.6099 | -0.3692 | -0.7918 | -0.5643 | -0.6480

Changchon -0.1958 | -0.7127 | -0.4140 | -0.2303 | -0.5970 | -0.4534 | -0.3851
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Figure 10. Variation of coefficient of determination (S25(40 day interval case))
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Table 14. Predictability of predicted water elevation using S2S data (7day interval)

Wiater Gauge R?

Station 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Hamyang -09324 | -06786 | -05479 | -03774 | -05720 | -0.6989 | -0.6749
Macheon -0.2966 | -0.2567 | -0.3557 | -0.1660 | -0.1416 | -0.4048 | -0.6705
Imcheon -0.0029 0.0528 -0.0702 0.0198 -0.0697 | -0.08%4 | -0.2519

Sancheong -03713 | -0.3075 | -05385 | -0.3638 | -0.1964 | -0.4764 | -0.4090

Qisong -0.0384 | -0.0187 | -0.0310 | -0.0195 0.0641 -0.1082 | -0.1669

Samga 0.0486 0.0123 0.0049 -0.0553 | -0.0398 | -0.1708 | -0.1081

Shinan 0.0278 0.0666 -0.0660 0.0453 0.0313 -0.09%6 | -0.1375

Changchon -0.5149 0.0031 -0.0155 0.0387 0.0439 -0.0158 | -0.3239
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Figure 11. Variation of coefficient of determination (S2S(7 day interval case))
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Table 15. Predictability of predicted water elevation using observed rainfall and water elevation data

Water Gauge R?

Station 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Hamyang 05789 | 00825 | -0.0139 | -03543 | 00002 | -0.2810 | -0.5264
Macheon 06074 | 01730 | -0.1136 | -0.8971 & -0.3684 | -0.1112 | -0.4034
Imcheon 06330 | 0238 | 01112 | -00799 @ -0.1324 | -0.0340 | -0.1326

Sancheong 04240 | 02254 | 00367 | -04281 | -0.3500 | -0.2979 | -0.6610

Oisong 05278 | 02383 | 01831 | 00954 | -0.1610 | -0.1764 | -0.1058

Samga 05612 | 0.1814 | 00813 | -0.0055 @ -0.6428 | -0.1496 | -0.1469

Shinan 06724 | 00570 & -00809 @ -0.1128 @ -0.1651 | -0.3904 | -0.3151

Changchon 05558 | 0.2398 | -0.2463 | 00769 | 01544 | 002227 | -0.1434
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Figure 12. Variation of coefficient of determination (observed rainfall and water elevation data)
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Table 16. Predictability of predicted water elevation using S2S (40day interval) and water elevation data

Water Gauge R?

Station 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Hamyang 0.3603 -0.0022 | -02535 | -0.1435 | 09714 | -04349 | -0.2362
Macheon 0.2854 -0.2962 0.0344 -0.1032 | -0.3177 | -0.5304 0.0067
Imcheon 0.4242 -0.0268 | -0.1023 | -0.1961 | -0.3935 | -0.3639 0.0099

Sancheong 0.3017 0.0968 0.0680 -04731 | -02106 | -0.3805 | -0.3650

Qisong 0.3918 -0.1383 | -05830 | -0.0084 | -0.3117 | -0.3951 | -0.1983

Samga 0.1685 0.0714 -0.2184 | -0.0707 | -0.1583 | -0.3804 | -0.1216

Shinan 0.1180 -0.0843 | -0.1705 0.1979 -0.3821 | -0.7788 | -0.2499

Changchon 0.2067 -0.6767 | -0.0400 | -0.1813 | -0.8851 | -0.3017 | -0.4041
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Figure 13. Variation of coefficient of determination (S2S(40day interval) and water elevation data)
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Table 17. Predictability of predicted water elevation using S2S (7day interval) and water elevation data

Wiater Gauge R?

Station 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Hamyang 0.4455 0.0783 | -0.3240 | -0.2877 | -0.1644 | -0.8657 | -0.1165
Macheon 0.3656 0.2338 -0.1823 | -0.4313 0.0864 -0.5045 | -0.4193
Imcheon 0.3765 0.2422 0.0982 -0.1075 0.1522 0.0102 -0.0810

Sancheong 0.2961 0.1176 0.0083 0.0014 0.0436 -0.3386 | -0.2936

Qisong 0.4065 0.1678 0.0333 -0.1493 0.0921 0.0752 -0.0425

Samga 0.3610 0.2245 0.0101 0.2401 0.1530 -0.1192 | -0.1800

Shinan 0.2399 0.1098 -0.0621 0.1990 0.0501 -0.1041 | -0.0823

Changchon 0.1198 0.1868 0.017 0.1303 0.1620 0.0428 -0.0881
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Figure 14. Variation of coefficient of determination (S2S(7day interval) and water elevation data)
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