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Assessment of Climate Chanage Effect on Temperature and Drought in
Seoul : Based on the AR4 SRES A2 Senario
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Abstract

This study suggests the assessment technique for climate change effect on drought in Korea based on the AR4 SRES A2 sce-
nario reported in IPCC fourth assessment report in 2007. IPCC provides monthly outputs of 24 climate models through the
DDC. One of the models is BCM2 model which was developed at BCCR in Norway and NCEP data is used for downscaling.
The K-NN(K-Nearest Neighbor) and ANN(Artificial Neural Network) are selected as downscaling technique to downscale the
temperature and precipitation at Seoul station in Korea. K-NN could downscale both temperature and precipitation well. ANN
made a good result for temperature, but it gave a divergence result in precipitation. Finally, SPI of Seoul station is computed to
evaluate the effect of climate change on drought. BCM2 predicted that temperature will increase and drought severity will
increase because of the increased drought spell at Seoul station.

Keywords : climate change, K-NN, ANN, SPI, drought
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Table 1. IPCC DDC AR4 data

Symbol variable Unit
huss surface specific humidity kg/kg
orog surface altitude m

pr precipitable water kg/m*/sec
psl sea level pressure Pa
rsds surface downwelling shortwave radiation W/m?
sftlf land area fraction %

tas surface monthly average Tmean K

tasmax surface monthly average Tmax K

tasmin surface monthly average Tmin K
uas zonal surface wind speed (eastward wind speed) m/s
vas meridional surface wind speed (northward wind speed) m/s
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Fig. 2 Concept of feed-forward back-propagation
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Table 2. Classification

of moisture by SPI

SPI Moisture
more than 2.00 extremely wet
1.50~1.99 severe wet

1.00~1.49 wet
-0.99~0.99 normal
-1.49~-1.00 dry
-1.99~ -1.50 severe dry
less than -2.00 extremely dry
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Table 3. Correlation coefficient of NCEP and Seoul station data
NCEP
Tas Tmax Tmin huss uas vas Prec. water

Tot prec. 0.6021 0.5709 0.6365 0.7164 -0.4324 0.5935 0.7471

Seoul Tmin 0.9961 0.9922 0.9960 0.9578 -0.7516 0.8442 0.9366
Station Tmean 0.9972 0.9964 0.9924 0.9414 -0.7482 0.8477 0.9163
Tmax 0.9942 0.9966 0.9847 0.9211 -0.7415 0.8483 0.8925

¥NCEP data (monthly average Tmean, monthly average Tmax, monthly average Tmin, specific humidity, eastward wind speed,
northward wind speed, precipitable water)

¢ Seoul station data (monthly total precipitation, monthly average Tmin, monthly average Tmean, average Tmax)
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Fig. 4 Calibration and Validation result of ANN (Temperature)
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Fig. 6 Seoul station temperature by ANN (Temperature)

< RIS ©]E E3NA] Feed-forward back-propagation
Fej ] JAF2NEHolES o] 83iM ks Shsle vle
SHAIZE S-S RIS HhHe %9 7§, NCEPY
25RkE AR Blo] 7Y 2 ARE RoFioh A
2 ABIATE 09 oPR] BE JPIHSFE HEUS BH
T TS ARl ggele Aol o £ AdE R
P FRISHACE o 182 NCEPY] 254k AME3A
st A9 9 S AYE HolEr

A4 2 AE5AnE uEo g BCM2 239 AnE o)%
gt 20000014 209937HA12] AEAIR 0] REE G533
ok 7SRy A8H FA7HY A849S Frtel] st
o] 2000:1~2007371x19] AEE Wlwslt}, vl Ay} He
7} kAL e 2 o 4 den, oyd HeE By
3}7] $18kd Quantile mappingS F-83FFThZH 5).

o

- 186 —

Quantile mappingS E31] A|AF BCM2 o] <3
el L= gey} w)

Zbzbo]l L2 gptow d¥lg AR (Box plotyS &
A3 Az} o)) WA sl AAA S I
slaic. 53] 393 119elle 42t o3 Tt o dare
o] T 7FsAo] AXA S ¢ & Uk =3 7

7 ASE RS G 5 90P, ol B ATl A2 A
7gie}.

42 HBUYE 08E F271Y MU

HAIARE o131l AT LA LS o
Sgict. L] A9, ATUFYIES ol§she 759 v
WM AeARE 2wl GBS FE NCEP 7Vgis

Rt AE sk



=N w s
arage Tmean

- =

Menthly duerage Tmin
& a8

s

Morithly A

Monthly Average Tmax

1 2 I 4 & &

-

Monthiy dwerage Tmin
Marthly Average Trmean

=]

Meethly As arage Tmax

(o

s

Monthly Axerage Tmin
Morthly Awerage Tmean

w

_5 I |

Monihly Average Tmax

T

L, ﬂ

1 3 4 5 & T B8 8 W oM oW

(a) Tmin

1 2 3 4 &5 & T B 8% W 1M 12

(b)Tmean

T

3 4 5 6 7T B % W M 12

Fig. 7 Seoul station temperature by K-NN (Temperature)
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Fig. 8 Calibration and Validation result of K-NN (Precipitation)
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Fig. 9 Quantile mapping result for K-NN (Precipitation)
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Table 4. Statistical characteristic of observations and QM

data
Obseravation Quantile mapping
data data
maximum 1,014 866
minimum 2.1 3.0
average 120.9 120.3
standard deviation 173.8 153.7
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Table 5. Index of drought spell (all drought duration)

SPI(3) SPI(6) SPI(12)
Observation BCM2 Observation BCM2 Observation BCM2
(1961~2008) (2000~2099) (1961~2008) (2000~2099) (1961~2008) (2000~2099)
Number of Drought 49 89 38 70 22 42
Accumulate intensity -2.67 -2.63 -3.13 -3.44 -7.01 -7.02
Average intensity -1.39 -1.46 -135 -1.34 -1.34 -1.23
Maximum intensity -1.52 -1.60 -1.49 -1.48 -1.54 -1.34
Table 6. Index of drought spell (each drought duration) : SPI(3)
# of drought Accumulate intensity Average intensity Maximum intensity
Drought Duration| Observation BCM2 Observation BCM2 Observation BCM2 Observation BCM2
(Month) (1961~2008) [ (2000~2099) | (1961~2008) | (2000~2099) |  (1961~2008)  |(2000~2099) | (1961~2008) | (2000~2099)
1 29(59.2%) | 54(60.7%) -1.30 -1.43 -1.30 -1.43 -1.30 -1.43
2 10(20.4%) | 16(18.0%) -2.95 -2.86 -1.47 -1.43 -1.66 -1.63
3 5(10.2%) 10(11.2%) -4.45 -4.70 -1.48 -1.57 -1.76 -1.98
4 1(2.0%) 6(6.7%) -5.87 -6.52 -1.47 -1.63 -1.69 -2.07
5 3(6.2%) - -7.60 - -1.52 - -2.04 -
6 1(2.0%) 3(3.4%) -12.74 -8.46 -2.12 -1.41 -3.73 -2.10

Table 7. Index of drought spell (each drought duration) : SPI(6)

# of drought Accumulate intensity Average intensity Maximum intensity
Drought Duration| Observation BCM2 Observation BCM2 Observation BCM2 Observation BCM2
(Month) (1961~2008) | (2000~2099) | (1961~2008) | (2000~2099) | (1961~2008) | (2000~2099) | (1961~2008) | (2000~2099)

1 20(52.6%) 36(51.4%) -1.22 -1.29 -1.22 -1.29 -1.22 -1.29

2 9(23.7%) 16(22.9%) -2.62 -2.71 -1.31 -1.36 -1.40 -1.54

3 2(5.3%) 3(4.3%) -4.30 -4.24 -1.43 -1.41 -1.72 -1.77

4 4(10.5%) 4(5.7%) -7.20 -5.40 -1.80 -1.35 -2.37 -1.82

6 2(5.3%) 5(7.1%) -10.22 -8.79 -1.70 -1.46 -2.28 -1.60

7 1(2.6%) 3(4.3%) -13.21 -10.40 -1.89 -1.49 221 -1.70

9 - 2(2.9%) - -12.31 - -1.37 - -2.20

11 - 1(1.4%) - -16.65 - -1.51 - -2.02
29% H2BIE - 20094F 3H - 189 -



Table 8. Index of drought spell (each drought duration) : SPI(12)

# of drought Accumulate intensity Average intensity Maximum intensity
Drought Duration | Observation BCM2 Observation BCM2 Observation BCM2 Observation BCM2
(Month) (1961~2008) | (2000~2099) | (1961~2008) | (2000~2099) | (1961~2008) | (2000~2099) | (1961~2008) | (2000~2099)

1 9(41%) 19(45.2) -1.17 -1.10 -1.17 -1.10 -1.17 -1.10

2 5(22.8%) 3(7.1%) -2.64 -2.25 -1.32 -1.12 -1.38 -1.16

3 - 2(4.8%) - -3.09 - -1.03 - -1.06

4 1(4.5%) 2(4.8%) -5.58 -4.42 -1.39 -1.10 -1.70 -1.16

6 1(4.5%) 1(2.4%) -6.77 -12.38 -1.13 -2.06 -1.45 -2.27

7 1(4.5%) 1(2.4%) -12.4 -8.16 -1.77 -1.17 -2.02 -1.27

8 1(4.5%) 2(4.7%) -10.58 -9.03 -1.32 -1.13 -1.52 -1.23

10 - 1(2.4%) - -11.74 - -1.17 - -1.26

11 - 4(9.5%) - -17.59 - -1.60 - -2.02

12 4(18.2%) 4(9.5%) -23.79 -17.55 -1.72 -1.46 -2.50 -1.78

13 - 2(4.8%) - -18.90 - -1.45 - -1.68

17 - 1(2.4%) - -23.36 - -1.37 - -1.72

7hee] 54 7hpe] A%l deb LS 6~
£ 8). ERFFAFGS o18WH WA S, 15
g3 7VEe) A7) webd vl chershl Lk
RUe-e o ¢ Uk W] BEAGAS(OT HEAGAS
(12)9] A9l 7R Fol WS Thee) st @
Aol wIshA wlEel tha Foj=ut A&te] 1 Fhgel
WrFsel Z7Kl net GFele ol tisd A4

3 A Aol A5 = Qlrk

54 B
B AFoXNE 714H Akl A& #=A NCEPALE,

BCM2 A2 AJURIRE o83l Qleildwo|&d Hady

S o83l wg AR =9 HFE € TH=E o

39T}, B3 o]yt AvE nige g V1$HE} 71Ed

v|X= 7 7HES AL olF FaElM 4L FE

< ot Ak

1.IPCC DDCEXE] A|Z=E AR4 SRES 23S A3
o 2x7 4% e, AeAEAYY HTUHETE HE
o] 7FsdtRont 5] Agole HTdRT H8o] 7}
Skt

2. 483 MR L= HA Rl JeS ¢ 4
Ao, o= A2 AU s ARSRY] WER] oz A
ZFET), BEgh A7 wEba] dF AjolE Bl
11897} 399]] o a2y} odA]o] WAe 71s/do] 7
AA BE BRI

3. 5449 MR A% B 1,401 mmolA]
1,498 mmZ & ZolE HolX| Pgror} gl JIFS

vRE &, AL e Ao E s 3e ¢
2= 0)
TORAHT.

4, BCM2 A2 AlUE]ed] gsix AMeAdez =49 ¥
TS o83l BFFAGTE A% A, 25

Gy FFIFAG12004 21 ASARRE 7 7F
o] uhHITy} Zolela oS & 4 glon, o2 &

A vlgell= 7ol Hs ARl Aolgke A5S &

S

B Ao A= BCM2 A2 AlUE|RE o83l 7]15HE)
7} e 7HEol| mX|= 3ol tigh Hrpiks AASA
o}, A7 Al loj= AulFelglae oi7E 4= gtk
JufshA AR O R S 7R} FAh7HEC] 7
o] glom, ojulgt VTR FAUHE ALt o
2hA] At oia t2A vehd § 7] wiiEolnt. mebA
IUlel] A3t V1SR SA7HS Ashs Wl o
sk A7t dashH, o)t ATE HlEeE B Ao
AAE F7HE 283 thH g5y 2E e A9
AN 5 S Aoltt 53 i) BE 7P ARHS
oo s mEje] FFETATE APSEeEN 71Ssht
7he-e] b B3| mHe 9w Fre ¢ S Ao
2 A7

#Ae| 2
B e AAuSY 4 wE TR ] oS-

tHIx 7R3t Al o8 = 2005 HA71E7
HLEA1] (05-719H75:-D03-01 )1l &Jafl AL 51 et

I
o

fisE

ZARgs, WEAmEei2) 084, 1A% 24(2008) 7Re~E o83t
A FeALEY] Al Bl si=Xtelsts| =2E 3

Fa8ks], A4138, A9Z, pp. 959-967.

A3, F9YL(2005) *Je)-7F 28T} Nearest Neighbor HH
S B3 FEAAG o= B3I AT iEESSESE =2E,
IHEESLS], A259, A4BZE, pp. 275-283.

A2¥2(2005) 7|FHS}0]| ME R FEA U £Xjal ¥t
Lo}, vpApsRO) =R, QI3ltH Sl

A ARA, ARG AE852008) 71EHsE F39¢} -

D-F #-X0] v|X]= 4 W7}, s=5Xelsts| =23, S
AR A|417, A4Z, pp. 379-394.

N

N

ABE, ANF, AEF(1998) DVS LaEfEe o83 d #F
g o, thstEsets| =2y, NAESS], A8, A
R A i



11-63, pp. 563-570.

Faeh, F842004) FAFELTATY ARE B A8, g
AHsts =2, d=ARdsts], A37d, A7, pp. 553-
567.

Casdagli, M. (1992) Chaos and deterministic versus stochastic non-
linear modeling, Journal of the Royal Statistical society, Statis-
tics in society, Series B 54, pp. 303-324.

Casdagli, M. and Weigend, A. (1994) Exploring the Continuum
Between Deterministic and Stochastic Modelling, Forecasting
the Future and Understanding the Past, Eds. A.S. Weigned and
N.A. Gershenfeld, SFI Studies in the Sciences of Complexity,
Proc. Vol. XV, Addison-Wesley, pp. 993.

Dubrovsky, M., Svoboda, M. D., Tranka, M., Hayes, M.J., Wilhite,
D.A., Zalud, Z., and Hlavinka, P. (2008) Application of rela-
tive drought indice in assessing climate-change impacts on
drought conditions in Czechia. Theoretical and Applied Clima-
tology, in press.

Durman, C.F., Gregory, J.M., Hassell, D.C., Jones, R.G., and Mur-
phy, J.M. (2001) A comparison of extreme European daily pre-
cipitation simulated by a global and a regional climate model
for present and future climates. Quarterly Journal of the Royal
Meteorological Society, Royal Meteorological Society, Vol.
127, No. 573, pp. 1005-1015.

Fowler, H.J., Kilsby, C.G, and Stunell, J. (2007) Modeling the
impacts of projected future climate change on water resources
in north-west England. Hydrologic & Earth System Sciences,
EGU, Vol. 11, No. 3, pp. 1115-1126.

Guttman, N.B. (1999) Accepting the Standardized Precipitation
Index. Journal of the American Water Resources Association,
Vol. 35, No. 2, pp. 311-322.

Hamlet, A.F., Lettenmaier, D.P., and Snover, A. (2003) Climate
change streamflow scenarios for critical period water planning
studies:A technical methodology. Journal of Water Resources
Planning and Management, ASCE, in review.

Hashino, T., Bradley, A.A., and Schwartz, S.S. (2007) Evaluation of
bias-correction methods for ensemble streamflow volume fore-
casts. Hydrology and Earth System Science, EGU, Vol. 11, pp.
939-950.

Kim B.S., Kim H.S., Seoh B.H. and Kim, N.W. (2007) Impact of
climate change on water resources in Yongdam Dam Basin,
Korea. Stochastic Environmental Research and Risk Assess-
ment, Vol. 21, No. 4, pp. 355-373.

McKee, T.B., Doesken, N.J., and Kleist, J. (1993) The relationship
of drought frequency and duration to time scales. Preprints, 8t
Conference on Applied Climatology, 17-22 January, Anaheim,
California, pp. 179-184.

Olsson, J., Uvo, C. B., Jinno, K., Kawamura, A., Nishiyama, K.,
Koreeda, N., Nakashima, T., and Morita, O. (2004) Neural net-
works for rainfall forecasting by atmospheric downscaling.
Journal of hydrology Engineering, Vol. 9, No. 1, pp. 1-12.

Palmer, R., Wiley, M., and Kameenui, A. (2004) Will climate
change impact water supply and demand in the puget sound?,
Department of Civil and Environmental Engineering Univer-

#2048 HE2BIE - 20094 3H

sity of Washington, Seattle WA.

Panofsy, H.A. and Brire, GW. (1963) Some application of Statis-
tics to Meteorology, Pennsylvania State University, University
Park, Pennsylvania, pp. 224.

Rosenblatt, F. (1962) Principles of Neurodynamics. Spartan. New
York.

Rumelhart, D.E., Hinton, GE., and Williams, R.J. (1986) Learning
internal representation by error propagation. in Rumlhart, D.E.,
McClelland, J. (Eds), Parallel Data Processing, MIT Press, Vol.
1, pp. 318-362.

Semenov, M.A. and Barrow, E.M. (2002) LARS-WG : A Stochas-
tic Weather Generator for use in climate impact studies, Vol.
30.

Shivam, T. (2004) Downscaling of genral circulation models to
assess the impact of climate change on rainfall of indian, ME
Dissertation, Indian Institute of science, Bangalore, India.

Sivakumar, B., Sorooshian, S., Gupta, H.V., and Gao, X. (2001) A
chaotic approach to rainfall disaggregation. Water Resources
Research, AGU, Vol. 37, No. 1, pp. 61-72.

Solecki, W.D. and Oliveri, C. (2004) Downscaling climate change
scenarios in an urban land use change models. Journal of envi-
ronmental management, Vol. 72, No. 1-2, pp. 105-115.

Srinivas, V.V,, Srinivasan, K. (2005) Matched block bootstrap for
resampling multiseason hydrologic time series. Hydrological
Process, Vol. 19, Issue 18, pp. 3659-3682.

Stehlik, Jiri and Bérdossy, Andras. (2002) Multivariate stochastic
downscaling model for generating daily precipitation series
based on atmospheric circulation. Journal of hydrology, Vol.
256, No. 1-2, pp. 120-141.

Tatli, H., Dalfes, H.N., and Mentes, S. (2004) A statistical down-
scaling method for monthly total precipitation over Tutkey.
International journal of climatology, Royal Meteorological
Society, Vol. 24, No. 2, pp. 161-180.

Tripathia, S., Srinivasa, V.V., and Nanjundiahb, R.S. (2006) Down-
scaling of precipitation for climate change scenarios: A sup-
port vector machine approach. Journal of Hydrology, Vol. 330,
Issues 3-4, pp. 621-640.

Wetterhall, F., Halldin, S., and Xu, C.Y. (2005) Statistical precipita-
tion downscaling in central Sweden with the analogue method.
Journal of Hydrology, Vol. 306, No. 14, pp. 174-190.

Wilby, R.L. and Dawson, C.W. (2007) SDSM 4.2 : A decision sup-
port tool for the assessment of regional climate change impacts
Vol. 4.2.

Wood, A.W., Leung, L.R., Sridhar. V., and Lettenmaier, D.P. (2004)
Hydrologic implications of dynamical and statistical approaches to
downscaling climate model outputs. Climatic Change, Vol. 62,
Issue 1-3, pp. 189-216.

Zhang, X.C. (2007) A comparison of explicit and implicit spatial
downscaling of GCM output for soil erosion and crop produc-
tion assessments. Climatic change, Vol. 84, No. 3-4, pp. 337-
363.

AL 2009.1.20AAFD: 2009.2.24/ XS Y 2009.3.5)

- 191 -



