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Climate Change Impacts on Meteorological Drought and Flood

o s E/HASH /7 H AN
Lee, Dong Ryul / Kim, Ung Tae / Yoo, Chulsang

Abstract

Recent increase of green house gases may increase the frequency of meteorological extremes. In
this study, using the index and meteorological data generated by the Markov chain model under the
condition of GCM predictions, the possible width of variability of flood and drought occurrences were
predicted. As results, we could find that the frequency of both floods and droughts would be
increased to make the water resources planning and management more difficult. Thus, it is
recommended to include the effect of climate change on water resources in the related policy making.
Keywords . Green house goses, GCM, Markov chain, random generation, index, drought, flood, water

resources
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1. M2 ¥ o7ty

AR Age] F71E AN BrFe LA
w7h F7kse] A7 Lyl mhe obrle] waje] Wl
Wal A3 qdek. Bh7lEe €O, ke HAun 1 F

7h&EE7E weEp 3 glo] olof diulgk dlAulge] Al
she} o) 3 Uit gi7) 5] 247 A S 2
A AT 2337} dEs AL ohy] Wi A A
A7} AR AHES AAFIY 2A7Fx0 WYL
cRA o2 rAaAIAHCE & Aol mgAlHY CO,
Zholl w2 7153l B3 AT 23] AEEa
oy #Holl= GCM(General Circulation Model)<
£t 7|F &S AlEsta gled 07]F COo, o 4
o] F/VEFE e} HEo] WIS HAT Aol
ajl ol X ul A o] tHRind, 1993; Rowntree, 1993). &1}
ol A% 1994~1996119] 713} 1995, 1996, 1998, 1999
el 34 5 AT SV @4 Bao] olx|m g}
(F=A27)|EAFY, 2000). & M ek S9
Q1 7 E o] LASte Ao AFw #Aele] e
oE¥S FI AE Aot E HZ A AL B
E 5 99 7R A wiol HaA ‘54 A s
9 BE Aol B2 ofEgo] At FF Fad Al
g 2 Aels AP E e ¥ Rk
e} B2 W Brh ge #ale] I
At ol#d AZE A FAde AYy} #
A FARGE dA 2 va e lojA] e
FAH e MEAdS Feotete Ao] 1 Fasith
ol B Ao vHAEe] 7|FdEHE g
7129 GCM(General Circulation Model) 235 o] &
o] st 71 BeoAsln JHEY B8 AHA
3] el ¢ Qv AFE At megade] 7hEE
T MEATS defgozEn A FAge A
2 Azlol F83 HRE ATz} o
713?— ke g3 nEA ] At Ve § 4F
<71dAE S dFE FE GCME olgdted)
GCM-J TR BN =943 7P 2 Az
ajg} Joldt AAE T o] Uwkyolr} wmepA]
ATl FALE 2 olE GCM Ao Hix|, F

2 %2 ol

# 1. IPCC2o| 7|sH

dxdei= 7y

a4, ada HARAE 134?3 o2 wYA e A
¢} 71 283 7HE 2 BSE dEske AFEY ¥
TP &S AXFeRMN Zh GCM o AHte| Aol
S BT

2. GCM AlLig|2 %
2.1 GCM Alvtzl2o 23

71593} Ay & IPCC(Intergovernmental Panel
on Climate Change, 1990)° 98} #¢tdal Azl &
7V e AveleE AlvEle CE 98A ok &
& AFedslel gk G Frishs o] AlvE Qo
DABHE Ao| durd o]y gk 600 d Fof| o]iteleta
o Fx7F dAl9] F Wil CO, el o] Ao
FAHA ok & AlYEed FASH R olakalet
48] FEIF A F it He AL I8 F glon
ogk 1 A7 ARV Hev) gre] thE Bolr)

w3 CO, e dSole dwd oz GCMo| o] &
ok 28y GCM2 7| $Hsiahd Aol lojA] g1k
T E=TE o, 53 $EARYW ATl dojM=
2R 7] FA4HE EP I lt} (Lettenmaier$} Sheer,
191). AA, GCM9] 373814 = 24 E4, o= GCM
S ARgR=ve] B4 aEl3 A, ZF 7] ERge]

TEAI=2| 22| By

2 wolgzte) A% Fol7k o} Atk Aot ¥
TolA slEe] HNEES ez sud A7AT
olgste] F9el A% Mg, e Ay W

o

Hred st

5 CO, deHle 713dse RYshy] dsiAe
GCME of-&stojo} dl=d] =#87|=ATU(199)
A= 5719 GCM(GFDL-R30, CCC, GISS, UKMO<}
GFDL) Zojd o] At # 29} o] ghtre] <
7w W3E FAsI e, wig COo, o wE A%
FHL oF 5~+13 %, ¥ T = -30~+70 %] WH3le
S AABE T TS, AFAA(1993)2 E 33 o] HlF
CO, o M ghitze] A 7|2 H4 +27 C, &
o +47 T A5 435 AL ol A
GCMZA# e} AA #ZSAEE tadd 498 o83
Z>(downscaling) 7| H 2.8 42 Ao|c}

151 AlLl2| 2

AlvEe B MR EE AgkadR 9 A2 1g oA ZEF, AEET
AL C A7FeRE oA 4 dAs e FH QLA F7)
AL e D AY7Fse U] 2 dgg A%k (21417] H¥k7)
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. GCMH & aEf CO, ot HiE CO, &2l &2k Hatg

1 1.10 0.70 1.00 1.00 1.00 0.96 0.70 1.10
2 1.10 0.60 1.10 1.10 0.90 0.96 0.60 1.10
3 1.00 0.90 1.10 0.80 1.10 0.98 0.80 1.10
4 1.10 1.00 1.20 1.30 0.90 1.10 0.90 1.30
5 1.00 1.00 1.40 0.80 1.20 1.08 0.80 1.40
6 0.90 1.20 0.70 0.80 0.80 0.88 0.70 1.20
7 1.00 1.20 0.90 1.50 1.10 1.14 0.90 1.50
8 1.20 1.00 1.20 0.80 1.00 1.04 0.80 1.20
9 1.70 1.50 1.20 1.20 0.90 1.30 0.90 1.70
10 1.20 1.40 1.00 0.90 0.80 1.06 0.80 1.40
11 1.20 0.70 0.90 0.90 1.00 0.94 0.70 1.20
12 1.30 0.70 1.20 1.10 1.00 1.06 0.70 1.30
il 1.13 1.04 1.06 0.99 0.94 1.03 0.94 1.13

I 3. GCMY &aE] CO, 2 HiE CO, Aol 7|2 HEKT)

2 4.2 3.5 4.3 4.8 42 35 438
=2 45 35 44 3.6 4.0 3.5 45
7+ 3.7 3.0 49 43 40 3.0 49
A& 3.1 2.7 47 4.7 3.8 2.7 4.7
kil 3.9 3.2 4.6 43 4.0 3.2 4.6

w dTelAz & 29 & 39 wiF CO, FeEle} At 20 EBXIRo| Do| Al
alg% ol-galyom, ¥ 49 o] oy 7k GCMAH

i g R 2R weMAS Ao AT Bro T
o WFHGCM-AVG), #H23(GCM-LOW) % »M;] e
_ 2] 2Dzlg RolE ZaF 5 i
((xC,M HIGH)°ll E]:]o]'oq T _X}kr_ _ TQEOPOJL soro] WES-S wlolsle] WaE welsk B ol olz}
BOBASE] e wHAG vagel wEss Do ST e & ae
o 2 B £ QnE slgon wdl 3 P o R & ST, Al
AR, f;{fﬂ A BT a0 wae 2ugz aes oked 2eTet
(HIST)SFE] vl alsheled o) aeAE wedsel melua SAKAAL o
S8, 2000 ALTET, N0,

B 4 GCM AlLtE[2e] 4F

BASE dele] CO, eiZb &5 100d St & /A
GCM-AVG. 1% CO, il GCM-LOW S GCM-HIGH Aue]e.e] i
GCM-LOW Wl CO, 4elel GCM Aluele F 71 @& & 7 A4
GCM-HIGH HlZ CO, 4Elel GCM AUle & 71 =2 #s 7He 3%
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1 0.6 3.9 -11 -14 2.2 12

2 0.6 14 1.0 0.3 34 2.1

3 0.0 4.0 6.0 5.2 74 59

4 116 11.1 125 11.9 12.6 11.7

5 16.8 16.6 17.8 172 16.8 16.6

6 20.0 21.1 219 216 20.0 20.7

7 23.8 246 255 256 23.8 24.7

3 244 254 26.0 26.0 25.5 26.1

9 197 203 207 20.7 21.7 219

10 14.5 13.7 14.6 14.2 16.7 16.3
11 3.7 6.2 7.9 7.8 10.9 10.1
12 2.6 -09 1.6 16 5.0 4.1
AGT 12.3 114 12.9 126 13.8 134
FEERE 9.0 105 9.7 9.8 8.1 8.9
WAl 0.73 0.92 0.75 0.78 0.59 0.66

1 56.8 224 198 30.8 35.0 357

2 63.4 232 26.3 36.1 413 403

3 69.0 46.8 453 576 784 54.0

4 737 783 724 86.5 135.8 89.3

5 73.6 90.9 725 88.8 140.6 90.2

6 116.2 1429 1328 152.1 209.5 150.5

7 222.1 366.1 2159 285.2 267.8 197.4

8 2285 2687 176.2 2435 1935 165.5

9 189.8 1419 1374 1436 179.3 1309

10 95.2 495 422 56.5 65.6 529

11 77.1 46.4 34.1 51.6 51.8 476

12 50.2 26.3 196 344 30.1 356

Hat 109.6 108.6 829 105.6 119.1 90.8

FEAA 65.5 107.9 66.6 84.6 799 56.7

WA 0.60 0.99 0.80 0.80 0.67 0.62

Agat 13154 | 13032 9945 | 1,2668 | 14288 | 1,090.1
o2 AREE L T 7HEAGE] F R 10071417 i
3. 7IEXIs+ dl 2k Akt ool D AR S} figjal 28]
3.1 FPEx| 0] ME o Gol ol F gloerm HH gz MR
Aol Fasirh & dAtelxle 713 Aaes il
THeE 7148 ThE, arehd ThE, AT E A A S A W glo] BEoksSAlEY) Sejd o s N YT 7))
W e BA] wheh Aefshiz Wigo] thad olgE shHql MRSl Bl HFF PamertEAEASE

sk Wy R L Al ohdsioh @A dAAA A skect.
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3.2 Palmer Drought Severity Index(PDSI)

Palmer 7}1&41%=X]4~(PDSI : Palmer Drought Se-
verity Index) 717%48H4 7Hao] A42A4 d450) 7]
&2 o2 Q3K Climatically Appropriate For Existing
Conditions, CAFEC) %3 B373Fe 7zt
2 A€k PDSIE Akt A% dEais s 9,
A 71 2 3 EdrE#Available Water
Content, AWC) 224 wul-¢- Zhdslt). Teu, PDSIE
7] Az Abde] Tk Y e R &
Aek gz ZAEdakEE(Potential Evapotranspora—
tion, PE), gtk (Potentail Recharge, PR), A5
ZZ(Potential Runoff, PRO), ¥ #Als=22F (Potential
Loss, PL)S E4A AR (water balance accoun—
ting modeDE o83t FEsfof FrHIAH, 1995
olFE, 1998). A wulolA F3d¥ PDSI gk A
T SHIEI9%5), © 5 E1998), 7/4T1(1999), FA38]
(2000) & thr7} 9lem of7lel= PDSI AHA Aol =}
ABl A= o] Ut

¥ 82 Palmer(19%65)o] 23] AAHE 7tad SFE
U&= PDSIS] o] tH Johnes, 1984).

E* 8. PDSI &F/

o A3} TUE olgdgen ol olgsiel fEu
9

9zt XIFe| PDSI &E4Y

A= X; = 0.939+Xi-1 + Z/84.427
A& X; = 0.846+X;-1 + Z/61.533
o X; = 0.858*X;-1 + Z/76.506
A X; = 0.872xX;-1 + Z/66.386
ik Xi = 0.857+Xi-1 + Z/62.671
BE¥X Xi = 0.861*Xi-1 + Zi/72.473

3.3 TA PDSI9 €I}t

F 9ollM e} o] PDSI gto] -1 o3ty wf gk 71E
(Mild Drought)o] =& 7} 2|d¥a 4% ojde] PDSI
£ o]-g3te] (PDSI <-DS AJEl7t 3709 o] A&%d 4
o= st MRl ZBAEkT 1004 9F o] 7h

o] FFe oF -314E, HE JEAREY] FAS @
233 ALtE e ol A

ojt}y, 7Hg A&7|7He AFHER Apo]7t YA
3ME A= 3d 7h7ke] A& E Qe Hdt
AL A&Ee o2 Jehyth 2 4

7F -1o18kel ezt 370 ol A&E 7|he THEe
g} ®Bgtox 2 PDSI9 #vt V)&l w)

2@ e 7

AN
Mo
ngl
iv)

N

2
gaQl wwE 98 AA AR Agrel e sHEr|n
Blad A7 670 4ol Wit 32 %l 7HE

o
=
7Re ARk A ¢ 4 don dRdz B o

+E 1044 -3.23 -2.37 127 118 71 51 367
A 1092 -2.88 -2.17 132 9 52 30 309
=i 1080 -3.20 -2.18 136 127 47 32 342
Ny 960 -3.08 -2.31 83 78 56 41 258
Ly 1140 -3.21 -2.28 135 161 75 48 419
EEa 1116 -2.96 -2.19 140 126 73 41 380
B 1072 -3.09 -2.25 126 118 62 40 346
320 BEAERBERLE



e e | 43 | 31 17 | 10 | 100
7k o 40 | 37 | 14 9 100
. é e 32 | 30 | 22 16 | 100
v KAt 32 | 38 18 11 100
i 37 | 33 | 19 | 11 | 100
et 36 34 18 12 100
A 12 11 7 5 35
b g 12 9 5 3 28
7‘1 g | 13 | 12 | 4 3 32
ﬂf A 9 8 6 4 27
' HAL 12 14 7 4 37
By 13| 1 7 4 34
- ki 12| u 6 4 32
13, 2 XN SeAEY 2hMH|E(%)

530 35 18 17 100

e Mg | 36 26 13 25 100
Jpr | B 46 24 14 16 100
] f i 43 26 13 18 100
TR | 33 29 19 19 100
wy | 37 33 16 14 100

Ayt 38 29 16 18 100
S 8 9 5 5 27

B ik 7 5 2 5 19
7]‘7} ot 12 6 4 4 26
7]; AE 7 4 2 3 17
Tl R 8 7 4 5 24
B 9 8 4 3 24

Hit 9 7 4 4 24

F59) A9 PDSIZL 101491 A9 oFg &-844go]
B2 oleigk Fei7t 3/ o) A&HE B8 shiel

=
F7IRbel} A Aska X 129 2] 7 v ®
AR E 12014 & %ol F2 O F&I B
G *PEM we HFe xRS = SRR
L o

134 el WA AREFINNE 71E
o]

el AHjr 17P 32 %Eb} ”% Fxjoln] -FLieh=
F5at 7 Ag7iel o 2
4. AlLI2|2¥ Zo|zn « 1Et
41 ALY +=2Xl5 2o|Z3|

AUg Qo] wE 7eeake] molata A= ¥ 149
S AHEy BASE AluE] 29

L =A p %]:
A A BEgEG ozt A Rl o A
EASHe vag 4 Adsa 9o & 5 Aok o

>
L
o
to
e
o
1o
iih)
,
il
H
-
—O,-‘i
)

of o] GCM-HIGH Alvtg]eo] %9 °F 400 mmel
%7h GCM-LOW AJuvg] 2.9 45- oF e
aglal GCM-AVG. AluE 9] 44 oF 50 mme] F
748 B ol BASE AUl s vEow 7hz)
+4 9%, -9 %, 1831 +32 %¢] Walgol A3l o

g o) GCM-AVG.9} GCM-HIGH Alv#] e+
9] 71—"3&0] ]_xl— u}o] %7].3} L].

SEvete] A4S 9d ake] o)t Alste

159} Ze] BASE Avhe] ool digh Aldd ke
R HLEMJO*E} GCM-HIGH Alu&]9.9] 4% =&
zmmw GCM-LOW *Mal&ﬂ
z

=

&

o 40
A& 1092 4.43 2.86 74 54 26 50 204
=i 1080 3.64 2.44 130 69 39 44 282
e 960 3.74 2.66 70 42 22 30 164
HAk 1140 3.82 2.61 91 81 51 52 275
53 1116 3.87 2.63 101 88 42 39 270
At 1072 3.85 261 551 433 231 263 1478
IV W49 20047 4H 321



I 14, AL

Y UAtrol mojehd Aulmm)

BASE 50.8|64.1|78.1|64.7 | 73.1 |112.2|217.4|206.0|194.9| 99.4 | 73.4{48.3|1282.4 | 62.3 {0.50
7+ | GCM-AVG. |57.2|586|67.4|675 | 65.1 |121.8|247.1(247.1|221.3|111.0|67.7 | 53513853 | 77.4 | 0.67
S | GCM-LOW |50.4 (436|624 | 695 | 72.8 | 94.8 |205.21201.7|186.7| 99.4 | 52.6 |39.6 { 1178.7| 62.9 | 0.64
GCM-HIGH |62.9|67.0|68.2|83.4 | 85.6 |135.6|319.3|256.1|356.5(149.6| 68.0 | 67.1 [ 1719.3|106.8{0.75
BASE 18.9(19.8 (544 | 75.1 | 91.1 {134.6|367.3|276.1|152.1| 56.2 | 51.7 [ 30.2 | 13275 |108.7| 0.9
A | GCM-AVG. [194(21.2|463|78.3 | 98.4 |139.8(402.3|261.7|161.9| 59.6 |57.4 | 27.2 | 1373.5{114.9| 1.00
< | GCM-LOW [19.1(21.9]46.8| 649 | 76.8 [121.9/365.8|230.8]1434| 49.1 [43.0 | 28.7 | 1212.2[103.7| 1.03
GCM-HIGH [19.7]215(52.4| 86.6 |116.7|177.2|606.7|332.5(236.5| 71.9 | 52.2 | 28.6 | 18025 [172.9| 1.15
BASE 21.4(32.7|51.8| 732 | 685 [135.7|229.4|184.0|152.3| 33.5 | 30,5 | 16.6 [ 1029.6 | 71.6 | 0.83
b | GCM-AVG. [249|276|455|782 | 71.7 [119.9(239.8(188.2(188.1| 382 | 28.3117.4|1067.8 | 76.8 | 0.86
T | GCM-LOW {15.3]25.31499|72.1 | 646 |115.0(189.7|173.9(145.4| 30.1 | 249|150 921.2 | 635 |0.83
GCM-HIGH |22.9]34.0|44.8|86.4 | 91.6 |171.7|328.4(202.6|257.9| 50.3 | 34.2 | 16.7 | 13415 [103.8{ 0.93
" BASE 30.0|36.3|55.5| 825 | 85.7 [148.4[300.9(246.9(140.4| 55.2 |55.4|34.7|1271.9 | 88.0 | 0.83
A | GCM-AVG. [30.0]31.9|515(90.7 | 825 [140.0|309.9|265.7|167.6| 52.0 | 54.3 | 28.8|1304.9 | 94.6 | 0.87
T | GCM-LOW |275|29.9]44.1|81.6 | 73.2 |118.1]270.9(222.9]138.8| 484 | 44.3|31.0{1130.7 | 80.1 |0.85
GCM-HIGH |31.2]36.9|51.0| 96.6 {112.8|175.5|412.5|265.5|2265| 58.7 | 53.2|38.2 | 1558.6 | 118.7| 0.91
BASE 34.4 425 |82.3(130.3|135.0(194.2|293.2|197.1|196.1 | 49.7 | 405 | 27.0 | 1422.3 | 865 |0.73
B | GCM-AVG. |33.8(439]|79.1|141.8|1485|174.8|269.1|204.0|227.6| 46.6 |42.1 | 28.5|1439.8 | 85.2 | 0.71
| GCM-LOW |29.8]336(73.2|135.8|114.5(162.9|252.9|188.6|204.7| 434 |36.2|19.4|1295.0 | 80.2 | 0.74
GCM-HIGH |31.6]41.8|81.2|165.7]192.8|244.8|447.1|225.1 |341.6] 55.2 | 52.0 | 28.4 | 1907.3 | 136.4| 0.86
BASE 35.744.2|51.9( 80.9 | 78.2 |141.6|204.1153.1|139.7| 52.4 | 49.0 | 38.3 | 1069.1 | 56.1 | 0.63
= | GCM-AVG. [352]39.9]46.7|982 | 85.8 [138.9]200.2(187.1|152.9| 60.3 |435|33.4(1122.1| 61.4 | 0.66
X | GCM-LOW [31.5[33.7[49.0 | 832 | 76.8 [110.8]184.8(136.6(140.8| 44.4 | 415|30.5| 9686 | 51.8 | 0.64
GCM-HIGH |32.6|41.0|53.6|115.8|117.8{191.1|293.2|203.7|256.7| 62.9 |52.9(39.1 | 1460.4 | 92.1 | 0.76
E 15. BASE AlLl2l20l Cheh A= Zbrf HEe(%)
2
GOMLAVG. 45 15.0 3.3 -0.2 2.8 -5.3 55 35
7hs 8.8 73 17.7 9.1 10.5 6.5 10.0
& 37 -16 -11 | -102 2.2 -89 -2
& 52 | -146 | -36 | -111 | -69 1.4 -6.7
35 | -63 -76 | -128 | -121 | -11.7 | -134 | -107
GCM-LOW
7F 1 -79 -94 | -74 -78 -0.7 -6.0 -6.5
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