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Analysis of Hydrological Impact Using Climate Change Scenarios and the
CA-Markov Technique on Soyanggang—dam Watershed

SlE A/ AYE e FT YA
Lim, Hyuk Jin / Kwon, Hyung Joong / Bae, Deg Hyo / Kim, Seong Joon

Abstract

The objective of this study was to analyze the changes in the hydrological environment in
Soyanggang—-dam watershed due to climate change results (in years 2050 and 2100) which were
simulated using CCCma CGCMZ2 based on SRES A2 and B2. The SRES A2 and B2 were used to
estimate NDVI values for selected land use using the relation of NDVI-Temperature using linear
regression of observed data (in years 1998~2002). Land use change based on SRES A2 and B2 was
estimated every 5- and 10-year period using the CA-Markov technique based on the 1985, 1990, 1995
and 2000 land cover map classified by Landsat TM satellite images. As a result, the trend in land use
change in each land class was reflected. When land use changes in years 2050 and 2100 were
simulated using the CA-Markov method, the forest class area declined while the urban, bareground
and grassland classes increased. When simulation was done further for future scenarios, the transition
change converged and no increasing trend was reflected. The impact assessment of evapotranspiration
was conducted by comparing the observed data with the computed results based on three cases
supposition scenarios of meteorological data (temperature, global radiation and wind speed) using the
FAO Penman-Monteith method. The results showed that the runoff was reduced by about 509%
compared with the present hydrologic condition when each SRES and periods were compared. If
there was no land use change, the runoff would decline further to about 3—~5%.

keywords : SLURP, GCMs (Generation Climate Models), CA (Cellular automata), Markov—Chain,
Evapotranspiration
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Fig. 1. Flowchart of Study Procedure
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Fig. 5. Meteorological Data Based on SRES A2, B2

Table 1. Summary of Mode! Calibration and Mean Parameters

Z
e

Description

Urban

Grass~
land

Bare-

ground Forest

Paddy

Upland

Initial contents of snow store(mm)

39.8

99.2 66.4 33.1 147.0

92.0

Init. contents of slow store (% of max)

29.3

56.1 40.6 56.4 335

61.6

Maximum infiltration rate (mm/day)

121.9

91.9 66.3 69.3 93.3

1187

Manning roughness, n

0.0

0.0 0.0 0.1 0.0

0.1

Retention constant for fast store

17.3

24.0 17.3 295 173

1.0

Maximum capacity for fast store(mm)

2049

224.0 470.0 314.8 2383

94.0

Retention constant for slow store

40,247.7

41,284.3 | 49,4233 | 77,323.3 | 47,746.7

75,276.7

Maximum capacity for slow store(mm)

67,253.3

40,581.7 | 53,2933 | 33,556.7 | 43,700.0

53,280.0

O || N[O W]+~

Precipitation factor

15

1.0 13 1.0 13

1.3

—
o

Rain/snow division temperature (C)

0.0

0.0 0.0 0.0 0.0

0.0

304
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Fig. 6. Comparison Simulated Result with Observed Streamflow in 1998yr (Verification)

Table 2. Comparison Simulated Results with Observed Discharge

Observation Simulation Statistical summary
Relative . WM
year P(mm) | Q(mm) | P(mm) | Q(mm) | QR(%) |[ET(mm)| error Coef_fJC}ent Nas}} .O Note
(mm) variation Sutcliffe ratio
2001 {1,090.0| 5379 | 9120 | 4823 44.25 4775 -1.03 3.56 0.62 -0.10 A\
2000 [1,282.0] 7000 |1,124.0| 710.8 55.44 486.6 1.55 2.87 0.77 0.02 C
1999 |1,778.01 1,139.0 11,453.0| 1,125.0 | 63.27 420.9 -1.27 412 0.61 -0.01 C
1998 |1,770.01 1,093.0 |11,493.0| 1,038.0 | 58.65 456.2 -5.04 2.02 0.72 -0.05 C

note) P: Precipitation, Q: Streamflow, QR: Ratio of sim. Q/obs. P, V: verification, C: calibration, ET: Evapotransipiration
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Fig. 7. Comparison SRES Simulated Result with Observed Streamflow Using 2000yr Land cover
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Table 3. Comparison Simulated Results with Observed Discharge about SRES

Description Simulation
year P(mm) %dggi;e)d Relat% mg (%) QR(%) ET(mm)
Obs. 2000 1,282.0 1,124.0 700.0 54.60 486.6
2050_C 794.8 671.1 380.4(45.66) 47.91 338.6
A2 2050_L 794.8 665.0 352.4(49.66) 44.34 3114
2100_C 1,159.0 976.8 559.1(20.13) 48.24 3354
2100_L 1,159.0 970.7 525.0(25.00) 45.30 306.7
2050_C 904.7 764.7 398.7(43.04) 44.07 382.1
B2 2050_L 904.7 757.8 383.2(45.26) 42.36 331.3
2100_C 716.6 642.0 353.8((49.46) 49.37 339.3
2100_L 716.6 638.0 328.7(53.04) 45.87 310.2
note) P . Precipitation, Q@ : Runoff, QR @ Runoff rate, ET '@ Evapotranspiration, C @ predicted land cover map using

CA-Markov, L: simulated using present 2000yr land cover map

A FEH A AYE 2 YRiEE B2 AvEL
o] 7§, 2060 210009 Aol A SHlA
HaEeE AE Yl itk CA-Markov A7)
sYsitta 7HgEaS W, 2050
dat 21009 A2, B2 AuEle B AZ CA-
T3 2050, 21000 d8] EX|o]-&H
F7l des & F

¥

ST, ol EA o] e BFEFAAe Fl0] 71
[e]

—

Aom B & otk
EAol§ g nalsA W A, A2sh B2 A
© WF 42014 64 Afole] §EF WPt Fry

A7 dehtn Qe o el BE RG] 9

A% glo] §He) o] wdd ZAom melzn

SLURPS} 7% Zulimfes 49 99 3718

S U A FERYOR B4 9o} AT U

o} melshl Hizd] 71 sl wetk A BEvleel

-~
N
N
N
3
>
L
&
b
N
o
Ry
J] h
;
L
ek
;
s
oft

%7}

FAO Penman-Monteith &332 7142 A< 7]
2, AL, & Sl b 2o geks W) uel
Al B AT A= 3] =
Fekal ZgAlvEl e 2o
[¢)

ekl UW“
o

<l
&

>

=

= C:} =S
FHE T AAE A gas FAA ANToRA

#3948 HouE 20065 5H

P35 7| sk wpe T
A Siek. 2tzke) 7149l
(o] thake] 1%, 3%, 5% Z7H&
2]} HFig. 8). SLURP Fw 2%

AxFor Wstel FRIFE B

tlo

&

o ot
;Mo
tlo

1o

o

o

=

E
mlo
2 o

L
=3
>
>
ofl
o X
il

o W
R
>
)
ftlo 1~

o fr o
i

5 9?\—% 7% Case_B¥ 3%, Case C¥ 5% Z713t9&

S-olt}, 2000%2194 kol div|ste] o Har]e
o] AL, 579 71 EEAe] AFT 713"
A Case_C9] 5%9] 27188 BY u HAZ ?l 7]
1624C2 ¢ 6CHE F7IsIet oluje Fuibake]
Ak 103.365%2 oF F wirter %‘?e“&%“’] 7t
st ez Yeda td. vRIAE Case A,
Case B7} 424 < 1T, 3CAHE Asslivte & == )
o ol& vlEje] Idxzde]l AR vv|g AolE

At m A7 oA REEE A H3E AEE
AtE A& YERa 9l

Iy} FAO Penman—Monteith F34h
F, 712E AL 7|8 )AL AT, T45)E
Arch @3] FWAEo] 7“\5]—‘:— A7 e
O‘Jr ‘34_1/\]2_ o dsiM=

J om

463



45Tk EA o

) %%ﬁﬂ%gi 2050%1,
¥3 FAO Penman-—

TSl 7 Be kg on) v]2g AL 2z} B3yt SR ] vl gFde
B9 A 1 g2 vrlsh B3|, F& AR ol& Sl 2 FEATS
A FHitr|2e] 23537)S A AAEA 7] S AMgEle] 20509, 2100 EXEEE ®2oslgo
23} UAPRFe] dAsoiH FEe g 5719 & o, 2
= AAMNAM FEATT BT 5719 € NDVIE AMES
E&3to] CGCMRA med
5 2% X 42 21002 NDVIE 43,
CGCM2 th7]-3k 2 Em s e Monteith &2k AR

A& CCCma

=
© ()
Sl IPCC SRES Alfele A2, B2¥ 2¥ 2604, & B F
21009 7152 wolsle] s~ w g

30

25 1

Streamflow{cms)
> ]

o

(a)

10

Streamflow(cms)

& o]§ate] 714EHFH(0)
12HE AHgER] HdA e 2
7Ve .

AR 'r'r"r'”'rr w“ o LA

N 2000_Rainfall —2000yr Obs.
"""" 2000yr_TCASE A —&— 2000yr_TCASE B

—— 2000yr_TCASE C

Comparison mean temperature scenarios simulated

Mar. May. Jul. Sep.
Date

evapotranspiration

e

I 2000_Rainfall
....... 2000yr_SCASE A —=&—2000yr_SCASE B
—— 2000yr_SCASE C

eI

2000yr Obs.

o0

T

Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct.
Date

Nov.

Rainfall(mm)

results with observed

80

120

Rainfall{mm)

180

240

(b) Comparison sun hour scenarios simulated results with observed evapotranspiration

Fig. 8. Results of Simulated Evapotranspiration Scenarios Using FAO Penman-Monteith{continued)
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Table 4. Summary of Simulated Evapotranspiration Scenarios

Rainfall Runoff Ev?g)ézinsp Statistical summary
Peseription | o /Sim. | Obs/Sim. | g | RVE | Coefficient | Nash- | wMO
(mm) {mm) (mm) variation Sutcliffe ratio
Base | 2000yr 11215;%1(2; 7701%%/ 4866 155 287 0.77 0.02
TCase_A 1{%%% 75%%%/ (fgzg) -1.63 2.87 0.66 ~0.16
ngp' TCase_B 1120%23(2)/ 1%02%/ (22.77'; 296 2.87 054 ~0.30
TCase_C 1120%23(2)/ 10101%/ (f(fg?%) 412 287 0.39 ~04L
SCase_A 1120%2300/ oo ST R IE 2.87 0.69 -0.09
(Sglrr)l SCase_B 112087%%/ 7603019// (‘_12(.)43) 975 2.87 0.69 ~0.10
SCase_C 11%%23%/ 2(’2%2/ (flgig) -1.02 287 0.69 ~0.10
WCase_A 112()%%%/ oo SR 2,87 068 -0.12
“(],i/gd WCase B 11’,20%23‘%/ 7(5()1%%/ (‘fgflg'g) -1.22 287 0.68 -0.12
WCase C 11%8723% froyd oo | oo 2.87 0.60 -0.00
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