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Analysis of Hydrological Impact for Long-Term Land Cover Change

Using the WMS HEC-1 Model in the Upstream Watershed of Pyeongtaek
Gauging Station of Anseong—cheon
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Abstract

The purpose of this study is to evaluate the hydrological impact due to temporal land cover
change by gradual urbanization of upstream watershed of Pyeongtaek gauging station of
Anseong-cheon. WMS HEC-1 was adopted, and DEM with 200x200m resolution and hydrologic
soil group from 1:50,000 soil map were prepared. Land covers of 1986, 1990, 1994 and 1999
Landsat TM images were classified by maximum likelihood method. The watershed showed a
trend that forest & paddy areas decreased and urban/residential area gradually increased for
the period of 14 years. The model was calibrated at 2 locations (Pyeongtaek and Gongdo) by
comparing observed with simulated discharge results for 5 summer storm events from 1998 to
2001. The watershed average CN values varied from 61.7 to 62.3 for the 4 selected years. To
identify the impact of streamflow by temporal area change of a target land use, a simple
evaluation method that the CN values of areas except the target land use are unified as one
representative CN value was suggested. By applying the method, watershed average CN value
was affected in the order of paddy, forest and urban/residential, respectively.
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Fig. 1 Anseong—cheon watershed

Table 1. Summary of 5 selected rainstorm characteristics

Th1esse.n avearge Rainfall duration Max. rainfall intensity
Storm events rainfall
(hr) (mm/hr)

(mm)
1998/8/08 - 1998/8/13 206.6 32 31.0
1999/8/02 - 1999/8/05 238.3 44 23.8
2000/8/23 - 2000/9/06 344.0 263 315
2000/9/12 - 2000/9/24 209.0 96 104
2001/7/29 - 2001/8/04 103.8 124 18.8
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Fig. 2. Classification results of land cover for 4 selected years (1986, 1990, 1994, 1999)
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Table 2. Summary of land cover changes of 7 items for 4 selected years
(1986, 1990, 1994, 1999)

Area (ki) Ratio of Area (%)

ftems 1986 1990 1994 1999 1986 1990 1994 1999
1. Forest 274.6 255.3 251.0 246.2 46.3 431 424 415
2. Paddy field 157.3 149.1 141.9 1336 26.5 252 239 225
3. Upland crop / Orchard  69.6 781 789 78.0 11.7 13.3 13.3 13.2
4. Urban / Residential 19.8 426 44.1 55.2 33 7.2 74 9.3
5. Grassland 53.5 55.5 56.2 60.2 9.0 9.4 95 10.2
6. Bare field 11.0 15 13.2 14.1 19 0.3 22 24
7. Water 6.8 9.9 7.3 5.3 1.1 1.7 1.2 0.9

Total 592.6 592.6 592.6 592.6 100.0 100.0 100.0 100.0

Table 3. Accuracy assessment using error matrix and Kappa coefficient

Date Overall accuraby (%) Kappa coefficient
April 15, 1986 98.58 0.98
April 10, 1990 89.45 0.87
April 5, 1994 98.78 0.98
April 19, 1999 92.08 0.90
Average 94,72 0.93
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Table 4. Comparison of statistical data and land cover classification results for
Anseong administration boundary

) Area (km) Ratio of Area(%)
Land cover item
1986 1990 1994 1999 1986 1990 1994 1999
_____ Statistics 301.2 298.7 296.7 294.0 545 54.0 535 531
Forest This study 250.6 289.3 285.2 256.2 453 52.3 51.6 46.3
Abs. error 50.6 94 115 37.8 9.2 1.7 19 6.8
Statistics 127.6 1278 125.8 123.0 23.1 23.1 22.7 22.2
Paddy field This study 137.6 121.3 118.8 99.5 24.9 21.9 215 18.0
Abs. error 10.0 6.5 7.0 235 1.8 1.2 1.2 4.2
Statistics 64.5 62.9 60.3 58.4 11.7 114 10.9 10.5
Upland crop /= iy 924 636 689 50.8 16.7 115 125 9.2
Orchard .
Abs. error 279 0.7 8.6 76 5.0 0.1 1.6 1.3
Statistics 227 25.3 20.4 34.0 4.1 4.6 5.3 6.1
Urban / T - T e
. . This study 245 28.8 305 44.1 4.4 5.2 55 3.0
Residential oo
Abs. error 18 35 1.1 10.1 0.3 0.6 0.2 19
Statistics 552.8 552.9 553.1 554.2 100 100 100 100
Total area : - e
This study 553.4 553.4 553.4 553.4 100 100 100 100
A Geme Ue YR B 2ol At & oA 99em], AYXee gor A4 F
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Fig. 3. DEM and stream network of
the study watershed

614

9l xdde] BFAeE URE EFEe
BoAE AEon AFHA oW Landsat TM A
A AEE(30m) 2 AT =Alele] Ao AkAs) o
E ure] o] AR olfoxlx] k| diEee
gk

LEGEND

SOIL GROUP
1A
B
R c
|

[ Watershed
Boundary

10 Kilometers

Fig. 4. Soil map by hydrologic
soil group A, B, C, D.

BEAERPEANE



25 GISXlz9 %

DEM2 <A He] NGIS 1:5000 FAA=25-
B AgEE glolejel T111(FFA), T114(AISAD),
TA7(ER), 7311343 FE3tz ARC/INFO
E o]&3l] Coverage, TIN(Triangulated irregular
network), Lattice®83& AA Ax+2 200me]
DEM& Adsilct dbdfael 9723419t shdde
Garbrecht 5(1997)0] M4 WMSuWie] TOPAZ
(TOpagraphic PArameteriZation) ZZ718-& ALE
3le] DEM ", 389%% sE&74% 44943
S AA WA Fig. 3). BEYEE 5084 &
FEaolla AEs 11 50,000 NHFEFEE o]§3}]
Fig. 48} ko] 4884 EoHA: v vi¥s, B:
v AR E Covlg oiHE B D vl opg
3 BEhom pEsle] 2dsili, WMSe] dExks
2 AMES] 98] 200%200m AAE7IZ ARk

O A 54 EAlel8dE 7iedsE A

@ 7185 B EAOl (=S o2 EHHY
Ayt A= 67 FEe] EAold)el uist
o CN& 2[(1)o] 93] F3lct o= 54 EXoj&
25 A3 B} EX|o]§IEE) i3 Z7ke] CN&
hle] E CNoZ HEAl7|e HA ot

o ol o

[t

o]

PaddyOutsideAverageCN

_ > (PaddyQutside Areax PaddyQutsdeCN)
PaddyOutddeArea

~

FI6ER A% 20034 8H

= (Forest AreaxForestCN) + (UplandA reaxUplandCN)

+ (UrbanAreaxUrbanCN) + -

Forest Area + UplandArea + UrbanArea + -+
o))

® HeimTE NG 4 (208} o) 2] CN
AR g =9 Aol dE ONge® Pale] T

stA #Hrk
BasinAverageCN =
(PaddyAreaxPaddyCN)
+ (PaddyOQutsideTotal Areax PaddyOutside A verageCN)
TotalArea

2)

3.1 2ol By o RolEF M 2

wgo] 484 AR Skl HHE 3 54
ASAE ol3lel Hel R B Aol BolF A
A, BEEY Aush nusiel LA ohpas
@ Fgsiink ¥ mel WA ol e

SCS A AAZKlag time), Muskingum 3SF=F5F
Aol &kl AFAG Kotk 7FAlSs xolth

59 7+-$abto] 1998~2001d9] Helol glome
1999\de] EXIERE o]g3ld T AMC-II &3
oAe] SCS-CN#He Fmads AF-SA(WS1)ol
579, T%=9 FHgEAlo)e] FH(WS2)2 680,
gAA 2] CNE2 6172 AL31th Table 5= 7
AApiEs A9 oS g 2y HA9E %
23 Aolv), Fig. 5% F Z$AMHK1998, 1999)°] o
lo] Fme} JHEAHMY §F EeXot BSAE
Hlagk 1Rdofrt. AAARES 79 &dFelAl
AAH 2] FIH21,41Tm)S B
2]

0

[¢]

kingum AFEFHK) 2 7FeARx)= 42 H97 1.3
T 042 2A=52erm Nash-Sutcliffe (1970) =3
ESS 63.0% - 965%°] HAE 2YTE Fig. 5014
1999 7=p34 BBl 9z dglogE GoduiA )
225%% AAERs =9 794 gd5ie] wE Afs
B A R BmE Ee Al o

= £ Zlew Hudch ExuE

AEFEOl T dHFL

615



Table 5. Summary of model calibration and its parameters

Parameters Peak zrunoff Total runoff Peak .
Storm Raintall (my/s) (mm) runoff  Nash-Sutcliffe
event Station (mm) AMC Lag & relative  Model eff.
ag Wme g % Obs. Sim. Obs. Sim. error (%)
(hr) fo)
(%)

1998/8/08 GD 1962 80 634 7067 967 1052 33 95.3
m 30 02

1998/8/13  PT 2066 47 1183 11937 1303 1263 09 9.5

1999/8/02 GD 2282 78 557 5627 1145 967 1.0 94.3
i 1.0 02

1999/8/05  pT 2383 76 1000 10163 1488 1110 16 89.1

2000/8/23 GD 3313 89 510 5469 1576 1800 7.2 72.0
i 05 05

2000/9/06  PT 3440 30 1289 12382 3038 2294 39 85.8

2000/9/12 GD 2116 I 9.2 0 0s 209 2086 1081 843 02 86.1

2000/9/24  PT 2090 2.0 ’ T 454 4545 1675 1129 01 86.4

2001/7/29 GD 104.2 - 75 10 05 153 1555 335 302 16 63.0

2001/8/04  PT 1038 47 ’ T 453 4572 603 496 09 935

GD 2143 83 4226 4361 1021 993 27 82.1
Mean oo 1.3 04

PT 2414 4.4 8758 8720 1621 1258 15 90.3
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Fig. 5. Comparison of simulated result with observed data
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Table 6. SCS-CN (AMC-1l) values adopted in this study

Items Soil group
A B C D
1. Forest 25 55 70 77
2. Paddy field 78 78 78 78
3. Upland crop / Orchard 51 67 76 80
4, Urban / Residential 57 72 81 86
5. Grassland 6 35 70 79
6. Bare field 39 61 74 80
7. Water 100 100 100 100
Table 7. Comparison of 8/02/1998-8/13/1998 storm runoff by applying each land
cover data for 4 selected years
Year Vygt:;fﬂle)d Average CN Peak runoff (mY/s) Total runoff (mm)
WS1{Gongdo) 59.0 4724 76.6
1986 WS2(Pyeongtaek) 66.5 480.6 1204
Total 61.8 920.9 92.9
WS1(Gongdo) 584 456.5 7.1
1990 WS2(Pyeongtaek) 68.3 524.8 126.0
Total 62.1 931.8 94.1
WS1(Gongdo) 59.0 4746 76.8
1994 WS2(Pyeongtaek) 67.8 5135 1245
Total 62.3 944.2 94.6
~ WS1(Gongdo) 579 4443 738
1999 WS2(Pyeongtaek) 68.0 5189 125.2
Total 61.7 9115 %0
Table 8. CN contribution ratio of each land cover items for WS1 and WS2
WS1(Gongdo) WS2(Pyeongtaek)
ftems 1986 1990 1994 1999 1986 1990 1994 1999
1. Forest 0.46 0.44 043 043 0.25 0.17 0.18 0.17
2. Paddy field 0.29 0.28 0.28 0.23 0.42 0.38 0.34 0.37
3. Upland crop / Orchard 0.13 0.12 0.13 0.14 0.12 0.19 0.18 0.17
4. Urban / Residential 0.03 0.07 0.06 0.09 0.06 0.12 0.14 0.16
5. Grassland 0.05 0.06 0.06 0.08 0.11 0.11 0.10 0.08
6. Bare field 0.02 0.00 0.02 0.01 0.02 0.01 0.04 0.04
7. Water 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.01
Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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2ol migte] FEET CN#e 1.0 243k ool
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e AFFES 19869 360.8mYsolA 19994
343.8m/s% 17.0m/s AAsRE], 1 olfE L3

1=9] CN7lo] 780]m2, w=wixlo] Zojsw folzlale]
7 CNgto] Aokx)7] whgold,
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change of paddy, forest and urban

Paddy Forest Urban
Year Basin  pegk  Total Basin  pegk  Total Basin  peak Total
Area Area Area
average runoff runoff averag runoff runoff average runoff runoff
(k) CN (m/s)  (mm) ) o N (m/s) (mm) (k) CN  (m/s) (mm)
1986 157.3 60.7 360.8 38.1 2746 600 3498 374 198 606 3601 381
1990 149.1 60.3 3545 37.7 26563 608 3633 383 426 612 3715 388
1994 141.9 60.0 349.6 37.7 2510 609 3659 384 441 613 3722 388
1999 1336 59.7 3438 374 2462 611 3680 386 552 616 3776 389
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Table 10. Runoff ratio and changing rate of runoff ratio by paddy area change
of watershed for several rainfall amount

Runoff rati
umz%)ra © Paddy area of watershed (km)
Rainfall -
(unit: mm/2hr) Changing raFe
of runoff ratio 230 210 190 170 150 130 Average
(%)
Runoff ratio 19 15 12 09 06 0.4 1.08
40 Changing rat
o iﬁﬁg;fg rr;tii 100 79.8 61.8 464 3.1 20 572
Runoff ratio 5.2 46 40 35 3.0 25 3.80
50 Changing rat
o arzﬁg;f rr;iz 100 88.1 77.0 66.8 57.2 484 729
Runoff ratio 128 11.9 11.1 10.2 94 8.7 10.7
70 Changing rat
o iﬁﬁggfg e 100 93.0 86.2 79.7 735 67.4 833
Runoff ratio 232 2.2 211 20.0 19.0 180 2.6
100 Changing rat
o iﬂﬁ;'}fg o 100 9523 90.7 86.3 818 775 86
Runoff ratio 462 450 439 4238 416 405 433
200 Changing rat
o igi‘gfg ri;iz 100 975 95.1 926 90.2 878 939
Runoff ratio 588 577 56.7 55.7 547 536 562
300 Changing rat
o i;lrgl’o?fg rﬁis 100 98.3 9.5 948 93.1 91.3 95.7
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