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Analysis of Runoff Impact by Land Use Change
- Using Grid Based Kinematic Wave Storm Runoff Model (KIMSTORM) -
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Abstract

The purpose of this study is to assess the quantitative effect of stream discharge due to land use
changes. The upstream watershed of Pyeongtaek gauging station of Anseong-cheon (592.6 kif) was
adopted. To accomplish the purpose, firstly, trace land use changes for the selected watershed which
have some changes of land use by using Landsat images of 1986 and 1999 of the watershed and
secondly, analyse the quantitative effect of stream discharge due to land use changes by applying
GIS-based distributed hydrologic model KIMSTORM. The model was calibrated and verified at 2
locations (Pyeongtaek and Gongdo) by comparing observed with simulated discharge results for 7
storm events from 1998 to 2003. Model output was designed to provide information of land use impact
on runoff components in the watershed and the sensitivity of impact level of each land use category
on storm runoff. Land use impact was evaluated with the land use data sets for 1986 and 1999 for
the same rainfall condition (160.5 mm). Area decrease of 4.8 percent of forest and 4.0 percent of
paddy field during 13 years (1986 - 1999) within the watershed caused a 30.3 percent increase of
peak runoff and a 9.3 percent increase of runoff volume.
keywords : land use change, runoff impact, KIMSTORM, distributed model
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Fig. 1. Anseong—-cheon watershed
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Table 1. Summary of 7 selected rainstorm characteristics

Storm events Thigssen avearge Rainfall duration Max. rainfall intensity
rainfall (mm) (hr} {mm/hr)
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
2003/8/19 - 2003/8/22 64.5 51 11.6
2003/9/06 ~ 2003/9/12 80.9 83 17.0
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Fig. 2. Classification results of land cover for 2 selected years (1986, 1999)
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Table 2. Summary of land cover changes of 7 items for 2 selected years (1986, 1999)

1. Forest 274.6 246.2 46.3 41.5
2. Paddy field 157.3 133.6 26.5 22.5
3. Upland crop / Orchard 69.6 78.0 11.7 13.2
4. Urban / Residential 19.8 55.2 3.3 9.3
5. Grassland 535 60.2 9.0 10.2
6. Bare field 11.0 14.1 19 2.4
7. Water 6.8 5.3 1.1 0.9
Total 592.6 592.6 100.0 100.0
o4 Sm el Wl HE Adg $270e H2 Bavt ddlck 4 - oiHsh w2
2 94 A7k A9om s, A% HrAe GAH B
ERAFEY 1442 PR 9Y9E AR E Ao ge] 45 Hlag 23E Table 49 Ye3)
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FA%EA Kappa A5Gz AFEE ER1s51)k Table 3 U2 EFEE whde EARIRAAE AHEog A
o 1 A3 z-& Aystqrh Hew, Landsat TMS] A/l =(30m) 2+ Abg 3
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Table 3. Accuracy assessment using error matrix and Kappa coefficient

44444 a appa: coefficient...
April 15, 1986 98.58 0.98
April 19, 1999 92.08 0.90
Average 94.72 0.93

Table 4. Comparison of statistical data and land cover classification results for Anseong administration boundary

Statistics 301.2 294.0 54.5 531
Forest This study 250.6 256.2 45.3 46.3
Abs. error 50.6 378 9.2 6.8
Statistics 1276 123.0 23.1 22.2
Paddy field This study 137.6 99.5 24.9 18.0
Abs. error 10.0 235 1.8 4.2
Statistics 64.5 584 11.7 105

Upland crop / ;
This study 92.4 50.8 16.7 9.2

Orchard

Abs. error 279 7.6 5.0 1.3
Statistics 22.7 34.0 4.1 6.1
Urban / Residential This study 245 44.1 44 8.0
Abs. error 1.8 10.1 0.3 19
Statistics 552.8 554.2 100 100

Total area ;
This study 553.4 553.4 100 100
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Fig. 3. DEM and stream network of the
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Fig. 4. Soil map

Table 5. Soil parameters adopted in this study

6 Kilometers

Soil type Slity clay
P s Sand Sandy loamn Clay loam Joam Clay Rocky
POe 0417 0412 0.390 0432 0.3%5 0.417
Fc 0.091 0.207 0318 0.366 0.3%6 0.091
Dc (m) 0.20 0.75 1.0 1.0 1.0 0.2
Ks (m/day) 504 0.622 0.065 0.036 0.0144 504
Table 6. Summary of water level observation station
Code Obs. Stream | Obs. Obs. station location Beginning Area
station name | type Place name Longitude | Latitude date Clart)
1101625| Gongdo |ATSEONE| T/M ngggr?g?s?négggnmgygeﬁréo 127-11-08 |36-58-18|  1996. 9 379.2
Anseong Gunmungyo Gunmun-dong e o
1101645 |Pyeongtaek ~cheon /M Pycongtack-si Gyeonggi-do 127-04-50 |36-58-50 1929. 1 592.6
306 BEAEREEHE
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Fig. 5. Comparison of simulated result with observed data by KIMSTORM (Calibration)
Table 7. Summary of KIMSTORM model calibration and its parameters
. . . - Initial Infiltration Runoff Peak runoff | Nash-
Rainfal| Rainfall Manning roughness coefficient soil arameters volume (m¥/sec) Sutcliffe
1 event| (mm) moisture b (mm) off
Forest|Paddy |Upland | Urban | Stream folfc| b | aobs. [ sim. | obs. | sim. )
GD {1587 116211275 | 728.0 | 7109 | 093
8/08/93 PT 11626 08 3.0 0.4 04 | 0055 090 |4.0(03|065 15141 1445 | 12530 1127681 0.76
GD | 228.2 1135]120.7 | 558.0 | 575.1 | 0.96
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Mean PT 11832 093 | 305 | 040 | 0.84 | 0.06 0.84 |5.30[1.01| 065 9373 417.0] 6300 1 6501 | 059
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Table 8. Summary of KIMSTORM model verification

Fig. 6. Comparison of simulated result with observed data by KIMSTORM (verification)

B33 H4Y 20064 4H

Time (hrs)

GD | 485 2151 229 | 1150 |117.3| 0.96
8/19/03 093 | 305 ] 040 | 0.84 | 0.06 0.84 [5.30]1.010.65
PT | 492 281 ] 36.0 | 223.0 12854 -0.9
GD | 349 329 | 304 | 1480 |1426] 0.87
9/16/03 093 | 3.05 | 040 0.84 0.06 0.84 |530]1.01|0.65
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Fig. 7. Comparison of runoff by applying land cover data for Gongdo and Pyeongtaek

Table 9. Summary of runoff by applving land cover data for 2 selected years

Year Watershed Rainfall Peak runoff Total runoff
(station) (mm) (n'/s) (mm)
1986 WS1{Gongdo) 1514 579.6 1195
Total(Pyeongtaek) 160.5 930.0 131.7
1999 WS1(Gongdo) 1514 662.6 1241
Total(Pyeongtaek) 160.5 1276.8 144.0
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