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Abstract

To control non-point source pollution at a watershed scale, rainfall-runoff characteristics from forest watersheds should be
investigated since the forest is the dominant land use in Korea. Long-term monitoring would be an ideal method. However,
computer models have been utilized due to limitations in cost and labor in performing long-term monitoring at the watersheds.
In this study, the Geo-spatial interface to the Water Erosion Prediction Project (GeoWEPP) model was evaluated for its runoff
prediction from a coniferous forest dominant watersheds. The R and the NSE for calibrated result comparisons were 0.77 and
0.63, validated result comparisons were 0.92, 0.89, respectively. These comparisons indicated that the GeoWEPP model can
be used in evaluating rainfall-runoff characteristics. To estimate runoff changes from a coniferous forest watershed with
various cover degree scenarios, ten cover degree scenarios (10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%. 90%, 100%) were
run using the calibrated GeoWEPP model. It was found that runoff increases with decrease in cover degree. Runoff volume
was the highest (206,218.66 m’) at 10% cover degree, whereas the lowest (134,074.58 m’) at 100% cover degree due to
changes in evapotranspiration under various cover degrees at the forest. As shown in this study, GeoWEPP model could be
efficiently used to investigate runoff characteristics from the coniferous forest watershed and effects of various cover degree
scenarios on runoff generation.

keywords : Cover degree, Forest, GeoWEPP, Runoff

LME

249 2A F2dYPoint Source: PS)T H|HFoHY
(Non Point Source: NPS)2.2 FEFTh Hodgde T4,
7Hgskr, Adua, 4 57 § 4B AN S
t 299E g, uFLAAL = & dok §F A4
HjETge] 9FsA FE FEAT Y90l wjEF2E
ol B 299 Ted 3A fEyste sANM
£ 98l =ASE, AYHAT 53 22 FoHYEe 4o
2 384 4 AYAd §F 59 AdARE 85849

o #3449 2 2HE UehiA g, uHegdezR
NHe ABste] $AANES 98 =TS s YTHEF
2 2006).

" To whom correspondence should be addressed.
kjlim@kangwon.ac.kr

A vFeFde] FFSE Hstd FRoANE A=E
EUHZEZ S5 dagE AFsa glen, o s o]
TANAE 9 FRLIFFRAAE dS ffyes
387187 A =8 s o vFdde] IH
stE 98 M Fa% AL A FESHE ggsies
Aol 53], 4 FEY 70% °14E AATL e 4

A BAEE §FEFE S 549 QAR BR(LF
3 A5, 1999) A FHol e Feol B2 FE254
& dietate Ao Fasith

AEAY fETE sHoY 34 5% vEsy Fo
FI, A7 A AFAZEe] B2, U T EA o
&%, TEREE 2 U9 gdol wE B 9L
u=CHHutchinson et al., 1986). ©]2|3 A4d &% EAHL
B714Q RUHE & TYstd sofstes Ao 74 FEd
ety ARt AF-FE-ARF-ZAE HE 59 I
Z7dA BUHZE s Ao] oy, AP HF-

Joumal of Korean Society on Water Quality, Vol. 27, No. 4, 2011



%6 Zxjet - AOIa - NS - O|NE - BHE - FHIM - A2A

a9 1y § g2 v go] 2750 rddg F
Al-ZF o2 48 B4E gristaA e d7Eel &
B3] AY Fold. 2F¢ FF 54 AF5E s A AA
Ao nF EFHEFEI(US. Soil Conservation Service:
SCS), @A ©]= A4 AHYE 5 (Natural Resources Conser-
vation Service: NRCS)elA A Mgt FEFHAFE o] &3
FEF Ade] g AMSEHI QUTKSCS, 1972). 13y
FEFHAFE o8 §EF NPT EAE(SWAT,
WMS, HEC-HMS, L-THIA )& 4%52E ALgsto §
& 54¢& dFsy] did FgF FE=E s
o2 .

o3 554 FUATAE(USDA) Agricultural Research
Service (ARS), Forest Service, NRCS @ATASd] 2oJsiA
Ay E23 7]yt 2d<el Water Erosion Prediction
Project (WEPP; Flanagan and Livingston, 1995) 282 ¢
29 ®o7} Zbesid R9S 2, 9d ARt o
AMNE §& 54 odZFol Jbssith tlSol Geographic
Information System (GIS)¢+ |A|st] WEPPY +&o| 71
534 B GeoWEPP (Renschler, 2003)°] 7jutge] uiz}
B3¢ 9049 WEPP E¥ 9 A dHolg FHo] 4
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T 9 g9 Wyt 4FAYY fFEFRG A7
FEE 771 o GFd 2 2ANM GeoWEPP EF
HE4 & Prtste Aol asio

el £ A9 ZEE 1) GeoWEPP 23 & o] &3}a] 3
4789 FEFE 25ty 4% FEF99 v - YrE
&3I4 GeoWEPP 2¥ 9] 2848 Hrlsted e, 2) 4
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Fig. 1. The coniferous forest watershed.
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(a) Rainfall and snow gauge

Fig. 3. Monitoring equipment.

Fig. 2. 120° V-notch weir.
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(b) Rainfall gauge and flow meter
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Fig. 4. Precipitation, maximum and minimum temperature at the coniferous forest watershed.
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Fig. 5. DEM of the coniferous Forest Watersheds.
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Fig. 6. Soil map of the coniferous Forest Watersheds.
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Table 1. Parameters of deciduous and coniferous forest

Parameter Units Deciduous forest Coniferous forest
Biomass energy ratio kg/MJ 150 5
Growing degree days to emergence °C.days 5 5
Growing degree days for growing season °C.days 0 0
In-row plant spacing cm 500 500
Plant stem diameter at maturity cm 50 50
Height of post harvest standing residue; Cutting height cm 50 50
Harvest Index (dry plant yield/total above ground dry biomass) % 0 0
Base daily air temperature °C
Optimal temperature for plant growth °C 25 25
Maximum temperature that stops the growth of a perennial plant % 30 30
Critical freezing temperature for a perennial plant L% 0 -40
Radiation extinction coefficient 0.65 0.65
Canopy cover coefficient 14 14
Canopy height coefficient 23 23
Maximum canopy height cm 3000 3000
Maximum leaf area index 12 12
Maximum root depth cm 500 500
Root to shoot ratio (root biomass/above ground biomass) % 25 25
Maximum root mass for a perennial plant kg/m’ 50 50
Percent of growing season when leaf area index starts to decline (0-100%) % 0 0
Period over which senescence occurs days 0 0
Percent canopy remaining after senescence (0-100%) % 0 0
Percent of biomass remaining after senescence (0-100%) % 0 0
Flat residue cover coefficient m’/kg 2 2
Standing to flat residue adjustment factor (Wind, Snow, Etc.) % 99 99
Decomposition constant to calculate mass change of above-ground biomass 0.009 0.009
Decomposition constant to calculate mass change of below-ground biomass 0.009 0.009
Fragile or nonfragile residue N N
Plant specific drought tolerance (% of soil porosity) % 25 25
Critical live biomass value below which grazing is not allowed kg/m’ 0 0
Maximum darcy weisbach friction factor for living plant 0 0
Harvest units WeppWillSet WeppWillSet
Optimum yield under no stress conditions ltgh'n1 0 0

Land Cover

Deciduous Forest

- Evergreen Forest

Fig. 7. Land cover maps of coniferous Forest Watersheds.
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(Donigian, 2000).

3.1. GeoWEPP 28 /& 7|

A4y AYolMe AT F F 1489 F§ o
E 244 §23& FFsAT BFA 49604 79744
AZF AR, ZF5A 7€59H 8874 AFH ARE o8
stich Table 3% #o] EF op/id+E AHsA Geo-
WEPP 2dg 23 9 HFE 9% ¥ 4F &30
% §&39 R’ NSEEZ AFssich 2FA R'E 077,
NSEE 0.6322 e, Donogian (2000)°] AAE 71E2
2 Good# Faird] si@alsl, AFAl R'E 092, NSE:
0.892 Yeht}, Donogian (2000)°] AAIF 7]&:o2 BF
Very goode #1838t 222 JepstthFig. 8, 9). wetA
GeoWEPP Ed & o]&35ld FHFolA B : FEF
S A PHE F sl ALz #ddn.

Table 3. Calibration of GeoWEPP for coniferous forest

watershed
Calibrated parameters Value
Interrill erodibility (kg-s/m™) 2.0le+7
Rill erodibility (s/m) 9.00e-2
Effective hydraulic conductivity (Pa) 1.0
Critical hydraulic shear stress (mm/h) 1.0
14,000
1200 | R=077 =

Observed data (m®)

0 2000 4000 6000 6000 10,000 12000 14,000
Simulated data (m?)

Fig. 8. R and NSE of Calibrated Runoff.
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Fig. 9. R® and NSE of Validated Runoff.
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st B39 AA5Y A9 GeoWEPP ZF L 0] &3}
of Hrlsldth. H7HA WEPP 2N A4uxe] Fdg
idsE o] &8st BPE 44 -FARE o] &sA
Covert 5(2005)2 GeoWEPP E2¥ & o] &3l AHEZ 9l

Table 2. General simulation targets or tolerances for model application (Donigian, 2000)

Very good Good Fair Poor
R? S > 08 07~08 0.6~0.7 <06
NSE ater Hlow 0.90~ 0.80 0.80~0.70 0.70~ 0.60 0.60~ 0.50

FAEH SR M7 M4, 201
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Table 4. Comparison of runoff under various cover degree (10~ 50%)

Rainfall 10% 20% 30% 40% 50%

e (mm) () ) (m) ) )
09.4.20 13.5 583.34 146.87 31.93 31.73 31.72
0952~3 27.0 5,180.62 4,605.76 4,032.52 3,514.96 3,060.70
09.5.12~14 11.5 1,246.62 1,073.95 873.79 743.78 651.25
09.5.15~20 52.0 6,642.67 5,001.50 3.848.40 3,041.93 2,314.18
09.6.22 65.0 15,722.54 14,686.12 13,683.90 12,781.98 11,751.04
09.6.29 27.0 6,713.99 6,368.76 5,864.10 5,608.50 5291.23
09.7.7~8 93.0 23,752.95 21,381.66 19,332.66 17,674.90 16,037.95
09.7.9~11 58.5 23,260.96 22,522.50 21,718.11 20,920.15 20,109.85
09.7.12~ 13 56.0 14,009.03 13,373.57 12,756.48 11,675.43 11,006.80
09.7.14 ~ 15 114.5 34,778.28 33,852.78 32,917.31 31,736.63 30,512.30
09.7.16 ~ 17 176.0 55,229.43 54,732.37 54,478.22 53,865.44 53,247.03
09.7.19 17.5 4,094.37 4,048.91 3,906.75 3,631.12 3,339.55
09.7.21 ~22 45.5 12,635.41 12,293.23 11,922.36 11,556.00 11,088.57
09.8.12 14.5 2,368.45 2,297.67 2,231.50 2,152.12 2,061.51
Total 206,218.66 196,385.65 187,598.03 178,934.67 170,503.68
Event Avg, 27,495.82 26,184.75 25,013.07 23,857.95 22,733.82

Table 5. Comparison of runoff under various cover degree (60~ 100%)
Rainfall 60% 0% 80% 90% 100%
Date 3 3 3 3 3

(mm) (m’) (m’) (m’) (m’) (m’)
09.4.20 13.5 3171 31.70 31.69 3161 ilel
09.52~3 27.0 2,513.98 1,925.38 1,120.18 891.41 775.21
09.5.12~ 14 11.5 516.74 279.64 25.18 25.75 27.04
09.5.15~20 52.0 1,757.36 1,484.16 1,197.84 83427 201.16
09.6.22 65.0 10,781.84 9,802.31 8,686.97 7,474.02 5,967.72
09.6.29 27.0 4922.72 4,503.95 4,053.24 3,543.45 2,766.08
09.7.7~8 93.0 15,864.40 15,369.08 14,800.10 14,429.87 14,222.49
09.7.9~11 58.5 19,127.48 18,222.37 17,062.88 15,666.80 14,536.15
09.7.12~ 13 56.0 10,268.66 9.431.76 8,397.26 7,186.08 7,356.45
09.7.14 ~ 15 114.5 30,285.88 29,164.18 29,987.28 27,656.43 27,191.29
09.7.16 ~ 17 176.0 52,220.34 51,315.87 50,984.27 50,383.24 50,218.10
09.7.19 17.5 3,058.13 2,717.22 2,228.96 1,871.09 1,337.41
09.7.21~22 45.5 10,612.17 10,196.07 9,761.92 9,195.79 8,191.73
09.8.12 14.5 1,965.25 1,867.27 1,754.44 1,599.44 1,252.14
Total 163,926.66 156,310.96 150,092.21 140,789.25 134,074.58
Event Avg. 21,856.89 20,841.46 20,012.29 18,771.90 17,876.61

A4 dE Zid @2 F2FL 2o YAAF
(Index of agreement; Willmott, 1984)7} 0.8, 0.92 el
o @24 GeoWEPP 2 & o] && A4uke] @& #
% 4Fol 7hesita gt B AN 2od
g 44 gEo g F2F2 Table 4, 59 2o 2
¢ AFE 2R 4539 332 A4 9 FMEsE
Zashe 3% BA A4 IE 10%1A4 206218.66 m’
o|AY FEFo] 100%MNA 143499.22 m’ S 2 134,074.58
m’(% 35%)°] Aasdh £F 2220 100 mm ©] <
B35 A4 Txo] g 5% W}l ddFos A ¢
Ase Aoz yehdorn, 695 44 I m2 g
&% W3Vt 4, SEET A hsE Aoz YEg 7
S5 FAYse] gt 2 Aozt A Aoz ¢
Gt 79 9~ 119 585 mme Z¢2 Qs WA

F&Fo| 293E 2Fsh:= A3 Yeiged, ol oA
ZFoME TAA J|AfE] FTFL Bo ¥ Ao
Pttt GEOWEPP 28 ol ZfoMlEd oig o
e @ol By qFolth AFRFEFE FEASATTO] A
g3 7 HAH BUHZA duidoz 2-3%Yo] Hg
Fofl 24E Z9oHES FL M2 ZFoMER BX
Aot ol HT AF 7IAfFE0] ERHE FEF0] F9Ze
2 Z3ste 297 2454 .

42 B
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