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ABSTRACT

The purpose of this study is to analyze the effects of climate change on the nonpoint source pollution
in a small watershed using a mid-range model. The study area is a basin in a rural area that covers
384 ha with a composition of S0% forest and 19% paddy. The hydrologic and water quality data were
monitored from 1996 to 2004, and the feasibility of the GWLF (Generalized Watershed Loading
Function) model was examined in the agricultural small watershed using the data obtained from the
study area. As one of the studies on climate change, KEI (Korea Environment Institute) has presented
the monthly variation ratio of rainfall in Korea based on the climate change scenario for rainfall and
temperature. These values and observed daily rainfall data of forty-one years from 1964 to 2004 in
Suwon were used to generate daily weather data using the stochastic weather generator model
(WGEN). Stream runoff was calibrated by the data of 1996~1999 and was verified in 2002~2004. The
results were determination coeff. (R?) of 0.70~0.91 and root mean square error (RMSE) of 2.11~5.71.
Water quality simulation for SS, TN and TP showed R? values of 0.58, 0.47 and 0.62, respectively. The
results for the impact of climate change on nonpoint source pollution show that if the factors of
watershed are maintained as in the present circumstances, pollutanit TN loads and TP would be
expected to increase remarkably for the rainy season in the next fifty years.

Key words : Climate change, WGEN, GWLF model, Nonpoint source pollution
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Table 1. Stage-discharge relationships for the HP#6 gauging
station

Station Period Rating Curve R?
1996~1998  Q=12.475xh*'¥  0.898

HPiG 1999~2000  Q=13.356xh**®  0.979
2001~2002  Q=19.867xh*'®! 0.972
2003~2004  Q=10.834xh>*®  0.983

Table 2. Load-discharge relationships at HP#6 station
(1996~2004)

Item Load-discharge

: 2
Station (kg/day) relationship R

SS $5=0.0003xQ"47" 0.885

HP#6 N TN=0.0367xQ"8% 0.923

TP TP=0.0009xQ*#*! 0.847

o} TN, Tpoll Ul fd-5al BAS 753190,
Table 2v 2 58 FE731 A A4
FE ARg Ao, AAGE S7F 0.89, TN®} TP
7} 42 0.92, 0.852 YERdTH
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Fig. 3. Daily streamflow hydrograph at the HP#6 station.
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Table 3. Calculation of annual pollutant loading for each source

Unit generation load

Annual pollutant load

Item Number
N TP N TP
. (g/capita/day) (capita) (kg/year)
Population 13 145 2,096 9,946 1,109
(Unit) (g/head/day) (head) (kg/year)
L . Dairy Cow 161.8 56.7 58 3,666 1,285
Ive-stoc Swine 277 122 35 379 167
Poultry 1.1 0.4 1693 723 263
(Unit) (g/m’) (ea) (kg/year)
Ind manufact 40 42 7,429 724
ndustry Construct 50 5 3 176 18
Others 59.9 18 1,586 159

Fal QA FLE o] 831 Z} ARE oy
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% Exjolgo] thik CNZEL Cho(1998)9} Park
(2003) T¢ ATEARE Pt A8 Table
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23] 93 52 B45E 199 54 AFEEA
TUR G| 4 AMIE ATE ov]ske A I
H Aol 9F B I2AI 22 A% o oz
31 USLE 7% 7MA S A3 9 ¥

])\ =0
T o=

)

Table 4. Curve number values for each land uses (AMCII)
Hydrologic Soil Group (%)

Land use CN
B C D

Paddy 4.0 11.9 9.6 0.4 78

Upland 04 1.9 1.5 0.1 83

Forests 22.0 20.5 3.7 0.8 67

Farmstead 3.7 94 9.3 0.7 75
Water 0.2 100

GWLF 238 1% (Haith et al., 1992)

A A FHe] Y 54300 g ks A8
EAd #Asle Aste ¢ A
(groundwater recession coeff/day)$} A& Al
(seepage coeff/dayy= RAS F3l 4H4sle] A4}
Hot.

EZH, GWLF Z¥oxe EX|o|8d ulj&Sol| gt
ZFALY FR19] TR RE] HIHQH Flge] Iy
& AR =, = wiEse] A AIERgul
k=g st 200433 20050 2AH HELHS
AHE A3 eH, B FEE 24V} 057 mg/
L, 1-& 0.05 mg/LE AHAEHAT

O =
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3.1. GWLF 28

311 239 24 o 4

23] HAGE Sl AR eS Bae] viis
g FataoH, BV 1996de0A 1999742
B 44710 £F ARE ol &3tk By wizwS
+ RMSE(Root Mean Square Error)2} RMAE (Root
Mean Absolute Error)2] 4 ZAIX|o] Js] AAE o,
RB(Relative Bias), RMSE, RMAE, Nash-Sutcliffe
Efficiency Index(EI)(Nash and Sutcliffe, 1970), I
23 AAFR)S FAH SAHL 28] 5o B}
o 22QIth(Kang, 2002; Kang and Park, 2003;
Kang et al., 2006). Fig. 4= B3 ZAAS HAFm
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Fig. 4. Observed and simulated runoff (1998).
Table 5. Transport parameters
Parameter Description Unit  Variable Initial value Calibrated  Literature range /
value comments
Sediment delivery ratio An;t(l)z;{s:l:dlment yield/annual None SDR 0.08 0.27 Site-dependent
Baseflow recession  Oround water recession /day ot 0052 00461 0.01-0.2
coefficient
Seepage Deep seepage coefficient(loss) /day s 0.000 0.0191 Calibration
Us Initial unsatur'fated available em s 10 10 Only affects first few
water capacity month
UAWC Unsaturated available water em  UAWC 10 11 Calibration
capacity
ISS Initial saturated storage cm ISS 0 0 Only affects first
few months
Table 6. Simulated runoff for calibration period
Rainfall (mm) Runoff (mm) Runoffratio .
ainfall (mm
Year Obs. span sim, sim. . R* Bias ¢ d EI
(day) obs. obs. -
a . a b a b
1996 883 780 274 345 239 236 044 031 030 091 038 211 044 0.69
1997 1204 1204 348 788 672 653 0.65 0.56 0.54 0.87 0.37 330 020 0.65
1998 1621 955 273 564 886 429 059 055 045 067 053 3.68 033 0.51
1999 1515 1254 299 719 836 713 057 055 057 0.70 0.10 572 0.04 0.66

a: For total span b: For observed span ¢: RMSE (mm/day) d:

RMAE (mm/day)

62 AZ3)9} o] ARE TR S FEE5%
LASAIRE vln - Gt Aol

AL, AZY) AR 7PdoldH SoF A%
ZAZo] we 2000337 2001F9-L AF 20023914
20049704 3dite|™, Fig. 5& 7% A¥E HoF
I o} Table 7 22X} Ro] FAE EAHS
olgsle Hl - F3 Ao, wod FEH 4=
2]¢] R*= 0.81~0.86, RMSEE 3.26~4.03, RMAE

= 0.15~0.479] HY ks B

3.1.2. GWLF 2%¢9] %7}

e frEel digt BA A8S B3l wiivs
£ B3 FIGE o83 A RoE AAge
A87Ke] AEAlRe) Bojgt Y K3EFE vwst
Bt Table 8419} 2ol Zizhel] tigt R*E AHE’E
A7, SARS 0.40~0.98, TN 0.50~0.94, 13|32



Hwang et al.: Climate Change Impact on Nonpoint Source Pollution in a Rural Small Watershed 215
1.E403 1 T ! T T m' TynT T T 0
I T‘“ r m— R3infal] 100
= Sim_runoff )
-L‘:'u & Obs_runoff [ 5p
§ 1emm -
& - 300 E
2 Y 4 {400 E
h-) & tﬁ & £
:g 1.E-01 - = 5
>
¢ - 600
1.E-03 700
Jan-04 Mar-04 May-04 Julg4 Sep-04 Now-04
Date (day)
Fig. 5. Observed and simulated runoff (2004).
Table 7. Simulated runoff for verification period
Rainfall Runoff (mm) Runoff ratio
Year (mm) ~ Obs.span sim. sim. R® Bias ¢ d EI
(day) obs. ——————— obs.
a b a b a b
2002 1247 1191 298 657 563 510 055 047 043 086 032 4.03 0.15 0.68
2003 1515 1117 238 677 775 457 061 069 041 0.85 091 3.70 047 0.66
2004 1192 1155 312 731 591 478  0.65 051 041 081 070 326 038 061
a: For total span b: For observed span ¢: RMSE (mm/day) d: RMAE (mm/day)
Table 8. Sediment, TN and TP simulation comparison
v Obs. (kg/ha/year) Sim. (kg/ha/year) R? EI
‘ear
Sediment TN TP  Sediment TN TP  Sediment TN TP  Sediment TN TP
1996 109.96 20.57 1.02 11034 21.30 1.22 0.95 0.53 0.94
1997 365.89 4021 2,17 24358 2984 236 0.66 0.60 0.59 023 038 046
1998 188.19 29.24 .61 30540 37.00 2.70 0.40 0.76 0.66 ’ ’ ’
1999 44124 33.77 1.91 267.97 39.11 2.83 0.96 0.90 0.97
2002 385.50 3232 1.78 23416 3294 233 0.98 0.94 0.94
2003 403.38 36.70 2.09 21592 3125 222 0.50 0.77 0.90 0.84 0.48 0.65
2004 313.55 50.28 271 15745 20.88 1.52 0.83 0.50 0.87
TPE 0590972 Uelxten, 54 d=g A 2 yehsith GWLF 28] 3¢ 2 dusiz =
A7 AR gt 0.6 oldS) FEg & v o) He v, UEFRY Afe dudE 2o &
Uitk 23] 885 sy el ARSS 58 HE @S ARSSISU) Wil fE9) Hisle YYEF

Ag ERE X9 A527F Xk 1.009, 2
el 03} 1.0 Alelell glow FHXE Agshe

AzA9 BFE oIk Ant TL 2

T em, At
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mye

N' rl2 >}L
rulo s

°«H

}

AT A7, 23] ERE 0] 051069, F
Aol 0.23~0.84, 18]35 gYFF2] A= 0.38~0.65
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Fig. 6. Histogram of the observed rainy day in Suwon (1964~2004).
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Fig. 7. 10-years moving average of the number of rainy days (>80 mm).
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Table 9. Testing of precipitation frequency change trends
for each month

Case R T, Linear trends
a 0.204 1.285 y =0.0092x + 1.1766
b 0.272 1.742 y =-0.2688x + 103.6

a: The number of rainy days (>80mm), b: The number
of total rainy days
R: Cross-correlation coefficient, Tc: Hypothesis test statistic
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Fig. 8. Comparisons of generated monthly rainfall data for each scenario.
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Fig. 9. Comparison of generated monthly average temperature data for each scenario.
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Table 10. Number of annual rainy days of generated data set

Climate
Change Al Al-1 Al-2 Bl BI-1 B1-2 A2 A2-1 A2-2 B2 B2-1 B2-2
Scenario
a 168 176 219 122 131 159 151 162 192 141 155 187
b 15302 1509.8 1532.0 14572 14335 1454.7 13356 13214 13421 14474 14147 14347

a: The number of rainy (>80 mm) days, b: The total annual rainfall (mm)
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Table 11. The ratio of simulated resuits of each case to
original (%)

Rainfall Stream flow Sediment TN TP
- 2.0 210 2.7 12.2
4.0 9.7 12.8 54 10.1
8.0 19.7 26.6 11.1 209
20.0 64.5 76.1 32,5 604
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Fig. 11. Comparison of simulated annual TN load for each scenario.
Table 12. Comparison of climate change effects for each scenario
. Stream runoff Precipitation ~ Runoff ratio sediment TP
Scenario
a(cm) b a (mm) b % a (ton) b % a(ton) b a(ton) b
Obs. 64.8 - 1277.0 - 50.7 108.4 - 13.19 - 0.62 -
Ori. 67.6 - 1303.0 - 51.9 98.6 - 12.94 - 0.57 -
Al 84.3 24.6 15302 174 55.1 157.9 60.1 14.41 11.4 0.73 27.7
Al-1 83.9 24.0 1509.8 159 55.6 163.7 66.0 14.71 13.7 0.75 322
Al-2 88.3 305 1532.0 17.6 57.6 182.8 85.4 15.09 16.6 0.80 39.8
A2 78.2 15.6 14572 118 53.7 136.9 38.8 13.82 6.8 0.67 17.0
A2-1 774 14.5 14335 100 54.0 138.9 40.9 14.01 8.3 0.68 19.7
A2-2 81.5 20.5 14547 116 56.1 157.7 59.9 14.39 11.2 0.73 272
Bl 67.4 -0.4 1335.6 2.5 50.4 113.0 14.6 13.33 3.0 0.61 72
Bl-1 67.6 -0.1 1321.4 1.4 511 117.0 18.7 13.57 4.8 0.63 10.8
B1-2 71.5 5.6 1342.1 3.0 532 132.0 33.9 13.91 7.5 0.67 174
B2 76.7 134 14474 11.1 53.0 133.7 35.6 13.65 54 0.65 143
B2-1 75.1 11.1 1414.7 8.6 53.1 133.6 355 13.78 6.5 0.66 15.9
B2-2 79.1 16.9 14347 10.1 55.1 152.1 543 14.14 93 0.70 232

Obs.: Observed average data from 1999 to 2004

Ori.: Generated data of 50 years that are characteristic of observed data
a: Annual simulated or observed values

b: Annual increment over the output of original data (%)
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