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Abstract

The variation in runoff due to global climate change and urbanization should be identified quantitatively because these two factors
have been significantly accelerated during the last three decades in South Korea. However, only a few research to analyze the impacts
due to two factors over different time scales can be found. Therefore, in this study, the hydrological model based approach and the
hydrological sensitivity approach were used to separate relative impacts by two factors on monthly, seasonal, and annual time scales at
the Soyang River upper basin and the Seom River basin in South Korea. The 3 techniques such as the double mass curve method, the
Pettitt’s test, and the BCP analysis were performed to detect change point occurred by abrupt change in the collected observed runoff.
After detection of change ponts, SWAT models calibrated on the natural periods were used to calculate the changes due to human
activities. Also, 6 Budyko based methods were auxiliary to verify the results from hydrological based approach.
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Table 2. Results of pettitt test: Soyang River upper basin
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Table 3. Results of pettitt test: Seom River basin
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Soyang River upper basin Seom River basin
Season — - Season — -
p-value Significance level | Change point p-value Significance level | Change point
Jan. ~Mar. | 0.0000400 0.050 1988 Jan. ~Mar. | 0.0206400 0.050 2003
Apr. ~Jun. | 0.0149700 0.050 19899 Apr. ~Jun. | 0.0218560 0.050 2002
Jul. ~ Sep. 0.0007765 0.050 19839 Jul. ~ Sep. 0.0133500 0.050 2002
Oct. ~Dec. | 0.0005108 0.050 1984 Oct. ~Dec. | 0.0362000 0.050 2001
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Fig. 9. Results of BCP: Seom River basin (Continue)

Table 4. Determination of final change points in two selected basins

Final change point
Season ; ; ; -
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Jul. ~ Sep. 1983 2002
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Fig. 10. Calibration and verification: Soyang River upper basin
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Table 5. Results of runoff variation by SWAT model: Soyang River upper basin
Time | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec P1 P2 P3 P4 | Year
A
(mrf) 17.0 | 17.2 | 22.1 2.6 | 305 | 66.1 | 164.8| 103.3 | 87.3 | 25.8 | 15.2 9.4 | 56.4 | 99.1 | 3554 | 50.4 |526.0
A
( QF; 9.6 8.0 5.6 7.3 2.1 | 241 | 557 | 473 | 27.7 | 11.1 7.0 7.7 | 232 | 293 |130.7 | 25.8 [201.3
mm
A
( QC) 7.4 9.3 16.5 | 4.7 | 32.6 | 42.0 | 109.1 | 56.0 | 59.7 | 14.7 8.1 1.8 33.1 | 69.9 |224.7 | 24.6 |324.7
mm
Factor| H C C H C C C C C C C H C C C H C
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Table 6. Result of runoff variation by SWAT model: Seom River basin

Time | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Pl P2 P3 P4 | Year
A
(mrcrf) 2.8 6.2 5.1 8.3 17.4 6.7 |111.8| 44 51.0 8.4 5.1 7.0 14.1 | 323 | 167.2 | 20.5 | 214.0
AQy,
(mm) 8.5 135 | 22 5.0 4.2 -09 | 743 6.9 124 | 179 8.2 13.5 | 19.8 8.3 93.6 | 39.6 | 150.6
mm
AQ,
( ) -5.7 | <73 7.3 3.2 13.2 7.6 375 | 2.5 | 38.6 | -9.5 | 3.1 -6.6 | -5.6 | 24.0 | 73.5 | -19.1 | 634
mm
Factor| H H C H C C H H C H H H H C H H H
Table 7. Results of runoff variation by hydrological sensitivity method: Soyang River upper basin
Methods F(¢) F(¢) 2p - AQ, (mm)
Method 1: Schreiber (1904) 0.4876 0.5123 1.2482 -0.7479 347.6453
Method 2: Ol’dekop (1911) 0.6047 0.6317 1.5475 -1.1956 373.8198
Method 3: Budyko (1948) 0.5430 0.9955 1.8378 -1.6296 399.1956
Method 4: Pike (1964) 0.5558 0.5743 1.3949 -0.9674 360.4750
Method 5: Fu (1981) 0.5359 0.5463 1.3370 -0.8807 355.4085
Method 6: Zh 2001 a B
ethod 6: Zhang (2001) ; 3432433
(w=0.7) 1.1307 -0.6523
Table 8. Result of runoff variation by hydrological sensitivity method: Seom River basin
Methods F(¢) F’((ﬁ) Ep Eppr AQC (mm)
Method 1: Schreiber (1904) 0.5001 0.4998 1.5909 -0.9394 55.6150
Method 2: Ol’dekop (1911) 0.6200 0.6049 1.9765 -1.4955 59.7848
Method 3: Budyko (1948) 0.5568 0.9512 2.3378 -2.0166 63.6921
Method 4: Pike (1964) 0.5698 0.5549 1.7798 -1.2119 57.6582
Method 5: Fu (1981) 0.5492 0.5282 1.7028 -1.1008 56.8252
. o ﬁ
Method 6: Zhang (2001) 531332
(w=0.7) 1.2096 -0.8329
T =il 2747t Budyko 41 A& A= 7R 2 e AP E Xt E o = It R E T Hle2 704 %= 24
o] 9l A0 Weteck wglom, 4-56H4 RIZHE 24(Method 1~6)& ©]-85}]
AP QIS0 2 QIR RRPAE Y ] &L BRH o R
Hote o, AR HEE o= QI FFo] 72.6%=
4, Qo W U L2033 0|28 7™ EITKd 4o, 715 HstE A%t d2 24.8 %= 24 F
A= Ch(Table 10). £5 2947 457 47t 47079 EOIA 5
TR o83 7T 2o R #4112 o] 8_t 71|
297 oA SWATE F-S o]-85}o] A H 9l O] Al 24 Aato] Afol7k 27| b5 & 4= qller,
NEFOR AT FPUFTF S IRINZ RATIOr], 2R3N BAR FERFL ol g Y U A
2312 Q7 £ (Method 1~6)2 ol 8510l AL o 8 B4 A} Ego] Qleka weke 4 qlgie.
AEEOR AT GHAFFY 1S PRHOE HFS B AT Y FREFL o] g ALty BAE
o, A ARG QVBEOR AR AFI320%  SEDHO Ukl Siste] Bopo] BRA Wslot 42
2 ZA RS oH, 7| TR It PF2 68.0 %= A E] 19 ¥3HE Fig. 1200 HepH it 2% 592 W53l
ATH(Table 9). T3t 734 SWATRE-S 0|85t 198392 541 © 2 321 51 347.0 mm @] 7J-9-3Fo] SV}
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Table 9. Comparative results between two approaches: Soyang river upper basin

Soyang river upper basin (mm)

Items AQ AQy, AQ AQy (Y0) AQ (%)
Hydrological modeling 526.0 201.3 324.7 383 61.7
Method 1: (Schreiber 1904) 526.0 178.3 347.6 33.9 66.1
Method 2: (OI’dekop 1911) 526.0 152.1 373.8 28.9 71.1
Method 3: (Budyko 1948) 526.0 126.8 399.2 24.1 75.9
Method 4: (Pike 1964) 526.0 165.5 360.5 31.5 68.5
Method 5: (Fu 1981) 526.0 170.6 355.4 324 67.6
Method 6: (Zhang 2001) 526.0 182.8 343.2 34.7 65.3

Table 10. Comparative results between two approaches: Seom river basin
Seom river basin (mm)

AQ AQy AQ, AQy (%) AQc (%)
Hydrological modeling 214.0 150.6 63.4 70.4 29.6
Method 1: (Schreiber 1904) 214.0 158.4 55.6 74.0 26.0
Method 2: (Ol’dekop 1911) 214.0 154.3 59.8 72.1 27.9
Method 3: (Budyko 1948) 214.0 150.4 63.7 70.2 29.8
Method 4: (Pike 1964) 214.0 156.4 57.7 73.1 26.9
Method 5: (Fu 1981) 214.0 157.2 56.8 73.5 26.5
Method 6: (Zhang 2001) 214.0 160.9 53.1 75.2 24.8

1003.0
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Soyang Dam upper basin

~——— Runoff depth (mm)
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5124

490.6

Climate change

Rainfall or Runoff depth (mm)
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526.0

1974 1983
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Time
2014
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Fig. 12. Runoff variation of human activities and climate change
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