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Assessment and Improvement of Monthly Coefficients of Kajiyama Formular on Climate Change
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Abstract

The Kajiyama formula, which is an empirical formula based on the maximum flood data at Korean watersheds, has been widely used for the design
of hydraulic structures and management of watersheds. However, this formula was developed based on meteorological data and flow measured during
early 1900s so that it could not consider the recently changed rainfall pattern due to climate changes. Moreover, the formula does not provide the
monthly coefficients for 5 months including July and August (flood season), which causes the uncertainty to accurately interpret runoff characteristics
at a watershed. Thus, the objective of this study is to enhance the monthly coefficients based on the recent meteorological data and flow data expanding
the range of rainfall classification. The simulated runoff using the enhanced monthly coefficients showed better performance compared to that using
the original coefficients. In addition, we evaluated the applicability of the enhanced monthly coefficient for future runoff prediction. Based on the results
of this study, we found that the Kajiyame formula with the enhanced coefficients could be applied for the future prediction. Hence, the Kajiyama
formula with enhanced monthly coefficient can be useful to support the policy and plan related to management of watersheds in Korea.
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A Aot} (Kajiyama, 1928). 7Fxofut F-4]] E {25 Table 1 Runoff coefficient(f) of Kajiyama formula (Kajiyama, 1928)
A At
. . Runoff
Basin Characteristics -
coefficient
R= P+ (138.6 < f+10.2)2—138.6 < f + E 1) There are many cultivated land and forests
in the basin, gentle slope and excessive 14
01714, R 9 FEUmm), P Y B5Hmm), f& F amount of rainfall loss
ZEXA S, 81 B %%E%‘Zﬂ—?(mm)% Uehdc}. & lThehre Ljlrelmany cluln\l/ated Ia(r;d| and forests o
= in the basin, gentle slope and large amount .
FEAR(NE K A 9 ore] ulg 9 HAEo] of rainfall loss
olsll A% e JAAILY B\ 7 9y T2~
ofell A=A, dE B ‘jﬁ]"‘(E)‘— 7 AR Aepage] whet There are many cultivated land and forests
75@5]‘:'4, 7 7Hﬁ] a ‘Oé-l, 29,445 ‘ofel, 64,9410 in the basin, gentle slope and medium 1
) Sl PERAAST A =] 9lck Table 13+ Table amount of rainfall loss
2L ZMZF S 2EXAS YHHEAA S eI There are few cultivated land and forests in
the watershed, steep slope and small amount 0.8
2 -|x'|-|' °*_'E|’<° |9-_|‘ 7|-X|O|=III|'_'M S 1 x4 of rainfall loss
_{ = —_— re) D ==
. :2 E-Lm _'jE o= e =8To There are few cultivated land and forests in
A= M & "ot the watershed, steep slope and minimum 0.6
7h SITX|Y ALK gl QlExig = amount of rainfall loss
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Table 2 Monthly coefficient(£) of Kajiyama formula (Kajiyama, 1928)
Monthly Monthly Coefficient(£)
Rainfall Note
(mm/mon) Jan, Feb, Apr, May. Jun, Sep. Oct,
0 -2.5 25 5.0 - -2.0 6.0 7.0
10 -2.0 -2.0 55 - -3.0 6.4 6.3
20 -15 -1.5 6.0 - -4.0 6.8 5.6
30 -1.0 -1.0 75 - -6.0 6.8 4.9
50 - - 8.5 2.4 -9.0 7.2 35 There are no
70 - - 9.0 3.6 ~12.0 8.0 2.1 coefficient on
Mar., Jul., Aug.,
80 - - 10.5 -6.0 -17.0 8.8 1.4 Nov  Dec
100 - - 5.0 ~12.0 ~20.0 9.2 - (E=0)
150 - - - -6.0 -26.0 10.0 -
200 - - - - -30.0 1.0 -
250 - - - - -22.5 9.0 -
300 - - - - -15.0 6.0 -
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SEEAARS: 06~14)0) B, 71zo|(Table 1) x|z, AN Station Station | (k)
2 Y3kshA| FaEo] A Ao} 2 SEA4 EH SETS Youngchun Jeochen 4,690
AV T AZgat wasle] ASge T Bl 6% el Yeoju jcheon | 11,096
EASE AAk Ansung Cheonan 368
Andong Andong 3,590
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Table 4 Criteria for evaluating model performance
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NSE { 0.60 0.60~0.70 | 0.70~0.80

Very Good
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Table 6 Improved Monthly Coefficients of Kajiyama Formula

Table 5 Runoff for each study area

A Stream Qauging Runoff

Station coefficient(f)

Youngchun 1.4

Han—River Yeoju 1.4

Ansung 1.0

Andong 0.6

Nacdong—River Keumho 1.4

Socheon 1.4

Muju 0.6

Geum—River Yousung 0.8

Kisan 1.4

Gwangju 1.4

Youngsan—River Neongju 0.8

Hampyeong 0.6

A3, S vl - BAS
NSE, R?o|, A7H= Table 73} 2t} 6
Z85-ollA 7HAE L
71E0] YRR AASE

th

ATk AHgE A

6 US ASle e

A8 ALl o150

g T} e
551, 1 900 S5 NSE 412] 49 0389) ol 7H
A A=A 1S 557100
S R9) 2 A ANHEA QSkA,
SHe R FHOR MusS

A% o 2 nolsle

ol 7

A 5
wh 7|20 FANTE AS
Ao Uehdeh A4 gl

FAE HoAFE

9, 8 Y] NSE
oA Ay

oA 74l

Monthly Coefficient of Kajiyama Formula
’\RA;?:::K Jan, Feb, Mar, Apr,
(mm/month) Original Improved Original Improved Original Improved Original Improved
Coefficient | Coefficient Coefficient | Coefficient Coefficient | Coefficient Coefficient | Coefficient
0 -2.5 10.0 -2.5 10.0 - - 5 -
10 -2 10.0 -2 10.0 - 10.0 5.5 19.3
20 -1.5 -26.5 -15 -3.0 - 4.2 6 —4.5
30 -1 -30.0 -1 -2.4 - -2.3 7.5 13.3
50 - 4.2 - 8.9 - 0.6 8.5 -0.6
70 - -11.6 - 5.8 - 1.7 9 19.6
80 - - - 5.3 - -25 10.5 12.0
100 - - - 0.8 - 0.7 5 -3.8
150 - - - -2.0 - 49 - -1.4
200 - - - - - - - 2.3
250 - - - - - - - -
300 - - - - - - - -
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Monthly May Jun., Jul. Aug.
Rainfall Original Improved Original Improved Original Improved Original Improved
(mm/month) | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient
0 - - -2 - - - - -
10 - - -3 4.9 - - - -
20 - 6.2 -4 -12.5 - - - -
30 - -6.0 -6 -31.8 - - - -5.4
50 2.4 9.4 -9 -23.3 - - - 1.7
70 -3.6 -8.5 -12 -19.9 - -13.0 - -4.8
80 -6 -1.2 =17 -32.4 - 0.9 - 0.4
100 -12 6.2 -20 -14.6 - -7.4 - -16.9
150 -6 -20.0 —26 4.6 - -6.4 - -4.7
200 - 7.1 -30 -35.2 - 9.5 - -19.6
250 - 47 -22.5 —22.6 - -12.6 - -2.2
300 - - -15 —-36.7 - 2.8 - 9.8
Monthly Sep. Oct, Nov, Dec.
Rainfall Original Improved Original Improved Original Improved Original Improved
(mm/month) | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient | Coefficient
0 6 - 7 - - 3.3 - -
10 6.4 10.0 6.3 10.0 - 10.0 - 10.0
20 6.8 2.5 5.6 8.1 - 42 - 2.5
30 6.8 2.6 49 2.0 - -2.3 - 2.6
50 7.2 0.3 3.5 9.7 - 0.6 - 0.3
70 8 1.3 2.1 0.8 - 1.7 - 1.3
80 8.8 4.4 1.4 4.4 - -2.5 - 4.4
100 9.2 2.7 - 3.7 - 0.7 - 2.7
150 10 -3.6 - -5.0 - 4.9 - -
200 11 —-0.4 - 4.0 - - - -
250 9 -4 - - - - - -
300 6 -3.3 - - - - - -
SR B R 1L08L5K0° mmonee). | EASE &
83 T4 14,961-9*106 m’/mon = AERF v wge o 16000 PP
135% HesHA| S S8, 7iE Aes 285 5 14000 13476
212 13,475.6¥10° m/mon® A&t Bl RS o 121% oo
Puspl G ISk WA fAA 8ol T 5 g
B FFL 6413.6510° mimonolt}. 7| EASE BEA T S
A2 6,067.5410° m/monE. AZGeFat v TS o 95%0] B
o, WHE ASES B8 FAL 63600410° mimonz A% £ T
[} 0| THS 0] 9% EATFS A9 s o)
SFIHFig. 4). &4 23, Z|AE 7Hxjopt R YA = 0
712 ANEAE LR eI sk AAEel ° ”
A e 9 HgAlE AR wet i Abd =2

4e 29 5 U Aoz Wk,
Fig. 4 Comparison of observed and simulated (original and
improved) runoff (averaged) at Jul. and Aug.
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Table 7 Evaluation of simulated runoff using original and 3. SWAT T3S 23t 7|gHslof| = BEA-AS
improved coefficients of Kajiyama Formula o 7|_
result using original result using improved 7. SWAT 28j0| Z - 25 Zun}
Month monthly coefficients monthly coefficients B oA SWAT-CUPEE:L”OHH Aashe OETLFA
NSE R? NSE R? - = o =
Jan, 0.391 0.785 0.771 0.804 & & SUFL2S ARgste] diit 7oid 24 wi7ies 4+
Feb. | 0517 0.728 0.792 0.792 ottt el R el Wl 23 7pA e S e
Mar, 0.471 0.521 0.632 0.635 = 2AE E 2 AR S 2SSk A
Apr. | 0752 | 0776 | 0790 | 05810 = ] A Rt kel 3 16 e v
May 0.715 0.722 0.731 0.773 Y59 S 23 o ujridgs fEF] st
Jun, | 0.832 0.855 0.819 0.871 A0 PHEIT W 24s Sl 24 vWiMes
Jul, 0.780 0.884 0.822 0.887 ¥} 2010 A7 2014 :‘77} 159 % J«l A& Egoto]
Aug. 0.548 0.577 0.551 0.587 o AR APERGITh AP E w7t 9
Sep. 0.859 0.862 0.862 0.864 2% A= Table 84 Atk Table 84| gho] A|As}A]
Oct. 0.632 0.676 0.688 0.702 o2 w7 S 5 SWAT-CUP HH19] RIZHE #A4of 9
Nov., 0.612 0.722 0.776 0.776 3 AlAE w740l
Dec, 0.320 0.575 0.552 0.590 2010 JEE 2014 A7A] & 5 A7 49 A=go|gE
Table 8 SWAT model parameters estimated by SWAT-CUP
Watershed Han Nacdong Geum Youngsan
—River —River —River —River
Parameter PyeongchangA BanbyeonA KeombonA 0S00A
ALPHA_BF 0.90 0.97 0.28 0.80
BIOMIX - 0.77 0.07 -
CANMX - 6.97 8.59 -
CH_K2 - 80.63 120.68 82,97
CH_N2 - 0.03 0.02 0.08
CN2 0.07 0.15 —-0.03 0.12
EPCO. 0.18 0.89 0.46 0.21
GW_DELAY 4515 43.25 16.58 43.33
GW_REVAP 0.17 0.03 0.04 0.14
GWQMN 653.80 2121.00 2283.00 1439.40
REVAPMN - 817.25 682.25 821.10
SFTMP -0.10 1.67 2.02 1.18
SLSUBBSN 0.18 0.14 0.15 0.17
SMFMN 6.32 0.17 9.29 -
SMFMX 8.56 3.61 3.22 8.51
SMTMP 3.36 —-0.01 0.1 -
SOL_ALB —-0.18 0.20 —0.01 0.11
SOL_AWC - 0.03 0.03 -
SOL_K -0.16 0.20 0.16 0.09
SOL_Z 0.05 0.20 0.15 -
SURLAG 5.85 9.63 1.32 450
TIMP 0.1 0.62 0.58 0.74
TLAPS - 9.85 1,07 -
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Table 9 Calibration and Validation of runoff in SWAT
Pyeongchang A Banbyeon A Keombon A Osoo A
NSE R NSE R? NSE R? NSE R
Calibration 0.82 0.86 0.82 0.83 0.87 0.87 0.80 0.84
Validation 0.57 0.77 0.66 0.68 0.59 0.65 0.65 0.66

—‘TLH 2009 me] 64
o AL AT $o
91} 7t} 7+ 9o ¥ 23 Ait= NSE 0.80~0.87, R*
0.84~0.87 2.2 Donigian and Love(2003)o]] AA|% 7]50f
FxEjglone A=7ke 2 wolsickn ek 1%
AT} NSE 0.57~0.65, R 0.65~0.77%, BHAZ A9
3t L R] §-9-2 T Donigian and Love(2003)0] AJA| %
7|l S=5H Aok

L o2 J|Bvist REROl IE WY =R N8
41

oz
Zh mofghrhar Aetsheln). wehbA 7l$tﬂ§} Al
(RCP 4.5, RCP 8.5) &8 o}oq AAE 7|2 E SWAT
Rjol Hgste] molgt nle fEF gk Aol 7t
e, ZjAE 7iA|ofa EXMIT% nlef 71 AR
£ Z8sto] 4gE A /= gkt HlaEAske] A"
HAAR] &84S H7Istqlt:. RCP 4.5 Aute] et
SWAT =g o]gsto] mofgh f5wate] v Ax,
NSE¢} R? g2 fﬂﬂAOﬂ/ﬂ (B 0.64, 0.72, BFHAC] A
(4573 0.51, 0.90, ZEAA (7 0.63, 0.80, 24=A9]
A (GAF) 044,085 2 OIFE 12 AFYR)S HolF
%A} RCP 8.5 Alufe] @.eke] H|il Aufe npR7 A& =2
AL HolFglom, NSES R? 712 HRA A (3
0.61, 0.71, BFHAOA (Y57} 0.61, 0.71, ZEANA (&
73 0.58, 0.78, 24=A0l|A] (G417} 0.44, 0.85 o]cHFig. 5).
RCP 4.5 AJ}2]©.0] HHHAT} (U578 RCP 4.59}F 854t
229 RFAE (FAFD) AlLfRt YA F-olA AP E
A 3E S-S Donigian and Love (2003)0] AA|E 7]&o]
SEFTE whekA] & AtolA] ZHAE 7R |op dE R
AT vl 715 Ay e tE fE5E F KLY
o 4 & At s
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Fig. 5 Comparisons of simulated runoff from SWAT model and Kajiyama
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