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Hydrograph Separation and Flow Characteristic Analysis for Observed Rainfall Events during Flood
Season in a Forested Headwater Stream. Sooyoun Nam (0000-0001-5883-476X), Kun-Woo Chun' (0000-0003-4393-
4762), Jae Uk Lee? (0000-0001-8222-8110), Won Seok Kang? (0000-0002-0915-2276) and Su-Jin Jang* (0000-0002-0753-
1862) (Institute of Forest Science, Kangwon National University, 1 Gangwondaehakgil, Chuncheon-si, Gangwon-do
24341, Republic of Korea; 'Division of Forest Science, Kangwon National University, 1 Gangwondaehakgil, Chuncheon-
si, Gangwon-do 24341, Republic of Korea; Department of Forestry and Environmental Systems, Graduate School,
Kangwon National University, 1 Gangwondaehakgil, Chuncheon-si, Gangwon-do 24341, Republic of Korea; *Division of
Resource Management and Restoration, National Institute of Forest Science, Seoul 02445, Republic of Korea)

Abstract We examined the flow characteristics by direct runoff and base flow in a headwater stream during
observed 59 rainfall events of flood season (June~September) from 2017 to 2020 yrs. Total precipitation ranged
from 5.0 to 400.8 mm, total runoff ranged from 0.1 to 176.5 mm, and runoff ratio ranged from 0.1 to 242.9%
during the rainfall events. From hydrograph separation, flow duration in base flow (139.3 days) was tended
to be longer than direct runoff (78.3 days), while the contribution of direct runoff in total runoff (54.2%) was
greater than base flow (45.8%). The total amount and peak flow of direct runoff and base flow had the highest
correlation (p <0.05) with total precipitation and duration of rain among rainfall and soil moisture conditions.
Dominant rainfall events for the total amount and peak flow of base flow were generated under 5.0~200.4 and
10.5~110.5 mm in total precipitation. However, when direct runoff occurred as dominant rainfall events, total
amount and peak flow were increased by 267.4~400.8 and 169.0~400.8 mm in total precipitation. Therefore,
the unique aspects of our study design permitted us to draw inferences about flow characteristic analysis with the
contribution of base flow and/or direct runoff in the total runoff in a headwater stream. Furthermore, it will be
useful for the long-term strategy of effective water management for integrated surface-groundwater in the forested
headwater stream.
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(IPCC, 2007; Alexander, 2016; MOLIT, 2016). £3], A A
AR 3o WANIE W I furt FUteR
W, 2A9E R0 Susr] oA T i 34
o]t} (Manton et al., 2001; KMA, 2009; Westra et al., 2014).
YUY A9= FE 207H(2001~20208) A3
2 1,318 mmZ A 1981~2010¢ 0] B|3}o] oF 0.8% =
FAT, FedeE 1.4% FadHs F, 80mm day' o4
o] AFTL7F T HEE 16.7% = F7HHEoH
(KMA, 2020), tfF&9] 7= T4712 6~9€0) HEE
3 JQTH(KMA, 2009; MOLIT, 2016).

o, SEuEte] AR (1978~2007)2 AlA
B o Leto] Pt 1.277.4mmol 1, A7 5744
FF (0159 718)2 1,323 m'o] A9k & A7 L=}
B 409 Z7hR A8} 199 A% 35 FF.69m)S
AlA B 16% s==°]thH(MOLIT, 2011). &, AAl2 &
7t ol 87 =Y F& FAETTY oF 28%0l g5t
£ 3729 m’o|th(K-water, 2019). 3], A} AstE 1 ¢}
= 715stel S99 B 9 HF (K-water, 2019)
o2 Qlef o]87ted B9 AEE, A=, f9E 5 Al
7t Haks g% AF Aotk (Chang er al., 2007; Bae
et al., 2008; Lee et al., 2012). 23, RS H B9 o] A
A A AstrE B R FAE gE 9 #HHYE o
21 ofFA WEA 2 Zolt}(e.g., Lee and Kwon, 2015;
MOLIT, 2016).

SHvdEE A FE] 63.5%7F AR o] 1L (KFS,
2019), At WE ZE2& AAAR JA AA FA Q%9
88.9% ©|A} (Kim and Han, 2008)& A5t QlojA 47
o] 7t T 9 T SHA AT A AT I
o] mjL- =9 3}c}(Jun et al., 2007). Kim et al. (2011)2 At
AAF7 2 BEAF R 4% QGEF-A71EY 2E9Ad
FAlO ol SR HstAMA FEdte SUAHRE
A9 Fadt 98-8 7k1 Qlokal A3ttt Meyer er al.
(2007 = AAAF= BEFo] vsta, TRt JA
FAS WA AFRAHAE FAst= Heol =22 &t
3 Buskieh wEbs, AA A 9] o] §7bset A
THGE AR AR o 2FHE T T 4= itk (Sidle er
al., 2000; Meyer and Wallance, 2001; Gomi et al., 2002).

Sodo) ARio] ST Yk ANARE Rl
SN Qi shHol B4t Hlmste] HARAE A
qHoz g0l AAY HE A (ephemeral stream)d] &
A& Hole o] W] w&ol (Kim ef al., 2020), 75
et fE9 A=FE HIE gofste Ao| e Fasit
(Wenninger et al., 2008; Nippgen et al., 2016). =3, &

FEZAC o 2T 42T N1ASE] B4
B43te] AR AR QlelAe] F42d U 2499 5

3 2§29 347 Asie sjotaor ¢ Wast it
(Sidle et al., 2000, 2001; Lee and Lee, 2014). A3 o]
T2, Dung ef al. (2012) & vl @ (ZHD) =
AAAFAA L 5ol WhE F FEILE 60.5mmFPF LT,
o] ¥ B+t AFFEL(22.6 mm)= Horton®] X EH &
(Horton overland flow)e] g8z HA 7|A$&1(37.8
mm)Ett Aoty B I3}E T 22|32 Jung er al. (2010)
o AN Y AR DS Ao oA (43.1~217.3
mm)°] e F FEIE 6.3~302mmE YERgon &
3] AYFEY Hae AdtefEod FFLE 7AF
S39 Ao wEA dAgstgitta Bk vh Qi &
3t, Sklash et al. (1986)2 FAHE Eluto|o Q1= AR A
FollA Aol gt AFRELE 23} A2 52
(saturation overland flow) & T &= (macropore flow)
9 FHOE VA[FEILHET 3~48) o] =4 TS
o A3l Masiyandima et al. (2003)2 Ao} g
7} ZETROIE FHO| e AR AFAA AA &2
9] 20~40%7} E3tzI A EWH 8= (saturation excess
overland flow)] &3] TAsIAth= AF+ZAE A7)
= sqt

T BeARe] e §E24ETA e 9 B4
e el AR g ARES FRT 4 Yk A

9 (e.g., An and Shin, 2005; Lee et al., 2010; Hwang et al.,
2017)0] v]s] 242 AFFT (e.g., NIFS, 2002; Lee and
Lee, 2014; Jung et al., 2020)2 A|&JstH, U o] ALX| A7
ez F-A748 Fe-HES 4T A+ A
oz BRIt 53], A¥AER VIAREY R 2 &
= 2Atte A7e AR 4 2l g 129 7]
oAmof wet ARAFY e E a2 B9 LAHE
2T o Q= AFo| 8T 4 Ut} (e.g., Park and Lee,
2000; Sidle et al., 2001; Masiyandima et al., 2003)= &H
AN I FREZL tlS ot webA o] A= AAAF
of ojA 4¥Zt T47] (6~9Y)oll LT Aol o
¢ FEa H3kE EAsHR e, FeAMEel didt &
2% AP fEn 7A=Y §4 % o]
S € Ae2As sttt 28 AR A
Foll LojAl Aol digt AR FE e 7IAREL7L
Z FEL vAE 79EE AANTLEHN, A &E7HET
TR o] & U #Eo] FaF 7|2AREA BEstn

A st
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Fig. 1. Location of the study site and monitoring station in a forested headwater stream (a) shows the location of study site within Korea
and (b) indicates the distribution of gauging station.

M= 2 W 2. 42-[E A=

o] AL 20179HEE 2020@71A] AAE HA B2
1. HLHAK] | A= HE (SIS e 2] BUH
o T

B A FolA, A7t AEH ez WAT 7] (6~9
AT A= ZEE FHE E9H S A6l-1¥7] g ol ARE FAHoR BEASIGTE & 7| EFH O
of A% et st&d W AN AT (N37°47'50.86",  1LFE 98 3087HA SA47 ARE o&5HH l‘_, 2019
E127°50'49.26" 24, ¢ 9HAL 23 4 haoln], TEE WS A BA U 130 ALGE Q13 69 13YRE
335~658 mo|t}(Fig. 1(a) and (b)). 1L 7|33 28 % 8 26474 ST AEE ARSI
A 71 AT 4 (Automatic Weather Station, AWS)2] H 7k 83 FE3+= 3AFEE (Parshall flume) (&: 0.15
A2 (1998~2019)0] W2d, AP F7]2 10.7£0.5(+  m, Zo]: 1.53m, ¥°]: 0.60 m)oll g 2] =974
Standard Deviation, SD)°Co|H, AH #7432 1,333.3+ (TruTrack WT-HR 1000)2 A}&3te] (X7 71202 23
357.0mm=E °] F 63.5%7F AFH (6~9¥) HFHL T FHAREE AT ) Y8 ALtstATHIS0-9826,
Atk o] Afe A7t e FISE, AFY FHe F 1992).
**‘:'9} AR EdA o s Yty 1350l AR
2 0.6m, AXENE 024mm™, AR EE HFE]
i‘il'%l—]' AZE2 FAEHY Qth H2 REFHFLS Runoff= Discharge X Area™ )
71% ©1% (D)ol sFstez SH=rF w& Holrh E3
S GAEAS 71%, AFF 29%=2 F4E E5HS
2 72438 UZUR AR BRAUER, 22T,
AU, d2YZAURE 9D ayFoln, HF4al 15~17 m,
HEFLAA 26~32cm, BAYH 66~83W (VII~IX Y
el 9 AAARY SR ZHAAT 14km
Azl ARG AAEA A TS (hitp://mw.nifos.

rlr
nnL

Discharge=0.381h,"* (1)

Dlscharge S (m sh
ha: 7&55-9] 9] (mm)

Runoff: %11 (mm)

Area: -9 H 2] (23.4ha)
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Fig. 2. Hydrograph separation procedure. The flood flow period
begins from the start of hydrograph rise and ends when the falling
limb intercepts the extended separation line with a slope of 0.55
Ls ' km™2hr! (ref., Hewlett and Hibbert, 1967).

gokr) AGAF TZ2oA 1A 7HH oz #B=FH RS
839, FEES A T8 T A=l Jg &
= Atk

LA TR FER F FASATQ4ATHEZ 7
072 FESIF o (i.e., Gomi et al., 2010; Kim et al.,
2013; Jeong et al., 2019), Fig. 29} Z+2 HIH o 2 72 AL}

o digt &Sl AdaEd 7IAfrES 22t

A, B oA B AEAETY NARES Bt
ool B4 BN, A44 B, 92424
9 717 o] 2]

FEE4, NRCS-CN WY 59| gt
7123t thokst 7| E0o] th(e.g., Bae and Kim, 2006;
Lee et al., 2008; Yang and Chi, 2011; Yoo et al., 2014). 1
U giFEE L slHolu T4E gitez BEAs)
gorg AAAF Hgshlole By SE27

:L—,‘ AA

< T3t A ARY A7 BT 5= Utk
HEAAE WESD Qt}(e.g., Lee and Lee, 2014; Jung et
al.2020). Theb o] AFANHE EUH EE ] ot
£ 548 nelall ZA B9 LA FEI0 A4
o] B2] A (separation line=0.55L s™' km > hr'; see Fig. 2)
£ 23 Hewlett and Hibbert (1967)2] Ha¥& E3) 2
AT 7AFEE 2959 o] HH2 FE AXA
=

5+ (headwater, <1 km? in drainage area; see Gomi et al.,
2002)0)4 F=2 o]t Q1S Bt oYzt (e.g., Scott,
1997; Onda, 2008; Dung et al., 2012; Shinomiya et al.,
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Fig. 3. (a) Precipitation, (b) runoff, and (c) runoff ratio in a for-
ested headwater stream during observed rainfall events of flood
season from 2017 to 2020 yrs.

Social Sciences (SPSS), version 19). o], A 37} 2-3F (API,
Antecedent Precipitation Index)& 73-$-AM} oA A]7]9]
AR 77 A Y A-fEol 9FE F= AL
7} 719 (Lee, 2005; Gomi et al., 2008), o] A{oA= 7}
SAMEE ZF7F AIZE7) 29, 59, 7Y, 309 olH 9] =
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Fig. 4. Precipitation and runoff responses with runoff ratio during observed rainfall events on 26~31 August 2018 and 8~12 August 2020.

A7 $-FE AAlste] E43519th(e.g., Sidle and Ochiai,
2006; Dung et al., 2012; Park et al., 2013; Yoo et al., 2014).
7|14 24, 54, 7¢ AY7--7F (APL, APLs, and API,)3}
309 A3PFLF (AP 22 FES (surface soil)@} 4
EZ(deep soil matrix)?] FEAEHIE YElE £ 9= A E
Z o]8&% 4 Qltt(ie., Mosley, 1979; Fedora and Beschta,
1989; Sidle et al., 2000; Huang et al., 2016).

1.8¢7/12l fE1 I

% 593 (A7 = 103,
A7 Hd 182 F¢ H}Ol GRS, FF

2 5.0~400.8 mm, &1 0.1~176.5mm, $EEL
0.1~242.9%2] 92 velytth(Fig. 3(a), (b), and (c)). ©]
= A53ES 9 7heo] ¥rEEE IgoA YeEid= AR
W &% (overland flow), £7+4% 2 A3LFE2 Q3
AAANHO ZHE FUEE o dFS ol fEF0

S7FAY Z4agt Ao g2 waEh(Uchida er al., 2005;
Gomi et al., 2008; Godsey and Kirchner, 2014).

49 B FH71Y §EEL

45.1%°13t. 201992 FEARY 2502 E4T
FAEel A7) 'l +EEel WA ‘/PEPXEE

H, 202092 6¥ dt=RE 8Y F&7HA oo F

A Autet HFT o FFOE 2017~2018E Hl
3 T5719 fEE°] A dEEth 20199S A Qls)
2017, 2018 ¥ 202099 7] B FEES 364%
(31.9~45.1%)& Ebytt).

:La]"l 7+ wjElo] S A}sk 7P°/\P}}(2018L‘1 8 26~31
A 2 2020 8¢ 8~12¥)S AEste 1 48 EAAS &

2%t A3 (Fig. 4(a) and (b)), % % FAF A] @y 7hoeF
2 247} 228.0, 200.4 mm, HNFL A EE 242 254,236

p

d

mm hr ' 24 A8 A gL, 2018L% 84 26~319 &1
(106.6 mm)2} &5 (46.7%)2 2020 8¢¥ 8~12¢ #&

A (57.5mm)¢t FEE(28.7%)E A LE A YE
woh ole 22 o5d TS LAY EA = A
& A1ZH(94, 69 hr)oll A LA Zpo|7F vrehd Aol 7]1g A
o=z goigc) 3, 59 A 7F2F (AP 20184 8Y
26~31¢ (40.0 mm)©] 2020 8¥ 8~12% (201.9 mm)XE
o AR o2 AA ettt o= 2 S50l WA
AE5 L9 AV71E 59 37| 5@ A (e.g., Kim, 2020;
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Fig. 5. Box plots of (a) total amount, (b) peak flow, and (c) runoff ratio of direct runoff and base flow during observed rainfall events of
flood season. Lines within and adjacent to the box plots indicate the mean and standard deviation, respectively.

Table 1. Flow duration and contrition of direct runoff and base flow in total runoff during observed rainfall events.

Flow duration Contribution in

Year Runoff Lag time (hr)
Days % total runoff (%)
2017~2020 Direct runoff 7.249.3(1.0~50.0) 783 56.2 42
(Flood season) Base flow 29.8+22.4(1.0~97.0) 139.3 100.0 158

Note: *: Standard deviation, Bracket: Range from minimum to maximum values, Days: Observed days of observed rainfall events for four years.

Kim and Choi, 2020)2.2 QI3 AR A|Fo] B2 A0 & F (43.3%)Ett =t A3+ Noguchi and Fujieda

FASIAE AEi7 W E AR AE. (2007 = €& LERA] CRH Tl AT A fFolA 7
%7J(1906~1912L4) T5E A fEES AgeHEEY
2. REFTEZJMOIM E2I2t ZYRFED 7IMFE Hl2 gl #dthe dr2dE Haushith mEkA A

S99 £47] A $80 A 42589 Slolsi: o

$E4E A (ref., Hewlett and Hibbert, 1967)o4 214 -,1-21 ol ATEFY (542%)Rtt Fi, PR =
21 7IARES 293 23 B34 FE2 (mm)E 3 S 2 AAEUT B2l o] 99 F47] 7]X170r%‘ﬂ]
A2 (14.8227.2)0] 7|42 (10.0£12.3)HT} &7 u} = Kang et al. (2019)0] AN G A0 T4 7]
shiom (Fig. 5(), BF BE4EDmmE AP4E  A8EH (BT 0020 57 et o, Qukos

(0.6£0.8)°] 7]1AF2(0.2+£02)Ht}t =7 "}E}‘*‘:P(Flg d
5(b)). 1Y B FEE (%) 7IAFE(25.3141.4)°] Hoj= 3to] @7] HZl (Kim er al,, 2020), &
A¥F=E(13.8£16.6)HTt E3} o™ (Fig. 5(c)), B AA Al Aste9i o] Aoz Qs BT 1A fE0] 3
AZHh)E 71ARE(29.8122.4)0] AHFE(7229.3)E  F FSAAY fEolE FFS v Aoz BAET
o 44 L]'E]-%:q-(Table 1). (Yang and Chi, 2011). £3], Nam et al. (2013)2] #-o] A
I F5719 A T DA A4 /= o AAE FAHY F9y ASEL2 AR 7AREY 5

] 7] AR %(139 39)0] ARFE(T83IDET A&7 H2 FEF) 43 FIste Ao 9FE vv= W
o] AA YeERtAIRL *Xﬂ FEIL W 7lqEs ARG S4E LA

2 (54.2%)°] 71A+E (45.8%) BTt ZA UEHTH(Table 3, &

woh A AR A oR fape] AAL 2HEAY

Al

we (o PL
oX
mlo

oz

1). Hisada et al. (2012)2 dE 7|28 (I EIE)Q A& = MR A Zo] QlojA] 7]
oA 21d7H(2008~2009) BS5H A7 F=3to o o AA F&%F ¥t AR FEo) WA e T
T AFAEY 79Es FHE UGl A AR A4EAT gEbA AXAFY f57 A H
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Fig. 6. Cumulative frequency distributions for (a) total amount, (b) peak flow, and (c) runoff ratio of runoff, direct runoff, and base flow

during observed rainfall events of flood season.
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sHAst=A St FH R FEEEA, YAF
doy|=7 T &2 FA &
© 2 (i.e., Harrold et al., 1976) RARS

Ay =1

o

HeRx

)

2
&

ﬂ-lh‘,

I},
A4 22 FARRE 3
LH"“:}(Flg 6(a), (b), and (¢)). °]&= &
¢ ez iﬁ}ﬂ EY Holl AFEH7 Bohe AxEE §
£ &2 FUFES 2ol SA ARE Y= AR
=9 F717t Z*Xﬂ FE9 F7tl FFE A A i
SEth &, S0 QoA 2ARNA AR AR
o A A oo AP[E0] 4& S=7F =
FE1 AstefES ek 7IAREETD 3A IF
=tk & 4= 9tk (e, Sidle ef al., 2000, 2011; Dung et
al., 2012). FAH 2= AA| fE dEt AHFE9Y 7]
ALt &1 >10mm, FFFEL >02mmE o 7|A
el 2 A2 2 YeEth(Fig. 6(a) and (b)).
H]'tﬂ, 7]X1 29 FEL FFFEL 2 FEE2 AA
S A FEol vs Angt FE2 57}0}9}@(}?@
6(a) (b), and (c)). °l= fr&ol THE Aol =72l ¢
A EFFTE AA

T« T o
&2 AstpS2 E«l £ o50]
dojuA Hed EF W A9 AR Eok_% A7} 917 o
9] (Onda, 2008), 7| A -¢&F9 =7 PRSI XS
THEES A Yed Ao

ojgt Zo] FETF HE
A 5o Aoz Ay Fa4E 2 ﬂA]—— orl;w}
A&Ho 2 JYPHI ot (e.g., Onda, 2008; Onda et al.,

12 % oo ox
i ) U of
N
i

FNLI_E

o
7
KX
=

O
‘1:‘ T
=

e =
o8]

o &L >

_Hln
e xQ _IHsl

%

2010; Lee and Lee, 2014). ©2-0] o] |19 JELS &<
FHVIYDH T JE-d (XFe)2z 49 A9H2
24, A71AQ FEFY BE3E 9T Te2E 2 Y
715 FAE A e 7IEdTI™HA gE e/
7] A (IRAUF7HL7), E97], Z7FRAIR] 7], o 7], 7HE
)& nEdof stk BHECh(e.g., Fujida ef al., 1996;
Noguchi and Fujieda, 2007; Dung et al., 2012). 181} A]
go] olsoizl Aol A=A W FHzAT 4
o7 H|2E 7| A3 BAAR, WA} E/\]"G‘
YA, AHAAT 8 FF AL 2] Thopet Arg
of gold 7)%o] AAE 4 lonz FelHel A F7H
Ae] AgS ¢85t Ao 8T Aor woE

P7F G5, 7, 3092 o ATHIA (Pearson’s
~0.67, p<0.05)Z LFeFITH (Table 2).

o) AF o =2 AIAS Hol

A &AL 2 et
4 ARE o] &3ty
219 AFRE1Y s

t} @S u (Direct runoff < Base flow,

ZIAFEET S o (Direct
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Table 2. Correlation analysis between direct runoff and base flow and both rainfall and soil moisture characteristics.

Direct runoff (n =47)

Base flow (n=159)

Total amount Peak flow Total amount Peak flow
Total precipitation 0.82 0.75 0.55 0.33
Max. 1 hr precipitation 0.24 0.31 0.16 0.12
Mean rainfall intensity —0.01 —0.02 -0.20 -0.20
Duration of rain 0.76 0.69 0.67 0.38
APL, 0.04 0.11 0.00 0.03
API;s 0.18 0.28 0.43 0.43
API; 0.04 0.16 0.35 0.39
API30 0.01 0.19 0.60 0.67

Note: n: number of observed rainfall events, API,, APIs, API; and APIz: Antecedent Precipitation Indices for 2, 5, 7, and 30 days, respectively, Correlation is
significant at p <0.05 level as bold type using a Pearson’s Product-Moment Correlation.

(a) Total amount
450

300 +

200.4-
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Total precipitation (mm)

Duration of rain (hr)

(b) Peak flow

-O-DR<BF
-@—DR>BF o

0 g0 86 160

Fig. 7. Duration of rain and total precipitation for (a) total amount and (b) peak flow during observed rainfall events of flood season. Open
circles show high base runoff values (direct runoff (DR) <base flow (BF)). Solid circles indicate high direct runoff values (direct runoff
(DR) > base flow (BF)). The dotted area indicates concentrated distribution of high base flow between duration of rain and total precipita-

tion.
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