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Assessment of Climate Change Impact on Flow Regime and
Physical Habitat for Fish

ABSTRACT

Due to the recent climate change realization (timing, rainfall pattern changes), the flow regime is changing according to the watershed.
The long-term change of flow regime is causing a significant change in structure and function of aquatic ecosystems. However, there
is no analysis from the viewpoint of the aquatic ecosystem including flow rate alteration and ecological characteristics as well as the
climate change connection in Korea yet. Therefore, We quantitatively assessed the impact of present-future flow regime alteration due
to climate change on the Pseudopungtungia nigra habitat in the Mankyung river and floodplain area. As a result, it was confirmed that
extreme hydrological conditions such as flood and drought are intensified in the future than the present. Especially, the changes of flow
regime characteristics were clarified by comparing and analyzing the magnitude, frequency, duration, rate of change, and by linking
flow regime characteristics with physical habitat analysis, it could be suggested that climate change would significantly increase the risk
of future ecological changes.
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EARATIHE, B)dlA A2)E7d H7KIm et al., 2007; Kang et
al.,, 2010; Baek et al., 2013) 53 #HH A7} A9 78
ojFF o} thfre 73 5SS Lefdk A ik
© T Aol Bgk V1S Risiele] VS =8, g wisiel
A E3s 3 FAEA TR AL oiFE ol F
oJAR] a1 &= AHotiKim et al., 2009).

] B Gl 71EaskE 13k daf-nlee] f3 s}
W7 shest SE FolM HEALIe] AAg el mixl=
e AYPH oz WSk SHlck

2. ¢l

AA 2wl 7150 dist B} gt JRE A7) ffsie]
IPCC ## AU2]2<] SRES (Special Report on Emission
Scenario)”7|¥Fe] GCM (General Circulation Model)¥} RCM
(Regional Circulation Model)2- ©]8-5}aL glom £3], HToll=
T ARE Ao 2H FRA i Yo 54
FHA0 2 RoJEt 4= 9l RCM RS 0]83) e o7} 28]
3 AoKKim et al., 2010). 7PFHE IPCC 52} H7RE A4
A BAFER= E 5= 2(RCP, Representative Concentration
Pathways)e] 2217|A] vjEAUe] o e HAF 2 29715
3t AU 5 AFESIATHNIMR, 2011).

E dFoxE= RCP 71333} Avte]9(RCP 8.5/6.0/4.5/2.6)
= vEe] 7P SRS I5skal = RCP 855 A8,
13142l RCM3} Hybrid 427 H(Kyoung, 2010)S ¢85}
71 sE e A(Daily) & A= ARE Rofskiith
T 2of BE A A AAE ARE o83t dbd e
HE BoE Tt 13 5S4 A e A=l
el FEHIIRE(IHA)ES o]g3le] F3]ske &2 (Extreme Low
Flows), st&&E(Low Flows), 23552 y(High Flow Pulses),
222 2(Small Floods), 7t}ekg<(Large Floods) % 57¢]
34 552 A(EFCs, Environmental Flow Components)E £
siQink 715Hsk ) vAe A 9F W7ks sheet S
QoA FA-mEHe] 73 5447 River2D 2&-& o]-8-3F ofF
A A A dAlske] A8tk



5 A gAd - A

TEHOR o] A= s 3 off Al tiR
Hlel 715wske] GFs Hrkshs Aolw, o s F 39
o= {1 B3l ckFig. 1). 3 A 71fftﬂ‘ AR E o83t
d A= F5 W, T A e BFE oledt ATl
T2 54 w4 A, A WA 52 %*é?% =AM AA S
kil

AR 4EA 7t SAloI

3.9 RII=

=)
/12024 237
BRRE TS A TR ke } }Hlﬂzi oItk A
o] 42 %7} 5784, 40.5 %7t AFHo 2 o]8EIL lo] EX|o)E-

o
[e:e]
S
(=)
3
4
rﬁ_‘
S
G
N
=
oz
l
T
jd

r

Step 1. Climate Change Step 2. Flow Regime

Regional Climate Models
(High Resolution Climate Scenario)
'] I
1 Do ling Techi Indicator of Hydrologic Alteration Model
b (Environmental Flow Components)
! ¥
Bias Correction Technique Analysis of Impacts on Flow Regime
(Quantile Mapping) (Magnitude, Timing, Frequency, Duration,
1 Rate of Change)

Rl Analysis of Flow Duration Curve

CC-Weather Generator Model
(Daily Rainfall, Temperature Data)
!

Hyvdrologic Model Physical Habitat Simulation Model
(I)af.l).T Rm&ffgimulaum.) (CSI, WUA, Flow-Inundation Area)

+
Present / Future
(Daily Runoff Data Set)

Step 3. Ecosystem

Channel / Floodplain Ecosystem Impact
Assessment

Fig. 1. Overall Scheme for Assessing Changes in Flow Regime and
Physical Habitat

@ Weather Station
¥ Gauging Station
Habitat Simulated Area

Mangyoung River

Sayang River

Fig. 2. Study Area in Mankyoung River

rr
Jm
2,
o
SN
)

Sl SR S 0 AL e TRk
AN

o3|
4o

\S]
rl

e
o
o
o
12
Lo
jg

2)9F ddred Hf SAxg d54
A%S R Ao, 01 EA2A] Bl ghdolge]
TR B-5elx ae7kAl F 9 kmo
sl gl 35EE ‘”f‘z}f‘d{} W o] = 2olE flEl Ak
AAE A 25 T dRE
Ty i T 2Rk He, 94, A5 5 F ol VS
} jom, A&k 4 918k DEM, EXuEL, EY
L 2B ETAHRA S (WAMIS) oA A%
She Zbs o83kt el Fe-fiE Ko v HEAS
9 FE2 2HE(20081), ofF BEjAAlA Be] AR

, 2% skl RS ABQ0169)E o8-Skt

4.1 7|2HSIE DSt Y Zr2f X AM

£ A7erE 7PEex AlEshs RCP 859 Y W) Zref
RCM A52 283190t} dukzlo 2 d v 2 RCM Afa3e
A ZFe-=F 2w} 2pol7h wAYE ?‘61 el 2 9T
H2R= 4 Fo] o A jke] I SRS SV ok ol
SIS Bekbr] $lete] 2 ATdxeE Kyoung(2010)°1 AQrgk
A7 A 7] (Weather generator)E o]-8-3F 2247 HS 283514
t}. o] 7]H& Richardson(1981)s4] 3| A|etE]glom, =<,
FAR, 33 Hopoll A tefsiA A-8-5ar 3itkKyoung, 2010;
Jeung et al., 2014).

A7IAY7] B HEE flste] T o] o7l BS54
1970~2005d H ¥ ek =3 2804 4 H 2189
gk Fig 3¢ vlusigivt vl A, 29 Avte}l d5gko]
i zlo|7} Qlort 1 xjolr} vlurd 2o ASAIRS] AEdS
ZHHhegslal Qle-S o ik HEE Y] B35 RCM
2}z0] &7)(1981~210), T]2)(2011~2099) Y Z<reke o]g-5}o]
d B *174129— S 7 o, d A Am AL
AR Axt 2 o]22] wjAL Kyoung et al.(2009)E g &=

Atk

= el 4192w e
]‘rr% ol ISR WO 92} P
GISE o] Beja] SAFUAE w4913 5) ske wefd

glom, w54 s1ge] 4131 ekgAe] e SLURP

.ﬁ

Vol.39 No.1 February 2019 35



300

s
5
3

Monthly Total Precipitation{mm)

B

300

Monthly Total Precipitation{mm)

300

Monthly Total Precipitation(mm)
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Calibration
Contents Verification
Before After
Simulated mean flow (m’/s) 13.34 20.84 17.66
Observed mean flow (m’/s) 19.39 19.39 21.55
Mean error (m’/s) -6.04 1.46 -5.54
Ratio of mean error/observed mean error (m*/s) -0.31 0.07 -0.26
Nash-Sutcliffe criterion -1.96 0.65 0.59

(Semi-distributed Land Use-based Runoff Processes) %8S
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g FEde tigk AA) ~FEHo 2 Yepdt) Low flow2 #eJslt) o]$ 53] vk 55(<10th percentile)}
S8 558 ANEFCs) RdloA] 2717 5919 BeE A fde & 5E HA(>T5th percentile)2] A X)(threshold), =553}
57K T 5 shel] &3, Fig. 69014 AXIGH Galelss SPFES] AR 2ol = QIgh Wske) 1E|a Ad7IZE
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S8 SA BT dalglge ¢AHeR BE (Recurrence Interval)e] A2 g 213 W= AP, 7Adst
9] 50 % (= TYR) e 7Koo= Initial High flows} 4 10 Hlw AR & WA Ve wet EES BRdk

Note: all thresholds are default and adjustable in magnitude but net format (i.e.
large floods can be defined at > 5 years R, but not as 7 times the median
flow).

low flow

high flow

high flow pulse

than previous
day?

recurrence
interval (from daily
high flow data) = 2.
years?

next day

small or large
high flow pulse flood

RI>10 "o
years?

small flood

Fig. 6. EFCs algorithm flow Chart (Hersh and Maidment, 2006)
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Fig. 7. Change of EFCs Under Climate Change
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£ F298}e] Table 29|

ANBIGLE L AT, 3 RS 2AIa)

o= 290l 8Y 7IRHe] W Yk 32 =] g0l w} ﬁj
Solzt) =o 32 A= 79} 77ke] 22 10.8 %, 23.1 %
A5l F7kE0] ZHE 29.4 %, 18.2 %,

Table 2. Predicting Results of EFCs Change According to Climate Change

EFCs type Hydrologic parameters Present Future Variation
Peak flow (minimum flow during event, m*/s) 0.52 0.49 v
Duration (days) 19 14 v
Extreme Low Flows
Timing (Julian date of peak flow) 73 68 -
Frequency (number) 1.0 3.0 A
January (m*/s) 0.9 0.8 v
February (m’/s) 1.0 1.1 A
March (m’/s) 1.0 13 A
April (m’/s) 12 1.9 A
May (m’/ 3.1 39 A
Monthly Low Flows wd (m3 9
(median values of low|_June (m’/s) 25 52 A
flows July (m’/s) 7.8 79 A
during each calendar August (m’/s) 71 79 A
month) 3
September (m’/s) 6.4 6.2 v
October (m’/s) 4.1 3.8 v
November (m*/s) 3.0 2.7 v
December (m’/s) 1.4 1.0 v
Mean values of monthly low flows (m/s) 33 3.6 A
Peak flow (maximum flow during event, m*/s) 15.5 13.8 v
Duration (days) 7 5 v
. Timing (Julian date of peak flow) 159 168 -
High Flow Pulses

Frequency (number) 8.5 11.0 A
Rise rates (m’/s/day) 5.8 6.9 A
Fall rates (m*/s/day) -1.8 24 A
Peak flow (maximum flow during event, m’/s) 686 680 v
Duration (days) 46 41 v
Timing (Julian date of peak flow) 218 182 -

Small Floods
Frequency (number) 0.5 0.2 v
Rise rates (m’/s/day) 42 132 A
Fall rates (m’/s/day) -29 -26 \Y%
Peak flow (maximum flow during event, m’/s) 930 1149 A
Duration (days) 41 47 A
Timing (Julian date of peak flow) 218 184 -

Large Floods
Frequency (number) 0.2 0.2 -
Rise rates (m’/s/day) 307 130 \Y%
Fall rates (m*/s/day) -36 -45 A
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X212 232 River2DE o]8-3}8th(Steffler and Blackburn,

2002). River2De] 2] $J8ta] molabge APPRAE Al
WAHeR AR glont, AN 45 2 AR 5
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23] AREE DEME A7 17| 2AIE(MLTMA, 2012)9]
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Table 3. Comparison of EFCs Characteristics between Present and Future

Classification Extreme Low Flows Low Flows High Flow Pulse | Small Floods Large Floods
Discharge (m®/s) 0.52 3.29 15.5 686.4 929.5
Present Physical Habitat (WUA, m?) 22,685 107,325 249,607 84,013 77,958
Water Area (m”) 1,011,440 1,536,581 1,862,898 3,020,546 3,122,196
WUA/Water Area ratio (%) 22 7.0 134 2.8 2.5
Discharge (m*/s) 0.49 3.58 13.8 679.8 1149.0
Future Physical Habitat (WUA, m?) 21,044 112,627 240,706 83,714 66,579
Water Area (m®) 993,450 1,550,663 1,835,990 3,023,746 3,220,625
WUA/Water Area ratio (%) 2.1 7.3 13.1 2.8 2.1
Discharge 58V 8.8 A 10.8 v 1.0v 23.6 A
Rate of Physical Habitat (WUA) 72V 49 A 36V 04 v 146 v
Cl(l;n)ge Water Area 1.8V 09 A 14V 0.1 A 32 A
WUA/Water Area ratio 5.6V 40 A 22V 0.5v 172 v

(WUA: Weighted Usable Area)
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