Journal of Wetlands Research ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)
Vol. 18, No. 3, August 2016, pp. 313-323 DOI http://dx.doi.org/10.17663/JWR.2016.18.3.313

Water temperature assessment on the small ecological stream under
climate change

Jung Sool Park:Sam Eun Kim' -Jaewon Kwak-Jungwook Kim*T-Hung Soo Kim'

Nakdong Flood Control Office, Ministry of Land, Infrastructure and Transport, Busan, Korea
"Department of Civil Engineering, Inha University, Incheon, Korea
"Data Quality Management Departmant, Hydrological Survey Center, Goyang, Korea
(Received : 8 August 2016, Revised: 29 August 2016, Accepted: 29 August 2016)

o
™

3= qlsto] 4

ro
rlo
oli
k)
BURDY
N 1o,
Jot e
L)
e 2
U o2
o
£
2
i)
N
%
) 2
L)
riol g‘?
o, =
10 o2
g, o5
%
A=)
o
j r
Lo
B2
zo L
Ir ==
o
o
To i
Fo:3
o 4 M
fo =
o
o o
B
=
o,
=

I _I.,>i

-

Tl 4> fo
g
Ol 3% ofo

ra I ok
4
o
lo &
-
E o
off
o
)
B
o N
=
5
E
(o]
g
o,
lo

ro,

c
[¢]

O
o
=
o

o
of & AelAlE Attt F559] Fourc o2 5o
14 24, §E2H, vy $2R S F8ote] ZH7te] gy Ee| ot
vl BASte] ol 2 RolE fet Byor AYEA B3Pl CEQUEAU 2gS AAstatt. Egt
2 sto] CMIPS 7|Z 231} RCP 2.6, 4.5, 8.5 715H 3} AlUtg] 9.2 o]gsto] s Askd 49
A=t E4strt. A7 A, Fourchue 29 22 69 3 Hot +22 0.2 ~ 0.7C7H 4
~ LIC7F taete Zog yeht AdAQ 2870 Hshyh HAlete Zoa et old
ot B§, od ool At Sl dolRe AAETS e AL WASke] oo tigt
2

Y

=

=

ri [Eo i

I ox 1T

ol NIO a

tlo N
N
rﬂ‘.
lo

D
o >
ro
g
offt
o
filo

i

= I oofy 1o e
2ok O 4o
wH
1o
=

)
>
iy
olt
o,
2,

g
0z
0po
<
o
rfo
N,
-{OI[
rE
qjﬂl‘
5
ro
ko
1o
38

B, A

S

2~
Se

Abstract

Water temperature affects physical and biological processes in ecologies on river system and is important conditions
for growth rate and spawning of fish species. The objective of this study is to compare models for water temperature
during the summer season for the Fourchue River (St—Alexandre—de—Kamouraska, Quebec, Canada). For this, three
different models, which are CEQUEAU, Auto-regressive Moving Average with eXogenous input and Nonlinear
Autoregressive with eXogenous input, were applied and compared. Also, future water temperature in the Fourchue
river were simulated and analyzed its result based on the CMIP5 climate models, RCP 2.6, 4.5, 8.5 climate change
scenarios. As the result of the study, the water temperature in the Fourchue river are actually changed and median
water temperature will increase 0.2 ~ 0.7 C in June and could decrease by 0.2~1.1C in September. Also, the UILT
(24.9°C) for brook trout are also likely to occurred for several days.

Key words : Water Temperature, Climate change, Temperature Modeling, UILT
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Fig. 1. Study area and measuring station.
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Fig. 2. Hydro-physiographical characteristics of study area. Map
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Fig. 5. NARX network schematization (Jose et al., 2008). is the
input set, is the exogeneous input, k is the input delay and each
circle represents neural network
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Hyndman and Koehler, 2006; Eq. 5), Bias(Eq. 6), Nash—
Sutcliffe 2@ &84 <4(Nash and Sutcliffe, 1970; Eq. 7)
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o€l oW, O,.E 0,9 BFS YL, ne ZH5E
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;q]ia]-x] %E ol gtk Blast RE NE exte] ¥
S Uehis RMSEZF 7= Bk H HEAE He

W}, Nash-Sutcliffe 28 &-& A9 FSo= —’,\——‘_7'— 2y
= cﬂé &S Yloted F2 A=, cq] go| =
<55 1.00 7he 3E vebdtt (Moriasi et al 2007).

4 42 DY 2 U A3

41 2Y Y ofzoxt 4y
TAE HolE (R 9 WrRE, 75, A, ddis
&, 349 EAE A4 Adl 5714 HATAZE (&H
b &9 A#AS, Ljung-Box Q #A, Levene’s HA,
Lyapunov exponent 77, BDS &4 #4)E& &-&st5oH,

11 A¥E Table 19 Yetiict.

Table 1. Test statistics for each dependent and independent variables

Dependent and independent variable
Water Water Runoff
Test Stat. Value T ¢ Temp.of Air from Solar Relative Average
Uentlp.o Downstream Temp. Fourchue Radiation humidity | Wind Speed
pstream (Target) dam
Spearman Rank p—value 5.411 5.291 2.026 5.641 0.154 2.494 1.629
Corr. Coeff. test | critical value 1.96
. p-value 0000 | 0000 | 0000 | 0000 [ 0997 [ 0000 [ 0.020
Ljung—Box Q test —
critical value 31.4104
, p-value 0448 | 0877 | o548 | 0000 | 0239 [ 0992 [ 0657
Levene's test —
critical value 0.050
Lyapunov p-value | 182 x 106 | 1.62 x 106 | 0000 | 1000 | 00003 | 0084 | 0000
exponent Lamda test | critical value -0.0653
W) 79.02 62.15 20.96 16.49 2.82 19.58 2.53
W(3) 85.80 67.11 20.30 15.17 0.81 18.29 2.42
BDS test W(4) 94.52 73.32 19.81 13.79 0.46 17.12 2.05
W(5) 106.87 82.27 19.86 12.74 0.54 16.62 1.74
critical value 1.96
Chaotic
Nonlinear Nonlinear Nonlinear | time series Random Chaotic Nonlinear
Result stochastic stochastic stochastic with : . ) stochastic
i . i . X . series time series | .
time series | time series | time series | hetero—sked time series
asticity
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Fig. 6. Calibration results for Case 1; (a) CEQUEAU model, (b)
ARMAX, (c) NARX
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o] A9 2 thA SFF moloh=s Aol Y A=
9 540 mEAgto] 0.5Y olyiZ e

F20] otFe] JFS nA= Ao
Fct. AHHorE ARMAX R

CEQUEAU E3o] 7P AgetA moloh= Aoz vetyt
Ak, o grRge] ogt Jke 1EsklS ul CEQUEAU
FE 52 £ Fdstedl AZAA a3t glol

7V b AQl AE verd oz ek

7|53t g 429 HIE Hooy| flste] & A+
ol 7]t By 9 7]$Het AUP] & Foto] w|
o] 271 JAAE FESHH 229 V% HE ATE
grgste] ohefet -7 AAE oF2 (Sillmann
et al,, 2014) &2 37 (Lynch, 2006) & Al-5st=
CMIP5 23& AAstct. v 71§ 5FJA=+ vt
9] Pacific Climate Impacts Consortiumo|4 A|-gsh= =}
25 Agstgem (PCIC; http://www.pacificclimate.
org/data/statistically-downscaled—climate—scenarios,
2014), Hr] ti=o] o ©elo] HoHAY F5 ofdrl 7]
¥ (BCCA; Maurer et al,, 2010)& St 2H3td 29
9 Zt=mE ARSI

715 ®|gto] et ZRIF sfE(IPCC; hetp://www.ipce.ch/)
2 IPCC 5th Ha1AollA ti7]of thgt Q1% E59 Fak= 7|
Hro g o|ArstetA 2|7t 2)of whel dupt go] 2ANAE
HiES=XE I8lste] 4712 7Fs3F RCP(Representative
Concentration Pathways) A|4}2] 2 (RCP 2.6, 4.5, 6.0 1
1 8.55 AASIALT (Meinshausen, 2011) (Table 2).
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Aol ke zjoto] H9E ieste] ZtZF RCP 2.6 &
RCP 85 AU E o]gste] HOJE 4afsigit. 3
ot 71eRy AWE Adshr] 9ste] F 33719
CMIP5 7| R o] 85t em, 2t} 97]1e] ®Hago] RCP
2.6°l 12702] m3o] RCP 4.5 & 8.5 #-g5|dch.

Ni

4.2 715430 2 48 2o

2 Ao AAHE RCP 2.6, 4.5 & 8.5 7| T3} A
Heleet CMIPS B2 olgst A=, Hd % & 7
2 59 FE-71 48RS 71EPH CEQUEAU 249
& ©l-8sto] vl 9] Fourchue 9] sPd42-3 RoJsh3le
o, 29 Ao gk % o&d o+ A=FE
(Assimilation) st ARE-SFITt. Ro|ddto] wE 2015
HE 2100871219] o534 shd42o tig Boxplot 2
Fig. 83 &t}

[PCCoA &5 7t 292 RCP 8.5 Alv=] oA of
71 &7} £71(2046-2065)F 02 2-3C, A71(2046-2065)
Hog 4-5C 5o, ERAGAA Az =2
(IPCC, 2013), thAF Ate] FRA oA A= Tzl
o} ATt (Barrow et al., 2004). ©]+= Fourchue 73°]
Ache] SEFE Aol st 7] wiZel AHurhe

£ AdE Ap2dste] ogfe] d sirhe AS 9]
Sioh. SRR, 69Tt 9¥of dytE WSt FAE Hol&= Fig.
8ol A & 4= qlxol F2oA BAE 4 gl HS T4
Ste Aoz woaEth 797 89| R} H[TAY
ot =2 FYEE e AR dddes Fatt Hile
69 9dof et 64 mlF AuhE|eo] et 2 S
2 RCP 2.6914 16.04(+0.2)C, RCP 4.59]4] 16.03(+0.
2)C, 2331 RCP 8.5914 16.50(+0.7)C 7} & RO = 4
AHh 94 mjE 47t SR RCP 2.6904 15.96(-0.
2)C, RCP 4.5°14 15.45(-0.7)°C, 133 RCP 8.594
1497(-1.1D)C=E 2 TA <) vls] A Ag= let. o
S 104 B<9Ur(2016-2025) 69 AgEHE ALt 2o
olstH, Z| THA L} HlwafA RCP 2.60014 =29 S47k
o] 0.2°C A3kl RCP 4.5914 0.4C, RCP 8.594 1.
2C A%otct(Fig. 8). BE ol=gt Hsle di7] 229
HolE o Aoz Zx|9H(Table 1 and IPCC, 2014),
olfl Mgl fof] A QA|st= AolR/ AA R F3F
= & 5 Qo

oAl E S°] Fourchue 7oA B ¥ Q& Fojo] A4
A3t A 2l 14.4-16.0ColtHDwyer et al., 1983).
webA, 3Feo] 699 o] HlE Fo] AAEE JFE
X 28 208 Ao ditdn, E3t, TE £o0]9
AR oF 24 9TCo|tt (Wismer and Christie,
1987; Hasnain et al., 2010). =77kl 2011¢H g

Table 2. RCP (Representative Concentration Pathways) scenario description (IPCC, 2014)

. - . Global warming until 2010
Scenarios Description CO, density(ppm) (Mean and likely range)
RCP 2.6 Peak in radiative forcing at ~3 W/m before 2100 year and 490 1L0(0.3~1.7)°C

then decline
RCP 45 Stabilization WithOL}t‘ ox{ershoot pathway to ~4.5 W/m at 650 1.8(1.1~2.6)°C
stabilization after 2100 year
RCP 6.0 Stabilization Withgqt oyershoot pathway to ~6 W/m at 850 2.2(1.4~3.1)°C
stabilization after 2100 year
RCP 85 Rising radiative forcing pathway leading to 8.5 W/m by 1370 3.7(2.6~4.8)°C
2100 year
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Fig. 8. Boxplot of daily water temperature (2015 to 2100 years) in summer season; (a) RCP 2.6 (9 climate models); (b) RCP 4.5 (12
climate models); (c) RCP 8.5 (12 climate models) climate scenario and bold red line indicated monthly median temperature for
observed period (2011 to 2014)
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Fig. 9. Boxplot of number of the day over UILT of the brook trout for each RCP climate scenarios; RCP 2.6 (9 climate models), RCP 4.5
and 8.5 (12 climate models)
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