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Synopsis

Prediction formula of the number of upstream migration in the Yodo River in Japan,
was constructed using chlorophyll-a in Oct (X;) and sea water temperature in Feb (X,).
Y=89340X,-288402X,+2579513. Impacts of climate change on the number of Ayu-fish
migrating upstream in the Yodo River was also assessed under CMIP3 climate models
by developing distributed hydrological model which calculate river discharge and
temperature. Under the A1B scenario, future mean water temperature at the river
mouth from January to March increase by about 2 degrees and the future number of
upstream migration is estimated to decrease. As a mitigation measure of increasing
water temperature by climate change, lowering temperature of the sewage treatment
water that flows into river is found to be effective based on a comparison between heat
flux from the sewage treatment water inflow to river and increment heat flux in river
by climate change.
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Fig.1 Annual total number of ascending Ayu-fish at the Yodo Rivermouth Barrage fishway from 2003 to

2015
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Table 1 Correlation coefficients between the number of ascending Ayu-fish in the Yodo River and the sea water

temperature, chlorophyll-a and catch of clupeoid juveniles in the Osaka Bay

correlation coefficient distance [km] from
factor station
Oct. Nov. Dec. Jan. Feb. Mar. river mouth shore
0-5 -0.116 0.069 0.222 -0.194 -0.424 *-0.696 0.0 0.4
0-4 0.218 0.058 0.077 -0.303 -0.514 *-0.695 0.8 12
Amagasaki 0.066 0.067 0.097 -0.128 -0.597 -0.511 1.7 0.6
0O-1 -0.137 -0.054 0.227 -0.466 -0.500 *-0.673 34 0.3
Koshienhama 0.028 0.511 0.272 0.099 -0.465 0.032 5.6 0.1
0-2 -0.192 0.137 0.181 -0.525 -0.510 0.004 6.3 2.0
C-3 -0.268 -0.060 0.179 -0.418 *-0.578 -0.434 6.3 34
0-6 -0.067 0.094 0.003 -0.392 -0.468 *-0.584 6.8 13
Nishinomiya 1 0.298 0.173 0.258 -0.330 -0.536 0.007 7.9 24
sea water temperature (0.5-
Nishinomiya 2 0.149 0.325 0.189 -0.357 *-0.714 0.127 11.6 8.0
1.0m)[°C]
B-3 -0.268 -0.067 0.234 -0.268 *-0.678 -0.279 12.3 5.0
C-4 -0.221 -0.052 0.066 -0.567 -0.407 -0.213 13.6 16
Kobe 1 -0.072 0.269 0.221 -0.178 -0.575 -0.101 14.6 39
Kobe 2 -0.102 0.182 0.159 -0.233 -0.559 -0.079 15.7 5.6
Kobe 3 0.234 0.099 0.120 -0.328 *0.717 -0.213 17.3 10.6
B-4 -0.024 0.001 0.135 -0.433 **.0.739 -0.271 17.9 19
A-2 -0.393 0.053 0.244 -0.309 **.0.728 -0.401 19.7 6.4
C-5 -0.142 -0.059 0.114 -0.527 -0.476 -0.488 214 0.9
B-5 -0.261 0.084 0.054 -0.462 -0.480 -0.476 257 3.2
C-3 0.249 -0.109 -0.214 -0.111 -0.391 -0.170 6.3 34
B-3 0.560 -0.353 -0.228 0.115 -0.315 -0.069 12.3 5.0
chlorophyll-a (0.5-1.0m)
B-4 0.258 -0.021 -0.280 0.324 -0.351 -0.113 17.9 19
[ne/1]
A-2 **0.833 -0.259 -0.308 -0.083 -0.200 0.094 19.7 6.4
B-5 0.120 -0.089 -0.075 0.041 -0.310 -0.197 25.7 3.2
catch of clupeoid juveniles
-0.182 -0.205 -0.513
[ko/day]

* 5% significant.  **1% significant. ***0.1%significant.
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Db mIEBEILOND. ST, 3 AZIENNT
F K OE D53 RN I C d 2 FdE )1« 227611« AR
JUDW OO IHOKIE E W Ed & ORI HE2MEEN
FHONTZZ EIZOWTIE, A Al EXNGEDL Z
LEREZDE, D DOKIBITIFHER DA L C
WHHDEBZHND.
PLEORERN G, XZFORMBIEKIED EF3H
EHICR LD ER 2D 2 EBborolz. £ 2T,
WIZ, 1~3 A OFHEAKIR &8 B3 e oRICHIE Y
Brait -7z (Table2). #ERE LT, BN 5 HHA Tl

Table 2 Correlation coefficients between the number of
ascending Ayu-fish in the Yodo River and mean sea water
temperature from Jan to Mar in the Osaka Bay

i . . distance (km) from
survey stations | correlation coefficient .
river mouth

0-5 *-0.711 0.0
0-4 *-0.717 0.8
Amagasaki -0.458 1.7
0O-1 *-0.725 3.4
Koshienhama -0.234 5.6
0-2 -0.268 6.3
C-3 -0.556 6.3
0-6 *-0.659 6.8
Nishinomiya 1 -0.404 7.9
Nishinomiya 2 -0.489 11.6
B-3 -0.512 12.3
C-4 -0.508 13.6
Kobe 1 -0.358 14.6
Kobe 2 -0.382 15.7
Kobe 3 -0.560 17.3
B-4 *-0.635 17.9
A-2 -0.564 19.7
C-5 -0.544 214
B-5 -0.563 25.7

* 5% significant. **19% significant. ***0.1%significant.

¥ e 1~3 A OFEEAR O RICH E A OHBE
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D BRI EE BT LOLHRTED.

Q) AL SRiE¥ESE

BNOAT VT AREIZ4~12AL~3HIZIT K
N TR TnD. W EHEA ULV T AR
OFNZIX 12 BIC B @ A O F6 B (r=-0.690) 23 A
Lo, TOZ EIXT ATHERA 11~12 A B
WCEGET DL 2MEZD E, AUV T A LEE
T EEK S THA LIFHEROAFRICEEEZ KIT LT
AREMER B Z 6N D, ERICTEETIEAI Vv T
AL T AT ROWHE TOSAN IR EET L Z &
DHLNTBYEWIIAT VEEBETLIZ &N
DbroTWD (RHD, 1998).
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Table 3 Correlation coefficient between the number of ascending Ayu-fish in the Yodo River and the montly mean

discharge at Hirakata and from the Yodo Rivermouth Barrage.

correlation coefficient

survey stations

Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. Jun.
Hirakata 0.146 -0.184 0.160 -0.240 -0.174 -0.481 -0.315 -0.011 *0.614 0.221 *0.67 *0.72
Yodo River Barrage -0.178 -0.156 0.481 -0.231 -0.205 -0.489 -0.460 0.155 *0.817 0.411  **0.765  **0.757

* 5% significant. **1% significant. ***0.1%significant.
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Table 4 Correlation coefficients between the number of

ascending Ayu-fish in the Yodo River and monthly mean

discharge at Hirakata

corerlation coefficient p-value
Mar *0.651 0.030
Apr 0.221 0.540
May *0.670 0.024
Jun *0.720 0.012
Mar-Apr 0.584 0.059
Mar-May *0.732 0.010
Mar-Jun **0.825 0.002
Apr-May 0.574 0.065
Apr-Jun **0.801 0.003
May-Jun **0.775 0.005

* 5% significant.

**1% significant.

***0.1%significant

@) RNFERCRNKEBRE

W R & OB R & O RS 21T -
=455 % Table 3 12 73, 3 B4 & vE) I KO s i &
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T, FNENOERK &M e DR %~ 7= (Table
4). FER L LT 3~6 AOHMEFEHKER
r=0.825(p<0.01) T# E3 ik Lk bHMEAE L 2o
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HOWMBER LD Z ENmhote.
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TRIER RIS, 3 EEUT Rt L 10 A o L@ o &

0 a 7 gL a RN EINER, 2 A O R RKETRHEKIR

DI HER] & 7o 7.

(2) EHmFAX
Wiz, [AEEE % EZE L= LR kT 24T 5

OO TFRREZHEE L. fERRBESRMET R, B

ERESMET &t UClll LR 3 20 5 94

4o ENBESNS. £ 2T, B CHRE LT,

A TR DB AKIR K O TR O St B & S 5 &

LTHWE=. RIfiORE RN, Xs: 1~3 A OE)I{

Table 5 Correlation coefficient between the number of ascending Ayu-fish and factors and results of multiple

regression of the number of Ayu-fish on selected four variables

estimation of regression

correlation coefficient matrix

month station factor coefficient
Y X1 X2 X3 Xa Typel Type2 Type3
No. of
ascending Y -~ **0.833 **0.739 *-0.696 *0.817
Ayu-fish
(p-value) -~ (-0.005) (-0.006) (-0.012) (-0.013)
chlorophyll-a
Oct. A-2 X1 122494 89340 76455
(ng/]
water
Feb. B-4 temperature X2 -0.486 -288402 -230364
[°C]
water
Mar. 0-5 temperature X3 -0.414 0.462 -171497
[°C]
Yodo monthly mean
Mar.  Rivermouth discharge X4 0.651 *-0.626  -0.509 ---
Barrage [md/s]
intercept -125156 2579513 3806435
adjusted R-squared 0.651 0.782 0.823
AlC 263 145 199
p-value (F-test) 0.005 0.004 0.008

*5% significant. **1% significant.
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Fig.6 Comparison of water temperature between observed and calculated in the Yodo River Basin and the location of

sewage plant
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Fig.7 Difference of the Katsura River water temperature
before and after inflow of T sewage treatment water from
2006 to 2010.

(Difference) = (After inflow) - (before inflow)
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Table 6 Relative change of monthly basin precipitation and river discharge at Hirakata in the Yodo River between

future and present climate condition

relative change
scenario factor
Jn Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec year
precipitaion | 1.03 1.09 1.05 1.05 1.05 105 1.12 110 1.05 099 095 098 1.06
AlB
discharge | 098 093 093 095 100 101 106 1.05 1.02 1.01 0.92 095 1.01
precipitation | 0.97 1.01 1.02 1.05 108 106 113 115 1.04 099 095 0.90 1.06
Bl
discherarge | 0.94 098 093 097 102 103 108 1.10 1.03 0.98 0.92 0.88 1.02

Table 7 Change of monthly basin air temperature and river temperature at Hirakata in the Yodo River between

future and present climate condition

temperature change (future - present ) [°C]
scenario | temperature
Jn Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec year
air 3.07 324 293 279 279 277 265 275 299 298 289 305 291
AlB
river 144 152 202 164 153 157 169 178 197 204 205 199 177
air 199 18 182 174 188 195 199 208 220 215 198 205 197
Bl
river 082 082 131 102 101 104 117 120 140 148 140 130 116
25 ¢ mAIB
na f §
3.4 [FERERKER T s
e

Table 6 (2, BIER MBS Tt 20k 5FES:F
TITH T D s N K & e OV R i & o B N =g
a9, AIB-Bl v U A FCHKE - iEE bIC
M 2@mIcH Y, W EEOREMER L7 3~6
A OYHHERE, AIB-BlLY U A FTIE, £
NHERBESRGE T 097 %, 09915 L7220, HEDY
RKERBCITH LR Do T2,

Table 7 ICHIERMESME Nloxh 3 2 /R BS54
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OEMER & 725 1~3 AD 1~3 A O JIKIE
AIB >+ U A4 :164C, Bl ¥+ VU A :097C LEFT
DRERE R otz I OKIEE, 1.99C, 1.43°C
LHTDHER L o7 (Fig8).
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Fig.8 Difference of monthly water temperature in the
Yodo river mouth between present and future climate
conditions
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Fig.9 Comparison number of ascending Ayu-fish in the
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Fig.10 Comparison between inflow heat flux from
sewage plant and increased heat flux in river by climate
change

TR DR RRERGTOMEWHE LD TH
5. Pk, W27 =28 EEIER 0 KR E
HE2Z WA L, AIB, Bl 7 VU AT T, BER
TR 2 EENENEN 47 TR, 35 TRED
LAl BN 0 L bRk e o T,

4 EBEOBRE

TN O T 23 EFIT 3 LA ZEOR D KIRO EHN
WAER L2, KUEEB) A B L ik o Jit i 7
B« ABARNT 24T o 7RG R, J@) AR T 21 i
FKIZ 1.43~1.99C EH L, w7 =il Eisd
FTAHRL 2ol IR OIXEAERTHY, 49
ERENKETHD. L -> T, AKED
FITMOKERRICHEBELRIET LD LEEZ BN
5. FIT, RETIHIFROW OKIRD EF %8
T B HRICOWTHREFEIT-7=.

TEN O] 11 ARV K BRI O HEAK & 38 O)IK DR
ATHD. WRKOAERRE, WIIKOBERIZH~
R TH O, IIKOIRE EREMD, WoKiE L
FAEMOBESEE LTANTHLI B2 LD, K
EHHRERMRORIE T, HIlowkiEE, E
PRI D TR B AR DA 5 F, it TK
ENEFLTVWAZEICOVWTERLE. 22T,
TAMER AR Z IR T &% 5 2 L NRELHIC K
BTN L F 2R3 585K 272 5 AR E S &
D EEZ, TRUEBIRAKDHET T v 7 2 L& KifE
EENZ X VML ZRIINEN T Z > 7 2 O i & 3 A
7o TARLBEAGEKDOHER T T v 7 2%, W
HA LY ERICALET D 5 O TR (Figs) @
HRAKIR & R EOROfE LTERL, JUREH)
WEOHEMUZZRIINERT T v 7 2SIz BT
2 RS AE T OKIE & L E O b BUER S
HTFICBITAKREREDTEZZ LI WD E L

TEFR L.
© FAKAE TR AR T 7 v o 2

Z Tout X Qout (13)

Toue [C1: FARBIKH AR, Qou
[m?s] = A RLER ik
s RABEZEEIC L VMU TZRIE T Ty 7 2
Tfuture X quture - Tpresent X Qpresent (14)
T ZIT, T.Q EMOTHRICET DR RS T
BLUOBERBESRETTOKE, METHD.
Fig.10 I[CHFERE R ZRd. 11 A, 12 H, 1 HOTF
AKALBRFFRHRER T Z 7 A0, KRB L 0
L7 T w7 A% ERID, K HAITHIT T,
FEFAEEOEE R o7, ZOZ LIX, HIGES—4F
ZBBLTRZEL TV L, FINTEITEZFIC
HARATFRIZBY T 2RI H LT EEZEZ2bND.
PlbED Z &b, ZFEOW AKIRO EFEMICK L
{0 )18 B D PR D 22 FK - A 00 R R AL BE e /K
REETIELHRBKRDLND. BURTIE, &£F
D TR Z FREEY G, AR D H5IER,
WK AR K 2 —FRFRIC I R LI S o 7 &
DHEREZBND

»»L
[N N

AW TIE, WINZBIT 27 28 o Z 8 EK
FENT 24TV, T2l ISR R 52 BTE) - KK
BOBBEBERZH O, W RO PRI A
L7z, E£7, WMHEMBATET VICHZICKEET V%
FAIAS, RN OFER OKEZHHTHZ LT
SIEATNC X AR - KIEOE(LAF RO T 23 |
B H 2 DB ERF LT,

EF, WO T = B KR - @) OB
K & O T 21T\, ZEBMITICL Y T
REBELLHER, DToZERbhrotz.

O 2 AOBEEMUEHE KON 3 A OFE) A g o #EK
&7 23 EE o MICHEICA R R A DB 23 4
L, ENENSC, 9C% Tlalb &l EEH ki
2L RBEMMB R ST,

@ 10 AoBHEERIZBITS27eun 7 L ajREL
7 W EEORICHEFICE B R EOHBNA L,
ZORHOMWM T T v N BOERD, FAEOW
BN TE ST 5.

@ 3-:5-6 HOHFEEREKOE) KR & &
7 2 EEOBICHRECA B R EOHBENA LR,
35 AOMEROKTEN, ThFh, 300m’s,
150m/s Z#B % % & FE AL 20, 6 HD
WER R ED, ZFHF 400mYs, 250m’/s % iR

— 567 —



A% & ERDS RN Z < IR DA A DT,

@ 10 HOEREMCB TS 7007 20 altfE X,

2 A OB F NIRRT X, 3 H O3 I ki, 3
H O KA FE i &% L & Ligllo7
o BEE BMIA S L L CESEINEIC &Y ERG
DT EAT ST FE R, LLTFOXTAIC /ey T
23 B O RN AETH -

Y = 89340X; — 288402X, + 2579513

WA, TENIFEIE & R G R HARAT & T S HT 721

HKIRE TV EAIATL, VRt - KIBMENT 21T > 724
B, UTOZ LN bohroiz
® KHEOBUE, BHRICLS BEEBEZSEL,
S T IR, BRI IR E A 5 2, K
IRMEAT 24T o T B, AR TKIR O FHitk 2 1%
EISHHTENTER
©® FARLBEKZED N THK DB EZ R 52T 53
T, EFTAHBMEMET L, fFICLAFTOBEN
BETHY, 5%, ETVHEIAMEOR LoD,
ANTHBE DB SN T HEET ILERN DS,
@ B FHREIC BV TR F ALK O AR T
—HFEA B L KR EFAE S A, FOKALERK &
JIKIBROREZNKRENAFIZEETHY, 1-12
AIZiE, MARIEB T COKRBLEERZLNT-
® FFRKMESEMEFTIERIER 1° C LT 01
* U, WENHFTHAOKIREIELZ AIB F YA TFT
0.61° C,B1 ¥+ UAFTO059 CLAETAHFERLZ
v, KIRO LR EIZEAWIAKIRO E5FE OGN
WAER L 7o 7.
© FFREMETICET D 1~3 A O A EE)KIE (Xs)
D k5, 3~6 A OBI7HLE SRR B (X)) & %
TR XY =—-238605X; + 4220X, + 1515703 %
A& 2 A, B2 7 =il E#ioRs kil
L, A1B, B1 v U4 FTCIX, BERKE BT
W EENRENEN 47 TR, 35 HROEGAITH i
N0 EoT.
O TFARAEBFTARDOIER T T v 7 A L ZUEEEIC
LM UERINET T v 7 ADtig R i & 2
A, BRZEIZBW T FARMBE KT AKOPER T T v 7
APRRMFEEIC L0 I 20T T > 7 2L
T Dz Enbinot.

Alal, SRSV TZIEINC R T 27 2 X 12
BHTHY, T—FOERPRKRELIEE 20,
Lo T, %07 —2EHL I, W EHEoE
RN K OV F O 2 -ISATV, TR
O EERDBENRDH L. £i2, ABFFECIIOAmMR
MHET VIZKIBET VEMBAIAIS, AR —LT
B B Af 2 KEHBRE RN S BN, L, AA
=TI, EBEOBRZICHAKIBOEEH N KE L,

B 2TENTE ol 5%, WROGEE
HEBELET VOB EXDZLERDD. £2,
AR D Bk 070 BRI, J8) 1 R OVKIRIE & R 421
WIMEERAET VERET LI THD. 4K,
TEN e VKPR % b B ) K DU EE~DIEH S %
ET AT D Z & T, W EFIERA B AR R
BOBENME LTOY — VA ERT 5 2 & Ak
Ehb.

HiEE

ARFFENT I T T 23 b R ONE ) R HE e &% o
T & e [E AR AR T e 7 B R E ) ) S

FORELCWEEEE LA, ZZ0EHOE SR
LET.
SE Xk

WHFIR (2006) : 7 = OFEE LR A EM D LRk
Hz 58, Kife X —iF®, BIE 5 5, pp.
175-177

JUTRER VS (1970) + 7 DSt & /EpE-15 FE D
EAbZ R C-, AARAERETREE, 205, 4%, pp.
144-151

THEAIIE (2007) : KERBE ORI, #AAEE
WTREMIIE (1995) : {WJIZKIED B AL )R EET L,
KRB F5E, #8%, 25, pp. 184-196
VERRZE R - AROCHh - e 1 =2l - | PR - BNRANG -
kg — (2010) : RAEZE BN KT 5 FeATH G D7
B ORI A — A TOBPKE LB Y R 7 T,
FURR R 7RG ST ZE T 4Rk, 55 52 % B, pp. 573-586
ARYE - AT - il - LA B - ATFREREL
(2014) : KIRDFFRZEALA T = D ERR S K IF S
FEIZOWT, LAFRWmCE BIOKLE), & 70
%, 4%, pp.1_1213-1_1218

BAE - EABT « RYTZHE - LR sERE (1989) -
WA KIKIZ I B 7 2AFHER O 43 - [BE - R,
KEEL AR, #5257, pp. 47-57

A « KTIR (1988) : B O #IC HEE T
57 ATHER O REE, fadE, 55355, pp. 382-388
BHIEE - FIHRE (1980) : FihF miREIC X 5
THEBRRHEE €TV, BARBKTREE, & 425,
2%, pp.71-80

EOILER - ERFER - SR (2012) @ BRIRA o —v
DKIRNTIZINT 72 GCM I D% A O HES,
T ARZEHSCHE BL, % 68%, 375, pp. 125-135
Kojiri T. (2006): Hydrological River Basin Environment
Assesment Model (Hydro-BEAM). In Watershed

— 568 —



models, Singh VP, Frevent DK. (eds). Taylor &
Franceis, CRC Press: Slorida

(X ZHEAB : 201646 813R8)

— 569 —





