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1]2]3]a|5]6]|7]8]o]10][21]|12]1]2]3[4a]5]6]7]8]9]10][11]12
Akkeshi Lake
Aeshi Bay (Bay mou ——— e —
Obetsu River S S S— g —— w
Oboro diversion e B s e e e e s e e
21.1-2 -
Akkeshi Lake Akkeshi Bay
. Latitude Longitude . Latitude Longitude
Station Station
(degree N) (degree E) (degree N) (degree E)
AL1 43.0433 144.8600 AB1 43.0483 144.8367
AL2 43.0433 144.8850 AB2 43.0361 144.8167
AL3 43.0417 144.8983 AB3 43.0361 144.7889
AL4 43.0317 144.8833 AB4 43.0222 144.8278
AL5 43.0583 144.9017 AB5 43.0222 144.7972
AL6 43.0567 144.8600 AB6 43.0222 144.7667
AL8 43.0567 144.8850 AB7 43.0000 144.8417
AL9 43.0717 144.8600 ABS 43.0000 144.8083
AL1IN 43.0480 144.8600 AB9 43.0000 144.7778
ALBN 43.0615 144.8600 AB10 43.0000 144.7500
AL9S 43.0670 144.8600 AB11 42.9806 144.8528
AL9N 43.0762 144.8600 AB12 42.9806 144.8195
St. A (Tidal flat) 43.0437 144.8839 AB13 42.9806 144.7889
St. B (Tidal flat) 43.0422 144.8609 AB14 42.9806 144.7500
AB15 42.9583 144.8639
River AB16 42.9583 144.8306
Station Latitude Longitude AB17 42.9583 144.8000
(degree N) (degree E) AB18 42.9583 144.7611
Bekanbeushi (RB) 43.1074 144.8918
Obetsu (RO) 43.0964 144.8618
Oboro (RQ) 43.0754 144.8174
Oboro-diversion (RR) 43.0073 144.7008
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ltem Meteorological | AMeDAS | Time step
parameter station
Horizontal coordinate  [Coordinate system [Cartesian coordinate system Air temperature Ohta 1 hour
Grid number 42x23 Wind direction Ohta 1 hour
Grid spacing 475 mx475 m Wind speed Ohta 1 hour
Vertical coordinate Coordinate system [sigma coordinate Precipitation Ohta 1 hour
(water column) Division number 5 equidistant layers Air pressure Kushiro |1 hour
Vertical coordinate Coordinate system [level coordinate Relative humidity [Kushiro |1 hour
(sediment) Division number 15 layers Cloud cover Kushiro |1 day
Calculation period 2014/4/1 - 2014/12/31 Ohta (43°05.4' N, 144°46.7'E)
2015/4/1 - 2015/12/31 Kushiro (42°59.1'N, 144°22.6'E)
Time step External mode 2s
Internal mode 60 s

Boundary condition
(meteorology)

Temperature, Humidity, Cloudiness, Wind
Precipitation, Air pressure (AMeDAS)

Solar radiation (Estimated from model)

Boundary condition Tide Calculated from M2, S2, K1, O1
(open boundary) Water temperature [FRA-ROMS

Salinity FRA-ROMS
Boundary condition Discharge Estimated from precipitation
(river) Water temperature [Estimated from air temerature

: : Discharge Water temperature
River loading | Temperawe | Hyqrodynamics mode/ | sainty______ | Open ocean sub-model
sub-model ! (Princeton Ocean Model) FRA-ROMS
1 1
i Advection ! I Temperature
Nutrient loading : Diffusion 1 1Current speed
Organic matter loading j Temperature} :
! i ! Ecosystem model
v v ¥
Water/Plankton ) Sediment/Benthos
sub-model sub-model
taking into account interaction
--------- not taking into account interaction
221-1 3 z 60 —
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Symbol  Definition Value Unit

Oso amount of global solar radiation calculation MJI m2day*

dleng day length calculation no dimension

ref albedo 0.07 no dimension

s emissivity 0.96 no dimension

5 Stefan-Boltzman constant 5.7%10 wm?2K*

5 Stefan-Boltzman constant 1.35%10 calcm®K*sec”

Tw surface water temeprature calculation °c

E, water vapor pressure calculation hPa

c cloud cover coefficient 0.65 no dimension

C cloud cover (0-1) JMA observation no dimension

Ta air temperature JMA observation °C

C. specific heat of air 0.24 cal gt K™

o air density calculation kgm™

Cy bulk transfer coefficient of sensible heat 1.1%10 no dimension

w wind speed JMA observation m sec™

L latent heat coefficient 586 calg™

Ce bulk transfer coefficient of latent heat 1.1%10 no dimension

gs saturation specific humidity calculation hPa

q. specific humidity at water surface calculation hPa

Eg saturated water vapor pressure calculation hPa

hu Relative humidity (0-1) JMA observation no dimension

P, sea-level pressure JMA observation hPa
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K*fie fi— =~ H - He

106CQ, +16HNO; + H,PO, +122H,0- (CH,0),,,(NH;),,H;PO, +1380,

1 . . — 1
K f|va|_ | Lo '_||'J-= $-||‘||9 L
. 1 . .
F - 4 gross production< - Yelb k- fi e fi -
. 1 . .
4 o my L L net production < ¢ k' fieJfi— | Ne -
| _ _ _ 9 ~ TM=
oV < # Nef | o = ™=
1 . "
A % — = # Nef k' fieufi— Lz —
| . .
sez= 4 el_<a{soz K'fi-sfir ] - | z> ez L[4V
| . .
— -4 3 - k' fiedfi— L o142 Vo
22.31 z &0 F ™Y
Variable Definition Units Variable Definition Units
Water column Sediment
NO; Nitrate .mol N L NOs  Nitrate .mol TN L
NH, Ammonium ,omol N L NHs;s  Ammonium omol TN L
PO, Phosphate ., mol TP L PO,y Phosphate o mol TN L
DON  Dissolved Organic Nittogen . mo | * N L NH,.g Adsorbed ammonium mg N g bw*
DOP Dissolved Organic Phosphorous, mo | 1Tp oL PO,.q Adsorbed phosphate mgPg pwt
PON Particulate Organic Nitrogen | mo | * N L DONyy Dissolved Organic Nitrogen .mol TN L
POP Particulate Organic Phosphorou;, mo | Tp oL DOPy; Dissolved Organic Phosphorous , mo | TN L
PHY  Phytoplankton ,mol TN L PONy, Particulate Organic Nitrogen mg N g DW?
SBA Suspended microphytobenthos | mo | * N L POPy, Particulate Organic Phosphorous mg P g DW™*
EEL,, Eelgrass (aboveground) gDW m? MPB Microphytobenthos . g Chl -"dmgCheaw?
EPI Epiphyte mg Chl-am? EEL,; Eelgrass (belowground) gDW m?
ZOO  Zooplankton ,mol TN L MC Clam gDW ind.? /ind. m?
OYS  Oyster g DW ind.* /ind. m?
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L o — RDgekan M3s? | 3 — AMeDAS — —
Prio mm %[ — ~ |} -~V Yoonetal.2011 ® J O - — |
-V - < — 378.97kn? 38.68 kni 29.30
km?2 Y%k oV A% - 2003 £ - oV
RDggyan = 0.343 Pry +14.57
J e & 93 — | 3.1.21 3.1.23 < AMeDAS - =
5 - ATz °C < — 2241 %l L % 1 - 4 =V
=V —  %ocd | <% L oCcs <V o
RTaekan = 0.80873 AT, + 24671
RTopes = 0.8381% AT, ,, + 2.7205
RToporo = 0.8295% AT, ,, + 2.8795
< —

d 2242 A° 0% ) € Yum

: 60 # =V 3 - < =
AL ™y o
ntofi
- < PON - Y% [ DON | Retamal et al(2008)% |- DON/PON
L 05< == DOP POP |/ 4 - 4 DON/DOP PON/POPL 10< ~= Yoon etal, 2011 < -=
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Observedrivertemperature (°C)

Discharge (m3s1)

Water temperature (°C)

15 +

10

15

10 -

2.24-2 AMeB-— <

15

=V 2014 4

22.41 - %1 —
River NH4 NO3 PO, PON POP DON DOP
(.™m ™M M M M M (.M
Bekanbeushi 0.88 17.94 0.88 3.40 0.34 1.70 0.17
Obetsu 3.31 47.37 1.30 3.40 0.34 1.70 0.17
Oboro 4.31 23.57 1.24 3.40 0.34 1.70 0.17
Tokitai 4.31 23.57 1.24 3.40 0.34 1.70 0.17
Bekanbeushi River = Obetsu River - Oboro River
g 2 g 2
y=0.8087x+2.4671 o =0.8381x+2.7205 o y=0.8295x+2.8795
R2=0.90 (p=0.01) ‘E 15 R2=0.94 (p=0.01) & o ‘E 15 R2=0.93 (p=<0.01)
=15 é ™15 é =T .
7] o [ ]
1 5 10 510 -
= =
3 3
4 E 5 E 5 4
o @
° 8 o ® 8 o °
5 0 5 10 15 5 0 5 10 15 5 0 5 10 15 20
Averaged air temperature (°C) Averaged air temperature (°C) Averaged air temperature (°C)
224-1 72 - - < - — —
Bekanbeushi River Obetsu River Oboro River
N
— A A ] — e AL e e
AM J J A S O N AM J J A S OND AMJJ ASOND

Ye |- 12

- Y1 =—



— -1 — | FRA-ROMS http://fm.dc.affrc.go.jp/fraoms/index.html
™y 2251 9

I=

~2%1 4 PHY NHs NOs PQ. DO— | AB16 ~ %1 Ye |-
k' fi-J)fi ZOO | Yoon et al.(2011) DON | Hasegawa et al. (2013) ™ DOP |
DON/DOPZ 10 Yoonetal., 2011 < == SBA| 0< == . 2251 °
225-1 - %1 —
NH, NO, PO, DON DOP PHY SBA Z00

Layer Month

.mol *Nmol *Nmol *Pmbl *Nmol*P,g*L , g*L, mol*?
Apr 0.11 0.08 0.26 5.37 0.54 5.58 0.00 0.24
May 0.12 0.15 0.23 5.65 0.57 0.63 0.00 0.18
Jun 0.04 0.38 0.41 6.20 0.62 1.64 0.00 0.36
Upper  Jul 0.01 0.06 0.39 6.54 0.65 2.28 0.00 1.01
layer  Aug 0.30 0.58 0.60 6.88 0.69 3.76 0.00 0.45
(0-10m) Sep 0.60 1.11 0.80 6.79 0.68 6.07 0.00 0.92
Oct 0.50 3.83 0.81 6.69 0.67 4.75 0.00 0.17
Nov 0.39 6.55 0.82 6.60 0.66 3.43 0.00 0.17
Dec 0.39 6.55 0.82 6.60 0.66 0.84 0.00 0.06
Apr 0.59 1.62 0.57 5.37 0.54 10.62 0.00 0.24
May 0.25 1.49 0.59 5.65 0.57 13.27 0.00 0.18
Jun 2.68 5.28 0.96 6.20 0.62 3.25 0.00 0.36
Lower Jul 2.02 2.13 0.70 6.54 0.65 3.39 0.00 1.01
layer  Aug 3.15 1.98 0.77 6.88 0.69 3.76 0.00 0.45
(10m <) Sep 4.28 1.83 0.84 6.79 0.68 1.69 0.00 0.92
Oct 2.98 5.04 0.93 6.69 0.67 1.61 0.00 0.17
Nov 1.69 8.25 1.03 6.60 0.66 1.53 0.00 0.17
Dec 1.69 8.25 1.03 6.60 0.66 1.09 0.00 0.06
25 34
— Surface — Middle — Bottom |
E 20 33
2
'GE; 15 _E- 32
£ 3
2 10 - ® 3
5
]
£ 5 30 -
| —Surface —Middie —— Bottom
0 - r . T T T T T T 29 T T T T T T T T
A M J J A S O N D A M J J A S O N D
2.25-1 FRAROM% |- -V 2014 4 |12 — - %1 d
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226-1 £ —
NOs! NH,* PO,? DON! DOP? DO* ®
(., moMN(,Lmo™MN(,Lmo™MP(,Lmo™MN(,Lmo™P (hgL?
1 200 20 60 6 0
1) Yanada & Maita (2000)
2) Yamazaki (2003)
3) DON/DOP=10 (Yoon et al., 2011)
4) Rysgaard et al. (1994), 5) Nakamura (2010)
3 £ — — oHfi= ek - L z 2.2.F
1 & ™= @Hfi= ek —v k- - =L eVo = % A3z A
- [ Vo — I = z &1 — < 2272~ A — n
id ™= 100 —oHfi= Pk AL o - [V 22172 9
227-1 z &1 —
Water Solar Day . Sediment
. Porosity .
temperature radiation length density
CC) (MJ m? day™) () () (@cm?)
4.0 14.2 0.53 0.79 2.5
NO3 NH,4 PO, DON DOP
(. moMN L, moMN L, moMP I, moMN L, molP
2 1 0.1 10 0.1
PON POP CHL DO
(., moMN L, moMP [, gChhHh-a (hgL?
10 1 5 14
227-2 z 40 —
NO, NH,4 PO, DON DOP PHY Z00 DO

(. moMN( Lmo™N( Lmo™P(,Lmo™N( ,Lmo™P( .Lmo™N( Lmo™N (mgL?

1.0

1.0 0.5 6.0 0.6

5.0

0.1

155
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seag)
NH, PO,
NO, i
| !
B S v i
e : DON, mmmemmo== oo
| MPB | ' | poP X « | PONg,
77717708 oL sd | | POPgy
,,,,,,,,, _‘,,,,J ! L"'f"""" -1
[ S, S B e N
 NHiap & [NHisq  POsoq Ll POsap |
. L |
N, MO, |
2.2.7-1 z &1 — - | L o= T™™Mp ™
over 10 years 100 days Apr - Dec
benthi 3D pelagic-benthic 3D pelagic-benthic
1?1"10de| i > model e} model
(spin-up) {main calculation)
F 3
x5
22.7-2
o Jl i @)
|o Er 20i — — —vE2014 & < .ov L [ Veys —
SIRIE R % - - s o=y
4 Y - 4 rvy 2.2.81 °
228-1 on' o
Scenario  Year River Open ocean Appraisal content
water quality water quality
A 2014 standard standard Hindcast (2014)
B 2014  eutrophication standard Evaluation of river input
C 2014  oligotrophication standard Evaluation of river input
D 2014  standard eutrophication  Evaluation of open ocean
E 2014  standard oligtrophication Evaluation of open ocean
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2281 oV o nl or%t, Ya |k o s < - < o #
- NOs NHs —h' P« @l 3311 3312~ A° - - == NOsh' ¢
-e| %o - o nl o# | o |- f<s o e=m™|is<% w®
NHsh' e-® | NOss == 00 3V Ly % vo
conloz— A NOs; NH, PO, 4 chra  — — L 331
1 3316~ A° - o e=| L ™= # NOs ~ | %o
Y% |Fd Ve NHs PQur == | L s — | %Z N Vo
Ve | — - ez —NO: | %o =0 %[ vV 9NHs PQir o= |
£ %0 - # L NOs< == %0 Yoq |Fdl v °
331-1 L YV %— n +- -
NGh' ¢« @—
Standard River Ocean
Eutrophication  Oligotrophication  Eutrophication  Oligotrophication
(2 times) (0.5times) (2 times) (0.5 times)
River to Lake 251.8 503.6 125.9 251.8 251.8
Bay to Lake -139.5 -309.0 -57.4 -118.3 -149.7
Ocean to Bay -54.6 -158.9 -5.1 -50.9 -70.0
Unit: tonN year™
331-2 AL t YV %— n +- -
NAh' pe @—
Standard River Ocean
Eutrophication  Oligotrophication  Eutrophication  Oligotrophication
(2 times) (0.5times) (2 times) (0.5 times)
River to Lake 18.7 374 9.4 18.7 18.7
Bay to Lake -34.8 -52.1 -26.5 -26.1 -38.5
Ocean to Bay -288.2 -291.6 -286.6 -497.3 -201.4

Unit: tonN year™
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- o= boo- e 2 % oag v - -
- A — — |  Y%#Ng Vo
332-1 n - %1 — - |F < - A
Akkeshi Lake Akkeshi Bay Whole area
Standard 7.27 14.71 21.99
River Eutrophication 7.95 109.2 % 15.24 103.6 % 23.18 1054 %
Oligtrophication 6.82 93.8 % 1444 982 % 2126 96.7 %
Open ocean Eutrophication 7.66 105.3 % 18.22 1238 % 25.88 117.7 %
Oligtrophication 707 972 % 1241 843 % 1947 886 %

Unit: GgC year™
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- TShmm ~' b | -~ ™k 4  Emery & Meincke, 1986 |- 2009 ¢
| | 2009 # ¢4V < - & mye 1971 —T
COW A Takizawa(98) —ovd e « r~ 21T SW A Hanawa & Mitsudera (1986}
—r OW A— % N 4.11° | | <
me L A% %o — | ovoae. — # Nef < =™
1971°/ «= ovde- | +— v - | - [N
#Nof v E - t 4V - dL<y= 4L A n 19999 o v D &
- o 3hMs | s | 1EFTr - - z %l - <
N9 4 xm- d=™) a 1osec | - e n
2003 °
—eL % - - A —] 2014 4 2015 1 2 #NJ V°o
% b I RS 2] tdowf Ve
2014 4 15 < 2015 4 23 -~ td v —  Ke hDwai & V<1
412 2014 — | 2015 < == - ™ #NJ Vol —1 <% —
Lao| % rlr= %o ofis% 144
| Vo - %1 = - L v % Vo |
# Nef| d - L v % A | 2015°9 < == %
o b= o v Lo=mfiso wfod| L L
Ho = r -2
41-1 ™Y
Water mass Coastal Oyashio Water* Soya Warm Water? Oyashio Water®
(cow) (SW) (ow)
Temperature (°C) <2 7-20 0-7
Salinity <33.0 33.6-34.3 33.0-33.7
ot 26.7<

1) Ohtani (1971), 2) Takizawa (1982), 3) Hanawa & Mitsudera (1986)
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4.2-1 o - - | 2003
) Catchment area )
River Area (km©) Percentage (%)
land use
Bekanbeushi River woods or bogs 213.90 56.4
farm 28.85 7.6
others 136.22 36.0
total 378.97
Obetsu River woods or bogs 13.25 34.3
farm 25.43 65.7
total 38.68
Oboro River woods or bogs 29.30 100.0
farm 0.00 0.0
total 29.30
4.2-2 Be— < NG NH PQ — 4 Yl 12
Unit Bekanbeushi Obetsu Oboro Total
Water discharge (m® year?) 6. 6510 6.90%x10 5.36x10 7. 87%1(
NO3 load (ton N year™) 167.0 45.8 17.7 230.4
NH, load (ton N year™) 8.2 3.2 3.2 14.6
DIN load (ton N year?) 175.2 49.0 20.9 245.1
PO, load (ton P year™) 18.1 2.8 2.1 23.0
4.2-3 — — — < —
Inflow area River NO,+NO, NH,4 PO, SiO, Reference
(., M) (., M) (., M) (., M)
Akkeshi Lake Bekanbeushi 17.9 0.9 0.9 64.7 This study
Akkeshi Lake Obetsu 47.4 33 13 70.0 This study
Akkeshi Lake Oboro 23.6 4.3 12 84.8 This study
AkkeshiBay  Oboro diversion 10.0 17 13 34.2 This study
Biwase Bay Biwase 35 0.9 0.4 19.3 unpublished data
Funka Bay 24 2.9 0.30 270 Yoshimura & Kudo (2003)
Japan Sea Teshio 14.3-42.9 - - - lleva et al. (2009)
Tokachi River Toshibetsu 24.3-49.2 - 0.22-0.78 229.6-395.6 Ilwanami et al. (2013)
Tokachi River Otofuke 109.1-180.5 - 0.85-1.96 379.3-418.5 Iwanami et al. (2013)
Tokachi River Satunai 35.4-87.1 - 0.14-0.17 37.5-69.9 Ilwanami et al. (2013)
Tokachi River Shikaribetsu 161.7-202.2 - 0.28-1.40 416.4-547.5 Iwanami et al. (2013)
Tokachi River Sarubetsu 319.5-428.2 - 0.23-0.43 106.6-289.5 Iwanami et al. (2013)
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NOs ( & moLlY)
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+ Nitrification ° Diffusiorbetweegediment

NHs( ¢ moU?)

dNH _ -
4 = Photosyntsisof (PHY, SBAEEL,,, EPI)+ Respiratiaof (PHY, SBAEEL,, EPI)

- Nitrification + Mineralizaion of (PON, DON)— Excretiorof (ZO0,0YS
° Diffusiorbetweesediment

PO ( & mPolt?)

dPO, _
dt
+ Mineralizaionof (POP, DOP)- Excretiorof (ZOO,0Y9° Diffusiorbetweesediment

- Photosynisisof (PHY, SBAEEL,, EPI)+ Respiratia of (PHY, SBAEEL,, EPI)

DON ( & mLY)

d?j_?N = Decomposgiinof PON- Mineralizéioninto NH,

+ Extracelllar excretiomf(PHY, SBAEPI, EEL,, )° Diffusiorbetweesedimen

DOP ( Bl |

d[;_?P: Decomposditnof POP- Mineralizaioninto PO,

+ Extracellar excretiomf(PHY, SBAEPI, EEL,,)° Diffusiorbetweesedimen

PON (emol N L

dPON
dt
+ Mortalityof (PHY, SBAEEL,, EPI, ZOO)- GrazingyOYS- Settling

=- Decompositninto DON- Mineralizaéioninto NH, + Egestiorof (ZOO, OYQ

POP (RLHo |

dPOP
dt
+ Mortalityof (PHY, SBAEEL,, EPI, ZOO)- GrazingyOYS- Settling

=- Decompositninto DOP- Mineralizéion intoPO, + Egestiorof (ZOO, OYQ

66



PHY( ¢ g -aC¥h |

dZ%(: Photosyntbsis- Respiratio- Exracelludr excretion Mortality

- Grazingby(ZO0,0YSMC)- Settling

SBA (sag)Chl

—di?A: Photosyntbsis- Respiratio - Exracelluar excretion Mortality

- Grazingby(ZOO,0YS MC) + Resusperi- Settling

ZOO € maNILY)

%)zGrazingof (PHY, SBA- Excretion Egestion Mortality

EPI (mg Chl-am?)

_dl;tPl = Photosyn#sis- Respiratio - Extracelllar excretion Mortality

EELag (g DW 1)

dEEL,
dt

= Photosyntsis- Respiratio - Extracelllar excretionr Mortality

OYS (@ DW m?, gDW ind:%; ind. m?)

—d(3:S=|ngeSti0mf (PHY, SBAPON)- Excretion Egestion Reproduatin- Mortality

+ Recruitmen- Harvest

Nos (mg N g DWY)

dN T , e . . .
FOS = - Decompositoninto DON, - Mineralizationinto NH .4 + Settlingof PON - Sedimentaibn

NH4Sd( € rTN)U'l)

dN H4sd

dt
- Photosyntsisof MPB+ Respiratioof MPB- Uptakef EEL,, + Respirationof EEL,

- Excretiorof MC*° Diffusion

=+Mineralizaionof (N,,, DONg,) - Nitrificaton- Adsorptior+ Desorption

67



NOssq(e maNIL™?)
dN P e : irati
—C%Sd = +Nitrification- Denitrification- Photosyn#sisof MPB+ Respiratioof MPB

- Uptakef EEL, + Respirationof EEL, ° Diffusion

DONsg(e maNIL?Y)

dDO N , R .
T'\Ld =+Decompositnof N, - Mineralizaioninto NH .4 + Extracelllar excretiormof (M PB, EEng)
° Diffusion

NHasad(mg N g DWY)

NH . . . .
ANHysg dt4ad = +Adsorption Desorption Sedimentain

Pos (ng P g DW4)

dr, _— _— . . .
—2% = - Decompositoninto DOP,, - Decompositoninto PO, + Settlingof POP- Sedimentaibn

dt

PQusa(e mo LY P

dPQ ineraliza
d—tm = +Mineralizagionof (P.q,

- Photosyntsisof MPB+ Respiratioof MPB- Uptakef EEL,, + Respiratioof EEL,
° Diffusion

DOR,) - Adsorptior Desorption

DOPsi(e mo LY P

dDOR . . . .
Ts‘d =+Decompositnof P, - MinerazalionintoPO, 4 + Extracelllar excretiomof (M PB, EEng)
° Diffusion

PQuad(Mg P g DWA)

PO . . . .
APO:ug _ +Adsorption Desorption Sedimentain

dt

DOsq (Mg LY)

dDOsd —
dt
+ Photosyn#ssisof MPB- Respiratioof MPB- Respiratioof MC ° Diffusior

68



