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⅜ ─ ⌐ ╓∆  ₈ ─≈⌂⅜╡≤│ ₉ 

 

   

 

ה  

 ─ ─  

 │ ⅜ ™ ≤⇔≡ ╠╣≡™╢ Ryther, 1969⁹ ⌐ ≢│ ⅛╠ ↕

╣╢ ─ ╩ ↑ ⱪꜝfi◒♩fi⌐╟╢ ⅜ ™↓≤⅜ ™ Valiela, 1984⁹∕─√

╘ ↓─╟℮⌂ ≢│ ⅛⌂ ╩ ⇔≡ ⅜ ╪≢№╢ Nixon, 1988⁹ │ ≤

─ ⌐ ⇔≡™╢↓≤⅛╠ ≤ ∕╣∙╣─ ╩ ↄ ↑╢⁹ ≢│ ╩

ⅎ╢ │₈ ₉₈ ₉₈ ₉₈ ≢─ ₉ ⌐╟∫≡ ↕╣╢

Jickells, 1998⁹ ⇔ ⌐│ ≢ ↕╣╢ │ ₁ ⅛╠ ↕╣√╙

─≢№╢⁹ ↕╣√ │ ≢ ∆╢ ≢ ⌐ ⌐╟╢ →

─╖ ┼─ ╩ ∂≡ ┼ ↕╣╢↓≤⌐⌂╢⁹ 

│ ─ 1.1-1 ⌐╟╢ ™ ╩ ⇔ ╦⅜

≢╙ ─ ≤⇔≡ ╠╣≡™╢ ╠ 2010⁹╕√ ╙

⅜ ™↓≤≢ ╠╣ ⌐☻◔♩►♄ꜝ ⌐≤∫≡│ ⌂ ≢№╡ ╠

2003 ╕√ ◖fiⱩ─ ⌂ ⌐╙⌂∫≡™╢ 2003⁹ ⌐ ╩ ↑╢≤

⌐ ∆╢ ┘ ≢│▪◘ꜞ╛ⱴ●◐ ♠Ⱪ≤™∫√ ╛◖fiⱩ ─ ⅜ ╪

≢№╢⁹⇔⅛⇔⌂⅜╠ ≤ ⇔≡ ≢↓─╟℮⌂ ⅜ ─≥∟╠⅛╠ ↕

╣╢ ⌐ ⇔≡™╢⅛│ ╠⅛⌐⌂∫≡™⌂™⁹ 

 ₈ ICZM Integrated Coastal Zone Management₉─ ⅜ ↄ ↕╣≡™

╢ ⅎ┌ Mokhtar & Aziz, 2003 Tagliani et al., 2003 McKenna et al., 2008⁹∕─ ⅎ ≤⇔≡

─ ≤ ╩ ⌐ ⅎ≡ ⌐ ∆╢↓≤╛ ה ה ─ ─

─ ⅜ →╠╣≡™╢⁹ ⌐╙ ═√╟℮⌐ │ ≤ ─ ╩∕

╣∙╣ ↑╢√╘ ─ ⅜≥─╟℮⌐ ↕╣≡™╢⅛╩ ╠⅛⌐∆╢↓≤│ ⌂ ≢№

╢⁹╕√ ↓─≤⅝ ─ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ◦Ⱶꜙ꜠כ◦ꜛfi│ ⌐

 ⁹╢℮╡⌂≥ꜟכ♠⌂

 

 

1.1- 1 ─  ( https://www.hro.or.jp/list/fisheries/marine/o7u1kr000000dgps.html )  
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ה  ─  

 │ ⌐ ∆╢ ≢№╡ 500 m─ ™ ⌐╟╡ ┼≤ ™≡™╢

1.2-1 ⁹ │ 31.8 km2 │ 1.5 m≢№╢⁹ ─ ⌐│ ⅜

∆╢⁹ ⅛╠ ⌐⅛↑≡ ⅛≈≡─◌◐ ⌐ ╩⇔√▪◘ꜞ ⅜ ↕╣≡™╢

1.2-2 ⁹╕√ ▪◘ꜞ ≤ ╩ ↄ ─╒╓ ≢ⱴ●◐─ ⅜ ╦╣≡™╢ 1.2-2 ⁹

│ ≢№╢↓≤⅛╠ ─ │ ─ ⌐ ⅎ╠╣≡™╢↓≤

⌐⌂╢⁹ ╩ ⅝ ⌐│▪ⱴ⸗╛◖▪ⱴ⸗⅜ ↄ ⌐ ⇔≡™╢ 1.2-3 ⁹ ⌐│ ─

⅜ ∆╢⁹ │ 9 km─ ⌐╟∫≡ ┼≤≈⌂⅜∫≡™╢⁹ │ 102.6 km2

│ ≢ 25 m ≢№╢⁹ ─ ┘ ≢ⱴ●◐─ ⅜ ╦╣≡™╢⁹

│ ≢╙ 2 m microtidal ≢№╢⁹ ─ │∕╣∙╣ 14.14 1.11 ≢№╡

https://www.env.go.jp/water/heisa/heisa_net/index.html ≤ ═≡ ⅜ ⌂ ╩ ∆╢↓

≤⅜ ⅛╢⁹ 

↓╣╕≢ ╛ ╩ ╡ ↄ ⌐ ∆╢ │ ≢│™ↄ≈⅛ ╦╣≡⅝

√ Iizumi et al., 1995 Oshima et al., 1999 ╠ 2003 ╠ 2006 Hasegawa et al., 2007Yoon et al., 

2011, 2013 Abe et al., 2015⁹Iizumi et al. (1995) │ ≢ ─ ╩ ™ ⅜ ™ ≢

│ ≤◔▬ ─ ⅜ ↄ ⌐ ⅜ ™ ─ ≢│ ≤ ⱪꜝfi◒♩fi

⅜ ™↓≤╩ ⇔√⁹╕√ Yoon et al. (2011) │ ≤ ─ ─ ⱨꜝ♇◒☻⌐ ⇔ ▪

ⱴ⸗ה ─ ⅜ ┼≤ ↄ ⇔≡™╢↓≤╩ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ╠⅛⌐

⇔√⁹ ⌐ ╩ ↑╢≤ ⌐ ∆╢ │ Taguchi et al. (1997) ╛ Hasegawa et al. (2001) 

⌐ ╠╣≡™╢⁹╕√ ─ ≢│ ⅜ A-line

╩ ⇔≡™╢↓≤╙№╡ http://tnfri.fra.affrc.go.jp/seika/a-line/a-line_index.html ↄ─ ⅜

↕╣≡™╢ ⅎ┌ ╠ 1991 Yoshimori et al., 1995 Kasai et al., 1997 Shinada et al., 2001 Saito et 

al., 2002⁹ 

 

 

1.2- 1  
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1.2- 2 ⌐⅔↑╢ ▪◘ꜞ ⱴ●◐  

 

   

1.2- 3 ─▪ⱴ⸗  

 

 ─  

 ⌐ ⇔√╟℮⌐ ─ ╛ ≤ ─ ∕⇔≡ ─ ─ ⌐≈

™≡─ │ ↄ ╦╣≡⅝√⁹⇔⅛⇔⌂⅜╠ ≤ ≢№╢ ⅛╠─∕╣∙╣─ ╩

ↄ ↑╢≤ ⅎ╠╣╢ ⌐≈™≡│ ⌐ ∆╢ │ ⌐ ⇔™─⅜ ≢№╢⁹╕

√ ─ ╩ ╠⅛⌐∆╢ ⌐│ ─ ╩ ∆╢↓≤⅜ ≢№╢⁹

∕↓≢₈ ќ ќ ₉ ┘₈ ќ ќ ₉≤™℮∕╣∙╣─≈⌂⅜╡╩ ╠

⅛⌐∆╢↓≤⅜ ─ ─ ↕╠⌐│ ≢─ ─ ─√╘⌐│ ≢№

╢⁹ ─ ⅛╠ ≢│  

ה ─ ⌐ ╓∆ ╩ ╠⅛⌐∆╢ 

ה ⌐⅔↑╢ ╩ ∆╢ 

─ ⅜ ┘ ─ ⌐ ⅎ╢ ⌐≈™≡ ∆╢ 

↓≤╩ ≤⇔√⁹⌂⅔ ≢│ 2014 1 ⅛╠ 2015 12 ⌐⅛↑≡ ⌐≡ ⇔√

─ ⌐≈™≡╙ ∑≡ ∆⁹ 
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ה   

 ╩ ╩ ↄ 2014 4 ⅛╠ 2015 12 ⌐⅛↑≡ ⌐ 1 ─ ≢ ⇔√ 2.1.1-

1 ⁹ ╩ ⌐ ⇔√ 2.1.1-2 2.1.1-1 2.1.1-2 ⁹╕√ ─

╩╟╡ ⌐ ⅎ╢√╘ 3≈─ ꜝ▬fi AL9N AL1

ꜝ▬fi AB16 AB1 ꜝ▬fi AL7 AB10 ╩ ⇔√ 2.1.1-1 ⁹ 

 

2.1.1 - 1  

 

 

2.1.1 - 2 ─  

 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

Obetsu River

Oboro River

Oboro diversion

2015

Akkeshi Lake

Akkeshi Bay

Bekanbeushi River

2014

Akkeshi Bay (Bay mouth)

Station
Latitude

(degree N)

Longitude

(degree E)
Station

Latitude

(degree N)

Longitude

(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 AB8 43.0000 144.8083

AL1N 43.0480 144.8600 AB9 43.0000 144.7778

AL6N 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

AB16 42.9583 144.8306

AB17 42.9583 144.8000

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

Station
Longitude

(degree E)

Latitude

(degree N)

River

Akkeshi Lake Akkeshi Bay
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2.1.1 - 1 2014 2015 ≤ ꜝ▬fi

ꜝ▬fi ꜝ▬fi  

 

  

  

2.1.1 - 2 ─  
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ה  

⌐№√∫≡│ ⱨ▫כꜟ♪ ☿fi♃כ  fiꜛ◦כ♥☻

─ ╩ ⇔√⁹ ╩ RINKO Profiler ASTD102

JFE▪♪Ᵽfi♥♇◒ ╩ ™≡ ⅛╠ ╕≢ 0.1 m ≢ ⇔√⁹ ⌐ Ᵽ◔♠╩ ™≡

╩ ⇔√⁹╕√ AB16 ⌐⅔™≡│ 22 m 3 m ⌐≡Ᵽfi♪fi

╩ ™≡ ╩ ⇔√⁹ ⇔√ │ ─ⱳꜞ◄♅꜠fiⱲ♩ꜟ⌐ ⇔ ╕≢

⇔√⁹ ⌐ ∟ ∫√ chlorophyll a Chl-a SS╩ ⇔

√⁹ ─ ≢│ ╩ ™≡ ╩ ⇔√⁹ ⌐ ⅎ≡ ─▪ⱴ⸗ AL2

AL4 ⌐⅔™≡ ╩ ⇔ Chl-a ╩ ⇔√⁹ 

 

 

 ⌐ ∆╢ ⌐ ∆╢ ─ 4 ⌐⅔

™≡ ─ ╙⇔ↄ│ ⅛╠Ᵽ◔♠╩ ™≡ ╩ ⇔√⁹ ⇔√ │ ─ⱳꜞ◄

♅꜠fiⱲ♩ꜟ⌐ ⇔ ╕≢ ⇔√⁹ ⌐ ∟ ∫√ chlorophyll a Chl-a

SS╩ ⇔√⁹ │ ╩ ™≡ ≢ ⇔√⁹⌂⅔ │

─ ╩ ↑╢√╘ → ⌐ ∫√⁹ 

 

ה   

Chl- a 

 ⇔√ ╩ GF/Fⱨ▫ꜟ♃כ 0.7 ɛm Whatman ⌐ ⇔ ╩ 6 mL─

n, n-☺ⱷ♅ꜟⱱꜟⱶ▪Ⱶ♪ DMF ⌐ ↕∑ Suzuki & Ishimaru, 1990 ╕≢ ≢ ⇔

√⁹ ⇔√ │ 10-AU Turner Design ╩ ™≡Welschmeyer Welschmeyer, 1994

⌐╟╡ Chl-a ╩ ⇔√⁹ 

 

 

 ╩ DISMICⱨ▫ꜟ♃כ 0.45 ɛm Advantec ≢ ⇔ ╩ ╕≢-80oC≢

⇔√⁹╕√ ⅛╠ 3000 rpm 15 ⌐╟╡ ╩ ⇔ ≤

⌐ ⇔√⁹ ⇔√◘fiⱪꜟ│ ⇔ QuAAtro BRAN+LUEBBE

╩ ™≡ ⌐╟╡ ▪fi⸗♬▪ NH4-N NO2-N NO3-N

ꜞfi ꜞfi PO4-P ◔▬ ◔▬ SiO2-Si ╩ ⇔√ Strickland & Parsons, 1972⁹NH4-N

NO2-N NO3-N─ ─ ╩ DIN PO4-P╩ ꜞfi DIP SiO2-Si╩

◔▬ DSi ≤⇔√⁹ 

 

 

 ⇔√ ╩ ╘ ╩ ⇔√ GF/Fⱨ▫ꜟ♃כ ⌐ ⇔ ─ ≢

⇔√⁹∕─ ↕∑ ⱨ▫ꜟ♃כ─ ╩ ⇔√⁹ ─ ─ ⅛╠

SS ╩ ⇔√⁹ 
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 ◦Ⱶꜙ꜠כ◦ꜛfi 

 ⸗♦ꜟ─  

 3 ⸗♦ꜟ 2.2.1-1 ╩ ™≡ ≤ ┘ ─

╩ ⇔√⁹ 

 ⸗♦ꜟ─ ╩ 2.2.1-1⌐ ∆⁹ │ ─ ╩ ↄ 2014 4 1 ⅛╠ 2014 12

31 ┘ 2015 4 1 ⅛╠ 12 31 ╕≢≤⇔√⁹↓↓≢│ ⌐ ╡─⌂™ ╡ 2014 ─ ⌐

≈™≡ ∆╢⁹ │ ┘ ≤⇔ ⌐ 475 m×475 m─ ⌐ ⇔√⁹⸗♦

ꜟ≢ ↕╣√ ┘ ─ │∕╣∙╣ 31.4 km2 95.2 km2≢№╢⁹ ⌐⅔↑╢ │

2.2.1-2─≤⅔╡≢№╢⁹ ─ │ │ 5 ů │ 10 cm

╕≢╩ 15 0 5 mm╕≢│ 1 mm 10 mm │ 10 mm ⇔√⁹ 

 

2.2. 1- 1 ⸗♦ꜟ─  

 

 

 

2.2.1 - 1 3 ⸗♦ꜟ─  

Meteorological

parameter

AMeDAS

station

Time step

Horizontal coordinate Coordinate system Cartesian coordinate system Air temperature Ohta 1 hour

Grid number 42×23 Wind direction Ohta 1 hour

Grid spacing 475 m×475 m Wind speed Ohta 1 hour

Coordinate system sigma coordinate Precipitation Ohta 1 hour

Division number 5 equidistant layers Air pressure Kushiro 1 hour

Coordinate system level coordinate Relative humidity Kushiro 1 hour

Division number 15 layers Cloud cover Kushiro 1 day

2014/4/1 - 2014/12/31 Ohta (43
o
05.4' N, 144

o
46.7' E)

2015/4/1 - 2015/12/31 Kushiro (42
o
59.1'N, 144

o
22.6' E)

Time step External mode 2 s

Internal mode 60 s

Tide Calculated from M2, S2, K1, O1

Water temperature FRA-ROMS

Salinity FRA-ROMS

Discharge Estimated from precipitation

Water temperature Estimated from air temerature

Item

Solar radiation (Estimated from model)

Boundary condition

(river)

Boundary condition

(meteorology)

Boundary condition

(open boundary)

Vertical coordinate

(water column)

Vertical coordinate

(sediment)

Temperature, Humidity, Cloudiness, Wind

Precipitation, Air pressure (AMeDAS)

Calculation period

River loading

sub-model
Hydrodynamics model

(Princeton Ocean Model)

Sediment/Benthos

sub-model

Water/Plankton

sub-model

taking into account interaction

not taking into account interaction

Open ocean sub-model
FRA-ROMS

Advection

Diffusion

Temperature

Temperature

Current speed

Water temperatureDischarge

Temperature

Nutrient loading

Organic matter loading

Ecosystem model

Salinity
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2.2. 1- 2 │ Ẽ│ ─ ┘ │m  

 

 ⸗♦ꜟ 

 ⸗♦ꜟ│ Princeton Ocean ModelBlumberg & Mellor, 1987 ╩ⱬכ☻≤⇔ ╩

⇔√⁹ ♃כ♦ │ ─ AMeDAS⌐╟╢ 1

╙⇔ↄ│ 1 ─ http://www.data.jma.go.jp/gmd/risk/obsdl/index.php │ ⌐

╟╢ ⸗♦ꜟ http://pc105.narc.affrc.go.jp/solar-radiation/?gui=station&lang=ja⅛╠ ⇔√⁹ 

 

─  

 ╩ ∂≡─ ─ ╡ Q (cal cm-2 sec-1) ⌐│ ⅛╠─ QS short wave radiation

⅛╠─ ─ QB long wave radiation ≤ ─ ⌐⅔↑╢ ╛ ⌐╟╢

QH sensible heat transfer ─ ⌐╟╢ QE latent heat transfer─ 4≈─ ⅜№╡

─ ⌐╟╡ ╘╠╣╢ Hirose et al., 1996⁹ ─ ≢ ™√Ɽꜝⱷכ♃╩ 2.2.2-1⌐ ∆⁹ 

 

( )EHBS QQQQQ ++-=  

 

( )ref
dleng

QQ sS -ÖÖÖÖÖÖ= - 1
19.4

1
1010

86400

11 64
0

 

( ) ( )( ) ( )( )awwawB TTTsCcETsQ -Ö+ÖÖÖ+Ö-ÖÖ-Ö+ÖÖ=
34

15.2734100495.0254.015.273 ss  

( ) 1.0ÖÖ-ÖÖÖ= WTTCCQ awHaaH r  

( )WqqCLQ asEaE Ö-ÖÖÖ= r  

 

huEE sa Ö=  

( )aTaT
sE

+Ö
Ö=

3.237/5.7
101078.6  

ö
ö

÷

õ

æ
æ

ç

å
Ö-ÖÖ

+
Ö=

a

aa

a

a
P

EP

T
378.01

25.101315.273

15.273
293.1r  

sa

s
s

EP

E
q

Ö-

Ö
=

378.0

622.0
 

aa

a
a

EP

E
q

Ö-

Ö
=

378.0

622.0
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2.2.2 - 1 ─ ≢ ™√Ɽꜝⱷכ♃ 

 

 

─  

 ⌐⅔↑╢ ─ 4 ⅛╠ 12 2014 2015 ⌐⅛↑≡─ 1 ─

≤ ה ╩ 2.2.2-1 2.2.2-6⌐ ∆⁹ │ ⌂ ╩ ⇔ │ 8 ⅜

╙ ↄ 12 ⅜ ╙ ⅛∫√⁹ │ 2014 ⌐│ 6 ⅛╠ 8 ⌐⅛↑≡ ↄ 2015 ⌐

│ 8 ⅛╠ 11 ⌐⅛↑≡ ⅛∫√⁹ ─ │ ⌐╟∫≡ ⅝ↄ ⌂╢↓≤⅜ ⅛╢⁹ ─

│ 2014 ⌐│ 4 5 ⌐ ↄ ∕─ ⌐ 2015 ⌐│ 4 ⅛╠ 7 ⌐⅛↑≡

ↄ ∕─ ⌐№∫√⁹ 

  

Symbol Definition Value Unit

Q s 0 amount of global solar radiation calculation MJ m
-2

 day
-1

dleng day length calculation no dimension

ref albedo 0.07 no dimension

s emissivity 0.96 no dimension

̮ Stefan-Boltzman constant 5.7×10
-8

W m
-2

 K
-4

̮ Stefan-Boltzman constant 1.35×10
-12

cal cm
-2

 K
-4

 sec
-1

T w surface water temeprature calculation o
C

E a water vapor pressure calculation hPa

c cloud cover coefficient 0.65 no dimension

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

T a air temperature JMA observation o
C

C a specific heat of air 0.24 cal g
-1

 K
-1

a̬ air density calculation kg m
-3

C H bulk transfer coefficient of sensible heat 1.1×10
-3 no dimension

W wind speed JMA observation m sec
-1

L latent heat coefficient 586 cal g
-1

C E bulk transfer coefficient of latent heat 1.1×10
-3 no dimension

q s saturation specific humidity calculation hPa

q a specific humidity at water surface calculation hPa

E s saturated water vapor pressure calculation hPa

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

P a sea-level pressure JMA observation hPa
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2.2.2 - 1 2014 4 ⅛╠ 12 ⌐⅛↑≡─ AMeDAS ⌐⅔↑╢ ┘

─  

 

 

2.2.2 - 2 2014 4 ⅛╠ 12 ⌐⅛↑≡─ AMeDAS ⌐⅔↑╢ ┘

─  

 

 

2.2.2 - 3 2014 4 ⅛╠ 12 ⌐⅛↑≡─ ⌐⅔↑╢ ─ ≤ ─
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2.2.2 - 4 2015 4 ⅛╠ 12 ⌐⅛↑≡─ AMeDAS ⌐⅔↑╢ ┘

─  

 

 

2.2.2 - 5 2015 4 ⅛╠ 12 ⌐⅛↑≡─ AMeDAS ⌐⅔↑╢ ┘

─  

 

 

2.2.2 - 6 2015 4 ⅛╠ 12 ⌐⅛↑≡─ ⌐⅔↑╢ ─ ≤ ─
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 ⸗♦ꜟ 

 ⸗♦ꜟ≢│ ≤ ⌐⅔↑╢ ꜞfi ─ ╩ ∆╢⁹ ⸗♦ꜟ─ │

≤ ─ ─ ⱪꜝfi◒♩fi

⇔√ ▪◘ꜞ 1 5 ⱴ●◐ 1 3

─ ╩ ⇔≡™╢↓≤≢№╢⁹ ⸗♦ꜟ─ ╩ 2.2.3-1⌐ ╩ 2.2.3-

1⌐ ∆⁹▪◘ꜞ ◌◐ ▪ⱴ⸗─ │ ╙⇔ↄ│ ⅛╠ ⇔√ 2.2.3-2 ⁹ 

 ⱪꜝfi◒♩fi─ ⌐╟╢ │ ⌐╟╢⁹ 

 

( ) ( ) 243163106224332 138OPOHNHOCHO122HPOH16HNO106CO +­+++  

 

 ⱪꜝfi◒♩fi─ │ ⌐ ⌐╟∫≡ ↕╣╢⁹ ⌐

╟╢ ─ ╩ gross production≤ ┘ ⅛╠ ⱪꜝfi◒♩fi ─

╩ ⇔ ™√╙─╩ net production ≤ ┬⁹ ⱪꜝfi◒♩fi─ │ №╢ ⌐

↕╣√ ─ ≤ ─ ─ ≢№╢⁹ ≢│₈ ₉⌐≈™≡

∆╢⅜ ─ ≈≢№╢ ⱪꜝfi◒♩fi─ ╩↓↓≢│ ─

≤⇔≡ ╡ ℮╙─≤∆╢⁹⌂⅔ ⱪꜝfi◒♩fi⌐╟╢ ─ │ ⱬכ☻≢ ╘╠╣√

─ ─ ╡ ╖ ⌐ ⱪꜝfi◒♩fi─ ╩ ∂╢↓≤≢ ⇔√⁹ 

 

2.2. 3- 1 ⸗♦ꜟ≢ ™√  

 

  

Variable Definition Units Variable Definition Units

NO3 Nitrate ̧mol N L-1 NO3sd Nitrate ̧mol N L-1

NH4 Ammonium ̧mol N L-1 NH4sd Ammonium ̧mol N L-1

PO4 Phosphate ̧mol P L-1 PO4sd Phosphate ̧mol N L-1

DON Dissolved Organic Nitrogen ̧mol N L-1 NH4ad Adsorbed ammonium mg N g DW-1

DOP Dissolved Organic Phosphorouşmol P L-1 PO4ad Adsorbed phosphate mg P g DW-1

PON Particulate Organic Nitrogen ̧mol N L-1 DONsd Dissolved Organic Nitrogen ̧mol N L-1

POP Particulate Organic Phosphorouş mol P L-1 DOPsd Dissolved Organic Phosphorous ̧mol N L-1

PHY Phytoplankton ̧mol N L-1 PONsd Particulate Organic Nitrogen mg N g DW-1

SBA Suspended microphytobenthos ̧mol N L-1 POPsd Particulate Organic Phosphorous mg P g DW-1

EELag Eelgrass (aboveground) g DW m-2 MPB Microphytobenthos ̧g Chl-a g DW-1 / mg Chl-a m-2

EPI Epiphyte mg Chl-a m-2 EELbg Eelgrass (belowground) g DW m-2

ZOO Zooplankton ̧mol N L-1 MC Clam g DW ind.-1 / ind. m-2

OYS Oyster g DW ind.-1 / ind. m-2

Water column Sediment
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2.2.3 - 1 ─  

 

 

2.2.3 - 2 ⸗♦ꜟ≢ ⇔√▪◘ꜞ ◌◐ ▪ⱴ⸗ ─  

 

  

ZOO

PHY

SBA

NH4 PO4

NO3

DON   DOP

PON   POP

EPI

MPB

NH4sd PO4sd

NO3sd

DONsd

DOPsd

PONsd

POPsd

OYS

MC

N2

PO4abNH4ab

EELag

EELbg
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 │ ─ ⌐ ← ⌐ ←♩◐♃▬ ─ 4

1.2-1 2.2.1-2 ╩ ≤⇔√⁹ ─ ╩ ⌐ ∆⁹ 

 

 

 ╩ ↄ ─ RDBekan m3 s-1 │ 3 ─ AMeDAS ─ ─

Pr120 mm ⅛╠ ─ ⌐╟╡ ⇔√ Yoon et al., 2011⁹ ♩◐♃▬ ─ │

⇔√ ─ ≤ ─ 378.97 km2 38.68 km2 29.30 

km2 ⅛╠ ⇔√⁹⌂⅔ ─ │ ╠ 2003 ╩ ⌐⇔√⁹ 

 

57.1434.0 120+³= PrRDBekan  

 

 

♩◐♃▬ ╩ ↄ 3 ─ │ 3.1.2-1 3.1.2-3 ≤ AMeDAS ─ ─

5 ─ AT120
oC ≤─ 2.2.4-1 ⅛╠ ─ ╩ ⅝ 1 ─ ╩ ⇔√⁹⌂⅔

⇔√ ─ ⅜ 0oC╩ ╢≤⅝│ ╩ 0oC≤⇔√⁹ 

 

4671.28087.0 120+³= ATRTBekan  

7205.28381.0 120+³= ATRTObets  

8795.28295.0 120+³= ATRTOboro  

 

 ⸗♦ꜟ≢ ⇔√ 3 ─ ≤ ╩ 2.2.4-2⌐ ∆⁹⌂⅔ ♩◐♃▬ ─ │ ≤ ─

╩ ™√⁹ 

 

fiꜞה  

 ─ ≤ PON │ ─ ⅛╠ DON │ Retamal et al. (2008)⅛╠ DON/PON

╩ 0.5≤⇔≡ DOP POP │∕╣∙╣ DON/DOP PON/POP╩ 10≤⇔≡ Yoon et al., 2011 ≤⇔≡

⇔√ 2.2.4-1 ⁹∕╣∙╣─ ─ │ ≤ ╩ ∂╢↓≤≢ ⇔√⁹⌂⅔ ♩◐♃

▬ ⌐⅔↑╢ ⅜ ╠╣⌂⅛∫√√╘ ≤ ─ ╩ ™√⁹ 
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2.2. 4- 1 ⌐⅔↑╢ ─  

 

 

 

2.2.4 - 1 72 ─ ─ ≤ ─ ─ ─  

 

 

2.2.4 - 2 AMeDAS─ ≤ ─ ⅛╠∕╣∙╣ ⇔√ 2014 4 ⅛╠ 12 ⌐⅛↑≡─

┘  

 

  

NH4 NO3 PO4 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

River
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 ─ ⌐⅔↑╢1 ─ │FRA-ROMS http://fm.dc.affrc.go.jp/fra-roms/index.html

─ ╩ ™√ 2.2.5-1 ⁹ 

 

 

 ⌐⅔↑╢ PHY NH4 NO3 PO4 DO─ │ AB16 ⌐⅔↑╢ ⅛╠

ⱪꜝfi◒♩fi ZOO │ Yoon et al. (2011) DON │ Hasegawa et al. (2011) ⌐ ™ DOP │

DON/DOP╩ 10 Yoon et al., 2011 ≤⇔≡ SBA│ 0≤⇔≡ ⇔√ 2.2.5-1 ⁹ 

 

2.2.5 - 1 ⌐⅔↑╢ ─  

 

 

 

2.2.5 - 1 FRA- ROMS⅛╠ ⇔√ 2014 4 ⅛╠ 12 ─ ⌐⅔↑╢ ┘  

NH4 NO3 PO4 DON DOP PHY SBA ZOO

̧mol N L-1 ̧mol N L-1 ̧mol P L-1 ̧mol N L-1 ̧mol P L-1 ̧g L-1 ̧g L-1 ̧mol N L-1

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

Jul 0.01 0.06 0.39 6.54 0.65 2.28 0.00 1.01

Aug 0.30 0.58 0.60 6.88 0.69 3.76 0.00 0.45

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

Jul 2.02 2.13 0.70 6.54 0.65 3.39 0.00 1.01

Aug 3.15 1.98 0.77 6.88 0.69 3.76 0.00 0.45

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

Layer Month

Upper

layer

(0-10 m)

Lower

layer

(10 m <)
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 ⸗♦ꜟ≢│ ─ 10 cm╕≢╩ ⇔≡™╢⁹⇔⅛⇔ ─ ≤∕╣ ─ ≢─

─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ ⌐⅔↑╢ ─ │ ⌐╟╠∏

─ ≤⇔√ 2.2.6-1 ⁹ 

 

2.2.6 - 1 ≢─  

 

 

  

 3 ≢─ ─☻Ⱨfi▪♇ⱪ ⌐ ∟ ⸗♦ꜟ 2.2.7-

1 ╩ ™≡☻Ⱨfi▪♇ⱪ ─√╘─ ─ ╩ ⇔√⁹↓─ │ ⅜ ∆╢╕≢ ╡

⇔ ∫√⁹∕─ ↓─ ⸗♦ꜟ─ ≤ 2.2.7-2⌐ ∆ ─ ─ ה

╩ ™≡ 100 ─☻Ⱨfi▪♇ⱪ ╩ ⇔ ⌐ ∫√ 2.2.7-2 ⁹ 

 

2.2.7 - 1 ⸗♦ꜟ─  

 

 

2.2.7 - 2 ⸗♦ꜟ ─  

 

 

NO3
1 NH4

1 PO4
2 DON1 DOP3 DO4, 5

(̧molN L-1) (̧molN L-1) (̧molP L-1) (̧molN L-1) (̧molP L-1) (mg L-1)

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)

Water

temperature

Solar

radiation

Day

length
Porosity

Sediment

density

(oC) (MJ m-2 day-1) (-) (-) (g cm-3)

4.0 14.2 0.53 0.79 2.5

NO3 NH4 PO4 DON DOP

(̧molN L-1) (̧molN L-1) (̧molP L-1) (̧molN L-1) (̧molP L-1)

2 1 0.1 10 0.1

PON POP CHL DO

(̧molN L-1) (̧molP L-1) (̧gChl-a L-1) (mg L-1)

10 1 5 14

NO3 NH4 PO4 DON DOP PHY ZOO DO

(̧molN L-1) (̧molN L-1) (̧molP L-1) (̧molN L-1) (̧molP L-1) (̧molN L-1) (̧molN L-1) (mg L-1)

1.0 1.0 0.5 6.0 0.6 5.0 0.1 15.5
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2.2.7 - 1 ⸗♦ꜟ─ ─ │ ╩ ⇔≡™⌂™  

 

 

2.2.7 - 2  

 

 

 ◦♫ꜞ○ 

 │∂╘⌐ ⸗♦ꜟ─ ─ ─√╘ 2014 ╩ ≤⇔√ ╩ ∫√⁹∕─

⌐⅔↑╢∕╣∙╣ ⅜ ─ ⌐ ╓∆ ⌐≈™≡ ∆╢√

╘ ╩ ↕∑√ ─ ╩ ∫√ 2.2.8-1 ⁹ 

 

2.2.8 - 1 ◦♫ꜞ○ 

 

 

  

Scenario Year River

water quality

Open ocean

water quality

Appraisal content

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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ה   

 

 ─ ─ ─ ╩ 3.1.1-1⌐ ∆⁹ │╒≥╪≥─ ⅛╠ ⌐

⅛↑≡ ∆╢ ⅜№∫√╙── ⌂ ⌐╟╢ ─ ™│ ↕⅛∫√⁹AL9

≢│ ⅜ ⌐ ⅝ↄ ⇔ ≢│ ⅜ 25 30╩ ⅎ╢↓≤╙№╡ ↓─ ╕≢ ⅜

⇔≡™╢↓≤⅜ ⅛╢⁹AL1 ≢│ ─ ⅜╛╛ ↄ⌂╢ ⅜№╢╙── ∕╣ ≢│

™ ╩ ⇔√⁹AB8≤ AB16─ ⌐│ ⅝⌂ │ ╠╣∏ ⌡ ⌂ ≢№╢≤ ⅎ╠╣√⁹ 

 

 

 ─ ─ ─ ╩ 3.1.1-2⌐ ∆⁹ │ ─ ™ ─ ╒≥ ⌐ ↄ

⌐ ↄ⌂╢ ≢№∫√⁹ │ ⌐ ⅝ↄ ⌂╡ ≢│ ─ ⅜ ↄ ╠╣

√⁹ │ ⌐╛╛ ™ ≤⌂∫√⁹Chl-a │ ⌐ ⅝⌂ ⅜╖╠╣√⁹NO2+NO3

SiO2 │ ≢ ™ ≢№∫√⁹NH4 PO4 │ ≤ ⇔≡ ≢ ™ ╩ ⇔√⁹

DIN/DIP│ ⌡ 16 DIN/DSi│ ⌐ 1╟╡╙ ↕⅛∫√⁹ 

 ꜝ▬fi 2.1.1-1 ─ ⌐⅔↑╢ ─ 3.1.1-3 │ AB1 ≢ ↕

ↄ ⌐ ⅛℮⌐≈╣ ⅝⌂ ╩≤∫√⁹ 

 

 

 2.1.1-1≢ ⇔√ 3 ꜝ▬fi ꜝ▬fi ꜝ▬fi ⌐⅔↑╢

ⱪꜝfi◒♩fi ─ ─ ─ ─ ╩∕╣∙╣

3.1.1-4 3.1.1-5 3.1.1-6⌐ ∆⁹ 

 

ꜝ▬fi │ 7 8 ⌐│ ⅜ ™ ≢╛╛ ↄ ⌐ 11 12

⌐│ ⅜ ™ ≢╛╛ ⅛∫√⁹ ⌐│ ⅝⌂ ⅜ ╠╣ ⌐│ AL6 ╟╡╙

≢│ ⅜ 25╟╡╙ ™ ⌐№∫√⁹ │ ⌐ ⌐ ↄ⌂∫√╙──

│ ╠╣⌂⅛∫√⁹ │ ⌐│ ⌂ ⅜ ⌐ ⅝⅛∫√⁹ 12 ⌐│ ⌐╒

╓ ⌂ ╩ ⇔√⁹ 

 

ꜝ▬fi │ AB1 ─ ≢ ™ < 30 ╩ ⇔√⅜ ∕╣ ─ ≢│╒╓

─ ™ ≢№∫√⁹ │ ⇔≡ ↄ > 6 mg L-1 │ ↕╣⌂⅛∫√⁹

─ ⌐│ ⅝⌂ ⅜ ╠╣√⁹5 ⌐│ 3 m ╩ ⌐ ≢ ⅛∫√⁹9 ⌐│

⌐⅛↑≡─ 2 m ≢ ™ ⅜ ↕╣√⁹ 

 

ꜝ▬fi │ ≢ ↄ ∕─ │ AB8 ─ ╕≢ ╪≢™√⁹

│ ⇔≡ ⅛∫√ > 6 mg L-1 ⁹ │ 4 ─ 4 m ≢ ⅛∫√⁹≥─ ╙ ⌐│ ⅝⌂

│ ╠╣⌂⅛∫√⁹ 



20 

 

 
3.1.1 - 1 AL9 AL1 AB8 AB16 ⌐⅔↑╢ ה ─

⅛╠ 2015 5 7 9 11 ⁹9 ─ AL9│ ─ ─♃כ♦╢╟⌐ ⁹ 
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3.1.1 - 2 ≢─ Chl- a ─  

⅛╠ 2015 5 7 9 11  
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3.1.1 - 3 2014 ⅛╠ 2015 ⌐⅛↑≡─ ≢─ ─ n=11- 16 ⁹ 

│כⱣכꜝ◄ ╩ ∆⁹ 

 

 

3.1.1 - 4 AL9N ⅛╠ AL1 ⌐⅛↑≡─ ה ה ɨt ה DOה

─ ⅛╠ 2015 7 8 11 12  
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3.1.1 - 5 AB1 ⅛╠ AB16 ⌐⅛↑≡─ ה ה ɨt ה DOה

─ ⅛╠ 2015 5 7 9 11  
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3.1.1 - 6 AB10 ⅛╠ AB7 ⌐⅛↑≡─ ה ה ɨt ה DOה

─ ⅛╠ 2014 4 6 8 11  
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 AB16 ⌐⅔↑╢ ─ ╩ 3.1.2-1⌐ ∆⁹ ─ Chl-a │ 4 ┘ 9 ⌐ ⅛

∫√⁹ ≢│ 4 ⅛╠ 5 ⌐⅛↑≡ ⅛∫√⁹ ─ NO2+NO3 ┘ NH4 │ ╩ ™≡

⌐ ™ ≢№∫√⁹NO2+NO3 NH4 PO4 │≥─ ╙ ╟╡ ─ ⅜ ⅛∫√⁹ SiO2

│ ╟╡╙ ≢ ™ ╩ ∆↓≤⅜№∫√⁹DIN/DIP│ ⌐ 16╟╡╙ ↕ↄ ⌐ ≢ ⇔

ↄ ↕⅛∫√⁹DIN/DSi│ ─ ─ ╩ ™≡ ╒≤╪≥─ 1 ≢№∫√⁹ 

 ⌐⅔™≡ ⌐╟╡ ↕╣√ ─ ╩ 3.1.2-2⌐ ∆⁹ │ ⌂

╩ ⇔ 8 ⅛╠ 9 ⌐⅛↑≡ ╙ ⅛∫√ > 15oC ⁹ │ 2 ⌐ ↕╣√ < 0oC ⁹

│ ⌐⅛↑≡╛╛ ™ ╩ ⇔ ⌐ ⇔√⁹ │ 6 ⌐│ ⇔≡⅔╡ ⌐│

⌂ ⅜╒≤╪≥⌂⅛∫√⁹ │ ⇔≡ ⅛∫√ > 6 mg L-1 ⁹ ⌐│ ⌂

⅜╖╠╣ 10 ⅛╠ 3 ⌐⅛↑≡│ ≢ ™ ≢№∫√⁹ 

 

 

3.1.2 - 1 2014 4 ⅛╠ 2015 12 ⌐⅛↑≡─ AB16 ⌐⅔↑╢ ה -Chlה

aה NO2+NO3- N NH4- N PO4- P SiO2- Si ה DIN/DIP DIN/DSi ─

Ẽ Ỏ  
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3.1. 2- 2 2014 4 ⅛╠ 2015 12 ⌐⅛↑≡─ AB16 ⌐⅔↑╢ ה ה ɨt ה

DOה ─  
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 ⌐⅔↑╢ 2014 ⅛╠ 2015 ─ ─ ╩ 3.1.3-1

3.1.3-4⌐ ─ ┘ ╩ 3.1.3-1⌐ ∆⁹ │ ≢ ⌂ ⅜ ╠

╣√⁹ │ ⌡ 10 mg L-1 ≢№∫√⁹Chl-a │ ⅜ ⅝ↄ ⌂ │≈⅛╘⌂⅛∫

√⁹NO2+NO3 │ 6 ⌐ ™ ≤⌂╢ ⅜ ╠╣√⁹NO3 ─ │ ≢ ╙ ↄ NH4

⌐ ⇔≡│ ≤ ≢ ⅛∫√⁹PO4│ ≢ ↄ SiO2│ ≢ ⌐ ⅛∫√⁹ 

 

3.1.3 - 1 ⌐⅔↑╢ ─ ─ 2014 2015  

 

  

River N NO3

(̧molN L-1)

NH4

(̧molN L-1)

DIN

(̧molN L-1)

PO4

(̧molP L-1)

SiO2

(̧molSi L-1)

Bekanbeushi 15 3.05 - 38.23 (17.94) 0.21 - 1.91 (0.88) 3.51 - 39.11 (18.82) 0.44 - 1.79 (0.88) 11.8 - 121.0 (64.7)

Obetsu 15 3.46 - 85.28 (47.37) 0.95 - 9.21 (3.31) 4.44 - 93.99 (50.68) 0.67 - 2.13 (1.30) 18.5 - 214.6 (70.0)

Oboro 6 16.75 - 32.34 (23.57) 1.67 - 8.30 (4.31) 24.08 - 34.65 (27.89) 0.70 - 1.64 (1.24) 23.7 - 200.9 (84.8)

Oboro-diversion 10 2.74 - 27.30 (10.04) 1.07 - 2.51 (1.68) 3.81 - 28.53 (11.72) 0.66 - 2.19 (1.29) 9.4 - 68.8 (34.2)
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3.1.3 - 1 ⌐⅔↑╢ Chl- a ─  

Ẽ 2014 Ỏ 2015  

 

 

3.1.3 - 2 ⌐⅔↑╢ Chl- a ─  

Ẽ 2014 Ỏ 2015  
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3.1. 3- 3 ⌐⅔↑╢ Chl- a ─  

Ỏ 2015  

 

 

3.1.3 - 4 ⌐⅔↑╢ Chl- a ─  

Ẽ 2014 Ỏ 2015  
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 ◦Ⱶꜙ꜠כ◦ꜛfi  

 ⸗♦ꜟ─  

 

AL2 AL1 AB8 ⌐⅔↑╢⸗♦ꜟ─ ≤ ─

╩ 3.2.1-1 3.2.1-3 ⌐ ∆⁹ ≤ │ ≤ ⅜ ↄ ⇔≡⅔╡ ™ ⅜

╠╣√⁹ │ ≢│ ─ ≢│ 5 ≤ 6 ⌐ ↕╣√ ╩⸗♦ꜟ

≢ ⌐ ≢⅝≡™⌂⅛∫√⁹ ⌐≈™≡│ ╩ ⌡ ≢⅝≡™√⅜ ≢─

NH4 ╩ ∆╢ ⌐№∫√⁹Chl-a │ 1 ─ ≢─ ⅜ ⇔™╙── ≤

│ ⌡ ≢№∫√⁹ 

 

 

 Taguchi et al. (1997) │ ⌐⅔↑╢ 4 ⅛╠ 12 ⌐⅛↑≡─ ⱪꜝfi◒♩fi─ ╩

107 g C m-2≤ ╙∫≡™╢⁹⸗♦ꜟ≢─ ─ │ 118 g C m-2≢№╡ ─ ⅜

⸗♦ꜟ≢╙ ↕╣√⁹ 

 

 

3.2.1 - 1 2014 4 ⅛╠ 12 ─ AL2 AL1 AB8 ⌐⅔↑╢ ה ה

DO─ ≤ Ẽ ─ ⁹ │ 1 ─ 1 ─

│ ≢─ ╩ ∆⁹ 
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3.2.1 - 2 2014 4 ⅛╠ 12 ─ AL2 AL1 AB8 ⌐⅔↑╢ ה ה

DO─ ≤ Ẽ ─ ⁹ │ ─ 1 ─

│ ≢─ ╩ ∆⁹ 
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3.2.1 - 3 2014 4 ⅛╠ 12 ─ AL2 AL1 AB8 ⌐⅔↑╢NO3הNH4הPO4ה

Chl- a ─ ≤ Ẽ ─ ⁹ │ 1 ─ 1 ─

│ ≢─ ╩ ∆⁹ 
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 ─  

 ⌐⅔↑╢ ─ ─ ─ ╩ 3.2.2-1⌐ ∆⁹ │ ≢ ╩

⌐ ™╙── ≢│ ≤─ ⌐╟╡ ─ ™ ⅜ ⇔≡™╢↓≤⅜ ⅛╢⁹

NO3 │ ≢ ↄ ⌐⅛↑≡│ ⅛╠ ⌐⅛↑≡ ⅜ ⇔√⁹NH4 │

⅛╠ ⌐⅛↑≡ ≢ ™ ≢№∫√⁹Chl-a │ ≢ ↄ ∕╣ ─ ≢│ 4 ╩ ™

≡ ⅛∫√⁹ 

 

 

 

3.2.2 - ה 1 ה DOהNO3הNH4הPO4הChl- a ─ ─ 2014

5 7 9 11 ─ ⁹ │ 1 ─ ╩ ∆⁹ 
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 ⱨꜝ♇◒☻─  

 

⅛╠ ┼─ NO3 NH4 PONⱨꜝ♇◒☻─ ╩ 3.2.3-1⌐ ∆⁹ ⅛╠─ ⱨꜝ

♇◒☻│ ─ ≤ ─ ≢ ╘╠╣╢⁹ ⸗♦ꜟ≢│ │ ╛

⌐╟╠∏ ─ ≤⇔≡™╢⁹∕─√╘ 3.2.3-1⌐ ⇔√ⱨꜝ♇◒☻─ │ ∟ ─ ╩

⇔√╙─≢№╢⁹ ≢│ NH4≤ ═≡ NO3 ⅜ ™√╘ ─ ⱨꜝ♇◒☻≢╖╢≤

NO3─ ╘╢ ⅜ ⌐ ™↓≤⅜ ⅛╢⁹ 

 

 

≤ ─ ≢─ⱨꜝ♇◒☻─ ╩ 3.2.3-2⌐ ∆⁹NO3ⱨꜝ♇◒☻│ 4 ⅛╠

10 ╕≢│ ─ ╩≤╡ ⌐№∫√⁹↓╣│ ─ NO3 ⅜ ⌐ ⅛∫√√╘≢№╢⁹11

⌐│ ⅝ↄ ⌐ ∂≡™╢⅜ ↓╣│ 10 ⅛╠ 11 ⌐⅛↑≡─ ≢─ NO3 ─ ⌂

╩ ⇔√╙─≢№╢⁹NH4ⱨꜝ♇◒☻│ ─ ╩≤╡ ┼≤ ⇔≡™√⁹ ⌐│

⌐ ™ ╩ ⇔√⁹ ⱪꜝfi◒♩fi│ Ⱪꜟכⱶ─ ⅜ ╢ 4 ⌐│ ⇔ ∕─ 5

╕≢│ ⇔√⁹7 │ ⌐№∫√⁹ 

 

 

≤ ─ ⌐⅔↑╢ⱨꜝ♇◒☻─ ╩ 3.2.3-3⌐ ∆⁹NO3ⱨꜝ♇◒☻│ ─

╩ ™≡ ─ ╩≤╡ ⅛╠ ┼≤ ⇔≡™√⁹NH4╙ ┼≤ ∆╢ ⅜№╡ 8 ⅛

╠ 11 ⌐⅛↑≡ ™ ╩ ⇔√⁹ ⱪꜝfi◒♩fiⱨꜝ♇◒☻│╒≤╪≥─ ≢ ─ ╩≤╡ ⅛

╠ ┼≤ ⇔≡™╢↓≤⅜ ⅛╢⁹ 

 

 

 ⌐⅔↑╢ ≤ ─ NO3 NH4 PO4 ⱨꜝ♇◒☻─ ╩∕╣∙

╣ 3.2.3-4 3.2.3-5⌐ ∆⁹NO3│ ╩ ™≡ NH4 ┘ PO4│ ⅛╠ ┼≤ ↕╣

≡™√⁹ⱨꜝ♇◒☻│ ⌐╟∫≡ ⅝ↄ ⇔ ⌐ ⅛∫√⁹ 

 

⌐╟╢  

 ≢─ ⌐╟╢ ⅛╠─ ─ ╩ 3.2.3-6⌐ ∆⁹

↓↓≢ ≤│ ⌐⅔™≡ ⅜ ●☻┼≤ ↕╣ ⌐ ↕╣╢ ≢

№╢⁹↓─ │ ⅛╠ ╩ ∆╢√╘ ─ ╩ √∆ ה 1989⁹ │

≢│ ⌐ ≢│ ⌐ ↄ⌂╢ ⅜╖╠╣√⁹ 

 

ⱪꜝfi◒♩fi⌐╟╢ ╡ ╖ 

≢─ ⱪꜝfi◒♩fi PHY ⌐╟╢ NO3 NH4 ╡ ╖

─ ╩ 3.2.3-7⌐ NO3≤ NH4─ ╡ ╖ ─ ⌐ ∆╢ NO3─ ╡ ╖ ─ ╩ 3.2.3-8⌐

∆⁹ ≤╙⌐ NO3╟╡╙ NH4─ ╡ ╖ ⅜ ⅛∫√⁹ ⌐╖╢≤ NH4─ ╡ ╖

│ ≤ ⌐ ™ ╩ ⇔√⁹ 
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3.2.3 - 1 ⅛╠ ┼─ NO3 NH4 PONⱨꜝ♇◒☻─  

 

 

3.2.3 - 2 ≤ ─ ─ NO3 NH4 ⱪꜝfi◒♩fi PHY ⱨꜝ♇◒☻─ ⁹ 

─ │ ⅛╠ ┼─ⱨꜝ♇◒☻ ─ │ ⅛╠ ┼─ⱨꜝ♇◒☻╩ ∆⁹ 

 

 

3.2.3 - 3 ≤ ─ ─ NO3 NH4 ⱪꜝfi◒♩fi PHY ⱨꜝ♇◒☻─ ⁹ 

─ │ ⅛╠ ┼─ⱨꜝ♇◒☻ ─ │ ⅛╠ ┼─ⱨꜝ♇◒☻╩ ∆⁹ 

 

 

3.2.3 - 4 ⌐⅔↑╢ ─ ─NO3 NH4 PO4ⱨꜝ♇◒☻─ ⁹ ─ │

⅛╠ ─ │ ⅛╠ ┼─ⱨꜝ♇◒☻╩ ∆⁹ 
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3.2.3 - 5 ⌐⅔↑╢ ─ ─NO3 NH4 PO4ⱨꜝ♇◒☻─ ⁹ ─ │

⅛╠ ─ │ ⅛╠ ┼─ⱨꜝ♇◒☻╩ ∆⁹ 

 

3.2.3 - 6 ⌐⅔↑╢ ⅛╠─ ⌐╟╢ ─

─  

 

 

3.2.3 - 7 ⌐⅔↑╢ ⱪꜝfi◒♩fi⌐╟╢ ─

NO3 NH4 ╡ ╖ ─  

 

 

3.2.3 - 8 ⌐⅔↑╢ ⱪꜝfi◒♩fi⌐╟╢NO3─

╡ ╖ ─ f ─  
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 ◦Ⱶꜙ꜠כ◦ꜛfi  

  

 2.2.8-1⌐ ⇔√ ◦♫ꜞ○⌐⅔↑╢₈ ⅛╠ ₉₈ ≤ ₉₈ ≤ ₉≢

─ NO3 NH4 ─ⱨꜝ♇◒☻╩ 3.3.1-1 3.3.1-2⌐ ∆⁹ ─ ⌐ ⇔≡ NO3ⱨꜝ♇

◒☻│ ⅝ↄ ⇔ ◦♫ꜞ○≢│ ⅛╠ ┼≤ ↄ ⇔≡™╢↓≤⅜ ⅛╢⁹

NH4ⱨꜝ♇◒☻ │ NO3≤ ═≡ ⌂ↄ ╕√ ╙ ↕⅛∫√⁹ 

◦♫ꜞ○≢─ ⌐ ∆╢ NO3 NH4 PO4 ┘ Chl-a ─ ─ ╩ 3.3.1-

1 3.3.1-6⌐ ∆⁹ ─ ⌐ ⇔≡│ ╩ ™≡ ≢ NO3 ⌐│ ⅝⌂

⅜ ╠╣√⁹NH4 PO4⌐ ⇔≡│ ╩ ™≡ ─ │ ⅛≢№∫√⁹

⅛╠─ ─ ⌐ ⇔≡│ ─ NO3 │ ⅝ↄ ⇔⌂⅛∫√⁹NH4 PO4⌐ ⇔≡│

≢ ⅝ↄ ⇔ ≢╙ NO3≤ ⇔≡ ⅝⌂ ⅜╖╠╣√⁹ 

 

3.3.1 - 1 ╩ ↕∑√≤⅝─ ה ┼─ ─

NO3ⱨꜝ♇◒☻─  

 

 

3.3.1 - 2 ╩ ↕∑√≤⅝─ ה ┼─ ─

NH4ⱨꜝ♇◒☻─  

 

 

  

Standard

Eutrophication Oligotrophication Eutrophication Oligotrophication

(2 times) (0.5 times) (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

River Ocean

Unit: tonN year
-1

Standard

Eutrophication Oligotrophication Eutrophication Oligotrophication

(2 times) (0.5 times) (2 times) (0.5 times)

River to Lake 18.7 37.4 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
-1

River Ocean
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3.3. 1- 1 ╩ ↕∑√≤⅝─ ≤ ─NO3 ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 

 

 

3.3. 1- 2 ╩ ↕∑√≤⅝─ ≤ ─NO3 ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 

 

 

3.3. 1- 3 ╩ ↕∑√≤⅝─ ≤ ─NH4 ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 
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3.3. 1- 4 ╩ ↕∑√≤⅝─ ≤ ─NH4 ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 

 

 

3.3. 1- 5 ╩ ↕∑√≤⅝─ ≤ ─ PO4 ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 

 

 

3.3. 1- 6 ╩ ↕∑√≤⅝─ ≤ ─ PO4 ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 
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3.3. 1- 7 ╩ ↕∑√≤⅝─ ≤ ─Chl- a ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 

 

 

3.3. 1- 8 ╩ ↕∑√≤⅝─ ≤ ─Chl- a ─ ─

2014 5 7 9 11 ⁹ │ │ ◦♫ꜞ○⁹ 
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 2.2.6-1 ⌐ ⇔√ ◦♫ꜞ○⌐⅔↑╢ ⌐ ∆╢ ⌐╟╢ ─ ╩ 3.3.2-

1 3.3.2-2⌐ ∆⁹╕√ 4 12 ─ │ 3.3.2-1─≤⅔╡≢№╢⁹ ─

⌐ ∆╢ ⌐│ ⅝⌂ ⅜╖╠╣ ⌐│ ⌐ ∆╢ ⅜ ↕⅛∫√⁹ ─

⌐ ⇔≡│ ┘ ─ ⌐ ℮ ≢ ⅜ ↄ╖╠╣√⁹ ─ ─

⌐ ∆╢ ─ ─ │ ⅛≢№∫√⁹ 

 

3.3.2 - ה 1 ⌐⅔↑╢ ─ ⌐╟╢ ≤ ⌐ ∆╢  

 

 

 

3.3. 2- 1 ╩ ↕∑√≤⅝─ ≤ ─ ⱪꜝfi◒♩fi⌐╟

╢ ─ ─ ⁹ │ │ ◦♫ꜞ○⁹ 

 

 

3.3. 2- 2 ╩ ↕∑√≤⅝─ ≤ ─ ⱪꜝfi◒♩fi⌐╟╢

─ ─ ⁹ │ │ ◦♫ꜞ○⁹ 

  

Standard 7.27 14.71 21.99

River Eutrophication 7.95 109.2 % 15.24 103.6 % 23.18 105.4 %

Oligtrophication 6.82 93.8 % 14.44 98.2 % 21.26 96.7 %

Open ocean Eutrophication 7.66 105.3 % 18.22 123.8 % 25.88 117.7 %

Oligtrophication 7.07 97.2 % 12.41 84.3 % 19.47 88.6 %

Unit: GgC year
-1

Akkeshi Lake Akkeshi Bay Whole area
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 ─  

 ⌐ ∆╢ ─ ╩ ╠⅛⌐∆╢√╘ AB16 ⌐⅔™≡ ⅛╠ ╕≢

⌐ 10 cm ≢ ↕╣√ ─ ╩ ™≡ TS♄▬ꜘ◓ꜝⱶ╩ ⇔√ 4.1-1 ⁹

⌐ TS♄▬ꜘ◓ꜝⱶ│ ─ ⌐ ™╠╣╢ ⅎ┌ Emery & Meincke, 1986 ╠ 2009⁹

≢│ ╠ 2009 ≢ ↕╣√ ≤ ─ ╩ ™√⁹ ∟ 1971 ─Γ

COW Δ Takizawa (1982) ─○ⱱכ♠◒ ⌐⅔↑╢Γ SW Δ Hanawa & Mitsudera (1986) ─

─Γ OW Δ─ ≢№╢ 4.1-1 ⁹ │ │ ≤

™℮ ╩ ∆╢↓≤⅜ ⅛╢⁹ ─ │○ⱱכ♠◒ ─ ≢№╢≤ ↕╣≡™╢

1971⁹∕⇔≡ ○ⱱכ♠◒ ⅛╠ ┼─ ⇔√ ─ │ ─ ╟╡╙

≢№╢√╘ ⌐ ↕╣√ ─ ╩≤∫≡ ╩ ∆╢ ה 1999⁹○ⱱכ♠

◒ ⌐⅔™≡ │ ⅛╠ ╕≢╒╓ ─ ⌐ ≢ ⇔⅛╙ ─ ≤

№╕╡ ∑∏⌐ ╣≡™╢ ה 1986⁹ │ ─ ≢№╢ ה

2003⁹ 

 ─℮∟ ⅜ ─ ⌐ ∆╢─│ 2014 4 2015 1 2 ≢№∫√⁹⌂

⅔ ─∕╣∙╣─ ⌐ ∆╢ │ ≢│ ↕╣⌂⅛∫√⁹ 

2014 4 15 ≤ 2015 4 23 ⌐ ↕╣√ ─ ⱪ꜡ⱨ□▬ꜟ╩ ⇔√≤↓╤

4.1-2 2014 ─ │ 2015 ≤ ═≡ ⌐ ™ ≢№∫√⁹↓─↓≤⅛╠ ─

╙⇔ↄ│ ⅜ ⌐╟∫≡ ⅝ↄ ⌂╢↓≤⅜ ↕╣╢⁹ 

≢│ ⅛╠ ⌐⅛↑≡ ─ ╩ ↑√ ⅜ ⅛╠ ⌐│

≢№╢ ╛ ─ ╩ ↑√ ⅜ ∆╢ ╠ 2015⁹ ≤ ═≡ ⅜

⌂╢╙── ╟ↄ √ ╩⇔≡™╢↓≤⅜ ⅛╢⁹↓╣│ ∟ ╩

╣╢ ─ ⌐╟╢╙─≢№╢⁹ 

 

4.1- 1 ™√  

 

 

 

  

Water mass
Coastal Oyashio Water1

(COW)

Soya Warm Water2

(SW)

Oyashio Water3

(OW)

Temperature (oC) <2 7-20 0-7

Salinity <33.0 33.6-34.3 33.0-33.7

t̮ 26.7<

1) Ohtani (1971), 2) Takizawa (1982), 3) Hanawa & Mitsudera (1986) 
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4.1- 1 AB16 ⌐⅔↑╢ TS♄▬ꜘ◓ꜝⱶ─ ⁹ │ɨt╩ ∆⁹ 

2014 4 2015 2 2015 1 2015 12  

 

 

4.1- 2 AB16 ⌐⅔↑╢ 2014 4 15 ≤ 2015 4 23 ⌐ ↕╣√

─ ⱪ꜡ⱨ□▬ꜟ─  
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 ⅛╠─ ─ ╡ 

≤ ─  

╩ ∫√ 4 ─ ─ ╩ 4.2-

1⌐ ∆⁹NO2+NO3 │ ≢ ⌐ ⅛∫√⁹ NH4 │ ≢ ™ ⌐№∫√⁹PO4

│ ≢╛╛ ⅛∫√╙── ∕─ 3 │ ≢№∫√⁹SiO2─ │ ≢

ↄ ∕─ 3 ≢│ ≢№∫√⁹ ╠ 2003 ≢ ↕╣√ ⌂ ─ ─ ╩

4.2-1⌐ ∆⁹⌂⅔ ⌐≈™≡│ ⅜♃כ♦⌂ ╠╣⌂⅛∫√√╘ ⅛╠ ⇔√⁹

─ ╘╢ │ ≢ ╙ ⅛∫√⁹ ⌐ ─ NO3 ≤ ⌐│ ™

⅜ ╠╣╢↓≤⅜ ╠╣≡™╢⁹NO3 │ ─ ╘╢ ⌐ ─ ╘╢ ⌐ ∆

╢↓≤⅜ ≢─ ≢ ↕╣≡⅔╡ Woli et al., 2004 Ileva et al., 2009 ≢╙ ─ ⅜

↕╣√⁹◔▬ ─ ⌐╟∫≡ ↕╣╢ SiO2 ─ │ ─ ╩ ↑⌐ↄↄ

Nedwell et al., 1999 ≢╙ ╩ ↄ 3 ≢│ ⌂ │╖╠╣⌂⅛∫√⁹ 

 

⅛╠─  

─ 3.1.3-1 ≤⸗♦ꜟ≢ ⇔√ 2.2.4-2 ⅛╠ ⌐╟╢

≤ ─ ╩ ⇔√ 4.2-2 ⁹≥─ ⌐≈™≡╙ ⅛╠─ ⅜ ╙ ⅛∫

√⁹ ⇔ NH4⌐≈™≡│ ≢─ ⅜ ≤ ═≡ ⌐ ⅛∫√√╘ │

∕╣∙╣ ─∕╣≤ ═≡ 40% ≢№∫√⁹ ה 2003 │ 2080 km2

⌐ ∆╢ 8 ┘ 1⅛ ⌐⅔™≡ ┘ ╩ ⌐╦√╡ ⇔√⁹∕

─ ⅛╠ ┼─ 1 ─ │ 2.1×109 m3≢№╡ DIN PO4─ │∕╣∙╣

798 ton N 19. 5 ton P≢№╢↓≤╩ ⇔√⁹╕√ ╠ 2011 │ ꜘ►◦ꜙⱬ♠ ⱳfiꜘ

►◦ꜙⱬ♠ ⅛╠ ┼─ ─ DIN DIPⱨꜝ♇◒☻╩∕╣∙╣ 529 ton N 58 ton P≤ ╙∫≡™

╢⁹↓╣╠─ ╩ ∆╢≤ ⅜ ⇔√ ╩ ∆╢ ≤ ⇔≡ ┼─ ─

│ ↄ⌂™↓≤⅜ ⅛╢⁹ 

 ─ ⌐≈™≡ ─ ≤─ ╩ ∫√ 4.2-3 ♃כ♦⁹ │ ╠╣╢╙

── ⇔√ ≢│ ה ⌐ ∆╢ ─ │ ™ │╖╠╣⌂⅛∫√⁹ 

 

⅛╠─ fiꜞה  

 ↓↓≢│ DIN DIP ⌐ ⇔√⅜ ─ DON DOP ╙

≢⅝⌂™ ∆╢↓≤⅜ ╠╣≡™╢ ⅎ┌ Seitzinger & Sanders, 1997⁹╕√ ⌐│

⌂ ─ ⅜ ╩ ∂≡ ↕╣╢ ╠ 2003⁹∕─√╘ ⅛╠─ ⌐≈™≡│

─∆═≡╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 
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4. 2- 1 ⌂ ─ ─ ╠ 2003  

 

 

4.2- 2 ⅛╠─ ≤ NO3 NH4 PO4 ─ 4 ⅛╠ 12  

 

 

4.2- 3 ─ ─ ─ ≤─  

 

 

River
Catchment area

land use
Area (km2) Percentage (%)

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

Unit Bekanbeushi Obetsu Oboro Total

Water discharge (m3 year-1) 6.65×108 6.90×107 5.36×107 7.87×108

NO3 load (ton N year-1) 167.0 45.8 17.7 230.4

NH4 load (ton N year-1) 8.2 3.2 3.2 14.6

DIN load (ton N year-1) 175.2 49.0 20.9 245.1

PO4 load (ton P year-1) 18.1 2.8 2.1 23.0

Inflow area River NO2+NO3

(̧M)

NH4

(̧M)

PO4

(̧M)

SiO2

(̧M)

Reference

Akkeshi Lake Bekanbeushi 17.9 0.9 0.9 64.7 This study

Akkeshi Lake Obetsu 47.4 3.3 1.3 70.0 This study

Akkeshi Lake Oboro 23.6 4.3 1.2 84.8 This study

Akkeshi Bay Oboro diversion 10.0 1.7 1.3 34.2 This study

Biwase Bay Biwase 3.5 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 - - - Ileva et al. (2009)

Tokachi River Toshibetsu 24.3-49.2 - 0.22-0.78 229.6-395.6 Iwanami 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 Iwanami 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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4.2- 1 ─ NO2+NO3- N NH4- N DIN PO4- P SiO2- Si ≤

DIN/DIP DIN/DSi ─ └→ ⁹ ─ │ɡM⁹2014 ⅛╠ 2015 ─ ╩ ⁹ 
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ה  ─  

 ─ ─ ╩╖╢≤ ≢│ ⅜ ↄ ─ ─ ─ ╩ ↄ ↑

≡™√⁹∕─√╘ ≤ ≢─ │ ⌂ↄ⌂™↓≤⅜ ⅛╢⁹╕√

⌐⅔™≡╙ ≢ ─ ⅜╖╠╣√ 3.1.1-4 ⁹ ≢│ ⌐ ⅜ ⌐⌂╡

⅛╠ ╕≢ ⅜ ⌐ ↄ⌂∫√⁹ 

≤ ≤∆╢ ─ ↓↓≢│ ─ mixing diagram ⅛╠ ∕─ ⅜

⌂ ╩ ∆⅛≥℮⅛╩ ∆╢↓≤⅜≢⅝╢ Officer, 1979 Kemp & Boynton, 1984Fisher et al., 1988

╠ 2004 Wilkerson et al., 2006⁹∕↓≢ 2.1.1-1⌐ ⇔√ ꜝ▬fi ┘ AL1 AL6 ─

⌐⅔↑╢ 2014 5 ╩♃כ♦─ ™≡ mixing diagram╩ ⇔√ 4.3-1 ⁹ ≤ NO2+NO3

SiO2 ─ ⌐│∕╣∙╣ ─ ⅜╖╠╣ ⌐╟∫≡ ⌡ ⌐ ↕╣╢ ╩ ⇔√⁹

⌐╖╢≤ ─ ™│№╢╙── NO2+NO3 SiO2─ ⌐│ ⅛╠─ ⅜ NH4≤ PO4

│ ≢─ ⅜ ⅝ↄ ⇔≡™╢≤ ⅎ╠╣ ↓─ │ Iizumi et al. (1995) ≤ ∆╢⁹ 

 ─ │ C: N: P: Si = 106: 16: 1: 16 ⌐ ™ ╩≤╢↓≤⅜ ╠╣≡™╢ Redfield et al., 1963; 

Brzezinski, 1985⁹ ⅜ ↕╣≡™╢╙── ⅎ┌ ╠ 2002 ─ DIN ≤ DIP DSi─

DIN/DIP DIN/DSi ╩ ≥─ ⅜ ─ ⌐ ⇔≡ ⇔≡™╢⅛⌐≈™≡─ ⌂

≤∆╢↓≤⅜≢⅝╢ Howarth, 1988 Del Amo et al., 1997 Slomp & Cappellen, 2004 ╠ 2005 ╠

2011⁹ ─ NP ⌐≈™≡╖╢≤ ≢│ ≢│ ≢│ ≢│ NP

⅜ 16╩ ╡ ⇔≡ꜞfi ⌐№╢≤ ⅎ╠╣√⁹ ה ≢│ ⌐ ™ AL6

╩ ™≡ NP ⅜ 16╩ ╢↓≤⅜╒≤╪≥≢ ⇔≡ ⌐№╢≤ ⅎ╠╣√⁹╕√

─ ≢│ DIN/DIP│ 16 DIN/DSi│ 1╟╡╙ ⇔ↄ ™ ╩ ⇔ ⅜ ⇔≡™╢↓

≤⅜℮⅛⅜ⅎ╢ 3.1.2-1 ⁹ ™≡ ─ ⅛╠ ⌐ ∆╢ ╩ ∆╢⁹ ⱪ

ꜝfi◒♩fi ─ DIN DIP DSi ╡ ╖─ │ ⅜ ⅝™╙─≢∕╣∙╣ 5.9 ɛmol N 

L-1 0.68 ɛmol P L-1 1.31 ɛmol Si L-1≢№╢ ╠ 2011⁹↓─ ╩ ─ ≤ ∆

╢≤ │ DIP DSi─ ≤ ⇔≡ DIN ─∕╣╩ ╢↓≤⅜ ⅛∫√⁹∕─√╘

⌐ ⇔√ ─ ≤ ⌐ ⅜ ≢№╢↓≤⅜℮⅛⅜ⅎ√⁹ ⌐ ─

⌐ ⇔≡│ ≢│ꜞfi⅜ Nedwell et al., 1999 ╠ 2005 Elser et al., 2007

─ ה ≢│∕╣∙╣ꜞfi ⅜ Murrell et al., 2007 ≢│ ⅜

≤⌂╢↓≤⅜ ™ Nixon, 1982 Howarth, 1988 Nedwell et al., 1999 Elser et al., 2007⁹↓─ │

≢╙ ⌐ ↕╣ ⅎ≡⸗♦ꜟ≢╙ ⌐ ∂√ NP ─ ⅜ ↕╣√⁹ 

 

 

4.3- 1 ≤ NH4 NO2+NO3 PO4 SiO2 ─ 2014 5  
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ה  ─  

 ─ ≢─ ≤ꜞfi─ ⌐≈™≡╖╢≤ ≥∟╠≤╙ │

┼≤ ∆╢ ⅜ ↕╣√⁹ ╩ ™≡ ₁─ ⅜ ™√╘ ⌐

│ ⅛╠ ┼≤ ∆╢ ⌐№╢ 3.2.3-2 ⁹ ╠ 1991 │ ⌐⅔↑╢ ─

╩ ⇔ 1 √╡─ⱨꜝ♇◒☻│ ⅜ 180 ton day-1 ┼─ │ 167 ton day-1 ⱪꜝfi

◒♩fi⌐╟╢ │ 760 ton day-1 ⱪꜝfi◒♩fi⌐╟╢ │ 111 ton day-1≢№╢↓≤╩ ⇔√⁹

╕√ ╠ 2006 │ ⌐⅔↑╢ ≤ꜞfi⌐ ⇔≡ ≤ ─ ╩ ╡ ⌐│

⅛╠ ⅛╠ ⌐⅛↑≡│ ┼≤ ⌐№╢↓≤╩ ╠⅛⌐⇔√⁹ 

≤ ≢─ ⱨꜝ♇◒☻⌐ ∆╢≤ NH4≤ PO4│ ⅛╠ ┼ NO3│ ⅛╠

┼≤ ↕╣╢ ⌐№╡ 3.2.3-4 3.2.3-5 ≢─ Trimmer et al., 1998 ≤

─ ≢№∫√⁹≈╕╡ │ NH4≤ PO4─♁כ☻ NO3│◦fi◒≤⇔≡ ⇔≡™╢↓≤⅜

⅛╢⁹ 

─ ≢│ ⌐╟╡ ↄ─ ⅜ ┼≤ ↕╣ ∕─ │ ⅛╠─ ─ 20

50%⌐╙ ∆╢ Seitzinger, 1988⁹ ה ⌐⅔↑╢ ⅛╠─ ≤ ╩ ∆╢

≤ 15% ⅜ ●☻≤⇔≡ ┼≤ ⇔≡™√⁹↓─↓≤⅛╠ ≢│ ╩ ∂≡

─ ≤⇔≡ ⇔≡™╢↓≤⅜ ⅛╢⁹ 

 

ה  ≤ ─  

⸗♦ꜟ─ ⅛╠│ ─ ⌐ ⇔≡ ─ NO3 │ ⅝ↄ ∆╢⅜ 3.3.1-

1 Chl-a ⌐│∕╣╒≥ ∫√ ⅜ ∂≡™⌂™ 3.1.1-7 ⁹↓─╟℮⌂ ─ ⌐≈™≡

─ ⌂ ≤⇔≡ ᵑ ⱪꜝfi◒♩fi╛ ⌐╟╢ ™ ─ ᵒ ⱪꜝ

fi◒♩fi─ DIN NH4 NO3 ─ ─ ™ ᵓ ⌐╟╢ ─ ⅜ ⅎ╠╣╢⁹ 

ᵑ ⌐╟╢ ™ ─ ─ ⌐ ⱪꜝfi◒♩fi─ │

─ ⌐ ∂≡ ⅎ≡™√ 4.5-1 ⁹∕─√╘ ⇔√ ⱪꜝfi◒♩fi⅜ ∟⌐ ↕╣╢

↓≤⌐╟╡ ∫√ ⌐ ╣≡™⌂™↓≤⅜ ⅎ╠╣╢⁹ 

ᵒ ⱪꜝfi◒♩fi─ DIN ─ ─ ™ ⱪꜝfi◒♩fi│ NO3╟╡╙ NH4╩ ⌐ ╡

╗ ⅜№╢↓≤⅜ ╠╣≡™╢ Conway, 1977 Dortch, 1990⁹NH4│ NO3╟╡╙ ⌂√╘ ╟╡

⌐ ⱪꜝfi◒♩fi⌐ ↕╣╢⁹↓╣│ NO3╩ ∆╢ │ ≢ NO3╩ NH4⌐ ∆

╢ ⅜№╡ ╟╡ ─◄Ⱡꜟ◑כ≤ ┘ ה ⌂≥⅜ ≤⌂╢√╘≢№╢⁹∕╣

⌐╟╡ ⸗♦ꜟ≢╙Wroblewski (1977) ⌐ ™ NH4╩ ⌐ ╡ ╗ ╩ ⇔≡™╢⁹

─ NH4 │ ─ ≤│ ⅝ↄ ╦╠∏ ⌐⅔↑╢ NH4─ ⌂ ≤⇔≡ ≢─

⅜ ↕╣≡™╢ Iizumi et al., 1995⁹ ⅛╠ ↕╣╢ │ NO3⅜ ╩ ╘╢⅜ 4.2-

2 ≢№╣┌ NO3╟╡╙ NH4─ ⅜ ⌐ ∆╢↓≤⌐⌂╢⁹ 

ᵓ ⌐╟╢ ─ ─ ⌐│ ─ ⌐ ∆╢ Chl-a ┘ ─

│ ⅛≢№∫√ 3.3.1-7 3.3.2-1 ⁹↓─≤⅝─ │ ™╙── ⅜ ⌐ ™√╘

⅜ ↄ ⅎ╠╣≡™╢⁹ │ ⌐ ∆╢╟℮⌐ ⇔≡™╢√╘ ≢│

⅝ↄ ⅜ ∆╢↓≤⌐⌂╢⁹ 

 ─ ⌐ ⇔≡ ─ ╙ ⇔≡™╢√╘ ─ ⌐ ∆╢ │ ⌂
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⅜ ∂⌐ↄ™ ─№╢ Chl-a ≢│⌂ↄ ≤™℮ ≢ ∆╢↓≤⅜ ╕⇔™

≤ ⅎ╠╣╢⁹ ╙⇔ↄ│ ⅛╠─ ╩ ↕∑√ ≢╙ ─ ⅜

⌐ ⅝ↄ ∆╢↓≤│⌂⅛∫√⁹↓╣│ ─ ─ ⌐╟╢≤↓╤⅜ ⅝™≤ ⅎ╠╣╢⁹

⅜ ™ ≢│ ≢ ⅜ ⌐ ↕╣∏⌐ ╕≢ ⇔∕─ ≢

┼≤ ↕╣╢⁹ ─ NH4 PO4 │ ─∕╣≤ ═≡│╢⅛⌐ ™√╘ ⌐╟∫

≡ ⌐ ∆╢⁹≈╕╡ │ ─◦fi◒≤⇔≡ ╕√ ≡⇔≥☻כ♁─ ↄ↓≤⅜

™⁹ ⅛╠─ ⅜ ⇔√≤⅝ ⌐│ ⅜№╢ ↕╣╢⅜

⌐│ ⅛╠─ ⅜ ⇔ ╙ ⅝ↄ ∆╢↓≤⅜ ⅎ╠╣╢⁹ ─⸗♦ꜟ│

─ ⌐╟╡ 4 ⅛╠ 12 ╕≢─ ⇔⅛ ℮↓≤⅜≢⅝⌂™⁹∕─√╘ ⌂

╩ ≢⅝╢⸗♦ꜟ─ ⅜ ╘╠╣╢⁹ 

 ⅛╠─ ⌂ ⌐╟╡ ─ ⅜ ∆╢ ⅜ ↄ ↕╣≡™╢√╘ ⅎ┌

Rabalais et al., 1996 Cloern, 2001 ╛ ─ ⌐≈™≡ ⇔ ₁⌂

⌐≤∫≡─ ⌂ ⌐≈™≡ ∆╢↓≤⅜ ≢№╢⁹ 

 

 

4.5- 1 ─ ⌐ ∆╢ ⱴ●◐ ▪◘ꜞ ─ ─ ⁹ ⌐

∆╢ ╩ ∆⁹ 

 

 ─ ─  

⅛╠─ ≤ ⱪꜝfi◒♩fi─ ─ ⌐│ ─ ⅜╖╠╣╢↓≤⅜

╛ Kemp & Boynton, 1984 Nixon & Buckley, 2002 ≢ ↕╣≡™╢⁹ ≢╙

⌐ ⅛╠─ ╩ ↕∑√ ⌐│ ⅜ ⇔√ 3.3.2-1 ⁹ ⅛╠─

≤ ─ ─ ⌐≈™≡ ⇔√ │╖╠╣⌂™⅜ ≢│ ─

╩ 2 ⌐⇔√≤⅝ │ 10% ⇔√⁹↓╣╕≢ ⅜ ⅝™ ╒≥ ⅜ ™

⅜╖╠╣╢↓≤⅜ ↕╣≡™╢ Nixon, 1982⁹╕√ ↓─ │ ≢╙ ↕╣≡™╢ Oglesby, 

1977 Downing et al., 1990⁹∕─√╘ ─ ╩ ╙╢↓≤│ ─ ─ ≢

⌂ ≤™ⅎ ╩ ⅎ╢ⱷ◌♬☼ⱶ╩ ╠⅛⌐∆╢↓≤⅜ ≢№╢⁹ 

ה 2003 │ ─ ⌐⅔™≡ ⅛╠─ ⅜ ─ ⌐ ⅎ╢

╩ ╡ ─ ⌐ ∆╢ │ ⌐ ™↓≤╩ ⇔√⁹ ─ ⌐╟╡

↕╣√ ⌐╟╢ │₈ ₉ ⅛╠ ↕╣√ ⌐╟╢ │₈ ₉
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≤ ┌╣╢⁹ ≤⇔≡ NH4╩ ∆╢╙─╩ NO3╩ ∆╢╙─╩ ≤∆╢ ⇔

⌐│ NH4╙ ⅛╠ ↕╣≡™╢ ⁹ ≤ ─ ⌐ ∆╢ ─ │ f ≤ ┌╣╢

⅜ ↓↓≢│ ⌐ NO3≤ NH4─ ⌂ ╡ ╖ ─ ≤⇔≡ ╡ ℮╙─≤∆╢⁹ ⌐

╩ ↄ ⌐⅔™≡│ ⅛╠ ↕╣╢ ⅜ ─ ⌐ ╘╢ f │ 10 20%

≤ ╦╣≡™╢⁹San Francisco Bay≢│ ─Ⱪꜟכⱶ ⌐│ 50%≤ ↄ ∕╣ ─ │ 20%

≢№∫√ Wilkerson et al., 2006⁹ ⇔√ ≢№╢ ≢│ f ⅜ 53%≤ ™

≢№╢ ה 1999⁹ ≢│ ─ ╩ ™≡ f │ ↄ ⱪꜝfi◒♩fi─

│ ⌐ ↕╣√ NH4⌐╟∫≡ ⅎ╠╣≡™╢↓≤⅜ ⅛╢⁹↓─ f ─Ᵽꜝfi☻│ ה

⅛╠─ NO3 NH4─ ╛ ⅛╠ ─ ⌂ NH4╩ ↄ ⇔ ⌐ ↕∑╢▪ⱴ⸗

Oshima et al., 1999 NH4─ ─ ⅝™ 1992 Magni et al., 2000 Newell, 

2004 ─ ─ ╩ ↑≡ ∆╢╙─≢№╢⁹ 

≢│ ─ ⌐ ⅝ↄ ⇔≡™╢≤ ⅎ╠╣╢ ≤ ⅛╠─ ⱨꜝ♇◒☻╩

╙∫√⁹⇔⅛⇔ ─ ≤⇔≡│ ╛ ∞↑≢⌂ↄ Scudlark & Church, 1993

Prospero et al., 1996╛ SGD Zektser & Loaiciga, 1993 Moore, 1996 Taniguchi et al., 2002 Saito 

& Onodera, 2009 ╙ ∆╢⁹ ⌐ ╩ ∂≡─ ┼─ ⱨꜝ♇◒☻⅜ ⌐ ∆╢

Slomp & Cappellen, 2004 Kroeger et al., 2007 ≤─ ╙№╡ ↓╣╠─ ─ ⅜

╩ ∆╢ ≢─ ─ ≢№╢⁹ 

 

⌐ 

 ⌐⅔↑╢ │ ╛ ─ ╩ ↑╢⅜ ∕─ │ ╛ ⌐╟∫

≡ ⅝ↄ ⌂╢⁹╕√ │ ≤ ─ ⌂ ∞↑≢│⌂ↄ ₁⌂

⌐╟∫≡╙ ↕╣╢⁹∕─√╘ כ כ כ ≤™℮ ─ ╩ ∆╢√╘⌐

│ ⅛≈ ╩ ∂√ ה ה ∕╣∙╣─ ⅛╠─ ─ ⅜ ≢№╢⁹ 
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