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SP.1 Governing equations of the biogeochemical model

The biogeochemical model in this study was based on nitrogen (Fig. S1). Phosphate-related
variables were calculated based on a Redfield ratio of 16:1. The governing equations of the

biogeochemical model are as follows

dDIN
T + adv(DIN) — dif f(DIN)

= —Phytosynthsis + Respiration + Excretion + Mineralization

0PH aPHY

= Phytosynthsis — Respiration — Mortality of PHY — Grazing

0200 .
ot + adv(Z00) — dif f(Z0O)

= Grazing — Mortality of ZO0O — Egestion — Excretion

JPON . JdPON
ot + adv(PON) — dif f(PON) + SPONW

= Motality of PHY + Mortality of Z0OO + Egestion — Mineraliztion

aDIP ,
— .+ adv(DIP) - dif f(DIP)

= (—Phytosynthsis + Excretion + Mineralization + Respiration)/16

v ) 6+ 6+ a
aav —ua— Ua— WE

airf ) =g () + 35 () + 35 (035)
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Figure S1. Sketch of the biogeochemical model.

SP.2 Parameterized formulas of the biogeochemical model

The parameterized formulas for each biogeochemical process are as follows, and the parameter

values are shown in Table S2.

DIN DIP } I

I
, -—exp<1_ﬂ) -exp1T - PHY
DIN + Koy’ DIP + Kpjp

Photosynthesis = V45 * min{
Iopt

1(z) = Ioexp_foz"(z)dz

k(z) =k, + kK, PHY (2)

Where I, is the photosynthetically active solar radiation at the surface, which is 40% of the

shortwave radiation at the surface. T is the water temperature.

Respiration = B.egp * exp¥2T - PHY
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Mortality of PHY = P, - exp*sT - PHY?

Grazing = Rpay - [1 — exp?®um=PHN] . expkaT . 700
Mortality of Z0O = Zyy - exp*sT - Z00?

Egestion = (1 — @) * Ryay - [1 — exp?Pum=PHN | . expkaT . 700
Excretion = (@ — B) * Rpay - [1 — exp?Pum=PHO ] . expka . 700
Decomposition = Dy, - expsT - PON

Table S1. Parameters for the biogeochemical model in this study

Symbol Parameter Value Unit

Vmax Phytoplankton maximum photosynthesis rate at 0°C 0.8 day™?!

Kbin Phytoplankton half saturation for DIN 3 mmol N m™3
Kpip Phytoplankton half saturation for DIP 0.12 mmol P m™3
lopt Phytoplankton optimum light intensity 1047 W m™2

¢} Phytoplankton temperature coefficient for photosynthesis 0.0693 °c-1

K1 Light extinction coefficient of seawater 004 m?

K2 Self-shading coefficient of phytoplankton 0.04  (mmolNm=3)71
Presp Phytoplankton respiration rate at 0°C 0.03 day™?!

ko Phytoplankton temperature coefficient for respiration 0.0519 °c-?

Prmor Phytoplankton mortality rate at 0°C 0.05 day™?!

Ks Phytoplankton temperature coefficient for mortality 0.0693 °Cc~!

Rmax Zooplankton maximum grazing rate at 0°C 0.2 day™?!

y) Zooplankton Ivlev constant 1.4 (mmol N m=3)~1
Plim Zooplankton threshold value for grazing phytoplankton 0.043 mmolNm™3
Ka Zooplankton temperature coefficient for grazing 0.0693 °Cc~?

Zmor Zooplankton mortality rate at 0°C 0.0585 mmol N m™3
Ks Zooplankton temperature coefficient for mortality 0.0693 °Cc~?

o Assimilation efficiency of zooplankton 0.7 No dim

B Growth efficiency of zooplankton 0.3 No dim

Deco Decomposition rate at 0°C 0.05 mmol N m™3
Ke Detritus temperature coefficient for decomposition 0.0693 °c~!

Sphy Sinking velocity of phytoplankton 1 mday™?!

Spon Sinking velocity of particulate organic nitrogen 0.1 mday™?!
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SP.3 Annual mean discharge and DIN loading of each river

I Discharge
[N DIN loading

Sum of second-class rivers

T

abcdefghijklmnopqgrstuyv

110

15

DIN loading (mol N 5‘1)

Figure S2. Annual mean river discharge (m3s~1) and DIN loading (mol s~1). The letter a to u

represents the first-class rivers, and the letter v represents the sum of second-class rivers.

Table S2. 21 first-class rivers in this model. The label is in Fig. 1b and Fig. 2a.

River name
Kino River
Yamato River
Yodo River
Kako River
Ibo River
Yoshii River
Asahi River
Takahashi River
Ashida River
Oota River
Oze River
Saba River
Naka River
Yoshino River
Doki River
Shigenobu River
Hiji River
Bansho River
Oono River
Oita River
Yamakuni River

Label

C 0V =S 0O T O 5 3 — X — = 33Q =-~® A O T D




20 SP.4 DIN concentration at the open boundaries
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42  Figure S3. Relationship between water temperature (°C) and DIN concentration (mmol m~3) at
43 Bungo Channel from 1991 to 2005. Blue line in each figure represents regression line for T lower
44  than 25 °C DIN concentration is equal to 0.5 mmol m~3 for T larger than 25 °C from (f) June to (k)
45  Nov. represented by the red line.
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Figure S4. Vertical profiles of DIN concentration (mmol m™=2) at the open boundary between the

Bungo Channel and the open ocean (a to d), and the open boundary between the Kii Channel and

the open ocean (e to h).
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SP.5 TN concentration at the surface of sediment
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Figure S5. Annual mean TN concentration (mg g~1) at the surface of the sediment.

SP.6 Governing equations of tracking technique

The governing equations of tracking open ocean are as follows

aDIN, :
% + adU(DINocean) - dlff(DINocean)
DiNocean
DIN
PHYocean
PHY
Z000cean
Z00
PONocean
PON

= —Phytosynthsis -
+ Respiration -
+ Excretion -
+ Mineralization -

JPHY, J0PHY,
% + adU(PHYocean) - diff(PHYocean) + SPHY %
DiNocean

DIN
PHYocean

PHY

= Phytosynthsis -

— Respiration -

PHYocean

— Mortality of PHY - PHY
PHYocean

— Grazing - PHY
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aZOOOCEaTl

at + adv(zooocean) - diff(ZOOOCEGTl)

= Grazing - M
PHY

] Z00,cean
-M Z00 - ———
ortality of Z0OO 700

ZO 00cean

Z00

ZO 00cean
Z00

— Egestion -
— Excretion -

dPON, ;
% + adv(PON,ceqn) — dif f(PONyceqn) + Spon
PHY,cean

= Motality of PHY - PHY

Ooocean

Z
M [ Z00 -
+ Mortality of Z00 700

Ooocean

Z00

PONocean
PON

+ Egestion -

— Mineraliztion -

9]
adv( )—ua+v@+W£

diff( )—6(1( 6)+6(K a)+"’(1< a)
iy Tox\ "ax) T oay\""ay) az\ oz
The governing equations of tracking rivers are as follows

dDIN,;
% + adU(DINriver) - diff(DINriver)
DIN
PHY
Z00
PON

= —Phytosynthsis -

+ Respiration -

+ Excretion -

+ Mineralization -
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OPHY,; OPHY,;
% + adU(PHYriver) - diff(PHYTiver) + SPHY %
DIN
PHY
PHY

= Phytosynthsis -
— Respiration -

— Mortality of PHY -

— Grazing - PHY

dZ00,,; 1
% + adv(Z00,iper) — dif f(Z0Oriper)

= Grazing - PHY

Z00river

Z
_ M . Z .
ortality of Z00-— 7

OOriver

200

Z00

— Egestion
— Excretion -

JdPON,, dPON,,;
% + adv(PON,iper) — dif f(PONyier) + Spon %
PHYriver

= Motality of PHY - —75—

Z00,,;
+ Mortality of Z0O - ﬁ
Z00

PON

+ Egestion -

— Mineraliztion -

av( ) = Ut v
aav _uax Uay WE)Z

11 = 3 (955) 35 005) + 5593

The governing equations of tracking sediment are as follows
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aDINsediment

aPHYsediment

0Z0 Osediment

aPONsediment

ot

_|_

ot

Jt

dt

+ adU(PONsediment) - diff(PONsediment) + Spon

adv(D[Nsediment) - diff(DINsediment)

DINsediment

= —Phytosynthsis - DIN

Ysediment

R , , .
+ Respiration PHY

Z0 OSediment

+ Excretion -
xcretion 700

Nsediment

P
Mi T
+ Mineralization PON

aPHYsediment

adv(PHYsediment) - diff(PHYsediment) + SPHY 0z

DI Nsediment

= Phytosynthsis - DIN

PH Ysediment

—_ R ] ] .
espiration PHY

Ysediment

P
-M [ PHY -
ortality of PHY

PH Ysediment

— Grazing - PHY

+ adv(zoosediment) - diff(ZOOSediment)

PH Ysediment

= Grazing - PHY

Z0 Osediment

— Mortality of Z0O - 700

Z0 Osediment

— Egestion PHY

Z0 Osediment

— Excretion - PHY

aPONsediment
0z

PH Ysediment

= Motality of PHY - PHY

Z0 Osediment

+ Mortality of Z0O - 700

Z0 Osediment

+ Egestion - 700

p ONsediment

— Mineraliztion - PON

0 0 0
adv( )=u—+v—+w—

ox

dy 0z
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124 SP.7 Oceanic DIN flux at the open boundaries
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126 Figure S6. Monthly mean of oceanic DIN flux (mmol m~2s~1) at the open boundary between the

127  Bungo Channel and the open ocean (a-d) and at the open boundary between the Kii Channel and



128  the open ocean (e-h). The red colors represent the oceanic DIN transported from the open ocean
129  into the Seto Inland Sea, and the blue colors represent the oceanic DIN transported from the Seto

130  Inland Sea into the open ocean.



