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In Toyama prefecture, because of the steep slope from the mountains to the coast coupled
with high precipitation, a large volume of river water flows into Toyama bay, and the submarine
groundwater discharge (SGD) ranges widely on the steep continental shelf. However, the sub-
stance budget and its impacts to the coastal environment have not been previously studied. The
purpose of this study is to clarify the water mass structure of Toyama bay and to estimate the
fluxes of freshwater and its nutrients by using a box model.

Using the T-S diagram it is clear that Toyama bay water is made up of coastal surface
water, Tsushima Warm Current (TWC) water and deep water (Japan Sea Proper Water). It
demonstrates that the upper 200 m (Toyama Bay Shallow Water) is composed of high salinity
water (TWC) and low salinity water derived from freshwater. The freshwater flux was calcu-
lated with a box model of the shallow water. The maximum SGD flux (2.3x 10° m’month™) was
about 25% of the river water flux (9.1x 10° m’month”"). And the nutrient fluxes via the SGD
path were 55% (PO.*) and 133% (NO," NO3") of the river values. Furthermore the possibility
was suggested from the N to P cocentration ratios that SGD entered the Toyama bay water
colum primarily in the depth range of [0 100-180 m.

Key words: Freshwater, Submarine groundwater discharge, Water mass, Nutrients, Toyama
Bay
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Figlll Sampling locations in Toyama bay. Circles
show the sampling stations (from A to F
lines) by R/V Kakuyo Maru. Open circles
show the stations located in Toyama bay
and solid cicles show the stations located
out of the bay. Solid squares show the sam-
pling stations (Stn. 10, Stn. 11, Stn. 12) by
R/V Tansei Maru. The line shows the
boundary of the Toyama bay.
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Tabled] Sampling stations and the bottom depth.

Date Lat. N Long. E Depth (m)
A01Y 36° 50.10° 137° 5.01° 418
A02Y 36° 55.00° 137° 5.09° 472
BO1" 36° 48.52° 137° 10.09° 416
B02" 36° 49.95° 137° 10.24° 471
June 23, 2003 B03" 36° 54.96’ 137° 10.02° 858
B04" 37° 0.04 137° 10.12° 1038
B05? 37° 4.98 137° 10.08° 1016
B06? 37° 10.04’ 137° 9.98’ 385
B072 37° 1517 137° 9.95° 105
co1v 36° 47.57° 137° 15.04° 67
02" 36° 49.97 137° 1512’ 457
o3V 36° 55.00° 137° 15.08 960
04" 36° 59.90° 137° 15.01° 1080
DO1Y 36° 47.48° 137° 20.08’ 188
DO2" 36° 50.03° 137° 20.00° 666
DO3" 36° 55.07° 137° 19.93 903
Tune 24, 2003 DO04" 36° 59.93° 137° 20.15° 920
DO5? 37° 5.05° 137° 20.17 1070
D06? 37° 9.98° 137° 19.76’ 1223
DO7? 37° 14.94° 137° 20.03’ 1153
E01V 36° 60.00° 137° 25.07 800
Fo1" 37° 0.06° 137° 30.11° 400
F022% 37° 50.5° 137° 29.88’ 1097
F032* 37° 997 137° 30.04 1190
F042% 37° 14.89° 137° 30.12° 1110
Stn.10" 36° 57.75° 137° 27.62 199
July 10, 2003 Stn.11 | 36° 50.60° 137° 2323’ 242
Stn.12% 38° 0.57 137° 57.12° 1794

D Toyama Bay 2 Outer Toyama bay 3 Japan Sea
*CTD observation only
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The horizontal distribution of the average of temperature (a) (c)

and salinity (b) (d). (a) and (b) show Toyama Bay Shallow Water (0-
200 m). (c) and (d) show the deep water.
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Figlll Box model of salinity (psu) and water budg-
ets (10" m'/year) in Toyama Bay Shallow
Water.
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Table] Data set using for the Box model.

Volume Salinity
(103m*/month) (psu)
*TWC 5200 34.24
**SGD 2.25 0.11
River 9.10 0.11
Precipitation 1.70 0.03
Evaporation 0.69 T
Discharge 5600 34.15
Tﬁigzgzay \ 34.15

*TWC: Tsushima Warm Current
**SGD: Submarine Grandwater Discharge

Tabled The caluculation result by the box model.

Input to Toyama Bay
(10% m*/month)

"TWC River "'SGD

Output from Toyama Bay | SGD/River
(108 m*/month) (%)

5200 9.10 2.25 5640 25
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Tabled The result of nutrient fluxes.

Nutrient fluxes

(kg/month)
River SGD River SGD

Concentration
(pn mol/L) SGD/River

(%0)

PO 0.09 0.2 7.8 43 55%

NO,+NO;, | 13 70 | 639 | 851 133%
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Figll Vertical profile of the ratio of nitrogen
(NO,”0 NO;j) and phosphorate (PO.*") con-
centration. Open circles show the data of
Toyama bay and solid circles shows the
data of outer bay. Solid diamond shows the
data of Japan Sea.

cooboooobooooboooooooo
goo 0O 0O

gooooOoOomoooooooooo CcrboO
cboooooooooboooocoboooooooo
od

() 0DODOOODOO0OODOOOOODOOOOO0OO
uobooooooOoooobooooboooooooo
goooooo

(2 0DODmODO0O0O0OO0ODOOOOOOOOOO
uobooooooOoooobooooboooooooo
gooo

(3 0DDODODODDODOODDOOODODODOOOOO
0000000000 O0O00mx I mmonth™O
oobooooooOooobObo0oomooooon
(3 0DODODODODDODOODDOODODODOODOOOOO
uobomooooocooooOomoooogn

(4 0DODOOO0ODOOODOOOOODOOOOOOO
oMM mOO0OO0OO00O0OO0O0OCOOC0OO00
oooogo
uobooooooOooooboooobooooooonoo
coooooooOoocoobooooooooooooo

cooooooboooboooo
o 0O

coobooooboocoOobooooOooOboOooooo
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
cOooooOoOoooooooobObOoooooooo
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
cooooooomoobooboocboOoonooonno
coooocoobooooboooOoooocooobooono
coooocoobooooboooOoooocooobooono
coooocoobooooboooOoooocooobooono
coooocoobooooboooOoooocooobooono
cobooboooooooobooOooobcoooo

cooboooooocoobooooOooOoboOooooo
cobooboooooobOobobOOoobocbOomon
oMM oocoooocooooooooog
coooOocooooboooobOOoOomoooan
MMM ooboooooobobooocoooon
coboobOooooooomooboOobocboOooOono
cooboocoOobooooooooOooOobocOoOoobooOono
cooooooooocooo

oooao

Fuyjii, S., Nasu, N., Smith, Alec, J., Fujii, N,
Mizutani, Y., Shimakura, M., Konishi, K.,
Igarashi, C., Muramoto, dJ., Takemura, T.,
Shimoda, T., Boggs, Jr, Sam., Fujioka, K.,
Mappa, H., Kawahata, H., Kong, Y. S. and
Tanaka, T. (1986) Submerged forest off Nyuzen,
Kurobegawa alluvial fan, Toyama Bay, central
Japan. Boreas 15(4), 265-277.

do0000oo0oO0O0oO0O0oO0O0OO0OU0OoOoOoooo
Joodooooooooooooooooog
00 oo+oo

000000000000 0MUIOoOOoooooo
Joodooooooooooooooooog
00000000 ooon+amo

do00O0O0O0O0Ooo0oO0oO0O0oO0oOoOoooooo
0oooooouoooooolenom+ao

gdo000O0O0O0O0O0OoOoO0O0O0U0O0oUooooo
Jooooodoouooooooooleon4oa



164 cooooooboooooao

O000Oooo0o0o0oooooooooooog
00000D0Ond

00000000 QOO http://www.data.kishou.go.jp/

000000000ooo0oooooooooooog
00000000 0oo0oOmoooooooo
0000o0o00oooooooooo ooo—
00000000o00o00o0oooou—oanm
O000oo0o0oooooooooooocoon
O00o0o0ooooUooooooooooooao
oo

Nitani, H. (1972) On the deep and bottom waters in
the Japan Sea. In: Resarch in Hydrography and
Oceanography (ed. D. Shioji), Hydrographic De-
partment of Japan Maritime Safty Agency, To-
kyo 151-201.

00000000000 oomooooooo

oooooooo—0o00ooooooooo
—0o4a0

000000000 oDooooooooooon
0000000004400400

Yanagi, T. (1997) Budget Models in the Coastal Sea.
ooog, Vol 6, No. 3,163-171.

000000000 o0o0oooooooooon
00000000000 230004100

000000000 o0o0oooooooooon
0000141000410

Zhang, J. and Satake, H. (2003) The chemical char-
acteristics of submarine groundwater seepage
in Toyama Bay, Central Japan. In: Land and
Marine Hydrogeology (eds. M. Taniguchi, K.
Wang and T. Gamo), Elsevier, 45-60.



