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Drainage Basin of the Inner Ariake Sea (IAS)

v

- Fukuoka C.

Naki C.
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Fig. 1.

The drainage basin of the inner Ariake Sea (IAS), the shaded area, with Chikugo River, the biggest,

and the other four rivers in it. The dark stars and dots denote the local metro polices and the city as well as
the mountain, respectively, where there are official stations for monitoring of precipitation during a long time.
The mean flow rate, Q, in July estimated from Pr7, 400mm mon!, drainage basin area, A km? and runoff
coefficient, Q/APr=0.7, are 300m3sec! for Chikugo River, 70m3sec™! for Yabe River (Y. R.), 40m3sec! for
Rokkaku River (R. R.), 30m3sec! for Kase River (K. R.) and 10m3sec™! for Honmyo River (H. R.). The straight
broken line indicates the south border of IAS and curved ones do the border of prefectures.
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Location of Stations
Chikugo R.
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Fig. 2. Location of stations for the monthly
observation with station number and depth of the
overlying waters at 1m above the bottom (B-lm
in parentheses) in the inner Ariake Sea (IAS).
The grey rectangular in the innermost of the
branch bay at the left bottom, Isahaya Bay,
indicates the land reclaimed by drainage with a
dike having two floodgates near its northern and
southern ends. The dike construction was started
in 1989 and the floodgates were closed in 1997.
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Fig. 4. Year to year changes of DO (mg L) in the overlying water (B-Im) and its 3rd approximated curves
with R? at the observational stations in the inner Ariake Sea (see Fig. 2) in July and August since 1973 till

2009. The inversed N patterns with relatively high R? appearing dominantly near the mouth of Isahaya Bay
in July while wholly in August are noticeable.
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Fig. 5. Year to Year changes of Ao, the difference of o = 1000X p (106 kg m™3) between the surface water
(0Om) and the overlying water (B-lm), and its 3rd approximated curves with R? in July and August since
1973 till 2009 at the observational stations (see Fig. 2). The N pattern appearing near the mouth of Isahaya
Bay in August while reaching the inner most of Ariake Sea in July is noticeable.
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Fig. 6. Year to year changes of PO,P (tmol L71) and its 3rd approximated curves with R? in July and Au-
gust since 1973 till 2009 at the observational stations (see Fig. 2). The N pattern appearing almost wholly in
the surface and overlying waters in July while the inversed N pattern appearing wholly in the surface wa-
ters in August are noticeable.
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Fig. 7. Year to year changes of DIN (xmol L™1) and its 3rd approximated curves with R? in July and August
since 1973 till 2009 at the observational stations (see Fig. 2). The N pattern appearing commonly in the sur-
face and overlying waters in July is noticeable.
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Fig. 9. Synchronism of the 3rd approximated curve of Pr7 (mm mon™l) at Saga City in July (the red curve)
with the 3rd approximated curves of DO (mg L) in July and August (black curves) since 1973 till 2009 at
the observational stations (see Fig. 2). The grey-colored graphs indicate the clear degradation of oxygen defi-
ciency starting before a period of the minimum of Pr7 at the end of 1990s. The grey-coloreds appearing near
the mouth of Isahaya Bay in June while dominantly in August are noticeable.
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Fig. 10. Synchronism of the 3rd approximated curve of Pr7 (mm mon™) at Saga City in July (the red curve)
with the 3rd approximated curves of Ao (106 kg m™3) in July and August (black curves) since 1973 till 2009
at the observational stations (see Fig. 2). The grey-colored graphs indicate the clear increase of Ao starting
before a period of the minimum of Pr7 at the lasts of 1990s. The grey-coloreds appearing only near the
mouth of Isahaya Bay in August while dominantly in July are noticeable.
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Fig. 12. Synchronism of the 3rd approximated curve of Pr7 (mm mon1) at Saga City in July (the red curve)
with the 3rd approximated curves of DIN (¢ mol L) in the surface waters (upper block) and the overlying
waters (lower block) at the observational stations (Fig. 2) in July and August (black curves) since 1973 till
2009. The grey-colored graphs indicate the clear increase of DIN in July while the clear decrease of DIN in
August both starting before a period of the minimum of Pr7 at the lasts of 1990s. The grey-coloreds appear-
ing almost wholly in the surface and overlying waters in July while mainly in the surface water in August
are noticeable.
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Fig. 13. Plots of PO4+P (xmolL™!) and DIN (u
molL"1) of the surface waters (0 m) and the
overlying waters (B-1m) in July and August
since 1972 till 2009 at St. 5, which represents the
central part of the inner Ariake Sea (see Fig. 2).
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Periods of the grey-colored graph at St. 5 (a)
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Fig. 14. Synchronism of DO§, DO in August, (a) and Ao 7, Ao in July, (b) at St. 5 in the inner Ariake Sea
with Pr7 in the 63 periods from 1973-2003 to 1979-2011. Grey-colored graphs indicate decrease of DO8 and in-
crease of Ao 7 caused by the development of the Isahaya Bay. The five thick solid graphs including the pe-
riod, 1993-2009, treated in this paper may be considered as samples for the main part while the four thick
dotted ones are for the border part.
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Fig. 15. The graphs of DO8 (a) and Ao 7 (b) at the whole observational stations sampled for the main part

(see Fig. 14). The left 11 blocks in Fig. 14a and b indicate graphs in July while the right ones do in August.
Grey-colored graphs appear also in the inner most area of the inner Ariake Sea, Sts. 9, 7 and 1, 10, 8, when
grey-colored graphs do at St. 5, the thick solid ones in a and b, and vice versa except only DOS in the period,
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Fig. 16. The graphs of DO8 (a) and Ao 7 (b) at the whole observational stations sampled for the border part
(see Fig. 14). The left 11 blocks in Fig. 16a and b indicate graphs in July while the right ones do in August.
Gray-coloured graphs appear also in the inner most area of the inner Ariake Sea, Sts. 9, 7 and 1, 10, 8, when
gray-coloured graphs do at St. 5, the thick dotted ones in Fig. 16a and b, and vice versa.
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Causality between hypoxia of Ariake Sea environment
and reclamation in Isahaya Bay, Japan

Matsukawa, Yasuo *, Katsuyuki Sasaki ** and Yozo Hanyu ***

Abstract

Year-to-year changes of water quality, density difference between the surface and bot-
tom waters in the inner Ariake Sea and precipitation in its surrounding area from 1972 to
2009 are investigated to verify causality between environmental condition in the inner Ari-
ake Sea and Reclamation in Isahaya Bay. Data of water qualities from routine measure-
ments by Saga Prefecture and precipitation at Saga City are used. Water density is calculat-
ed from temperature and salinity using the formula (UNESCO, 1981). Results show “N” and
“inverse-N” patterns in the 3rd approximated curves for year-to-year time series of the wa-
ter quality, density difference and precipitation, and significant relationships between the
precipitation in July at Saga City and the density difference and the water quality and its
DIN/POs-P ratio. These results mean that the progressive hypoxia of the inner Ariake Sea
in July and August is caused by not only the recent increase of the precipitation in July but
also the change of the environmental condition in Isahaya Bay from a big sink to a big
source of the nutrients due to the reclamation and closing near a half of the bay with a long
dike to keep fresh water together with consequent weakening of tidal currents and en-
hancement of density difference in the inner Ariake Sea.
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