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Seasonal variability of ocean salinity structure through freshwater exchange
By
Tomonori Matsuura

National Research Institute for Earth Science and Disaster Prevention.

Abstract

The annual mean freshwater distribution over the surface in the global ocean and its seasonal
variabilities are estimated by using the ocean general circulation model (OGCM) with restoring
bounding conditions. The distribution of the annual average freshwater gain and loss estimated by
the model shows qualitatively good correspondence to that estimated by the observational data,
except for the area of river runoff and a freezing region of sea ice. The seasonally changing
transports from the Amazon River and the Ganges-Brahmaputra-Godavari rivers to the sea area
were also estimated. Particularly, it was found that the seasonally changing gain of fresh water off
the Amazon estimated by OGCM corresponds quantitatively well to the seasonally variable
transport of the Amazon River.

The seasonal variability between the net evaporation minus precipitation and the salinity
profile of the upper ocean correlated well on the side of the Southern Hemisphere of the western
Pacific equatorial region. On the side of the Northern Hemisphere, however, the seasonal variability
of the salinity distribution did not correlate with that of the net evaporation minus precipitation
because the advection due to the seasonal changing wind stress influences on the salinity profile, In
the Indian Ocean where seasonal variability is prominent, the sea water evaporated excessively in
the Arabian Sea through all seasons. On the other hand, in Bay of Bengal, freshwater flux
diminished from January to June and increased from July to December. The freshwater balance
including freshwater gain from the Ganges-Brahmaputra-Godabari rivers heavily influenced the

density structure in the Indian Ocean.
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Fig.l1  Ocean area and bottom topography used in model. Dotting area shows the sea area deeper than 5000m.
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Fig.2 (a)The annual freshwater flux for global ocean in meter per year. Hatched and dotted area denotes the
region which has freshwater gain and loss more than 1m/year.
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Fig.3 Meridional profiles of annual mean fresh water evaluated over zonal band for global ocean in meter per
year for three studies. Positive value depicts loss of fresh water and negative value depicts gain of fresh
water. The value of fresh water includes the river runoff,
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Fig4d The monthly freshwater flux for global ocean. Contour interval is 100mm/month. Hatched and dotted area
denotes the region which has gain and loss more than 100mm/month. (a)February and (b) August.
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Fig.b  Meridional profiles of half year mean heat flux and freshwater flux over the sea area from 120°E to 150°W.
{a)Zonal mean heat flux from 30°S to 30°N. O: time average from January to June. @: time average from
July to December. (b)As in Fig. 5a, except for zonal mean freshwater flux.
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Fig.6  Temperature and salinity distribution at the depth of 15m in the western Pacific ocean (120°E-150°W,30°8-
30°N) on the two period: the former period (January-June) and the latter period (July-December).

(a) Temperature in the former period (‘C), (b)temperaturc in the latter period, (c)salinity in the former
period (%) ,and (d)salinity in the latter period.
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Fig.8 Velocity vectors in the Indian ocean on February (winter monsoon period) and on August (Summer
monsoon period). (a) February and (b) August.
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Fig.9 Heat flux and freshwater flux over the Indian Ocean on February and August. {a)Heat flux on February,
{b)heat flux on August, (¢)freshwater flux on February, and (d) freshwater flux on August.
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