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1. INTRODUCTION 

Viet Nam has a coastal line of more than 3200 km, with its territorial waters and constinental shelf of more than 1 million km2. In this area, there are two alternate systems of North East and Southwest monsoons, accompanied by two climatic seasons (dry and wet seasons), which have strong impacts on the marine hydrometeorological regime of the area. Besides, the sea-coast interaction processes and local conditions (the depth, orography, bottom, coastal line ...) often occur on the marine climate and environment. All of these are the causes of formation and control of the existence and changes in marine hydrometeorological characteristics of the area and determine their regime.

Sea temperature is one of very important elements among those marine hydrometeorological ones. Sea temperature often changes with time and space. These changes have been caused by complicated geophysical processes.

This paper presents "The Characteristics of Sea-Surface Temperature (SST) in the continental shelf  of Viet Nam". The data were collected during the period from 1989-1995 [1]. The area under surveys is very large, from 6(N to 21(30N and from 103(E to 114(E in the continental shelf of Viet Nam. Moreover, there were some marine hydrometeorological stations along the coast of Viet Nam. The collected data, especially data on Sea-Surface Temperature (SST) of the continental shelf of Viet Nam are abundant and valuable in science and practice. Following is some main results on the characteristics of the Sea-Surface Temperature in the continental  shelf of Viet Nam.

2. THE CHARACTERISTICS OF SST

The marine hydrometeorological elements in general and sea temperature in particular in the continental shelf of Viet Nam have rather complicated distribution and variation. The distribution and variation of sea temperature are different in both time and space. The space distribution fields constructed for marine meteorological and dynamical characteristics in the continental shelf of Viet Nam showed the existence of four water areas, in which the characteristics of sea temperature are different [2]. 

The first area (Bac Bo Gulf), the south boundary of which is about 17(N. In this area, the characteristics of sea temperature are determined by the formation of water masses due to continental current distributed along the seacoast and under the impacts of open sea, which occupies the vacant place in the Gulf.

In Winter, the isotherms have tendency to be parallel to the seacoast and curved in the direction of Winter circulation, flowing to the south. For example, in the survey of February 1989, it is the Winter circulation that formulated a cold water tongue below 25(C, even below 22(C, going far to the south (fig. 1). The Sea-Surface Temperature of the Gulf was affected by the water from continent. In Winter, the latitudinal temperature gradients attained in average below 1.5(C per latitude. Especially when there was North East monsoon, these gradients became more obvious.

In Summer, the SST is always higher than in Winter; in the coastal region, the differences between temperatures of June - July and January may attain 19-20(C, while in the open sea, only 5-6(C. The isotherms of 30,5(C in the survey of June-July 1995 (Fig. 2) are close to the sea coast due to warm continent and impacts of dry and warm South West monsoon in Nghe An - Ha Tinh provinces. The isotherms (similar to the ones of Winter) have tendency of being parallel to the coast and curved in the direction of circulation. The Summer circulation formulates a warm water tongue extending to the boundary of Bac Bo Gulf.

The characteristics of SST of Bac Bo Gulf are expressed through the data of the typical marine hydrometeorological station Hon Dau ((= 20(40, (=106(48) with following values : annual average : 25.2(C; annual obsolute maximum : 34.2(C; annual absolute minimum : 13.1(C and annual amplitude : 21.1(C. The general character of the physical state of Bac Bo Gulf water is the rather identity from surface to bottom. At some stations the temperature has insignificant decrease with the depth.

The second area (the continental shelf of Central Viet Nam) lies in the boundaries from 11(N and 17(N. This is a deep and steep sea area. In this area, like in the first one, the hydrological regime is established in the process of interaction between the open sea and Bac Bo Gulf water, propagating along the coast to the South. However, the open sea water has bigger volume. The Bac Bo Gulf water is close to the shore, not so wide and has strong variation. Although with significant variation of Bac Bo Gulf water, in reality all over the area between the water close to the shore and the open sea, there are obvious  gradients of temperature.

Under the influences of the mixing process of the open sea and Bac Bo Gulf water, which propagates to the south, and the impacts of the depth and bottom orography, the isotherms were pressed closely to the shore by Winter and Summer circulations. Specifically, in Winter the isotherms were pressed closely to the shore, far to the South by Winter circulation to formulate a rather big cold water tongue from 22-24(C, which was prevalent over the area.

In the mean time, in Summer, although with smaller variation, the temperature field was strongly differentiated due to Summer upwelling. The analysis  of SST distribution charts of Summer showed that the warm water tongue (29-30(C) from Bac Bo Gulf intruded far to the coastal area of North Central Viet Nam. Meanwhile, in the coastal sea of South Central Viet Nam, the intrusion of water masses has the contrary tendency to the North area, which means the formation of the coastal cold water strip, stretching from South of 14(N to Phan Thiet, caused by the upwelling of cold water tongue from deep layers near the shore, and the warm water mass is separated from the shore. That is the consequence of the cold inertial current at deep layers which causes the horizontal and vertical changes in heat and salinity structure. In layers deeper than 50m, the cold water tongue of Bac Bo Gulf become obscure rapidly at the sea of Central Viet Nam, and is replaced by cold water mass originated from the open sea, which intrudes towards the South West and  becomes closer to the shore in the South.

The SST characteristics of this area shown through the data of the typical marine hydrometeorological station Son Tra ((=16(02; ( = 108(11) with the following values : annual average : 26.3(C; annual absolute maximum : 33.5(C; annual absolute minimum : 17.3(C; annual amplitude : 16.2(C.

About the up welling : In the coastal area of Viet Nam there exist a upwelling area in the sea coast of South Central Viet Nam at Phan Thiet. This upwelling was discovered by K. Wryer in 1960 through the analysis of data of the NAGA survey Program in June - July 1960. In 1961, K.Wyrtki [6] and in 1963 E. Lafond [7] searched for explanations for the formation mechanism of upwelling in the sea coast of South Central Viet Nam and came to important remark that the formation of upwelling here was related closely to the South West monsoon blowing along the eastern coast of Viet Nam. After that, the authors Le Phuoc Trinh, Truong Dinh Hien [4,5] studied in more details and analyzed the formation mechanism of the upwelling in the sea coast of South Central Viet Nam and came to conclusion with scientific basis as follows : "The upwelling in the sea coast of South Central Viet Nam is a dynamical factor originated under the impacts of solid boundaries, the steep slope of continent, and the South West monsoon system". The area of strong activities of upwelling is in the sea coast of North Binh Thuan - Ninh Thuan with the center of about ( =10(45 - 11(30 N and  ( = 108(30 - 109(30E, and characteristics such as T = 24.5(C; S = 34.3%o (according to the data of the sea survey in June 1994).

The upwelling may happen from May to September, and becomes strongest in June- July. The activity of upwelling facilitates the strong heat - salinity layer creation in horizontal direction with the depth from 125-150m under the sea surface. Through the analysis of heat-salinity structure characteristics, the moving velocities of iso heat-salinity surfaces and the time of stable South -West monsoon, we can find that the activity of upwelling has significant influences on the coastal strips of water in the continental shelf of South Central Viet Nam. We can say that this is a regional hydrological phenominum which has important ecological effects, creating one of the areas richest in sea products of Viet Nam [3]. However the location and scope of its activities may displace, related closely to the time and intensity of the South West monsoon, flowing along the Eastern Coast of Viet Nam.

The third area (the South continental shelf) lies from 11(N to the Cape of Ca Mau. This is a shallow sea, with sloping bottom and many river mouths, especially the Mekong River system. The water of this area is formulated mainly by the intrusion of the sea water from the East Sea. In reality, this water area is characterized by the complete identity in space of the water masses. That is clearly defined because this area is the common part of the continental shelf strip, totally occupying the South of the East Sea and having stable characteristics of the area.

The characteristics of the SST at Vung Tau station (( = 10(20; ( = 107(05) : annual average : 28.3(C, annual absolute maximum : 31.5(C; annual absolute minimum : 24.8(C and annual amplitude : 6.7(C.

The fourth area (The North East continental shelf of Thailand Gulf). This is an area with the depth no more than 100m, in which the major part has the depth below 50m. The water masses here are formulated under the impacts of water from the continental shelf of the South of the East Sea and the Thailand Gulf. The SST varies slightly in space. The water here is rather warm all the year round. The characteristics of SST of this area are shown through the data of the typical station Phu Quoc (( = 10(13; ( = 103(58) : annual average : 29.1(C, annual absolute maximum : 35.1(; annual absolute minimum : 22.0( and annual amplitude : 13.1(C.

3. CONCLUSION 

On the basis of the data collected during the years 1989-1995 in combination with the serie of data of 10 years: 1986-1995 at 4 marine hydrometeorological stations representing 4 different areas along the sea coast of Viet Nam (Hon Dau, Son Tra, Vung Tau and Phu Quoc), we may have some following main results on the charateristics of SST in the continental shelf of Viet Nam.

- The space and time distribution and time variation of the water masses with different temperatures in the continental shelf of Viet Nam manifested rather clearly with various features; 

- It was confirmed that there existed a cold water tongue near the sea coast of Viet Nam and the upwelling in Summer in the sea coast of South Central Viet Nam.

- The studying of the data series of 10 years (1986-1995) of SST also showed the slight increase of SST all over the sea coast of Viet Nam and most clearly in stations of the South. Moreover, there is also the clear impact of EL-nino through the increase of averaged SST during the year of EL-nino: 1987,1991, and 1994 (Fig.3), especially clear in Hon Dau and Son Tra.

4. REFERENCES

1. Data of sea surveys in the continental shelf of Viet Nam (1989 - 1995) and Data of marine hydrometeorology (1986 - 1995) of the coastal marine meteorological stations. Marine Hydrometeorological Center, Hydrometeorological Service of Viet Nam.

2. Nguyen Thanh Vinh - The heat - salinity characteristics National Symposium on the results of sea surveys in 1992, Hanoi, Viet Nam, 1993.

3. Nguyen Thanh Vinh - Report on the results of sea survey (1989 - 1995). Hydrometeorological Service of Viet Nam 1996.

4. Le Phuoc Trinh et al. Raising issues on research into up welling in the coastal sea and continental shelf of South East Viet Nam. Collected works of marine research II-2, Hanoi 1981

5. Le Phuoc Trinh - On special phenomena in physical oceanography in the continental shelf of Viet Nam. The third National marine Symposium Hanoi - Viet Nam, 1991.

6. K. Wyrtri - Physical Oceanography of the Southeast Asian Waters. NAGA Report No. 2, 1961

7. E. Lafond - Physical Oceanography and its relation to the marine organic production in the South China Sea. A report on the results of the NAGA expedition 1959 - 1961.


[image: image1.wmf]
[image: image2.png]



[image: image3.wmf]Fig 4: Variation of Sea-Surface Temperature (oC) at stations

         and in the years with El-nino (1987, 1991 and 1994)

240

250

260

270

280

290

300

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

Years

T(oC)

Hßn dÊu

S¬n trµ

Vòng tµu

Phó quèc


�EMBED Excel.Sheet.8���









_991901732.doc
[image: image1.png]






_991553643.xls
Chart1

		1986		1986		1986		1986

		1987		1987		1987		1987

		1988		1988		1988		1988

		1989		1989		1989		1989

		1990		1990		1990		1990

		1991		1991		1991		1991

		1992		1992		1992		1992

		1993		1993		1993		1993

		1994		1994		1994		1994

		1995		1995		1995		1995



Hßn dÊu

S¬n trµ

Vòng tµu

Phó quèc

Years

T(oC)

Fig 4: Variation of Sea-Surface Temperature (oC) at stations
         and in the years with El-nino (1987, 1991 and 1994)

249

262

278

285

255

269

286

294

247

259

283

292

248

262

280

289

252

266

282

292

257

270

280

292

248

256

286

293

254

262

283

292

254

264

285

290

249

261

287

293



Sheet1

		

						Hßn Dêu T=25,2o		S¬n Trµ		Vòng Tµu		Phó Quèc

				1986		249		262		278		285

				1987		255		269		286		294

				1988		247		259		283		292

				1989		248		262		280		289

				1990		252		266		282		292

				1991		257		270		280		292

				1992		248		256		286		293

				1993		254		262		283		292

				1994		254		264		285		290

				1995		249		261		287		293

				Fig 4:		Variation Sea -Surface Temperature (oC) at stations

						and in the years with El-nino (1987, 1991 and 1994).





Sheet1

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Hßn dÊu

S¬n trµ

Vòng tµu

Phó quèc

Years

T(oC)

Fig 4: Variation of Sea-Surface Temperature (oC) at stations
         and in the years with El-nino (1987, 1991 and 1994)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






