
SPATIAL CHARACTERISTICS OF THE SURFACE CIRCULATION AND WAVE 

CLIMATE USING HIGH-FREQUENCY RADAR 

 

Apisit Kongprom,Siriluk Prukpitikul, Varatip Buakaew, Watchara Kesdech,  

and Teerawat Suwanlertcharoen 

Geo-Informatics and Space Technology Development Agency (Public Organization) 

120 The Government Complex Building (6th and 7th floors), Chaeng Wattana Road,  

Laksi, Bangkok 10210, Thailand 

Tel: (662) 141 4534; Fax: (662) 143 9605;  

E-mail: varatip@gistda.or.th (corresponding author) 

 

KEY WORDS: Surface Circulation, Wave climate, High-Frequency Radar, upper Gulf of Thailand 

 

ABSTRACT: The high-resolution patterns of surface circulation and waves in the upper Gulf of Thailand (GoT) 

were studied in 2013. Geo-information systems (GIS) and high-frequency radar software packages were integrated 

to obtain the high-frequency radar data as an ESRI shape file. The model builder introduced in the analysis 1) 

converted the data from point to raster using a spline interpolation, 2) analyzed the daily averages using a raster 

calculation, 3) converted rasters to vectors, and 4) compiled the average velocity and direction data using a spatial 

join and analyzed the monthly averages using the daily averages. Monthly mapping was conducted using GIS 

software, a coastal radar model, and satellite imagery. In 2013, the significant wave height in the GoT was 0.52–

2.99 m. The highest waves were found primarily in September and October. The residual flow was 0.05–32.82 cm/s 

and the circulation pattern was consistent with the season (i.e., northeast monsoon currents flowed mainly south in 

an anti-clockwise pattern, whereas the southwest monsoon currents flowed east in a clockwise pattern). The current 

velocity was higher for the northeast monsoon than for the southwest monsoon. 

 

1. INTRODUCTION 

 

Surface circulation patterns and waves are important features of marine and coastal environments. Their monitoring 

provides essential information for other studies regarding, for example, discharge detection, coastal erosion, marine 

fisheries and aquaculture, coastal pollution, and tourism, among others. The development of a coastal radar system 

aims to create a real-time database of waves and currents that can be linked through a national geospatial 

information infrastructure for monitoring, warning, and decision making in the support of coastal management 

(Figure 1). 

 
Figure 1. System diagram for the development of coastal radar in the GoT 
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A high-frequency radar system measures the wave and the current based on the principles of radio waves. The 

Doppler radar emits radio waves in the 10–50 MHz band and receives the scattered signal from the surface waves 

of 1.5–3 m wavelength. The system measures directly the velocity of the waves that scatter the radar signal. The 

difference between the measured and the known wave velocity gives the ocean surface currents 

(http://cordc.ucsd.edu/projects/mapping/documents/principles.php). This continuous real-time data acquisition 

enhances the efficiency of planning and management in the coastal area (Figure 2). 

 
 

Figure 2.Operation principles of the HF RADAR 

(http://cordc.ucsd.edu/projects/mapping/documents/principles.php) 

 

In 1987, the Meteorological Department divided the climate of Thailand into four seasons: the northeast monsoon 

(November–January), the 1
st
inter-monsoon (February–April), the southwest monsoon (May–August), and the 2

nd
 

inter-monsoon (September–October) (Snidvongs, A. 1998). The effects of the tide and wind are used to simulate 

the currents in the GoT. The current patterns in the 1
st 

inter-monsoon period (from northeast to southwest) and the 

southwest monsoon are similar to the patterns of the current entering the GoT along its western part; these currents 

moved east, then flowed parallel to the peninsula before flowing left at the southern open boundary. During the 2
nd

 

inter-monsoon (with currents flowing from southwest to northeast) and the northeast monsoon, the current pattern is 

similar to that when the water mass enters the Gulf along its eastern part, with the water mass moving to the west 

and flowing out along the eastern part of the open boundary. Concerning freshwater discharge in the upper GoT, it 

was found that river discharge only affects the circulation pattern around the river mouths, particularly during the 

southwest monsoon. The tide significantly affects the circulation pattern in the upper GoT for all observations. In 

addition, the wind magnitude and direction, bottom topography, and coastline also affect the current patterns and 

eddies in the GoT (Oompan,S. 2003). 

 

The characteristics of the GoT and the current system have been analyzed according to the monsoon seasons. 

During the southwest monsoon, the water mass from outside the GoT or from the South China Sea (SCS) flows into 

the inner Gulf, passing the middle GoT along the coast of Songkhla, Huahin, and Petchaburi. A clockwise 

circulation occurs in the inner GoT before leaving the Gulf. During the northeast monsoon, the water mass from the 

SCS flows into the GoT. The flow directions in the upper GoT are not consistent, but indicate an inflow of the 

water mass into the inner GoT. During the transition period from the northeast to the southwest monsoon, in March, 

a strong inflow is measured at Songkhla and in the middle GoT, decreasing in April. The direction of the residual 

flow in the upper GoT is toward the inside but weak. During the transition from the southwest to the northeast 

monsoon, the circulation is similar to that observed during the northeast monsoon: the water mass flows into the 

Gulf through the middle GoT and along the east coast, moving anti-clockwise in the inner GoT, and flowing out 

along the south coast. The current velocity is 0.73–8.08 cm/s in the upper GoT. (Marine Research Group.2006) 

 



Seasonal variations in the water column conditions in the upper GoT have been analyzed considering four major 

factors: surface heat flux, freshwater discharge, and tidal and wind stirring. The combination of surface heat loss, 

weak river discharge, and strong wind results in a vertically well-mixed water column in December. Oppositely, 

strong stratification develops in September and October due to strong river discharge and moderate heat flux. 

Strong surface heating in April and May has the potential to generate strong stratification, although not as large as 

in September and October due to the weak river discharge. Although no factors are prominent between January–

March and June–August, a weak to moderate stratification occurs, because the influence of river discharge and 

surface heating is still larger than the tidal and wind stirring. The analysis of the water column results based on 

monthly average data agrees well with the analysis derived from cruise data for the same months, concerning the 

distribution of temperature and salinity. However, a mismatch was found in December 2003 (cruise CU-2) when 

stratification occurred in some small regions, but the water column analysis suggested a vertically well-mixed water 

column. This phenomenon is triggered by a non-uniform distribution of freshwater in the upper GoT, related to 

river discharge, monsoonal wind, and currents. Based on comparison with a previous study investigating the 

dynamics of surface chlorophyll, the occurrence of a phytoplankton bloom in this region may be explained by these 

water column conditions (Aunkul,B., Y. Tetsuo, and M. Satsuki.2008). 

 

The tides are a significant source of energy from various forcing mechanisms in most coastal regions. 

Consequently, it its necessary to remove tidal effects to avoid contamination when studying other signals. A tidal 

day lasts for approximately 24 h and 50 min. As the earth makes one complete revolution around its axis, the moon 

also progresses in its orbit. Therefore, an additional 50 min of revolution are required for a lunar day. Accordingly, 

in many engineering applications, the tidal (or lunar) day is approximated to 25 h (Zevenbergen L.W., P. F. 

Lagasse, and B.L. Edge. 2004.).Some authors have removed the tidal signature with a simple 25-h running average 

instead of a Doodson filter (King,R.R., and M. Martin. 2013), finding only minor differences; therefore, the use of 

this method is recommended. 

 

2. MATERIALS AND METHODS 

2.1 The study area islocated in the upper GoT ( Figure 3). 

 
Figure 3.The coverage area of the coastal radar in the upper GoT (http://coastalradar.gistda.or.th) 

 

2.2 The desired data were selected from the data processing center, using GIS software connected to the database. 

The data from the coastal radar databases correspond to a time series geographically located: for each geographical 

point, there are several time series datasets. The Language Standard Query Language (SQL) was introduced to 

retrieve the data with the following conditions: 

       2.2.1) The vector data of the current velocity and direction were set with the condition that fields, values, 

operators, and SQL where clause. Data searching was conducted by defining the station name, date, and time. 

http://coastalradar.gistda.or.th/


2.2.2) The data attributes of waves were searched assuming that fields, values, operators, and SQL where 

clause. The station name, date, and time were defined. 

2.3 The circulation patterns and waves in the upper GoT during 2013 were characterized using a high-frequency 

radar (HF radar) system installed in the GoT with a 13–25 MHz frequency, covering 10–60 km. The HF radar was 

mainly used for current mapping but the waves associated to the HF wavelengths were also recorded (Chaowalit, 

S., P. Siriluk, 2013) 

2.4 The current velocity data up to 100 cm/s were selected. The remaining data with less than 18 days/month were 

not used in this study (Marine Research Group.2006). 

2.5  The analysis of the residual current included the filtration of the data to eliminate the tidal oscillation effect. 

The U and V components were used to calculate the average value for the 25 hours and analyzed for current 

velocity and direction (http://blogs.esri.com/esri/arcgis/2013/07/17/displaying-velocity-and-direction-symbology-

from-u-and-v-vectors/ and http://library.oceanteacher.org/OTMediawiki/index.php/Scalars_and_Vectors). (Figure 4 

and 5) 

2.6  The mapping of the monthly circulation pattern was created using a geo-informatics software (ArcGIS). The 

data from the HF radar network were exported in ASCII format and converted to ESRI shape file format. The 

model builder in the GIS software was introduced for the calculation of the average values. There were four main 

processing steps: 1) conversion of vector to raster using a spline with the barriers technique, 2) calculation of the 

average value using the raster calculator, 3) conversion of raster to vector with the extract value to point command, 

and 4) spatial combination of the current velocity and direction (Figure 6). 

 

 
Figure 4. The preparation of the U and V components using the geo-informatics software (ArcGIS) 

 

2.7       The statistical data from the oceanographic buoy in 1992–2003 recorded that the highest wave during a storm 

in the GoT had a height of less than 5 m (Marine Research Group.2006). Therefore, wave heights below 5 m were 

selected. 

2.8    The analysis of the average wave height in this study was done by calculating the monthly significant wave 

height. The equation used to determine the significant wave height was analyzed and must correspond to more than 

18 days/month (http://geoforum.no/kurs-og-konferanser/publiserte-foredrag/2012/geodesi-og-hydrografidagene 

/ocean-wave-measurements-wave-height-period-and/at_download/file. and http://www.imc.src.ku.ac.th/personnel/ 

file_subject/2010682048451.pdf). 

http://blogs.esri.com/esri/arcgis/2013/07/17/displaying-velocity-and-direction-symbology-from-u-and-v-vectors/
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2.9     The monthly significant wave height mapping was performed using a multiple ring buffer set into five classes 

according to the wave height at different distances from the coast: 3.98, 5.97, 7.96, 9.95, and 11.94 km. It was also 

divided into series according to the hues of wave height and time interval.  
 

 

 
Figure 5. The procedure of the monthly mapping with the GIS software (ArcGIS) 



 
Figure 6. The process of monthly significant wave height mapping using the GIS software 

 

3. RESULT  

3.1   The surface circulation in the beginning of the year (January–April) was to the east and northeast. The current 

flowed out along the west coast to the upper GoT in a clockwise direction. In the middle of the year (May–August), 

the current velocity was lower than at the beginning of the year, although the current still moved toward the upper 

GoT. From September onward, the current remained relatively fast, travelling primarily toward the South China 

Sea. In November, the current headed south and southwest with an overall anti-clockwise circulation pattern. In 

December, most of the flow headed south (Figure 7). 
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Figure 7. Monthly circulation pattern in the upper GoT in 2013 

 



3.2   The significant wave height in the upper GoT during 2013 varied between 0.52 and 3.96 m. Considering the 

changing wave height in all HF radar stations in the GoT, the inner Gulf had the lowest wave heights between 0.52 

and 1.00 m. Most stations on the western side recorded maximum wave heights between 1.32 and 3.0 m. The 

significant wave height increased in September and October for all stations. Comparing the different distances from 

the shore, the highest significant wave heights between 1.82 and 2.91 m, were observed at a distance of 3.98 km, 

except for the stations in the inner Gulf, which ranged between 0.70 and 1.12 m. For the other distances, it ranged 

between 1.32 and 2.99 m, except for the inner Gulf where it ranged between 0.52 and 1.11 m (Figure 8). 

 

 
Figure 8. Monthly average significant wave height in the upper GoT in 2013 



 

Figure 9.Statistical data regarding tropical cyclones in Thailand during 1951–2012 (Meteorological 

Department.2012) 

 

The current velocity between February and August was mostly below 5 cm/s, increasing between September and 

December. This can be related with the change in wave height and the period of tropical cyclones moving into the 

GoT. There were74 cyclones between 1951 and 2012 (Meteorological Department.2012),so that the upper GoT was 

often affected by storm surges during that period (Figure 9). 

4. DISCUSSION 

The current patterns in the upper GoT were consistent with the seasons in Thailand. During the northeast 

(southwest) monsoon, the current flowed mainly south (east). During transitional periods, the current direction 

changed accordingly, from one season to the other. During the 1
st
 transitional period, the current flowed northeast 

and then changed mainly to the east during the southwest monsoon. During the 2
nd 

transitional period, the current 

flowed southeast, changing to south during the northeast monsoon.  
 

5. CONCLUSIONS 
 

The surface circulation in the upper GoT was consistent between seasons. During the northeast monsoon, the 

currents flew primarily south; conversely, during the southwest monsoon, the current flowed east. During transition 

periods, the current changed seasonally. The wave height was consistent with the current velocity, increasing 

between September and December, and could be related to tropical cyclones occurring in Thailand. The integrated 

HF radar data and GIS technique were very useful in converting ASCII HF radar data to a geographical format 

(*.shp). The resulting geographical information provides a better spatial perspective, improving ocean physical 

dynamic studies in the GoT. 
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