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ABSTRACT
Raja Ampat Islands and eastern seas influenced by water masses from the Pacific Ocean and the
monsoon. The aim of the research is to study the physical condition of water column, movement, and
identification of water sources. The method used in this study with spatial and temporal analysis. The
results show that water movement through Raja Ampat, Halmahera, Ceram, and Banda Seas. Mix
layer condition up to 71 m depth and thermocline layer up to 567 m depth. The identified water
masses from T-S Diagram are SPIW (South Pacific Intermediate Water), SPSW (South Pacific
Subtropical Water), NPSW (North Pacific Subtropical Water), and AAIW (Antartic Intermediate
Water). The maximum SST value occurred at the end of west monsoon (February) in the range 28.25
°C - 30.5 °C, and the minimum value occurred at the end of east monsoon (August) in the range 26.25
°C - 29.25 °C. The maximum SSS value occurred at early monsoon transition 2 (September) in the
range 34.25 psu - 34.75 psu, and the minimum value occurred at early monsoon transition 1 (March)
in the range 32.75 psu - 34 psu.
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1. INTRODUCTION
Raja Ampat Islands are so complex that its have straits and are bordered by the waters
of the Pacific Ocean, Halmahera Sea, and Ceram Sea in the eastern of Indonesia. This area is
one of the main lines of water masses from the Pacific Ocean that moves towards the Indian
Ocean, the water mass is known as Indonesian Throughflow [1-3]. In addition to these factors,
condition of the waters is also influenced by monsoon that could affect to the value of water
temperature and salinity [4, 5]. The movement of water masses and wind determines the
changes in oceanographic parameter values, this results in dynamics that illustrate the
condition of waters [6, 7].
Physical conditions can be explained by looking at the characteristics and variability of
oceanographic parameters such as ocean current, temperature and salinity with spatial or
temporal values which are important features of a waters [8]. Observations of temperature,
salinity, and distribution are parameters that cannot be left behind in each study [9, 10].
Physical conditions can be seen by looking at the vertical column water stratification to
explain the characteristics of the water masses, while horizontally by looking at the
distribution associated with the monsoon winds on the Sea Surface Temperature and Sea
Surface Salinity values.
The aim of the research is to study the physical condition of water column, movement,
and identification. Considering that it is important to know the characteristics and variability
where can describe the phenomena and explain the condition of a waters. This research is a
follow-up study of the Baruna Jaya IV Marine Research Expedition conducted with BPPT,
with the activity “Sail Raja Ampat and Deployment Ina-Triton Buoy in Pacific Ocean”.

2. MATERIALS AND METHODS
2. 1. Study Area
The research area was in the eastern seas of Indonesia, from Raja Ampat Islands,
Halmahera Sea, Ceram Sea, and Banda Sea with coordinates 1.5°N - 5.5°S and 124.5°E 133.5°E. This selection stasion based on Sail Raja Ampat cruise line and coordination with
technician and scientist form Baruna Jaya crew. The ADCP stations has 2 points and the CTD
stations has 10 points according to the east pathway. Points of ADCP and CTD stations were
shown in (Figure 1).
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Figure 1. Map of Study Area showing the points of the CTD and ADCP stations, added
the ITF scheme at the east pathway and the currents that move it.

2. 2. Data Source and Processing
The data was obtained with R.V. Baruna Jaya IV censors, which is CTD Sea Bird
Electronic 911 Plus with data output in the form of depth, temperature and salinity values.
ADCP RDI Broadband with data output in the form of direction and current velocity. GPS
Sea Falcon F180 with data output in the form of coordinates of the research station.
Additional data are WOA (World Ocean Atlas) data from www.nodc.noaa.gov for values of
depth, temperature and salinity, and My Ocean CMEMS data from
www.marine.copernicus.eu for values of direction and current velocity. Depth, temperature
and salinity data were processed using Ocean Data View, with outputs in the form of salinity
and temperature profiles to depth, TS-diagrams to water masses indentification, and
horizontal spatial maps to see the variability of SST and SSS. Direction and current velocity
data were processed using Grapher 9 for currentrose charts, and Ocean Data View for
horizontal spatial maps.
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3. RESULTS
3. 1. Current Profile
The current profile uses ADCP data and CMEMS My Ocean data, with direction and
current velocity. The current profile is represented by the currentrose chart for ADCP data,
and a horizontal spatial map for CMEMS data. The current profile at the A01 station
(Sagewin Strait) is dominant to the west and southwest direction. Have an average of speed
less than or equal to 100 mm/s with a percentage of about 2%, speeds of 101-200 mm/s
around 6%, speeds of 301 - 400 mm/s around 7%, and speeds of more than 401 mm/s around
7.5% as seen in Figure 2 (a).
The current profile at A02 station (Dampir Strait) is dominant to the southwest
direction. Have an average of speed less than or equal to 100 mm/s with a percentage of less
than 1%, speed of 101 - 200 mm/s around 4%, speed of 201 - 300 mm/s around 6%, speed of
301 - 400 mm/s around 7.5%, and above 401 mm/s around 10% as shown in Figure 2 (b).
a.

b.

Figure 2. Current Rose of CTD Stations
(a) A01 Station (b) A02 Station

The current profile of CMEMS My Ocean data is depicted with a horizontal spatial map
using monthly averages in August 2014 with a resolution of 0.028°. The current profile
describes the strong water mass movement from the Pacific Ocean entering through the
Halmahera gap, this water mass flows into the Ceram Sea and Banda Sea as seen in (Figure
3). In August, where the southeast monsoon was strengthening, the North and South Pacific
Pacific water masses flowed through the Halmahera Sea and flowed into the Banda Sea [3].
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Figure 3. Current Profile in Study Area

The current profile in the study area has an average speed below 1 m/s with quite varied
water mass movements. In Raja Ampat waters the dominant movement to the west is the
Halmahera Sea and southwest to the Ceram Sea. In the waters of Halmahera the dominant
moves to the south and part of the water mass moves towards the north because it is
influenced by Eddy's current [11]. In Ceram Sea the direction is more varied because there is
an intake of water mass from the Banda Sea that enters through the gap between Ceram and
Papua Island, and also the intake of water masses from the Halmahera Sea and Maluku Sea
that are heading south. The strong movement of water masses from the Pacific Ocean that
enters Indonesian waters in according to [12, 13] where in June - August is the transport of
the Indonesian Cross Flow with the highest water mass gradient value.
3. 2. Water Masses Stratification
Condition of the stratification of the water mass layer calculated using temperature
parameters with the threshold value where the mixed layer has a value of ∆T = ≤ 0.5 °C and
for the thermocline layer has a value of ∆T = ≥ 0.5 °C [14, 15]. The depth value of the
calculation results is not the actual limit of the mixed layer or thermocline layer, but the
calculation result is the temperature data retrieval limit from CTD, where the temperature
value at the depth indicates the condition of the mixed layer and thermocline layer of the 10
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CTD stations. The results of the calculation of temperature parameters have mixed layers up
to a depth of 71,892 m, with a thermocline layer thickness of up to 502,175 m, where the
lower boundary layer is up to a depth of 567,688 m. The mixed layer can increase as the wind
blows which causes stirring so that the upper limit gets deeper, but the thicker the thermocline
layer will decrease the temperature gradient will be smaller [16, 17].
3. 3. Temperature and Salinity Profile
Temperature profile at the study area has a sea surface temperature in the range of 27 30 °C. The mixed layer is in the depth 0 - 71 m with temperature value in the range 30 - 25
°C, and the thermocline to a depth of 567 m with temperature value in the range 25 - 7 °C.
The temperature profile of the 10 CTD stations illustrates the unstable conditions in the
thermocline layer at stations 3-5 because of the movement of the water mass from the
direction of station 10 which causes the rise of the mixed layer as seen in (Figure 4).

Figure 4. Temperature Profile to Depth

The reason is not because of the wind because it requires large energy to be able to stir
the thermocline layer which tends to be more stable [6]. The reason is the intrusion of water
masses from the Pacific, where the Pacific water masses traveling along the northern coast of
Papua and enter through Halmahera gap then move towards the Ceram Sea which causes
water masses intrusion [1, 18, 19].
Salinity profile at the study area has a sea surface salinity in the range of 34 - 34.25 psu.
The salinity profile of the 10 research stations has a high salinity value in the thermocline
layer but tends to be homogeneous in the inner layer, and low in the mixed layer due to the
influence of monsoon winds and run-off of river streams. The salinity profile illustrates the
presence of high salinity water mass intrusion towards low salinity at stations 4-10, this is
characteristics of high salinity from the Pacific Ocean in the waters of Halmahera and Raja
Ampat which lead to the waters of Ceram Sea and the banda Sea which tend to homogeneous
as seen in (Figure 5).
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Figure 5. Salinity Profile to Depth

The Halmahera Sea is a gap for the North Pacific and South Pacific water masses that
moves towards the Ceram Sea to the Banda Sea with high salinity characteristics [3, 10]. High
salinity values in the upper thermocline layer indicate the characteristics of the subtropic
water mass of the Pacific Ocean [1, 18].

3. 4. Water Masses Identification
The water masses identification of 10 CTD stations using TS-diagram during the
southeast monsoon precisely in August. TS-diagram can be used to define and locate water
masses [21]. The water masses characteristic in the study area had a mixed layer with a depth
range of 0 - 71 m, a value of σₒ in the range of 21 - 23, and a temperature value of 30 - 25 °C.
The thermocline layer has a depth range of 71 - 500 m, σₒ value is in the range of 23 - 27, and
temperature value is 25 - 7 °C. The deep layer with a depth of up to 1000 m has a σₒ value
below 28, and the temperature value is below 4 °C tend to be more homogenous and
minimum value [22]. The identified water masses are SPIW (South Pacific Intermediate
Water), SPSW (South Pacific Subtropical Water), NPSW (North Pacific Subtropical Water),
and AAIW (Antartic Intermediate Water).
SPIW water masses was identified at stations 1 - 8 at a depth of 250 m - 850 m with a
characteristic value of σₒ in the range of 26.5 - 27.5, minimum salinity value 34.55 psu and
maximum salinity 34.65 psu. AAIW water masses was identified at stations 1 - 6 at a depth of
750 - 1000 m with characteristics of values σₒ 27 - 27.5, minimum salinity 34.58 psu and
maximum salinity 34.63 psu. NPSW water masses was identified at stations 5 - 10 at a depth
of 70 - 150 m with characteristic values σₒ 23.5 - 24.5, minimum salinity 34.8 psu and
maximum salinity 35.2 psu. SPSW water masses was identified at station 10 at a depth of 130
- 200 m with characteristic value of σₒ 25-26, minimum salinity 35.2 psu and maximum
salinity 35.34 psu as seen in (Figure 6).
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Figure 6. T-S Diagram of 10 CTD Stations

SPIW water masses presumed entering Halmahera Sea, but has been shifted to Ceram
Sea because it wasn’t found at station 9 - 10. AAIW water masses is estimated entering
through the Maluku Sea and its condition is still strong because it is found in almost all the
Ceram Sea CTD stations. SPSW water masses is estimated entering only through the Papua
gap because this water mass is only found at station 9. NPSW water is estimated to move
Halmahera Sea towards the Banda Sea because this water masses is found in stations 5 - 10.
SPIW water mass entered the Halmahera Sea along the northern coast of Papua, the AAIW
water mass entered through the Maluku Sea and then headed for the Ceram Sea, Banda Sea to
the Indian Ocean, the SPSW water mass moved from the South Pacific through coastal Papua
and enter through the Halmahera Sea, the NPSW water mass moves from the South Pacific,
entering through the Sulawe Sea si and Halmahera and spread through water gaps [1, 3, 20].
3. 5. Sea Surface Temperature Variability
Variability of SST values in west monsoon and transition 1 tends to be higher as seen in
(Figure 7). In the west monsoon the value is in the range 28.25 - 30.5 °C, with the variation of
SST in December 28.5 - 30 °C, January 28.75 - 29.75 °C, and February 28.25 - 30.5 °C. In
transition 1 monsoon the value is in the range of 28.25 - 29.75 °C, with the variation of SST
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in March 28.5 - 29.75 °C, April 29.25 - 29.75 °C, and May 28.25 - 29.75 °C. SST values can
be higher due to the position of the sun in the southern hemisphere, as well as gusts of wind
from the Asian Continent to the Australian Continent that has warm characteristics [1, 3]. In
the west monsoon the wind tends to be weak that affect to transfer of heat weak from the
surface so the sea surface temperature is warmer [23].
Variability of SST values in east monsoon and transition 2 is lower than west monsoon
and transition 1. In east monsoon the value is in the range of 26 - 29.5 °C, with the variation
of SST in June 27.25 - 29.5 °C, July 26 - 29.5 °C, and August 26.25 - 29.25 °C. In transition 2
monsoon the value is in the range of 26.25 - 29.5 °C, with the variation of SST in September
26.25 - 29.25 °C, October 27.75 - 29.5 °C, and November 28.75 - 29.75 °C. SST values tend
to be lower because the sun is in the northern hemisphere, as well as wind gusts from the
Australian Continent towards the Asian Continent which has cold characteristics [1, 3]. The
low SST value in the study area indicates upwelling phenomenon [23, 34].

Figure 7. Maps of 12 Month Sea Surface Temperature

3. 6. Sea Surface Salinity Variability
Variability of SSS values in west monsoon and transition 1 tends to be lower as seen in
(Figure 8). In the western monsoon the values is in the range of 33 - 34.75 psu, with the
variation of SSS in December 33.5 - 34.75 psu, January 33.5 - 34.5 psu, and February 33.5 34.75 psu. In the transition 1 monsoon the value is in the range 32.75 - 34.25 psu, with the
variation of SSS in March 32.75 - 34 psu, April 33 - 34.5 psu, and May 32.75 - 34.25 psu.
SSS values are lower due to high rainfall which causes low salinity waters values, but in the
northern part of the study area the SSS value is quite high due to the influence of the water
mass of the Pacific Ocean which has high salinity characteristics [1, 3].
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Variability of SSS values in east monsoon and transition 2 tends to be higher than west
monsoon and transition 1. In the eastern monsoon the value is in the range of 33.25 psu 34.75 psu, with the variations of SSS in June 33.25 - 34.25 psu, July 34 - 34.75 psu, and
August 34 - 34.5 psu. In transition 2 monsoon the value is in the range of 33.75 - 34.75 psu,
with the variation of SSS values in September 34.25 - 34.75 psu, October 34 - 34.75 psu,
November 33.75 - 34.25 psu. SSS values are higher due to low rainfall, and the strengthening
of southeast trade winds above sea level which causes shifting in water masses, so the low
water masses will be filled by the water masses from the bottom of the water column and
make the SSS value higher [23].
In the eastern monsoon there is upwelling phenomenon in the Ceram Sea, where August
is the peak time of the upwelling phenomenon in the Ceram Sea [24-35].

Figure 8. Maps of 12 Month Sea Surface Salinity

4. CONCLUSIONS
The results of research that has been carried out, it can be seen the movement of water
masses from the Pacific Ocean through the Halmahera Sea, Raja Ampat, Ceram Sea, to the
Banda Sea. Raja Ampat Island and the boundaries seas have mixed layers to a depth of 71 m,
and thermocline layer to a depth of 567 m. The identified water masses are SPIW (South
Pacific Intermediate Water), SPSW (South Pacific Subtropical Water), NPSW (North Pacific
Subtropical Water), and AAIW (Antarctic Intermediate Water). The variability of the
maximum SST value occurs at the end of west monsoon (February), and the minimum occurs
at the end of the east monsoon (in August). The maximum SSS value occurs at the beginning
of transition 2 monsoon (September), and the minimum at the start of the transition 1
monsoon (March).

-206-

World Scientific News 110 (2018) 197-209

Acknowledgements
The authors would like to thank to BTSK (Balai Teknologi Survei Kelautan) of BPPT (Badan Pengkajian dan
Penerapan Teknologi), and MEAL (Padjadjaran Marine Research Laboratory). We also thank to NOAA
(National Oceanic and Atmospheric Administration), and CMEMS (Copernicus Marine Environment
Monitoring Service) for the use of their data.

References
[1]

Wyrtki, K. 1961. Physical Oceanograpghy of The Southeast Asia Waters. La Jolla.
California: University of California. 195 p.

[2]

Fieux, M., C. Andrie, E. Charriaud, A. G. Ilahude, N. Metzl, R. Molcard, and J. C.
Swallow, 1996 a. Hydrological and Chlorofluoromenthane Measurements of the
Indonesian Through flow Entering the Indian Ocean. Journal of Geophysical Research
Volume 101, Issue C5 15 May 1996, Pages 12433-12454.
https://doi.org/10.1029/96JC00207

[3]

Gordon, A.L., and R.A. Fine. 1996. Pathways of water between the Pacific and Indian
Oceans in the Indonesian seas. Nature 379: 146–149.

[4]

Pranowo, W.S., Tisiana, R. Loise, T. 2005. International Nusantara Stratification and
Transport (INSTANT). Jakarta: Badan Riset Kelautan dan Perikanan. 72 hlm.

[5]

Wibisono, M. 2005. Pengantar Ilmu Kelautan. Jakarta: Gramedia Widsarana Indonesia.
226 hlm.

[6]

Pickard, G.L., Emery, W.J. 1990. Descriptive Physical Oceanography. Oxford:
Pergamon Press, 243 p.

[7]

Najib, M,. Astuti, T. 2014. Karakteristik dan Perubahan Suhu Permukaan Laut di
Indonesia Periode 1982-2009. Pusat Penelitian dan Pengembagngan BMKG, 37-49.

[8]

Purba, N.P., Pranowo, W.S., Faizal, I., Adiwira, H. 2018. Temperature-Salinity
Stratification in The Eastern Indian Ocean Using Argo Float. IOP-Conferences Series:
Earth and Environtmental Science 162.

[9]

Nurhayati. 2008. Distribusi Vertikal Suhu Salinitas dan Arus di Perairan Morotai
Maluku Utara. Oseanologi dan Limnologi di Indonesia, 29-41.

[10] Purba, N.P., Pranowo, W.S. 2015. Pengantar Dinamika Oseanografi. Unpad Press,
Universitas Padjadjaran, Jatinangor.
[11] Simanungkalit, Y.A., Pranowo, W.S., Purba, N.P., Riyantini, I.,Nurrahman, Y. 2018.
Influence of El-Nino Southern Oscilation (ENSO) phenomena on Eddies Variability in
The Western Pcific Ocean. IOP-Conferences Series: Earth and Environtmental Science
176.
[12] Wyrtki, K. 1987. Indonesian Through flow and Associated Pressure Gradient. Journal
of Geophysical Research Volume 92, Issue C12, 15 November 1987, Pages 1294112946 . https://doi.org/10.1029/JC092iC12p1294

-207-

World Scientific News 110 (2018) 197-209

[13] Gordon, A.L., Susanto, R.D., Vranes, K. 2003. Cool Indonesian Through flow as a
Consoquence of Restricted Surface Layer Flow. Nature vol 425, 12433-12454.
[14] Monterey, G.I, dan deWitt, L.M. 2000. Seasonal Variability of Global Mixed Layer
Depth From WOD98 Temperature and Salinity Profiles. National Oceanic and
Atmospheric Administration. Pacific Grove CA 93950, 61p.
[15] Tomczak, M., dan Godfrey, J.S. 2001. Regional Oceanography: An Introduction. pdf
version 1.0. Great Brotain London, 391p.
[16] Laevastu, T., Hayes, L.M. 1981. Fisheries Oceanography and Ecology. England:
Fishing News Book Ltd.Farnham-Surrey, 199p.
[17] Sidabutar, H.C., Rifai, A., Indrayanti, E. 2014. Kajian Lapisan Termoklin di Perairan
Utara Jayapura. Jurnal Oseanografi vol 3 no 2, 135-141.
[18] Gordon, A.L., 1994. When is Appearance Reality? A Comment Why Does the
Indonesian Throughflow Appear to Originate from the North Pacific. Journal Physical
Oceanography 25, 1560-1566.
[19] Kim, E, Dongchull J., Hadikusumah. 2013. The Westward Intrusion of South Pacific
Water at The Western Tip of The New Guinea Island. The Chinese Society of
Oceanography and Springer, Acta Oceanol. Vol 32. 24-31.
[20] Larrouy, A.K., Madee, G., Iudicone, D., Atmadipoera, A., Molcard, R., 2008. Physical
Processes Contributing to The Water Mass Transformation of The Indonesian
Throughflow. Ocean Dynamics 58, 275-288.
[21] Emery, W.J., 2003. Water Types and Water Masses. Ocean Circulation, Science 15561567.
[22] Cummins, P.F., 1991. The Deep Water Stratification of Ocean General Circulation
Models. Ocean Atmosphere 29, 563-575.
[23] Ulath, M.A. 2012. Suhu Permukaan Laut di Perairan Raja Ampat Papua Barat (Hasil
Citra 2006-2008). Jurnal Airaka, 24-29.
[24] Kurnianingsih, T. E,. Sasmito, B,. Prasetio, P., Wirasatriya, A. 2017. Analisis Sebaran
Suhu Permukaan Laut, Klorofil-A, dan Angin Terhadap Fenomena Upwelling di
Perairan Pulau Buru dan Seram. Jurnal Geodesi Undip, 238-248.
[25] Mingting Li, Arnold L. Gordon, Jun Wei, Laura K. Gruenburg and Guoqing Jiang,
Multi-decadal timeseries of the Indonesian through flow, Dynamics of Atmospheres and
Oceans, 81, (84-95), (2018). 10.1016/j.dynatmoce.2018.02.001
[26] Christian Haller, Pamela Hallock, Albert C. Hine and Christopher G. Smith, Benthic
foraminifera from the Carnarvon Ramp reveal variability in Leeuwin Current activity
(Western Australia) since the Pliocene, Marine Micropaleontology, 142, (25-39),
(2018).10.1016/j.marmicro.2018.05.005
[27] Ying Zhang, Ming Feng, Yan Du, Helen E. Phillips, Nathaniel L. Bindoff and Michael
J. McPhaden, Strengthened Indonesian Throughflow Drives Decadal Warming in the
Southern Indian Ocean, Geophysical Research Letters, 45, 12, (6167-6175), (2018).

-208-

World Scientific News 110 (2018) 197-209

[28] Rick Hennekam, Jens Zinke, Erik Sebille, Malou Have, Geert‐Jan A. Brummer and
Gert‐Jan Reichart, Cocos (Keeling) Corals Reveal 200 Years of Multidecadal
Modulation of Southeast Indian Ocean Hydrology by Indonesian Throughflow,
Paleoceanography and Paleoclimatology, 33, 1, (48-60), (2018).
[29] Ming Feng, Ningning Zhang, Qinyan Liu and Susan Wijffels, The Indonesian
throughflow, its variability and centennial change, Geoscience Letters, 5, 1, (2018).
10.1186/s40562-018-0102-2
[30] Brodie Pearson, Baylor Fox-Kemper, Scott Bachman and Frank Bryan, Evaluation of
scale-aware subgrid mesoscale eddy models in a global eddy-rich model, Ocean
Modelling, 115, (42-58), (2017). 10.1016/j.ocemod.2017.05.007
[31] Shijian Hu and Janet Sprintall, Interannual variability of the Indonesian Throughflow:
The salinity effect, Journal of Geophysical Research: Oceans, 121, 4, (2596-2615),
(2016).
[32] Manabu D. Yamanaka, Physical climatology of Indonesian maritime continent: An
outline to comprehend observational studies, Atmospheric Research, 178-179, (231259), (2016). 10.1016/j.atmosres.2016.03.017
[33] Ziye Li, Xuefa Shi, Min-Te Chen, Houjie Wang, Shengfa Liu, Jian Xu, Haiyan Long,
Rainer Arief Troa, Rina Zuraida and Eko Triarso, Late Quaternary fingerprints of
precession and sea level variation over the past 35 kyr as revealed by sea surface
temperature and upwelling records from the Indian Ocean near southernmost Sumatra,
Quaternary International, 425, (282-291), (2016). 10.1016/j.quaint.2016.07.013
[34] R. Dwi Susanto and Y. Tony Song, Indonesian throughflow proxy from satellite
altimeters and gravimeters, Journal of Geophysical Research: Oceans, 120, 4, (28442855), (2015).
[35] Anne-Elise Nieblas, Hervé Demarcq, Kyla Drushka, Bernadette Sloyan and Sylvain
Bonhommeau, Front variability and surface ocean features of the presumed southern
bluefin tuna spawning grounds in the tropical southeast Indian Ocean, Deep Sea
Research Part II: Topical Studies in Oceanography, 107, (64-76), (2014).
10.1016/j.dsr2.2013.11.007

-209-

