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Abstract. Western equatorial Pacific is a confluence region of the water mass from the northern
hemisphere and the southern hemisphere. One of the interesting phenomena in this region is
Halmahera Eddy. The purpose of this research is to investigate the seasonal variability of the
Halmahera Eddy on several depths and its relation to the primary productivity using sea surface
temperature and chlorophyll-a parameters. In addition, this research also investigates the
influence of the surface currents of the Halmahera Eddy to the thermocline layer. The results
show that the Halmahera Eddy on the surface is affected by several currents in the waters of the
Western Pacific Ocean and the monsoon system that is strengthened in the East Monsoon-
Transition II (June-October), while weakened by the end of Transition II-West monsoon
(November-February), Current Depth of Halmahera Eddy pattern strengthening, weakening,
shifting every seasons and the cumrents weaker along with increasing depth. The primary
productivity is identified by chlorophyll-a (0.1-0.15 mg/m®) and warm pool (28-31°C) in
Halmahera sea. Halmahera Eddy also can suppress the thermocline layer.

1. Introduction

Halmahera Eddy is one of thghteresting phenomenon located in the Western Pacific and close to the
equator. Eddy currents have spatial scales ranging from tens to hundreds of kilometers and temporal
scales ranging from weekly to monthly [1]. There are two kinds of eddy circulation namely cyclonic
(clockwise in the southern hemisphere) and anticyclonic (anticlockwise in the southem hemisphere).
Halmahera Eddy is one of the most interesting eddy tlows since it relates to the continuous circulation
of water mass, and is related to the primary productivity of the waters [2]. The surface structure
identification of Halmahera Eddy using a surface chlorophyll image showing the emergence of
chlorophyll-a hues formed by circulating flow The high-surface chlorophyll-a concentration occurs at
the edges of the vortex forming a high surface chlorophyll-a belt, while the inside of the concentration
of chlorophyll-A is a lower [3].
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The surface characteristic of Halmahera Eddy has been studied by many researchers [e.g.,1.,3].
This research was conducted to describe Halmahera Eddy not only for a surface layer but also for
subsurface layers. We focus our study area at coordinates 8°N-2°S and 125°E-138°E. Furthermore, the
relationship among Halmahera Eddy, the thermocline layer, sea surface temperature and chlorophyll-a
ais also investigated in this study which then can be used to support the utilization of marine and fisheries
potential resources as they relate to primary productivity in these areas.

2. Methodology

The main dataset used in [8is study were current sea data, Mixed Layer Data (MLD) and vertical
temperature data obtained from the Copernicus Elarine Environment Monitoring Service (CMEMS)
with a spatial resolution of 0.25°x 0.25° while sea surface temperature and chlorophyll-a data from
Ocean Color with spatial resolution of 4 km with Net Common Data File (NetCDF) format, the data
compiled monthly climatology from 2011-2015. Before conducting monthly climatology, the data are
made monthly averages. Here is the formula for monthly climatology [4]:

X(x,y) == Tk xi(x,y,t) (1)
n
Where X (x, y) is the monthly average value and the monthly climatology at position (x, y), where xi
(x, y. t) is the i value of data (x, y) and time t. n is there the amount of data in a month and the number
of n monthlyfBlimatological data calculations, in this study 2011-2015 = 5 data [4]. Data processing of
sed currents, sea surface temperature and Chlorophyll-a using programming software, while mixed layer
depth data and vertical temperatures using ODV.

The Halmahera Eddy is identified visually using the current vector that forms circular shape and
gpparates from the main current. Meanwhile, to identify the relationship between Halmahera Eddy w'n
sea surface temperature and chlorophyll-a by comparing the value of the results of the distribution of
sea surface temperature and chlorophyll-a concentration with the surface current vector in the
Halmahera Eddy vortex in each season, so the sea surface temperature will be known and chlorophyll-
a concentration in the study area when eddy currents occur. To find out the effect of Halmahera Eddy
on the thermocline layer, the analysis was carried out by comparing the a]mahera Eddy with vertical
temperature data and Mixed Layer Epth (MLD) data that represented as the upper boundary of the
thermocline layer. Then identify the upper and lower boundary layer of the thermocline when the eddy
current forms on the surface.

3. Results and Discussion
3.1. Seasonal variability Halmahera Eddy on surface

The foriffition of Halmahera Eddy on the surface is influenced by several currents in the study area
namely North Equatorial Counter Current (NECC), South Equatorial Current (SEC), New Guinea
Coastal under Current (NGCC), Mindanao Current (MC) [5]. The Mindanao Current has a major role
in shaping and strengthening the movement of the NECC current, the Mindanao current moving from
the north then turning east to form the NECC, while the NGCC current has a role in forming Halmahera
Eddy which moves along the northern coast of Papua. The current meeting had a large role in the
formation of Halmahera Eddy. On Halmahera Eddy surface, at the center point of Halmahera Eddy has
a current speed of 0.1-0.2 m/ sec, while at the edge the speed reaches 0.4-1.5 m / sec. Halmahera Eddy
strongest occurred in June and July with a diameter of about 770 km from the eddy west longitude to
the east longitude, while the smallest diameter of about 165 km that occurred in April. Halmahera Eddy
is the type of mesoscale eddy with a diameter between 100-1000 km [2]. The size of the diameter

(5]
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depends on the velocity between the NECC and NGCC currents that form Halmahera Eddy. The
weakening and strengthening factor is due to the NECC and NGCC currents that are thought to be
influenced by the Monsoon system, the strengthening of the Halmahera Eddy that occurred during the
East-Transition 1I (June-October) because the NGCC currents were driven by winds that move from
southeast to southwest, so the NGCC currents that formed Halmahera Eddy became stronger. Instead,
at the end of the Transition [I-West Monsoon (November-February) Halmahera Eddy weakens and
disappears, the wind moving from the north to the southeast, thus allegedly helping push NGCC flow
in the opposite direction with the formation of Halmahera Eddy. East Monsoon (April-October)
Halmahera Eddy strengthened because the NGCC currents tended to be stronger so that cause the
strengthening of Halmahera Eddy. Meanwhile, when the West Monsoon (October-April) Halmahera
Eddy weakened in the Indonesian monsoon system, along with the change in direction of the NGCC
[3].
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Fig. 1. Halmahera Eddy Surface Current in East Monsoon- Transition I1
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3.2. The relation between Halmahera Eddy and SST

Based on Figure 2 sea surface temperature in the Halmahera Eddy vortex is high in the range 28-31°C,
the distribution of sea surface temperature in the study area is also not too variable. Halmahera Eddy is
a current that rotates clockwise (anticyclonic eddy) causes the phenomenon of downwelling, but the
effect of downwelling cannot be identified because the waters outside Halmahera Eddy alsqffgve high
temperatures. Therefore, Halmahera Eddy may not have a significant influence on changes in sea surface
temperature values in the vortex, despite the downwelling phenomenon. The area between the waters of
Mindanao-Papua New Guinea is part of a warm pool area that has been known as the hottest sea surface
temperature in the world (> 29°C) [6]. Sea surface temperatures are high in the Halmahera Sea and its
surroundings due to a phenomenon warm pool cause the region including the waters of the fertile region
known as the warm Pool supplying the largest of production of tuna world (> 1.5 million tonnes per
year) in the Pacific Ocean, or about 40% of the total catch world tuna is in this water region [7]. Besides,
the meeting of water masses from the two southern and northern hemispheres forms an oceanfront where
the NECC water mass source is formed so that it has high pelagic fish production because it is a warm
pool area and has a high concentration of chlorophyll-a [8]. Furthermore, the Maluku Sea and the
fillmahera Sea may also influence the primary productivity in the Halmahera Eddy region since the
Northern part of the Maluku Sea and the Halmahera Sea have high chlorophyll-a concentration during

East monsoon [9,10].
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Fig. 2. Surface Halmahera Eddy Current and SST

3.3. Relation between Halmahera Eddy and chlorophyll-a

Different with SST the relationship between Halmahera Eddy and chlorophyll-a is clearly shown in
Fig.3. In July and October when Halmahera Eddy is strong, chlorophyll-a concentration within the
eddy is also high. In contrast, in January and April when Halmahera Eddy is weak, chlorophyll-a
concentration is also low. The chlorophyll-a concentration in the Halmahera Eddy vortex is in the
range 0.1-0.15 mg/ m*. The chlorophyll-a concentration in the Halmahera Eddy vortex is higher than
t in the north. This higher concentration is caused by several factors. One of the causes of high
chlorophyll-a concentrations in the Halmahera Sea and its surroundings which is a convergence zone,
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characterized by the presence of micronekton and organic matter. Some nutrients and phytoplankton
originating from the divergent zone in the Central Pacific will be carried by the mass of water to the
area of convergence to a distance of 1800-2500 km [11].
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Fig. 3. Surface Halmahera Eddy Current and Chlorophyll-a

Chlorophyll-a is carried with the mass of water by NGCC currents from the Western Pacific so that
nutrients and phytoplankton gather in the Halmahera Eddy vortex. Also, higher chlorophyll-a
concentrations of 0.2-0.3 mg / m* originating from the north coast of Papua were also carried by NGCC
currents, then gathered at the Halmahera Eddy vortex. The high chlorophyll-a concentration within
Halmahera Edy may also contributed from the influence of the Maluku Sea and Halmahera Sea
especially when the intensive upwelling period occurs during summer monsoon [4]. Also, the high
chlorophyll-a concentration in the Halmahera Eddy vortex is also caused by the interaction of internal
tide waves with the sea ridge (sill) in the Halmahera Strait and the influence of inputs from large rivers
such as the Sepik River and the Membramo River carrying several large nutrients to the Halmahera Sea.
The conditions along the northern coast of Papua to Halmahera, which is the waters of the western edge
of the equator of the western Pacific directly adjacent to the territorial waters known as the world's coral
growth triangle which is the waters environment with the highest primary productivity [3]. These waters
include large coral reef ecosystems along the northern coast of Papua, Raja Ampat, Halmahera to
Morotai Islands.

3.4. The effect of Halmahera Eddy on thermocline layer

Halmahera Eddy is thought to influence the depth of the thermocline layer, causing the value of the
temperature gradient in the thermocline layer is different in each month. The temperature gradient value
in the thermocline layer has a value between 0.05-0.09 °C/m. The thermocline layer is defined as a depth
or position where the temperature gradient is greater thffjor equal to 0.05 °C / m [12]. Based on the
vertical profile, the temperature data above obtained the upper and lower boundary of the thermocline
layer using vertical temperatures data (Table 1).
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Table 1. Upper and Lower Boundary Thermocline Layer (m)

Month Upper Boundiu‘_y Thermocline Lower B()undau‘_y Thermocline
Layer (m) Layer (m)

January 22 370
February 22 370
March 16 400
April 16 400
May 19 400
June 26 370
July 47 370
August 53 370
September 47 370
October 41 370
November 22 400
December 16 370

The depth of the upper thermocline layer in the west Monsoon from December to February 16
m, 22 m, 22 m, respectively. The depth of the thermocline layer is thought to be the influence of high
rainfall during the west Monsoon because in the west Monsoon Halmahera Eddy has not yet formed.
High rainfall affects the thickness of the honfflzeneous layer (Mixed Layer Depth), causing the
homogeneous layer to get thicker, and push the upper boundary of the thermocline layer deeper. The
depth of the upper boundary of the thermocline layer in the transition I in March and April is at a depth
of 16 m. In this condition, Halmahera Eddy has not been a big effect because the eddy formed not too
big, so do not push too deep tiffmocline layer. Whereas in May, the influence of Halmahera Eddy
strengthened pushing the upper boundary of the thermnclinnayer deeper at a depth of 19 m. Entering
the East Moonson, the influence of Halmahera Eddy on the &2pth of the upper limit of the thermocline
layer is very large, because in the East Monsoon Halmahera Eddy has a large diameter and high current
velocity. The depth of the thermocline upper limit is pushed to deeper depths from June to August,
respectively 26 m, 47 m, 53 m. The thermocline layer is influenced by Halmahera Eddy, which direction
of rotation is clockwise so that it will push the thermocline layer deeper [13]. Halmahera Eddy is an
eddy that can generate the phenomenon of downwelling so that bringllg the mass of water down to the
bottom causes the thermocline layer to go down. Depth on the upper boundary of the thermocline layer
in transition II, the upper limit of the thermocline layer is still affected by Halmahera Eddy by showing
increasingly shallow depth shifts in September, October, November, respectively 47 m, 41 m, and 22
m, in November there was a significant shiffgn the shallower depth due to the weakening of Halmahera
Eddy. Halmahera Eddy does not afft the lower boundary of the thermocline layer on the strong and
weak HalmaheE} Eddy, because the lower boundary of the thermocline remains at a depth of 370 m or
400 m. At the lower boundary of the thermocline, there is no significant change in temperature at the
depth below (Deep Layer), underneath the thermocline layer is a cold inner layer [14]. In this layer,
temperature changes occur very small and relatively constant. Temperature changes start from 11.83°C
to 4,116°C. In general, this layer is affected by small currents, so conditions are very stable and
temperatures tend to be constant. The same thing is shown in Table 2. from the horizontal distribution
data (Mixed Layer Depth).
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Table 2. Upper Boundary Thermocline Layer
Upper Boundary Thermocline

Month Layer
January 29
February 25
March 16
April 14
May 18
June 24
July 36
August 44
September 31
October 30
November 12

Table 2 shows in December the thermocline upper boundary at a depth of about 14 m. In January
and February, the distribution of the upper limit of the thermocline in the waters drops to a deeper depth
of around 29 m and 25 m, this is allegedly due to the influence of high rainfall during the west monsoon,
which in the west monsoon has not been influenced by Halmahera Eddy because it has not yet formed.
High rainfall affects the thickness of the homogeneous layer (Mixed Layer Depth), thus causing the
homogeneous layer to get thicker and push the upper limit of the thermocline layer deeper. Entering the
transition [ show that in this season, in March it was suspected that the West Monsoon was still affected
by the high rainfall conditions so that the upper limit of the thermocline layer was around 14 m. In April
the influence of Halmahera Eddy was not large because the eddy that was formed was not too large. so
it could not push the thermocline layer too deep with the depth of the thermocline upper boundary of
about 13 m. Whereas in May the influence of Halmahera Eddy began to be seen by pushing the upper
limit of the thermocline layer deeper than April by around 18 m. The biggest influence of Halmahera
Eddy in the East monsoon shows that Halmahera Eddy has a large diameter and is getting stronger so
that the upper boundary layer of the thermocline is pushed deeper in June-August respectively around
24 m, 36 m and 44 m. The thermocline layer is influenced by Halmahera Eddy whose direction of
rotation is clockwise and will push the thermocline layer deeper. Halmahera Eddy is an eddy that can
generate downwelling phenomena so that bringing the mass of water down to the bottom causes the
thermocline layer to go down [13]. In Sep3mber-November began to weaken than the previous season.
This situation caused a shift in the upper boundary of the therm{£¥line layer to a shallower depth of 31
m, 30 m and in November, indicating an increase in the upper boundary of the thermocline layer to a
depth of 12 m.

3.5. Halmahera Eddy on several depth

Halmahera Eddy at a depth of 11.7 m represents the Mixed Layer, 100-300 m represents the thermocline
layer and 400-500 m represents the inner layer. and the distribution of SST values in each season is
represented by January for the West Monsoon, April for the Transition I, July for the East Monsoon,
and October for the Transition II from 2011-2015.
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3.5.1. West Monsoon (January)
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Fig 4 Halmahera Eddy in West Monsoon

Based on (Fig.4) in the West Monsoon at a depth of 11.7 m, it appears that Halmahera Eddy's vortex
has not yet formed, this is because the mixed layer is affected by the monsoon system which is indeed
weakening during the West Monsoon. At a depth of 100 m, the Halmahera Eddy vortex is very strong,
in contrast to the depth of 11.7 m at a depth of 100 m the monsoon system has no effect anymore, at this
depth the NECC and NGCUC currents move quickly to form the Halmahera Eddy vortex. At a depth of
200 Halmahera Eddy's vortex weakened, because the NGCUC current weakened significantly. At a
depth of 300-500 m the Halmahera Eddy vortex shifts more towards the north of Halmahera Island and
grows weaker as the depth increases, the diameter of the Halmahera Eddy vortex decreases because the
NECC and NGCUC currents are weakening, especially when it has penetrated the inner layer of depth
400 and 500 m.

3.5.2. Transition I (April)

Based on (Fig.5) in Transition I Halmahera Eddy at 11.7 m depth began to form this is due to NECC
currents starting to strengthen, and SEC currents that move from the Pacific Ocean turn north and join
the strong NECC currents to form the Halmahera Eddy. At a depth of 100 m, the NGUCC and SEC
currents merge to turn north and join the NECC current which is so strong that it forms the Halmahera
Eddy vortex, in Transition I the Halmahera Eddy current pattern at a depth of 100 m shows no difference
with the West Monsoon. At a depth of 200 Halmahera Eddy weakened due to weakening NECC and
NGCUC currents, but the pattern was still the same as a depth of 100 m. At a depth of 200-500 m,
Halmahera Eddy moves north of Halmahera Island and is getting weaker with smaller diameter, just like
during the West Monsoon.
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Fig.5 Halmahera Eddy in Transition I

3.5.3. East Monsoon (July)
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Fig. 6 Halmahera Eddy in East Monsoon

Based on (Fig.6) in the East Monsoon at a depth of 11.7 m, the NECC and NGCC currents are moving
very strongly, so that the Halmahera Eddy vortex formed becomes strong and large. At a depth of 100
m the Halmahera Eddy is getting weaker, this weakening is due to the weakening of the NECC and
NGCUC currents and also the Halmahera Eddy is depressed due to the presence of new eddy currents
from above the NECC currents that are seen that it is suspected that Palau Eddy is shifting towards the
south thereby suppressing the NECC currents causes a narrowing of the distance between the NECC
current and the NGCUC current. At a depth of 200 m, the NECC and NGCUC currents were
significantly weakened, and the NGCUC currents deflected to the north were very weak, so as not to
form the Halmahera Eddy vortex. At a depth of 200 m, the emergence of eddy in the north of the island
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of Papua is New Geanue Eddy (NGE). Halmahera Eddy at a depth of 200-500 m in the Eastern Season
disappeared, with the weakening of the NECC current and the NGCUC current.

3.5.4. Transition II (October)
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Fig.7 Halmahera Eddy in Transition 1T

Based on (Fig.7) in Transition I[I Halmahera Eddy at a depth of 11.7-200 m is almost the same, but there
was a weakening due to the weakening of the NECC and NGCC or NGCUC currents. Also, at a depth
of 200 m, there was a narrowing of the distance between NECC and NGCUC because the NECC current
was suppressed by Palau Eddy's shift to the south. In Transition II at a depth of 300-500 m, Halmahera
Eddy began to form again even though the vortex was very weak. Based on these results, at a depth of
11.7 m which is in a layer mixed with Halmahera Eddy pattern is still the same as on the surface. the
formation of Halmahera Eddy at this depth is influenced by NECC, SEC, NGCC currents, Mindanao
Current, and influenced by the monsoon system which strengthens from the East Season - Transition II
(June-October), while weakening from the end of Transition IT - West Season (November-February). At
a depth of 100-300 m which is in the thermocline layer, the formation of Halmahera Eddy is influenced
by NECC and NGCUC currents which naturally weaken as they increase, but are still visible to a depth
of 300 m although not strong. At depths of 400-500 which represent layers in the formation of
Halmahera Eddy is very weak, this is because the NECC and NGCUC currents that form the Halmahera
Eddy are very weak at speeds of less than 0.3 m / s, the weakening of the NECC is presumably due to
the weak supply from Mindanao Current at 400- 500 m.

4. Conclusion

(Bhe formation of Halmahera Eddy is influenced by the North Equatorial Counter Current (NECC). the
South Equatorial Current (SEC), the New Guinea Coastal Current (NGCC), the New Guinea Coastal
Under Current (NGCUC), and the Mindanao Current (MC). In addition, the monsoon system is also
influenced by the strength and weaknesses of Halmahera Eddy. Halmahera Eddy on the surface
strengthened from the East-Transition II Season (June-October) and weakened from the end of the
Transitional II-West Season (November-February). Halmahera Eddy whose rotation clockwise causes
the phenomenon of downwelling to push the thermocline layer down deeper. Productivity in the
Halmahera Sea and surrounding areas is because the waters include warm pool areas with sea surface
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temperature valuesranging from 28-31°C and the influence of Halmahera Eddy which causes
chlorophyll-a to gather in the vortex with concentration valuesranging from 0.1-0.15 mg/m’. The
phenomenon of downwelling due to Halmahera Eddy also causes the fertile waters at some depth.
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