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ABSTRAK

Regional Ocean Modelling System atau Sistem Pemodelan Laut Regional (ROMS) telah digunakan untuk
bermacam keperluan, bermiacam pemodelan kelautan. Model Biogeokimia yang dipasangkan dengan ROMS
terdiri dari tujuh pasang bagian persamaan yang berbeda-beda mencakup: nitrat, amonium, detritus kecil
dan besar, fitoplankton, zooplankton, dan karbon fitoplankton yang dinamis menjadi suatu rasio klorofil.
Studi pola penyebaran klorofil-a di Selat Lombok (-7 °N ~ -10 °S dan 114 °E ~ 117 °E) pada tahun 2006
telah dianalisis menggunakan model Biogeokimia berdasar pada ROMS.

Hasil penelitian menunjukkan bahwa sebaran klorofil-a teramati rendah (0,20 mgChl-a/m3) di Selat
Lombok pada bulan Januari. Klorofil-a diperkirakan di bagian sebelah selatan Selat Bali dan penyebaran
klorofil-a rendah pada lapisan atas dari Selat LLombok.

Klorofil-a berlimpah (0,32 mgChl-a/m3) teramati di bulan Agustus. Arah arus timur laut bergerak
kearah barat dan bagian selatan di daerah penelitian melalui Selat Lombek. Konsentrasi klorofil-atertinggi
diperkirakan di sebelah utara hingga bagian barat daya Pulau Bali dan juga di bagian selatan Pulau Lombok.
Selama musim kering, angin arah tenggara berhembus dari Australia memicu terjadinya proses upwelling
(temperatur rendah dan air yang kaya nutrien di dekat permukaan) juga diperkirakan berdasarkan ROMS.

Kata kunci: model Biogeokimia, Sisterm Pemodelan Laut Regional, sebaran klorofil-a, proses upwelling
ABSTRACT

Regional Ocean Modelling System (ROMS) has been intended to be a multi-purpose, multi-disciplinary
oceanic modeling tool. The Biogeochemical model have coupled to ROMS consists of a system of seven coupled
partial differential equations that include: nitrate, ammonium, small and large detritus, phytoplankton,
zooplankton, and a dynamic phytoplankton carbon to chlorophyll ratio. The study of distribution patterns
of chlorophyll-a in Lombok Strait (-7 °N ~ -10 °S and 114 °E ~ 317 °E) in 2006 was analyzed using the
Biogeochemical model based on ROMS.

The results show that low chlorophytl-a distributions (0.20 mgChl-a/m3) observed in [.ombok Strait in
January. Chlorophyll-a estimated areund the southern part of Bali Strait and low chlorophyli-a distribution
in upper layer of the Lomhok Strait.

Chlorophyll-a of the booming (0.32 mgChl-a/m?3) observed in August. The northeast current direction
moves to the west and southern part of research area through Lombok Strait. The highest chlorophyltl-a
concentration estimated in the northern and southwestern part of Bali Island and also in the southern
part of Lombok Island. During dry monsoon, southeasterly wind blow from Australia generates upwelling
process (low temperature and nutrient-rich water near the surface) also estimated from ROMS.

Keywords: Biogeochemical model, Regional Ocean Modelling System, chlorophyll-a distributions, upwell-
ng process

INTRODUCTION plants, including phytoplankton in the ocean,

absorb CO,, so the ocean plays an important role in

Chlorophyll plays an important role in plants in  adjusting the CO, concentration in the atmosphere.
the photosynthesis, the mechanism by which plants  Ocean biogeochemical and ecosystem processes
acquire energy. In the photosynthesis process, all  are linked by Net Primary Production (NPP) in the
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ocean’s surface layer, where inorganic carbon is
fixed by photosynthetic processes (Behrenfeld, et
al., 2005).

The vertical distribution patterns of chlorophyll
concentration depend on seasons and regions. The
chlorophyll maximum value is not always observed
near or at the sea sutface, but sometimes lies deeper
than the bottom of the eupothic zone. In this case,
the ocean color sensors cannot measure the chlo-
rophyll maximum value (Parson et al., 1984 in Per-
tami, 2006).

Coastal environments are important biogeochemi-
cal pathways between land and the open ocean that
significantly modify the flows of matter and energy
between the latter two systems. They receive and
exchange considerable amounts of dissolved and
particulate organic matter and nutrients, freshwater,
energy and contaminants (Smith and Hollibaugh,
1993; Gattuso et «l., 1998; Wollast, 1998 in Schi-
ettecatte, 2006).

In this study, the changes in the vertical distribu-
tion of chl-a concentration from the sea surface in
Lombok strait were investigate using biogeochemical
model based on Regional Ocean Model-
ling System (ROMS).

The first aim of this research is to
know the change of the vertical dis-
tribution of chl-a concentration from
the sea surface using ROMS with Bio-
geochemical Model. The second aim is
to estimate the distribution of chl-a in
Lombok Strait concerning with ITF and
monsoon.

‘I'he result of this research can be
giving an understanding of how the
changed of the vertical distribution of
chl-a cencentration from the sea surface
using ROMS with Biogeochemical
Model and the distribution of chl-a in Lombok Strait
concerning with ITF and monsoon.
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RESEARCH METHODOILOGY

The research was conducted in [.ombok Strait
(-7 °N ~ -10 °S and 114 °E ~ 117 °E). In-situ data
recorded such as temperature, salinity, turbidity,
chlorophyll concentration, and sigma-T (density)
by COMPACT-CTD. In this study, the observed data
(chl-a concentration, temperature, and salinity) are
employed for the validation.

The satellite data from SeaWI1FS (Sea-viewing
Wide Field-of-view Sensor) were used in January
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to December 2006 for inputting directly into the
biogeochemical model. The ocean color reveals
information on the presence and concentration of
phytoplankton, sediments, and dissolved organic
matters of the ocean. Thus, SeaWiF$ can manage
the marine environment (Chaomin et al,, 2001).

The bathymetry data was taken from ETOPO-2.
The data is a combination of satellite altimetry ob-
servations, shipboard echo-sounding measurements,
data from the Digital Bathymetric Data Base Vari-
able Resolution and data from the GLOBE project
which has a global digital elevation model (SOS
NOAA, 2009).

The surface forcing data such as wind stress, long
wave and short wave radiation, evaporation, and
precipitation are from NCEP (National Centers for
Environmental Prediction). All of the data were ana-
lyzed using ROMS. Finally, the model results com-
pared to the in-situ data set and satellite data. The
research scheme

Data was analyzed using the Biogeochemical
model of the ROMS (Moisan et «!., 2001). The model
equations is as the following;:
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RESULT AND DISCUSSION

Bathimetry map (the average depth 200 - 300
meters) is shows in Figure 1. In the northern strait,
there is a deep channel with depth up to 1400 m.
There is an ocean trench found in the northern part
of Lombok Strait with depth is more than 1500 m
(showed by light blue color) then Java sea in the
southern part with depth is up to 1000 m (showed
by navy blue color). The southern part of Lombok
strait is the Indian ocean with depth around 500 —
4000 m (showed by different color in each water
depth area).

During rainy season, the northwest current
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Figure 2 {b} Chl-a distribution
in August from mode!
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Figure 2 {d) Chl-a distribution in
August from sateliite

Figure 2 {3} Chi-a distribution
in January from made!

Figure 2(c) Chl-a djstribution in
January from sateliite

Figure 3 (b) Distribution
patterns of temp. in August

from model

Figure 3 (a) Distnibution
patterns of temp. in January
from model

Figure 3 (c) Distribution
patterns of temp. in January
from satellite

Figure 3 {d) Distribution
patterns of temp. in August
from satetlite

direction moves to the east and southern part
through the LLombok Strait in January. The highest
chi-a values only estimated in the small area in the
northwestern part of Java island and the lowest
values (blue) estimated in the almost research area
included the Lombok Strait. 'The maximum value
of chl-a is 0.6 (mgChl-a/m3) and the minimum
value is 0.1 (mgChl-a/m3). The results derived from
the model indicated that low chl-a distributions
at the sea surface in Lombok Strait in January
(Figure 2 (a)). The chl-a distribution is around 0.2

iISSN : 1907-5626

(mgChl-a/m3). Many rivers change the value bring
nutrients enter into the strait in coastal area. In the
month (when the northwest monsoon happened),
northwesterly wind drives the surface current to
the east and southward and accumulates the warm
water in the southeastern part of Lombok Strait to
the Indian ocean.

During dry season, the northeast current direction
moves to the west and southern part of research
area through Lombok Strait in August. The highest
chl-a values were estimated in the northern and
southwestern part of Bali Island included in Lombok
Strait and also in the southern part of Lombok Island.
'The lowest values estimated in the northern part of
Lombok island. There is high chi-a distribution found
in Lombok Strait at the sea surface (Figure 2 (b) in
August (when the southeast monsoon happened).
The chl-a distribution esimated in the strait is from
0.35 to 0.6 (mgChl-a/m3). This indicated that chl-a
booming in this month.

'The results derived from satellite SeaW1FS show
similar patterns (Figure 2 (c) and Figure 2 (d)). High
chl-a distribution observed in August, southeast
monsoon happened. In January, warmertemperature
caused chl-a distribution decreased at the sea surface.
On the contrary August pattern shows, decreasing
temperature caused the chlorophyll-a distribution
increase at the sea surface (Figure 5.4 and 5.5).

Arvelyna, Y. and M. Oshima (2010) showed from
April to August 2000 the chlorophyll increased
at southern of East Java Island, Bali Island and
Lombok Strait. The maximum concentration is
located at southern coastline of Bali Island. In
July, the area near coastline of Java is influenced
by upwelling area occurs during east wind. The
maximum chlorophyll arca when internal wave did
not occur on August in southern of Java Island. It
shown that the surface chlorophyll concentration
near coastal area, increased when internal wave is
occurred.

The highest temperature level values (dark red)
in January estimated in almost part of the research
area with the temperature is up to 29 °C and more.
High temperature in January (up to 29 °C and more)
is also influenced low chi-a distribution around
Lombok Strait (Figure 3 (a)).

The highest temperature (28 °C) in August
estimated in the northern part of Bali Island
included in Lombok Strait to Indian ocean and the
lowest temperature (24 °C) estimated in the southern
part of Bali Island (near the Bali Strait). In August,
temperature range is from 25 to 28 *C (Figure 3 (b)).
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The results from satellite is also showed similar
patterns. The highest temperature values (light red)
were estimated in northern part of research area and
the minimum values (blue to purple) estimated in
the small area in southeastern part of Java Island.
The variation of temperature in Lombok Strait
in January is from 25 to 32 °C. In Lombok Strait
temperature is 30 “C. The temperature in January
2006 in Lombok Strait is high (from 28 to 29°C) and
from 25 to 27°C in August 2006 (Figure 3 (¢) and
Figure 3 (d)). The highest temperature value (light
green) estimated in the northwestern part of Bali
Island and the minimum value (purple) estimated
in the southemn part of research area. The maximum
temperature value is 29 "C and the minimum value
is 25 °C. Temperature variation of Lombok Strait is
from 25 to 27°C.

Tomascik et al. (1997) in Tubalawony (2001)
showed that sea surface temperature in Indonesian
seas is around 25 to 30 °C and decrease 1 to 2 °C in
every 80 db depth. In January to February when
the downwelling happened, temperature at the sca
surface can reach up to 25%C and in August when
the upwelling happened, sea surface temperature is
around 25 °C.

Upwelling events were studied along the southern
coast of Java, Bali and I.ombok islands during the
southeast monsoon (June to August). Satellite-
derived chlorophyll concentrations higher than
0.8 (mgChl-a/m3) and sea-surface temperatures
lower than 28 °C are indications of upwelling
(Hendiarti et al., 2004; Susanto and Marra, 2005).

Tablel Comparison between chl-a oand $ST bascd on the harizontal
monthly average
Sateliite __Model
January August Januvary Auggst
Chlorophyll-a
(mgChl-a/m?) 0.27 0.66 0.20 032
SST{°C) 29.77 26.34 29.18 27.19

The comparison monthly average of SST and
chl-a distribution at the sea surface derived from the
model shows that in January, warmer temperature
at the sea surface is up to 29.18 °C with the chi-a
distribution is 0.20 (mgChl-a/m3). In August
(Table 1), the temperature is up to 27.19 °C and the
chl-a distribution at the sea surface is up to 0.32
(mgChl-a/m3).

The comparison of monthly average value of
SST and chl-a at the sea surface from satellite data
shows that warmer temperature at the sea surface
is up to 29.77 °C with the chl-a distribution is 0.27

(mgChl-a/m3) in January. The temperature is up
to 26.34 °C and the chl-a at the sea surface is up to
0.66 (mgChl-a/m3) in August (Table 1).

There were significant differences between
monthly average value of chl-a distribution in August
from satellite and the model. The differences occured
because of upwelling events in August, which was
indicated by the high value of chl-a. The data from
satellite was usually higher than the model because of
the reflectance could detect changes in the spectrum
of light with the same wavelength. The data from
the model was obtained from a formula without
using any atmospheric model thus considered that
the photosynthesis value was constant. It also was
difficult to provide any significant value that was
affected by monsoon.

Figure & Vertical patterns of chl-a distribution in lamhok Strait (January)

Figure 6 shows the chl-a vertical distribution in
{.ombok Strait in January 2006 from model. There
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Figure 7

Vertical patterns of temperature distribution in Lombok
Strait (Januawy)

are small area of chi-a distribution estimated in
the Lombaok Strait from layer 1 to layer 24. Chl-a
is estimated to increase in the southern part of
Bali Strait to the Indian ®cean in Layer 4 to i2.
Chl-a distributions are estimated to decrease until
the bottom of the sea. ‘T'he low chl-a distribution
estimated upper layer in the Lombok Strait.

Figure 7 shows the vertical patterns of temperature
distribution in Lombok Strait in January from model.
The figure shows that the warmer temperature
distribution estimated in the area in Lombok Strait
from layer 1 to 12. The highest temperature (29
°C) estimated around northern part of research
area, around Lombok Strait until Indian ocean.
Temperature is around 24 °C in layer 13 to 24.

The vertical patterns of chl-a and temperature
distribution in Lombok Strait in August from
model also divided into 24 layers. These vertical
distributions patterns of chl-a in August are showed

Figuré éﬁviemcal patterns of chl-a distribution in Lombok Strait (August)

in Figure 8. The figure shows that there were
booming of chl-a found inthearea. The highest chl-a
0.6 (mgChl-a/m3) was estimated around northern
part of Bali island, and Lombok Strait to southern
part of Bali and Lombok islands. Chl-a distribution
are estimated more clearly from layer 1 to 8.

The vertical patterns of temperature distribution
in Lombok Strait in August are showed in Figure 9.
The figure shows that the temperature was not so
highin August. The highest temperature distribution
was around 28 °C in the northern part of Bali Island
to L.omhok Strait from layer 1 to 12. Temperature
around 24 °C estimated in layer 13 to 24.

The southeasterly wind blow from Australia
generates upwelling and brings cooler and nutrient-
rich water near the surface, enhancing productivity
and increasing ocean color. Near the bottom of the
sea strait the chlorophyll-a distribu tiondisappeared.

Matsuura ef al. (1997) in Tubalawony (2001)
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the distribution of chl-a in upper layer is high. The
temperature in this upper laver is from 25 to 28°C.
This mean that this temperature is the tolerance
temperature for the chl-a to live in Lombok Strait.

Chl-a and temperature distribution from in-situ
dataset was used to validate the model resuits. Figure
10 (a) and (b), 11 (a) and (b), 12 (a) and Figure 13 (a)
and (b) show correlation between model and in-situ
in each location (A1, L3, L5, and LB3).
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Figure 10fa) The ehl.a com parison Fgure 10b) The temp. compavison

Figure 9 Verncal akstnbunon panerﬁ-s of tempesature in Lombok Strait
{August)

showed concentration of chlorophyll distribution
in upper layer has a little mixing water and the
concentration is up in the thermocline layer then
decrease until thereis no chlorophyll concentration
found under the thermocline layer. Stewart, R.
(2009) showed that the vertical mixing is influenced
by wind field. Winds usually blow toward the equator
along the coasts of continents, and the wind pushes
water offshore away from the coasl. Then, the water
is replaced by cold upwelling water that is rich in
nutrients (fertilizer for phytoplankton which one of
them is chlorophyll).

'The comparison of chl-a vertical distribution which
derived from model and insitu dataset in Lombok
Strait are devided into four different locations. In
all location (A1, L3, Ls and LB3). chl-a distribution
almost found at the sea surface until 100 m depth
{as mixing area) with the range value is from 0.5
to 1.0 (mgChl-a/m3). This shows that in October
and December 2006 (when the data were taken),

berweea the model and insity (A |) berween the made] and in-wni{Al}
e -—

J- —

Y=

Heure 1L (a) The chl-a comparison
terwicen the myodel and 1n-situ (LN

Fgure t) (erm
beteeen the model st in-situ {1.3)

PR~ S 1 :-I'A‘,—Ir

g = B
! |

| Figuee 12 (b; The 1, cormpatison
between the mooted and In-gitw (LS)

Figure 12 {2} Toe cld-a commrison

| berween the moskl and in-sitv (1.5)
7-- Y - - ) =4

B

#

| Figure 13¢a) The chl-a companison

Bigure 13 (5) The temp. eonogortion
betw cen the model and inr-sitw (1. B3 5 "1

between the maded and in-atn (LBY)

The correlation coeficient show that temperature
in each location show simulate patterns between the
model and in-situ dataset. The lowest correlation
coefficient observed in the chl-a comparison between
the model and in-situ in location LB3. This mean
that the environment factors such as nutrient flow
from the river or water flow from the ITF did not
give much influence to this location.

CONCLUSIONS

Low chlorophyll-a concentration observed in
each layer of the vertical distributions patterns
of chlorophyll-a in .January 2006 and high
chlorophylil-a concentration observed in upper
layer (from layer 1 to 8) of the vertical distributions
patterns of chlorophyll-a in Lombok Strait in August
2006. During northwest monsoon low chlorophyll-a
distribution (0.21 mgChl-a/m3) observed at the
sea surface in l.ombok Strait and booming of
chlorophyll-a (0.32 mgChl-a/m3) estimated at
the coastal area in the northern part of Bali to
the southern part and Lombok Strait during the
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southeast monsoon with the range of temperature
is from 25 to 28 °C.
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