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Remote Sensing Analysis of  
Recent Carbonate Platforms, East of Sabah: 

Potential Analogues for Miocene Carbonate Platforms 
of the South China Sea

Aicha Chalabi, Bernard Pierson, and Jasmi Ab Talib

Geoscience and Petroleum Engineering Department
Universiti Teknologi PETRONAS

Bandar Seri Iskandar, 31750 Tronoh, Perak, Malaysia
e-mail: jasmi_atalib@petronas.com.my

ABSTRACT  

Recent carbonate platforms may provide useful analogues for fossil platforms and reefs, and could allow the 
generation of quantitative tools for the prediction of facies distribution, reservoir volumes, and reservoir 
quality. Data from these modern analogues would greatly enhance our ability to construct more reliable and 
calibrated reservoir models for fossil carbonate fields, such as the Miocene carbonate platforms of Central 
Luconia Province, Sarawak. In this study, carbonate facies maps and quantitative reservoir data will be 
generated by using remote sensing techniques. Satellite imageries over the carbonate platforms east of Sabah 
have been acquired and processed for generating facies maps. In order to produce a reliable facies map, the 
composition and grain size distribution of the sediments that make up individual facies must be known in 
order to determine the classes that have been identified on the initial facies maps. Samples collected from 
the Gaya and Selekan platforms were analysed and the results of grain size analysis are illustrated.

Keywords: carbonates, facies, platform, remote sensing, mapping

INTRODUCTION 

Constructions of static reservoir models in 
oil and gas fields where carbonates make up 
the main reservoir usually rely on subsurface 
data. The accuracy of a model depends on the 
density of the sampling by wells, the quality 
of the seismic data, and the interpretation of 
facies distribution in the carbonate section.

Modern carbonate platforms may provide 
useful analogues to fossil platforms and reefs. 
The Miocene carbonate platforms of Sarawak, 
for instance, are likely to be comparable to 

the modern carbonate platforms of Sabah, as 
the main carbonate-producing organisms for 
both platform types are similar if not identi-
cal.

In this study, carbonate facies maps are gener-
ated from satellite images of present-day plat-
forms east of Sabah, as well as quantitative 
data that will help predict facies distribution, 
reservoir volumes, heterogeneity, and quality 
in Miocene platforms. Data from these mod-
ern analogues will greatly enhance the abil-
ity to construct more reliable and calibrated 
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The second type of data was QuickBird image 
data (0.6 m resolution as shown in Figures 
2 and 3) which were acquired in 2006 and 
2009 respectively covering seven platforms. 
The other image acquired was IKONOS sat-
ellite data with the resolution of 1 m.  

A geometric correction process was performed 
for each image and the accuracy was less than 
half a pixel. The satellite images for Selekan 
bank, Maiga, Gaya, Sibuan, and Terembu 
reef were classified using unsupervised clas-
sification in order to create different classes 
based on a grey level similarity. To verify the 
validity of this classification, sampling was 
performed on the various platforms and the 
samples were analyzed for composition and 
grain size distribution. Sediment classes ob-
tained from this analysis will be superposed 
and compared with the satellite image-de-
rived classification. Final maps will be gener-
ated from this superposition.

Once the initial classification was performed, 
sampling points for each platform were se-
lected based on the class color (17 points 
for Selekan bank and 14 points for Gaya) as 
partly shown in Figures 4 and 5. Each point 
is defined by its geographic coordinates using 
PCI Geomatics which made sampling easier. 
First field trip to study area was conducted on 
12th to 15th November 2009. 

Second field trip was carried out from 11th 
to 26th March 2010 with a collaboration of 
Sabah Parks to collect sediment samples and 
Universiti Malaysia Terengganu for bathym-
etry data acquisition. During this field trip, a 
total of 109 sediment samples were collected 
either by snorkeling or diving (64 points for 
Selekan bank, 7 points for Maiga, 7 points 
for Sibuan, 12 points for Terembu reef, and 
19 points for Gaya) as shown in Figures 4 and 
5.

Sample Analysis

Samples were collected from the sediment 
surface on each platform depending on the 
depth of the sampling point that were guided 
and chosen by using GPS. In general, the 

Figure 2. QuickBird image (0.6 m resolution).

Figure 3. QuickBird image of Gaya Island. 

Facies Classification

For the preliminary facies maps, two isolat-
ed carbonate platforms, Selekan and Gaya 
banks, were selected. 
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A sample analysis procedure includes compo-
nent identification and grain size distribution 
analysis. An initial identification of carbonate 
components was carried out at SEACARL. 
The sediment samples were washed using clo-
rox to remove organic matter and reduce the 
strong smell of sea water, and then were dried 
before sieving. Grain size separation was car-
ried out using sieves with sizes between 63 µ 
to 2 mm and each sieve sample weighed (63 
µm, 125 µm, 250 µm, 500 µm, 1 mm, and 
2 mm).

RESULTS AND DISCUSSION

Facies Maps

Satellite images covering the study areas gen-
erate facies maps of the Selekan and Gaya Is-
land as shown in Figures 6 and 7 respectively.

Figure 4. Sampling points of Selekan Island.

Figure 5. Sampling points of Gaya Island.

Figure 6. Unsupervised classification of Selekan Island map.

depth of Selekan bank varies between 40 cm 
to 12 m, and Gaya depth can reach 27 m in 
the inner lagoon. 
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Sample Analysis Results

The primary focus of this paper is to report 
the initial grain size distribution analysis for 
the samples collected from field visits to Sele-
kan and Gaya banks (Figures 4 and 5). The 
following observations can be extracted from 
Figures 8 and 9.

Southern Margin of Selekan bank (Figure 8a)
Points S0 to S3, close to the fringing reef, 
show a bimodal distribution, with a peak at 
250 µ and an upwards trend towards coarser 
grain sizes (>2 mm), probably representing 
large coral fragments. 

In the back-reef area, point S4 shows a 
unimodal distribution with an almost perfect 
bell-shaped graph, centered on a peak value 
of 250 µ. This suggests a lower proportion 

of large coral fragments. Going further to 
the North, away from the reef but still in 
the back-reef area, a grain size of 500 µ is a 
characteristic of point S5. Further away from 
the reef reaching a more quiescent zone, 
the dominant grain size seems to decrease 
gradually. The histogram of S6 shows a high 
percentage of grains between 125 µ and 250 
µ, whereas at point S7, the dominant grain 
size is 250 µ.

Center of Selekan bank (Figure 8b)
Points S23 and S37 show a similar grain size 
distribution histogram, dominated by a fine 
fraction (less than 63 µ). These points are 
both in lagoonal areas.

Northern Margin of Gaya bank (Figure 9a)
The sampling point nearest to the fringing 
reef (point G1) shows a similar bimodal grain 
size distribution as in Selakan, with a peak at 
250 µ and an upward trend towards coarser 
grain sizes (>2 mm), probably representing 
large coral fragments close to the carbonate 
factory.

Points G2 and G3 are on the reef flat, the 
zone of highest energy, and have no fine frac-
tion. The sediments here are coarser than 2 
mm. Point G4 is already in the back-reef, 
seemingly more quiescent zone and is domi-
nated by grain sizes of 500 µ to 1 mm. Points 
G5, G6, G7, and G8 show comparable histo-
grams, with a peak at 125 µ. These points are 
in quiescent lagoon areas.

Western Margin of Gaya bank (Figure 9b)
The carbonate sand is medium to coarse at 
G37, near the western margin of Gaya bank. 
G40 is within the lagoonal area east of point 
G37. It has a symmetric histogram centered 
on 250 µ.

Figure 7. Unsupervised classification of Gaya Island map.
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from component identification and grain 
size analysis will be needed to modify fa-
cies maps accurately.
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CONCLUSIONS

The grain size analysis of carbonate sands 
on Selekan and Gaya banks is an important 
early step to illustrate the variation and dis-
tribution of carbonate sand on the platforms. 
From this analysis, a few points can be noted:

1. Carbonate grain sizes at platforms Sele-
kan and Gaya are closely related to the 
location of samples with respect to the 
reef (carbonate factory). The carbonate 
grain size increases towards the reef and 
decrease away from it.

2. High energy, currents and storms are 
the main factors in managing the distri-
bution of carbonate sand. The samples 
taken in high energy zones are devoid of 
a fine fraction, whereas samples collected 
in low-energy zones contain no coarse 
fraction.

3.  Unsupervised classification is a useful 
method to classify the area in order to 
choose the sampling points.

4. The facies classification obtained through 
sample analysis does not perfectly match 
the unsupervised classification obtained 
from satellite imagery processing.

5. A combination between unsupervised 
classification and a classification derived 
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Geosciences supporting Climate Change Adaptation

Philipp Schmidt-Thomé and Johannes Klein

Geological Survey of Finland
e-mail: Philipp.schmidt-thome@gtk.fi, Johannes.klein@gtk.fi

ABSTRACT  

The importance of geosciences in addressing societal issues has been questioned since the 18th century. The 
problem of the geosciences appears to be that, despite delivers important knowledge without which, for 
example, neither economic growth (search for fuels) nor sustainable development (environmental issues) 
could be dealt properly, they are not recognized as accordingly important by society. In fact the geosciences 
are rapidly developing sciences seeking and finding solutions for important questions concerning societal 
needs and demands in many fields other than the two iconic examples above. This article focuses on one 
of the most recent emerging issues of great social importance of climate changes. Because of its deep 
understanding of climate changes during the Earth’s history, geology can provide important contributions 
to the questions arising around the capacities and necessities of our society to adapt to both the current and 
potential future changes in climate. This article gives two examples of European Regional Development 
projects showing that research on climate change impacts can contribute to a better capability that deal with 
the impacts of a climate change at those levels, where concrete adaptation measures have to be implemented 
and are visible and tangible for the population. The first example shows how the city of Kokkola utilized 
and integrated climate change scenarios into local planning. The second example presents groundwater 
modelling and climate change scenarios for the adaptation of the water supply in the city of Hanko.

Keywords: geoscience, climate change, society, concrete adaption measures

INTRODUCTION

Geosciences are rapidly developing sciences 
seeking solutions for important questions 
concerning societal needs and demands. As 
geology is a descriptive science, it is based on 
it’s deliberations and draws its conclusions 
from empirical evidence, observations from 
nature, measurements, and computer model-
ling. Geology is not entirely an exact science 
like physics, which can definitively and scien-
tifically test all postulated theories. It is a sci-
ence developing during the historical period 
of enlightenment that was demand driven 
from the start (mining) and continuing to be 
an applied natural science.  

One of the latest emerging societal demands 
for reliable scientific answers is the topic of 
climate change. Geology has been research-
ing the causes and extent of climatic changes 
during the Earth’s history for a long time, but 
the current focus is on the potential future 
impacts of climate changes. Although the in-
ternational focus is on the causes, future de-
velopment and potential mitigation of recent 
climate change are mostly in the hands of me-
teorological sciences. The field of adapting to 
climate change has only recently been evolv-
ing strongly (e.g. Commission of the Euro-
pean Communities, 2009). Because of its 
deep understanding of climate changes in the 
Earth’s history, geology can deliver important 
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contributions to the questions arising around 
the capacities and necessities of our society to 
adapt to both the current and potential future 
changes in the climate. 

Background

Under present climatic conditions and due to 
postglacial land uplift and subsidence, many 
coastlines in the southern Baltic Sea have 
already faced coastal retreats. This retreat in 
several southern Baltic Sea shores is not only 
based on land subsidence but is also locally 
favoured by the geology (Quaternary glacial 
deposits and sediments). The northern Bal-
tic Sea shorelines mainly consist of crystalline 
bedrock (Kallio, 2006). With the projected 
sea level rise, this retreat may intensify. Ad-
ditionally, potential changes in overall pre-
cipitation and temperature patterns as well 
as extreme precipitation events will put fur-
ther pressure on urban areas. The public wa-
ter supply of many coastal towns is currently 
dependent on shallow groundwater aquifers 
that are vulnerable and sensitive to changes 
in precipitation patterns and sea level. The 
intrusion of brackish water can affect the wa-
ter quality of water supply facilities in coastal 
aquifers and requires measures such as the re-
location of wells or adjustment of the water 
pumping rate (Tarvainen et al., 2010).

Changes in the hydrological cycle and higher 
temperatures (of water and air) caused by cli-
mate change could lead to shifts in the an-
nual groundwater cycle and runoff patterns 
in rivers and catchment areas (Graham, 2004; 
Meier et al., 2006). Most climate change sce-
narios project higher temperatures and higher 
precipitation as a yearly average, but espe-
cially in winter, which will lead to changing 
snow cover and flood patterns. In the Baltic 
Sea region, possibly higher evapotranspira-

tion and a shift in the highest runoff period in 
catchment areas to an earlier time of the year 
(caused by less snow and more rain in winter) 
could contribute to droughts in the summer 
(Ruosteenoja et al., 2005). Important aqui-
fers may also be affected by the mobilization 
of contaminants caused by a higher variabil-
ity in the level of groundwater.

Aims

The aim of applied research into the impacts 
of climate change is to achieve a better ca-
pability to deal with the impacts of climate 
change at those levels where concrete adapta-
tion measures have to be implemented and 
are visible and tangible for the population. 
Assessment of climate change impacts on wa-
ter bodies and the drinking water supply can 
contribute to the development of a sustain-
able water supply, and safeguarding quality 
and quantity. A special emphasis has been 
placed on adaptation to sea level rise and 
changing frequency and magnitude of floods 
facing the cities and regions located on the 
Baltic coast. 

The Geological Survey of Finland is the lead 
partner of the project “Climate Change: 
Impacts, Costs and Adaptation in the Bal-
tic Sea Region (BaltCICA)”. The project is 
part-financed by the EU Baltic Sea Region 
Programme 2007 - 2013 and the partnership 
comprises 24 partners, including municipali-
ties, regional authorities, and research insti-
tutes. The project duration is from February 
2009 to January 2012. The BaltCICA project 
is built on the experiences gained from the 
INTERREG IIIB projects “Sea level change 
affecting the spatial development in the Bal-
tic Sea Region (SEAREG)” and “Developing 
Policies & Adaptation Strategies to Climate 
Change in the Baltic Sea Region (ASTRA)”, 
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in which GTK was also the lead partner. All 
three projects follow a logical chain of devel-
opment. SEAREG laid the basis for raising 
awareness of potential climate change im-
pacts on regional development (Schmidt-
Thomé, 2006), while ASTRA went a step fur-
ther and assessed the potential impacts. The 
BaltCICA project directly supports local and 
regional decision makers in evaluating and 
implementing adaptation measures (Hilpert 
et al., 2007).  

IMPLEMENTING       CLIMATE       CHANGE 
ADAPTATION IN LOCAL PLANNING

Kokkola Housing Fair

Kokkola is a medium sized town on the west 
coast of Finland founded in 1620 adjacent to 
the Bothnian Bay (Baltic Sea). The postgla-
cial rebound (land uplift) in this area has led 
to retreating shorelines, and the original city 
centre nowadays lies about 2.0 km from the 
coast. Over the longer term (~100 years), the 
rate of land uplift has amounted to 7 to 8 
mm per year (JUHTA, 2008; Vestøl, 2006). 
However, looking more recently, the land up-
lift has declined to approximately 5 mm per 
year due to sea level rise (Granberg, 2000). 
Normal sea level variation in Kokkola is be-
tween –1.0 m to +1.5 m relative to the mean 
sea level. The city planning office of Kokkola 
was interested in sea level rise scenarios for 
the 21st century, because Kokkola experiences 
a strong pressure to develop coastal housing. 
If the coastal land uplift continues at the pres-
ent rate, the coastal areas could be easily de-
veloped, even with the lower glacial rebound 
effect of 5mm per year. However, what if the 
sea level rise and storm flood events become 
stronger and flood patterns change? 

Since probability calculations were not avail-
able to the city of Kokkola, and through a 

combination of expert opinion and the inter-
est to be “on the safe side” from a planning 
perspective, the city choses to use the “high 
case” sea level change scenario originally de-
veloped under the SEAREG project. This 
scenario uses regional model results from 
the RCAO model driven by the ECHAM4/
OPYC3 under the A2 emission scenario to-
gether with a global average sea level rise of 
88 cm (Meier et al., 2006). According to these 
scenarios, it would be possible for the land 
uplift to be neutralized by sea level rise; in 
other words, the present coastline would not 
change over the 21st century. Consequently, 
the often-predicted increasing wind speed 
peaks during storm events and the increase in 
heavy rainfall would lead to changes in flood-
prone areas. 

The area for the housing fair to be held in 
2011 was planned on the shoreline several 
years ago. Such a housing fair is an important 
event in Finland, as the houses built for the 
fair are later used for housing, which is an im-
portant asset for the investors. In the course of 
the ASTRA project, the location of the 2011 
Housing Fair was not changed, but the mini-
mum elevation of the building ground above 
the mean sea level was increased by 1.0 – 1.2 
m compared to previous plans on the sea-
shore, and is now about 3.5 m (streets 3.0 m) 
above the mean sea level. In other words, the 
decision was taken that sea shore plots may 
be built on, but the lowest floor of the houses 
must be well above potential flood levels. The 
cost of each plot and house was calculated, 
including the artificial raising of the building 
ground, and the investors were willing to pay 
this extra cost because the demand for houses 
located on the sea shore is still rising. 

Recommendations of the ASTRA project 
were also taken into account in building and 
city planning regulations. Several regulations 
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Cape aquifer has been carried out from the 
geological and geophysical data, utilizing the 
integration of ArcGIS/ArcInfo and Ground-
water Modelling Software (GMS). 

Adaptation to climate change is still a new 
issue in Hanko, and few measures have 
been taken so far. In the BaltCICA project, 
Hanko together with the Geological Survey 
of Finland is developing a set of adaptation 
options. The options will be jointly assessed 
and compiled to form a backup plan for the 
water supply. The results could be utilized in 
similar geological formations in other regions 
of the Baltic Sea. The adaptation options will 
be discussed in a workshop and an excursion 
for water supply experts from the Baltic Sea 
region.

CONCLUSIONS

The presented examples show that geology is 
a modern science which is well placed to an-
swer important emerging societal questions. 
Even though future climate change might not 
belong to the core tasks of geological research, 
geologists can support decision makers in 
analyzing climate change scenarios and the 
potential environmental and socio-economic 
impacts. Geology draws on a long history of 
climate (change) information; it thus enables 
assessments to be carried out based on experi-
ence and empirical data. 

Understanding the past is one key for future 
projections. For example, the fairly recent 
Pleistocene and Holocene geological changes 
reflect past climate changes and provide ref-
erences for projecting potential upcoming 
events.  One important question rapidly aris-
ing in the cooperation with decision makers 
concerns the uncertainty of climate change 
scenarios. It is thus a great advantage for ge-
ologists to be able to draw on experiences and 

are designed to offer protection from rising 
wind speeds, cold winds, and storms on the 
shore. These include low houses with an op-
timal roof pitch against wind turbulence in 
yards, inner courtyards facing towards the 
south, plantations and fencing against cold 
wind directions, and also the directing of 
main streets crosswise to the coldest winds to 
avoid wind tunnel effects.

Hanko

The Hanko case study concerns the impacts of 
climate change on a shallow groundwater for-
mation located on the sea shore of the Baltic 
Sea in Southern Finland. The cape of Hanko, 
the southernmost tip of Finland, consists of 
relatively low Quaternary sand and gravel de-
posits with an average altitude of only 13 m 
above sea level. The water supply for 10,000 
inhabitants, industry, and harbour areas in 
Hanko is entirely based on the fresh water of 
this formation.

The impacts of sea level variations on the 
groundwater can already be seen, e.g. they 
have caused problems with both the quantity 
and quality of water in the wells of Hanko 
water works (Backman et al., 2007). The goal 
in the Hanko case study is to create a struc-
tural 3D model of the groundwater body 
and to model the groundwater flow. Climate 
change scenarios are being applied to assess 
the future options for the management of the 
water resources. The aim is to develop a back-
up plan safeguarding the water supply under 
changing climate conditions.

From April 2009 until March 2010, fluctua-
tions in the groundwater table and ground-
water quality were monitored at ten ground-
water observation wells at a high temporal 
resolution. The three-dimensional geological 
and groundwater flow modelling of Hanko 
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empirical data sets that can help to show the 
potential speed and impact of climatic chang-
es. Even though future changes in climate 
extremes might differ from past and current 
one’s (there are modelled changes in extremes 
but no scientific certainty about them as yet), 
there are definitely possibilities to draw on 
experiences. Moreover, it is clear that many 
current landuse concepts are not reasonably 
adapted to the present climate, including its 
potential extreme events. Climate (change) 
adaptation must therefore begin with adapta-
tion to the current climate to understand the 
nature and effects of extreme events. It has in 
fact often proven plausible to make overlays 
of past climates and evolving landuse patterns 
to identify potential future challenges, such 
as changes to flood prone areas. Communica-
tion with planners has shown that multidis-
ciplinary cooperation with geology is appli-
cable in planning practices.
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ABSTRACT  

A number of oceanographic measurement programs have been undertaken in Indonesian waters since 
1995. One of these is the South China Sea - Indonesian Seas Transport/Exchange (SITE) program. SITE 
is presumed to link the South China Sea and Indian Ocean and it provides a pathway for mixing the 
physical oceanographic parameters such as temperature, current, and salinity that may impact on climate 
in Indonesia. The SITE cruise was conducted in August to October 2009 involving contributions from 
three countries, the USA (Lamont Doherty Earth Observatory Columbia University), China (First 
Institute Oceanography, Qingdao), and Indonesia (Ministry of  Marine Affairs and Fisheries, and Marine 
Geological Institute), using the Research Vessel Geomarin III. The principal objective of the cruise is to 
gain an understanding of how ocean flows respond to the throughflow, and how these changes result in 
changes in the the patterns of surface current and sea surface temperature and relation with climate change 
phenomena. Preliminary results show that in a particular region, the seasonal variability of the transport 
through the Sunda Strait is probably almost entirely governed by the monsoonal winds over the equatorial 
of Indonesian waters as compared with the influence of affected Indonesian throughflow (ITF).

Keywords: transportation exchange cruise, South China Sea, Indonesian Seas, Indonesian throughflow

INTRODUCTION

Indonesian throughflow (ITF) is presumed 
to be driven by a sea level gradient from the 
Pacific Ocean to the Indian Ocean. Through-
flow transport may also be driven by a gradi-
ent between the two oceans (Gordon, 1995 
and Gordon et al., 1996). The sea level gradi-
ent is thought to be maintained by the dif-
fering wind patterns in the two oceans; mon-
soonal in the Indonesian waters and trades 
in the western equatorial Pacific (Figure 1). 
In the interaction between sea level, wind 
driven, and sea current as identified from his-
torical measurements, it can be expected that 
strong seasonal gradients in sea level through 

the eastern throughflow region of the straits 
of Lesser Sunda (Bali, Lombok, Sumbawa, 
Flores, and Alor) are found.

South China Sea-Indonesian Seas Transport/
Exchange (SITE) links two oceans, the South 
China Sea and Indian Ocean which provides 
a pathway for mixing the physical oceano-
graphic parameters such as temperature, 
current, and salinity that impact on climate 
phenomena such as monsoon and seawater 
exchange. Due to mixing, upwelling, and 
wind driven current, the routes of the current 
exchange of inflow waters are trapped before 
flowing to the Indian Ocean. 

A number of measurement programs have re-
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cently been undertaken in the Indonesian wa-
ters since 1995 (Mirayosi, 2009; Ilahude and 
Gordon, 1996). This program led to produce 
a modeling pattern of the mean and variable 
nature of the SITE and of the transforma-
tion of the monsoonal seawater exchange and 
transport profiles within the interior of the 
seas. The SITE and ITF programs involv-
ing contributions of three countries such as 
USA (Lamont Doherty Earth Observatory 
Columbia University, China (First Institute 
Oceanography, Qingdao), and Indonesia 
(Badan Riset Kelautan & Perikanan and Ma-
rine Geological Institute) offers the opportu-
nity for a coordinated cruise to measure phys-
ical oceanographic parameters in the area of 
through-flow passages. 

The last Cruise was conducted on August to 
October 2009 by using Research Vessel Geo-
marin III (Figure 2) of the Marine Geological 
Institute of Indonesia in the Sunda, Gelasa, 
and Karimata Straits which are located in the 
area of SITE passage. The equipment used 
in this cruise area includes multi-beam, side 
scan sonar, and Remotely Operated Vehicle 
(ROV) (Figure 3), together with professional 
divers in case of ROV malfunction. 

Figure 2. Research Vessel Geomarin III (1200 DWT) used on 
the SITE Cruise.

Figure 1. Indonesian Through-Flow (ITF) and South China - Indonesian Seas Transport/Exchange (SITE) sea 
current patterns (Susanto et al., 2000).

OVERALL CRUISE OBJECTIVE

The principal objective of the cruise is to gain 
an understanding of how ocean flows respond 
to the throughflow, and how these changes 
result in changes in the pattern of surface cur-
rent and sea surface temperature and its rela-
tion with climate change phenomena.

The cruise activities were:
a.  to determine the full depth velocity and 

property structure of the through-flow 
and its associated sea temperature;

b.  to resolve the annual and seasonal charac-
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teristics of the ITF and SITE transports;
c.  to investigate the storage and modifica-

tion of the waters within the internal In-
donesian seas, from the China Sea source 
characteristics to the SITE water export-
ed into the Indian Ocean.

SPECIFIC CRUISE GOAL

The cruise goal is to resolve the circulation 
and water mass stratification within the Indo-
nesian Seas in order to formulate a thorough 
description of the source, spreading patterns, 
inter-ocean transport, and dominant mix-
ing processes within the Sunda Strait. Such 
products can be used for the development of 
regional and global ocean circulation mod-
els; large scale coupled ocean/atmosphere 
models sufficient for prediction of climate 
change; understanding of the environmental 
conditions within the Indonesian Seas, and 
improved understanding of the factors that 

affect primary seawater through-flow within 
Indonesian waters.

INDONESIAN SEAS 
EXCHANGE PASSAGES

The question of which water enters the Indo-
nesian passages is a subject of outstanding and 
prolonged debate. This cruise report repre-
sents another attempt to address this issue us-
ing a preliminary result of the oceanographic 
parameter measurement. The preliminary re-
sult illustrates that the origin and water com-
position of the Indonesian through-flow are 
determined by the structure of the opposing 
current situated to the east of the passages 
(Sprintall et al., 2000; Susanto et al., 2000). 
The result is composed of eastern and west-
ern oceans (corresponding to the Pacific and 
Indian Oceans) connected via a channel rep-
resenting the Indonesian passages. The chan-

Figure 3. ROV used for detecting and raising the ACDP measurement.
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passages with a higher velocity due to the nar-
rower strait. It is also argued that the western 
boundary current system of SITE and ITF in 
the Java Sea is relatively stationary because it 
is situated as the front of the two passage sys-
tems. In this particular position the portions 
of the velocity transports are relatively small 
compared with the main flow.

CRUISE LOCATION

1. Karimata Strait and Gelasa Strait form 
the primary pathway of the SITE pas-
sage referred to as the main flow of the 
Indonesian waters passage (Figure 4). 
The transport through Karimata Strait 
was measured as part of the Indonesian-
USA SITE program. Two moorings were 
deployed within the Gelasa Strait at the 
depth of 54 m and one mooring in Kari-
mata Strait at 58 m depth. Both moor-

nel cuts through a separating wall which runs 
from the northwest to the southeast.

It is also found that, without the entire flow 
along the western passage in Sunda Strait, the 
through-flow might have originated in both 
hemispheres, with approximately 30% of the 
transport coming from the north (China Sea) 
and the remainder coming from the south. 
It is impossible for the flow to originate only 
from one side of the strait entrance because, 
under such conditions, the momentum im-
parted by this flow on the fluid near the en-
trance to the strait cannot be balanced.

For some range of parameters, the balance re-
quires that the fluid exits the strait rather than 
enters it. This is not the case, however, for 
the China Sea - Indonesian Seas Transport/
Exchange flow, where about 3 Sv must enter 
from the north and 1 Sv seem to  enter from 
the south.  It is suggested that the flow is situ-
ated immediately to the south of Sunda Strait 

Figure 4. Location and coverage of the SITE cruise 2009.
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ABSTRACT  

Thailand is located in the tropical monsoon zone, where torrential rain is very common, esspecially when 
storms and typhoons are approaching Thailand or neighboring countries. Heavy rainfall in mountainous 
areas is particularly dangerous, because it can cause landslides and flash floods. A study conducted by the 
Department of Mineral Resources (DMR) of Thailand suggests that there are more than two thousand 
villages located in landslide hazard zones and the records indicate that both number of landslide events and 
their consequential impacts seem to have increased during the last decade. This could result from various 
factors ranging from environmental factors to changes in settlement patterns. To help protect against 
landslide hazards, DMR has established local landslide-watch or self-protection networks in risk areas. The 
networks comprise local volunteers working for their local communities or villages. They are trained to have 
knowledge of landslide behavior and recognize early signs of  landslide generation within stream catchments. 
In the monsoon season they will be guards at check points or the foot of mountain slopes where they can 
clearly observe water flow in streams. When they detect early landsliding indications they inform their 
head of village to warn people within the risk area and in downstream villages. DMR has also established 
the Geohazards Operation Center (GOC) in Bangkok to monitor heavy rainfall and to coordinate with 
the local networks and relevant agencies. When heavy rain is approaching landslide prone areas, the GOC 
will disseminate landslide watch bulletins and inform the networks through television, radio, facsimile, 
and mobile phone contact. The local landslide-watch networks can also phone the center to get more 
information and to report the real time situation from their areas. Furthermore, the GOC coordinates 
closely with the Thai Meteorological Department (TMD) for rainfall prediction and the Department of 
Disaster Prevention and Mitigation (DDPM) and Provincial Governors for landslide response management

Keywords: landslide, watch, warn, network

INTRODUCTION

Thailand is located in a monsoon zone be-
tween 5o 37‘ - 20o 27‘ N and 97o 22‘ -105o 
37‘ E. It covers an area of 513,115 km2 with 
a population of 65 million. Thailand com-
prises 76 provinces divided into 5 geographic 
regions; northern, north-eastern, central, east 
and southern ones. High mountainous areas 
occur mainly in the northern, southern, and 
eastern regions while the central region is 

mainly lowland with high mountains on its 
west border. In general, the north-eastern re-
gion is a high plateau but it has mountainous 
slopes at its southern and northern borders.

Historical records indicate that landslide di-
sasters have usually occurred in the northern 
and southern regions. A notable event took 
place in Katoon, Nakhon Si Thamarat Prov-
ince in 1988, in which there were many fa-
talities and injuries affecting a total of 230 
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people and causing substantial damage to 
houses, local infrastructures, and agriculture. 
The total cost of the damage was estimated 
as around 1,000 million Baht (Tantiwanit, 
2005). Following this event, twelve years 
elapsed, from 1989 to 1999, after which, in 
2000, there was a large event in Phetchabun 
Province and again, in 2001, in Phrae and 
Phetchabun Provinces. From that time on-
wards such events have occurred almost an-
nually. 

The Department of Mineral Resources 
(DMR) is aware that the landslides will 
cause a lot of problems in the future, there-
fore landslide investigations now form a 
component of many projects. In addition, 
DMR has established local landslide-watch 
networks and a landslide monitoring center 
in Bangkok, named as the Geohazards Op-
eration Center.  Presently, DMR utilizes the 
center as a contact point to coordinate with 
the networks and relevant agencies including 
the Thai Meteorological Department (TMD) 
and the Department of Disaster Prevention 
and Mitigation (DDPM) as well as provincial 
governors. 

LANDSLIDE HAZARDS IN 
THAILAND

Landslide hazards in Thailand are assessed by 
DMR utilizing a landslide predictive model 
which runs under a Geographic Informa-
tion System (GIS). In model calculation, the 
major factors are geology, elevation, aspect, 
slope, flow accumulation, flow direction, veg-
etation, soil type and wetness (Pantanahiran, 
1994). The result of the model is plotted in 
the form of a landslide hazard zone map at a 
scale of 1:250,000 for provincial level and at 
a scale of 1:2,500,000 for the whole country. 
This assessment shows that a total of 2,371 

villages are located in landslide hazard zones 
in 51 provinces (Environmental Geology Di-
vision, 2003). The villages are mostly scat-
tered in the northern and southern regions. 

In Thailand, the landslide ‘season’ lasts from 
May to December of each year. This con-
forms to the rainy season that is influenced 
by the southwest monsoon and the intertrop-
ical convergence zone moving from north to 
south. Thus, the landslides usually occur in 
northern provinces in May and somewhat 
later in southern provinces until the  season 
in Thailand finishes in December of each year. 

The intensity of landslides in Thailand seems 
to be increasing, with landslides occurring 
nearly every year since 2000, with two or  three 
events in some years. This might be a result 
from changes of the rainfall pattern, the sur-
rounding environment, and settlement pat-
terns. This can be seen from rainfall data that 
indicate a 38 year rainfall record coinciding 
with the Uttaladit landslide in 2006 and from 
the number of new settlements in mountain-
ous areas due to the increase of population 
with some people moving to mountainous 
areas within the landslide hazard zone. In 
addition, forests are being cleared for new 
houses and agriculture. Mairaing (2003) also 
reported that Thai people traditionally lived 
in the calm settlement areas where they were 
surrounded by natural forests, as the country 
became developed and natural forests were 
often cleared for agricultural and urban uti-
lization.

ESTABLISHMENT OF LOCAL 
LANDSLIDE WATCH NETWORKS

Landslides are a natural hazard that generally 
occurs in mountainous areas, often remotely 
situated and far from help. In such areas and 
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Landslide Monitoring

For landslide warning and monitoring, the 
critical indicator is rainfall. The center re-
ceives weather data from Thai Meteorologi-
cal Department (TMD) via internet and 
facsimile. The data include satellite images, 
weather radar, and rainfall. The satellite im-
ages show an overview of cloud-covered areas. 
These areas are checked by weather radar data 
to confirm rainfall. If the weather radar de-
tects heavy rain during a period longer than 
3 hours, the staff of the center will phone to 
the networks to get real time information 
from the local area and to confirm the rain-
fall situation. Rainfall data from remote areas 
are available since all the networks have been 
trained to measure it (Figure 2). 

When heavy rain is confirmed, or estimated 

to monitor hazards and inform the networks 
when the hazards are likely to come. To keep 
in touch with the networks, to inform them 
about new technologies and tools, and to en-
courage them, DMR arranges workshops and 
regular drills to refresh the networks. In each 
year, DMR aims to refresh the networks in 8 
provinces. 

NETWORK SUPPORTING SYSTEM

In conjunction with the networks in landslide 
risk areas, DMR has established the Geohaz-
ards Operation Center (GOC) in Bangkok 
in the central part of Thailand, to support 
the operation of the networks. The center is 
working at the nationwide level and has main 
responsibilities in landslide monitoring and 
coordinating with the networks and other 
agencies. 

Figure 2. A typical rainfall station managed by the community-based landslide-watch networks.
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rainfall is higher than 100 mm/day and is 
still continuing, the center will disseminate 
a watch bulletin. The bulletin is also issued 
in special cases when a tropical cyclone is 
approaching. Usually, the bulletin is sent 
through facsimile to television and radio sta-
tions as well as relevant agencies. Recently, 
the networks in risk areas are being informed 
by telephone and Short Message System 
(SMS) via mobile phones. After they receive 
the information, the networks will be on duty 
at the check point in order to observe land-
slide signs and to be ready to issue a landslide 
warning.  

The local networks can also phone to the cen-
ter to get information about the weather or 
to report landslide and flash flood informa-
tion. The information is very important for 
the center and for other people. Therefore, 
the center will distribute the information to 
other networks and upload the information 
on the DMR website. 

Network Coordination

The GOC is used as the monitoring and co-
ordinating office for the networks. The cen-
ter closely coordinates with the networks and 
key agencies including TMD, DDPM, De-
partment of Public Relation, TV, and radio 
stations.

DMR has coordinated with TMD on the is-
sue of weather forecasting since DMR started 
its landslide project, because rainfall is a cru-
cial factor for landslide monitoring. TMD 
provides rainfall data to DMR twice a day 
via facsimile in the morning and at noon as 
well as updates and weather radar data posted 
on the website every hour. In special cases, 
for example typhoons, tropical cyclones or 
approaching depressions, the speed, direc-
tion, and weather conditions are provided by 

TMD. Such cases usually generate a heavy 
rainfall and cause landslides in affected areas. 

DDPM is very important in disaster manage-
ment, because it has branch offices in every 
province. It is also secretary to provincial 
governors in disaster management, therefore 
all kind of activities relating to the manage-
ment will be forwarded to the offices. In pe-
riods of heavy rain, DMR will disseminate a 
landslide-watch bulletin to DDPM, whereas 
DDPM will send landslide event data and 
damage data back to DMR.

The Department of Public Relations, TV, and 
radio stations are communication channels that 
can forward DMR information to local people. 
In general, landslide watch information will be 
presented together with weather news and band 
news on television. All of these agencies are con-
nected with DMR by facsimile.

In the first nine months of 2010, DMR dis-
seminated ten landslide watch bulletins. 
There was a great amount of coordination 
and data exchange between DMR and the lo-
cal networks and other agencies.  

CONCLUSIONS

Landslides are natural hazards which occur 
quite often in Thailand. Their occurrence 
generally starts from May until September in 
the northern part of Thailand and from Oc-
tober to December in southern part. Land-
slide hazards and risks were assessed by DMR 
and it was found that there are 2,371 villages 
in 51 provinces located in risky areas. 

To mitigate landslide impacts, DMR has es-
tablished local watch networks and the Geo-
hazards Operations Center to cope with this 
problem. The local watch networks are vil-
lage volunteers who are working as guards 
or check point to observe landslide signs. 
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They are on duty only when a heavy rain is 
approaching or receiving landslide watch in-
formation from DMR. They are trained to 
have knowledge of landslide behavior, warn-
ing, and evacuation. They are also trained 
to measure rainfall and how to coordinate 
with DMR. At this moment, there are 386 
networks and 13,857 volunteers in 39 prov-
inces of the high risk areas. Due to changes in 
technology and increasing knowledge, some 
of the networks have been refreshed by DMR 
and to maintain the networks, DMR has a 
plan to refresh them each year. DMR has also 
established the GOC to monitor landslides 
and to coordinate with the local networks 
and relevant agencies. The center is working 
closely with TMD, DDPM, and provincial 
governors. Satellite data, weather radar data, 
and rainfall from TMD are used by the center 
to predict heavy rain. When the center de-
tects heavy rain lasting longer than 3 hours 
and heavy rain is confirmed by the local net-
works, the center will disseminate landslide 
watch bulletins to relevant agencies and the 
local networks. DDPM and governors who 
have authority in disaster management are 
also alerted to support villages in risk areas. 
In consequence, the local villages or com-

munities can play a very important role in 
the landslide watch networks, safeguarding 
themselves and others.

REFERENCES

Environmental Geology Division, 2003. A manual 
of landslide geo-hazard prevention and list of 
landslide risk villages of the north region of 
Thailand (a), Department of Mineral Resources, 
Bangkok, Thailand, 113 pp. (in Thai)

Mairaing, W., 2003. Development of master plan 
for management of natural disaster (landslide), 
Kasetsart University, Bangkok, Thailand, 127 pp. 
(in Thai)

Pantanahiran, W., 1994. The use of landsat imagery and 
digital terrain models to assess and predict landslide 
activity in tropical areas. Ph.D. Thesis, University of 
Rhode Island, USA, 56 pp.

Tantiwanit, W., 2005. Landslide Disaster Management, 
Report of Geological Survey Division, Department 
of Mineral Resources, Bangkok, Thailand, 57 pp. 
(in Thai)



29

Proceedings 47th CCOP Annual Session 2010

Public Participation in Solving Problems of Coastal Erosion:
A Case Study at the Mouth of Karbi River

Sukanjanawadee Maneeratana

Department of Marine and Coastal Resources, Thailand

ABSTRACT  

Coastal erosion is evident along the 2,667-km-long shorelines of Thailand bordering  both the Andaman 
Sea and the Gulf of Thailand. The phenomenon is a result of various factors, including the affects of 
sea level rise due to global warming. In order to mitigate the severity of coastal erosion, it is important 
that the relevant authorities review and amend the existing laws and regulations in compliance with the 
current constitution (since 2007), which allows people have more rights concerning coastal resources than 
previously. Presently, local communities are aware of their responsibility to participate in the conservation of 
natural resources and their sustainable use. Mechanisms for resolving problems of coastal erosion have been 
proposed involving the participation of all stakeholders. This strategy involves three main components: 1) 
Core Planning Team (CPT), 2) Public Participation (PP), and 3). Workshops and Technology (GIS, RS 
& MIS). The area of Karbi River Mouth has been chosen for a pilot project. The CPT and PP processes 
have been reviewed according three main criteria, which are: relevant government policy, current status or 
potential of natural resources, and the needs of the local people. A GIS system has been utilized to support 
data analysis, which included identification of issues and exploration of alternative spatial objectives. The 
CPT and PP processes aims to resolve the issues concerning government policy, the potential of the area, 
and the needs of the local community. The achievement of the whole project is the project’s vision, problem 
(SWOT) analysis, identified target area, management guidelines, and the action plan. A final solution 
to the coastal erosion problem for the community along the Karbi River Mouth, involving  the public 
participation process, is to use bamboo dams to decrease wave energy before the waves reach the shoreline. 

Keywords: coastal erosion, people (public) participation, Karbi River

BACKGROUND 

TO PILOT PROJECT

Karbi Province is located in the southern 
part of Thailand bordering the Andaman Sea 
(Figure 1). The region occupies a total area 
of 4,709 km2. The coastline is approximately 
160 km long and mangrove is one of the most 
important resources of the area. The area bor-
dering the shoreline exhibits a number of 
short narrow beaches and approximately 130 
islands of various sizes.

The causes of coastal erosion mainly involve 
such natural phenomena such as strong wind 
and currents during the monsoon season. It 
is believed that man-made structures are not 
the cause of coastal erosion because there are 
not any large buildings or structures built 
along these coastal areas. 

The Department of Marine and Coastal Re-
sources (DMCR) is responsible for conserva-
tion and restoration of marine and coastal 
resources. The DMCR is aware of the loss of 
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Analysis of Coastal Changes and 
Prioritization of critical Areas

Coastal change analysis was carried out 
through the use of GIS for a series of periodic 
times: in 1976, 1995, 2002, and 2008 (Fig-
ure 2). The coastal erosion of the area around 
Karbi River mouth since 1976 to December 
2008 can be divided into three zones (Figure 
3), which are:
1. Ban Tha Lae: a total area of 9.90 rai of 

erosion, with a distance of 1,277 m. 
2. Ban Klong Pasong: 21.3 rai or erosion 

zone, with a distance 1,412 m. 
3. Laem Son: 104.80 rai or erosion zone, 

with a distance 3,951 m. 

Results of consultations with Public (local 
community) Participation 

Resolution of the problems of coastal ero-
sion at the mouth of Karbi River can be best 
achieved through the process of commu-
nity participation. This was done through 
the organization of workshops that brought 
together all the stakeholders. It is an impor-

tant process in finding solutions through the 
involvement of related parties. There were 
a total of six workshops organized for this 
study by the Core Planning Team (CPT) and 
People Participation (PP). The results can be 
summarized as follows: 
•	 Causes of coastal erosion in the mouth 

of Karbi River include the dredging of 
the watercourse around the Karbi River 
mouth, inappropriate landuse and land 
management, and maritime transport.

•	 Most critical site selection: Area No. 1 
(Ban Tha Lae) has been selected as a pilot 
area to solve the problem of coastal ero-
sion. 

•	 Guidelines and the analytical solution to 
etch the Karbi River mouth area.

•	 The consensus of the meeting: solving 
coastal erosion problems in the pilot area 
by bamboo dams (Figures 4 and 5). 

•	 The establishment of a local community 
network for coastal erosion monitoring.  
This is the process for resolving the prob-
lem of long-term coastal erosion. 

Figure 2. A series of aerial photographs showing coastal changes in the mouth of Karbi River at various 
times: 1976, 1995, 2000, and 2008.
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Area 1

  

Area 2

 

Area 3

 

Area Topography Cause Management

1. Ban Tha Lae Mangrove areas and 
communities.

- Wave caused by boats.
- Dredging.
- The building of the dam.
- Natural water flow.

- Reduce the speed of the boats.
- Reduce the impact of waves.
- Forest Alternative.

2. Ban Klong Pasong Mangrove areas and 
communities.

- Dredging.
- Waves caused by boats
- Natural water flow.

- Reduce the speed of the boat.
- Reduce the impact of waves.
- Forest Alternative.

3. Laem Son Mangrove and shrubs. - Wave and monsoon season.
- Reduce the impact of waves.  
- Coastal ecosystem restoration.  
- Regulation of the area.

Table 1. Summary of the Resolution to Coastal Estuaries Karbi CPT and PP

 Figure 3. Map showing the coastal erosion crisis areas (1, 2, and 3) during 1976 - 2008.
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a

b

c

Figure 4. Photograph showing installing process of Bamboo Dam. a) Before the process, b) During the process, c) After the 
process.
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CONCLUSIONS

Karbi River mouth is important to the econ-
omy of the local community, because it is 
a source of marine resources such as man-
groves and as a coastal fishery. The occur-
rence of coastal erosion resulting in loss of 
land and mangrove has a significant impact 
on the community. Mitigating such prob-
lems must be done carefully so to meet the 

current requirements of local people whilst 
avoiding a subsequent negative impact. To be 
able to achieve this, the Marine and Coastal 
Resources Department has established a par-
ticipatory, step by step process to resolve any 
potential problems with a process as follows:
•	 Strengthening participation by local com-

munities 
•	 Reduce coastal erosion. 

Figure 5.  Map showing the agreed measures to resolve the issue.
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•	 Sediment added. 
•	 Mangroves planted to protect against 

waves instead of bamboo dam. 
•	 A solution that corresponds to the nature 

and sustainability.
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ABSTRACT  

Understanding the warm pool and the monsoon evolution from the Indonesian archipelago requires 
accurate reconstructions of the surface water hydrology (both temperature and salinity). Differences in 
results from previous studies may genuinely suggest a complex response of temperature and precipitations, 
with strong local or regional imprints, or could just be related to salinity-induced biases on proxies being 
used. Following the MONOCIR 2 Sampling Campaign in the Makassar Strait and the Halmahera Sea, 
in order to correct the potential biases, a multi-proxy approach that extends beyond the scope of the 
hydrological (temperature, salinity) reconstruction, will be conducted. A total of 10 cores from 8 locations 
in the Makassar Strait and Halmahera Sea were successfully acquired during the cruise and details of data 
acquired from two of the sites are described. 

Keywords: monsoon, ocean circulation dynamics, MONOCIR

INTRODUCTION

The Southeast Asian climate is largely domi-
nated by the monsoon regime, an extremely 
important and sensitive component of the 
climatic system. It results from seasonal dif-
ferences in the atmospheric pressure and tem-
perature gradients between ocean and land. It 
carries moist air from the Indian and Pacific 
Ocean to East Asia, affecting approximately 
one-third of the global population. Indone-
sia is situated in the heart of the East-Asian 
Monsoon system. 

The summer rainfall on the continent and the 
islands, induced by the monsoon regime can 
be devastating but is also supportive of life 
as it contributes to the fertility of the fields 
in these areas. Understanding how this mon-

soon regime and, more generally, the mois-
ture exchange between atmosphere, ocean 
and land, that has changed during the past 
is a challenge to understand its future evolu-
tion,

Climatic research conducted over the last 15 
– 20 years has shown that the climate of the 
earth has undergone fluctuations not only 
associated with the orbital parameters of the 
earth but also shorter period fluctuations mil-
lennial to centennial time scales. These short-
term fluctuations, first observed in ice cores 
(Dansgaard et al., 1993), have been also re-
corded by oceanic sediments (e.g. Voelker et 
al., 2002). On both time scales, the question 
arises about the role played by heat and mois-
ture exchanges between the ocean and the 
atmosphere at low latitudes via monsoon re-
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gimes and oceanic circulation and exchanges 
between the different water masses (Visser et 
al., 2003; Stott et al., 2004, 2007; Saikku et 
al., 2009).

The Indonesian archipelago is a particularly 
complex area in which sediments have record-
ed monsoon and ENSO-like variability at dif-
ferent timescales (Wang et al., 1999; Van der 
Kaars et al., 2000; Visser et al., 2003; Stott et 
al., 2004; 2007; Holbourn et al., 2005), the 
effects of glacio-eustatism on both the detrital 
and the biological sedimentation (Holbourn 
et al., 2005), and the history of surface and 
subsurface currents, including the variability 
of the ITF (Xu et al., 2006, 2008). Unrav-
eling such a complex paleoceanographic and 
paleoclimatic history is not easy, in particular 
because our proxies are never “perfect” and 
are affected by a complex interplay of biologi-
cal, physic-chemical, and sedimentological 
mechanisms.

Reconstructing the evolution of the Pacific 
warm pool, in connection with the ENSO-
like variability, requires an accurate recon-
struction of past changes in seawater tem-
peratures. Previous studies (Visser et al., 
2003; Stott et al., 2004; 2007) applied Mg/
Ca thermometry (Mg/Ca ratio measured on 
planktonic foraminifer shells) to derive past 
sea surface temperatures (SST). However, 
several studies indicate that the Mg/Ca proxy 
is strongly affected by salinity variations (Fer-
guson et al., 2007; Kisakurek et al., 2008; 
Mathien-Blard and Bassinot, 2009), that 
cast some serious doubts about the results 
obtained with this proxy. Coupled δ18O and 
Mg/Ca-SST analyses on the same planktonic 
foraminifer species have been carried out to 
derive seawater δ18Osw and reconstruct past 
changes in surface salinity associated with the 
monsoon evaporation/precipitation budget 
in the warm pool area (Stott et al., 2004). 

SST and salinity reconstructions on the last 
Termination and the phasing of tropical SST 
with respect to global ice volume and high 
latitude climate change revealed a regional 
variability within the Western Pacific Warm 
Pool (WPWP) area and at its margins (Rosen-
thal et al., 2003; Visser et al., 2003; Stott et 
al., 2007). In Makassar Strait, changes in the 
Mg/Ca ratio head planktonic oxygen isotopes 
(interpreted as ice volume) by 2–3 kyr during 
Terminations I and II (Visser et al., 2003), 
while in the Sulu Sea, southern South China 
Sea (SCS), and Timor Sea (TS), they are in 
phase with ice volume (Rosenthal et al., 2003; 
Xu et al., 2006). These results may genuinely 
suggest a complex response of temperature 
and precipitation, with strong local or re-
gional imprints. Alternatively, these differ-
ences could just be related to salinity-induced 
biases on Mg/Ca-thermometry, which may 
have disturbed the SST records and created 
apparent differences in the phase relationship 
between hydrographic signals. 

In order to extract meaningful pieces of in-
formation about the warm pool and mon-
soon evolution, accurate reconstructions of 
the surface water hydrology (both tempera-
ture and salinity) are mandatory. One of the 
major goals of this project is to build such 
an accurate database by combining pieces of 
information obtained from different prox-
ies (i.e. temperature reconstructions based 
on both foraminifer transfer functions and 
Mg/Ca-thermometry) and developing strate-
gies to correct for potential bias (i.e. Mathien 
Blard and Bassinot, 2009). This multi-proxy 
approach extends beyond the scope of the hy-
drological (temperature, salinity) reconstruc-
tion, and will actually cover the detrital sig-
nal (magnetic mineralogy, grain size), which 
carries key pieces of information about the 
monsoon and the sub-surface and deep cur-
rent dynamics. 
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those on the western boundary of the Pacific 
ocean (Figure 1). A total of seven CALYPSO 
cores and three CASQ cores have been suc-
cessfully collected from eight locations, five 
were taken from Makassar Strait and the rest 
were obtained from the Halmahera Sea (Ta-
ble 1 and Figure 2). 

The second step is conducting sample analy-
ses that include age determination and prox-
ies for paleocanography, i.e. stable isotopes 
(O and C) from planktonic and benthic fora-
minifera; Mg/Ca ratio from planktonic fora-
minifera; faunal assemblages; major elements 
(XRF); magnetic properties of the terrigenous 

Station 
No.

Sampling No. Core type Depth (m) Latitude Longitude
Core 

length (m)

1 MD10-3331 Calypso 1814 02°32.75'S 118°38.13'E 34.8

2 MD10-3332 Calypso 1591 01°38.88'S 118°54.19'E 45.12

3 MD10-3333 Calypso 1408 00°32.84'S 119°13.15'E 19.8

4 MD10-3334 Calypso 1169 00°13.67'S 119°18.53'E 46.09

4 MD10-3335Cq Casq 1169 00°13.67'S 119°18.53'E 5.05

5 MD10-3336Cq Casq 1485 02°18.53'N 126°11.54'E 0.79

6 MD10-3337Cq Casq 1963 00°23.07'S 129°00.84'E 1.05

6 MD10-3338 Calypso 1963 00°23.07'S 129°00.84'E 29.45

7 MD10-3339 Calypso 1919 00°26.67'S 128°50.33'E 38.91

8 MD10-3340 Calypso 1094 00°30.98'S 128°43.47'E 34.1

Table 1. Sampling Location MONOCIR 2 

Figure 2. MONOCIR 2 sampling location.
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fraction; microgranulometry; and Pa/Th ratio 
(if suitable).

The following is a description from two core 
sites, MD10-3332 and MD10-3338, that 

includes bathymetric maps and sub-bottom 
profiler for each of the of the core sites, to-
gether with CTD data, and physical proper-
ties of the cores at each site (Figures 3 - 10).

Figure 3. Bathymetric map Site MD10-3332.
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Figure 4. Sub-bottom profiler Site MD10-3332.

Figure 5. CTD data (temperature, salinity and Fluor content) Site MD10-3332.
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Figure 7. Bathymetric map Site MD10-3338 (continued).

Figure 8. Sub-bottom profiler Site MD10-3338.
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Figure 10. Uncorrected measurement of the physical properties of the core using MSCL-Geotek Site MD10-3338.

Figure 9. CTD data (temperature, salinity and Fluor) Site MD10-3338.
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SUMMARY
Understanding the warm pool and the mon-
soon evolution from the Indonesian archipel-
ago requires accurate reconstructions of the 
surface water hydrology (both temperature 
and salinity). Differences in results from pre-
vious studies may genuinely suggest a com-
plex response of temperature and precipita-
tions, with strong local or regional imprints, 
or could just be related to salinity-induced 
biases on proxies being used. In order to cor-
rect for potential biases a multi-proxy ap-
proach that extends beyond the scope of the 
hydrological (temperature, salinity) recon-
struction, will be conducted. It will cover the 
detrital signal (magnetic mineralogy, grain 
size), which carries key pieces of information 
about the monsoon and the sub-surface and 
deep current dynamics to verify the results 
from hydrological proxy. This approach will 
be applied to samples that were taken during 
MONOCIR 2 22 – 30 July 2010 sampling 
campaign. A total of 10 cores from 8 loca-
tions in Makassar Strait and Halmahera Sea 
were successfully acquired during the cruise. 
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ABSTRACT  

Climate change has been depicted throughout the earth’s geological history as indicative of alternating 
phases of variously warm and cool global climate since  Cambrian times. Climate variation measurements 
using geoscientific techniques are extracted from diverse climate proxy records such as sediments, fossils, 
and isotopic evidence. During the Quaternary period, characterized by a comparatively short duration 
within the geological time scale, markedly cold and warm phases have been recorded. The cold and warm 
periods are indicated, in the northern hemisphere, by the alternation of glacial and interglacial sedimentary 
deposits. In the equatorial region, the cold and warm conditions are reflected in the sea level record, often 
preserved in the coastal sediments. This paper discusses the climate proxy record derived from pollen and 
diatoms for the Late Quaternary sediments investigated in the lowland coastal areas in Malaysia.

Keywords: Quarternary, cold and warm phases, glacial and interglacial, coastal sediments, pollen and 
diatoms, Malaysia
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ABSTRACT  

Global warming and climate change have contributed to the intensifying of surface geological processes, 
with extreme weather conditions resulting in rapid changes at the Earth’s surface. This is posing serious 
threats to many geosites around world. Rapid erosion and human activities contribute to the rapid exposure 
and desruction of geological units and endanger the geodiversity of many geosites. Proper measures must 
be taken in order not only to tackle the deteriorating condition of such geological resources and their 
environments but also to protect the growing number of geosites newly exposed due to the natural cause 
and to man-made excavation.

While many countries are concentrating on the development of  geoparks for geoconservation and sustainable 
development purposes, a number of local communities throughout Thailand are still seeking places they 
can use to teach students about geology and the related environment. This problem arose immediately after 
the new curriculum on science for pre-university level education was implemented in 2001 and included 
many earth science topics.  Most teachers are not familiar with geoscience and have limited knowledge and 
few ideas on how to develop geosites in their own communities though there is now an urgent need to 
develop local geosites for educational purposes and it may be desirable for a local community to establish 
several geosites in their province for geosciences related education and geoconservation. It is also possible 
to combine such geosites with other tourist attractions in the area to set up a geotour route for both 
local students and visitors. Furthermore, local communities must be prepared to recognize areas where 
geological features are currently being exposed by rapid surface erosion and can be developed into further 
local geosites. 

However such developments are unlikely to proceed without possible business motivation. A study to 
establish a geotour route was carried out in northeast Thailand where the best dinosaur site museum is 
located with high potential to find more sites. The result shows that the proposed geotour route has a 
high potential. The central government should support local communities, offices and organizations to 
identify and set up local geosites for further development, i.e., at the provincial level. Such geo-educational 
networks then will be connected to represent a geotourism site network of the country. The best geosites 
will eventually be recognized and established as national and global geoparks in the future.

Keywords: Geotourism, Geosite, Geoconservation, Geodiversity, Geopark, Thailand



53

Proceedings 47th CCOP Annual Session 2010

Impact of Climate Change on Mineral Resources of Vietnam:  
Current status and Solutions

Nguyen Quang Hung 

Department of Geology and Minerals of Vietnam

ABSTRACT  

The mineral resources of Vietnam are abundant and diverse, contributing significantly to national economic 
and social development. According to the updated geological and mineral exploration information, mineral 
resources of great potential include bauxite, titanium-zircon, rare earth elements, coal, apatite, white marble, 
glass sand, cement limestone and thermo-mineral water, can serve in the long-term the mining and mineral 
processing industry. Being mostly nonrenewable, these resources must be protected and rationally used. 
However, according to the Intergovernmental Panel on Climate Change (IPCC 2001) and data published 
by the World Bank (World Bank 2007), climate change and associated sea level rise will have several 
negative effects for humans, mineral resources, and the environment of Vietnam, especially in coastal zones. 
Climate change could affect the mineral resources in many ways and on different scales. Mineral resources 
distributed in coastal lowland areas can be directly impacted by sea level rise, with loss of reserves by mine 
flooding, degradation of mineral quality by salinization and corrosion (e.g. Tan An silica sand mine in 
Quang Nam province, Dien Hoa silica mine in Thua Thien Hue Province, and most of the coastal clay 
mines), dispersal of contaminants by submergence of tailings ponds and drainage facilities (e.g. ilmenite–
zircon placers along the coastline of Vietnam), difficulties in mineral investigation, exploration, and 
exploitation. Mineral resources distributed in hilly and mountainous areas can also be indirectly impacted 
by extreme weather phenomena linked with climate change. Here uncontrolled dispersion of pollutants 
from tailing ponds and drainage facilities may occur due to sudden changes in rainfall, temperature, and 
humidity, or mining incidents such as collapse, landslides (e.g. Ru Moc marble quarry in December 2007) 
and subsidence may increase due to the intensification of weathering processes.

Understanding the risk and impacts of climate change on mineral resources in Vietnam will serve as a 
scientific basis to work out plans for their rational investigation, exploration and exploitation.

Keywords: climate change, mineral resources, Vietnam, weathering process
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ABSTRACT  

During the Quaternary period, global climate changes influenced worldwide sea-level variation. On the 
local scale, attempts to determine such variation have been made through studying sea-bottom morphology 
changes using bathymetry and seismic strata box data obtained during a field survey in the Singkawang 
Waters, West Kalimantan. Sea-level changes in this area were referred to global variations that had been 
assessed by many researchers. Maximum bathymetry depth attained during sea depth mapping was -52 m 
in places such as a depression between Lemukutan and Penata Besar Islands. General depths are -30 m; 
thus, morphology reconstruction was done for sea-level positions -10 m, -20 m, and -30 m from mean 
sea level. In the study area, sea-level declining to more than -30 m, could only have affected sea-bottom 
morphology of isolated depressions. These isolated depressions are assumed to represent palaeo-lakes which 
occurr throughout Sunda Land.

The study results also show that sea-level history in the Singkawang area can be traced since approximately 
10,000 years ago or Holocene time. During low sea-levels, the sea-bottom morphology was characterized 
by more extensions of Singkawang land, formations of narrow straits between islands, and developments of 
paleo-lakes assumed as fresh water lakes in the past. These events, based on Voris’s age to sea-level diagram, 
occurred from about 10,200 up to 8,300 years ago. On the other hand, marine clays recorded in drill logs 
from coastal locations of Singkawang are evidence of sea-level rise in this area. About +5 m sea-level rise 
inundated this area approximately 4,200 years ago.

Influences of sea-level changes to under sea-bottom geological conditions were also assessed. The assessment 
was carried out by analyzing records of ‘strata box’, a shallow reflection seismic system. The records 
demonstrated that the under sea-bottom geology was typified by ‘cut and fill’ reflector configurations 
interpreted as a fluvial land environment. 

Keywords: sea-level changes, sea-bottom morphology, bathymetry, strata box, Singkawang Waters
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ABSTRACT  

The presentation will give an overview of the United Nations Framework Classification for Fossil Energy 
and Mineral Reserves and Resources 2009 (UNFC – 2009). Development of the system, the role of 
UN, and the process involved to create the system which will be shown as well as the structure and basic 
definitions. Example of its application will be given.

UNFC is a framework system where other international and national systems can be mapped into and 
the numbers compared. It is, however, also a classification system on its own and is being used in several 
countries.

The system is unique as it is the only global system that comprises both minerals and fossil energy, like 
coal, petroleum and also uranium. The definitions are generic; hence they are equal and applicable to the 
different commodities. A numeric codification helps communication across lingual borders. The system 
provides a basis for better communication of the classified commodities at all levels and provides for better 
quality of the numbers. 

Keywords: fossil energy, mineral, framework classification, numeric codification
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ABSTRACT  

The contribution of flare gases to global warming through burning of hydrocarbon components leads to the 
change of green house gas magnitudes and compositions that has been predicted. Flare gases in oil and gas 
upstream operations in Indonesia will have this effect. Therefore, a flare gas reduction program in Indonesia 
needs to be proposed to implement a Zero Flare Gas Policy as an effort towards global warming mitigation.

Preliminary analysis via Government of Indonesia and the World Bank Global Gas Flare Reduction joint- 
research has found that there is a potential flare gas reduction of around 137 MMscfd (1.4 Bcm) or 37 
percent of currently flared gas already committed to utilization projects in the short and middle term period 
in Indonesia. This potential flare reduction needs to be confirmed and managed through a proposed flare 
gas reduction program and regulations in order that global warming mitigation can be effectively assisted.

Keywords: flare gas, reduction program, zero flare gas policy, global warning mitigation
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ABSTRACT  

Geological studies of Late Quaternary sediments from various locations in Indonesia provide a clear evidence 
for major environmental changes. Partly, these changes are due to the impact of climate change during 
transitions from Late Pleistocene Glacial conditions to Holocene Interglacial conditions. The reconstructed 
environmental dynamics of the Late Quaternary are indicative of the possible consequences and impacts 
of future climate change.

Studies on sites in Java (ancient Lake Bandung, Rawah Danau swamp/lake), Lake Tondano in North 
Sulawesi, and the Kao Bay region, Halmahera, contribute major insights for Quaternary palaeoclimate 
studies in the Indonesian region. Together with very limited other research (marine geological studies, 
palynological analysis of sediments, coral analysis), these studies still provide important references to 
understand the impacts of climate change and possible impacts on our environment and society.

Important conclusions are: 1) Quaternary geological studies provide important information on 
environmental change processes and patterns (including climate change) for equatorial lowland areas, 2) 
Since Late Pleistocene and during the Holocene times, significant variations in hydrologic regimes (river 
discharge, lake levels) were inferred: these are not less than present-day human induced alterations, 3) 
Palynological studies reveal regional adaptation of vegetation types in response to diminished rainfall; 
extension of open woodland, grasslands, islands of ever wet tropical rainforest, 4) Coastal evolution: marked 
changes in coastline configuration due to rapid sedimentation, reef terrace uplift, sea level fluctuations, 5) 
The studies contribute to local (site specific) management issues, as well as to the understanding of regional 
implications of climate change and environmental management issues.

Keywords: Late quarternary sediments, Late Pleistocene glacial, Holocene glacial, climate change, Indonesia

Temperature and rainfall reconstruction for the last 135,000 year on the basis of sedimentary record from 
Lake Bandung, West Java (Van der Kaars and Dam, 1995)
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ABSTRACT  

The eruption of Tambora Volcano on the island of Sumbawa in 1815 is generally considered as the largest 
and most violent volcanic event in recorded history. The cataclysmic eruption which occurred on 11 April 
1815, initiated by a plinian eruption on 5 April, killed a total of more than 92,000 people on Sumbawa 
and nearby Lombok Islands. This event has an unprecedented impact on the earth’s atmosphere as huge 
quantities of erupted ash and volcanic aerosols interfered with incoming solar radiation to the earth, causing 
global climate changes for one to two years. These changes were particularly well documented in temperate 
latitudes of the Northern Hemisphere. This catastrophic eruption was documented by a handful of British 
resident agents, sea captain, and army officer who were scattered in the Indonesian Archipelago. The aerosol 
cloud spread rapidly around the Earth in about 3 weeks and attained global coverage by about 1 year after 
the eruption, causing dramatic decreases to the amount of net radiation reaching the Earth’s surface. Effects 
on climate were an observed surface cooling in the Northern Hemisphere of up to 0.4 to 0.70 C, equivalent 
to a hemispheric-wide reduction in net radiation of 6 watts per square meter and a cooling of perhaps as 
much as -0.60 C over large parts of the Earth in 1816 resulting in the “year without summer”.

Keywords: Tambora Volcano, volcanic ash, volcanic aerosol, climatic effect



65

Proceedings 47th CCOP Annual Session 2010

Causes of Land Subsidence in Semarang, Indonesia 
and Some Aspects for the Future  

Djumarma Wirakusumah and Dodid Murdohardono 

Geological Agency, Indonesia 
 e-mail: ade@dgtl.esdm.go.id; dodid@dgtl.esdm.go.id

ABSTRACT  

Semarang, the capital city of Central Java Province and one of the largest cities in Indonesia, is located on 
the north coast of Central Java with a population of about 4 million people. Part of the north coast area of 
Semarang City has been showing an increasing amount of sea water inundation for almost the last three 
decades and currently sea water is covering an area of about 1500 hectares. The rate of land subsidence (1 
– 9 cm/year) at the north coast of Semarang has been observed following over-exploitation of groundwater 
that cause a decrease of the maximum groundwater level of 1.4 m per year in the area.  On the other hand, 
an engineering geological study of core samples and soil mechanics analysis indicated that consolidation 
processes could be interpreted in the area where subsidence is happening. Further information is that the 
sea water level of the Java Sea has risen  by almost 30 cm during the last 30 years, an average rise of 1 cm/
year, probably effected by global warming. The above three related factors explain the mechanism whereby 
sea water has inundated part of the land area of Semarang. This information provides a warning for the 
future  and useful input for spatial planning purposes in the Semarang area.

Keywords: land subsidence, groundwater over exploitation, consolidation, sea level rise
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ABSTRACT  

The aim of survey in the Gulf of Tomini and Peleng Strait in March/April 2010, using RV. Geomarine III, 
was to obtain all geological and geophysical information related to the potential of possible energy and 
mineral resources remaining to be discovered in the area. The data acquisition used various methods of 
navigation and positioning, bathymetry or sub-bottom profiling, multi channel and single channel seismic 
recording. Preliminary results of the seismic profile interpretation indicate that the Tomini Basin is filled 
by at least three to five sediment sequences possibly resulted from sediment mass movement resulting 
in  slumped sediments, turbidites, and interbedded pelagic sediments.  The seismic profile also indicates 
a basement uplift,  especially in the eastern part of the survey area. In the centre Tomini Basin, the Colo 
Volcano is present, and in the western part of the basin, a submarine intrusion-like structure can also 
be recognized. The profiles obtained from the Banggai-Sula waters show the existence of a submarine 
channel and an intrusion-like structure in the area of the Peleng Strait. A petroleum system can possibly 
be identified on the seismic profiles, however the seismic processing for this purposes is still in progress.

Keywords: Gulf of Tomini, Peleng Strait, geophysical information, energy and mineral resources, submarine 
intrusion-like 
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