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ABSTRACT 
  

BACKGROUND. This study starts from the background that the coastal zone is the most im-
portant part and the most intensively used area compared to all other areas settled by humans in the 
world. In this area, population growth is considered as a driving force of many area management prob-
lems. The rapid increase of population around the globe has caused the large-scale exploitation of 
coastal resources. Integrated Coastal Zone management (ICZM) offers a means to balance the compet-
ing demands of different users to the same resources and to mange the resources in order to optimise 
the benefits to be derived on a sustainable basis that is consistent with a country’s goals. One of the 
important tools in ICZM is remotely sensed image. Remotely sensed images can play an important 
role in coastal area management, by providing the synoptic view of the landscape. Such a view is 
practically impossible to be obtained by conventional in-situ measurements. 

Due to the large extent, satellite image data can contribute by its synoptic character to the in-
vestigation of a range of coastal processes. Moreover, the importance of time series of satellite im-
agery and derived products, for showing coastal and marine spatio-temporal trends on longer time 
scales is widely recognized, especially in relation to climatic variability. This applies to features on 
both sides of the land-sea boundary, such as: land cover, shoreline change, suspended sediments, sea 
surface roughness, state of coastal and marine habitats, sea surface temperature, chlorophyll and pri-
mary production. Standard procedures and algorithms are widely available to measure and map these 
features on land or in clear ocean waters. However, the same procedures and algorithms produce 
doubtful results when applied to turbid coastal waters. Therefore, development of methods to charac-
terize the state of coastal water masses, monitor their patterns of flow and estimate their constituents 
are challenging topics. Coastal and marine resource management issues and strategies indicate that the 
sharing of such remote sensing information is an essential component in (research on) integrated 
coastal zone management and planning. 
  

 METHODOLOGY. The research has been done in East Kalimantan, Indonesia. A field 
campaign was done during October 2003. Two types of activities were carried out. The first consisted 
of in-situ measurements: Several parameters have been measured simultaneously such as pH, conduc-
tivity, dissolved oxygen, temperature, salinity and water depth. The second type of activity consisted 
of the collection of water samples. These samples were then transported to the laboratory of the Vrije 
University, Amsterdam to measure the Total Suspended Sediment (TSM) concentrations. 

TSM concentrations have been retrieved from remotely sensed images from the Landsat TM 
from the acquisition period June 1991, July 1996 and July 2002. The research is based on an empiri-
cal approach. This approach was used to process multi-temporal image data with digital numbers in 
combination with in-situ measurements of TSM (in mg/l) into maps of TSM concentrations. 

 Chlorophyll concentration maps have been generated from SeaWiFS satellite images by using 
the OC4 algorithm, that uses a single set of coefficients applied to the ratio RG which is determined 
by the greatest ratio among Rrsw(443)/Rrsw(555), Rrsw(490)/Rrsw(555), and Rrsw(510)/ 
Rrsw(555).A detailed discussion of ocean colour algorithms for the SeaWiFS instrument is available 
in the work of O’Reilly et al. (1998).  

By using the SeaWiFS images TSM concentration maps have been generated by using the 
TSM algorithms developed by the Powers project (Van der Woerd et al., 2000). The results of qualita-
tive TSM maps have shown some failure in the atmospheric correction by using SeaDAS software. To 
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overcome this problem, a simple extension for SeaDAS has been applied (MUMM) to generate a se-
ries of Chlorophyll-a (Chl-a) and TSM concentration maps of East Kalimantan for the years 1999, 
2000 and 2001 at global-regional scales (SeaWiFS data). 

Finally, Sea Surface Temperature (SST) maps of East Kalimantan for the years 1997, 1998, 
1999, 2000, 2001 and 2002 at global-regional scales (NOAA/AVHRR data) have been generated. The 
calculation of SST in this study done through many steps: (i) geometric correction, (ii) calibration and 
radiometric correction, (iii) Cloud detection and masking. After achieved all image processing steps, 
the proper algorithms have been applied to generate the Sea Surface Temperature (SST) maps for the 
period from 1997 till 2002 at a monthly basis. 

 
RESULTS. The results of the statistical approach indicate that retrieving sediment concentra-

tions from satellite data is well possible, especially for the purpose of mapping spatial distribution and 
pattern. This approach shows that for this research, regression analysis did a job of characterizing the 
relationship between the TSM concentration measured and the TSM concentration retrieved from the 
images. Despite that the correlation is not so high; the main reason may be due to the fact that none of 
the TSM in-situ measurements was done at the coincident time of satellite recording. Possible reasons 
for this dependence include the small sampling size, error in sampling, or error in the match between 
the in-situ sampling locations and the TM image locations. 
The results of the statistical approach show that the TSM estimation retrieved from Landsat July 8, 
2002 gave better results than from the other two Landsat sets. The highest correlation (R2) with TSM 
in-situ measurements is indicated by the TSM estimated from Landsat 2002.  

Based on the results and associated analyses that were made of the various kinds of Landsat 
TM imagery and statistical approach, the following conclusions were indicated: (1) The results con-
firm that satellite remote sensing, particularly Landsat TM data, can be used effectively to determine 
suspended sediment concentrations of coastal water bodies. (2) The results of the statistical approach 
don’t agree with the results of previous researches that indicated that the best wave band to analyse 
suspended sediment concentration is (TM3 for Landsat). In terms of wavelength, this current research 
results show that the blue band (band 1) in all the Landsat TM sets are the most appropriate band to 
be used for TSM estimation compared to the others bands. This blue band gave the highest result for 
TSM estimation. And also based on the result the individual correlation between the digital number of 
each band and the TSM o the water samples the simple regression the correlation coefficient was very 
poor, this result is due to many important factors such as: (1) The time of acquisition of satellite im-
ages was not the same time of collection the seawater samples.  (2) The samples have been taken from 
different depth this caused some error. (3) Some samples were taken during the high tide and other 
during the low tide. This factor should be taken in the consideration. (4) Weather conditions are very 
important factor because the clouds and other factors will affect the digital numbers. (5) Also it is im-
portant to indicate that some problems occurred during the transportation of the water sample to the 
lab in the Netherlands. 

Comparison between TSM estimated by using different images of Landsat from different 
years and different TSM in-situ measurements data show that they were not so much different in esti-
mation results between the different sets. It can be stated that the mapping of TSM concentrations us-
ing the statistical approach from the archived image still can be considered to give good results in or-
der to show the distribution patterns of sediments. This is not in terms of absolute concentrations val-
ues but in terms of relative concentration in time and space. From the image analysis in this research, 
it can be concluded that the East Kalimantan coastal water can be roughly divided into two TSM con-
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centration zones. The western part has higher concentrations of TSM compared to the eastern part due 
to of input sediment, which comes mostly from the Berau River and Mahakam river delta discharge 
beside the increase of erosion in the upstream catchments areas as result of mangrove tress destruction 
and conversion to fishponds. 

The results of water quality sampling have shown clearly that river discharge has a consider-
able influence on the water characteristics of Berau area. The data of turbidity and salinity shows a 
clear tendency when going from the river mouth to the sea, the turbidity decreases and the salinity 
increases due to the influence of the river on the seawater characteristics. For temperature, no clear 
relationship could be found between river discharge and seawater characteristics. 

Certain parameters show differences with depth. These are, however generally non-significant. 
This could be due to the dynamics of the East Kalimantan seawater due to tide, wind and waves. Mix-
ture between surface and subsurface water may be strong. Certain relationships between different wa-
ter parameters have been confirmed such as salinity and depth. The measurement results illustrate of 
river discharge due to the characteristics of the catchments. This fact was verified in terms of spatial 
distribution by using statistical approach (Chapter VI). The influence of coastal dynamics such as tide, 
wave and wind movement on the data collection appears also in this research. The water salinity in 
front of the Berau River has been influenced by the high river discharge. 

 Time series of SeaWiFS satellite imagery have been used to produce qualitative Sea Surface 
Temperature (SST) and Chlorophyll (Chl-a) concentration maps for the period of 1999-2001. Intra-
annual comparison shows a definite pattern of chlorophyll distribution. The analysis of the cloud-free 
data from October to July shows that the highest chlorophyll concentration is observed at near-coast 
location during May, associated with river discharge and rainfalls maximum. Winter cooling and con-
vective mixing also shows a distinct pattern of highs and lows at different locations. Inter-annual vari-
ability varies according to locations. Variability is more in the near-coast location due to high nutri-
ents discharge by rivers, where the chlorophyll concentration range is also higher. In the offshore and 
open ocean waters, year-to-year variation is not very significant. Seasonal periodicity is evident in 
inter-annual analysis. The data are useful in understanding the distribution, magnitude and timing of 
phytoplankton variability. The study emphasizes the potential of satellite sensor data for understand-
ing chlorophyll distribution, which in turn may form an important input to climate modelling. SeaDAS 
software shows a major failure by masking the near shore turbid water While valid for clear and open 
ocean waters, MUMM extension has overcome the problem with masking the turbid water by using 
SeaDAS atmospheric correction algorithm. 

In this research, the statistical approach fail to show accurate results due to many reasons such 
as samples number are not enough, samples were taken from different depths, the time of satellite ac-
quiring was not the same as the maples taken, therefore for this research analytical approach using a 
bio-optical model is recommended to increase the accuracy of the estimation of Total Suspended 
Sediment (TSM). The capability in applying archive SeaWiFS and NOAA images and minimized in-
situ measurements are other advantages of the bio-optical model approach (Pasterkamp et al., 2001). 

This study shows during some period sediment-rich river water in East Kalimantan is trans-
ported in a characteristic river plume. The transport direction of these plumes is not much influenced 
by the Indonesian through flow, it is usually oppositely directed. Tidal currents and wind stress will 
have influence on this sediment plumes. 
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1.  INTRODUCTION 

The coastal zone is the most important part and the most intensively used area compared to all 
other areas settled by humans in the world. In this area, the population growth is considered as a driv-
ing force of many management problems. In recent years, the occupation of population has been stag-
gering, with about 50-70% of the estimated of 5.3 billion people alive today in the coastal zone 
(Edgren, 1993). High population growth and high occupation of coastal areas are not limited to devel-
oping countries, but are also present in developed countries. One of the population scenarios is that, in 
the next 30 years, more people will live in the coastal zones, more than that are alive today (NOAA, 
1994). For these reasons, coastal resources will continue to be, and being placed under multiple, in-
tensive and often competing pressure. 

The rapid increase of population around the entire globe has caused the large-scale exploita-
tion of coastal resources. Those facts, followed by rapid development of infrastructure, have often 
resulted in severe degradation and declination of the quality of the coastal environment. These pres-
sures on the coastal zone will certainly be more and more intensive in the future. The use of tech-
niques which attempt to assist in managing the many conflicts in a sustainable way will therefore be-
come increasingly important in both developed and developing countries (Kay & Alder, 1999). Inte-
grated coastal zone management (ICZM) offers means to balance the competing demands of different 
users to the same resources and to manage the resources in order to optimise the benefits to be derived 
on a sustainable basis that is consistent with a country’s goals. One of the important tools in ICZM is 
a remotely sensed image. 

Remotely sensed images play an important role in coastal area management by providing a 
synoptic view of the landscape. Such view is partially impossible to be obtained by conventional in-
situ measurements. Since 1970, remotely sensed imagery has been used to map coastal areas and their 
components such as water quality, bottom features, bathymetry, coastal dynamics, terrestrial and ma-
rine habitat and some coastal hazards. The use of this method has become more and more important 
for understanding the behaviour of coastal environments because of it’s capacity to provide both spa-
tial and temporal information. One of the uses of remotely sensed image data is in the monitoring of 
water bodies including the monitoring of high concentrations suspended sediments in coastal waters. 
Satellite remote sensing has been shown to be useful for estimation of suspended sediment concentra-
tions in water bodies. Some studies have shown a significant relationship between suspended sedi-
ments and radiance or reflectance in several wave bands or combinations of wave bands recorded by 
satellite and aircraft sensors (Ritchie, et al., 1993). Moreover, the importance of time series of satellite 
imagery and derived products, for showing coastal and marine spatio-temporal trends on longer time 
scales is widely recognized, especially in relation to climatic variability. This applies to features on 
both sides of the land-sea boundary, such as: land cover, shoreline change, suspended sediments, sea 
surface roughness, state of coastal and marine habitats, sea surface temperature, chlorophyll and pri-
mary production. Standard procedures and algorithms are widely available to measure and map these 
features on land or in clear ocean waters. However, the same procedures and algorithms produce 
doubtful results when applied to turbid coastal waters. Therefore, development of methods to charac-
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terize the state of coastal water masses, monitor their patterns of flow and estimate their constituents 
are challenging topics. 

  

1.1. Research Problems and Interesting Phenomena in East Kalimantan  

 
East Kalimantan is a relatively scarcely populated province. It has a wide variety of coastal 

systems under varying influences of human pressure. In parts of its coastal zones large-scale oil and 
gas exploitation occurs, but other areas are supposed to be still in a relative pristine state. Rivers in 
East Kalimantan have a large hinterland, reaching up to more than 400 km inland, against maximally 
60 km in West Java. Since the Tertiary, these rivers have developed large delta systems and they con-
tinue to do so today, varying from river-dominated strongly progressive deltas (Mahakam delta to 
more tidally dominated estuarine systems like the Berau area. The occurrence of different ecosystems 
and their variability (like coral reefs, sea grass beds, mangrove forests, etc.) is to a large extend related 
to different tolerance limits and responses to factors such as sediment load (turbidity), nutrient avail-
ability, currents and tides. 

The major problems of east Kalimantan can be viewed in many ways. East Kalimantan as a 
coastal region has the same problems as other coastal regions in Indonesia. However, due to its geo-
graphical position and richness in resources, it receives a certain extra pressure. These conditions 
have resulted in the rapid degradation and depletion of coastal resources in this area. The human pres-
sure to the coastal environment has caused major problems. Those are: 

1. The degradation of natural ecosystem. The coastal natural ecosystem can be considered as a 
fragile ecosystem. A specific ecosystem on the interface of land and sea, mangrove, is under increas-
ing pressure due to human activity. As an example, many mangrove areas are degraded and have been 
converted into fishponds (“tambak”). In addition, the expansion of industries, urban area and agricul-
ture in the hinterland have caused damage of the natural ecosystem in the hinterland, as well as in the 
coastal region. Other unique marine ecosystems such as coral reefs are under similar pressure. Coral 
harvesting for building materials has cause significant damage already. 

2. The deterioration of water quality. This is caused both by urban and industrial waste, as 
well as by (fertilizer) pollution from agriculture and shipping. Waste disposal from the shrimp ponds 
also contributes to the water pollution. The specific density of aquaculture waste is 1.0004gram/ml, 
which settles at water current of less than 8 cm/min. Consequently; aquaculture waste will be settled 
in the delta area. In the early 90’s extensive aquaculture (shrimp ponds) began to develop; first in the 
vicinity of the villages and then everywhere in east Kalimantan even at upstream locations.  

3. The increase of suspended materials. This increase is due to erosion in the upstream catch-
ments areas. Recent evidence also shows that re-suspension of sediments from the sea bottom is an-
other source of this phenomena. This evolving process may lead to change of the coastline and a de-
crease of water depths. Due to the disappearance of the inland vegetation cover, the land is submitted 
to very large erosion processes conducting to river fringe destruction and mortality of the remaining 
trees. The vegetation belt becomes thin and cannot protect the land against erosion. 

4. Eutrophication. Is a condition in an aquatic ecosystem where high nutrient concentrations 
stimulate blooms of algae (e.g., phytoplankton) as shown by the colour of the water in the basins 
(green, brown). This phenomenon causes the diminution of the fish population, sea grasses and dam-
age to the coral reefs. 
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5. Improper coastal zone management. Mismanagement in the East Kalimantan area is due to 
sectoral approach in coastal planning. At present, the planning and management of land and sea is not 
integrated in an integrated management. In addition any of these management initiatives lack the fi-
nancial and staff facilities for implementation and control of the work. Finally, there is a lack of stake-
holder awareness for environmental issues due to the lack of environmental information. This study 
has contributed to the coastal research between Indonesia and Dutch research institutions. 

 

1.2. Research Objectives 

 
The present research is part of a large and integrated research project on land-ocean interac-

tions in East Kalimantan coastal zone by multi scale remote sensing, done and managed by a consor-
tium of Indonesian and Dutch institutions. The Dutch Research Foundation funds the entire project 
for Scientific Research in Tropical Countries (WOTRO). As a part of ITC’s contribution to the pro-
ject, this study strives to combine multi sensor satellite data and in-situ measurements to detect trends 
in morpho-dynamics and to explain processes of mixing and transport between river waters and ocean 
waters. Along the East Kalimantan coast, the Mahakam and Berau rivers account for a substantial an-
nual fresh water and sediment input into the coastal zone. These mixing areas are being referred to as 
Regions of Freshwater Influence (ROFI's). The methodology combines image data, ranging from local 
scales to global-regional scales to quantify 5 terrestrial and marine factors/indicators to detect and 
characterize these ROFI's. These are: land cover, shoreline position, Total Suspended Matter (TSM), 
Sea Surface Temperature (SST) and Chlorophyll-a (Chl-a) concentrations. These are important indica-
tors of climatic variability (El Niño events) and anthropogenic pressure (land use change). In this re-
search study, the emphasis lies on:  

(i) To generate TSM concentration maps of East Kalimantan of for the years 1991, 1998 and 
2002 at a local scale (Landsat data).  

 
(ii) To generate a series of Chlorophyll-a (chl-a) concentration maps of East Kalimantan for 

the years 1999, 2000 and 2001 at global-regional scales (SeaWiFS data). 
 

(iii) To generate a series of Sea Surface Temperature (SST) maps of East Kalimantan for the 
years 1997, 1998, 1999, 2000, 2001 and 2002 at global-regional scales (NOAA/AVHRR 
data). 

 
(iv) To generate a series of TSM concentration maps of East Kalimantan for the years 1999, 

2000 and 2001 at global-regional scales (SeaWiFS data). 
 

1.3. Thesis Structure  

 
This research focuses on the optical characteristics of the water. Different sensors are used for 

monitoring; to extract the water chlorophyll-a (phytoplankton) TSM concentration and SST. 
 According to the developed methodology, the research chronology and in view of the clarity 
of the present document, this thesis has been structured in eight chapters. 
 In Chapter 1 as an Introduction, research problems and interesting phenomena in East 
Kalimantan are explained, and the research objectives are described. 
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 Chapter 2 describes the methodology used in this research is described. This description deals 
with the methodology to retrieve TSM, SST and Chlorophyll concentration maps by using high- and 
low-resolution satellite images. 
 Chapter 3 gives a literature review, related to the use of remote sensing for assessment of sea 
water quality, the review of this chapter is focused on the basic concepts of extraction of sea water 
quality parameters by using remote sensing images. 
 Chapter 4 introduces the study area, where this research was done. The available images and 
data are also described. 

 Chapter 5 describes the image processing. It is divided into three main parts: NOAA/AVHRR 
images processing for SST calculation and mapping, SeaWiFS images processing for chlorophyll-a, 
TSM calculation and mapping and Landsat TM images processing for TSM calculation and mapping. 
 The results and discussion of this study is divided into four chapters. Water quality properties 
of Berau Estuary are addressed in Chapter 6. TSM mapping by using statistical approach is described 
in Chapter 7. The results and discussion of chlorophyll mapping (Chl-a) are described in Chapter 8, 
and finally the results and discussion of Sea Surface Temperature (SST) are described in chapter 9.  
 Chapter 10 gives the overall conclusions and recommendations. This chapter also summarizes 
the overall results and limitations of using remote sensing imagery for mapping TSM, (Chl-a) and 
SST. 
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2. RESEARCH METHODS 

2.1. Introduction 

The choice to take on the present research in East Kalimantan, Indonesia, has been based on   
the research topics, the availability of data and fact that ITC is involved in on-going research project 
on Land-Ocean interactions in the coastal zone of East Kalimantan, Indonesia by multi scale remote 
sensing. This study area fulfilled the requirements of the study, for availability of archive images and 
in-situ measurements of suspended sediments. Analysis of the human activities in the area and the 
impact to the environment has also been done by previous research. This last point is an important 
factor, since the impact of human activities on the coastal water quality is considerable. The research 
done in this region has also been facilitated by the availability of images data and instruments to 
monitor the costal water with relatively short investment in time. 

 

2.2. Research Stages 

 
The research has been done since September 2003 and completed in March 2004. The core of 

the research deals with image processing and quantification of Total Suspended Sediment (TSM), 
based on reflectance and in-situ measurements.  Also mapping and quantifications of Chlorophyll-a 
and Sea Surface Temperature (SST) was carried out. In general, the methodology consists of 4 stages, 
namely: (1) inventory and preparation stage, (2) Processing and description stage, (3) Mapping and 
Analysis stage, and (4) evaluation and reporting stage. Figure 2.1 presents the flowchart of the meth-
odology implemented to achieve the objectives of the research. 
 

2.2.1. Inventory and Preparation Stage 

 
This stage composed of activities such as literature review, proposal finalization, collection of 

secondary data, conduction of interviews and discussions. This stage was done at ITC, in the Nether-
lands.  

 
Literature Review 
 

 This activity was done transversally throughout the entire research process. It included the 
bibliographic studies from journals and books concerning the research topic. Literature review has 
been carried out in order to develop the researcher’s knowledge on scientific and technical aspects 
Methodology development for assessment and monitoring of coastal water quality has been the main 
subject of this stage. After a systematic review of different literature source, some methods for map-
ping TSM, SST and chlorophyll concentrations in inland and coastal waters were found. 
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Figure 2.1. Flowchart of the Research Methodology 
 
 
Collection of Secondary Data 
 

At the beginning of the research, the available data was collected. The data collected included 
Ancillary data such as topographic maps, research reports and hydro-oceanographic data from differ-
ent institutions in Indonesia, as well as SeaWiFS and NOAA/AHVRR satellite images downloaded 
via the Internet. Appendix A presents general descriptions of the available data for East Kalimantan, 

Processing and Descriptive Stage 

Satellite images acquisition 
NOAA/AVHHR 

SeaWiFs 
Landsat TM 

Satellite images processing 
NOAA/AVHHR 

SeaWiFs 
Landsat TM 

 

 
Mapping and Analysis Stage 

Mapping of SST Mapping of Chlorophyll-a Mapping of TSM 

Evaluation and Reporting Stage 

 
Inventory and Preparation Stage 

 
 

 
Literature review Collection secondary data Interview & proposal finalization 
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which have been collected for this study. More detailed description of the remotely sensed images is 
presented in chapter 4. 
 
 Interview and Discussion  

 
Valuable information has been obtained by undertaking several interviews and discussion. The 

objective was to develop the researcher’s knowledge in scientific and technical aspects. This has been 
done by visiting, discussion and electronic mail communication with experts in remote sensing and 
application of water quality mapping. 

 

2.2.2. Processing and Descriptive Stage 

 
This stage includes the steps of image processing to generate TSM concentration maps of East 

Kalimantan of for the years 1991, 1998 and 2002 at local scales (Landsat) (Flowchart 2.2); to generate 
a series of Chlorophyll-a (Chl-a) concentration maps of East Kalimantan for the years 1999, 2000 and 
2001 at global-regional scales (SeaWiFS data) (Flowchart 2.3), to generate a series of TSM 
concentration maps of East Kalimantan for the years 1999,2000 and 2001 from global-regional scales 
(SeaWiFS data) (Flowchart 2.3) and finally, to generate a series of Sea Surface Temperature (SST) 
maps of East Kalimantan for the years 1997, 1998, 1999, 2000, 2001 and 2002 at global-regional 
scales (NOAA/AVHRR data) (Flowchart 2.4). The detailed description of these steps is shown in 
chapter 5. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2. Flowchart of the Landsat images processing and TSM concentration  
Maps calculation. 

 

TSM Concentration Measurement Corrected Satellite Imagery 

Regression Analysis Between DN and TSM 

Apply the Algorithms Into Entire 
Image 

Map Classification 

TSM Image Map 
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 Figures 2.3. Flowchart of the SeaWiFS image   
processing and Total Suspended Sediment (TSM), 

Chlorophyll-a (Chl-a) calculations. 

Figure 2.4. NOAA/AVHRR image 
processing and SST calculations 

steps. 
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2.2.3. Mapping and Analysis Stage 

 
This stage including the mapping and result analysis of TSM, Chl-a and SST according the 

methodology approved already.  
For mapping TSM from Landsat TM images the statistical approach has been used by corre-

late the pixels values of each image with the field data. For mapping Chl-a from SeaWiFS images data 
OC4 methods has been used and for TSM mapping TSM algorithm, developed by the POWERS pro-
ject (Van der Woerd et al., 2000). Finally Multi-Channel Sea Surface Temperature (MCSST) algo-
rithm, developed by (McClain et al, 1985) has been used for mapping SST. All detailed information is 
available in chapter 5 and 6. 

 

2.2.4. Evaluation and Reporting Stage 

 
This is the last stage of the research. This stage includes the evaluation of the methods applied 

in this research and also the evaluation of the used remote sensing images (Landsat TM, SeaWiFS, 
NOAA/AHVRR) for studying SST, TSM and Chlorophyll-a. The present report, including maps is the 
final result of this thesis work. 
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3. LITERATURE REVIEW OF REMOTE SENSING FOR 
COSTAL WATERS 

The aim of this chapter is to give the readers a literature review related to this research. In or-
der to illustrate the possibility of estimating SST, TSM and chlorophyll of coastal water by using re-
motely sensed images, this chapter starts with the description of coastal water parameters (section 
3.1). Section 3.2 discusses the extraction of suspended sediment by using different algorithms. The 
description of remote sensing satellite used is given (Appendix B). 
 

3.1. Coastal Water Parameters 

3.1.1. Introduction 

 
Water quality is a general term used to describe the physical, chemical, and /or biological 

properties of water. In a broader sense, the quality of water affects all components of an aquatic eco-
system. The water with a certain quality, which is suitable and desirable for an organism, may be un-
suitable for another. Water quality has no parameters that can be defined easily or which can be stan-
dardized to meet all uses and user needs. For example, physical, chemical, and biological parameters 
of water needed to be suitable for human consumption are quite different from those needed to be 
suitable for a coastal shrimp farms. 
 

3.1.2. Components of Water Quality 

 
Ritchie and Schiebe (1998) mentioned that the major factors affecting water quality in fresh 

water estuaries and oceans are suspended matters; chlorophylls (algae); chemicals substances; dis-
solve organic matter (DOM); nutrients; pesticides; thermal releases; and oils. Suspended sediments 
(turbidity), chlorophyll, DOM and oils affect the surface water in their spectral properties. They 
change the spectra of reflected solar and/or emitted thermal radiation from surface waters. Such 
changes in spectral signals from surface waters are measurable by remote sensing techniques from 
many platforms. The strength of remote sensing techniques lies in their ability to provide both spatial 
and temporal views of surface water, which is not possible to be assessed from in-situ measurements. 
These water quality parameters can be quantified by using remote sensing techniques. This will allow 
us to plan a management formulation in order to reduce movement of substances from catchments to 
water bodies, and thus reducing the effect of the pollutant on water quality.��
Quantitative determination of the amount of various water quality parameters is very useful for water 
management purposes. The basic idea of remote sensing of water quality is to use the difference in 
water colour or, more precisely, the difference in spectral reflectance to estimate the amount of dis-
solve and suspended matter in the water. The relationship between spectral signature of the water and 
the amount of the substances in that water is still an active field of research.  
�
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Suspended Matter���
�

All natural water bodies contain a suspended matter component that comprises organic and 
inorganic material. These are mentioned usually under the collective term “seston”. It can be charac-
terised by its “dry weight” (in mg/l), which refers to the weight of all the matter with a particle size of 
smaller than 150 µm and larger than 0.45 µm. In general, all of the non-chlorophyllous matter (inor-
ganic matter), phytoplankton and detritus are referred to “total suspended matter” (TSM). The inor-
ganic fraction of TSM can be formed from biological sources (e.g. coccolihs), benthic (re-suspension 
of bottom sediment) or fluvial origin from river discharge. 
Suspended matter is the most common pollutant in surface waters. It is measured by optical methods 
that are often difficult to be quantified accurately in terms of weight or volume. Some researchers 
have discussed the relationship between suspended sediment and reflectance. Ritchie et al. (1996) 
mentioned that the suspended sediment increases the radiance from surface water in visible and near 
infrared ranges of the electromagnetic spectrum. In-situ and laboratory measurements have shown that 
the surface water radiance is affected by sediment type, texture, colour, sensor view and sun angles, as 
well as water depth (Ritchie and Schiebe, 1998). 
Airborne platforms using photography, line scanners, multi-spectral scanner and video have all been 
used to study suspended matter. Since the mid 1970’s, remote sensing studies of suspended matter 
have been using the data from satellite platforms such as Landsat, SPOT, IRS, Coastal Zone Color 
Scanner (CZCS) and SeaWiFS (Sea-viewing Wide Field of View Sensor). Those studies have shown 
a significant relationship between suspended matter and radiance or reflectance from single band or 
combination of some bands in satellite or airborne platforms. Ritchie et al. (1976), by using in-situ 
studies, concluded that the wavelength between 700 and 800 nm were the most useful range for de-
termining suspended matter in surface water. Dekker (1993) described that the remote sensing of wa-
ter bodies is restricted to a relatively narrow range of optical wavelength compared to remote sensing 
of terrestrial object. This is caused by low solar irradiance at wavelengths shorter than approximately 
400 nm and by a combination of lower solar energy and the sharply increasing absorption of light be-
yond approximately 850 nm. Therefore, the range of 400 to 850 nm is often used for research aimed at 
estimation of water quality parameters. 
Figure 3.1, illustrates the impact of suspended matter on volume reflectance spectra, just beneath the 
air water interface (Bukata et al., 1995). The impact of suspended matter on volume reflectance spec-
tra is clearly evident. Even at small concentrations, suspended matter can substantially increase the 
volume reflectance in a manner that becomes more pronounced as the wavelength becomes longer. 
The absorption of radiance by suspended sediment is generally much smaller than that of chlorophyll, 
but the scattering is much higher. An increase of sediment concentration results in an increase of the 
backscattering and hence, an increase in the emergent radiance leaving the water. 
�

�

�

�

�

�

�

�
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�
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�

�

Figure 3.1. Volume reflectance spectra for various suspended matter concentrations in a water col-
umn for which the chlorophyll and DOC are kept fixed at zero. (Bukata et al., 1995). 

�

Chlorophyll�
�

Lakes and other water bodies function as catchments for nutrients and other substances to sus-
tain biological activities. These nutrients are required for an aquatic environment. Eutrophication of a 
water body can be quantified in term of concentration of chlorophyll contained in the algal/plankton 
cells. 
The phytoplankton concentration is quantified by the concentration of its main pigment, measured, as 
the sum of chlorophyll in mg/l. Chlorophyll is one of the photosynthetic agents, contributing to the 
colour of the water. 
Remote sensing has also been used to measure chlorophyll concentrations and patterns. Most remote 
sensing studies of chlorophyll in water are based on empirical relationship between radiance in nar-
row bands or bands ratios and chlorophyll concentration. Measurement from aircraft, Landsat, SPOT, 
SeaWiFS and CZCS has used a variety of algorithms and wavelengths to map chlorophyll of the 
oceans, estuaries and fresh water. In principle, chlorophyll absorption occurs in a short wavelength. 
Bukata et al. (1995) described the impact of chlorophyll on volume reflectance spectra just beneath 
the air water interface (Figure 3.2). For hypothetical water column in which suspended matter is fixed 
on 10 mg/l and DOC concentration is kept fixed at zero, the volume of reflectance reacts just based on 
the chlorophyll concentration. Concentration of chlorophyll is then varied within a water column. In 
this case, additional chlorophyll to the water column results in a decrease in reflectance in blue re-
gion, while the volume of reflectance is simultaneously increasing in green and red wavelengths. 
�

�

�

�

�

�

�
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Figure 3.2. Volume reflectance spectra for various chlorophyll concentrations in a water column in 
which the DOC and SM are kept Fixed at zero. Bukata et al. (1995). 

 
 
Dissolve Organic Matter (DOM) 
�

Dissolved organic matter affecting the colour of water is called “gilvin”, but in the literature it 
is also called “colored dissolved organic matter”, “aquatic humus”, “Gelbstoff” or “yellow matter”. 
Those terms refer to all soluble organic substances those contribute significantly to the absorption of 
light at certain wavelengths. The term “soluble” in practice means that it can pass a 0.45 µm filter. 
The concentration of DOM is usually given in units of grams of carbon per unit volume. 
Coloured dissolved organic matter is the fraction of dissolved organic matter that absorbs light in both 
ultraviolet and visible range. It can be present in the water column in a significant fraction of the total 
absorption of light. High concentration of DOM is found in marshes, lakes, and rivers. Lower concen-
tration of DOM is found in estuaries and coastal region (Kirk, 1994, In Rochelle-Newall, 1999).  
The lowest concentration of DOM is found in open ocean regions. Although DOM does not signifi-
cantly affect the scattering within the water column, DOM considerably increases absorption. Dis-
solve organic matter also affect the volume reflectance spectrum, but almost exclusively at the shorter 
wavelengths (Bukata et al., 1995). This impact of DOM is displayed in Figure 3.3.  
A big difference in the amount of dissolved and suspended matter occurs in different waters and will 
appear in different colours of water. Suspended and dissolved organic matter change watercolour. 
Clear water is blue, water rich in aquatic humus is yellow and the colour of turbid water depends on 
the mixture of the constituents. The water colour can vary from dark blue to green via bright green 
and from brown to red. The light scattered around the water determines the colour and those reflected 
on the water surface. Light originated from below of the water surface shows a specific colour, influ-
enced by the diverse colours of components in the water. Absorption diminishes light intensities, 
while scattering increase the intensities of reflectance. 

�

�

�

�
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Figure 3.3. Volume reflectance spectra for various DOC concentrations in a water column for which 

the chlorophyll and SM concentrations are kept fixed at zero. (Bukata et al., 1995). 
�

3.2. Estimating Suspended Sediment Concentrations by Remote Sensing 

3.2.1. Introduction 

 
Coastal water often requires site-specific algorithms to take into account the differences in the 

constituents and their optical properties at different location and times (Pennock and Sharp, 1986; 
Stumpf and Pennock, 1989; Tassan, 1993, in Keiner and Xiao-Hai Yan, 1998). These differences are 
caused by several factors such as fluctuation of river flow, sediment load and phytoplankton. As a re-
sult, in-situ data must be acquired at the same time as the overpass of the satellite. The most common 
techniques used for analysis of remote sensing data to determine water quality concentration are based 
on the brightness of reflectance. Those are – among others – based on individual band, band ratio, 
chromaticity ratio, and eigenvector and principal component analysis.  
To obtain the water quality concentration from the water leaving radiance that is detected by the opti-
cal sensor, the retrieval algorithms can be used. Morel and Gordon (1980) pointed out three different 
approaches: empirical approach, semi-empirical approach and analytical approach.  

�

3.2.2. Empirical Approach 

�

It is also called ‘statistical approach’. This approach is based on calculation of statistical rela-
tion between the constituent concentration and water leaving radiance or reflectance. Spurious results 
may occur while using this method, because a causal relationship does not necessarily exist between 
the parameters studied. Empirical models always need in-situ data because the following parameters 
may change between different remote sensing missions (Dekker at al., 1999): 
a. Above the air-water surface: 

• The total down welling irradiance (solar elevation) 
• The fraction of diffuse to direct solar irradiance 
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• The amount of specular reflection at the air-water interface 
• The roughness of the water surface 
• The height and the composition of the atmosphere column between the sensor and the 

water surface leading to differences in path radiance. 
b. Below the air-water interface: 

• The radiance to irradiance conversion of the subsurface upwelling light signal 
• The relation between R (0-) and the specific inherent optical properties 
• The relation between inherent optical properties and the optical water quality parame-

ters.�
There are simple and multiple regression equations. These are the subjects of research done by 

Ritchie and Cooper (1988), Baban (1993) and Shimoda et al. (1986). Linear and multiple regressions 
were proved useful for the study of the suspended sediment. They yielded sufficiently accurate con-
centration estimations. They gave better accuracy if the in-situ measurement is at the same time as the 
acquisition date of remotely sensed imagery. 
 

3.2.3. Semi-empirical Approach 

 
In this type of algorithms, the spectral characteristics of the water constituents are well known 

and this knowledge is used to improve the algorithms developed by statistical approach. Reasonable 
algorithms can be found by common sense and improved by experience. Quantitatively, the coeffi-
cients could be applied just to the data set at hand, so each application must be individually calibrated. 
The semi-empirical approach is commonly used. 
Semi-empirical algorithms based on R(0-) are significantly better than the empirical algorithms. This 
is because the only parameters that may change between different times are the relation between R(0-) 
and the inherent optical properties, and the relation between IOP and the optical water quality parame-
ter (Dekker at al., 1999). 

In many remote-sensing applications, semi-empirical water quality algorithms are used for es-
timating water quality parameters from the reflectance. The reason of wide application of this algo-
rithm is that they are straightforward and easy to use in several image processing software (Dekker at 
al., 1995; Hilton, 1984; Kirk, 1999). 
Shimell and Hesselmens (1999) have developed a semi-empirical algorithm for coastal waters. They 
applied multiple regressions and band ratio algorithm by using simulated channels of a new ocean 
color sensor such as SeaWiFS and MERIS (Medium Resolution Imaging Spectrometer). This ap-
proach is quick and constitutes a simple method of obtaining sediment map in coastal regions. This 
approach appears to be reasonable when compared with in-situ data. 
Spectral mixture analysis, as a data analysis tool, is done using a fixed reference (end-members). The 
end-members are represented by spectral data from either the purest pixel of a specific material on an 
image or the purest material in the laboratory (Metres at al., 1991). He proved that spectral mixture 
analysis is a powerful tool for estimating suspended sediment concentration in the surface waters. 
The “neural network” can be applied to define the transfer function between the chlorophyll or sedi-
ment concentration and the satellite receiver radiance (Keiner and Xiao-Hai Yan, 1997). It was found 
that a neural network using three visible bands of Landsat TM as input has been successful in model-
ling the water quality parameters. 
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3.2.4. Analytical Approach  

 
The inherent and apparent optical properties modulate the reflectance and vice versa. The wa-

ter constituents can be characterised by their specific (per unit measure) absorption and backscatter 
coefficients. Subsequently, if these properties are known, analytical methods can be used optimally to 
retrieve the concentration of water constituents from the remotely sensed up welling radiance or radi-
ance reflectance signal. 
In many coastal and inland waters, the combination effects of backscattering and absorption introduce 
non-linear relationship between the water constituents and spectral reflectance. As has been men-
tioned by Dekker et al. (1999), the processing from light measurement at a remotely sensor into con-
centration map of water quality parameter is complex. By modelling, it becomes possible to derive an 
accurate remote sensing algorithm for the estimation of suspended sediment for the water bodies.�

The main advantages of the analytical approach are: 

• Consistency of retrieved constituents concentrations is secured; 
• It is transparent, which makes it easy to review and understand how each component 

works; 
• The air water system can be divided into subsystems, for which the separate model 

and inversion procedures can be developed and improved more easily; 
• It allows the analysis of error propagation, which enables us to predict errors in re-

trieved concentration; 
• It can be adapted to other spectral bands; 
• Only initial measurement is needed to establish optical properties of the relevant wa-

ters in an area, require little in-situ measurement; 
This approach is cost effective and optimises the use of archives images (going as far back as 1973). 
 

3.3. Extraction of Chlorphyl (Chl-a) by Using SeaWiFS Images 

 
Chlorophyll-a (Chl-a) is present in all oxygenic photosynthesises, and as such is used to moni-

tor phytoplankton in aquatic environments. Characterized by well-defined and specific optical proper-
ties in the visible range, Chl-a is suitable for direct observation with optical instruments (Kirk 1994). 
In oligotrophic (nutrient poor) aquatic systems Chl-a is usually determined by remotely operated 
means using the following relationship (e.g. Clark 1981, Gordon and Morel 1983): 
Chl-a=a (R443/R550)-b   (1) 
Where R443 and R550 are the reflectance values in the blue range 443 nm and green at 550 nm, re-
spectively, and a and b are coefficients determined empirically from regression line fitting. Although 
the basic concept of using the blue and green portions of the spectrum applies over a wide range of 
water bodies, the coefficients used differ conspicuously (Table 3.1) and should be adapted for any 
given location and time for the water quality monitoring. Application of the algorithm [equation (1)] 
without preliminary calibration may work accurately, but on the other hand it may lead to a large de-
viation from the real values of Chl-a (e.g. van Dijken and Arrigo 1996). Iluz. D, Yacobi. Rand. Gitel-
son. A. Also have shown in their research that the ratio of the reflectance in the blue (R443) to the 
reflectance in the green (R550) was regressed against the Chl-a concentration, and showed that the 
best fit of the three datasets (1994, 1995 and 1996). 
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Table 3.1. Comparison of the parameters of the best-fit function of the reflectance ratio R443/R550 

against Chl-a concentration. (Gordon 1996). “This study” refers to Gordon’s study. 
 

In all cases the best-fit function: Chl- a =(R443/R550)-b, where R is the reflectance value in 
the respective wavelength and a and b are coefficients. The determination coefficient (r2) in each case 
is specified. 
The SeaWiFS data have been used to understand the variability of chlorophyll on an intra-annual and 
an inter-annual basis (Chaturvedi and Narain, 2003). Satellite-derived chlorophyll data composite for 
an 8-day period provide the ability to describe changes in oceanic waters. It is well known that such 
changes otherwise are difficult to monitor during in situ observations alone, due to under sampling of 
large temporal and spatial variability. In order to assess the satellite-derived chlorophyll, comparison 
should make with the cruise data for the study area for different seasons and representative locations. 
Many researches show the potential of satellite-derived information for understanding the seasonal 
and inter-annual variability in chlorophyll.  
The biological processes in the ocean are largely controlled by the presence of phytoplankton, which 
forms the base of food chain, and is responsible for CO2 fixation. Thus phytoplankton plays an impor-
tant role in the control of atmospheric CO2 through absorption in the process of photosynthesis. This 
additional draw down particularly in the case of oceanic waters is variable in space and time, but con-
tributes significantly to the modification of anthropogenic atmospheric CO2 input and may be in-
volved with past climatic change as well (Bigg 1998). 

SeaDAS is a comprehensive image analysis package for the processing, display, analysis, and 
quality control of (http://seadas.gsfc.nasa.gov/). The extension provides by SeaDAS to perform a at-
mospheric correction has shown some major failure. The water leaving radiance for the 412 and 443 
nm bands seems to be negative in turbid water environments. To overcome his problem a simple ex-
tension has been made to the standard SeaWiFS atmospheric correction algorithm (MUMM). 

K.Ruddick, F. Ovidio and M. Rijkeboer can find a detailed description in “atmospheric correc-
tion of SeaWiFS imagery for turbid coastal and inland waters”. The assumptions of zero water-leaving 
radiance at 765nm and 865nm are replaced by the assumption that the ratio of 765nm: 865nm aerosol 
reflectance and water leaving reflectance is spatially homogenous and can be fixed as a calibration 
parameter. While the ratio of water-leaving reflectance is expected to be rather independent of region 
and time and has been fixed as 1.72, spatio-temporal variability of the aerosol reflectance can be ex-
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pected in response to variations in aerosol particle type. This means that this ratio has to be assessed 
on an image-by-image basis by inspection of the scatter plot of the Raleigh-corrected reflectance at 
765 nm and 865 nm. This MUMM extension has been applied and checked in this study. 

 

3.4. Extraction of Sea Surface Temperature (SST) Using NOAA/AVHRR 
Images 

Temperature is an important of environmental parameter, which is frequently studied by sev-
eral sciences, such as, physical oceanography, marine chemistry and marine biology. Sea Surface 
Temperature (SST), in many cases, is closely related to the deeper layers of the water masses below 
the surface, so SST can be used to estimate the phenomenon in the deeper sea layers, such as up well-
ing. 
The derivation of sea surface temperature (SST) from satellite measurements has been a focus of nu-
merous studies since the early 1970’s (Anding and Kauth 1970, McMillan 1975, Llewellyn-Jones et 
al. 1984, X. Li et al., McClain et al. 1985, Walton 1988, Barton et al. 1989, Minnett 1990, Emery et 
al. 1994, Walton et al. 1998).  

The Advanced Very High Resolution Radiometer (AVHRR) on board the NOAA series of 
Polar-orbiting Operational Environmental Satellites (POES) is primarily designed for SST retrieval 
and cloud detection. POES satellites known as Advanced Television Infrared Observation Satellites 
(TIROS-N or ATN) operate as a pair to ensure that the data, for any region of the earth, are no more 
than 6 hours old. AVHRR has five channels, two visible channels (channels 1 and 2 at 0.6 and 0.9 nm, 
respectively), one short wavelength infrared channel (channel 3 at 3.7 nm), and two long-wavelength 
infrared channels, the split window channels (channels 4 and 5 at 11 and 12 nm, respectively). 
The wavelengths of the three infrared channels are selected in a range of the electromagnetic spectrum 
in which the radiation from the earth’s surface and clouds is only weakly attenuated. To determine the 
actual SST from the AVHRR radiation measurements, one must correct for absorption and reemission 
of radiation by atmospheric gases, predominately water vapour.  
The split window method, which uses the channel 4 and 5 brightness temperatures to calculate SST, is 
widely used for atmospheric correction. A summary and comparison of different split window algo-
rithms are given in Barton (1995). 
NOAA’s National Environmental Satellite, Data, and Information Service (NESDIS) produces two 
main types of SST products; i.e. global SST and Coast Watch SST. The global SST suite of products 
are generated from AVHRR Global Area Coverage (GAC) 4 km data recorded on-board the POES 
satellites and down linked to NESDIS acquisition stations at Wallops Station, Virginia and Fairbanks, 
Alaska. 

Global SST measurements are produced at 8 km resolution with variable spacing from 8 to 
25km in cloud-free areas twice per day from each of the two operational POES satellites. The global 
satellite SST measurements are validated by comparing them with drifting buoy (and TOGA moored 
buoys in the tropical Pacific) SST measurements matching within 4 h and 25 km. These global satel-
lite SST measurements are used to produce SST analyses at grid resolutions from 14 to 100 km.  
Coast Watch SST products are generated from a different data stream, the AVHRR High Resolution 
Picture Transmission (HRPT) data, broadcast continuously by the POES satellites. The HRPT data 
have a resolution of 1.1km at nadir and are mapped to almost full resolution in the production of 
Coast Watch AVHRR visible, infrared and SST images. The Coast Watch products are validated by 
comparison with NOAA moored buoy SST reports using techniques described herein. Many re-
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searches show the time lines of different operational algorithms used at NOAA/NESDIS. Based on the 
split window theory, the multichannel SST (MCSST) algorithm was developed and used operationally 
at NOAA/NESDIS in the early 1980s. This algorithm assumes that there is a linear relationship be-
tween the difference of the actual SST and a satellite measurement in one channel and the difference 
of satellite measurements in the split window channels (channel 4 and 5). Therefore, the actual SST 
can be estimated using brightness temperatures measured with channels 4 and 5. Walton (1988) con-
sidered a non-linear term in the further development of MCSST and developed the cross-product SST 
(CPSST) algorithm. But in this study multichannel SST has been applied. 
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4. STUDY AREA DESCRIPTION 

4.1. Study Area: East Kalimantan 

 
This chapter deals with the description of the area where this research was conducted. The de-

scription includes the geographical location and setting, geological setting, vegetation and coral reefs. 
 

4.1.1. Geographical Setting 

 
The study area covers a zone of coastal waters along the East Kalimantan shoreline of ca. 700 

km length, with boundaries just South to the Mahakam river delta and just North to the Berau river 
delta, extending to the directly adjacent part of the shelf in the Makassar Strait (2°S-3°N; 117°-
119°E). The Mahakam delta is located on the eastern coast of Kalimantan at 117.5 °E and 0.5 °S and 
the Berau estuary is located at 118 °E and 2°N. The Mahakam River measures 920 km and is the 
longest river in East Kalimantan. The catchments area of 98,194 km2 makes it one of the largest rivers 
of Indonesia. The Berau River measures only 292 km and has a catchments area much smaller than 
that of the Mahakam River. This covers the entire study area as defined for the East Kalimantan re-
search program. Coastal waters in this area provide a challenge to investigate by remote sensing be-
cause of their high spatio-temporal variation in salinity, patterns of flow, sediment load, and tempera-
ture and chlorophyll concentration.   

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.1. Location of the Berau estuary and the Mahakam delta in Indonesia.(Source: Microsoft 

Encarta World Atlas 1999). 
 

These combined factors have important implications for the morpho-dynamics of the East Ka-
limantan shorelines, the functioning of the coastal waters, their habitats (e.g. mangrove forests, coral 
reefs, sea grass beds), biodiversity, and for phytoplankton concentrations. The high spatial and tempo-



COASTAL WATER QUALITY MONITORING WITH REMOTE SENSING IN  (EAST KALIMANTAN) MAKASSAR STRAIT, INDONESIA. 

 

21 

ral variation in these features is the result of both natural interactions between land and ocean, and 
anthropogenic changes. 
 

4.1.2. Geological Setting 

 
The geology of Eastern Kalimantan consists mainly of Tertiary sedimentary rocks. These form 

potential sources and reservoirs for oil and gas and are of great economic value. The landscape is 
dominantly hilly and many non-alluvial plains, both steeply intersected by rivers. 
The deltas and alluvial plains consist of younger sediments and peat. The alluvial plains are fairly re-
stricted in their extend with exception of the interior lake basin and delta of the Mahakam river. Fur-
ther inland the landscape is mountainous and the geology is dominated by the presence of a plate mar-
gin, which consists of complicated tectonic structures and (Tertiary) volcanic regions. In these regions 
precious metals such as gold and silver are found. 
A tropical climate is found on Kalimantan. The climate is classified according to the Köppen system 
as a tropical rainy isothermal climate with hot summers (Bremen et al., 1990,). The hottest month ex-
ceeds 22°C, there is no dry season (mean precipitation in the driest month is more then 60 mm) and 
there are two rainfalls maxima (April-May and December-January). 
The mean annual precipitation varies between 2000 mm in the east (coast) to 4000 mm in the west 
(mountains). Precipitation in the tropics is commonly associated with convective activity (Robinson 
and Henderson-Sellers, 1999): strong uplift of air results in local rainstorms that may exceed 100 
mm/h. At a larger scale the uplift of heated and moist air above the land in combination with the de-
scent of cold dry air above the sea results in monsoon circulations. The monsoon circulation results in 
a period of increased precipitation, which returns twice a year. The main dry period during the year 
lasts from May to October. The El Niño/Southern Oscillation (ENSO) results in dryer and wetter 
years over a period of approximately 10 years. 
 

4.1.3. Vegetation 

 

The natural vegetation of Kalimantan is dominated by rain forest. In the lowland and hilly re-
gions tropical lowland evergreen and semi evergreen rain forest is the dominant vegetation. In some 
areas heath forest or limestone rain forest is found. 
The higher mountain regions are vegetated with tropical mountain rain forest. The vegetation in the 
delta regions is dominantly marsh and mangrove vegetation. In between the coast and the inland for-
est, cultivated and secondary forest (previously logged) and shrubs are the dominant vegetation ac-
cording to Bremen et al. (1990). 
The topographical map shows no signs of large-scale cultivation and it can be assumed that most of 
the area is covered with secondary forest. 
Kalimantan rainforest is subject to severe deforestation. Timber is one of the main export products of 
the island. The rainforest is also burnt away to clear the surface for agricultural purposes. Bushfires 
occur yearly and are usually kept in control by the constant precipitation. In El-Nino years however, 
usually resulting in dryer periods, the bushfires can reach enormous dimensions and last for several 
weeks. In the unusually dry El-Nino period of 1997-1998, the bushfires caused smoke coverage as far 
as Singapore (Figure 4.2). 
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Figure 4.2. Bushfires between the Mahakam Delta and Berau Estuary areas causing smoke haze over 
East Kalimantan. 

 

4.1.4. Physical Setting and Coastal Water  

 
The study area for the remote sensing study covers a zone of coastal waters along the East 

Kalimantan shoreline of ca. 700 km length, with boundaries just South to the Mahakam river delta and 
just North to the Berau river delta, extending to the directly adjacent part of the shelf in the Makassar 
Strait (2°S-3°N; 117°-119°E). Coastal waters in this area provide a challenge to investigate by remote 
sensing because of their high spatio-temporal variation in salinity, patterns of flow, sediment load, and 
temperature and chlorophyll concentration.  These combined factors have important implications for 
the morpho-dynamics of the East Kalimantan shorelines, the functioning of the coastal waters, their 
habitats (e.g. mangrove forests, coral reefs, sea grass beds) and biodiversity. The high spatial and tem-
poral variation in these features is the result of both natural interactions between land and ocean, and 
anthropogenic changes. 

Rivers in East Kalimantan discharge water and sediments from the hinterland into the coastal wa-
ters. Since the Tertiary, these rivers have developed large delta systems and they continue to do so 
today, varying from river dominated strongly prograding deltas, such as the Mahakam delta (at 
0°30'S), to more tidally dominated estuarine systems near the Berau delta (at 2°N). The Mahakam 
river catchments reaches up to more than 400 km land inward. Large scale deforestation in the upper 
parts of the catchments, forest fires and conversion of mangrove forests into fish ponds (tambaks) 
have had rigorous consequences, such as: loss of habitats and the protective green belt, leading to se-
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vere coastal erosion; massive transport of river borne sediment (at 1500 m3.sec-1) into the East Kali-
mantan coastal waters. In the former mangrove forests, heavily acidified and eutrophicated fishponds 
remain after their abandoning when catch sizes decrease, due to strong fertilization and disturbance of 
natural conditions (acid sulphate soils).  

 

4.1.5. Makassar Strait Circulation  

 
The predominant long shore current in East Kalimantan coastal waters is directed southward and 

is affected by the Indonesian Through-Flow from the Pacific to the Indian Ocean through the Makas-
sar Strait (and subsequently the Lombok Strait). It is also influenced by tidal (semi-diurnal), seasonal 
(monsoon) and intra-annual effects. The latter are forced by the dry SE monsoon (from Australia in 
May-Sept.) and the wet NW monsoon (from Asia in Nov.- Mar.). The dominant southward sediment 
transport hinders the development of coral reefs in the delta's downstream proximity. The Mahakam 
river plume, with very high sediment delivery, may serve as the optical extreme of a type of coastal 
waters under extreme anthropogenic pressure.  A far smaller river, reaching ca. 150 km land inward, 
with far less sediment delivery, feeds the ca. 400 km northerly-situated Berau delta. This enables the 
presence of a large diversity of unspoiled coastal and marine habitats  (e.g. healthy mangrove forests, 
coral reefs, sea grasses) along the coast northward from the Mahakam delta to the Mangkalihat penin-
sula and the Berau delta. Especially the coastal waters at the northern site of the peninsula, with many 
valuable marine habitats and a high biodiversity, may serve as an optical type of relatively clear 
coastal waters, still under low anthropogenic pressure. 

On the global scale, the Indonesian through-flow plays an important role for the global ocean cir-
culation. Because this through-flow is of major relevance for global heat transport from the equatorial 
warm pool to the subtropics, the Indonesian waters also have a strong reverse impact on the global 
climate system. It would therefore be a challenge to unravel if Indonesian coastal waters have only 
been subject to El Niño and La Niña events (e.g. '97-'98), or if large scale mixing of water masses un-
der heavy anthropogenic pressure may have contributed to these events as well. This type of Land-
Ocean interactions, between larger rivers and Indonesian through-flow, can only be studied by means 
of satellite remote sensing.  Such an approach requires a close co-operation between this project, deal-
ing with satellite image time series analysis and in-situ observations at the water surface, and the pro-
jects that study the vertical scales and structure of investigated features and processes. This will en-
able a proper validation of the satellite observations and derived products, on the one hand, and im-
prove the spatio-temporal interpolation of in-situ data from other sources on the other. The integrated 
approach also provides an accurate database to test newly developed remote sensing algorithms, as 
well as the potential of forthcoming satellite image data, for application to coastal waters. 

 

4.1.6. Coral reefs 

 
Fringing reefs are absent from much of the main East Kalimantan coastline, but do occur away 

from major areas of river input. In the east, extensive reefs are recorded for 140 kilometres between 
Tanjung Setan and Tanjung Pamerikan, and again around the Mangkalihat Peninsula, while there is 
also an extensive fringing reef to the north of the Berau Delta. These coral reefs are situated on the 
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edge of the Sunda Shelf and are probably not much affected by the sediment load of the Berau River. 
The strangely shaped atoll Palau Maratua is situated on the edge of the Sunda Shelf. 
Around the Mahakam delta, no fringe reefs are found, due to the high sediment load. A small fringing 
reef persists some 20 km south of the delta. Offshore from the east coast lies Indonesia’s longest con-
tinuous barrier reef system, the Sunda Barrier Reef, some 630 kilometres long, on the edge of the 
Sunda Shelf. Despite its size and potential economic, social and biological importance, this reef is 
largely undescribed. (http://www.reefbase.org/resources/res_coralreefs.asp? Country=IDN). 
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5. PROCESSING AND DESCRIPTIVE STAGE 

This stage was divided into three main parts: NOAA/AVHRR images processing for SST cal-
culation and mapping, SeaWiFS images processing for chlorophyll-a, TSM calculation and mapping 
and Land sat TM images processing for TSM calculation and mapping. Each part will be presented 
the following sections. 

5.1. Sea Surface Temperature (SST) Calculation  

5.1.1. Data Acquisition 

 
An appropriate sensor to produce SST maps is the Advanced Very High Resolution Radiome-

ter (AVHRR) on the NOAA satellites. From the 1970’s on the NOAA satellites have provided a tool 
for the measurement of surface temperatures and a vast number of articles have been published about 
the possibilities of the derivation of SST with NOAA satellites (McMillan and Crosby, 1984, McClain 
et al., 1985, Walton et al., 1998). This sensor measures in five channels, bands 4 and 5 in the thermal 
infrared range. These two bands measure the emitted infrared radiance from the Earth’s surface. With 
a special developed algorithm, the Sea Surface Temperature can be derived from these bands.  
AVHRR has a spatial resolution of 1100x1100 m at nadir, and is therefore very well suited for a low-
resolution large-scale investigation. The technical details are listed in Appendix B. The Satellite Ac-
tive Archive http://www.saa.noaa.gov of NOAA is the best database for a search of NOAA-AVHRR 
data. An area that stretches from 117°E to 120°E longitude and 3°N to 2°S latitude is defined for 
downloading the data. Sensors AVHRR/2 on NOAA12, NOAA14 and NOAA15 and AVHRR/3 on 
NOAA16 are chosen as suitable sensors and satellites.  

The first and main criterion when searching for data is the amount of clouds on the image. A 
densely clouded image is worthless. The area of investigation is situated around the equator in a very 
humid tropical zone, so cloud coverage is very common, if not to say unavoidable. Average cloud 
coverage above and around Kalimantan is 60-70%; to find an almost cloud-free image of an area of 
300*500 km is a hard job. The images are selected in the period August 1997 to August 2002; with a 
usable image every half-year. However, some images still show considerable cloud coverage, there 
was simply no better image available. 
 

5.1.2. Image Pre-Processing 

 
The downloaded NOAA data is Level 1B data, which means that projection, and calibration 

parameters are stored within the file, but are not processed yet. For the processing of the data, an ap-
propriate piece of software is needed. Two pieces of software were tested. The program Win Chips 
(http://www.geogr.ku.dk/chips/), created by the Chips Development Team and the University of Co-
penhagen in Denmark is designed with a NOAA pre-processing utility, but generates major problems 
when the pre-processed data is exported. Envi 3.6, from the Research Systems Inc. 
https://www.rsinc.com uses a simpler method for the geometric correction and calibration of NOAA 
data (based on Di & Rundquist, 1994), and does not have projection problems; therefore this software 
is used in this analysis. 
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5.1.3. Geometric Correction  

 
AVHRR level 1B data contain Earth location information, with a fixed number of ground ref-

erence points appended to each scan line. Each scan line contains 2048 pixels. The Earth location data 
are sampled every 40 points. Based on those Earth locations, Di & Rundquist (1994) developed a 
method to geometrically correct AVHRR data, which is based on spatial interpolation. This interpola-
tion is used to calculate the position of the pixels that have no appended Earth location data. 
The geometric correction that is provided after this method is still not accurate. A shift of 1-6 pixels 
(1-7 km) is necessary to get the image in the same position with a segment map of the coastline 
(which can be found at the Digital Chart of the World; http://www.maproom.psu.edu/dcw/) (Figure 
5.1).  After the image shift a projection was appended to each image. A latitude/longitude projection 
with the WGS84 datum is chosen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.1. Image shift before (above) and after (below). 
 

5.1.4. Calibration and Radiometric Correction 

 
The radiance measured by any remote sensing system over a given object is influenced by 

such factors as change in scene illumination, atmospheric conditions, viewing conditions, viewing 
geometry and instrument-response characteristics (Lillesand and Kiefer, 1987). In order to compare 
the data gathered at different observation times and positions by the same sensor, it is necessary to 
remove all errors caused by the factors previously noted. The processing to remove those errors is 
called radiometric correction. As we know, most oceanic applications of remote sensing are con-
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cerned with the physical properties of the water. The conversion of raw data to a meaningful physical 
property is called data calibration. 

 
 
 
 
 
 
 
 

 
 

 
 

Figure 5.2. Solar zenith angle variations over a NOAA image. 
 

The AVHRR level 1B data provide solar zenith angle data and calibration coefficients. Based 
on that information, several radiometric correction and calibration processes can be carried out. Be-
cause of the large scanning angle of the AVHRR (about 55.4 degrees), the solar zenith angle varies 
significantly along one scan line (Figure 5.2). The large angular difference over a satellite image can 
result in quite different amounts of solar radiation received by a ground object, resulting in spectral 
errors in the visible and near infrared channels of AVHRR data. Solar zenith angle correction is a 
necessary step for regional scale applications of AVHRR data. A cosine correction can remove those 
errors: 
DN0= DN θ  /cosθ               (1) 
This equation corrects a digital number with a solar zenith angle of θ Degrees (DNθ) to a digital num-
ber of 0 degrees (DN0). 
 

AVHRR thermal data (channels 3, 4 and 5) may be converted to temperature based on the 
conversion coefficients appended on the AVHRR data. The calibration procedures are described 
herein. The data provides the calibration coefficients, consisting of slope and intercept values for each 
of the five channels. The thermal channel slope values are in units of (milliwatts m-2)(steradians.cm-1) 
per count and the intercept is in (milliwatts m-2)(steradians cm-1), (NOAA, 1990). The equation to 
convert DNs to their brightness temperature is: 
 
Ts (E)=C2 v / ln (1 + C1 v3/E)  (2) 
 
Where: Ts = the surface brightness temperature (K) 
E = the energy value (irradiance at instrument aperture) 
v = the central wave number of channel filter (cm-1) 
C1 = 1.1910659 * 10-5 mW/(m2*sr*cm-4) 
C2 = 1.438833 (cm*K).  
The radiant energy (E) in equation (0.2) can be obtained by converting the digital numbers  
 
E = c ×TIR+ d                                          (3) 
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Where:  TIR = a digital number from AVHRR channel 3, 4 or 5  
c,d = constants appended on the NOAA-AVHRR level 1B data. 
 
Note that the temperatures obtained by this procedure are not yet corrected for atmospheric attenua-
tion. 
 

5.1.5. Land and Cloud Masking 

 
Since we are only interested in the temperature of the sea surface, it is convenient to mask 

away the land pixels. This saves calculation time and disk space. To apply a land mask it is necessary 
to have an accurate coastline definition. From the Digital Chart of the World (mentioned in Geometric 
Correction), a coastline vector file can be downloaded in ESRI /Arc View format. 
There are several ways to apply a mask, in Envi one simply picks a vector file and assigns the value 
zero to all land files. Envi transforms the vector file to a raster file with the same pixel size and loca-
tion as the image. 

The visible light bands are not suited for to detect clouds quantitatively, especially on thin 
cloud coverage. The thermal bands are applied to distinguish the clouds. The theory is that the clouds 
always emit a lower surface temperature than the sea. 

During nighttimes, the cloud temperature is less than 5°C, and the SST is between 25-32°C in 
the study area. It should be quite easy to distinguish the clouds. The problem lies with radiance com-
ing thin cloud or fog coverage that mixes with the radiance of the underlying sea. This causes scatter-
ing and absorption and will result in an erroneous SST between 5-22 °C. If we want to get rid of all 
fog or thin cloud influenced pixels, we will have to exclude all pixels with a value lower than the low-
est expected SST. This results in the following equation: 

Tmax cloud= T max SST -∆ T    (1) 
Where:  
Tmax cloud  = assigned maximum cloud temperature, 
Tmax SST   = maximum SST on image, 
∆T = threshold, dependent on cloud thickness. 
 

5.2. Chlorophyll-a and TSM Generation by using SeaWiFS Images 

5.2.1. Data Acquisition 

 
A nowadays widely used sensor for the calculation of TSM in seawater is the Sea viewing 

Wide Field-of-view Sensor (better known as SeaWiFS) on the Sea Star satellite. This satellite is oper-
ated by NASA and is specially designed for the monitoring of the World’s oceans.  
This sensor has a completely different spectral range than AVHRR. It has 7 bands that measure in the 
visible light (400-700 nm) and only 1 band in the near infrared range. It can see differences in ocean 
watercolour, the products derived from SeaWiFS imagery are typical ocean colour based: TSM and 
Chlorophyll.  
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SeaWiFS, just like AVHRR, is a low-resolution sensor; the spatial resolution is 1100*1100 m at nadir 
(Technical properties in Appendix B). It is launched in August 1997 and the data sent to Earth is re-
ceived by a number of stations. The station of CRISP receives SeaWiFS data of Indonesia in Singa-
pore. SeaWiFS data can be downloading feely on the Internet from the following site: 
http://daac.gsfc.nasa.gov/data/dataset/SEAWIFS/.  
 
Data covering East Kalimantan is available from mid 1999 to 2001 only. An area of interest stretching 
from 117 to 120°E and from 3°N to 2°S is taken and the best (which is always the less cloud covered) 
images where searched. This meant that in some months 4 or more good images where found, where 
in other months no good image was found. When the data is ordered, near real-time ozone and cli-
matologically data (necessary for atmospheric correction) is appended and downloaded.  
 

5.2.2. Image Processing 

 
For the processing of SeaWiFS data NASA has developed a custom-made software package: 

SeaDAS. This software can process SeaWiFS data from the downloaded Level 1A file to a Level 3 
product. SeaDAS is only available for Unix-derived environments as Linux and Solaris. It is available 
from http://seadas.gsfc.nasa.gov/. 

 

5.2.3. Subscening 

 
SeaWiFS data is quite large; an image can cover half of Indonesia and take a lot of disk space. 

Therefore it is useful to make sub scenes of the area of interest of the raw image data, before applying 
other calculations. The area chosen extends from 117 to 120°E and 3°N and 2°S. Figure 5.3 shows an 
example of sub scene SeaWiFS data. 
 

 
 

 
 
 
 
 
 

 
 
 

 
 
                                                                                     
           Figure 5.3. SeaWiFS 23/4/1999 (full image).                   Sub scene image 31/081/2000. 
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5.2.4. Geometric Correction 

 
Geometric correction is done at first, which includes georeferencing and geo-code correction 

steps. For low-resolution image, normally “screen image shift” method is an option for georeference 
correction (Figure 5.4), SeaDAS has an embedded global coastline database, it can match image with 
navigation information (lat/lon data) stored in the image header. 
For the georeferencing band 8 (845-885 nm) was used since this is suitable to distinguish the coast-
line. Considering different distortion on different part of image, horizontal shift operation is focused 
on only coastline match in study area. The geocoding was carried out in the second step. Cylindrical 
projection is selected for re-sampling and transformation. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 5.4. (Geometric correction) “Screen image shift” method. 
 

5.2.5. Atmospheric Correction 

 
The atmosphere influences the water leaving radiance with atmosphere absorption and scatter-

ing. The radiance picked up by a sensor includes many components of atmospheric radiance (Gordon, 
1996): 
 

Lt  (λi ) = Lp (λi )+ T. Lg (λi )+ t. Lw (λi )                 (1) 
 
Where Lt  (λi ) = total radiance received by the sensor, 
Lp (λi ) = scattering and specular reflection from the atmosphere, 
Lg (λi ) = specular reflection of direct sunlight from sea surface, 
Lw (λi ) = water-leaving radiance, 
T, t= direct and diffuse transmittance of the atmosphere, 
λi  = sensor band. 
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In the present research, the interest is only in the water leaving radiance; all other components 

have to be removed with atmospheric correction. SeaDAS provides an extension, MSL12, which is 
capable of performing an atmospheric correction, based on the multi-scattering band 7:8 aerosol mod-
els by Gordon & Wang (1994). This algorithm is implemented in SeaDAS, but shows some failures.  

One major symptom of failure is that water-leaving radiance for the 412 and 443 nm bands 
seems to be negative in turbid water environments. Around the Mahakam Delta and Berau Estuary 
this results in masked-away areas, although there is turbid water there. This failure can be attributed to 
severe overestimation of the 765 nm: 865 nm aerosol reflectance ratio (eps78), which arises because 
of the assumption in calculation of aerosol path radiance that water leaving radiance for 765 nm and 
865 nm is zero. This assumption is valid for clear oceanic waters, but breaks down for turbid coastal  

 
To overcome this problem a simple extension has been made to the standard SeaWiFS atmos-

pheric correction algorithm created at the Management Unit of the Mathematical Models (MUMM) in 
Belgium, based on a new aerosol correction method described by Ruddick, Ovidio and Rijkeboer 
(2000), providing a detailed discussion of the theoretical basis of this algorithm.  

This algorithm is replacing the assumptions of zero water-leaving radiance at 765nm and 
865nm by the assumption that the ratio of 765nm: 865nm aerosol reflectance and water-leaving reflec-
tance are spatially homogeneous and can be fixed as calibration parameters. While the ratio of water-
leaving reflectance is expected to be rather independent of region and time and has been fixed as 1.72 
for all images processed so far at MUMM, spatio-temporal variability of the aerosol reflectance ratio 
can be expected in response to variations in aerosol particle type. Thus, this ratio is assessed on an 
image-by-image basis by inspection of the scatter plot of the Rayleigh-corrected reflectance at 765nm 
and 865nm (Figure 5.5.) 

In this scatter plot, the Raleigh corrected reflectance values in band 7 between 0 and 0.01 can 
be contributed to aerosol-dominated pixels. Values between 0.01 and 0.03 are likely be derived from 
clear oceanic water, where the values between 0.03 and 0.05 are likely to be from turbid water pixels. 
Values over 0.05 can be contributed to land or land/sea pixels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.5 Scatter plot of Raleigh corrected reflectance of band 7 and 8. 
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The standard value (1.1) for eps78 is replaced by the newly determined value for eps78 and the ra-
diometric correction is executed again. The products give realistic (no negative) values for the 
normalized water-leaving radiance for the 412 and 443 nm bands in turbid water areas.  

This problem shown in Figures 5.6 to 5.8; the corrected normalized water-leaving radiance 
(nLw) of bands 2 (443 nm) and 5 (555 nm) of an image of July 6th 1999 for three different atmos-
pheric correction methods (MSL12 without NIR (band 7 and 8) iterations, MSL12 with NIR iterations 
and MUMM correction) are displayed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.7. nlw radiances for 443band, using                        nlw radiances for 555band, using 
 the MSL12 without NIR iterations correction method.            

Figure 5.6.  nlw radiances for 443band, using                  nlw radiances for 555band, using the 
MSL12 with NIR iterations correction method. 
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Different spectra of specific locations are made (Figure 5.9); in clear ocean water (119°E, 
2°N; location A), very turbid water near the Berau estuary (118°E, 2°N; location B) and in a sediment 
plume drifting north from the Mahakam delta (Location C). It is obvious that in the highly turbid wa-
ter near Berau the MSL12 correction methods break down and the pixels are given a value of zero. In 
the medium turbid areas and the clear oceanic areas the MSL corrections can cope with the reflection, 
but give a generally lower value than the MUMM correction. 
 
 

                     
 

 
 
 
 
 
 
 

 
 
 
 

        
Figure 5.8.  nlw radiances for 443nm band,                             nlw radiances for 555nm band, using 

the MUMM correction method.  
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Figure 5.9. Spectra of different locations, derived from different correction methods. 

 

5.2.6. Land and Cloud Masking 

 
Seadas is delivered with a polygon file for the world’s coastlines. During the atmospheric correction it 
is possible to use this coastline file to mask away the land pixels. Cloud masking is not that easy, be-
cause clouds differ in size, position and thickness. Therefore Seadas uses band 8 (865 nm, in the NIR 
range) to detect clouds. The used algorithm has the following form: 
 

Albedo=100*Lt (865)*t*to/Fo/muo.           (1) 
 
Where: albedo =the albedo of a unit area. 
Lt (865)=top of atmosphere radiance for band 8. 
t,to=Raleigh diffuse transmittance, surface to sensor and sun to surface respectively. 
Fo=solar irradiance (day of year corrected). 
muo=cosine of the solar zenith angle. 
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The albedo is the threshold used to determine clouds. If the albedo of a pixel is higher than this 
threshold, the pixel is marked as cloud-contaminated and will be masked away. It is of much impor-
tance to set the threshold right. If it is too high thinly cloud covered pixels will not be masked away, 
and if it is too low not contaminated pixels with a fairly high albedo (such as turbid coastal areas) will 
be masked away. In this processing an albedo threshold value of 1.6 was chosen. 
 

5.3. TSM Concentration Generation using Landsat TM Images 

5.3.1. Image Pre-Processing 

 
First step in image pre-processing was the geometric correction of the raw images. The second 

step is radiometric (atmospheric) correction to convert the raw images to surface reflectance. Lastly, a 
mask map is made for separating water from the land. In the next procedure of the research, the cor-
rected images resulting from the image processing will be used to retrieve the TSM concentration 
maps after the calibration with in-situ measurements. 
For geometric correction process, the topographic maps have been used as a reference map by chosen 
several tie points to relate the image with the real topography existing in the topographic map of the 
area.  
A mask was created for considering only the seawater part from the satellite images. The mask image 
has all land pixels set as zero and the water pixel has their own pixel values. 
ILWIS 3.1 software has been used for all the above-described processes. Figure 5.10 shows the exam-
ple of masking land/sea for band 3. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.10. The masking land/sea of Landsat TM 2002 for band 1. 
 
 

Land Sea 
Sea 
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The example of algorithm for making the mask image is given as follows: 
Mask image of band 3= iff (tm2002= 2, tm2002b3, tm2002), 
Where: 

• Tm2002 is a raster map that was created from the segment map after process 
rasterisation, where land has the value of 1 and water has the value 2. 

• Tm2002b3 is the raster map of Landsat TM band 3 
 

5.3.2. Field Data 

 
The in-situ measurement was carried out in order to collect Total Suspended Sediment (TSM) 

samples of the Berau Estuary by a group of ITC students. Totally 29-point locations were chosen. 
They represented the general condition of coastal water in Berau Estuary (see Figure 5.11). 
For laboratory analysis, water samples were obtained sequentially at depths up 50 cm using motorboat 
during about one week of sampling.  The samples were transported to the Netherlands within 10 till 
30 days after collection. The water samples were stored in a freezer for keeping the organic material 
constant. 

 
Figure 5.11. The sampling locations of in-situ measurements done in October 2003. 
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5.3.3. Mapping and Analysis Stage 

 
This stage includes the mapping of TSM by using empirical approach (Statistical Model). This 

method has been applied in many previous studies (Ritchie and Cooper, 1998, Boban, 1993 and Shi-
moda et al., 1986). Linear and multiple regressions were proved useful for the study of the suspended 
sediment. They yield sufficiently accurate concentrations estimates and gave better accuracy if the in-
situ measurement is at the same time as the acquisition date of remotely sensed imagery. 
In this approach, mapping of TSM is the calculation of the relationship between DN of each VIR band 
of Landsat TM with TSM concentration by using linear regression. The results of the calculation were 
then applied for retrieving TSM concentration and spatial distribution of the TSM in Berau Estuary. 
Finally, density slicing classified raster image was done. Figure 5.13shows the flowchart of the statis-
tical approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Land 
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6. RESULTS AND DISCUSSION OF WATER QUALITY 
PROPERITES 

6.1. Introduction 

 
This part describes and discusses the water quality parameters that resulted from in-situ meas-

urements and some others field data of the East Kalimantan. Some results on hydrodynamics (varia-
tion of the salinity and its distribution in space and time) are also discussed. The objective of this 
chapter is to give a general overview of the state of the some Berau estuaries system in terms of water 
quality parameters. 

6.2. Water Properties as Described by In-situ Measurements 

 
A group of coastal zone students have conducted the fieldwork activity in September-October 

2003. Two types of activities were carried out. The first type of activity was an in-situ measurement 
by using the U-10 digital Water Checker. Six parameters have been measured simultaneously such as 
pH, conductivity, turbidity, dissolved oxygen, temperature and salinity. 
 The in-situ measurements have been done at 21points. The positions of all points are given in 
Figure 6.1. These have been determined, on the basis of the preliminary results of the statistical ap-
proach. In addition, these positions have been modified upon field judgments of sediments sources 
and the amount of sediments observed in each point, in relation with the position of river outlets and 
land topography. The general descriptions of some points are given in Table 6.1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1. The Transects locations of in-situ measurements done in October 2003. 
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Table 6.1. Points of the in-situ measurements and Its Descriptions. 

 
Salinity  
 

One of the major characteristics of an estuaries system is the variation in the distribution of 
the water salinity. Many processes, physical, chemical or biological are related to the salinity. The 
salinity is the main index of the mixture of seawater with water from the major rivers. 

Our observations indicate that the salinity of Berau varies from 10 o/oo till 35 o/oo (see Ap-
pendix B). The lowest value 10 o/oo occurs in points located in the river mouth. Going along from the 
river mouth into the sea, the water salinity increases from 10 o/oo to 35 o/oo. These facts indicate that 
in terms of salinity, the influence of the river discharge at outlet is higher than the influence of the 
seawater. High values of salinity obviously occur in clear seawater.  
There appears to be a certain relationship between salinity and other water parameters, especially with 
the water depth. High water salinity usually corresponds with going more deep in the water column. 
Figure 6.2. 
 
 
 
 
 
 
 
 

 
 

No 
 

Points of Measurements Description Remarks 

1 TR2, TR19, TR15 and TR20 These points are situated in the 
Berau riverbed that are very turbid 
water area. 

From a linear transect, 
going from the riverbed to 
the river mouth.  

2 TR15, Tr11, TR14 and TR6. These points are located in the Berau 
river mouth and inside the plume. 

Going from the from the 
high turbid water in berau 
river mouth to the me-
dium turbid in side the 
plume. 

3 TR12 and TR7 and TR3. These points are the most closed to 
the river mouth and show low turbid. 

Going from the medium 
turbid water to the low 
one. 

4 TR8, TR5, TR2, TR1 These points are out side the river 
plume and close to the Derawan is-
land that located the furthest from 
the river mouth with low turbidity. 

Going from the deep clear 
water to the edge of the 
river mouth plume.  
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Figure 6.2. Salinity in Berau Estuary in the point TR10. (Vertical section, Berau22 Oct 2003) 

 
Water Temperature 
 
 Temperature is a critical water quality, since it influences directly the amount of dissolved 
oxygen that is available to aquatic organisms. Water temperature affects the rates of all chemical and 
biological process. Temperature changes in surface water have an extreme biological affects on the 
cycles of fish and seaweed, as well as on that of the minute organisms governing from organic pollut-
ants. In general, as the temperature of water increases, the amount of oxygen dissolved in the water 
decrees and there is a tendency for the amount of pollutants to increases. The measurements taken in 
this study (Figure 6.3) show the temperatures of different points at 2 meters depth.  

 
Figure 6.3. Temperature in Berau delta at 2-meter depth in October 2003. 
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It was found that in all cases the water temperatures tends to decrease with depth. It is related to sun 
exposure of the water (Figure 6.4). 

 
 

Figure 6.4. Temperature in Berau delta in point TR5 at different Vertical section. 
 

6.3. Error Analysis 

 
In order to give a better interpretation of the different water qualities and properties some con-

ditions should be taken into account. The accuracy of the measurements taken in this research has 
been subject to some errors, origination from different sources. Both human and physical factors may 
cause considerable effects. A summary of error sources in this research is presented in table 6.5. 
 

 
Main errors Specific errors 

 
Human Errors 

• Measurements at the wrong spot 
• Measurements at the wrong moment 
• Poorly calibrated instruments  

 
Physical factors 

Spatial in homogeneity of waters; the coastal dynamics (waves 
and turbidity movement) will have an impact on the measure-
ment accuracy 

 
Table 6.2. The summary of error sources in the water quality in-situ measurements. 
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6.4. Conclusions 

 
Various in-situ measurements have been done in the Berau delta area. The water parameters 

measured in 21 locations were water depth, salinity, TSM and temperature. The measurements have 
been done in points along vertical sections, in order to detect gradients. Several parameters give a 
clear tendency, which can be underlined, and reflect the characteristics of the area, while several other 
parameters need to be studied in more details. 
The river charge has a considerable influence on the water characteristics of Berau area. The data of 
turbidity and salinity shows a clear tendency when going from the river mouth to the sea, the turbidity 
decreases and the salinity increases due to the influence of the river on the seawater characteristics. 
Inversely, temperature, no clear relationship could be viewed between river discharge and seawater 
characteristics. Regarding their values, certain parameters show differences with depth. These are, 
however generally non-significant. This could be due to the dynamics of the East Kalimantan sea-
water area by the factors tide, wind and waves. Mixture between surface and subsurface water may be 
strong also. Certain relationships between different water parameters have been confirmed such as 
salinity and depth. 

The measurements results illustrate of river discharge due to the characteristics of the catch-
ments. This fact is to be verified in terms of spatial distribution using remote sensing data (Chapter 
7). The influence of coastal dynamics such as tide, wave and wind movement on the data collection 
appears also in this research. The water salinity in front of the Berau River has been influenced by the 
high river discharge. Laboratory analyses have been done to measure the Total Suspended matter 
(TSM) concentrations, from the water samples of the same locations where to other water properties 
were measured. The results indicate, that the lowest concentrations of TSM are found in the deep sea, 
while the highest concentration are found in the shallow water, close to the river outlets.  
In terms of the accuracy of measurements, it can be stated that the merriments are subject to some er-
ror sources. The errors may be originated from human errors and /or from physical aspects.  In terms 
of the methodology, it can be stated that the analysis with spectroradiometer in the filed has intro-
duced some sources of errors related to the quality of the equipments and to improper calibration.  
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7. RESULTS AND DISCUSSION OF TSM MAPPING  

7.1. Introduction 

 
As has been mentioned in the previous chapter, mapping of TSM by using a statistical ap-

proach is a simple and straightforward method. This method has been used by many researchers and 
has given different algorithm results. The main concept of the statistical analysis is retrieving TSM 
concentration, based on in-situ measurements of sediments, if the data are collected at the same time 
with the satellite overpass. Nevertheless, in this research, all the images and the in-situ measurements 
of TSM have been collected of different time. This fact gives another challenge for this research: Can 
Landsat imagery provides a real contribution to TSM monitoring over a long period and is it possible 
to use archive field data for estimation the TSM levels from satellite images which were not taken at 
the same time of field sampling? 

The main activities of this approach are: (i) selection of existing suspended sediment data of 
East Kalimantan; (ii) calculation of the relationship between the Digital Numbers (DN) in each visible 
and infrared (VIR) band, with TSM concentration by using linear regression; and (iii) application of 
the calculation for retrieving TSM concentration and the spatial distribution in East Kalimantan. This 
chapter is structured following this sequence of activities.  

7.2. Suspended Sediment Data and Image treatment 

7.2.1. Existing Suspended Sediment Data of East Kalimantan Coastal Water 

 
The main data used in this approach is the Total Suspended matter (TSM) data, measured in 

the laboratory on water sample, collected during fieldwork by the coastal zone specialization students 
on October 2003. To simplify the nomination, the TSM result from the fieldwork in this study will be 
named as ‘Field data’ in the next discussion. (Appendix C). The satellite images used in this study 
(Landsat TM5, 1991 June, Landsat TM7, 1996 February and Landsat TM7, 2002 July).  

The detailed description of all images processing have been given in chapter 5. The resulting 
TSM imagery after application of the statistical algorithm shows details information on the spatial and 
temporal variation in turbidity in the water plume areas. 

  

7.3. TSM Derived from Landsat TM 

 
Coastal waters require a specific algorithm to take into account the differences in water consti-

tute and their optical properties at different locations and times. These differences are caused by sev-
eral factors such as fluctuations in tide, winds, waves, river discharge, sediment load, primary produc-
tion and phytoplankton species type. As a result, in-situ data must be required at the same time as the 
satellite overpass to calibrate algorithm specific to the site. The algorithms developed for a specific 
site will not be accurate for other geographical locations. However, the method of algorithm develop-
ment can be applied anywhere. As has been mentioned before, this research strives to develop the al-
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gorithms for specific site of East Kalimantan water, but with different times between satellite over-
pass and in-situ measurements. 
The resulting TSM maps retrieved from the imagery after application of the statistical algorithm show 
detailed information on the variation in turbidity in the waters. The results show wide spectra of the 
coefficient of determination (R2) between TSM retrieved from imagery and TSM in-situ measure-
ments. The R2   values range from low values (R2= 0.2) to high values (R2= 0.71).    
These values depend on several factors such as metrological; condition and measurements accuracy. 
The analysis of the result is based on factors such as the satellite data, seasonal and/or time behaviour 
of the oceanic waters, the TSM in situ measurements, and meteorological conditions for the different 
dates.  

Not one of the TSM in-situ measurements was done on coinciding date with the dates of im-
age acquisition. The effects of the time differences appear in the liner regression results. Most of the 
correlations between TSM in-situ measurements and TSM retrieved from an image have a low coeffi-
cient correlation (R2). The highest correlation occurred only in the TSM map retrieved from the Land-
sat 7 TM image of July 2002 (R2= 0.71). That image was recorded in very close time as the TSM in 
situ measurements comparing with the others. 
 The limited amount of in-situ measurements also influences the result of statistical approach. 
The in-situ measurements from the fieldwork was realized only 23 selected points for the entire study 
area appears to be too few for being representative of the entire area. The accuracy of the in-situ sam-
pling/measurements and the accuracy of positioning has an effect on the defined statistical model.. 
Following paragraphs give a brief description for each of the TSM image maps retrieved from Landsat 
TM images of different dates. 

 
TSM Concentration Map Derived From Landsat Images of (July 8,2002; July 31,1996; June 16,1991). 
 

The results of all regression analysis, algorithms and the R2 results of each band derived from 
the three satellite images Landsat are presented in Table 7.1. From this table, it can be seen that band 
1 gives the highest value of R2 for the regression of July 8,2002, July 31,1996 and June 16,1991.  

It appears that the river discharges have caused higher TSM concentrations in the river 
mouths than near the coastline. Going from the coastline to the middle and outer of the sea, TSM de-
creases. It is clearly shown in the map that the patterns of distribution are similar. The patterns show 
the wave go from the south to the north. 
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Landsat TM 7- July 31, 1996 Algorithms R2 
Band 1 Y = 1.1512 X - 77.497 0.58 
Band 2 Y = 0.5123 X - 7.0245 0.41 
Band 3 Y = 0.2617 X + 1.9091 0.26 

 
 

Landsat TM 5-June 16, 1991 Algorithms R2 
Band 1 Y = 1.450 X +- 74.21 0.62 
Band 2 Y = 0.949X - 63.428 0.50 
Band 3 Y = 0.468 X - 1.632 0.31 

 
 

Table 7.1. The algorithms of TSM concentrations of land sat 2002, 1998 and 1991 established from 
different TSM dataset. 

 
 
 
 
 
 

 

Landsat TM 7-July 8,2002 Algorithms R2 

Band 1 Y = 1.3033 X -91.816 0.71 
Band 2 Y = 0.6077 X -27.001 0.56 
Band 3 Y = 0.3805 X -7.7509 0.67 
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Figure 7.1. TSM map Retrieved from Landsat TM 7 July 8, 2002. 
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Figure 7.2. TSM map Retrieved from Landsat TM 7 July 31, 1996. 
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Figure 7.3. TSM map Retrieved from Landsat TM 5 June 16, 1991. 
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7.4. Error analysis 

 
The main problem related to the accuracy of TSM concentrations derived from remotely 

sensed data is mainly due to the difficulties in determining the exact ground truth, it is difficult to 
match the time of the measurements that are taken at the time of the satellite overpass. 

Both human and physical factors may cause considerable effects on reflectance value and or 
concentrations measured or retrieved, which sometimes can hardly be disentangled. Effects caused by 
human factors mainly pertain to errors made during or after measurements (measurements at the 
wrong spot, at the wrong moment, with poorly calibrated instruments, error made in the analysis of 
water sample) and should be prevented or at least be minimized. Perhaps, even more important are 
physically determined effects such as; (i) spatial in-homogeneity of waters, (ii) discrepancies in hori-
zontal dimensions of a water sample and the water probed by spectral measurements, (iii) variation in 
coastal water dynamics in time and space, and (iv) the meteorological conditions. 
The source of error in this statistical approach can be summarized by: 

• The images were not corrected from the effect the air water interface distortion. The 
darkest pixel subtraction that has been applied in this research just corrects the image 
from the atmospheric distortion. The reflectance of the image still depends on the wa-
ter column condition. 

• The difference in time between the satellite overpass and the in-situ TSM measure-
ments. 

Based on the results and associated analyses that were made of the various kinds of Landsat 
TM imagery and statistical approach, the following conclusions were drawn: 
(1) The results confirm that satellite remote sensing, in particular Landsat TM data, can be used to 
determine suspended sediment concentrations of coastal water bodies. 
(2) The results of the statistical approach doesn’t agree with the results of previous researches which 
indicated that the best wave band to analyse suspended sediment concentration is (TM3 for Landsat). 
In terms of wavelength, this current research results show that the blue band (band 1) in all the Land-
sat TM sets are the most appropriate band to be used for TSM estimation compared to the others 
bands. This blue band gave the highest result for TSM estimation. And also based on the result the 
individual correlation between each band and the Digital numbers (DN) in the simple regression the 
correlation factor was very poor. However, it can stated that the mapping of the TSM concentration 
using the statistical approach from the archived images can still be considerable to give good results 
in order to show the distribution patterns of the sediment. This is not in terms of concentration value 
buts in terms of relative concentration in time and space. 
 

7.5. Conclusions 

 
A statistical approach has been used in this step of the research. The approach consists in four 

steps: (i) Collection of water samples;(ii) determination of TSM concentration; (iii) calculation of the 
relationship between reflectance of each band with TSM concentration by using linear regression: and 
(iv) using the result of the calculation for retrieving TSM concentration and spatial distribution (map-
ping). In this research, the existing suspended sediment data consist of three data sets. The TSM im-
age maps have been derived from band 1 of Land sat TM from the date of July 8,2002, July 31,1996 
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and June 16,1991. None of the satellite images was taken during the two months of annual rainfall 
maxima so the derived sediment concentrations from the satellite data indicate that seasonal depend-
ence was not possible to cover fully in this research. So there was no opportunity to investigate the 
difference results for the dry season and wet season. Thus, in the three sets the R2 values are close to 
each other. The values of R2 in this research can be understood as the result of high dynamics of the 
coastal water in this region. This causes a high variation in time and space. Waves and currents dis-
turb and re-suspension the bottom sediments giving place to well mixed waters.  

The results of the statistical approach show that the TSM estimation retrieved from Landsat 
July 8,2002 gave better results than from the other two Landsat sets. The highest correlation (R2) with 
TSM in-situ measurements is indicated by the TSM estimated from the Landsat 2002.  

In terms of wavelength, the results show that the blue band (band 1) in all the Landsat TM 
sets are the most appropriate band to be used for TSM estimation compared to the others bands. This 
blue band gave the highest result for TSM estimation. 

Comparison between TSM estimated by using different images of Landsat from different 
years and different TSM in-situ measurements data show that they were not so much different in esti-
mation results between the different sets. 

Being back to the previous question: “is a satellite recording could for use of prediction of the 
TSM concentration based on different time between satellite recording and in-situ measurements?” 
Such question could be answered as “yes”, but with certain condition, i.e. not too high dynamics in 
seasonal variation, land use in the catchments of Upper River and atmospheric conditions. It can be 
stated that the mapping of TSM concentrations using the statistical approach from the archived image 
still can be considered to give good results in order to show the distribution patterns of sediments. 
This is not in terms of absolute concentrations values but in terms of relative concentration in time 
and space.  
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7.6. TSM Generation Using SeaWiFS Images   

 
After pre-processing the images the TSM maps have been produced by using the TSM algo-

rithm, developed by the POWERS project (Van der Woerd et al., 2000), ( Figure 7.4). 
The TSM algorithm is based on the inversion of the forward model proposed by Gordon and 

Brown (1975): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Where: TSM = Total suspended matter concentration in mg/l, 
R555  = Subsurface irradiance reflectance in SeaWiFS band 5. 
 

7.6.1. Conclusions 

 
  The SeaWiFS processing for retrieving TSM appeared to work well, because we were able to 
do all processing within a few days time. The result is useful for monitoring because of its strength in 
both spatial and temporal coverage. This generates new information about large-scale processes in the 
Makassar Strait, Indonesia.  

 Currently, coastal mangers mainly acknowledge the strengths of ocean colour remote sensing 
in combination with online data access and processing on demand, for determination of the spatial 
extent of events, and for explanation through hind casting. Ocean colour remote sensing can be used 
to track pressures, and to observe impacts. Analysis of long time series of these spatial data sets en-
ables to unravel natural variations from human impact. However, the full potential of ocean colour 
remote sensing as a monitoring tool for regional seas has yet to be explored. We think that this east 
Kalimantan case shows an example of scientists and water managers jointly trying to optimise moni-
toring using up-to-date remote sensing, GIS, and Internet technology. Regarding the masking of turbid 
water MUMM extension has overcome this problem. 
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Figure 7.4. TSM Concentration Maps of East Kalimantan. (Sources SeaWiFS Images). 
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8. RESULTS AND DISCUSSION OF CHLOROPHYLL-A 
MAPPING 

8.1. Introduction  

 
The biological processes in the ocean are largely controlled by the presence of phytoplankton, 

which forms the base of food chain, and is responsible for CO2 fixation. Thus phytoplankton playoff 
an important role in the control of atmospheric CO2 through absorption in the process of photosynthe-
sis. This additional draw down particularly in the case of oceanic waters is variable in space and time, 
but contributes significantly to the modification of anthropogenic atmospheric CO2 input and may be 
involved with past climatic change as well (Bigg, 1998). Besides this presence of phytoplankton itself, 
affects surface heating and light penetration. Significant large-scale oceanic and atmospheric differ-
ences may succulently alter the circulation patterns and thermal structure of the region to produce 
variability in Phytoplankton biomass. This is very well observed in satellite images.  

The penetrative power of solar radiation is a function of the water clarity and may vary at dif-
ferent locations. This will be a function of location. In the tropics there is sufficient light and heat 
throughout the year, so that there are continual small rises and falls of population of zooplankton and 
phytoplankton as nutrient levels interact. There are also changes from year to year in plankton popula-
tion. These can be linked to changes in the climate, throughout winter mixing variability, temperature 
and light availability. There may also be changes in the supply of nutrients from land run o. Disease 
and fishing practices may also alter the balances within the ocean that affect phytoplankton stock.  

The variation in the wavelength characteristics of reflected light from the oceans due to 
changes in biological productivity will also have a climatic influence. Regions of greater productivity 
would reflect more incident radiation and also allow less of it to warm the lower reaches of the upper 
ocean. A contrasting effect of phytoplankton is the warming of the upper ocean by the increased ab-
sorption of radiation as biomass increases (Sathyendranath et al. 1991). 

Chlorophyll is one of three basic pigments stored in plant leaf on the land, or Phytoplankton 
and marine species in the ocean. There are different chlorophylls, Chlorophyll-a is more popular than 
chlorophyll-b and-c, it plays an important role to capture energy from the sun and through the process 
known as photosynthesis convert water and carbon dioxide into organism and oxygen. This green 
pigment is a chemical compound, which reflects only certain wavelengths of visible light. This makes 
them appear "colourful". More important than their reflection of light is the ability of pigments to ab-
sorb certain wavelengths (Figure 8.1).  

The chloroplast containing the chlorophyll also emits the radiance called fluorescence. Light 
energy absorbed by the chloroplast excites pigment molecules of the light harvesting chlorophyll pro-
teins (LHC) and release the energy. Approximately 3%-9% of the light energy absorbed by chloro-
phyll pigments is re-emitted from the first excited state as fluorescence. 
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Figure 8.1. Chlorophyll-a absorption spectrum and reflectance spectrum (Internet, 2002). 
 

8.2. Chlorphyll-a pigment Concentration Maps Derived from SeaWifs Data 

 
SeaWiFS has developed the 4-band OC4.v4 algorithm, which was parameterised with a large 

(n= 2,804) data set of coincident chlorophyll and spectral reflectance measurements (NASA TM 
2000- 206892, Vol. 11). The result of PPC is as close as possible to the in- situ samples. The chloro-
phyll-a absorbs strongly in the blue-green (400-430 nm) and red regions (660-690 nm) of the light 
spectrum, average 50-60% absorption, and reflected on green spectrum formed the peak between 480-
580 nm, reflectance is about 15-20%. These characters have responded on SeaWiFS bands 2, 3, 4, and 
5. The remote sensing reflectance of SeaWiFS data is calculated from N w L)] ( �Equation 7.1). 

 
                                                                          (Equation 7.1) 

 
 

Where, Rw ( λ ) band i remote sensing reflectance;  [L ( λ )]N is normalized water leaving ra-

diance; [K( λ)] ��is the extraterrestrial solar irradiance; 
Ratio of SeaWiFS colour bands reflectance is calculated to search for the largest the reflec-

tance of chlorophyll-a (Equation 7.2), which is suitable to the entire water quality situation. There is 
different reflectance or PPC in the open sea or clear sea (ocean colour Case 1) and coastal area or tur-
bid or high concentration of chlorophyll (ocean colour Case 2) in different bands, that means any one 
ratio of bands can’t represent PPC. 

 
 
   (Equation 7.2) 

 
 

SeaWiFS post-launch technique report presents a corrected algorithm OC4 of chlorophyll 
(Jamdes L. Mueller, 2000), which have a log relation to subsurface irradiance reflectance (Equation 
7.3).  

         OC4Chl a=10(0.366-3.067R+1.93R2+0.649R3-1.532R4)- 0.0414.                          (Equation 7.3) 
 
Where R equal to log10 (RG): 
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This Chlorophyll images are generated using the OC4 algorithm, that uses a single set of coef-
ficients applied to the ratio RG which is determined by the greatest ratio among Rrsw (443)/Rrsw 
(555), Rrsw (490)/Rrsw (555), and Rrsw (510)/Rrsw (555). 

A detailed discussion of ocean colour algorithms for the SeaWiFS instrument is available in 
the work of O’Reilly et al. (1998). Equation uses a maximum reflectance ratio. The 443-555 ratio is 
always the maximum in low chlorophyll (blue) waters, but as the PPC increases; reflectance in the 
443-nm band diminishes due to the strong absorption of chlorophyll at that wavelength. Eventually, 
the 490-555 ratio or 510-555 becomes larger. This algorithm has an advantage over previous switch-
ing algorithms (e.g., the CZCS algorithm) in that there is no inherent discontinuity between chloro-
phyll values at the point where the switch occurs. But this equation is designed for global ocean moni-
toring, it is high accurate in open sea, but there is some errors occur around coastal zone, especially in 
shallow water with SSC. 
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Figure 8.2.Chl-a Concentration Maps of East Kalimantan. 
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8.3. Chlorphyll-a pigment Concentration Analysis  

 
Eight locations have been selected, two near coast, one near coast to offshore, two offshore, 

one offshore to open water and two open ocean. These locations have been chosen to obtain a repre-
sentative distribution pattern of chlorophyll in the near coast and open ocean waters in the East Kali-
mantan. The eight locations are shown in (Appendix D).  

Taking the chlorophyll value in the 3×3 pixel area checked variability within the data points. 
The variability may change with season and location and was larger in near-coast regions. The open 
ocean area was found to be more uniform. The chlorophyll values derived from SeaWiFS data show 
spatial as well as temporal variability very distinctly. The range of chlorophyll concentration in these 
locations varies between 0.62 and 5.07 mg m-3. Variability is more in near coast–offshore locations. 
Inter-annual comparisons show close similarity at most of the locations except two locations. A curve 
plotted for the period 19 November to 13 December for the year 1999, 28 march -10 May for the year 
2000 and 6 July – 22 July 2001 for all eight locations, from near coast to open ocean, shows slightly 
variability in near coast–offshore waters as compared to the offshore and open ocean waters. For other 
locations the variability was unreliable in different time of different years (Figure 8.3).  
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 8.3. Inter-annual variability at different locations. 
 

Intra-annual variations studied at all the eight locations show seasonal variability. To under-
stand the spatial and temporal variability in the East Kalimantan coastal water, intra-annual variability 
at three locations representing near coast, near coast–offshore and offshore–open ocean is plotted and 
shown for two different years (Figures 8.4 and 8.5). The chlorophyll concentration pattern for the pe-
riod 1999–2000 is shown in Figure 8.4, while Figure 8.5 shows the variability during 2000–2001. The 
chlorophyll concentration ranges from 2.79 to 4.94 mgm-3 in the near coast-coast location during 
1999-2000. However, the range is from 1.24-2.02 mgm-3 in the near coast- offshore and from 0.84-
2.29 mgm-3 in the offshore-open ocean. 

 From 10 May 1999 to 14 May 1999, the variability at near coast is slightly high, i.e. from 
2.79 to 4.94 mgm-3 (Figure 8.4). The other two locations show high variability also from 10 May 1999 
to 14 May 1999. The peak in chlorophyll concentration is observed in this period in the near-coast 
location, offshore and Open Ocean. 
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Figure 8.4. Chlorophyll distribution pattern during 1999-2000. 
 

Chlorophyll variation during 2000-2001 shows range of 2.31–4.94mgm-3 in the near coast 
location with peak chlorophyll concentration in the middle of May (Figure 8.5).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8.5. Chlorophyll distribution pattern during 2000-2001. 

 
The concentration range at other two locations is from 1.10–2.23 mgm-3 and from 1.04 to 2.29 

mgm-3 at near-coast–offshore and offshore–open ocean locations, respectively. Peak in chlorophyll 
concentration is observed at all the near coast location during May; the other two locations also show 
no variability. 

Also chlorophyll concentration slightly decreased from December to March in all locations. 
Features are stable at certain period of the year while at specific periods; very fast changes are ob-
served. Chlorophyll variability at all the eight locations for period 1999-2000-2001 was plotted to un-
derstand the pattern of variability within a month at different locations (Figure 8.6). It is observed that 
near-coast–offshore location shows high variability during this period, i.e. 2.17–4.03 mgm-3. At other 
locations, little variation is seen during this period, i.e. 3.24–4.26 mgm-3 , this pattern of variability 
will change depending on the time of the year. 
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Figure 8.6. Chlorophyll variability for July 2001 at different locations. 
 
 

A tropical climate is found on Kalimantan. The climate is classified as in the Köppen system 
(Bremen et al., 1990,): a tropical rainy isothermal climate with hot summers (the hottest month ex-
ceeds 22°C), there is no dry season (mean precipitation in the driest month is more then 60 mm) and 
there are two rainfalls maximal (April-June and December-January). 

Phytoplankton biomass is reported to show definite seasonal patterns in the East Kalimantan. 
They also show northward and eastward transport depending on depending on physical events such as 
up welling or winter cooling. The space and time scales of biological processes are expected to reflect 
the scales of physical circulation elements as well as interactively induced scales, i.e. from a competi-
tion between biological behaviour and physical transport, which may account for some scale of 
patchiness.  
 

8.4. Conclusions  

                       
Intra-annual comparison shows a definite pattern of chlorophyll distribution. The analysis of 

the cloud-free data for the year, i.e. October to July, shows that the highest chlorophyll concentration 
is observed during at all the near coast location during May associated with rainfalls maximal, winter 
cooling and convective mixing. Inter-annual comparison shows a distinct pattern of highs and lows at 
different locations. Inter-annual variability varies according to locations. Variability is more in the 
near-coast location due to high nutrients discharge by rivers, where the chlorophyll concentration 
range is also higher. In the offshore and open ocean waters, year-to-year variation is not very signifi-
cant. Seasonal periodicity is evident in inter-annual analysis. The data are useful in understanding the 
distribution, magnitude and timing of phytoplankton variability. The study emphasizes the potential of 
satellite sensor data for understanding chlorophyll distribution, which in turn may form an important 
input to climate modelling. 
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9. RESULTS AND DISCUSSION OF SEA SURFACE 
TEMPERATURE (SST) MAPPING 

9.1. Intorduction  

 
Temperature is an important of environmental parameter, which is frequently measured.  

Temperature can be use to study several processes in the sea such as, physical oceanography, marine 
chemistry and marine biology.  Sea Surface Temperature (SST) closely related to the deeper layer of 
water masses below the surface, so SST can be use to estimate the occurring phenomenon in the sea 
such as front, current and up welling and also surface temperature distribution horizontally. 

Sea Surface Temperature (SST) is important information for meteorological services and fish-
ery since SST represents ocean current and oceanfront, and is closely related to the generation of 
clouds and sea fog in coastal area and over the ocean.  

This chapter investigate monthly and spatial distribution of SST maps for the East Kalimantan 
coastal water area (Makassar Strait) by using the advanced very high-resolution radiometer (AVHRR) 
on the NOAA satellites. 
 

9.2. SST Maps Derived from NOAA/AVHRR 

 
From the 1970’s on the NOAA satellites have provided a tool for the measurement of surface 

temperatures and a vast number of articles have been published about the possibilities of the deriva-
tion of SST with NOAA satellites (McMillan and Crosby, 1984, McClain et al., 1985, Walton et al., 
1998). 

This sensor measures in five channels, bands 4 and 5 in the thermal infrared range. These two 
bands measure the emitted infrared radiance from the Earth’s surface. With a special developed algo-
rithm, the Sea Surface Temperature can be derived from these bands.  

AVHRR has a spatial resolution of 1100x1100 m at nadir, and is therefore very well suited 
for a low-resolution large-scale investigation. The technical details are listed in (Appendix B), and the 
detailed description of all images processing has been given in chapter 5.  

Numerous algorithms for the calculation of sea surface temperature are developed in the past, 
each new one even more accurate than the previous one. An overview of the development of algo-
rithms to calculate sea surface temperature with the AVHRR sensor is given by Walton et al. (1998). 
All algorithms are based on the relationship between the infrared bands (bands 3,4,5). Usually only 
band 4 and 5 are used, but some algorithms also include the radiance measured by band 3. This emit-
ted infrared radiation is not very dependent on day or night, without solar radiation (during the night) 
it is also possible to measure infrared radiation. 

Different algorithms are designed for images recorded during day and night. During night 
there is no sunlight influencing the emitted infrared radiation as it is during daytime. 

Daytime: 
SST=1.035TB4+3.046(TB4-TB5)-283.93    (1) 
Nighttimes: 
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Split window: 
SST=1.0527TB4+2.6272(TB4-TB5)-288.23     (2) 
Triple window: 
SST=1.0239TB4+0.9936(TB4-TB5)-278.46    (3) 
Dual window: 
SST=1.0636TB4+1.4544(TB4-TB5)-278.47  (4)   
 
The algorithms shown down have been used for calculation of SST for daytime and night-

time images. 
SST= 1.035*TB4+3.046 *(TB4-TB5)-283.93.  
And Split algorithms for night time: 
SST=1.0527*TB4+2.6272*(TB4-TB5)-2888.23. 

 
The production of SST started from October 1997 till the end of 2002 processes about 15 

AVHRR SST images and 6-year archive of AVHRR SST maps of the East Kalimantan have been 
generated. Time series of SST maps show the significant variability of the East Kalimantan SSTs, 
From month to month and year to year (Figure 9.1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



COASTAL WATER QUALITY MONITORING WITH REMOTE SENSING IN  (EAST KALIMANTAN) MAKASSAR STRAIT, INDONESIA. 

 

69 

 
Sea Surface Temperature (SST) Concentration Maps of East Kalimantan. 

                                                Sources NOAA/AVHRR Images. 
                           Scale                                                            
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Sea Surface Temperature (SST) Concentration Maps of East Kalimantan.  

                                           Sources NOAA/AVHRR Images.     
                       Scale                                                            
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Figure 9.1. Sea Surface Temperature SST Concentration Maps of East Kalimantan. 

                                    Sources NOAA/AVHRR Images. 
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9.3. Dominant Coastal Processes, Derived form Data Analysis 

 
A simple analysis that can be derived from the time series of TSM produced from SeaWiFS 

images and SST maps is to plot pixel values of specific locations in time. To accomplish this, all TSM 
and SST maps are stacked in a multi-layer image and several locations are chosen. The pixel values in 
these locations of all images are plotted in time-value series. For each region, the dominant processes 
are described. Six main regions are defined by the different locations: (Appendix E). 

1. Near the Mahakam Delta. 
2. Around the Mangkalihat Peninsula. 
3. Near the Berau Estuary. 
4. Near the Islands of Derawan and Maratua. 
5. In Strait Makassar. 
6. North of Berau Estuary. 
The pixel values plotted in time can be found in (Appendix F). It is well known from previous 

field observations that the influence of the tidal movements is quite large in some areas (around Berau 
a tidal offset of 2 meters occurs). A landward tidal current prevents the suspended sediment from 
flowing to the sea, and a seaward current helps it. A general precipitation plot is shown in (Figure 
9.2). A database with monthly precipitation data of the period 1980-1995 is used to derive a mean 
monthly precipitation plot of East Kalimantan. This plot makes clear that no real dry and wet season 
occurs on East Kalimantan. The dryer period falls between July and October and means that daily 
precipitation is below 6 mm/day. The very dry El-Niño period of 1982-1983 is clearly visible on this 
plot as two years with unusual low precipitation. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9.2. Monthly precipitation from the period 1980-1995 and average precipitation for East Ka-

limantan. (Source: Internet). 
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Mahakam Delta 
 
The Mahakam River (Delta) is the biggest river of East Kalimantan, with very big catchments. 

The expected sediment input of the river into the coastal zone is high. The Mahakam Delta is taken as 
a school example of a both tidal and fluvial dominated delta (Summerfield, 1991). Tidal current play 
an important role and that is partly visible from this analysis. Three locations around the Delta (15-20 
km from the delta itself) were picked and their mean is taken and plotted in a diagram. This means 
that no comparison between the different channels of the delta is made; this might the subject of a 
more detailed study. The plot shows an average TSM of 5-10 mg/l, with some major peaks on some 
days. It is highly likely that these peaks are more correlated to tidal influences than a bigger discharge, 
because these peaks occur more or less both in the dry and wet season. A striking phenomenon is the 
transport of fluvial sediment to the north. On a number of images, from where December 13, 1999 and 
July 6, 2001 are the best examples (Figure 7.4), a clear sediment plume drifting to the north is visible. 
This is opposed to the dominant southward current of the Indonesian through flow (Masumoto and 
Yamagata, 1993 and Lebedev and Yaremchuk, 2000). The Mangkalihat peninsula in the north might 
act as a shelter for the Mahakam area, causing an eddy swirling back north. Figure 9.2 illustrates this. 
The SST values in the Mahakam area are generally higher than in the surrounding areas, which is 
quite logical when it is considered that warm river water mixes with the cooler oceanic water. 
 

Berau Estuary 
 
In the Berau area, unusual high values for TSM are measured. On some moments, a value of 

more than 70 mg/l is measured. It is highly questionable if this is a realistic value. From observations 
of a previous fieldwork (July 2003) we know that the area of the estuary is shallow. The measured 
high reflectance may be due to sea bottom reflectance, while the water is still relatively clear. What is 
for sure is that the transition between high and low reflectance is a quite sharp boundary. One could 
think that an abrupt bathymetric change might cause this transition. However this is not the case, the 
bathymetry is very gradual; the shelf edge is located beyond Maratua Island. It is likely that a 
southbound current along the coast prevents the sediment-loaded river water to be discharged further 
seawards. 

The SST pattern in the Berau area is quite average; sometimes the temperature is higher than 
average, due to warm river water inflow; sometimes the temperature is lower, due to oceanic influ-
ences. 
 

Derawan and Maratua 
 
The TSM measurement around the coral islands of Maratua and Derawan is disturbed by high 

reflectance of the coral reefs and the shallow water in these areas. The water around coral reefs should 
be clear, to allow reef development. Therefore the TSM values are not reliable. The SST values here 
are somewhat higher than on average, which can be expected at quiet shallow water. 

 
Strait Makassar 
 
A number of points are chosen in Strait Makassar and any sediment loaded river water with-

out any exception, low and not influences the TSM values. The SST is lower than average. The direc-
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tion of transport is dominated by the Indonesian through flow, which, according to Masumoto and 
Yamagata (1993), varies over the seasons. In the boreal winter (December-March) northward trans-
port direction is expected, in the rest of the year southward transport. Figure 9.2 is a compilation of 
known and from the SST and TSM analysis estimated directions of transport. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.2. Known transport directions (red arrows) and estimated transport directions (yellow ar-
rows) in around the East Kalimantan coast. River water input is indicated with green arrows. 

 

9.4.  Application of Sea Suface Temperature (SST) 

The SST images are used for the following purpose:  
• Operational forecasting: There is a strong relation between the Indonesian weather and the 

temperature of the Indian Ocean. Forecasters use the actual SST maps to evaluate the impact 
of anomalies in the SST patterns on the current weather. 
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Archived SST images of east Kalimantan could be basis for:  
• Climate research: Time series of e.g. monthly SST composites can be used to study the tem-

poral and spatial variability of SST patterns from year to year and the relation between re-
gional weather phenomena (e.g. the origin of sea fog in certain time periods). The time series 
of images in (Figures 8.1) shows the yearly variability of the East Kalimantan SST?s and pro-
vide a wealth of information on the SST climate of the Makassar Strait.  

• Oceanographic research: The SST maps provide important information on stream patterns in 
seawater. Also SST maps are very helpful for the mapping and modelling of river plumes into 
the Makassar Strait.  

• Research at fishery institutes: The behaviour of certain fish (herring, mackerel) is strongly in-
fluenced by the temperature of the water (Corten and Camp, 1996). Therefore, SST maps 
form an interesting data source for fishery research institutes and fishermen.  
 

9.5. Conclusions 

 
The water temperature of East Kalimantan is strongly related to physical and biological pro 

cesses under and above the sea surface. Weather and climate in coastal areas is strongly influenced by 
SSTs. Actual and accurate information on the temperature of the East Kalimantan is therefore essen-
tial for the forecasting of the weather in the Indonesia.  

SSTs are also very much of interest for scientists studying environmental processes in the 
oceans and seas, e.g. algae blooms, fish behaviours, river outflows (pollution), etc. (Spitzer et al., 
1990), SSTs are routinely measured from ships, buoys and offshore platforms. Complementary to 
these conventional measurements satellite measured SSTs have proven to be potentially useful. The 
strongest point of satellite measured SSTs is the synoptic view of large areas, which cannot be ob-
tained from the point measurements.  

Currently the NOAA-AVHRR is the most adequate satellite system to monitor the SST of the 
mostly cloud covered coastal waters. No other operational satellite system offers the same combina-
tion of high accuracy, high temporal and spatial resolution, relatively low costs and high real time ac-
cessibility. 

Accurate measurements of sea surface temperature (SST) are of wide interest in fisheries as 
well as for weather and climate prediction. In view of such interest, sea surface temperature is com-
puted at high spatial resolution of about 1km for the East Kalimantan, Indonesia in near real time 
mode using Advanced Very High Resolution Radiometer (AVHRR) data. The data processed in high 
spatial resolution mode is used for marine fisheries forecasting along the coastal waters of East Kali-
mantan. Sea surface temperatures computed at Ocean within a region bounded by the equator, 2oN, 
118oE and 117.5oE covering the Makassar Strait. 

Sea surface temperature, thus computed from NOAA-AVHRR data should been validated 
with sea surface temperatures obtained from the fieldwork measurements for different locations. 
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10. CONCLUSIONS AND RECOMMENDATIONS 

The main objective of this study was to combining multi sensor satellite data and in-situ meas-
urements, to detect trends in morph dynamics, mapping and explain processes of mixing and transport 
between river waters and ocean waters along the East Kalimantan coast, these mixing areas are being 
referred to as Regions of Freshwater Influence (ROFI's), by combines image data, ranging from local 
scales to global-regional scales to quantify terrestrial and marine factors/indicators to detect and 
characterize these ROFI's. These are: Total Suspended Matter (TSM), Sea Surface Temperature (SST) 
and Chlorophyll-a (Chl-a) concentrations. These are important indicators of climatic variability (El 
Niño events) and anthropogenic pressure (land use change). In this research study, the emphasis lies 
on generation of TSM concentration maps from global-regional scales (SeaWiFS data) and local 
scales (Landsat data), a series of Chlorophyll-a (Chl-a) concentration maps and a series of Sea Surface 
Temperature (SST) concentration maps for the East Kalimantan. 

The first consideration that can be mentioned is that, the objective of this study was achieved. 
A more detailed view on these conclusions will be given in this final chapter. 

10.1. Conclusions  

10.1.1. General  

 
1. Concerning the methodology development for retrieving TSM concentrations from 

remotely sensed data, this research has tested two approaches, namely an empirical approach (statisti-
cal model) and global scale satellite images usage. Both approaches produced the TSM concentration 
maps based on Landsat and SeaWiFS images. The maps provide the information for the location and 
their sediment concentrations, as well as the distribution patterns of TSM for the entire Makassar 
Strait and East Kalimantan coast. 

2. The current study has proved the remotely sensed images can be used to map the spa-
tial distribution of TSM concentrations with sufficient accuracy for description of Land-Ocean inter-
actions in East Kalimantan coastal zone and detection trends in morph dynamics and explain proc-
esses of mixing and transport between river waters and ocean waters along the East Kalimantan coast. 

3. From the image analysis in this research, it can be concluded that the East Kalimantan 
coastal water can be roughly be divided into two TSM concentration zones. The western part has 
higher concentrations of TSM compared to the eastern part due to of input sediment, which comes 
mostly from the Berau River and Mahakam river delta discharge beside the increase of erosion in the 
upstream catchments areas as result of mangrove tress destruction and conversion to fishponds. 

4. In the last ten years, the research priority of algorithms development of remote sens-
ing for water quality has changed, from empirical algorithms, via semi-empirical algorithms, to ana-
lytical algorithms. In this research, the statistical approach fall to show high accurate results due to 
many reasons such as samples number are not enough, samples were taken from different depths, the 
time of satellite acquiring was not the same as the samples taken, therefore for this research analytical 
approach using a bio-optical model is recommended to increase the accuracy of the estimation of To-
tal Suspended Sediment (TSM). The capability in applying achieves images and minimized in-situ 
measurements are other advantages of the bio-optical model approach (Pasterkamp et al., 2000). 
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5. Pre-processing of the satellite imagery is a very important step in order to have a good 
correlation between the reflectance and the TSM concentrations in-situ measurements. Geometric cor-
rection, radiometric correction, atmospheric correction and land masking are the prepossessing steps, 
which should be done before applying the TSM algorithms.  

6. In order to increase the accuracy of the TSM concentration retried from the remotely 
sensed image date, field measurements play an important role. In the field survey, one should give 
considerable attention to the acquisition of adequate water samples with regard to the user required 
information. A sufficient amount of samples and a sufficient range and balanced distribution of sam-
ples are required. An accurate of time and geo-referenced positing of the samples and the calibration 
of the measurements device before and after used is essential. 

 

10.1.2. Statistical Model and TSM Retrieval 

 
1. The statistical approach can be applied for mapping TSM concentrations from the 

satellite images. The TSM maps resulting from the statistical approach proved that the statically ap-
proach has estimated TSM concentrations in East Kalimantan not excellent. This poor estimation is 
shown from the low coefficient of determination (R2) between most images with TSM in-situ meas-
urements from different sources. 

2. The low value of coefficient of determination resulting from the statistical approach 
can be explained by several reasons. Firstly, there is a lack of data on water quality at the time of the 
satellite overpass. Secondly, local environmental factors such as coastal dynamics, bottom effect and 
river discharge can drastically change the signal of the reflectance and affect its interpretation. 

3. The statistical approach is based on the relationship between measured TSM concen-
tration of the water and the spectral values (remote sensing data). The advantage of this approach is 
easy to be done and the procedure is straightforward. 

4. The time difference between satellite recording and the in-situ measurements deter-
mine the accuracy of TSM estimated from the statistical approach. The in-situ data is collected at the 
same time with satellite overpass will give better accuracy for this approach. Also, the in-situ meas-
urements for all samples from different locations should be collected simultaneously. 

5. The results of the statistical approach doesn’t agree with the results of previous re-
searches in terms of wavelengths, which indicated that the best wave band to analyse suspended sedi-
ment concentration is (TM3 for Landsat). In this study blue band gave the highest result for TSM es-
timation. And also based on the result of the individual correlation between each band and the Digital 
numbers (DN) in the simple regression the correlation factor was very poor. However, it can stated 
that the mapping of the TSM concentration using the statistical approach from the archived images 
can still be considerable to give good results in order to show the distribution patterns of the sediment. 
This is not in terms of concentration value buts in terms of relative concentration in time and space. 

6. The SeaWiFS processing for retrieving TSM appeared to work well, because we were 
able to do all processing within a few hours. The result is useful for monitoring because of its strength 
in both spatial and temporal coverage. This generates new information about large-scale processes in 
the Makassar Strait, Indonesia. Regarding the masking of turbid water MUMM extension has over-
come this problem clearly. 

 
 



COASTAL WATER QUALITY MONITORING WITH REMOTE SENSING IN  (EAST KALIMANTAN) MAKASSAR STRAIT, INDONESIA. 

 

78 

7. Based on the result the individual correlation between each band and the Digital num-
bers (DN) in the simple regression the correlation factor was very poor, this is a result due to many 
important factors such as: 

• The time of acquisition of satellite images was not the same time of collection the seawater 
samples.  

• The samples have been taken from different depth this caused some error of samples weights. 
• Some samples were taken during the high tide and other during the low tide. This factor 

should be taken in the consideration. 
• Weather conditions are very important factor because the clouds and other factors will affect 

the digital numbers. 
• Also it is important to indicate that some problems occurred during the transportation of the 

water sample to the lab in the Netherlands. 
8. A big sediment influx is established by the Mahakam River. During some periods 

sediment-rich river water is transport in a characteristic river plume. The transport direction of these 
plumes is not much influenced by the Indonesian through flow, it is usually oppositely directed. Tidal 
currents and wind stress will have influence on this sediment plumes. 

9. The Berau estuary is much smaller and the total sediment load is therefore much 
smaller. On many TSM maps a high concentration is measured around the estuary. These areas seem 
to be tidal flats that expose during low tide. When these ambiguous areas are excluded, no sediment 
plume or whatsoever is visible on one of the TSM maps and low sediment content is predicted. 
 

10.1.3.  Chlorophyll-a and (SST) Derived from SeaWiFS and NOAA/AVHRR Data 

 
1. SeaWiFS ocean colour data from 1999 up to 2001 have been analysed in terms of chl-

a concentrations in East Kalimantan. Distribution of SeaWiFS-derived Chl-a concentration in East 
Kalimantan water was varied according to geographic zone and oceanographic condition. SeaWiFS-
derived Chl-a concentration was high in near coast and decreasing offshore-ward.  

2. Chl-a concentration is higher in the near coast due to nutrient discharge from Berau 
River and Mahakam River.  

3. Relation between climate, oceanic hydrology, geographical position and coastal mor-
phology with distribution and seasonal variation of Chlorophyll-a was very clear from the chl-a 
concentrations maps. 

4. Chlorophyll-a concentration reported to show definite seasonal patterns in the East 
Kalimantan. Also shows northward and eastward transport depending on depending on physical 
events such as up welling or winter cooling. The space and time scales of biological processes are ex-
pected to reflect the scales of physical circulation elements as well as interactively induced scales, i.e. 
from a competition between biological behaviour and physical transport, which may account for some 
scale of patchiness.  

5. Intra-annual comparison shows a definite pattern of chlorophyll distribution. The 
analysis of the cloud-free data for the year, i.e. October to July, shows that the highest chlorophyll 
concentration is observed during at all the near coast location during May associated with rainfalls 
maximal, winter cooling and convective mixing.  

6. Inter-annual comparison shows a distinct pattern of highs and lows at different loca-
tions. Inter-annual variability varies according to locations. Variability is more in the near-coast loca-
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tion where the chlorophyll concentration range is also higher. In the offshore and open ocean waters, 
year-to-year variation is not very significant. Seasonal periodicity is evident in inter-annual analysis. 
The data are useful in understanding the distribution, magnitude and timing of phytoplankton variabil-
ity. The study emphasizes the potential of satellite sensor data for understanding chlorophyll distribu-
tion, which in turn may form an important input to climate modelling. 

7. Sea surface temperature, thus computed from NOAA-AVHRR data on have been 
validated with sea surface temperatures obtained from the field work measurements during October 
2003 for about 22 locations, where the validation is carried out, derived values are within values 
range. A positive observed with a positive correlation have been occurred. 

8. The river charge has a considerable influence on the water characteristic of Berau Es-
tuary and Mahakam Delta. The data of turbidity and salinity shows a clear tendency when going from 
the river mouth to the sea, the turbidity decreases and the salinity increases due to the influence of the 
river on the seawater characteristics. Regarding the Temperature degrees clear relationship could be 
viewed between river discharge and seawater characteristics.  
 

10.2. Recommendations. 

 
1. According to the result of the statistical approach used in this study, it could be rec-

ommended the statistical approach for estimation of TSM retrieving, The in-situ data is collected at 
the same time with satellite overpass will give better accuracy for this approach. Also, the in-situ 
measurements for all samples from different locations should be collected simultaneously. The time 
difference between satellite recording and the in-situ measurements determine the accuracy of TSM 
estimated from the statistical approach.  
 

2. In order to improve the accuracy of parameter calculation, the factors of sea bottom 
reflectance remove from TSM, Chl-a, SST should be concerned in future study, so as thin cloud detec-
tion and spectrum remove. SeaWiFS data has some noise and affect the image quality; coming 
launched satellite is expected to solve this problem. 

3. Remote sensing imagery provides a useful tool to get a well-based impression of a 
certain area. There are numerous constraints and uncertainties that have to be dealt with during the 
processing of satellite imagery, but with the progression of time people learn to handle and minimize 
these uncertainties. Remote sensing is still and will always be directly linked to reliable in-situ meas-
urements. The only good image of the surface is acquired at the surface itself. 

4. The multi sensor approaches followed in this study was a variety of image data, field 
data, algorithms and spatial data handling software. Beside the field data, almost all other image data 
and tools can be obtained through the Internet. This fact enables the researchers, and other users, to 
apply the approach to similar marine coastal environment in other part of the world. It is, therefore, 
envisaged to continue this type of coastal remote sensing work in Mediterranean coastal water. This 
thesis may serve a practical guide in how to obtain the image data and how to implement these in the 
algorithms used to describe and model the marine coastal dynamics. 

5. The SeaWiFS data have been used to understand the variability of chlorophyll and 
TSM on an intra-annual and an inter annual basis. Satellite-derived chlorophyll data composite for 
period of time provide the ability to describe changes in oceanic waters. It is well known that such 
changes otherwise are difficult to monitor during in-situ observations alone, due to under sampling of 
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large temporal and spatial variability. In order to assess the satellite-derived chlorophyll, comparison 
should make with the cruise data for the study area for different seasons and representative locations. 
Many researches show the potential of satellite-derived information for understanding the seasonal 
and inter-annual variability in chlorophyll. 

6. The SeaWiFS processing for retrieving TSM and Chl-a appeared to work well, be-
cause we were able to do all processing within a few hours. The result is useful for monitoring be-
cause of its strength in both spatial and temporal coverage. This generates new information about 
large-scale processes in the Makassar Strait, Indonesia.  

7. Currently, coastal mangers mainly acknowledge the strengths of ocean colour remote 
sensing in combination with online data access and processing on demand, for determination of the 
spatial extent of events, and for explanation through hind casting. Ocean colour remote sensing can be 
used to track pressures, and to observe impacts. Analysis of long time series of these spatial data sets 
enables to unravel natural variations from human impact. However, the full potential of ocean colour 
remote sensing as a monitoring tool for regional seas has yet to be explored. We think that this east 
Kalimantan case shows an example of scientists and water managers jointly trying to optimise 
monitoring using up-to-date remote sensing, GIS, and Internet technology. Regarding the masking of 
turbid water MUMM extension has overcome this problem a simple. 

8. The results of local and global images data should be validate with in-situ measure-
ments to judge the ability of any algorithms to extract different parameters. Different algorithms for 
the Chl-a, SST and TSM derivation could be investigated but these algorithms should provide fairly 
equal values of the Chl-a or SST levels at some selected locations. Comparison with in-situ measured 
Chl-a data off the East Kalimantan should be done.  
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APPENDIX A 

 
Table. Appendix A-1. SeaWiFS LAC database:  

 

 
 
 

 
Filename Recording Date 

 

Start Time 
(GMT) 

 

End Time  
(GMT) 

 
Quality 

 
Cloud Coverage 
 

1999324 04:19:12:138 04:26:17:805 Good Low 19-11-1999 
1999326 04:08:45:601 04:15:36:101 Good Medium 21-11-1999 
1999328 03:59:12:078 04:04:43:745 Good Medium 23-11-1999 
1999330 03:48:40:554 03:53:33:554 Moderate Low/medium 25-11-1999 
1999348 03:54:23:044 03:58:51:878 Good Low/medium 13-12-1999 
2000089 04:19:30:272 04:27:40:605 Moderate Medium 28-3-2000 
2000132 04:25:08:246 04:35:25:245 Moderate Medium/high 10-5-2000 
2000134 04:15:55:569 04:23:56:901 Good High 12-5-2000 
2000136 04:04:25:223 04:09:49:723 Good Low 14-5-2000 
2000245 04:19:54:258 04:28:19:756 Moderate Low/medium 31-8-2000 
2000251 03:46:37:618 03:51:19:452 Poor Medium 6-9-2000 
2000310 03:41:48:598 03:45:59:598 Moderate High 4-11-2000 
2000315 04:01:12:856 04:06:54:689 Good Medium/high 9-11-2000 
2000324 03:54:33:309 04:01:24:475 Good Low/medium 18-11-2000 
2001056 03:41:26:355 03:45:31:689 Moderate Medium/high 25-2-2001 
2001057 04:20:52:852 04:31:16:185 Moderate/poor Low/medium 25-2-2001 
2001096 04:20:48:598 04:31:18:264 Poor Medium/high 5-4-2001 
2001119 04:20:43:819 04:31:15:319 Moderate Medium 28-4-2001 
2001124 04:38:14:694 04:48:28:526 Moderate Medium 3-5-2001 
2001126 04:24:38:090 04:35:22:421 Moderate High 5-5-2001 
2001135 04:16:27:342 04:26:08:674 Bad file Bad file 4-5-2001 
2001162 03:51:38:703 03:57:03:536 Good/moderate Low/medium 10-6-2001 
2001172 04:21:40:065 04:31:54:730 Moderate Medium 20-6-2001 
2001177 04:37:24:220 04:48:44:218 Moderate/poor Low/medium 25-6-2001 
2001188 04:17:10:514 04:25:34:847 Good Low 6-7-2001 
2001191 04:44:01:050 04:55:37:549 Moderate/poor Low/medium 9-7-2001 
2001193 04:31:19:171 04:42:25:171 Moderate Low/medium 11-7-2001 
2001195 04:19:34:697 04:29:03:529 Good Low/medium 13-7-2001 
2001197 04:07:38:549 04:15:30:049 Good Low 15-7-2001 
2001204 04:11:02:625 04:18:57:624 Good Low/medium 22-7-2001 
2001231 03:42:42:190 03:46:33:023 Moderate Medium 18-8-2001 
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Table. Appendix A-2. NOAA/AVHRR LAC database: 

 
 
 
 
 

 
 
 
 
 

 
 



COASTAL WATER QUALITY MONITORING WITH REMOTE SENSING IN  (EAST KALIMANTAN) MAKASSAR STRAIT, INDONESIA. 

 

87 

APPENDIX B 
 

Remotely Sensed Imagery Used 
(1) Landsat TM 
�

The history of Landsat began with the launching of ERTS-1 (Earth Resources Technology Satellite) 
by National Space Agency (NASA) in 1972. Since January 22, 1975, NASA has officially renamed 
the ERTS program to Landsat program (to distinguish it from the planned Sea Sat oceanographic sat-
ellite program). So far, six Landsat satellite have been launched successfully, namely landsat-1 to 
Landsat-5 and Landsat-7, while Landsat-6 suffered a launch failure. Further discussion on Landsat 1 
to 7 can be found in Lillesand and Kiefer (2000) and other several Internet sites that provide complete 
information on Landsat Thematic Mapper, such as: 
http://edcwww.cr.usgs.gov/glis/hyper/guide/landsat_tm. Information on Landsat MSS can be found in 
http://edcwww.cr.usgs.gov/glis/hyper/guide/landsat_mss. The Landsat images discussed in this re-
search are those from the Thematic Mapper instrument that is mounted on board of satellite 5 
(launched on March 1, 1984). Landsat TM-7 is the newest Landsat system that was launched in April 
1999. Today, only Landsat TM-5 and -7 are in operation.  
Several studies have explored the possibility of using TM data for the determination of coastal water 
quality, with various degrees of success (Lathrop and Lillesand, 1986; Bagheri and Dios, 1990; Tas-
san, 1993; Pattriaratchi, et. al., 1994 in Keiner and Xiao Hai Yan, 1998). These studies have shown 
that Landsat TM bands 1 - 3 contain enough information to make quantitative estimation of chloro-
phyll and suspended sediment concentration.  
 
 

System Landsat-5 Landsat-7 
Sensor Thematic Mapper Enhanced Thematic Mapper (ETM+) 
Swath width 186 km (FOV =15°) 185 km (FOV = 15°) 
Revisit time 16 days 16 days 
Spatial resolu-
tion 

30 m (bands 1 - 5 and 7) 
120 m (band 6) 

15 m (panchromatic band) 
30 m (bands 1 - 5 and 7) 
60 m (band 6) 

Spectral reso-
lution 

0.45 - 0.520 (band 1), 0.520 - 0.60 
(band 2), 0.63 - 0.69 (band 3), 0.79 - 
0.90 (band 4), 1.55 - 1.75 (band 5), 
10.4 - 12.5 (band 6), 2.08 - 2.34 
(band 7). 

0.45 - 0.520 (band 1), 0.520 - 0.60 (band 2), 
0.63 - 0.69 (band 3), 0.79 - 0.90 (band 4), 
1.55 - 1.75 (band 5), 10.4 - 12.5 (band 6), 
2.08 - 2.34 (band 7), 0.50 - 0.0 (panchro-
matic band). 

�

Table. Appendix B-1. Landsat-5TM and Landsat ETM 7 characteristics. 
 
 
�
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Table. Appendix B-2. Landsat TM and its characteristics. 

 

 
(2) NOAA/AHVRR (Advanced Very High Resolution Radiometer) 
 

NOAA stands for National Oceanic and Atmospheric Administration, which is a US-
government body. The sensor onboard of NOAA missions that is relevant for Earth Observations is 
the Advanced Very High Resolution Radiometer (AVHRR).  
An appropriate sensor to produce SST maps is the Advanced Very High Resolution Radiometers 
(AVHRR) on the NOAA satellites. From the 1970’s on the NOAA satellites have provided a tool for 
the measurement of surface temperatures and a vast number of articles has been published about the 
possibilities of the derivation of 
As the AVHRR sensor has a very wide FOV (110o) and is at a large distance from the Earth, the 
whiskbroom principle causes a large difference in the ground cell measured within one scan line. The 
standard image data products of AVHRR yield image data with equally sized ground pixels. 
AVHRR data reused primarily in day-to-day metrological forecasting where it gives more detailed 
information than METEOSAT. In addition, there are many land and water applications. 
AVHRR data are used to generate Sea Surface temperature maps (SST maps), which can be used in 
climate monitoring, the study of El Nino, the detection of eddies to guide vessels to rich fishing 
grounds, et cetra. Cloud cover maps based on AVHRR data, are used for rainfall estimates, which can 
be input into crop growing models.  

 

Band Spectral 
Resolution 

Spatial 
Resolution 

Description 

TM1 450 - 520 
Visible blue 

30 x 30 Aquatic humus and chlorophyll absorb most of the irradi-
ance penetrating the water. 

TM2 520 - 600 
Visible green 

30 x 30 This band shows a mixture of decreasing absorption by 
aquatic humus and thus increasing irradiance reflectance 
caused by the backscatter by suspended particulate matter. 

TM3 630 - 690 
Visible red 

30 x 30 The band cuts the absorption peak of cyan bacterial pig-
ments in two. The small irradiance reflectance peak at 645 
nm is counter-acted by strong absorption peak at 680 nm 
due to chlorophyll a. 

TM4 760 - 900 
Near infrared 

30 x 30 From 850 to 900 nm absorption by water increase rapidly, 
there is little significance for studying the application of 
remote sensing for coastal and inland water 

TM5 1550-1750 
infrared 

30 x 30 No information can be obtained from these bands concern-
ing the water column 
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Figure. Appendix B-1Channels AND Technical properties of NOAA/AVHRR. 
 
 
(3) SeaWiFS (Sea-viewing Wide Field of view Sensor) 
 

The SeaWiFS mission is a part of NASA's Mission to Planet Earth (MTPE), which is de-
signed to look at our planet from space to better understand it as a system in both behaviour and evo-
lution.  
The Sea-viewing Wide Field-of-view Sensor (SeaWiFS) is carried on the Sea Star spacecraft, 
launched on 1st August 1997. The SeaWiFS scanner differs from the AVHRR scanner in that it can 
tilt to avoid sunlight on the sea (the CZCS scanner tilted in a similar way). The SeaWiFS sensor is 
turned off when the sun angle is too low (solar zenith is greater than 72.7 degrees). As the sensor is 
designed for viewing ocean colour in visible wavelengths, a significant energy saving can be made by 
turning the sensor off during the dark regions.  
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure. Appendix Table.B-1Channels of SeaWiFS.           Technical properties of SeaWiFS 
 

 
 
 
 

Band Wavelengths (µm) 

Band 1 (VIS) 0.58 to 0.68 

Band 2 (NIR) 0.725 to 1.1 

Band 3 (SWIR) 3.55 to 3.93 

Band 4 (TIR) 10.3 to 11.3 
Band 5 (TIR) 11.4 to 12.4 

Sensor/Platform AVHRR/2/NOAA14 
Agency USGS (USA) 

Ground resolution 1100/4000 m 
Swath width 3000 km 

Receiving station BPPT in Jakarta 
Operational since Launched 30/12/1994 

Temporal resolution 12 hours 
Number of channels 5 

Band Wavelengths (µm) 

Band 1 (VIS) 0.402 to 0.422 

Band 2 (VIS) 0.433 to 0.453 

Band 3 (VIS) 0.48 to 0.50 

Band 4 (VIS) 0.50 to 0.52 
Band 5 (VIS) 0.545 to 0.565 
Band 6 (VIS) 0.66 to 0.785 
Band 7 (VIS) 0.745 to 0.785 
Band 8 (NIR) 0.845 to 0.885 

Sensor/Platform SeaWiFS/2/Seastar 
Agency NASA (USA) 

Ground resolution 1100/4500 m 
Swath width 2801 km 

Receiving station CRISP in Singapore 
Operational since Launched 01/08/1997 

Temporal resolution 1 Day 
Number of channels 8 



COASTAL WATER QUALITY MONITORING WITH REMOTE SENSING IN  (EAST KALIMANTAN) MAKASSAR STRAIT, INDONESIA. 

 

90 

Table. Appendix B-4.  SeaWiFS images characteristics. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Band Wavelength Bandwidth Colour Measurement 

1 412 nm 20 nm Violet 
Dissolved organic matter (violet absorp-

tion) 

2 443 nm 20 nm Blue Chlorophyll (blue absorption) 

3 490 nm 20 nm Blue / green Chlorophyll (blue / green absorption) 

4 510 nm 20 nm Green Chlorophyll (green absorption) 

5 555 nm 20 nm Green / yellow Chlorophyll (green reflection) 

6 670 nm 20 nm Red Atmospheric aerosols 

7 765 nm 40 nm Near infra-red Atmospheric aerosols 

8 865 nm 40 nm Near infra-red Atmospheric aerosols 
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APPENDIX C 

 
Table. Appendix B-1. Transects fieldwork measurements of water quality, Berau Estuary, Indonesia. 

 

Location 
 

 
Time 

 
Time 
 

Time 
 

Depth 
 

Pressure 
 

Salinity 
 

Temperature 
 

Voltage 
 

Scan 
 

TR20 295.4124 0.633 2278.5 -0.062 -0.062 0.685 28.9581 0.0403 4558 
TR20 295.4124 0.633 2279 0.117 0.118 31.839 28.5412 0 4559 
TR20 295.4125 0.633 2279.5 0.117 0.118 31.895 28.8744 0 4560 
TR20 295.4125 0.633 2280 0.207 0.208 31.712 28.944 0.4212 4561 
TR20 295.4125 0.633 2280.5 0.207 0.208 31.691 28.9841 0.4493 4562 
TR20 295.4125 0.634 2281 0.207 0.208 31.666 28.9947 0.442 4563 
TR20 295.4125 0.634 2281.5 0.207 0.208 31.641 29.0052 0.442 4564 
TR20 295.4125 0.634 2282 0.207 0.208 31.617 29.0157 0.442 4565 
TR20 295.4125 0.634 2282.5 0.207 0.208 31.661 28.9985 0.442 4566 
TR20 295.4125 0.634 2283 0.117 0.118 31.63 29.0157 0.442 4567 
TR20 295.4125 0.634 2283.5 0.207 0.208 31.877 29.0228 0.442 4568 
TR20 295.4125 0.634 2284 0.297 0.299 31.742 29.0157 0.442 4569 
TR20 295.4125 0.635 2284.5 0.207 0.208 31.767 29.0221 0.4408 4570 
TR20 295.4125 0.635 2285 0.207 0.208 31.848 29.0314 0.442 4571 
TR20 295.4125 0.635 2285.5 0.297 0.299 31.763 29.0286 0.4408 4572 
TR20 295.4125 0.635 2286 0.297 0.299 31.81 29.0357 0.4408 4573 
TR20 295.4125 0.635 2286.5 0.207 0.208 31.813 29.0414 0.4408 4574 
TR20 295.4125 0.635 2287 0.297 0.299 31.844 29.0421 0.4408 4575 
TR20 295.4125 0.635 2287.5 0.387 0.389 31.785 29.0364 0.4408 4576 
TR20 295.4126 0.636 2288 0.387 0.389 31.778 29.04 0.4432 4577 
TR20 295.4126 0.636 2288.5 0.477 0.479 31.792 29.0429 0.4408 4578 
TR20 295.4126 0.636 2289 0.477 0.479 31.789 29.0371 0.4408 4579 
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APPENDIX D 
 

Table. Appendix D-1. In-situ measurements of TSM concentrations in October 2003 Berau Estuary, 
East Kalimantan, Indonesia 

 

 
 
 
 

 

                                                                      Coordinates 

Location Site Lat. Lon UTM Measured TSM mgl-1 
B01 02°11.088N, 118°01.898E 614654 241518 7.147 
B02 02°10.791N,118°01.367E 613731 240982 12.660 
B03 02°10.622N,118°00.807E 612517 240594 11.647 
B04 02°11.062N,118°00.893E 612854 241477 19.480 
B05 02°11.705N,118°02.090E 615068 242630 8.189 
B06 02°11.009N,118°07.257E 624605 241436 4.549 
LI01 02°14.361N,118°05.607E 621588 247561 4.948 
LI02 02°14.477N,118°04.979E 620432 247801 9.554 
LI03 02°14.402N,118°05.597E 621568 247641 5.568 

MS02 02°13.582N,118°15.969E 640759 246153 2.887 
MA04 02°12.807N,118°35.751E 677470 244750 51.629 
MA13 02°14.814N,118°37.320E 680372 248450 8.373 
RR01 02°19.250N,118°06.513E 623259 256571 2.935 
RR02 02°20.247N,118°08.211E 626406 258409 5.255 
LIRR2 02°14.501N,118°05.462E 621321 247818 5.960 

LI2 02°09.566N,118°10.175E 630063 238731 5.098 
BE01 02°16.015N,118°13.822E 636813 250622 4.190 
BE03 02°14.725N,118°09.814E 629388 248242 6.936 
BE04 02°13.398N,118°07.163E 624490 245803 4.742 
BE05 02°12.192N,118°03.874E 618393 243574 5.469 
BE06 02°11.127N,118°01.863E 614700 241678 6.056 
BE07 02°09.936N,117°58.287E 608028 239403 10.627 
BE08 02°10.524N,117°56.058E 603895 240480 16.227 
BE09 02°12.240N,117°54.731E 601433 243640 9.460 
BE10 02°11.668N,117°53.482E 599126 242591 12.227 
BE11 02°11.688N,117°53.327E 598833 242623 15.827 
MA20 02°12.614N,118°37.015E 679813 244397 5.661 
MA21 02°12.901N,118°36.575E 678998 244925 0.341 
MA22 02°12.806N,118°35.748E 677463 244748 15.989 
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APPENDIX E 
 

Table. Appendix E-1. Chlorophyll range at all eight selected locations during 1999. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Chlorophyll range (mg m-3) 
 

No. Location 
 
Nov 19,1999 Nov 21,1999 Nov 23,1999 Dec 13,1999 

E 118° 12,602 3.822 No data 2.86 3.38  
1 

N 3° 47,014 
Near coast (1)      

E 118° 62,112 2.32 No data 4.06 3.06  
2 

N 2° 40,727 
Near coast (2)      

E 118° 17,943 3.92 4.46 No Data 3.34  
3 

N 2° 41,055 
Near coast -Offshore      

E 119°11,832 1.998 No Data 1.58 1.3  
4 

N 2° 12,327 
Offshore (1)      

E 119° 23,839 1.58 No Data No Data 1.5  
5 

N 2° 56,104 
Offshore (2)      

E 119° 73,203 2.02 3.5 1.38 1.7  
6 

N 2° 09,611 
Offshore-Open ocean      

E 119° 07,219 0.84 No Data No Data 1.5  
7 

N 2° 55,987 
Open ocean (1)      

E 119° 39,120 1.22 No Data 0.62 1.12  
8 

N 2° 59,235 
Open ocean (2)      
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Table. Appendix E-2. Chlorophyll range at all eight selected locations during 2000-2001. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

            Chlorophyll range (mg m-3) 
 
No. 

Location 

 
Mar 

28,2000 
May 

10,2000 
May 

14,2000 
July 

6,2001 
July 

15,2001 
July 

22,2001 
E 118° 12,602 4.13 3.02 3.69 4.59 3.24 4.26 1 N 3° 47,014 

Near coast (1)        
E 118° 62,112 3.18 3.77 3.81 3.85 4.01 3.92 2 N 2° 40,727 

Near coast (2)        
E 118° 17,943 2.79 4.2 4.94 5.07 2.31 3.06 3 N 2° 41,055 

Near coast -
Offshore 

       

E 119°11,832 2.2 1.49 2.24 2.87 2.21 2.24 4 N 2° 12,327 
Offshore (1)        

E 119° 23,839 1.63 1.6 2.33 1.6 3.5 4.03 5 N 2° 56,104 
Offshore (2)        

E 119° 73,203 1.65 1.24 1.46 1.36 2.1 2.23 6 N 2° 09,611 
Offshore-Open 

ocean 
       

E 119° 07,219 1.45 1.32 2.55 1.1 1.2 1.021 7 N 2° 55,987 
Open ocean (1)        

E 119° 39,120 1.04 1.09 2.29 No Data 1.6 1.06 8 N 2° 59,235 
Open ocean (2)        
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APPENDIX F 
 

Figure. Appendix F-1. Selected locations with their coordinates for TSM values extraction. 
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Figure. Appendix F-2. Selected locations with their coordinates for SST values extraction. 
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Table. Appendix F-3. Selected locations with their SST values. 
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Sea Surface Temperature (SST)  

 Berau Mahakam Derawan 
Makassar 

Strait 
South of 

Mangkaalihat North Berau 

07/10/1997 26.7 20 29.2 23 30 28.2 

20/12/1997 27.8 25.3 29.3 29.3 21.6 29.8 

17/1/1998 28.2 29.7 30.2 28.7 31.7 32.1 

03/02/1998 28.8 23 27.5 28.4 19 28.9 

21/03/1998 31.2 30.7 28 29 28.8 30.4 

19/06/1998 25.1 32 30.7 25 31 29.7 

20/08/1998 25 29 30 30.2 32 24 

26/02/1999 24 28 30 29 31 32 

22/09/1999 28 30 31 31.8 29 28 

13/02/2000 19 23 16 18 27 23 

02/09/2000 30 31 28 31.6 31.7 29 

26/02/2001 31 26.4 30.8 31.1 31 30.3 

25/08/2001 31.1 29 26 30 29 22 

29/03/2002 26 30.7 28 29 30 29 

04/08/2002 27.8 30.3 31 31 28.6 29 



COASTAL WATER QUALITY MONITORING WITH REMOTE SENSING IN  (EAST KALIMANTAN) MAKASSAR STRAIT, INDONESIA. 

 

98 

Figure. Appendix F-1. Sea Surface Temperature (SST) for selected locations. 
 
 

 
 

Figure. Appendix G-2. Total Suspended Sediment (TSM) for selected locations. 
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