
Coastal region and small island info 14 
 
 
 
 
  
 
 
 
 
 
 
Remote Sensing Applications for Fisheries 
Sciences – From Science to Operation 
 

 
 

Eighth Computer-based Learning Module 
(Bilko 3) 

 
 

Edited by  
J. Morales, A. Rodríguez, D. Blackburn, T.W. Hobma 

 
 
 
 
 

Lessons created by: M.A. Barbieri, K. Nieto, C. Silva, E. Yáñez, J. Pérez, O. Llinás, 
P. Clemente-Colón, J.A. Triñanes, I. Sordo, J. Varela, J.M. Cotos, A. Tobar, F. 
Carocci, J.F. Caddy, S.K. Dash, S.B. Choudhury, K.H. Rao, M.V. Rao, P. Suvanachai 
 
Review paper by: David Seán Kirby  
 
Selected reading from PORSEC 2002 by: Tjeerd W. Hobma 
 
Bilko 3 software by: M. Dobson 
 
Introduction to using the Bilko 3 image processing software by: A.J. Edwards 
 

 



 
 

The designations employed and the presentation of the material in this document do not imply the 
expression of any opinion whatsoever on the part of the UNESCO Secretariat concerning the legal 
status of any country, territory, city, or area or of its authorities, or concerning the delimitation of its 
frontiers or boundaries.  The ideas and opinions expressed are those of the authors and do not 
necessarily represent the views of UNESCO. 
This text and accompanying software may be copied for non-commercial, educational purposes only. 
The Bilko software may be used for the creation of lessons or other products intended for publication 
in the CSI Info series; for use in other products, consult the BILKO Project Secretariat at ITC 
Enschede, The Netherlands, by electronic mail to: admin@unesco.bilko.org. 
 
This document should be cited as:  
 
UNESCO, 2002. Remote Sensing Applications for Fisheries Sciences - From Science to Operation. 
Coastal region and small island info 14, UNESCO, Paris. vi + 246 pp. + CD-ROM. ITC Publication  
no. 83. ISBN 9061642094 
 
Information on new releases and ongoing activities in the UNESCO-BILKO Project can be obtained 
from the project’s website at: http://www.unesco.bilko.org. 
The BILKO Project is carried out within the framework of UNESCO’s Environment and Development 
in Coastal Regions and in Small Islands (CSI). 
 
 

Cover:  
False colour composite of a Landsat TM satellite image (bands 
4,3,2) of 14th  January 1998, covering the Thamai District, 
Chanthaburi Province, Thailand.  
The situation of the image on Thailand’s south-eastern 
shoreline is indicated in the figure beside. The image is about 
15 km across. Each pixel covers 30 m x 30 m on the Earth’s 
surface.  
Insets at the back illustrate the crop cycle of shrimp farming in 
the Thamai District: a Natural mangrove vegetation; b Pond 
dike; c Water storage pond; d Culturing ponds; e Abandoned 
dried pond. 
Image and photographs have been taken from Bilko module 8, 
lesson 7 (Phutchapol Suvanachai). 
 

 
 
Published in 2002 
by the United Nations Educational, 
Scientific and Cultural Organization, 
7, Place de Fontenoy, 75352 Paris 07-SP 
in co-operation with   
the International Institute for Geo-Information Science 
and Earth Observation (ITC) 
PO Box 6, 7500 AA Enschede, The Netherlands 
 
© UNESCO & ITC 2002 
Printed in ITC’s Printshop, Enschede, The Netherlands 
 

  



 

iii 

FOREWORD 
 
The majority of the world’s population lives in coastal regions. Increasing competitions for the 
diminishing resources in coastal areas and the growing disparity between those who have and 
those who have not, make coastal belts potential flash points for resource conflict. Often these 
conflicts may be between; on the one hand the pressures of global tourism, poorly implemented 
industrialisation, or inappropriate aquaculture developments, and on the other, local 
communities dependent on coastal resources who find these threatened by such external forces. 
To manage such coastal areas is a unique and complex challenge. Integrated coastal zone 
management (ICZM) seeks to rise to this challenge by co-ordinated planning and action 
involving communities, stakeholder groups and managers at local, regional and national level 
as well as both natural and social scientists. 
 
As a first step to coastal zone management and planning, managers need to map existing 
coastal resources and determine how these relate spatially to areas of urban, industrial, 
aquaculture, tourism, and other developments. This allows sites of potential conflict, high 
biodiversity, inappropriate development, high sensitivity to environmental impacts, etc. to be 
identified and for management initiatives and scarce resources to be targeted accordingly. 
 
The primary tool for mapping coastal and marine resources, by its synoptic character, is remote 
sensing using satellite sensors. With the present wealth of satellite sensors, this can be done at 
increasing extents of spatial and spectral detail. The importance of time series of satellite 
imagery and derived products, for showing trends in coastal and marine biophysical parameters 
is widely recognized, especially in relation to climatic variability. Standard procedures and 
algorithms are available for measuring and mapping on time scales of months to decades in 
clear ocean waters. These produce, however, doubtful results when applied to turbid coastal 
waters. More than ever before, this development provides a niche for the UNESCO-Bilko 
project. 
 
The primary aim of the project is to make remote sensing training materials accessible to those 
without specialist resources at their disposal and, to promote good teaching practice by tapping 
the diverse skills and expertise of an expert community. Considerable resources have been 
generated by the project since the start in 1987, including a DOS and Windows based image 
processing software package and a range of training materials. These include a wealth of short 
self-study lessons focused on a particular remote sensing technique, oceanographic 
phenomenon or sensor that students can work through in their own time. Collectively, the Bilko 
project provides a remarkably diverse but comprehensive resource for teaching coastal and 
marine remote sensing. Recently, the project has adopted a thematic framework in order to 
deliver more focused material and to keep pace with rapidly evolving remote sensing sensors, 
platforms and algorithms. The project currently serves some 1900 users located in over 70 
countries and has supported several international workshops and training courses with both 
teaching materials and expertise. Several networks have been developed that are monitored by 
the Bilko steering committee including a network dedicated to Bilko lesson authors and a 
network for Bilko users. 
 
This remote sensing distance-learning module, the eighth in the Bilko series, focuses on the 
application of satellite remote sensing to fisheries sciences. It is a reference source, a practical 
toolkit and a manual for those who practice the art of coastal and marine remote sensing, and 
with a clear interest in fisheries sciences or operational management. By reviewing the state-of-
the-art of this application field of remote sensing, by providing additional reading on the topic 
and by developing a series of seven practical lessons, it gives users a thorough grounding of 
methods and applications of the technology to fisheries sciences. As the previous modules, this 
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Bilko-module also seeks through its training to improve the quality of spatial data available to 
coastal managers and planners. Helping to maintain fisheries is an important function of coastal 
zone management. In a time of rapid population increase, it is essential that water quality and 
critical habitats are protected and that their productivity for fisheries on which local 
communities depend is conserved. 
 
Up-to-date information on the project, extra copies of this document, as well as the CD-ROM 
with the present and previous modules can be obtained, free of charge and within the limit of 
stocks, by contacting: 
 
 
UNESCO-Bilko Project Secretariat, 
C/o International Institute for Geo-Information Science and Earth Observation (ITC), 
PO Box 6, 7500 AA Enschede, The Netherlands. 
Fax: +31-53-4874336 
E-mail: admin@unesco.bilko.org
Website: http://www.unesco.bilko.org
 

Tjeerd Willem Hobma 
ITC 
December 2002 

 

mailto:admin@unesco.bilko.org
http://www.unesco.bilko.org/
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 INTRODUCTION 
 
 
This is the eighth computer-based learning module prepared in UNESCO's Bilko project and the 
second developed to address the objectives of the Environment and Development in Coastal Regions 
and in Small Islands programme (CSI: http://www.unesco.org/csi). It uses the first 32-bit Windows 
based version of the BILKO software (Bilko 3). Like its predecessors which used versions of the 
original MS-DOS based BILKO software (Modules 1-5) and the Bilko for Windows based Module 6 
and 7, it contains a series of lessons based on the display and analysis of data in image form. It 
demonstrates the processing and interpretation of these images using Bilko. As in Module 7, this 
module also requires that Excel (or a spreadsheet package which can read Excel files) also be installed. 
New releases of the software and (corrections to the) lessons that are not yet available on CD-ROM 
can be obtained from the project’s website at: http://www.unesco.bilko.org or by sending an email to 
the BILKO Project Secretariat at ITC Enschede, The Netherlands, at: admin@unesco.bilko.org. 
 

Uses of remote sensing in fishery sciences 

David Kirby in his review paper summarizes some of the most relevant issues related to the use of 
satellite remote sensing data for fishery sciences since the beginning of this field in the early 1970s. 
Kirby’s review is not a classical historical overview, nor a chronological sequence of the progress 
made in this science, but his description covers from one side the different space-borne sensors and 
from the other side the practical applications for different groups of marine fishes and fisheries. 
 
Most of the sensors described in the Kirby’s paper have been used in the lessons of this module, 
including from the most classical NOAA-AVHRR satellites to derive sea surface temperature to the 
most recent radar techniques based in the use of the Synthetic Aperture Radar (SAR). 
 
Not in this manual but on Module 8 CD-ROM, you will also find a selection of papers on the state-of-
the-art of remote sensing applications for fisheries sciences, as presented during the Sixth Pan Ocean 
Remote Sensing Conference (PORSEC) held at Bali, 3-6 September 2002. These papers have been 
selected from the Bali Conference Proceedings by Tjeerd W. Hobma. The authors and the publisher 
are kindly acknowledged. 
 
Module 8 practical lessons include six case studies that cover applications of remote sensing that 
adequately describe the title of the whole module – From Science to Operation – going from the 
experimental techniques to fully operational methods for potential fishing zones. A GIS demonstration 
case study is also included to show the potentiality of this technique in fisheries.  
 
From the geographical point of view, the case studies have been selected from Canada, Chile, India, 
Spain, Thailand and USA providing a wide overview of applications not only in different countries but 
also in four different continents (NOTE: One of the case studies from the Spanish colleagues refers to 
the upwelling system in western Africa).   
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Getting started:  The full list of files needed for Module 8 is detailed in Appendix A. 

The minimum recommended level of computing hardware is a Personal Computer (PC) with a 
reasonably fast Pentium processor and 128 Mbytes of memory, which is running under Windows 98 
or later. A graphics card that can display 24-bit colour images is recommended although 16-bit (High 
colour) is adequate to view colour composites. The lessons are available over the World Wide Web 
(http://www.unesco.bilko.org/) and on CD-ROM.  

Lesson texts and other documentation are available as Microsoft Word (.doc) and Adobe Acrobat 
(.pdf) files, which you can print from disk or edit to suit your specific training and educational needs.  

 
Use of the module: Just one condition and one request are attached to the copying and distribution of 
the material in this module. The condition is that the material may not be sold.  
 
Perspective: It is now over ten years since the first memoranda on what has become the Bilko project 
were circulated. For those of us who have been involved with the project since its inception, it was a 
pleasure to experience the warm reception accorded the first module and a relief to see the steady 
growth of the small community of interested teachers and researchers as subsequent modules were 
published. We now have lessons from all five continents and the present module will be available 
worldwide over the internet.  
 
With the increasing number of lessons has come an increase in the community which surrounds the 
Bilko project. The first module was written by the founding group and distributed to colleagues known 
at UNESCO to be interested in the teaching of marine sciences. Recipients were asked to make copies 
freely available to colleagues and students, and to consider writing a lesson for publication in a future 
module. The number, quality and variety of the lessons received are evidence that the recipients are 
not content merely to use the materials provided, but do indeed think it worth while to contribute to 
this exercise in improving the quality of teaching. 
 
Since its earliest days, the prime objective of this project has been, by example, to promote excellence 
in teaching. This is a demanding task, but the reports on existing modules are good. We are aware, 
however, of two shortcomings relative to the original goals: lessons, while extensively reviewed and 
edited, have not usually been subjected to the extensive student testing that is normally a prominent 
feature in the development of computer-based lessons, and the range of topics covered remains 
narrower than it need be given the power of the existing software. 
 
Development: An initiative is now in hand to extend the concepts developed in the earlier Bilko 
modules and develop web-based lessons which can be run over the internet. These will build on the 
concepts embodied in the Windows Help file lessons developed for Modules 6 and 7, will be easier for 
lesson creators to write, will retain the advantages of hypertext links, and will offer more interactivity 
as HyperText Markup Language (HTML) and Java develops. 
 
You too can contribute: One purpose in writing this introduction is to ask your help. The project is 
open to development along three broad lines which may be described as relating to access, excellence 
and community. All are asked to take part in this development, but key contributions will come from 
those who teach their students using the lessons and offer their experience for the benefit of others. 

The writing of Bilko 3, which takes advantage of the 32-bit capabilities of Windows 2000 and XP, is 
an important development. We know that their experience in the classroom has led many teachers to 
add their own questions and refinements to the published lessons. Our objective is to enrich these 
lessons by pooling the knowledge that already exists in the network of Bilko users. For this, we'd like 
questions, descriptions of student projects, alternative images and alternative presentations. Please do 
not hesitate to send exercises, modifications or additional explanations which have worked well with 
your students. It is a simple matter to link optional text to the main lessons, and we hope to add several 
tens of exercises to the published versions of existing modules. 
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All types of lessons are welcomed, provided they are based on data that make use of the Bilko 
software. If you would like to contribute a lesson, you will find helpful guidance in two documents, 
which can be downloaded from the Bilko website (www.unesco.bilko.org): Guidelines for Bilko 
Authors.pdf and Technical Notes for Bilko Authors.pdf. As with most scientific educational literature, 
contributed lessons are subject to editorial review before publication. If you would like to discuss the 
matter informally, do not hesitate to contact any member of the development team. 

 
Other modules: If you find this module interesting and would like to obtain copies of others in the 
series (written for the MS-DOS version of Bilko), these are downloadable over the internet. See World 
Wide Web address http://www.unesco.bilko.org/ for further details or write to (or e-mail) the 
UNESCO-Bilko Project Coordinator, c/o ITC, Enschede at the address given on the last page of this 
manual.  The contents tables of these earlier modules can be browsed over the internet at the address 
above and are also reproduced in Appendix B. 
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Remote sensing applications for fisheries sciences – from science to operation 

ABSTRACT 
Satellite remote sensing enables measurement of oceanographic variables over large spatial 
scales, with increasingly small spatial resolution and rapid repeat sampling. The challenge for 
fisheries science is to develop methods that relate the spatio-temporal patterns of these 
variables to factors concerning the fishery, e.g. location of fishing grounds and prediction of 
recruitment. This overview has been written to provide a context for the Case Studies that 
follow in this volume and a broad introduction to the science underlying fisheries applications 
of remote sensing. The state of world fisheries is briefly presented. Ocean-viewing satellite 
sensors are described in terms of the geophysical variables measured and how they may 
relate to fisheries. Some examples of applications to date are outlined and potential future 
applications are discussed. The literature in this field is discussed, especially with regard to 
different approaches to the use of satellite data in fisheries. Finally, a list of acronyms and 
links to internet resources is provided. 
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Remote sensing and fisheries applications: an overview 

INTRODUCTION 
 

The State of World Fisheries  
 

EUROPE: Many demersal stocks have been intensively exploited over recent decades and 
some stocks e.g. North Sea Cod (Cook et al, 1997) are now considered to at critical levels of 
biomass. Smaller pelagic resources are generally less affected. Pollution has caused 
deterioration of some nearshore environments in the north Atlantic. Wild stocks of salmon in 
the Baltic sea are threatened by disease and competition from reared stocks. In the 
Mediterranean, most demersal stocks are also fully- or over-exploited. Elimination of 
overcapacity, adjustment of fishing effort and granting of premiums for permanent withdrawals 
of vessels are all part of the Common Fisheries Policy (CFP) of the European Union. Access 
to distant waters and other nations' EEZs has also been an active policy issue. Demand for 
fish is still increasing and will likely be met by increasing imports. 
 
NEAR EAST & NORTH AFRICA: The Mediterranean Sea shows a steady increase in 
production over the entire time series of fisheries statistics, but rapid ecological change is 
suggested within the Mediterranean basins that may apply elsewhere in semi-enclosed and 
coastal seas. Such ecological changes are a result not only of fishing, but of other activities 
within adjacent land masses, particularly those which influence the runoff of nutrients. Other 
than anchovy, which has high value and has declined in a number of areas, most small 
pelagics can be considered moderately to underexploited, due to a generally low market 
demand. In the Persian/Arabian Gulf however, all commercial stocks are thought to be fully 
exploited. Throughout the area, fisheries are threatened by environmental degradation, mainly 
from oil spills, and industrial, urban and agricultural run-off. The Caspian sea is severely 
polluted and over-fishing has further reduced fish stocks. The Atlantic waters off Morocco 
seem capable of sustaining increased fishing effort, largely from foreign fleets, with 
commercially important levels of small and large pelagics, as well as cephalopods and 
octopods. 
 
SOUTHERN AFRICA: The Benguela upwelling system supports productive and well 
established fisheries along much of the coastline of Angola, Namibia and South Africa. These 
fisheries have a general history of good management in recent decades, after periods of over-
exploitation in the 1950s and 1960s. Despite the level of management intervention, however, 
a number of fisheries are in a tenuous state, largely because of the susceptibility of stocks to 
environmental variability. The pelagic fisheries in the region are being affected by declines in 
sardine abundance in the north and anchovy abundance in the south, while the trawl fishery in 
Namibia and Angola is being affected by a decline in hake abundance in their waters. 
 
SOUTH & SOUTHEAST ASIA: The fisheries of the Eastern Indian Ocean are characterised 
by increased fishing pressure, especially in inshore areas. Coastal areas off the east of India, 
the west of Thailand and the south coast of central Java are good examples of areas where 
fishing pressure has kept increasing, reflecting the often intense human population pressure at 
coasts. Most of the catch from coastal fisheries is used for local consumption. Shrimp and 
tuna are the main export commodities. Knowledge of fish stocks is generally poor and 
management actions have usually been taken on an ad hoc basis, in most cases without 
scientific support. Most fish stocks are approaching levels of full exploitation. Coastal species 
have generally been heavily exploited; offshore resources have been less intensively fished. 
Demand is expected to increase with the size of the human population, and marine fisheries 
offer few opportunities to increase supply.  
 
EAST ASIA: All fished species are thought to be overfished and the catch of particularly 
valuable species has declined recently. Total marine production has decreased slightly, mainly 
due to the fall in Japanese pilchard (Sardinops melanostictus). This is thought not to be 
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related to fishing, but rather caused by decadal scale changes in the marine environment 
(Kawasaki & Omori, 1995). Restricted exchange between the open ocean and the east Asian 
seas apparently makes these fish particularly sensitive to environmental change, whether from 
human or natural causes. Consumption of seafood is increasing, despite these concerns. 
 
SOUTH PACIFIC: In the South Pacific region there are three main types of fisheries: the 
industrial fisheries (mainly tunas); coastal fisheries for export (e.g. mother-of-pearl shells), and 
coastal fisheries for domestic consumption (FAO, 1997). Throughout the islands, little is 
known about the volumes of coastal fish catches and the status of stocks, as stock 
assessment is virtually non existent. Many inshore resources have declined as a result of 
overfishing and habitat degradation around urban or industrial areas. Overfishing of inshore 
and lagoon areas and sustainable fisheries are therefore major issues in social and economic 
policy in nearly every state and territory. Fish imports are forecast to contract and a small 
increase in exports, mainly of tuna, is expected. The impact of high seas fishing by foreign 
fleets is a matter of concern, and international bodies exist to monitor these fisheries. 
 
NORTH AMERICA: In the Northwest Atlantic, while invertebrates such as lobster and scallop 
are at healthy levels, the demersal stocks that were the dominant resources of the past have 
collapsed due to a combination of heavy fishing and environmental effects, mainly the low 
water temperature of the Labrador current (FAO, 1997). In the United States, 80% of 191 
commercial fish stocks are overexploited (Los Angeles Times, Aug. 1999). Regional fleets are 
characterised by high technology, and excess capacity is an important issue in both the USA 
and Canada. There has been a drive to reduce fishing effort by way of withdrawing permits 
and introducing early retirement plans for fishers. Loss or degradation of essential fish habitat 
is one of the most serious environmental issues and active research areas here.  
 
LATIN AMERICA AND THE CARIBBEAN: Overfishing and El Niño effects brought about 
recruitment failure and induced the collapse of the fishery for Peruvian anchoveta (Engraulis 
ringens) in the last decade. Dramatic fluctuations at decadal scales in the Pacific basin have 
severely affected overall abundance and total production of small pelagics as well as other 
stocks. The anchoveta fishery is now gradually improving but the 2 main sub-stocks are 
reported to be fully exploited and require monitoring to avoid overfishing. Lloyd's register of 
shipping shows a 5 percent annual rate of increase in fleet capacity, which is of obvious 
concern. Degradation of coastal areas is believed to be further reducing fishing potential. In 
the Caribbean there is general concern for a number of species and stocks in the region. The 
pelagic fisheries of the area may be divided into large offshore pelagics with an oceanic 
distribution, large coastal pelagics with a regional distribution and smaller pelagics. The first 
group includes billfishes, tunas and swordfish, most of which are managed by the International 
Commission for Atlantic Tunas (ICCAT) and are considered to be fully or over-exploited. The 
status of the stocks of the more common locally distributed large pelagics, such as mackerel 
Scomberomorus species, blackfin tuna and common dolphinfish, is unknown. Fisheries for 
small pelagics, usually Carangids, are locally important providers of employment and food. 
The demersal fishes of the region also support important commercial fisheries. The main 
crustacean fisheries are those for spiny lobster and penaeid shrimps. This resource is 
generally considered to be overexploited in many countries and a more holistic and effective 
management strategy is required for the region. 

10 



Remote sensing and fisheries applications: an overview 

Reinventing Fisheries Management 
Judged by a dismal record, the methodology, data, institutions and policy goals for fisheries 
stand world-wide in need of reinventing.’(Pauly, Hart & Pitcher; 1998). This is a common cry in 
the fisheries literature but is yet to be translated into action. Institutional and socio-economic 
change need to be supported by well directed, statistically sound investigations of scientific 
questions relevant to a framework of coherent and transparent policy goals. These 
investigations should consider fisheries oceanography, fish biology and trophic interactions, 
identify and quantify uncertainty, and ultimately enable better decision making, thus preventing 
overfishing, over-capacity, resource depletion and species extinction. 

The Role of Satellite Remote Sensing 
'Better understanding of ecological responses through better upper-ocean monitoring on 
relevant scales is one area of shared concern between fisheries scientists and 
oceanographers.' (Sharp, 1995). Satellite remote sensing provides a unique suite of tools for 
the environmental scientist and resource manager. As such it may well play a constructive role 
in the reinvention of fisheries management.  Priorities in its use for marine fisheries will 
include: 

 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

Identification of spatio-temporal patterns in oceanography (e.g. Uddstrom & Oien, 1999); 
 

Habitat identification and delimitation for key life-history stages, e.g. spawning/nursery 
grounds, feeding grounds, migration routes for juveniles/adults etc.; 

 
Identification of degradation of the coastal zone and catchment areas, including pollution, 
sedimentation, clearance of mangroves, landfill, mining, oil exploration, etc.; 

 
Dynamics of coastal flood plains, landuse, landcover and agricultural outputs. 

 
Conservation engineering, e.g. coral reef protection, enhancement, classification, etc.; 

 
Identification of sites and environmental monitoring for aquaculture;  

 
Discriminating between the effects of human interference and natural events. 
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SATELLITE SENSORS FOR OCEANOGRAPHIC RESEARCH  
A list of satellites carrying sensors relevant to fisheries research and applications is given in 
Table 1. 

Visible and infrared radiometers 

Advanced Very High Resolution Radiometer (AVHRR)  

The AVHRR is a scanning radiometer 
with five detectors in the visible and 
infrared wavelengths. The three 
channels within the infrared band 
detect the heat radiation from the sea 
surface and the sea surface 
temperature may then be calculated.  

Band Wavelength (µm) Measures: 
1 0.58–0.68 visible (green) 

2 0.725–1.00 reflected infrared 

3 3.55–3.93 reflected/thermal infrared 

On account of the intervening 
atmosphere, the sea surface appears 
cooler from above by several 
degrees, for which a very accurate 
correction must be made.  

4 10.3–11.3 thermal infrared 

5 11.5–12.5 thermal infrared 

 Table 2. Sensor characteristics for the AVHRR 

AVHRRs have been flown on the NOAA suite of satellites since the mid-1970s. These polar-
orbiting satellites constantly circle the Earth in an almost north-south orbit, passing close to 
both poles. Always operating as a pair, these satellites ensure that data for any region of the 
Earth are no more than six hours old. Sensor characteristics for the AVHRR are given in Table 
2. 

Along Track Scanning Radiometer (ATSR)  

The ATSR is an advanced imaging radiometer flown on the European satellites, ERS 1 & 2. 
The main objective for ATSR was to measure global SST with the high levels of accuracy 
required for climate research. In order to achieve this, ATSR-1 had three thermal infra-red 
channels matching those of the AVHRR plus a reflected infra-red channel in order to detect 
clouds by day. ATSR-2, launched in April 1995 on board ERS 2, has three extra channels 
which are being used to develop new applications of data obtained over land.  

Atmospheric correction is achieved 
principally by viewing each part of the 
Earth at two angles. As the two views 
of the same scene are taken through 
different atmospheric path lengths, it is 
possible to calculate a correction for the 
effect of atmospheric absorption. The 
combination of radiometric sensitivity, 
stability and the dual-angle viewing 
geometry enables sea surface 
temperature to be measured over large 
areas to an accuracy of 0.2 - 0.3 Kelvin. 
There is an Advanced ATSR (AATSR) 
on ENVISAT.  

 

 

Figure 1. Viewing Geometry for ATSR & AATSR 
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The Sea-viewing Wide Field-of-view Sensor (SeaWiFS)  

SeaWiFS has 8 bands in the visible and near-infrared wavelengths (Table 3.) and is designed 
to measure ocean colour, a physical property largely determined by biological (photosynthetic) 
processes.  

Table 3. Sensor characteristics for SeaWiFs 

The sensor is a successor to 
the Coastal Zone Colour 
Scanner (CZCS), which 
operated from 1978 to 1986. 
The CZCS was a ‘proof-of-
concept’ mission, which 
established the feasibility of 
global monitoring of bio-
optical variability, data that is 
critical for the study of 
oceanic primary production 
and global biogeochemistry.  

SeaWiFS contains specific 
enhancements both in terms 
of its engineering capabilities and in the algorithms used for atmospheric correction and 
derivation of pigment concentrations. Whereas the CZCS calculated ‘total photosynthetic 
pigment’, SeaWiFS is able to distinguish different classes of pigment (i.e. chlorophyll-a versus 
carotenoid) and estimate concentrations of different classes of phytoplankton.  

W avelength [µm] Colour: Used to measure: 

0.402-0.422 Violet Dissolved organics

0.433-0.453 Blue Chlorophyll 

0.480-0.500 Blue/green Chlorophyll / k490 

0.500-0.520 Green Chlorophyll 

0.545-0.565 Green/yellow Chlorophyll 

0.660-0.680 Red Aerosols 

0.745-0.785 Near infrared Aerosols 

0.845-0.885 Near infrared Aerosols 

 

Correction for atmospheric effects is much more important for SeaWiFS data than for AVHRR 
infrared data because up to 90% of the visible radiation 
received by the sensor originates in the atmosphere rather 
than at the sea surface. SeaDAS, the 
software package for processing 
SeaWiFS data, calculates corrected 
radiances using a database of 
climatologies for ozone concentration, 
surface wind speed, atmospheric 
pressure and relative humidity. The main 
outputs are the normalised water-leaving 
radiances in bands 1-5, the atmospheric 
aerosol radiances in bands 6-8, the 
aerosol optical thickness in band 8, the 
coefficient of diffuse attenuation at 
490 nm, chlorophyll a concentration and 
"CZCS-type" total pigment concentration  

There will be various other ocean colour 
sensors in the near-future, thus 
minimising the repeat cycle between 
measurements of the same area. These 
will be flown on board satellites carrying 
other sensors, thus allowing coincident 
multi-sensor imaging. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. SeaWiFS Image of Diffusion
Attenuation Coefficient (k490) off the
West Coast of the USA. Land and cloud
are masked white. Coastal upwelling
filaments and ocean fronts are clearly
seen – albacore tuna aggregate at
these fronts (Laurs et al., 1984). K490 is
an important parameter affecting visual
range and therefore hunting efficiency of
tunas (Kirby et al. 2000.). K490 is higher
in the plankton-rich coastal waters,
which are also colder and may be rich in
food. 
13 
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Passive microwave radiometers 
The measurement of sea-surface temperature by satellite microwave radiometers has been 
an elusive goal for many years. The important feature of microwave retrievals is that SST can 
be measured through clouds, a distinct advantage over traditional infrared SST observations 
that require a cloud-free field of view. Furthermore, microwave retrievals are not affected by 
aerosols and are insensitive to atmospheric water vapour, although they are sensitive to sea-
surface roughness.  

Early radiometers were poorly calibrated and later radiometers lacked the low frequency 
channels needed to retrieve SST. At present there are passive microwave sensors capable of 
measuring SST, although their use by ocean scientists is not widespread, and ocean areas 
with persistent cloud coverage can now be viewed on a daily basis. The Special Sensor 
Microwave / Imager (SSM/I) is a seven-channel, four frequency system carried aboard 
Defence Meteorological Satellite Program (DMSP) satellites and measuring atmospheric, 
ocean and terrain microwave brightness temperatures. These data are used to derive 
geophysical parameters, notably: SST, land surface temperature, ocean surface wind speed, 
area covered by ice, age of ice, ice edge, precipitation, cloud liquid water, integrated water 
vapour, soil moisture and snow cover. In 1997, a well-calibrated radiometer with a 10.7 GHz 
channel was launched aboard the Tropical Rainfall Measuring Mission (TRMM) satellite, a 
joint program between NASA and NASDA. A primary function of the TRMM Microwave Imager 
(TMI) SST retrieval algorithm is the removal of surface roughness effects. A further passive 
microwave sensor (AMSR) will be launched on ADEOS 2. 
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Figure 3. Simultaneous images from the TMI & SSMI. 
Note the greater spatial resolution of the TMI.  



Remote sensing and fisheries applications: an overview 

 
Active microwave radiometers 

 

Synthetic Aperture Radar (SAR)  

SAR obtains the spatial pattern of 
reflected microwave energy from an 
elliptical area or ‘footprint’ on the  

Earth's surface and imagery is built 
up from the time delay and strength 
of the returned signals. It is thought 
that resonance between the radar 
and surface capillary waves is the 
primary mechanism for 
backscattering radar pulses.  

Capillary waves have wavelengths 
of less than 10 cm, and form in 
response to wind stress.  The 
SAR directly images the spatial 
distribution of the Bragg-scale 
capillary waves, referred to as sea 
surface roughness.  

This may be affected by 
longer gravity waves and 
other oceanographic and 
atmospheric features, 
such as: variable wind 
speed, changes in 
stratification in the 
atmospheric boundary 
layer, and variable 
currents associated with 
fronts, eddies, internal 
waves and bottom topography. 

The AVHRR image above (Figure 4.) shows the 
response of the Gulf of Tehuantepec, Mexico to a 
cold, northerly wind burst. An anti-cyclonic eddy is 
formed in the western Gulf and the central Gulf 
waters are cooled by mixing and upwelling. The 
SAR frames below (Figure 5.) show the warm-core 
eddy 2 days later, with high radar backscatter (bright) 
and the colder mixed waters (dark). Circles illustrate 
concentric bands of current shear. Lines point to a 
baroclinic instability at the eddy boundary. The area 
of the SAR frames is overlaid on the AVHRR image. 
From Kirby et al., (1997). 

SARs are currently carried on 
RADARSAT and ERS-2. There will be 
an Advanced SAR (ASAR) on 
ENVISAT.  

The Gulf of Tehuantepec is an important area for yellowfin 
tuna fisheries. Blackburn (1962; 1963) describes how tuna 
abundance increases approximately 3 months after 
upwelling events; this lag is attributed to the time required 
for development of micronektonic food for the tunas.  

15 



Remote sensing applications for fisheries sciences – from science to operation 

Radar altimeter (RA)  

Sea level, undisturbed by waves or tides etc., is an equipotential surface of the Earth’s 
gravitational field. Density differences within the solid earth distort the equipotential leading to 
departures from the standard ellipsoid. The real resulting equipotential surface is the Geoid. 
The permanent, time-averaged ocean currents cause the real sea surface to be different from 
the marine geoid by a few tens of centimetres. Satellite radar altimeters are designed to 
measure this departure from the geoid by measuring the distance between the satellite and 
the nadir point to within a precision of a few centimetres. A short pulse of microwaves is 
transmitted vertically downwards, which illuminates a footprint on the sea surface of 2-12 km 
in width, depending on sea state. The echoes from these transmissions are received and the 
distance covered by the pulse is calculated using the time delay. Corrections are applied to 
account for refraction by the atmosphere and for the effect of sea state. 

Sea surface height measurements may be used to monitor the permanent ocean circulation 
and the large scale temporal variations that may be exhibited. Mesoscale current systems 
may also be studied, and the RA is particularly useful for measuring the dynamic topography 
associated with meandering, vortex shedding and the migration of eddies. The geostrophic 
currents associated with these features may then be calculated from the sea surface slope. In 
addition to measuring sea level anomaly, RAs may also be used to deduce wave height, by 
measuring the slope of the return pulse, and to calculate wind speed, from the fraction of 
power returned to the sensor. RAs are presently flown on ERS-2, TOPEX/POSEIDON, and 
the GFO satellites and there is an RA on ENVISAT I. 

  

Figure 6 – Sea-
surface temperature 
and current anomaly 
composites for July 
26 to August 5, 1996. 
Temperatures are a 
10-day composite 
matching the 10-day 
Topex-Poseidon 
cycle from which the 
current patterns are 
deduced. These 
currents are indicated 
by streamlines. Their 
strength is measured 
by the small arrows: 
the longer the arrows 
the stronger the 
current.  
 
SST data from the 
NIWA SST Archive 
(Udstrom & Oien, 
1999) extracted and 
coolocated with SSH 
by Andrew Laing, 
NIWA. 

TB 

EAC 

ECE 

B E 

This image captures important oceanographic features around the No
Island of New Zealand that are related to fisheries for tunas to the no
(Bigeye occupy the warm waters of the East Auckland Current, EAC) a
north-east (Southern Bluefin occupy cooler waters around the edge of t
East Cape Eddy, ECE), and for squid to the south-west (found in c
upwelled waters in the Taranaki Bight, TB). In addition, the Wairapa Ed
(WE) off the east coast is thought to retain larvae, supporting coas
populations of rock lobster Jasus edwardsiii (Chiswell & Booth 1999) 
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Remote sensing and fisheries applications: an overview 

Radar Scatterometers   

Winds over the ocean modulate air-sea changes in heat, moisture, gases and particulates, 
regulating the crucial bond between atmosphere and ocean that establishes and maintains 
global and regional weather and climate. In the past, weather data could be acquired over 
land, but our only knowledge of surface winds over oceans came from reports from ships and 
buoys. Radar Scatterometers have their origin in early radar used in World War II. 
Measurements over oceans were corrupted by noise and it was not known at that time that 
this was the radar response to the winds over the oceans. Radar response was first related to 
wind in the late 1960’s. The first spacebourne scatterometer flew as part of the Skylab 
missions in the early 1970s. The Seasat-A Satellite Scatterometer (SASS) operated from June 
to October 1978 and proved that accurate wind velocity measurements could be made from 
space. A single-swath scatterometer flew on ERS-1 and the first dual-swath scatterometer to 
fly since Seasat was the NASA Scatterometer (NSCAT) on board ADEOS-1. Since the demise 
of ADEOS-1, QuikSCAT has been developed and launched by NASA as a quick recovery 
mission. The SeaWinds instrument on the QuikSCAT satellite is a specialised microwave 
radar that measures near-surface wind speed and direction under all weather and cloud 
conditions over the Earth's oceans. SeaWinds uses a rotating dish antenna with two spot 
beams that sweep in a circular pattern. The antenna radiates microwave pulses at a frequency 
of 13.4 GHz. The instrument will collect data over ocean, land, and ice in a continuous, 1800 
km swath, covering 90% of the Earth's surface each day. A SeaWinds scatterometer will also 
be launched on ADEOS II.  

Scatterometers are not yet widely used for fisheries research. However, the fact that much 
coastal upwelling is wind-driven, either directly or indirectly, and wind-generated turbulence, 
proportional to wind speed cubed (w3), has significant influence on larval fish feeding success 
(Fiksen et al., 1998), survival and recruitment (Cury & Roy, 1989), may mean that more 
attention is given to these data in the future. Surface wind data are also needed to drive ocean 
circulation models; the output of these models may then be used as input to models 
developed for the spatial dynamics of fish (Bertignac et al., 1998, Kirby et al., unpubl.). 

South Taranaki Bight 

Figure 7. This image is of ERS 
scatterometer wind data (28 Feb. 
1996) overlaid onto a 10-day 
composite of SST for the west coast 
of New Zealand. This area supports 
an important squid fishery. South-
westerly winds are favourable to 
coastal upwelling, and squid fishing 
in the South Taranaki Bight (top-
centre of this image) is often targeted 
around ~10 day old eddies spawned 
by this process. These eddies are 
generated with frequencies 
determined by variability in the 
coastal current, determined in turn by 
local wind forcing and the springs-
neaps tidal cycle (Bowman et al, 
1983). (black = SST > 20o C; white = 
cloud/land/SST<15o C).  
 
SST data from the NIWA SST 
archive (Udstrom & Oien, 1999) 
extracted and collocated with 
scatterometer data by Andrew Laing, 
NIWA. 

PLUME & 
EDDIES 

COASTAL UPWELLING 

N 
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FISHERIES OCEANOGRAPHY AND ECOLOGY 
Fisheries oceanography is concerned with the production and dynamics of fish populations in 
relation to the marine environment. The emphasis is on the identification of mechanisms 
controlling abundance and the exploration of factors affecting recruitment. Studies in fisheries 
oceanography are inherently interdisciplinary, often involving meteorology, physical, chemical 
and biological oceanography, as well as fish biology and fisheries economics or social 
science. They seek to bring together important ideas from all schools of thought, accepting 
that oceanographic variability at various spatio-temporal scales may affect recruitment and 
spatial population dynamics, and seeking to understand how and why this occurs. Ecology is 
the branch of biology concerned with the relations between organisms and their environment. 
Fisheries Ecology may therefore be defined as the study of interactions between the biology of 
exploited fish populations and their aquatic environment. Depending on the time and space 
scales of interest, physiological, behavioural and evolutionary ecology may be important 
perspectives on fish population dynamics.  

The challenge in fisheries oceanography is to identify the important physical characteristics of 
a particular environment and to then consider how these relate to obligate physiological 
processes and life-history characteristics of the species of interest. Temperature effects on 
egg and larval survival, and on metabolic rates and stress effects for adults are examples of 
important bio-physical interactions. Water mass dynamics may be important for nutrient 
enrichment, concentration of food and retention of larvae and adults in favourable habitats 
(Bakun, 1996). Different systems will have different dynamics, and biological processes, even 
within species, may be locally adapted. Thus there is a still a need for local study of ‘pure’ 
marine biology and physics, before an understanding of the whole system may emerge.     

Clupeoids 
Clupeoid fishes (sardines, anchovies, herring) are found throughout the world’s oceans and 
support commercially important fisheries in all the major eastern boundary upwelling zones. 
Single species tend to dominate the biomass of such systems, and represent the mid-trophic 
level ‘wasp’s waist’ populations through which variability in the physical ocean-atmosphere 
system may affect the dynamics of whole ecosystems (Rice, 1995; Bakun, 1996). In these 
classical Ekman-type upwelling systems, annual recruitment of clupeoids has been shown to 
increase with upwelling intensity until wind speed w approximates 5-6 m.s-1, decreasing 
thereafter (Cury & Roy, 1989). A wind speed of 6 m.s-1 corresponds to a w3 index of 216 m3.s-

3, and pelagic spawning habitats for clupeoids are generally located where the seasonal 
average w3 index is less than 250 m3s-3 (Bakun, 1993).  

Cole & McGlade (1998) give a general perspective on clupeoids and their environment. As 
might be expected, life history characteristics vary between species, although there are 
common aspects, including serial spawning and early age-at-maturity. Different species have 
different environmental ‘preferences’ for successful reproduction; this leads to a direct effect of 
physical variability on species dominance for any particular area. Fishing pressure adds a 
significant component to mortality, and by removal of size/age classes increases the 
vulnerability of the whole population to natural variations in recruitment success. At high levels 
of spawning stock biomass, density-dependent processes such as cannibalism may also 
become important, forcing an upper limit on population size.  
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Peruvian Anchoveta Engraulis ringens (Jenyns, 1842) 
The Peruvian anchoveta (Fig. 8) has a 
subtropical distribution along the 
western coast of South America, the 
extent of which depends on the coastal 
extent of the Peru Current. It is found 
mainly within 80 km of the coast, and 
forms huge schools, chiefly in surface 
waters. This fish is a filter-feeder, 

entirely dependent on the rich plankton of the Peru Current. In some studies, diatoms 
constituted as much as 98% of the diet. In turn, large populations of birds depend on this fish.  

Figure 8. 

Max. size: 20 cm

California pilchard Sardinops caeruleus (Girard, 1854) 
The California pilchard (Fig. 9) is a 
temperate (60°N to 21°N) pelagic 
coastal species found from south-
eastern Alaska to Cabo San Lucas, and 
throughout the Gulf of California. It 
migrates northward between California 
and British Columbia in summer and 
back in autumn or winter. It forms large 

schools and filter feeds on zooplankton (chiefly small crustaceans) and phytoplankton.  

Figure 9. 

Max. size: 40 cm; 500 g 

South American pilchard Sardinops sagax sagax (Jenyns, 1842) 
The South American pilchard has a 
subtropical (1°S - 39°N) distribution, and is 
found in the Peru Current at temperatures 
from 16° to 23°C in summer and 10° to 18°C 
in winter. It forms large schools and feeds 
mainly on planktonic crustaceans.  

Figure 10. 

 
Max. size: 30.0 cm  

Cephalopods 

World fisheries for cephalopods target cuttlefish, octopods and squid. There is a large fishery 
for octopus off north-west Africa, but three quarters of the world cephalopod catch is squid. 
This comes mostly from two families, the flying squid, Omnastrephidae, and the inshore squid, 
Loliginidae. In addition to direct exploitation of stocks, commercially important fisheries 
operate on other species for which cephalopods are a highly significant prey. Squid 
themselves prey on zooplankton and micro-nekton and will turn to cannibalism under 
competition (Karpov & Calliet, 1978). In general, stomach contents of squid reflect the local 
availability of different food types rather than individual preferences (Okutani, 1983). For many 
species of cephalopods, basic biological data is sparse, making population models difficult to 
derive. Fisheries models are also not well suited for short-lived species. However, it is 
apparent that cephalopods are important components of many marine ecosystems and future 
research will no doubt address these areas. 
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The main, high biomass populations of omnastrephid squid are associated with the major, 
permanent western boundary currents of the world’s oceans. These rapid current streams are 
fast-moving and unidirectional and long adult migrations may be necessary to close the 
habitat loop and return to preferred spawning grounds (e.g. Illex argentinus; Rodhouse et al, 
1995). During these migrations, cannibalism may be essential to maintain the energy reserves 
of the survivors, in between encounters with patches of food; certainly the squid have to avoid 
the frontal zones where, even though food concentrations may be higher, the opposing current 
is likely to be greatest. Many adults are therefore lost due to predation, including cannibalism, 
and starvation, and the short (usually one year) life cycle may be the natural evolutionary 
response to such a high energy, high mortality way of life (Bakun & Csirke, 1998). This short 
life cycle also makes them particularly sensitive to environmental fluctuations, as anomalous 
temperatures or circulation patterns may have catastrophic consequences for spawning stock 
biomass, larval survival and recruitment into subsequent populations.   

Many species of squid rise from near the seabed at night, descending back to avoid predation 
during the day (Lipinski & Wrzesinski, 1982). These strategies are exploited by fishing vessels 
such that bottom trawling is often a daytime activity and squid jigging is carried out at night. 
The squid fisheries in New Zealand waters are on two species of flying squid: the northern 
arrow squid, Nototodarus gouldii and the southern arrow squid, Nototodarus sloanii. The 
distribution of N. gouldii is predominantly confined to sub-tropical water and the distribution of 
N. sloanii is mainly restricted to the sub-tropical convergence zone and sub-Antarctic waters 
(Smith, 1985). There is a limited amount of mixing near the common boundaries of their 
distributions, but the two species are normally distinguished on the basis of location alone. 
This reflects the fact that the two species are most likely adapted to different water 
temperatures fitting these distributions (Smith et al., 1987).  

Figure 11. In this figure the positions of squid 
jigging operations  are recorded over a 10 
day period and plotted on a composite of 
satellite-derived SST. Effort is concentrated on 
the plume of cold water resulting from coastal 
upwelling (see Fig. 7). At this time 
(Feb/March) adult squid (Nototodarus gouldii) 
are slowly migrating northwards to their 
spawning grounds.  
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Tunas 

Tunas (family Scombridae, subfamily Scombrinae, tribe Thunnini) (Klawe, 1977) are found in 
the surface waters of all the world’s oceans, from 40oN to 40oS, by volume one of the largest 
habitats on the planet. They are often highly migratory (Nakamura, 1969) and are well 
adapted for sustained fast swimming. Tunas also support one of the world’s largest 
commercial fisheries landing roughly 2-3 million tonnes per annum. They have reproductive 
and growth rates capable of sustaining this high level of fishing mortality, in addition to high 
natural mortality, even though they are apex predators living in a low energy environment, 
where food is widely scattered (Blackburn, 1965; Sund et al., 1981; Brill, 1996). 

The genus Thunnus is sub-divided into two main groups, the tropical tunas or Neothunnus and 
the temperate tunas or Bluefin group (Gibbs & Collette, 1967; Collette, 1978). Tropical tunas 
are more closely associated with warmer latitudes and shallower depths, with ranges limited 
vertically by the thermocline and horizontally by coastlines and frontal boundaries with colder 
waters; temperate tunas have higher latitudinal ranges and forage in deeper waters. Tunas 
are thought to have a common origin as inshore tropical fishes, which through biochemical 
and morphological adaptations extended their ranges, making themselves less dependent on 
environmental fluctuations and reducing competition (Sharp & Pirages, 1978).  

A defining characteristic of tunas is their ability to maintain muscle temperatures above 
ambient water temperature (Sharp & Vlymen, 1978). There may be several advantages to 
tunas of warm body temperatures and large thermal inertia.  Foraging range may be increased 
in both horizontal and vertical dimensions, by the ability to maintain body temperature (Neill, 
Chang & Dizon, 1976; Graham & Deiner, 1978). This facility may also be useful when 
escaping from predators. Recent reviews (Brill, 1994; 1996) suggest that the high 
performance physiology of tunas, of which elevated body temperature is a result, has evolved 
to permit rapid somatic and gonadal growth, rapid digestion, and rapid recovery from 
exhaustive exercise, all of which are central to success in the pelagic environment. 

Tunas are opportunistic and unselective visual predators, feeding on micro-nekton, including 
epipelagic fish, molluscs and crustaceans, and the larvae of these groups (Blackburn, 1965). 
The foraging behaviour of tunas includes both upward and downward vertical excursions 
within the surface waters and below the thermocline, as well as horizontal excursions within 
the same water mass or into and across frontal boundaries between water masses (Holland et 
al., 1990; Block et al., 1997; Brill et al., 1999). The extent of these movements outside the 
warm surface waters is limited by the acute reductions in water temperature that are 
experienced. Despite the mechanisms of heat conservation that are available to tunas, 
temperature limitation of foraging range is suggested by laboratory experiment (Dizon et al., 
1977; Barkley et al., 1978; Brill et al., 1998) and apparent in field observations (Blackburn, 
1965; Sund et al., 1981; Brill, 1994; Brill et al., 1999).  

Blackburn (1965) noted that fronts are very important in the ecology of tunas and other pelagic 
animals, but that the reasons for this were rather poorly understood. Even now there are no 
datasets that allow a definitive assessment of trophic interactions at fronts, particularly with 
regard to the behaviour of tunas (Olson et al., 1994). Whilst it is generally accepted that tunas 
aggregate at fronts, presumably to feed (Laurs et al., 1984; Fielder & Bernard, 1987), field 
observations do not show for all cases that tunas and their prey are more abundant in or at 
fronts than in adjacent waters (Sund et al., 1981; Power & May, 1991).  
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The reasons why tunas may prefer to aggregate at fronts has been examined in a theoretical 
modelling exercise (Kirby et al., 2000.). Stochastic dynamic programming (Mangel & Clark, 
1988) was used to examine decision making and optimal foraging behaviour in relation to the 
environment. The results showed that temperature, turbidity, food abundance and food quality 
will all influence fish behaviour in the vicinity of fronts, as the fish has to trade off expected 
gains in food consumption from foraging excursions into cold waters, against the cardiac and 
metabolic stress that such activity causes.  
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Tropical tunas: 

Skipjack Katsuwonus pelamis (Linnaeus, 1758) 

Skipjack (Fig. 12) are cosmopolitan in tropical and warm-
temperate waters (15 - 30°C; 58°S - 47°N) although they 
are not found in the eastern Mediterranean Sea and the 
Black Sea. The species is highly mobile, but not necessarily 
highly migratory (Kearney, 1991). These fish are found in 
offshore waters, and their larvae are restricted to waters 
with surface temperatures of at least 25°C. Skipjack exhibit 
a strong tendency to school in surface waters, and are 
often found associated with birds, drifting objects, sharks 
and whales. They feed on fishes, crustaceans, cephalopods and molluscs, and cannibalism is 
common. In turn they are preyed upon by large pelagic fishes. They are usually fished by 
purse seine or by trolling.  

Figure 12.

max. size: 110 cm; max.weight: 35 kg

Yellowfin Thunnus albacares (Bonnaterre, 1788)  

Yellowfin (Fig. 13) have a worldwide distribution in tropical 
and subtropical seas (15 - 31°C; 45°S - 45°N) but are 
absent from the Mediterranean. They are a highly 
migratory oceanic species. They school primarily by size, 
often in association with floating objects, and larger fish 
frequently school with porpoises. They are sensitive to low 
concentrations of oxygen and so are often limited to 
depths < 200 m. Peak spawning occurs in batches during 
summer.  

Figure 13.

max. size: 280cm; max.weight: 200 kg

Bigeye Thunnus obesus (Lowe, 1839) 

Bigeye (Figure 14.) are found in tropical and subtropical waters of the Atlantic, Indian and 
Pacific oceans. Preferred water temperatures range from 13°-29°C, and are optimal between 
17° and 22°C. Variation in occurrence is closely related to 
seasonal and climatic changes in surface temperature and 
thermocline depth. Juveniles and small adults school at 
the surface in mono-specific groups or mixed with other 
tunas, and may be associated with floating objects. Adults 
stay in deeper waters but may occasionally come to 
surface waters to thermoregulate. Bigeye are considered 
to be a Highly Migratory Species and vulnerable to over-
exploitation. 

Figure 14.

max. size: 250 cm; max weight: 210 kg
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Temperate tunas (Bluefin group) 

Northern bluefin tuna Thunnus thynnus (Linnaeus, 1758)  
Bluefin (Fig. 15) are highly migratory oceanic fish with 
a subtropical (70°S - 40°N) distribution. In the 
Western Atlantic they are found off Canada, and in 
the Gulf of Mexico (where they spawn) and in 
Caribbean Sea dowmn to Venezuela and Brazil. In 
the eastern Atlantic they are found from the Lofoten 
Islands off Norway to the Canary Islands, including 
the Mediterranean and the southern part of the Black 
Sea. They are also reported from Mauritania and 

there is a subpopulation off South Africa.  They school by size, sometimes together with other 
tunas. They seasonally come closer to shore and can tolerate a wide range of temperatures. 
They are commercially cultured in Japan, and are utilised fresh for sashimi, but they are also 
canned.  

Figure 15. 

max. size: 458.0 cm; max.weight: 684 kg 

Northern Bluefin in the Pacific is recognised as a sub-species, Thunnus thynnus orientalis 
Temminck & Schlegel (1844). Distribution in the North Pacific is from the Gulf of Alaska to 
southern California and Baja California and from Sakhalin Island in the southern Sea of 
Okhotsk south to northern Philippines. An epipelagic, usually oceanic fish that seasonally 
comes close to shore, the sub-species migrates between June and September in a northward 
direction along the coast of Baja California, Mexico and California. There are also some 
substantiated records of this subspecies in the southern hemisphere: off Western Australia, 
New Zealand, in the eastern South Pacific (37°11'S, 114°41'W) and Gulf of Papua.  

A single stock of Southern Bluefin Tuna (SBT) Thunnus maccoyii Castelnau (1872) inhabits 
the temperate and cold seas of the Southern Hemisphere, mainly between 30° and 50°S, but 
to nearly 60°S. It is a highly migratory and critically endangered species. By maturity, most 
southern bluefin tuna lead an oceanic, pelagic existence but during spawning, large fish (max. 
size: 245.0 cm; max. weight: 260 kg) migrate to tropical seas up to 10°S, off the north-west 
coast of Australia, where surface temperatures are between 20° and 30°C. 98% of the global 
catch is shipped to Japan and consumed as sashimi. Efforts to farm SBT caught by purse-
seine have been successfully developed in Australia, with production at 4700 tonnes in 1998.  

Albacore Thunnus alalunga (Bonnaterre, 1788)  

Albacore (Fig. 16) are cosmopolitan in the tropical and 
temperate waters (45°S - 50°N) of all oceans, including 
the Mediterranean Sea, but are not found at the 
surface between 10°N and 10°S. A highly migratory 
epi- and mesopelagic species, they are abundant in 
surface waters of 15.6° to 19.4°C; deeper swimming, 
large albacore are found in waters of 13.5° to 25.2°C, 
although temperatures as low as 9.5°C may be 
tolerated for short periods. They form mixed schools, 

which may be associated with floating objects, including sargassum weeds. Albacore meat is 
not of sashimi quality but forms the basis of commercial fisheries for canned tuna. 

Figure 16. 

max. size: 130cm; max. weight: 45kg 

23 



Remote sensing applications for fisheries sciences – from science to operation 

METHODS AND CASE STUDIES IN SPATIAL DATA ANALYSIS AND PREDICTION 

“For some obscure reason, fisheries management has become wedded to biomass as the 
principal measure of resource status…(yet) the key (to sustainability) is to maintain the 
geographic distributions of each species” (Sharp, 1995). 

That global fisheries are in crisis (Pitcher et al., 1998) is largely due to inequities in space 
(Meaden, 2001). Clearly there is a need for tools to handle the spatial data that satellite 
remote sensing and other more traditional sea-going survey methods can provide. In this 
section I have provided some case studies that illustrate how satellite data have been used in 
fisheries science and I have discussed some relevant data analysis and prediction methods. 

Case Studies  
Satellite sea surface temperature (SST) data have been available to fishermen in the USA 
since the mid-1970s and maps of ocean thermal boundaries have been produced using data 
from the AVHRR sensors on board the NOAA series of satellites. In 1981 NASA and NOAA 
initiated a two-year fisheries demonstration program where a variety of remotely sensed and 
numerically simulated data types were collected as ‘Fisheries-aid Charts’ and faxed or radioed 
to participating vessels (Montgomery et al, 1986). These charts mapped and gave a 5-day 
outlook for critical SST for selected fish species; surface wind speed and direction, combined 
wave heights and direction, location of fronts, centres of low and high atmospheric pressure, 
coastal SSTs, and mixed layer depth. The study concluded that, "...conventional and satellite 
derived data of the marine environment can, when properly combined and correlated, offer the 
commercial fisherman tactical tools which can result in the selection of fishing strategies for 
more efficient and economical operations."  

Japan has developed a Fisheries Information Service based on satellite technology 
(Yamanaka et al., 1988). The history of the forecasting service can be traced back to the mid-
1930's when the Japan Broadcasting Corporation broadcast a fisheries forecast once a week 
as part of the news report. The present day system divides the forecasting role into two 
temporal perspectives: short-term forecasting, which considers the immediate ocean physical 
state and likely effects on fish locations, and long-term forecasting which considers changes in 
catchability and total fisheries production through the monitoring and estimation of factors 
such as spawning, larval survival and recruitment. Long-term forecasting is carried out chiefly 
by the national fisheries research institutes in collaboration with local experimental stations. 
Short-term forecasting is carried out by the Japan Fisheries Information Service Centre 
(JAFIC), a central Government agency, in collaboration with research institutes.  

Short-term forecasting is based on the location of ocean fronts, a principle known locally as 
'Kitahara's Law' (after Kitahara, 1922, in Yamanaka et al., 1988) which supported the 
fishermen's premise that fish gather where two different seas converge. Where the warm 
Kurishio Current from the South Pacific meets the cold Oyashio current from the Kuril Islands, 
a fishery is supported which produces 15 % of world fish products (Tameishi et al., 1993). The 
predictive system which assists the exploitation of this fishery is based principally around 
preferred temperatures and temperature gradients for given fish species. 
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Once the analysis has been carried out, maps of fishing potential are then transmitted to 
vessels and other subscribers, including research institutes and fishing administrations. The 
system was applied to SST data from the NOAA satellites and tested against skipjack tuna 
(Katsuwonus pelamis) catch data. For the years 1982-85, fishing potential F was positive in 
82% of productive fishing grounds and was negative for 94% of unproductive areas. The 
system may have been developed further since this time but details have not been published. 

The tuna, swordfish and sardine fisheries off continental Portugal and the Azores are 
supported operationally by the University of Lisbon Oceanography Group (Santos & Fiúza, 
1992). The operational support consists of the provision of SST charts based on satellite 
(AVHRR) observations and the annotation of these charts to include gradient analysis for the 
location of thermal fronts. The group is also investigating the relationships between fish 
aggregations and the distributions of oceanographic parameters. There is evidence that 
swordfish concentrate in warm, clear water at intermediate distances from the strong thermal 
front separating upwelled waters from the open ocean during periods of relaxation in coastal 
upwelling. Inter-annual variability in swordfish catch is inversely correlated with the strength of 
coastal upwelling. The reverse is true for bigeye and albacore tuna, which aggregate just 
seaward of upwelling filaments. The tunas are assumed to aggregate at the fronts in order to 
feed, as there is evidence that sardines are found in, “moderately cool, relatively ‘old’ 
upwelling waters,” on the inside of thermal fronts (Santos & Fiúza, 1992).   

There has been considerable research into the physical and biological variability of the 
Upwelling Zone off the coast of North West Africa. There is year-round Ekman upwelling in the 
major part of this zone with seasonal upwelling to the South dependent on the extent of the 
northerly winds. This upwelling supports significant fishing grounds for tuna and for many 
other species of fish, cephalopods and crustacea. Until the 1960s the Spanish fleet was the 
only foreign fleet in the area but since that time it has been joined by other European and 
oriental fleets from over 25 countries (Clementé-Colón et al., 1992).  

This is certainly a promising area for the application of remote sensing for operational fisheries 
forecasting. International fleets already direct their effort towards waters that have been 
advected downstream of their point of origin at the surface, and satellite sensors of both SST 
and ocean colour could provide useful tools for tracking these waters (Clementé-Colón et al., 
1992). The highest Catch per unit effort (CPUE) for skipjack tuna is recorded at upwelling 
fronts (Ramos et al., 1992). In the Canary Isles, the persistent eddies associated with the 
island wake behind Gran Canaria can constitute a thermal boundary for further northward 
movement of skipjack. The fishing ground is compressed by the cold core eddy towards the 
warmer island wake. As the SST is homogenised, the surface wake extinction determines the 
spreading of fishing locations around the island (Ramos et al., 1991).  

Scientists from the French ‘Scientific Research Institute for Development and Co-operation’ 
(ORSTOM), supporting French fleets from the South Pacific to the North Atlantic, have 
developed a variety of forecasting aids with which to assist and direct fishing effort. 
(Clementé-Colón et al., 1992).  In the Eastern Tropical Atlantic, the PREVI-PECHE model 
(Stretta, 1991) is used. The fishing potential of an area is calculated by comparing the 
evolution of temperature distribution with an ‘ideal thermal scenario’. SST on the day of catch 
is not thought to be the sole determinant of tuna distribution; instead the evolution of a water 
mass over time is considered, with regard to whether it is likely to support concentrations of 
tuna forage. The delay between the onset of upwelling and the presence of tuna forage has 
been estimated as about 4-6 weeks (Mendelsshon & Roy, 1986). A high concentration of tuna 
could therefore be expected in an area where a decrease in SST at the start of the enrichment 
process is followed by a regular increase over this time period.  

Long term forecasting requires relationships between ocean variables and fish life history 
characteristics to be identified at larger spatio-temporal scales. Apparent shifts in the 
distribution of Pacific skipjack tuna may be linked to large zonal displacements of the 
convergence zone marking the boundary of the western Pacific warm pool (Lehodey et al., 
1997). These displacements occur during ENSO events and so it should be possible to 
predict, months in advance, the region of highest skipjack abundance. For the South Atlantic 
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squid (Illex argentinus) links between recruitment variability and the environment have recently 
been examined (Waluda et al., 1999). Correlation analyses show that when temperatures are 
colder in the spawning grounds of the northern Patagonian shelf during the period of hatching, 
better catches arise in the fishery in the following season. No significant correlation was 
obtained between squid catches and SST co-incident with the period of the fishery. Further 
analysis showed that cross-correlation exists between SST anomalies in the western Pacific 
and in the spawning grounds of the northern Patagonian shelf after a lag of 4.5 to 5 years. 
Therefore, not only can year class strength be predicted 8 months in advance from SSTs 
observed in the spawning grounds, but planning may be enabled some 6 years in advance 
based on these longer spatio-temporal correlations. 

Geographical Information Systems (GIS) 
A Geographical Information System (GIS) comprises of a collection of integrated computer 
hardware and software which together is used for inputting, storing, manipulating, analysing 
and presenting a variety of geographical data (Meaden & Do Chi, 1996). Some authors 
include the requirement for trained staff to the definition of a GIS and others add that its 
primary role is to aid decision making, but it should be recognised that different researchers, 
policy analysts and decision makers will have different requirements and will develop systems 
accordingly. The diversity of applications of GIS is seen in this volume, with examples of 
biological research and statistical modelling (Perez-Marrero et al., Chapter 2) as well as 
fisheries management (Caddy & Carrocci, Chapter 5). In fact many of the computer-based 
spatial analyses presented here could be described as GIS (e.g. Barbieri et al., Chapter 1). 
What will determine the success or otherwise of a marine fisheries GIS is the extent to which 
the relevant data can be collected, co-located and displayed in such a way as to enhance 
understanding beyond that which existed before the exercise. GIS allow user-friendly display 
of co-registered spatial data. However, further analyses will be required before relationships 
between variables can be established. This may be possible within a GIS but until recently the 
capacity of commercial GIS software for complex statistical analysis has been limited. This 
situation is changing as additional modules for spatial statistical analysis are being created, 
often by outside research groups. GIS-type software created ‘in-house’ will obviously be as 
simple or as sophisticated as its programmers allow. At the National Institute of Water and 
Atmospheric Research (NIWA), New Zealand, systems originally developed for the analysis of 
meteorological data have been extended for SST and SSH data analysis, and are presently 
being used in the development of models for relative fisheries potential, through statistical 
analyses of CPUE and oceanographic variability. Various actual and potential applications of 
GIS in fisheries were discussed at the ‘First International Symposium on GIS in Fishery 
Sciences’ held from March 2-4, 1999 in Seattle. Many of the case studies presented there 
utilised remotely sensed data and statistical modelling, and the proceedings should provide a 
useful resource for researchers in this area. 
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Theoretical modelling of spatial dynamics 
Most operational fisheries forecasting services have adopted a statistical approach to the use 
of satellite data in fisheries research. This approach seeks to correlate fish distributions with 
oceanographic features detectable from space and to then make predictions of the probability 
p of finding species i at position x,y based on the statistical relationships established. 
Statistical or empirical models are driven by data and for this reason they are specific to the 
location and the system studied. A good example of this approach is the Japanese Fisheries 
Information Service described above. It works for the Japanese fisheries because there is a 
substantial amount of historical data available for analysis and empirical relationships can be 
derived which have so far seemed to hold. The approach may be adopted in other areas but 
the statistical relationships that are found to be significant in the Japanese fisheries may not 
be of relevance elsewhere.  

It is extremely difficult to find statistical relationships that hold in highly variable environments 
(Sharp, 1995). Furthermore, although they may describe relationships well or badly, they 
cannot be used to show causality (Sharp, 1995; Hilborn & Mangel, 1997). The researcher may 
use statistical methods to identify relationships between variables but the ultimate questions 
regarding why such relationships exist cannot be answered in this way. Causality may be 
established through knowledge of specific obligate physiological responses and consequent 
behavioural decisions in the context of the system as a whole (Sharp, 1995) as well as 
through research into the life history strategies of the species of interest. This theoretical 
approach has its emphasis on identifying mechanisms of interaction between organism and 
environment, allowing cause and effect relationships to be established and used to make 
predictions that may be better founded than those based on projection of past trends into the 
future. The level of detail required to develop such process-oriented models is usually high, 
and simplifications and assumptions have to be made in order to progress. Nevertheless, 
even simple models can provide a better understanding of the system under study than may 
be obtained by statistical analyses alone, as they also have explanatory power.  

By using altimeter data to compute geostrophic surface currents, larval transport dynamics 
can be investigated (Polovina, 1999; Chiswell & Booth, 1999). By seeding the circulation with 
a passive tracer representing the larvae, Chiswell & Booth (1999) are able to conclude that an 
anticyclonic eddy is responsible for larval retention which may in turn be responsible for 
maintaining a population of rock lobster (Jasus edwardsii) off the New Zealand coast. They 
also conclude that geostrophic advection alone cannot explain the presence of lobsters at the 
coast and suggest that larvae may develop swimming capabilities at an earlier stage than has 
previously been demonstrated. Such a suggestion, whilst speculative, is at least a testable 
hypothesis generated from the falsification of the earlier advection-based hypothesis, which 
was enabled by the development of the theoretical model.  

Spatially explicit modelling of fish population dynamics has been carried out by various 
scientists in various ways (e.g. Bertignac et al., 1998; Huse & Giske, 1998; Sibert et al., 1999). 
As yet the input of remotely sensed data to the models remains limited. The model of 
Bertignac et al. (1998), for the spatial population dynamics of Pacific skipack tuna 
(Katsuwonus pelamis) relies on earlier levels of modelling, covering general circulation 
(Blanke & Delecluse, 1993), biogeochemistry and new production (Stoens et al., 1998) and 
tuna forage production (Lehodey et al., 1998). Satellite data of different types are input at 
different levels. Weekly wind data from the ERS-1 Scatterometer are used to drive the 
circulation model; monthly climatological chlorophyll data from the CZCS are assimilated into 
the new production model.  In this way the model as a whole is prognostic for tuna. In a 
different but complimentary approach the same input data have been used in a spatial life-
history model also for Pacific Skipjack (Kirby et al. unpubl.) which uses adaptive methods to 
evolve movement and reproduction within the model (i.e. a neural network coupled with a 
genetic algorithm; Giske et al. 1998).  
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CONCLUSIONS 
We have reached a respectable level in our use of remote sensing data for fisheries but there 
remains much challenging work to do. Integrated information systems (GIS) will continue to 
have management and research applications. These spatial databases will enable better 
understanding of the ecosystems in which fisheries operate. For statistical modelling to 
succeed it must be carried out in a way that is sensitive to the ecology of the species of 
interest. Statistical relationships that are useful for forecasting may only be obtained if life 
history stages that are vulnerable to or influenced by environmental effects are first identified.  

There exist functional tools for modelling fish behaviour and life histories, based on proximate 
and ultimate models of their interactions with the physical oceanic environment (Giske et al., 
1998). These methods that have yet to be applied to fisheries forecasting using remote 
sensing but they clearly represent a possible way forward. Physical variables measurable from 
space represent habitat characteristics that may be very important for one or more life stage of 
fish. Value is added to oceanographic feature detection if we understand the mechanism 
through which such a feature interacts with the fish, as well as its statistical significance to 
past, present or future biomass or distribution. Spatially explicit methods for modelling whole 
life histories of fish (Fiksen et al., 1995; Huse & Giske, 1998; Huse, in press) should be 
coupled with state-of-the-art dynamical models, with particular attention paid to representation 
of trophic dynamics and bio-physical interactions. The use of theoretical modelling in relation 
to fish tagging studies has been discussed in Kirby (2001). Satellite data can play several 
roles: forcing the dynamics, assimilation into primary productivity, feature detection and 
instantaneous habitat characterisation (e.g. by temperature, turbidity, wind and current).  

Another important issue is that of technology transfer (Hammann & Cárdenas, 1996; Barbieri 
et al., Chapter 1) i.e. the problem of utilising space technology and remotely sensed data to 
support not just large-scale commercial fisheries but also artisanal, community-based fishing. 
Gary Sharp (http://faculty.csumb.edu/SharpGary/world/Phyllo1.html ) describes the present 
day fishers of Scylla, Italy where: “These ancient/modern people continue to struggle with the 
sea, even today, as they have harvested the seasonal migrants, tunas and swordfish, each 
summer for at least two thousand years... using tall "antenna" towers from which the ships are 
guided, and from which they sight fish...” Contrary to his own feelings that: “It seems highly 
unlikely that The Internet will have a great immediate effect on traditional cultures;” I believe 
that as a low-cost global communications medium that is comparatively easy to set up and 
use, the internet could have a very significant impact. Developing nations and traditional 
communities will doubtless adapt this technology to their needs. The value of information for 
fishing and fisheries science is unquestioned and the Internet will be the primary tool in the 
new millennium for dissemination of this information. Whilst the cost of developing space 
technology has been borne by richer economies, it is possible for other nations to obtain and 
utilise these data for their own purposes. Ship-borne satellite-based communication systems 
will be available to commercial vessels but shore-based systems may also be established to 
support fishing communities in rural areas. The demand and utility of such services should be 
identified locally and international co-operation might bring about their implementation. 
Hopefully this module will show just what can be achieved by bringing together technology 
and an understanding of nature, and future applications will be developed that will harness 
such knowledge for the benefit of humanity without further detriment to our environment. 
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Table 1. Satellites carrying sensors relevant to fisheries research and application 
 

Current Satellites 
*launch date 2002 Relevant Sensors 

ERS 2 ATSR 

SAR 

RA 

NOAA 12/14/15 AVHRR 

TOPEX/POSEIDON RA 

ORBVIEW 2 SeaWiFS 

ENVISAT AATSR  

ASAR 

RA 

EOS AM-1 (TERRA) & *PM-
1 (AQUA) 

MODIS 

*ADEOS II AMSR 

GLI 

SeaWinds 
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APPENDIX I. LIST OF ACRONYMS 
(A)ATSR  (Advanced) Along Track Scanning Radiometer 

ADEOS  Advanced Earth Observation Satellite 

AMSR   Advanced Microwave Scanning Radiometer 

AVHRR  Advanced Very High Resolution Radiometer 

 (A)SAR  (Advanced) Synthetic Aperture Radar 

BAS   British Antarctic Survey 

CZCS   Coastal Zone Colour Scanner 

DMSP   Defence Meteorological Satellite Program, USA. 

ENVISAT  Environmental Satellite, Europe. 

EOS  NASA Earth Observing System satellites EOS-AM (TERRA) and EOS-
PM AQUA 

ERS    European Remote Sensing Satellite 

ESA   European Space Agency 

ESRI   Environmental Systems Research Institute, Inc.  
(manufacturers of ARCINFO & ARCVIEW GIS Software) 

GFO   GEOSAT (Geodesy Satellite) Follow-On 

GIS   Geographic Information System 

GLI   Global Imager 

JAFIC   Catch Per Unit Effort 

MERIS   Medium Resolution Imaging Spectrometer 

NASA   National Aeronautic and Space Administration, USA. 

NASDA  National Space Development Agency, Japan. 

NOAA   National Oceanic and Atmospheric Administration, USA. 

RA   Radar Altimeter 

RADARSAT  Radar Satellite 

SeaWiFS  Sea-viewing Wide Field of view Sensor 

SeaWinds  Wind Scatterometer 

SSM/I   Special Sensor Microwave / Imager 

SST   Sea Surface Temperature 

TRMM   Tropical Rainfall Measuring Mission 

TOPEX/POSEIDON Topographical Experiment (POSEIDON satellite) 
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Appendix II. Useful Web Links 

Satellites and Sensors 
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AVHRR 
 

http://www.ngdc.noaa.gov/seg/globsys/avhrr.shtml

 

http://podaac.jpl.nasa.gov/sst/

 

ATSR  
 

http://earth.esa.int/ers/eeo4.80

 

 

http://www.atsr.rl.ac.uk/

 

 

http://www.leos.le.ac.uk/home/

 

Ocean Colour Sensors 
 

http://seawifs.gsfc.nasa.gov/SEAWIFS.html

 

 

http://envisat.esa.int/
http://eos-pm.gsfc.nasa.gov/
http://eos-am.gsfc.nasa.gov/

 

 

AVHRR Sensor Overview 

 

AVHRR Oceans Pathfinder Dataset 

 

 

ATSR Sensor Information, European 
Space Agency 

 

ATSR Science Group, Rutherford 
Appleton Laboratory, UK 

 

Earth Observation Science Group, 
University of Leicester, UK. 

 

 

SeaWiFS Project Homepage (includes 
CZCS information) Goddard Space 
Flight Centre, USA. 

 
MERIS Sensor Information 
European Space Agency 

 

EOS satellite and MODIS sensor 
information 

Other 

http://www.ssmi.com/

http://topex-www.jpl.nasa.gov/
http://podaac.jpl.nasa.gov/topex/
 

http://www.asf.alaska.edu/user_serv/user_serv/sar_data_

sources.html

 

 
SSM/I, TMI and QuikScat data 
 
TOPEX-Poseidon information and data  
 

List of SAR data providers 
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Institutions involved in Remote Sensing for Fisheries Applications 

 

http://me-www.jrc.it/

 

 

 

 

http://www.fao.org/fi/ 

 

 

 

 

http://www.nrsc.no/ 

 

 

http://www.orstom.fr/

 

 

 

http://www.spc.int/OceanFish/index.html

 

 

http://www.pml.ac.uk/

 

 

 

http://www.soest.hawaii.edu/PFRP/

 

http://www.satlab.hawaii.edu/

 

 

Marine Environment Unit, Space 
Applications Institute, Joint Research 
Centre of the European Commission, 
Ispra, Italy. 

 

 

Fisheries Department,  Food and 
Agriculture Organisation of the United 
Nations, Rome, Italy. 

 

 

 

Nansen Environmental and Remote 
Sensing Centre, Bergen, Norway. 

 

Scientific Research Institute for 
Development and Cooperation 
(ORSTOM), France. 

 

Secretariat of the Pacific Community, 
Oceanic Fisheries Programme, New 
Caledonia. 

 

Centre for Coastal Marine Sciences, 
Plymouth Marine Laboratory, UK. 

 

 
 

Pelagic Fisheries Research 
Program…and the…  

Satellite Oceanography 
Laboratory…at the…School of Ocean 
and Earth Science and Technology , 
University of Hawaii, USA. 
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COMMERCIAL ORGANISATIONS INVOLVED IN REMOTE SENSING FOR FISHERIES 
APPLICATIONS 

 

 

http://www.roffs.com/

 

Roffer’s Ocean Fishing Forecasting Service Inc., Miami, 
FLA., USA.  

 

 

http://www.orbimage.com

 

Orbital Imaging Corporation, Dulles VA., USA. 

 

 

http://www.sst.niwa.cri.nz/

 

National Institute of Water and Atmospheric Research 
(NIWA) Ltd., Wellington, New Zealand. 

 

 
 

Internet Resources for Geographical Information Systems (GIS) and Statistics 
 

http://www.esri.com

 

 

Environmental Systems Research Institute, for 
ARCINFO and ARCVIEW GIS software packages. 

 

http://www.insightful.com/products/ 

 

S-PLUS homepage, including S- PLUS for ARCVIEW 
GIS and S- PLUS SpatialStats 
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Collected miscellaneous links  
 

http://www.fishbase.org/
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http://www.freenet.edmonton.ab.ca/cseb/b_
fish_index.html

 

 

 

http://www.marine.ie/useful_links/

 

 

http://www.esdim.noaa.gov/ocean_page.ht
ml

 

 

http://www.neonet.nl/

  

 

 

 

Internet database of fish-related information 

 

Fisheries and Aquatic Sciences Links, 
Canadian Society of Environmental 
Biologists, Canada. 

 

 
 

Useful Links, Irish Marine Institute, Dublin, 
Ireland. 

 

Oceanography Resources on the Internet, 
NOAA, USA. 

 

 

Satellite Systems, Instruments and Data 
Links, International Institute for Aerospace 
Survey and Earth Sciences, Netherlands

 

http://www.fishbase.org/
http://www.freenet.edmonton.ab.ca/cseb/b_fish_index.html
http://www.freenet.edmonton.ab.ca/cseb/b_fish_index.html
http://www.marine.ie/useful_links/
http://www.esdim.noaa.gov/ocean_page.html
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SELECTED PAPERS ON REMOTE SENSING APPLICATIONS FOR FISHERIES 
SCIENCES FROM PORSEC 2002 BALI PROCEEDINGS  
 
On the BILKO CD-ROM, in the Module08 sub-folder \Fisheries papers from 
PORSEC2002, you will find a selection of papers on the state-of-the-art of remote sensing 
applications for fisheries sciences as presented during the Sixth Pan Ocean Remote Sensing 
Conference (PORSEC) held at Bali, 3-6 September 2002. These papers, as listed below, have 
been selected from the conference proceedings by Dr. T.W. Hobma from the International 
Institute for Geo-Information Science and Earth Observation in Enschede, the Netherlands 
(hobma@itc.nl). The authors and the publisher are kindly acknowledged.  
 
The full proceedings can be obtained from the PORSEC 2002 Secretariat under reference of: 
 
Proceedings of the 6th Pan Ocean Remote Sensing Conference, Volumes I & II and Special 
Volume. Bonar P. Pasaribu et al. (editors). ISBN: 979-493-091-1 
 
Published by: 
PORSEC 2002 Secretariat 
Dept. of Marine Science and Technology 
Bogor Agricultural University 
Kampus IPB Darmaga 
Bogor 16680, Indonesia 
Agency for Marine and Fisheries Research, 
Ministry of Marine Affairs and Fisheries 
Jalan M.T. Haryono Kav. 52-53 
Jakarta, Indonesia 
Internet: www.porsec2002.com
 
 
Editorial Committee 
Bonar P. Pasaribu 
Richardus Kaswadji 
I Wayan Nurjaya 
Jonson Lumban Gaol 
 
Copyright: 
© 2002 Scientific Organizing Committee of 
the Pan Ocean Remote Sensing Conference. 
All right reserved 
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Contents of the folder \Fisheries papers from PORSEC2002-BALI: 
 
Frontpage 
Preface vi 
Presidential address vii 
 
Contents Special Volume 
Contents Volume I 
Contents Volume II 
 
Plenary Session II 
FISHERIES OCEANOGRAPHY   33 
Seichi Saitoh, Katsuya Saitoh, Takashige Sugimoto 
 
Underwater Acoustics II 
Chairpersons: Jeffry A. Nystuen and I Nyoman Arnaya 
 
THE ACOUSTIC OBSERVATION AND THE EXPLOITATION OF  211 
THE PURSE SEINE FISHERY IN THE JAVA SEA 
Bonar P. Pasaribu, Vincent P. Siregar, Duto Nugroho 
 
INDIVIDUAL AND SCHOOL OF FISH BEHAVIOR UNDER LIGHT ILLUMINATION:  
ACOUSTICAL OBSERVATION 217 
Indra Jaya, A. Tupamahu, Zulkarnain 
 
UNDERWATER SHRIMP NOISE AND PRIMARY PRODUCTION  221 
Siriwat Siriwatanakul, W. Tantigun, D.H. Cato, I.S.F. Jones 
 
THE APPLICATION OF RADAR TRACKING AND BOTTOM 
SOUNDING TO LOCATE THE TRADITIONAL FISHERMAN  222 
Totok Hestirianoto, Bonar P. Pasaribu, I Nyoman Arnaya, Indra Jaya, 
Moh. Natsir 
 
Fisheries Oceanography I 
Chairpersons: Jose Stuardo and Sei-ichi Saitoh 
 
SHALLOW WATER MAPPING OF REEF USING LANDSAT  
SATELLITE DATA AND ITS APPLICATION IN ASSESSING  401 
THE POTENCY OF REEF FISHES 
Sam Wouthuyzen 
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MIGRATION OF YOUNG BLUEFIN TUNA AND RELATED OCEANOGRAPHIC 
CONDITIONS IN THE NORTH PACIFIC  402 
Kyohei Segawa, Denzo iInagake, Harumi Yamada 
 
FISH CATCH RELATIVE TO ENVIRONMENTAL PARAMETERS OBSERVED FROM 
SATELLITE DURING ENSO AND DIPOLE  407 
MODE EVENTS IN SOUTH JAVA SEA 
Jonson L. Gaol, K. Mahapatra, Y. Okada, B. P. Pasaribu, D. Manurung 
 
SEA SURFACE TEMPERATURE (SST) OF FISHING GROUND 
MAPPING BY USING REMOTE SENSING TECHNOLOGY IN   414 
MALACCA STRAIT, RIAU PROVINCE 
Mangasak Panjaitan, Arthur Brown 
 
PRESENT STATE AND FUTURE ABOUT APPLICATION OF 
SATELLITE REMOTE SENSING FOR FISHERIES AROUND JAPAN 416 
Hideo Tameishi, Katsuya Saito, Yasuhiro Nakasono, Koji Takahashi, 
Sachihiko Itoh, Shingo Kiura, Takashige Sugimoto 
 
VALIDATION OF ANALYSIS OF SALMON FISH DISTRIBUTION IN PACIFIC 
SUBARCTIC FRONT AREA DERIVED FROM REMOTE 422 
SENSING AND VESSEL OBSERVATIONS 
Andrew A. Bobkov 
 
ASSESSMENT OF PELAGIC FISH DISTRIBUTION ON THE BASIS 
OF MARINE ENVIRONMENT AIRBORNE REMOTE SENSING  427 
RESEARCH 
Vladimir B. Zabavnikov, Vladimir I. Chernook 
 
TEMPERATURE AND SALINITY IN THE NORTHERN PART OF 
THE INDIAN OCEAN DURING BARUNA ’98 EXPEDITION FROM 431 
BERGEN – JAKARTA 
Hadikusumah 
 
LIGHT TRANSMISSION AND CHLOROPHYLL-A IN THE NORTHERN PART OF 
INDIAN OCEAN DURING BARUNA ’98 EXPEDITION 438 
FROM BERGEN JAKARTA 
JAKARTA 
Hadikusumah 
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Lesson 1: Evaluation of potential swordfish fishing grounds off Central Chile 

 
1. Evaluation of Potential Swordfish (Xiphias gladius) Fishing 

Grounds off Central Chile, by the Use of Remote Sensed Sea 
Surface Temperature Satellite Data 

 
María Angela Barbieri, Karen Nieto, Claudio Silva y Eleuterio Yáñez 
 
Laboratorio de Teledetección y Sistemas de Información Geográfica (LT&SIG) 
Escuela de Ciencias del Mar, Universidad Católica de Valparaíso Casilla 1020, 
Valparaíso, CHILE 
 

 
Aim of Lesson 

 
The integration of knowledge derived from fisheries research with systems for the reception 
and treatment of satellite images reception, and the support of the fishing industry, have 
allowed the development of a research area dedicated to the improvement of fishing 
strategies using models which describe the potential of fishing grounds for commercial 
exploitation. Within the framework of plans to improve the efficiency of the artisanal swordfish 
fleet, we have designed a model whose output is a map showing the relative probability that 
a given fishing expedition will be successful. We refer to the output of our model as a 
probability-based fishing ground (PFG) and to its detailed output for the seas around 
Valparaiso as the Valparaiso probability- based fishing ground (VPFG). We denote the value 
of the output by ‘V’. 
 
The aim of this lesson is to demonstrate how remotely sensed sea-surface temperature data 
from NOAA satellites has been used to evaluate the potential for swordfish of fishing grounds 
along the central coast of Chile. In our model, we consider that sea surface temperature 
(SST) and gradients of temperature (GRT) are the primary factors that influence the 
swordfish distribution, so we analyze historical information on these environmental 
parameters to develop a PFG. Our source of information is a database that records fishing 
effort and remotely sensed data covering a seven-year period. We use a Geographical 
Information System (GIS) to store, manipulate and analyze the large quantity of spatial 
information involved in the construction of a useful model. 

 
Objectives 

 
After completing this unit, you should be able to:   
 

1. establish relationships between SST, GRT and swordfish distribution, through 
a statistical analysis using probability functions; 

2. understand the methodologies used to develop the model and the possible 
implementation into a GIS; 

3. verify the results obtained in the application of the model and the interpretation 
of the spatial distribution of potential fishing grounds using Bilko. 
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Background Information 

 
The Bilko image processing software 
 
Previous knowledge of BILKO software is not required. With the on-line help, it is 
easy to obtain explanations about the use of the program. The model displays maps 
generated after the conversion of image files from IDRISI to bitmap (bmp) format. 
 
Other equipment 
 
We developed our PFG model using the IDRISI for Windows 2.0 Geographical 
Information System. This software contains statistical and decision-making analysis 
modules that include all the methodologies required in the construction and analysis 
of our model. The model, however, could be implemented in any GIS, with the 
necessary analytic capability. For this reason we describe the theoretical basis of the 
model with the objective of providing an understanding of its operation sufficient to 
allow its implementation on another GIS. 
 
Image data 
 
This lesson uses NOAA/AVHRR images of the central area of Chile from the satellite 
database of the Remote Sensing and GIS Laboratory of the Escuela de Ciencias del 
Mar of UCV. It also employs fishing data provided by the artisanal swordfish fleet. 
 
The principal inputs of the model are SST and GRT images dated 11 May 1996. To 
allow their display in Bilko, the images were converted to *.bmp format: 
 
° tsm1105.bmp 
° grt1105.bmp. 
 
The SST and GRT historical database (1987-1995) for grid squares with catches in 
May is in the may.xls file; students should estimate probability functions using some 
statistical software. These functions (estimated using STATISTICA software) are 
presented in graphical form after conversion to *.bmp format: 
 
° fdp-tsm.bmp 
° fdp-grt.bmp. 
 
To verify the results predicted by the model we provide the following *.bmp images: 
° evi-tsm.bmp 
° evi-grt.bmp. 
 
A posteriori probability images: 
° post-tsm.bmp   
° post-grt.bmp   
 
PFG map: 
° zpp.bmp 
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Validated PFG Map: 
° zpp-vali.bmp 
 
Integrated image with SST and PFG data: 
° tsm-zpp.bmp 
 
Study area 
 
The area studied lies between latitudes 31º S and 36º S of latitude, and between 
Chile’s Central Coast and longitude 76º W. This area corresponds to the operational 
zone of the local artisanal swordfish fleet operation zone, which lands its catches in 
Valparaiso, Quintero, San Antonio, Constitution and El Quisco. 
 
 

 
 
 
Fishery and SST database 
 
We used two databases in the course of this study. One takes the form of fishing 
records and the other SST satellite images. Both cover the years 1987 to 1991 and 
1994 to 1996. We thank the International Center of Investigations for Development 
(CIID) of Canada and the General Address of Investigation of the Catholic University 
of Valparaiso for contributions that made access to these databases possible. 
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Potential Fishing Grounds Model (PFG) 
 
If a situation calls for a prediction and previous information about that situation 
already exists, the most useful tool used for the evaluation of relationship between 
indirect evidence and decision-making, is Bayesian Probability Theory (Eastman, 
1997). This is an extension of Classical Probability Theory that makes it possible to 
combine new evidence about a hypothesis with prior knowledge (or assumptions) in 
order to estimate the likelihood that the hypothesis is true. The basis for this is Bayes' 
Theorem, which states (in the notation of probability theory) that: 
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where: 

• p(h|e) = the probability of the hypothesis being true given the evidence 
(a posteriori probability). 

• p(e|h) = the probability of finding the evidence given the hypothesis being true. 
• p(h)    = the probability of the hypothesis being true regardless of the evidence 

(a priori probability). 
  
Using the BAYES module, we apply the theorem in the following five steps: 
 

1. The evaluation hypothesis is "it is a fishing area" (h): its complement is 
"it is not a fishing area" (h') (i.e., h is not true). Once the hypothesis is 
formulated, the a priori probability image (represented by probabilities 
p(h) and p(h')) is integrated  with the evidence images expressed as 
conditional probabilities given the hypothesis under examination (i.e., 
p(e|h). The output image expresses the a posteriori probability that 
each hypothesis is true (i.e., p(hi|e). 

2. Fuzzy logic is used to obtain the a priori probability image; this 
technique assigns a probability value (0 to 1) to each pixel in the 
evaluated image. A Generalized Additive Model (GAM) is adjusted, 
using the S-PLUS software, to fit the weekly average yields per year 
(CPUE), considering the CPUE as a response variable and applying a 
smooth function to the predicted variable (weeks). The objective is to 
describe the variation of the CPUE variable with time. To do this, the 
adjusted function is first transformed into a Fuzzy function. This is then 
used to assign aptitude values to the study area image for the chosen 
date of evaluation and hence the a priori probability image. A priori 
probability images can be obtained in several, depending on what 
historical information is available. To generate the a priori probability 
image, the position of each pixel inside the area is evaluated and a 
value between zero and 1 is assigned. This value depends on the 
abundance levels registered historically for that pixel and the number of 
times the pixel is visited during the study period. 
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3. Fuzzy logic is a reasoning procedure that evaluates possibilities using 

multiple criteria. The FUZZY module evaluates the possibility that each 
pixel belongs to a fuzzy set by evaluating any of the series of fuzzy set 
membership functions. A fuzzy set is a data group described by a 
function that takes values between zero and 1 These functions the 
factors are standardized to an aptitude scale on which zero represents 
low aptitude and 1 represents high aptitude (Zadeh, 1992; Zadeh, 1994; 
Zimmermann, 1987). 

4. To create conditional probability, or evidence, images from SST and 
GRT data, the same logical procedure is used. Through the FUZZY 
module pixel values from SST and GRT real time images are assigned 
according to the conditional probability function (p(e|h)). These 
functions are obtained monthly by means of a probability distribution 
adjustment (Normal. Lognormal, Gamma) to the SST and GRT data 
extracted from the fishing grids and are validated by means of an 
adjustment kindness test that determines which is the best model to 
describe the behavior of the SST and GRT historical data from the 
fishing grounds. 

5. The final step of this analysis is to determine the a posteriori probability 
(p(h|e)), the probability after incorporation of previous knowledge, and 
combine this with the evidence for the hypothesis under consideration. 
This process generates maps from TSM and GRT satellite images that 
indicate the probability of a satisfactory outcome if fishing effort is 
applied in a given area. 

 
The application of Bayes Theorem to each environmental criterion (SST or GRT) is 
analyzed separately. A Multi-criteria evaluation is used to integrate these results with 
the help of the MCE module. This procedure assigns weights to the bayesian results 
and combines the information to form a single evaluation index. 
 
Model validation 
 
The PFG model was validated with geo-referenced satellite images and records of 
fish catches gathered during the 1996-fishing season. This validation was based on a 
frequency analysis of the total catch reported for each grid square and the probability 
generated by the model that fish would be found in that square. Its output was an 
evaluation of the reliability of each image expressed in terms of the fraction of grid 
squares showing a high probability and a large catch. 
 
SST and PFG integrated map 
 
To give users in the fishing fleet with a straightforward way of interpreting our results 
we provide a chart that integrates the PFG and SST images. We do this we select 
PFG images that show only grid squares for which the probability of a successful 
fishing outcome is high and convert these to point vectors and polygons. We then 
overlay these elements on the daily SST images to form a SST-PFG chart. 
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Lesson Outline 

 
Expect to spend about one hour on this lesson. 
 
Data from 11 May 1966 exemplify how the model is used. Run the BILKO software 
and load the tsm1105.bmp and grt1105.bmp images: these correspond to SST and 
GRT images for that day. 
 
May is a month that provides some of the largest catches of the year. When 
analyzing the yields through the fishing season we express the swordfish average 
monthly yield (CPUE) in kilograms per day at sea (kg/ds). In February the CPUE is 
low, <30 kg/ds, but in March it increases to about 180 kg/ds. May produces the 
highest average monthly yield, 302 kg/ds. The average monthly yield falls from 240 
kg/ds in June to 30 kg/ds in September. May, therefore, is the most probable month 
in which to find good yields. 
 
Using a priori knowledge we have constructed CPUE probability images for the 
different months of the fishing season. In March, the probability of obtaining good 
yields is relatively low: in April and May the probability is higher; in June and July the 
probability decreases and finally, in August, the probability is again low. 
 
Question 1: With what factors do you associate the seasonal nature of the fishery? 

 
Activity 1. Open the may.xls file; you should find a list of SST and GRT data 

extracted from the fishing grids for May. Using some statistical software 
estimate the best probability function for these environmental parameters 
according to the Kolmogorov-Smirnov adjustment kindness test. 

 
Question 2: What is the best function with which to adjust the SST and GRT data? 
 

Compare your results with the graphics presented in figures fdp-
tsm.bmp and fdp-grt.bmp.   
 

Question 3: Which are the SST and GRT preference ranges for swordfish during 
May? 

 
Open the evi-tsm.bmp and evi-grt.bmp evidence images and verify 
the results obtained when evaluating the SST and GRT images for May 
11 1996. 

 
Question 4: What do you observe in these images?  

 
Open the a posteriori images post-tsm.bmp and post-grt.bmp, and 
observe the results obtained for each environmental variable.  
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Using a two-criterion evaluation, based on SST and GRT, multiply each 
a posteriori image by the weight assigned to each environmental factor 
and add the results to obtain a single evaluation index: 

 
v = w1 * p (FG|SST)+w2 * p (FG|GRT),  (w1 + w2 = 1), 

 
 

where:  
 

v is the value calculated for the Valparaiso probability-based 
fishing 

ground.  
w1 is weight assigned to the temperature. 
w2 is weight assigned to the thermal gradient. 
p (v|SST) is the probability (a posteriori) of v given the sea 
surface temperature.  
p (v|GRT) is the probability (a posteriori) of v given the thermal 
gradient.  

 
Open the zpp.bmp image to verify the result obtained. 

 
Question 5: Identify the high fishing probability areas. 

Open the valizpp.bmp image 
 
Question 6: Observe theVPFG image with the catches overlaid. What can you say 

about this validated image?  
 

Open the tsm-zpp.bmp image. Does the high probability vector lie over 
significant parts of the SST image? 

 
Question 7: What do you think about this kind of presentation?  
 
YOU ARE INVITED TO DISCUSS AND CONSIDER THE FOLLOWING 
QUESTIONS CONCERNING THE VPFG MODEL: 
 
Question  8:  What are main sources of uncertainty in the model? 
 
Question  9:  What other environmental factors do you think you should include to improve 

the predictions of the VPFG model? 
 
Question 10:  How would you integrate more environmental factors into the VPFG model? 
 
Question 11: Do you think satellite images are useful in deciding where best to concentrate 

fishing effort? 
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Answers to Questions 

 
1. Data suggest that the highly seasonal nature of the fishery is associated with 
temperature seasonal changes. Although catches are made at the end of summer 
(March), fish are more abundant during the cold seasons of the year, especially in 
autumn (April-June). Swordfish are present during part of the winter, decreasing in 
abundance towards the end of August. Although the seasonal CPUE (capture for unit 
of effort) present a common trend over the years, there are fluctuations in the fishing 
season from year to year. Indeed, such a fluctuation is evident in the 1995 fishing 
season when the cooling of the study area during the winter brought the fishing 
season to a close at the end of June (Yáñez et al, 1996). 
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An alternative explanation for the observed distribution and abundance of swordfish 
in the Central Zone depends on feeding behavior. According to research carried out 
in the study area, swordfish diet mainly comprises jack mackerel and hake (Yáñez et 
al, 1994). The migratory nature of jack mackerel, described by Serra (1991), 
influences the seasonal CPUE of this resource in the Central-South Zone. Its 
abundance reaches a peak during the month of May (Böhm et al, 1996; Yáñez et al, 
1996). 
 
The seasonal behavior of the jack mackerel is similar to the monthly variations of 
swordfish landings in the study area (Yáñez et al, 1996). When compared to North 
Atlantic, the seasonal increases of swordfish catches near subtropical fronts are 
explained by an abundance of food in the area as squids migrate across the North 
Pacific transition area, where the Hawaiian long-liner fleet operates (Seki, 1997). 
 
3. In May the SST data is lognormal distributed with an optimal range between 15ºC 
and 17.2ºC.The thermal gradient data form a lognormal distribution with a good 
range fluctuating from 0.3ºC to 1,1ºC. Tables I and II show the SST and GRT optimal 
ranges during the fishing season. 
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Table 1: ST probability distributions for the fishing area, statistical parameters 
and SST optimal, estimated per month (Nieto, 1999). 
 

Month Distribution N K-Scalc
K-

Stable µ σ Interval 
(ºC) 

Optimal 
ranges  

(ºC) 
March Normal 69 0,1026 0,1637 17,62 1,2952 13,4 – 21,5 16,32 – 18,91
April Normal 112 0,0539 0,1285 16,73 0,8268 13,2 – 19,4 15,91 – 17,56
May Lognormal 102 0,0797 0,1347 2,7767 0,0679 13 – 19,7 14,97 – 17,24
June Lognormal 69 0,0904 0,1637 2,7219 0,0597 13,1 – 18,3 14,3 – 16,18 
July Lognormal 32 0,2147 0,2404 2,6821 0,0316 13 – 16,2  14,14 – 15,1 
August Lognormal 31 0,1620 0,2443 2,6831 0,0650 12,5 – 17,6 13,68 – 15,65

Normal 
( )[ ] ( )( )[ ]2/*2/1**2*/1)( σµσ −−Π= xexf  

Lognormal 
( )[ ] ( )( ) ( )( )[ ]22 ln**2/1**2**/1)( µσσ −−Π= xexxf  

 
 
Table 2: GRT probability distributions for the fishing area, statistical 
parameters and GRT optimal, estimated per month (Nieto, 1999). 
 

Month Distribution N K-Scalc
K-

Stable µ σ Interval 
(ºC) 

Optimal 
ranges 

(ºC) 
March Lognormal 69 0,0554 0,1637 -0,3729 0,5814 0,07 – 2,7 0,38 – 1,26 
April LogNormal 112 0,0646 0,1285 -0,1289 0,5744 0,09 – 2,8 0,49 – 1,59 
May Lognormal 102 0,0829 0,1347 -0,5442 0,5735 0,07 – 2,5 0,32 – 1,05 
June Lognormal 69 0,1042 0,1637 -0,5282 0,5760 0,07 – 2,5 0,32 – 1,07 
July Lognormal 32 0,1041 0,2404 -1,0264 0,8345 0,02 – 2,3 0,15 – 0,85 
August Normal 31 0,1246 0,2443 0,4624 0,2459 0 – 1,3 0,24 – 0,72 

Normal 
( )[ ] ( )( )[ ]2/*2/1**2*/1)( σµσ −−Π= xexf  

Lognormal 
( )[ ] ( )( ) ( )( )[ ]22 ln**2/1**2**/1)( µσσ −−Π= xexxf  

 
Each pixel of the SST and GRT images is evaluated and a suitability value, from 0 to 
1, is assigned according to the probability distributions. This classification, which 
depends on Fuzzy logic, allows each pixel to have a suitability value.  
 
4. BAYES evaluates the probability that each hypothesis is true (fishing zone) given 
the information contained in the prior probability and evidence files. The output image 
expresses the a posteriori probability that each hypothesis is true. 
 
In the image post-tsm.bmp you should be able to see an area of high probability 
between 32ºS and 34ºS and 80 nm offshore from the coast. This zone is accessible 
by the Valparaiso fleet. If you look at the post-grt.bmp image, you should be able to 
see that the high probability areas are widely distributed within the region analyzed, 
but do not occur close the coast (first 20 nm). 
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5. The PFG image for May 11 shows a spatial covering of 38% (28.102 pixels) in 
which the probability of a successful fishing outcome is high, a covering of 55% 
(40.969 pixels) in which it is medium, and of 7% (5.544 pixels) in which it is low. 
 
The high fishing probabilities areas in this image are located near the coast and are 
restricted to the area between 32ºS and 34ºS: this situation is favorable for the 
Valparaíso and San Antonio fleets. North of 32ºS, the most suitable areas for fishing 
are 100 nm off the coast and south of 34ºS conditions are even more unfavorable, 
with the areas of high fishing probability lying 150-180 nm off the coast. 
 
6. Validation of the PFG image for May 11 shows a correspondence of more than 
85% among the grids with catches of fish and a high calculated probability. 
 
7. When the high probability vector (obtained from the PFG image) is superposed on 
the SST image it forms a map that is attractive from the point of view of 
interpretation. For fishermen the SST image has little significance, but it adds value 
to the product. We have improved the quality of such maps over the years as our 
empirical knowledge, of the relationships between environmental parameters and 
swordfish distributions, has expanded through the interaction between researchers 
and fishermen during a decade of joint work. 
 
8. All model outcomes are necessarily subject to some uncertainty, given the 
inherently human process for establishing relationships between the direct evidence 
and the assumed decision, and it should be taken into account. The uncertainty in the 
present model arises mainly from errors in the data source and in the decision rule 
applied(Nieto, 1999). 
 
Some limitations exist in the SST, GRT and CPUE data used to estimate the 
historical relationships, and in the information used to evaluate and validate the 
model. The small number of images and the limited cover of the fishing area during 
1987-89 reduce the influence of that period in the relationships established between 
swordfish distributions and the environmental variables. In future studies it will be 
necessary to have more SST images and daily records of the catches made by the 
fleet, over the whole study period. The use of GPS will allow us to gather more 
precise information on the location (lat/long) of catches and link these data to the 
daily SST images, thus reducing uncertainties in the database. Another matter to 
consider is that the number of criteria used to determine the fishing grounds could be 
insufficient, given that many factors influence the swordfish distribution. Although we 
have shown that the SST is a good indicator of swordfish fishing grounds, 
oceanographic parameters, like water masses and oceanic circulation, and biological 
parameters, like chlorophyll, are required if more precise models of potential fishing 
grounds are to be constructed (Nieto, 1999). 
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9. SST data is a good indicator of fishing areas and it has been used for decades by 
fishermen and researchers (Barbieri et al., 1990; González, 1993; Yáñez et al., 1996; 
Yáñez et al., 1997). GRT data has been used in some research as an indicator of 
thermal fronts and upwelling areas, that is, it highlights productive areas that sustain 
the fish populations exploited by swordfish stocks (Fernández and Pingree, 1996; 
Olson et al., 1994; Podesta et al., 1993; Polovina, 1997; Yáñez et al., 1996; Nieto, 
1999). However, many factors influence swordfish distribution and abundance. 
Beyond physical parameters like SST, oceanographic parameters like water masses 
and oceanic circulation, biological parameters as chlorophyll have potential in the 
analysis of potential fishing areas. SeaWifS (Sensor on board SeaStar satellite) data 
provide information about ocean color and, by means of specialized algorithms, could 
be used to generate chlorophyll maps. 
 
Japan has a satellite information service for the prediction of fishing areas, the Japan 
Fisheries Information Service Center (JAFIC). This service calculates three indices 
for fishing area prediction. The first index used picks out the favoured temperature 
range for each species. The second is an oceanographic index: cold/warm currents, 
cold/warm whirls, fronts, intrusions of cold and warm waters. This information is used 
to generate fishing oceanography charts. The third index uses ocean color to assess 
phytoplankton distributions (Tameishi et al., 1992). 
 
10. The PFG model described here allows the integration of more parameters for the 
evaluation of fishing areas. In the future, the collection and analysis of ocean color 
information and other parameters will improve the model. 
 
Permanent monitoring of the fishery and of the results obtained from the model would 
provide feedback to the model with consequent improvement in its predictive 
capabilities.  
 
The trend in swordfish distribution analysis is to develop spatial-temporal studies 
integrating several factors that could influence fish behavior. For this, it is necessary 
to continue research describing the behavior of the artisanal and industrial fleets, and 
to observe on a large scale what happens in oceanic and coastal areas. 
 
11. In this work you should confirm the observations of other authors (Abdón, 1984;  
Barbieri et al., 1989; Stretta, 1990; Stretta and Petit, 1992; Tameishi et al., 1992; 
Yasuda and Watanabe, 1994; Yang et al., 1995; Dagorn et al., 1997)on the 
usefulness of SST satellite images in the observation of environmental fluctuations, in 
both the short and long term, and their use in the prediction of fishing areas. The 
analysis of image time series could be useful in the identification of changes in 
habitat that affect the migration patterns, size or recruitment of a particular fish stock. 
This technology could be used to find fishing areas and, in the future, to preserve fish 
resources by the application of management programs (Nieto, 1999). 
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2. Sea Surface Thermal Conditions in the North Atlantic in Relation 
to Fishery Activities 

 
 

Javier Perez-Marrero and Octavio Llinás 
 
Instituto Canario de Ciencias Marinas,Taliarte, PO Box 56, 35200 Telde, Gran Canaria, 
Spain 
 

Aim of the Lesson 
 
Large-scale (seasonal to interannual) thermal features in the Central Eastern Atlantic 
are important for the fishing industry. The purpose of this lesson is to show how to 
display and enhance major thermal phenomena affecting the Northwest African 
Coast, where is located one of the most important fishing grounds of the globe. 
Thermal patterns, covering the period from 1985 to 1994, are extracted from monthly 
averaged SST images from AVHRR sensors. The SST fields are then interfaced with 
fishery data in order to examine possible relationships between them.  
 

Objectives 
 
After studying this lesson, you should be able to: 
 

1. display and analyze monthly mean sea surface temperature fields obtained 
from AVHRR sensors on board the NOAA series of satellites using Bilko 
software; 

2. detect and identify oceanic features susceptible to be used in fisheries 
operations using enhancing techniques provided by the Bilko software; 

3. relate thermal conditions to fisheries activities in the North West African 
Upwelling; 

4. identify seasonal and interannual variability of thermal features likely to 
influence the fishing grounds, and hence fishing activity, off the coast of Africa. 

 
Background Information 

 
You should have some experience in using Bilko. Although we give information about 
the software and the procedures, this is not the central purpose of this lesson. If you 
have difficulties refer to online documentation by using the Help facility.  To carry out 
all the proposed activities a calculator is essential but you will learn more, and find 
the tasks easier, if you use spreadsheet software with plotting and statistical 
capabilities. 
 
Some knowledge of split-window algorithms for estimating Sea Surface 
Temperatures (SST) from infrared radiometers such as AVHRR would be a bonus, 
as would some background in coastal upwelling. (Note: Split-window algorithms are 
widely used to determine Sea Surface Temperature, by combining far-infrared 
brightness temperatures in two narrow bandwidths centered on wavelengths 11nm 
and 12nm. See Robinson, 1985). 
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Figure 1: Map of the 
Northeastern Central 
Atlantic: the 50, 
100,200, 1000 and 
2000 m isobaths are 
shown to delineate 
the continental shelf; 
geographical 
information is also 
provided. The area 
within the rectangle 
corresponds to the 
study window. 
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Figure 2: Fishing grounds of 
some commercial species off 
the coast of Northwest Africa. 
Note that they are related to 
the variable upwelling 
conditions. From top to 
bottom and left to right: 
Hakes (Merluzas), Prawns 
(Gamba), Cephalopods 
(Cefalopodos) and Sardines 
(Sardinas). 
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Introduction 
 
Much has happened since the beginnings of environmental satellite operations, and 
considerable progress has been made in the precision of SST determinations. At the 
same time, the amount of data on record has increased in a spectacular way, which 
has given rise to several series of high value added information collections, among 
them the Ocean Pathfinder’s time series of monthly averaged SSTs which we use in 
this lesson. 
 
Ocean Pathfinder is a joint initiative by NASA and NOAA to provide large datasets 
from environmental satellites on a global basis (http://podaac.jpl.nasa.gov ); one of 
these products comprises monthly averaged Sea Surface Temperatures derived from 
AVHRR sensors on board the NOAA series of satellites, hereafter referred as 
Pathfinder SST. These are calculated from Global Area Coverage (GAC) images, 
with a spatial resolution of 4x4 km. From the five-channel AVHRR-2 sensors, SST is 
calculated using the split window equation: 

 
T sm = c1+c2T11µ+c3(T11 µ –T12 µ), 

 
which best fits with a large set of in situ temperatures obtained through a large 
number of buoys disseminated world-wide [ McClain et al, 1985, Strong y McClain, 
1984, Reynolds, 1991, Pichel, 1991]. Finally all available results within a month are 
georeferenced and averaged to an equiangular grid of 1/5 degree in latitude by 1/5 
degree in longitude. 
 
The resulting surface thermal field (at 1/5 deg, 1 month scale) can be used as an 
indicator of the environmental factors that might influence, or in some cases control, 
the distribution, migration and vulnerability of fish stocks on seasonal and interannual 
scales. Note, however, that for shorter periods, which are not considered here, 
individual scenes of higher spatial resolution are preferred because they can outline 
mesoscale surface features, such as eddies or filaments, which are often related to 
water productivity. 
 
On a global scale, one of the most important fishing grounds lies off the Northwest 
African coast, and is related to a strong coastal upwelling whose extension and 
intensity is controlled by the trade winds. By means of the so called Ekman balance, 
cold and nutrient-rich subsurface waters are brought to the surface where these 
nutrients allow the growth of phytoplanktonic cells to grow, so enriching the first steps 
of the trophic chain. As upwelling has a distinct thermal signature, it can readily be 
monitored by satellite infrared imagery. 
 
A wide variety of species of commercial interest are found off the African coast, their 
distribution and behavioral patterns being more or less influenced by the bottom 
configuration, by the upwelling cycle and by the displacements of other thermal fronts 
present in the region. Figure 1 shows the continental shelf and the area studied in 
this lesson. In Figure 2 the shaded areas represent the geographical distribution of 
the fishing grounds for selected commercial species. 
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Lesson Outline 
 
Activity 1.  Getting to know the area 

 
Launch Bilko: use File Open and select the file feb86.dat from the data 
directory. Give the following information to the corresponding dialog 
box: number of Pixels per Line (Columns) =172, number of Lines 
(Rows) =257 and Pixel Format = Float 32 bits: leave the rest of the 
parameters as they are. Store the current settings for future use by 
pressing the Use as defaults button, and accept by pressing OK. 
Leave the following Extract Window as it appears. A final window shows 
the minimum and maximum values found in the selected file: while the 
minimum value is actually the lowest temperature in the image 
expressed in degrees Celsius (ºC), the maximum value corresponds to 
land pixels which are codified as if they were at 36.15ºC, so it carries no 
information. As you need to compare successive images we suggest 
you set these values to Minimum=7.0 and Maximum =30.0 and press 
OK. The mean surface thermal field for February 1986 is then 
displayed. Open the palette file gltemp.pal from the data directory; you 
will get a false color codification of the imagery in which each color 
corresponds to an interval of 1ºC between the minimum and maximum 
values previously fixed. You can convert brightness output values (bov) 
to temperatures by using Equation 2: bov values are shown in the color 
graded strip at the bottom of the image window. 

 
 

This thermal field of the Northern Central Eastern Atlantic is projected 
into an equiangular grid of 0.1718 x 0.1718 deg/pixel encompassing the 
area between 36º0’W, 50º0’N and 6º0’W,5º0’N which are the top left 
and bottom right corners respectively. A linear transformation from x, y 
to Latitude, Longitude coordinates is therefore  possible (1): 

 
Lon (ºW)= 36.0 – 0.1718 * X (1) 
Lat   (ºN)= 50.0 – 0.1718 * Y    

 
Here x and y are respectively the column and row indices, which 
appear under cursor inquiry. Use the Go To function in the Edit menu, 
to move to a position off Cap Ghir by entering 148 and 106 for x and y 
coordinates respectively. 

 
Question 1:  Using the above formula, what are the geographical coordinates for this 

point? What is the temperature, in Celsius, at this point? Browse 
around the image tracking coordinates and temperatures.   

 
Remember that at the bottom right corner of the Bilko workspace you 
have five gray boxes whose meanings from left to right are: the zoom 
ratio in the currently selected window; the current x coordinate and the 
current y coordinate (where the cursor is positioned with reference to 
the top left corner); the value of the parameter mapped at the point 
where the cursor is positioned, in this case you will see the SST in 
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degrees Celsius; and finally, the brightness output value (bov or screen 
value or gray level) scaled between 0 and 255. 

 
The relationship between T, expressed in ºC, and bov is: 

 
                                               T = 7.02 + 0.09*bov (2) 

 
This transformation has to be taken into account for further processing, 
since Bilko gives results in terms of bov, also referred as digital levels 
(DN) or gray levels. 

 
Question 2:  Describe the thermal patterns for February 1986 shown in the screen 

window (Use zoom if necessary). Now repeat all the steps to load and 
display a summer image such as ago86.dat (with Minimum=7.0 and 
Maximum =30.0). Describe similarities and differences with the 
previous image. In many cases, frontal zones are correlated with 
fisheries. Describe the frontal zones within the images displayed. 

 
Ocean features and biologic consequences in the Eastern Central North Atlantic 
 
The Canary Current or eastern boundary current of the meridional part of the North 
Atlantic Subtropical Gyre, is the main oceanographic feature of the region; it flows in 
a NE-SW direction. Near the African Coast a shear front occurs along the coast of 
Mauritania due to the contact with the warmer inter tropical waters. Coastal upwelling 
has its origin in the coastal topography and the prevailing trade winds, and it is 
enhanced by the Coriolis acceleration. Local upwellings are usually associated with 
capes and promontories on the continental shelf (Capes: Ghir, Yubi, Bojador, Blanco, 
etc.) where baroclinic instabilities sometimes generate plume-like structures, or 
filaments, of different scales. These may have the effect of exporting primary 
production offshore. A number of pelagic species (Sardina spp., Engraulis spp.) are 
directly related to upwellings. There are also some quasi-permanent upwelling 
centers in the zones where the continental shelf is wider, in particular the area north 
of Dakhla around 25ºN, where upwelling generates a very productive area, especially 
for cephalopods (Octopus spp., Sepia spp., Loligo spp.).  
 
Biological dynamics in the area are conditioned by oceanographic structures, for 
instance high productivity is found around the frontal zone generated by the shear 
between upwelled and oceanic waters, sometimes associated to the shelf break 
where high concentrations of bathypelagic species are found. Besides productive 
effects, the thermal fronts can act as ecological barriers to certain species thus 
controlling their distribution and/or migratory paths. Tuna are a group of economically 
important migratory species that travel from the Guinea Gulf into the North Atlantic 
following the warm sides of the frontal zones along the coast of Mauritania. From 
Cape Blanco towards the North, their path deviates from the coast due to the strong 
upwelling that takes place there, towards the Western Canary Islands (El Hierro) 
where the warm waters are located in late spring. They then they move progressively 
coastward, following their nutritional needs, as the surface warms.  
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Katsuwonus pelamis are seldom found between Fuerteventura or Lanzarote (the 
easternmost Canary Islands) and the African coast, probably because they 
encounter upwelling filaments generated off Cap Yubi. From the Canaries, they move 
to Madeira and the Azores but are rarely found further north. (Bas et al, 1996). 
 
Small pelagic fish concentrate around upwelling centers. Specifically, Sardina 
pilchardus is distributed in three different major stocks centered on Cape Ghir, Cape 
Yubi and Dakhla (Figure 2): they show some latitudinal mobility but their movement is 
largely uncorrelated. Some demersal species, sparids and cephalopods, which live 
close to the bottom, also benefit from the high upwelling productivity thus the largest 
stocks of Octopus spp. are found near strong upwelling areas. 
 
Seasonal variations of environmental conditions can be inferred from changes in the 
surface thermal field (Gonzalez-Ramos et al, 1993) which in turn are related to the 
displacements of two major atmospheric systems: the Azores High and the 
Intertropical Convergence Zone. These displacements give rise to latitudinal 
movements of the Azores and Cape Verde frontal zones, which are often observed in 
SST patterns. The region of shear between the Canary Current flowing southwards 
and the warm tropical waters from the south exhibits an annual zonal variation. In 
summer it is squeezed towards the coast while in winter it displaces to the open 
ocean. As noted, these changes are related to the migratory paths of Tuna. 
 
 
Activity 2.  Characterization of thermal fronts 
 

Display image ago86.dat with the palette gltemp.pal as in Activity 1. 
Use the Zoom command from the View menu to set the zoom ratio to 
2:1: click and drag in a corner of the image window and enlarge it to fit 
as much image as possible. A strong latitudinal temperature gradient is 
visible north of the Azores archipelago. To characterize it in terms of 
SST we use the Bilko Transect document capability. Click on the line 
selection icon in the Bilko top panel, draw a vertical line just west of 
the Azores (column 9 for instance) from the top of the image to 
approximately half way down, then click on File New and choose 
Transect document: this will display a temperature profile along the 
selected line. Click on the right button to scale the plot between 50 and 
200 (that is between 11.5 ºC and 25.0 ºC using Equation 2). The so-
called Azores front is the area with the maximum temperature slope and 
it is situated approximately between lines 24 and 36 (latitudes 45.8º N 
and 43.8ºN using Equation 1). The thermal gradient is given by �T/�r.  

 
Question 3: What is the value for this thermal gradient (in ºC/ºLatitude) between the 

two chosen locations on this image? (Note: you can use the cursor 
facility within the transect window to establish the appropriate points for 
calculations). 

 
We have prepared a histogram stretch to enhance the shear front 
between upwelling and subtropical gyre waters taking the 19ºC isotherm 
as the boundary between these two regimes. We call this Shear19.str 
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and have located it in the ancillary directory. Open and apply it to both 
feb86.dat and ago86.dat. 

 
Question 4: Describe the differences in position of the upwelling frontal zone 

between the two seasons. This front is the one that lies along the African 
coast.(Note that you can restore the original stretch by means of the 
Clear option in the Stretch menu.) 

 
Tuna fishers have established that their catch prefers the warm side of 
thermal fronts. They are associated particularly with the 22ºC isotherm in 
the North Atlantic. See if you can devise a method to enhance this 
feature. Try applying Shear22.str from the ancillary directory to different 
images. Compare for example, August ‘87 to August ‘88. Look 
specifically at the mean positions of the warm side of the 22ºC isotherm 
in both years in the region of the Canary Archipelago. 

 
Activity 3.  SST variability 
 

a) Seasonality:  We can extract the seasonal SST pattern by 
calculating mean values, with standard deviations, for each month of the 
year and using them to represent both the pattern and the variability of 
the SST field. To do this we use a Formula document (the formula 
facility of Bilko) to compute each of the individual mean months. 
 
Suppose we want to calculate the mean and standard deviation for 
January SSTs covering the period from 1985 to 1991. We first have to 
open the corresponding seven images, and then use the Image-
>Connect option (from the image menu) to join all them together and, 
allowing for two blank images, declare the image identifiers. (Refer to 
on line documentation for details on image connection). Open a new 
Formula document and check that Formula options are set to float 32-bit 
To carry out the calculation. In the formula editor type: 

 
#AVERAGE of N IMAGES 
#First connect N images + 2 blank images 
#Replace N and N+1 and N+2 with the appropriate value 
@N+1=(@1+@2+…+@N)/N; 
#STANDARD DEVIATION of N IMAGES  
@N+2=sqrt((@1-@N+1)+(@2-@N+1)+…+(@7-@N+1)/N); 

 
To apply the formulae use the Copy and Paste buttons. Save them as 
StatTS.frm. 
Save the new calculated images as follows: rename ImageN.dat as 
Jan8591T.img and ImageN+1.img as Jan8597S.img. Proceed in the 
same way to obtain the twelve mean months that make up the mean 
year for the period 1985 to 1991. Display them as in Activity 1. Use the 
GoTo option to read mean sea surface temperatures throughout the 
year at different locations. We suggest that you use a spreadsheet 
program with a plotting facility to record the temperatures. 
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Question 5: Draw the annual temperature cycle off: Cape Verde (14.9ºN, 17.8 ºW), 
Dakhla (25.3ºN, 15.9ºW), and Cape Ghir (31.8ºN, 10.6ºW). What are, 
on average, the coolest and the warmest months in each location? 
What is the amplitude of the annual thermal oscillation in each place? 
Complete the following table in order to have a first impression of the 
mean environmental conditions that can be associated to each of the 
listed species. 

 
Table 1: 
Location Geographic 

coordinates 
Lat, Lon 

Image 
coordinates 
X, Y 

Min 
T/month 

Max 
T/month 

Average 
SST 

SST 
Std_dev 

Major 
Species 

Cape Ghir 
CG 

31.8, 34.2 148, 106 18.1/ Feb 23.9/ 
Aug 

20.6 2.2  Prawns 

West  of 
CG 

31.8, 32.4 1, 153 19.3/ Jan 26.5/ 
Aug 

22.5 2.7  

Dakhla 
Dak 

25.3, 34.41 115, 116 17.9/ Feb 22.4/ 
Sep 

20.0 1.8 Cephalo-
pods, 
Sardines, 
Hakes 

West of 
Dak 

25.3, 32.4 1, 116 21.9/ Feb 26.2/ 
Aug 

23.9 1.6  

Cape 
Blanco 
CB 

21.6, 33.28 50, 95 21.3/ Feb 25.6/ 
Sep 

23.2 1.5 Hakes, 
Cephalo-
pods 

West of 
CB 

21.6, 32.40 1, 95 22.6/ Feb 26.3/ 
Sep 

24.3 1.3  

Cape 
Verde CV 

14.9, 34.25 105, 57 19.9/ Jan 27.4/ 
Aug 

23.6 3.0 Prawns 

West of 
CV 

14.9, 32.40 1, 57 23.2/ Feb 26.9/ 
Sep 

24.8 1.4  

Mogán M 27.5, 34.4 114, 128 18.6/ Feb 23.4/ 
Sep 

20.8 1.7 Tuna 

Azores A 36.9, 33.43 59, 82 15.9/ Feb 23.9/  Jul 19.4 2.9 Tuna 
 

 
b) Interannual variations:  One way to study interannual variations is by 
means of a so-called standardized anomaly time series. To demonstrate 
the significance of this expression we first define an anomaly as the 
difference between a data value and the corresponding mean, and a 
standardized anomaly as the value of an anomaly divided by the sample 
standard deviation. The standardized anomaly is useful when comparing 
the anomalies of different datasets. 

 
Suppose, for example, that we want to obtain the standardized anomaly 
for January 85 using Bilko. First, we have to obtain the mean image from 
the whole series; the shortest way would be to average the mean year 
obtained in the preceding section. The second step is to subtract the 
January 1985 image from the mean image. 
 
Figure 3 shows the result of applying the above formulae to obtain the 
mean standard deviation of sea surface temperature for the months of 
February and August during the six-year period from 1985 to 1990. 
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Figure 3: Mean sea surface temperature 
for February (top left) and August (top 
right) for the period 1985 to 1990. Below, 
we show the corresponding standard 
deviation; a measure of interannual 
variability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4 shows a time series plot of standardized SST anomaly (SSTA) at Mogán 
(South West of Gran Canaria) covering the period from January 1985 to December 
1994. This shows that the summer of 1987 was the warmest of the whole decade and 
suggests that there is a general trend towards the cooling of surface waters, the 
winter of 1992 being the coolest. 
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Figure 4: Standardized SST 
anomaly near Mogán (27.5ºN, 
16.0ºW) from January 1985 to 
December 1994. 
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Local Tuna Fisheries at Mogán 
 
Mogán harbor is situated South West of Gran Canaria Island, this port hosts an 
artisanal fleet of 20 to 25 relatively small ships; with average displacement (7.5±4.2) 
Tons and average power (52.6±44.2) HP. Although several fish species are exploited 
commercially, tuna is the main target from April to November, when their migratory 
paths cross the Canary Islands Archipelago. (González et al, 1991, 1992). 
 
As the ships are small this fleet’s operational area extends to just a few miles off 
Gran Canaria. All the ships in the fleet are dedicate their activities to tuna when they 
are in season and use only techniques based on rod fishing. All catches are 
marketed by fishing co-operative so as to reduce overheads. This has the effect that 
the datasets from this port are very reliable. Figure 5 shows the monthly time series 
of tuna catches at Mogán. in Figure 6 shows the seasonal variation of tuna catches 
at Mogán. 
 

Figure 5: Total 
download of tunids at 
Mogán , South West 
of Gran Canaria from 
1980 to 1991. This 
fishery shows strong 
seasonality, the 
summer season 
being favored. 
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Question 6: Compute from the images the annual SST signal, south of Mogán 

(27.5ºN, 16.0ºW) with the averaged yearly data on tuna catches (Figure 
6). Try to find a relationship between the two datasets. 

 
 
 

 72



Lesson 2: Sea surface thermal conditions in the North Atlantic 

 
 Figure 6: Monthly mean 

catch of different species of 
tuna downloaded at Mogán 
Harbour from 1980 to 1991.
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Question 7: Explore possible relationships between the SST anomaly at Mogán 

(Figure 4) and the tuna catch downloaded at Mogán for the 
corresponding period (Figure 5). 

 
Activity 4.  Coastal Upwelling Index 

 
By the expression coastal upwelling index, we refer to the difference 
between coastal and open-ocean sea surface temperatures. If we 
assume that solar heating influences SST values we should expect a 
north south orientation of the thermal gradient (east west orientation of 
the isotherms) throughout the whole North Atlantic Basin. You have 
already seen however that isotherms curve as they approach the North 
Western African Coast, extending colder waters along the coast. This 
thermal pattern is the result of the combined effect of the North Atlantic 
Subtropical Gyre and the coastal upwelling which generates lower 
SSTs off the African coast. This suggests that coastal minus oceanic 
SST values may indicate the relative strength of the phenomena driving 
this anomaly. 

 
We can study the strength, persistence and variability of the coastal 
upwelling by tracking the Coastal Upwelling Index (CUI) introduced by 
Demarq et al. (1993), and defined as the surface thermal anomaly 
between coastal and open-ocean waters. Let us define four test sites 
with which to study the behavior of this index: Cape Ghir, the area 
between Cape Bojador and Point Dunford (Dakhla), Cape Blanco and 
Cape Verde, and their oceanic counterparts (See Table 1 for 
coordinates). 
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Cephalopod fishing off Guinea Conakry 
 
In 1987, part of the Spanish trawler fleet operating off Mauritania moved to Guinea 
Conakry waters. In total, 19 vessels were involved ranging in displacement from 160 
RBT to 450 RBT, 290 RBT in average, and in power from 650HP to 1200 HP. 
Cephalopods were the main target for this fleet, octopus being the major species. 
(Llinás et al, 1996)  
 
By comparing the CUI at Cap Verde with cephalopod catches, it was established that 
the appropriate season for that fishery is from the end of the upwelling season, which 
lasts only about one month per year, until early summer, when the South Western 
Monsoons cause warm waters from Guinea to cover the area. It was also possible to 
relate the interannual variations of CUI with the year-to-year variability in the 
cephalopod catch. 
 

Discussion 
 
Satellite oceanic remote sensing is a very powerful technique for fisheries research 
because its large scale coverage in both in space and time, makes it possible to 
monitor the variations in ocean conditions which cause fluctuations in fish stocks 
(Laurs, 1996). To manage the stocks of living marine resources in an efficient way, 
however, we need comprehensive information, rather than satellite images. 
Nevertheless, satellite data offer unique insights into monitor the changing ocean 
conditions. Consequently, fisheries analysts must have some background in satellite 
data processing if they are to take account of this kind of information in fisheries 
management. 
 
In this lesson, we have exemplified some of the procedures used to extract 
information from remotely sensed data that is of relevance for fisheries management. 
It should be clear from the lesson that SST data, despite being one of the most 
important indicators of oceanic conditions, is not sufficient, on its own, to establish 
unique relationships between fish stocks and environmental factors. One possible 
way to reduce current uncertainties is to use multiple sensor data in combination with 
in situ data (Cury and Roy, 1989) from active sensors. Your present authors take the 
view that sensors capable of producing estimations of wind fields are of particular 
interest since such phenomena play a crucial role in fish vulnerability to catch.  
 
Real improvements in the effectiveness of fishing activity can result from careful 
monitoring of environmental conditions because these measurements make it 
possible to anticipate the availability of a target species. This has the effect, in many 
cases, that capital investment required for vessels and equipment means may be 
substantially reduced. 
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Answers to Questions 
 
1. Cape Ghir: Longitude = 10.57 ºW, Latitude = 31.79 ºN, Temperature = 16.35ºC 
 
2. February 86: Two thermal fronts encompass the Northwest African Coast: one is 

situated around the Azores, and the other just South of 
Cape Verde. The surface isotherms run perpendicular to 
the coast in the northern part of the image. From 
approximately the Gibraltar Strait, however, they tend to 
curve southwards: this is due to the combined effect of the 
North Atlantic Subtropical Gyre and the upwelling of cold 
water near the African coast. Upwelling centers can be 
identified off Cape Ghir ( 31.8 º N, 10.6 ºW), off Dakhla 
(24. 7ºN ,16.4ºW ), off Cape Blanco ( 21.3º N, 18.1ºW) and 
just North of Cape Verde (14.2ºN ,17.6 ºW). The three 
northern centers have sea surface temperatures around 16.5 
ºC, while the one near Cape Verde is slightly over 18ºC. For a 
description of the ocean circulation in this area, see Mittelstaedt 
(1997). 
 

 
August 86: Solar heating has produced a general 
northwards shift of the isotherms. The west branch of the 
North Atlantic Subtropical Gyre is now closer to the African 
continent. Upwelling centers are now detectable off the 
Iberian Coast, while the pattern off Northwest Africa is 
more diffuse. 
Warm subtropical water, at over 26º C, water, now lies 
Southwest of the Azores and off Cape Verde. These 
displacements are related to seasonal variations of 
atmospheric circulation cells. 
 
 
 
 

3. North-South SST transects along the 22.25ºW meridian (column 80) for February 
(left) and August 1986. Maximum slopes can identify frontal zones. The Azores 
frontal zone lies approximately between pixels 50 and 90 in February and between 
30 and 50 in August: the gradient is clearly higher in summer. In winter the Cape 
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Verde Frontal zone can be identified between pixels 220 and 240 at this longitude, 
but this feature does not show clearly in the summer image. 
To obtain a transect from (80,0) to (80,257), use the Go To option of the Edit Menu 
with the following settings: X=80, Y=0, DX=0, DY=257 
 
Thermal meridional gradients. 
Azores: 
February 86  
∆y (pixels) = (90-50) = 40 => ∆Lat ~ 6.9 degrees (using formula 1)   
∆bov (digital levels) = (126 - 78) =51 => ∆T ~ 4.3 ºC (using formula 2)   
Hence ∆T/∆lat  = 0.6 ºC degree -1 
 
August 86 
∆y (pixels) = (50-30) = 20 => ∆Lat ~ 3.4 degrees  
∆bov = (165-126) = 39 => ∆T ~ 3.5 ºC  hence ∆T/∆lat  = 1.0 ºC degree -1 
 
Cape Verde: 
February 86 
∆y (pixels) = (240-220) = 20 => ∆Lat ~ 3.4 degrees  
∆bov = (201 - 180) = 21 => ∆T ~ 1.9 ºC  hence ∆T/∆lat  = 0.6 ºC degree -1 
August 86 
∆y (pixels) = (200-180) = 20 => ∆Lat ~ 3.4  degrees  
∆bov = (211-195) = 16 => ∆T ~ 1.4 ºC  hence ∆T/∆lat  = 0.41 ºC degree -1 
 
4. Upwelling shear front 

 
Position of the 19ºC isotherms in 1986: winter (February), left, and summer (August) 
right. We assume that the image shows the boundary of upwelling influence for this 
kind of imagery. Note that in winter there is an overlap between the upwelling and 
subtropical isotherms. In summer, the upwelling influence has shifted Northwards. At 
this time of the year, the density difference between upwelled and ocean waters 
makes the first ones to sink near were they were at the surface, making the remotely 
sensed temperature signal less extensive. (Pérez-Marrero, 1998). 
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Annual temperature cycles at three coastal locations off Northwest Africa 
 
Table1: 
Location Geographic 

co-ordinates 
Lat, Lon 

Image co-
ordinates 
X,Y 

Min 
T/month 

Max 
T/month 

Average 
SST 

SST 
Std_dev 

Major Species

Cape Ghir CG 31.8, 34.22 148, 106 18.1/ Feb 23.9/ 
Aug 

20.6 2.2  Prawns 

West of CG 31.8, 32.4 1, 153 19.3/ Jan 26.5/ 
Aug 

22.5 2.7  

Dakhla Dak 25.3, 34.41 115, 116 17.9/ Feb 22.4/ 
Sep 

20.0 1.8 Cephalopods, 
Sardines, 
Hakes 

West of Dak 25.3, 32.4 1, 116 21.9/ Feb 26.2/ 
Aug 

23.9 1.6  

Cape Blanco 
CB 

21.6, 33.28 50, 95 21.3/ Feb 25.6/ 
Sep 

23.2 1.5 Hakes, 
Cephalopods 

West of CB 21.6, 32.4 1, 95 22.6/ Feb 26.3/ 
Sep 

24.3 1.3  

Cape Verde 
CV 

14.9, 34.25 105, 57 19.9/ Jan 27.4/ 
Aug 

23.6 3.0 Prawns 

West of CV 14.9, 32.4 1, 57 23.2/ Feb 26.9/ 
Sep 

24.8 1.4  

Mogán M 27.5, 34.4 114, 128 18.6/ Feb 23.4/ 
Sep 

20.8 1.7 Tunids 

Azores A 36.9, 33.43 59, 82 15.9/ Feb 23.9/  Jul 19.4 2.9 Tunids 
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Annual temperature cycle near Mogán (Southwest of Gran Canaria) averaged from 
1985 to 1994. 
 
The relationship between this plot and figure 6 is evident and is a confirmation of the 
ecological preferences of tunids, this holds true regardless of the species considered, 
at least with respect to the tuna species that are found at Mogán. 
 
7. The warmest year of 87 seems to be correlated to an important increase in tuna 
catches at Mogán, being the following year characterised by an important decrease 
in captures, from that year onwards an important steady increase in the downloads is 
seen. 
 
It is important also to compare monthly values of tuna catches with the position of the 
22ºC isotherm relative to the island of Gran Canaria, in general the amount of tuna is 
well correlated with the proximity of this isotherm to the island in the Summer 
months: July, August and September. 
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3. The Use of Spaceborne Synthetic Aperture Radar (SAR) in the 
Monitoring and Management of Bering Sea Fisheries 

 
Pablo Clemente-Colón 
 
U.S. Department of Commerce, National Oceanic and Atmospheric Administration 
(NOAA), National Environmental Satellite, Data, and Information Service (NESDIS), Office 
of Research and Applications. USA 
 

 
Aim of Lesson 

 
The use of spaceborne synthetic aperture radar (SAR) observations in fisheries 
management, although still limited, is gaining acceptance among scientists, managers, 
and enforcement agencies. The purpose of this lesson is to show how SAR data have 
found a place in the monitoring and regulation of activities of considerable environmental 
and economic importance, and to demonstrate the techniques through which these data 
are interpreted and applied. The lesson summarizes how SAR can provide general 
meteorological, oceanographic, and fleet information useful to fisheries activities. It then 
describes how this information is used by reference to two cases in which spaceborne 
SAR data were used for fisheries monitoring and surveillance in the Bering Sea. 

 
Objectives 

 
After studying this lesson you should, when working with SAR images, be able to: 
 

1. Link features on SAR images to corresponding features on maps; 
2. Iidentify vessels, vessel types, and patterns of fishing fleet activity; 
3. Pick out areas of low or high wind activity, and biogenic slicks; 
4. Perform simple calculations relating pixel-to-pixel distance to the area covered by 

an image: identify images as being from ascending or descending tracks. 
 
In order to complete this lesson properly, try to answer a question then hyperlink to its 
corresponding answer before moving forward. After reading the answer you can then 
hyperlink back to your original in the lesson and continue. 
 

Background Information 
 

The primary use of SAR data in fisheries applications has been for vessel location and 
traffic monitoring. SAR is an active microwave-imaging sensor that can operate through 
clouds and without the need of daylight illumination, thus affording it a very useful all-
weather day/night characteristic not offered by other available sensors. Due to the high 
radar reflectivity of ships, SAR can easily detect them as hard targets, except under high 
radar backscatter background conditions produced by very high wind speeds or in the 
near range of the image swath. SAR observations, of sufficiently high resolution, could 
also be used to assess the size and type of vessels, while ship wakes in the imagery 
could provide information on course and speed.  
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Image processing software 
 
The Bilko package can be used to carry out this lesson although it is not a requirement. 
Any digital image or photo-processing package that can display and enhance the 
contrast of a CompuServe non-interlaced GIF formatted image, such as Adobe 
Photoshop or Jasc Paint Shop Pro, can be used. The hands-on activities of the lesson 
are confined for the most part to displaying images for visual inspection and require only 
minor image enhancement. 
 
SAR Image Data 
 
The images used in this lesson were produced from SAR data acquired by the European 
Space Agency (ESA) ERS-1 satellite and the Canadian Space Agency (CSA) 
RADARSAT-1 satellite. The data were acquired and processed at the Alaska SAR 
Facility (ASF).  ASF, located in the Geophysical Institute at the University of Alaska 
Fairbanks, downlinks, processes, archives, and distributes SAR data and products from 
those satellites as well as from the ESA ERS-2 and the National Aeronautics and Space 
Development Agency of Japan (NASDA) Earth Resources Satellite JERS-1. ASF SAR 
products include a number of unmapped (georeferenced) and mapped (geocoded) 
detected images ranging from 10 m to 240 m in spatial resolution depending on the 
satellite and SAR mode. Complex-format SAR data products, which retain amplitude 
and phase information, and uncorrelated (raw signal) SAR data, representing the 
original backscattered radar signals, are also available from ASF.   
 
The Active Microwave Instrumentation (AMI) sensor aboard ERS-1 operates in a SAR 
image mode in the C-band frequency (5.3 GHz, equivalent to a wavelength of 5.6 cm) 
with vertical transmit and vertical receive polarization (C-VV) and a fixed viewing angle 
at the image swath center of 23°.  ERS-1 SAR images cover a swath width of about 100 
km and have an across-track spatial resolution of 26 m. The pixel-to-pixel distance in 
these images is 12.5 m, roughly half of the resolution. The SAR aboard RADARSAT-1 
operates in the C-band also but with horizontal transmit and horizontal receive 
polarization (C-HH).  This instrument can produce images in seven different modes and 
with multiple viewing angles ranging from 10° to 59°. The RADARSAT-1 SAR mode 
used in this lesson is ScanSAR Wide B (SWB), which has a swath width of about 450 
km and is originally produced with a nominal spatial resolution of 100 m (50 m pixel to 
pixel).  Most SWB imagery available from ASF is further remapped to a coarser 
resolution of 200 m (100 m pixel to pixel).  Both, ERS-1 and RADARSAT-1 are sun-
synchronous satellites operating in near polar orbit at altitudes of about 780 km and 800 
km, respectively. Additional details about these spaceborne SAR systems can be 
obtained from the official ERS-1 and RADARSAT-1 websites. 
 
SAR images included in this lesson are not calibrated to geophysical ΦΒ (sigma-naught) 
values of radar cross section (RCS). Image counts on these “detected” amplitude 
images can still be viewed as indicating relative radar backscatter magnitude. In general, 
areas characterized by higher counts or data numbers (DN) represent areas of higher 
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radar energy return while areas with lower counts represent areas of lower radar return. 
SAR  
 
images used here are provided solely for educational purposes.  Commercial use of the 
imagery is not allowed. All ERS-1 and RADARSAT-1 imagery is copyrighted to ESA and 
CSA, respectively.   
 
RCS is a measure of the microwave energy scattered back toward a radar and is 
typically given in decibel (dB) units.  In contrast to most SAR imaging of land or sea ice 
surfaces, where a predetermined surface roughness is present, wind-generated waves 
are essential in establishing the surface roughness necessary for most SAR imaging of 
ocean features.  Viewing geometry along with the radar wavelength and polarization 
used are also fundamental factors in determining the observed ocean RCS. 
 
According to the Bragg model [Valenzuela (1978)], at viewing angles between 20° and 
60° the dominant backscatter is caused by radar microwaves in resonance with ocean 
waves of similar scale.  At the C-band wavelengths, these so-called Bragg waves are 
capillary and small gravity surface waves generated by the local wind.  Bragg waves are 
related to the radar wavelength by: 
 

                                                8o =8r /2 sin 2, (1) 
 
where 8o is the ocean or Bragg waves wavelength, 8r is the radar wavelength, and 2 is 
the incidence angle of the radar wave at the ocean surface.  Bragg waves can be further 
modulated by the longer waves on which they ride through tilt and hydrodynamic effects. 
Specular effects become dominant at incidence angles below 20°. 
 
Atmospheric processes that affect surface wind conditions, and thus the generation and 
modulation of Bragg waves, as well as oceanic processes that can also modulate the 
Bragg wave Atmospheric processes that affect surface wind conditions, and thus the 
generation and spectrum produce signatures readily imaged by SAR.  In general, lower 
wind speeds generate a lower spectral density of Bragg waves.  This produces a 
smoother ocean surface that appears in the SAR imagery as areas of relatively low 
RCS. Below a low wind speed threshold of around 2 to 3 m/s, SAR scenes RCS values 
will be so low that imaging of features that depend on the modulation of Bragg waves to 
be observed will not occur.  
 
Sea surface backscatter also decreases rapidly with increasing radar viewing angle.  As 
a consequence, SAR images may look much darker in the far range (away from the 
satellite track) than in the near range.  The wind direction relative to the satellite view 
also affects the observed RCS in a scene, accounting for higher backscatter when the 
wind blows in the cross-track direction (range direction) and lower when it blows in the 
along-track direction (azimuth direction).  A good review of SAR capabilities can be 
found in the JHU/APL technical digest on Coastal and Marine Applications of Wide 
Swath SAR [Beal and Pichel, eds. (2000)]. 
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SAR Imagery Interpretation and Fisheries 
 
Vessel Detection 
 
Ships are good microwave reflectors, or hard targets, in a sense acting as radar corner 
reflectors. They return a large fraction of the incident energy back to the SAR sensor 
and may appear in SAR images as relatively bright points or elongated bright blobs. Due 
to this strong hard target behavior, the location of fishing fleets can be easily determined 
using SAR imagery.  Successful SAR detection of ships depends, nevertheless, on the 
size and type of vessel, the prevailing wind speed conditions, the SAR resolution used 
and the viewing angle [Vachon et al. (1997), Morse and Protheroe (1997), Wackerman 
(1996)]. Other good hard targets, such as icebergs and oil platforms, may appear as 
features virtually indistinguishable from ships in SAR imagery. Although not included 
with this lesson, automated hard target algorithms are available that make use of the 
statistics (mean and standard deviation) of a set of boxes which are moved over an 
image. An estimate of the presence of hard targets can be obtained by comparing the 
statistics of these boxes against a selected level of error.   
 
Slicks and Biological Productivity 
 
SAR can be useful in identifying areas of high biological productivity. Natural biogenic 
slicks are commonly found in highly productive regions of the ocean [Dietz and Lafond 
(1950), Espedal (1996)]. These features can be associated with phytoplankton blooms, 
can also provide a wealth of information about actual fishing operations in a region. In 
general, oil slicks dampen the Bragg capillary and short gravity waves. Under the right 
wind speed and radar viewing angle conditions, the contrast between the “dark” low 
backscatter features created by the natural biogenic slicks and the surrounding wind-
roughed sea surface background allows the slicks to be detected by SAR. 
 
Spatial Wind Variability 
 
Spatial characteristics of the wind field can also be derived from SAR imagery [Alpers et 
al. (1998)].  Information on the winds can be crucial to successful fishing operations. 
High-resolution coastal winds can be calculated from SAR data to produce maps of high 
and low wind speeds [Thompson and Beal (2000)]. For example, areas of low wind 
stress that are protected by coastal topographic features can be used as safe havens by 
fishing vessels during the onset of high wind conditions. Conversely, SAR can easily 
map coastal regions of extreme high winds such as those associated with mountain 
passes. 
 
Sea Ice 
 
Sea ice detection and characterization using SAR can also play an important role in 
fisheries activities. Coastal ice analyses and forecasts based on SAR imagery may 
indicate hazardous conditions to be avoided or can be used in the search for productive 
fishing grounds associated with the marginal ice edge or polynyas [Burns et al. (1981)].   
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Ocean Circulation 
 
Ocean circulation features such as fronts, eddies, currents, internal waves, and coastal 
outflows are also readily observed in SAR imagery. The location of frontal regions can 
provide useful information to fishermen on where to find species of interest.  Internal 
waves are well known to resuspend bottom sediments in shallow continental shelves. 
This can increase available nutrients and enhance the productivity of the water column 
in coastal regions characterized by these phenomena. In general, circulation features 
have been found to have critical roles in the life cycle, fisheries, and management of 
important species as in the case of the Bering Sea and the Gulf of Alaska walleye 
Pollock [Liu et al. (1994), Schumacher and Stabeno (1994), Stabeno et al. (1996)].   
 
Coastal and Bathymetric Features 
 
SAR data can help in the detection and mapping of coastal and bathymetric features 
such as shoals, channels, and tidal flats [Hennings (1990), Vogelzang et al. (1997)]. 
SAR imaging of ocean bottom features occurs when appropriate depth (shallow) and 
current speed (high) conditions are met.  Knowledge of the location and extent of 
bathymetric features can be of critical importance to fisheries operations.  
 
Gear and Species Signature 
 
Other potential applications of SAR to fisheries include the detection of surface 
roughness signatures caused by fishing gear, such as driftnets, or by schools of targeted 
species like the blue fin tuna.  Unfortunately, high spatial resolution, not attained by 
spaceborne SAR sensors, is required to detect these features. 

 
 

Lesson Outline 
 

SAR Imagery of Bering Sea Fisheries  
 
The Bering Sea supports some of the most productive fisheries in the world. As part of 
the U.S. CoastWatch Program of the National Oceanic and Atmospheric Administration 
(NOAA), the NOAA National Environmental, Satellite, Data, and Information Service 
(NESDIS) is cooperating with the Alaska Department of Fish and Game (ADF&G), the 
NOAA National Marine Fisheries Service (NMFS), and the U.S. Coast Guard (USCG) in 
the development of SAR applications that make use of SAR that can be implemented 
operationally in support of fisheries management and the enforcement responsibilities of 
these agencies in the region. Map1.gif is a map of the Bering Sea showing the 
approximate location of the SAR images used in this lesson. SAR frames cover the 
Togiak Bay (within the Bristol Bay) herring roe region in the Eastern Bering Sea and the 
Cape Navarin, Russia walleye Pollock region, in the Western Bering Sea. You may want 
to open this image and familiarize yourself with the region. 
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Activity 1. Launch the image display package of your choice and open the file 

Map1.gif. In Bilko, use File, Open, and navigate to the directory where the 
file is found. Select Map1.gif from the file listing.  You can deselect the 
Extract option (since we want to display the full image) and then click OK. 
Familiarize yourself with the Bering Sea region. 

 
Togiak Bay Herring Roe Fisheries 
 
The distribution of fishing fleet clusters in important commercial fishing districts of Alaska 
can be observed in SAR imagery. These observations appear to be promising in 
assisting the monitoring and prosecuting of regulated fisheries in this and other regions. 
In particular, the commercial Pacific herring (Clupea pallasi) fisheries are some of the 
most regulated in Alaska. Under the 1984 Bristol Bay Herring Management Plan, the 
Alaska Board of Fisheries (BOF) adopted a maximum exploitation rate (fraction of the 
spawning population removed from the fishery) of 20% for herring fisheries. BOF enacts 
additional regulations that control the range of dates allowed for fisheries, further 
changes in exploitation rate, types and amounts of fishing gear, and allocation of the 
allowable harvest among user groups. ADF&G implements BOF’s regulations and 
determines the exact opening and closing times for each season. The duration of 
harvest openings is set to achieve harvest quotas as closely as possible and it could be 
of the order of minutes. In the Togiak Herring Fishing District of Bristol Bay (THFD) 
fishing time and fishing areas are regulated so as to divide the surplus available for 
harvest into a 75%-25% allocation ratio for the two major types of herring fisheries, 
purse seine and gillnet, respectively. 
 
ADF&G conducts surveys from small aircraft every year by throughout the herring-
spawning season to determine relative abundance, timing and distribution of herring in 
the THFD. They also record the location and extent of milt, the number of fishing 
vessels, and visibility factors affecting survey quality. In 1994, aerial surveys began on 
April 18 and continued through May 16. The first fishing vessels entered the THFD at the 
end of April. Herring was first observed on May 8 and spawn was first observed during a 
May 10 aerial survey. The first fishing openings occurred on May 11. An additional aerial 
survey took place on May 14. ERS-1 SAR images over the THFD were acquired on May 
11 21:14 UTC and May 13 08:34 UTC, 1994. The distribution of the THFD fishing fleet 
shown by the hard target observations in these images was consistent with the ADF&G 
observed or surmised distribution during those days. A map of THFD is shown in 
Map2.gif. You should open this file and familiarize yourself with the geography of the 
THFD.  
  
Activity 2. Open the file Map2.gif. In Bilko, follow the steps in Activity 1. Familiarize 

yourself with the THFD region. The approximate SAR coverage of the 
THFD region on May 11 and May 13 is indicated by the rectangles. 
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In the THFD, herring is harvested just before spawning, using either purse seine or 
gillnet gear, as part of the lucrative roe (egg) fisheries. By May 10, purse seine test 
fisheries were confined to a specific area in order to concentrate the fleet and allow for 
quick reaction once roe maturity reached acceptable levels. Fishing activities were 
concentrated on the eastern half of the THFD, east of Tongue Point, because of poor 
quality and low biomass observed in the western areas. The available SAR data covered 
the eastern half of the THFD from the Togiak Section to the Kulukak Section on May 11 
(E1_a16.gif) and from Hagemeister Section to Kulukak Section on May 13 (E1_b16.gif ). 
 
Activity 3. Open the files E1_a16.gif (May 11) and E1_b16.gif (May 13).    These are 

ERS-1 images sampled down 16 times from the original frames using 
bicubic interpolation. (Note: This interpolation method is based on a 
weighted average of the 16 nearest pixel neighbors which preserves the 
“photo-like” appearance of the image, but not its radiometric value.)  

 
Question 3.1: Using Map2.gif as a reference, explore the SAR images. Try to identify 

any geographical features. Notice that only a small part of the May 11 
frame (E1_a16.gif) was acquired over water. 

 
Question 3.2: Since the pixel to pixel to pixel distance in a full resolution ERS-1 images 

is 12.5 m, what is the approximate area covered by these images? 
 
Question 3.3: Provide a plausible explanation for the large areas of low backscatter 

observed in these images. What would high backscatter areas indicate? 
 

Question 3.4: Provide a plausible explanation for the presence of dark slicks or filaments 
in these images. Notice the abundance of these features in the lower half 
of the May 13 frame. 

 
Due to the degradation of herring roe markets in recent years, herring processors have 
been increasingly concerned about product quality. Fishermen, ADF&F, and the 
processing industry have renewed efforts to increase roe percentages and reduce the 
length of time herring are held before processing. ADF&G, under guidelines from BOF, 
attempts to improve the match between the rate of harvesting and the rate of processing 
to prevent product deterioration. Typically, the herring hangs along the ice edge during 
the season until the ice melts. When the temperature reaches 4° C, the herring then 
moves into bay areas and spawns when the temperature rises above 5° C. At the 
optimum spawning periods, herring are caught by purse seine or gillnet catcher boats 
and transferred to larger tenders. The tenders then deliver the herring to Japanese 
“tramp” freighters. The catcher boats may vary in length from 9.8 m to around 30.5 m, 
with the tender and large processing vessels ranging from 36.6 m to 61 m. 
 
Activity 4. Open the files E1_a8.gif and E1_b8.gif.  These are sub images from the 

original May 11 and May 13 ERS-1 frames covering the THFD and 
sampled down 8 times.   
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Question 4.1:Find and try labeling the following places on your SAR images (if your 
software does not allow labeling images you may want to print them and 
label the hard copy): 

 
 

1) Anchor Point  
2) Hagemeister Island  
3) Kulukak Bay  
4) Metervik Bay  
5) Nunavachak Bay  
6) Right Hand Point  
7) Rocky Point  
8) Summit Island 
9) Togiak Bay  

10) Tongue Point 
11) Ungallkthluk Bay 

 
 
Question 4.2:What is the pixel-to-pixel distance and approximate spatial resolution of 

these sampled images? 
 
 
Question 4.3:The resolution of these sampled images is coarse, but try to identify 

possible vessel clusters in the scenes. You may want to zoom-in the 
image. In Bilko, use View, Zoom, type 2 as the numerator in the zoom 
ratio input window and hit OK. You may also want to enhance the contrast 
of the SAR images. In Bilko, you can use the box selection tool over a 
region of interest then use Stretch, Auto Linear, for example. 

 
During the May 10 aerial survey, major clusters of purse seine vessels were in fact 
observed around Anchor Point, Ungallkthluk Bay, and Nunavachak Bay with most of the 
fleet concentrated at the latter. 
 
Activity 5. Open the files E1_a1_au.gif and E1_a1_nb.gif. These are full resolution 

sub images from the May 11 ERS-1 frame covering the Anchor Point to 
Ungallkthluk Bay (E1_a1_au.gif) and Nunavachak Bay (E1_a1_nb.gif) 
regions. 

 
Question 5.1:Try to identify different groups of ships in the Anchor Point to Ungallkthluk 

Bay image, in the Nunavachak Bay. 
 

The first purse seine fishery was opened on May 11 at 1:30 p.m. local time, shortly after 
the SAR pass, and lasted for only 15 minutes. The harvest from this period tallied over 
half the total harvest for the season. As a result of this high yield, most companies had 
to process herring from this harvest for up to five days and no other purse seine 
openings were authorized until May 16. 
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Activity 6: Open the files E1_b1_au.gif and E1_b1_nb.gif.  These are full resolution 

subimages from the May 13 ERS-1 frame covering the Anchor Point to 
Ungallkthluk Bay (E1_b1_au.gif) and Nunavachak Bay (E1_b1_nb.gif) 
regions. 

 
Question 6.1:Can you see any changes in the distribution of the fleet with respect to the 

May 11 observations? 
 
Activity 7: Open the file E1_b1_hi.gif.  This is a full resolution sub image from the 

May 13 ERS-1 frame covering Hagemeister Island. 
 
Question 7.1:What type of vessels do you suspect are the largest hard targets in this 

image? 
 
Activity 8: Open the files E1_a2_km.gif and E1_b2_km.gif. These are full resolution 

sub images from the May 11 (E1_a2_km.gif) and May 13 (E1_b2_km.gif) 
ERS-1 frames acquired over the gillnet fishing opening region. 

 
Question 8.1:Describe the location of the gillnet fishing fleet. 
 
The May 11 gillnet harvest, included a second opening later that day. The next opening 
was set for May 15. 
 
Question 8.2:What changes in the distribution of the gillnet fleet does SAR show 

between May 11 and May 13? 
 
Question 8.3:How do you explain the observed location of the fleet on May 13? 
 
Walleye Pollock Trawl Fisheries 
 
Routinely available RADARSAT-1 SAR images of the Bering Sea are providing 
indications of ongoing large-scale walleye pollock fishing activity.The Bering Sea 
supports the world’s largest population of groundfish and attracts a large-scale 
commercial fishery to the region. The groundfish species of greatest commercial 
importance is the walleye pollock (Theragra chalcogramma), also known as Alaska 
pollock. The walleye pollock fishery is the most valuable fishery in the United States and 
the largest single-species fishery in the world. Pollock is most commonly used in the 
production of surimi, used to imitate other seafood products.   
 
Over fishing in the region forced the adoption of international agreements that resulted in 
a fishing moratorium beginning in 1993. A Convention of the Conservation and 
Management of Pollock Resources in the Central Bering Sea was established in 1994. 
The convention provides guidelines for fisheries management in the Bering Sea. This 
includes the setting of sustainable quotas, catch reporting, observers, and enforcement 
procedures. Intense fishing by a multi-national fleet, although regulated by Russian 
government agencies, is still allowed in the Russian waters of the Western Bering Sea 
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(Pautzke, 1997). The fleet is composed mostly of Russian, Japanese, Polish, Chinese, 
and South Korean vessels, although it also includes Russian-reflagged vessels from 
American companies. The fleet comprises an assortment of vessels that include fishing 
trawlers (catchers), factory trawlers (catcher/processors), processing factories (mother 
ships), and other support vessels. Factory trawlers operating in the Bering Sea include 
some of the largest fishing vessels in the world and can range in length from 55 m to 
well over 91 m.   
 
In the U.S., the North Pacific Fishery Management Council (NPFMC) has been 
empowered by the Federal government to issue fishery management plans for the U.S. 
EEZ from 3miles to 200 miles.  NMFS and USCG are responsible to the NPFMC for 
enforcement of the management plans.  NMFS conducts detailed biomass surveys of 
both the U.S. EEZ and international waters within the Bering Sea.  NMFS is also 
required to maintain a list of all vessels fishing in and out of U.S. territorial waters in the 
region.  Surveillance and enforcement of fishing regulations from both air and surface 
vessels over such a large region impose high operating costs on the U.S. government. 
 
RADARSAT-1 SWB observations over the well-known walleye pollock trawl fishing 
region of the Bering Sea, off Cape Navarin in the Russian EEZ, were selected for this 
lesson. Although ScanSAR Wide images generally exhibit a number of processing 
artifacts, they are still very useful for feature detection. Images R1_a16.gif and 
R1_b16.gif are two consecutive, and slightly overlapping, RADARSAT-1 SWB frames of 
a pass over the Cape Navarin trawl fishing region acquired on August 24 18:17 UTC, 
1997. These images were provided as part of the ASF fast delivery product in which 
SWB data is geocoded and mapped to a polar stereographic projection with their 
resulting resolution reduced to around 200 m. 
 
Activity 9: Open the files R1_a16.gif and R1_b16.gif. 
 
Question 9.1: Which way is the polar stereographic projection oriented (which way is 

north)?  
 
Question 9.2: Since the sensor operates in a right-looking mode, it looks to the right of 

the satellite track, deduce whether this is an ascending or descending 
pass. 

 
Question 9.3: Knowing that an important trawl fishing fleet operates in these waters, can 

you find any evidence of the fleet presence in these images? If you 
cannot, give a possible reason? 

 
The two overlapping frames were joined, cropped, and rotated so that the azimuth 
direction is oriented vertically with the image oriented generally toward the north.  The 
most evident features observed over the ocean in these images are associated with 
atmospheric processes.  Indications of wind speed changes associated with 
atmospheric fronts, atmospheric internal wave patterns (upper frame), and patterns 
indicating atmospheric convective activity (lower frame) may be seen. A central section 
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of the combined image was selected for closer examination.  The file R1_c4.gif is this 
central sub image sampled down 4 times from the original resolution. 
 
Activity 10. Open the file R1_c4.gif.  Enhance the image contrast as required. 
 
Question 10.1: Describe any major differences you may see between the right and left 

sides and the top and bottom of the image. 
 
Question 10.2: Try separating the Russian fleet distribution into different groups. 
 
Activity 11. Open the files R1_c1_in.gif and R1_c1_br.gif.  These are sub images of 

the combined image at full resolution.  
 
Question 11.1: How many vessels can you count in the central cluster?  
 
Question 11.2: In addition to hard targets, do you see any features in these images that 

may be associated with fleet activities? 
 
Question 11.3: Do you see any pattern in the overall distributions of the Russian fleet 

and the slicks? If you do, what explanation do you suggest? 
 
Activity 12. Open the file R1_c1_cn.gif. 

 
Question 12.1: Do you see any significant difference between the observations in this 

sub image and the observations in the previous two sub images? 
 

Summary 
 
The intention of this lesson has been to illustrate how spaceborne SAR observations can 
provide useful information in support of fisheries management and surveillance. The 
enormous amount of information that can be derived from SAR imagery, its all-weather 
day/night capability, and the availability of regular RADARSAT-1 SAR coverage over a 
region such as the Bering Sea make this technology an attractive tool. SAR data can be 
used to monitor the congregation of commercial fishing fleets in critically prosecuted 
areas, particularly where many vessels are involved. Information on fishing fleet 
congregation and operational patterns can be obtained from SAR mainly through its 
ability to detect hard targets.  Wake and slick features found during fishing operations 
can provide additional information. In the case of trawl operations in the Bering Sea, the 
persistence of slicks associated with fishing vessel activities can provide an indication of 
where harvesting is occurring, and in some instances, where harvesting has occurred. 
  
Although high resolution SAR data (25 m or better) would be desirable, lower resolution 
data may be sufficient to identify important fishing vessel congregations. SAR monitoring 
could be straightforwardly applied to other fisheries, especially if regular SAR coverage 
becomes possible. Unfortunately, frequent SAR coverage and fast data processing are 
required for this type of data to be useful in real-time management applications, 
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particularly during short-lived fishing openings. It should be pointed out that this kind of 
SAR monitoring capability is currently available in only a few fishing regions in the world. 
 
Finally, at a minimum, SAR monitoring of fishing grounds can and should be used as a 
complement to other reconnaissance platforms and data gathering techniques. 
Spaceborne SAR observations should allow for a more efficient use of other sensors 
and capabilities, thus decreasing surveillance and enforcement operating costs. It is 
likely that SAR ship detection in combination with the Vessel Monitoring Systems (VMS), 
soon to be required on U.S. fishing vessels operating in the Bering Sea, will prove to be 
a particularly valuable tool for fisheries enforcement. 
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Answers to Questions 

 
3.1. Although most of the May 11, 1994 ERS-1 frame was acquired over land, a good 
part of the THFD was imaged, from the Togiak Section to the Kulukak Section.  Better 
coverage of the THFD was obtained On May 13, extending from the Hagemeister 
Section to the Kulukak Section, with most of the frame being acquired over water. Bays 
and islands as well as mountains, rivers, and lakes are clearly imaged by SAR.  
 
3.2. The size of these images is 500 x 500 pixels.  Multiplying the sampling factor times 
the number of pixels we get 16 x 500 = 8000, or an 8000 x 8000 pixels full resolution 
image.  Multiplying this times the pixel to pixel distance in a full resolution image we get 
8000 x 12.5 m = 100,000 m = 100 km.  Thus, these ERS-1 images cover an area of  100 
km x 100 km, similar to ERS-2 and RADARSAT-1 Standard Mode images. 
 
3.3. The most prevalent feature imaged by SAR over the ocean is wind speed variability. 
It is likely that the large regions of low backscatter in these images are for the most 
associated with very low local wind speed conditions, although, the effect of surfactants 
in the region probably adds significantly to the overall low backscatter observed but 
cannot be isolated. High backscatter areas will generally indicate regions of higher wind 
speed. 
 
3.4. Highly biologically productive ocean regions are characterized by the presence of 
slicks produced by a large number of substances released by marine organisms into the 
environment.  Under relatively low to moderate wind conditions these slicks can be 
imaged by SAR.  The slicks in these images gives us a clue as to the presence of 
important biological activity in the region. 
 
4.1. These images have been labeled with the names of key places in the THFD 
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4.2.The pixel to pixel distance of these images is the full resolution pixel to pixel distance 
divided by the sampling ratio or, 12.5 m ) 1/8 = 100 m.  The resolution is roughly twice 
the pixel to pixel distance, or 200 m. 
 
 
4.3.These images can indicate the location of several vessel clusters (circled) in the 
THFD although the image resolution  has being degraded well under the spatial scale of 
individual vessels. 
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5.1. A contingent of the fishing fleet, formed by apparently both, fishing boats and 
processors, is concentrated on the Ungallkthluk Bay west of Rocky Point while a number 
of the largest vessels, mostly Japanese trampers, are observed off Anchor Point on May 
11. Consistent with the aerial survey on the previous day, the images show the bulk of 
the purse seine fishing boats located in the Nunavachak Bay. 
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6.1. Rapid dispersal of the purse seine fishing fleet shortly after the initial fishing period 
was suspected by ADF&G.  Some vessel dispersal is apparent by March 13 as seen in 
the SAR images. Most of the fleet west of Rocky Point has already moved out.  A good 
number of vessels are now seen east of Anchor Point, perhaps moving there for 
protection while waiting until the next opening . The larger vessels, processors and 
trampers, are still seen off Anchor Point.  SAR shows now a smaller group of vessels 
clustered on the east side of the Nunavachak Bay compared to the May 11 
observations.   
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7.1. During the fishing season, in addition to Anchor Point, the area north of 
Hagemeister Island is a well known place for stationing freighters/trampers, again, the 
largest vessels in this fishery.  Although this area was not covered by the May 11 SAR 
data, this image confirms the presence of at least 7 Japanese trampers as well as 
several other vessels operating there on May 13.     
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8.1.The gillnet fishery was opened during the 1994 season only in the Kulukak section.  
The May aerial survey found most of the gillnet fleet concentrated against the southwest 
coastline of the Kulukak Bay.  The first gillnet opening took place on May 11 from 11:00 
a.m. to 1:00 p.m. in the Kulukak Bay and Metervik Bay region.  The May 11 SAR image 
shows the distribution of the gillnet fleet as it operates during the opening period.  Some 
of the vessels operate just at the mouth of Metervik Bay and others off to the north and 
south.  The direction of some of the vessels can be inferred from their ship wakes.   
 
 
 

 100



Lesson 3: The use of spaceborne Synthetic Aperture Radar(SAR) in fisheries 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.2.The distribution of the gillnet fleet during May 13, as observed by SAR, indicates that 
many of the vessels moved well inside Metervik Bay.  
 
8.3. Since the fleet must wait until May 16 for the next opening in Kulukak Bay, they are 
using the protection of Metervik Bay to stay away from offshore weather.   In fact, the 
higher backscatter observed on Kulukak Bay on May 13 implies the presence of higher 
wind speed conditions there compared to Metervik Bay. 
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9.1. Given that these frames are consecutive, i.e., they are part of the same satellite 
pass, they will be oriented in the same general direction. Using Map1.gif as a reference, 
landmarks such as Cape Navarin or the Gulf of Anadyr can be identified in the first 
image from which a northward orientation toward the bottom right side of these 
consecutive mapped frames is obtained.  
 
9.2. The near range in these frames (left side) is the side along which the ocean is 
generally brighter (larger backscatter).  Once we know the general orientation of the 
frame (from the previous answer) and since the SAR viewing direction is toward the right 
of the satellite, the pass must be a descending one, i.e., from north to south.  
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9.3. Although a large fleet is operating in the region, these images do not show any 
evidence of hard targets associated with it.  The extremely low resolution of the images, 
i.e., 200 m x 16 = 3,200 m, explains this fact.  Nevertheless, there are indications of 
large processing slicks associated with the trawl fishing fleet activity that are still 
detectable even at this extremely coarse resolution.  You may want to further contrast 
enhance the images to better appreciate some of these signatures in the middle of the 
frames east of Cape Navarin. 
 
10.1. The right side (near range) is brighter than the left side (far range) as expected. 
Indications of a large number of hard targets on the left side of the image, from the 
Russian fleet operating in the region, are now evident.  The left side is also 
characterized by the presence of dark slicks and blobs not observed on the right side of 
the image. The brighter upper half of the image indicates increased sea surface 
roughness due to overall higher surface winds as compared to the lower half.  
Indications of atmospheric gravity waves to the north as well as atmospheric convective 
activity to the south (cloud-looking features) can also be observed in the image.  The 
Russian fleet is located between these features in a region of apparently more stable 
atmospheric conditions.  
 
10.2. This image shows vessels operating in a dense central cluster, vessels operating 
in a linear alignment,  and a wide cluster just off Cape Navarin. 
 
11.1. There are over 30 vessels operating in this cluster.  Several other clusters of 20 to 
30 ships, smaller groups, and many isolated ships are observed operating throughout 
the Cape Navarin fishing region.  A detailed hard target analysis of both SAR frames 
indicates the presence of over 150 hard targets in the region. Sea surface background 
clutter to the north may have prevented the detection of even more hard targets. This 
high concentration of ships reflects the known popularity of the region where 30% of the 
pollock can be legally caught each year, in contrast to the 18% allowed in U.S. waters 
[Pautzke (1997)].   
 
11.2. The general area where the fishing fleet is found is also characterized by dark 
slicks and blobs apparently associated with the presence and location of the vessels.  
Fortunately, in addition to the strong hard target radar return produced by ships, slick 
patterns such as those resulting from fishing operations are also detectable by SAR.  It 
is well known that large amounts of fish processing residue and bycatch are typically 
discharged from vessels during normal pollock and groundfish trawl operations in the 
Bering Sea.  Visual on-site observations of the slicks generated by discharged material 
(look at discharge.doc) in the fishing grounds are common and well known to factory 
trawler personnel and NMFS observers working in the region. The SAR slick signatures 
in this image are consistent with the presence of such slicks during trawl fishing activity.  
Fish oils from processing residue and bycatch discharged from these trawl fishing and 
factory ships will dampen the capillary and short gravity waves in the same way that 
naturally occurring slicks do.   
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Many linear slicks observed in the image are traceable to specific vessels implying some 
kind of dumping or discharge while under way.  These slicks are thought to be mainly 
the result of fish processing residue and bycatch discharged into the water during 
routine trawl fishing and processing operations.  In many cases, the slick patterns 
appear to provide an indication of the ship’s recent maneuvering.  Wider slicks and blobs 
suggest dumping by the fleet while operating in more circumscribed areas as well as the 
presence of surface dispersion mechanisms.  Persistence of these features for several 
days, that would indicate harvested areas, has been observed.  Extensive slick patterns 
are found to be ubiquitous over trawl fishing areas not only in the Russian EEZ but also 
in the U.S. EEZ in the Bering Sea.  For example, much longer linear slicks than those 
seen here, traceable back continuously for well over 100 km,  have been seen in the 
Eastern Bering Sea where the U.S. walleye pollock trawl fishing fleet operates.   
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Unfortunately, it is not possible with currently available spaceborne SAR data to 
positively discriminate between mineral slicks, such as those resulting from bilge 
flushing operations, natural biogenic slicks, and fisheries discharge. A priori knowledge 
of a region as well as great caution must be used when interpreting similar features 
 
11.3. By now you must have realized that since the Russian fleet must operate in 
Russian waters it must stay west of  the U.S.-Russian border. In fact, the linear 
alignment of the fleet and even of the slick patterns indicate that trawl fishing operations 
are taking place along the maritime border. These observations are potentially very 
useful to USCG as detection of cross-border violations is clearly possible with SAR. 
 
Additionally, slicks may be present without any vessels being detected in an area, which 
indicates the persistence of these features. This persistence, sometimes as long as 
days, could be used as an additional indicator of which areas have been previously 
harvested. Of course, the length of time these slicks will stay as recognizable features 
will greatly depend on wind and sea state conditions.   
 
12.1. A cluster of over 30 ships can be seen in the region north of Cape Navarin, close 
to the coast. Compared to other areas, there is minimal slick signature if any associated 
with that fleet. These ships are most likely be part of the fishing fleet since there is only a 
very limited freight traffic in the region composed mainly of coal shipments to the port of 
Beringovski to the north. If these vessels are trawlers, they may not have been actively 
fishing/processing at the time of the observation. It is also possible that, if fishing 
operations were underway, these ships were using a different method or pursuing a 
different fishery altogether.  
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Aim of Lesson 

 
• To learn how to extract information of value for fisheries purposes by 

applying general techniques to NOAA/AVHRR and SeaWiFS images,and 
in particular: 

• To understand the basic steps that must be carried out in order to extract 
useful information from satellite images. 

• To appreciate that the processing steps required depend on the 
wavelength band and the geophysical variable that is to be measured. 

• To realize that colour and thermal information are both important in the 
evaluation of possible fishing areas. 

 
Objectives 

 
After studying this lesson you should be able to: 
 

1. identify satellite/channel combinations which provide thermal or visible data 
likely to be of interest to pelagic fishers; 

2. apply calibration parameters to the thermal data in a satellite image; 
3. select a method for the calibration of thermal data from a NOAA series 

satellite and apply it to a satellite image; 
4. describe the merits of the method chosen relative to other possible 

methods; 
5. calculate standard corrections to raw albedo values taken from the visible 

channels of satellite sensors and apply them to image data; 
6. remove pixels contaminated by cloud formations from ocean images by the 

application of simple masks; 
7. describe the principles which underlie more sophisticated systems for the 

removal of aberrant pixels and perform simple calculations based on some 
of them; 

8. identify ocean frontal zones likely to be of interest to pelagic fishers. 
 

Background Information 
 
Satellite oceanography, an introduction for oceanographers and remote sensing 
scientists by I.S. Robinson [see Bibliography], provides an excellent introduction to 
the capabilities of satellite data for studying ocean features. In particular, in 
Chapters 6 and 7, there are descriptions of the operational use of remotely sensed 
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data in the support of commercial fisheries. Other good bibliographic sources are 
the Fisheries Technical Papers published by the FAO, examples of which are also 
listed in the bibliography [Hunter et al., (1986); Le Gall (1989); Yamanaka et al. 
(1988)].Familiarity with Bilko is an essential pre-requisite of this lesson. In 
particular, you need to be able to load the Formula document in order to perform 
some of the procedures proposed. 
 
This lesson was written following what is sometimes referred to as a spiral 
approach. The idea is that you work quite quickly through the main text answering 
relatively simple questions as you go. You then work through the text a second 
time, working more thoroughly on questions of a more sophisticated nature. It is for 
this reason that you will find some questions scattered through the text and others 
arranged in a block at the end of the lesson. 
 
Image Data 
 
In this lesson you use a NOAA/AVHRR image of the North-East Atlantic area 
known as the Gulf of Biscay, covering 42N - 48N and 1W - 8W. This zone is of 
particular importance for the Spanish pelagic fleet as large catches of bluefin tuna 
and anchovy are obtained there. In the Gulf of Biscay, surface temperature 
increases globally from north to south, a phenomenon which is immediately 
evident in AVHRR data. In addition to the NOAA image, you use a SeaWiFS 
image to extract colour-related information, specifically chlorophyll concentrations. 
Both images relate to 18 May 1998. The first is from the NOAA-14 satellite, orbit 
number 17427, ascending pass. The second is a SeaWiFS image from orbit 4240. 
The images were obtained at the receiving station of the University of Santiago de 
Compostela in Spain and replayed to NASA in order to make them available to the 
oceanographic community. 
 
As a preliminary lesson you are asked to process the data and put them in a form 
suitable for the extraction of information of value for the management of fisheries. 
You first calibrate the HRPT data in order to obtain percent albedo for one of the 
visible channels. After this you remove clouds by a classical threshold technique 
and compute sea surface temperature by a multi-channel method. 
 
From the SeaWiFS image, you compute chlorophyll concentration using pre-
processed data by applying the sensor calibration, atmospheric corrections and 
bio-optical algorithms. Calibration is usually carried out using a calibration table 
which lists the parameters for each band of the SeaWiFS image. 
 
Calibration 
 
Satellite imagery can be used to detect thermal fronts, a task for which the AVHRR 
sensor, onboard NOAA satellites [Kidwell (1997)], has been used extensively. To 
do this the raw data of the image must be processed to provide the required 
geophysical variables. This is a two step process in which thermal and visible data 
are treated separately. First, the data must be calibrated: 
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1) Calibration of thermal data 
 
The radiance measured by the sensor (band i) is obtained  by applying a linear 
function to the input digital counts (DC) using: 
 
  iii ICSR +=         (1) 
 
where Ri is the radiance value for channel i, C is the input DC (between 0 and 
1023), and Si and Ii are, respectively, the slope and intercept values for band i. To 
convert to brightness temperature the inverse Planck equation is used: 
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where T  is the brightness temperature, in kelvin, for the radiance value R , ν  is 
the central wavenumber and  and   are constants. C1 C2

 
The sensors feeding channels 4 and 5, are subject to small non-linear errors for 
which corrections must be made. In a series of laboratory experiments before the 
launch of NOAA-13, NESDIS obtained the correction coefficients for each channel: 
these are added to the brightness temperature obtained from Eqn. 2. A newer 
alternative method is to apply a correction to the radiance instead of the 
temperature. The original radiance obtained from Eqn. 1 is modified using:  

 
2

210 LLc RCRCCR ++=  (3) 
 

where C0 , C1 and C2 are the coefficients obtained from NESDIS. This equation is 
also applied to Band 3, although its response is highly linear. Table 1 summarizes 
C0 , C1 and C2 values for the three channels. This is currently the preferred method 
of calibration as it is less sensitive to noise than the earlier one. 
 
Table 1:   Radiance correction coefficients for NOAA-14   channels 3, 4 and 5. 

 
 Band 3 Band 4 Band 5 

C0  -0.0069 -4.05 -2.29 
C1  1.00359 0.92378 0.96194 
C2  0 0.0003822 0.0001742 
Space Radiance Response 0.0069 -4.05 -2.29 
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Question 1: What is the corrected radiance for channel 4 when RL is 415? 

  
Brightness temperature is usually lower than sea surface temperature because 
factors not taken into account in the present calculation (clouds, aerosols, 
deviations from black-body behaviour...) all reduce the estimate.  
 
2) Calibration of visible data  
 
Percent albedo (percentage of reflected visible radiation) measured by channels 1 
and 2 is computed from the linear relationship: 
 

                                  A S C Ii i= i+   (4) 
 

where  is percent albedo for channel i, Ai C  is the input digital count, and  and 
are the slope and intercept, respectively of the calibration line. The pre-launch 

calibration for channels 1 and 2 is described in [Kidwell (1991)], but instrument 
performance is known to be altered in orbit. First , the responses of channels 1 and 
2 are degraded by contamination from the launch operation [Rao et al. (1993)]. 
Continuous exposure to the space environment [Brest and Rossow (1992)] and 
ageing of components then exacerbate the problem. For the thermal channels, 
internal calibration targets provide a means of correcting data, but this is not the 
case for the visible ones. For NOAA-14 data, the visible coefficients are updated 
continuously using a formula obtained by Rao and Chen [Rao and Chen (1995)]: 

Si

Ii

 
( )
( ) 41C0.1290.0000373t2A

41C0.1090.0000232t1A

−+=

−+= ( )
( ) (5) 

 
where is percent albedo for channel i, t is the number of days since launch (30 
December 1994) and C is the digital count. 

Ai

 
Question 2: Using the equations above, compute the percent albedo that 

corresponds to a digital count of 62 in NOAA-14 channel 2 on 1 
January 1998, given that launch day was 30 December 1994. 

 
 
Cloud removal 
 
To compute Sea Surface Temperature (SST) for a given sea area it is essential to 
eliminate the data from those pixels that give erroneous measurements. These 
data eliminated come from areas influenced by cloud, sun-glint and large sensor-
zenith angles. Generally, pixels with zenith angles exceeding 50º are removed. As 
the zenith angle increases, spatial resolution degrades and atmospheric effects 
become stronger since the radiation path to the sensor is also longer. 
 
Geometric relationships exist between the sun and sensor positions, and from 
them it is a simple matter to pick out sun-glint areas. Pixels from these areas 
exhibit high values in both the visible and near-infrared channels, as ocean 
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reflectance can reach very high values. The easiest and fastest method of 
identifying them is to use threshold techniques on channel 2. 
 
The determination of cloud coverage is very important for two main reasons: first, 
clouds play an essential role in the radiative balance of Earth; second, knowledge 
of cloud coverage is essential for the estimation of such surface and atmospheric 
parameters as SST and chlorophyll a. 

 
In the visible and infrared wavelengths, ocean reflectance is generally less than 
10% in the absence of cloud: with cloud, these reflectances may exceed 50%. 
Turning this into a criterion, the traditional technique for removal of cloud is to 
apply successive threshold tests on the image. [Bernstein (1982); Derrien (1993)]. 
Only those pixels that pass the whole series of tests are used in the computation of 
the SST. Test parameters differ depending on whether the images are of diurnal or 
night origin, and the threshold values are set empirically. Obviously, the best 
results are obtained when the clouds cover areas larger than the pixel size. In 
practice, threshold values can be static (the parameters are the same for all 
images) or dynamic (parameters are set for each image). Early removal of 
aberrant pixels is one approach which can significantly reduce processing time as 
more mathematically intensive techniques are required for the evaluation of 
geophysical variables. In general, methods based on this approach are quite 
effective, but they can be too rigid: they sometimes eliminate pixels that do not 
represent cloud and at other times fail to remove the bad pixels, an error which can 
cause problems later. 
 
Recently, new methods have been proposed for the solution of this problem: 
methods based on textural analysis [Simpson and Humphrey (1990), Eckstein and 
Simpson (1991) Gallaudet and Simpson (1991)], on fuzzy logic [Simpson and 
Keller (1995); Key et al., (1989)], adaptive thresholds [Simpson and Gobat 
(1995)]... From the point of view of fisheries specialists, who call for real-time 
image processing, neural networks are very attractive as they can “learn” patterns 
that are difficult to define in formal terms. As distinct from other specialists [Lee et 
al. (1990)], they have no interest in classifying the various types of cloud: their 
objective is to develop a method which efficiently identifies cloud coverage and so 
improves geophysical algorithms. 

 
Artificial Neural Networks (ANNs) are widely used to classify multi-spectral imagery 
[Heermann and Khazenie (1992); Bischof, Schneider and Pinz (1992); Salu and 
Tilton (1993); Triñanes et al. (1994)]. Models based on ANNs have the advantage 
over statistical ones that they require no previous knowledge about the statistical 
distribution of the input data. Each ANN model is defined by its topology and its 
learning rule. 
 
The most popular ANN is the multi-layer perceptron (MLP) with a back-propagation 
learning algorithm. This kind of ANN has been applied to pattern recognition, non-
linear control. The general schema of one MLP is shown in Figure 1. 
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Figure 1:  Four-layer feed-forward neural network architecture. 
 

Basically, all nodes of the network (also called neurons or perceptrons), except 
those forming the input nodes, perform two functions: they accept the outputs from 
the nodes in a previous layer and process them to provide a non-linear output. 
These processes are summarized in the following equation[Benediktsson et al., 
(1990)], 
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where  is the output of the ith neuron on layer p,  is the non-linear function, 

is the weight between this node and other node j placed in a previous layer p-

1 with output  and  is a threshold value. The most common non-linear 
function is the sigmoid [Kwan and Lee (1993)], 
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This function tends to 1 as x approaches infinity and to 0 as x approaches minus 
infinity. To avoid extreme values it is usual to select as maximum and minimum 
values for x 0.9 and 0.1, respectively.  
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The learning algorithm used in the Laboratory of Systems follows what is called a 
back-propagation or generalized delta rule algorithm [Gorman and Sejnowski 
(1988); Hush and Horne (1993); Werbos (1990); Gose et al., (1996)]: this is based 
on a supervised training method in which the data are corrected in such a way as 
to minimize the mean square error ( MSE ) of the output value. 
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where l indexes input patterns and i indexes the outputs,  is the output of node i 
on final layer H to input pattern l and  is the expected output value. 
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We try to reduce the error between the actual and the desired output in a gradient 
descent manner, updating each weight using Equation 9. 
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where ε is a positive constant named learning rate that controls the descent and 
0≤α≤1 is a momentum term to speed learning. 
 
A full description of the training process for the ANN may be found in 
[Benediktsson et al., (1990); Heermann and Khazenie (1992); Hush and Horne 
(1993); Triñanes et al., (1994); Werbos (1990) ]. 

 
To discriminate more completely against clouds, a useful device is to use texture 
parameters. One simple solution for this is to evaluate the difference between the 
value associated with the pixel of interest and those associated with its neighbours 
If the difference is excessive, the pixel is discarded. A window of size 3x3 centred 
on the pixel is adequate for this purpose. Results can be refined by training the 
ANN in a way that depends on three characteristics: geographic area, satellite and 
pass time. At the Laboratory of Systems, images from different zones of the world 
are routinely processed. It is evident from these data that conditions differ widely, 
e.g., the North Atlantic and Indian oceans are clearly different. Variations with the 
satellite used are obvious: in practice, each sensor has a different response and 
hence its own calibration data. Finally, it is futile to use the visible channels at night 
and it is unusual to employ band 3 during daytime passes when seeking to 
eliminate cloud pixels. Table 2 shows inputs commonly used for the ANN. 
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Table 2:    ANN inputs 
 

 Day Night 
Band 1 X  
Band 2 X  
Band 3  X 
Band 4 X X 
Band 5 X X 
(Band 4 - Band 3)  X 
(Band 3 - Band 5)  X 
(Band 4 - Band 5) X X 
Maxband 1 [Centre-Surrounding] X  
Maxband 2 [Centre- Surrounding] X  
Maxband 3 [Centre- Surrounding]  X 
Maxband 4 [Centre- Surrounding] X X 
Maxband 5 [Centre- Surrounding] X X 

 
Question 3: Why take surrounding pixels into account when classifying a pixel as 

cloudy or clear? 
 
It is a most laborious task to select cloudy and clear pixels with which to build the 
training and testing set (Fig. 2). It is essential, however, to select a representative 
set of patterns in order to make a good generalization. 

 
Figure 2:  HRPT image, channel 4. The points in blue were used to train the 
ANN.The training and testing phases are relatively fast, the time required 
depending on the number of inputs used and the maximum error selected. For 
1000 patterns and an error value of 10, about two hours are needed  on a Sun 
Sparcstation 2. This time depends more on the number of nodes in the hidden 
layers than on the geographic area, satellite or pass time. For diurnal images we 
also need to remove the effects of different solar zenith angles over the digital 
counts on the image. For this reason we divide every pixel by the cosine of this 
angle. 
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When the training phase is over, all points in the training set are usually identified 
correctly. The actual results obtained in a particular test set depend on the number 
of “frontier” or “not-evidently cloudy” pixels in it. Figure 3 shows a SST image 
obtained after using this procedure to extract contaminated pixels. 

 
Figure 3:  In this image, pixels identified as representing cloud are shown in black.  
 
Sea Surface Temperature  
 
Thermal distributions obtained from the AVHRR sensor represent only the 
temperature of a conductive sublayer or skin  at the sea-atmosphere interface. 
Typically, this temperature is 0.3ºC - 0.6ºC lower than the temperature some 
centimeters below [Paulson and Simpson (1981)]. Thermal emission from the 
ocean surface can be detected over a spectrum extending from the near-infrared 
to microwave wavelengths with peaks near 10 µm. The most suitable regions for 
temperature measurement are the atmospheric windows at 3µm - 4 µm and 10 µm 
– 12 µm. Even in these ranges, the radiation detected is influenced by the 
composition and thermal structure of the atmosphere, and by clouds and scattered 
solar radiation. To obtain precise measurements all these factors must be taken 
into account. 

 
In general, we use multi-channel algorithms to extract the SST, and apply different 
coefficients for day and night data. Three different types of algorithm are used to 
compute the SST. Split-window algorithms use brightness temperature on channel 
4 as a low-order term to estimate SST, and the difference between this value and 
the channel 5 brightness temperature to correct atmospheric effects. Dual window 
algorithms use the values on channel 4 and the difference between channels 3 
and 4. Triple-window algorithms use the brightness temperature on channel 4 and 
the difference between channels 3 and 5. In addition, a term is usually introduced 
which uses the secant of the sensor zenith angle to reduce the error between 
points at different satellite zenith angles. This error can reach 1ºC between a point 
near the nadir and another point at the border of the scanned area. The equations 
for these algorithms are: 

 115



Remote sensing applications for fisheries sciences – from science to operation  

 
split window (sw) 

( ) ( )( ) ( )Ts A T A T T A T T A A= + − + − − + − +0 4 1 4 5 2 4 5 1 3 1 4sec secθ θ   (10) 

 
dual window (dw) 

( ) ( )( ) ( )Ts A T A T T A T T A A= + − + − − + − +0 4 1 3 4 2 3 4 1 3 1 4sec secθ θ  (11) 

 
triple window (tw) 

( ) ( )( ) ( ) 41sec31sec53253140 AATTATTATAsT +−+−−+−+= θθ  (12) 

 
where Ts is the derived SST, Ti  the brightness temperature recorded for channel i, 
Ai an empirical/calibration coefficient and θ the sensor zenith angle. 
 
Recently, good results have been obtained with other algorithms. Among them are 
non-linear (nl) variations of Eqns. 10-12 in which the atmospheric correction 
constant coefficient  is proportional to a first-guess SST value. 1A
 
Table 3:  Calculated coefficients for NOAA-14 and NOAA-15 
 

Satellite Method Pass A0 A1 A2 A3 A4(ºC) 
N-15 sw D 0.959456 2.663579 0.570613 0.000 1.045

 sw N 0.993892 2.752346 0.662999 0.000 0.084
 dw N 1.041037 1.587581 0.000000 1.677 0.847
 tw N 1.015354 1.063572 0.000000 1.295 0.588

n-linear nlsw D 0.890887 0.088730 0.557058 0.0 3.10170
 nlsw N 0.953493 0.087762 0.740922 0.0 1.64460
 nldw N 1.035572 0.053349 0.0 1.628825 1.21949
 nltw N 0.998871 0.034564 0.0 1.399856 1.39260

N-14 sw D 1.017342 2.139588 0.779706 0.0 -0.543
 sw N 1.029088 2.275385 0.752567 0.0 -1.145
 dw N 1.008751 1.409936 0.0 1.975581 1.626
 tw N 1.010037 0.920822 0.0 1.760411 0.528

n-linear  nlsw D 0.939813 0.076066 0.801458 0.0 1.54492
 nlsw N 0.933109 0.078095 0.738128 0.0 1.45072
 nldw N 1.019182 0.050086 0.0 2.039266 1.57656
 nltw N 0.980064 0.031889 0.0 1.817861 1.51848

 
Detecting fronts 
 
For a fisheries forecasting system based on satellite imagery we believe it is 
essential to have a method capable of detecting ocean fronts. The Laplacian 
equation is an isotropic second-derivative measure, and detects regions with 
important intensity changes. This makes it suitable for the detection of SST fronts. 
The Laplacian of an image I is: 
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where I(x,y) represents the intensity measured in the image I at point x,y. 
 
We can represent this operator by a convolution mask. For a 3x3 window this 
takes the form:  
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This filter is very sensitive to noise and gives no information about edge direction. 
If we reduce high frequency data using a Gaussian filter before applying the 
Laplacian filter we can improve results. 
 

                                             ( ) ( ) IGIG 22 ⊗∇=⊗∇  (14) 
 
 
The resulting filter is the Laplacian of Gaussian (LoG) operator [Simpson (1994)], 
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where x  and y  are coordinates designating the number of rows and columns from 
the function center, σ  is the Gaussian width and k  is a normalization constant.  
 
 

 
 
Figure 4:  Three-dimensional representation of LoG filter using σ  =4 and k =15. 
 
 
Areas of constant intensity produce an output of 0 with this filter. If the intensity (or 
temperature) changes, the filter output is positive on the side with lower 
temperature and negative on the one with the higher temperature. 

 
Question 4: Why do you think this is called the “hat” filter? 
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Figure 5:   Convolution mask of a LoG filter forσ  = 1.4, k = -40 and window size of 
9x9.  
 

0 0 3 2 2 2 3 0 0 
0 2 3 5 5 5 3 2 0 
3 3 5 3 0 3 5 3 3 
2 5 3 -12 -23 -12 3 5 2 
2 5 0 -23 -40 -23 0 5 2 
2 5 3 -12 -23 -12 3 5 2 
3 3 5 3 0 3 5 3 3 
0 2 3 5 5 5 3 2 0 
0 0 3 2 2 2 3 0 0 

 
 
Question 5: Explain how the coefficients in Fig.5 are obtained. Show that for areas 

of constant intensity the output is 0. 
 

This filter is an ideal edge detector filter [Marr and Hildreth (1980)] and is unique in 
this respect since the Gaussian distribution is the only one that optimizes the 
relationship between spatial location and bandwidth and also detects zero crossing 
points. Of course, this filter is affected by noise, but this can be removed almost 
completely by ignoring zero crossings with small intensity changes. Changes in σ  
dramatically affect the results obtained. For small values of σ , many fronts are 
obtained. If σ  is increased the minor fronts on the image are removed. Usually, 
the filter size is at least 4σ x 4σ since, at this value, 95% of the LoG function lies 
within the area considered. 
 
An appropriate value must be assigned to σ. This can be done dynamically by 
finding the largest gradient in the image and using an empirical relationship that 
takes into account the fact that large windows call for extended computation times. 

 
                                          ( )eTemperaturmaxGrad10=σ  (16) 
 
and, to compute the filter size W, 
 
                                          14W += σ  (17) 
 
with a maximum value of 50 (σ ≤ 12.15). 
 
Chlorophyll estimation 
 
For the study of ocean primary production, the most useful wavebands are the 
higher-frequency regions of the visible light spectrum. Nimbus-7 carried a visible 
light sensor, the Coastal Zone Colour Scanner (CZCS), that was specifically 
designed for the study of phytoplankton populations. Figure 6 shows a 
phytoplankton pigment map for the Atlantic off the coast of Spain constructed from 
CZCS data obtained in May 1982 (note the higher concentrations of pigment in the 
colder northern waters and in upwelling zones near the coast).  
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Although Nimbus-7 ceased operation in 1986, it is relevant to mention it in relation 
to the formulae used to interpret data from visible light sensors on subsequent 
satellites. Since 1996, visible light data intended for oceanographic use have been 
obtained by ADEOS (now defunct) and IRS-P3, and have recently become 
available from the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) on Seastar. 
As the IRS-P3 mission is concerned largely with systems development rather than 
the regular provision of data for applications, this lesson refers only to SeaWiFS, 
which incorporates a series of sensors operating in eight wavebands from 0.402 
µm to 0.885 µm (A table and a figure showing the band ranges and absorption 
spectra of major seawater components are shown on Kirby’s chapter elsewhere in 
this module). 

 
Figure 6:  Pigment map obtained from 
CZCS data (May 1982). Note the Bay 
of Biscay to the upper right of the 
image with the Iberian peninsula and 
the Straits of Gibraltar below. 

 
 
 
 
 
 
 
 
 

SeaWiFS data have a spatial resolution of 1.1 km at nadir and the orbital period is 
98.2 minutes. The University of Santiago de Compostella antenna receives 1 to 3 
images each day, with a time gap of about 1.5 hours (To see why, read this 
paragraph carefully) between them. These data are well suited to the monitoring of 
mesoscale phenomena in the open sea and on the continental shelf. This is also 
an important application for the development and validation of algorithms for the 
extraction of bio-optical properties. 

 
Before transmission to Earth, SeaWiFS data is encoded using following a scheme 
that is changed fortnightly. The transmitted data are decoded using a key that is 
supplied by Orbital Sciences Corporation, the owners of SeaStar, in advance if the 
corresponding fee is paid or a fortnight later otherwise.  

 
To process SeaWiFS data, NASA has supported the development of an image 
analysis package, named SeaDAS, which is FREE and available via ftp 
(ftp://seadas.gsfc.nasa.gov/seadas). In September 1999, SeaDAS was available 
only on Sun and SGI platforms, with a beta release suitable for PC/Linux. It 
requires Interactive Data Language (IDL) to work. More information about IDL can 
be obtained from http://www.rsinc.com. One of the major advantages of SeaDAS is 
that the source code is free so the user community can readily modify processes 
and algorithms. 

 
Two quantities obtainable from SeaDAS are the chlorophyll a concentration Ca and 
the pigment concentration CZCS_pigment ( = Ca + CP ) using a CZCS-type 
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algorithm. Both Ca and Ca + CP are important for the study of ocean productivity, 
and can be estimated from the ratio between the water-leaving radiances (LWM) 
measured in SeaWiFS bands 3 (centered on 490 nm) and 5 (centered on 555 nm). 

 
 Ca(mg/m3) =  exp(0.464 - 1.989 ln(LWM(490)/LWM(555))) (18) 

 Ca + CP (mg/m3) =  exp(0.696 - 2.085 ln(LWM(490)/LWM(555))) (19) 

Figure 7:  SeaDAS interface showing images of water leaving radiances in bands 
3, top left and 5, top right. Below, is a chlorophyll a image dated 29 October 1997. 
 

 
The chlorophyll a concentration is generally regarded as the best measure of 
viable phytoplankton biomass but Ca + CP is also useful, partly because it provides 
continuity with earlier data obtained from the CZCS wavebands centered on 520 
nm and 550 nm, so allowing joint analysis of CZCS and SeaWiFS data. Since 
SeaWiFS has more and narrower wavebands and better performance than the 
CZCS, better estimates of Ca and Ca + CP may be possible when enough sea-
sample data are available for reliable parameterisation of formulae with a sounder 
theoretical basis. Note also that more reliable formulae with a sounder theoretical 
basis are already available for estimating Ca and Ca + CP at concentrations of less 
than 2 mg/m3.  
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Absorption by chlorophyll a peaks in the 433 nm - 453 nm region (SeaWiFS 
band 2) and is practically zero at 490 nm, so there is an apparent paradox in the 
use of the waveband centered on 490 nm. This is explained by the high correlation 
between the concentrations of chlorophyll a and carotenoid, which in practice 
makes the LWM(490)/LWM(555) ratio the most reliable predictor variable. Figure 7 
shows maps of LWM(490) and LWM(555) off the Iberian Peninsula on 29 October 
1997 together with the derived Ca map. Additional information about SeaWiFS can 
be found in [Hooker and Firestone (1992)]. 
 
In many instances colour and temperature patterns are closely matched. In order 
to study this relationship one of the most useful and easy techniques is to overlay 
one field with the other. Figure 8 shows a 3-D image of a chlorophyll distribution 
with the overlaid SST image, using the colour palette for this purpose. This is one 
of several methods for studying the relationship between SST distributions and 
colour patterns. 
 

 
Figure 8:  Three-dimensional figure showing relationship between colour and SST 
data in an upwelling area. Warmer (Lower) temperatures are usually associated 
with lower (higher) chlorophyll-a concentrations. 
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Fisheries and Remote Sensing 
 

Fronts are convergence areas with broad spatial and temporal variability. They are 
the frontier between two water masses with different physical properties: 
temperature, salinity, and hence density, with strong horizontal gradients. Even the 
Gulf Stream can be considered a front, in this case, a planetary front. In energy 
terms, fronts are situated between mesoscale eddies and small-scale turbulence 
phenomena. For fisheries, fronts are very important as they allow contact between 
cold water,  rich in nutrients, and warmer water, which is nutrient-poor. These 
waters mix in the frontal area with consequent high phytoplankton productivity. It is 
known that there is a strong relationship between catches of tuna (and other 
species  such as sardine, anchovy,...) and the presence of oceanic fronts [Gallardo 
and Le Guen (1972); Stretta (1977); Laurs et al., (1984)]. Tuna can regulate their 
internal temperature, which allows them to exploit colder waters where the 
chances of finding food are greater than elsewhere. Each kind of fish has a 
different physiology and behaviour in relation to its environmental conditions and 
this must be taken into account in assessing the merits of possible fishing grounds. 
Tuna, for example, are visual predators and do not like to stay in waters with high 
phytoplankton concentrations. They stay in clear and optimal-temperature waters 
near temperature/colour fronts from which they make occasional foraging 
excursions into colder waters. Other fish choose to inhabit these colder areas as 
they can easily find the phytoplankton and zooplankton, which are the basis of 
their subsistence. Rich nutrient areas, such as upwelling zones, produce food 
chains rich enough to support even the largest fish. All this information is useful 
when seeking to implement an operational system for the support of pelagic 
fisheries. Additional information on this subject can be obtained from Kirby’s 
chapter in this module. 

Figure 9:  This map shows the relationship between catches and the presence of fronts 
(green circles – fish catch: blue lines – isotherms: black line – front: red line – ship track). 
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Figure 9 shows catches (green circles with circle area proportional to the size of 
catch) of swordfish obtained near a frontal area (black) on 9 December 1993 
[Trinanes et al. 1994]. Numerical values on the image represent temperatures in 
degrees Celsius for the isotherms (in blue). The frontal area is represented by the 
black line and the path of the fishing vessel by the red line. Clearly the largest 
catches were made near the frontal boundary: the small green circles, 
representing less successful fishing, are all situated far from the front. 
 
Question 6: If you were to monitor an enrichment area, would you expect anchovy 

or tuna to visit it first? Why? 
 
Question 7: The world’s largest fisheries can usually be related to upwelling 

phenomena. Why? 
 

 
Lesson Outline 

 
Activity 1.Starting images are Im2, Im4, Im5 and Zenith.dat. Your first task is to 

calibrate the visible band. You then have to compute percent albedo 
using Equation 5. Start Bilko and click on the File menu. Then click on 
Open. Load image Im2.dat. Remember this image has a size of 512 
columns and 512 rows with each pixel represented as a 2-byte integer. 
Remember also to enable the swap-bytes flag as the original data 
comes from a workstation with Big-Endian byte order and you are 
reading the image on a PC platform, which has Little-Endian byte order. 
You do not need to check this box for images obtained by processing 
the original data. 

 
Next, select the Connect option from the Image menu and click on the 
image file name. Set the Blanks: box to 1 to add one blank image. 
Make the Im2.dat file Image 1 and the blank file Image 2. Click on File, 
New and create a new Formula document. Using Eqn. 5, connect 
Im2.dat  to the blank image. You must calculate the number of days 
from the launch date before carrying out this step. Copy and paste the 
formula document to the connected images. Close the formula 
document and save your new image as Im2cal.bin. 

 
Question 8: What is the significance of Equation 5 and what physical effect does it 

model?  
 

This is the image from which you want to extract clear pixels. As you 
can see on the bottom panel, clouds and land pixels have percent 
albedo values higher than ocean pixels. You can be easily check this by 
displaying the image histogram. In this you should find two clear groups 
of data. One is characterized by values close to 0, formed by ocean 
pixels, the other by larger values, formed by pixels from clouds or land. 
Earlier pages of this lesson mention a number of methods for the 
extraction of cloud pixels from images, but Bilko is not currently 
(January 2000) capable of supporting them. You can, however, 
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discriminate against cloud and land pixels by building a mask based on 
a threshold value, assigning the value 1 to clear pixels and 0 to cloud or 
land contaminated pixels. As threshold value you should choose 4; 
remember that the ocean reflectance is nearly 0, so 4 represents a 
conservative value. To make this step you need to create a new 
Formula document and specify (based on Bilko documentation) the 
proper formula. You must also ensure that the area specified for your 
mask coincides with that of Im2mask.bin. 

 
Question 9: What formula should you apply in this step? 
 

You now have a mask and can compute sea surface temperature for 
the ocean pixels using a linear relationship between the bands listed in 
Table 3. To improve the precision of this analysis, you should use the 
split-window algorithm. To make this step you need the satellite zenith 
angle secant values.  

 
 
Activity 2.  Select File, Open and load the image Zenith.dat (remember the note 

about original images). In this image we have stored zenith angles in 
units of 1/100 degrees, so a value of 4567 is equivalent to an angle of 
45.67 degrees. 

 
Question 10: Look at the zenith angle values. Do you think is the nadir of the pass 

is on the left or the right of your image? 

Now load Im4.dat and Im5.dat. If you study these two images you will 
see that some areas have data values which are large (> 60000). These 
zones have negative brightness temperatures and, in this case, are 
associated with cloud formations. In these images, temperature values 
are scaled by 100, that is C = 100x( T/ºC ). 

 
Click on Image, Connect...  and select, using the Crtl Key, 
Im2mask.bin, Im4.dat, Im5.dat and Zenith.dat, assigning to them the 
numbers 1,2,3 and 4 respectively. Next, compute the secant values 
from the zenith angles, scaling them between 0 and 1000 in order to 
avoid excessive loss of significant digits. Then apply the split-window 
algorithm to compute the SST. Remember that original brightness 
temperatures have been multiplied by 100 in these images. You should 
be able to observe a long front along the continental slope. This front is 
usually visible throughout the year (pixel co-ordinates 
1,1 170,75 370,245). 

 
Question 11: What formula did you create for the split-window coefficients? 
 
Question 12: Explain why cold pixels are located near the borders of some clouds. 
 
Question 13:Compute the SST without the zenith angle correction. Subtract this 

new SST from the previous one. Describe what you see. 
 

 124



Lesson 4: Pelagic fisheries: Application of processing techniques to images 

Activity 3. In this exercise you compute chlorophyll concentration from water-
leaving radiances. You do this from a two-banded image using the 
relationship between band values described by Eqn. 18. Load images 
490.dat and 555.dat which represent water-leaving radiances, 
multiplied by 1000, for bands 3 and 5 respectively. To mask the clouds, 
load the 8-bit image maskclor.dat. Your next step is to create a 
connected set with these three images and paste a formula document 
that applies Equation18. Multiply the chlorophyll concentration 
(conventionally expressed in mg/m3) by 1000. The output image must 
coincide with chloro.bin. To display it choose a maximum value of 
about 3000 (3mg/m3) and equalize the image. Display the high 
concentration along the French coast by drawing a transect. 
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Answers to Questions 

 
1. 445.1  
 
2. Number of days from launch date: 1098. The result is then 3.57%.  
 
3. Sometimes clouds are not detected on the basis of their outgoing radiance 
alone. Sub-resolution clouds, i.e. clouds smaller than pixel size, can drop the pixel 
temperature by a few degrees. They can be detected by comparing surrounding 
pixel values and comparing them with that for the central pixel. 
 
4.  To the degree that you accept that a real hat has cylindrical symmetry, the 
shape of the function looks like a hat. 
 
5. We use Equation 15 with the proper coefficients: 
 

⎭
⎬
⎫

⎩
⎨
⎧ +
−

⎭
⎬
⎫

⎩
⎨
⎧ +
−−=∇

92.3
exp

92.3
140

2222
2 yxyxG   

 
For x = y = 0 (window center) we obtain –40. For x = 1, y = 0 the result is –23 and 
so on. Ideally, the sum of all terms on the filter result is 0. If so, the output for equal 
intensity areas is also 0. In practice, the sum of the coefficients in the present 
exercise is 2. The reason is that approximations are made when computing the 
coefficients (passing from floating point to integer values). 
 
6. Small fish arrive first because they feed directly on phytoplankton and 
zooplankton. Large fish arrive later to feed on the small fish. Anchovy are therefore 
present before tuna. 
 
7. In these areas, rich deep waters well upwards into the upper layer with a 
consequent increase in phytoplankton productivity. The effect is large enough to 
maintain many consumers at different trophic levels. 
 
8. The equation describes the percent albedo computed from a particular count C 
as a function of time. As time increases a lower C is required to specify a given 
albedo.  
 
9. @1/9*-1+1; We divide the calibrated image values by 9 (Values less than 5 are 
thus scaled to 0, while other values are scaled to 1), multiply by –1 and add 1. 
Consequently, albedo values less or equal to 4 are set to 1 and larger values to 0. 
 
10. Zenith values increase to the east of the image. The nadir line is therefore to 
the west, that is to the left, of the image. 
 
11. On the sst.frm document. 
 
We define pi as a constant value: CONST pi = 3.14152. 
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@5=1000*((1/cos((@4/100.0)*pi/180.0))-(1)) 
 
Compute secant (*1000). Remember that angles must be converted to radians. 
 
The split-window equation requires: 
 
@1*((1.017342*@2)+(2.139588*(@2-@3))+(0.779706*(@2-@3)*((@5)/1000))-
(54.3)) 
 
12. On pixel 425,182 the temperature is 15.27 ºC, far below that of other nearby 
pixels. Clearly, this is a cloud-contaminated pixel. You extracted cloud pixels using 
a threshold value that accepts this point. A texture test is required which takes into 
account the values of neighbouring pixels. 
 
13. Remove the angle term from the formula document shown in Question 11 to 
obtain sstnsec.bin.  Then, subtract the values in this image from those in sst.bin 
to obtain sstsub.bin. It is evident that the differences increase with zenith angle 
reaching a value of about 1 ºC . 
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5. Training Module on GIS Applications and the Spatial Allocation of 
Fishing Intensity from Coastal Ports. An Example of Application in 

the Digby Bay (Nova Scotia - Canada) 
 

F. Carocci and J.F. Caddy 
FAO, Rome, Italy 

Aim of the Lesson 
 

To develop a framework for aiding fishery managers and coastal area planners in 
analysing the likely interactions of ports, inshore fleets, and non-migratory inshore 
stocks. 

 

Objectives 
 

Inshore fishery: the main target of the present approach is the so-called artisanal 
fishery, composed by port-based fleets, mainly targeting demersal fishery, with a 
duration of one or more few days 

1. Fishing effort: the approach try to describe the depletion of fishing resources 
by modelling the distribution of the fishing effort (or fishing intensity on a given area 
or fishing grounds) based either on the ‘friction of distance’ approach or by means of 
the Gaussian Effort Allocation (‘GEAM’) approach. 

2. Spatial data integration: for further analysis, the model can be integrated 
within more complex scenarios with spatial dynamic data. 

Scenarios: the approach is also suggested as an aid to deciding on different 
scenarios for the location of marine parks or fishery closure areas as well as for 
installation of new ports on a given coastal area. 

Background Information 
 

The present module introduces the concept of 'friction of distance' which means " the 
impediment which occurs because places, objects or people are spatially separate: 
movement involves a cost..." (Lloyd and Dicken 1977, Isard and Liossatos 1979). For 
fishery resources it would mean 'an equal probability of exploitable resources 
occurring in all locations' or ‘at all distances from port’. As a result, resources further 
away are less liable to be exploited than those close to port. In particular, the use of 
the concept of friction of distance allows express the local fishing intensity as a 
reciprocal of a power of the distance from adjacent ports to each cell or "pixel" on the 
fishing grounds.  

This type of formulation represents, in other words, the probability that a given cell 
receives a share of the overall fishing effort exerted by the port-based fleet operating 
through trips of relatively constant (e.g. daily) duration to their local grounds.  
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The concept is that an inshore port has a combined fishing power that represents the 
sum of actions of vessels operating from it in a particular fishery, over an adjacent 
'field of action'.  

 

Standard GIS packages contain tools allowing to calculate distances between ports 
and alternative fishing grounds not as straight-line distances but with a realistic travel 
distance between the port and the centre of each ground pre-specified. This and 
other restrictions can be worked out in a highly flexible manner. The present 
application assumes that we have created a virtual image of the coastal waters, 
including location of ports, islands, shallow waters and limits of the continental shelf. 
Specific features can be added: bottom obstructions such as shallow unnavigable 
areas, untrawlable rocky bottom or coral reefs patches, closed areas or marine 
reserves, and other geographic characteristics. These can directly affect the route to 
the fishing ground, and hence influence the effective distance from port and the local 
fishing intensity. 

A standard raster GIS software (IDRISI for Windows 2.0) calculates the shortest 
distance (referred to in this software as the "growing distance") from each port of 
origin to each point on the grounds, without traversing areas which are considered 
obstacles to straight-line travel. In this manner one can take into account the barriers 
to movement mentioned earlier, or frictions affecting such movements (e.g. prevailing 
currents, winds, etc., although these aspects were not taken into account in the 
following examples). As stated in the IDRISI documentation "distances are measured 
according to the minimum number of cells that must be traversed to move from that 
cell to the nearest source target…" "… This concept of distance should be clearly 
distinguished from Euclidean, or ‘as the crow flies’, distance…" 

 

Model 
 

1.1 The Gaussian Effort Allocation (GEAM) model 
 

Given the convenience and low distance-related costs of fishing close to port, the 
"friction of distance" approach may represent fairly well the distribution of effort during 
the early stages of a local artisanal fishery. It may not however adequately represent 
events with time since it assumes that the grounds nearest the port will remain more 
attractive than those further away. In fact, experience shows that local resources 
become rapidly depleted and the peak of effort with distance is progressively 
transferred further away as the stock is harvested. 

An alternative empirical formulation is therefore proposed for modeling how fishing 
effort/mortality changes with distance, and more approximately, with time. 
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The empirical formulation proposed here is given by: 
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where: 

Ex  is the fishing effort exerted at distance x from port  

PR  is the relative port fishing power  

x  is distance from port 

v  is the velocity with which fish resources are exhausted 

S  is a dispersion parameter (distance scale) 

T  is the time since onset of the fishery 

T0 is the shift (delay) parameter representing the date of starting the 
fishery  

 

This approach uses a standard Gaussian distribution, but here x is distance from 
port. The standard parameters of the Gaussian distribution are given a quite different 
functional significance from the standard statistical usage, in representing 
deterministically the rate of change of fishing effort with distance from port over time. 
Following a literal interpretation, parameter v represents the long-term velocity of 
depletion of local stocks over time (T-T0) during the history of a fishery distance-
scaled by parameter S. 

 

Question 1:What is the relationship which exists between fishing intensity exerted on 
each cell of the fishing ground and fishing power, distance and days of 
activity of a port? 

 

The model is open to simplification however, or the parameters and combined 
variables, e.g. v*(T-T0), may be used to "tune" the model to best fit a static situation. 
This is the case for the example given later, and in most cases we expect the model 
to be fitted first to a static situation. In this case, the compound variable v*(T-T0) is an 
arbitrary value used in an optimization routine (such as the Excel software’s 
‘SOLVER’ routine). This can be used to "tune" the GIS model to the most likely 
trajectory of fishing effort that best fits the priors believed to currently apply. 

 

Input and Output data 
 

To apply either this, the model relies on the acquisition of some basic spatial and 
numerical data: 

1) location of ports, available or easily achievable in most of the commonly 
encountered situations. 
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2) a digitized coastline at the most appropriate scale, available at low cost or free of 
charge from different sources. 

3) some basic information on the composition of the fleet operating on the given 
area; these information are usually available from fishery. An estimate of the total 
standardized horsepower, capacity or Gross Registered Tonnage of a fleet of 
vessels fishing out of each port. 

4) a realistic bathymetry of the surrounding fishing grounds; these information can 
be easily accessible, in most of the case, only at low resolution levels but it may 
represent a good starting point. 

5) some data and its digital spatial representation either on the distribution of 
resources or the distribution of recent fishing effort for the resources in question; 
to obtain these information, normally not always available or not easily accessible, 
two options can be adopted: 

a) the distribution of effort can be determined either from a knowledge of fishing 
grounds or the behavior of a sample of representative fishermen 

b) if these data are not available, one can assume the "proportional effort 
allocation", (Caddy, 1975) where effort is assumed to be allocated locally by 
the fleet in proportional to the local biomass distribution. In this way survey 
biomass can be used to tune the model approximately, so that distance from 
the port to the projected peak in effort distribution coincides roughly with the 
distance to the peak biomass, or is adjusted to best coincide with the overall 
biomass distribution. In either case, the distance from port to the predicted 
distance of peak fishing intensity can then be calculated from the effort vector 
generated with distance. The simulated peak intensity should generally be 
displaced somewhat towards the port, as predicted by Beverton and Holt 
(1957). 

 

As main output, the approach may give: 

 

1) an image of the distribution of the fishing effort or fishing intensity on a given 
fishing ground which best fit the known distribution of fishing effort. 

2) one or more images which represents different scenarios when some of the 
parameters involved in the model are changed: as an example, changing the 
composition of the fleet, the location or numbers of ports and, the implementation 
of closed areas, like marine parks. 

Application 
 

We refer to the "proportional effort allocation" principle (Caddy, 1975) where effort is 
assumed to be allocated locally by the fleet in proportional to the local biomass 
distribution. In this way, survey biomasses can be used to approximately tune the 
model so that the distance from port to the projected peak effort distribution coincides 
roughly with the distance to peak of biomasses, or is adjusted to best coincide with 
the overall biomass distribution. We then apply the GEAM approach in the case of 
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the distribution of scallop biomass along the coast and in front of the Digby port. For 
more detailed information on the historical and literature on this fishing ground, the 
reader should refer to Caddy & Carocci, 1999. 

1.2 Importing the scanned map 
 

The procedure starts by a scanned image, named SCALLOP.TIF (Figure 1) of 
distribution of scallop biomass along the coast and in front of the Digby port with 
sampling location and observed biomass values in each location. 

The scanned picture has been imported 
in IDRISI using the TIFIDRIS command 
and named SCAL512.IMG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Scanned image of sampling location of scallop biomass 

 
Geo-referencing the image 
One general problem when importing is the definition of geographic parameters in 
order to georeference the image. In our case, we lack any latitude and longitude 
reference points but fortunately, the area covered is large enough and well 
recognizable on an atlas or base map so we can easily assess the extension along 
the x and y axis of the image and define the resolution of each pixel of the image by 
using the DOCUMENT module of IDRISI. In our specific case, we have established 
that the image span an horizontal (x-axis) dimension of about 66 km and a vertical (y-
axis) dimension of about 112 km, which results in a resolution of 0.184 km x 0184 km 
for each pixel of the image. 
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Question 1: Giving the x-axis and y-axis dimension and the calculated resolution, 
which is number of cells along each direction? 

1.3 Digitization of sampling location and scallop biomass values 
 

Once the georeferencing have been set up, we started digitizing the position of the 
reported 128 sampling locations and its relative biomass value. Scallop biomass has 
been classified in to 5 classes, represented by five different sized circles, and we 
have used the following procedure to store the location and the class of each 
sampling point.  

Using the on-screen digitizing feature in IDRISI for point values (Figure 2), we started 
digitizing the location of sampling with biomass equal 0 and storing the Feature ID's 
from 0 to 7 (with automatic step of 1). 

 

Figure 2: Idrisi on-screen digitizing dialog 

 

The subsequent class has been digitized storing the Feature ID's of each point from 
10 to 79 and so on according to the scheme below. 

 

Table 1: Scheme used to digitized scallop biomass classes 

Classes of biomass Feature ID's 

0 1-7 

0.5 - 24.5 lbs. 10 – 70 

25.0 - 49.5 lbs. 80 – 104 

50.0 - 99.5 lbs. 110 – 136 

>100 lbs. 140 - 151 
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Figure 3: Scallop biomass distribution image 

 

In this way, one can easily associate to each range of Feature ID's, its value of 
biomass. The resulting vector layer is named ABUNDANC.VEC (Figure 3) and then 
converted to ABUNDANC.IMG image using the POINTRAS module (Figure 4). 
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Figure 4: Idrisi dialog box for the PONTRAS module 

1.4 Creation of the growing distance image 
The next step is to create an IDRISI image of the growing distance from the Digby 
port from which the fleet operates. For doing this, and to apply the COST module in 
Idrisi, we have first to create the following images:  

an image, defined as friction surface and named BARRIER.IMG, where fishing 
ground are identified with value 1 and absolute barriers to movement of fleet (as 
coastline, etc.) are identified with value -1 (this image can be obtained by on-
screen digitizing the coastline and the outline border of the Idrisi image 
SCAL512.IMG) 

• 

• an image with the location of the DIGBY port, named DIGBY.IMG 

Question 2: Which kind of other barriers to movement of fleet can be inserted for the 
calculation of the growing distance? 
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Figure 5: Idrisi dialog box for the creation of the growing distance image 

 

The resulting image, after applying the COST module of Idrisi (Figure 5), is named 
DISTDIG.IMG (Figure 6). 
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Figure 6: Image of the growing distance from Digby port 

1.5 Extract of summary statistics from the image of distances from Digby 
port 

We can now extract and copy to a table the value, in pixel units, of distance of each 
sampling location form the Digby port using the EXTRACT module of Idrisi. 
 

  
Figure 7: Idrisi dialog box for the EXTRACT module 
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The feature definition image is ABUNDANC.IMG and the image to be processed is 
DISTDIG.IMG (Figure 6). The result is summarized in tabular format and copied to an 
Excel spreadsheet to plot the biomass against distances from the Digby port.  

1.6 Analyzing data in Excel 
The first operation to complete in Excel is to convert the unit of distance obtained by 
the EXTRACT module to real distance. This is easily achieved once applying the 
image resolution calculated before to the values of the growing distance. Once the 
real distances, in km, are obtained we can now assign, to each classes of biomass, 
an average value, calculated by taking the mean value of each classes (remember 
that scallop biomass are represented by 5 classes, as in Table1). In Excel we then 
applied the FREQUENCY formula to plot each classes of biomass against predefined 
classes of distances form the Digby port. This allows calculating, by simple 
aggregation, the total amount of biomass founded in each interval of classes of 
distance. Table 2 summarizes the result obtained. 

Table 2: Scallop biomass for each classes of distance from Digby port 

 
Distances (km) Mean total biomass 

(lbs.) 

3 0 

6 0 

9 0 

12 24 

15 49 

18 135 

21 209 

24 284 

27 134 

30 384 

33 508 

36 846 

39 837 

42 835 

45 523 

48 335 

51 60 

54 187 

57 60 

60 36 

63 24 
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1.7 Application of the GEAM approach 
 

The next step is to apply the GEAM model in order to found the best fitting of 
calculated fishing effort with observed data. Once the GEAM formula has been 
inserted in Excel, data from observed biomass against calculated fishing effort with 
distance, once standardized, are plotted seeking for the minimal of the square of the 
sum of differences between the two data set, using the SOLVER routine in Excel. 
This routine allows searching for the best fitting. With Solver, you can find an optimal 
value for a formula in one cell- called the target cell- on a worksheet. Solver works 
with a group of cells that are related, either directly or indirectly, to the formula in the 
target cell. Solver adjusts the values in the changing cells you specify- called the 
adjustable cells- to produce the result you specify from the target cell formula. You 
can apply constraints to restrict the values Solver can use in the model, and the 
constraints can refer to other cells that affect the target cell formula.  

Question 3: What the standardized calculated and observed values represent? 

 

Let's see an example: 

 

 
 

Figure 8: Excel dialog box for entering SOLVER routine parameters 
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Target cell for 
SOLVER

S 15 km Square of the sum of differences: 3.66E-29
T0 2 years

v 2 km/year
T 21 years

Classes of distances (km) Average observed scallop 
biomass (lbs.)

Standardized values of observed 
scallop biomass

Computed values of fishing effort Standardized values of 
computed fishing effort

Differences of 
observed vs 

calculated 
standardized values

3 0 -0.90 0.004 -1.16 -0.26
6 0 -0.90 0.011 -1.14 -0.24
9 0 -0.90 0.024 -1.10 -0.21

12 24 -0.81 0.050 -1.03 -0.22
15 49 -0.73 0.095 -0.90 -0.18
18 135 -0.43 0.169 -0.70 -0.27
21 209 -0.18 0.277 -0.40 -0.22
24 284 0.08 0.418 0.00 -0.08
27 134 -0.44 0.584 0.46 0.89
30 384 0.43 0.752 0.93 0.50
33 508 0.85 0.895 1.33 0.47
36 846 2.02 0.982 1.57 -0.45
39 837 1.98 0.996 1.61 -0.38
42 835 1.98 0.931 1.43 -0.55
45 523 0.90 0.804 1.07 0.17
48 335 0.26 0.641 0.62 0.36
51 60 -0.69 0.472 0.15 0.84
54 187 -0.25 0.321 -0.28 -0.02
57 60 -0.69 0.201 -0.61 0.08
60 36 -0.77 0.116 -0.84 -0.07
63 24 -0.81 0.062 -1.00 -0.18

Sum of differences: 6.05E-15

Cahnging parameters for computed fishing effort in the GEAM approach

 

Figure 9: Excel worksheet with parameters and values used to predict the fishing effort from scallop biomass in the Digby Bay
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Once the computed values have been obtained, the resulting plot can be drawn as 
shown in Figure 10. 

0.0

0.4

0.8

1.2

3 9 15 21 27 33 39 45 51 57 63

distance from Digby (km)

 
 

Figure 10:  Plotted data of mean scallop biomass (solid line) and the calculated 
trajectory fishing effort (dotted line) with distance from Digby port, resulting from the 
application of the GEAM approach 

The best fit to the 1960s data, minimizing the square of differences between biomass 
and predicted fishing effort at a given distance, was obtained with the GEAM method, 
resulting the following parameters: v = velocity at which shellfish resources were 
exhausted with distance from port = 2 km/year; s = dispersion parameter (distance 
scale) = 15 km; T = time = 21 yrs; T0 = shift (delay) parameter = 2 yrs. 
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With the above parameters we can now prepare an Idrisi image showing the 
predicted distribution of fishing effort in the Digby Bay. For this purpose a simple 
Macro script has been prepared in order to apply simple transformations and 
calculation on the Idrisi image of growing distances from Digby port (DISTDIG.IMG). 

 

The

 

Qu
the
rem Prepare an image to reclassify all
rem land cells 
reclass x i distdig mask 2 0 -1 0 -9999  
 
rem Convert the distdig.img to real distance 
rem values by applying the image resolution 
scalar x distdig tmp0 3 0.184 
 
rem Substracting from the actual distances the 
rem term v(T - T0) of the GEAM equation 
scalar x tmp0 tmp1 2 38 
 
rem Calculate the ratio with the S paremeters 
scalar x tmp1 tmp2 4 15 
 
rem Calculate the exponent 2 
scalar x tmp2 tmp3 5 2 
 
rem Calculate the negative values 
scalar x tmp3 tmp4 3 -1 
 
rem Calculate the natural logarithmic 
transfor x tmp4 tmp5 3 
 
rem Transform all land cells with the 
rem mask image 
overlay x 3 tmp5 mask geam 
 
rem Delete all temporary image files 
delete x tmp*.* 
delete x mask*.*
Box 1: One comment on this result is to note that early in the 1920’s, the scallop fishery was
exclusively inside the Digby Basin, adjacent to port (Dickie, 1955). Subsequent exploration
outside the Digby Gut (the narrow passage linking the Basin to the Bay of Fundy proper), are
reported to have discovered grounds outside the Gut in 1925.  

By 1935, the grounds within 12 miles offshore in the Bay of Fundy proper were being exploited,
and then further offshore with time. Following Dickie (1955) we may consider the starting date
of the Digby Basin fishery as around 1920, and the discovery and exploitation of the outside
grounds as 1925 -1930; say 1927. If we count the time from the start of the fishery until the
1967-8 surveys as between 40 and 50 yrs., the estimate of 21 years for T predicted by the model,
is a serious underestimate, and a literal interpretation of the value of T would evidently be in
error. In fact, the possibility of fitting the model properly in its dynamic form would depend on
having effort distributions for a series of years, which is not the case for this or most other likely
historical examples. As in the example described here, fitting this model in 'static' mode, using
the parameters simply for tuning, without seeking a literal dynamic interpretation, seems more
appropriate in most eventualities. 
 resulting Idrisi image (GEAM.IMG) is finally showed Figure 11. 

estion 4: Can you briefly explain the resulting image in terms of fishing effort fitting 
 distribution of biomass of scallop? 
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Figure 11: Idrisi image of predicted fishing effort in the Digby Bay (for symbols used , 
refer to Figure 3). Darker areas represent areas where fishing effort is higher. 
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Answers to Questions 
 

1. The relationship to express the 'friction of distance "concept can be represented 
by: 

( )xDDaysPfFI n
x 1,,=  (1) 

where: 

FIx is the fishing intensity per unit of surface at a given location x km from 
port 

P is the product of the number of vessels and their fishing power (HP or 
GRT) 

Dxn is the distance x from port to fishing grounds (the exponent n 
determines the "weight" we want to assign to the distance from port, 
and has been referred to as the "Friction of Distance" (Isard and 
Liossatos 1979) 

 

2. The number of cells is easily obtained by dividing the x-axis and y-axis direction by 
the resolution. In our case, we have an image of 512 rows by 360 columns. 

 

3. Possible barriers could be represented by the limit of protected areas, by 
limitations to fishing activities linked to jurisdictional boundaries, not-trawlable bottom 
type (rocky areas), bathymetric limits of gears, etc. 

Each of these limits can be easily incorporated into the image as single or combined 
layers of barriers to movement. 

 

4. Because the standardization has been obtained by dividing each calculated or 
observed value by the total sum of the values, it may represent the probability for 
each cell to receive percentage of the overall fishing effort from the fleet operating 
from the Digby port. 

 

5. The image represents the best fitting of the GEAM module with the distribution of 
scallop biomass. It may also represents the possible location of the peak of fishing 
effort as maximum probability of having a certain effort over a certain fishing ground. 
In other situations or locations of coastal ports. this type of representation can be 
used to predict and/or to represent the possible effects of changes of fishing fleet 
power, or the effect of closure areas to fishing activities. 
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6. Identification of Potential Fishing Zones in Indian Waters Using 
Satellite Derived Sea Surface Temperature 

 
 

S. K. Dash, S. B. Choudhury, K. H. Rao and M. V. Rao 
 
Oceanography Group, NRSA, Dept. of Space, India 
 
 

Aim of the Lesson 
 
Our aim in writing this lesson is to show how to locate and identify potential fishing 
zones for Indian waters using SST data derived from NOAA-AVHRR satellites. We 
consider that data on sea surface temperatures and thermal gradients induced by the 
process of upwelling greatly influence the distribution of fish. Consequently, analysis 
of data on these and other environmental parameters related to fishing should allow 
us to make useful predictions of how potential fishing zones move in space and time. 
 
 

Objectives 
 
After completing this lesson, you should be able to: 
 

1. Relate data on SST and thermal gradients to the areas where fish are likely 
to congregate; 

2. Retrieve SST data from the NOAA-AVHRR thermal channels; 
3. Understand the methodology used to identify potential fishing zones; 

Validate results through feedback information on fish catches in potential 
fishing zones. 

 
 

Introduction 
 
Marine fisheries have traditionally been a source of food for mankind and a livelihood 
for millions of coastal fishermen. The work is basically akin to hunting using gadgets 
and a developed methodology to reduce the element of chance. That is why it is 
necessary to use advanced technologies such as satellite data utilisation to reduce 
the random element in fishery resources exploitation. Satellite data provides many 
kinds of information in synoptic views, but it does not, as yet, provide a direct and 
current count of fish. Within this framework we discuss a methodology, optimised for 
Indian waters, for the identification of areas we designate Potential Fishing Zones 
(PFZ). This methodology operates in real time and is based on satellite-derived Sea 
Surface Temperature (SST) data. 
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Background Information 

 
The image processing software Bilko incorporates on-line help, so it is easy to obtain 
explanations about the tools that make up the program. Basically, maps are 
converted to bitmap (.bmp) format. 
 
Other Requirements 
 
Image Data 
 
In this lesson, NOAA/AVHRR images from archived satellite data covering the East 
Coast of India are matched against catch data obtained from several sources for PFZ 
validation. Note that the thermal channels (band 4 and band 5) of the AVHRR sensor 
are used for retrieval of SSTs and the visible channel (band 2) are used for land and 
water discrimination. 
 
Image Description 
 
Orb2.bmp  : Band-2 image (Visible range) 
Ordn4.bmp  : Band-4 image (Thermal Infrared region) 
Ordn5.bmp  : Band-5 image (Thermal Infrared region) 
Orsst.bmp  : Sea surface temperature image derived from 4 and 5 
Orsst2.bmp  : 3X3 median filter applied to SST image 
Colorsst.bmp  : Example showing the coloured image of an upwelling area. 
PFZ.xls  : Worksheet for demonstration and tutorial 
Palet4.pal  : Colour palette 
 
Study Area 
 
As study area we have chosen a 
location on the eastern coast of 
India (Orissa) which lies 
between 70N and 230N. 
Corresponding fish catch data 
from this area are also 
presented for validation of the 
PFZ. 
                               
SST Component 
 
The temperature data used is 
derived from satellite 
observations in the thermal 
infrared (TIR) region of the electromagnetic spectrum, using the fundamental 
radiation balance equations. The TIR channels, 4 and 5, of NOAA-AVHRR in the 
region of 10.3 µm to 12.5 µm are highly sensitive to temperature variations over the 
earth’s surface.  
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Channel 3 of NOAA-AVHRR (3.55 - 3.93 µm) is sensitive to both surface temperature 
and reflected solar radiation. The additional information so available from channel 3 
is used for night time observation of surface temperature. NOAA-AVHRR data in 
channel 4 and 5 are widely used for SST retrieval. 
 
The basic radiation balance equation used for SST retrieval from thermal infrared 
data is: 
 
MCSST = 1.02455 TB4 + 2.45 (TB4 - TB5) + 0.64 (TB4 - TB5) * Sec (θ-1) – 280.67 
 
Where MCSST is the multi-channel sea surface temperature, TB is the brightness 
temperature for the respective infrared channels and θ is the zenith angle. While the 
above equation is universal in nature, it is necessary to “tune” it for regional 
conditions. To derive SST’s, this tuning is carried out for Indian region after taking 
into account the climatic mean values of SST’s for different seasons. The digital data 
collected from NOAA satellites are processed for sea surface temperature generation 
using a locale-specific, fine tuned equation. The flow chart in Figure 1 represents the 
various steps followed to arrive at SST’s, that are depicted in the form of density-
sliced and colour-coded images indicating temperature zones. 
 
One of the problems faced in the generation of daily SST charts is cloud cover, for 
the derived SST value is corrupted by data from pixels representing data from clouds 
rather than from the ocean surface. To overcome this problem, a weekly composition 
of NOAA data is carried out and a pixel wise average of cloud free observations 
during the week is used to compute the SST’s. The input for the composition is multi-
date data that is geometrically corrected to ensure proper registration. Pixels subject 
to cloud contamination are eliminated by application of the following five level 
scheme: 
 
 

1. Gross cloud check, operating on T5 to eliminate those pixels with value less 
than pre-defined threshold, 

2. Spatial coherence test based on the standard deviation of T4 , 
3. Dynamic threshold test based on channel 2 data, 
4. Channel Ratio of channel 1 to channel 2 outputs relative to given threshold for 

cloud, 
5. Thin cirrus cloud test based on the difference between T4 and T5. 

 
You can display Orb2.bmp, Ordn4.bmp, and Ordn5.bmp separately in Bilko to see 
the atmospheric corrected images of NOAA-AVHRR data, used as the basis for 
identification of PFZ’s. The idea of providing these images is to show how they look 
in different channels. The average values of brightness temperature for the cloud free 
pixels over one week are used for computation of the weekly SST’s. For accurate 
SST retrieval, a correction is applied to take account of the absorption of radiation by 
moisture in the atmosphere using information on moisture profiles obtained from the 
TOVS (TIROS Operational Vertical Sounder) data of NOAA.  The SST values are 
averaged for grids of standard sizes and SST charts are prepared for dissemination 
among users. 
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Figure 1: Schematic Diagram of SST 
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interception of short wavelength radiation. The criteria for selecting the features from 
imaging are as follows. 
 
A. Thermal Fronts  

 
Thermal fronts are sharp boundaries between two water masses separated by a 
temperature difference. They are known to be potential areas for accumulation of 
phytoplankton because of its richness in nutrient concentration. Thermal fronts with 
temperature discontinuity of 1ºK.km-1 are marked as potential fishing areas. 
  
B. Meandering Pattern 
 
Patches of cold/warm waters are also potential sites for fish accumulation. Meanders 
may detach from the main stream and are considered to be the best potential 
grounds for fishing because they cover a large productive area. 
 
C. Eddies 
 
Other features which are considered, as potential fishing grounds are persistent 
warm/cold eddies. Eddies are those currents of water, often moving in circles, seen 
along the side of a main current. Eddies transport phytoplankton and zooplankton to 
places where they would not normally occur. 
 
D. Upwelling Zone 
 
It is well known that in Indian waters, upwelling occurs from April to July along 
Southwest coast, from October to November off Bombay, from March to May off 
Visakhapatmam and, during monsoon season, along the East coast. From the image 
it can be seen that under the influence of a strong western boundary current (WBC) 
system the upwelled water is displaced eastwards. In addition, the surface 
temperatures are of similar magnitude to those observed in field observations. 
 
 
 
 
Generation of Fishery Prospectus Chart 
 
After identifying suitable features, a window (1 degree X 1 degree) covering the 
features is transferred to Naval Hydrographic Charts (NHO) prepared at 1:1.5 million 
scale with the help of a zoom transferoscope, an instrument that maintains a faithful 
registration of image print out and the grid maps. The window suggested for fishing 
operation is then marked on the map so that coordinates (lat/long) can be read out. 
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As the compass is the only navigational aid available to most fishermen, the map 
also shows the bearing and range (nearest and farthest distance) of the window 
centre with reference to the nearest coastal station. When making a forecast, a text 
message is distributed among fishermen at the nearest fishing port listing: distance 
from the port to the nearest point of fish availability, direction, bearing, depth and 
period of validity. 
 
 
How to read a PFZ map 
 
A PFZ map is self-explanatory. In order to provide detailed information, the whole 
Indian coast is divided into 11 sectors. We have selected just one sector (Orissa) for 
this lesson. PFZ maps list details of the period of SST composite used for map 
generation; validity date; bathymetry; latitude and longitude, and grid. This kind of 
maps also shows important fish landing stations and state lighthouses. Dotted lines 
mark the bathymetric contours at depths of 5, 10, 20, 30, 50, 100 meters. Thick lines, 
based on thermal boundaries, indicate the potential fishing zones. For ease in the 
transfer of the information from shore to vessel, each latitude and longitude square is 
divided into grids (1degree x 1degree), which are further divided into sub-areas. The 
PFZ line, which passes through these sub-areas gives information on the likely 
location of fish, stocks. 
 
What is the biological basis of fish aggregation in the thermal boundary 
between adjacent water masses of different temperature? 
 
Fish are considered to be cold-blooded animals: in biological terms they are 
“poikilotherms”, which means that their internal body temperature and outer body 
temperature are equal. Any change in the outside temperature, therefore affects the 
internal body temperature of fish so they tend to migrate to places where they find 
the temperature suitable, and there they congregate. Some localised temperature 
differences are caused by upwelling waters, which in turn bring nutrients to the area. 
The availability of food in thermal gradient areas also tends to make fish migrate and 
aggregate. 
 
Validation of PFZ’s 
 
The program described here was followed by a dedicated validation exercise. 
Depending upon the agency involved, the Feedback data received from State 
Government fishery officials were in the form of depth and direction, those from 
central fishery institutes, were in terms of location, that is, in terms of latitude and 
longitude. 
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The middle bar of the figure represents the centre of the PFZ where the reported fish 
catch is high. To either side of the central line the fish catch decreases.  
 

Lesson Outline 
 
 
Loading Data 
 
Launch Bilko in order to open the raw geometrically rectified NOAA-AVHRR images 
generated for the Orissa sector. Select the File, Open dialogue box and deselect 
Extract if it is checked on. Then select Orb2.bmp with the mouse pointer, and with 
the <CTRL> key held down, select Ordn4.bmp and Ordn5.bmp: then click OK. This 
should open all three NOAA-AVHRR raw data files at once.  
 
All the images are 512 lines by 512 pixels and were processed by the Oceanography 
Group at the NRSA. All output files were converted from 10 bit to 8 bit data. 
 
 
Activity 1. 
 
Open the image file Orsst.bmp and click on it to make it the active window. Click on 
Edit and then Select All, or use the short-cut keys <SHIFT> + <SPACEBAR> (or 
<CTRL> + A) to select the whole image. Then click on File, New to bring up the 
dialogue box to the right. Highlight the Histogram Document option or simply scroll 
until the Histogram Document option is highlighted, then click OK or press <Enter> 
to generate the histogram. 
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When you click on the Histogram, a 
vertical line will appear. You can use 
the mouse or the left and right arrow 
keys (→ ←) to move this line through 
the histogram. To move one 
brightness value at a time, hold down 
the <CTRL> key and press the 
appropriate arrow key. Make sure the 
status bar is in view. In the bottom 
right hand corner you will see four 
panels which record: first, the fraction 
of pixels in the image, expressed as a 
percentage, having the brightness 

value (DN) highlighted; second, the first and last values of the range of DN values 
highlighted (if only one DN value is highlighted, these will be the same); and finally 
the absolute number of pixels in the image with values in the highlighted range. 
 
In the figure above pixels representing sea areas having brightness values ranging 
from 64 to 219. We have shown them highlighted, so the status bar shows that there 
are 218,913 pixels in the image with values in the range (64 – 219) accounting for 
83.51% of the whole Orsst.bmp image. Move the cursor-line across the histogram 
and the display will change accordingly. To select a range of DN values, hold the left 
mouse button depressed and drag the mouse to left or right. Close the Histogram 
window. 
 
Question 1: If the images cover an area of 563 km x 563 km, what is the area 

covered by the sea? 
 
Activity 2. 
 

Click on Orsst.bmp to put 
it in the active window. 
Click on Edit, GoTo for 
Box Selection. Select the 
starting coordinates X: 250 
and Y: 250 and the 
increments DX: 10 and 
DY: 10. Press OK to 
continue. Copy the above 
region (Edit followed by 
Copy or <CTRL>+C). 
Minimise the window. 
Open the Excel document 
PFZ1.xls to print the 
temperature ranges for the 
selected block of 10 pixels 
x 10 pixels. Press the 

Paste icon or Edit followed by Paste. The data series will  
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appear in the worksheet. Transform all individual values to absolute temperature 
using the equation shown in the worksheet. 
 
Example: If the value is 159, divide this value by 10 and add 10 so that the 
temperature becomes 25.9°C 
 
Question 2: What is the temperature range of a selected region? 
 
How to identify a PFZ area 
 
Activity 3. 
 
Open the image file Orsst.bmp and click to make it the active window. Select an 
area using Edit and Go to for Box Selection. Select the starting coordinates X: 260 
and Y: 180, and the increments DX: 140 and DY: 140. Press OK to continue. Copy 
the above region (Edit followed by Copy or <CTRL> + C). 

 
Go to File, New to create a 
new Image document. The 
selected regions will appear 
in a new Image window 
named Image1. Two 
thermal fronts will appear in 
the image. Click at different 
points in and to each side of 
the dark band and note the 
pixel values. The zone of 
interest is the dark band: we 
identify it as a potential 
fishing zone (PFZ). 
Histogram Equalisation 
should help to identify the 
feature more prominently 

(Click Image1, use Edit, Select All to select the whole window, then Stretch -> 
Equalize). 
 
Question 3: Create two thermal features nearest to PURI and PARADIP.  
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Identify the PFZ based on differences between thermal fronts 
 
Activity 4. 
 
To create a new colour palette open Orsst2.bmp image and make sure that it is the 
active window.  Go to File, New, Palette document to create a new palette. 
Simultaneously Edit, Select All the Orsst2.bmp image and then File, New, 
Histogram Document to see the histogram of the image. The values are having 
range from 90 to 170. Now click the palette window (palette1) and highlight the 
values from 90 to 170. Change two or more colour you want to put in the image and 
click Update. Copy the colour palette and paste in the Orsst2.bmp. So that a new 
coloured image will be appeared. 
 
Question 4: Create a Pseudo coloured image showing value ranges from 82-255. 
 
Activity 5. 
 
Click on Orsst.bmp to make it the active window. Go to Edit, Select All for selecting 
the whole image. Open Palet4.pal for applying the colour palette to the image. Select 
an area using Edit, Go To and Box Selection. Select the start coordinates X: 160 
and Y: 170, DX: 250 and DY: 150. Press OK to continue. You have now selected 
your image: go to File, New to create a new image document. The selected region 
will appear as Image 2.   
 
To smooth the data, apply a 3 X 3 median filter to the image. Go to Edit, Select All 
to select the complete image. Go to Image, Filter, Median: choose 3 X 3 and press 
OK to continue. You should now have a smooth image. Save the images with a new 
name for visual interpretation. 
 
Visual Interpretation: 
 
Three major colours appear in the image. Based on the colour bar we classify into 
three temperature zones as follows: 
                                                                                     
Blue 19ºC – 20ºC Low 
Green 23ºC – 26ºC Moderate 
Red 27ºC – 30ºC High 
 

 
         Example: Colorsst.bmp 
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There are three lines showing the thermal fronts. The black region shows the land 
portion. When drawing PFZ line, first you have to consider the point or line nearest to 
the coast.  
 
Now create a transect. Click on 
Orsst.bmp to make it the active 
window and apply Palette4.pal. 
Select a line using Edit, Go To and 
Line Selection. Select the start 
coordinates X: 319 and Y: 234, DX: -
12 and DY: 58. Press OK to 
continue. Click the line icon in the 
Tool Bar. Draw a line in the image 
so that it covers two or more colours.  
 
There are 57 pixels present in the transect shown above. Go to Options, Scale and 
change y-axis scale to 100 as minimum and 180 as maximum. 
 
Question 5: Do you can point out where is a difference of 10 units. Then calculate the 
pixel numbers and respective temperature differences in ºC.  
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Answers to Questions 

 
 

1. The size of the image is 563 Km X 563 km 
     The area of the image is = 563 X 563 
     = 316969 km2 
     The coverage of sea is  = (83.51 x 316969 km)/100 
     = 264700.8 km2 
 
 

2. Now the ranges of temperatures can be calculated and shown from 10.7 to 
27.6ºC.  Due to some cloud pixels the temperature showing the very minimum 
value or otherwise maximum values lie in between 15-27ºC (Please see 
PFZ1.xls file in Demo Worksheet). 

  
  

3. For PURI choose Box (X=80, Y=210, DX=110, DY=80) 
For PARADIP choose Box (X=120, Y=190, DX=130, DY=100) 
 

                      
 

4. Open Orsst2.bmp image. Create a palette and select the following colour as 
per the Digital number values. 
 
  82 –   95: Violet   96 – 109: Indigo  
110 – 123: Blue 124 – 137: Green  
138 – 151: Yellow 152 – 165: Orange 
166 – 255: Red  
 
 
 
 

5. There is deep slope between pixels no.15-18, 22-25, 29-30, 32-34, 35-37, 37-
38, 38-41, 41-42, 43-46, 47-49. These pixels are having a difference of more 
than 10 units which is equivalent to 1ºC. If more that 1ºC difference is 
available fish generally migrate within these areas or pixels, which are suitable 
for fishing or known as PFZ. The following table shows the temperatures and 
pixels from the origin of transect. 
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Pixels Temperature 

Difference 
Pixels Temperature 

Difference 
Pixels Temperature 

Difference 
15-18 1.9 22-25 2.7 29-30 1.7 
32-34 1.9 35-37 1.9 37-38 1.8 
38-41 1.9 41-42 1.6 43-46 2.2 
47-49 1.5     
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7. Understanding Spatial Pattern of Shrimp Ponds Using  

Visual Interpretation of Satellite Imagery 
 
 
Phutchapol Suvanachai 
 
Fisheries Resource Information Division, Department of Fisheries, Bangkok 
10900, Thailand 
 
 

Aim of Lesson 
 
To learn how to interpret the satellite imagery showing the spatial pattern of shrimp 
ponds and apply the imagery in coastal land use planning and management in 
Thailand 
 

Objectives 
 

1. To be capable of preparing the colour composites images 
2. To use field data to help in relating the pattern on the imagery to the ground 
3. To understand how satellite imagery can assist in coastal land use planning 

and management in Thailand 
 

Introduction 
 
In this lesson, the visual interpretation that is probably regarded as the first means to 
obtain the details on the Earth’s surface is introduced by preparing the colour 
composite image as we would perceive from the real world. For instance, the 
individual spectral band of Landsat TM including band1, band2 and band3 are placed 
on the colour guns of the computer monitor including red, green, and blue 
respectively. This can enable us to see the imagery as we see on the typical 
photograph. Such composite image is called natural colour composite. Other bands 
combination is called false colour composite. The visual interpretation is defined as 
follows: the identification of features which are based on their characteristics such as 
shape, size, colour, texture, tone, and context within the imagery. Therefore, visual 
interpretation can assist us to gain the understanding of the features in which we are 
interested. 
 
The lesson is briefly outlined as follows: firstly, the student is introduced how to make 
the colour composite images including both natural colour composite and false colour 
composite from the spectral bands of Landsat TM as described in the Appendix 1. 
Then, images are used to relate the spatial pattern to the shrimp ponds and assess 
which types of colour composite can be appropriate in revealing details of shrimp 
ponds. Finally, the lesson ends with the discussion of how visual interpretation of 
satellite imagery can help in coastal land use planning and management. 
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Background Information 
 
 
The Bilko image processing software 
 
To carry out this lesson, the student must be capable of using Bilko in locating 
coordinates on images, interpreting images visually and relating shrimp ponds on 
images to the photographs taken during ground truth as provided in this lesson. 
 
Image data 
 
The Landsat TM was acquired on the 14th January 1998 covering the Thamai District, 
Chanthaburi Province, Thailand as illustrated in Figure 1. Landsat TM data used in 
this lesson has four spectral bands that are represented by the files P_BAND1.BMP 
(blue), P_BAND2.BMP (green), P_BAND3.BMP (red) and P_BAND4.BMP (near 
infrared). Each pixel on this image covers 30m X 30m on the Earth’s surface. 
 
The significance of shrimp farm industry in Thailand 
 
In Thailand, most shrimp being cultured in the coastal area is king tiger prawn 
(Peneaus monodon). It has economic significance for Thailand as export products to 
United State of America, European Union and Japan. In the past five years, its 
average export value is about US$1000,000,000 a year. In addition, the shrimp 
product is for domestic consumption.  

  

Figure 1: The study area 
at Thamai district, 
Chanthaburi, Thailand 
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Crop cycle of shrimp farming in Thailand 
 
Pond is firstly prepared by leaving it expose to the sun until the pond bottom is dry, 
then pumping the water into the pond. Subsequently, a little amount of organic 
fertilizer is added in the water for making the pond productive as plankton growth. 
When the water turns light green, shrimp larvae are released in to the pond. It takes 
about 4 months for raising shrimp to be ready for the market. Then, the water is 
drained and the pond is left expose until the next crop cycle begins. 
 
 

Lesson Outline 
 
 
Preparation of a natural colour composite from Landsat TM data 
 
Activity 1.  Launch Bilko and open the three spectral band of Landsat TM image. In 

the File, Open dialog box deselect Extract (if it is checked on). Then, 
select P_BAND3.BMP with the mouse pointer and with the <Ctrl> key 
held down select P_BAND2.BMP and P_BAND1.BMP also, then click on 
OK. This should open all three Landsat TM files at once. 

 
Question 1: What is the size of the Landsat TM covering the study area as provided 

in this lesson? 
 
Connect all three images using the Image, Connect function (highlight each with the 
cursor while depressing the <Ctrl> key). Set the connect toolbar so that the third 
connected image P_BAND3.BMP (red band) is 3, P_BAND2.BMP (green band) is 2 
and P_BAND1.BMP (blue band) is 1. Then select the Image, Composite function to 
make a colour composite that now is a natural colour composite. (Please bare in 
mind that the first image clicked is displayed on the red gun, the second with the 
green gun, and the third with the blue gun-hence, RGB). Now select whole of the 
colour composite you have made using Edit, Select All or <Ctrl>+A and experiment 
with different stretches (AutoLinear, Equalize and Gaussian) to display the colour 
composite as it yields the best contrast of the image as your point of view. [We have 
found the automatic linear stretch to be the best]. Keep the colour composite image 
in the viewer but select and close all other images individually. Do not save any 
changes to image files. 
 
Question 2: What principal colour is the land in the colour composite? Why is this? 
 
Question 3: Between position 326,210 and position 342,214 what is the shape that 

these coordinate fall into, and how is the size of ponds? 
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Preparation of a false colour composite from Landsat TM data 
 
In the previous section, the natural colour composite has been made. However, the 
same pattern can be revealed with different colours that may provide a better 
contrast. This in turn can help the image analyst in a more effective visual 
interpretation. It is worth trying as follows: P_BAND4.BMP on the red gun,  
P_BAND3.BMP on the green gun, and  P_BAND2.BMP on the blue gun. 
 
 
Visual interpretation of Landsat TM imagery of shrimp ponds  
 
Activity 2. Use the Edit, GoTo command to pace the cursor to x,y coordinates 

233,164 on the false colour image as you have made in the previous 
section. If you cannot see the winking cursor, scroll down the image. 
Position the mouse pointer over the cross and double click. The image will 
zoom in. Double click again where appropriates. (note: you can zoom out 
by depressing <Ctrl> whilst double-clicking). You should note a bright blue 
area that corresponds to water in shrimp ponds. To see how it looks like 
on the ground, please use File, Open and select POND1.GIF. The water 
at this pond is productive; it means the pond has live prawns in it.  

 
Click on the false colour composite image and use the Edit, GoTo 
command to place the cursor at each of the position in Table 1. At each 
position, open the corresponding photograph that was taken during field 
survey  (Hint: it is better to close each photograph before moving on to the 
next). 

 
Table 1: Visual interpretation of Landsat TM data to investigate spatial pattern of 
shrimp ponds. 
 
Coordinates 
     X,Y  

Photograph 
 file name 

Notes 

229 167 POND1.BMP Culturing ponds :  Pond with water and shrimp are 
raised in this pond 

376 329 POND2.BMP Pond dike : Dike are made of clay and usually close 
to water canal which for take in and out the water in 
the farm 

349 208 POND3.BMP Dried pond : After prawn is harvested, the pond is left 
for bottom to be dried. The bottom is usually covered 
with light calcium carbonate. 

334 212 POND4.BMP Water storage pond : In some farms, there is a water 
storage pond for preparing the water to be suitable for 
culturing. 

143 260 VEGE.BMP Nearby vegetation : Vegetation is mainly mangroves 
where they inhabit along the coastline. 
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Application of satellite imagery in coastal land use in Thailand 
 
As the experience is gained from this lesson, the reader is able to see how the 
satellite imagery is capable of mapping and monitoring the coastal shrimp farming 
areas. In fact, other coastal land uses such as rice fields, mixed orchard, and urban 
can also be mapped using satellite data. In Thailand, the Department of Fisheries, 
Ministry of Agriculture and cooperatives, have used the satellite data for two 
purposes that are mapping and monitoring.  
 
Mapping coastal shrimp farm can enable the resource manager to know its extent 
and distribution effectively due to the advantage of satellite data. It means the 
satellite data with various spatial resolutions can provide the various level of 
information of shrimp farm. For example, the high-resolution imagery from 1m X 1m 
to 5m X 5m can provide the information on the number of ponds accurately. Its 
implication is that the Department of Fisheries can carry out the farm registration for a 
more effective management.  
 
Furthermore, spectral bands of future satellite may assist in assessing the production 
level of the farm areas using indirect assessment from water quality parameter such 
as chlorophyll a. In the case of the low-resolution imagery  (30m X 30m) as the 
reader learned in this lesson can provide the useful information on the extent and 
distribution of shrimp farm at national level. In addition to mapping, monitoring 
coastal shrimp farm can enable us to know its change over time. In other words, the 
rate of change and the direction of its expansion can be seen effectively. Its 
implication is that the Department of Fisheries can monitor and control shrimp farm 
over time. In conclusion, the significance of the satellite imagery for sustainable 
shrimp farming management in Thailand cannot be overlooked. 
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Answers to Questions 
 
 
1. The size of image is 483 pixel X 523 line 
 
2. The principal colour of the land is red. This is due to the high reflectance of near 

infrared which is put on the red color gun. 
 
3. The rectangle is approximately 1000 meter of perimeter with an area of about 

57000 m2. 
 
 

 168



 
 

 

 

 

 

 

 

 
Section 3 

 
 
 
 
 

Introduction to using the Bilko 3  
image processing software 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





Background, conventions and getting started 

BACKGROUND INFORMATION, NOTATIONAL CONVENTIONS  
AND GETTING STARTED 

Aims: To give you some background information on the Bilko v. 3 image processing software, to 
introduce the topics covered and notational conventions used in the Introduction to using Bilko, and to 
tell you how to start Bilko. 

Objectives: You will learn the conventions used to refer to mouse and keyboard actions, menu 
selections and files, and how to start the Bilko program. 

Bilko is an image processing system developed for educational use and comes with lessons, images 
and worksheets in ocean and coastal oceanography and in coastal management applications of remote 
sensing.  Its routines may be applied to the analysis of any image in an appropriate format and include 
a wide range of standard image processing functions.  

Bilko v. 3 is designed to run on PCs running Windows 2000 and Windows XP but runs happily under 
Windows 95, Windows 98 or Windows NT 4.0 or later. It is optimised to help students learn the 
techniques of remote sensing. It is assumed that potential users of Bilko are familiar with the Windows 
environment and how to use a ‘mouse’. The software includes an integrated and detailed context-
sensitive Help system. 

This introduction has been split up into a series of interactive tutorials, each of which introduce you to 
one aspect of Bilko’s capabilities. If you have the time, you are advised to undertake each tutorial in 
turn in the order they are listed below. Later tutorials may assume some familiarity with topics covered 
in tutorials 1–6, which cover the essential basics.  

 Contents 
Tutorial 1. Using Bilko Help. 
Tutorial 2. Opening, viewing and saving images. 
Tutorial 3. Using the image toolbar buttons to examine images and interpreting the status bar. 
Tutorial 4. Using Histograms to interpret images. 
Tutorial 5. Using Stretches to optimise image display. 
Tutorial 6. Using Palettes to enhance display and create thematic maps. 
Tutorial 7. Rectification (geometric correction) of images and resampling. 
Tutorial 8. Editing and viewing coordinates, scattergrams and principal components analysis. 
Tutorial 9. Using Filters to enhance images. 
Tutorial 10. Using Formula documents to perform calculations on images. 
 

The following typographic conventions and definitions are used throughout the introduction to using 
Bilko.  

Mouse buttons (description for right-handed mouse use) 
Your computer may be set up so that you can open a file with a single mouse “click” (i.e. by 
depressing the left mouse-button once) or it may be set up so that you need to “double-click” to open a 
file (i.e. by depressing the left mouse-button twice in quick succession). In the text, we will just ask 
you to “open” the file. “Right-click” means depress the right mouse-button once to bring up a menu 
associated with the object under the mouse pointer. “Click” means make a single left-button click with 
the mouse pointer positioned on the menu item indicated. Bilko also supports Microsoft IntelliMouse 
scrolling and zooming features using the mouse wheel. 
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Keynames 
In this document the names of keys are written as follows: <Esc> for the Escape key, <Enter> for the 
Enter or Return key (often marked ↵), <Ctrl> for the Control key, <Spacebar> for the Spacebar, 
<Shift> for the Shift key, <Alt> for the Alternate key), <Tab> for the Tabulate key.  On your own 
keyboard the key caps may abbreviate the names or represent them a little differently. 

Direction keys 
The direction keys are the four arrow keys (↑ ↓ → ←) on your computer’s keypad. The name of the 
individual direction key refers to the direction the arrow points: the <Up arrow> key, the <Down 
arrow> key, the <Right arrow> key, or the <Left arrow> key. You use the direction keys to move the 
selection, the pointer, or the insertion point on your screen. For larger movements the <Home>, 
<End>, <Page up>, <Page down> may be used. These keys may be used in combination with the 
<Ctrl> key. Details of how to move the cursor around each type of Bilko document can always be 
obtained by pressing the F1 (Help) key while the document is active and then selecting the link in the 
help page to “moving around in a xxx” where xxx refers to the document type in question.  

Combinations of keys and key sequences 
A plus sign (+) between key names to press and hold down the first key while you press the second 
key. For example, “press <Alt>+F” means to press and hold down the <Alt> key and press the F key, 
and then release both keys. 

A comma (,) between key names means to press and release the keys one after the other. For example, 
“press <Alt>, V” means to press and release the <Alt> key, and then press and release the V key. 

Filenames and folder names 
Names of files and folders (directories) are typed in bold italics. For example, if you are asked to 
perform some operation on a file called “West_Africa.bmp”, what you actually type is shown in an 
Arial bold italic font: West_Africa.bmp. The three-letter “extension” to filenames, which indicate the 
filetype, are always shown to indicate what type of file is being referred to. This is useful as Bilko uses 
some 20 different types of file. 

Menu choice 
In Bilko most entries are made by choosing an item from a menu. The convention adopted here is that 
menu items are shown in Arial font bold face type as, for example, File and Help. Some commonly 
used choices have toolbar buttons assigned to them. They can also be invoked by pressing <Alt> + the 
underlined letter in the menu item. Series of nested menu selections are separated by commas, thus 
select View, Reflect, in Both means go to the View menu and select the Reflect option and then 
the in Both sub-option.  

Screen shots 
To augment instructions and descriptions in the text of the tutorials, details from many screen shots are 
included. The exact way that Bilko will look on the screen varies between different Windows operating 
systems (e.g., it looks very different in Windows 95 and Windows XP Professional), thus do NOT 
expect the dialog boxes to look exactly as on your computer.  
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Getting started 
On most Windows systems the 
default settings for Windows 
Explorer are set such that the Hide 
file extensions for known file types 
checkbox is checked. In order that 
you can easily distinguish the 
different file types that Bilko uses, 
you should make sure that this 
checkbox is blank (unchecked) as 
in the picture to the right. 

Activity: To do this you 
should open Windows 
Explorer and select 
Folder Options which 
is available from the 
View or Tools menu, depending 
on your version of Windows 
Explorer. Then click on the View 
tab of the Folder Options dialog 
box. If the Hide file extensions for 
known file types checkbox is 
checked, uncheck it by clicking on 
it. You will now be able to see the 
file extensions within Bilko. 

Making the file extensions visible 
can be particularly helpful when 
you are saving image files in 
different formats but wish to keep the same filenames. 

If you’ve installed Bilko yourself on your own PC, you can start the program either by 
opening the Bilko short-cut on the Windows desktop or the Bilko program icon in the Bilko 
directory which by default is installed in your Program Files folder. If you are working on 
a network, your instructor will inform you where the Bilko icon (see left) can be found so 

that you can start the program. 

 

Activity: Open the Bilko program (i.e. 
single-click or double-click on 
the Bilko icon – see above) to 
start Bilko. Then make sure the 
UNESCO BILKO application 
window (see right) fills the 
screen by clicking on its 
Maximize button. This gives 
you plenty of space to view 
images and other Bilko 
documents. 

Maximize button 

The Main Bilko Menu 
You have three options in the menu bar: File, View and Help. We will discuss using Help first as 
this is particularly useful when you are starting to use Bilko and are unfamiliar with its capabilities. 
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1. USING BILKO HELP 

Aim: To introduce you to the versatile and integrated Bilko Help system. 

Objectives: You will learn how the access the in-built Help system of the Bilko program which 
provides information on all the functions of Bilko. You will become aware of the several different 
ways of accessing this useful source of information, which can be used when you are unsure about 
some aspect of using Bilko. 

Before you do anything else you ought to familiarise yourself with the 
powerful Bilko on-line Help system. This system works like web pages 
and provides useful information on the full range of Bilko menus, 
commands, dialog boxes and functionality. Don’t spend too long on this 
section which is primarily intended to alert you to the Help system so 
that when you do need it; you know how to access it.  

Activity:  Click on Help and the drop-down menu gives you three useful options: Contents, 
Index and Search. Initially, select Contents and something similar to the following 
window appears. [Note: Alternatively, you could have just pressed the F1 key and clicked 
on the Contents tab.] 

If you move the mouse 
pointer over topics in the 
right-hand pane of the 
window (normally in blue 
but displayed in deep red 
after use), these become  
underlined when the 
pointer is over them and 
the pointer changes into a 
hand. If you now click the 
left-button of the mouse 
you will get information 
on the selected topic. 

The information in the 
Bilko Help screens gives 
guidance on all aspects of 
how to use the image 
processing software. You 
should consult Help 
regularly whilst going 
through the Introduction. 
to using Bilko tutorials.  

Note: The quick key to access help is the F1 function key. The Help offered will depend on what 
document is the active document; thus if an image document is the active document and you press F1, 
you will get the Help page related to Image Documents; whereas, if a histogram is the active 
document, pressing F1 will give you the Help page related to Histogram Documents. 

Activity:  Select Basic Concepts from the right-hand pane, then Using Help from the list of links 
offered. Note that this page offers some advice on how to use Help so that it doesn’t take 
up too much of the screen. Finally, click on the context-sensitive help link and scan this 
page for future reference. Since this is a particularly useful page, we suggest that you 
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click on the Favorites tab and use the  button to add the Context-Sensitive 
Help topic to your Help Favorites. Explore very briefly what the Index, Contents and 
Search options have to offer by clicking on their tabs and then pursuing one or two 
inquiries.  

Use of the two buttons to the right of the toolbar 
Clicking the first of these two buttons on the toolbar brings up a window entitled About 
UNESCO BILKO which contains information on your computer such as the amount of 

memory and disk space available. The second (context-sensitive Help) button may be used to make 
specific Help queries about menu items, other toolbar buttons or the Bilko environment. 

Activity: Click on the context-sensitive Help button, or press <Shift>+F1 whilst the main Bilko 
window (not the Bilko Help window) is the active document. In either case, the mouse 
pointer changes to an arrow and question mark and now looks like the right-most toolbar 
button. Move the pointer to File on the menu bar and press the left mouse button whilst 
dragging the highlight until it is over Open. Now release the mouse button and help 
information appears on the Open command. Note that both the toolbar button and the 
keyboard shortcut for opening a file is displayed as well as some information on opening 
files and links to related information. 

  Click on the context-sensitive Help button  again and move the pointer until it is over 
the Status bar at the bottom of the Bilko main window, then click on it. You will activate 
a Help page on the Status Bar. If not all the page is visible and you have a wheel mouse, 
rotate the mouse wheel towards you to scroll down the Status Bar help page. [Note: Bilko 
supports Microsoft IntelliMouse scrolling and zooming features using the mouse wheel.]  

Finding out about Bilko’s different document types 
Bilko uses ten main types of files or ‘document types’ and you will need to know something about all 
these different document types to use Bilko effectively. Indeed, the majority of the Introduction to 
using Bilko tutorials seeks to help you to learn about how and when to use these different document 
types. A good starting point for information on each type is the Help folder called Document Types.  

Activity: Click on the Search tab, type in “document types” as the word(s) to be searched for and 
click on the List Topics button. Near the top of the list of titles generated by the search 
should be one called Document Types. Select this title and click on the Display button. 
Links to information on the ten main document types (Table 1.1) will be displayed. You 
may wish to add this help page to your Bilko Help Favorites. [Note: Hierarchical image 
documents are really just a type of Image document but because of their importance and 
complexity are dealt with separately, making 11 links in total.] 

Note: Images can be opened in a wide variety of formats and saved to disk in several formats; these 
are discussed in more detail in the next tutorial. 

Table 1.1. The main document types used in Bilko with their extensions. 

IMAGES (.bin, .gif, .nc, .hdf, .n1, .tif, .bmp, etc.) TRANSECTS (.tsc) 
FILTERS (.flt) FORMULAS (.frm) 
HISTOGRAMS (.hst) SCATTERGRAMS (.sct) 
PALETTES (.pal) TABLES (.tbl) 
STRETCHES (.str) SETS (.set) 

Activity: To find out more about the different document types, briefly explore these links. The 
different document types are central to how Bilko operates so it is important that you 
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understand a bit about them. Explore the information on the document types sufficiently 
to answer the three questions below.  

Question 1: Where is the default origin of an Image document without geographical coordinates and 
what are its (row and column) coordinates? 

Question 2:  What does the information in a Stretch document relate to? 

Question 3: What information do Histogram documents contain and how is this represented? 

At this point it is perhaps most important just to know that Help has information on each document 
type and where to find it. Note: the best starting point for information on each type of document is its 
page in the Document Types help folder. 

Some further tips on using Bilko’s integrated context-sensitive Help when using dialog boxes and 
specific document types will be given in later tutorials. Now that you are aware of the in-built 
guidance which Bilko’s Help menu can give you, you are ready to start using Bilko in earnest. Firstly, 
you need to learn how to open, view and save satellite and airborne images in Bilko. 
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Answers to Questions  

Using Bilko Help 

Question 1 

 The default origin of an Image document without geographical coordinates is at the top left-
hand corner of the image; it is at column and row coordinates (0, 0). 

Question 2 

 The information in a Stretch document relates to the contrast enhancement of image data. 

Question 3 

 Histogram documents contain frequency information relating to image pixel values in the 
region of the image currently selected. This information is represented as a chart of frequencies of 
each pixel brightness value (or if more than 1500 possible values, the frequency of pixels in each 
“binned” pixel value class). 
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2. OPENING, VIEWING AND SAVING IMAGES 

Aim: To introduce you to the details of opening, viewing and saving images in Bilko. 

Objectives: You will learn (i) how to open a complex binary “flat file” image, (ii) details of the 
structure of images, (iii) how to save an image in Bilko data format, (iv) how to connect related images 
so that they can be readily compared or made into colour composites, (v) to create a “set” of related 
images, (vi) how to zoom in and out of an image, and (vii) how to open a hierarchically structured file 
in a format such as N1, HDF or netCDF. 

To make use of the Bilko software it is necessary to provide an image on which to perform the 
available operations. Bilko works with various types of ‘documents’ (files), as was noted in the Using 
Bilko Help section. If you are on a computer network, find out the drive and folder where images, 
palettes, stretches and other files used by Bilko are stored in case you need to tell the program software 
where to find them. 

Activity: Click on the File menu: note that the names of 
the six most recently used files are indicated on 
the menu (see example to right). Then click on 
Open. This brings up the Open dialog box, 
which will initially be looking to list files of the 
IMAGES document type, since nothing useful 
can be done until an image is opened. [Note: 
make sure the Extract and Apply check boxes 
are checked, and the Minimize button is 
unchecked for this tutorial].  

Images may be stored in a number of formats, which are 
denoted by the various file extensions in parentheses after 
IMAGES in the Files of type: box (see below). In order to 
introduce you to the range of options available for opening images, you will start with a complex 
image; as you will see later, opening images is normally much more straightforward. Once you have 
mastered how to open this complex image you should be able to open any appropriately formatted 
image in Bilko. 

Activity: The file you will work with first is called AVHRR_ID2497481.bin. If this is listed in the 
File name: list box, double-click on it to open it.  

If necessary: Use the Look 
in: box to tell Bilko where 
the images are stored 
(normally the Introduction 
folder within the Module07 
or later module folder) and 
then click on AVHRR_ 
ID2497481.bin followed by 
the  button. 

This will start the process 
of displaying the image file 
named AVHRR_ID2497481 
.bin. This is a so-called 
binary “flat file” which can 
be read by most image 
processing programs if you 
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know its structure.  

In this case you need to tell the computer what the structure of the binary file is in some detail as it is 
very different from the default settings (512 pixels per line, 256 lines, 8-bit unsigned, BSQ, 1 band 
only, etc.). The details of the AVHRR_ID2497481.bin image file are as follows:  

(i) the image has no header (Header Length: is 0),  
(ii) it has 737 Pixels per Line: (i.e. the image has 737 columns or its DX: = 737),  
(iii) the Number of Lines: per band is 567 (i.e. the image has 567 rows/lines; its DY: = 567),  
(iv) the Pixel Format: is 16-bit unsigned (i.e. each pixel value is stored as an integer value in 
2 bytes = 16-bits, with no negative values); there is no need to “Swap bytes” as the flat binary 
file was created on another PC. However, if it had been created on an Apple Macintosh or 
Unix system, then you might have needed to check this box (see Bilko Help for further 
details).  
(v) the Number of Bands: is 5,  
(vi) you want to display all bands, so set First Band: to 1 and Last Band: to 5. 
(vii) the Interleave Format is BIL (Band Interleaved by Line). This means that the first 737 
pixels [stored as 1474 bytes (= 2 x 737)] record data values in band #1, the next 737 pixels 
cover the same strip of the Earth’s surface but record data values in band #2, the next 737 
pixels the same strip in band #3, and so on). Thus line 1 of the image is recorded in each band 
followed by line 2 in each band, and so on until line 567. Note the other interleave format 
options, which are Band Sequential (BSQ) and Band Interleaved by Pixel (BIP) – see Bilko 
Help if you do not know what these terms mean. 

 

Activity:  Click on the Help button  at the top right corner of the Open As dialog box and note 
that the context-sensitive help pointer appears. Move this over Pixels per Line: data 
entry box in the dialog and click the left mouse button. A popup with help relating to 
this part of the dialog box appears. Click on the  button again, move the pointer over 
the BIL radio button area and click for help on this interleave 
format. Then try right-clicking on the BIP radio button; you 
will be offered a What’s This? dialog (see right). Click on this 
and help on BIP interleave format appears. Remember that Help is never far away! 

Now, use the data in (i) – (vii) above to fill in the Open As dialog box so that it looks 
like the image above. When finished, click on . 
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If the Extract checkbox is checked, then you 
have the option at this stage to just display 
part of an image (i.e. a “Window” within an 
image). In the Extract dialog box (right) the 
First: X and Y boxes allow you to set the 
pixel where the image window begins (top 
left of rectangle within the image) and the 
Last: X and Y boxes allow you to set the 
pixel where it ends (bottom right of a 
rectangle within the image). Unless the file 
you are looking at is very large you will 
normally wish to display all pixels. In this 
case Sample: will be set to 1 for both x-axis (columns) and y-axis (rows). If Sample: is set to 2 for the 
x-axis (columns), then every other pixel on each line is displayed. If Sample: is set to 2 for the y-axis 
(rows) then every other row of pixels will be displayed.  

Activity:  For now, uncheck the Extract checkbox (to 
the bottom right of the Extract dialog box) 
as this will not be needed for this image, but 
leave the Window settings as they are. Then 
click on  or press <Enter> to 
open the image. A Redisplay Image dialog 
box will appear for each band. Note that the 
minimum and maximum values (often 
referred to as DNs = Digital Numbers) in 
each waveband of the image are listed. For 
the AVHRR (Advanced Very High 
Resolution Radiometer) sensor these DNs are 
between 0 and 1024. Ignore the Redisplay 
Image dialog box for now and just click on 

 for each band until all 5 
wavebands of the AVHRR satellite image are 
displayed. Select the band #2 image 
(AVHRR_ID2497481 #02.bin) and examine 
it. If it looks recognisable then congratulations, you’ve opened the image successfully! 
[Note: the image may be a little dark on poorly set up monitors; if so, increase the 
brightness]. If it looks a mess, then go through the sequence again being very careful to 
make sure the Open As dialog box values are filled in correctly. 

Question 1: What are the five main countries in the area covered by the image?  

Note:  i) that each image is displayed in shades of grey and has a grey scale with 256 
brightness levels (ranging from black=0 to white=255) displayed beneath it, 

 ii) that the menu bar has 
changed with four new menus 
(Edit, Image, Stretch and 
Window) appearing. 

To manage efficiently the 5 different wavebands (all recorded at the same time), which together 
provide our AVHRR image data, we can “connect” them using the Image, Connect menu option. 
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Activity: Select Image, Connect to bring up the Connect dialog box. You should see a list of 
the five constituent image files read from the binary flat file. Select all five images1, 
check the Stacked option, and then click on . The 5 bands are now 
“stacked” like a series of layers with band #1 on top and band #5 on the bottom. Use the 
<Tab> key to view each band in turn. Note how the relative brightnesses of the bands 
differ with band #3 being much brighter. You can automatically flip through the bands by 
clicking on the Loop button . To stop the loop, click the button again.  

  Note: This provides a useful way of comparing images of the same area taken at different 
times as well as comparing the same scene recorded in different wavebands. 

Opening a binary flat file is not very convenient because you need to remember all kinds of 
information about the file in order to open it. So your next task is to store the file in Bilko data format 
(.dat file format) so that you can open it more easily. 

Activity: Make sure band #1 at the top of the stack is the active file. Select File, Save As from 
the menu. In the Save As dialog box select the folder where you want to save the images 
in the Save in: box (if necessary) and make sure that Bilko .dat is selected as the file type 
in the Save as type: drop down menu (this should be set as the default file type). The 
File name: should now be set to AVHRR_ID2497481 #01.dat. Click on  to 
save band #1. Press the <Tab> key to move to band #2 and repeat the save as process to 
save band 2 in Bilko .dat format. Then repeat for the bands #3 to #5 until all 5 bands are 
in Bilko .dat format. When finished, use the <Tab> key to flip through the images in the 
stack to check that they all now have .dat extensions. 

Note: If the file pixel format for the images had been 8-bit unsigned (integer) you could have saved the 
images in CompuServe .gif format or in Windows .bmp format. 

Since the 5 images are all likely to be used together, now that they re in Bilko .dat format, you can 
further simplify opening them by saving them as a “set” of image files which can all be opened 
together (rather like the original wavebands were combined together in the original binary flat file, but 
much simpler!). 

Activity: Select File, Save Set and in the File name: box enter AVHRR_ID2497481, then click 
on the Save button. Once the set is saved, select Window, Close All to clear all the files 
cluttering the Bilko workspace.  

  Now click on File, Open and in the Open dialog box select SETS (*.set) from the Files 
of type: drop-down menu and then either double-click on AVHRR_ID2497481.set in the 
file list or click on it once and then click . This time, in the Redisplay 
Image dialog box, use Auto linear stretch as the stretch setting (this is discussed further 
in Tutorial 5), and then click on the  button. The stacked set of images is 
restored and can be tabbed through as before. 

To create some colour you can display three of the AVHRR wavebands through the different colour 
“guns” on your colour monitor. Your monitor has Red, Green and Blue (RGB) colour guns each of 
which can take any intensity value between 0 and 255. When you “connect” three or more images 
(using Image, Connect) you can assign them to the different colour guns using the Selector 
toolbar. Since you already have a stack of connected images you could just select Image, 

                                                      
1 Hint: If you click on the top image on the list (AVHRR_ID2497481 #01.bin), hold down <Shift> and then 
click on the bottom image (AVHRR_ID2497481 #05.bin) you can select all the images at once. If you wanted 
to select just the band#1, band#2 and band#4 images, you would click on the top one (AVHRR_ID2497481 
#01.bin), hold down <Ctrl> and then click on AVHRR_ID2497481 #02.bin and then AVHRR_ID2497481 
#04.bin. 
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Composite and the top three images or layers in your stack would be displayed as a colour 
composite image with waveband #1 displayed in red, waveband #2 in green and waveband #3 in blue 
(hence the colours associated with the filenames in the Selector window of the stack).  

Activity: Select Image, Composite. You will get a rather hazy blue image.  

A more pleasing composite image is created using bands #1, #2 and #4. 

Activity: Select Image, Connect and select bands #1, #2 and #4 (AVHRR_ID2497481 #01.dat, 
AVHRR_ID2497481 #02.dat and AVHRR_ID2497481 #04.dat). Do NOT check the 
Stacked: checkbox this time. Then click . A tile of the three 
connected images will appear along with a Selector toolbar (see right) 
near the middle of the screen. The button numbers correspond to the 
RGB gun order (R=1, G=2, B=3). For this colour composite you should 
put waveband #1 through the red gun (button 1), waveband #2 through the green gun 
(button 2), and waveband #4 through the blue gun (button 3). Just click each button in 
order from left to right to do this. Then select Image, Composite. You will get a 
somewhat better false colour composite image with land of a greenish colour and the sea 
dark. Before proceeding further, close (i) the hazy blue composite, (ii) the 3 connected 
images tile, and (iii) the set of 5 stacked images, but leave the nicer colour composite 
open. 

To examine this image more closely you can zoom in and out in various ways. 

Activity: Right-click on the colour composite image and select Zoom from the menu that appears 
(or click on View, Zoom). Enter 200 in the Zoom %: box to zoom in. Experiment with 
other zooms set using the menu. Then try double-clicking on the image to zoom in. Try 
holding down <Ctrl> and double-clicking to zoom out. Check how far you’ve zoomed in 
or out using the View, Zoom menu or by right-clicking on the image and selecting the 
Zoom option. Finish by setting the zoom to 100%. 

It can be useful to save an image as a picture to put in a document once processing has been 
completed. For example, one might wish to include a colour composite image in a report.  

Activity: Firstly, note that the colour composite has three colour bars underneath the image to 
indicate that it is composed of three images, each displayed through a different colour 
gun on the monitor. With the colour composite as the active image select File, Save 
As… Note that the default file type is Bilko .set (i.e. a set of the three images which make 
up the composite). In this case you want a picture for a report rather than the three images 
that make up the composite, so select Windows .bmp (Windows bitmap format). This is a 
24-bit colour picture format. The default filename is informative, indicating which bands 
have been used to make the composite image; however, you can change the name if you 
wish. Once you are happy with the name click . This saves a picture 
representation of the colour composite with the 16-bit unsigned integer values in each 
band reduced to 8-bit values (on a 0–255 scale). Close the bitmap file and then reopen it. 
Note that now it is a Windows bitmap it no longer has three colour intensity bars; close 
the composite again. 

Many satellite images come in hierarchically structured formats, a bit like complex sets of images; 
these formats usually include considerable additional data apart from the images themselves. Many 
datasets that are freely available over the internet are stored in these hierarchical formats. Widely used 
formats include HDF (.hdf), the European Space Agency’s N1 format (.n1) and netCDF (.nc). Bilko is 
able to read files in these formats, giving you access to huge amounts of valuable Earth observation 
and oceanographic data from a range of satellites. Such datasets are complex and exploring any one 
format in detail could be the subject of a lesson (or even several lessons!) in itself. Here you will just 
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examine one of these images with its associated data. This is an MERIS (Medium Resolution Imaging 
Spectrometer) image from the European Space Agency’s ENVISAT satellite. 

Activity: Open the file MER_RR__1_Mediterranean.n1, which is a MERIS image of the central 
Mediterranean around Italy. For the purposes of this tutorial we have shortened the 
filename (originally: MER_RR__1PNPDK20030813_094018_000022742019_00022_ 
07591_4499.N1). A window will open which displays the N1 hierarchical file structure 
(see below). The images (bands) and associated metadata, flag codings and tie point 
grids (to do with geolocating the image pixels), are listed as a series of nested folders on 
the left pane of the window. The Metadata folder is open and its five constituent folders 
are shown in the right pane. Examine the metadata folders by double-clicking on their 

folder icons or right-clicking on them and selecting Open Items. In the SPH (Specific 
Product Header) folder you can find text indicating when and where the image was 
taken, the number of bands and their wavelengths and bandwidths, etc. Note that two of 
the folders contain tables of information. Using the SPH folder information answer the 
following questions. 

Question 2: On what date was the MERIS image taken? How many bands were recorded?  

Flag Codings are very important and indicate what the different values on a “flag” image included 
with the bands mean. These “flags” indicate such things as where there is land, water, cloud, coastline, 
sunglint, invalid data, etc. on the image. How to use these flag images is briefly introduced in the tenth 
tutorial on using formula documents.  

Activity: Open the l1-flag codings folder and note that land is coded as 16 and coastline as 64. 
Inspect the Tie Point Grids folder and note the fifteen sub-folders of information, which 
aid geolocation, interpretation and processing of the image data. Finally, open the Bands 
folder and note that there are 15 bands of radiance image data, a flags image and a 
detector index image. Right-click on the radiance_1 folder in the right-hand pane and 
select Open Properties from the menu that appears.  

The properties of the band #1 image are displayed; these comprise a description, scaling factor and 
offset, units (mW.m-2.sr-1.nm-1), spectral band index, bandwidth (9.93 nm) and mid-wavelength 
(412.545 nm). To open the band #1 image, you can either double-click on the radiance_1 folder or 
right-click on it and choose Open Items. 

Activity: Experiment with opening the radiance_1 image. Close the image when you have 
finished. 

  Click on the radiance_2 folder in the right-hand pane, hold down the <Ctrl> key and 
then click on the radiance_5 and radiance_7 folders so that all three are highlighted. 
With the mouse pointer over one of the highlighted image folders, right-click and select 
Open Connected from the menu that appears. In the Redisplay Image dialog box, 
check the Null Value:(s) == 0 checkbox, select Auto linear stretch and then click on the 
All button to apply this stretch to all three images. This displays the MERIS band #2 (in 
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the blue part of spectrum), band #5 (a green waveband) and band #7 (a red waveband) 
images. 

  A stack of the three connected images will appear along with a Selector window. Click 
on the drop-down list button of the Selector 
window and you will see band #2 in red, band 
#5 in green and band #7 in blue (see right). 
You want to create a colour composite with 
waveband #7 displayed through the red gun, 
waveband #5 through the green gun, and 
waveband #2 through the blue gun. To achieve this you need to make the band #2 image 
the third (@3 = blue) image and the band #7 image the first (@1 = red) image. Make sure 
that the top (red) band #2 image is selected and press the <3> key. The colour of the 
filename changes to blue (@3) and if you click on the drop-down list you will see that 
band #7 is now in green. Select band #7 and press the <1> key. The colour of the 
filename changes to red (@1) and you are now ready to create a colour composite with 
each waveband displayed through the correct colour gun.  

  Select Image, Composite. You should get a nice false colour composite image with 
land of a brownish colour, the sea blue, and clouds and snow-capped peaks white. 
Examine the image. 

  Finally, open the l1-flags image, select the whole image (<Ctrl>+A) and apply an 
automatic linear stretch (Stretch, Auto Linear). Note how the coastline, land and cloud 
(“bright”) areas are delineated.  

  When you have finished close all open images by selecting Window, Close All. Do not 
save any images. 

In this section you have learnt how (i) to open complex images, (ii) to “connect” images to make 
“stacks” of overlaid images so that images can be readily compared, (iii) to connect images to make 
colour composites, (iv) to save images in various formats, (v) to link related images as “sets” so that it 
is easy to work on them, (vi) to zoom in and out of images, and (vii) to open a complex hierarchical 
image and associated data file.  

In the next section you will learn how to use the image toolbar selection buttons and the status bar 
to find out more about the image.  
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Answers to Questions 

Opening, viewing and saving images 

Question 1 

The five main countries in the area covered by the image are Spain, Portugal, Morocco, Algeria, and 
France. 

Question 2 

The MERIS image was taken on 13 August 2003. 15 bands were recorded. 
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3. USING THE IMAGE TOOLBAR BUTTONS TO EXAMINE IMAGES AND 
INTERPRETING THE STATUS BAR 

Aim: To introduce you to using the image toolbar selection buttons and to interpreting the information 
provided in the status bar panels. 

Objectives: You will learn to interpret the panels of the Status Bar for an image document, the 
distinction between underlying and display data values, use of point selection, line selection (transect) 
and box selection buttons, use of Go To function from the Edit menu, and how to select a sub-area of 
an image and save this as a new image. 

Pre-requisites: To do this tutorial you need to have completed the tutorial on opening, viewing and 
saving images and in particular have created the image file AVHRR_ID2497481 #02.dat. 

Activity: Open the image AVHRR_ID2497481 #02.dat using the default settings but make a note 
of the minimum and maximum values of the image 
data in the Image Data Range part of the Redisplay 
Image dialog box. Once the image is open, look at the bottom right hand corner of the 
UNESCO BILKO workspace Status Bar and note the five grey panels. The first panel 
shows the zoom on the image, which is currently 100%. The next two panels show the 
column and row coordinates of the cursor, which should be at the top left (coordinates 0, 
0) of the image. The last two panels show firstly, the underlying value of the pixel where 
the cursor is and secondly, the display value (on a scale of 0 [black] to 255 [white]).  

In this 16-bit integer image, the actual values of pixels can range from 0 to 66535 but a computer 
monitor can generally only display 256 grey levels so the Bilko program has to map the image data 
range to the monitor (screen) data range. The default settings map the lowest image pixel value, which 
you should have noted as 48, to 0 and the highest pixel value, which you should have noted as 762, to 
255, with intermediate value pixels taking values in between. This mapping is discussed in more detail 
in a later section. 

Activity: Make the image cursor a “point selection” by clicking on the point selection button .. 
Now move the mouse pointer over the middle of Spain and click the left hand button. The 
white arrow places a flashing cursor in the form of a cross (+) on the image where it is 
clicked. The last four grey panels will now contain the x-coordinate (column), y-
coordinate (row) and both underlying and display brightness values of the pixel that the 
cursor is on. If the cursor was on a pixel 300 from the 
left and 295 rows down the panels would look as 
follows, showing that the pixel has an underlying data value (DN) of 226 and is displayed 
as a grey level of 64. Being able to find out the value of an individual pixel at a given 
location using the image cursor can be very useful. 

To practice your use of the cursor we will find out typical values of sea and land pixels in the clear 
part of the AVHRR band #2 image. This is recorded at wavelengths of 0.72-1.10 µm in the near infra-
red part of the spectrum. Near infra-red is strongly absorbed by water and strongly reflected by 
vegetation and thus infra-red images can be useful for determining land-sea boundaries. To focus in on 
the non-cloudy part of the image you will select a sub-area from the main image and make this into a 
new image before examining land and sea pixel values using the status bar. 

Activity: Make the image cursor a “box selection” by clicking on the box selection button .. 
Select Edit, Go To and set the position (top left coordinates) to an X: of 185 and Y: of 
290 and selection size to a DX: of 245 [columns] and DY: of 230 [rows]. Once this is 
done click . The specified sub-area is now delimited by a box.  
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  Note: You can also delimit boxes interactively by clicking on the top left of the area you 
want and then, holding the left mouse-button depressed, dragging the bottom right of the 
box to where you want. Now that you know the area you want, practice doing this. At any 
time you can click on Edit, Go To in order to check precisely what sub-area you have 
selected and modify this using the position and selection size coordinate boxes.  

  When happy with this, leave a cloud-free sub-area, similar to that suggested above, 
selected. Then select File, New from the menu and in the New dialog box select IMAGE 
Document and click . This creates a new image of the clear sub-area you 
want to focus on. 

You can move the cursor around the new image using the arrow keys (↑ ↓ → ←) on the keyboard. By 
default, each press of an arrow moves the cursor 10 pixels in the direction indicated until it is within 
10 pixels of the edge of the image. To move the cursor one pixel at a time hold down the <Ctrl> key 
and then press the appropriate arrow key. You can also use Edit, Go To to alter increments moved by 
the image cursor (with or without the <Ctrl> key depressed) or to go to a specific column and row 
coordinate on the image, e.g. 90, 135. The latter function is particularly useful on images with 
geographical coordinates.  

Activity: Experiment with using the cursor and then use it and the status bar to find answers to the 
following questions. [Hint: zooming in may help in positioning the image cursor around 
the coastline]. 

Question 1: Concentrating on the coastline but trying to avoid “mixels” (i.e. pixels which overlap 
both land and sea), what are the maximum underlying pixel brightnesses (DN values) in 
areas that are clearly sea?  

Question 2: Concentrating on the coastline but trying to avoid “mixels” (i.e. pixels which overlap 
both land and sea), what are the minimum underlying pixel brightnesses (DN values) in 
areas that are clearly land?  

Question 3: Why are the sea pixels much darker (i.e. have lower DN values) than the land pixels?  

Activity: When you have finished close the sub-image and close the AVHRR_ID2497481 #02.dat 
image. Now open a colour composite image (AVHRR_ID2497481_composite.set) that 
has been saved as a set of three images (bands #1, #2 and #4 of the AVHRR_ID2497481 
image). In the Redisplay Image dialog box select Auto linear stretch for the stretch 
setting to use and click the  button to apply this stretch to all three bands of 
the composite (see tutorial 5 for details of stretches). Click the point selection button and 
select Edit, Go To dialog box from the menu bar. Use this to place the cursor on the 
pixel at column (X:) 258 and row (Y:) 329. The fourth and fifth panels of the Status Bar 
should now each contain three 
values separated by commas (see 
right).  

In the fourth panel are the image data values (123, 234 and 513) for the pixel at column and row 
coordinate (258, 329); in the fifth panel are their display brightness values (21, 66, 41 if Stretch, 
Options Min % is 0 and Max % is 100; 20, 85, 18 if Stretch, Options Min % is 5 and Max % is 95). 
The first number refers to the image displayed through the red gun, the second to that displayed 
through the green gun, and the third to that displayed through the blue gun (Hint: Remember RGB). 
You can check what these images are by dragging down the top of the image window. 

Activity: To do this, click on the grey edge above the image (indicated by the 
arrow) but below the title bar and holding down the left mouse-button 
drag the image “window pane” downwards (it works a bit like a roller-
blind). [Note: When the mouse pointer is positioned correctly over the 
top of the window pane it will change into a pair of parallel lines with up and down 
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arrows.] Under the composite image you should see: False Colour Composite 
AVHRR_ID2497481#01+#02+#04. This tells you that the top (Red gun) image is band 
#1, the second (Green gun) image is band #2 and the third (Blue gun) image is band #4 of 
the AVHRR_ID2497481 image. This type of information on image history is 
automatically stored by Bilko and can be very useful at times. Use Window, Close All 
to close all the images making up the set. 

Finally, in this section we will look at the transect button on the menu bar. The Transect option 
allows you to view a graph of pixel brightness values along a transect drawn between any two 
points on an image. This is shown as a graph of pixel values on the y-axis versus number of pixels 
along the line between the points. Transects can be used to study how pixel values change between 
different areas of the image. To find information about the transect button, click on it and while 
holding the left mouse button down, press the F1 key. 
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Figure 3.1. Map showing the area covered by the AVHRR_Mulls#04.bmp image. 

For this you will look at an AVHRR image taken in band #4 which senses emitted thermal infra-red 
electromagnetic radiation in the wavelengths 10.50–11.50 µm. This image has been processed and re-
scaled to 8-bits. By convention darker areas are warmer on this type of AVHRR thermal image. 
Colder parts of the image will thus appear brighter (high pixel values) and warm parts dark (low pixel 
values). 

Islay 
Front 

Activity:  Open the image AVHRR_Mulls#04.bmp, click on the Transect button , or select the 
Selection, Line 
option from the Edit 
menu. Start the 
transect north of 
Malin Head (Figure 
3.1) near coordinates 
(5, 120) and drag the 
mouse pointer to the 
middle of Islay 
island (Figure 3.1). 
This draws a transect 
which passes through 
the oceanic front off 
Northern Ireland and 
ends on land. Now 
click on File, New 

 189



Introduction to using Bilko 

and select a TRANSECT Document (the default) from the New dialog box.  

The front shows up as a sudden increase in pixel values whilst the warm land (whose pixel values are 
very low) is where pixel DN values suddenly plummet to around 30.  

Activity:  Note that if you needed the transect information for reference purposes, you could save 
the transect document (extension .tsc). You may wish to experiment with this, saving 
and re-opening the transect document. When you have finished with the transect, close it. 
If you are not going onto the next tutorial, you can also close the AVHRR_Mulls#04.bmp 
image. 

In this section you have learnt how to use the image cursor and panels of the Status Bar to interpret an 
image, the distinction between underlying image data and display data values, use of point selection, 
line selection (transect) and box selection buttons, use of Go To function from the Edit menu, and 
how to select a sub-area of an image and save this as a new image. You have also learnt how to find 
out more about an image by dragging down the top of the image window. These skills are all routinely 
used in image interpretation and image processing and will come in useful later. 

At this point you can either go on to further examine images using Histograms or you may wish to 
take a break.  

 

Answers to Questions 

Using the image toolbar buttons to examine images and interpreting the status bar 

Question 1 

The majority of sea pixels have values between 51 and 70 and close to coast a few seem to reach 
around 85. Maximum values for sea pixels are around 85-90. 

Question 2 

The majority of land pixels have values between 145 and 285 and close to coast a few seem to have 
values into the 130s. Minimum values for land pixels are around 130. 

Question 3 

The sea pixels are much darker because infra-red radiation is strongly absorbed by water. 
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4. USING HISTOGRAMS TO INTERPRET IMAGES 

Aim: To introduce you to using histograms to interpret images. 

Objectives: You will learn how to create histograms (which show the numbers of pixels of each 
image data value) and how these can be helpful in interpreting images.  

If you completed the previous tutorial (Using the image cursor and interpreting the status bar) you 
will have noted that sea pixels differed markedly from land values in their reflectance. A good way of 
seeing whether pixels fall into natural groupings on the basis of their reflectance/emittance in a 
particular waveband is to study a frequency histogram of brightness values. In this section you will be 
examining an AVHRR image, taken in band #4 which senses emitted thermal infra-red 
electromagnetic radiation in the wavelengths 10.50–11.50 µm. This image has been processed and re-
scaled to 8-bits. By convention darker areas are warmer on AVHRR thermal images. Colder parts of 
the image will thus appear brighter and warm parts dark.  

Activity: If it is not open already, open the image AVHRR_Mulls#04.bmp. The image was 
obtained in the daytime in summer. Note that the warm land is generally dark but the sea 
is brighter with the coldest (brightest) water lying north-east of Malin Head (Figure 4.1). 
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Figure 4.1. Map showing the area covered by the AVHRR_Mulls#04.bmp image. 

To create a histogram of all the pixel values in an image you first need to select the whole image file.  
 
Activity: Click on Edit and then Select All or 

use the short-cut keys 
<Shift>+<Spacebar> (or <Ctrl>+A) 
to select the whole image. Then click 
on File and New to bring up the dialog 
box to the right. Since you want to 
create a Histogram and the 
HISTOGRAM Document option is 
already highlighted you can click on 

 or press <Enter> to 
generate the histogram. 
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A histogram 
window will appear 
in the workspace 
resembling the 

Histogram1 
window displayed 
to the left. The 
histogram shows 
the number of 
pixels in the 
selected image 
having given pixel 
values (y-axis) 
versus the set of 
values (DN) that 
pixels can take (x-
axis). 

Note that the 
histogram is 
bimodal (has two 
peaks). The lower 
peak (i.e. that 

covering pixel brightness values with DNs from about 10–70) is composed mainly of land pixels, 
whilst the upper peak (i.e. that covering pixel brightness values with DNs from about 130–175) is 
composed mainly of sea pixels.  

Activity: Click on the histogram and a vertical line will appear. You can use the mouse or the left 
and right arrow keys (→ ←) to move this line through the histogram. The arrow keys by 
themselves move the line 10 brightness values at a time to right or left. To move one 
brightness value at a time hold down the <Ctrl> key and then press the appropriate arrow 
key. Make sure the Status Bar is in view. In the bottom right hand corner you will see 
four panels which record firstly, the % of pixels in the image with the brightness value 
(DN) highlighted; secondly, the start and finish values of the range of DN values 
highlighted (if only one DN value is highlighted, these will be the same); and lastly the 
absolute number of pixels in the image with values in the highlighted range.  

In the example above the upper (sea) peak between DN values of 130 and 180 has been highlighted 
and the Status Bar shows that there are 50,114 pixels in the image with values of 130–180 and that 
these account for 38.23% of the AVHRR_Mulls#04.bmp image area.  

Activity: Move the cursor-line across the histogram and the display will change accordingly. To 
select a range of DN values, hold the left mouse button depressed and drag the mouse to 
right or left. Use the vertical line and the Status Bar information to answer the following 
questions. 

Question 1: What is the brightness value (DN) of the brightest pixels? 

Question 2: What percentage is this value of the maximum brightness that could be displayed? 

Question 3: What is the modal pixel brightness value (DN) of the lower (land) peak and how many 
pixels in the image have that value? 

Question 4: What is the modal pixel brightness value (DN) of the upper (sea) peak and how many 
pixels in the image have that value? 

Assume that pixels with DNs between 0 and 62 are land. Now use the mouse to select all 
these land pixels in the histogram. [Position the vertical line at 0, depress the left mouse 
button and looking at the Status Bar drag until 62 is reached.] 
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Question 5: What percentage of the image is land pixels? 

Question 6: If the image is 563 km by 282 km, what is the area of land? 

So far you have inspected a histogram of the whole image, however, you can select parts of the image 
in order to discover what the range of pixel brightness values are of particular areas of the image in 
which you may be interested.  
Minimise the histogram window using the minimize button. 

 Activity: Click on Edit, Selection, Box or click on the box 
button (right) on the toolbar. Then click near 
the top left hand corner of the sea in the 
AVHRR_Mulls#04.bmp image and holding 
down the left mouse button drag the mouse until a 
rectangular area of sea is outlined with bottom right 
hand coordinates around pixel (118, 140)†. [Look at 
Status Bar to see the coordinate you have reached]. 
Then select File, New and open a new histogram 
for the pixels inside the box. You will see a 
histogram with one peak (unimodal) which shows 
that the sea pixels in the area you have selected 
range from a DN of about 129–175 in brightness. Note that the legend above the 
histogram indicates the top-left and 
bottom-right pixel coordinates of the 
box and will look something like the 
text to the right.  Repeat the same exercise with a box of entirely land pixels on the 
Scottish mainland (see Figure 4.1). You should get a unimodal histogram with pixel 
brightness values between 0 and about 70.  

†Note: fine positioning of the bottom right hand corner of the box can be achieved using the keyboard. 
If you need to do this, hold down <Shift>+<Ctrl> and use the arrow keys to extend your selection.  

Activity: When you have done this, close these last two histogram windows of the sea and land 
pixels (do not save changes) but, if continuing with the next section about using stretches, 
leave the image open and the histogram of the whole image minimised as you will need 
this later. 

The activities above indicate the kind of information you can find out from studying the histogram 
(frequency distribution of pixel brightness values) of an image. One of the first things one usually does 
after loading an image is thus to inspect its histogram to see whether i) all pixels clump together in one 
peak or whether there are two or more separate peaks which may correspond to different areas of 
interest on the image, ii) whether pixels are spread over the full range of potential brightnesses or 
lumped together causing poor contrast. 

The histogram of AVHRR_Mulls#04.bmp confirms that the image is not optimally displayed; that is, it 
is rather dark and it does not utilise the full range of display DNs available and so is somewhat lacking 
in contrast. To rectify this we can adjust how we display the pixel values by a process known as 
contrast stretching. As the word “stretching” implies, the process causes the pixels to be displayed 
over the full range of (at least) 256 display brightness values (DNs) available. The next tutorial deals 
with using stretches to optimise image display. 
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Answers to Questions  

Using histograms to interpret images 

Question 1 

The DN value of the brightest pixels is 178. 

Question 2 

The maximum which can be displayed is 255. The brightest pixel in the image has a value of 178. 
178/255 is 69.8% of maximum brightness. 

Question 3 

The modal DN value of the lower (land) peak is 34. There are 3246 pixels with this value in the image. 

Question 4 

The modal DN value of the upper (sea) peak is 153. There are 3668 pixels with this value in the 
image. 

Question 5 

55.28% of the pixels have values between 0 and 62 and can be classed as land pixels. 

Question 6 

The whole image has an area of 563 km x 282 km = 158,766 km2. Multiplying this by 0.5528 (55.28% 
of pixels are land, i.e. have values from 0 to 62) gives a land area of 87,766 km² to the nearest square 
kilometre. 
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5. USING STRETCHES TO OPTIMISE IMAGE DISPLAY 

Aim: To introduce you to using stretches to optimise how images are displayed. 

Objectives: By the end of this section you will have explored the Bilko Stretch menu and learnt how 
stretches can be used to optimise the display of images on your computer screen and make it easier to 
see objects or patterns of interest. You will also have learnt how to optimise the display of images with 
data values greater than 255 (non 8-bit data), using the Redisplay Image option. 

For this section you will be using AVHRR_Mulls#04.bmp, the same AVHRR image used in the 
previous two tutorials. This image records emitted thermal infra-red electromagnetic radiation in the 
wavelengths 10.50–11.50 µm and has been processed and re-scaled to 8-bits. By convention darker 
areas are warmer on AVHRR thermal images. Colder parts of the image will thus appear brighter and 
warm parts dark. You should be familiar with histograms before attempting this section.  

Activity: If the AVHRR_Mulls#04.bmp image is not already open (from last section), please open 
it. If a histogram of the unstretched image is not already open (from previous tutorial), 
please open it. 

The Stretch menu offers seven options:   
• An Automatic Linear stretch 
• Α Histogram equalization stretch 
• A Gaussian stretch 
• A Manual stretch option 
• A Clear stretch option (once a stretch has been applied) 
• A View option which allows stretches to be viewed graphically 
• Options... which control how stretches are applied 

For more details of what the different stretches do, see the Bilko Help or a remote sensing textbook. In 
this tutorial, you will look at the results of firstly an automatic linear stretch and secondly a manual 
stretch to allow a detailed look at the part of the AVHRR_Mulls#04.bmp image that is water. Before 
doing these stretches, note the relatively poor contrast of the sea in the unstretched image.  

Activity: If you do not already have a histogram of the unstretched (raw) image open from the 
previous tutorial, select all of the image file AVHRR_Mulls#04.bmp by clicking on it and 
pressing <Ctrl>+A, or by selecting Edit, Select All from the menu. Then select File, 
New and open a new histogram document for the unstretched image. 

  Before carrying out a stretch, ensure that the Stretch, Options... are set such that 
AutoLinear Min% is 0 and Max% is 100, and that the Apply stretches to charts, 
clipboard etc. checkbox is checked. 

  Make sure that you have selected all of the image file AVHRR_Mulls#04.bmp to stretch 
(by clicking on it and pressing <Ctrl>+A). Now click on Stretch and then Auto Linear. 
Note how the image immediately brightens and becomes more contrasty. To see the effect 
on the histogram, click on File, New and open a new histogram document for the 
stretched image. 
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The picture to the left compares the 
histogram of the unstretched image (upper 
left) where the maximum pixel brightness 
was 178 with that of the image after an 
automatic linear stretch where the pixel 
DNs have been spread out over the full 
range of display brightness values (lower 
left). Thus those pixels that had a 
brightness value of 178 now have a value 
of 255. In mathematical terms the original 
pixel values have been multiplied by 
255/178, this being the simplest way to 
make use of the full display scale in the 
present case. 

You can check this by examining the 
pixel brightness values at which the 
modes in each peak now occur. If you 
look at the mode in the upper peak (sea 
pixels) you should find that it now occurs 
at a pixel brightness value of 219 (= 153 x 
255/178). Similarly the lower peak (land 

pixels) mode has moved from a pixel brightness value of 34 to one of 49 (= 34 x 255/178).  

Having stretched the image, you have only changed the display values of the pixels, which will now 
be different from the underlying data values.  

Activity: Click on the  (Point selection) button and select Edit, Go To to put the cursor on (x, 
y) or (column, row) coordinates 90, 135. Note that now the last panel on the Status Bar  
shows that this pixel now has a display value of 249  
(= 174 x 255/178). The underlying image data values, 
however, remain unchanged. Zoom       column   row    image  display

                 coord    coord    value   value 

  Close the histogram of the automatic linear stretched image (without saving it). Then 
select the AVHRR_Mulls#04.bmp image window and use Stretch, Clear (or just press 
the <Delete> key) to remove the stretch before the next exercise. 

Often one is interested in just one part of an image, for example, an oceanographer is not interested in 
the land pixels but only the sea pixels. In such a case the person processing the image may wish to 
preferentially stretch the pixels of interest and largely ignore those not of interest. This may be 
achieved using a manual stretch. 

Activity: Make sure the image file 
AVHRR_Mulls#04 .bmp is the active 
window, then from the  Stretch 
menu choose Manual. The graph that 
appears (right) is the default Look Up 
Table (LUT) and shows that the pixel 
brightness values (grey tones) in the 
image (x-axis) are mapped linearly 
onto the display scale (y-axis) with no 
change. Thus an image pixel with 
value 0 is displayed with brightness 0 
whilst one with value 178 is displayed 
with brightness 178.  

Stretching involves changing this mapping to take 
full advantage of the 256 grey levels available on the display.  
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Activity: Position the mouse pointer on the stretch graph on the y = x line running from (0, 0) to 
(255, 255) at around coordinates (175, 175) and double-click on the line. A small flashing 
box should appear on the line. (If it doesn’t, try again). This is called a ‘knee-point’ and 
can be used to change how the image data is mapped to the display (computer monitor). 
As a first try we will mimic the automatic linear stretch you have just performed. This 
involves increasing the slope of the line so that although pixels with value 0 in the image 
still map to 0 on the display scale, the maximum image pixel value of 178 maps to 255. 
To do this the knee-point should be dragged upwards until the Status Bar 
shows it to be at coordinates (178, 255) and it look like the inset to the right. 
Note how the image changes interactively as you move the knee-point. The image 
immediately brightens and becomes more contrasty as the stretch is applied. 

The picture to the left shows how your simple manual 
stretch should look. It is mapping image pixels with 
DNs of 0–178 (x-axis) onto a display scale of 0–255 
(y-axis). Thus any pixels with DN values of greater 
than 178 in the image (of which there are none in this 
case) would map to 255. This is the type of stretch 
carried out by the automatic linear stretch algorithm. 
Check this by looking at the histogram of your 
stretched image.  

Once you are satisfied that the stretch has altered the 
histogram as expected, close the histogram window.  

Pixels with brightness values between 0 and about 62 on the AVHRR_Mulls#04.bmp image are land. 
If we were not interested in the land, we could map all these pixel values to 0. The remaining pixels in 
the image with values from 62–178 represent freshwater lakes (loughs in Ireland and lochs in 
Scotland) and sea. We can stretch these even more if we make a second knee-point. 

Activity: Click on your manual stretch document 
to make it the active window again. 
When you have done this double-click 
on line above a value of about 60 on the 
x-axis to make a second knee-point. 
Drag this one downwards to the x-axis 
until the Status Bar shows the mapping 
(62, 0) (it will read 062  000). The 
stretch should now look like the one 
shown to the right. 

 
Note that the land now goes completely black with inland freshwater areas standing out well and the 
sea showing a lot more detail than the ordinary stretch. 

You can further refine this stretch for oceanic water pixels by inserting a third knee-point and reducing 
the amount of the display scale used by non-oceanic water pixels with DN values between 62 and 
about 130. This then allows maximal stretching of image pixels in the sea with values from 130–178. 

Activity: Experiment with this interactively, seeing at what point the Lough Neagh freshwater 
pixels become dark on the image as you move the third knee-point on the stretch along 
the x-axis towards a value of 130. This markedly improves the sea pixel contrast, with sea 
areas now stretched over the full range of display scale values. 

This stretch may be useful and is worth saving. 
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Activity: Make your manual stretch the active window, if it isn’t already. Before you save your 
stretch you should label it so it is clear what it is, so either click on the Options menu 
and select the Names option, or right-click on the stretch and select the Names option. 
This brings up the Names dialog box. This has three boxes to fill in: Chart Name, X 
Axis Name, and Y Axis Name. You can move between these by clicking in them with 
the mouse or by using the <Tab> key. In the Chart Name: box, type [without the quotes] 
“Stretch of sea with land set to 0”, in the X Axis Name: box type “Image data DN” as 
these are the underlying digital numbers in the image, and in the Y Axis Name: box type 
“Display scale DN” as these are the digital numbers which are actually displayed on the 
screen for pixels with these values in the image. When you have done this click on OK.  

  Now click on the File menu and select Save. In the File, Save As dialog box type 
AVHRR_Mulls#04.str in the File Name: box and click . Your stretch is 
now saved for future use. To clear the workspace click on Window, Close All. 

In Tutorial 2 on opening, viewing and saving images you were briefly introduced to the Redisplay 
Image dialog box but asked to “ignore it for now”. For images with pixels recorded at more than 8-
bits (i.e. those with image data values > 255) this function acts both to map and to stretch the 
underlying image data to the 8-bit display scale. It offers a basic Linear and Logarithmic option for 
how the data are displayed as well as three options, which correspond to the various stretches (Auto 
linear, Equalize and Gaussian) in the Stretch menu. You will now briefly explore how the 
Redisplay Image option works with a 16-bit integer AVHRR image (recorded as 10-bit data (i.e. 
DNs between 0 and 1024), but stored as 2 bytes = 16-bits per pixel) of West Africa recorded in the 
thermal infra-red at same wavelengths as the AVHRR_Mulls#04.bmp image. In this case the actual sea 
surface temperature (SST) in degrees Kelvin is 273.15 + 0.01 x pixel DN in the image. 

Activity: Open the image AVHHR_West_Africa#04.dat without altering the Redisplay Image 
dialog box. The result is an unrecognisable mess of black (most of the image) and white 
(actually cloud). Disappointing!  

To see why this is, you need to examine a histogram of the image.  

Activity: Select the whole of the image (<Ctrl>+A), click on File, New and select HISTOGRAM 
document. Make sure the Apply stretches to new documents checkbox is not 
checked. The histogram shows image data values between 0 and approximately 65550 
with frequencies displayed for 50 DN value wide “bins”. Inspect the histogram. Then 
click on the far right of the “Image data DN” axis (x-axis). 
Note that the last four panels in the Status Bar (right) show 
that 0.08% of the image pixels occur in the last bin, that this bin records the number of 
pixels with DN values between 65,500 and 65,549 and that there are 372 pixels in the 
image with these high values. Note that pixels are clustered into two areas of the 
histogram. Use the histogram to answer the following questions. 

Question 1: How many pixels in the image have values between 10,000 and 60,000? 

Question 2: What is the highest bin (state lower and upper values) of the lower cluster that contains 
pixels and how many pixels are in this bin? 

The lower cluster (with pixels < a DN value of 5000) represents thermal infra-red emittance from the 
sea and land; the upper cluster (with pixels > a DN value of 60,000) represents thermal IR emittance 
from thick clouds. The HUGE difference in brightness between land/sea and cloud pixels means that 
the former display as black and the latter as white. To see the sea and land properly you need to 
configure the Redisplay Image mapping to the display scale so that the high value cloud pixels are 
ignored. 
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Activity: Firstly, ensure that the Stretch, Options... are set such that AutoLinear Min% is 5 and 
Max% is 95, and that the Apply stretches to charts, clipboard etc. checkbox is 
checked. Then, right-click on the AVHHR_West_Africa#04.dat image and select 
Redisplay from the menu. In the Redisplay Image dialog box you want to set all 
pixels >= 4150 (which is the highest value of lower, land/sea cluster) as “null values” so 
that they are ignored when the image is stretched and redisplayed. Select >= from the 
drop-down list, enter 4150 in the Null value(s): box and then check the Null value(s): 
checkbox. In the Stretch Settings’ Use: box, select Auto linear stretch. Once all this is 
done, click on  to apply the mapping. Close the Redisplay Image dialog 
box.  

You now have a reasonable greyscale image with different SSTs 
displayed as different shades of grey. If you scroll down the image (use 
mouse wheel if you have one) you can now see considerable SST 
structure in the sea south of the Canary Islands (see upper right). Note 
also that thick cloud is now set to white. To improve the SST 
discrimination still further you can try a Histogram Equalization stretch. 

Auto linear 
stretch 

Activity: Right-click on the AVHHR_West_Africa#04.dat image 
again and select Redisplay from the menu. This time, in 
the Redisplay Image dialog box you want to set the 
Stretch Settings’ Use: box to Equalize. Once this is done, 
click on Apply and then Close. This produces an even 
better image (see lower right) with sea of different 
temperatures very clearly delineated. Adjusting the 
“redisplay” further so that land areas are all mapped to 
white further improves the contrast in the sea. You can do 
this by adjusting Null value(s): value (try ≥ 2150). [Note: 
You need to uncheck and recheck the Null value(s): 
checkbox to change]. When you have finished close all 
files. 

Histogram 
equalization 

With images like the 16-bit AVHHR_West_Africa#04.dat, you have 
seen that optimising display is slightly more complicated than for 
simple 8-bit images. However, similar results can be achieved using the 
Redisplay Image option and final adjustments can still be made interactively using a manual stretch. 

Often you know before opening an image that certain pixel values are Null. For example, land or sea 
might be “masked” in an image and set to zero. In this case, when the Redisplay Image dialog box 
appears you would set Null value(s): == to 0 and these “background” pixels would be ignored when 
the image is redisplayed; this would usually improve the display of the image. For some AVHRR 
images the value -32768 is used as a “fill” value and would upset the display of such images even 
more. In this case you would want to set Null value(s): == to –32768 when opening the images. 

So far you have displayed the images as a set of grey scales and in this section you have seen how to 
optimise the display of these to emphasise features of interest. You can also control the display so as 
to assign colours to pixels with certain brightnesses (display scale values) to create thematic maps. In 
the next part of the introduction, using palettes to enhance display and create thematic maps, you 
can investigate how to do this. 
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Answers to Questions  

Using Stretches to optimise image display 

Question 1 

 There are zero pixels in the image with values between 10,000 and 60,000.  

Question 2 

 The highest bin of the lower cluster that contains pixels records the frequency of pixels with 
values from 4,100 to 4,149. There is only one pixel with a value in this range. 
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6. USING PALETTES TO ENHANCE DISPLAY AND CREATE THEMATIC MAPS 

Aim: To introduce you to using and creating palettes to enhance the display of images and make 
thematic maps. 

Objectives: By the end of this tutorial you will have explored how the Bilko palette generator works, 
learnt how palettes can be used to enhance the display of images on your computer screen, and made a 
thematic map of global sea surface temperature.  

This tutorial investigates the use of colour palettes in image analysis and how they may be used to 
convey useful information. 

About Colour 
In order to understand the use of palettes, it may be helpful to give a brief summary of colour and the 
way in which the human eye discerns colour. Definitions for the terms used in this exercise will also 
be given. A useful website on colour is: http://www.soc.soton.ac.uk/JRD/SCHOOL/mt/mt001a_2.html  

The human eye perceives colour by means of light-sensitive receptors in the retina called cones. There 
are three types of cones. These contain different photosensitive pigments and thus respond to light of 
different wavelengths. The three different types of cone are broadly sensitive to wavelengths in the 
red, green, and blue part of the visible spectrum respectively. This system works because all colours 
that we can see can be reproduced by adding together red, green and blue (RGB) in different 
proportions. This is known as Young’s tristimulus theory of colour.  

Red, green and blue are known as 
primary colours because none of 
them can be produced by mixing 
the other two colours. As well as 
being used by our eyes, these 
additive primary colours are used 
in the screens of colour monitors 
and televisions, which are coated 
by regularly spaced dots of red, 
green and blue phosphors that emit 
light when bombarded by electrons 
from the red, green and blue guns 
respectively.  

Figure 6.1 shows the 3 colour 
theory illustrated diagrammatically 
as a triangle with the primary 
colours at each apex. Points along 
the outlines of the triangle 
represent mixtures of two primary 
colours; thus a pure cyan is a 50:50 

mixture of blue and green. Points inside the triangle represent mixtures of all three primary colours 
and include pastel shades such as browns, purples and pinks. Right in the centre of the triangle where 
you have equal amounts of each primary colour you have the achromatic point where you see a grey. 
This point is on an axis (the achromatic line) coming out of the page which represents the brightness, 
or intensity, of the colours (and ranges from black to white).  

 
Green 

Hue = 120 

Blue 
Hue = 240

 

Figure 6.1. 

Red 
Hue = 0 

Yello
Hue

w 
 = 60 Cyan 

Hue = 180

Magenta 
Hue = 300 

Grey 
Sat: = 0 

Sat: = 255 

So far when you have been looking at greyscale images you have just been using this achromatic line 
to display the pixels at 256 different grey levels (i.e. at grey levels ranging in intensity from 0 (black) 
to 255 (white)). The terms hue and saturation are explained below. 
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Figure 6.2. 

green 
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Colours can also be described in terms 
of three attributes – intensity, hue and 
saturation (the IHS system): 

Intensity: refers to the brightness of a 
colour which for 8-bit displays will 
vary from 0-255. 

Hue: refers to the relative amounts of 
two primary colours making up a 
colour. In the Bilko palette generator 
hue can take values from 0-359 with 
primary colours (at full saturation) 
considered to lie along the 
circumference of a circle (360°). Red, 
green and blue are thus each 120° 
(hue units) apart with yellow, cyan 
and magenta lying half way between 
them (Figures 6.1 and 6.2). 

Saturation: the pureness of a primary 
colour (expressed as its distance from 
the central grey point or achromatic 
line).  

Figure 6.2 is a three-dimensional view of the hue-saturation triangle in Figure 6.1 to show the 
achromatic line (grey axis) and intensity cone. Try to relate the elements of the palette generator box 
illustrated below to the diagram above and note that colours are expressed both in terms of amounts of 
red, green and blue (RGB) and in terms of intensity, hue and saturation. You can set up colours using 
either system. In the palette box below, the colour being set up is white. This is made by mixing red, 
green and blue in equal amounts at full intensity; thus under the RGB system we see Red: 255, Green: 
255 and Blue: 255. Under the IHS system we think of white as a point at full intensity on the 
achromatic line, that is with a saturation of 0; thus we see Sat: 0 and Val: 255. The hue value does not 
matter in this case since saturation is 0 and could be any number from 0–359 (in the palette box below 
it just happens to be 0). If this puzzles you study Figures 6.1 and 6.2 again. 

Intensity: In the palette generator 
intensity is referred to as Value (Val:). 
Hue: Red is arbitrarily assigned a hue 
of 0; green has a hue of 120, and blue a 
hue of 240. Moving around the 
circumference of the hue circle in 
Figures 6.2 or 6.3 is equivalent to 
moving along the top of the colour 
space rectangle in the palette generator 
box (left). 

Saturation: In the palette generator a 
fully saturated colour has a saturation 
of 255, whilst greys on the achromatic 
line have a saturation of 0. Black thus 
has a saturation of 0 and a value of 0; 
white has a saturation of 0 and a value 
of 255; mid-grey has a saturation of 0 
and a value of 127. 
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Table 6.1. For reference, the RGB mixtures required to make the main full intensity (Val:=255), pure 
(Sat:=255) colours are shown below along with the attendant Hue values obtained. To obtain dark 
versions of the same colours (Val:=127), you would replace the 255 values in the Red, Green and Blue 
boxes by 127.  

Colour Hue Red Green Blue 

Red 0 255 0 0 

Yellow 60 255 255 0 

Green 120 0 255 0 

Cyan 180 0 255 255 

Blue 240 0 0 255 

Magenta 300 255 0 255 

The file you will be using in this section is a processed National Oceanic and Atmospheric 
Administration (NOAA) AVHRR Oceans Pathfinder sea surface temperature (SST) image of the 
whole world, built up from many images collected during December 2000. To save space the image 
has been cut down from its original size of 4096 x 2048 pixels to a size of 2048 x 950 pixels. SST in 
degrees Celsius is equal to 0.15 x (pixel DN – 3.0). Thus a pixel value of 188 means a sea surface 
temperature of 27.75°C. 

Activity:  Open the image file Global_SST_Dec2000.gif (using File, Open). Use View, Zoom 
(or right-click on the image and select Zoom) to set the zoom to 45% of full size so that 
you can see the whole image at once. Study the image, noting that all land is set to black 
(0) and the sea to varying shades of grey. 

Before assigning colours to various pixel brightness values in the image it is useful to view a 
histogram of the image to see whether some SST values dominate or whether they are fairly evenly 
distributed throughout the range of pixel values.  

Activity:  To view a histogram of the Global_SST_Dec2000.gif image, click on the image window 
to make it active and use <Ctrl>+A to select the whole image. Now click on File, New 
and select HISTOGRAM Document in the New dialog box. Since all land is displayed 
with a DN of 0 there are over 830,000 pixels with value 0 in image so the histogram is 
not very well displayed. To adjust the scales so that you can see the distribution of the 
water pixels, click on Options, Scale (or right-click on the histogram and select the 
Scale option). In the Scale dialog box you can either set Maximum: to 16000, Major 
Unit: to 2000 and Minor Unit: to 1000, or just click on the Ignore zero box, and click on 

 to show the improved display. Size or move the histogram window so that 
you can see both it and most of the image clearly at the same time. 

In the histogram you can clearly see the distribution of the brightness values of water pixels. The 
pixels are reasonably evenly distributed between pixel values of 1 and about 230, with a bulge of 
pixels around a value of 200 due the large areas of warm water in the tropics. This suggests that you 
can assign different colours to a series of equal brightness bands and get a reasonable result. Before 
continuing, minimise the histogram window. 

Activity:  Click on the Global_SST_Dec2000.gif image to make it active and then click on File, 
New and select PALETTE Document in the New dialog box. A palette generator box 
like that discussed earlier appears. The grid of 256 cells range from 0 = black to 255 = 
white with 254 intermediate shades of grey. Click on the cells and note that Red:, Green: 
and Blue: values are identical and always equal to Value: and that saturation (Sat:) 
remains zero since only greys are displayed. The cells can be considered as lying along 
the central intensity grey axis in Figure 6.2.  
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Activity:  With the last cell (bottom right) selected, position the mouse pointer in the Colour Space 
area and click. Depending where you have pointed the colour of the upper rectangle 
beneath the left hand side of the Colour Space area will change to the colour to which you 
have pointed. At the same time the hue, saturation, and red, green and blue boxes will 
change their values. However, the Value: box will remain set at 255. Explore the Colour 
Space briefly by clicking in different parts of it and noting how the hue, saturation and 
RGB mix change.  

 It is particularly instructive:  
 i) to click at the top left of Colour Space and holding down the left mouse button to slide 

the pointer along the top of Colour Space (Sat:=255) and see how both the Hue value and 
colour in the upper rectangle changes; and  

 ii) to click at the bottom left of Colour Space and holding down the left mouse button to 
slide the pointer up an down the left hand boundary of Colour Space (Hue:=0) and see 
how Saturation changes. 

 When you have seen how Colour Space is structured in terms of Hue and Saturation, 
click on cell 255 again. Now position the mouse pointer over the intensity or value bar to 
the right of the Colour Space area and click. Note that the numbers displayed in the 
Value:, Red:, Green:, and Blue: boxes change in unison. Holding the left mouse-button 
depressed, slide the mouse-pointer up and down the intensity bar. This is equivalent to 
moving up and down the achromatic line or grey axis of Figure 6.2 and the values change 
from 0 to 255 as the colour in the upper rectangle beneath the Colour Space changes from 
black to white.  

The brief exploration of the palette generator above should give you a reasonable grasp of the 
concepts behind the palette generator. You will now apply this knowledge to colour the land in 
Global_SST_Dec2000.gif green. At present all the land is black with a DN value of 0. Thus all we 
have to do is make the first cell of the palette dark green. 

Activity:  Click on the first cell (cell 0) in the top left hand corner. All values (except Hue:) should 
be zero. We want a dark green so click on the Green: box and type in 127 to indicate a 
half-intensity pure green. Note that as you type in, the other boxes change so that 
Hue:=120, Sat:=255 and Val:=127. This makes sense because under the HSI system, dark 
green is a fully saturated colour with a hue of 120 and intensity of 127. Click on 

 to effect the colour change and note that cell 0 now shows as dark green. 

Congratulations! You have now succeeded in making your first change to the palette. To apply this 
change to the image you need to copy the changed palette to the image.  

Activity:  To apply the altered palette to the image, click on the Copy toolbar button , then click 
on the Global_SST_Dec2000.gif image and click on the Paste toolbar button . Note 
that all the land (and some areas which were cloud covered throughout December 2000) 
is dark green. You can now close the greyscale palette without saving it as you will not 
need it further. 

Now you are ready to do the main exercise. In this you will be assigning a different colour to every 16 
cells according to the scheme in Table 6.2. This will create 16 different coloured temperature bands. 
To save you time a half-finished palette has been created with only six rows of 16 cells still left as 
grey.  

Activity:  Open the palette SST_Exercise.pal after making sure that the Apply checkbox in the 
Open dialog box is NOT checked. Note that the palette has two series of grey cells 
interspersed by coloured cells. If the 256 cells are not arranged as a grid of 16 x 16 cells 
adjust the size of the palette generator window until they are. This makes it easier to work 
with them. The instructions below assume this layout. 
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Question 1: What are the Saturation, Value, Red, Green, and Blue values displayed for cell 64 at the 
beginning of row 5 in the palette? 

Each row (except first and last rows which begin with a white cell and end with a black cell 
respectively) should now be either a single colour or in the case of 6 rows a series of grey shades. You 
will firstly see the effect of applying the palette and then fill in the missing rows of colour. To apply 
the half finished palette to the Global_SST_Dec2000.gif image you need to copy it and paste it to the 
image.  

Activity:  Copy the palette and paste it to the image.  

Polar and warm temperate seas are now coloured. Cold temperate and tropical oceans remain to be 
coloured. Note that the land and cloudy areas are now white. 

Table 6.2. Scheme for colour palette for SST image. The cells in rows 5-7 and 12-14 need to have 
their colours assigned. Row numbers assume that cells are arranged in a 16 x 16 matrix. 

Cell #  
= greyscale 

Row Red Green Blue Colour 

0 1 255 255 255 White 
1-15 1 63 0 63 Very dark purple 

16-31 2 127 0 127 Dark magenta 
32-47 3 255 0 255 Magenta 
48-63 4 175 0 255 Violet 
64-79 5 0 0 255 Blue 
80-95 6 0 140 255 Blue-cyan 

96-111 7 0 255 255 Cyan 
112-127 8 0 255 160 Green-cyan 
128-143 9 0 255 75 Bluish green 
144-159 10 75 255 0 Yellowish green 
160-175 11 175 255 0 Lime green 
176-191 12 255 255 0 Yellow 
192-207 13 255 140 0 Orange 
208-223 14 255 0 0 Red 
224-239 15 175 0 0 Dark red 
240-254 16 120 32 16 Red brown 

255 16 0 0 0 Black 

Activity:  Click on the palette generator. Then click on the cell 64 at the start of row 5 and holding 
the left mouse-button down drag the mouse across to cell 79 on the right had end of the 
row, then release the mouse-button. [Note that the Status Bar shows the start and finish 
cell numbers]. The upper rectangle under the Colour Space will be dark grey and the 
bottom rectangle mid-grey. Click on the upper large rectangle under the left side of the 
Colour Space and then type the value 0 in the Red: box, 0 in the Green: box and 255 in 
the Blue: box (row 5 values from Table 6.2). The upper rectangle turns blue. Now click 
on the bottom rectangle and do the same. It too turns blue. Click on the  
button and all the highlighted cells turn blue.  

 Using the same technique, methodically set up the colours for the five remaining rows of 
cells. Refer to Table 6.2 for the RGB values for the colours and remember that BOTH the 
upper and lower rectangles have to be set to the colour before the palette is “updated”. 
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When all colours have been updated on the palette, copy the palette and paste it to the 
image. Note the colour bar beneath the image, which shows how the colours are assigned 
as a series of bands. When you have done this successfully, save the palette as SST.pal.  

Congratulations, you have created a palette similar to the standard temperature palette used by NOAA 
for AVHRR Oceans Pathfinder SST images! The image is now thematically coloured with land 
white, and water ranging from very dark purple where coldest to red, where warmest. To see what the 
actual NOAA palette looks like you can apply this. 

Activity:  Make sure that Global_SST_Dec2000.gif is the active document by clicking on it. Select 
File, Open and then, after having checked the Apply checkbox of the Open dialog box, 
open the palette SST_Pathfinder.pal. This opens and immediately applies the stretch to 
the image.  

  To view the palette itself, uncheck the Apply checkbox in the Open dialog box and re-
open it. Click on the cells of the palette to see what their values are. 

You will see that the NOAA palette is very similar to the palette you created but that each cell is 
slightly different in colour to its neighbours (check RGB values to see this). If you look at the colour 
bar beneath the image you will see that the colours now blend rather than forming distinct bands. 
Remember that the palette just alters how the image is displayed on the screen but does not alter the 
image itself. However, if you wanted to save a picture of the coloured image you could save it as a 
coloured CompuServe gif file. 

Activity:  Select all (<Ctrl>+A) of the Global_SST_Dec2000.gif image and then select File, New 
and IMAGE Document in the New dialog box. This creates a copy of the image, which 
contains the colour information. You can save this new image and when you re-open it, 
the image will be coloured. However, if you close and re-open the 
Global_SST_Dec2000.gif image it will still be a greyscale image. You may wish to 
satisfy yourself of this. When finished close all the images. 

Many images are not georeferenced when received, that is, they are not linked into any geographical 
coordinate system such as latitude and longitude or the Universal Transverse Mercator (UTM) grid 
system. To properly orientate such images and link pixels to geographical coordinates requires that the 
image be rectified and resampled. 

 

Answers to Questions  

Using Palettes to enhance display and create thematic maps 

 

Question 1 

 The Saturation = 0, Value = 64, Red = 64, Green = 64, and Blue = 64 for the 64th cell as it is 
currently set to a grey value (no colour saturation) equivalent to its position (as in a normal 256 value 
grey palette).  
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7. RECTIFICATION (GEOMETRIC CORRECTION) OF IMAGES AND 
RESAMPLING 

Aim: To introduce you to methods of rectifying images and linking them to geographical coordinate 
systems by resampling.  

Objectives: By the end of this tutorial you will have learnt how to use a series of ground control 
points (GCPs) of known longitude and latitude to rectify an AVHRR image and generate a resampled 
image with each pixel having latitude and longitude coordinates like a map.  

This tutorial investigates the Image, Rectify and Image, Resample options of the Bilko menu 
using an AVHRR band #2 image of Northern Ireland and SW Scotland (AVHRR_Mulls#02.bmp), 
recorded in the near infra-red (wavelengths 0.72–1.10 µm).  

So that you can judge how well the rectification has worked we have downloaded a geometrically 
corrected United States Geological Survey (USGS) MapGen 1: 250,000 image that shows the 
coastlines of the area from http://rimmer.ngdc.noaa.gov/coast. This file has been saved as 
Mulls_coastline.gif. To save you time we have also set up a Table document (Mulls_coastline.tbl), 
which links a series of ground control points (GCPs) in the geometrically corrected coastline image 
(with known longitude and latitude) with a corresponding series of points in the AVHRR image for 
which we only know the column and row coordinates. You will need to add five new GCPs to 
properly rectify the AVHRR image and will learn two different ways of doing this. 

Activity:  If you have any images open, please close them. Open the image file 
AVHRR_Mulls#02.bmp and Mulls_coastline.gif. Examine the two images. Note that 
Longitude and Latitude coordinates are displayed in the Status Bar for any point that you 
click on in the Mulls_coastline.gif image and that View, Coords is checked. By 
contrast, note that you cannot set View, Coords in the AVHRR_Mulls#02.bmp image.  

 Note also that because the AVHRR band#2 sensor is recording reflected near infra-red 
radiation that the land is bright because vegetation reflects near-IR radiation strongly. By 
contrast, the sea is very dark because water absorbs near-IR radiation. Note that the more 
richly vegetated lowland areas are noticeably brighter than the sparsely vegetated higher 
ground.  

 Note that the Mulls_coastline.gif image consists of only two values. The coastline is 
black with pixel values set to 0, the remainder of the image is white with pixel values set 
to 255. 

Question 1:  How many columns and rows does the AVHRR_Mulls#02.bmp image have?  

Question 2:  How many columns and rows does the Mulls_coastline.gif image have?  

Question 3:  What is the longitude and latitude of the top left corner of the Mulls_coastline.gif 
image?  

Question 4:  Across how many degrees of longitude (W–E) and latitude (N–S) does the 
Mulls_coastline.gif image extend?  

Using the Mulls_coastline.gif as a “master” image we have matched a series of pairs of GCPs of 
known longitude and latitude on this image to a series of points of known column and row coordinates 
on AVHRR_Mulls#02.bmp “slave” image. These GCP pairs are stored in a Table document 
Mulls_coastline.tbl. However, before you use this we will take you through what you would normally 
do if starting out to rectify an image. 
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Activity:  With the AVHRR_Mulls#02.bmp image selected 
as the active window, select Image, Rectify from 
the menu. This opens the Rectify dialog box (see 
right). Inspect this and note that because you have 
only one image with and one without geographical 
coordinates open, the Master Image: is already set 
to Mulls_coastline.gif and the Slave Image: to 
AVHRR_Mulls#02.bmp. This is what you want, so 
don’t change anything but just click on 

.  

 Examine the blank table which appears and note 
that it has four columns: Description (this will usually contain place names 
corresponding to each GCP); Master: which is set to Mulls_coastline.gif; Slave: which 
is set to AVHRR_Mulls#02.bmp; and RMS: which stands for Root Mean Square error.  

At this point you would normally start entering 20–30 GCP pairs from points fairly evenly distributed 
across the master and slave images. To save you time, you will only enter one (for Malin Head, see 
Figure 7.1 below) in the blank table and then open the previously prepared table and enter a few more 
GCPs there. 

 

SCOTLAND 
Malin Head 

Lough 
Neagh 

Loch Lochy 

Figure 7.1. Map showing positions of three of the GCPs to be entered. 

Activity:  Position the mouse pointer over GCP #000: and click on it. It should become a blank box. 
Type in Malin Head as the description for the GCP and press the <Tab> key to move to 
the second column. Now click on the AVHRR_Mulls#02.bmp image and try to position 
the image cursor on the NW tip of Malin Head using the Status Bar to guide you as to 
where the land (bright) : sea (dark) boundary is. When you are satisfied that you’ve got 
the image cursor in position, click on the Mulls_coastline.gif image and position the 
image cursor on the corresponding point on this image. When you are satisfied that 
you’ve got the cursor correctly positioned, press the <Insert> key.  

A yellow cross with 000 beneath it will appear on both images. The longitude and latitude coordinates 
of the GCP will appear in the Master column of the table. The column and row coordinates of the 
GCP will appear in the Slave column of the table. Congratulations! You’ve successfully set up your 
first GCP. The first line of the table should now look something like this: 

GCP #000: Malin Head (007°24'20.32"W, 55°22'24.72"N) (0008, 0145)

Activity:  Before proceeding, note that unchecking the GCP checkbox changes the colour of the 
GCP to cyan on the two images. Only checked GCPs are included in the rectification 
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process. Also note that if you hover the mouse pointer over the centre of the GCP cross 
on the images then an information box appears with the Description information for the 
point.  

 Close the Table without saving it. Note that the GCPs disappear. Now open the table 
Mulls_coastline.tbl. Note that many GCPs appear on both images. Inspect the table 
document and the distribution of GCPs on the images. 

20 GCPs are filled in for you (GCP #000 to #019). There is a lack of GCPs in the north-east and 
south-west of the images and if you are to achieve good rectification you need to enter some here. You 
will enter three of these from Table 7.1 which is set up as if someone had used a map to find out 
longitude and latitude of three points on the AVHRR_Mulls#02.bmp image for which column and row 
coordinates are known. You will later enter a further two GCPs using the same method that you used 
for the Malin Head GCP. 

Table 7.1. Three GCP pairs showing longitude and latitude of three points on the 
AVHRR_Mulls#02.bmp image. 

Description Master  Slave  
GCP #020:  3°41'05.00"W, 56°01'34.85"N 452, 123 
GCP #021:  3°10'59.51"W, 55°59'20.40"N 499, 132 
GCP #022:  6°16'20.32"W, 54°34'54.72"N 100, 237 

Activity:  Click directly on the master image column for GCP #020. You can enter the first 
coordinates as: 3 41 5W 56 1 34.85 or 3o41’5”W 56o1’34.85”N or 3 41 5W, 56 1 34.85N. 
All will work. Pick a format that suits you. [Note: you must specify if coordinates are W 
or S but do not have to specify if N or E]. When done press the <Tab> key to move to 
the slave image column. The column and row coordinate 466, 125 (or similar) should 
appear, which is where the program predicts the point will be on the 
AVHRR_Mulls#02.bmp image based on other GCP pairs and the current transform. You 
should enter the correct coordinate (452, 123) and press the <Tab> key. The RMS errors 
for each point and the overall average RMS are recalculated as the new GCP pair is 
entered.  

 Repeat the process for GCPs #021 and #022 and check that values are all correct. To see 
where the new points are, uncheck the three GCPs’ checkboxes so that they appear in 
cyan on the images. Having seen where they are, recheck them so that all checkboxes are 
ticked. 

To complete the table, two more GCPs – one at the NE end of Loch Lochy and one at the SW end of 
Lough Neagh (see Figure 7.1) – need to be added. You will use the same method as you used for 
Malin Head. 

Activity:  Position the mouse pointer over GCP #023: and click on it. It should become a blank box. 
Type in NE end of Loch Lochy as the description for the GCP and press the <Tab> key to 
move to the second column. Now click on the AVHRR_Mulls#02.bmp image and try to 
position the image cursor on the NE end of Loch Lochy (Figure 7.1) using the Status Bar 
to guide you as to where the land (bright) : water (dark) boundary is. When you are 
satisfied that you’ve got the image cursor in position, click on the Mulls_coastline.gif 
image and position the image cursor on the corresponding point on this image. When you 
are satisfied that you’ve got the cursor correctly positioned, press the <Insert> key. 
Repeat the process for GCP #024 at the SW end of Lough Neagh (Figure 7.1). Check 
their positions on the images. 
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The two new GCPs should look something like this in the rectification table: 

GCP #023: NE end of Loch Lochy  (004°50'20.32"W, 57°00'54.72"N) (0377, 0012)
GCP #024: SW end of Lough Neagh (006°36'20.32"W, 54°31'24.72"N) (0057, 0240)

Congratulations, that’s enough GCPs to rectify the image. You will now carry out rectification of the 
AVHRR_Mulls#02.bmp image using two different transforms so that you can compare their 
effectiveness. 

Activity:  Make sure all GCPs are checked. To find out what transform is being used, right-click on 
the rectification table document and select the Transform option. This should be set to 
Linear. [Note that the other two options are Quadratic and Cubic]. Now that all GCPs are 
entered and the transform is set, click on the Copy button on the toolbar, select the 
AVHRR_Mulls#02.bmp image and then click on the Paste button to fix the GCP pairs.  

You are now ready to resample the image and map it onto the master image’s coordinate system. 

Activity: Select Image, Resample and a Resample dialog box appears with four tabs 
(Window, Pixel, Image, Interpolation). Inspect this and answer the questions below. 

Question 5:  What are the three methods of interpolation which are supported?  

Question 6:  What is the width and height of the pixels in the rectified output image set to?  

Activity: Select Cubic convolution as the method of interpolation and click on the Apply button 
to make this take effect. Leave all the other settings alone for now and select OK to carry 
out the resampling. Inspect the output image that has been rectified using a linear 
transform and note how the geometry has been significantly altered. In particular it is 
now clear that the image “north” is several degrees different to true north. 

You will now compare the rectified image to the master image coastline map to see how good the 
rectification has been. To do this you will connect the new image and the master image and then use a 
formula document to draw the coastline as a white line on the new image. 

Activity: Use the Image, Connect function to connect the rectified (resampled) output image to 
the Mulls_coastline.gif image and use the Selector toolbar to designate the rectified 
image as image 1 (@1 in formulas) and designate the Mulls_coastline.gif image as 
image 2 (@2 in formulas). Now open the formula document Draw_Mulls_coastline.frm. 
Copy the formula and Paste it on the connected images window. Inspect the resultant 
image.  

Question 7:  How well does the resampled image fit the original master image coastline?  

You will see that a linear transform is too simple to give the required result. The curvature of the Earth 
means that at least a quadratic tranform is needed to warp the AVHRR image and fit it to the master 
image coastline map. 

Activity:  Close the connected images window and the resampled image without the coastline 
added. Click on the rectification table and make a note of the average RMS value (in 
column header). Change the transform setting to Quadratic and note how the value 
improves dramatically from around 5 pixels to less than 1.5 pixels. Now that the new 
transform is set, click on the Copy button on the toolbar, select the 
AVHRR_Mulls#02.bmp image and then click on the Paste button to fix the transform. 

 Select Image, Resample and in the Resample dialog box select Cubic convolution 
as the method of interpolation again (don’t forget to click the Apply button!). Carry out 
the resampling and connect (Image, Connect) the rectified (resampled) output image to 
the Mulls_coastline.gif image as before. Finally, copy the formula 
(Draw_Mulls_coastline.frm) and paste it on the connected images window. Inspect the 
resultant image. Compare to the linearly transformed image with the coastline added. 
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You will see that you now have an almost perfect fit between the two images. Congratulations, you’ve 
mastered the basics of rectification and resampling! 

To finish this tutorial you will now apply your rectification table to band #4 of the AVHRR image 
(AVHRR_Mulls#04.bmp).  

Activity:  Firstly save the Mulls_coastline.tbl with your new GCPs in it. Then close all files 
EXCEPT Mulls_coastline.gif and Mulls_coastline.tbl which are still needed.  

 Now open AVHRR_Mulls#04.bmp and right-click on the Mulls_coastline.tbl table and 
select the Change View option. Click on the Slave Image: drop-down list and select 
AVHRR_Mulls#04.bmp as the new slave image. Click on OK and the GCPs are 
transferred to the new image. Using a quadratic transform (and not forgetting to copy and 
paste the rectification table to the new image), resample AVHRR_Mulls#04.bmp to the 
master coastline image. When you have finished close all images. 

For further practice at geometric correction using a false colour composite of a large AVHRR image of 
the Mediterranean, there is a mini-lesson available (Mini-lesson01_Geometric_correction.pdf). 

Quite often you need to exchange rectified images between different software packages or you may be 
sent binary “flat file” images without any coordinates attached, but which have already been 
geometrically corrected to a geographical coordinate system such as Universal Transverse Mercator 
(UTM) or latitude and longitude. In such cases, at least the coordinates of the top left of the image (the 
image “origin”) and pixel dimensions will normally be known. Armed with this information you can 
apply coordinates to the image. The first part of the next section describes how to “edit” the 
coordinates to do this.  
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Answers to Questions  

Rectification (geometric correction) of images and resampling 

Question 1 

 The AVHRR_Mulls#02.bmp image has 512 columns (pixels per row or DX:) and has 256 
rows (DY:). 

Question 2  

 The Mulls_coastline.gif image has 670 columns (pixels per row or DX:) and has 365 rows 
(DY:). 

Question 3  

 The longitude and latitude of the top left corner of the Mulls_coastline.gif image is 
8°10′50.32″W and 57°17′54.72″N. 

Question 4  

 The Mulls_coastline.gif image extends over 5°35′00.00″ of longitude and 3°02′29.99″ of 
latitude. 

Question 5 

 The three methods of interpolation which are supported are i) Nearest neighbour, ii) Bilinear 
interpolation and iii) Cubic convolution. (Look these up if you do not know what they are). 

Question 6 

 The width and height of the pixels in the rectified output image is set to 30″ (30 seconds of 
longitude and latitude) = 0.5′ (0.5 minutes of longitude and latitude) which is the pixel size in the 
Mulls_coastline.gif image. 

Question 7 

 The resampled image generated using a linear transform does not fit the original master image 
coastline very well although its geometry has been radically altered. Essentially, a linear transform is 
not adequate due to the curvature of the Earth’s surface. 
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8. EDITING AND VIEWING COORDINATES, CREATING SCATTERGRAMS AND 
PRINCIPAL COMPONENTS ANALYSIS 

Aim: To introduce you to (i) how you can apply a geographical coordinate system to a rectified image 
of known geographical origin and pixel size (but stored as rows and columns only), (ii) how to plot 
pixel values in one band against those in another band to visualise how features separate spectrally, 
and (iii) how principal components analysis (PCA) can aid image analysis.  

Objectives: By the end of this tutorial you will have learnt how to apply geographical coordinates to a 
(previously rectified) image imported without coordinates from another software package. You will 
also have explored the scattergram option, which allows pixel values in two bands to be displayed as a 
chart, and carried out PCA to enhance separation of different land cover types. 

In the previous section on geometric correction, methods for rectifying and resampling raw images 
were studied. Quite often you need to exchange images between different software packages or you 
may be sent binary “flat file” images without any coordinates attached, but which have already been 
geometrically corrected to a geographical coordinate system such as Universal Transverse Mercator 
(UTM) or latitude and longitude. In such cases, at least the coordinates of the top left of the image (the 
image “origin”) and pixel dimensions will normally be known. Armed with this information you can 
apply coordinates to the image and then save it as a CompuServe .gif or Bilko .dat file which will store 
the coordinate information. You will practice this using one band of a CASI (Compact Airborne 
Spectrographic Imager) digital image, which has been previously georeferenced to the local UTM grid 
system.  

The single band image has been exported from ERDAS Imagine (a commercial remote sensing 
package) as a 16-bit unsigned integer binary flat file (.bin) extension (Casi_16-bit_unsigned#2.bin). 
Each pixel in this image is 1 × 1.1 m in size (so the spatial resolution is 1000× better than the AVHRR 
images you’ve been studying). The image is 452 pixels wide and made up of 317 scan lines.  

Activity:  Use File, Open to start the process of opening Casi_16-bit_unsigned#2.bin. Bilko 
needs more information from you to open this file and so an Open As flat file dialog 
box appears. There is no header, so leave the Header length (in bytes): entry as 0. Put 
the correct values (see above) in the Pixels per Line: and Number of Lines: boxes. Now 
move to the Pixel Format drop-down menu box and select the correct pixel format. Since 
there is only one band the Interleave Format has to be Band Sequential (BSQ), which is 
the default. The program now has enough information to open the file, so click on 

.  

 If the Extract dialog box appears, click on . In the Redisplay Image 
dialog box, check the Null 
Values(s): checkbox so that 0, 
which is used to denote 
background areas outside the 
scanned image and masked land, 
is set as a null value. Note that 
the image data values range 
from a minimum pixel value of 
626 to a maximum of 3988. 
Click on  to display 
the image with the default Linear 
stretch. You will now see the 
image which shows a seagrass 
bed off South Caicos Island in 

 

Seagrass

Land 

Pier

Corals and 
gorgonians 
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the West Indies. See above for a labelled picture to help you orientate yourself. 

Activity:  Click on dark and bright parts of the image such as the large seagrass bed and the sandy 
area around the coral and gorgonian (sea-fan) dominated seabed. Note the underlying 
pixel values displayed in the second to last panel of the Status Bar and the display values 
in the last panel. The underlying values were recorded on a scale of 0–4095. Click on the 
View menu and note that the Coords option is unavailable. 

The image just has row and column coordinates at present but you are provided with the information 
that a GPS (global positioning system) position fix for the top left hand corner of the image gave the 
Easting 237430 and Northing 2378282 for UTM grid zone 19. You have also been told the pixel size 
after resampling (1.0 × 1.1 m). 

Activity:  Whilst the Casi_16-bit_unsigned#2.bin image is the current window, select Edit, 
Coords to enter the UTM coordinates. This will bring up the Set Coordinates dialog 
box. Enter the appropriate values (see above) in the Easting (X): and Northing (Y): 
boxes. The pixel size is 1.0 m wide by 1.1 m along-track. Enter these values in the Pixel 
Size (metres) boxes for Width (DX): and Length (DY): respectively and then click on 

.  

 Now that you have entered the UTM coordinates of the top left of the image (which has 
been previously geometrically corrected) the Bilko program can calculate the UTM 
coordinates of any pixel. If you look at the Status Bar you will now find that rather than 
columns and rows, UTM eastings and northings are now displayed. If you click on View, 
Coords you can switch back to row and column coordinates. With View, Coords 
checked use Edit, Go To... function to put the cursor at UTM position 237760, 
2378193. 

Question 1: Where on the image is the UTM coordinate 237760, 2378193? 

Activity: To save the image with its coordinate information, you can save it in Bilko .dat format. 
Select File, Save As and in the Save As dialog box, select the file type as Bilko .dat (if 
not already automatically selected) and click on . Close the file and then re-
open it. Note that now Bilko knows the file size and type and automatically displays the 
UTM coordinates. Close the file, which will not be needed again. 

Note: All types of file can be stored in Bilko .dat format but standard CompuServe .gif format is 
recommended for 8-bit files. For export to other applications, .bmp (Windows bitmap) or .bin (flat 
binary) file formats are most likely to be useful. 

Scattergram option 
When you have two connected images, such as images of the same scene recorded in two different 
wavebands, it is often useful to be able to view how reflectance or DN values of pixels in one band 
relate to those of the same pixels in the other band. SCATTER documents allow you to do this. 
You will connect a band#2 and band #4 AVHRR image and see how pixel DNs are correlated between 
these two bands. Details of these two images are provided in earlier tutorials. 

Activity: Open the two AVHRR images AVHRR_Mulls#02.bmp and AVHRR_Mulls#04.bmp. Use 
Image, Connect to connect the two images and use the Selector toolbar to make sure 
that AVHRR_Mulls#02.bmp is designated image 1 (which will plotted on x-axis) and 
AVHRR_Mulls#04.bmp is designated image 2 (which will be plotted on y-axis). With the 
connected tiled images as the active window, click on Edit, Select All to select all of the 
two images. Then select File, New from the menu and SCATTER Document and click 
on  to display a scatter-gram. This is a plot of the DN values of each pixel in 
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AVHRR_Mulls#02 
(image 1, x-axis) 
against its DN value 
in AVHRR_Mulls#04 
(image 2, y-axis). 
Note that there is an 
inverse relationship 
between pixel DN 
values in the two 
images. Thus pixels 
with a high DN in 
AVHRR_Mulls#04 
have a low DN in 
AVHRR_Mulls#02, 
whereas those with a 
low DN in AVHRR_Mulls#04 tend to have a high DN in AVHRR_Mulls#02. Note the 
cross-hair on the graph (positioned at a pixel value of 100 in Mulls#02 and 50 in 
Mulls#04 in the example above). The number of pixels with the combination of band #2 
and band #4 values indicated by the cross-hair is shown in the third panel from the left of 
the Status Bar. [The stretched “display” value of this number is also shown in the fourth 
panel and can be useful when interpreting pixel densities]. Use the mouse to drag the 
cross-hair to coordinate 100, 50 on the scattergram. 

Question 2: How many pixels have value of 100 in band #2 and 50 in band #4 of the AVHRR_Mulls 
image? 

Question 3: What feature on the image has pixels with a high DN in AVHRR_Mulls#04 but low DN 
in AVHRR_Mulls#02? What feature on the image has pixels with a low DN in 
AVHRR_Mulls#04 but high DN in AVHRR_Mulls#02? Why is there this inverse 
relationship? 

 
Activity: Note that if you right-click on the scattergram, you have the option to Redisplay it with 

different stretches (just as for an image). You can also copy and paste palettes to it so that 
the density of pixels with different pairs of values is clearer. Open the palette 
SST_Pathfinder.pal and copy and paste it to the scattergram. Note that with the default 
logarithmic stretch, pixel densities around 90–120 on the display scale are light-blue to 
cyan and those around 25–50 on the display scale are shades of mauve (assuming you 
have not changed the default logarithmic stretch). Close the scattergram, the connected 
tiled images, the palette and the AVHRR_Mulls#02.bmp and AVHRR_Mulls#04.bmp 
images. 

Principal Components Analysis 
Adjacent bands in multispectral images are often correlated, which implies redundancy in the data as 
some information is being repeated in different bands. Principal components analysis (PCA) defines 
the number of dimensions that are present in a data set and the principal axes of variability, and 
generates principal component images that encompass this variability. Thus in a six band Landsat 
Thematic Mapper (TM) image (omitting thermal band 6) of land cover you may be able to encompass 
over 95% of the variability of the data in the first 3 principal component (PC) images. A colour 
composite image made with these three PC images is thus likely to give you a much clearer picture of 
different land cover types than any combination of three of the original bands. A useful account of 
PCA is given in Mather (1999), which refers to the images you will use. 

To demonstrate this and how to carry out PCA in Bilko, you will take a set of six bands from a Landsat 
TM image of the countryside around Littleport, near Ely in Cambridgeshire, UK. The main features in 
the image are the River Ouse running from south to north on the right-hand side of the image and the 
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parallel Old and New Bedford Rivers, running in a north-easterly direction on the left-hand side. The 
area is low-lying, flat, fertile Fenland where barley, wheat and sugar-beet are grown. A few clouds and 
their shadows can be seen. 

Activity: Open the set Littleport_TM.set, which will open the six bands as a stack. Use the <Tab> 
key or Image, Animate option (or button) to scroll through the six bands. Some images 
are a little poor in contrast, so use <Ctrl>+A to select all of the images and apply an 
automatic linear stretch. Scroll through the bands again and note the improvement. Now 
make a colour composite (you just need to select Image, Composite as the images are 
already connected). The false colour composite formed from bands #1, #2 and #3 is poor 
in contrast so apply an automatic linear contrast stretch to this too. This improves it 
markedly.  

Your next task is to perform PCA on the six bands and then construct a false colour composite using 
the first 3 principal component images. This can be compared to the raw band composite already made 
or other composites you may care to make using different band combinations. 

Activity: Minimize the composite and make sure the stacked set of images is the active window. 
Select Image, PCA. to open the Principal Components Analysis dialog box. Leave 
the number of components set to the 
default of 6 and the type of output set to 
Same as @1 but select Correlation 
matrix for the matrix type. You will 
usually want the Matrix reports, which 
provide important information about the 
PCA, so leave this box checked. When 
the dialog box is set up correctly (see 
right), click on OK. Six principal 
component images will be produced, 
each accounting for progressively less of 
the variability in the data. Also two 
tables will be produced. The first of these 
shows the correlation matrix and has the 
first column headed Correlation. It shows the degree of correlation between all 
combinations of bands. The second table shows the principal component loadings for the 
six principal components of the Littleport TM image and has its first column headed 
PCA.  

The principal component images will be labelled something like Littleport_TM pc1, Littleport_TM 
pc2, etc. You now want to make a false colour composite of the first 3 principal components.  

Activity: Close the unwanted principal component images; that is, the pc4, pc5 and pc6 images. 
Then connect the pc1, pc2 and pc3 images as a stack. You can now directly make a 
colour composite (you just need to select Image, Composite). The false colour 
composite formed from principal component images pc1, pc2 and pc3 shows different 
land cover types clearly but its contrast can be improved. Apply an automatic linear 
contrast stretch. I hope that you agree that land cover types are now extremely clear! 
Compare this composite with the original one made from the three visible waveband TM 
images (and, if you wish, other combinations of raw bands). 

This shows how PCA can be a useful method of data compression, concentrating most of the 
information in the six bands into 3 principal component bands in this example. To find out how much 
of the variability (variance) in the data has been compressed into the 3 principal component bands, you 
need to examine the PC loadings table and perform a few calculations on it. This can be done most 
easily in an Excel (or other) spreadsheet and forms part of a mini-lesson (Mini-
lesson04_Principal_Components_Analysis), which you may wish to look at if you have reasonable 
spreadsheet skills. This analysis indicates that approximately 97% of the variance in the data is 
encompassed by the first 3 principal component images. 
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Activity: When you have finished, close all images and tables. 

In earlier sections you have seen how to enhance images using stretches and palettes; the next section 
introduces you to how to use filters to enhance features of interest in images. 
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Answers to Questions  

Editing and viewing coordinates, creating scattergrams and PCA 

 

Question 1 

At the seaward end of the pier. 

Question 2 

19 pixels have value of 100 in band #2 and a value of 50 in band #4 of the AVHRR_Mulls image. 

Question 3 

Pixels with a high DN in AVHRR_Mulls#04 but low DN in AVHRR_Mulls#02 are sea pixels, which 
absorb near infra-red wavelengths and are thus very dark on AVHRR_Mulls#02 but are relatively 
bright (cool) on the processed thermal infra-red AVHRR_Mulls#04 image. Pixels with a low DN in 
AVHRR_Mulls#04 but high DN in AVHRR_Mulls#02 are lowland land pixels, which are relatively 
warm and thus dark in the processed thermal infra-red AVHRR_Mulls#04 image but well vegetated 
and thus relatively reflective and bright in the near infra-red AVHRR_Mulls#02 image. Thus areas that 
tend to be bright in one image tend to be dark in the other. Highland land areas and lakes provide 
intermediate values. 

 

 

 

Reference 

Mather, P.M. (1999). Computer Processing of Remotely-Sensed Images. An Introduction. John Wiley 
& Sons: Chichester. Second Edition. 292 pp. ISBN 0-471-98550-3. 
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9. USING FILTERS TO ENHANCE IMAGES 

Aim: To introduce you to how to use filters to enhance features of interest in images.  

Objectives: By the end of this tutorial you will have learnt what the main types of filters are, what 
they do, how to apply them and how to construct customised filters.  

This tutorial introduces you to the use of “filters” which act on your image (i) to enhance edges (like 
filters used to sharpen digital photographs), (ii) to smooth thematic or radar images (like filters use for 
dust and speckle removal or to blur digital photographs) or (iii) to enhance areas that are rough (with 
variable reflectance or backscatter). Filters perform calculations on the underlying image data and then 
create a new image transformed according to the type of filter applied. 

The Filter submenu of the Image menu allows the user to apply 
filtering processes to an image.  Six predefined filters (Mean, 
Median, Laplace, Roberts, Sobel and Variance) are provided and 
users are also allowed to create their own customised filters. The 
first two predefined filters act to smooth the image and are 
sometimes called ‘low pass’ filters.  The middle three act to 
enhance edges or gradients (i.e. areas on the image where there are 
sudden changes in reflectance in a given waveband) and are 
sometimes called ‘high pass’ filters. The predefined Variance 
filter is a textural filter which makes areas of variable reflectance 
appear brighter than relatively uniform areas which appear darker 
the more uniform they are.  

The three predefined high pass filters all act on 3 × 3 groups 
of pixels whilst the Mean, Median and Variance filters 
can have their sizes altered in a Filter Sizes dialog box 
(right). By default these filters act on 3 × 3 groups of pixels 
(3 rows × 3 columns) and this setting is initially displayed. 
The maximum size allowed is 15 × 15 pixels. 
 
 
Activity:  Open the image called AVHRR_Mulls_col#04.bmp, a coloured thematic image 

showing sea surface temperatures in various colours with warmest water deep red and 
coldest cyan in colour. Before proceeding, check the filter options by selecting 
Image, Filter, Options to display the Filter Options dialog box. Make sure that 
all four checkboxes are checked and that the Filtered Image Type: is the Same as 
unfiltered. Then use Edit, Select All or press <Ctrl>+A to select the whole of this 
image for filtering.  

The first filter you will experiment with is a simple 3 × 3 Median filter. This replaces the central pixel 
in each square of nine pixels by the median value of the nine pixels (i.e. the middle value after they 
have been ranked according to DN). This filter is a smoothing filter and will emphasise the major 
changes occurring in our thematic colour map of sea surface temperatures at the expense of localised 
differences. Often as the last cosmetic operation after creating a thematic map one smooths the final 
image to remove “noise” and emphasise the broad changes in features (in this case, sea surface 
temperature). 

Activity:  From the Image menu, select Filter, Median with the mouse. The Filter Sizes 
dialog box will appear (see above). Since we want a 3 × 3 filter, just click on 

. A Status box briefly appears as the filtering is carried out and then a 
window containing the filtered image appears. Compare the filtered and unfiltered 
image. Note that the broad changes in water temperature are more clearly displayed in 
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the smoothed image. You can see what you have done to the new smoothed image by 
clicking on the grey edge [indicated by arrow on picture to right] 
above the image but below the title bar (when you are in the correct 
position the mouse pointer changes into black upward and downward 
arrows emanating from a pair of parallel lines) and dragging this 
window pane downwards (it works a bit like a roller blind). 
Underneath the image you should see 3x3 Median Filter over 
AVHRR_Mulls_col#04.bmp : From (0, 0) To (511, 255) 

Note how the filter emphasises the broadscale distribution of water masses of different temperature. 
How ever, some detail is inevitably lost. 

The larger the array used for filtering the harsher the smoothing will be. To see the effect of a large 
smoothing filter you should try a 7 × 7 Median filter, which replaces the central pixel in a 7 × 7 pixel 
array by the median of all 49 pixels in the array. As you can imagine, such a filter, although bringing 
out large-scale features, can cause considerable loss of detail. 

Activity:  Click on the AVHRR_Mulls_col#04.bmp unfiltered image. From the Image menu, 
select Filter, Median. In the Filter Sizes dialog box click on the down arrows by 
the Rows: and Cols: boxes and select 7 for each (or type 7 in each box), then click 
on . A Status box briefly appears as the filtering is carried out and then a 
window containing the filtered image appears. Compare this image both with your 
original unfiltered image and the image filtered with a 3 × 3 Median filter. Note how 
Malin Head and some small islands have almost disappeared and the rather cartoon 
like quality of the heavily smoothed image. This illustrates the care which one must 
take using such filters. Close the two filtered images (do not save changes). 

The Mean filter acts in a similar fashion to the Median filter but replaces each pixel value by the 
mean (average) of the group of 3 × 3 pixels of which it is the centre. With the median filter all pixel 
values in the output filtered image will be represented in the image data but with a mean filter you may 
be creating pixels which have values which do not exist in the input image. Depending on the type of 
image you may wish to use one or the other filter. 

We will now look at the effects of some custom ‘high pass’, edge-enhancing filters on a test image, 
which will demonstrate how directional filters work. The Image, Filter, Custom option allows you 
to create your own customised filters in which you define the weights (usually integers) for each cell 
in the filter array. We will experiment with constructing a few 3 × 3 filters to carry out specific 
modifications to an image. You will firstly try out a filter which is designed to enhance East–West 
running edges, then one designed to enhance North–South running edges, and finally one designed to 
pick up edges running in any direction. In each case after applying the filter you should perform an 
automatic linear stretch of the resulting image to display the result. Details of precisely how these 
convolution filters work are beyond the scope of this introduction but are covered in standard 
textbooks. 

E-W edge enhancer N-S edge enhancer Non-directional edge enhancer 

 
Activity:  Close the AVHRR_Mulls_

Filter_test.gif. The test im
north-west corner, a patch
grey in between. Let’s see 
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Press <Ctrl>+A to select the whole of this image and 
select Image, Filter, Custom. Set up the custom filter 
as an E–W edge enhancer, typing the numbers into each 
cell of the array and using the <Tab> key to move 
between cells. When all the cells are correctly filled in, 
click on the Copy button, then click on the 
Filter_test.gif image and click on the Paste button to 
paste the filter to the image. You will see a faint but 
distinct pattern of horizontal lines in the grey area. 
Apply an automatic linear stretch (Stretch, Auto 
Linear) to see the results more clearly.  

 
Note the series of lines running E–W that are now clearly revealed in the grey area.  

Activity:  Close the filtered image and the filter you created. Then open a new custom filter and 
set it up as a N–S edge enhancing filter as in the diagram above. When all the cells in 
the new filter are set up correctly, copy and paste the new filter to the Filter_test.gif 
test image. [Note: if you find you cannot paste the filter to the image then press 
<Ctrl>+A to select the whole image]. Apply an automatic linear stretch (Stretch, 
Auto Linear) to see the results more clearly.  

Question 1: What do you see this time in the grey area?  

Activity:  Close the filtered image, save the filter you created as N-S_edge_enhancer (Bilko 
will automatically add the .flt extension) and then close it. Then select File, Open, 
make sure that the Apply checkbox is not checked, and open the filter called 
High_pass.flt, which is the non-directional edge enhancing custom filter in the 
diagram above. Copy and paste the new filter to the Filter_test.gif test image. Note 
the pattern that now appears in the grey area. Apply an automatic linear stretch 
(Stretch, Auto Linear) to see the results more clearly.  

Question 2: What do you see this time in the grey area?  

Note: if the Apply checkbox of the Open dialog box had been checked and the Filter_test.gif image 
had been the active document, then the filter would have been applied directly to that image (without 
being opened). You may wish to experiment with this. 

The exercises above show how selective filters can be. There is in fact some sort of faint grid within 
the grey area, which is not visible in the normal image but can be brought out by edge enhancing 
filters. The directional filters only reveal one part of the grid (e.g., either E–W or N–S running lines) 
whereas the non-directional filter reveals the whole grid. 

The predefined edge-enhancing filters (Laplace, Roberts, and Sobel) all produce similar results to 
the non-directional custom filter. You can quickly check this by applying these three filters to the 
Filter_test.gif test image (see next activity). Details of these filters are available from Bilko’s Help. 

Activity:  Close the filtered image and the High_pass.flt filter. Make sure the entire 
Filter_test.gif test image is selected and then apply the three predefined edge-
enhancing filters in succession, applying automatic linear stretches to see the results 
clearly.  

  If you select just part of the image [Hint: click on the block or box selection button 
and then click on the top-left of the area you want to filter and drag box to the bottom-
right of the area], you can apply the filter to only the sub-area selected. 

  When you have finished experimenting, close all the filtered images (without saving 
them) and close the Filter_test.gif test image. 
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The remaining predefined filter, the Variance filter replaces each pixel value by the variance of the 
group of n × n pixels (default 3 × 3 pixels) of which it is the centre. Its use is demonstrated in specific 
lessons but will not be considered further here. 

In this tutorial you have learnt how to smooth thematic or noisy images using mean and median filters, 
how to enhance edges using both custom filters and predefined ones and how to construct your own 
customised filters. You have also learnt how to save and open custom filters so that you could build up 
a set of your own specialist filters if required.  

The final tutorial in this series of tutorials introduces you to Bilko’s powerful formula documents 
facility that allows you to carry out calculations on a single image or using combinations of connected 
images. 

 

 

 

 

Answers to Questions 

Using filters to enhance images 

 
Question 1 

This time you will see a pattern of vertical (N-S) running lines in the grey area part of the filtered 
image. 
 
Question 2 

This time you will see a grid pattern in the grey area part of the filtered image. Thus each of the 
directional filters only enhanced half of the pattern hidden in the grey area. 
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10. USING FORMULA DOCUMENTS TO PERFORM CALCULATIONS  
ON IMAGES 

Aim: To introduce you to how formula documents work and some applications of formulas to perform 
calculations on images.  

Objectives: By the end of this tutorial you will have learnt how to construct simple formulas, apply 
them to one or more images to perform useful tasks, and to utilise flag information that comes with 
some images.  

Formula documents provide a powerful tool for modelling and performing sophisticated manipulations 
and calculations using images. For the non-mathematical they can seem rather daunting. This section 
thus starts with some background information on Formula documents, which, after reading through, 
you should use largely for reference. This background explains the syntax used in formulas, gives 
some advice on best-practice for using formula documents (using comments and constants), and 
provides reference information on mathematical and logical operators and functions which can be used 
in formulas. Those of you with some knowledge of using formulas in spreadsheets (e.g. in Excel) or of 
computer programming will find Formula documents fairly straightforward. Those without such a 
background will probably find them a little difficult! The information here can also be obtained using 
the Bilko on-line Help facility. While going through the background, you will be taken through some 
routine uses of formulas so that you can see them in action. The tutorial finishes by introducing you to 
how to use bit-wise operators to interrogate and utilise the “flag” information that comes with various 
image types (e.g., ENVISAT data). 

Background 
Each Formula document consists of a series of executable statements, each terminated by a semi-colon 
‘;’. Images are referred to in formulas by the @ symbol followed by a number which refers to the tile 
Selector toolbar buttons or stack Selector list number and maps to the appropriate image in the 
connected images window. Unless only part of a referenced image has been selected, the Formula 
document will operate on every pixel in the images so referenced. Unless only a single image is being 
operated on, images have to be connected and the Selector mapping set up, before they can be 
operated on by Formula documents. 

This tutorial introduces you to: 
1. Use of comments,  
2. Operators,  
3. Functions,  
4. Setting up of constants,  
5. Conditional statements, and  
6. Bit-wise operators for utilising “flag” information. 

1. Comments 
Comments make formulae comprehensible both to others and (when you come back to them after 
some time) to yourself. It is good practice to include copious comments in your formula documents. 

Comments are any lines preceded by the hash symbol #.  

An example of a set of comments at the start of a formula document is given below: 
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# Start of Bilko formula document to radiometrically correct Landsat-5 TM bands  
# 1-3 collected over the Turks and Caicos on 22 June 1990. 
# Converting DN to at satellite spectral radiance (L) using formulae of the type: 
#  Lmin + (Lmax/254 - Lmin/255) * @n ; 
# 
# Input values 
# ========== 
# Lmin: TM1 = -0.116, TM2 = -0.183, TM3 = -0.159 
# Lmax: TM1 = 15.996; TM2 = 31.776; TM3 = 24.394 

All comment lines are ignored by the program that processes formula documents. They help other 
people to understand your formulas and help you to understand them when you come back to them 
after not using them for some time. 

2. Operators 
Formula documents support a range of arithmetic, relational (comparison), and logical “operators” to 
manipulate images. The most important ones are listed below. 

Arithmetic Relational Logical 

Exponentiation (^)  Equality (==)  AND 
Multiplication (*) Inequality (<>) OR 
Division ( / ) Less than (<) NOT (can also use the “!” sign) 
Addition (+) Greater than (>)  
Subtraction (–) Less than or Equal to (<=)  
 Greater than or Equal to (>=)  

Do not confuse the equality operator used in comparisons (==)  with the assignment operator (=) used 
in constant or other statements. The difference between the two is illustrated in the section on 
conditional statements. When several operations occur in a Formula document statement, each part is 
evaluated in a predetermined order. That order is known as operator precedence. Parentheses 
(brackets) can be used to override the order of preference and force some parts of a statement to be 
evaluated before others. Operations within parentheses are always performed before those outside. 
Within parentheses, however, normal operator precedence is maintained. When Formula document 
statements contain operators from more than one category, arithmetic operators are evaluated first, 
relational operators next, and logical operators are evaluated last. Among the arithmetic operators, 
exponentiation (^)  has preference (is evaluated first) over multiplication/division (*, /), which in turn 
have preference over addition/subtraction (+, –). When multiplication and division (or addition and 
subtraction) occur together in a statement, each operation is evaluated as it occurs from left to right 
(unless parentheses direct otherwise). 

Thus the formula statement:  

0.15 * (@1 – 3.0) ; 
will firstly subtract 3.0 from every pixel in the image referenced by @1 and then multiply the result by 
0.15 to generate the output image. In this example the parentheses make sure the lower precedence 
subtraction operation takes place before the higher precedence multiplication. If the formula statement 
had been written:  

0.15 * @1 – 3.0 ; 
then each pixel of the image referenced by @1 would have been multiplied by 0.15 and afterwards 
would have had 3.0 subtracted, giving a totally different and wrong! result. 
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This simple formula can be used to convert pixel DNs in an 8-bit processed National Oceanic and 
Atmospheric Administration (NOAA) AVHRR Oceans Pathfinder sea surface temperature (SST) 
image (freely available on the internet) to values corresponding to SST in degrees Celsius. [Note: The 
output image type needs to be 32-bit floating point to store these numbers]. You will now do this in 
case you are getting bored. 

Activity:  Open the image file Global_SST_Dec2000.gif. Right-click on the image and select the 
Zoom option from the menu; set the zoom to 45% of full size so that you can see the 
whole image at once. Note that all land and areas with no data (clouded during December 
2000) are set to black (0) and the sea to varying shades of grey. Use a histogram to 
confirm that pixel values in the sea have values between 1 and 240. [Hint: you will need 
to check Ignore zero: in the Options, Scale dialog box for the histogram because of all 
the black land pixels]. Open the formula document Pathfinder_SST.frm. Study the 
formula and note that because only one image is open Bilko knows that this image must 
be @1.  

The formula is not valid for land and cloud areas (which are set to 0), so the IF statement checks if 
each pixel is 0 and, if it is, sets the output image to 0. If it isn’t (ELSE), the formula converts the DN 
value of the pixel to a temperature in degrees Celsius. Such “conditional” statements are covered in 
detail in section 5 of this tutorial. [Note: If more than one image were open then a connected images 
window would need to have been set up using Image, Connect so that the program knew which 
image was designated @1.]  

Activity: Use the Options! menu (which appears when the formula is the active window) to set 
the Output Image Type: to 32-bit floating point so that decimal degrees Celsius values for 
temperature can be displayed. [Ignore the other settings for now.] Copy the formula by 
clicking on the Copy button and then click on the image and paste the formula on it by 
clicking on the Paste button. A new image will be generated with pixel values equal to 
the sea surface temperature in °C.  

The new image is too dark and needs to be stretched to see it properly. Right-click on it 
and select Redisplay from the menu. In the Redisplay Image dialog box select check 
the Null Values(s): box to set null value as zero and select Equalize as the stretch to be 
used. Check out the new image, noting how all land and cloud areas are represented as a 
“?” on the Status Bar, whereas sea areas show SSTs in degrees Celsius. To check the 
range of temperatures, open a histogram of the new SST image. 

Question 1: Using the histogram, find out what are the upper and lower values of the “bin” with the 
highest temperature in the sea (to one decimal place). How many pixels have this 
temperature? 

Question 2: Using the histogram, find out what the modal (most common) temperature (to two 
decimal places) of tropical oceans was in December 2000. [Hint: Find the value of the 
most frequent “bin” at the warmer end of the SST distribution.] How many pixels are in 
this temperature “bin”? 

Activity:  When finished, close all images and the formula document. 
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3. Functions 
The following functions are supported within Formula documents. The “argument” that you wish the 
function to act on is enclosed in parentheses. For the trigonometric functions (sin, cos, tan and arctan) 
the argument is in radians (not degrees). 180° = π radians so you can convert degrees to radians using 

the equation: 
180

DegreesRadians π×
= . 

Function Formula document syntax 

Square root SQRT() 
Logarithm to the base 10 LOG() 
Logarithm to the base e (Natural log) LN() 
Exponential (e to the power of) EXP() 
Sine SIN() 
Cosine COS() 
Tangent TAN() 
Arctangent ATAN() 

A few functions which may be of use in remote sensing (e.g. in radiometric correction or bathymetric 
mapping) and which can be easily derived from these basic functions are listed below. 

Function Formula document syntax 

Secant 1 / COS() 
Cosecant 1 / SIN() 
Cotangent 1 / TAN() 

4. Setting up of constants 
Constants, like comments, make formulae easier to understand, particularly complex formulae, and 
can make formulae much easier to alter so that they can be applied to different images. Constant 
statements should be inserted at the start of formula documents. The form of the statement is: 

   CONST name = value ; 
Where the keyword CONST alerts the program processing the formula document to the fact that this is 
a constant declaration. The name can be any string of alphanumeric characters (but beginning with a 
letter), that signifies what the constant refers to; the value is an integer or decimal number that you 
wish to be assigned to the constant name. The constant statement assigns the value to the name so that 
in formula you can use the name instead of typing in the value. If the constant is a long string of 
numbers like -1.0986543 and appears lots of times in the formula document, or you wish to 
experiment with several different values for a constant, having only to change one constant statement 
can be very useful. Some examples of constant statements are given below. 

 CONST Lmin = -0.116 ;  CONST Lmax = 15.996 ; 
 CONST pi =3.14152 ; 
 CONST d_squared = 1.032829 ; 
 CONST SunZenithAngle = 32 ; 
 CONST ESUN = 195.7 ; 
# 
# Converting L to exoatmospheric reflectance (ER) with formula of the type: 
# pi * L * d² / (ESUN * cos(SunZenithAngle))  ; 

@2 = pi * (Lmin + (Lmax/254 - Lmin/255)*@1) * d_squared / (ESUN * 
COS(SunZenithAngle/180*pi)) ; 
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In the example above, involving radiometric correction, the values of Lmin, Lmax and ESUN vary for 
different wavebands. Just changing three of the constant values allows the same formula to be used for 
several different wavebands, minimising the chance of an error. Note also that more than one 
statement can be typed on one line. 

You can also use constant statements to set up labels for images. For example, 

   CONST AVHRR_band4 = @1 ; 
   CONST AVHRR_band5 = @2 ; 
This assigns a pair of connected images (@1 and @2) to two constant names which make it clear that 
the formula is designed to work on thermal infra-red bands #4 and #5 of AVHRR scenes which are 
used to calculate sea surface temperature. [Note that you cannot use the # symbol for bands in 
formulae as it is reserved for comments]. 

Using constants improves the understandability of formula documents. They also allow you to more 
easily apply a complex formula to a set of images; only having to change the constant statement 
assignments at the beginning to use with different connected images.  

Constant names may be made up of letters (uppercase and lowercase), numbers and the underscore 
character. However, they may not begin with an underscore.  

5. Conditional statements 
To illustrate the use of conditional (IF ... ELSE ...) statements you will look at how they could be used 
to make a “land mask” from AVHRR_Mulls#02.bmp. By land mask we mean an image made up of 
only zeros and ones (a Boolean image) with zeros lying over land and ones lying over water. If you 
wanted to process water areas separately in AVHRR_Mulls#02.bmp or AVHRR_Mulls#04.bmp you 
would just have to multiply these images by the land mask to set all land areas to 0 while leaving 
water pixels as they were.  

Sea pixels in AVHRR_Mulls#02.bmp have values of 45 or less. Land pixels have values in excess of 
45. We will set up this threshold value as a constant called “Threshold”.  

The following conditional statement which has one equality comparison (==) ,  one inequality (<), one 
logical (OR) and two assignment operations (=)  makes a “land mask” from AVHRR_Mulls#02.bmp.  

 CONST Threshold = 45 ; assigns the value 45 to the constant name “Threshold” 

 CONST Mulls2 = @1 ; assigns the image designated @1 by the Selector toolbar to the 
constant name “Mulls2” (this should be 
AVHRR_Mulls#02.bmp) 

 CONST Landmask = @3 ; assigns the image designated @3 by the Selector toolbar to the 
constant name “Landmask” (this will be the output image) 

 IF (Mulls2 == Threshold OR Mulls2 < Threshold) Landmask = 1 
 ELSE Landmask = 0 ; 
The statement says: IF the pixel value in @1 image (= AVHRR_Mulls#02.bmp) is equal to the 
constant Threshold (= 45) or is less than the constant Threshold, then assign a value of 1 to the 
corresponding pixel in @3 (the blank image to which the name Landmask has been assigned) ELSE 
assign a value of 0 to the @3 image. Thus all sea pixels (equal to or below the threshold) are set to 1 
and land pixels (above the threshold) are set to zero.  
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Activity: Open the files 
AVHRR_Mulls#02.bmp and 
AVHRR_Mulls#04.bmp. Use 
Image, Connect to bring up 
the Connect dialog box. 
Connect the two files and set 
the Blanks: box to 2 to add two 
blank images to the connected 
images window. Use the 
Selector toolbar to designate  
AVHRR_Mulls#02.bmp as 
image 1 (and thus @1 in 
formulas), 
AVHRR_Mulls#04.bmp as image 2 (and thus @2 in formulas) and the two blanks as 
images 3 and 4 (@3 and @4 in formulas).  

 Click on File, New and create a new Formula document. Enter the three constant 
assignment statements and the conditional 
statement described above into the formula 
document. Use the Options! menu to set 
the Output Image Type: to Same as @1, 
if need be. Then copy and paste the 
completed formula to the connected tiled 
images window and the first blank will 
turn black as it becomes the land mask. 
Apply an automatic linear stretch to the 
connected tiled images (remember to select all (<Ctrl>+A) of the @1 image first) to see 
the mask, which should look like the image above. Check that the land is set to zero and 
the sea to 1 (underlying image data values, not display values) in the land mask image.  

Note: To modify the formula so that the mask is produced as a new image not in the connected images 
window, the formula would be modified thus: 

   CONST Threshold = 45 ; 
   CONST Mulls2 = @1 ; 
   IF (Mulls2 == Threshold OR Mulls2 < Threshold) 1 
   ELSE  0 ; 
Thus if no image @n is assigned for the output of the Formula document then a new image is created 
to receive it. Do not do this now, although please feel free to experiment later! 

The next step is to apply this land mask (which is most easily generated from the near infra-red band 
#2 image due to sharp land:sea boundary) and apply it to the AVHRR_Mulls#04.bmp image so that 
the sea surface temperature information can be analysed separately. To do this, two lines (see below) 
should be added to the formula document:  

   CONST Mulls4 = @2 ; 
  and 
   @4 = Mulls4 * Landmask ; 

Activity: Insert the new constant assignment after the “CONST Mulls2 = @1 ;” statement and 
insert the second statement, which multiplies the AVHRR band #4 image by the land 
mask, at the end of the formula document. Once you’ve checked the new lines carefully 
to make sure there are no errors, copy the updated formula and paste it to the connected 
tiled images window. Check the fourth tiled image, which should now contain a masked 
band #4 image, to make sure that the land has now indeed been set to 0. 
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[Note: If you wanted to save a copy of the masked band #4 image (@4), you would need firstly to 
select all (<Ctrl>+A) of the fourth tiled image and then select File, Save].  

Activity: When you have finished, close all the image files. You may wish to save the formula 
document for reference. 

Question 3: How could you simplify the conditional statement in the formula (refer to the table of 
operators in section 2 above)? 

6. Bit-wise operators for utilising “flag” information 
Images from many sensors may come with “flag” data, which are usually in the form of an image that 
contains flag attributes for each pixel. Examples are the AVHRR (Advanced Very High Resolution 
Radiometer) sensor of the United States’ National Oceanographic and Atmospheric Administration 
(NOAA), and the MERIS (Medium Resolution Imaging Spectrometer) and AATSR (Advanced Along 
Track Scanning Radiometer) sensors of the European Space Agency’s ENVISAT satellite. The flag 
attributes indicate such things as where there is land, water, cloud, coastline, sun glint, invalid data, 
etc. on the image.  

Activity: Open the file MER_RR__1_Mediterranean.n1, which is a MERIS image of the central 
Mediterranean around Italy. Click on the Flag Codings folder in the left hand pane of the 
hierarchical file window and then double-click on the l1_flags text file. This opens and 
tells you what the 8 flag codes (attributes) are, that can be applied to each pixel in this 
dataset. In this instance, since there are only 8 flags, the flag information can be stored as 
an 8-bit unsigned integer image; each flag being represented by one bit (Table 10.1). 

Table 10.1. Flag Codings that can be represented by an 8-bit unsigned integer. Each of 
the 8 bits of each pixel’s flag codings can be set to 1 to represent a different attribute. 

 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 
Power of 2 27 26 25 24 23 22 21 20

Value 128 64 32 16 8 4 2 1 

Activity: Click on the Bands folder in the left pane. Note that the Data type of the l1_flags image 
folder in the right pane is 8-bit unsigned integer and that the flags image is the same size 
(1121 x 1121 pixels) as the 15 radiance bands of the MERIS image; that is, there is one 
flag coding for each pixel of the MERIS scene. Right-click on the l1_flags image folder 
and select Open Properties. The MERIS Level 1b classification and quality flags are 
listed. These are displayed in Table 10.2 below. 
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Table 10.2. Level 1b classification and quality flags for MERIS imagery. 

Flag descriptors Value 8-bit unsigned 
integer (binary)

Binary digit (bit) 
setting 

Result 

COSMETIC  = 1 00000001 Bit 1 set 20 = 1 
DUPLICATED  = 2 00000010 Bit 2 set 21 = 2 
GLINT_RISK  = 4 00000100 Bit 3 set 22 = 4 
SUSPECT = 8 00001000 Bit 4 set 23 = 8 
LAND_OCEAN = 16 00010000 Bit 5 set 24 = 16 
BRIGHT = 32 00100000 Bit 6 set 25 = 32 
COASTLINE = 64 01000000 Bit 7 set 26 = 64 
INVALID = 128 10000000 Bit 8 set 27 = 128 
Example combinations     
Land and duplicated  00010010 Bits 2 and 5 set 2 + 16 = 18 
Bright and land  00110000 Bits 5 and 6 set 16 +32 = 48 
Land and coastline  01010000 Bits 5 and 7 set 16 + 64 = 80 

Bilko provides you with two bit-wise operators that allow you to utilise this 
flag information. The key one is the bit-wise “And” operator which is 
represented by an ampersand “&” sign in formula documents. Bit-wise “Or” 
is also implemented but will not concern us further here. The flags allow 
one to mask out areas of the image that are unwanted for various reasons 
(e.g., contain suspect data, bright areas (sensor saturation) due to such 
features as thick cloud, are land (not ocean) – if one is studying ocean featu
glint, etc.). This is best implemented in formula documents by setting up a seri
flag you wish to utilise and then performing a series of bit-wise “and” op
constants (flag settings) and the “flags” image to identify areas affected by 
explained using an example. 

Activity: Double-click on the radiance_2 image folder in the right pane to
Atmosphere) radiance band 2 MERIS image. [If an Extract dialo
the Extract checkbox and click OK.] This brings up the Redisp
Check the Null Value(s): == 0 checkbox and make a note of the
Select Equalize as the stretch and then click the Apply button. N
16-bit unsigned integer format. Briefly inspect the image, which s
and Croatian coast, and the western Mediterranean around Corsi
the Balearic Islands. Now right-click on the l1_flags image folder
to open the flags image. Inspect this image using the cursor an
question. 

Question 4: In the flags image, what values do (1) clear ocean, (2) most lan
bright (cloud) area in the north-east of the image have? Which fla
values? 

Activity: Connect the flags image, the band 2 radiance image and one bla
three tiled connected images using the Image, Connect me
toolbar designate the flags image as @1 (image 1), the band 2 rad
the blank image as @3. When this is done, open the formula docum

 Inspect the formula document. Note that (i) it is expecting the fla
the band 2 radiance image to be @2, (ii) constants have been set u
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(iii) that the output image from the formula will appear in the third tile (@3) of the 
connected images window.  

Let us now examine what the formula does. It seeks to mask out (i.e. set to zero) all areas of the image 
that (i) have glint risk, (ii) are suspect, (iii) are land, (iv) are bright (i.e. have thick cloud or are causing 
sensor saturation for some other reason), or (v) are invalid. Each bitwise “and” (denoted by a &) 
operation between a flag constant and the flag image creates a Boolean image (that is, one in which all 
pixels have values of either 0 or 1), with areas where the flag is present having a value of 1 and those 
where it is absent having the value 0 (Table 10.3).  

Since you want to mask out areas where the flag is present, you want the opposite. To achieve this, 
each bit-wise “and” is preceded by a NOT operation (in this case using the ! sign, which can be used 
interchangeably with NOT in Bilko formula documents). This creates a series of masks for each flag 
such that areas where the flag is present are set to 0, and the remainder of the image is set to 1. 
Multiplying the band 2 radiance image by this series of masks sets all the unwanted areas to zero. 

Table 10.3. Results of bitwise “and” operations for three cases. Case 1: the flags image indicates land 
with thick cloud (bright); a bitwise “and” with a bright flag constant indicates true (i.e. Bit 6 is set in 
the flags image and in the constant) and so the result for that pixel is 1. This is switched to 0 by the 
NOT (!) operation. Case 2: the flags image indicates land with thick cloud (bright); a bitwise “and” 
with a land flag constant indicates true (i.e. Bit 5 is set in the flags image and in the constant) and so 
the result for that pixel is 1.This is switched to 0 by the NOT (!) operation. Case 3: the flags image 
indicates open ocean with no problems; a bitwise “and” with a land flag constant indicates false (i.e. 
Bit 5 is not set in the flags image) and so the result for that pixel is 0. This is switched to 1 by the 
NOT (!) operation. 

Case Flags image 
pixel 

 Flag constant Flag descriptor Result in 
output image 

Result after NOT 
(!) operation 

1 00110000 & 00100000 Bright (32) 00000001 00000000 
2 00110000 & 00010000 Land (16) 00000001 00000000 
3 00000000 & 00010000 Land (16) 00000000 00000001 

Activity: The output image needs to be a 16-bit unsigned integer image like the band 2 radiance 
image. With the formula document as the active window, select Options! from the 
menu. In the Formula Options dialog box, uncheck the Use special handling for 
Nulls checkbox, select 16-bit unsigned integer as the Output Image Type: and click on 
OK. You can now apply the formula to the tiled connected image by copying it and 
pasting it on the connected images window. Inspect the new image in the third tile of the 
connected images window and note that all areas with land, with risk of sun glint, with 
thick bright cloud or with suspect pixels are set to zero and you are only left with data 
values for water areas.  

In the formula document two other ways of achieving the same result are shown as “comments”. You 
may wish to comment out the formula you used and delete the # signs before each of the alternative 
formulae in turn to satisfy yourself that these do the same thing. You will find that the second 
alternative formula, which uses a series of bitwise “or” operations, works the fastest.  

To see exactly where the coastline is on the new image one can draw a bright line to coincide with 
pixels flagged as coastline. The brightest pixel value in the band 2 radiance image, which you should 
have noted earlier, was 52547. Let us thus set the coastline to have a value of 60000. To do this you 
need to add two new statements to the formula document after the alternative formulae. One way of 
doing this is to add the following two lines: 

CONST NewCoast = 60000 ; 
IF (Flags & Coastline) NewCoast ELSE @3 ; 
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This will create a new image; this will be the @3 image with the coastline added with a value of 
60000. 

Activity: Add the two new lines to the end of the formula document and rerun the formula. Inspect 
the new image. You will find that the sea areas are very lacking in contrast and uniformly 
grey. To rectify this, right-click on the image and select Redisplay. In the Redisplay 
Image dialog box select Equalize as the stretch to use and apply the stretch. This greatly 
improves the image.  

 When you have finished, close all the image files. You may wish to save the formula 
document for reference. 

Some images may come with more sophisticated sets of flags. For example, several ENVISAT image 
products use 16 flags such that 16-bit unsigned integer data types are required for the flag images. 
Some even have 24 flags and need 32-bit unsigned integer data types to represent them. These flags 
can be utilised using the same methods. 

These three examples have taken you through the basics of using formula documents and how to make 
formulas as understandable as possible both for your own and other people’s use. Formulas can be 
used to perform elements of radiometric correction, perform band ratios, calculate vegetation indices, 
utilise flag data, carry out water column correction and a whole host of both simple and sophisticated 
manipulations of image data. These capabilities are further explored in various lessons. A number of 
advanced features and functions have not been covered here but will be covered in a mini-lesson on 
advanced use of formulas. 
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Answers to Questions 

Using Formula documents to perform calculations on images 

 

Question 1 

The upper and lower values of the “bin” with the highest temperature in the sea are 35.7°C and 35.7°C 
(to one decimal place). Only one pixel has this temperature.  

Question 2 

The modal (most common) temperature of tropical oceans in December 2000 was 29.85°C. 12,810 
pixels are in this “bin”.  

 

Question 3 

The formula could be simplified by replacing the long-winded comparison (equal to OR less than) 
with a single less than or equal to relational operator, thus: 

   CONST Threshold = 45 ; 
   CONST Mulls2 = @1 ; 
   CONST Mulls4 = @2 ; 
   CONST Landmask = @3 ; 
 
   IF (Mulls2 <= Threshold) Landmask = 1 
   ELSE Landmask = 0 ; 
   @4 = Mulls4 * Landmask ; 
Note that addition of comments would make the formula more transparent to other users. 

 

Question 4 

In the flags image:  

 (1) clear ocean has a value of zero (no flags set). 

 (2) most land has a value of 16 (land and not ocean – LAND_OCEAN – flag set), and  

 (3) most of the bright (cloud) area in the north-east of the image has a value of 48 (land 
[LAND_OCEAN = 16] and bright [BRIGHT = 32] flags both set). A few pixels are set to 50 because 
they are also duplicated [DUPLICATED = 2]. 
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Appendix A 

 
 

Contents of Module 8 
 
The programme file for Bilko 3, associated Help files, documentation, files containing images 
(.BMP, .GIF, .DAT and .BIN files), look-up tables (.STR files), palettes (.PAL files), formulas 
(.FRM files), and Excel spreadsheet files associated with some lessons, are either available 
on a CD-ROM distributed with this booklet or can be downloaded over the Internet. 
 
The total amount of free disk space required for all the files associated with Module 8 is 
about 90 Mbytes.  
 
 
CD-ROM 
 

1. Insert the compact disc into your CD-ROM drive. 
 

2. In Windows 95/98/NT/2000/XP the installation should start automatically (“autoplay”). 
If you right-click the Bilko-CD icon in “My Computer” the menu should include 
AutoPlay; if it doesn’t click on the Start button an select the Run option. In the Open 
dialog box, type e:\setup where e: is the drive letter of your CD-ROM drive or use the 
Browse menu to find the SETUP.EXE program on the CD-ROM. Then click on OK. 

 
3. Follow the Install Shield instructions. 

 
 
Note: All the files required for modules 1-7 are also included on the CD-ROM and may be 
installed if required. 
 
 
Downloading over the Internet 
 
An “anonymous ftp” site has been set up from which all the files needed for Module 8 can be 
downloaded. All the files have been zipped to make them as small as possible. Even so the 
largest lesson is still about 5 Mbytes in size so a reasonably fast internet connection is 
needed to download. You can either download using ftp or via some specially prepared web 
pages using a web browser. For details of where to find the files and how to download them 
you should visit the web page on URL: 
 
 http://www.unesco.bilko.org/
 
and fill in an electronic form which can be accessed from that page. You will then be e-
mailed instructions on how to download the files. 
 
Note: All the files required for modules 1-7 are also available in zipped form on the 
anonymous ftp site. These files may be downloaded if required. This also applies to the other 
Bilko resources and the latest version of the Bilko software package, that have been made 
available through the website as well (see above). 
 
The text of the Introduction and lessons for Module 8 is stored as a series of Word document 
files (.doc) and Adobe Acrobat portable document files (.pdf). The Word files are formatted 
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for a HP Deskjet printer and may need some editing if printed on other printers. The Acrobat 
files are formatted for A4 paper. 
 
The contents of Module 8 are listed on the following pages under the section heading of the 
modules to which files belong. 
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Contents of Module 8 

 
The CD-ROM and Bilko anonymous ftp site contain the self-installing programme Bilko3.exe and its 
help file Bilko3.chm which is used by all the lessons and exercises.  They also contain all the 
documentation and other files required for the introduction and the lessons themselves. Document files 
are issued in Acrobat format (.pdf extension) but are also available on the CD-ROM as Word 
documents (.doc extension) for those who wish to edit the lessons. 
 
Programme Bilko3.exe 
Help file Bilko3.chm 
 
 
Section 1:  Review paper and selected reading from PORSEC 2002 
 
Text file  SECTION1  PDF 
 
 
Section 2:  Practical Lessons 
 
Lesson 1: 
Text file  LESSON01  PDF/DOC 
 
Image files  EVI-GRT  BMP 
   EVI-TSM  BMP 
   FDP-GRT  BMP 
   FDP-TSM  BMP 
   GRT1105  BMP 
   POST-GRT  BMP 
   POST-TSM  BMP 
   TSM1105  BMP 
   TSM-ZPP  BMP 
   ZPP   BMP 
   ZPP-VALI  BMP 
 
Accessory file  MAY   XLS 
 
Lesson 2: 
Text file  LESSON02  PDF/DOC 
 
Image files  ENE85   DAT 
   ENE86   DAT 
   ENE87   DAT 
   ENE88   DAT 
   ENE89   DAT 
   ENE90   DAT 
   ENE91   DAT 
   ENE92   DAT 
   ENE93   DAT 
   ENE94   DAT 
   ENE95   DAT 
   FEB85   DAT 
   FEB86   DAT 
   FEB87   DAT 
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   FEB88   DAT 
   FEB89   DAT 
   FEB90   DAT 
   FEB91   DAT 
   FEB92   DAT 
   FEB93   DAT 
   FEB94   DAT 
   FEB95   DAT 
   MAR85  DAT 
   MAR86  DAT 
   MAR87  DAT 
   MAR88  DAT 
   MAR89  DAT 
   MAR90  DAT 
   MAR91  DAT 
   MAR92  DAT 
   MAR93  DAT 
   MAR94  DAT 
   MAR95  DAT 

  ABR85   DAT 
   ABR86   DAT 
   ABR87   DAT 
   ABR88   DAT 
   ABR89   DAT 
   ABR90   DAT 
   ABR91   DAT 
   ABR92   DAT 
   ABR93   DAT 
   ABR94   DAT 
   ABR95   DAT 
   MAY85  DAT 
   MAY86  DAT 
   MAY87  DAT 
   MAY88  DAT 
   MAY89  DAT 
   MAY90  DAT 
   MAY91  DAT 
   MAY92  DAT 
   MAY93  DAT 
   MAY94  DAT 
   MAY95  DAT 
   JUN85   DAT 
   JUN86   DAT 
   JUN87   DAT 
   JUN88   DAT 
   JUN89   DAT 
   JUN90   DAT 
   JUN91   DAT 
   JUN92   DAT 
   JUN93   DAT 
   JUN94   DAT 
   JUN95   DAT 
   JUL85   DAT 
   JUL86   DAT 
   JUL87   DAT 
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   JUL88   DAT 
   JUL89   DAT 
   JUL90   DAT 
   JUL91   DAT 
   JUL92   DAT 
   JUL93   DAT 
   JUL94   DAT 
   JUL95   DAT 
   AGO85  DAT 
   AGO86  DAT 
   AGO87  DAT 
   AGO88  DAT 
   AGO89  DAT 
   AGO90  DAT 
   AGO91  DAT 
   AGO92  DAT 
   AGO93  DAT 
   AGO94  DAT 
   AGO95  DAT 

   SEP85   DAT 
   SEP86   DAT 
   SEP87   DAT 
   SEP88   DAT 
   SEP89   DAT 
   SEP90   DAT 
   SEP91   DAT 
   SEP92   DAT 
   SEP93   DAT 
   SEP94   DAT 
   SEP95   DAT 
   OCT85   DAT 
   OCT86   DAT 
   OCT87   DAT 
   OCT88   DAT 
   OCT89   DAT 
   OCT90   DAT 
   OCT91   DAT 
   OCT92   DAT 
   OCT93   DAT 
   OCT94   DAT 
   OCT95   DAT 
   NOV85  DAT 
   NOV86  DAT 
   NOV87  DAT 
   NOV88  DAT 
   NOV89  DAT 
   NOV90  DAT 
   NOV91  DAT 
   NOV92  DAT 
   NOV93  DAT 
   NOV94  DAT 
   NOV95  DAT 
   DIC85   DAT 
   DIC86   DAT 
   DIC87   DAT 
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   DIC88   DAT 
   DIC89   DAT 
   DIC90   DAT 
   DIC91   DAT 
   DIC92   DAT 
   DIC93   DAT 
   DIC94   DAT 
   DIC95   DAT 

   CAGO86  DAT 
 
Accessory files SHEAR19  STR 
   SHEAR22  STR 
   GLTEMP  PAL 
   TEMPERATURES XLS 
   ANOM   FRM 
 
Lesson 3: 
Text file  LESSON03  PDF/DOC 
   HERRINGSHIPS DOC 
   DISCHARGE  DOC 
 
Image files  E1_A1_AU  GIF 
   E1_A1_KM  GIF 
   E1_A1_NB  GIF 
   E1_A16  GIF 
   E1_A8   GIF 
   E1_B1_AU  GIF 
   E1_B1_HI  GIF 
   E1_B1_KM  GIF 
   E1_B1_NB  GIF 
   E1_B16  GIF 
   E1_B8   GIF 
   MAP1   GIF 
   MAP2   GIF 
   R1_A16  GIF 
   R1_B16  GIF 
   R1_C1_BR  GIF 
   R1_C1_CN  GIF 
   R1_C1_IN  GIF 
   R1_C4   GIF 
 
Lesson 4: 
Text file  LESSON04  PDF/DOC 
 
Image files  490   DAT 
   555   DAT 

CHLORO  BIN 
IM2   DAT 
IM2CAL  BIN 
IM2MASK  BIN 
IM4   DAT 
IM5   DAT 
IMAGE2  BIN 
MASKCLOR  DAT 
SST   BIN 
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SSTNSEC  BIN 
SSTSUB  BIN 
ZENITH  DAT 
  

Accessory files CHLORO  FRM 
   SST   FRM 
 
Lesson 5: 
Text file  LESSON05  PDF/DOC 
 
Image files  ABUNDANC  IMG 
   BARRIER  IMG 
   DIGBY   IMG 
   DISTDIG  IMG 
   GEAM   IMG 
   SCAL512  IMG 
   SCALLOP512  TIF 
  
Accessory files ABUNDANC  DVC 
   ABUNDANC  VEC 
   ABUNDANC  DOC 
   BARRIER  DOC 
   DIGBY   DOC 
   DISTDIG  DOC 
   GEAM   DOC 
   SCAL512  DOC 
 
Lesson 6: 
Text file  LESSON06  PDF/DOC 
 
Image files  COLORSST  BMP 
   ORB2   BMP 
   ORDN4  BMP 
   ORDN5  BMP 
   ORSST  BMP 
   ORSST2  BMP 
  
Accessory files PALET4  PAL 
   PFZ   XLS 
 
Lesson 7 : 
Text file  LESSON07  PDF/DOC 
 
Image files  P_BAND1  BMP 
   P_BAND2  BMP 
   P_BAND3  BMP 
   P_BAND4  BMP 
   POND1  BMP 
   POND2  BMP 
   POND3  BMP 
   POND4  BMP 
   VEGE   BMP 
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Section 3: Introduction to using the Bilko 3 image processing software 
 
Module08\Introduction tutorials 
Text files Introduction_to_Bilko_00.pdf 

 Introduction_to_Bilko_01.pdf 
 Introduction_to_Bilko_02.pdf 
 Introduction_to_Bilko_03.pdf 
 Introduction_to_Bilko_04.pdf 
 Introduction_to_Bilko_05.pdf 
 Introduction_to_Bilko_06.pdf 
 Introduction_to_Bilko_07.pdf 
 Introduction_to_Bilko_08.pdf 
 Introduction_to_Bilko_09.pdf 
 Introduction_to_Bilko_10.pdf 

 
Module08\Introduction  
Image files AVHRR_ID2497481.bin 
 AVHRR_Mulls#02.bmp 
 AVHRR_Mulls#04.bmp 
 AVHRR_Mulls_col#04.bmp 
 AVHRR_West_Africa#04.dat 
 Casi_16-bit_unsigned#2.bin 
 Filter_test.gif 
 Global_SST_Dec2000.gif 
 Littleport_TM#01.gif 
 Littleport_TM#02.gif 
 Littleport_TM#03.gif 
 Littleport_TM#04.gif 
 Littleport_TM#05.gif 
 Littleport_TM#07.gif 
 MER_RR__1_Mediterranean.n1 
 Mulls_coastline.gif 
Module08\Introduction\Composite 
 AVHRR_ID2497481#01.dat 
 AVHRR_ID2497481#02.dat 
 AVHRR_ID2497481#03.dat 

 
Module08\Introduction  
Accessory files AVHRR_ID2497481_composite.set 
 Bitwise.frm 
 Draw_Mulls_coastline.frm 
 High_pass.flt 
 Littleport_TM.set 
 Mulls_coastline.tbl 
 Pathfinder_SST.frm 
 SST_Exercise.pal 
 SST_Pathfinder.pal 
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Contents of First Module (MARINF/70, July 1989) 
 
Introduction 
 
Section 1: Introductory Tutorial: the BILKO Image Processing Software 
 
Section 2: Practical Lessons in Satellite Oceanography 
   -Images of open ocean sea-surface temperature 
   -Thermal images of ocean fronts 
   -Coastal zone colour scanner data off Iceland 
   -Comparison of coincident AVHRR and CZCS data 
   -Shelf seas thermal structure 
    North Sea, early summer 
    Early summer stratification in the Irish Sea 
   -Airborne thematic mapper data- Southampton Docks 
 
Section 3: Sea-Surface Temperature Exercise 
 
Section 4: Further Action 
 
Appendix: Contents of the floppy disks 

 
 

Contents of Second Module (MARINF/81, February 1991) 
 
Introduction 
Section 1: Introductory Tutorial: the BILKO 1.2 Image Processing Software 
Section 2: Practical Lessons Using Image Data 
  - Analysis of a synthetic aperture radar image of the Straits of Dover 
  - Seasonal variation of phytoplankton distribution in the Arabian Sea 
  - Studies of South American coastal discharge using Landsat data 
  - Display and analysis of acoustic Doppler current profiler (ADCP) data 
  - Wind-driven upwelling off the coast of South Australia 
  - Thermal structure of the southern Coral Sea 
 
Section 3: A Lesson for Lesson Creators 
 
Appendix: Contents of the floppy disks 
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Contents of Third Module (MARINF/83, February 1992) 
 
Introduction 
Section 1: Introductory Tutorial: the BILKO 1.3 Image Processing Software 
Section 2: Practical Lessons Using Marine and Coastal Image Data 
 1: Extent and content differentiation of coastal plumes  
 2:  Using Landsat for coastal management - 1: Mapping and determining major 

substrate categories 
 3: Using Landsat for coastal management - 2: Vegetation mapping 
 4: Detection of potential areas for coastal aquaculture using the Indian remote sensing 

satellite - IRS 1A 
 5: Study of coastal lagoonal features using IRS-1A LISS data 
 6: Temporal and spatial variations in sea-ice concentration in the Southern Ocean 
 7: Global waves and winds from Geosat 
 8: Ocean eddy dynamics generated by a numerical model 
Appendices 
 A: Contents of the floppy disks 
 B: Contents of module 1 (MARINF/70) and module 2 (MARINF/81)  
 C: Reply sheet for user response to UNESCO 

 
 
 

Contents of Fourth Module (MARINF/90, July 1993) 
 
Introduction 
Networking 
Section 1: Introductory Tutorial: the BILKO 1.3 Image Processing Software 
Section 2: Practical Lessons Using Marine and Coastal Image Data 
 1: Imaging in-situ bio-optical and physical parameters 
 2: Spatio-temporal evolution of coastal upwelling in the Senegalese and Mauritanian 

littoral 
 3: Variation of AVHRR-derived sea-surface temperature with satellite zenith angles 
 4: Seasonal and yearly variation of surface temperature distributions in the North Sea 
 5: Analysis of the turbid plume of the Gironde Estuary (France) using SPOT data 
 6: Detection of sea-surface life with an Airborne Synthetic Aperture Radar 
 7: Bathymetry prediction from satellite altimeter data 
Appendices  
 A: Contents of floppy disks 
 B: Contents of module 1 (MARINF/70), module 2 (MARINF/81) and module 3 

(MARINF/83).  
 C: Reply sheet for user response to UNESCO 
 
Note: Module 4 is also available in Russian (see Module4r directory on the CD-ROM). Also 

downloadable over the internet from http://www.dux.ru/csi/dosbilko/module4r.zip. 
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 Contents of Fifth Module (MARINF/96, December 1995) 
Originally issued in Spanish (MARINF/96, September 1994) 

 
Introduction 
Section 1: Introductory Tutorial: the BILKO 1.3 Image Processing Software 
Section 2: Practical Lessons Using Marine and Coastal Image Data 
 1: Identification and differentiation of coastal ecosystems 
 2: Principal characteristics of the area around the Lagartos River, Yucatan, México 
 3: Evolution of a coastal upwelling event at 30°S 
 4: Observation and analysis of a red tide event from NOAA/AVHRR images in the 

Argentinean Sea 
 5: Research on physiographic phenomena influenced by marine currents in the Terminos 

Lagoon 
 6: Thermal structures associated with the superficial, general circulation observed between 

Cape Verde and Freetown (North-West Africa) 
 7: Monitoring the coastal upwelling NW of Africa with AVHRR-APT images 
 8: Study of the distribution of suspended solids in the western coast of Maracaibo Lake 

(Venezuela), using Landsat data 
 9: Identification of physical processes favouring the development of phytoplankton, based on 

the colour characteristics of the sea 
Appendices 
 A: Contents of the floppy disks 
 B: Contents of first module (MARINF/70), second module (MARINF/81), third module 

(MARINF/83) and fourth module (MARINF/90) 
 C: Reply sheet 

 
 

 Contents of Sixth Module 
 
Introduction 
Section 1: Microsoft Windows: Getting started 
Section 2: Introduction to Bilko for Windows 1.0 image processing software 
 Introductory on-line tutorials 
Section 3: Practical lessons using marine and coastal image data 
 1: Deriving sea surface temperature maps from the ERS-1 Along Track Scanning Radiometer 

(ATSR) 
 2: Using Landsat for coastal management-1: Mapping and determining major substrate 

categories 
 3: Using Landsat for coastal management-2: Vegetation mapping 
 4: Imaging coastal features with ERS-1 Synthetic Aperture Radar (SAR); central English 

Channel 
Appendices 
 A: Files needed for Module 6 
 B: Contents of first module (MARINF/70), second module (MARINF/81), third module 

(MARINF/83), fourth module (MARINF/90) and fifth module (MARINF/96) 
 C:  Reply sheet 
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 Contents of Seventh Module (CSI Paper 4/99, March 1999) 
 
Introduction 
Section 1:   Introduction to Bilko for Windows 2.0 image processing software 
 On-line introductory tutorials 
 
Section 2: Practical lessons using coastal image data of the Caicos Bank 

 
1: Visual interpretation of images with the help of colour composites: getting to know the  
 study area 
2: The importance of acquiring images of the appropriate scale and spatial resolution for  
 your objectives 
3: Radiometric correction of satellite images: when and why radiometric correction is  
 necessary 
4: Crude bathymetric mapping using Landsat TM satellite imagery 
5: Compensating for variable water depth to improve mapping of underwater habitats:  
 why it is necessary 
6: Mapping the major inshore marine habitats of the Caicos Bank by multispectral  
 classification using Landsat TM 
7: Predicting seagrass standing crop from SPOT XS satellite imagery 
8: Assessing mangrove leaf-area index (LAI) using CASI airborne imagery 

 
Appendices 
 A: Files needed for Module 7 
     B: Contents of first module (MARINF/70), second module (MARINF/81), third module    
         (MARINF/83), fourth module (MARINF/90), fifth module (MARINF/96), sixth  
         module 
     C: Reply sheet 
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