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� This study is aimed to use a GIS-Based system for providing the

basis for alternative ways of a sustenaible harvest of efficient

fishery resources .

� The use of remote sensing to provide synoptic measurements of the

oceans is becoming increasingly important in fisheries research and

fishing operations. Variation in ocean conditions play key role in

natural fluctuations of fish stocks and in their vulnerability to

harvesting [1].harvesting [1].

� Information on the changing ocean (physical, chemical and

biological quantities) is necessary to understand and to eventually

predict the effects of the ocean on fish population . The evolving

capabilities of satellite sensors and data processing technologies

combined with conventional data collection techniques and GIS

modeling provide a powerful tool towards fish forecasting and thus

allowing sustainable management of living marine resources.



� Techniques in the development of fishing grounds have used such

oceanographic phenomena as upwelling areas, temperature fronts, ocean

colors and the presence of large amounts of chlorophyll-a in the water as

indicators of areas of fish stock congregations and fish stocks migration.

Sea surface temperature and salinity and other oceanographic conditions

can further assist to develop these areas know as potential fishing zones

for forecasting of natural fluctuations of stocks, their congregation and

migrations.

� With the advent of satellite a oceanographic study, these oceanographic

features such as ocean color, sea surface temperature, chlorophill-a

concentration can be successfully mapped in near real time basis. This

capability coupled with the knowledge of oceanographic conditions

affecting fishery population and historical catch data can lead towards

forecasting of fish populations and their movements. Thus affording the

capacity to harvest the fishery resources effectively and equally important

on sustainable basis [2].



Somothing about the MODIS Somothing about the MODIS –– AQUA:AQUA:

Launched May 4, 2002Launched May 4, 2002

ALTITUDE: 705 Km (Polar orbitingALTITUDE: 705 Km (Polar orbiting))

Frequencies of work:Frequencies of work:

36 channels uniformly36 channels uniformly distributed in in 
[0.415 [0.415 -- 14.235] 14.235] μμm m 

•• VisibleVisible

•• NearNear--InfraredInfrared

•• Thermal Infrared Thermal Infrared 

Spatial resolution:Spatial resolution:

•• 250 m250 m

•• 500 m500 m

•• 1 Km1 Km

•• 4 Km4 Km

•• 9 Km9 Km



Some Some MODIS MODIS –– AQUAAQUA imagesimages::



Some Some MODIS MODIS –– AQUAAQUA imagesimages::



AfterAfter thisthis quicklyquickly explanation,explanation, somethingsomething aboutabout thethe stepssteps usedused toto

processprocess satellitesatellite datadata && imageimage availableavailable onon NASANASA satellitesatellite MODISMODIS--

AQUAAQUA .

MODIS MODIS –– AQUA  HDF_FILE acquirementAQUA  HDF_FILE acquirement (from NASA)(from NASA)StepStep 11..

StepStep 22.. ANALISYS of  HDF_FILEANALISYS of  HDF_FILE

2.1 Image Analisys (+ 12.1 Image Analisys (+ 1°°processing)processing)

2.2 Grid generation & overlapping2.2 Grid generation & overlapping

2.3 Point to Point processing2.3 Point to Point processing

Automatic Automatic Processing Processing 
SoftwareSoftware ((in progressin progress ))OCEAN COLORSOCEAN COLORS



OCEAN COLORSOCEAN COLORS

What does it means?What does it means?
A lot of  data availableA lot of  data available

CHLOROPHYLL CHLOROPHYLL -- aa

Which the parameters of interest?Which the parameters of interest?

Our studies:Our studies:

SSTSST

K K -- 490490

Fluorescence Fluorescence (in progress)(in progress)



Our studies centered on relationship between chlorophyll-a and 
fish density

The studiesThe studies

In this example the In this example the 
image is obtained by image is obtained by 
Empirical  Empirical  
chlorophyll  chlorophyll  
algorithm for algorithm for 

2.1 Immage Analisys (+ 12.1 Immage Analisys (+ 1°°processing)processing)

algorithm for algorithm for 
preliminary preliminary 
validation of the validation of the 
mediterranean mediterranean 
region  (based on region  (based on 
NASA HDF file )NASA HDF file )



The studiesThe studies

Step 2 is based on Step 2 is based on 
the two process:the two process:
“Grid generation”“Grid generation”

2.2 Grid genereation & overlapping2.2 Grid genereation & overlapping

“Grid Overlapping”“Grid Overlapping”

Starting by the immage Starting by the immage 
processed as processed as 
explained in step 1explained in step 1



This make us able to explore the This make us able to explore the 
image PIXEL by PIXEL as shown in image PIXEL by PIXEL as shown in 
this this “grid overlapping”“grid overlapping” similuationsimiluation



Often it’s not Often it’s not 
important to important to 
investigate the investigate the 
entire image but entire image but 
only the R.O.I only the R.O.I only the R.O.I only the R.O.I 
(Region of interest) (Region of interest) 
as in this example.as in this example.

We can also iterate We can also iterate 
the process.  the process.  



Step 3 is based on Step 3 is based on 
matching, and matching, and 
reserch of reserch of possible possible 
correlationcorrelation between between 
our our “chlorophyll“chlorophyll --a a 

2.3 Point to Point processing2.3 Point to Point processingThe studiesThe studies

our our “chlorophyll“chlorophyll --a a 
concentrantion concentrantion 
data”data” and data and data 
acquired during acquired during 
CNR “CNR “ in situin situ ” ” 
relevations.relevations.



It is important to note that studies conducted acco rding to these 
methods are now a popular modus operandi in the field of 
research of this type.

I.E. Study on Northernwest SeaI.E. Study on Northernwest Sea





In these images are shown In these images are shown 
the  echograms of pelagic the  echograms of pelagic 
species recorded during the species recorded during the 
period of January 2007period of January 2007

The echogramm are The echogramm are 
recorded at time intervals recorded at time intervals 
(usually 3 per day) and show (usually 3 per day) and show 
3 different situations. 3 different situations. 



In the next few slides are shown correlations found  between the images In the next few slides are shown correlations found  between the images 
detected by MODISdetected by MODIS--AQUA during the period 4AQUA during the period 4--15 of July 2002 and the d ata 15 of July 2002 and the data 
obtained by the CNR during the INobtained by the CNR during the IN--SITU campaign in  the same period.  SITU campaign in the same period.  
The logical processing  scheme was as follows:. The logical processing  scheme was as follows:. 

OCEAN COLORSOCEAN COLORS

•• Immages processingImmages processing
•• RescalingRescaling --maps (MODIS data) for maps (MODIS data) for 

CNRCNR
ININ--SITUSITU
DATADATA

CHLOROPHYLL CHLOROPHYLL –– aa
(concentration)(concentration)

•• RescalingRescaling --maps (MODIS data) for maps (MODIS data) for 
Mediterranean seaMediterranean sea DATADATA

DATA CORRELATION DATA CORRELATION 
and CALIBRATIONand CALIBRATION

Model ofModel of
“Fish Dynamics Population”“Fish Dynamics Population”Future DevelopmentsFuture Developments



Our current work. Our current work. 











Sardine Density [ t / nm2 ]

0.004 – 28.253

28.253 – 56.502

56.502 – 84.751 

84.751 – 113

Anchovy Density [ t / nm2 ]

0.001 – 59.334

59.334 – 118.667

Relationship between surface chlorophyll-a and fish density

59.334 – 118.667

118.667 – 178

178  – 237.333

237.333 – 296.666

296.666 – 356

5 July2002. Anchovy density (red circles) and Sardine density (black circles) along the acoustic survey track.



Sardine Density [ t / nm2 ]

0.004 – 28.253

28.253 – 56.502
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Anchovy Density [ t / nm2 ]

0.001 – 59.334
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Relationship between surface chlorophyll-a and fish density
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237.333 – 296.666

296.666 – 356

6 July2002. Anchovy density (red circles) and Sardine density (black circles) along the acoustic survey track.



Sardine Density [ t / nm2 ]

0.004 – 28.253

28.253 – 56.502

56.502 – 84.751 

84.751 – 113

Anchovy Density [ t / nm2 ]

0.001 – 59.334
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Relationship between surface chlorophyll-a and fish density
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237.333 – 296.666

296.666 – 356

7 July2002. Anchovy density (red circles) and Sardine density (black circles) along the acoustic survey track.



Sardine Density [ t / nm2 ]

0.004 – 28.253

28.253 – 56.502

56.502 – 84.751 

84.751 – 113

Anchovy Density [ t / nm2 ]

0.001 – 59.334
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Relationship between surface chlorophyll-a and fish density
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296.666 – 356

8 July2002. Anchovy density (red circles) and Sardine density (black circles) along the acoustic survey track.



Sardine Density [ t / nm2 ]

0.004 – 28.253

28.253 – 56.502

56.502 – 84.751 

84.751 – 113

Anchovy Density [ t / nm2 ]

0.001 – 59.334

59.334 – 118.667

Relationship between surface chlorophyll-a and fish density

59.334 – 118.667

118.667 – 178

178  – 237.333

237.333 – 296.666

296.666 – 356

9 July2002. Anchovy density (red circles) and Sardine density (black circles) along the acoustic survey track.



1 – 10

Zooplankton Biomass
[ mg dry wt m-3 ]

Relationship between surface chlorophyll-a and zooplankton biomass

10 – 19

19 – 28

28 – 37



Ocean ColorOcean Color MODIS DATAMODIS DATA

BoundaryBoundary

SSTSST

UpwellingUpwelling

IndicatorsIndicators

Special Special 
PhenomenaPhenomena

Satellite Satellite 
Remote SensingRemote Sensing

Potential Potential 
Fishing Fishing 
ZoneZone

PhenomenaPhenomena

ChlorophyllChlorophyll--aa
(Phytoplankton)(Phytoplankton)

NutrientNutrient

Fish AggregationFish Aggregation
FOODFOOD



Correlation between surface chlorophyll-a and All fish density

Index of Correlation

From point (4/5) to point 6:

0,76

From point (4/5) to point 8:

0,79

From point 6 to point 8:

0,85

5-6 July2002. Very large correlation (red  line) and large  correlation (yellow  line) along the acoustic survey track.

Chlorophyll-a density

From point 8 to point (10/11):

0,62



Correlation between surface chlorophyll-a and All fish density

Index of Correlation

From point 25 to point (29/30):

0,74

From point 26 to point (29/30):

0,83

From point (29/30) to point (33/34):

0,66

From point 30 to point (33/34):

0,75

From point 45 to point 49:

0,53

From point 46 to point 49:

0,57

Chlorophyll-a density

7 July2002. Very large correlation (red  line) and large  correlation (yellow  line) along the acoustic survey track.



Correlation between surface chlorophyll-a and All fish density

Index of Correlation

From point (52/53) to point 53:

0,72

From point (53/54) to point (54/55):

0,63

Chlorophyll-a density

8 July2002. Very large correlation (red  line) and large  correlation (yellow  line) along the acoustic survey track.



Correlation between surface chlorophyll-a and All fish density

Index of Correlation

From point (62/63) to point 66:

0,64

From point (63/64) to point 65:

0,69

Chlorophyll-a density

9 July2002. Very large correlation (red  line) and large  correlation (yellow  line) along the acoustic survey track.



Work in progress

Correlation between Density of Anchovy and Density of Sardine
Along the  acustic survey track

Index of Correlation

From point 8 to point (9/10):

1

From point 12 to point 30:

0,70

From point 12 to point (24/25):

0,97

From point (22/23) to point (29/30):

0,127

From point 25 to point 30:

0,69

From point 21 to point 30:

0,26

Chlorophyll-a density



Work in progress
Correlation between Density of Anchovy and Density of Sardine

Along the  acustic survey track

Index of Correlation

From point (32/33) to point 35:

1

From point (36/37) to point 39:

1

From point (40/41) to point 43:

Index of Correlation

From point a to point b:

1

From point b to point c:

0,14

c d

Index of Correlation

From point (48/49) to point (50/51):

1
From point (40/41) to point 43:

1

From point (44/45) to point (46/47):

0,40

Chlorophyll-a density

From point c to point d:

1
From point (52/53)  to point (54/55):

1
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