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An Efficient Tool for Automatic Delimitation of
Moroccan Coastal Upwelling Using SST Images
Ayoub Tamim, Khalid Minaoui, Khalid Daoudi, Hussein Yahia, Abderrahman Atillah, and Driss Aboutajdine

Abstract—An unsupervised classification method is developed
for the coarse segmentation of Moroccan coastal upwelling
using the Sea Surface Temperature (SST) satellite images. The
algorithm is started with the generation of c-partitioned labeled
image using Otsu’s method for the purpose of finding regions of
homogenous temperatures. Then two well-known validity indices
are used to select the c-partition which best reproduce the shape
of upwelling area. A region-growing algorithm is developed that
is used to remove the noisy structures in the offshore waters
not belonging to the upwelling area. The algorithm is used to
provide a seasonal variability of upwelling activity in the southern
Moroccan Atlantic coast using 70 SST images of the years 2007
and 2008. The performance of the proposed methodology has
been validated by an oceanographer, showing its effectiveness for
automatic delimitation of Moroccan upwelling region.
Keywords—Sea surface temperature image, upwelling, unsupervised classification, Otsu’s method, Region-growing algorithm,
Moroccan atlantique coast.

I. I NTRODUCTION
OROCCAN coastal upwelling is a part of the canary
current system, characterized by spatially variable and
temporally persistent upwelling activity almost all around the
year [1]. In fact, under the influence of northeasterly wind
and the persistence of Ekman transport along the Moroccan
coast, the surface waters are replaced by cold, less salty and
nutrient-rich deep waters, reflecting the signature of the upwelling phenomenon. At this point, the detection of upwelling
has a fundamental importance in the study of productivity
enhancement and associated fish management [5].
The SST images obtained from Infrared satellite sensor are
frequently used to study the main frontal boundary, separating
the cold water near the coast and warmer offshore waters
[12]. As pointed out by Bakun [2], the fronts detected in
upwelling region are usually associated to a convergence zone,
characterized by high primary productivity.
In the literature, several numerical studies have addressed
the problem of automatic identification of upwelling zone
in SST images. Current approaches are mainly based on
the histogram-based separation [13], where the bimodality of
SST histogram is interpreted to represent two different water
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masses. The neural network discussed in [6] is shown to be
an effective tool to quantitatively reproduces the shape of
upwelling area. In fact, the neural network is trained based
on the k-means clustering results and a statistical criterion is
generated to check the existence of upwelling water in each labeled image. Another technique, which relies on the detection
of upwelling regions using the Fuzzy c-means algorithm [12],
has also been addressed in order to delineate the upwelling
areas using the fuzzy strategy.
In our previous work [19], two unsupervised classification
techniques, Otsu and Fuzzy c-means, belonging respectively to
two different strategies of clustering, hard and fuzzy strategy,
are used to detect the area covered by the upwelling waters.
The latter starts by generating a labeled image from the SST
image, using any of the two proposed methods (Otsu or Fuzzy
c-means algorithms) with 2 clusters, in order to provide two
homogenous groups, corresponding to upwelling and nonupwelling regions. Next, the region-growing process is used
to automatically remove and filter the remaining pixels in
offshore waters not belonging to the upwelling. The approach
is applied on 66 daily and weekly SST images covering the
years 2004, 2005, 2007 and 2009, and the results are validated
by an oceanographer. The previous work [19] is shown to be
a promising tool for automatic extraction of Moroccan coastal
upwelling, using fast and well-known segmentation algorithms.
However, the preceding approach suffers from the following
shortcomings: 1) the number of clusters is subjectively adjusted
to 2 according to the priori knowledge of the study area provided by the oceanographer; 2) the database used throughout
the study is taken randomly during 4 years, and may contain
images with a heavy cloud cover that can yield to erroneous
results in the upwelling detection procedure; 3) no seasonal
variability of upwelling activity is made by the authors.
For this purpose, the current methodology overcomes the
mentioned difficulties and gives accurate results for automatic
detection of the main upwelling front in SST images. Furthermore, the algorithm is used to provide a seasonal variability
of upwelling activity along the study area.
This paper is organized as follows: Section II presents
the database and the area of study used throughout this
work. Section III describes the methodology for the automatic
delimitation of upwelling area, while section IV reports the
experimental results and analysis. Finally, a conclusion is
drawn in section V.
II.

S TUDY A REA A ND DATA

This research focuses on the southern Moroccan Atlantic
coast (20°50′ - 27°52′ N and 13°10′ - 20°10′ W) using a
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TABLE I: Dates of the 70 SST images used in this study,
covering the 4 seasons of the years 2007 (daily) and 2008
(weekly).

total of 70 SST images of Advanced Very High Resolution
Radiometer (AVHRR) sensor, obtained during the years 2007
and 2008.
The whole database has been acquired and processed at
the Royal Centre of Remote sensing (CRTS) of Morocco,
including the generation of cloud and land masks. The SST
images are radiometrically calibrated so that each pixel data
contain temperature information in Celsius degrees. The cloud
overlay is generated using the multispectral criterions, to
perform the classification of pixels as cloud pixels [18].
The images used in this study are selected using the
scientific and technical knowledge of the Moroccan coastal
upwelling. Indeed, the image is retained for the analysis if it
has at least 70% of valid information (no clouds or missing
pixels) between the coast and 200 km offshore [13] in a
direction perpendicular to the coastline.
After rejecting the images with heavy cloud occlusions over
the area of interest, the size of each SST image is 714 × 750
pixels with spatial resolution of 1.1×1.1 km. 24 images among
the 70 used in this work represent daily images selected from
the year 2007, and in order to validate the applicability of
our algorithm in the case of weekly synthetic SST product,
46 weekly images of the year 2008 are also selected and
included in our benchmark. The weekly images are generated
using the maximum value composite procedure [10] when only
the maximum pixels values in 8 daily images are retained.
This approach allows both, eliminating a maximum number of
pixels contaminated by clouds and reducing the large number
of images daily processed [19]. Table I shows the date of the
images used in this study. It should be stressed that in the third
column of Table I, each date represent the weekly synthetic
composite image which is constructed using 8 daily images.
Additionally, a color scale of 26 levels is applied to each
image to help users and oceanographers for visual inspection
of the main frontal boundary separating the cold waters near
the coast and warmer offshore waters. Fig. 1 shows two SST
images selected from our database of 70 images, representing
daily (Fig. 1 (a)) and weekly (Fig. 1 (b)) images. The pixels
with gray color on the right side of the images correspond to
land, whereas the white pixels in the left side correspond to
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Fig. 1: Daily and weekly SST images obtained respectively on
(a) 2007-09-11 and (b) 2008-01-1.

cloud regions on the ocean.
III.

T HE PROPOSED APPROACH

The coarse segmentation of upwelling region is performed in
4 steps: 1) classification and labeling the original SST images
using the Otsu’s method with the number of clusters varying
from Cmin to Cmax ; 2) selection of the appropriate number of
clusters, C∗ , resulting from compact and well-separated groups
by applying two well-known validity indices; 3) application of
simple threshold to the labeled image in order to detect the area
covered by the upwelling waters; 4) filter all the noisy residual
structures not belonging to upwelling waters and then extract
the final upwelling region.
A. Clustering technique
Clustering [11] is an unsupervised classification method
when the only data available are unlabeled, and no structural
information about it is available. The main aim of clustering
is to detect the homogenous groups in data by classifying the
pixels according to similarities among them.
The existing clustering methods can be grouped into two
different strategies, hard [11] and fuzzy [3]. Hard clustering
methods are based on classical set theory, and require that
an object either does or does not belong to a cluster. Fuzzy
clustering methods allow objects to belong to several clusters
simultaneously, with different degrees of membership.
In [19], Otsu and Fuzzy c-means algorithms are respectively
used, as the underlying hard and fuzzy strategies, to deal
with the problem of identifying the upwelling area in coastal
ocean of Morocco using SST images. The classification results,
obtained by these well-known methods are nearly similar
with satisfactory results. The Otsu’s method has indeed the
advantage to be highly efficient and demand less computation
time when the number of classes is 2 [19].
Otsu’s method is a clustering-based image thresholding,
based on the selection of the optimal thresholds from the
gray-level histogram of an image that maximizes the betweenclass variance [15]. Otsu defines the between-class variance
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for the identification of compact and well-separated clusters.
The number of clusters that maximizes the DI index is taken
as the optimal number of clusters, maxCmin 6C6Cmax DI(c).
In the proposed work, we apply the validity indices defined
above, to the complete Otsu’s partition results [Cmin , ...,Cmax ],
and the extremum values (maximum for DI index and minimum for DB index) of these indices indicate the good number
of clusters.
The results of the DB and DI indices applied to the original
SST images in Fig. 1 have shown that the cluster number 2
is the correct number of clusters for the corresponding two
images and for all the database (70 images) used in this study.
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Fig. 2: (a),(b): binary images showing the area covered by the
upwelling waters; (c),(d): application of the region-growing
process to the binary images (a) and (b), using three seed points
shown in red color overlaid the binary results.

using the discriminant analysis based on statistics of the onedimensional histogram [9].
In our case, the Otsu’s method is used to partition each
SST image by setting the number of clusters varying from
Cmin = 2 to Cmax = 7, and the optimal number of clusters C∗ is
determined using the validity indices. The Cmax is fixed to 7,
since there is no change in the mean temperature of the main
clusters beyond 7 clusters.
B. Optimal number of clusters
Most clustering algorithms need to know the number of
clusters to look for. The cluster validity refers to the problem of
finding the optimal number of clusters, which helps to discover
the distribution of patterns and interesting correlations in data
[20]. In particular, the validity indices are largely used as a
mechanism to determine the appropriate number of clusters
in each data [20]. In the literature, Davies-Bouldin (DB) [7]
and Dunn’s (DI) [8] indices are frequently used in the hard
clustering methods for the purpose of determining the good
number of clusters [16].
Davies-Bouldin index is a function of ratio of the sum
of within cluster scatter to between cluster scatter [16]. In
general, we find the optimal cluster number C∗ by solving
minCmin 6C6Cmax DB(c) to produce the best clustering performance for data. Dunn index is a ratio of within cluster and
between cluster separations and it’s originally proposed to use

C. Upwelling detection
Once the labeled image is generated with the optimal
number of clusters, C∗ , the next step consists of identifying the
cluster which represents the upwelling area. For this purpose,
the cluster with the lowest mean value is flagged to be the
upwelled region [19], based on the fact that the upwelling
waters are usually characterized by low temperature values
near the coast compared to the offshore warmer waters. The
binary results of the upwelling region, for the SST images in
Fig. 1, are respectively showed in Fig. 2(a) and (b).
D. Post-processing
After identifying the area covered by the upwelling waters,
the remaining problem concerns the elimination of fine and
noisy structures in offshore waters not belonging to the upwelling region near the coast. These structures are typically
due to the scattered clouds not properly masked by the cloud
detection algorithm used in this study [18]. In this sense, the
region-growing algorithm is applied to the binary images, in
Fig. 2(a) and (b), in order to remove the remaining isolated
pixels [19].
The region-growing algorithm [4] is a segmentation method,
which examines the neighboring pixels of initial points called
the seed points, and determines whether the adjacent pixel
should be added to the region. However, the region-growing
algorithm require the selection of adequate initial points in
each image, in order to have an admissible segmentation
results. In the case of upwelling segmentation, the selection
of these initial points is based on the scientific knowledge and
well-known spatial distribution of Moroccan upwelling coast.
In fact, three initial points corresponding to upwelling sources
are chosen near the coastline to take into account the continuity
of upwelling along the coast and based on the fact that all
the segmented pixels pertaining to the upwelling must have
connectivity to the coastline (Fig. 2(c) and (d)).
IV. E XPERIMENTAL RESULTS AND ANALYSIS
A. Oceanographers evaluation
The effectiveness of the proposed approach has been tested
on 70 AVHRR SST images covering the southern Moroccan
Atlantic coast of the years 2007 and 2008.
It must be noted that, the in-situ measurements, e.g., buoys
data, can give us a sounder support to the results obtained
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Fig. 3: Upwelling zone automatically contoured (black contour) by the proposed approach using the SST image in Fig. 1.
(a) shows an example of a radial (segment with blue and red
color) in which the extension and the intensity of upwelling is
calculated.

by the proposed approach. However, these measures are very
complex to establish and would be extremely challenging for a
use in coastal zone context, because of lack of these measures
for all the satellite images and for every specific region in the
study area. In this sense, it is a well-known fact that validation
in the case of ocean data is often and truly performed by
assessing the results by professional oceanographers [12] [17]
[19], which has been done in the case of this work.
Throughout this evaluation, we used 4 grades: ”Bad”,
”Poor”, ”Good” and ”Excellent”. The grade ”Bad” is attributed
when the upwelling region is not well delineated by the
proposed algorithm, and ”Excellent” is assigned when the
area is correctly identified in each SST image. Indeed, the
grade ”Bad” corresponds to the range between [10% and
30%], the grade ”Poor” range from [40% to 50%] and ”Good”
corresponds to the values between [60% and 70%], and finally
the grade ”Excellent” range from [80% to 100%].
The results revealed that 44% and 48% marks are ”Excellent” and ”Good”, respectively, and the value of 7% is
attributed to the grade ”Poor”. Most importantly, the results
have shown that the grade ”Bad” is not attributed at all.
In the whole SST images analyzed in this study (70 images),
the value of 92% is reached by the two grades ”Good” and
”Excellent” together. These results show that the proposed
approach delimitates correctly the area of upwelling cold
water, and provides an accurate segmentation results for the
majority of images used in this study. Fig. 3 shows the
SST images in Fig. 1, where the upwelling boundary is
automatically contoured by the proposed approach. The marks
attributed to these images are ”Excellent” (Fig. 3(a)) and
”Good” (Fig. 3(b)).
B. Analysis of seasonal variability of upwelling activity
In the following subsection, we have addressed a seasonal
variability of upwelling area and upwelling intensity over the
region of interest, using the 70 SST images.

SST
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The proposed methodology used to calculate the upwelling
intensity has been inspired from the work reported in [1],
where the upwelling index is defined as a simple difference
between the maximum temperature (SSTmax ) located in offshore waters and the minimum temperature (SSTmin ) detected
in onshore for each latitude [14].
In this study, we follow the same philosophy as in [1] but
we do not search for the minimum temperature value (for each
latitude) between the coast and 50 km offshore, but rather, we
look for the SSTmin inside the upwelling fringe detected by our
proposed methodology for each image. The width of upwelling
area has also been calculated, for each latitude, for the purpose
of finding the seasonal variability of upwelling extension along
the Moroccan Atlantic coast.
Fig. 3(a) shows an example of a radial in which the
extension and the intensity of upwelling is calculated. In this
figure, the segment with blue and red color over the radiale
correspond to the effective ranges in which the SSTmin and
SSTmax values are respectively sought.
The seasonal variability is analyzed by averaging the intensities and extensions of upwelling for the whole latitude
in a given season. Fig. 4(a) and (b) shows respectively the
variability of upwelling extension and upwelling intensity over
the study area, which is limited to the southern Moroccan
Atlantic coast spanning from 20°50′ to 27°52′ N and 13°10′
to 20°10′ W.
Fig. 4(a) shows that the upwelling extension is spatially
variable all around the year with maximum values (250 km) at
the latitude 22°50′ N during the winter season. This maximal
extension is due to the strong activity of the Azores anticyclone
over the study area during the winter, generating a northeasterly wind responsible of upwelling activity. In contrast, during
the summer, the upwelling extension is lowest, mainly because
of the displacement of the Azores anticyclone to the northward
during this season, giving way to the westerly and southwest
winds, which are not favourable for upwelling activity.
On the other hand, the upwelling intensity for the 4 seasons
generally present the same tendency along the whole coast
(Fig. 4(b)). Indeed, except the north of the study area (from
26°50′ up north) where the upwelling intensity in the summer
season are important, the intensity in autumn is maximal along
the coast with a peak at the latitude 26°0′ N. Nevertheless, in
the spring season, the upwelling intensity shows the lowest
values along the coast.
It must be noted that, the upwelling intensity is generally
related to the main upwelling front separating the upwelling
area near the coast and warmer offshore waters. This intensity
depends on the degree of upwelling activity and the pressure
applied by the warm waters. In conclusion, the upwelling
extension is variable throughout the year with maximum values
between the Cap Juby and Cap Boujdor (Fig. 4(a) shows
the location of these cap’s) during the winter and spring
seasons at the latitude 26°80′ N and between Dakhla and
Cap Barbas during the winter at the latitude 22°50′ N. The
upwelling intensity for the 4 seasons generally trend together
with significant value at the latitude 26°0′ N (between the Cap
Juby and Cap Boujdor) during the autumn and summer.
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Fig. 4: Seasonal variability of (a) upwelling extension and (b)
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V.

C ONCLUSION

This paper deals with the development of a simple algorithm
that is able to objectively delineate the upwelling area in
Moroccan Atlantic coast using the sea surface temperature
images. The implemented methodology is performed in two
main stages. The first one with the goal to detect and identify
the upwelling region in SST images using the Otsu’s method
with the number of clusters determined using the DaviesBouldin and Dunn indices. The second step involves the use
of region-growing process in order to filter and remove the
remaining offshore waters not belonging to the upwelling area,
using three seed points selected with respect to the scientific
knowledge of Moroccan coastal upwelling. The proposed
approach is validated by an oceanographer and it is used
to provide a seasonal variability of upwelling activity in the
southern Atlantic coast using 70 SST images of the years
2006 and 2007. Regions of high upwelling extension are
identified at the latitude 22°50′ N during the winter season
and around the 26°50′ N during the spring and winter periods.
For the upwelling intensity the autumn season show a highest
intensity at the latitude 26°0′ N. In summary, the proposed
methodology has demonstrated an excellent performance and
sounder support to the results already obtained in our previous
work.
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