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The inshore water along the Atlantic coast of Morocco is part of one of the four major upwelling systems in the world. This region is characterized by the presence of upwelling activity almost all years around. In this work, we propose an unsupervised algorithm for identifying and extracting automatically this vital zone using the satellite observation of chlorophyll-a concentration (CHL-a). In fact, the approach is started with the application of Expectation-Maximisation algorithm for detecting the nutrient-rich region over CHL-a image. Then, a regiongrowing algorithm is applied to remove the noisy structures appeared in the offshore waters not belonging to the upwelling region. The proposed methodology is tested over a database of 230 weekly CHL-a images spanning the period from the years 2016 to 2020. The results show that the proposed method seems to be applicable for any other ecosystem.

I. INTRODUCTION

The Moroccan Atlantic coast, central part of the canary current system, is characterized by the permanent presence of an oceanographic phenomenon called "coastal upwelling". The region of upwelling is characterized by higher productivity as well as lower temperature degree. The hydrodynamical process of Moroccan upwelling is forced by the trade winds, resulting in deep, cold, less salty, and nutrient-rich upwelling water [START_REF] Aouni | Physical and biological satellite observations of the northwest african upwelling: Spatial extent and dynamics[END_REF]. Thanks to remote sensing, the scientists and the oceanographers can be easily monitor, identify and supervise the variability of upwelling. In fact, the detection of this phenomenon is made either by using Sea Surface Temperature image (SST), which show a synoptic view of the skin temperature distribution; Or by using ocean color image, that contains information about chlorophyll-a concentration, which is an estimator of phytoplankton biomass [START_REF] Abidi | An efficient detection of moroccan coastal upwelling based on fusion of chlorophyll-a and sea surface temperature images with a new validation index[END_REF]. Authors of [START_REF] Khalid | A simple tool for automatic extraction of the moroccan coastal upwelling from sea surface chlorophyll images[END_REF] and [START_REF] Aouni | Detection of moroccan coastal upwelling using sea surface chlorophyll concentration[END_REF] used ocean color image in order to identify upwelling along the Atlantic coast of Morocco using respectively hard and fuzzy clustering algorithms. While, other works extract this cold area from SST image based on different approaches. For instance, authors of [START_REF] Tamim | A simple and efficient approach for coarse segmentation of moroccan coastal upwelling[END_REF], applied conventional methods over SST images with the goal of delineating the southern Moroccan upwelling region. Their approach consists firstly on the use of two unsupervised classification methods: Otsu and FCM, then, they used a region growing process to automatically remove the remaining pixels in the offshore waters not belonging to the upwelling area. For the same purpose and in the same area, another methodology was proposed by [START_REF] Tamim | On detectability of moroccan coastal upwelling in sea surface temperature satellite images[END_REF] based on Fuzzy C-Means with the Gustafson-Kessel clustering algorithm in order to detect cold, homogeneous temperature zone.

An additive methodology was described in the paper [START_REF] Tamim | Upwelling detection in sst images using fuzzy clustering with adaptive cluster merging[END_REF] where the authors defined the suitable cluster number used for applying FCM algorithm over SST image. In fact, the determination of optimal cluster number is started by labeling original image with a large number of clusters, then reducing the number of clusters successively by merging similar clusters respecting the adaptive threshold criterion. Indeed, based on this study, the authors confirm that the optimal number for SST image is 2 (C=2).

Based on K-means and FCM clustering methods, authors of [START_REF] Tamim | Automatic detection of moroccan coastal upwelling zones using sea surface temperature images[END_REF] also determine the appropriate number of clusters by combining several standard cluster validity indices. The validation was made by an oceanographer over a database of 92 SST images from the two years 2006 and 2007. The findings of evaluation were promising just in the southern of Morocco.

Some studies [START_REF] Tamim | An efficient tool for automatic delimitation of moroccan coastal upwelling using sst images[END_REF]- [START_REF] Tamim | Detection of moroccan coastal upwelling in sst images using the expectation-maximization[END_REF] focused on identifying and extracting the main thermal upwelling front by using respectively Otsu, region growing technique and Expectation-Maximization algorithm over distinct SST datasets. Lately, authors of [START_REF] Aouni | Physical and biological satellite observations of the northwest african upwelling: Spatial extent and dynamics[END_REF] proposed a method which successfully identifies and extracts all the Moroccan upwelling region separately over physical and biological satellite observations during the period 2003-2015. In related work, authors of [START_REF] Elabidi | A simple fusion approach of chlorophyll images and sea surface temperature images for improving the detection of moroccan coastal upwelling[END_REF]- [START_REF] Abidi | Detection of moroccan coastal upwelling using the alpha blending fusion technique of sea surface chlorophyll images and sea surface temperature images[END_REF] proposed two different methods for detecting Moroccan coastal upwelling based on image fusion concept. The performance of these two fusion techniques were evaluation by a physical oceanographer. Recently, the authors of [START_REF] Abidi | An efficient detection of moroccan coastal upwelling based on fusion of chlorophyll-a and sea surface temperature images with a new validation index[END_REF] defined a complete fusion methodology of the two permanent pigments of upwelling (chlorophyll-a concentration and temperature degree). Moreover, authors of this work determined a new validation index that can be used for any other upwelling system.

In the current work, we follow the same philosophy as in [START_REF] Tamim | Detection of moroccan coastal upwelling in sst images using the expectation-maximization[END_REF] but with a different dynamic number of clusters, depending on the characteristics of the chlorophyll-a. In fact, we propose a simple, promising and intuitive tool devoted to the identification and extraction of the upwelling region over CHL-a image covering the Atlantic coast of Morocco. Our method is based on the Expectation-Maximisation algorithm in order to separate upwelling and non upwelling regions. To remove the noisy structures in the offshore waters not belonging to the extracted zone, a region growing algorithm is applied. The current work not only proposes a method for extracting the Moroccan upwelling but also it provides the calculation and the analysis of one of the famous upwelling index based on Chl-a observation for the five recent years (2016-2020).

The paper is organized as follows: Section II introduce the to base and the area of interest used in this work. Section III describes an overview of the proposed methodology to detect and extract upwelling area over CHL-a images. Section IV reports the experimental results and analysis, before concluding the study in section V.

II. REGION OF INTERSET AND DATASETS

The database used in this work is captured by the nearpolar satellite TERRA-MODIS, from NASA's ocean color website http://oceancolor.gsfc.nasa.gov/. Each satellite image is obtained from mean of 

III. THE PROPOSED METHODOLOGY

The main idea of this work is to identify and localize the upwelling regions in CHL-a images. To do that, we apply as an initial segmentation, Expectation-Maximisation algorithm for each CHL-a images to find upwelling. Then, to extract upwelling, we apply Region-growing algorithm, to remove the noisy structures not belonging to the upwelling regions.

A. Expectation-Maximisation algorithm

Expectation-Maximisation (EM) is a classification algorithm that relies on likelihood maximization to build adequate statistical models of the data [START_REF] Bradley | Scaling em (expectationmaximization) clustering to large databases[END_REF]. It is usually used in artificial vision or in image processing, more specifically for segmentation (medical, satellite images, etc.). Or simply in clustering to provide labeled clusters sharing the same static properties. EM begins by estimating (step E) the missing information based on the current parameters. Followed by maximizing (step M), to finds new estimates of these statistical parameters [START_REF] Assaad | A variational expectation-maximization algorithm for temporal data clustering[END_REF]. In each step, we maximize the lower bound function, which yields estimates with higher likelihood than the previous iteration and eventually converges to a maximum. With: K is the current number of Gaussians, σ is the standard deviation, θ 0 is the estimate at 0 iteration, µ is the mean, and ϵ threshold for the convergence of the algorithm.

In our model, the hidden variables are the mean and standard deviation of each Gaussian distribution. We begin by estimating these parameters and execute the algorithm iteratively to find the maximum likelihood for our estimates. For convergence, we execute it until the values stop increasing.

B. Optimal number of clusters

In our work, to determine the optimal number of clusters, we based ourselves on the work [START_REF] Aouni | Detection of moroccan coastal upwelling using sea surface chlorophyll concentration[END_REF] to define the nutrient-rich region from the CHL-a satellite image. As result, the cluster Algorithm 1 Algorithm of EM Initialization Initialize the parameters θ 0 , k and σ

θ t = (µ t 1 , µ t 2 , µ t 3 , ...., µ t k ); θ 0 k = µ 0 k (1)
• E step: Evaluate the expected values of s ij of the hidden variables using the current parameters.

E(s ik ) = exp -(xi-µ t k ) 2 2σ 2 k j=1 exp -(xi-µ t j ) 2 2σ 2
(2)

• M step: Re-estimate the parameters using the current expected values

µ t+1 j = n i=1 E(s ik )x i n i=1 E(s ik ) (3) 
• Convergence step: If ( 4) is true, finish the iteration and return to E step.

||θ t+1 -θ t || < ϵ (4)
varies from c min = 2 to c max = 7. And in our case, the cluster c = 2 is the appropriate number to reproduce the areas covered by upwelling for the CHL-a images. 

C. Region-Growing algorithm

The binary images results in Fig. 2 show the Upwelling area, with some noise structures in offshore waters not belonging to the upwelling region. For this, we apply to the binary images of upwelling detection another segmentation which consists in the application of the Region-growing algorithm to eliminate the isolated pixels in the offshore direction.

The segmentation approach is used to examine neighboring pixels of initial seed points and to determine whether the adjacent pixel which should be added to the region [START_REF] Tamim | An efficient tool for automatic delimitation of moroccan coastal upwelling using sst images[END_REF]. The segmentation aims at merging neighboring pixels to pixels inside the region according to homogeneity and adjacency criteria. This process is repeated until there are no more adjacent pixels to be included in a seeded region. In our case we chose five seeds point, so that each point belong to an area of coastal upwelling of Morocco. These seeds are chosen near the coastline because all pixels pertaining to the upwelling must have connectivity to the coastline. The threshold is selected to obtain 2 regions with similar populations of pixels belonging and not belonging to the upwelling structures. The value of the threshold is fixed for all the database. 

IV. EXPERIMENTAL RESULT AND ANALYSIS

Based on the binary segmented CHL-a images, we explored the interannual variability of the upwelling along the Atlantic coast of Morocco. For this purpose, we computed the biological index of the upwelling. This index (I c ) is determined as a product of the mean average of the upwelling CHL-a concentration and the extracted upwelling limit (equals the width of upwelling) over the same radial (the radials are drawn perpendicular to the coast). Each radial correspond to latitude. The Chl-a index unit is expressed in mgm -3 km.

Fig. 4 shows the Hôvmoller diagram at 4km spatiotemporal resolution of the upwelling index based on the CHL-a images. The main pattern of variability can be synthesized into three characteristic regions.

• Northern zone of Morocco between (32 • N , 36 • N ):

The index shows that this region is characterized by a weak/inexistent upwelling (I c < 24 mgm -3 km). 

V. CONCLUSION

In this paper, we proposed a segmentation method that aims to detect and extract the upwelling area in the coastal ocean of Morocco using the satellite observation of chlorophylla concentration. To do this, first, we segmented the CHLa images using the Expectation-Maximisation algorithm in order to effectively detect the main upwelling front along the Atlantic coast of Morocco, separating the nutrient-rich region and offshore waters. The second part consist to apply the region-growing algorithm process to eliminate isolated components, appeared in offshore waters, not belonging to the upwelling structures. The algorithm is applied and tested over 230 CHL-a images covering the period between the years 2016 -2020. In last of the work, we computed the CHLa index (I c ) for validating quantitatively the segmentation results. Effectively, this index allowed us to study the seasonal and interannual climatology of the upwelling dynamics from biological observations. The index findings confirm that the Moroccan upwelling variability can be subdivided in three different sub-regions.

  8 days, represented by a 378 × 378 pixel map with spatial resolution 4 × 4Km covering the Moroccan Atlantic coast spans from (21 • N to 36 • N and 6 • E to 19 • E). The weekly synthetic data allows to minimize the number of pixels contaminated by clouds, and build an agreement between the variability of pixel values and the necessity to provide a continuous spatio-temporal coverage [4]. In this study, we use 230 CHL-a images to supply a coarse segmentation of upwelling areas, during the period of [2016 -2020]. Fig. 1 shows four CHL-a images selected from our database demonstrating four upwelling scenarios encountered throughout this study respectively in [2016-01-01],[2017-02-09],[01-01-2020] and [2020-02-17]. The gray color region on the CHL-a images in Fig. 1 corresponds to Moroccan land, and the white pixels in the ocean correspond to cloud.

Figure 1 :

 1 Figure 1: Example of eight-day CHL-a [log(mg/m 3 )] images selected from our database, showing a typical upwelling scenario from biological observations; (a):[2016 -01 -01], (b):[2017 -02 -09], (c):[01 -01 -2020] and (d):[2020 -02 -17].

Figure 2 :

 2 Figure 2: (a),(b),(c),(d) : Upwelling area extracting by the Expectation-maximisation method for the CHL-a images overthe selected images of Fig. 1

Figure 3 :

 3 Figure 3: (a),(b),(c),(d): Upwelling region automatically contoured by edge canny using the proposed methodology over the selected images of Fig. 1

•

  Central part between (26 • N , 31 • N ): This sub-region is characterized by a moderate I c index, generally featured during all years near 31 • N , showing lower phytoplankton biomass, and moderate intensity of upwelling throughout the years. • Southern Moroccan spans between (21 • N , 25 • N ) where the upwelling variability is intense and permanent with a high I c value (I c > 150 mgm -3 km) in most years and seasons. This greater values of the index indicate that the upwelling is strong throughout the studied years. The I c index accords generally the results obtained in [1]. So, based on this index, we can validate the performance of the proposed methodology for the segmentation of the Moroccan coastal upwelling in CHL-a images. According to the findings, we can conclude that the proposed algorithm has provided satisfactory and promising results in terms of extraction an analysis of this important phenomenon.

Figure 4 :

 4 Figure 4: Space-time Hôvmoller diagram of upwelling index (I c ) computed as CHL-a average multiplied by its extend over the 2016-2020 period.