1. Night-time or strong winds profile in red 2. Daytime, strong solar radiation, and light winds profile in black 2. Methods

Results

Trend. Sea Surface Temperature in the three ecosystems observed shows an increasing trend over time. It appears clearly in the Celtic Sea and Canary Current and slightly in the South European Atlantic Shelf (Figure 6 and Figure 7). Highest value occurred unusually in 1994 indicating a warmer year. Decreasing SST in recent years was observed in 2007 until 2009 but then went up again in 2010. SST values in 2013 are higher than a year preceding due to different source of data used for this year which it represents the SST measured by MODIS instrument. Highest variation occurred in South European Atlantic Shelf by 9.55°C and then followed by 8.30°C and 8.77°C in Celtic Sea and Canary current consecutively. Trend components influence approximately around 20% of the overall SST variation in the three ecosystems.

Accurate knowledge of SST distribution and temporal variation at finer spatial resolution is needed as a key input in modeling that widely used for various application including species distribution modeling and ecosystem assessments (GHRSST Science Team, 2010). Sea Surface Temperature (SST) is the temperature of sea water near the surface and not the interface temperature, whose standard name is surface temperature. SSTskin (The sea surface skin temperature) is the temperature measured by an infrared radiometer. This definition is chosen for consistency with the majority of infrared satellite and ship mounted radiometer measurements, Figure 1. (GHRSST Science Team, 2010). Preprocessing Avhrr and Modis SST data were performed before extracting the values of SST of each regions. The process was conducted using Arcpy modul of Phyton programming language under ArcGIS environment. The results are in table that then modified using R software to prepare to be used in time series analysis. InZight statistic software was also used since it has a useful tool in presenting seasonal plot (see Figure 5).

MODIS (Moderate

The limits of the area of interest (AOI) were constructed from several ecosystems/eco-regions boundaries defined by different sources. Southernmost boundary was taken from the southern limit of Coastal-Canary Province of Longhurst Biogeographical Province (VLIZ, 2009). Southern part of the AOI represents the Large Marine Ecosystem (LME) of Canary current (O'Reilly, 2013) while northern zone represents two ICES' eco-regions, South European Atlantic Shelf and Celtic Sea (ICES, 2012). Shorelines of the AOI comes from ESRI's shorelines increasing the accuracy on the land-side boundaries (Figure 4). 
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 15 Figure 1. Overview of SST measurement types used within GHRSST (GHRSST Science Team 2010).

  Resolution Imaging Spectroradiometer) is a key instrument aboard the Aqua (EOS PM, Figure 3) satellites (Graham, 2011). Modis data used were downloaded from Oceancolor website, http://oceancolor.gsfc.nasa.gov) Data Processing -Casey, Kenneth S., Tess B. Brandon, Peter Cornillon, and Robert Evans. 2010. The Past, Present, and Future of the AVHRR Pathfinder SST Program. In Oceanography from Space. Vittorio Barale, J.F.R. Gower, and L. Alberotanza, eds. Pp. 273-287. Dordrecht: Springer Netherlands. -Cheung, William W.L., Vicky W.Y. Lam, Jorge L. Sarmiento, Kelly Kearney, Reg Watson, and Daniel Pauly. 2009. "Projecting Global Marine Biodiversity Impacts under Climate Change Scenarios." Fish and Fisheries 10: 235-51. -Cheung, William W.L., Tony J. Pitcher, and Daniel Pauly. 2005. "A Fuzzy Logic Expert System to Estimate Intrinsic Extinction Vulnerabilities of Marine Fishes to Fishing." Biological Conservation 124 (1): 97-111.
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 23 Figure 2. Avhrr on NOAA (http://exelisinc.com)

1

  Figure 8 also demonstrates the increasing of SST by a color change from orange to blue. Orange curve represent the value of SST in early period, starting in 1982 and then change gradually to blue as it represents values of recent year, 2013. Unusual value occurred in 1994 indicating an extreme temperature condition in the end of that year.

Table 1 .

 1 The test of the robustness for SST in South European Atlantic Shelf

	Month Actual	Predicted	95% Lower	95% Upper
		(°C)	(°C)	Limit	Limit
	Jan 2012 13.65	13.79	12.65093	14.93605
	Feb 2012 13.49	13.43	12.07231	14.79364
	Mar 2012 13.04	13.49	11.94064	15.03751
	Apr 2012 13.44	14.26	12.54799	15.97971
	May 2012 15.07	15.74	13.87122	17.60807
	Jun 2012 17.16	17.79	15.73918	19.75819
	Jul 2012	18.28	19.15	17.00665	21.28941
	Aug 2012 20.11	19.97	17.70014	22.23146
	Sep 2012 20.10	19.59	17.21396	21.98101
	Oct 2012 18.10	18.23	15.7319	20.72369
	Nov 2012 16.09	16.04	13.43428	18.64121
	Dec 2012 14.25	14.48	11.77098	17.18463
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Residual influences vary in the three ecosystems from around 25.30% in Celtic Sea, 28.27% in South European Atlantic Shelf and 29.64% in Canary Current, suggesting a non-linear method in prediction. Predicted SST using Holt-Winters method is presented in Table 1 andFigure 9. It seems that the change of SST for 2014 and 2015 would not be significant. A test of robustness of the modeling using data in 2012 showed that predicted values are closed and higher with the actual values except on August and September. This could indicate that the predicted value may be on the 'high side'. However, all re-predictions were well within the 95% confidence interval for predictions indicating that the modeling is robust.

Seasonal and Residual Component.

Seasonal cycles contribute dominantly in the variation of SST. Approximately 74.34% in South European Atlantic Shelf, 71.08% in Celtic sea and 63.88% in Canary current. While the SST reach its peak on the period of July to September in the Celtic sea and South European Atlantic Shelf (Figure 8a & 8b), the peak of SST arrive lately on September to October for the Canary Current (Figure 8c) and drops in the same period in February to March.

Our study aims to investigate the region patterns of climate change through sea surface temperature (SST) using satellite data.

Climate varies naturally across a range of temporal and regional scales. This natural variability is reflected in evolutionary adaptations of species and biogeography (Occhipinti-Ambrogi, 2007).

Lack of data limits the comprehension and the accuracy of decision in conservation or in other field.

Currently, the required environmental characteristic is available only for global studies and studies in smaller region or local area are still few (Cheung et al. 2009). Besides, collecting the necessary quantitative data on the smaller region is costly (Cheung et. al., 2005).

A Pathfinder version 5.2 for AVHRR Sea Surface Temperature were downloaded at ftp://ftp.nodc.noaa.gov/pub/data.nodc/pathfinder and used as data sources (from 1982-2012).

SST variations change differently in the three ecosystems showed and increasing trend over time. Geographical information system can be useful as a decision support tool in understanding change in environment such us SST and augmented the accuracy of decision in marine conservation planning.

From the mid-19th to the beginning of the 21st century, the air temperature at the earth's surface increased by between 0.6 and 0.8°C, and this warming is expected to accelerate during the current century (Otero, Garrabou, and Vargas 2013). Changes in the marine environment are predicted to be more rapid in the 21st century with implications for marine ecosystems and dependent industries (Fernandes et al. 2013). Observed shifts in seasonal timing of spring temperatures are generally greater over the ocean than over land at high latitudes (above 45 0 ) (Poloczanska et al. 2013). Projections from global circulation models (GCMs) suggest that surface temperature may increase by 0.6-4 0 C by 2090-2099 relative to 1980-1999(IPCC, 2007)).

-Graham, S. 2011. Aqua's Instruments. Http://aqua.nasa.gov/about/instruments.php (Accessed on 16/08/2013).

-GHRSST Science Team.