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ABSTRACT:

The use of remote sensing has increased greatbcént years due to technological advances amdlitantages in comparison with
traditional methods. In the case of Ireland howether use of these techniques is not well estaldigivel only 17% of remote
sensing studies are related to marine and coastabaments. As a first step, and taking into aectdhat fisheries and aquaculture
plays an important economic and social role inalmdl a database of Sea Surface Temperature (S8TCkorophyll-a (Chl-a)
relating to the ICES fisheries management areasiigylgenerated. Up to now three different prodhetge been produced. These
products correspond to the annual SST Climatology amual SST Anomalies from 1982 to 2014, as welthe annual Chl-a
Climatology taking into account the different lifpasn of CZCS (1982-1986), SeaWIFS (1997-2010), MER®Z2012) and
MODIS-Aqua (2002-2014). Initially, the Chl-a Climatgly was produced for each sensor individually witile creation of a
continuous Chl-a series will be investigated infiltere. Analysing the SST trends highlighted arréasing trend in SST values in
Irish waters, a trend which was more pronouncatiémorthern areas (+0.54°C in the last 10 yeakfhough there are differences
between sensors, Chl-a concentration seems to preiggrer values in the Celtic Sea since 2009. Amiadyshe ICES Divisions
individually highlighted that coastal areas presdrthe highest Chl-a concentrations, involvingeacdifferentiation in the optical

properties of coastal and oceanic waters.

1. INTRODUCTION

The world’s oceans have traditionally been poorynpled
using shipboard campaigns, partially due to theeiaht
logistical difficulties involved with shipboard sgfing of such
vast areas, but also due to the fact that the ocedrighly
dynamic, making many oceanic features impossiblestolve
adequately either temporally or spatially with didprd
sampling (IOCCG, 2009). Oceanographic satellite datses

with a seabed territory more than 10 times its taask
(Harnessing our ocean wealth — An Integrated MaRtee for
Ireland, 2012). For this reason, the study of tbeaa is of high
priority for Ireland and the use of remote sensiag provide
valuable information in this sense. However, intesmf the
importance of remote sensing techniques and tret tave
been applied worldwide, in the case of Irelandrtlsie is not
well established. The main engagement in the rersetsing
field is by Universities, but only 17% of the adtyvrelates to

many of these problems, and the amount of satellitgnarine and coastal fields (Casal and Furey, 201d). this

oceanographic data available has expanded greathgdent
years. The continuity, global coverage, and téhporal and
spatial resolution of satellite data make themrapartant tool
for monitoring and characterizing the habitat amdsgstems
that influence marine resources.

reason, there is a need for increased productiomeofote
sensing products, especially in the marine domafith this in
mind, the generation of climatologies for SST ankl-& is
proposed as a starting point in the generation a$ich
oceanographic remotely sensed products for Iridersa

Remote-sensed variables such as Sea Surface TeumperatSea Surface Temperature (SSAts as an indicator of the

(SST), sea surface height, ocean colour, oceanswamd sea
ice, characterize critical habitats that influenamarine
resources. Most of the physical features that emgoitant to
ecosystems, such as ocean fronts, eddies, coneergemes,
river plumes and coastal regions, cannot be redaddequately
without satellite data (IOCCG, 2009). Similarly, d$i#ee data
are crucial for resolving the timing of processeghs as
upwelling, harmful
transitions. Satellite ocean colour is particulamyportant, since
it is the only remotely sensed property that diyeateasures a
biological component of the ecosystem.

As an island nation the oceans are critically intgar in
moderating Ireland’s weather and climate. The hendb

distribution of marine species and serves as &itratseveral
oceanographic processes. SST also plays an impodknin
ocean-atmospheric interactions and in the detetronmaf the
variability of climatic conditions, both at regidnand global
scales (Cracknell and Hayes, 1991). These changes
temperature are likely to have profound effects roarine
ecosystems both through the direct effects of teatpee on

algae blooms (HABs) or seasonalphysiology (e.g. on phytoplankton growth and timiBissinger

et al., 2008) and through the effects on stratifica(e.g. Holt et
al. 2012). The latter affects both nutrient resygpl the upper
mixed layer, and the length and timing of the groyvseason.
Differences in the annual “average” surface tentpegacycle,
also measured by satellites at previously unattdéntemporal
and spatial scales, modify the “average” phytopiankbloom

society from marine ecosystems are wide-ranging andonditions to which commercially important specibave

substantial, extending far beyond the commercialrns and
food contribution from fisheries and aquacultureivitées,

providing Ireland with many non-commercial benefitech as
biodiversity and mild climate (Harnessing our oceegalth —
An Integrated Marine Plan for Ireland, 2012). Moreq taking
the seabed into account, Ireland is one of theekirgU States

adapted their reproductive cycles (IOCCG, 2009).

Chlorophyll, the primary product of ocean-colour s@s, is a
measure of marine phytoplankton biomass.
concentration is of high importance to understdraglanetary
carbon cycle. Of particular interest is the appil@ato climate

Chlordphyl
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research: chlorophyll resides in phytoplankton, clhiuse
carbon dioxide in photosynthesis leading to a pen
reduction in the atmospheric concentration of trieenhouse
gas (IOCGG, 2006). Phytoplankton is
approximately half the global photosynthetic uptafecarbon
(Field et al., 1998). The relation between climebtange and
future ocean primary production is likely to be a&yk
determinant of fish and fisheries production (Coghil982).

The combination of SST and Chl-a plays also an itamorole
in the detection of harmful algal blooms (HABs). Tdetection
of HABs is essential for both fishing and aquacetur
operations;  remotely-sensed maps  of
concentration and SST can help with quick detectjery.
Stumpf et al. 2003) and in the understanding offdneation of
HABs (e.g. Tanga et al., 2006).

An issue to consider in the application of thesmdpcts is that
satellite data can be difficult to access, manitgeutar process,
particularly for people who have never used it bef&o, the
use of products generated by satellites in divergaications
can be sometimes limited by the gap between teolygohnd
users. Providing “usable” products will support mlevvariety
of final users and applications and will increaseemstific and
operational output in the study of the oceans. U¥ers could
include scientists as well as education and outr@astitutions,
environmental agencies (e.g. conservation, cogdtaining),
policy makers, and industries (IOCCG, 2006).

Taking into account this background, the main dbjecof this

work is to present the first step in the generatainbasic
oceanographic parameters extracted from satellliesse data
will contribute to filling the gap in remote sengimproducts
offshore Ireland, and will promote and increase urfeit
application of remote sensing data. Marine Ingitisheries
scientists directly engaged in commercial stoclesament and
fish and shellfish health monitoring have input the

requirements assessment, which assisted with deiagmthe

priority products required. Thus, during this worla)

climatologies for annual SST, SST Anomalies, and-&hre
generated, and b) a descriptive analysis of theseds is
presented, taking into account the ICES Divisionsuad

Ireland.

2. MATERIAL AND METHODS
2.1 Study area

As an island nation the marine waters around Itklplay an
important environmental, social and economic rofe a

European context. Situated on the margins of tBeANantic,

the Irish marine territory is more than 10 times landmass
making Ireland one of the largest EU States taking account
its seabed territory (Harnessing our ocean wealthAn-
Integrated Marine Plan for Ireland, 2012).

Due to its proximity to both the European contiétdandmass
to the east and the deeper and more exposed waitetrse
Atlantic to the west, Ireland presents a high oogaaphic
variability. Average sea surface temperaturesdastal waters
to the west and south of Ireland range from 8-10P@inter to
14-17°C in summer (Elliot, 1991). This differencedige to the
movement of warm Atlantic water onto the westeishliShelf.
Average sea surface temperatures for near shostateeaters
are influenced by freshwater run-off from land and
consequently tend to be colder in winter and warmeummer
(O’Boyle and Silke, 2010).

Exposed to Atlantic weather systems, average wiggds can
vary from 12m/s in January to 7m/s in June (Ano899).
Wind-driven action also plays a significant roletirese ocean

responsible forprocesses, mixing waters masses and shaping thst aod

shallow seabed. Moreover, wind plays a significamie in
determining the residual circulation of the regi@nxg. Pingree
and Le Cann, 1989). The currents are primarily wdnigen,
but in spring and summer the current flow off thestvcoast is
enhanced by temperature differences or salinitynges in
surface and bottom water masses over the shallownental
shelf, causing a layering of different water deasit The
divergence of ocean currents can lead to upwekinents in

chlorophyll-aopen water where cold, nutrient-rich waters frore thcean

depths are driven up into the surface waters (DEQ@33). In
coastal waters the same event is caused by windhinu
surface water seaward forcing deeper water upwaneplace
it. In Irish waters both types of upwelling are knoto occur
but it is most commonly wind-driven (DECLG, 2013).
Upwelling events may stimulate periodic diatom Inso

These oceanographic conditions make the watersidrivaland

very productive and consequently they support & @&nd

diverse range of ecosystems, habitats and spelcadand’s

waters contain some of the largest and most vatuaiela
fisheries resources in Europe and its coast idaal ilocation
for finfish, shellfish and seaweed aquaculture.isltwidely

acknowledged that Irish waters are critically intpat in the

life-cycle of many species. As illustrated in thélad of the

Commercial Fisheries around Ireland (2009), theesirgand
most valuable migratory pelagic stocks in the Neat$t Atlantic
(mackerel, horse mackerel and blue whiting) alivspaff the

west coast of Ireland. Large stocks of hake, afigkerand

megrim also spawn along the continental slope aerdtsouth
of Ireland. There are also important herring, cbdddock,

whiting, plaice and sole spawning areas in thénI8ga and the
Celtic Sea. The shelf area and coastal waters apertemt

nursery areas for young fish. Shellfish stocks sashprawn,
crab, lobster, shrimp, scallop, whelk and cockles also

abundant regionally or locally.

To know the spatial and temporal trend of ocearpigca
parameters such as SST or chlorophyll are essentiatudy
abundance and distribution of certain fish speckes: this
reason the study area was defined taking into axtdbe ICES-
Subareas that surround the country and where tirefisheries
are located (Fig.1). These areas correspond topgkical
boundaries defined by the International Council fibre
Exploration of the Seas (ICES).

The principal ICES areas around Ireland are Sub-dfea
(composed of ICES Divisions Vla and VIb) and Subaavél
(composed of ICES Divisions Vlla, Vllb, Vlic, VIIfVlig,
VIlh, VIlj, and VIIK). Values of SST and chlorophyWwhere
extracted for the two main areas West ScotlandGeltic Sea
that correspond with the ICES Sub-areas VI and VII,
respectively. Moreover, values of these oceanogtaph
parameters (SST/Chl-a) were also extracted for datfS
Division individually.
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Figure 1. This map represents the ICES Divisionaratio
Ireland that have been included in this study. AxiiMiean of
SST and Chl-a concentration has been extractedhfdr ef the
main areas, West of Scotland and Celtic Sea, asawédtir each
the ICES Division (Vla, VIb, Vlla, Vllb, Vlic, VIIf,Vlig, VIlh,
VIlj, VIIK).

2.2 Sea Surface Temperature (SST)
Global daily optimum interpolation (Ol)

temperature (SST) (Ol.v2), also referred as “Reynd&T”,
were downloaded from the NOAA

Once the files were downloaded, the daily globagdes were
average for each year using Matlab software. Sulesdty, the
images were clipped into the study area and imgontéo
ARCGIS 10.2 to calculate the mean value for each ICES
Subarea and each ICES-Division (Fig.2).

15°W 10°W 5W 0

2013 0 &5 175 350 525 700

Figure 2.Map of annual SST for 2013.

In this process the average of all the pixels ia taster that
belong to the same specific ICES sub-area or Divis®
calculated. Values of Maximum, Minimum, Standardviagon

sea surface and Range were also calculated for each of the .adlathese

calculations where made without taking into accoNnData

SErvers values. The resulting products were exported asT{F€oand

(http://www.ncdc.noaa.gov/oisptas NetCDF files covering the NetCDF files. Moreover, a database with the extdhet@lues

period from 1982 to 2014. These data are producdethea
National Oceanic and Atmospheric Administration (NO

Reynolds et al., 2007, 2009) using in situ data fignps and
buoys and includes a large-scale adjustment ofligateiases
with respect to the in situ data. The NetCDF fileddhseveral
variables however, in this study only SST (Degr€etsius),
Estimated error standard deviation of analysed g3dgrees

was created to analyse the temporal trends.

2.3 Chlorophyll (Chl-a)

Four missions with a multi-annual global coveragerev
considered in this study: the Coastal Zone Colornfea
(CZCS), the Seawing Wide Field-of-view Sensor (Sea®yIF

Celsius) and SST anomalies (Degrees Celsius) hava be¢he MEdium Resolution Imaging Spectrometer (MERISY an

included. The SST products have a spatial gridluésa of

0.25 degrees (=25 km). In the Ol.vl and Ol.v2 asedyan
operational AVHRR product was used. Details on tigerithm

can be found in May et al. (1998). The biggest lehge in

retrieving SST from an IR instrument is the cloudedéon

problem. Once clouds have been eliminated, the 1®@8ieval

algorithm is designed to minimize the effects ahaspheric
water vapour using two or three IR channels (Reynetdal.,

2007). The SST algorithms are “tuned” using redoesef SST

against quality-controlled buoy data. This procedaonverts
the retrieval of the temperature of the “skin” (@bly micron in

depth) to a “bulk” (roughly 0.5 m depth) SST. To kaahis

procedure as stable as possible, the tunning puoeed done
globally with several weeks of data (Reynolds et2407). The
Ol.v2 analysis includes a preliminary correctiortted AVHRR

satellite data with respect to the in situ datatethey are used
in the OI. This initially step is necessary becatigeOl method
assumes that the data do not contain long-terme&iashe

estimated error standard deviation of analysed @®Vides a
measure of confidence or quality of the SST datee BST

anomaly refers a departure from a reference valdeny-term

average. A positive anomaly indicates that the wolese
temperature was warmer than the reference valudle veh

negative anomaly indicates that the observed testyer was
cooler than the reference value. The climatologgdugo

compute the daily OISST anomalies included in tretQIDF

files represents the 1971-2000 base period amdeigpblated to
0.25° daily grid file from the 1° monthly file. Thiclimatology

is described in detail in Xue et al. (2003).

the MODerate resolution Imaging Spectrometer onrddhe
platform Aqua (MODIS-Aqua). All four sensors argifig on
polar orbiting platforms, collecting data at seVevavelengths
in the visible and near-infrared part of the electagnetic
spectrum, with equator crossing time between apprabely
10:00 and 13:30. However, each of the sensor hdiffexent
lifespan and at the moment only MODIS-Aqua contmbeing
operative. Due to inconsistences in the system ystem
performances, retrieval algorithms and calibrat@mors, the
standard geophysical product of each sensor shoatdbe
merged as is (Arun Kumar et al., 2014). Without tcarous
validation for monitoring the long-term stabilityf catellite
instruments, if the sensor calibration is not temtland in the
case of potential instrumental errors, such corspas may
lead to misinterpretation of geophysical phenomg@ieClain,
1998). Taking into account these consideratiomsdifferent
products were analysed independently. Thus, theysspans
from 1982 to 1986 using data provided by CZCS, awdnfr
1997 to 2014 using the other sensors however, #neynot
completely overlapped in time. SeaWIFS covers googddrom
1997 to 2010, MERIS from 2002 to 2012 and MODIS-Aqua
from 2010 to 2014.

At a first step, annual mean Chlorophyll-a concditra
(mg/n?) with a spatial resolution of 0.1 degrees (~9 kmas
downloaded from théttp://oceancolor.gsfc.nasa.gohhis data
are provided by the Ocean Biology Processing Gr&aBRG)
at NASA's Goddard Space Flight (GSFC). Algorithmse ar
applied to the radiance data from the sensorsaduse Level 2
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geophysical products. The operational algorithm deriving
near-surface chlorophyll-a concentrations updatgion (OC,
O'Reilly et al. 2000) developed for SeaWIFS and aeldyo the
other sensors. The algorithm form describes thgnpohial best
fit that relates the log-transformed geophysicalalde to a log-
transformed ratio of remote sensing reflectance.

In this study, the L3 Standard Mapped Images (SMdducts
were analysed. These products are created from
corresponding Level 3 binned products. Each SMI dibntains
a Plate Carrée, pixel-registered grid of floatingapealues (or
scaled integer representations of the values) fosirgle
geophysical parameter. A colour look-up table sgrovided
in each file that may be used to generate an irfragethe data.
Thus, each SMI product represents data binned theeperiod
covered by the parent product. The arithmetic nisamsed in
each case to obtain the values for the SMI grichtsdirom the
binned data products. Each SMI product containsioage of
a geophysical parameter and is stored in one piyidioF file.

The global images were imported into ArcGIS 10.4 essized
to the study area (Fig.3). Subsequently, valuekdrighan 30

3.1 Annual SST Climatology

The analysis of annual SST climatology showed Véesttland
presented colder waters than the Celtic Sea duhiagwhole
analysed period (Fig. 4). The difference betweeth lzones
reached almost 2°C if the average of the whole desdaken
into account. During these 33 vyears, periods of efow
temperatures alternated with periods of higher sratpres and

tHbese patterns seem to be contemporary in bothszd@baing

into further detail, the lowest mean SST (tstandidation) in

the West of Scotland was 10.18°C (+0.57) reachetbB6 and
the highest was 11.48°C (+0.50) reached in 2003tHeCeltic
Sea the lowest mean SST was 11.8°C (+0.17) reach&€86
and the highest was 13.45°C (+0.15) reached in 2007
Interestingly, these data are coincident with ERdNi(1986-
1987) and La Nifia (2007-2008) events, however
relationship should be studied more in detail. spite of the
alternation of low and high mean SST within thesarg, there
is a clear increasing trend in both zones. If 4t 10 years are
taken into account, the Celtic Sea has undergon8°®.3
(x0.02,) with regard to the average of the reghefyears, while
in the West of Scotland this trend is strongerchésg 0.54°C

this

mg/nt were eliminated from the analysis. Values of higher(+0.04). These results are coincident with the gldST trend

concentrations can be reached during phytoplanktooms in
Irish waters (Silke et al., 2005) but these eversur at one
precise moment within the year and they cannotisible in the
annual means. Thus, stand out values of pixelgddcelose to
the coast and where extraction algorithms show rpooblems

can be reduced. Subsequently, Mean, Maximum, Mimmu

Standard Deviation and Range values were calculafbd.
extraction process was the same than the one oseldef SST
data.

Chla (mg/m3)
High : 27.0

. Low :0.20

2013

Figure 3. Map of chlorophyll-a concentration for120

3. RESULTSAND DISCUSSION

Over the last decades, many space sensors havdaueehed
achieving regional or global
unprecedented views of the marine systems. Assaltrehe
applications of satellite imagery have consideradstpanded,
becoming a major component of marine biogeochenacal
ecological programmes (IOCCG, 2008).

At this moment, and as a first step in the gengmatif a more
complete database, three different products arsepted. The
analysis included here although mostly descriptpresents a
significant step in developing the understanding
oceanographic processes in Ireland’s coastal wataesin part
to their spatial and temporal continuity which Issant in ship
based field campaigns.

and with the general trend obtained in other ssidaried out
in Irish waters (Irish Ocean Climate and Ecosyst8tatus
Report, 2009) even though a different period wasstigated.

Annual Mean SST (1982-2014)

135 135

1\ \ /
1L NLA——F 9 105

——West of

Figure 4. Annual SST for the West Scotland (Sula-&fg and
Celtic Sea (Sub-area VII).

land  ——Celtic Sea

Regarding the mean SST in each ICES division, the=geend
was observed in the two zones, West of Scotland Geltic
Sea, however a higher interannual variability inT $8lues was
noted. As it was expected the ICES Divisions thetwed the
lower SST values corresponded with the ones locateithe
West of Scotland zone. However, the lowest mean,SST
10.02°C (+0.61), was reached in the Division VHdlP86. This
Division, Vlla, corresponds to the Irish Sea andpiiesents
values very similar to the regions located in thartN. On the

coverage and providingother hand, the ICES sub-areas that present thestighean

SST values correspond to VIIk, Vilh and VIIj, loedt in

continuous areas in the most Southern region. Tresséts are
coincident with the ones obtained by Cannaby anddvyoglu

(2009). The highest mean SST corresponds to 14.Q4060)

and was reached in the ICES Division VIIk, namedasth of
Ireland-West, in 2005. Both data are coincidentiragéth El

Nifio (1986-1987) and La Nifia (2005-2006) events.

ofThe annual SST climatology is complemented witlinested

error standard deviation data for every year. This@a give
information about confidence and quality of ann88IT. This
error showed values ranging between 0.14°C and’Q.&fr the
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two main zones and between 0.13°C and 0.22°C il®kES-
subareas. The mean error for both zones, Westatfehd and

Celtic Sea, as well as for the ICES subareas was°©.16

demonstrating good quality of the data. The yeath whe
highest estimated error
(0.21°C+0.02). The ICES sub-areas with the higlessbr
during this period were Vlla (Irish Sea) and VIIBr{stol
Channel) with 0.18 °C (+0.02). Both of them are areasmall
extension and close to the coast
oceanography and high suspended sediment conéensrée.g.
Kirby and Parker, 1983; Proctor et al, 2001).
considerations should be taking into account bysusefuture
application of the data.

3.2 Annual SST Anomalies

The analysis of the SST Anomalies confirmed theedasing

SST trend showed by the analysis of the annual &83. The
trend is similar in both zones with the exceptidn1689 and
1996. In these dates the SST anomalies are podgiiveéhe

Celtic Sea but negative for the West of ScotlandeyTtvere

especially strong in 1989 where SST Anomaly readh&d°C

(x0.19) for the Celtic Sea and -0.01 °C (+0.24) foed of

Scotland. The average SST anomaly for the lasteldsywas
0.35°C (+0.22) for the Celtic Sea and 0.51°C (+0.19)West

Scotland. For the rest of the years (1982-2004 pttezage SST
anomalies were of 0.05 °C (x0.2) for the Celtic Sed @°C

(x0.19) for West of Scotland, indicating that thecrieasing
trend in SST has occurred particularly in the |46t years
(Fig.5). This confirms the results obtained in tealysis of
SST that reports a higher warmer trend in the Nortlareas.

By analysing the SST anomalies in every ICES divistocan

be observed that the trend during the analysed yeaimilar to
the trend obtained in West Scotland and Celtic Hemever, in

the last 5 years some of the ICES Divisions shoneghative
values not detectable in the analysis of the medasa(Fig.5).
This is despite the fact that a positive trendtexéince 1997 in
the West Scotland and Celtic Sea. Taking into attadloe

whole period analysed, the ICES Division that pnesethe
highest SST Anomaly corresponds to VIid with a ealof

0.25°C (£0.14), and the lowest corresponds to Vit @.08°C

(20.10). This result needs to be investigated niordetail as
both areas correspond to the eastern and westerrofpthe

English Channel, respectively, and it is surprigimag two areas
located adjacent to each other present such diffesein SST
anomalies.

Over the past 20 years the North Atlantic has wdrme

significantly and this is especially true for thebpolar North
Atlantic (between 50-70 N), where Ireland and iisreunding
waters are located. It is associated with a sigguifi weakening
of the subpolar North Atlantic Circulation (Hékkinesnd

Rhines, 2004). The recent changes in North Atlamisat
content represent a return to the positive phasteftlantic
Multidecadal Oscillation, which may have impacts North

American and European Climate (Robson et al., 2012).

standard deviation was 199¢

involving complex

SST Anomaly 1982-2014
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Figure 5. A) Annual SST Anomalies for the two maames
analysed in the study: West of Scotland and Celic B)
Annual SST Anomalies for every ICES Division. The

climatology used to compute the daily OISST anoesalised in
this study represents the 1971-2000 base period.

3.3 Annual Chl-a Climatology

In order to construct a continuous time seriesiofdptical and
geophysical variables, the ocean colour communitsrently
relies on a number of individual missions launchgdseveral
space agencies, with radiometric sensors from wario
manufactures and with slightly different technispécifications
(Djavidnia et al. 2010). Preliminary global intesraparison
exercises have already been conducted (e.g. Brer&9010;
Kahru et al.,, 2014). These studies underlined Baamt
differences between products, even though the bpadidrns
and general statistics usually appeared consist&ome
preliminary analyses show that this inconsistensy aiso
observed for our study zone. For this reason arfdsisstep it
was decided to analyse the data series consideviexy sensor
individually.

The analysis of annual Chl-a concentration for VééScotland
and Celtic Sea did not show a clear trend or cléferdnces
between the two areas within the different peritmfsall the
sensors. However, since 2009 chlorophyll concentratare
higher in the southern waters, Celtic Sea. The degestered
by CZCS do not present temporal continuity with amythe
other sensors included in the study, for this reagowas
decided to rule out its data in the continuous ltemgn series.
The results presented here are more focused orothparison
of the sensors which are overlapped in time.

At a first glance, SeaWIFS and MODIS-Aqua preselmren
similar results while MERIS seems to underestimagevialues.
Taking into account SeaWIFS and MODIS-Aqua the aggh
Chl-a concentrations where reached in 2004, botsossrare
coincident, in the West of Scotland with concetitres of
1.36 mg/m (¥0.59) and 1.38 mg/in(+0.96) respectively.
MERIS registered a chlorophyll concentration forstigear of
0.93 mg/m (+0.56). The lowest chlorophyll concentrations
registered by MODIS-Aqua, 0.65 mgir: 0.90) corresponds
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to the same zone, West Scotland, in 2013 (Figi6)s Inot
possible to compare this data with SeaWIFS or ME&I $hey
were not registering data during this period. Thalgsis of the
two main zones during the whole period showed thate is
not an established trend, with
concentrations observed around 1 niy/m
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Figure 6. Chl-a concentrations for the West of Beat and
Celtic Sea. To avoid the variations in calibratitnategies and
algorithms the data are presented and analyseddndily for

each sensor.

The analysis of Chl-a concentrations in the ICES dvis
showed much more variability (Fig.7). Analysinge tiwhole
period for each sensor, the ICES Divisions that stbuhe
lowest concentrations were Vlic and VIIk. These aare
correspond with open waters in the West (Vlic) &odith-West
(VIIk) of Ireland. The Division VIb also presentetbw
concentrations, this area corresponds also witin eyegers in
the North West of Ireland but its Chl-a concentradi@re a bit
higher. The Chl-a concentrations for these areasyrding to
MODIS-Aqua, reached in the last 5 years a meastdtidard
deviation) of 0.46 mg/M(x0.09), 0.47 mg/th(+0.10) and 0.57
(¢0.18 mg/m) in Vlic, Viik and VIb repectively . On the other
hand, the ICES sub-areas that present the highesegtrations
are Vlla and VIid followed by VIIf. These areas dozated
close to the coast and correspond with the Irish, &&stern
English Channel and Bristol Channel. The Chl-a coma&ohs
using MODIS-Aqua data reached in the last 5 yearsean (+
standard deviation) of 3.12 mgir(t2.45), 2.85 mg/r(+2.01)
and 2.25 mg/m(+1.77) respectively.

These results showed that Case 1 and Case 2 watgusesent
in the study zone, and this situation should besictered when
remote sensing data are used. Case 2 waters agecomoplex
than Case 1 in their composition and optical pragerfor this
reason the interpretation of its optical signal therefore be
rather difficult. To date, remote sensing of ocemfour has
focussed largely on the relatively-simple Case fergaand it is
well recognized that standard algorithms in useayodor

chlorophyll retrieval from satellite data break doin Case 2
waters (IOCCG, 2000). Other uncertainties in sa¢etiata exist
between sensors, especially in retrieval of mediemhigh

chlorophyll values, which may affect the estimatiointrends

the mean chlorophyll
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Figure 7. Chlorophyll-a concentration for the diéfiet ICES

Divisions. Data presented are extracted from MOB(fsia,

SeaWIFs and MERIS that present a temporal continvitty
regard to each other.

Despite the potential of satellite data to dranadiicimprove
the monitoring of marine waters and its resourcesjeral
constraints to its use have been identified by dperational
community, such as inadequate data access andadagunate
system of analysing and disseminating this inforomato the
communities outside the research community. Théesige is
to develop better links between the remote senaiodd and
the communities who can use this data e.g. scietties fishing
and aquaculture industries, management and poliekers
(I0CCG, 2009).

4. CONCLUSIONS

Although more analyses need to be done and morgupt®

need to be created, the results presented heresesyira small
step in the application of remote sensing dataht rharine

science community in Ireland. During this work aahu
climatologies of SST and Chl-a have been generatespite of

the simplicity of the analysis these products thelwes are new
and unique for Ireland’s waters. These data withpement the

field campaigns of oceanographic vessels providipatial and

temporal continuous data of vast areas not achievsbships.

Satellite data can be difficult to access, manijguéand process,
particularly for people who have never used it befdrhese
data and future products will be publicly and eaakcessible,
in standard data formats such as GeoTIFF, NetCDifage
format (e.g. jpg), with associated tables with da¢a extracted
for every ICES Sub-area and Division. In Ireland, ngna
potential users do not have the infrastructureaderdoad and
process, or even view remote sensed data. Develdpme

and may be biasing our interpretation of biomassl andelivery, and availability of the data in user fii#y formats

productivity in coastal waters, despite the largember of
observations used in the development of the stanb#&SA
ocean colour algorithms (Kahu et al., 2014). Consetly, it is
essential to test the derived products with resfeeach sensor
and to know their performance.

will promote the use and increase the applicaticih® products
generated, as well as raise awareness of remagengesroduct
application in Irish marine resource management.

Of special interest is the potential applicatiorS&T and Chl-a
data to fisheries. The scale and temporal extetiti® remote-
sensing data makes them suitable for ecosystemiestud
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especially to study the role of the environment species
dynamics, fisheries assessment, management ortiopstalt is
possible to locate fish-feeding grounds from SSTd an
chlorophyll images generated from satellite dateoubh the
detection of oceanic features or gradients. Theronatolour
gradients, arising from circulation of water masseften
indicate areas of high biological productivity aimdturn areas
of high probability of finding fish. Remote sensiogn also be
applied usefully to aquaculture, particularly to oyide
information on where to locate fish and shellfiginnfis, taking
into account factors such as water quality, trartspionutrients
and sea surface temperature. The use of satallitecdin be also
invaluable in the estimation of harmful algae blsonsing the
monitoring of chlorophyll concentrations and SSTheT
prediction and quantification of these blooms cah fasshing
operations, fisheries management and coastal
management. Other applications include ecologicdl @ocess
studies of the ocean, or indeed climate change.

In conclusion, these data can support a wide yaoitisers and
applications and increase scientific and operatiowgout for

oceanographic satellite measurements. Among thenpak

users of these products are scientists, but alscatidn and
outreach institutions, and environmental agenciesg.(
conservation, coastal planning, policy makers, mutistries).
Moreover, new satellites are planned to be laundnethe

future, among then the oceanographic Sentinel-plyipg and

understanding the previous satellite data will hidpinvolve

Ireland in the development of new products andisesvas the
technology evolves and to get a foothold in theatensensing
field.
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