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ABSTRACT

Oceanographic observations from seasonal surveys in NAFO Division 3M during 2015 are presented referenced
to their long-term means.An analysis of infrared satellite imagry around the Flemish Cap indicates that annual
seasurface temperatures (SST) decreased to abotlt.5°Cbelow normal in 2015, the coldest value since 1985.
Annual water column temperatures decreased te3.3°C,-3.2°C,-1.1°C and-0.7°C below normal atdepths of 10,
50 and 100 m and bottom, respectively. The results from seasonal surveys along the standard Flemish Cap
section at 47°N show the development of an intense cold-intermediate layer (CIL) with T<2°C over the Cap
and reaching as low as @ during the summer of 2015. Water column temperatures along the section were
predominately below normal during spring, summer and fallwith values reached between2° to -3°C below
normal. The cold water penetrated to the bottom directly over the Cap witksold anomalies (~-1°C) restricted

to the shallow portions of the area The corresponding salinity crosssections show relatively fresh upper
layer shelf water with some areas <33.5 corresponding to generally fresher than normal conditions in most
areas of the vater column over the CapThe spatial extentof the CIL (<3C) covered the entire survey area
during the summer of 2015 for the first time since 1995and average thickness of the Ciwas the highest since
1993 at about 70 m thicker than normal.During the summer of 2015 the CIL minimum observed core
temperature was the coldest in the observational record at2°C below normal. The average CIL temperature
was also at a record low of1°Cbelow normal. In general, data from four surveys conducted in NAFO division
3M on the Flemish Cap duringhe spring, summer and fall 02015 show a record cold-fresh water mass over
the Flemish Caphat penetrated to the bottom habitat over the centrakhallow areas while the deeper bottom
areas weredominated by warmer North Atlantic Water. The circulation pattern revealed by geostrophic
current calculationswas particularly dynamic in 2015, resulting in water properties dominated byLabrador
Current Water trapped within the anticycloniccirculation around the FlemishCap.

INTRODUCTION

The Flemish Cap is an isolated bank located east of the Grand Banks of Newfoundland centred at abcduN47
45° W with minimum water depths of 126-m (Figures 1 and 2). To the west, the Flemish Pass with maximum
water depths of about 1100 m separates the Cap from the Grand Bankke Cap has a diameter of about 200 km
at the 500-m isobath for a total area of approximately 30,000 km2. The water mass over the Flemish Cap is
derived from a mixture of Labrador Shelf and Slope water and North Atlantic Current water, the general
circulation of which is shown in Fig1.
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Numerous reviews and studies of the physical oceanography around the Flemish Cap were conducted during
the Flemish Cap Project of the late 1970s and early 1980s (Hays et al. 1978, Bailey 1982, Akenhead 1981). More
recent reviews of oceanographic conditionsn the region by Garabana et al. (2000), Lopez (2001) ar@abanas
(2003) and Colbourne (2005) using data collected on the Flemish Cap during the summer from fisheries
research surveys conducted by the European Union and by Fisheries and Oceans, Canada.

In the absence of strong wind forcing (mainly summer) the circulation over the Flemish Cap is dominated by a
topographically induced anticyclonic gyre over the central portion of the bankGil et al. 2004,Colbourne and
Foote2000,Kudlo et al. 1984, Ross 1®1). The stability of this circulation pattern may influence the retention of
ichthyoplankton on the bank and is probably a factor in determining the yeaclass strength of various fish and
invertebrate species, such as cod, redfish and shrimp (Kudlo and®vkov 1977; Kudlo and Boytsov 1979).

This manuscript presents an updated overview of oceanographic conditions on the Flemish Cap in NAFO
subdivision 3M during 2015 in relation to long-term average conditions based on archived data. When
possible, the longt er m averages were standardized to a
accordance with the recommendations of the World Meteorological Organization.

nor mal

The information presented for 2015 is derived from two main sources: (1) measurements made along the
standard NAFO crossshelf section from seasonal oceanographic surveyby Canada(Fig. 2); and, (2)
oceanographic observations made duringgan annual summermulti-species resource assessmenbottom-
trawl surveys carried out on Flemish Cap from 1988015 by the EU(Fig.3). Data from other research
surveys and ships of opportunityas well as remotely sensed SST datgere also used to help define the long
term meansand the conditions during 2015.

SATELLITE SEASURFACE TEMPERATURE CONDITIONS

The 4km resolution Pathfinder 5.2 sea surface temperature (SST) databa&easey et al., 2010archived at BIO
was used to provide annual estimates of the SST withandefined area on the Flemish Cap (Fig2). This dataset
runs from 1981 to 2010. Updated values for 2011 to 2 were taken from NOAA satellite data provided by the
remote sensing group in the Ocean Research and Monitoring Section at the Bedford Institute of Oceeaquity
(BIO). These updates were adjusted by using a least squares fit of the Pathfinder and NOAA temperatures during
the period (2001-2010) given by SST (Pathfinder) = 0.989*SST (NOAA).02 with an r2=0.98 (Hebert et al.
2012).

The Flemish CapSSTclimatology together with the 2015 annual cycle is shown in Figure 4. On average SST
generally range from 2C - 4°C during winter and early spring then increase to a maximum of about I in
August which subsequently decrease to about°&in December. Except for January, February and October the
2015 SSTs were below normal reaching an anomaly of more thadfCin July (Fig 5).

Since the cold period of the early 1990annual averageSST have been genergllincreasing,reaching a peak of
1.8°C above normal in 2006, 1.8C above normal in 2012 then decreasing t#).6°C below normal in 2014and to
about -1.5°Cin 2015 (Fig. 6). Since 195, only 6 out of the past 20 years had below normal values, however,
2015 had the lowestvalue since 1985

LONGTERM TEMPERAUTE TRENDS

Time series of annual temperature anomalies on theentral Flemish Capbased on all archived historical dataat
depths of 10, 50, 100n and nearbottom are shown in Fig 7 and 8. All data within the central Cap area at each
depth were averaged by month and the annual anomalies were then computed from the monthly values. Data
were not available for every month and in fact some annual estimates are based on as few as 3 monthly values.
As a result the time series can show spikehat correspond to high frequency temporal or spatial variability and
may poorly represent annual means in any given yeamherefore caution should be used when interpreting
short time scale features of these series. The losigrm trends however, generaly show real features.



At 10 m depth the time series of temperature anomalies show a high degree of variability since 1980 unlike the
SST values shown in Figuré which show a consistent trendSince 2012 values have been decreasing reaching a
series record low in 2015.At a depth of 50and 100m there are clear trends with a cold period fom about 1985

to the mid-1990s, a warm period from 19972012 and colder than normal conditions during the pat 2 years
with the 2015 valuesreachingthe second lowest in the series.

During the early 1990s bottom temperature anomalie®n the central Flemish Capanged from 1°C- 2°C below
normal. During the past decadand a half temperatureson the Flemish Capwere either near-normal or above
normal reaching apeak of>2°C above normal in 2010, the highest in the serieSince the peak in 2010 bottom
temperatures on the Flemish Cap have been decreasing wittoth 2014 and 2015 showing the lowest value
since 199 at -0.7°C below normal. At 10, 50 and 100 m depth temperatures were below normal bg.3°C,-

3.2°C and-1.1°C, respectively in 2015

TEMPERATURE AND SALINITY VERTICAL STRUCTURE

In the early 1950s several countries of the International Commission for the Northwest Atlantic Fisheries
(ICNAF) carried out systematic monitoring along sections in Newfoundland and Labrador Waters. In 1976,
ICNAF standardized a suite of oceanographic miboring stations along sections in the Northwest Atlantic
Ocean from Cape Cod (USA) to Egedesminde (West Greenland) (ICNAF 1978). Since 1998 the Atlantic Zone
Monitoring Program (AZMP) of the Canadian Department of Fisheries and Oceans has sampled a sutfset
these sectis on a regular seasonal basis.

In 2015, the Flemish Cap section was sampled by the AZMP during April, July and November. This section
crosses the Grand Bank, Flemish Pass and Flemish Cap &N\44n this manuscript we present the seasonal
cross sections of temperature and salinity and their anomalies for the Flemish Caprpion of the section
during 2015 (Figures 9 and 10)

The source waters for the Flemish Cap areaconsist of Labrador Current Slope Water and North Atlantic
Current Water resulting in a water mass that is generally warmer and saltier than the sukpolar
Newfoundland Shelf waters with a temperature range of - 4.5°C and salinities in the range of 384.9.1n
general, the water mass characteristics along the standard FlerhisCap section (Fig2) undergo seasonal
modification from seasonal cycles of aisea heat flux; wind forced vertical mixing and through advection and
subsequent mixing of Labrador shelf and slope waters with warmer waters to the south. The seasonal
changesare highlighted in Figures9 and 10 along the Flemish Cap portion of the section with the colder
Newfoundland Shelf and Labrador Slope waters (T <@) (LSW) as the dominate thermal featurein the upper
water column reaching the bottom over the shallow portion of the Cagdn the deeper water thethermal
conditions are dominated byNorth Atlantic Current water (NAW) with temperatures >4°C. The development
of a welldefined cold-intermediate layer (CIL) with T<3°C over the Cap wastrong during the summer and
fall of 2015. In the spring these cold waters extended from the surface to the bottom over the Cap.

The corresponding salinity crosssections show the relatively fresh upper layer shelf wir originating from
the Labrador Shelf with values <33.5extending out over the Capcontrasting to the saltier Labrador Slope
water (34<S<34.75) over the Cap and across the region at depths of 2800 m. In the deeper water >400 m
salinities are >34.85 aml are derived mainly from North Atlantic Current water from the south (Fig10).

During 2015 temperatures along the section were predominately below normal during all seasongith upper
layer values reached between IC - 3°C below normal. These cold anomalies penetrated to the bottom
directly over the Cap with a striking cold anomaly persistingver the water column on theCap during the fall
survey possibly indicating an enhanced gyro circulation with cold (<3C) Labrador Curent water circulating
over the central Cap areaThere were some exceptions where temperatures were above normal, for example
in the deeperlayers (>150 m) during all three surveys (Fig9).

Spring salinities were lower than normal (>0.5)across the areareaching the bottom over the central Cap
during spring, summer and fall. Below about 200 m salinities were near the logrm mean. In general
salinity anomalies werehigher in summer decreasing somewhat during the falfFig. 10).



TEMPERATURESALINITY SPATIALVARIABILITY

Hydrographic data (CTD) are routinely collected as part of the EU annual bottetrawl surveys carried out by
Spain and Portugal on the Flemish Cap during the period of late June to late July from 1:2885. Surveys are
typically 4-5 weeks duration during which CTD stations weresampledwithin selected stratum following the
randomly stratified survey but more recently on a grid pattern covering most of the Cap. No data were
available for 1992 and 1994. The umber of CTD profiles varied from 119 in 2002 to only 32 in 2011. A total
of 2114 stations were available since 1988 and included in the analysifrom 1988-2002 the survey only
covered depths from 125- 730 m, while in the period 20032014 it covered depts to 1491 m.In 2015 the EU
bottom trawl survey in Flemish Cap (Div. 3M) was carried out oboard R/V Vizconde de Eza from June32

to July 2nd. The2015 survey covered depths up to B77 m with 68 CTD stations conducted GonzalezCostas
et al. 2015) Fig.e 3).

Temperature and salinity grids of the survey area were computed using standard geostatistical techniques by
extracting T/S values corresponding tovarious depth levels Contour nmaps ofthe temperatures climatology,
the 2015 temperature andtemperature anomalyand the difference from the previous year were derived forl0

m, 50 m and for the bottom. Similar maps for salinity are presented for the bottom onbAnomaly maps were
produced by subtracting the average grid from the individual yearlgrids.

The temperature climatology, the 2015 temperature along with the 2015 temperature anomalies as well as the
difference from 2014 at 10 m depth over the Flemish Cap are displayed in Figurél. On average upper layer
temperatures range from9°C- 11°Cin the southern regions of the Cap to <8°C in the northern regionfn
2015 conditions were much colderwith cold LSW flowing to the south on the eastern side and NAW flowing
northward on the western side with temperatures >8C indicating a weltdefined anti-cyclonic circulation in
the upper layers. The temperature anomaly map shows values colder than normal over the entire survey area
with anomalies ranging from-1°C to-4°C below the long term average and a decrease over 20ddlues by as
much a4°C to5°Cin the southern areas (Figl1).

Similarly, temperature conditions at 50 m depth overthe Flemish Cap are displayed in Figure2l Average
temperatures range from2.6°C-3.4°C in thenorthern regions of the Cap t®.6°C t04.5°C in thesouth. In 2015
conditions were again much colder with cold LSWdominating with temperature field with values ranging
from 0°C to >3°C in limited areas to the easthe temperature anomaly mapat this level, while showing more
variability than at 10 m depth, alsoshows colder than normalconditions over most of survey area with
anomalies ranging from-1°C to-3.5°C below the long term averageExcept for isolated areas these values
represent a decrease ove2014 values byl°C to2°C insome area (Fig. 12).

Temperature and salinity conditionsnear bottom on the Flemish Cap are displayed in Figusel3 and 14. On
average bottom temperatures range from 3.8Cto 3.7°C along the periphery and central portions of the Cap.
An area of warmer waterNACwith temperatures >3.7°C appears to wrap around the central part of the Cap.
This pattern of bottom water temperature distribution highlights the anti-cyclonic circulation around the Cap.
Average salinities range from 34.85834.9 around the deeper portionsof the Cap and are typicabf NAW. Over
the central portions of the Cap Labrador Shelf water idominant with salinities ranging from 34.5-34.7 (Fig.
14).

In 2015, bottom temperatures ranged from 24°Cto 3°Cin the shallow area of thecentre of the Capwvhich was

up to -1°C below the longterm average. In deeper waters around the Cap temperatures ranged from63Cto

4.4°C which were 0.2°CGo 0.6°C above normalexcept for outer periphery where they were about normal

(Figure 13). Salinities during 2015 show relatively low values (<34.25) over the centre part of theCap

compared to 34.8-34.9 in deeper waters. Theséottom values were lower than normal over the shallow
portions of the Cap and neanormal elsewhere. Salinities decreased slightly over 2014 vads (Fig 14).

Thus it appears that while most of the water column experiencetecord cold temperatures in 2015 the cold
water anomaly only impacted the bottom area over the shallow portions (<200 m) of the Cagimilar to that
observedduring 2014. This is in contrast to conditions observed in 1993 whethe entire bottom area of the



Flemish Cap was covered by Labrador Slope and Shelf wateith temperature <3.7°C (Colbourne and Perez
Rodriguez 2015).

COLD INTERMEDIATE LAYER (CIL)

The temperature profiles collectedon Flemish Cap from 1988015 by the EU bottom trawl surveyswere
also used to explore the characteristics of the CIL on the Flemish Cap (spatial coverage, CIL minimum
temperature, CIL average temperature andhe vertical extent or thickness of the CIL during the JuneJuly
period. As described above, the water masses characteristics of the Flemish Cap area are derived from a mixture
of Labrador Current Slope Water (LSW) and North Atlantic Current Water (NAW) which produaeaters with
average temperatures in therange of 3°C to4°C.During cold years howevera well-defined ClLlayer develops
over the Cap (Fig9) with T<3°C and indeed as low as°C in cold yearsThe vertical temperature profiles for
each survey were anajzed to determine the presence of CIL watglbased on thresholds of <2Cand <30, the

CIL water mass vertical thickness and the CIL minimurand averagetemperature. The percentage of CTD cast
where the CIL was found was then estimated for each survey year and since the CTD stations are well
distributed over the bank, this value is approximately proportional to the surface area of the Flemish Cap
covered by the CIL vater mass.

Contour maps of the spatial extent of the CIL vertical thickness over the Flemish Cap are shown in Figusdat
average conditionsthe 2015 conditions andcorresponding 2015 anomalies as well as the difference from 2014.
On average CIL thickness range from 3® m in the southern areas to 7680 m in northwestern areas within
the Labrador Current extensionln 2015, the CIL was much thicker with values in the range of 15080 m within
the Labrador Current (Fig 15 top right panel). These values were as much as 100 m thicker than normal ang
to 100 m thicker than in 2014in isolated areas There were however areas where the CIL was thinner than in
2014 by 20-30 m (Fig. 15 bottom right panel).

In 2015, 100% of the CTD stations reported CIL water defined by &3 for the first time since 1995 and 93%
reported water <2°C, the 2 highest in the series after 1993Fig. 16). In accordance with the expected negative
relationship of the CIL spatial coverage with the average surface and bottom water temperature at the two
temperature thresholds (2°Cand 3’C), the higher spatial coverage was usually found during those years with
negative temperature anomalies, with the exception of @0 and 2009 (Figl6). It was also observed that the
lower temperature used to define the percentage of CIL coverage, the weaker the negative correlation is
between the CIL and surface or bottom temperatures (compare Fit6 and Figures7 and 8).

The avelage thickness of the CIL (<3 displayed in Figure I7 show large values during the cold years of the
early 1990s, below normal to neamormal values from 1996 to 2013and a significant increase during the
summer of 2014 followed by a further increase in 2015 to highestvalue since 1993, ranking the ® highest in
the series. For CIL water defined by temperatures €€ the thickness reached 60 m higher than normal, the
highest in the time series. The values observed in 2014 and 2015 weesimilar to those observed in the cold
period of early-mid 1990s (Fig 17).

The CIL minimum temperature (Fig18) shows no significant long term trend however the 1993, 2004 2014
and 2015 values all show significantly colder CIL minimum temperatures ith the 2015 value showing a
remarkably low value at 2C below the long term average. The average temperature in the core of the (Hig.
18) show similar variations as the minimum temperature time series again with the 2015 value the coldest in
the series at PC below normal.

GEOSTROPHIC CIRCULATION

The eastward bifurcation of the LGn the vicinity of the Flemish Passlows north of the Flemish Capand then
southward east of the Cap. A portion of this flow is entrained by the NAC and the remaind®mtinues to the
south and southeaston the southeasternside of the Cap. To the soutlg component ofthe NACflows north
around the western side of the Camnd mixes with the LC water to form a mixedpartially isolated, water
mass over thecentral portions of the Cap. The circulation pattern is enhanced by the topography of the



Flemish Cap and often forms a well definednti-cyclonic (clockwise) circulation pattern or gyre particularly
during the summer when wind forcing is at a minimum.

In this section we examine the baroclinic component of the circulation around the Flemish Caplely from
the approximate balance between the Coriolis force and the horizontal pressure gradient force arising from
density differences over the Capreferred to as the geostrophic currents. This approximation to the
circulation excludes high frequency components such as wind driven events, inertia currents and tides.
Another important consideration is that this method depends on an assumed level ofotion and in our case
we have no information of the deep current velocities so we assume a level of no motion at 400 m depth.
Therefore, the geostrophic currents presened here is relative to that at 400 m depth.The temperature,
salinity and pressureprofiles collectedon Flemish Cap from 1988015 by the EU bottom trawl surveyswere
used tocalculatedensity andthe dynamic heightover the survey area At CTDstations where the maximum
depth is shallower than the reference levethe density of the cl®est station was assigned at the lows
recorded level. Average and annual gostrophic velocitieswere obtained from the horizontal gradient of the
dynamic height profiles objectivelyprojected onto a 0.1° latitude x 0.1° longitude regular grid pattern.

The JuneJuly averagedynamic height field andgeostrophic velocity vectors at 10 m depth shows a coherent
anticyclonic flow around the Flemish Capwith maximum velocities typically <10 cm/s and appear to be
associated with the eastward extension of the LO'he centre of the circulation appears at approximately 47
15 NL,5'45W indicated i n Hyngmicrheightladomdyyandtlowteorizentalegradiente d
region of the dynamic height field and the subsequentnear-zero geostrophic currents The rotating water
mass extends northward to about 481 5’ N i ndi c actléewittga demetepoh dppraimately 200
km. Apart from the centreareasof the Cap the weakest currents occur in the southwestern regions where the
influence of the LC isveakest.

Geostrophic current maps for individual years shown in Figures 20 and 21 indicate significant annual
variability with the early 1990s showing a weak circulation pattern dominated by the LCDuring 2009 the
flow was much stronger with speedsanging from 10-15 cm/s around the periphery of the Capwith a large
area of weakcurrents towards the central region.In 2010 however, the pattern shows a weak welformed
anticyclonic flow around the Capwith speeds ranging from 510 cm/s. This corresponds b a maximum re-
circulation time of about 70 days. In 2014 and particularly in 2015 however, the circulatiorwas much more
dynamic. The patterns shown in 2009 and 2015 represent the strongest baroclinic flows irhe 19882015
time series. In2015 the circulation of water massesaround the Capalso appearsin the temperature and
salinity fields shown in Figures 9, 10 and 11. In particular, the fall temperaturand anomaly patterns shown
in Figure 9 shows what appears to be LC water with tempature anomalies of 2 to 3°C below normal,
trapped within the anticyclonic gyro over the Cap.

Research is orgoing to examine the properties and variability of the gyre circulation and how it might affect
the re-circulation and residence times ofpassive drifters such as pelagic fish eggs and larvadgthin the
Flemish Cap ecosystem.

SUMMARY

A summary of selected temperature and salinity time series and CIL indices for the years 198815 based on
the EU data setare displayed in Figure22 as colour-coded normalized anomalies.The anomalies were
normalized by dividing the values by the standard deviation of the data time series over the base period
1988-2015. A value of 1.5 in the table for example indicates that the index was 1.5 standard deigns higher
than its long-term average The normalized values are presented in coloured boxes with gradations of 0.5
standard deviations (SD). Shades of blue represent ceftesh environmental conditions and reds warmsalty
conditions (Fig. 22). In someinstances CILfor example) the sign of the anomalies are reversed to reflect the
either warm or cold conditions. To further visualize the trends following Petrie et al. (2007) a mosaic or
composite climate index was constructed from the 14 time series abe sum (red line) of the standardized
anomalies with each series contribution shown as stacked bars (Fi23). The composite index iscan be
interpreted as a measure of the overall state of thd~lemish Capclimate system with positive values
representing warm-salty conditions and conversely negative values representing cofidlesh conditions. The



plot also indicates the degree of correlation between the various measures of the environment. In general,
most time series are correlated, but there are some exptions as indicated by the negative contributions
during a given year with an overall positive composite index and conversely during a year with a negative
composite index.The coldfresh climatic conditions of the early 1990sare apparentas isthe warming trend
from mid-1990s that continued (with the exception of 2009 throughout the 2000s reaching a record high in
2011. Since 2012 a cooling trendievelopedwith the composite index decreasing taa strongly negativevalue

in 2014 and a further decrease to a record low value in 2015, indicating record cold/fresh water column
conditions (Fig. 23). In general, data from four surveys in NAFO division 3M on the Flemish Cap during 2015
indicate an unprecedented colefresh water mass over the Flemish Cap durispring, summer and fall. The
cold/fresh conditions penetrated to the bottom habitat over the central Cap area in water depthgenerally
less than 200 m while the deeper regions were dominated by warmer NAWA preliminary examination of
the geostrophic airrents show a very dynamic circulation patternin 2015 that was strongly influenced by the
LCresulting in intense negative temperature and salinity anomalief the Flemish Cap region
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Sea surface temperatures from the Flemish Cap swvea (Figure 2) showing the monthly
1981-2010 normal and the 2015 monthly values.
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Fig. 6.

Annual sea surface temperaure$rom the Flemish Cap sufarea (Figure 2) referenced to the

1981-2010 mean.
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Fig.7. Annual 10 and 50m temperature anomalies from the central Flemish Cap referenced to the
1981-2010 mean.
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Fig.8. Annual 100 m and bottom temperature anomalies from the central Flemish Cap referenced

to the 1981-2010 mean.
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Flemish Cap Temperature: Spring 2015 Flemish Cap Temperature Anomalies: Spring 2015
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Fig.9. The vertical distribution of temperature and temperature anomalies (irfC) over the Flemish
Cap (along 47N) for the spring, summer and fall of 205. Anomalies are referenced to the
1981-2010 mean. The black triangles at the top of each panel indicate the vertical CTD
profile locations along the section.
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Flemish Cap Salinity: Spring 2015
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Fig.10. The vertical distribution of salinity and salinity anomalies over the Flemish Cap (along
470N) for the spring, summer and fall of 205. Anomalies are referenced to the 1982010
mean. The black triangles at the top of each panel indicate the vertical CTD profile locations
along the section.
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Fig.11. Maps of the average 19n temperature (in °C), the 2015 16m temperature, the 201510-m
temperature anomalies and 16m temperature difference from 2014 during the summer
(July) based on data collected from 1982015 in NAFO Div. 3M.
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Fig.12. Maps of the average 50n temperature (in °C), the 2015 56m temperature, the 2015 50m
temperature anomalies and 56m temperature difference from 2014 during the summer
(July) based on data collected from 1982015 in NAFO Div. 3M.
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Fig. 13. Maps of the average bottom temperature (iriC), the 2015 bottom temperature, the 2015
bottom temperature anomalies and bottom temperature difference from 2014 during the
summer (July) based on data collected from 1988015 in NAFO Div. 3M.
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Fig. 14. Maps of the average bottom salinity, the 2015 bottom salinity, the 2015 bottoalinity
anomalies and bottom salinity difference from 2014 during the summer (July) based on data
collected from 19882015 in NAFO Div. 3M.



LATITUDE

LATITUDE

20

FLEMISH CAP CIL THICKNESS (3 DEG C) AVERAGE FLEMISH CAP CIL THICKNESS (3 DEG C) 2015
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Fig. 15. Maps of the average CIL thickneg#n m) defined by water with temperatures <3C, the
2015 ClLthickness, the 2015 CIL thickness anomalies and the CIL thickness difference from
2014 during the summer (July) based on data collected from 1988015 in NAFO Div. 3M.
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Fig. 16. Percentage by year of the CTD profiles from the Flemish Cap survey whesmperature
values were lower than <2C, <2C and <3C.
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Fig.17. Thickness of the Coldntermediate-Layer (CIL) (M) water mass on the Flemish Cap defined

by temperatures <2C and <3C.
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Fig. 18. The Flemish Cap ald-intermediate-layer (CIL) water mass minimum and average
temperature.
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Fig. 19. The mean geostrophic currents over the Flemish Cap based on all CTD data collected by the
EU assessments surveys during the Juidaly period from 1988 to 2015. The color contours
representthe dynamic height field.
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Fig. 20. The geostrophic currents over the Flemish Cap based on all CTD data collected by the EU
assessments surveys during the Junguly period for 1990, 1993, 209 and 2010. The color
dots are the CTD locations with the colorepresenting either high (red) or low (blue)
dynamic height values.



24

10 cm/s

1

-2014 10 M

20 45°W 30 44°w

48°N

[l 47°N

30'

30'E

1oems N\ =
P ;

N T

\ \\
- i %l

T

™

Q

T
X

201510 M

\ .

s O

BN
\ i

30'

44°wW

Fig.21. The geostrophic currents over the Flemish Cap based on all CTD data collected by the EU
assessments surveys during the Junguly period for 2014 and 2015. The color dots are the CTD
locations with the color representing either high (red) or low (blue) dynamnic height values.
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Fig. 22. Standardized anomalies of oceanographic indices based on data collected from 19885 during the
JuneJuly EU multispecies survey of the Flemish Cap in NAFO Div. 3M. Grey cells indicateata.
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Fig.23. Composite climate index (red line) derived by summing the standardized anomalies from
Figure 22 together with their individual components.



