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Abstract

Environmental conditions on the Newfouadland and Labrador continental shelves during 1991 are summarized

A ' from meteorological, ice cover and ocean mperature data. Both the air temperatures and ice cover extent indicate that the

winter conditions in 1991 were established several weeks ahead of normal and extended 4-6 weeks beyond the norm.

Furthermore, in terms of ice cover extent and duration 1991 was thc worsl ice year in 30 years. Ccmsequcntly. not only
. B '

. o N was the warming of lhc occamc surfacc dclayed conmdcrably, but Ihc rate of warming and thc thlckness of !hc surface

. mixed Iaycr were lower than other cold ymu-s Thc subzcro tcmperature water mass was also found furthcr soulh in E99[ . :

Lo relalivcluothcryears - - - R o

Introduction

The cnv:ronmcmal conditions oa the Ncwfoundland and Labrador commcnsal Sheres were anomalous in I991

) Thls paper comparcs 1hc Ice cover and oomnographlc condntmns tha( prcvaulcd in 1991 to othcr ycars. Thc companson |s

basod on occano_graphlc lcmpcraturc data collectod durmg physu;al occanographnc and ﬁshcncs asscssmcnt surveys, and

o ycarlong moorcd mstrumcntanon and on ice-cover and atmospherlc data prov:dcd by Envnmnment Canada




_ ahgad in time as compared to 1990 conditions. Another majnr diffcrcnce between the two years was the pcrsislenc: of
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air iemperatures gver l.zbrador and Newfoundiand were 6 o & helow normal (comparcd toa-2C anomaly in 1990),

PR

which is similar to (he anomahs found durmg February of !990 Thus winter LOIIdIIIOI‘lS in I99l occurrod several weeks

Belo;v nor;nal air lemperatures in NC\-Nfﬂundland throughout the summer, as compared to just for May in 1990. These
differences had a significant impact on the ice cover and -occanograﬁhic Eonditi;ms over the continental shelf off
Newfoundland and Labrador. '

Ice Conditions -

Dnring the winter of 1990{9! . the Canadian east co.?nst gxp-e;'ienccd below normal air fémpcralures and abéw:
normal ice cover extent. When the ice cover advanced in 1991 along the Labrador coast, air temperatures were *
significantly below normal. This increased the ice growth throughout the area and decreased the ice melt rates along the
advancing ice edge (Fig. 2). When the ice cover retreated in April 1o June of 19%1. air temperatures in the southern rcgionl
remained [.8°C below normal, reducing ice melt rates. Figurc-‘j shows the total ice cover on 17 June 1991 in comparison
to the mean ice limit over 1962 to 1987. .

Cold Arctic air masses corning from the northwest and west not only cause local ice growth along Labrador and
Newfoundlland coasts, but advect the pack ice down from higher latitudes. Monthly wind h‘istograms can be used to
estimate the monthly f'rcc-ice drift when one assumes that ice drifts at 2.5% of the wind speed and at 35" to the right of the
wind (this empirical rciat-i’onship between the winds and the free-ice dr}ﬁ was derived from ice beacon drift data), For the
25-year mean winds of 1955 1o 1980, the distances the ice drifted per month dnc to wind f;)rcing in 16 directions {22.5
sections) are shown in Fig. 4. For each month, the figure shows the contour made by joining the 16 vector end points.
These 16 displacement vectors can be added vectorially to give a net monthly displaccﬁ!en' (Table 2). The results show that
far the _Newfounﬂiand Shelf, ice is advected at a rate of 145 km/month by the wind towards the southeast in winter and at
90 km/month towards south and southeast in the spring. For the southern Labrador coast the ice is advected at
170 km/month to the southeast. In the spring, the ice on the Labrador Coast is advected predominantly to the south but at
a reduced rate of 100 km/month,

For the [990/91 ice scason winds off Newfoundland and southern Labrador. and the rcfcrrc:d ice dnfts (F:g 4)
were stronger than the mean 1955-80 winds. Drifts were larger by 37% for the winter off Newfoundland and 55% and- :
90% for the winter and spring per:ods off soulhcrn Labrador. In gcncm.l dunng '1990/91 ice drlftcd 20 clockwlsc fmm
the 25-year mean, Comparcd to the mean, thls means that ice was rstncn:d more to the shelf as offshore ice drift N

components were reduced. This is especialy noficeable in the March drift E:omparison. when the ice drift direction rma'u:d o

" from 140° and :'50' 0 210 and 190° Enr't_he Ncwfoundland' and soulhcm Labrador Shclvcs'resp-ectivcly,

double in arcal cxtem for both Hamn!ton bank reglon in Dcccmbcr and NE Newfoundland Shclf in January (Flg 6) Thls

is nol surpnsmg since thc air lcmpcralure anomalu:s also mdlcated slmllar sh:fts Throughoul thc winter, thc aml exh:m

ot S e 4= -

of. thc ice cover was above normai in all areas except for a short penod in March whcn pcrsuslcnl onshorc wlnds pushed lhc -




.lcmpcraturcs were bclow normal for thc !972 75 and lhe 1983 85 per:ods Evcn lhough lhe condmons sccm to have

widih frem 100 miles 10 30 miles, suggesting rafting up to three layers on the average. increasing the inshore ice cover

thickness fram an average of 60 c¢m to 180 ¢m. Most of this ice melted over the shelf itself as less offshore ice advection

was observed. Hence. although Fig. 6 shows below normal ice extent for a few weeks in March, in reality more ice was

actually present than normal at this time. y
The ice cover retreated slowly for the entire area, with ice occurrences in all three areas lasting as long as the 25
year observed maximum. Ice lingered around the Grand banks until early May. over the NE Newfoundland Shelf until

mid July and in the Hamilton bank arca until carly August.

Transcct data

A dominan! characteristic of the emperature field on the Newfoundland and Labrador St:\clvcs is the so called cold
intermediate fayer (CIL). In Jate winter, vigorous mixing and convection create a uniform water mass at near-freezing -
!.cmpcramrcs which may extend to the bottom, Since spring ice melt and summer warming increase the stratification in the
upper layers, and thus inhibit heat transfer downwards, the intermediate layers remain cold throughout the spring and

summer. In the autumn and early winter the CIL undergoes rapid warming due 10 a combination of vertical mixing and

horizontal advection. Petrie et al. (1988) has shown that the CIL arca across the shelf. the annual and summer

temperatures at Staticn 27 and ice extent south of 55" N. are all generally highty correlated with ong another.

1991 temperature transects across the Hamilton Bank, off St. Anthony on the northern tip of Newfoundland and off
Cape Bonavista (Fig. 7). indicate that the warm upper layer was less than 20 m thick in July. Furthermore, the CIL area
was found 1o be comparable to the extreme Ia-rgc areas of 19893-85, and 1972-73 (Fig. 8} when large ice extent anomalies

occurred (Fig. 5).

STATION 27
Since 1946, measurements of lcmperaturc and salinity have bcen rounm:[y :akcn at S‘I’A‘I’ION 27, Oceanograph:c

conditions at ThIS station are considered to be representative of the inshore Labrador Current Smcc STATION 27

¢ B e

tcmperaturc anomahcs are also found :0 be strongly Correlated with thc cross Secnonal area of the CIL on lhe shelf, thcsc :

can be uscd to estlmatc thc vanabnhry in thc oceanographxc condmons on thc contmcnml shclf oﬁ Ncwfoundland a.nd

T v

southern Labrador. o -

R L

F:gure 9 shows thc STATION 27 tempcraturc time series for the pcr;od 1970 to 1991 Th;: annual cyélc of warm-

i '

summer and cold wmtcr water a:mpcraturc is clcarly nouccable in the shallow surfacc Iaycrs Imerannual varlabullty due to' B

S AR

extrene. wmtcr-summcr can also be nonced Evcn near ahc bonom whcrc lhc annua] tcmpcraturc range is sma!ler

o . D L T

B 1mprovcd in 1986 and 87 lhc scmnd coolmg trcnd was found w©  be’ formmg in 1988 and connnued to 1991

Anmhcr fcaturc 1hough nol obvxous in rh:s d1agram is 1hc vanablhry in the onsct of warmmg pmcr_ss In F‘|g iO.

A-v—‘ b

n:mpcramres at sclectod depths and ycars are comparcd to the monthly means of thc avcragcs over 1980 5. Clcarly the

oceanographic conditions in [991 were in many ways significantly different from the normal as well as from other cold

years. The surface warming in 1991 for example, was 4 10 6 weeks [ater than normal, and even when the maximum
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temperature was reached in August more or less on time, the peak valucs were aver a degree lower than average. In
comparison, even though similar delay in surface warming occured in 1984, the near-surface peak temperature was about
August; in contrast, even in 1984, temperatures reached above zero values by end of May, In addition the bottom
temperatures in 1991 were below normal throughout the year.

Figure 11 shows the year-to-year variability in the formation and decay of the different temperature layers at
STATION 27. For example, this diagram shows that the entire water column was at subzero temperatures until the end of
May in 1991 and [984, whereas in other years, the near-surface layers were warmed up 1o above-zero values by end of
April. As expected, the thickness of the warm surface layer was the lowest in 1991, about 30 m in August of 1991
compared to over 60 m in other years.

It is to be expected that ¢ven though 1972-73, 1983-85 and 1990-91 are all refered 10 a5 cold years, many
differences exist in the temperature structres among these years due to the differences in one or more of the prdc:ss:s that
influence the temperature characteristics. Thus, even if the winter conditions were very similar between any two years
differences in spring/summer .mcteorologimi conditions between those two years-could result in totally different upper layer

structures in summer and fall.

Fisheries survey data

During the assessment surveys for cod. capelin and other species, waler temperatures are routinely collected. Data
available from 1986 to 1991 were analvzed to extract the variability in the southward extent of the sub-zero temperature
water mass over on the Grand Bank. All data collected for the period May 15 to July 15 of each year are assumed to be -
synopiic and representative of the spring temperature structure on the shelf. Similarly. data collected from October 1 to
mid-December are assumed to be representative of the fall conditions. Such a wide time interval was chosen to accomodate
the variability in the dates of the survey cruises from one year to the next, as well as 1o ensure sufficient data to produce
horizontal semperature maps, The measurements are then mapped onto a 0.5 X 0.5'C horizontal grid, and an average
profile for each grid is caiculated: this gridded data are used to calculate areal extent of different temperature water masses
at selected depths for the NAFQ region 3L.

The binning of the data clan- potentially reduce the resoiution of these maps as well as introduce atiasing errors.

especially aleng the shelf edge where spatial and temporal scales are shorter than the bin width. However, it is perhaps

reasonable to assume that, on the Grand Bank where bathymetry is rclativciy' flat, these maps represent the general
characteristics of the spring and fall temperawre conditions.

Figure 12a shows the percent areal extent during the spring, of water masses within four different temperature
ranges from i986 to 199I-. The warm-nar-surface temperatures indicated in this diagram is partially due to averaging 2
months of data. However, in spitc of tﬁis. the dcla-y in surface warming in 1991 is still evident. It is al.so interesting m
note that, thoingh 191§6 was fuun;:lrto be ;':1 ;:dmparalive!y_warm year in terms of Dlavis -Strait sea ice anomaly (Table 1), the
areal extent of subzero temperatures at 50 m and at thcr bottom, was greater than most years and aimo;t_as large as that in

1991. Data from STATION 27 confirm this since the entire water column here was at temperatures less than -1,5°C

froem mid February to end of March .

' During the fall period (Fig. 12b). on the other hand, there was hardly any subzerc temperatures at 50 m depth in
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1985 whereas over 40% of JL in 1991 had temperatures below zero. As expected, the areal extent of subzero temperatures

at the bottom was the targest in 199] .

Time series data from moored instruments

The circulation and the water mass characteristics are strongly influenced by the regional bathymetry. The NE
Newfoundiand Shelf bathymetry consists of two major banks, Funk Island and Belle Isle, separated from each other and
from the coast by deep channels. Exchanges between the inshore and offshore branches of the Labrador Current are
known to occur through these channels; these charnels are also identified as the highways along 'which cod migrates
inshore in the spring.- Data collected from the NE Newfoundland Shelf show that the bottom temperatures in these
channels were well above zcro'lhroughoul the yca;' (Fig. I3). cc;ldcr temperatures occurring inst;orc. confirming onshore
flow of warmer slope waters through these channels. Of course. inshore of these deep channels, !ﬁc CIL reaches the
bottom, as evidenced in the daiz from BB3.

As shown in the remperature cross section off Cape Bonavista (Fig. 7) the CIL extends to several hundred meters
over most of the shelf. Consequently, monthly averaged temperatures at 75 m were mostly below zero, even though on
occasion. for short period of time. above zero values existed especiatly in the fall (Fig. i4).

Along the shelf edge. on the banks as well as in the channels, significant vaiability occurs at 6-8 day period,
associated with the oscillations of the shelf water/ ;lope water front, as evidenced in the time series temperature plot
(Fig. 15).

The mocring program on the NE Newfoundtand Shelf was intiated in 198%. Hence, the time series data base was
not sufficiently long to assess the interannual temperature variability in this region. However, to monitor the variability of
the Labrador Current,-an oceanographic mooring program on Hamilton Bank (H1 and H2 in Fig. [3) was established in :
[978. Tempgraturc data co{lcctcd at the bottom on the bank‘(Fig. 16). indicate below normal conditions from 1983 w B6G,
never reaching above zero values even Aaﬁ:r the fall warming (similar variability was not evident at the offshore location
HI), The time series aiso indicates a second cooling trend which commcnccd in 1988/89. Even though the fall warming -
m 1990 ralscd lhc tcmpcralurc at th:s site to abovc zero va]ucs duranon of 1hesc tcmpcralurcs were shortcr than normal:
winter cooling lowered the_ momhly averagcd temperatures in 1991 to values bclow thosc in 1990

Summary

The environmental cundftions on the Ncwfoundiand and Labrador continental Shelves wcﬁ: anomalous in [991.
Below normal early wmtcr air rcmperamres mcrcascd ice growth and retarded i 1cc melt of the advancmg pack i ice. Strongcr
northwcslcrly winds mcrmsed ice ﬂux from’ hlghcr !amudcs whlle Icss frequent of’fshore wmds kept the ice ﬂoes over the .

shclf rcducmg the ice mch In response to major storms wnh onshon: winds in the spnng severe rafnng occured,

‘mcreasmg thc ice volumerover the shclf , Below normal sprmglsummcr air tcmpcraturcs -reduced ice melt durmg ice .
" retreat. Thc net result was that 1991 was.the worst ice year in 30 ycars both in terms of ice cover and duranon
lncreased ice coven: extent and c_iurauon. and abovc normal ice-melt on :he shetf rcsu[tcd_in a 4-6 weeks dela;i;
surface water warming, and a significantly thinner surface water layer. Furthermore, the 199} July CIL arca was one of .

the largest since 1948, comparable to 1984 in total area. The subzero water mass was also found to extend much further

south in 1991 compared to other vears.
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Table 1.

Observed temperature anomaly for Baffin Island, Ungava

region of Quebec, Labrador and Newfoundland and sea ice anomaly

in Davis Strait or 1980-91 winters compared to 1950-79 mean.

BAFFIN DAVIS STRAIT
WINTER ISLAND UNGAVA LABRADOR NFLD SEA ICE ANOMALY
80 + + + + -
81 + + + + -
82 + + +/- +/- -
83 - - - + +
84 - - - - +
85 +/= + - - Q
86 + +/— +/- +/- -
87 - + + - 0
88 +/- - - - +
89 - - - - +
90 - - - - +
91 - - - - +
Table 2. Monthly displacements of ice due to wind forcing.

wind speeds for 16 directions,

Monthly mean
each an average over 22.5'C out of the

360°C, were multiplied by their freguency of occurence and byist to
represent ice speed and turned 35° to the. right of the wind tc represent
drift direction.

VECTORIAL MEAN ICE DRIFT (TQO) BY WIND FORCING

NEWFQUNDLAND SHELF

{(GANDER WIND)

S. LABRADOR SHELF
{CARTWRIGHT WIND)

1955-1980 1990,1991 1955-1980 1990,1991

Menth DIST DIR. DIST DIR. DIST DIR. DIST DIR.
(KM) (DEG} (KM} (DEG) (&M} (DEG) (EM) (DEG)

NOV 149 100 170 -115 170 120 315 195
DEC 180 105 220 95 190 125 280 115

JAN 170 115 280 120 170 125 280 125 .
FEB 155 125 210 115 165 130 240 125
MAR 115 140 115 210 170 150 140 190
APR 95 ‘150 100 195 140 180 196G . 175
© MAY 65 130 95 135 110 185 170 190
JUN 120 75 50 140 50 1590 2190 200
JAN-MAR 14§ ° 125 200 145 170 135 265 145
APR-JUN 90 - 115 ao 155 100 170 190 190




WARCH 1991

APRIL 1981 . MAY 1991

SEPTEMBER 1991

Anomalies of monthly air temperatures for 1991. (Climative
Perspectives, Vol. 13, Environment Canada). '
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Fig: 2. Anomalies of weekly air temperatures for 1991. '(Clima'tic Perspectives,
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ICE DRIFT (100 km/month)
for 16 WIND DIRECTIONS -
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with those in 1990 and 1984, and with the average monthly
temperatures over the 1980s.



) o o - 051
6461 PUT BL6T ‘€L6T ‘LT NOLILVIS 3® TID jo uostaedwoy -ery -8yg | ~ : o : :
. . : : , AR . - 021

om.—.uw ¢

i
o
- Oy
(w) Hi1d3q

T
=
o

00> 1>0G'L-

£Z1>00 |17

e NN 1

1
~
—{
!
- 051
- 0z
: o _
m 5
T v
- 06 -
T T
E] 3
— 09 =
L og
I 0
a I W 1 4 ) r T
861 |
\ B ¥




"GRET PU® $B6T ‘£86T ‘(LT NOILVIS 1®

om.—'lw

oOW.—.ch. |-

o£E>1>.0

TI5 30 uosyredwo) -qiy -B14

/L

- 18 k\‘-.-.i

0st

0ct

06

09

ot

- 0G5t

T I
o o
& ~

-

I
o
[Se]

- Ot

(w) H1d43Q

= 0Sl

I
o
(Y]
—

i
o
o

- 09

~ 0F

(w) H1d3a

(W) H1d3a



=~ 051

‘1661 pue 0661 ‘9861 ‘LT onh_ﬁm 1e 719 3o uostiedwo) -oT7 ‘By4

- G2t
" - _o_m
oG-S \\v %
0SL5est | -0
ommwwoo |
£< |

(W) H1d3a

i
oSt L 051
ozt [ . | kozy
G LI .
m
06 =
p L. 06
2
09 L 09
0¢ - o¢
0 0
r
9861

(w) HL43A



Spring, 30m

o
.}c vl un
Wi
- o = "
™~ v w Wi
o —
!

year

\\\\\\\\\\\\\\\1 E
MMM 3

EEEEEEEEEE

Spring, 1 Om

AN\
NN\

JUBIX® [EBIR %,

\\\\\\\\ S
\\\\\\\\\\\\\\\

LMY

Juaxe jeele %,

1986

1986 1987 1988 1989

EEEEEEEEEED

1980 1991

year -

Spring, bottom

~ Spring, 50m

1986 1987 = 1988

\
I

N
:\\ )

EEEEEEEEELE

IS [EBIE 9

1989

EREEEREEREEELE

jusixe [Bale %,

year

year

Fig. 12a. Interannual variability in percent areal extent of different

temperature water masses in NAFQ division 3L, spring.



90+

701

’
%
%

50

401

* % areal extent

304

201

101

9952

¥
|

1989 1990 1891
year

1988

Fall, bottom

3
_

100 —

90

80+

" 60

509

% areal extent

" 40-

os0q

" - '20—" ,.“

104"

41988 | 1989 - 1990 1991

year

1986

Fig. 12b. Interannual variability in percent areal extent of different
 temperature water masses in NAFQ division 3L, fall.. :

21

0¢T <l

—L5<T€o



J F M A M g
¥ UV I SN W L

A § O N D
| S W——

- 22 -

J . F M A M J
IS SIS B T B )

J A S O N D
R SRR S N |

5 . .
WB1 310m ) WB2 235m
4 1 —_ 1
y s o NI - R ) N
%) -
i 2 .14
)_
1 -2
)
J F M A M J J A S§ O N D
5 1 i i 1 —t L L . 1 i 1
~ -1 FI3 275m
. . 4
‘J F]“IALMIJIJLAISIOLNID 3_.
wB3 383m -
3 1 S 2
.
§ 2 ' - 11
17 “ ¢
0 ] 1
-1
AJIFIMIAIMIJIJ!AISJ;OINID
J F M A M J J A S O N D Fl2 245m
F 1 L ] 1 1 I ! t 1 L I 3
Fl1 II7Tm —
31 O 29
O 2 }___f_,,i‘.i = 1
e .
~ 1 0
0 -1
1 J F M A M J J A S O ND
5 e 1 1 L I 1 b L A
BB 1 3t5m
- v 41
— 3
O
9
— 2
J = ..
‘_
¢
-1
J F M A M J J A S O N D
d VR S | A i 1 1 i 1 H 1
BB2 310m
4
o7
S,
-
1]
o
-1
J F M A M J J A S O N D
l i L de A AL J L L 1 L 1
BB3 208m
—_ 9 ¥
O
14—
L i l_
o
,¢6€ 27
n i L i A _3

Fig. 13. 199} mcnthly mean bottom temperatures on the NE Newfoundland Shelf.



- 23 -

3J;F1M|A1MLJ|J!ALS_LOA_NLD JIFIMLALMlJlJlAlS_LOJN:D
wB1 75m WB23 75m
2 1 . 2
O
s 114
%) —
S‘i 0 T 1
& -1
Cq J,F M A M J J]AAlSl? N D
Fi2 [ 75m
34
2]
5 1
14
'_ h
—_ 0 1
D) _\_l
< 14 J
}-—
P
N
. JOF M A M J U A S O N D
BB 1 75m
. , N
. .
1 1
s 1] |
. 1 80 31 T I 1
T . |
.2
l‘l..lAE”‘:‘SLE _3-
-4
',JLFIM!AIMVI-J;JiAJSgo!N;‘LD
BB2 - 75m
S0 :
-1
g —
. -2 -
- o -3
- : -
.3
Pig.-14. 1991 monthly mean temperatures at 75 m on the NE Newfoundland Shelf.



15,

Temperature time series from the shelf edge site, FI3.
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