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(p.636), the surface chills. At. first this chilling chiefly reflects the convectional mix­
ing of the upper stratum, by which the substratum is warmed, in proportion' as the
surface is cooled, combined with the effects of evaporation from the Surface.· ,;Mean­
time the mea.n temperature of the whole column of water continues to rise.slowlY,-at
first,. then rema.insstationary for a time as the sun continues to lose strength. At
the mouth of Massachusetts Bay, for example, the mean temperature of the upper
40 meters was slightly higher on August 31, 1912 (station 10045, about 12°), than it
had been on July 10 (station 10002, about 11°), although the surface had cooled from
18.3° to 16.1° in the interval. In 1915, too, the mean temperature of the upper 100
meters remained virtually unaltered at the mouth of the bay from August 31 to
October 1 (about 8° at stations 10306 and 10324), although the surface temperature
fell from 16.1° on the first date to 10.3° on the second, and the mean temperature of
the upper 40 meters from 11° to 9°. In fact, it is doubtful whether the column of
water, as a whole, actually commenced to lose heat at the mouth of the bay before
the end of that October (p. 638). In 1916, again, the mean for 80 meters was about
1° higher near Cape Cod on..October 31 (station 10399, about 7°) than it had been
at the mouth of the bay near by on July 1:9 (station 10341, about 6°), the 80-meter
temperature having risen in the meantime from about 3.7° to about 5.8°, though the
surface reading had fallen from 16.4° to 10°.

Thus, the heat received from the sun is sufficient to balance the loss of heat by
evaporation and by radiation at night, when the temperature of the air is cooler than
the water; until the date when the mean temperature of the air falls permanently
below that of the water, so to continue through the autumn and winter. Thereafter
the upper 100-meter stratum of water constantly loses heat, no longer merely simulat­
ing this loss by convectional equalization. As this loss of heat is chiefly the result
of radiation, out from the water into the air, the efficacy of this process desetves
a word.

Although warm winds, as we have seen) heat the water below them to only a
small degree, and .slowly, because of the very' much higher capacity of the latter for
heat, cold winds, on the contrary, chill the surface ofa.ny body. of water, fresh or
salt, very rapidly because dry air is extremely transparent to radiation, eflpecially
to the long wave lengths (Abbott, 1911; Hann, 1915). Because of this Hdiathermacy,"
and because water is a good radiator,72 the surface radiates outi very large amounts
of heat from September on, whenever the air is cooler than the water, dry, and the
sky clear of clouds, fog, or mist, very little of it being absorbed by the lower stratum
of the air.

The greater the difference in temperature between the air and the water, and
the drier the air, the more rapidly does thewaterlose heat in this way. When the
air is damp, or the. sky clouded, the radiation from the surface .of the sea is inter­
cepted by this water vapor, so that the water loses heat slowly under such ciroUJl;l­
stances even if the temperature of the air be considerably the lower. It happens,
however, that the humidity rules low and the sky usually is clear during the coldest
winter weather of New England arid of the Maritime Provinces, especia.lly'at riight.
Consequently, other conditions most favor radiation. just when the differential

II Schmidt (1915) found about 83 per cent as much radiation from a water surface as from a black surface. .
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between sea and air temperature is widest, as it is from November on through
the winter over, the Gulf of Maine (p. 671).

Water itself is so opaque to radiation that only the thin surface film that is aetu~

ally in contact with the air loses heat rapidly when the air is the colder of the two,
for it effectually insulates the deeper' strata. Consequently, the rate of radiation
from water to air depends on the activity of vertical circulation; .. the more actively
the water is stirred by tides or waves, and the more constantly; the surface layer is
replaced by water from belo.w, the more rapidly will the cohimngive off its heat to
the colder air and ,so cool off with the advance of autumn and winter.73 For this
reason it would be reasonable to expect the gulf to reflect the autumnal cooling of
the air most closely where tidal stirring is most· active, and temperatures taken by
Vachon (1918) in the St. Andrew\ region in 1916 prove this to be the case.

The coldest winter winds of the region blow from the land out over the gulf, and
these cold westerly winds predominate in the western side of the gulf during the three
winter months (p. 965). Consequently, the water loses heat most rapidly in the coast­
wise belt around the western and northern shore of the gulf, over which a fresh sup­
ply of icy air from. the land is constantly passing, as long as the cold winds blow from
the quadrant between north and ,west. The wind, in turn, is warmed by the absorption
ofradiant heat from the surface of the water in its passage over the latter; for although
the lower stratum 'of air absorbs but a trifling percentage of this total radiation, its
capacity for heat is so low that but little heat need be intercepted by it to raise its tem­
perature considerably. This interception is favored, furthermore, by the increasing
humidity given the air by the evaporation that is constantly taking place from the
surface of the water. The result is that by the time the air has .traveled a certain
distance out from the land, its temperature rises so close to that of the water, and the
air is made so humid, that the sea. loses heat by radiation but little faster than it
gains heat from the sun, even in midwinter.

In any sea exposed to a rigorous air climate,winter chilling may be expected to
proceed much more rapidly in inclosed harbors, among the islands, and close in to
the land generally, than it does -only a few miles out at sea. This general rule is
exemplified in a typical way by the Gulf of Maine, where the stations closest to the
land have proved considerably the coldest in late autumn, winter, and early spring.
The thermal history ofMassachusetts Bay during the winter of 1924-25 affords a good
example of this. '

Storm winds also hasten the winter chilling of the water by the stirring action
exercised by the waves, which may reach down to very considerable depths at this
seaso.o, when the water has little vertical stability. In severe winter storms the
whole ,upper stratum, 100 meters thick, maybe mixed in this way and a constant
supply of new water thus brought up to the surface, thereto give off its heat to the
icy air.

Were vertical stirring not so active in autumn, the immediate surface would
cool off even more rapidly than it actually does, and the whole coastwise belt of the
gulf, if not the entire area, would freeze over in winter. At the same time, however,
the surface· film would inte:rpose so effective a bamerto the radiation of heat upward

n See Nansen (1912) for an lI1umlnating discussion of the loss of heat frolD thnurlaceottbe Northern A.tlantlc In winter, and
on the extent to which this IS governed by the freedom of vertical circulation.
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from ,the: deeper strata, by its opacity to this process (p. 694),that'llhewater 'only ,&
meter or two down would lose heat much less rapidly than happens in reality, 80

that the 20 to 30 meter level probably would not show enough cqolingdurip.gthe
winter months 'for the, change in temperature to be measurableonour ordinatYdAAP~
sea thermometers.

Actually, however, vertical circulation is most active during the cold half of the
year; consequently, the muing of the various strata of water is constantly bring~

up fresh water lrom below, to radiate its heat oU,t into the atmosphere. Thef/tcti
that the upper 100 meters, or so, cools off so uniformly during the winter, instead of
only a thin surface film, is therefor\wholly the result of convectional movements
of, the water particles, induced either mechanically (by winds or tides) or dynami;,;
cally, if the surface water so chills that it becomes heavier than the underlying layer,
which, however, seems never to take place in the open gulf (p. 929).

The rigorous climate of northern New-England and of the Canadian Province
of New Brunswick so ppOfoundlyinfluences the ;seatemperatiIre of the Gulf6f
Maine that the ,following' tables of·,- ,the airtemperatures<at stations b'ordering the
gulf may be ofinterest?4 . , "

Normal air te~peratur~B (Fahrenheit) _

MOI).th

LoCality
Janu- Febru: March April May June

ary ary
sep-o No- De-

July August tember ctober vember cemPer
--------1------------------ ------------------
Boston_____________________ 27.0Portland ... ,_____________ 22.0
Eastport . 20.1

28.0 34. 5
23.8 32.0
20.4 28;9

45,3
43,0
38.3

56.6
53.5
46.9

65.8
62.6
54.4

71.36,8.0
59;8

68.9
66.2
59.7

62.1
54.2
55. 2

52.3
49.146.6

41.2
37.6
36.8

31.6
27.125. 3

M6an tVintertemperatuT/!It ClF.tVith departUT/!B from normal (J. W.Smith; JBtS-lOSl)

1911-12

December January February M:,aroh

Locality
Temper- Depar- T\lmper' ':i:>~par- Te/%lper- Dep8r- Temper- DeW-

atilre ture atute ,'tl1te . "!ltiJre ture ature ture

-'-------------1------,-,-....-,-.. -:--.}'--'----I----'- ----.~

~~O~d:::::::::::::::::::::::=::::::::::::::::::::::: ::::::::::Eastport . _
-6.6
--6. 7,
-5.8

27.7
23.2
20.4

-0.3
~.6

-1.0

36. 0
30.2
28.8

+1.0
...1.8
- .1.

Bostonc c 1
Portland _
Eastport__• ~-.-------- , , _

1914-15

,
39.. al +12.3,1'a1.6 + 9.6

.27.8 + 7.7

27;7121.0 '
17.2

-0.31-2.8
-4.2

42.4135.2
32.0

+7.4
+:1.2
+&1

Boston. . c_-- -.----c_1Portland . _

Eastport ~__.---------------,------ .

1l.Fl'om the U. S.Weather Burew.•

-1.21-2.7
-1.7

33.0126.4
, 24.6

+6.01+4.4,
+5.6

33.2/28,4
27.6.

+5.2./+4.6
+6:2
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At!ean winter temperatures of, with departureslrom normal
191ft,-16

(J. W. Smith, t919-JOSlh-Continue<!

Boston---------------------------------------�Pol1land
r

_
Eutport c

Boston woo, "__OW, ow, ~I

~=~::::::::::::::::::::::::::::::::::::~

~Ul29.6

28.
8

122.8
20.0

+2.61+2.3
+4.3

1919-:-20

-2,.81-4.3
-5.3

33.0, 'I26. 6
22.6

1,1.0 Il4.6
11.5

+6.0 I+4.6
+2.5 '

-0.6"1-7..4
-8.6

" , ~

25'5120.6
19.3

27·°122.2
21.1

-,2.,°1'--lj;2.
-2.1

-0.41
~t

30.6,126. 8
24.6

39.2134. 6
30.4

-4.4
-3.2
-4.3

+4.2
+2.6+1.5

Boston.. -------------- IPortland. " -- _
EBBtport • • __• ._.__ 35.6 'I27.827.5

19~21

+4. 0 \ "1 , 1 . \ .__1----------1··--------
t~ ~ :::::::::: :::::::::: :::::::::: :::::::::::::::::::: ::::::::::

The diagrams of air and surface temperature at Glouoester and at Boothbay for
the winter of 1919-20 (figs. 29 and 30) show the temp61'a,ture of the water closely
foUowing that of the air in its10-:day fluctuations, and reflecting a loss of heat by
radiation more or less rapid as the difference between the temperature of air a.nd
water is greater or less.75

The loss of heat from the surface of the gulf increases proportionately from
November on, as the average difference between air and .water increases, a general
rule illustrated by the temperature cycle of Massachusetts Bay for the winter of
1924-25 (p. 651). The water continu~s to suffer a netlc;>ssofheat in this way until the
average temperature of the air once more rises abovethat'of the water, an event to
b~ expected about the tenth of Ma,rch (p. 668).

CHILLING EFFECT OF MELTING SNOW ,

Another cooling agent becomes effective from December until spring-namely,
the melting of the snow that falls on-,the· surface oftlle gulf. The amount of heat
taken from the water by melting snow is, of course, that required to melt an equiv­
alent amount of ice; a fall of 1 foot of snow (a moderate snowstorm for northern
New England and the Maritime Provinces) would represent approximately 1-1~

inches of ice, more or less according to the quality of the snow.
."Thenormal snowfiill, by months., for the lands bounding the gulf is tabulated

below from data supplied by the United States Weather Bureau; also the actual
snowfall for representative winters since the oceanogra,phic investigation of the gulf
was undertaken:

Normal snowfall and its equivalent in water, both given in inches

November December January, February March April

Locality Equlv- Equtv- Equlv- Equiv- Equlv-Equlv-
Snow alent Snow alent Snow alent Snow alent Snow alent Snow ' alent

water water water water water water

----------------------
~gsrtlTnd:::::::::~~:::::::::

0.6 0.08 5.8 .0.55 9.7 0.87 13.7 1.23 9.0 0.87 3.7 0.,46
3.6 .64 10.8 1.70 16.0 2.'32 20.~ 3.02 11.7 1.82 4.2 .78Eastport_.__c__•. ______•__ 3.4 .40 11.7 1.26 11. 6 1.'72 19. 7 1.90 13.9 1.28 '10.1 1,04

Yarmouth, Nova Scotlll••_. 4.0 .40 14. 4 1.47 20.3 2.03 21.8 2.18 13.3 1..30 5.6 " .50"

"The air temperature of the coldest days was many degrees below the lo-day averages"shltWuOn''the diagrams, OfteJi 100

colder than the surface of the water.
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Snowfall, in'inchelJ

WINTER, 1912-13

697

Locality November December. 'January Febr,nary . ~arch, ' 4.wn '
, ", " ..', <.' ",," •.\ .•BostoD •__ • • _
PortlaD(L ~. ~ ~"__• •__•• __•__ .~ ....:_.._..
Eastport ._.__ ••• • • •••_-••-----
Yllntlonth, Nova Scotia __~. ••••••_••••_. _,__•• ~J..l

0.3
:(1)
2.0

.1:142

WINTER, 1914-:-15

9.2
4.7
6.9
7.7

0.3
5,0
7.9
1.2

7.7
14.1
14.6

'16.3

0.5
5.1
9.3

, S. 5

1.4
1.11
3.7
1.1

:aoston ._'. • • ._._. •__• _

~~~C~:::::::::::::::::::::::::::::::::::::::::~::::
Yarmouth, Nova Scotl!l._.~----••---•••-.-__•__._.;_••

(I) ,
i·4,
4.5

,4.1

, 4.1
8.1,

, 9.0'
15. 3

'7.0
1.9

12.2
10.2

5.1
10.5
'10.3
, 7.2

(1) -----_ ---.--0. 8 _. •__
4.8 • _
2. 5 _.__•• ._

Boston_._. ._. • • • ~~._~__• .;__.l••_.__

~~~~~r'i:::::::::::::::::::::::::::::::::::::::::::::
;Yarmouth, Nova Scotia ------------••••------.--.--c,-"

0.2.
(I)
'{I)
3.0

'6. 7'
12.1 '
4.4
6.1

4.8
12.2
14.9
21.3

30.3
20.2
111; 8
29.4

33. 0
36.3
14.7,
53.4

605
i·9
4.2
L7

WINTER, '1911l-20

BostOD·C_· __ -------- ----.-.-.- --••---.-••••-.-••-··c··Portland • •••__: __ •__• .:__._

~=~~h:NO;;B·Sooiia::::::::::::::::::::::::::::::
t' ' .

I TraQ8

0.2
2.7
1.9
2.4

2.9
4.3

16.9
13.6

24. 8
24.2

" 2Q. 2
28.0

32. 5
'44.6'
,37.2

15.2

1,1.0
13.6
14.2
3.7

2.0
0.3

13.7
8.0

On the average, the coastwise belt of itbe gulf annually receives' a blanket of
,snow aggregating about '42 inches in thickness off Boston, 66. ,inches at Portland I

76 inches off Eastport, and 79 inches at Yarmouth, Nova Scotia: Translated
roughly into' terms of ice, this means 4.5, 11, 8.5, snd 9 incbes, respectively, or 'an
equivalent of about 8 inches of ice as the mean for the coastwise belt from" the
land out about :to the 25-Iriet'er contour. ,'Farther out from the shor~a'larger pro"
portion of thewinter'spredpitation comes 'down as rain, l~ss as snow, but no Irieas­
urements of the snowfall have 'been made at'any Offshore station iIi the gulf.

As to melt 1 kilogram of ordiIiary fresh-water ice requires heat enough to raise
tbe temperature of 75 to 80 kilograms of water by 1°,76 melting 8 inches of ice will
take heatetiough from the Water to cool a stratum 12 to 14 meters thickbyabout 1°;
and probably this is a fair measure of the average cooling, effect of snow falling on
tbe coastwise beltof the Gulf of MaiIie within 5,to 10 milesiofthe land.'

CHILLINCEFFECT OF1'4,ELTING U;:E

The meltiJ;lg of floatiIig ipe iIi high northern and, high southern latitudes ei~rts 8.
potenteffectupon the' distribution'of tempe~ature77iIithe Notth Atlantic; andtbe
meltiIig once; whether' fr,ozenJocally or ofArcticorigiIi (1):'689), is the,most'lio'~ht

: , ,. . - - -- • - • - - - . - - • . '- - - j -: ~ - : - - - -, - : --- • " - , - ; - ; , ; ,• '. - , - • ., : - ;;' j • ;

"Recent meastll'en1ents place the latieDtheatof fresh.lwater'Jce between: 75 and SO.3 calOl'les. (KIi1IDJI1e1"l007, ti.;lI07.) ':' :; ':'
n Salt-water Ice Is less ellectlve aa a cooling agentthanf~-waterIce.(tIoe Ice, tbatls, than berg Ice), ~C!lpse ,~,~ten,~ !lll!I~~

melting Is somewhat lower. PettorsoD (1883) gives this' ail approximately 52 to 53 calories for Ice frozen froni water ofliDoiifthe
salinity of the Gulf Maine.



698 BULLETIN OF THE BOREAUOF FISHERIES

factor in producing the low temperature of the mid-layer of the Gulf of St.
Lawrence.

The chilling effect of ice melting in the Gulf of St. Lawrence, and to a greater extent
of the drift ice melting over the BinqUereau-Sable Island Bank region is, in turn,
brought indirectly to the Gulf of Maine by the cold water flowing westward past
Cape Sable in spring and early summer (p. 832); but no ice, either of Arctic or of
St. Lawrence origin, has ever been known actually to enter the Gulf of Maine
though pans (almost certainly from the latter source) do rarely drift down past
Cape Sable along the edge of the continent or outside it. Consequently, as the
surface of the open Gulf of Maine never freezes, ice melting in situ plays only a
very subordinate role in its temperature complex, except in its shallow and mote or
less inclosed bays and among the islands that skirt its northern shores.

Cape Cod Bay offers an instructive example, on a small scale, of the effect that
melting ice exerts upon the sea temperature, for more or less ice freezes over the flats
along its western side nearly every winter. The greatest amount forms during heavy
blows from the northwest, when it may stretch out 2 or 3 miles from the shore and
pack several feet high along the beach. When ice has so formed, easterly winds and
high tides soon disperse it; and, according to the United States Coast Pilot (1912,
Part III, p. 59), "instances are on record of this ice, and that forming in the shallower
parts of Cape Cod Bay in severe winters, being driven by the winds out into the bay,
where it masses into heavy fields or windrows, sometimes as much as 10 feet armore
thick, making the navigation of parts of the bay unsafe or impracticable at times."

Unfortunately, no observations were taken in Cape Cod Bay during the ice
season of thea.lmost Arctic winter of 1919-20, or until April of the succeeding
spring; but in 1924 a considerable amount of ice formed along the west shore of the
bay, between the 20tha,nd 26th of December, during a spell of very severe weather
(p. 655), and the temperatures taken by the Fish Hawk o.n January.6 and 7, 1925,
showed the effect by a drop in temperature at the near-by station (No.7) from
about 4.3°, two weeks previous, to about 0.3 0. Ice chilling was also reflected still
more clearly in.the fact that the water was colder just off Wellfleet Bay (station 7)
than anywhere else in the southern part of the Massachusetts Bay region on that
date, as is described above (p. 655).

The sea ice that freezes in greater or less amou:Q.t among the islands along the
coast of Maine in all but the warmest winters must also. exert a local chilling effect
OIl the water as it melts, but no measurements of this have yet been made.

In severe winters, when much ice forms in Vineyard Sound, most of it reported
to drift out to the eastward past Nantucket, melting ice must lower the tempera­
ture of the Nantucket Shoals region indirectly or directly. Here, again, however,
definite dat,a are lacking.

Ice is. also an effective chilll:Q.ga,gent in shallow bays such as Barnstable and
Plymouih,for the flats,lai.d bare at low tide, skim over with ice on cold winter days
or nights, which melts when the tide floods a,gain. This is one reason (active tidal
circulation is another) why such situations serve as centers for chilling in winter,
just as they do as centers for warming ,in summer.



PHYSICAL OCEANOGRAPHY OR THE GULF OF MAINE 699
THERMAL EFFECT OF THE RIVER WATER

The great volume of river Water that pours into the gulf every spring, at .&

temperature only a few degrees above the freezing point, when the ice goes out of
the lakes and the snow melts, inust tend at first to delay the "'ernal warming of the
gulf. However, no attempt has yet been made to estim&te its actual effect.

SUMMARY OF THERMAL· DETERMINANTS

The interaction of the several major factors that govern the temperature of the
gulf is so complex that. a summary of them may be useful.

It is definitely established that the gulf owes the particular temperatures
proper to it,. an~ especially the wide seasonal range. of temperature, chiefly to its
geographic location.to leeward of the continent and to the rigorous lan~ climate.
Only in a much smaller degree is it influenced by warm or ()ol~currents flowing
into it. ... .

Our successive cruises an~ the observatlQns. taken in the Bay of Fundy by the
Biological Board of Canada, therefore, corroborate the view long ago advanced by
Verrill (1874) that the waters of the Gulf of Maine are not abnormally cold, con­
sidering their geographic location and the rigorous climate of the neighboring land
mass; that, in short, to describe its temperature as HArctic," as has so often been
done, is entirely a misnomer. .

The ()hief source of warmth for the superficial stratum of the gulf is the solar
heat absorbed by the water in situ. Vernal warming is therefore chiefly of loc~
origin. The rapidity with which solar heat is dispersed downward in the water
and the depth to which it penetrates depend on the activity of vertical circulation,
whether by tides, winds, storm waves, or dynamic overturnings; and the regional
differences in the temperature gradient, which develop in the gulf in summer (Mas­
sachusetts Bay at the one extreme, the Bay.()f Fundy and Nantucket Shoals at the
other), result chiefly from differences in the thoroughness with which the tides
churn the water.

The low surface temperature that prevails along the eastern coast of Maine and
in the Bay of l!'undy in summer, as contrasted with the Massachusetts Bay region,
is chiefly due, therefore, to local causes and not to the" Arctic current " that has so
commonly been invoked to account for it.

The surface stratum of the gulf likewise receives heat from warm winds blowing
over its surface, from surface water drifting into its eastern side from the region of
Browns Bank and the Cape Sable dead water, and also, at long intervals, from over­
flows from the tropic water outside the edge of the continent.

Vernal warming is opposed by the Nova Scotian current flowip.g from the east~

ward, past Cape Sable, into the gulf. During. the brief period when at its maxi­
mum, this current may lower the surface temperature by a .couple of degrees right
across to the western side of the basin, .thus temporarily producing a regional differ­
entiation; and it considerably delays vernal warming in the eastern side probably
every year. However, this.cold drift is so thoroughly. incorporated into the water of
the gulf soon after the actual flow past the cape slackens that. no regional differenti7'.
ation from this source can be traced definitely in the.gulf after midsummer. Neitp.et,:
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is its general temperaturetn8ide more than 20 00:30lower than woUld be the case if
the gulf were entirely, barredto currents,coldorwlJ,rm; but the chilling effect of the
Nova ScotiaI,l,,:currentis more important' than thiiS bald stateIlle,nt suggests, for it
counteracts, by ~'Veral degrees, the effect of the warm sources: just mentioned. ,;

Autumnal and winter chilling, so conspicuous a fe~tul'e of, the gUlf, results
primarily from the loss of heat from the surface by radiation, after the date when
the mean tempersttir&ofthe' air falls ,beloW' that ofthewa.ter;'n~thercold currents
from the north nor upwelling from the oceanic abyss have any major part in it.

Snow falling' and melting on the' sudace is' also 'a cooling agency of some effi­
cacy; so, locally, is melting ice in Cape Cod Bay and among the islands' ahmgthe
coast'of Maine~' River drainage, by its low temperature in early spring, also tends
to ret!).rd vernal warming. Evaporation from the surface also t'endsto chill the watei
throughout the year, accoulltingfor a probable ~oolingofthemeantemperatureo~

the upper 50 :rn.etersby 50 to 60. , :
The temperature of the superficial100 meters of water is governed chiefly by

these climatic '(including solar) influehcesfroill above, by the thermal effect of the
infldW;s into the eastern side of th~gulf" and by the chilling effect of evaporation
from the surface. '

The cold laser that persists in the basin throughout the summer at a depth of
100 to 150 meters in most years is si:mplyreminiscent of the lowest temperature to
which this level chilled during the preceeding winter-not of an Arctic current.
This layer 'is colder than the deeper water in most summers because the temperature
Of the latter is determined chiefly, not by seasonal ~limatic influ~llces, but by the
volume of the warmer slope' water' flowing in through the eastern channel, and by
the course that this current follows inward along the two branches of the trough of
the gulf. If the inflow of slope water is smaller than usual,or cooler, the summer
temperature of the inner part of the basin is virtually uniform,+ertically, from'
about 100 to 150 meters down to the bottom,as wasJhecase in 1912.

It is not yet possible to estimate, quantitatively, what thermal effect the slope
water has on the upper layers of water as it is gradually incorporated into the Gulf
of Maine complex. "Any increment from this source' will tend to cool thesudace
stratum in the summer but to warm it in winter and ~arly spring.

The chilling effects of the rigorouS' winter climate of the land mass to the west
and of the Nova Scotian current, balanced againi$tsolar warming plus the warming
effect of the slope water and of the surface indraftsfrotn the: Browns Bank-Cape
Sable deadwater region, maintain a comparatively constant stltte in the gulf from
year to year; but it is easy to see how anyone of them, if more' or less effective
than usual, might profoundly influence its waters. In attempting to determine the
causes of such f1~ctuations as have been recorded, the evidence of salinity, as well
as of temperatUre, must be weighed.

'Unusually high summer temperatures,with normal, salinity, might r~u1t either
frpma mild winter'preceding, from unusually rapid solar war:rn.ingduring the
spring, or from a s:rn.aller increment from the Nova Scotian current than normal.
IfJih t(lmperature, with very high salinity~ would point' either to an unusUal ,inflow
of ,slope water during thept~cedingwinteror to~me of therare overflows of' tropic
water' (p. 836). Abnormally to'w'sumniet temperatures, with normal salinity', would




