-~

AD/A-000 534

ON THE QUESTION OF SYNCHRONISM OF
CLIMATIC CHANGES IN THE NOKTH ATLANTIC-
ARCTIC AND NORTH PACIFIC ARCTIC

I. I. Schell, et al

Ocean-Atmosphere Research listitute

| Prepared for:
k Air Force Office of Scientific Research

Advanced Rescarch Projects Agency

August 1974

:' DISTRIBUTED BY:

- National Technical Information Service
U. S. DEPARTMENT OF COMMERCE

I T RE=—5hm—— —p—. R — : T T T——




-

»”

e WZ TS -

SECURITY CLACOUBICATION OF Th!S PACE (When Data Fntered)

. S e S T

4

I REPORT DOCUMENTATION PAGE L

READ INSTRUCT! %8
BEFORE COMPLETI 5§ OKY

1. REPORT NUMBF R Iz. GOVT ACCLSSICH NO.

ATOSR- TH-74-1612

3. RECIPIENT'S CATALOG N “hE"

4. TITLE (snd Subiitie)
Un The Question of

Synchronism o1 Climatic Changes
1n the ilo. Atlantic-Arctic and
No. Pacific Arctic

$. TYPE OF REPORT & PERIOZ COVEFRED
Final Keport

June 1, 1972-June 30,!0

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)

I. I. Schell and E. N. Sabbagh

8. CONTRACT OR GRANT NUMIJER(S)

Flii620-72-C-004C

9. PERFORMING ORGA%IZATION NAME ANO ADDRESS
Ocean-Atmosphere Research Institute
1640 kassachusetts Avenue
Cambridgse, lLass. 02138

10. PROGRAM ELEMENT. PRCECT, TASK
AREA & WORK UNIT NUMB RS

AO 2159
¢2701D

11. CONTROLLING OF FICE NAME AND ADDRESS
Advanced Research Projects Agency |
1400 Wilson Boulevard

Arlington, VA 22209

2. REPORT OATE
Aucust, 1974

13. NUMBER OF PAGES

14, MONITORING AGENCY NAME & AODRESS(if diflerent from Controlling Olfice)
Air Force Office of Scientific Researcﬁ/yv17
1400 Wilson Boulevard

Arlington, VA 22209

15. SECURITY CLASS. (of this report)

Unclascifi~d

OECLASSIFICATION. DC#NGRADING
SCHEDULE

1Sa.

%6. DISTRIBUTION STATEMENT (of this Report)

17. DISTRIBUTION STATEMENT (of the absiract entered In Block 20, Ul dlfferent irom Repert)

18. SUPPLEMENTARY NOTES

None

19. KEY WOR‘Di \Continue on reverse side il necessary and Identify by block number)
Climatic Chanses

Synchrorismnm
Mo. Atlantic
No. Pacific -

- Arctic
Arctic

20. ABSTR]AACT (Continue qn severse side {f necessary snd identily by block number)
¥

as

of the two rerions
filling=in and southwestward retreat of
1508 31l 1G450"s 1n relation Lo the
by a fillins-in of the Icelandic Low

N analysls of the climatic chanses from the 1921-50 period
te the following 1951-60 and 1941-70 decades
chronism in the annual and December-iiay changes of the circulatio:
revealed by the intensity and position of tne
Mo. Pacific (Aleutian) and No. Atlantic (Icelandic) Lows. A
the
{ G213

in the gare peoriods.

showed noderate s:n-

-

Al2utian Low in the

O patded war payailede

This v

DD 33" 1473

TION OF 1| NOV 6515 OBSOLETE

Unclazssified

SECURITY CL AS

SIFICATION OF Twrt5 PAGE (Rhina Data Enitere.,

)/

¢

M S e L




e o 1 lls bt e W

4 ieere "
. WSIFICATION OF THIS PAGE(When Data Fniered) unc 1ansiiioed

. Z 1o
., J continued. 17
iaumpanir.(_l’b.v a lowering of the annunl temperature:: in the 105000
ad 2 furstier lowerings in the 10960°'s in Alacka ind Iceland and aleo
a lowering of the December-liay temperatures in voth regions in the
/980°*c and a further lowerins in the 1960°'s in lceland thou~h noi
in Alaska, possibly due to a change in the site of the stations in
the 1960's.

f

o i

Lol et

= a

SECURITY CLASSIFICATION OF THIS PAGE(Whan Data Fntered)




— A
Ocean-Atmosphere Research Institute
1440 liassachusetts Avenue
Cambridse, lassachusetts 02138

-—-

AFOSR- TR- 74 -1612

FINAL REPORT
I. I. Schell and E. N. Sabbagh

August 1974

ADA000534

Sponsored by
Advanced Research Projects Agency
ARPA Order No. 2159

Approved for public relense
distribution unlimited,

ARFA uUrder No. 2159
Progran Code - [10
Mame o~ Contractor - Ocean-Atmosphere Research Institute
Eifec!ive Date of Contract - June 1, 1972

Contract Expiration Date - June 30, 1974

Amount of Contract Dollars - $104,007?

Contract Number - FLl620-72-C-0040

Princinal Investigator and Program hManager - I. 1. Schell
Phone iumber - £17-491-8552

Short iitle of Work: Synchronism of Climatic Changes

The views and conclusions contained in this document are those
o” the author and should not be interpreted as necessarily
representing the official policies, either expressed or implied,
o" the Advanced Research Projects Agency of the U. 3. Government.

copr e oI TITIe REACERSH (AFEC)
e

f ]
| 5 3

2 . (K] i Tee \i"‘)'

D. LD
Tecnmicar laigrmcuon Otticer

A¢




=

——— e, e

Summary Report

An investigation w2s made of the degree of synchronism of
climatic changes in the No. Atlantic-Arctic and No. Pacific-
Arctic from a consideration of the changes in the circulation
(pressure distribution), temperature, and ice conditions in
Bering Strait and off Iceland to help us obtain some ideas of
the causes of the climatic changes. An increased amount of heat,
for example, reaching the surface of the earth due to a
pcssible increase in the sun's heat output or to a decrease in
the atmospheric turbidity for different causes would in time
call for a global warming or a synchronous rise in temperature
in all regions while an internal adjustment of the atmospheric
circulntion involving also the oceans would lead to a warming in
some regions and cooling in others or a non-synchronous change.

An analysis of the changes in the circulation from the
1021-50 period to the following 1951-60 and 1961-70 decades
showed moderate synchronism in the annual and December-iay
changes of the circulation of the two regions as revealed by
the intensity and position of the No. Pacific (Aleutian) and
No. Atlantic (Icelandic) Lows. Thus, the filling-in and south-
westward retreat of the Aleutian Low in the 1950's and 1960's
in relation to the 1921-50 period was parallelsd by a filling-in
of the Icelandic Low in the same periods together with a
related southward intrusion of the Arctic High towards Iceland.

Tric was accompanied by a lowering of the annuai temperatures
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in the 1950's and a further lowering in the 1960°'s in Alaska
ard Iceland and also a lowering of the December-lay tempera-
tures in both regionc in the 1950°'s and a further lowering in
the 1960's in Iceland through not in Nome and Bethel, possibly
due to a change in the site of the stations in the 1960°'s.

The sharp increase in the ice off Iceland in the 1960's pre-
sumably had its origin in the increased transport of the ice

from the pack in the Morth that manifested jtself first north

of Iceland in the 1050°'s.




ynchronism of Climatic Changes

On the Question of S

in the No. Pacific and No. Atlantic Arctic

3y I. I. Schell and E. N. Sabbagh
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A. Introduction

|
l
|
|
“ An important consideration in studies of possible causes

of climatic changes 1is the degree of synchronism of the changes
i of different regions; whether or not they develop more or less
simul taneously and in the same direction or not in various

depending on the cause of the climatic change. An
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increased amount of heat, for example, reaching the surface of

the carth due to a possible increase in the sun's heat output

or to a decrease in the atmospheric turbidity with a decrease

in volcanism would in time call for a global warming or a

synchronous rise in temperature in all regions while internal

ad justments of the atmospheric circulation involving also the

oceans, would lead to a warming in some regions and a cooling

in others or a non-synchronous change.

tvidence that changes 1n the ice conditions in the North

Atlantic-Arctic can differ markedly in a given year from those

in the North Pacific-Arctic was recently presented by Rodewald

(1958) by comparing phenomenally heavy ice conditions off

qorthern Alaska in 10495 with the light ice conditions in the

i
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Greenland Sea (off Iceland) the same year. We may assume

howvever, that over a period measured in decades, rather than

in years, the response to a cause of climatic change would

show itself as a trend. To learn whether changes in ice condi-
Lions of the order of a decade or more in the North Atlantic-
Arctic are relatively synchronous with those in the North
Pacific-Arctic, a study was made of the ice conditions off
Iceland and in Bering Strait along with the circulation (pressure
distribution) and air temperatures of the three different periods

10:1-50, 1951-60, 1961-70 and compared for the two regions.

3. Tce off Iceland and in Bering Strait

{. Ice off lceland. "The severity of the ice off Iceland

is ucually expressed by an index that measures the duration

and extent of the ice along the coast. The average value of
this index for the 30-year period (1921-50) was 3.1 units fol-
lowed oy 1.1 units in the 1951-60 decade and by a sharp rise in
the last decade (1961-€9) that came to 50.4 units (Eythorsson
and Sictrygsesson, 1971).

?. Werine Strait Ice. St. lichael Break-Up and Freecze-Up

Dates. In the abhsence of historical data on the ice limit in

the Esrine Sea, we turn to the loneg record of opening and
~1osing dates to navirsation of St. lichael's in Norton Sound,
operine on gdering Strait (Weightman, 1941). While the dates
,f openins and closing in individual years at a given location
are not likely to reflect ice conditions over a wide area, we

ma assume that over a longer period, one or more decades, it
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mzy. 'The average duration of the ice season at St. lklichael

fer the 1921-50 period is 206 days followed by 202 days in

Lthe 1950's, while the dates for the 1960's are still being pro-
cessed by the National Climatic Center in Asheville (see also

deishtman, 1041),

C. No. Atlantic (lcelandic) Llow
1. Annual. Fig. 1 giving the average annual pressure
distribution in the No. Atlantic-Arctic shows isobar 1008 mb
north of lccland to run westward to the coast towards Greenland
indicating little ice movement towards lceland. A movement of
ice towards Iceland in the 1950's is indicated (Fig. 2) from
the direction of isobar 1012 mb which runs suthwestward and
a still creater movement in the 1960's (Fig. 3) as indicated
from this isobar which runs/:gsgswestward towards the coast.
Along with the indicated increased southward movement of
the ice from the pack in the North in the 1950's and a still
sreater movement in the 1960's, we note a lowering in tempera-
tures at Stykkisholm and Teigarhorn,respectively, in Iceland in
the 1950's and an additional lowering in the 1960's as the
cold air from the north penetrates farther southward. This
is revealed also from a filling-in of the lcelandic Low in the
1950's as shown by a shrinkage of the area enclosed by the 1008
mb isobar and a further filline-in of the Low in the 1960's shown
by a further reduction of the enclosed area (Firs.1-3) as well
ns the disappearance of the area enclosed by the 1006 mb isobar

in that decade.
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2. Dec.-liay. A similar filling-in of the Icelandic Low
may be seen in the 1950's and another filling-in in the 1960's
during the December-lay season as shown by the shrinking of the
area enclosed by the 1004 mb isobar in the 1950/1-1959/60 period
(Figs. 5) as compared with the 1920/1-1949/50 period (Fig. 4) and
its disappearance in the 1960/1-1969/70 (Fig. 6.). This is
associated with a southward extension of the Arctic High
(1016 b isobar) in the 1950's (Fig. 5) from its position in
the preceding 30-year period (Fig. 4) and a further southward
extension of the High in the 1960's (Fig. 6), together indi-
cating a progressively greater outflow of cold air and a south-
ward movement of the ice from the pack in the North towards

Iceland that finally reaches the coast in the 1960's.

D. "o. Pacific-Arctic (Aleutian Low)

l.Annual. Fig. 7 shows the Aleutian Low in 1921-50 to be
well developed with isobar 1008 mb extending northeastward
into southwestern Alaska in contrast to the same isobar extend-
ing only into the Alaskan Peninsula in 1951-60 (Fig. 8) and even
less rnortheastward stouping short of the Peninsula in the 1961-70
decade (Fie. 9), reflecting a progressive southwestward with-
drawal »f the Low in the 1951-60 and 1960-70 decades. The south-
westward withdrawal of the Aleutian Low in 1951-60 and again in
1961-70 suggests a lesser inflow of relatively warm air into the
region in the last two decades that would account for the lower-
ire of the annual temperature at Nome and Bethel in 1951-60 as
~onpired with the 1921-50 period and a further lowering in

1¢51-70 (see Table 1).




Fig., 4. December-llay 1921-1950 Pressure (mb).
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2. December-i‘ay. A similar trend appears in the December-

llav season when St. llichael is on the averare beset by ice as
reckoned in whole months. Figs., 10-12 show isobar 1008 mb
reaching northeastward into southwestern Alaska in 1921-50,

and apain stopping short of the Peninsula in 1061-90, showing
a progressive withdrawal of the Low southwestward . A filling-
in of the Aleutian Low in the 1951-60 and 1961-70 periods is
rcevealed from the absence of the 1004 mb isoabar shown in the
19.21-50 period (Fie. 10). This is accompanied by lowering

teriperatures in both the 1950°'s and the 1960°’s (see below).

£. Temperature

Table 1 eiving the mean annual as well as December-liay
tenperatures at Stykkisholm and Teigarhorn (Iceland) shows
a decrcase in the 1951-60 decade from its 1921-5C averages
and a further decrease in the 1961-70 decade, in accordance
with an increased inflow of cold air from the north in the
1950°s and again in the 1960's as compared with the 1921-50
period.

Tablel similarly ziving the mean annual as well as the
Decemboer-iiay temperatures at the Alaskan stations Nome and
Jethel opening on usering Strait shows a decrease during the
1951-50 decade from the average of the preceding 1621-50 period
and 1 further decrease in the annual thoush not in December-
ay, in the 1961-70 decade (see below), in keeping with the
‘cuthwestward withdrawal of the Aleutiar Low and a presumed
recer o intflow of relatively warm air from the ocean modified

py its passase over land.
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We are at a loss tc explain the lack of a further decrease in
th2 December-Lhay temperatures at Bethel and Nome in the 1960°'s
unless it arose from a change in the site at Bethel and to an
elevation of the thermometer to 125 feet from 10 feet, which
would raise its temperature in winter due to the inversion,

and also a move of the Nome station from its previous site.

Table 1. lean annual and December-liay temperature deviations
2t Nome and Bethel in Alaska and at Stykkisholm and Teigarhorn
in Iceland in the 1951-60 and 1961-70 decades from their

respective 1921-50 averages.

Nome Bethel Stykkisholm _‘leigarhorn
Ann. Dec-iay Ann. Dec-liay Ann. lDec-.ay Ann. Dec-iay
% oc oc oc oc o¢ o¢ oc
1951-60 -0,2 -0.9 =-0.5 =-1.3 -0.1 -0.3 =0.2 -0.6
1961-70 -0.6 -0.6 -1.2 -0.8 -0.7 -0.7 -0.8 -0.8
om0 e R Um0y L by

(average)

I'e Remirks

Cir attempt to show synchronism in the changes in the No.
Atlantic-Arctic and the No. Pacific Arctic by comparing the
circulation (pressure distribution), air temperatures, and the
ice conditions off Iceland with those in Bering Strait can be
taid Lo have been moderately successful.

A moderate degsree of synchronism between the two regions
ic chown by the southweslward retreat and filling-in of the
Aleutian Low in the 1951-060 decade as compared with the 1621-50

period preceding it, and arain a further retreat and a filling-in
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! of the Low in the decade 1961-70 on the one hand, and a prog-
re:sive shrinking and a filline-in of the No. Atlantic Low and

4 southward extension of the Arctic High over northern Greenland
affecting Iceland in the 1950's and 1960's on the other. Simi-

larly, the lowerine of the annual and December-i.ay temperatures

in the 1950's in both resions and the further lowering of the

W T ea————

annual and December-i.ay temperatures in the 1660's in Iceland

ard possibly also in Alaska signifies apain a certain synchro-
ni:m in the climatic changes of the two regions.

: The record of openins and closing dates to navigation at

St. lilchael openine up on Bering Strait in the 1960's, as this

is being written, is not yet available to allow a comrparison with

the lce conditions off Iceland.
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