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An Arctic Sea lce Data Set, 1901-1956

P. M. Kelly
Climate Research Unit

University of East Anglia
Norwich, England

The Clinatic Research Unit. University of East AngIia, is engaged in a

feasibility study of the potential for Arctic sea ice orealiction on climatic time
scales. The main stages in this !esearch are sumna!ized in aoDendix I. rhe o!ogram
in"iuae" the collection of sea ice data for the Arctic covering the 2oth century; the
statistical analysis of these data to identify the major fluctuations -in. sea ice

"ii".i, 
tr"ttr siatially and tenporally; correlation with climatic and atmosoheric

circr_rIit1on data to determine the inmediate causes of these sea ice variations, not
;;;i;;i"q the possibility of feedback; anal research, both theoreticat and enpirical'
uim"a it'u"fti"uing the clegiee of unde!standing of the causes of these variations in
ctirnate "na sea ice whicb is a necessary preiequisite to any predictive effort' This
piper deats with the first stage in this research: the collection of Arctic sea lce
data for the 2oth century.

onqoingdigitizingprojectsbyWalsh(lc?8)an.](ukta(personalconnunication)
ure "onc".n.d 

wi[h data for tfie last 25 years or so, but few digiti2ed .alata ale
i.ruifuuf. for the first half of th; 2oth century' Pronounced changes in sea ice
i*i."1-."."ii"4 Juiing tttis period, which is considered to be without a clinatic
o"riffef aurinq the last iew hundred years (Kel1Y, 1975; Larnb ana Morth, 197B)' rn
;;;;;-;; .*i.^J-tn" existing sea ice data base, we have cigitized, and are currently
iiie""ing the reliability of, the circunpolar ice limit contained in a chart series
Droduced by the Danish lteteorologicat Institute (DMI) tor the oeriod 19OI to 1956
( Thomsen, 194?).

Durlng the 1890rs, the DMI published reports of ice conditions in the Davis
Strait, anri later between GreenlanC and \ovaya zemlya' in the Instituters Yearbook

ili"ii"*- l,teieorologiske Aarb99). 1n 19oo, this work was extended to cover all arctic
reqions wfr t-tEa were ava-ilatjie. Information was obtained from sources in Canada,

C"i.unV. Great Britain, NorwaY, Sweden,. the . Unite'l states' and the DSSR' These

ou""i"iiion" originated iton nuuii an'l nerchant shiooino, shore observers'..an'l' in
iil.i v.u.", aircraft reconnaissadce. During the oeriods t9ol-39 and 1946-50, the
instituie puiti"nea an annual report' T!9 state of. the rce ,in . Arctig, seas-' This
publicationcontained,tstext'su'nmariesoftheicecxte.]tintheTonthsan.reglo4s
i.i 

"f, 
i.tt observations *.." u.ruiIub1", and, on multicolored charts, compilations of

these observations for the months of ADril to August (occasionally September) when

most informa tion was available.

The obselvations were plotted on a polar stereoqraDhic Drojection of the Arctic'
Direct observati.ons of pblar tast ice, htinte! fast ice, bi'i ice floes, close drift
i"",-opu" clrift ice, icebeigs, and bergY bits were olotted in red, ''ith the date of
oUi"..rition occasionally given. In-;,tdition, a red curve iidicated observed l imits
u"i""".."." sea and ice whJie available; a dashed Iine qave a climatologlcal -4:!ql-i"" -ii.it- (ioi a period of Years r',h ich changed durinq the chart series); and' as
aeii.,ea Uy a chanqe fron a white io a blue-green background on the chart,- an ice limit
UiseC nartialty on ,lirect observations and oartially on supposition' This final ice
iimit i! henceforward referred to as the estinat-ed ice 1init. It indicates tbe edge
of the DtlI classification ',ooen drift icenl---Irr--dertain regions and in certain rnonths'
the charts contain the phrase "state of the ice unknown" or "no data"r although an

estimated ice limit is generallY given for such aleas'

the number of direct observations plottec on these charts is not great, even in
thelateryears.ThecoverageisreasonablealoundGreenland'Iceland'an'l
sDitzbe!qen. Elsewhere, and particutarly in the rlestern Arctic, the coveraqe is Door.
r;;-;;;;ii;; oi "tt"n infornation ro disitize from the Dr{r charts posed sorne Droblems.
oluidu"rv. the direct observations, plotted in red, nusb be considered the nost
;;ii";i;; however, their variable coverage in soace and lime precludes rigorous
statistical analysis. It iras decided, therefore, to diqit,ize the estimated ice lirnit
initially. anal oerhaps to ;d,l to this at a later stage. In iegions of good dat-a

"ou"rug", 
the esti;ated timit conveniently synthesizes the Ci!ect observations, and

even ii regions of ooor coverage, 491 contain some reliable information'



The latitude and longitude coordinates of the estimated ice linit eere diqitized
aC a spatial resolution of about lOO kn. depending on the distance of the particular
seC of ooints from the po1e. It was felt that the accuracy of the data and the
coarseness of the definition of the limit on the charts did not earrant increased
spatial resol.ution. fhese coordinates are currently being transferred onto the Enegrid shol'n in figure 1. This qrid, over the area analyzed in the DUI charts,
corresponds to that used by Walsh in his digitization of recent data (Walsh, f978).
The resulting data set will give an ice/no-ice indicator for each sguare in the grid.
At a later staqe, details o€ ice concentration mav be substitute,l for the simDtFAt a Iater stage, detaits of ntration may be substitute,l for the simDleice/no-ice indicator rrhere data are available. A1so, various regions are
selected for close study, and a finer grid ernpLoyed.

to be

Figure 1. SEandard one-degree lce dara grtd.



- As we have digitized the furr circumrrolar 1imit, incrudinq the estimated limit inregions of little or no data, the question of data reliability or homogeneiiv is otgreat inportance and is currently being assessed, The forlowinq Doints are beingstudied:

1. ltoe does the Dani.sh sea ice terminology corresponal to recently .levelooed
conve nt ions ?

2. tro'r reliable nere tbe orirjinal shioping and shore observations of sea ice?
3, How, and by whon, lrere the charts compiled from the direct observations?
4' Eolr was the ice limit estimated in regions of scarce or nonexistent arata?

. This final question is perbaos the nost inportant. It is obvious that at cerEarntimes and in certain reqions, the estinated ice limit follows the climatological"nornaln also given on the charts. At otber tines, this is not the casei anextrapolation has sonehor,r been nade. There are three fairry ouvlo,_rs posiiuitiiies,
L Extrapolation in space, from adjacent areas lrhere data were available;
2. ExtraDolation in time, using data from previous months,

3-. Using auxiliary 
_ 
infornation; perbaps unolotted ice data or oossiblyclinatic or atnospheric circulation data.

The reliability of these estimation nethods deoends to a great extent on theexperience of the chart analyst, and, given the wide variations in sea ice extentduring the present century' upon the period of years on which tbis exrrerience lsbased. llence. the inportance of determinin; lrow, and by i.hom, the cbarts wereconpiled. The preparation of the reports was unaertaken by four people rluring rlleperiod 1901-55 -- V. Garde, C.,l.H. SDeerschneider, rt. Thomsen, and {.V.L.Lorck -- $ell-known names in the history of sea ice investi.rations.
In order to resolve these Droblens, t\do aDoroaches are beinq taken. First,information pertaining to the cornpilation of the charts is being iouqht t.o. .nuDanish {eteorological rnstitute and iir the relevant scientific liteiature. G".ona,various scatistical analyses are being undertaken. principal cornponent or eigenvectoranalysis is being used to identify the most important sDatial oatterns or "iiiauititvin the sea ice and clinatic data sets. This technigue can also be used to hiqhlightgross errors (l(elly and Chance, 19?8). A number of long series of sea extent daEa aEvari.ous locations have been corlected (see table 1) and these, if based on inaepenaentdata, rill be used to verify the DuI data set. Tbe data set produced by:,Ia1sh (1979)overraps the DMr data set during the period 1953 to 1956 (arihough it is not stricttyindependent), and lrill also be used foi comoarison Durposes.

After this assessment is cornprete, gross errors lrir1 be removec from the DMr dataset, the data erilI be flagged with a reliability rating, and will then be nadeavailable to other investigators. A detaired description of €he ,rata set wilr bepreoared for publication at that time.
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Table 1. Sea ice data for lhe Notthern Hemlsphere.

Arctlc Ocean
(eastern)

Arctlc Ocean
(eastern)

Brooks and
Queflnel (1928)

l.Ialke! (1947)

State of the Ice
ln Arctlc Seas:
Supplement ( 1917 )

Kara See

Baaenla

Iceland

Balt{c

west Greenland

Newfoundland

State of the Ice
ln Arctlc Seaa
(1917 )
ttaksinov, Smlrnov

Kocl, (1945),
77

State of the lce
ln Arctlc seaa:
supplehen! (1917)
Kirillov and

Laob (19 77),
Koch (1945),

lanb (1977),
Betin and
Preobazen6ky ( 1959)
Speerschnelder

1915

sea (a)

(b)

creenland
Sea

Atlantic:
lcebergs

(a)

(4,

(b)
(c,

(a)

(b)

Baffto Bay

okhotsk Sea

North S1ope,
Al.aaka

walker (1947)

U, S. Coast Guard

Ml1es (1974)

Keen (L977),

Barnett (1978)

sewada (I957)

I,lelghted total of 1ce
ln creenlafld, Barents

Index of lce severlty
ln creenland alld
Barents Sea and

1897-1938

April-August

Apr i l-Augus t

Aprll-August

AtrlI-August

1877-1915

1924-1968

0ctober-septemberr600-19 75Weeks per year qtlth
drift ice on coast

1530-1958

1120-1957
1763-1926

Date of f lrlal opening
of Port Rlga
MaxlrDun eree
Number of days \tlth

Northnard extent of
"storls"

1821-1939

Index based on Daxlmun
eas!9ard end southward

Severiiy hdex

Nunber of icebergs

1952-197 4Date of clear.lng

1953-r976

Anonaly of drlf! lce
period (days) at
(a) Abashiri
(b) Shana
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Appendix. I

A BASIS FOR FORECASTING THE ARCTIC SEA ICE OVER A FEW MONTITS TO MANY YEARS

The project ' vrh ich
September 1977. The
abi I ity for the Arctic

is funded by the U.S. Office of Naval Research, connenced in
objective is to lav the founilations of a scientific forecasting
sea ice on cime scaLes of a fraction of a Year to tlecatles.

This is to be acconDlished in three stages:

(A) The collection and diqitization of available sea ice
extending back to the l.gth century.

data for the Arct ic

(B) The identification of past variations in sea ice extent and associated
fluctuations in ctimate and the atmospheric circulation'
(c) If feasibte, the development of a forecasting scheme based on a thorough
understanding of tbe mechanisns underlYing the variations in sea ice. clitnate anal
the atmosDher ic circulation.
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