
r
I/ AD—A074 720 (R4IVERSITY OF EAST ANGLIA NORWICH (ENGLAND) CLIMATIC —ETC F/S 0/12

A BASIS FOR FORECASTING THE ARCTIC SEA ICE OVER A FEW MONTHS TO—ETC(U
JAN 79 H H LA* NOOO14—t7—G— OO7~UNCLASSIFIED PiN.

~~~472j~~~~~~~~~~~~~~~~~~~~~~~~~~~fl

I
I
I
I

END
DATI

“LIED

I\ —79
0OC



1.0 ~: ~
____________ ~ ~ 2.2

I .

lllII~L25 11 1.4 to
_  It

MICF~OCOPY RESOLUTION TEST CHART



f

q 

~~ 

~~ : ______
* r .~

c~~~~~~~
• •• •

~~~~~~~~1~ ~~~~ ~~~~~~~ _______ ___________

~~

I.



_ _

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE . THE COPY FURNISHED
TO DDC CONTAINED A SIGNiFICA NT
NUMBER OF PAGES WHICH DO NOT

REPRODUCE LEGIBLY.

L

~~~~~~~~~~~~ .. .~~~~
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



..
.

•1 

~~~~~~~~~ 

. 

.

- - ANNUAL REPORT No. I

Contract N0001’i—77-G-0074

NR 307—397

II!
A BASIS FOR FORECASTING THE ARCT IC

SEA ICE OVER A FEW MONTHS TO MANY YEARS

- January 1979

- .  
Pr nc i pal Investi gator: PROFESSOR H. H. LAMB

- .  

Co-ord i nator : ~~~~~~~~ 
DR. P. M. KELLY

. L . (~~‘C1Ima tic Research Unit
1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Un i vers i ty of East Ang l ia ,

Norw ch , N~4~’717~ #~-. ~~

, UN I TED KINGDOM 2



—.—.- - — -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~~~~~

HJL-STD-~47A
__________________________________ 31 .~anuary 1973

I c s,~ ,’~ ~~~~~~~~~~~~~~~ 
(~ F 

~~~~~~~~~~~~~~~~~~~~~~~ 
1 . d  

—

REPORT DOCUMEU1.~TIOU F-AGE
I. %~ IW 4 ~ s~UMI~~” .; (.D~~1 ~ CL LL~.IO . .C~. ~ ‘(~~ .“ IL.. I

Annual Report No. 1

~~~~~~~~~~~~~~~~~~~~~“‘ Annual Rep~~tNn 1 ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ INIOD C D V L I L D

*~basis for 4~~ecasting the ~ xctic Sea ice .1 1 Oct 77 - 31 Dec 78
over a few ~onths to many yei~s. ~~~~~~ $ ~~~~~~~~~~~~~~~~ ~ L•~DS~ ~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~ —- —‘-~~~~~~~ _ _ _ _ _ _ _ _

). £5J~~ISDk5•) ‘r.L,~~M.1.A _R~ _~~ ±~~’ 
WU~~~~L 4.1.I j

Contract N00014-77-G-O074 
~~~~~ _____ _________________

•. r s.io.oiu.C. o..~~~ w Ia*t .o ,  s.~~et. ~~.D LDD*j.$S SD ~~~~~~~~~~ •..i w i  C~~.A L I *  a ~~~~~~ U.II  w~~w~~L~~I

Climatic Research Unit, University of East NR 307—397
Anglia, Norwich , U. K.  

________  _____________________

II. cc.wIwoLLswc.or i Icc  W~~W C £S. D i S Z ~ 
— 

S ________________

Office of Naval Research
Code 461, Arctic Program , Arlington,VA 222

SI. NDMI1ONlN~~ £ C L W C V  ,. *ut a AOt ~~ L$S(4i ~~~~~~~~ g. .. C. I...SIS.. ~ ~~~~~~~ II (CUSS,*  V CI *11. (.e ~~~ ~~~~~~

Unclassified

I%•. t , ICt S t t A1.OUS0O~ W~~~ADIWD

ID. tJIIltIIbUISON $~ A V L w C W T  5.5 II... SS•p.ft ~

The distribution of this report is unhimi ted.~j O ) H %  H~ ~~~~ L
$7. DIII RI$sJ T IQN IT £1 CUtw i  1.1 5?.. •~ •.~•~ l ~~ S••• 4 Sn RI~ (* 70. 5? ~ S??.,.M ~~~~ R•Pl’dJ 

-- -
~

~ i T i ~1 rep t. ao~ 1 1 ~~t 7l—3l ~~~e 7 8 , 
____

IS. $ S . S 5 . P L I W ( SI T *K Y  U D I C S  

[_ __  - - -

~,. ~~~~ ~~~~~~~ ~~~~~~~ ~~~~~~~~~~ •d •  ~ ~~~~~~~~~~ 
Sd..IS5~ by s.. . ... ~.s..I

ARCTIC OCEAN SEA ICE
Sea Ice Fo~recasting
Atmospheric circulation Data
Climatic Change Air/sea/ice interaction C1imato1o~ya.. *bSlA*C1 (C nISn.- ,....... •11 II ...e. ...~y .nO I4.niiS~ I~ S~.c& øw.~b.I~

This report suamarises research peforined under contract N000l4-
- 17—0-0074 during the period 1 Oct 77,.,. 31 Dec 78. Research topics
include: (i) the collection of Arctic Sea ice data,(ii) statistical

• analyses of sea ice and climatic data,(iii) investigation of the
physical mechanism responsible for inter-annual and longer changes
in sea ice extent.

DD ~~:‘~ i~n CD.1.o. c~r $ ..~,v iS ,~ c. I, ,c,

• itCU’.~t V  Ci. .~~S,f IC* 1 I D w  DI 1~~ l$ P.(. C t ’~~. 1 . • l° • ~~ø /

• 

.

LI L ..



—
~~~~~~~~

• —-~~~~~
-., 

~~~~~~~~~~~~~~~ 
-. • 

~~~~~~~~~— ‘~~~~~~~~-~~~~ - ~~— •

ABSTRACT

An 80—year set of sea—ice da ta has been col lected and digitized, and
• work is in progress to verif y  this data set. Principal component analysis

has been used to identify ‘typical ” mean sea level (MSL) pre ssure anomaly
patterns and their tempora l variations, and these have been correlated with
long series of sea ice indices for Various regions. Time series analysis
of these sea ice and MSL pressure data has revealed characteristic time scales
of variation , as well as signif icant long—term trends . In addition, studies

• have been made of various mechanioms which may have been responsible for
the fluctuations in the atmospheric circulation and sea ice.
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I NTRODUCT I ON 
-

This report , for the period ending 31 December 1978, covers the major
achievements of the f irs t yea r of the project “A basis for forecasting the
Arctic sea ice over a few months to many years.” Prim ary results are

-summarized and reference Is made to articles , ei ther publ i shed or pend i ng
publication , wherein further details can be found. The activities of the

Princip al I nvesti gator, Professor H. H, LAMB , are detailed when relevant to
this project.

The project can be b roken down in to three stages :

1. The collec tion of sea ice data .

2. The iden tification of associations between the sea ice variations

and fluc tuations in climate and the atmospheric circulation .

3. The developmen t of a predic t ive scheme , base d on a thorough
phys i cal understanding of the processes involve d in changes in

sea ice extent.

The following report lists ach i evements during 1978 under these three

headings .
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I. COLLECT I ON OF SEA ICE DATA

A major task of the first year of this project has been the col l ection

and di gi tization of sea Ice data for the 20th century . This extension of

existing collections of sea ice data back in time is a necessary pre requisite

to any attempt to predict sea ice variations on time scales longe r than a few

years. Dr. J. E. WALSH (Uni vers i ty of Illinois at Urbana—Champa i gn) has kindly

provided a di gitized data set for the period 1953—76 and the charts for the

period 1901-56 , published by the Danish Meteoro logical Institute (Isfolderene )

have been d i g itized and gridded in the same format, resulting in a 76-year data

set for the Arctic. The Danish data is current’y being verified as there are

obvious prob l ems with rel iabi lity in certain regions , an d par t i c u l a r l y  in the

early years . These matters are discussed in a paper by Dr. P. M. KELLY ,

del ivered at the “Workshop on Mapp in g and Arch iv in g of Data on Snow Cover and
Sea Ice”, held at the WDC—A for Glaciology , Boul der , Colorado in November 1978,

• and to be publ ished in Glaciological Data,5 (April 1979). A preprint is

included with this report..

• 
- Since that paper was written~ fur ther evidence of the reliab i lity of the

Danish Meteoro logica l Institute ice charts has been obtained . Although the
statistical verification of the data is not yet complete , from comments by

various authors, and in particular KOCH (191~5) , it appears that the ice limit

tha t we have di gitized can be considered relatively reliable in the Atlantic

sector and much of the eas tern Arct ic , but that the data for the Pacific sector
are unlikely to be of much val ue. KOCH (191+5) summarises various sources of

erro r in the ice char ts:

1. The data were gathered rather indiscriminately and , in later years , the
chart anal ysts had little experience of ice navi gation .

2. The estima tes of ice encountered near the Ice edge or further into the

ice be l t were hi ghly subjective , and there were certainly variations in

the terminology used by the different observers.

3. 
- 
The impression of i ce Severity was affected by the size of vessel , and
par t i cul ar ly  the hei ght of observation .

• • •4. The ice edge repor ted may have been a narrow be l t of I ce removed from the

L - actua l Ice edge.

t 1. 5. Fog , frequen t l y occurr in g nea r the Ice edge , may have caused diff iculties
- 

. 
in determining the position accurately. In add L on , the determination

of long i tude befor.e radio became widely available was prone to error ,

• and detailed maps of the East Greenland coast were not available In earlier 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • L _-
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U 6. The estimation procedures used in areas of little or no data may not

have been reliable.

Despite these reservations , KOCH regards the data , at least for the

I Atlantic sector, as be i ng sufficiently reliable to i ncorporate in his authori-

tative tract on the East Greenland ice , and we therefore feel that the

- • relia bility of the data will meet our needs.

In addition to the hemispheric data set, various series of sea ice data

at locations around the Arctic have been collected. These are listed in Table I;

ful l references to the data sources are g i ven in KELLY (1979).
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II. ASSOCIAT I ONS BETWEEN SEA ICE VARIAT I ONS AND CHA NC ES IN CLI MAT IT AND

ATMO SP H E R I C  C I R CULAT I ON

2.1 Collection of climatic and atmospheric circulation data

• 
The collection of climatic and atmospheric circulation data has been

largely covered in previous reports. Two recent acquisitions deserve mention ,

however. -

The first is a di g it ised set of MSL pressure data for Janua ry and JU1-~’
which extends back to 1750 and has been extracted from LAMB and JOHNSON (1966)

by the U.K. Meteoro log ica l Office . These data wi l l provide a va l uable check on

our analyses of the 106-year MSL pressure data.

Tt-~ second data set has been produced by Dr. P. M. KL.LY in col laboration
with Dr. P. D. JONES (Data Manage r , Climatic Research Unit). Station air

temperature records at a variety of locations over the northern hemisp here

have been extracted from World Weather Records, and interpolated onto the grid

used in the ana lyses of atmospheric circulation data detailed i n  Section 2.

This data set provides the best estimate of air temperature fluctuations over

the land masses of the northern he m isp here as the gridding reduces problems

stemming from the vary ing bp ati al concentration of station data and , throug h the

averag ing inherent in the interpolation procedure , reduces the influence of

• observational error. An account of the derivation and anal ysis of this data

set is being prepared for publication .

• 2.2 Analysis of c l imat ic  and atmospheric c i rcu la t ion  data

• In order to obtain objective measures of climatic and atmospheric

circ ul at i~on variability for correlation with the sea ice data , princ i pa l

component or ei genvector anal ysis (PCA) has been app lied to sets of northern

hemisp he re data (MSL pressure , 500 mb hei ght , 1000—500 mb thickness , air

temperature , and sea surface temperature for various reg ions). PCA can be used

to ident i fy “typ ical” spat ia l  patterns of anomalies , and the time series of the
• coefficients of these patterns wh ich g ive a measure of the strength of the

particu lar pattern in every year/season provide a set of parameters covering
• the mos t i mportant variations in the spatial data scts. This method has distinct

advantages ove r the alternate method of selecting various indices of climate and

the atmospheric circula t ion on “a priori” grounds.

Ih~ A ~~~~~~~~~~~~~ -- —-— -~ -- - •~~~
• - -- • - -~~ - -~ - ----—- - —--~~ • —- • • --•- - - - - -—~~-——------- ~------ - —-———••-~
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The analyses completed so far have completel y borne Out the va l ue of

this approach and the major results are currently bein g prepared for publication .

Sel ective results are described in the article “Forecasting the-Arctic sea ice
- 

• on time scales of a few months to many years ’1 (Climate Monitor, 7(3) , 1978),
wh i ch is included with this report. Of particular interest is the presence

in the princi pal components of fluctuations on i dentica l time scales to those

identified in the sea ice data . These points are covered in later sections of

this report.

In addition to these basic analyses of the climatic and atmospheric

circulation data , various indices of the strength of the circumpolar vortex ,

block i ng in the North Atlantic sector, the frequency of extremes over the

• northern hemisphere and the frequency of weather types of the British Isles
• and Europe have been analysed. An investi gation of the Lamb catalogue of daily

weather types has resulted in an interesting pa rallel between the behaviour of

atmospheric circulation during the 1970s and the extreme decade of the 1780s,

•wh i ch may be of va l ue in attempts to forecast by the ‘analogue ’ method . A paper

on this work is currently being prepa red for publication .

2.3 Analysis of sea ice data

In order that the di gitization of the major sea ice data set should not

delay analysis of sea ice/climate correlations , various long series of sea ice

informa tion at various locations have been obta i ned. These are detailed in

• - Table 1 of this report.

The major fluctuations evident in these data have been identified and the

data have been correlated with the pr inci pal components of the MSL pressure data.

This work is currently being prepa red for publication; the major results are
• summarised in the following sections:

(a) Long—te rm variations :

Studies of sea icc extent and other oceanographic anc climatic charac—

terlstic~ of the north-east Atlantic have shown that- great changes occurred

between the so-called Little Ice Age (which was most severe in the late 17th

century) and the earl y decades of the present century . Two recent publications
• by Professor H. H. Lamb are relevant: LAMB and MURTH (1978) and LAMB (1979).

p •~~~~~~~~ -~ ————-~ •~~~ •~~~_~~~•_•~~~~~~~~_ •__ —— -~~~~ ~~ -—~~~~~~~ - - -- •—•-- .~~~~— - -• —



— •— -— — -
~~~~~ 

—‘—=,_r--,--~~ 
—. — ~~~~~~~~~~~~~~~~~~~~~~~~~~ -“a,.

• •~~~ • • ~~~~~~~~~~~~~~~~~~~~~~~~

• - 6 -

The 80—year sea ice data set is be i ng used to investi gate the large-

scale and long-term changes in sea ice extent over the present century ,

and certain long series of sea ice extent for l ocations around the Eastern

Arctic are being used to prov i de additiona l information for the -pre—1 900 period .

As far as the causes of these long—term fluctuations are concerned, the results
of the correlations between the sea ice data and the MSL pressure princ i pa l

components suggests that changes in the strength and position of the Iceland

Low are a prime factor. The fluctuations in sea ice extent probably do not

occur in direct response , however, but through the complicated response of the

atmospheric and oceanographic climate to changes in the atmospheric circulation .

In order to throw li ght on this point a detailed study is being made of

fluctuations in sea ice extent , clima t.e and the atmospheric circulation during

the period since 19145 , when relatively p lentiful data are available. An

exploratory study is complete and is being prepared for publication .

Previous work by Dr. P. M. KELLY (KELLY , 1977) has shown that a strong

correlation exists between the leve l of volcanic dust in the stratosphere and

the frequency of south-westerl y winds at London (an indirect measure of the

strength of the Ice l and Low) over the period 1675 to date. In order to obtain
• a more direct measure of the strength of the Iceland Low, princi pal component

analysis has been applied to the set of North Atlantic pressure data for January

and Jul y over the period 1750 to date . This work has confirme d the long-term

fluctuations identified in the earlier study and , althou gh furthe r research is

essen t ial , prov i des ev i dence of a causa l mechan i sm for the recovery from Li tt l e
Ice Age conditions during the 19th century. -

(b) 7- to 8-year cycle:

Spectra l analyses of the time series employed in this study have revealed

two strong and statisticall y si gnificant spectra l peaks wh i ch occur selectively

• In various parameters and reg ions. While such peaks are often considered to be

ev dence for quasi-regular sinusoida l fluctuations in the data series , our
research shows that this is a premature conclus ion. The term “cycle” is used in

this report to describe a physica l process in the climatic system wh i ch goes
throug h a well—defined evolution with a characteristic time scale , but wh i ch is
not neces~ari ly repeated at regular intervals.

- 
- 

This point is clearly demonstrated by our research into the causes of a

peak at 7 to 8 years in the power spectrum of a record of iceberg counts for the

.. western North Atlantic. This fluctuation is also evident in the strength of

the Iceland Low, and a phy sica l reason for this co-va r lmçiq~ I $ rea~ Iy~ pp~ cot.~~ L~~



-

will have a direct effect on i ceberg advection . As discussed in the previous

sec t ion, there is a striking correlation on longer time scales between the

strength of the Ice l and Low and the amount of volcanic dust in the atmosphere.

KELLY (1977) has shown that there is a 7- to 8-year cycle in LAMB ’s Dust Veil

Index (DVI), which is a measure of the amount of volcanic dust in the stratosphere .

In formulating the DVI , LAMB assumes that, after the initial injection of

dust into the stratosphere, the dus t load decays linear l y over the following

four years. The DVI therefore contains a number of superposed ramp functions ;

a ramp function takes the shape of a reversed shark fin. By a series of simu-

latlons of the DVI , based on random numbers but incorporating a linear decay , it

has been found that this formulation will give rise to the 7— to 8—year peak found

In the power spectrum of the DVI . This does not i nvalidate the i mportance of

the 7 to 8—year cycle as an indicator of correlations between vol canic activity,

climate and sea ice fluctuations , but shows tha t its predictive va l ue is limited

• to the few years after a vol canic eruption .

Work is now in progress aimed at i dentifying the effects of particular

eruptions on climate , and in clarify i ng the relationship of this 7- to 8—year
• cycle to a process on a similar time scale , wh i ch BRYSON and STARR (1977) have

proposed as an explanation of much of the inter-annua l climatic variance . A

report on the stochastic experiment described above has been submitted for publi-

cation , and is included with this report.

(c) The 4— to 5—year cycle:

• “It is a well-known fact that every four or five years a large number of
‘icebergs ’, float ing from Green land, arc stranded on the west coast of Ice land .

The inhabitants are then aware tha t their crops of hay will fail, in consequence
of the fogs which arc generated almost incessantly~ and the dearth of food is

not confined to land, for  the tenrperatu re of the water is so changed tha t the
f ish  entire ly desert the coast. ” LYEIL (1872)

Spectra l analysis of the three century—long record of ice on the coa - ts of

Iceland has confirmed the existence of the 14— to 5-year fluctuation briefly

referred to by SIR CHARLES LYELL in the last century . This cycle is also present

In records of ice extent in the Arctic seas north of Iceland , and off the North

Slope of Al aska. Our findings suggest that this cycle is , on~e again , not
• evidence of a regular sinusoida l fluctuation , but is a si gnature of a ,‘rocess

wi thin the climate system wh i ch has a characteristic time scale but is not

-•  . necessarily repeated.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Using the results of the princi pal component analyses of MSL pressure

and air temperature over the northern hemisphere and previous work by DICKSON
(1971) wh i ch documents the presence of this cycle in salinity in the European

shelf seas , a climatology of this fluctuation has been bu ilt up,- and a causal

mechanism is being investi gated. It is suggested that this fluctuation has its

ori g in in an atmospheric circulation-induced change in the ocean current systems

of the north-east Atlantic and seas of the eastern Arctic. Once established ,

this alteration in the current systems , and concomitant changes in ocean

temperature and sea ice extent , in turn affect the atmospheric circulation .

DICKSON (1971) has proposed that this cycle is initiated by periods of

enhanced southerly winds over the eastern Atlant ic. This anomaly in the atmo s-
pheric circulation produces increased advection of oceanic Atlantic water into

the Euro pean shelf  areas, thereby altering their salinity. The effects of the

increased influx of Atlantic water can be traced northwards , and it is suggested

that this produces changes in the sea ice boundary , either directl y through

altering the ocean temperature distribut i on, or indirectl y by chang ing the ocean
current patterns . The numerica l model ling experiments of HERMAN and JOHNSON (1978)

suggest that a change in the sea ice boundary in the Barents Sea will have an

effec t on dep ress ion fr equency in that region . In particular , they note in the

model experiments a tendency for reduced ice extent to be accompanied by increased

depression frequency . This association is also suggested by our anal ysis of the

IISL p ressure e i genvectors . The component representing the strength of the

depression track running from the Iceland Lo~ up into the eastern Arctic contains

the strong 4- to 5—year cycle , also found in sea ice extent. Furthermore , the

firs t princi pal component of air temperature over the northern hemisphere land-

masses also contains this cycle and this pattern : a contrast between the tempe-

rature deviations over the eastern and western northern hemisphere would be

produced by changes in the depression track into the eastern Arctic. We are

there fore curren t ly inves t igating the hypothesis that:

1. The 4— to 5-year cycle has its ori gin in an enhancement of the middle—

• latitude eastern Atlantic souther lies , wh ich may occur at random.

2. This atmospheric circulation anoma l y produces changes in the penetration

of Atlantic water into the seas of the eastern Arctic , thereby altering

the ’sea ice , ocean temperature and current distribution .

3. The frequency of depressions in this reg ion is then altered by the

oceanographic change , and perhaps reinforces the latter.

4. This process has a chacteristic time scale , probably determined by the

positive feedback in stage 3 and the diffe rential heating of the northern

hemisphere rcsu~~ i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t rack
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It must be stressed that this is a work i ng hypothesis , and has yet to be

fully verified. The initial veri fication of LYELL’s account of a 4— to 5—yea r

cycle on the Iceland ice is being prepared for publication , and thi s wi l l  fo rm
the first of a series of papers on the climatology and causes of this

periodicity.

~ 1!
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III. DEVEL0P~ENT OF A PREDICT I VE SCHEME

The development of a predictive scheme specifically oriented towards sea—
Ice variations awaits the completion of the first two stages of this project.

We have however initiated two reviews of methods of climate forecasting : one

concerns the genera l methodology of existing methods of clima te forecasting ,

and the other concerns forecasting techni ques that have been applied to the

-
~~ problems of sea— i ce fluctuations . These reviews should be complete by March

1979 and June 1979 respective l y.

In addition to the research into the causes of the sea—ice fluctuations

discussed in the previous sections , a review of the genera l causes of climatic

change is under way . Arising from thIs review , two papers — concern i ng the

possible almost —i ntransitivity of the Sun and the problem of man ’s impact on

climate - have been written and accepted for publicat ion . A paper completed in

the early stages of the project, concerning the causes of the European drought

of 1975/6, has been pub lished , and the conclus i ons are relevant to the question

of the feasibility of the prediction of the Arctic sea ice .

3.1 The almost — intrans itiv ity of the Sun

Solar variability has been invoked as a mechanism for climatic change on

a variety of time scales. The most convincing arguments have been proposed for

time scales of about 102 to 10’. years , wh i ch are relevant to the longer—term

sea— Ice fluctuations discussed in the previous section . These correlations are

supported by historica l and 3”C ev i dence of solar and climatic variability, and
by the absence of any other viable mechan i sm of climatic change on these time

scales. Despite the evidence of solar variability on these time scales , there is

as ye t no accep ted physica l process within the Sun which could produce these

var l at io~s.

• In a recent letter to Nature , Dr. R. K. TAVAKOL has suggested that the Sun
may be almost-intransitive . A prepririt of this article is inc l uded with this -

•

report.

3.2 CO ‘and cl imat ic change

• Any attemp t to predict c l imat ic  fluctuations must take into account the
potential interference of Mankind wIth the climate system. There are a numbe r

of ways In which this could occur , ei ther del ib era tel y or inadv er ten t l y ,  but

the so-called “CO2 problem ” has receive d most attention . Whereas in the past

~~~~_ _ ~ _•_~~ s , A 1  • -• — - -- 
.• • - • 
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Mankind has been a passive reci pient of the consequences of climatic variation ,

we are now actively invo l ved in a unique climatic experiment , by returning

- 
large amounts of concentrated organic carbon , stored in sedimentary rocks over

hundreds of m illions of years , into the atmosphere and oceans. This injection

• of increasing amounts of CO2 into the atmosphere due to our escalating consumption

of fossil fuels , and interfe rence with the biosphere by deforestation , could
have severe climate-induced consequences , in particular on food suppl i es. It

Is therefore a matter of some concern that reliable estimates of the effects of

such anthropogenic factors on climate , and hence on Society, be obtained.

- Although the scientific problem can be formulated simp l y enough - how will

the injection of a certain amount of CO2 into the atmosphere affect climate? -

Its solution poses a number of difficulties . In order to answer the question

fully, it is necessary to have more complete knowledge in three areas. Fi rst ,
• the future globa l energy strategy and the rate of interfe rence with the biosphere

must be known , as these determine the amount of CO2 released -into the atmosphere .

This prob l em is complex , involving not onl y a number of alternative energy

scenarios, but also a mesh of politica l and socio-economic factors; not to

mention possible alterations to the energy strategy i mposed by future climatic

fluctuations. Second , given a known amount of CO2 rel eased into the atmosphere,
$ what proportion will reside in the atmosphere over the coming decades? Thi rd ,

given a known resident CO2 concentration , how will it affect the climatic system?

Unfortunately, our knowledge of the gl obal carbon cycle and the climate system

is not sufficiently well—established to provide a clear , unamb i guous answer to

these questions , and to the basic prob l em of how projected CO2 increases will

affect climate. No clear prediction can be made ; only order-of-magnitude estimates

can be given. A great deal of research does however point to very grave and

perhaps irreversible consequences on a global scale , occurring not later than

the first decade of the next century , if remedial action is not taken soon. The

“CO2 problem” is the direct result of our techno l og ical evolution , for wh i ch we

must take responsibility. A first’step is to clarify the scientific certainties

and uncertainties .

A brief review article on this top i c w i l l  appear i n a for thcomin g issue of

Chemistry and Industry; a preprint is included with this report.

.

3.3 The European drought of 1975/6

The occurrence of the most severe drought on record In Ii~testern Europe

durI ng 1975/6 has rece i ved much attention and , with the severe winters in the

Uni ted Sta tes in the subse quen t years , added wei ght to the claim that climatic
I’ v ariability has increased during recent times. Dr. P. M. KELLY , in col l aboration

A £. 
— • • • 
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P. B. WRIGHT , has reviewed the possible causes of the drought of 1975/6 from

a synoptic climatolog ica l ang le. The review came to the following conclus ions:

“rirst...if the clim3tio anomalies of the earl y 19?Os did set the scene
for the dro ught of 1975/ 6 by producing a distribution of thermal anomalies
conducive to blocking in the North Atlantic sector, ...then this implies a
lim ited forecast ing ability. Limited in the sense that the precise timing

and location of the blocking situa tion could not be forecast , but a tendency
• 

- towards the establishment of such a situation could have been anticipated...
Second, we note the importance of the synthesis of the emp irica l and theoretical ,
and particularly the numerica l modelling approaches to the prob lem of climatic
change... A problem underlying many of the hypotheses tha t have been discussed
in this article is that of defining cause and effect between potentiall y
interactive components of a system such as the ocean—atmosphere .”

KELLY and WRI GHT (1978)

~~

LILI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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IV MISCELLANEOUS

- 
- lö.1 Personnel

Principa l Investi gator: Professor H. H. Lamb -

Assisted by: Dr. P. M. Kelly 
-

Mr. A. Chance

Dr. R. K. Tavakol

Mr. C. B. Sear

In addition , we acknowledge the assistance of L. Shaw , S. Johnson , B. Cherry

and J. Sadler with the di gitization of the sea-ice data .

Arthur Chance is leaving the Cl i matic Research Unit in April 1979 to take

up an appointment in the School of Computing Studies and Accountancy (Un i vers i ty

of East Ang l ia), and we would like to take this opportun i ty to thank him for his

inva l uable work on this project during the past year. We also gratefully

acknowledge the secretarial help of Miss R. A. Wallace .

~.2 Lectures and Semina rs -

Professor H. H. Lamb :

2’~.4.78 
“The variability of climate : observation and understanding ”

I I Introductory lecture , Nordic Sympos i um on Climatic Change

and Related Problems ; Copenhagen , Denmark.

6.6.78 “The Li ttle Ice Age in the North-East At l antic ”

Lecture , institute of Oceanographic Sciences; Godalming,

Surrey , U.K.

7 9.78 “Climatic fluctuations in historica l time s and their connections

• with transgressions of the sea and storm—floods ”

Invi ted lec ture , Ghent Sympos i um of the Bel g isch Centrum voor

Landel ijk Geschiednis.

Dr. P. M. Kelly:

6.4.78 “Sola r influence on North Atlantic MSL pressure”

Royal As tronomical Society (MIST) meeting ; Southampton , U.K.
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-
~~ 26.7.78 “Solar influence on North Atlantic MSL pressure”.. 

Sympos i um/Workshop on Solar—Terrestrial relationships ;
- - -  Columbus , Ohio.

- 
I 

3.11.78 “An Arctic sea—ice data set: 1901—56” -

Workshop on Mapp ing and Archiving of Data on Snow Cover and

Sea-Ice ; WDC A for Glaciology , Boulder , Colorado.

6.11.78 “Climatic change and variations in Arct ic sea— Ice extent”

Seminar at Laboratory of Tree-Ring Research ; Tucson, Ar izona.

15.11.78 “Climatic change and variations in Arctic sea—ice extent”

Seminar at Nava l Postgraduate School , Monterey , California.

Dr. R. K. Tavakol : -

23.11.78 “Is the Sun almost—intransitive?”

Royal Society Meeting on Solar Var iability and ~“C; London.

4.3 Organis ation of Meetings

14.5.78 Royal Society, meeting with Drs . W . Libby and L. Libby on

~“C im pact (R. K. Tavakol) 
-

- 

12.6.78 “Models of g loba l carbon cycl e and wi ggles in “'C record”

Wi th Dr. H. E. Suess, Queen Mary Col l e ge , London (R. K. Tayakol)

- 

23.11.78 “Solar variability and “C”

- .  
- 

Royal Society , London (R. K. Tavakol)

4.4 Attendance at Conferences

28.10.77 “Scientific aspects of the 1975/76 drought in Eng land and Wales ”
- 

The Roya l Society, London (P. N. Kelly)

- 
- -  6-7.4.78 Royal Astronomica l Society (MIST) meet ing ; Southampton

(P. N. Kelly and R. K. Tavakol)

• . 
24 28.7.78 Nordic Sympos i um on Climatic Change and Related Probl ems ;

Copenha gen , Denma rk (H. H. Lamb)

- 24—28.7.78 “Solar-Terrestrial Influences on Weather and Climate ”

I Coi umbub , Oh io (P. H. Kelly)
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5—7.9.78 British lsIes Tree-Ring Colloquium; London

(R. K. Tavakol)

7.9.78 Ghent Sympos i um of the Bel gisch Centrum voor Landelijk
- Geschiedn is (H. H. Lamb)

• 31.10 - NOAA Climate Diagnostics Workshop, Miami , Flor i da

1.11.78 (P. M. Kelly) -

- 

• 2-3.11.78 Workshop of Mapping and Archiving of-Data on Snow Cover and

Sea— I ce; WDC—A for Glacio logy , Boul der , Colorado (P. M. Kelly)

- Visits were made to the following institutions for scientific consultation :

Meteorolog ical Office , Bracknell , U.K. (P. M. Kelly, A. Chance)

Danish Meteorolog ica l Institute , Copenhagen (I-I. H. Lamb)

British Antarctic Survey, Cambridge , U.K. (P. M. Kell y)

Lamont-Doher ty Geolog ical Observatory , Universi ty of Col umbia , New York

(P. N. Kell y)

Nationa l Oceanic and Atmospher ic Administration , Washington (P. M. Kell y)

Office of Nava l Research , Arlington , Vir g inia (P. K. Kell y)

Institute of Environmental Studies , and Center for Climatic Research,

Madison , Wisconsin (P. K. Kell y)
Imperial College , London CR. K. Tavakol)

Institute for Arctic and Alp ine Research , Boulder , Colorado (P. M. Kell y)
Laboratory of Tree-Ring Research , Tucson , Arizona (P. N. Kelly)
Scripps Institute of Oceanography, La Joll a, California (P. M. Kelly)

Nava l Postgraduate School and F. W. N. C., Monterey , Cali fornia
(P. N. Kelly)

Ministry of Defence , Bonn , West Germany (H. H. Lamb)

• Institute for Forestry Research , Birmensdorf , (Zurich) , Switzerland

(H. H. Lamb)

Institute for Geography and Physics , Un i versity of Berne , Switzerland

(H. H. Lamb)

Institute for Meteorology and Geophysics , Un i versity of Innsbruck , Austria

(H. H. Lamb)
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V. PUBLICAT IONS

5.1 Current

The fo l lowing papers are ei ther published , in press or submit ted for

publication . Reprints or preprints are included with this report.

CHANCE , A. and KELLY , P. K., 1979
An apparent periodicity in an i ndex of volcanic activity.
Submitted to Nature

KELLY , P. K., 1977
• Volcanic activity and climate.

Climate Monitor, 6 (2) , Clim atic Research Unit , Ed. P. D. Jones

KELLY, P. N., 197~
Forecasting the Arct ic sea ice on time scales of a few months to many years
Climate Monitor, 7(3) , Climatic Research Unit , Ed. P. D. Jones

KELLY , P. K., 1 979
An Arc tic sea- i ce data set: 1901—56 -

Paper del ive red at workshop, “Mapp ing and Arch ivin g of Data on Snow Cover and
Sea— I ce”, WDC-A for Glac iology , !3oulder , Colorado , 2—3 November 1978.
To appea r in Glaciolog ica l Data, 5.

KELLY , P. N., 1979
• Solar influence on North Atla ntic MSL pressure (Extended abstract)

In Solar—Tcrrc~ctrial Inf1u.-~nccs on Weather and CZimatc, Ed.  B .  ii. J4cCormac
and T. A. Seli ga; D. Reidl , Dordrech t, Holland

KELLY , P. N., 1979
Historical perspective s and trends
In Atlas of the Drought of 19 75/ 76 , Ed. K. C. Gregory and .1. Doornkamp ,
Insti tute of British Geographers , (in press).

KELLY , P. K. and WRIGHT , P. B., 1978
The European drough t of 1975/76 and its climatic context.
Progr ess in Physica l Geograp hy, 2 (2) , 237~263

LAMB , H. H., 1979
Studies of clima te, wind and ocean currents over the last 1000 years.
Quater ’nary Research, (in press)

LAMB , H. H. and NORTH , H. T., 1978
Arctic ice , atmospheric circulation and world climate .
Geographical Journa l, 14 4 (1) , 1-22

NICHOLS , H., KELLY , P~ M. and ANDREWS , J. T., 1978
Ho)ocene palaeo-wind evidence from palynology in Baffin Island.

• 
- Nature, 273, 140-142

TAVAKOL , R. K., 1978
• Is the Sun almost—intransitive ?

Nature, 27~, 802

TAVAKOL , R. K. and KELLY , P. N., 1979
CO2 and climatic changes.
Chemistry and Industry, ( i n  p r e s s)

LEV I. fl. L., CRAY , B. M. and KELLY , P. M., 1978
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• 5.2 Manuscripts in Prepa ration

JONES, P.D. and KELLY , P. N. -• An el genvector analysis of the Lamb catalogue of daily weather types:
1861 to 1978

KELLY , P. M.
Cl imate forecasting in Europe.

- KELLY , P. H. and CHANCE , A.
Spatial and temporal characteristics of mean sea leve l pressure fluctuations
over the northern hemisp here .
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