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CLIMATIC RECONSTRUCTION - A
SYNOPSIS OF METHODS AND DATA

by
N. A. Frazfer

INTRODUCTION

1]

}— The Advanced Research Projects Agency's MILE BLYE project [s expected
to provide computer cepability required to Improve computer models of world
climate. As » complementary effort to NILE BLUE, ARPA Initiated a short study
whose purpose was to review existing data on and methods of determining climates
wvhich occurred less than about (5,000 years B.P, This report presents a summary
of the results fram thet study®.

APPROACH

ODats on past climotes ere an essential part of climatic predlction
tor verlfylag the results from computer models as wall as beling useful for
spec!fylng boundery conditions. As computer models become more sophlstlcated,
testing of models over a renge of ciimates Is desirable. Savers! questions

then erise Including:

e At what times within the "reasonable™ past did extremes
In climate occur?

e Con one or more of these extremes be reconstructed In
a sutficientiy quantitative manner {climatic elements
versus time versus area) to be useful to computer
medels of climate?

e What is meant by "sufficlentiy", [.e., In explicit
terms what is needed for the models?

® Should attempts be made to reconstruct climates or
estabilish cilmatic beseiines belore the advent of
ralatively recent weather records?
!

¥A dotalled verbal report with extensive graphic and tabular materials has
been glven to ARPA representatives. The decision at that meeting was to
prepare thls brlef written summary of results.




Guided by these and other questions, work on past climotes wes
samp lad. Approximetely 500 abstracts and 300 papers were assembled snd meke up
the maln informatlion base for the study. A |imited number of reports, reprints,
and telephone contacts were othsr scurces of information usad. Although this
samp (o constitutes only a smal| fraction of total ({terature avallable, the
Informatlon base was selected durlng the screening of several thousand titles,
clted retarences, and abstracts. Accordingly, the sample is belleved to be
representat|ve of the types of informatlon avallable, particulariy with ragard
to the more quantitative data on past climates via-2-vis NILE BLUE objJectives.

Corol lary subjects of climetic theories, Investigations on ceuse-effect
relations of clImatic changas, certain aspects of continental drift and see
floor spreading, cycllc or pseudo~cyclic characters of climate, and climatic
models, atc.,, ware considered outside the scope of the study although someo
I1terature on these subjects was reviewed. \

TERMINOLOGY

Fast climates and ciimatic changes can be categorized In several ways.

| ]
critehttald!!?” ysed the following scheme:

{1) Histor|c tIme, including perlod of racords

{2) Geochronology - several thousands of years In
the past

{3} Ppleociimetes - millions of years In the past.
For purposas hera, the followlng terms and definitions apply:

{1) Climates of record (or recorded climates) - climatic
dats derlved from weather records or other instrumentally
acquired measurements

{(2) Historical climates - climatic data deduced from
men's writings on his activities and observatlons
of events and phenamena (generally without the ald
of Instrumants)

(3) Palecciimates - climatic data on the gecloglc pest
Indlrectly derived from study and measuremants of
sediments, [andtorms, foss|lis, ete.

¥Rafarencas are given at the end of the report,
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Evident In these terms, collectively, is a gross chronology with respective
methods of Investigation somewhat unique to each +ime porlod represented.
Some over(ap occurs because the definitlans invoive methods as weil as gross
tima perlods.,

DESCRIPTION OF RESULTS

Characterization of Informatfon on Past Climates

The information base was assembled in a serles of l1terative s+aps,
each iteration gulding the next collectlon effort. Llterature collected In
each step was reviewed and then selectively synthesized Into working sheets
showing the Investigator (flrst author), Instltution, key descriptors, +ime
frame of data, sres of work and methods/techniques. The working sheets
resulting from the first two Iterations and syntheses have been comblned and
given as Tabis A-| (see Appendix;®,

Setected entries In Table A-1 were further reduced and reerranged
to prepare Table A-Z (see Appendix)®, which grossly characterlzes the areal
distribution of sampled Information on past climates. ’

Paleoclimatoloagy

The number of sclences, discipiines, approachas, methods, etc,,
that are used In paleoclimatology is large. Any discusslion of the subject
will contaln srrors of omission or commission, depandent upon the esyes of the
beholder. With no intent of elthar error, the following Iist Is exemplary
of subjects making up paleoclimatology.

Cultures/Archeology 10, 12, 54, 72%*

Palynology 12, 40, 44, 54, 75, 84

Pajeontology 14, 25, 26, 4§, 56, 61, 64, 65, 69
Daendroct imeatology |, 23, 45, 77

“¥Raferanca numbers In Table A-| are the same as those 1n Table A~2. These numbers
refer to bibllographic entries In the total information base and are not to be
confused with the references cited ‘in this report.

**Numbers refar to ilterature examples cited In the refarences at the end of
this repart,




Dendrochronology 42, 50
- Glaclology [I-13, 39-41, 43, 44, 46, 54, 62, 77
Geomorphology 8, 9, 13, 33, 40, 75

IBWIG0
method 35, 66, 7}
of speleothems 34, 48
of sulphatas 73
of foraminlferal tests, etc., 20, 24, 27-29, 3I, 33, 49, 52, 6, 64, 78
of lca cores, snow/flrn 19-21, 36, 37, 47, 5]
Amino aclds 4, 5, 86
Inzacts {4
Sedimentation ratas 4, 25, 31, 34, 41, 53, 65
Varves/varve chronology 3, 80, 83
Magnetl¢ stratigraphy/chronology 15, 26, 53, 7!
Isotope dating (particulariy CI4) 8-10, 48, 56, 72, 74, 87
lcea flow modals for dating ice cores 19, 21, 37
Dendrochronological "calibration” of Cl4 dating 7, 18, 60, 8§, 82, B5
Sea levels 8, %9, 40, 54, 68, 79
SedIments 43, 44, 65, 75
Astronomical (solar insolation) 8, 27, 28, 41

General ly speaking, the previous Ils+ Is 8 mix of (1) mathods for
determining Indicators of » paleociimetic state or condition and (2) methods for
determining the age or date (reletive or absolute! of the Indicators,

Exemptes of indicators are tree-ring indices, a plant community
reconstructed fram poltlen spectra, assemblage of fossl| shells (thanstocoenoses),
colling direction of foraminiferal splcas, '801'60 of foraminiteral tests
or {ce core sampla, red-bed sediments, giacial moralnes, pluvials and strandilnes,
timber |ines, etc., In Table | the pravious |1sting has been rearranged to roughly
demonstrate an erray of types of pateoclimatic indicators versus the methods used
for dating those indicators. By adepting, In one form or another, principles
of uniformitarienism [n combination with knowledge of relations among the
Indicators and modern climete, significant progress has besn made in the
study of paleoclimates. Truly remarkable Is the extent of agresment mmong the
various Indicators of climate at global and relatively gross chronologlcal scales.







However, the Interpretotions of and deductions from indicators of paiecclimates

are not wlthout the usual pitfalls that accompany drawing of conclusions from

indirect evidenca. Beafy‘ﬁ,
More definitive criterta than indlcators and detes for appraising

has most recently called attention to this polnt.

the status of paleoc!imatology within the perspective of NILE BLUE are necessary.
The criterla, given below, used In this study are concerned with the quantitative
capabl | Ity ot paleoc|imatic methods to perform one or more of the following

functlons:

(|} Dotermine the value of a climatic element

(2) Meat requirements of computer models for denslty
and distribution of data on paleoclimates

(3) Determine the time Interval represented by (1}
(4) Dotermine time Interval between values of (1)

(5) Positlion {1} within a chronological (optimally
an sbsolute) tIma scale

(6) Determine or spacify a geographical area or
location [represented by (1}]

(7) Apply standards to measuremant methods (or be
abie fo convert or refate data acquired by
dttferent methods)

(8) Assess orrors, precislon, uncertsaintles,
accuracies and, In general, the valldity of
data.

A synopsls of the status of paleoclimatology wlth respect to these criterla is
shown In Table 2, .

The oxygen Isotope method
determining pelsotemperatures from foraminiferai tests In desp-sea cores

Is in sclentific |imbot20:24,33,49,61,64,71,78) v\ iutions In oxygen-18 content

(35,66,711 (’BOIIGOJ us a means for empirically

(28,31,34)

are at present viewed as indicators of warmer/cooler climeatic changes whether

frtn|spoleo+hem5(4a), ice cores(|9-2l.37,47,5|)

The cepabliity for time resolutlon in variatlons of oxygen-18 content

, or foreminiferas.

ob youngar samples from lce cores may be able to match computer model needs.
The probiems of conpverting thess wariations to temperature valuves would stiili
remalin. Also, goographical coverage would be [imited t© areas now covered by
leca sheets.

Paleontologlical indicators of temperature, e.9., colling direction and
specles counts, abundence, and ratios of foraminifera, Invoive questlions of
specias tolerances and preferences of water temperature, sallnity, and density.
These indicators heve been qulite useful for studles of climatic warming and
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(25’25'6"6”. Palynological methods tor datermining tempersture ere

cool ing
sub Jact to simliar uncertelnties.

The degree of racemlzation of amino sclds In shells trom ses and
teke cores as a method for determining fetrpe'rnfure is In very eariy research

s‘ragast‘“. As a3 means for destermining age, the method requires that paleo—

temperatures be known or assmd“). Data on total amine aclds In seeds from

lake sediments have been presented in much the same way as pollen Specfra(aﬁ).
Statistical iy derived models for reconstructing paleoclimate from

tree rh'lgsmmI

are [n an early stage ot davetopment and evaluation. The method
is of great Interest In that the climate reconstructed trom tree-ring widths can
be dated by dendrochronologlcal methods. Appllcation of the method could be
limlted to areas with trees whose growth rings meet caertaln requirements.
Chronologlcally, the method would be (Imited To past climptes whose time period
Is equal 1o or less than the age of trees that meet these requirements.

Chronology of paleociimates poses a problem In time resolutlon. As
a rough estimate absolute age detarminations by Cl4 methads with dendrochronoiogical
calibration is probably batwesn one Bnd two orders of magnitude too gross Jf
smlaﬂ{Ing representing 3-, 10-,- or 20-year cl[matic means is needed. An exception
Yo this [s the chronology of dendroclimatic data.

Relative ages or, more precisely, ditferences In ages. of semples from
within a single deep-sea core, stratigraphic sectlon, or bog, can be computed
it sedimantation rates are known., Computation of the rates are, however,
gan_arahy based on time intervais whose end ages are commonly dated by Cl4 or
other [sotope methods, Correlatlon of resultant climatic Interpretations -
between widely separated areas could then present problems unique to "curve
matching" because of the relatively coerse time resolution capabitlty.

The general utlllty to NILE BLUE of current date on peleoclimatic
elements would seem to be marginal. The prevalent charactaristics of these
data {e.g., qualltative descriptions and models of warmer/cooler or watter/
dryer) end the reletively gross resolution In the time scale (e.g., lengths of
time such as hundreds fo thousands of years represented within and between
samplas) would not seem to be commensurate with objectives of 5- to 20-year
predictions of tuture climates, assuming adaquate models and computer capability.
Data are aval lable on past sea levels, estimates of thlckness of continental
glaciers and other toplcs that would be of vatue to camputer models. Flnal
assossmont of the utillty of palaocll;na'l'ic data requires more precise delineation
of NILE BLUE needs.




Historical Climatology

Mathodologically, historical climatology was considered here as a
study of cilmates that occurred between olda‘r paleociImates and recent climates
of Instrumantal record. This Is, of course, an oversimp|lflcation because the
climate of 800 B.P., for example, can be studied by methods of historical as
wall as pauleoc|Imatoiogy. Simllarly, there is a tima-scale overlasp between the
methods of climete of record and of historicel climatology (e.g., the so-called
Little lce Age clrca 400-100 B.P.) particulerly before wldespread use of
matecrological Instruments. For axample, using regresslon equations basad on
data of record, Lamb, et al.(sm
rainfall In England and Wales back to 900 A.D., with some ad]usiments to fit
botanical Indlcators. All of this serves to complicate the process of selecting
the end dates of the climatic basaline(s) to be established, '

Information on historical climatology would probably be the most
laborious to copllect. |mmediateiy opensed would be a Pandora'’s bax of old

, estimated 50-yesr averages (or greater) of

newspapers, chronicles, personal diaries end journals, ships® logs, etc., eil
of which could contaln informetion on wind direction, snow depth, appearance of
first 1ca, date of first snowfall, clouds, floods, and on through the entire
gamut of man's Impressions and obsarvetions of weather phenamena. Scanning of
(63) 1 lustrates this point quite vividly. Also
Involved wauld be phenological observatlons (e.g., Arakawa In Table A-I) from

referencas [(n Ludlum's book

man's inferest and activities In agriculture and horticulture. Archeologlcal

Information 1s another Important part in studies of historical cllmfology“o'n).

Climate of Record

The Iete I16th through the |7th century marks the Introduction of
baromaters, raln gauges, end fharmférs('7'57). The date of the first known
barometer/thermometer at Harverd College Is I72B(63). Lurbw” hes summarlzed
the difticuities of using old records taken before about 1B6D and calis sttenticn
to the targe efforts required fto convart these eariy deta into homogensous
records. Implicit in Ludlm'sms} synthesls of Information on American winters
1604-1820, a fantastically Interesting book, 1s the {aborious eftort that was
required to collect end use old records. Table A-1 contalns sources of data from

early records noted In this survey, (.Eenerally, any dates after about 1700 glven
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in Table A-2, an aree summary of Table A-1, refor to Instrumenta) records. No
concarted ef fort was glven to iisting date for the 20+h century. Collection and
review of Just the sources represented In the works of Laﬂdsbergtsg), Lamb{5?;,
Ludlunces), and/or Hlfchell‘67)

this study,

wore soon discovared to be hopeless tasks within

(t, for purposes of NILE BLUE, the decision 15 made to establish a
cl Imatic baseline(s) using records, several [ssues need to be decided. These
declslons are not stralghtforward because they Invoive optimization and tradeotffs
among factors such as areal coverage (denslty and distributlon of data), problems
ot continuity and homogenelty of deta, time Interval (e.g., 5, 10, or 20 years),
timo datums {e.g., 1780-1800, 1860-1870), and amp!!itudes and rates of climatic
changes of most interest. People, such as Landsberq, Mitchell, and Lamb may
be able to provide answers on the basis of their work., Otherwise, a considerable
coljection etfort could be Involved. In that event a computerized data base,
capable of search end retrieval, for examplie, in Boolean ccnbina+lons of the
above factors as date flelds would be highly desirable if not a necessity.
Lack of abl )ity to manlpulate these data fleids wes & major drawback In thls
survey because of the bulk of information and the numbar of possible data fleid
combinations, |[f established, the data base could then becorm the source of
data to be raduced to climatic baselinas.

DISCUSSION OF RESULTS

Vast amounts of Information are avallable on past climates in myriad
sources, Conclusions concerning the utility of that Informetion to NILE BLUE
cannot be drawn until the mode! and computer capablilty of NILE BLUE are
transterred Info a list of specific needs for date on past climates. Some
Inferim impressions can be formulated within what are probably reasonable
preml ses:

{1) ObJectives relate to 5-, i0-, 20—, or parhaps as much

as A-year cilimetic predictlons for areas on the order
of 20,000 square mlles or larger in gsographlcal extent

(2) Cemputer capabltity to run global models to cover even
the short time Intervals In (1) wli{| be marginal at
best for the near future




(3) Yery slow evolution In the reflinement of models to
permit 5- fto 20-year predictlions of reasonable
accuracy

(4} Perlods of climatic "extremes" In ampiltude and/or
ropldity of change are of Inierest; bettar than
50-yeer resolutlon In time Interval for climatic
baselInes desired '

{5) Evolution In computer and computer model capabillty
wlil require review, revision, and updating of lists
of needs for data on past climates, |.e., eny Ilst
wiil reflect Interim plateaus In cepabliity and
success|ve capabl |ity plateaus could cause changes
in the utility of avallable Information. ’

Avaiiable paleoclimatic data have served to define time periods of
major paleoc!imatic extremes, but the intervais of those perlods are longer
by | to 2 orders of magnltude than baseline Intervals desired. Data typically
Indicate the direction or form of climatic change but not the scafe of thls
chenge |n the normal sensa of climatic elements. Resolutlons interpretable
In terms of more local climates are the exception rather than the rule. Dependent
on ona's vantage polnt, the neture of paleoclimate deta Iimlits their present
spplicabllity to computer models, or [imltations of computers and models
presently preclude wildespread use of avaliasble paleoclimatic data.

Tha status of historical climatologlcal Information [s qulte simliar
to that of paleoclimatology with the former having general superlority In time
resolution and chronological sccuracy by an order of magnltude. Uncertaintlies
of converting Indicstors of historical climates to quantitative vaiues are
parhaps the chlef technical constralnt on the ufllity of historical <limatic
information relative to NILE BLUE. The Impression from this study s that
historical climates have not been studied In detail| comparable to that of
paleoc]Imatological studles.

Homogene ity of data 1s a problem for all ¢limatic chronologies. It Is
perhaps more apparent In climate of record, particularly early records, perhaps
because the dota are quantitative and differences among data sets are relatively
more discernible.

The labor involved In synthesizing existing records Into a cohesive and
consistent set of data [s probably well reflectad in some of the entries in
Table A-l1. Many authors who have worked with climate of record or historical
climatology have |limited thelir analyses to relatively short periods of time and
limlted areas geographically (on the basls of abstracts} in contrast to the

hemispheric treatment over seversal decades,
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As an example of the factors which compllicate the use of relatively
locallzed data analyses, It Is probably nalve To expect that the apparent
occurrence of some climatic extreme In one rgglon means that the global climate
reflected the same exitreme. Brlef reflection on present climate suggests that
a pariod of anomalous heat and drought Tn one area, for exemple, 1s sccompanled
by anomalous cold or excess precipitation elsewhere.

One problem Is common to all climatic eras, i.e., the amount of
{itersture and data sources. The distinct impression gained from this study
Is that one of the major obstacles In the study of past climates (e.g., before
1900) |s the lack of a comprehensive data/information base whose data fields
(area, time frame, method, etc.) can be rapidly and logically manipulated and
searched (n any of severs| needed combinations. |f this Impression 1s correct,
the utiiity of date on past climates, whatever [t might be, wil| not be
reallzed by what smounts to laborlous, but In reality piecemeai, collection
efforts on the part of each person who sets out to study climate for & particular
‘ares and time. Soma of these data couid be of immediate value and others would
be of marginal or no value to NILE BLUE efforts. However, their collection and
sTudy Is certainly retevant to a much broader and equally Important scope of
research on past climeates then has been treated (n thls study.

RECOMMENDATIONS

Ona definfte conclusion from this study can be stated in the form of
a recoomandation to ARPA, viz., ARPA convene, or cause to be convened, & workshop
on past climates. Invited participants, ns fow as possible, should represent
investigators In each of the major methods used to generate dats on past climates
including dating and age determinations, and experts In meteorclogy/climatology,
computers, and computer models. The chlef question to be addressed by the
particlpants should be: "Can a climatic baseline for some time Interval In the
past be established and, if so, what should the end dates of that time Interval
be?" From thls question an agenda should be developed that wlil glve rise to
exchange among participants on the subjJects discussed In thls report, particularily
the criterla [isted in Table |, the premises in the previous sectlion "Discussion
of Results", end various aspects of collecting information and an Informatlion/data
base, *
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Results to be expected from a workshop conference should be guidelines
to ARPA for thelr decislon whether to pursue climatic reconstruction for a
certain period or periods in the past and designate possible research asvenues,
It any. -

This confersnce would also glve l|eaders In the methods of research
on past climates an opportunity to hear what the leaders in computer models expect
or nead in the way of data. Conversely, the computer model people could hear
what the researchers on past climates think can ba achieved in the way of date
on climates versus method and chronology.
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TABLE A-1. (Continued)
[ Facility Descriptors Time Frame Arsa
Bryson, R. A, Univ. of Wisc, Climatic patterns (fronts, At intarvals back Central /Northern
alr masses, uppar-air to0 13,000 B.P. N, Amorica
pattern)
Brysom, R. A, Univ. of Wisc. Climate patterns; Cl4 At intervals back Central /Morthearn
{sochrones of to 13,000 B.P. N. Amsrica

Sudlinslii. I. E.
Buchinskii, I. E.
Buchinskid, I. E.
Budykp, M. I.

Budyko, M. I.

8udyke, M. 1.
Budyko, M, I.
ﬂuilonj‘. Po "-

Butzer, K. ¥,
Chebotarsvo, N, S.

Chernfakova, A: P.

Cits, M. B.

Ukr.S.R. Hydromst.
Inst.

Ukr.S.R. Hydromet.
Inst.

Ukr.5.R. Hydromet.
Inst.

U.S.5.R., Main
Geoph. -0bs.,

U.S.5.R., Main
Geoph. Obs,

U.S.5.R., Main
Geoph. Obs,

U.5.5.R., Main

Geoph. Obs.
Natherlands

tniv. of Wae.

u.5.5.R.

U.5.5.R. Hydrom,
Service

Mlan Univ.

Laurentian {ce ratreat
Temparature, precipitation
Temperature, precipitation,

10~, 20-, X-yr values

5=, 10-yr, monthly tempara-
ture and precipitation

Climatic conditions/
changes

100-yr temperature
variations, solar
radiation

Numerical model
Climatic changes

Climatic and sea-level
change
Rainfall distribution

Boundary zones of last
glactation

Temperature

Climatic fMuctuations

°'1m ," B.C.

T 1921-1964 A.D.

Geologic past

Yarious geologic
ages

Racent and geologic

Quatarmary

m'm a-c.

Pleistocene
1300-1960 A.0.

Nirm and later ?

‘Ukradne, U.S.S.R.
Ukraina, U. $.5.R.
Kiev, Ukraine,

U.5.5.R.
. .

Netherlands
Leaward Islands

Sahars
U.S.S.R.

Black Sesa Coast

Adriatic S

Biotic boundaries

Biotie boundariess
glaciology, Cl4
dating

Instr.
Instr. (1)

Instr,

Sugrstﬂm on future
climate

Marine terraces,
palscecology, ete.

Archeology

Instr.

Planktonic forams
{sen cores)



















142

145

151

1R

153

154

185

156-
157

L

TABLE A-1. (Continued)
Facility Descriptors Time Fram Arma Technique/Basic Data
Giovinetto, M. B, VU.C. - Barkaley Contains data om sea- Last 100 yre - -
Tevel change
Goldthwait, R. P. Ohio State Univ, Climate variations 7800 B.C. and latar  Alaska Glaciology/contingatal
ﬂacien; some C14
ting
Srichuk, Y. P, Imt. of Geog., Climata reconstruction/ $500 B.P. N. Hemisphare 20 palecbotany profiles
U.5.5.R. precipitation, tempere- with C14 dating
ture
Grunhagen, M. ¥. Germany 1 Climate fluctuations and At intarvals from [ Baginning of instr.
forecasting, tempara- prasent to late to present; model
ture and precipitetion glacinl applied vp to
365,000 8.C. and
to Ice Age baginning
Harris, G. Univ. of Lelcaster Temperature and 1860 and Vater N. Hemisphere Instr.
precipitation stations
Kaude, V. W, Germany ? Dead Sea watar balance 1600 and later Jarusalam, Dead Instr. and hstorical
and precipitation Sea
Hela, I, In}:.IH;;. Res., Climatic paripdicitins 1856-1985 A.D. N. Eurapa 100 yrs of data
nla
Handy, C. M. New Tsaland Temperature 7 Last glacial cyele New 2ealand Oxygen {sotopes of
calcite deposited
on spelecthems
Hewsser, (. J. Am, Beog. Sec. Climate Pleistocene Wash, State Pa'lym;lm with €14
dating
Hewsser, C. 4. Am, Geog. Soc, Climate and tempersture Plchtnccni and M. Unitad Statas, Compilation from
tronds later Pacific Nortimmst,” botanical and
Chile glacial studfes
Hlavac, V. Caechos lovakia Tesperature/monthly, 177=1985 Pragua Homogeneoul tampara-
annysl 6~ and 10-year ture series
means
Hosking, K. J, England Temparature, precipitation, 1918-1968 A.D. Isle of Wght Inatr.

surshine

(S. Eng.










and Mar.)

TABLE A-1. (Continued)
] # /MNama Facllity Descriptors Time frame Area Technique/Basic Data
418 tLangway, C. C., Jr. U.5. C.R.R.E.L. Climate changes Back to 934 A.D, Greenland Ice-core stratigraphy
at Teast oxygen 1sotopes
419 Lawrance, E. N. Met. OFf. Tesperature change 1920-1968 A.D. London, S.E. Instr.
England England
420 Les. 6. Univ. of Wisc. Climate changes 900-1400 A.D. lows fresh-water clama/Ca,
’ Mg, Sr e at
{feasibil ity study)
215 Lenke, M. Deutsch. Wett. Historical climats End of 16th and Austris, Sweden, Observations of Tycho
beginning of Netherlands da Brahe
17th mtur’ A.D,
421  LeRoy, L. E. France Historical climates 1000 A.D. and latar N. Hemisphere Indirect methods:
’ climatic data for
990-1200 A.D. and
1490-1700 A.0.
summarized 1n
folded chart >
422 13dz, L. Univ. of Miami Temperature c¢scil la- Plaistocens T Caribbean Foraminifarel h
tions sbundances in ses
. . tore
424 Ludlum, 0. M. U.5. 1 Kistorical winters 1604-1820 A.D. E. and NN, Said to be an
United States exhaustive search of
chronfcles, news-
papars, manuscripts,
etc,; results of 1§
years of searching
1ibraries and
archives
425 Mackay, J. R. Univ. of Brit, Cal. Climatic changes Paostglacial Mackenzia Dalta, Pollen from peat
- Can. deposits and thair
indirect mq ods;
Cl4 control of
dating pollen resuits
426 Martinov, M. Bulgaria t Tesperatura and 1900-1965 A.D. Bulgaria Instr.
) precipitation {Jan., Feb.,










long pariod measure-
ments

ocbsery. for
200 yrs

TABLE A-1. (Continued}
nce/Name Facility Descriptors Time Frons Area Tachnique/Basic Data
448 Scwartback, M. Univ. of Cologne Book on paleoclimates ? - Contains maps, cha
and paleoclimatology records, etc. (not
described in
abstract)
X6 Sergin, $. Ya. U.5.8.%. Mathematical model of -- .- Numerical retults
climate processes/long-
term {ntervels
307 Sergin, ¥. Ya. U.5.85.8. Cybernetic ﬂmm spplied - .= Cooputer results on
t0 system aarth's fluctuations
surface-atmosph,
309, Shackleton, N. Carbridge Univ. Questions L'Id:'aop‘go- HMabitat of forao-
4 temperature/ 180/ - o= inifers may be
results with foraminifers water-density
dependent (water
in glacial ice)
rather than
terperature
dependent
45  Sinitayn, V. M. B.5.5.%, Climatic maps/isothermi; Paleogens and Evrasia Indirect methods
precipitation and Neogens
temperature
N4 Skarzymtia, X. Poland Reconstruction of 2500 ? B.P, and Poland Pollen, vegetation,
precipitation, rmoff, later and other Indirect
and svaporation methods
116 safth, C. 6. England Uinter temparature 1816-1968 A.D. Onford, England Instr.
317  Smith, L. P. England Tempareture and 100 zample yrs Britain Instr,
precipitation
454 Stasrewski, J. Paland Isotherm map 1853 A.D. 61obal Instr. (co ation
’ of R, W ski's
oup dats )
455 Stehli, F. 6. W. Res. Univ. Technique for ancient - - Quadric surfece fitted
ocesn current system to foraminifera data
456 Stuch}ik, F. Poland ? Forecasting based on States Prague has -
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TABLE A-2.

EXAMPLES OF INFORMATION ON PAST CLIMATES (BY AREA)

Adriatic Sea
68) >Wirm

Africa

62) Sahars
5‘2“ 3.0-

396) Balg. Congo
1888~ 1960

437} A lake
D-on BIPI

Antarctica

24A) Byrd
0- 100K B.P,

353) Laka Yanda
»17%0

i} Chine
0-2000 8.P,

T Japen
7-N “ﬂfn

373) lsresl
»1979

33) Pelestine
7-3K B.C.

32) W, U.5.5.R,
Plelst,

377 U.S.5.R,

Palecz.-Canoz,

383) U.5.5.R,
Cenoz.

) U.5.5.R.
Geolog. 1

386) S.¥. Asla
>2000 B.P.

63) U.5.5.R,
2Plelat.

%5 For Eset
1873~ 1960

Asia (Cont'd.)

152}

183}

443}

448)

447)

48D
asn
327)

369)

Israsl
>1000

Cen. Aale
Paleoc., Neoc.

Kozekh.
Paleoc., Meoc.

0- 100K B.P.

Can. k]l
»1400

Isrest

1800 '3=1960"'s
¥. Slberls
19061915,
1931-1940

Indlan Oc.
Arsa
> | 796

Paleog.,
Neog,
Formoss
0-10K B.P.

|gtanbul
1912- 1960

Far Cast
200 yrs of
records

Atlantic Ocean

43)
134)
17A}

>|50K B.P,
0-430K B.P.

w. El.lr.
Basin
Quat,

N and Cen.

0-300K 8.P.

Equetor,
Q-175x B.P.

0- 140K 8.P.

MldeAt),
0-1.54 B.P,

Atlantic Dcean (Cont'd.)

110} Mig=At].
0-24 B.P.

(1t} Plelat.

166) N. AT,
> 1890

200} »1780

434) N, Atl.
>Plelst.

434} Cen, Atl,
2Plelst,

434) ¥, Eur.
Basin
>Pielst.

366) Troplesi
>U. Plalst,

Australia

373) Sydney
R and H

Canada

40) $. ¥, Yukon
0-10K B.P.

42A-11 §, W, Yykon

0-3IK B.P.

429) Mack, Onlte
»isc.

235) Xsewstin
>6000 B.P,

233) Manl tobs
*6000 B.P,

33) >1630

Car{bbsan Ssa

381) 2Pllocens

14A) 0-100K B.P,
13A) 0-430K B.P,
i8A) 0-300K B.P,

Caribbean Sea (Comt'd.)

19A) 0-373K B.P,
20A) 0-429K 8.P,
23A) 0-1.5M B.P.
1104) 0-2 B.P,
i194) 0-320K B.P.
422) Plelst. ?

Eyrope

4) Mcs cow
1924-1983

9) R.$.F.5.R,
Racent 7

373) Rand H

17) France T
Quat.

32) E. U.5.5.R.
Plelst.

363 $. Eur./Meda.

2-26K B.P.
37} U.5.5.R,

Pe lsoz.-Canoz,

3”) u.s.s.nl
Cenoz.

384) Leningr,
1700- 1960

”’ u.stsCRl
Geolog. 1

48) Ukrslne
0-1%0 B.P,

47) Ukralne
L §

»¥0) Klev, U.5.5.R,

1921=1964

63 U.5.5.R,
>Plelist.

32) Black Ses
Cosst
1900- 1960

Europe (Cont'd.)

59)
%)
b
14A)
92)
92}
98}

97)

1108}
3%8)

224-2)

[16)

118)
153)
05)
162)
lea)
163

408}

Britaln
?

Britain
2>Sengeman
Scandinavia
»$angason
Netheri,
0-80K B.P.

N.¥, Eyr,
1880-1961

Eng fand
1870=-1961

Cen, Eur.
1870-196%

R.s o'uS.RI
1906=1915;
1931=-1940

France
130-70K 8.P,

U.S.S.R.
19401967

ttaly
Plio,-Plelst.
bovndary

Arov See,
U.sls.n'
1910=1960
|taly
Wirm

N. Ewr.
1866-1965
Prague
1771 =1963
$. Eng.
1918-t968
Can. Eur,
21300
Manch., Eng.
1902- 1966

Baltic Area
19031963
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