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ABSTRACT

Forty scholars from the fields of meteorology, geography, geology,
biology, anthropology, and history participated in a conference at Aspen,
Colorado, June 16-24, 1962, to present and assess data from their respec-
tive disciplines pertaining to the climates of the eleventh and sixteenth
centuries, A. D.

General decadal comparisons of the climates for the Northern
Hemisphere in the latter half of the two centuries proved feasible with the
data available. The participants agreed upon parameters most valuable to
an historical assessment of climate, possible additional sources of data,
and means of further interdisciplinary cooperation. It was also concluded
that a repository for pertinent information should be established and that
another assessment of available evidence should be made within five years.

Recommendations of the participants, but not individual presentations
of data, are presented in this report.
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I. THE CONFERENCE SUMMARIZED

Dr. Reid A. Bryson

During the period June 16- 24, 1962, a Conference on the Climate of the
Eleventh and Sixteenth Centuries was held at the Institute for Humanistic Studies,
Aspen, Colorado. Forty scholars from the fields of meteorology, geography,
geology, biology, anthropology, and history attended. In general sessions and
informal discussion sessions they attempted to draw together as much as possible
of the existing quantitative information on the distribution of climatic elements in
the two centuries, with the hope of ultimately reconstructing the circulation pat-
terns.

Although the total amount of quantitative information accumulated was insuf-
ficient for that purpose, better progress was made than many thought possible,
and several unusual data sources were discovered. The conference succeeded
in highlighting areas in need of research and in formulating some quite specific
problems. In addition an important degree of congenial interdisciplinary collab-
oration was achieved.

The conference was jointly sponsored by the National Academy of Sciences -
National Research Council Ad Hoc Committee on Paleoclimatology, the Air Force
Cambridge Research Laboratories Geophysics Research Division, and the High
Altitude Observatory of the National Center for Atmospheric Research.

Introduction and Organization

In January, 1961, a small group of scientists met in a New York hotel
room to discuss the state of research in paleoclimatology. It was concluded that
there was too much theorizing about the causes of climatic change without a firm
factual basis as to the nature of the change, and that for one reason or another
the study of climatic change was plagued with an inordinate amount of mediocrity.
Regardless of the validity of these conclusions, they provided the motivation for
the group to plan a conference which would focus the attention of a restricted
group of scholars on the reconstruction of the climate of two relatively recent
centuries. It was assumed that if reasonable success could not be attained with
this limited objective, then far-reaching generalizations about past climates must
be viewed with caution, especially when coupled with tenuous theories about the
cause of the change. In other words, it was felt that a first step towards the
understanding of past climates must be the elucidation of the nature of the
inter-century differences to see whether small or large causal factors must
be invoked.
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The initial group consisted of Mr. Walter Bailey, Dr. Reid A. Bryson, Dr.
James B. Griffin, Dr. Ralph Shapiro, Mr. Terah L. Smiley, and Dr. Frederick W.
Ward.

A second meeting of the group was held two months later in Tucson,
Arizona. As a result of this meeting the group asked the National Research Coun-
cil to appoint them as an Ad Hoc Committee on Paleoclimatology for the purpose of
organizing the conference, a status which was generously granted. It was also
decided at that time to seek support for the conference from the Air Force Cam-
bridge Research Laboratories and co-sponsorship by the University Corporation
for Atmospheric Research (UCAR). The composition of the Ad Hoc Committee
was:

Mr. Walter Bailey, Office of Naval Research
Dr. Reid A. Bryson, University of Wisconsin, Chairman
Dr. James B. Griffin, University of Michigan
Dr. Linn Hoover, Executive Secretary, Earth Sciences Division,

National Academy of Sciences - National Research Council
Dr. Paul R. Julian, High Altitude Observatory
Mr. Terah L. Smiley, University of Arizona
Dr. Philip D. Thompson, National Center for Atmospheric Research
Dr. Frederick W. Ward, Air Force Cambridge Research Laboratories

On the basis of the information available, it was decided that the conference
should concentrate on the eleventh and sixteenth centuries, as representing
extremes available in the last millennium, though it appeared later that the com-
parison would have been clearer had the seventeenth or eighteenth centuries been
selected rather than the sixteenth. A tentative date was set and an initial list of
invitees was contacted. At later meetings of the Committee in Boulder, Colorado,
(November, 1961 and April, 1962) the general schedule of meetings was devel-
oped and the list of conferees filled in where obvious oversights had been made.

Throughout the planning of the conference an effort was made to keep a
balance between disciplines so that the working group would be truly interdiscip-
linary. As it happened, the conferees were so interdisciplinary themselves that
many had to be arbitrarily classified as belonging to one field or another despite
equal competence in more than one. In the end, the conferees were divided by
disciplines as follows:

Geologists 5 Anthropologists 8
Geographers 4 Historians 7
Biologists 5 Unclassified and
Meteorologists 10 staff 4
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The general plan of the conference was: 1. To spend the first two days
laying the framework of the problem and introducing the conferees from each
discipline to the terminology and approaches used by the other disciplines.
2. The next three days were to be devoted to meetings by disciplinary sections
for the presentation of data and coordination of this data into a coherent body of
evidence as to the climate of the two centuries. The evidence from each discip-
line was then to be presented to the general conference by the section chairmen.
3. On the last day, an attempt was to be made to draw from the combined data
an interpretation of those data in terms of circulation pattern, followed by a
discussion of future research implications of the conference. Only slight modi-
fications of the plan were necessary.

Proceedings of the Conference

Saturday, June 16, 1962. The main group of conferees met at the
Cosmopolitan Hotel in Denver and was taken by bus to Aspen, Colorado, where the
conference was held. The facilities of the Aspen Institute for Humanistic Studies
were used for the conference. Here the main group was joined by those who had
used private or individual transportation.

In the evening a general introductory meeting was held outlining the pro-
gram for the week, introducing the Committee and taking care of organizational
details.

Sunday, June 17, 1962. General session I. Dr. Bryson opened the confer-
ence by discussing the statistical basis for trying to find measurable differences
in the mean values of climatic elements between one century and another. If
these elements vary randomly in the sense of "white noise"* then the inter-
century differences must be so small that the task confronting the paleoclimatol-
ogist is appalling in the accuracy demanded of temperature and precipitation
estimates. Most long meteorological time series, and long series which depend
on climatic factors exhibit what has been called "red noise", i. e. the variance of
the climatic elements decreases more slowly as the averaging period increases.
Thus centuries differ about as much as decades and biennia and there is then hope
of finding significant inter-century differences.

Dr. Bryson then outlined the general nature of climatic variation over the
past two millennia as indicated by the existing paleoclimatic literature. In es-
sence, the literature suggests a considerably higher frequency of cyclonic dis-
turbances in the Mediterranean area during the period 550 B.C. to about 400 A.D.,
with correspondingly cooler weather in northern Europe. This is interpreted as

* The report listed in Appendix C under Bryson, and reproduced for the confer-
ence, discusses the matter extensively.
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meaning an expanded circumpolar vortex in the free atmosphere. During the fol-
lowing half millennium the circumpolar vortex irregularly contracted with one
major setback in its poleward shrinking culminating about the ninth century A.D.
By the eleventh century, there was associated with the contracted vortex much
less cyclonic activity in the North Atlantic area and central Europe, and warmer
temperatures in northern Europe (including less Arctic drift ice). Stormier,
moister conditions in Europe seem to have returned about 1300 A.D., with a
major expansion of the vortex starting about 1600 A.D. and producing the colder
conditions of the seventeenth through nineteenth centuries. Since about the
middle of the nineteenth century, the North Atlantic area has undergone a readily
documentable warming which, according to some authors, culminated about
1950. Dr. Bryson pointed out that, if true, this sequence of climatic events had
important implications to the interpretation of written and non-written history,
as well as to meteorology, geology, and biology. He then charged the conference
with the task of establishing the true nature of the climate during two of these cen-
turies.

Dr. Thompson* outlined the physical factors pertinent in the explanation of
the climatic pattern, and then discussed some of the possible causes of climatic
variation. Focusing attention on the internal causes of change, he listed five
earth-air interface characteristics which are significant in this context: height,
roughness, albedo, heat capacity, and conductivity. Of these, the important fac-
tors are those which vary or cause variations within the time scale being consid-
ered, yet not so ephemeral as to have very short-term or small cumulative ef-
fects. In this respect the height of the land varies too slowly and the albedo due
to clouds probably varies too fast. The roughness of the surface due to waves on
the sea probably varies too rapidly, but there may be some effect due to changes
in forest cover, either man-induced or otherwise.

The remaining factors may produce climatic variations due to a feedback
mechanism involving the enormous heat storage capacity of the sea. The great-
est albedo differences are those between snow-covered and bare land, and ice-
covered and ice-free sea. These albedo differences produce variations in the
distribution of radiative heating and cooling. The great heat storage capacity of
the sea due to its great mass, high specific heat and high conductivity extends
the effects of ice and snow variations. Since the atmosphere and sea are very
closely coupled, circulation variations must result.

In the evening, the session was continued with a presentation by Dr. Ward
of a study of spatial correlations of temperature and precipitation. His purpose
was to establish the dimensions of the area for which meaningful generalizations
might be made on the basis of evidence from a single location. From the data

* Complete names and affiliations of the participants are included in Appendix B.
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available, he concluded that evidence for a small area or single location had no
significance beyond 500 miles in general, and in the case of strong topographic
influence might have no value for generalization at distances less than 100 miles.
He also showed that generalizations drawn from decade means are valid for a
larger area than those drawn from yearly means. This suggests that the spacing
of data for the reconstruction of century means need not be as dense as for short-
er term means. Copies of his data were distributed to the conferees.

Monday, June 18, 1962. General session II. This day was devoted to
introductory statements intended to outline the general nature and limitations of
the evidence that might be contributed by each discipline. The presentations
were as follows:

1. Glacial Geology - Dr. Wright

After outlining the methods of moraine dating, Dr. Wright presented some
conclusions on the timing of the most recent glacial advances, especially for
North America. His presentation is summarized in the following table:

Date of recent moraine Age of forestLocation (most important underlined) beyond moraine
or trim line

Mt. Hood, Oregon 1840 1740 > 650 yrs.

Mt. Rainier, Washington 1850 1745 1635 > 1, 000 yrs.

Olympic Mts., Washington 1850 1650 > 700 yrs.

Mt. Garibaldi, British
Columbia 1860 1740 1550?

Canadian Rockies 1750

Juneau, Alaska 1850 1765 > 600 yrs.
(possibly 10,000)

Glacier Bay, Alaska 1750

Greenland 1890
1850?

Iceland 1890
1850? 1750 > 1, 000 yrs.

Norway 1750
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2. Geology (other than glacial) - Mr. Smiley

Pointing out that geology has contributed not only a major amount of evi-
dence used in the study of past climates, but also a great amount of interpreta-
tion as well, Mr. Smiley reviewed the primary areas of geological investigation
bearing on the major aim of the conference. Modern geology, viewed in a broad
sense, is composed of many primary and secondary studies, he said. He then
discussed areas of geological investigation bearing on the aims of the conference.
These areas are summarized in the following outline:

I. The heat budget system and geology.

A. Solar radiation and albedo at various elevations and during various
atmospheric pressure changes. Net gains and losses at ground
surface.

B. Effects at different altitudes and latitudes of:

1. Slope angle and direction;

2. Ground cover or exposure: insolation;

3. Type of exposed rock or sediment and subsequent chemical and
mechanical action;

4. Wind and water energy transfer;

5. Cloud cover.

II. Geomorphology: geology in action.

A. The nine fundamental concepts (according to Thornbury).

B. Erosion and sedimentation as the principal processes.

C. Annual deposits (varves, etc.).

D. Isostasy and its effects on land surfaces.

E. Topography.

F. Diastrophism.

G. Vulcanism.
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IlM. Geochemistry.

A. Geochemical principle.

B. Distribution and migration of elements.

C. Chemical changes and time.

D. Dating past events.

E. Dating fossil water.

IV. Geophysics.

A. Precise measurements of earth's crust.

B. Depth of sediments.

C. Relation of meteorology and oceanography.

D. Identification of underground (or subsurface) structures including
water table or zone of saturation.

E. Isostatic readjustment.

V. Pedology.

A. Soil as a product of physical and chemical weathering of rocks and
minerals.

B. Soil formation.

C. Soil types.

D. Chemical and physical changes through time.

E. Chemical and physical changes when buried.

VI. Geohydrology.

A. The hydrologic cycle as evidenced by geologic phenomena.

B. Solution of rocks and erosion.
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C. Aquifers.

VII. Oceanography.

A. Marine deposits vs. continental deposits.

B. Epicontinental and shoreline contact processes.

C. Eustatic changes and effects on geologic processes.

D. Correlation between marine and continental deposits.

3. Dendrochronology - Dr. Fritts

Discussing the techniques and ranges of reliability of tree-ring dating under
varying conditions, Dr. Fritts presented two examples from a preliminary screen-
ing of tree-ring variables. In each example, a small group of trees of a single
species of conifer in the vicinity of Flagstaff, Arizona, was studied. The data
were as follows:

1. Multiple regression equation for predicting ring index for six Douglas
fir trees near Flagstaff.

Standard deviation of Y = 0.491
Standard error of estimate = 0.231 Multiple R = 0.9117

Regression
Coefficient Variable Mean Square

0.4251 Index for previous ring 1.841 ***

0.3822 Index for ring 3 years previous 1. 310 ***

0.0025 Precipitation of spring quarter 1.302 ***

0.0016 Precipitation during winter quarter 1. 124 ***

-0.0727 Average temperature during winter 1.054 ***
quarter

0. 1009 Average temperature during spring 0.975 ***
quarter
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Regression
Coefficient Variable Mean Square

0. 1525 P.E. /precipitation during previous 0.910 **
spring quarter

-0.2871 P. E. /precipitation during previous 0. 613 **
summer quarter

-0.0026 Precipitation during previous summer 0. 455 **
quarter

-0.0709 Average temperature during summer 0.283 *
quarter

-0.0617 Average temperature during previous 0.276 *

fall quarter

0.0808 Index for ring 2 years previous 0.065

1. 2427 Constant

2. Multiple regression equation for predicting ring index for five Ponderosa
Pine, Flagstaff.

Standard deviation of Y = 0.269
Standard error of estimate - 0. 131 Multiple R = 0. 8966

Regression
Coefficient Variable Mean Square

0.6592 Index for previous ring 1. 300 ***

0.0015 Precipitation during winter quarter 0.944 ***

0.2105 Index for ring three years previous 0. 163 **

0.0006 Precipitation during previous fall 0. 130 **
quarter

0.0155 Precipitation during summer quarter 0.127 **

-0.0009 Precipitation x average temperature 0. 114 *
during summer quarter
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Regression
Coefficient Variable Mean Square

0. 1293 Average temperature during summer 0.076 *
quarter

-0.0398 Average temperature during previous 0.069
fall quarter

0.153 Average temperature during previous 0.012
winter quarter

-2.0429 Constant

Precipitation in millimeters; temperature in centigrade.

Significance level: *** .001
** .01
* .05

4. Palynology - Dr. Heusser

Dr. Heusser described the field of palynology, and outlined its principles,
methods, and application to the study of past climates. He also presented a glos-
sary of terms. Palynology, the study of pollen, spores, and related microscopic
parts of plants, covers both living and fossil material, he said. The study of
fossil pollen, significant in the reconstruction of past environments, may be con-
sidered a subdivision of micropaleontology.

After outlining the development of palynology to the present time, Dr.
Heusser traced the process of pollen deposition and preservation; the process
of sampling; the adjustments necessary to assess the proportions of pollen types;
the limitations in identification of species and sometimes of genera; the process
of description by preparing pollen spectra, pollen profiles, and pollen diagrams;
and the process of relating the pollen record to climatic conditions.

He then described the methods used by palynologists to select sampling
sites, to acquire samples, to prepare them for analysis, to identify and count
pollen grains and spores, and to calculate the pollen percentages.

Among inherent sources of error, he said, are: (1) over-representation
or under-representation of different species resulting from variations in their
pollen production, their resistance to decay, and their method of reproduction;
(2) the difficulty of identifying different species in a given genus and, in some
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cases, the morphological likeness of different genera; (3) the occurrence of re-

deposition of pollen which, unless detected, can alter a pollen spectrum or pro-

file.

The discussion of palynological methods concluded with the presentation of

the apparent generality in the sequence of climatic types, illustrated by post-

glacial pollen diagrams from different parts of the earth.

5. History - Dr. Watson

Historians, said Dr. Watson, are disinterested in theories of climatic

change as such, but they are vitally interested in the influence of weather condi-

tions on agriculture and economic activity, not as a single cause of human action

but as important in the history of traditional, agricultural societies. He said he

hoped the historians could: (1) critically assess data to make sure that certain

effects are indeed the result of meteorological changes and are not the product

of human manipulations; (2) provide written evidence that will directly or indi-

rectly reflect climatic changes. He issued two "warnings" about historians and

paleoclimatology. First, since the study of climate is new to most historians,

they have not formed rigid ideas of methodology nor have they yet developed bi-

ases against certain kinds of evidence. Second, compared with conferees from

other disciplines, the historians would be more parasitic than was their wont.

Dr. Watson then went on to describe the evidence historians might bring to

bear on the problem, some qualitative and some quantitative. Of the qualitative

evidence there is anecdotal or descriptive evidence in chronicles, annals, ex-

plorers' reports, private letters, random observations and reports, etc. It is

generally subjective, usually concerned with the exceptional, and possesses

other limitations, but is valuable in some ways. There is also "explanatory"

evidence in reports of agricultural workers, managers of medieval estates

(bailiffs), fishers, grazers, and others directly engaged in agricultural and

other economic activities. Subject to the same limitations as the subjective

anecdotal evidence, the explanatory evidence, made to explain effects of weather

on farming operations, nevertheless has advantages such as on-the-spot judg-

ment and hard-headed evaluation.

Dr. Watson then went on to describe the kinds of quantitative evidence,

generally limited to growing seasons in temperate climates, that historians

might contribute. There are conditions directly influenced by climate, such as

areal ecology and biology, crop yields, harvest dates, rainfall, water levels in

lakes, etc. These conditions were listed, and limitations and qualifications of

their accuracy were noted. In the same way, Dr. Watson listed historical evi-

dence on which weather was an indirect influence, giving examples and describ-

ing qualifications in its use. Among such phenomena are prices, population
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records, changes in the export and import trade of agricultural products, and
investment in agricultural land.

In summary, where more reliable written evidence is not available, histo-
rians would be unwise to abandon climatic fluctuations to explain changes, Dr.

Watson said. All data, even the most quantitative and precise, requires critical
interpretation, but not even the most qualitative and indirect evidence should be

ignored. Historians must concentrate on the direct and quantitative evidence,
but they must also depend heavily on other disciplines for the interpretation of
written evidence and for comparative studies of unwritten evidence.

6. Archaeology - Dr. Griffin

The subject matter of archaeology is the discovery, description, and inter-
pretation of the cultural remains of prehistoric, and sometimes of historic groups
of people, Dr. Griffin said. In any area, its task is to recover an unbroken se-
quence of human occupation from the earliest period to historic times. In many
areas, it records the gradual increase in complexity of hunting and gathering and
gradual shifts to more stable and complex agricultural societies. Its materials
are the manufactures or artifacts of the societies, their structures for housing

or ceremonial centers, their foods, their raw materials, and the inferences that
can be made regarding the social life.

He went on to say that since archaeological remains are incorporated in and
found on the earth, a highly significant part of archaeological research must be to

obtain an understanding of the ecology of a site or an area during the occupancy of
any particular society. The archaeologist must also understand any relationships
or correlations which may exist between ecological and cultural changes. Since
some environmental changes are the result of climatic change, the archaeologist

must be alert to the recognition and delineation of climatic change as a possible

factor in observed cultural change.

Unfortunately, however, Dr. Griffin said, the time scale with which the
archaeologist has to work is often measured in millennia, in centuries, and only

rarely in decades. It can normally reflect only broad climatic trends and these
must be correlated with geological, botanical, and zoological data. Actually, the

best indications of variations in climate usually come not from the cultural record

itself but from the data of the natural sciences which are either directly associated
with a particular culture pattern or which are contemporary with it in a particular
environment.

In general, Dr. Griffin said, it may be said that climate is permissive in
character and does not directly determine the cultural pattern, since in a given
environment, as is well known, there have been many different cultural patterns.
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In hunting and gathering societies, man's mobility and his potential for an omniv-
orous diet allows him to move with Ids technology and subsistence pattern as cli-
mate changes, or to adapt his culture to environmental change. Such movement
of people, or cultural change, can be recognized with sufficiently accurate archae-
ological work. When agricultural societies are located in tension areas where
minor changes in the annual rainfall distribution or the amount of available rain
is inadequate, they are likely to react rapidly to such unfavorable conditions, and
these result in either cultural decline or population movement. Similarly, in
areas where temperature change will shorten the growing season below the time
necessary for harvesting the crops, the effect upon the culture can be observed by
the archaeologist.

For these reasons, as well as others, DrE Griffin said that the archaeolo-
gists at this meeting would present data for the eleventh and sixteenth centuries
from the Southwest, where the amount and annual distribution of rainfall is of
great importance; from the central and southern Plains, where the same factor
is important; from the northern Plains, where a temperature control may also
operate; from the northern Mississippi Valley, where temperature is likely to
be a more effective control than moisture; from southwest Greenland, and from
the American Arctic, where temperature is rather clearly a factor in cultural
change.

Dr. Griffin said that the archaeologists are here to present what data they
have which may be interpreted as resulting from climatic change, but that they
are under no illusions that these may be regarded as definitive. They hope to
have their interpretation of cultural behavior improved by the results obtained by
pooling the total information presented.

Tuesday, June 19, and Wednesday, June 20, 1962. On these days the con-
ferees met in four sections (biology, geology, anthropology, and history) to pre-
sent the data gathered by the individuals and to consider the internal consistency
among the various bits of information. The original geography section wsas divided
according to the type of data each had to contribute, and members of the meteorol-
ogy section were distributed among the four operating sections as consultants.

Thursday, June 21, 1962. After hearing the presentations of each individual,
and after group discussions of validity, the chairmen of the sections gathered to
examine the composite evidence. It appeared that in general, the geographical dis-
tribution of evidence was such that little cross-disciplinary comparison could be
done directly without climatic interpretation first. For example, the archaeolog-
ical evidence for the regional extent of corn farming in the Southwest might be
interpreted in terms of summer rainfall, while the tree-ring evidence for the
same area reflects primarily winter rainfall.
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Friday, June 22, 1962. General session III. After thorough discussion of
the data, the section chairmen presented to the conference the composite picture
accumulated by each discipline:

1. Anthropology Section - Dr. Griffin.

2. Biology Section - Dr. Fritts.

3. Geology Section - Mr. Smiley (with an addendum submitted after the
conference by Dr. Wright).

4. History Section - Dr. Watson.

These summary statements are given in extenso in Chapters II through VI
of this report.

Saturday, June 23, 1962. General session IV. On Saturday morning Dr.
Shapiro was asked to give a meteorological interpretation of the data discussed
by the section chairmen the previous day. He chose to consider only the winters
of the second half of the sixteenth century for simplicity, brevity, and data rea-
sons. From the suggested anomalies of temperature and precipitation he deduced
a reasonable circulation pattern for the time interval in question and suggested
critical areas for testing the proposed pattern. His discussion is given in Chap-
ter VII.

After the morning session and Dr. Shapiro's discussion, the sections once
again met to discuss informally the meteorological interpretation that might be
put on the data.

General session V. In the final session of the conference the section chair-
men presented their conclusions and recommendations about future research in
paleoclimatology. These statements are to be found in Chapter VIII. At the con-
clusion, the conference was adjourned to a farewell informal get-together.

Sunday, June 24, 1962. After an early breakfast and general farewells, the
conferees departed.

Conclusions and Recommendations

The conference, when suggested to the participants, was greeted with near
unanimous enthusiasm, and most of those who were invited attended the confer-
ence. Since the participants were carefully selected and, in general, given many
months for preparation, it is likely that the results of the conference represent
very nearly the best that can be done at the present time.
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It is clear that the conference did not succeed completely in the recon-

struction of the climatic patterns of the eleventh and sixteenth centuries. The

amount of quantitative data presented was very small indeed, and even data

which suggested the direction of departure of the climatic elements relative to

the present were not well distributed over the Northern hemisphere, on which

the conference concentrated. Yet most participants who expressed an opinion

were very pleased with the outcome of the conference. *

What, then, did the conference accomplish?

1. It clearly indicated the need for the development of new quantitative

tools. Tree rings, the best of the present quantitative measures, yield either

summer temperatures or winter precipitation, in the Arctic and desert border,

respectively. Similar tools for winter temperatures and summer precipitation

and applicable to other areas are needed.

2. It clearly indicated certain questions that need to be answered by the

various disciplines in order to attach numerical values to historical phenomena.

For example, consider the following simple questions:

- What is the growing season requirement for Indian corn? Did regional

varieties differ?

- What are the water requirements for Indian corn? Squash? Beans?

- What climatic factors, of what range of values, are involved in determining

the range limits of various food plants and animals?

- How cool must the summer be to make the vine harvest a week late in the

various parts of Europe? Is this a sensible question?

- What is the quantitative significance of permafrost depth?

- What climatic and oceanographic factors are related to the range of various

sea mammals (whales, seals, walrus) and shellfish?

- On specific beaches, what climatic factors determine beach ridge production

and orientation?

- What climatic factors are expressed by glacial advance or equilibrium posi-

tion, lake level, and balance between cut and fill in valleys?

* A summary of the conference written by one of the participants, Mr. Lamb, is

to be found in Appendix A.
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- What, climatically, does the pollen rain composition mean?

- What climatic factors are indicated by the abundance of driftwood carried by

rivers?

- What determines the freezing dates of various harbors, rivers, and large

lakes?

Answers to some of these questions may be available, but should be ex-

tracted from the body of scientific information and presented to the scholar of

past climates.

3. It indicated a need for certain types of information about our present

climate. What mean circulation patterns are at once physically reasonable and

yet give the sorts of climatic anomaly patterns suggested by the existing paleo-

climatic data?

4. It suggested the need for a "clearing house" or central repository for

paleoclimatic data.

5. It demonstrated that paleoclimatology is not the realm of a single dis-

cipline, nor of science alone, for the contributions of history to the study of past

climates was clearly shown. Paleoclimatology is, and must be, an interdiscip-

linary undertaking.

6. It established a degree of rapport among scholars of various disciplines.

This rapport, it is hoped, will produce effective cross-fertilization of ideas in the

future.

The opinion was expressed by many participants that some measure of

continued contact between the conferees should be maintained, and that another

attempt to accumulate paleoclimatic evidence about the climates of various cen-

turies should be made in a few years.
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II. SUMMARY REPORT OF THE ANTHROPOLOGY SECTION

The anthropology section of the Conference on the Climate of the Eleventh
and Sixteenth Centuries included the following participants: Dr. Aschman,
Dr. Baerreis, Dr. Bryson, Dr. Chard, Dr. Giddings, Dr. Griffin, Dr. Lorenzo,
Dr. Naqvi, Dr. Vebaek, Dr. Watanabe, and Dr. Woodbury. For various rea-
sons, the data presented by Lorenzo, Naqvi, and Watanabe could not be ade-
quately evaluated and integrated into the presentation given by the anthropology
committee to the general sessions. The bulk of the presentation, based on
strictly cultural evidence by Baerreis, Chard, Giddings, Griffin, Vebaek, and
Woodbury, was suggestive of climatic influences, but there was difficulty in ex-
pressing the interpretation in terms of climate. The most significant informa-
tion centered in the Southwestern United States, the Plains, and the Northwestern
American Arctic, where physiographic and tree-ring interpretations could be
integrated into the interpretations of cultural behavior. The archaeological evi-
dence from the Upper Mississippi Valley was somewhat less precise.

Chard's interpretation of the behavior of the Eskimos in the American
Arctic is that during the eleventh century there is evidence for cultural growth
and considerable movement of the Thule culture along the coastal area from
Alaska across the Canadian Arctic as far as Greenland. The initial occupation
of Ellesmere Land is at A.D. 900, and there is evidence of a spread westward
of Eskimoid culture from the Bering Sea to the mouth of the Olenik River in
Siberia and also out to the New Siberian Islands. During the sixteenth century,
Ellesmere Land is no longer occupied; northern and northeastern Greenland is
abandoned; Thule Eskimo whaling, which had been economically important in the
eleventh century, disappears; the Polar Eskimo lose most of their typical sum-
mer equipment sometime after A.D. 1200; some Alaskan Eskimo groups retreat
from the northern Arctic coast to inland areas.

Giddings gave a rather complete presentation of his northwestern Alaskan
sequence over the last five to six thousand years. He noted that during the Thule
culture of the eleventh century, houses were large with a long tunnel and acces-
sory rooms for cooking. Whaling and fishing were important. There was a
considerable amount of driftwood which was used for house construction. This
contrasts with the preceding Ipiutak culture and with the evidence for the sixteenth
century, for at that time, the late western Thule houses are smaller and there is
less evidence of the use of driftwood in their construction. Giddings presented
his tree-ring information to the biology section.

Material from southwestern Greenland was given by C.L. Vebaek. His in-
formation was obtained from historical documents and from archaeology, geology
and zoology. He emphasized that the absence of specific comment on ice off
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southwestern Greenland in the eleventh century did not necessarily mean that
there was none, although it is reasonable to think that ice conditions were less
hazardous at that time. There is little question but that ice conditions from 1200-
1900 were, on the whole, bad, with some evidence of slightly better conditions
from 1400 to 1600. The permafrost evidence definitely indicates a milder cli-
mate in the eleventh century during the early occupation of southwestern Green-
land, and that by the fourteenth and fifteenth centuries the permafrost was close
to the surface. Pollen studies in the Godthaab area indicate a shift in climate
about 1300 from a relatively moist to a drier continental one. Some of the best
suggestions are derived from the excavations which delineated large centralized
farm buildings and cowhouses. In the early period of the settlement there are
many large cowhouses. Their subsequent decline in size indicates that conditions
for cattle raising gradually worsened as the sixteenth century approached.

In the eleventh century, predominantly agricultural peoples moved up the
Mississippi Valley into southern Wisconsin and Minnesota, occupying favorable
sites as far north as St. Paul and the mouth of the Minnesota River. During the
twelfth to fourteenth centuries, their culture underwent a marked decline, which
may have been due to a less dependable agricultural production. In any event, by
the sixteenth and seventeenth centuries the Indian population was more dependent
on hunting and probably on wild rice than was the case in the eleventh century.

In the Plains area, the eleventh century was a time of occupation by rela-
tively small agricultural communities, which penetrated westward to the Texas
and Oklahoma Panhandles, as well as across Kansas and Nebraska into eastern
Colorado. At the same time, there were more substantial settlements in the
eastern Plains including western Iowa and eastern South Dakota. Some evidence
has been presented which identifies the eleventh century occupation in the west-
ern Plains with a well defined humus zone which was covered later by wind-blown
deposits.

The archaeological evidence for the sixteenth century in the Plains is sup-
ported by some historical evidence. The major sites of agricultural people were
in South and North Dakota along the Missouri Valley. Meanwhile, agricultural
people who had been situated in the western to central part abandoned their sites
and moved eastward into the eastern parts of Oklahoma, Kansas, and Nebraska.
The western Plains were thus occupied by hunters and gatherers during the initial
journeys of the Spanish into that region in the sixteenth century.

While the eastern Indians withdrew to the east, the southwestern Indians
retreated toward the Southwest. In the Mill Creek culture sites of northwest
Iowa, which have deep refuse middens, there is a marked increase of bison bones
from the deep levels of the eleventh century to the upper levels of the fifteenth-
sixteenth century. One such site, where the occupation ceased about 1500, was
covered by wind-blown soil. Tree-ring studies by one scientist have indicated
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periods of marked drought in the Plains in either the fifteenth or sixteenth
centuries.

In the Southwest, the eleventh century witnessed the major expansion of

agricultural populations into Utah, almost as far as the Great Salt Lake; into

southwestern Nevada; southwestern and southeastern Colorado; and into eastern

New Mexico. It was the major period for agricultural occupation in southwestern
New Mexico and for the desert Hohokam people in the Gila basin of south-central

Arizona. A marked retraction of these agricultural settlements began in the late

thirteenth century, and during the sixteenth century the area occupied shrank from

600, 000 sq. km. to 200, 000 sq. km. But though the area shrank to one-third its

former size, estimated population decrease was only about one-tenth.

Summary

The archaeological data supports the interpretation that in southwest

Greenland and in the American Arctic the climate in the eleventh century was

somewhat warmer than during the sixteenth century, which was cold enough to

have an adverse effect on the human cultures. A similar interpretation is made

for the northern Mississippi Valley, but on less sound evidence. It is reason-

able to conclude that the western United States Plains and the Southwest during

the eleventh century had adequate rainfall to support small agricultural villages

but that during the sixteenth century these areas were not receiving sufficient

moisture at the right time to have in agriculture a dependable source of food.
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III. SUMMARY REPORT OF THE BIOLOGY SECTION

A variety of evidence for climatic fluctuation was presented, including cli-
matic records, pollen diagrams, vegetational distributions, and biogeographic
information. The group found most of these data unsuitable for interpretation of

climates within the two centuries because of (1) shortness of the time intervals
under study, (2) insufficient information on physiological climatic relationships,
and (3) scarcity of evidence firmly correlated with absolute dates marking inter-
vals within a particular century. However, it concluded that developments within
the field of dendrochronology now warrant attempts at direct climatic interpreta-
tions. A summary of this information is presented in the tree-ring table on
page 22.

The most useful dendrochronologic series were those from the northern
timberline areas, where summer temperatures were shown to be related to a
large portion of the tree-ring variation, and those from semi-arid North America,
where seasonal or annual precipitation was shown to account for a major portion
of the ring variation.

The summer temperature series from northern Alaska indicate an average
temperature for the eleventh century that was estimated to be higher than, but by
no more than 2. 3C., the 1851 - 1950 average for that region. During the six-
teenth century, there is evidence for somewhat lower temperatures during the
summer, perhaps 0. 80C. above the 1851- 1950 average in Alaska, 1.0 C. below
the average in the Mackenzie Valley of Canada, and 0. 5P above the average for
Fennoscandia.

The precipitation series indicate that during the eleventh century, south-
western United States had essentially the same average precipitation as the 1851-
1950 period. The single series from northwestern United States suggests a pos-
sible precipitation deficit during the eleventh century. In the sixteenth century,
all series were below the 1851-1950 norm, especially during the latter half,
indicating a greater number of drought years. Additional evidence substantiated
that this very high frequency of drought years during the latter part of the cen-
tury was present in most series from western United States, but not in those from
the Canadian Rocky Mountains.

At the conclusion of the conference, the committee presented what they
considered to be the promise and limitations of biological evidence for pre-
cise interpretation of past climates, along with their recommendations as
follows:
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Dendrochronology

Specific and relatively precise climatic interpretations may be made from
ring variation in conifer trees growing in stress areas such as (1) at the northern
timberline where summer temperatures exert strong control over growth, and
(2) in arid habitats where moisture is primarily limiting. The reliability of
individual series depends upon both the frequency of limiting environmental condi-
tions and the consistency of response by the sampled population.

The most successful applications in climatic interpretation will probably be
made with the kind of series that represents a group of trees of a single species
which exhibit enough common variability to allow accurate cross-dating. Where
there are differences in ring width due to age, appropriate corrections should be
made. Essential in all cases is an adequate evaluation of the growth-climatic re-
lationships and their physiological basis.

The conference has pointed out need for the following:

1. Greater emphasis on the fundamentals governing ring variability such as the
mathematical characteristics of the series, edaphic and climatic controls,
and ecological and physiological relationships.

2. Faster development of objective and rapid techniques for handling the large
quantities of data available.

3. More effort to study the northern timberline in all continents involved.

4. More effort to study the altitudinal timberline at lower latitudes.

5. More work in areas such as the Mediterranean, Middle East, Central Asia
and Japan, where more paleoclimatic information is needed.

6. Greater consideration of other tree-ring characteristics that may indicate
certain elements of climate such as "frost rings, " "false annual rings,"
and differing proportions of earlywood and latewood.

7. Further studies of long tree-ring series from less arid regions such as
those of Chamaecyparis in Japan and Sequoia in the United States.

8. A greater effort among workers to standardize their methods and to share
in the development of new techniques.
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Historical Biogeography

The present published paleontological record provides information on cli-

matic variation on the scale of millennia rather than centuries, with exceptions

where evidence from sources other than paleontologic were used to provide

reference dates. The presence of biotic macroremains and the possible com-

munity assemblages give additional qualitative information. The limitations for

climatic inference (in addition to the commonly acknowledged sources of error

for each of the several approaches) may be stated as:

1. Considerable lag may occur in the response of vegetation to climatic change,

while animal populations may shift more rapidly if the species involved is

not dependent upon specific vegetation for food and shelter.

2. There may be a large differential between species with respect to sensitivity

to climatic change.

3. Records of biological remains (especially animal) frequently represent

islands in time which are highly dependent upon dating, not only within the

specific series, but also with correlated deposits in other areas.

4. Few published records are available from areas south of the Pleistocene

glacial borders.

The conclusions of the group indicate need for the following:

1. More studies on the physiological ecology of species response to weather

conditions (especially temperature and moisture).

2. More information on climatic limits of biotic communities.

3. More micropaleontological analyses using shorter stratigraphic intervals

and more refined techniques so that comparisons may be made with surface

deposition, modern pollen rain, and microstructure of limnological sedi-

ments.

Recommendations

It is recommended that:

1. Biologists and historians investigate the potentialities of medical evidence for

climatic interpretation.

2. Increased effort be exerted on problems of measurement of environmental pa-

rameters, through collaboration of meteorologists, physicists, and biologists.
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IV. SUMMARY REPORT OF THE GEOLOGY SECTION

"Our doubts are traitors,
and make us lose the good we oft might win,
By fearing to attempt."

(Shakespeare, Measure for Measure)

Geologic data generally are not adaptable to divisions of time as short as
decades or centuries except for certain events which occurred with explosive or
cataclysmic force. Such events can possibly be dated to the century, decade, or
even to the year if the residue can be so defined and a dating technique of proper
quality applied.

Almost all of the geologic data presented at this conference are confined
to the North American continent. These data are presented here in three major
divisions. The first division is concerned with data pertinent to the eleventh cen-
tury; the second division with the sixteenth century; and the third with general
information on which time controls have not been established.

Eleventh Century

Erosion and sedimentation. In the Rocky Mountain area of the western
United States from Montana to Arizona and southward into the states of Sonora
and Chihuahua in Mexico, a period of intensive sedimentation occurred in the
middle reaches of the stream valleys prior to the eleventh century. In certain
portions of this area, this was followed by a short period of erosion, which in
turn was followed by another period of deposition. Dates of these periods are
based on samples submitted for radiocarbon analyses and on dendrochronological
materials at archaeological sites buried under the alluvium.

These sites include: 1. Powder River Basin, Wyoming, 2. Denver,
Colorado, 3. La Sal Mountains, Utah, 4. Henry Mountains, Utah, 5. Tsegi
Canyon, Arizona.

In each of the five localities, two recent fills are found. The top two feet of
the lower fill contain material dated by radiocarbon techniques at approximately
A.D. 900 to 950. The very top of this fill contains evidences of erosion. Above
this is another fill which in several places contains pottery fragments dated by
archaeologists as having been manufactured in the thirteenth century. The de-
posits in these areas suggest that they were made by through-flowing streams and
not by "flash" floods.
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In the La Plata area of western Nebraska, a buried soil is contained be-

tween two alluvial fills. Archaeologists have determined, by tree-ring dating,

that this soil was formed approximately A.Do 1000.

Sediments in a remnant of Lake Lahontan near Carson City, Nevada, indi-

cate that the lake in the eleventh century was reduced to a swamp or marsh. In

the sixteenth century this same area was covered by shallow water.

In the Chaco Canyon area of northwestern New Mexico, the Rio Grande

Basin of central New Mexico, and part of the Tsegi Canyon area of north-central

Arizona, the White Mountains of Central Arizona, and other areas, the period of

A.D. 600 to 900 was one of extensive erosion in the highlands and deposition in

the middle reaches of the streams. This period generally ended by A.D. 950,

although in the area near Gallup and in north-central New Mexico it extended

until the middle or latter part of the thirteenth century. Buried habitations attest

to this deposit, and tree-ring dating of contained timbers give the approximate

time of construction of these habitations.

Soil studies. Soil studies in Dona Ana County, New Mexico (the Rio Grande

Basin north of El Paso, Texas) have yielded evidence of stream action which has

resulted in considerable cutting and filling of channels. The present period of

action started as long ago as the tenth century, and has continued almost uninter-

rupted.

Similar studies in Harrison County, Iowa, indicate that there was alluvial

filling between the tenth and eighteenth centuries.

Wind direction. To date only one study has yielded evidence of wind

direction in the eleventh century. Sunset Crater, a small cinder cone near

Flagstaff, Arizona, erupted approximately 1064-65. Ash from this eruption

was blown over the countryside and a study of present-day remains indicates a

prevailing wind of west to southwest during the time of ash ejection.

Paleontology. Modern paleontological studies are concerned with the

total ecological picture of past animal life. In order to study minutely the

fossil remains and their relationship to the plant and climatic factors, it has

been necessary to properly identify all remains, and many unsuspected forms

have been noted.

In the Mimbres area of southwestern New Mexico, animal bones found in

midden material of archaeological sites dating in the tenth and eleventh centu-

ries show a sharp influx of subtropical forms, including large predators and

small mammals.
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In similar midden material from sites in central and northern Arizona, but
dating in the late thirteenth and early fourteenth centuries, there was an influx of
northern and subarctic birds, according to the fossil remains.

Palynology. Recently many pollen studies have been started in archaeo-
logical sites and the contained stratigraphical materials. Most of these studies
have not as yet been carried to a point where specific pollen types can be pegged
to archaeological dated stratigraphy.

In the Mesa Verde area of southwestern Colorado, during the twelfth and
thirteenth centuries, pollen studies indicate a sharp drop in Zea (corn) and a
rise in Cleome (bee weed). The latter plant has been used in historic times
by Indian groups as a "starvation" plant, or one which can furnish subsistence
during periods of drought and other climatic extremes when normal food plants
can not grow.

Glaciation. The movement of mountain glaciers is a result of many cli-
matic and orographic factors, not the least important of which are atmospheric
temperature and precipitation. There must be a time lag considered in each
case, for example, because the thickness of the ice generally must be reduced
before the ice begins to retreat on the ground.

It has been determined through studies of moraines and other associated
phenomena that glaciers in Alaska had been advancing during the several centu-
ries preceding the eleventh century. During the eleventh century, there was a
fairly general recession which was followed by a general advance of mountain
glaciers in western Canada and in Alaska.

Sixteenth Century

There is little geologic evidence for specific sixteenth century climatic
regimens except that derived by glacial studies.

During the sixteenth century, glaciers in northwestern North America were
advancing. There was a decided retreat, however, in the seventeenth century.
In general it must be noted that advances in the Alps are dated at 1580, 1589, 1595
and 1643-44. Icelandic advances occurred in 1695-1709. Other advances in
Iceland and Europe were noted in the eighteenth and nineteenth centuries which
correspond to those in northwestern North America. Advances in most places in
North America during the sixteenth to nineteenth centuries were not exceeded
since before A.D. 1250 and in one case probably not before 10, 000 B.P. (before
present).
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Undated Data

Numerous other data were presented but, because of the lack of time con-

trols, could not be used directly in this conference's findings. Several of these

data are presented here to indicate what might be expected in the near future

from these studies.

Sea level changes. An intensive study of coastal phenomena, including sea

level changes, is presently being undertaken, The study and dating of shore line

deposits will eventually give considerable ino. rmation on the rise and fall of the

sea as well as transgression and regression once orographic conditions, isostatic

and other elevational changes are determined. For example, there appears to be

a period covering the past several centuries during which there has been little

change in the sea level. Also, because various types of storms and winds (with

subsequent wave action) give rise to particular types of beaches, there may soon

be a way to study past storm conditions in certain areas at least.

Palynology. This rapidly growing field has potential of yielding minute

data on past ecological and climatic conditions, and much work has been ac-

complished. Many pollen diagrams have been constructed on sediments, and

changes in the pollen percentages noted. Dating controls, except in one or two

instances where archaeological data have been directly applied, are not yet re-

fined to the point where they are applicable to the short time intervals stressed

in this conference.

In Japan there are numerous changes in the pollen record for the last sev-

eral millennia indicating shifting climates. The dating of these shifts is as yet

highly tentative; consequently this information was not incorporated.

Needs and Recommendations

Needs. The general field of geology has considerable need of information

from other fields before it can interpret accurately much of its own findings.

These include:

1. An atlas of detailed climatic maps based on measurements made on surface
(2 meters and below) conditions.

2. Precise and detailed measurements on the heat budget system under various

geomorphological conditions, exposures and elevations.

3. Measurements on transfer of energy at ground surface.

4. Effects at ground surface of degrees of cloudiness as to types of clouds and

cumulative atmospheric humidity. This is also needed for critical elevations



GEOLOGY [IV] 29/

covering not only cloudiness and humidity but also rain, wind, and radia-
tion.

5. Better instrumentation for detailed measurements on microclimatic condi-
tions (e.g. glaciers, forest borders, lakes, swamps, tree-lines, fern-
lines, etc.).

6. More refined and universal dating of geologic phenomena.

7. More controls in the form of detailed dating of pertinent phenomena
(e.g. pollen profiles and diagrams, sedimentation records).

Recommendations. The Geology section recommends that serious consid-

eration be given to the following points in order to further the climatic work pos-

sible through geologic processes and studies:

1. That closer cooperation and even inter-science studies be developed between
climatology and other fields working in paleoclimatology.

2. Encourage publication of pertinent paleoclimatic information in recognized

journals.

3. Encourage exchange of information between fields interested in and working

with climatic data.

4. Encourage refinement of control data in paleoclimatic studies.

5. Abet and encourage the work of the Committee on Paleoclimatology
(American Meteorological Society) perhaps as a clearing house on current
and pertinent research.
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V. ADDENDUM TO THE REPORT OF THE GEOLOGY SECTION

Retrospect on the Contributions of Geological Studies to Problems of the
Climate of the Eleventh and Sixteenth Centuries - A Conservative View

H. E. Wright, Jr.

with the concurrence of R. Vo Ruhe

Glaciers

The minimum date for the formation of moraines in front of modern
glaciers can be determined from the age of the oldest trees growing on the
moraines, increased in certain cases by the age of partially decayed logs on
which living trees are growing, or by other characteristics of the forest floor.
In exceptional cases an old tree in the old forest beyond the trim line border-
ing a younger moraine may show the record of ice advance by a healed scar on
the tree trunk.

In glacier regions above the tree line, a moraine may be dated by lichen-
ometry. Certain species of lichen have been shown to have a steady growth rate
following the early years of microscopic growth, so that the diameter of the
lichen gives a measure of the age of exposure or stability of the stone on which
the lichen is growing. Lichenometry is a new technique, introduced from the
Austrian Alps by Beschel, which has not yet contributed as much as dendro-
chronology to glacier problems.

By dendrochronology the glaciers in the mountains of northwestern North
America have been shown to have retreated from moraine positions about 1850,
1750, in a few cases about 1650,' and in one case 1535o The retreat since 1850
has generally amounted to several miles, but the extent of ice retreat between
the times of the several other maxima cannot be determined. The age of the
forest beyond the farthest trim line is generally determined as exceeding 600-
1,000 years by this tree-ring method. The ice margin may have fluctuated
within but not beyond the same general moraine zone during preceding centuries.
Scattered radiocarbon dates of wood or peat found under moraine or outwash, as
compiled by Heusser, imply activity of certain glaciers at various times during
the first millennium A. Do, but it is not certain how far beyond the find spot the
particular glacier advanced, or in some cases whether the ice was advancing or
retreating at the time in question.

With respect to the eleventh and sixteenth centuries, the moraine data do
not permit safe conclusions regarding relative positions of the ice margins. It
only seems safe to say that the ice margins were somewhat farther advanced at
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various times between 1535 and 1850 than they were during earlier centuries of
the Christian era, although the differences were probably not great. It is safer
to say that the advances of the last 200-400 years have marked the culmination
(so far) of the post-Pleistocene "Little Ice Age". The data are not incompatible
with the conception that the eleventh century was relatively warm and the six-
teenth century relatively cold, but the advances of the early 1700s and early
1800s seem to have exceeded those of the 1500s.

The same general picture applies to the Alps, Iceland, and Scandinavia -
indications during the last millennium for glacier fluctuations close to the recent
margins, with the maximum advances occurring during the last three centuries.
This is again an indication of the "Little Ice Age", without the possibility of de-
fining regional fluctuations within this time.

With respect to the relation between ice advance and the climatic elements,
the study of modern glaciers shows great promise of providing useful information.
A comparison of the climatic data at Tatoosh Island and the ice front at Blue
Glacier on the Olympic Mountains to the east shows that the cessation of recent
ice retreat lagged a number of years behind an increase in precipitation and a
decrease in temperature. Similar measurements have been made in certain
Alpine glaciers. Meteorological stations have recently been established on or
close to many glaciers around the world, so that the movements on these glaciers
can be correlated with the local meteorological data. As these measurements
grow in number there is a good chance to determine the pattern of lag and re-
sponse to climate as recorded by the glacier front, and thus to infer the climatic
relations during times of earlier moraine formation. It must be emphasized that
the ice margin represents an equilibrium among snow accumulation, ice wastage,
and glacier flow, and that each glacier must be considered individually with re-
spect to its regime, its morphology, and its climatic environment. Nonetheless,
the recent pace of investigation in this field gives promise of rapid progress to-
ward these objectives. Because of the difficulty in obtaining good data on ice-
margin positions before the seventeenth century, however, it is apparent that
glacier studies are more useful in climatic reconstructions for the last three
centuries than they are for the sixteenth and eleventh centuries.

Lake - level Fluctuations

Inland lakes with no outlets can record the balance between precipitation
and temperature (evaporation) in a manner analogous to glaciers. There is
little doubt, for example, that lakes in the Great Basin of western United States
expanded during the Pleistocene, as did glaciers in nearby mountains.

Lake-level fluctuations during recent centuries can be determined from
historic records and from dendrochronological studies, as in the case with
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recent glacier fluctuations. Unfortunately, in the lakes of the Great Basin few

trees may be found near the lake levels. Fluctuations of Crater Lake in Oregon
and of other lakes have been detected by tree-ring studies by Lawrence. Per-

haps the longest record of lake-level fluctuations is in the Caspian Sea, and this

record was in fact used by Brooks as one of the principal indications of climatic
fluctuations during historic time.

Climatic interpretation of lake-level fluctuations is similar but perhaps
more difficult than in the case with glaciers because of non-climatic factors

which contribute to the lake regime. The changing hydrologic characteristics
of the drainage basin, for example, control the amount of inflow of water into

the lake. Nonetheless this method does have potential use in paleoclimatic
studies for recent centuries.

Snowline Measurements

Snowline is a measure of the lower elevation limit of perennial snow or of
small glaciers in mountains, and it records the balance between accumulation

and wastage. Although perennial snow may leave no erosional record, a small

glacier may erode a shallow cirque at the base of a cliff or at the head of a val-
ley. Such features may be used to identify the elevation of past snowlines and
thus of past climatic conditions. Large cirques have limited use in this respect

because their floors have been lowered by glacial erosion to levels that may be

well below the snowline of the time. In a study of distribution of cirques and
associated features in the Rocky Mountains from New Mexico to Montana,
Richmond has attempted to determine the elevation of the snowline during the

eleventh and sixteenth centuries.

Cirques may be dated only by means of the moraines or rock glaciers con-
tained therein. The age of these deposits may be determined in a relative way

by the degree of weathering or erosional modification. They themselves rarely
contain organic matter suitable for radiocarbon dating, although Richmond re-

ports that in the La Sal Mountains in Utah the moraines may be directly traced

downstream via stream terraces to radiocardon-dated alluvium at the base of
the mountains. Richmond also differentiates two soils in different deposits of
the high cirques, one formed during the main mid-postglacial warm interval
("altithermal") and a weaker one formed during a break in the subsequent "Neo-

glaciation" ("Little Ice Age"). The absolute dating of these soils, as in the case
of the associated deposits and cirques, is based upon radiocarbon dates in allu-
vium of the lowlands. The tracing of the soils from the high mountains to the
lowlands depends on the continuity and correlation of the deposits on which the
soils are developed and on one's ability to follow the changing facies of soils
with decreasing altitude. Richmond concludes that in the eleventh century, snow-
line was 1, 000 feet higher than at present, and during the sixteenth century 800
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feet lower. His curves for the late Pleistocene (Pinedale glaciation) snowline

throughout the Rocky Mountains imply that snowline at this time was depressed

only twice as much as it was during the sixteenth century.

The writers believe that the evaluation of these data should be made pri-

marily by examination of the relevant deposits, soils, and geomorphic features

in the field and admit that they have not seen the critical areas. They are im-

pressed with the difficulties of identifying and measuring high-mountain cirques

with poor maps and poor accessibility. They are also impressed with the diffi-

culties of tracing sediments from the high mountains through deep canyons to

the lowlands, and with the difficulties not only of following soils from mountains

to lowlands but of interpreting soil development in terms of time. Accordingly

they are skeptical of the correlation of cirque features with radiocarbon-dated

alluvium in the lowlands or in Nebraska. They are also skeptical of the conclu-

sion that the sixteenth century snowline was depressed half the amount of Pine-

dale snowline, for this implies that the temperature depression at this time was

half that during Pinedale glaciation - an implication not supported by evidence

elsewhere in the West or in the world.

Alluviation

Sequences of cut-and-fill terraces, especially in the southwestern United

States, have been attributed to climatic fluctuations since the work of Bryan, who

developed evidence that alluviation represented intervals of relatively moist cli-

mate, and gully cutting represented intervals of relatively dry climate with high

incidence of flash floods. More recent studies in many parts of the West (as

well as in western Iowa) have shown many examples of cutting and filling, and

the intervals have been dated locally by radiocarbon analysis as well as by

dendrochronology. The pattern of cutting and filling has not yet been shown to

be regional, however, nor is the Bryan hypothesis of climatic control demon-

strated to be regionally applicable. The problems in alluvial chronology can be

seen when it is realized that many gullies have short extent and give way down-

stream to depositional fans. Each alluvial sequence must be considered as a

separated geologic, hydrologic, and paleoclimatic problem.

The place of the eleventh and sixteenth centuries in the alluvial sequence is

indefinite; most of the dated fills are older, and in fact show no consistent pattern.

The writers are skeptical of this method of regional paleoclimatic reconstruction,

especially for the recent centuries.

Sea-level Fluctuations

Data were presented concerning post-glacial changes in sea level in

Massachusetts as well as shoreline changes of the last few centuries in the

Mississippi Delta region. It was the general consensus that the geological
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evidence was not sufficiently detailed to justify conclusions regarding either sea-
level or shore-line changes in the eleventh and sixteenth centuries, much less the
climatic implications of changes if any could have been established.

Pollen Analysis

Pollen analysis attempts to measure the record of vegetational change.
The technique has proven remarkably successful in tracing late-glacial and
major post-glacial vegetational changes in many parts of the world, particularly
in temperate latitudes. To the extent that these changes reflect the course of
climate rather than, say, plant succession or human disturbances, the method
is a valuable paleoclimatic tool. There is a limit to the precision of interpreta-
tion, however, engendered by such factors as differential pollen production and
dispersal. Thus a pollen count provides only an indirect indication of the com-
position of the regional or local vegetation. Of particular significance in the
problem of detecting minor climatic changes during the last millennium, we
have the additional factor of the lag in response of vegetation to such minor
changes - not only the lag but the lack of sensitivity of many plants to climatic
stress. Unfortunately, the plants most sensitive to particular temperature or
precipitation regimes are rarely those that produce or disperse enough pollen
to leave a record. An excellent example of a sensitive plant in this connection
is ivy, whose pollen incidence has been studied with extreme detail in certain
post-glacial deposits in Denmark and elsewhere in Europe. But here, as with
many other detailed studies, the incidence of certain pollen or of the plants they
represent is closely bound up with human activities. Thus it is often difficult to
determine if a fluctuation in a pollen profile has climatic or archaeological sig-
nificance.

Data were presented concerning pollen analyses in Japan, but no dating
control or ecological information was available by which the figures could be
interpreted. Pollen diagrams were presented for Minnesota, but no claims
were made for significant vegetational changes during the last millennium.

It is suggested that extremely detailed analyses in some tension zone
between two or more major vegetational formations might provide a test for the
sensitivity of the technique for application to the problem of the climates of the
eleventh and sixteenth centuries. Such a study might better be undertaken in
America than in Europe because of the less significant agricultural activities of
the American Indian in the pre-contact period, although it is admitted that the
use of fire by Indians was an important factor in controlling the prairie/decidu-
ous forest border. Another ecotone of potential study may be the tundra/boreal
forest border of central Canada, but the problem in interpretation might be
more difficult here because of the fact that the boreal forest consists largely of
conifers, which produce tremendous quantities of pollen that carry far out into
the tundra regions and might tend to mask any relatively minor fluctuations that
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may have occurred in the position of this border. The same difficulty applies,
with greater severity, in alpine/subalpine ecotone because of strong winds that
carry tree pollen all over the mountain summits.

Peat Stratigraphy

Recurrence surfaces are formed when peat bogs temporarily dry out and
allow the oxidation and partial decomposition of the peat before its burial when
the water level rises once again. Such recurrence surfaces have often been
considered as records of regional climate. Data on radiocarbon-dated north-
European recurrence surfaces summarized by Heusser show considerable vari-
ation from place to place. A surface may not even be of the same age over a
single bog. Many factors of plant growth and local hydrology apparently deter-
mine the wetness of a bog at a particular point and time, so recurrence sur-
faces are by no means safe criteria for climatic change.

Conclusions

Geologic studies may be put in two categories, dynamic and historical.
The study of geologic processes in action is concerned more with factors that
control the operation and interaction of the processes, and their application to
historical problems is limited because the past behavior of the controlling fac-
tors themselves cannot independently be determined. Pertinent examples are
the relation of glacier regime to climate, or of alluvial activity to hydrology, or
of pollen precipitation to regional vegetation.

Historical studies in geology depend on the interpretation of geologic fea-
tures in terms of dynamic geology, where possible. Only in this way can varia-
tion in past controlling factors, such as climate, be reconstructed. Historical
studies are accordingly limited to those geologic features that are sensitive to
changes in the controlling factors and at the same time leave a detectable record.

The historical problem at hand is approached from two directions by the
geological studies - from the distant past and the present - but is really never
reached. For example, dynamic geology provides excellent data on modern be-
havior of glaciers with respect to climate. The minor glacier fluctuations of the
past few centuries may be detected and dated by refined geomorphic and botanical
techniques, but farther into the past the record is dim, and only the more pro-
nounced glacier fluctuations of the Pleistocene may be detected.

Geological studies can therefore make a firmer contribution to paleocli-
matology either for an earlier time range like the late Pleistocene, when the
climatic changes were more pronounced and left a larger record suitable for
historical studies, or for the last one to two centuries, when so much more
climatic data are available for studies of dynamic geology with ultimate applica-
tion to earlier historical studies.
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VI. SUMMARY REPORT OF THE HISTORY SECTION

Any attempt to assess accurately and critically the contribution made by
members of the History Section must be postponed until the assembled data can
be examined in detail. Indeed, the responsibility lies with those who plan to use
the information for further research in paleoclimatology. This report, there-
fore, is of the moment - a few general impressions drawn from the conference
itself and several comments on the future of paleoclimatology as it appeared at
the end of the conference.

Perhaps the most vivid and lasting impression of the conference centers
less on the historical data and more on the members of the historical section.
The Cooperation and patience of each member, wading through the unpleasant and
cumbersome task of assembling the data, was both unexpected and gratifying.
Their willingness to make public the rough notes and tentative hypotheses which
many might well have wished to reserve for further study was a marvelous dis-
play of mutual confidence in the objectives of the conference. If we now proceed
to point out some of the limitations of the assembled information, we do so not
to destroy what has been done but to restore some of the critical apparatus which,
in the rush to provide a general picture, was necessarily abandoned.

No doubt the quantity of data assembled was impressive. A total of 54
series of graphs (69 series if distinct geographical regions of some graphs are
counted separately) - 24 (or 28) for the eleventh century and 30 (or 41) for the
sixteenth century - comprise the largest single compilation of information ever
made on the climate of these centuries. In order to give a clearer picture of
this information, we have drawn up a Census of Data Presented by The Historical
Section. Since, it is hoped, this Census provides sufficient details, only a few
general observations are presented here. In the first place, the series as a
whole is numerically lopsided. All the graphs, except the two for Iceland, deal
with regions in the relatively narrow area between the latitudes of 35S N. and
45 0 N. Furthermore, 49 of the 69 graphs (over two-thirds) are confined to
Western Europe, with only 9 graphs for Central Europe, 6 for Eastern Europe
(including Russia), 2 for Iceland, and 3 for Japan.

Finally, it should be pointed out that the kind of meteorological information
which has thus far appeared is by no means evenly distributed over the seasons.
Though complete annual figures for temperature can only be obtained in most
cases by rough estimates, for the winter months one can base these estimates on
fairly abundant information. For the summer months, on the other hand, com-
paratively little information survives that will provide a reasonably accurate esti-
mate of temperature changes (the best so far has come from the vintage dates in
various regions of France).
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When estimating rainfall, however, the situation is exactly reversed:
information for summer months exceeds that for winter months by about seven
to one. Thus in both geographical distribution and in the kinds of meteorological
information available, the series contains some serious quantitative limitations.

If we turn from these to the qualitative limitations, we can find further
cause for using the historical data cautiously. There has not yet been time to
make appropriate correlation analyses of the various graphs, but some discrep-
ancies were immediately apparent. Perhaps the most obvious was the one
between the graphs on winter anomalies compiled by Dr. Herlihy and by Mr.
Lamb. The case is illustrative because Dr. Herlihy, who had little previous
meteorological experience, made his compilation from original sources, while
Mr. Lamb, a meteorologist with long experience in the field of paleoclimatology,
was relying on secondary materials. Whatever the cause of the discrepancy, the
very fact of disagreement points out the need for historians to discriminate care-
fully among the various kinds of meteorological phenomena, and for meteorolo-
gists to understand some of the complexities involved in working with original
documents. No doubt one of the benefits of the conference was to make each of
us more sophisticated in the other's discipline and more conscious of the difficul-
ties involved in describing past climates.

One of these difficulties rests upon the fact that there are very few distinct
sources of meteorological information for the Middle Ages. As a glance at the
list of sources given in the Census will show, a number of the graphs, especially
those for the eleventh century, were derived from the same secondary sources
and thus, in some respects, duplicate each other. On the other hand, where
there are in fact different kinds of sources, it is not always easy to make direct
comparisons owing to differences in size of the sample, in the method of select-
ing the data, and in the quality of the original material. As a test case in com-
paring distinct sources of data, Dr. Titow, whose information is derived from
manorial records in southeastern England, compared his indications of summer
wetness in the thirteenth and fourteenth centuries with those drawn by Mr. Lamb
from the chronicles. In spite of the fact that they were not dealing with precisely
the same geographical region or with the same summer months, and considering
the fact that their methods of deriving a numerical index for decadal precipitation
was not precisely the same, they found correlation of 0.77. When the History
Section chairman's introductory remarks on the nature of "Qualitative Evidence"
are recalled, his surprise at this degree of correlation is understandable. It
would, of course, be rash to conclude on the basis of this single case that the
chroniclers are as good as their word, but it is reasonable to say that when used
with care they are capable of providing more reliable information than one would
suspect.
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Moreover the chroniclers have at least one advantage over some of the
other graphs, such as those on famines and prices: where selectively used
they can provide direct meteorological information. The indirect evidence of
famines, prices, and even harvest yields cannot by themselves argue the
nature of meteorological changes. They will, we believe, give some indica-
tion of the severity of climatic anomalies discovered in other sources and
may even suggest certain kinds of anomalies that have been overlooked. By
themselves they are of little value. Indeed it is precisely the conjunction of
various kinds of evidence which will provide the most reliable description of
past climates; no one source, however reliable, can by itself establish a
definitive description.

As a final note of caution, it should be pointed out that the data for Cen-
tral and Eastern Europe were compiled by only one member of the historical
section, as were those for Iceland and Japan. This is not to say that these
graphs are therefore unreliable - quite the opposite - but unlike the graphs
for Western Europe they are not as yet confirmed by the work of other schol-
ars. Perhaps, though, in a world where everything is tentative, to say some
graphs are more so than others is only redundant.

Just how tentative much of the data was became apparent in the closing
sessions of the conference when we tried to describe the climate of 50-year
periods in each of the centuries. Part of the difficulty, of course, lay in dis-
covering a coherent picture among so much detailed information, but another
part derived from the indirect and vague quality of the evidence itself. The
conclusions presented to the conference were therefore only rough estimates
on which it would not, at this time, be meaningful to comment in detail. The
graphs contain a good deal of potential information, and when they are assem-
bled in a more coherent form (see comments below), it is hoped that their
varied details will offer a reasonably consistent picture. For the moment,
however, one striking fact stands out: the winters of the second half of the
sixteenth century were decidedly more severe than those of the first half, and
if the evidence of Alpine glaciers and the deviations from the modern annual
and seasonal mean temperatures in Iceland and England are any indication,
these winters were also much colder than the present ones. All the graphs
for winter temperature seemed to tell the same story. Unfortunately, no such
general picture appeared for summer temperatures, and the summer precipi-
tation graphs showed sharp discrepancies among different regions. This latter
discrepancy may have a perfectly sound meteorological explanation, but again
it would be wiser to postpone such an explanation until the graphs are available.

* * * * *
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From the previous comments it should be obvious that historians inter-

ested in the future of paleoclimatological research should first of all consolidate

the work they have already begun. This means in the case of the historical sec-

tion that the 69 graphs presented to the conference should be redrawn and checked

for accuracy. Although many of these graphs are only provisional, members of

the historical section felt that their cumulative value was sufficient to justify pub-

lication in the near future. The Ad Hoc Committee very kindly agreed to en-

dorse whatever arrangements for publication we wished to make, so during the

final session of the section the chairman suggested that M. Bertin of the Lab-

oratoire de Cartographie, Centre Historique, in Paris should be asked to redraw

and print the graphs. Emmanuel Le Roy Ladurie has just informed us that M.

Bertin is eager to do this for us, so if it is still agreeable to other members of

the section, the chairman and Le Roy Ladurie shall attend to the details of publi-

cation. Of course, no graph will be published without approval of the compiler or

without his seeing the proofs before publication, and every care will be taken to

protect the interests of scholars who have provided the information from which

the graphs were compiled. As a final point, we would wish to emphasize that pub-

lication does not mean that the climate of the eleventh and sixteenth centuries has

been finally and completely described by these graphs; they merely represent the

state of research at the time of the conference and as such form a working basis

for future work.

During the original drawing of the graphs it became apparent that not all of

us were employing the same procedures in measuring deviations, dating, drawing

of graphs, etc. While there will always be occasions when individual methods will

be preferred to any general standard, some uniform procedures may be suggested

for future reference, not as novelties, but as they represent a consensus of cur-

rent practice among members of the historical section.

1. Measures of Means:

A. Decadal means: From 00 - 09 (rather than from 01- 10, in order to

facilitate computer calculations).

B. Standard means: From 1900- 1949 (though current international
practice among meteorologists accepts 1931-1960

as the standard mean), it was felt that a 50-year

period provided just as convenient and perhaps a

more solid basis of comparison. Where it is not

possible to compare figures with the modern

standard mean, then one should use:

C. Mean of the century under study.



HISTORY [VI] 41/

2. Dating:

A. Calendar year from January wherever possible.

B. Fall, 1431 to fall, 1432 should be recorded under 1432.

C. Harvest years: Where price series reflect harvest years (July to July),
then the price year should be the earlier year in order
to correlate with meteorological events influencing the
growing season of the crop.

3. Geographical Distinctions:

The paper of Ward and Mitchell and our own experience suggest that meteor-
ological information cannot be assembled in a wholesale fashion but must be
separated into discrete geographical regions. Just how discrete is difficult
to say right now, but Mr. Lamb's divisions among 0° , 12°, and 35 ° E.
longitude might be tried by others working with European records. It would
also seem reasonable to keep the climate of the Mediterranean Basin sepa-
rate from that of Northern Europe.

4. Graphics:

A. Line position:

i. Horizontal line: WARM above; LOW PRECIPITATION above

COLD below; HIGH PRECIPITATION below

ii. Vertical line: COLD to the left WARM to the right
HIGH PRECIPITATION LOW PRECIPITATION

B. Color and shading:

i. Red - hot; low precipitation

ii. Blue - cold; high precipitation

iii. Shading: shade on the side of the trend

No amount of uniform procedures will be worth much, however, unless
scholars interested in the study of paleoclimatology can keep in touch with each
other, with the literature in the field, and especially with new sources of mete-
orological information. The problem of utilizing scattered bits of information
that are bound to emerge from individual research is particularly cumbersome,
especially for historians working in periods before continuous meteorological
observations were made. Dr. Titow suggested that a postal box be established
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to which historians and others could send those references which are too brief
and fragmentary to warrant separate study. The advantages of depositing this
information with some international or national organization rather than with an
individual are obvious, but whether this should be a meteorological or a histor-
ical institution we could not decide. Perhaps Le Roy Ladurie and others attend-
ing the conference of economic historians at Aix-en-Provence this summer might
discuss the matter informally to see whether any historical organization would be
interested in maintaining a collection box. It is difficult to tell whether there is
likewise need for assistance in keeping up with the literature of the field, though
we suggest that at least members of the conference send off-prints of their future
work to Dr. Bryson for eventual listing in an informal bibliography. As part of
the report of the historical section, the chairman has gathered bibliographical
notes from section members. Many of them are not complete or completely
accurate, but they do provide a rough guide to some of the literature. The
compilation is the work of Mr. Lamb, Prof. Manley, Mr. LeRoy Ladurie,
Dr. Arakawa, Prof. Helleiner, Prof. Utterstrom, Dr. Bergthorsson, and Dr.
Titow, with additions by Giralt and Arakawa, together with a brief note by Dr.
Vebaek.

Several other suggestions for future research made at the last meeting of
the historical section may be of general interest. Although for most of the
Middle Ages it is not possible to concentrate research in paleoclimatology on
specific decades or areas, for the seventeenth and later centuries, sources are
abundant enough to make just such concentration feasible. Several members of
the section suggested that the decades from 1670 to 1749 would be of particular
meteorological interest, especially since ships' logs, weather diaries, observa-
tions of wind directions and the freezing of harbors, lakes, and rivers are becom-
ing more frequent, and the journals of explorers and travelers supply, for the
first time, relatively abundant meteorological information for America, Russia,
and China. New information on population and on rice yields and prices in Japan
is being assembled by Dr. Arakawa and colleagues, and a Korean meteorological
chronology is to be published soon.

It was also suggested that the relation of climate and disease remains to be
examined in detail; a number of striking examples of changes in the behavior of
micro-organisms which might very easily be responses to climatic changes im-
mediately came to mind. Here historians must join with students of biology and
medicine. In fact, the opportunities for historians to cooperate with other scien-
tists are numerous - the behavior of glaciers, variations in the sediment rate
and the chemical composition of soils, the biology of plant growth, ecological
changes, these and many more fields can provide historians with standards by
which to judge their own information and can suggest ways in which they can be-
come more discriminating in the discovery and application of written meteoro-
logical evidence. If the conference has done nothing else for the historians, it
has at least provided them a foothold into the problems of other sciences.
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In the long run, however, historians cannot allow other scientists to do

their own work for them, any more than these scientists can expect historians

to provide them with missing evidence. Most directly, the future of paleoclima-

tology among historians rests with those engaged in the study of agriculture and

the economic and social characteristics of agricultural societies. Quite frankly,

the historian is interested in weather primarily because weather has had an

important and diverse influence on people. To discover the scale on which the

climatic environment has shaped the economic and demographic facts of agrarian

life - this is the first interest of the historian. If he can also contribute to the

objectives of other scientists he is glad to do so, just as he is grateful to receive

assistance from them in the pursuit of his own interests. With the recent ad-

vances in agrarian history, the future of historical research into past climates

looks bright, especially since the Aspen Conference.
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CENSUS OF DATA PRESENTED BY THE HISTORICAL SECTION

ELEVENTH CENTURY

Author

I. Winter

A. Temperature

1. Winter severity index (decadal mean temperature Lamb
estimates) around 50°N. for 0° , 12° , and 35°E.

Sources*: Hennig, Buchinsky, Easton, Vanderlinden,
Betin, Britton (see also Lamb, 1961,
N.Y. Academy)

2. France, Germany, Italy: notice of cold winters. Herlihy
Sources: chronicles in Monumenta Germaniae

Historica (MGH) (cf. data presented
to conference by author)

3. Western Europe: winter anomalies. Helleiner
Sources: Weikinn, Curschmann, Vanderlinden,

Britton (Maqrizi: Nile)

4. North Sea region: cold/mild winters. Manley
Sources: T. H. Baker, Britton, Vanderlinden,

Short (and see above: A. 1)

5. Central Europe: cold/mild winters. Lamb
Sources: see above: A.1

6. Central Europe: mention of river and sea ice. Lamb
Sources: Weikinn, Betin (Baltic), Koch

7. Russia: cold/mild winters. Lamb
Source: Buchinsky

B. Precipitation

1. North Sea region: wet/dry anomalies (estimated). Manley
Sources: see above: A.4

* Full reference to names cited under "sources" can be found in the bibliography
submitted by members of the historical section, following this census.



HISTORY [VI] 45/

II. Summer

A. Precipitation

1. July-August wetness index (decadal mean precipitation Lamb

estimates) around 50°N. for 00° 12 ° , and 35°E.

Sources: Hennig, Buchinsky, Vanderlinden, Betin,

Britton, Moller

2. France, Germany, Italy: wet/dry summers. Herlihy

Sources: MGH

3. Western Europe: wet/dry summers. Helleiner

Sources: Weikinn, Curschmann, Vanderlinden,
Britton

4. North Sea region: wet/dry summers. Manley

Sources: T. H. Baker, Britton, Vanderlinden, Short,

and occasional harvest data

5. Central Europe: wet/dry summers. Lamb

Source: see above: II.A. 1

6. Central Europe: flooding of rivers. Lamb

Source: Weikinn

7. Russia: wet/dry summers. Lamb

Source: Buchinsky

B. Temperature

1. North Sea region: cold/hot summers (estimated). Manley

Sources: see above: II.A 4

III. General

A. Famines

1. In France, Germany, Italy. Herlihy

Sources: MGH

2. In Western Europe. Helleiner

Sources: Curschmann, Vanderlinden, Britton

3. In North Sea region. Manley

Sources: T. H. Baker, Britton, Vanderlinden, Short

B. General Comments on Weather Anomalies

1. In Western Europe. Helleiner

Sources: see above: III.A.2
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2. In North Sea region. Manley
Sources: see above: III.A.3

C. Alpine Glaciers, comments. Le Roy Ladurie
Source: Oechsger and Rothlisberger (cited in

data of author)

D. Iceland: estimated decadal deviations in annual Bergthorsson
temperature from the mean 1901-30 annual
temperature.

Sources: Thorarinsson and miscellaneous
chronicle comments

E. Japan: cherry blossom festival dates and general Arakawa
comments on weather anomalies.

Source: Arakawa

* * * * *

SIXTEENTH CENTURY

Author

I. Winter

A. Temperature

1. Winter severity index (decadal mean temperature Lamb
estimates) around 50 ° N. for 0° , 12°, and 35 ° E.

Sources: see eleventh century (I.A. 1) and T. Brahe
(1583-97), R. C. Mossman

2. England: cold/mild winters. Manley
Sources: Short, Stow, Holinshed [Baker],

Vanderlinden, Mossman, Dutch ms. diary
(1590-1600), and miscellaneous references
to Elizabethan mines

3. France, southern: cold/mild winters. Le Roy Ladurie
Sources: archives of Herault, Chobaut, and

various local histories

4. Belgium: cold/mild winters. Helleiner
Source: Vanderlinden
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5. Zurich: per cent of days' precipitation which fell as Lamb

snow in December, January, and February.
Source: Flohn, Swiss meteorological journal

6. Europe: freezing of rivers. Helleiner
Source: Weikinn

7. Riga: opening date of the port. Lamb
Source: Betin

8. Japan: freezing date of Lake Suwa. Arakawa
Source: Arakawa

B. Precipitation

1. France: winter floods. Le Roy Ladurie
Source: Champion

C. Wind Direction

1. North Sea region (between London and Copenhagen): Lamb
provisional numbers of Januarys per decade with new
N.E.S.W. wind components (1550-1600).

Sources: T. Brahe (Lacour), Zurich observations

II. Summer

A. Precipitation

1. Wetness index (decadal mean precipitation estimates) Lamb
around 50 N. for 0° , 12 °, and 35 E.

Sources: see eleventh century (II.A. 1), and T. Brahe
(1583-97), R. C. Mossman

2. England: wet/dry summers. Manley
Sources: Short, Stow, Holinshed [Baker],

Vanderlinden, Mossman

3. Belgium: wet/dry summers. Helleiner
Source: Vanderlinden

4. France: summer floods. Le Roy Ladurie
Source: Champion

5. Zurich: number of days of June-August rain. Lamb
Source: Flohn
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B. Temperature

1. France: vintage dates. Le Roy Ladurie
Sources: Angot, archives of S. France,

articles of Le Roy Ladurie

C. Wind Direction

1. North Sea region (between London and Copenhagen): Lamb
provisional numbers of Julys per decade with new
N.E.S.W. wind components (1550-1600).

Sources: see above: I.C. 1

III. Spring

A. Temperature

1. France: grain harvest dates. Le Roy Ladurie
Sources: ecclesiastical archives of the Aude

2. Japan: cherry blossom festival dates. Arakawa
Source: Arakawa

B. Precipitation

1. France: spring floods. Le Roy Ladurie
Source: Champion

2. Belgium: wet/dry springs. Helleiner
Source: Vanderlinden

IV. Autumn

A. Precipitation

1. France: autumn floods. Le Roy Ladurie
Source: Champion

2. Belgium: wet/dry autumns. Helleiner
Source: Vanderlinden

V. General

A. Famines and Prices

1. Extremely high or famine prices in eight European Helleiner
markets.

Sources: (1) Austria: Pribram, (2) Germany:
Elsass, (3) England: Beveridge, Rogers,
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(4) Belgium: Vanderlinden, (5) France (Paris):
Baulant and Meuvret, (6) Poland (Lwow):
Rutkowski, (7) Russia: Mankov, (8) Spain:
Hamilton

2. Barcelona, Spain: wheat prices. Giralt

Sources: Hamilton, Giralt, Nadal

B. France: dry years and general floods. Le Roy Ladurie
Source: Champion

C. Barcelona, Spain: rogations for rain. Giralt
Source: Archive of the City of Barcelona

D. England: estimated seasonal deviations in temperature Manley
from contemporary mean seasonal temperatures and
general comments.

Sources: see above: I.A.2 and II.A.2

E. Alpine Glaciers: records of retreats and advances. Le Roy Ladurie
Sources: see data submitted to conference

F. Iceland: estimated decadal deviations in annual Bergthorsson
temperature from the mean 1901-30 annual mean
temperature and general comments.

Sources: Thorarinsson and sixteenth century
chronicle
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BIBLIOGRAPHY OF THE HISTORICAL SECTION

Compiled by William B. Watson, Chairman

Note: Eccentric bibliographies can be more valuable than exhaustive ones,
and bibliographies with some errors can be more instructive than those with none.
The following bibliography is certainly eccentric and, no doubt, inaccurate in
many particulars. It was compiled at the Conference quickly and almost totally
from memory by members of the historical section. It represents not their final
judgment, but their first recollections; it has been presented here as such on the
premise that the most useful books and articles are apt to be the most easily re-
membered.

The selection naturally emphasizes the centuries of the Conference, recent
rather than ancient works, and, on request of the chairman, writings by the par-
ticipants themselves. The selection also represents the larger objectives of the
Conference by its attention to empirical data rather than theoretical arguments;
virtually all of the titles contain information that can be used independently of the
interpretations attached to it.

To present these titles in simple alphabetical order without any categories
may be confusing, but it is also intentional. The mere range in information and
in the sources from which it comes is itself an eloquent commentary on the study
of paleoclimatology. Let it serve as a warning to the specialist who would claim
wisdom without the help of others. Admittedly a good bibliography should be
discriminating, but so should those who use it.

W.B.W.
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Geographical Society, New York, 1953.
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Meteorologique en France, 1883.

* Reference not verified.
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VII. TRANSCRIPT OF DISCUSSION OF THE CIRCULATION PATTERN,

WINTER 1550-1600

Dr. Ralph Shapiro

I suspect one of the reasons I was asked to synthesize the meat of the con-
ference is that I, probably more than anyone else here, among the meteorologists,
know least about the subject of paleoclimatology. I come to it, therefore, with an
unbiased point of view, with a fresh mind, with all the innocence that goes along
with ignorance. Consequently, what I will say should not be taken as gospel, but
merely as opinion.

People have been saying to me, "Well---does all of this material make
sense?" or "When are you going to make sense out of it?" or "When are you
going to tie it up?" There seems to be a thought behind these questions that
there is some magical technique meteorologists have, some incantation that they
may have, by which they say abracadabra over the mud and it turns into gold.
There is no such thing. Meteorologists have techniques, and they are tried and
true in many, many respects, but in order to get gold out of something, you have
to have gold in the pan when you begin to shake it; otherwise all the mud just
sifts through and you have nothing left. Now I don't know exactly what our situ-
ation is today. I suspect there is some gold in the pan and when I get through
shaking it, and people get through shaking me, let's hope there is some gold
still left.

My own personal opinion is that the value of this conference will not reside,
if it resides at all, in a tying together, in a meteorological sense, of these data.
I think the value of the conference is that certain questions have been asked, and
because they've been asked, I would expect that various individuals, as individ-
uals, will propel themselves to seek the answers to these questions. I'm think-
ing about questions which sound very simple but which I feel are fundamental
questions and which, in the long run, can give us the type of information that we
as meteorologists need and that you, in each of your disciplines, need. A ques-
tion of this sort that comes to mind is, "What makes a glacier?" Perhaps people
know what makes a glacier; I thought I did when I came here, but now I don't
think I do. We have certain ideas as to what makes a glacier. I don't think it's
an adequate answer to say that more snow falls than melts - because this really
doesn't tell us anything. That's translating English into some other language,
but it doesn't give us any insight. However, it's possible to find out what makes
a glacier; we have glaciers now, they change in size, and we have meteorological
data. We can set up an experiment to find out the answer to this question. Per-
haps in terms of what makes a glacier, the important parameters in one place
are different from those in another.
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Other questions which are important (and which may not be so easily
answered) are: What causes erosion and what causes deposition? What makes
a tree ring fat or skinny? (That's probably not the correct terminology. ) I
think Dr. Fritts has been going about trying to answer this question in a truly
intelligent and straightforward fashion, and I suspect that, given time and sup-
port, he'll be able to answer this question. I think it's of fundamental impor-
tance for what we've been trying to do here that he does answer this question -
Dr. Siren also.

I think it's important for us to know what makes an early or late harvest.
Again, it sounds like a very simple question. The answer may not be quite so
simple. If there has been an impetus to anyone, preferably to more than one,
to go out and try to get answers to these questions, then I think this is where the
success of the conference lies. This is where its value will ultimately be shown
to be.

However, in spite of what I have said about the value of the conference not
residing in a tying together of various climatic factors that have been indicated,
as a meteorologist I can't resist the temptation to try to do just this. What I'm
going to do is to assume that the information in Table 1 is fact; that only this
information is fact, and that no other information exists about the climate of the
eleventh and sixteenth centuries. I will try to use meteorological principles, 
meteorological techniques, to arrive at some tentative conclusions. I reiterate,
these conclusions will be my own personal conclusions, and regardless of how
rigorous the techniques I use, the results will be obtained by a process of imag-
ination. I suspect there will be a good deal of disagreement with what I have to
say.

Table 1

Abbreviated Summary of Climatic Conditions, Winter, 1550-1600

Temperature Precipitation

Iceland cold

Western Europe very cold

Central Europe very cold

Eastern Europe very cold

Eastern Baltic very cold

Japan average to
somewhat cold

Southwestern United States very dry

East-southeast surface wind prevailing in England and the Low Countries.
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I shall attempt to construct only one of the eight possible maps that could

be drawn from the available data. Four maps could be drawn for winter and

four more drawn for summer, two maps for each half-century. I have selected

for analysis the last half of the sixteenth century (winter), a period which I be-

lieve to be the most interesting. Before I get into the analysis, I want to make

a few comments about waves and/or wave numbers, because perhaps the things

that I will say will be somewhat more intelligible if I do.

If we have data in time and space which is more or less continuous,

DIAGRAM I

then one can approximate this data by some regular function such as sine and

cosine functions. However, one could use triangles of various sizes, and

spacings between the peaks. One could take triangles and array them in such a

manner that the sum of the heights of the triangles at each point along the axis

would equal the value of the original curve at that point.

(sines and cosines)

(adding)

DIAGRAM 2



62/ ATMOSPHERIC CIRCULATIONS [VII]

By means of a series of sine curves of different amplitudes and different
wave lengths, I can reproduce the original curve as accurately as I wish
(Diagram 2). Now why would we want to do a thing like that? Well, it might
be that there is some sort of pattern in the data that is not readily apparent in
the raw data.

We have information such as that it was warm here and cold there, or it
was dry here and rainy there. With this kind of information it is possible to
infer the scale size of the associated disturbances (waves). Two sets of data
can be presented by sine functions with some one dominant wave length; the
correlation between them is simply the cosine of the difference in phase angle.

At the beginning of the week, Dr. Ward was trying to give us some idea of
the preferred scale size of disturbances in the atmosphere by means of the spa-
tial distribution of correlations. Unfortunately, we don't have any perfectly
negative correlations at some distance which could precisely define this wave
length. There are a large number of waves, each one of which behaves some-
what dependently, so that if you take a large population of atmospheric waves
you don't find a perfect negative correlation defining the wave length.

The map for the second half of the sixteenth century in the winter time has
seven and a half bits of information on it. Unfortunately, they are not equally
spaced in distance so it is not always going to be possible to define where the
correlation becomes largely negative. In other words, it won't always be possi-
ble to define what the wave length is but, to the extent that it is possible, I'll use
warm and cold, dry and wet, to define what the wave lengths of the disturbances
are.

I plotted on a map the information that is on the blackboard, and I'll read it
off - very dry in the southwestern part of the United States, very cold in the
vicinity of England and France, with an east southeast surface wind indicated,
very cold in central Europe, very cold in eastern Europe, very cold in the Baltic
Sea area. Here we go from the longitude of Iceland which is 200 W to the longi-
tude of central Russia which is 30 ° E - 50 ° of longitude, and we have tempera-
ture anomalies all more or less of the same sign - different intensity but the
same sign. One other piece of information we have for this period of time is
that it's cold over Japan. I'm sure that there is information in addition to that
that I have put on the map, but it is rather poor so I am not using it. Precipita-
tion in the southwest part of the United States in the winter is produced by cy-
clonic storms that move across the Pacific. Therefore, in order for dry con-
ditions to have prevailed during this period in the southwest, cyclonic systems
must have moved well to the north of their normal paths. This situation could
be brought about by a large wedge of high pressure over the southwest.
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In order to have it very cold in Europe with an east-southeast wind, we
need a high pressure area in northern Europe. Iceland is cold, but not very
cold. The air would begin to moderate by the time it got to Iceland after pass-
ing out over the warmer oceans, so that Iceland would not be as cold as these
regions back on the coast. So I would have a high pressure area in northern
Europe with an east-west orientation as indicated.

Now, I think that these two pieces of speculation are not too bad, but the
rest becomes highly imaginative. The high in Europe brings cold air out of
Siberia across western Europe.

ROBERTS: Does it ever do that?

SHAPIRO: Oh, most every winter. This is a condition that gives the very, very
cold conditions to western Europe. I would say that this involves a shift
toward the west of the normal high pressure area that resides in the winter
time over Siberia.

MITCHELL: Or more correctly, perhaps an extension to the west.

SHAPIRO: I haven't closed it off over here (to the east); as you can see I've left
it open. Probably this also means a southward push of high pressure. This
would go along with rather dry conditions through western Europe with
storm tracks pushed to the south across the Mediterranean so that southern
Europe would have perhaps a good deal more winter precipitation in the form
of snow than they normally do. It might be wetter in the Mediterranean -
perhaps even in northern Africa it might be wetter.

Now, there's no evidence of this, and this might be one of the things that
people would look for. If there were any confidence in this picture they would look
for wetter conditions in southern Spain, in Morocco and perhaps even across
North Africa.

I have indicated on the map that the storm tracks in western North America
are farther north than normal. In addition, to fit somewhat cold conditions in
Iceland, I've indicated a westward shift of the normal Icelandic low, and have
placed it toward the southwest tip of Greenland. I have indicated that storm
tracks passed down across the Great Lakes and out over the Atlantic and then
northward toward Greenland. This would imply a tendency toward wet and cold
weather over the northeastern part of the United States, in other words a good
deal of snow. Now, I don't know if there is any evidence for this, but perhaps
some of the mountains in southeastern Canada would have some information
which could test this suggestion.
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The one piece of information we have from Japan is that it was cold, but

cold weather in Japan in the winter time would indicate more than normal polar

anticyclones moving off the Asian continent, so that either there would be an

extension of the Asiatic high pressure area or a separate high pressure area in

the east and northeast part of Asia.

As you can see, the map is mostly blank. If I had my choice, say for two

or three more bits of information, of where I would like one of them to be, it

would be in the northeastern part of the United States in order to locate the

trough that I suggest existed between the western United States high and the

European high. I would also like some information from the Mediterranean

which would fix my estimate of the southward shift of the storm tracks. Those

two pieces of information in those two areas would be extremely valuable in at

least tying in most of the northern hemisphere.

As far as the Pacific and Asia are concerned, I would need a good deal of

information there before I would be able to begin making some guesses.

QUESTION: You would want some information from the central or eastern Soviet

Union, wouldn't you?

ANSWER: Yes, this would be very nice, as it would help show if this high were

closed off, and perhaps whether there might not be another trough in that

region.

QUESTION: Is such a circulation known in this region, I wonder?

ANSWER: This kind of circulation? Yes, you can find this any winter - look at

daily weather maps and you can see lots of things that look like this.

LAMB: I believe that it might be worth mentioning that during part of the cold

epoch that began about 1550, the Caspian Sea was rather high, higher than

it has been through most recent periods of time, and, dependent on rainfall

in the Volga Basin, suggests that the European high was separated, prob-

ably, from the Asian one.

SHAPIRO: Well, that's all I have to say - I'm ready to be torn apart.

JULIAN: I am interested to see whether the group of anomalies you are most

certain of occur together. This is now using present recorded data of the

way the upper atmosphere operates and making a statistical analysis based

on where the most prominent anomaly is at any one given time and relating

that in a way analogous to the correlation coefficients with space or dis-

tance. The atmosphere does not appear to operate in this particular
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manner in that you do not get high positive anomalies, such as Shapiro has

pointed out in the southwestern part of the United States and in western
Europe at the same time. If you look at these charts which are admittedly

based on a somewhat limited sample but to at least some degree are repre-
sentative of the way the atmosphere presently behaves - if you look for

large, positive pressure anomalies in western Europe in relatively high

latitudes, we find that the expected behavior of the atmosphere over the

southwestern United States is for negative pressure anomalies instead of

the positive pressure anomalies Shapiro has indicated. This is based on a

limited statistical sample, and it does not mean that on any one given day
it does not occur, but it does mean that on the average in the past ten years
it has not behaved this way.

SHAPIRO: Let's consider some of the possibilities, for example, if the wave

length in the atmosphere were different. One of the other possibilities I
could mention is the following: you can see what would happen to a region

dominated by a warm anticyclone if the dominant wave pattern in the at-

mosphere shifted by 1800. The region that had been dominated by the

warm anticyclone would be dominated by low pressure, and instead of get-

ting warm southerly flow, it would be getting cold northerly flow. This
would represent quite a marked change in the climate for that particular
region. These are merely shifts of wave form at a particular latitude, but

other things happen as well. If I close off the pattern around the North Pole

and make it symmetrical with regard to the North Pole but then shift the
circulation pole, relative to the geographic pole, say 15° , down toward

Hudson's Bay, you can see what might happen. Consider the case where
there are no waves at all, without any change of wave length or wave pattern
(since these don't exist). If this whole circulation were to shift south, re-

gions in middle latitudes on the American side of the hemisphere would be

very cold, and regions in middle latitudes on the other side of the hemis-

phere would be very warm. There is some indication, if my guess about the

storm tracks is correct, that perhaps in the winter of the latter half of the

sixteenth century, there was a shift of the circulation toward the south in

the vicinity of North America; and this might imply that conditions would

have been perhaps somewhat warmer in northeastern Siberia than they nor-

mally are. But this is just pure speculation.

BERGTHORSSON: Comments could not be transcribed. *

LAMB: May I bring in a little piece of information on this? We have constructed
isobars from the actual observations back as far as they will go. For at

least one month, January, there is one decade which we can cover, the 1830s,

* Certain comments from the floor were not recorded clearly.
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which bears some resemblance to what you have on the board there for the

European sector. There was no detached cyclone and the high pressure was

concentrated on the continent, not too far from where you have it. I think

also that the European part of your map up there must be nearly right. It's

based on so much observation and at least some winds. However,, there are

some points worth making about the 1830s which don't quite agree. Maybe

the period of the late sixteenth century was more extreme. I think it was.

But in the 1830s, despite the axis of high pressure being over Europe,

around 45 ° or 50 ° north, you were still getting depressions going up near

Iceland, mostly between Iceland and Greenland, I think. At least that's

where the low pressure trough lay. There was still an important depres-

sion track up there, more important than what went through the Mediterra-

nean at that time. It was still a rather dry decade in the Mediterranean.

MITCHELL: I don't particularly go along with the possibility of the axis of cir-

culation being displaced from the poles. I think if that were the case the

Atlantic Ocean temperatures and, in fact, probably the snow cover over

the Canadian and Alaskan Arctic would be much more advanced than we

know it today. This would imply that the coldness that would go with that

in winter would persist during the summer and would lead to difficulties in

explaining the fact we seem to have somewhat higher temperatures in this

part of the century in Alaska during the summer than we have now. The

given indices indicate a temperature index of 1. 05 for the Alaskan tempera-

ture, which means slightly warmer than at present. And I think that would

be difficult to reconcile with this displaced circulation pole.

Coming back to what Dr. Julian said about the discrepancy in modern

days of being able to get a distribution of anomalies as you have shown them,

there are two possibilities; one is that the mean strength of the westerlies

in this period could have been weakened compared to what they are in recent

years when these anomalies apply; thereby the structure in North America

would be quite different from what we would infer from the European data

compared with the present. Certainly if there were a general weakening of

the westerly winds, then the phase information we get from the charts that

Dr. Julian was mentioning might not be valid.

Whether that's the case or not, there's another possibility. There is a

rather common type of circulation that we have in modern times that has a

blocking pattern in the European sector. This is a case where the flow

around the hemisphere is not so much a matter of rather uniform undulations

of the wind, but rather a very striking ridging of high pressure in the north

European - eastern Atlantic sector: a very strong wave in that region with

a comparatively uniform zonal flow in other longitudes.
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Now, such a ridging pattern would probably explain a great deal of
what you indicate here to be the European circulation. But if this blocking
were to cause this part of the circulation, what we might find elsewhere is
not necessarily a high amplitude ridging across the western United States,
but rather a comparatively zonal wind, but of strengthened velocity. And
if it turns out that the tree-ring evidence that we have is predominantly in
the rain shadow of the Rocky Mountains, then such a strengthened pattern
might very well lead to a decreased precipitation in this region. The in-
ference for this part of the hemisphere would not be so much a high pres-
sure ridge as simply a stronger westerly current which would intensify the
dryness, particularly of the mountain ranges connected with the trees from
which we have records.

So there are two possibilities here, and I am not sure that we would be
able to distinguish between them with the limited data that we have. One
difficulty of the latter interpretation would be the data we have for the se-
quoias of California which are supposed to be in a windward location. How-
ever, as Dr. Fritts would probably verify, the sequoia is not as distinctly a
good measure of precipitation as some of the other trees. At least this
point is unresolved. But to separate between these two, data from the east-
ern United States would be extremely important, wouldn't it?

GRIFFIN: Under your supposition that there was a strong westerly circulation
coming across the northern half of the United States, that area would then
be relatively dry during this period, wouldn't it?

MITCHELL: I'm not really sure if that would be the case or not. It would mean
simply that you would get more rapidly moving depressions across these
relatively northerly latitudes. There would be more of them, probably, so
that the total precipitation might be comparable to what you would get in the
Great Lakes region under other circumstances. I'm afraid I can't pin that
down very closely at the moment.

BRYSON: There are two other pieces of information here and one interpretation
that I think might be significant. The southeast winds reported for the last
half of the sixteenth century are surface winds, and this is an upper air flow
pattern that Shapiro has presented. That means that if we are looking at the
upper air patterns, this inferred anticyclone at the surface, which would
give the southeast winds here in the low countries, would be farther south
aloft, toward warm air, since anticyclones at the surface are displaced
toward warmer air as you go aloft. This would suggest that aloft, if this
map were to be consistent, the ridge would have to be farther south, which
would take care of the suggestion that Mr. Lamb made that the storm track
was actually farther over here between Greenland and Iceland.
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Second, to go to Dr. Mitchell's comments about greater snowfall in

the northern area, the following summer therefore having a negative

departure of temperature, here again is where the greater detail of the

data throws some light on the matter. While the summer in the Cape

Krusenstern area, according to Dr. Giddings, was warm, the Mackenzie

area, which would be the area most likely affected by this snowfall effect,

was colder. It was warmer in the western Alaska area, but colder in the

Mackenzie area, suggesting a ridge pattern indeed with colder and more

northerly winds in the Aklavik region. So when we put the extra detail on,

and this interpretation, I think we can see that we're not talking about two

distinctly different ideas which have been presented here. Dr. Shapiro's

suggestion of a ridge is not essentially different from the suggestion of a

blocking high, because the European ridge is related to a blocking high.

The summer retention of the snow is not inconsistent, nor is the sugges-

tion of stronger westerlies, if we say that a retained snow covering in the

Canadian Arctic means that the summer storms, instead of occurring up

along the present tree line, stretching from the Mackenzie Delta to south-

ern Hudson's Bay, extended farther south. The stronger westerlies asso-

ciated with the south side of the storm track would be across the United

States, and the rain shadow effect that has been suggested would extend out

farther into the plains. It has been suggested that the Indians of the Great

Plains left because they could no longer grow corn. So several interpreta-

tions have been posed. As I see it, these are not contradictory interpreta-

tions, but different ways of looking at the same basic circulation pattern.

LAMB: May I make another point derived from my investigations of the actual

meteorological data available for the end of this cold epoch? We have a

good deal more information then. It appears pretty clear, not just for one

part of the map, but for many parts of the map, that the circulation was,

for the most part, weaker about 1800 than in this century, except in the

regions around the southern parts of the cold troughs. I think you might be

able to explain this by having a stronger circulation in the rather lower

latitude part of the belt of westerlies in the greater amplitude waves. On

the whole, the westerlies which crossed the map of Europe and the North

Atlantic trades and the southern hemisphere westerlies all seem to be

weaker than now, except for this one rather significant point where it is

obviously associated with the strengthened thermal gradient at the limits

of the extended cold troughs.

NAQVI: Comments could not be transcribed.

BERGTHORSSON: Comments could not be transcribed.
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MITCHELL: Some recent work done by Kirk Bryan of the Weather Bureau on

the relation between the wind stress across the modern ocean is intended

to model the Atlantic. An increased stress across the middle latitudes

will tend to strengthen the circulation which we can describe here as the

Gulf Stream. This might mean that warmer water then present could

have extended up as far as Iceland, but this warming would have been less

effective on the European temperatures because of the other factors

described. I think the results are still very tentative.

BRYSON: I'd like to take the opposite side, just for the sake of keeping the

discussion going. Assuming that we're right that this upper ridge over

Europe is actually farther south than shown (because this is the surface

position), if the storm track over the North Atlantic were farther over

toward Europe, it would make quite a difference in the temperature of

Iceland. Instead of being on the south side with a lot of south winds,

moving the storm track over would put Iceland more nearly in a region

of heavy snowfall and somewhat lower temperatures. Thus it would also

make considerable snowfall on Greenland. So I think that slight modifica-

tion of Dr. Shapiro's pattern would bring the Icelandic data back into line.

Then there are a couple of other little bits and pieces of information

which seem to crop up here, such as Dr. Naqvi's comments on the storms

on the south side of the European ridge being very important in the north-

western Indian sub-continent. The pattern would also mean that more of

these storms would occur in the eastern part of Arabia. And while the

data are not very firmly tied down, datewise, there are a number of indi-

cations of considerably more moisture at that time. Many wells out in the

desert of roughly this age, but which are abandoned now, stand up as towers

because the soil has blown away from around them. They were rock-lined

wells which now stand up as towers.

Then there are two other little bits of information which seem to fall

into this pattern. Butzer has provided some information on the freezing of

the Bosporus, suggesting the cold pattern in Europe at this time. And occu-

pation of the Tibesti area, in the Sahara, suggests that we have some reason

for expecting precipitation at least in the uplands, in the Sahara. The data

don't really contradict the validity of the pattern.

LORENZO: Comments could not be transcribed.

HELLEINER: I am reasonably certain that information about precipitation in the

Mediterranean countries could be obtained without undue effort by historians,

from written sources by the Italians and Spanish. This is the sort of infor-

mation that historians could provide.
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LAMB: I wonder if it might help the discussion if I might be allowed to show a
construction for these periods which I presented nearly a year ago on the
general European evidence using arguments quite similar to those which
Dr. Shapiro has used. It uses the European data and, by a wave length
idea, provides a construction which might be regarded as a forecast of
what we might expect around the rest of the hemisphere. This construc-
tion is innocent of knowledge of anything other than the European data for
the period with which we are concerned, but we might see how far it ties
in with what we have heard. I should mention that the starting point is an
analysis of the documentary material, largely historical, for Europe
through many decades. It is an effort to identify the longitude at 50 ° N.
in which the maximum incidence of wet summers occurred.

The interesting feature, I think, of this analysis is an indication of a
shift of the site of anomalous weather across Europe, between the two cen-
turies with which we are concerned, principally between 1300 and 1500.
The maximum frequency of these anomaly centers seems to shift westward
across Europe. This I have taken as an indication of the shortening wave
length in the westerlies, if we assume that the influence of the Rocky Moun-
tains on the flow of the westerlies is very important and the feature closest
to the Rocky Mountains remains nearly fixed. This is of course a basic as-
sumption. Then a westward movement of the trough and ridge pattern in the
neighborhood of western Europe implies a shortening of wave length and that
seems to be the sort of thing that happened between 1300 and 1500.

This shortening of wave length meteorologically can be interpreted as
due to one of two causes, or possibly of both; either to a weakening of the
general strength of the flow or to a shift of the general flow to a higher or
to a lower latitude.

How do we sort this out? Well, some controls, after all, are provided
by the European data and our knowledge of just where the maximum incidence
of good or bad weather might be. Also I think it is worth mentioning that a
change of latitude of the main flow appears to make much more difference
than any likely change of strength. We can't after all expect that the over-all
energy of the circulation changes by more than a few per cent, but a change
of latitude by only a few degrees makes a large difference; and on that basis
I wrote that the likely solution seems to be that in the winter, in the period
1500 to 1700, the general flow was weakened over the North Atlantic by 10 per
cent in winter and the main stream shifted south by about 5° of latitude. That
gives you the position of the main depression track, and you can forecast the
position of the main trough in the westerlies in other longitudes and in other
parts of the hemisphere.
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Now we don't have very strong indications of the longitudes in which

this European trough must lie. There is evidence that the main depression

track in January lay close to, but just south of, Iceland in the 1560 to 1600

period, then shifted in toward Europe at a latitude such that it would hit

toward the main part of the land mass. This is not a very favorable posi-

tion for a storm track in the cold season, and from our present day expe-

rience we may deduce that there was a scatter of those depressions with

some going well towards the Mediterranean and some continuing on a track

skirting the north of Europe and allowing Europe in between to have anti-

cyclonic conditions.

I suggest that here in Europe there would be a much wider scatter of

depressions and depression tracks, including more frequent depressions in

the Mediterranean; but also some would go to the north, and you would get

not only periods of easterly winds in southern England and also Mediterra-

nean depressions, but also cold cyclonic weather in Europe. Iceland, inci-

dentally, would be close to the depression track, and while it would some-

times have southerly winds from the European anticyclone, it wouldn't have

a very warm climate.

And it appears that the southwestern United States lies in an upper

ridge, so to a considerable extent this ties in with the other picture which

has been presented today. It does suggest a rather preferred prevalence of

European anticyclones. The winds which I have plotted here in England

appear to give in January prevailing westerlies in the 1570s, more easterly

than westerly in the next decade, about equal in the following decade (this,

by the way, is for the southern North Sea area), more easterly than west-

erly in the 1680s, and with prominent northerly in the next decade. I think

the evidence here suggests northerly type cold cyclonic weather as well as

cold easterly weather in the neighborhood of the British Isles.

ASCHMANN: It is appropriate to recognize that this erratic wave which Shapiro

has drawn is not really that erratic and there is normally a blocking high

over northeast Asia.

SHAPIRO: Not at upper levels necessarily; frequently it is even more erratic

than that. To give you an idea how erratic things are, we've taken data

day by day for a period of seven and one-third years, and actually carried

out a Fourier analysis around three different latitudes at 500 millibars,

which is about 20, 000 feet or at a level where the pressure is about half

that at sea level. If you do this, then, you can find some one wave number

or some one wave length which has a maximum of energy on a particular

day. This wave number will shift from one day to the next, from four to

eight to six to three. There will be very large shifts from one day to the
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next. The wave number of maximum energy, the wave number of second

maximum energy and so on. The shifts look like a series of random num-

bers almost. Now this in itself is a very good indication of how erratic

things are on the daily weather map.

ASCHMANN: Comments could not be transcribed.

WRIGHT: Comments could not be transcribed.

LAMB: I think the most promising period for further investigation for elucidat-

ing the climate of the cold epoch is the late seventeenth century. This

was still very cold but the 1690s in particular were an extraordinary decade

in a large part of Europe. It is late enough that a fair amount of really

meteorological material is available. I, myself, am working on compiling

maps of the frequencies of different wind directions observed on British

Navy ships which stayed a whole month in port, in as many places as I can

find around the coasts of Europe for the Januarys and Julys of that period.

It may show some very interesting things. There is a great abundance of

this material but there is obviously a concentration of British ships on cer-

tain ports and certain areas. I think that the historians know where they

can get hold of more similar things for other ports, for instance in the

Mediterranean or even the American east coast ports. This would be ex-

tremely valuable in elucidating the nature of the climate. Records of ice

and snow and freezing of New York port, for example, are available from

this period. There may be a lot more of this material if anyone knows

where to find it.

I would just like if I may, rather briefly, to show with the use of some

maps the apparent wave lengths of that time between Europe and the Rocky

Mountains and the most plausible changes of latitude of the circulation to

explain the weather over Europe. Nothing about weather in other parts of

the world is known or used. Here (see illustrations in Appendix A) is a

chart reconstructed for the latter half of the sixteenth century, and the sig-

nificant thing here is that the most probable position of the main depression

track is just about the latitude of the north coast of Scotland and heading

toward the Baltic, very similar to that for our worst summers today. You

could find this in 1954, for instance, but this was something like the aver-

age for that 50 years, or the most frequent at least.

With the main depression track being there in summer, I think that,

on the grounds of the normal scale of meteorological patterns, the Mediter-

ranean, if anything, would be more anticyclonic than today. It would have

dry summers. Probable positions for cold troughs around the hemisphere

are indicated just beyond the Caspian, on the east coast of Asia, just beyond
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the Rockies, and on the east coast of North America. Again the southwest-
ern United States would be, I think, in a dry position.

Well, I will go on then and just show you, first of all, the indications
regarding the summers of the eleventh century from the same argument.
The depression track comes seven or eight degrees farther north over
northern Europe (on the whole north of Iceland) giving, I think, a route for
a second maximum of depressions - on the probable scale of meteorolog-
ical systems - in the Mediterranean area (particularly the eastern Medi-
terranean). Conditions may have favored rather moister summers in the
Mediterranean at that period, and it wouldn't surprise me if the same thing
applied over the western United States.

If the whole depression track or main depression track were shifted
northward at that time, I think there might be a way of explaining moister
summers in the southwestern United States. The trough positions are far-
ther east and fewer than in the previous case, but for winters of the elev-
enth century, the depression track is again very far north, the main one
passing north of North Cape, Norway.

Again, a second line of disturbances, rather prominent in the Mediter-
ranean (more often than now, I should suppose), indicates the whole part of
Europe lay in between the latitudes which would be most probably favored by
depressions, and you could get either mild anticyclonic winters in the part
of Europe for which we have the most information, or at the extreme (which
on the whole was in the twelfth, rather than the eleventh century, with the
most frequent position of the high pressure systems a little farther north)
you cold get a considerable frequency of winds from the east in about lati-
tude 500 N., thus getting cold winds from that way but not quite as severe
as in the sixteenth century. The trough indications around the northern
hemisphere are very few now, probably because of the high latitudes indi-
cated for the most frequent storm path.

SIREN: Does this indicate rather warm summers in northern Scandinavia?

LAMB: Wet, yes. Regarding the warmth, I'm not so sure. It's easier to
explain the warmth, I think, in the late sixteenth century. Can you get
warm summers with prevailing westerly winds as well as the southeast?
If so, then I think the answer is yes. There is certainly indication of
west winds.

NAQVI: Comments could not be transcribed. (Lamb's reply to Naqvi indicated
that his map should be regarded not as means but as most frequent posi-
tions. )
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GRIFFIN: In a paper I have seen on the rainfall of the Great Plains as it carries
into the past, the 20-inch rainfall line was given, and its position in 1910,
1920, 1930, and so on. In the 1910s and 1920s it was approximately as far
west as Denver and during the 1930s it moved rather steadily east. Now,
what effect the war of 1914 to 1918 had in the extension of farming westward,
which disturbed soil conditions, I don't know, but were the great dust storms
of the 1930s entirely due to weather change, or was it due to the westward
extension of farming, followed by a very minor change?

JULIAN: There is no doubt in looking at the precipitation record that the decade
of the 1930s was dry all over. It depends on what kind of a correlation you
are willing to accept.

BERGTHORSSON: This was the warmest decade we knew in Iceland.

MANLEY: It was the second warmest decade they had known in England, and we
had three quite historic summers during that period.

BRYSON: The northward track of depressions in a dry year is rather normal
for the midwestern United States during a dry period because the dryness
of the Plains is associated with good strong westerlies and very strong
zonal circulation - or persistent westerlies, at any rate. And in the east-
ern part of the country where it was also dry, we can show that, at least
north of the Ohio River, most of the summer precipitation that we have
(which is what failed during these years) is associated with storms of a
cyclonic nature moving along the storm track. This varies from more than
99 per cent associated with cyclonic storms in Wisconsin to about 50 per
cent in Kentucky. So the most frequently occupied storm track was farther
north. This would certainly be related to a dry spell in the northeastern
part of the country.
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VIII. TRANSCRIPT OF CONCLUDING REMARKS AND RECOMMENDATIONS

BY SECTION CHAIRMEN

BRYSON: This is the last session of the Conference on the Climate of the
Eleventh and Sixteenth Centuries. Quite aside from the very pleasant

times and the stimulating conversations that we have had, we have tried at

least to assess the status of our knowledge, be it profound or not, about
the climate of at least two centuries. This afternoon, the program sug-

gests that this would be an appropriate time to discuss as a group the

present state and future prospects of research in the general area of

climatic change within the historical era.

No one of us has been at enough of the meetings and has absorbed
enough of this material to make this summary statement, or to make a
summary statement that is applicable to all of the sessions. So our plan

is that this afternoon each of the section chairmen will say something about

the present state and future prospects of research in his area. Perhaps
we'll also hear some recommendations about directions that research
should take or areas that should be investigated. Perhaps we can start out
with the report from the Anthropology Section by Dr. Griffin?

GRIFFIN: Because of the nature of archaeological data, our group has probably
had less precise data to offer in regard to climatic variations than has been

the case with the biologists or historians. The two areas in North America
which have given the most information on the eleventh and sixteenth centu-
ries have been the Southwest and the central and western Plains. We have
seen that these two areas are ones where changes in precipitation patterns

could rather rapidly affect the subsistence base of agricultural peoples.

The archaeological evidence has indicated that marked changes occurred in

the distribution of agricultural and nomadic peoples in the two areas in the

centuries we have been investigating. Additional data from Southwest and

Plains soil studies, erosion activities, and tree-ring work, have strongly
suggested that the abandonment of former farming regions was probably
caused by moisture deficiency.

A third area in North America, the American Arctic, is beginning to
provide data of cultural shifts and of changes in food supply. These appear
to be reflections of changes in temperature which have in turn affected the
amount and distribution of ice, of driftwood, and of animal life. In Green-
land the cultural evidence excavated in the Norse settlements has shown
significant change between the early and late periods of occupancy, and
this, coupled with the historical records and some biological evidence, is
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suggestive of minor temperature changes which had a disturbing effect upon
the ability of the settlements to survive.

The archaeologist has made inferences about possible climatic varia-
tion, on the basis of cultural data such as the growth and decline in the
quality and quantity of a cultural complex in particular areas. More
accurate data, however, can be obtained by the archaeologist working in
collaboration with botanists, agronomists, and zoologists. He must obtain
from his excavations the maximum information on the environment and have
this studied by specialists, not only in terms of identification but also of in-
terpretation of the ecology and a reconstruction of climatic conditions. In
order to further the study of possible minor climatic variations, it would be
desirable for archaeologists to turn their attention to excavation in areas
which have been indicated to us as regions where the biological and geolog-
ical data are likely to reflect such changes.

It is difficult for the archaeologist in many areas to compete with the
historian in his ability to control the temporal factor in terms of short
spans of time. He should, however, be able to obtain better control of the
temporal factor and allocate his data to smaller time spans. Such control
may enable him to recognize minor shifts in foods, soil changes, or other
data which have been overlooked in earlier work.

SMILEY: I'm going to give a summarization in the form of needs and recom-
mendations, and this is by no means pertinent to the entire field of geology.
It's more my own ideas, my own thoughts, plus those which I collected
through the week, and those which I could get out of the collaborators in
the past ten or fifteen minutes. But geology is in dire need of a lot of
information before it can itself contribute a great deal to the field of
paleoclimatology.

For one thing, we are in need of an atlas or atlases of detailed climat-
ic maps based on measurements made on the surface of the ground. The
750 mb. level is interesting, but it is not doing us too much good at the
surface.

We are in need of precise and detailed measurements on the heat bud-
get system under various geomorphological conditions, exposures, and ele-
vations.

We are in need of measurements of the transfer of energies at the
ground surface.
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We need studies on the effects at ground surface of the degree or

degrees of cloudiness, as to the types of clouds and the cumulative

atmospheric humidity and at critical elevations, such as, for example,

rain, wind, radiation, and other climatic elements.

We are in need of better instrumentation and more detailed measure-

ments on microclimatic conditions such as exist on glaciers, forest bor-

ders, lakes, swamps, and even, of course, under water conditions.

We are in need of more refined universal dating techniques. Radio-

carbon is fine if there is nothing better, but we need a great deal more in

the way of dating techniques, and mechanics by which we can refine our

own data.

We are in need of much more control in the form of detailed dating of

various pertinent phenomena which exist. One carbon date, as an example,

is only an indication and not a date. And we need considerably more infor-

mation on this line.

Then in the form of recommendations, we would like to recommend

that closer cooperation and even inter-science studies be developed be-

tween climatology and other fields working in paleoclimatology. We would

like to recommend and encourage the publication of pertinent paleoclimatic

information in recognized journals. Now I know there is some of this done,

but we want to increase this.

We would like to recommend and encourage the exchange of informa-

tion between fields interested in and working with paleoclimatic data. We

would like to encourage the refinement of control data under climatic con-

ditions. We would also like to abet and encourage the work of the Commit-

tee on Paleoclimatology of the American Meteorological Society, and per-

haps it can serve as a clearing house on current research. These are

some of the recommendations. They are by no means exhaustive; we will

summarize them in the final paper (see Summary Report of the Geology

Section).

BRYSON: You may be interested to know that the American Meteorological

Society has a committee on paleoclimatology. That committee is repre-

sented here. Dr. Mitchell, Mr. Smiley, and I are members.

The American Geophysical Union also has a committee on paleocli-

matology with identically the same composition, so there is an existing

clearing house, small but select. There are others on these committees,

but these are the people who are here now.
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Dr. Fritts, would you care to summarize for the Biology Committee?

FRITTS: My summation may be slightly longer than the other two, because we
have just begun to pull together some of what we feel are limitations in our
recommendations. We have three different fields, since we broke our dis-
cussions in two. First, dendrochronology; second, palynology; third,
general vegetation and biogeographic studies.

Consider dendrochronology. We think there is considerable promise
in climatic interpretation from series which are obtained from trees in
stressed areas - namely areas where the temperature is limiting along the
timber line (upper timber line), especially the summer temperatures (as
an example, in July in the Arctic) - or from trees in the lower forest bor-
der where moisture may be in the nature of a critical factor. The relia-
bility of the series depends upon the degree in which the environment is
limiting to the trees. Therefore, we have limitations. Our data must be
cross-datable. That is, we must pick the same series from each specimen.
This requires collection from sites where the environment is limiting.

We must recognize that the different species differ in their response,
especially when we go to different areas. As an example, sequoias. Per-
haps the trees from Japan may not simply be water-sensitive, may not be
simply temperature-sensitive, but may show a very complex function. Even
in the Southwest, different species (such as the Ponderosa pine versus the
Douglas fir) differ significantly in their response to certain different
months.

We must look at the parameters within our series (we have a time
series) which differ from individual to individual in degree of serial corre-
lation, may differ in the amount of variability, and in kind. We must con-
sider these in our analysis and interpretation.

Before we can make climatic interpretations, we must make compari-
sons with weather data at some place with the given species with which we
are concerned. This comparison we would like to see analyzed from a
statistical viewpoint, but at least some comparison should be made.

And last but not least in importance, we feel that there must be more
botanical work in terms of physiological and anatomical response to the
environment, so that we are making our judgment not on just a statistical
correlation but on a reasonable cause and effect relationship that we know
exists within the growing tree.
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As to recommendations, specific suggestions as to climatic work,
we feel there is at the present time a real possibility for some synoptic
studies of tree-ring indices of a given region, especially in our Southwest,
where we have series from many locations.

Secondly, we need to look at such things as change in the parameters
with time or trees from different sites or from trees of different age. We
need to do more sampling along the timber line, build up more continuous
series, not only around the Arctic, but with high elevations down at the
lower latitudes. We would like to see more work done, of course, in the
areas where we need to fill in the blanks, such as in the Mediterranean re-
gion, perhaps the Himalayan Mountains, Japan, and, in the United States,
the southern Appalachians or the Pacific Northwest.

We would like to, and we hope to, develop statistical techniques so
that our handling can be made still more objective. We hope to do more
work on analyzing what we do when we select for certain environments or
for certain attributes.

And we recommend of course that more studies be made on ecological-
physiological fundamentals behind tree-ring interpretation. We would like
to consider the other attributes of the tree ring in addition to the ring width.
Anatomical differences, such as the absence of late wood, might indicate
early cold periods and abrupt cessation of growth. The presence of false
rings may give us added climatic evidence. We feel that although there are
problems in the study of some of these old-age trees such as the sequoia
and the cypress from Japan, there would be considerable merit in further
study on these, and especially from the point of view of a multivariate
approach.

And lastly, we would like to see our data published in similar forms
and especially have our data on cards and available to other people in other
areas for cooperative studies. We also discussed the merits of having
some central depository for tree-ring research.

As far as the pollen analysis is concerned, we feel that the present
record contributes on a scale of millennia rather than centuries, with the
exception of specific cases where other fields give us more precise dates.
There are limitations, in addition to the accepted errors in the method,
which have climatic support. For example, plants may lag behind climatic
changes insignificant amount, and tend to smooth the variations. Different
species have different sensitivity and different response to climatic change,
and we know very little of this. We have a shortage of records from south
of the glacial boundary, probably because of the greater difficulties of
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working with non-varve materials. However, there has been much in-
creased effort in these areas of recent years.

Our recommendations are: We feel there is a need for more work in
physiological ecology on the response of the individual plant to weather con-
ditions, and in particular to temperature and moisture. We feel that work
with maps of climatic parameters would be helpful.

Some of the comments made in the other sessions about maps would
apply to our work also. We need information on the climatic limits on plant
communities per se, and we need more micro work - micro work from the
point of view of pollen changes from year to year, more micro work, per-
haps on climate, and climatology itself. We need also to study more of the
modern pollen rain as it relates to modern variations, or variations in the
modern climate.

And our last considerations are in the general province of vegetation
and biogeographic study. We feel that the use of macro remains and com-
munity assemblages as paleobiological work in vegetational settings, es-
peciallyin regard to the past influences, can be very profitable, but has a
more limited possibility because the evidence is discontinuous. It does
not have the continuous series that the previous fields have.

There are limitations in this, too. Animal elements, for example,
appear to respond more quickly than the plant elements, with the recogni-
tion that the animals are dependent upon plants for food and shelter and
therefore cannot go beyond these limitations.

Records of remains are frequently islands in time, especially animal
records. Dated layers are very frequently necessary before we can use
paleobotanical-zoological evidence and then we have the usual problems of
redeposition which complicate the interpretation.

The medical climatology and medical geography fields may possibly
be a new source of data. There is need for improving our instrumentation,
and we greatly need help from the physicists and the meteorologists in this
because we are used to microscopes and limited equipment, and now we
are in the age of electronics, and we need the help of the experts in these
fields.

We feel that a similar conference in perhaps three to five years on
the same general topics would be very helpful, because there may be quite
a bit of work done in the meantime. In specific, we suggest that the INQUA
conference meeting in Boulder in 1965 might be a chance for at least some
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sessions or some meetings in this regard.

We feel that a bibliography from time to time in the work in related

fields (outside of biology, as far as we're concerned) would be helpful.

And of course a newsletter, if we can find somebody who'd be willing to do

such a job.

We would like in this regard to invite people in other fields to include

the participants in this conference in their reprint list so that we can keep

up with the work that other people are doing. We are greatly encouraged

and pleased with the efforts and results of the historical section, but we

also acknowledge the burden on the biologist for better biological explana-

tions of their results.

WATSON: We've taken so long getting our material together that I don't think

we know the present state, let alone the future state, of historical studies.

We're meeting here until four-fifteen trying to resolve what the future

is about, and I can't really summarize. I will try to have a printed report

which will be distributed to all members of the conference later on. I can

only say that the "wallpaper" which we have assembled here was, I think,

much above the expectations of any of us, and while all the data are not of

the same quality, I think we find that it is conjunctive. Its cumulative

value is so great that we would now like to see if we can't somehow have it

redrawn, and published. This is going to take time and effort on the part

of all of us, but we feel that the collection is unique, and at least for this

present state of knowledge that historians can offer about paleoclimatology,

it represents just about the best efforts we can make.

Now I'm also going to distribute a census of the series, and the

name of the contributor, and the source on which each of these series

that went into these graphs is based, and this will, I hope, give a fairly

clear picture of the present state of historical knowledge. In addition we

have compiled an informal bibliography which also will go out, and my sum-

mary comments of yesterday, and some other afterthoughts which will de-

scribe, I hope critically enough, the nature and quality of the effort.

I hate to be so general, but I don't want to repeat, so we'll say that

that represents the present state of historical information.

As for the future, I think perhaps it's almost clear that the historians

are in paradoxically a bleaker position than almost anybody else. Now I

say this with some reserve, and with some major qualifications which I'll

make in a minute, but I think it should be pointed out that for the earlier
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centuries, historical evidence is hard to come by. As Dr. Titow pointed
out, and I think the historians, particularly the agrarian historians, will
agree, the evidence is so scattered and so diffuse that it would not be
worth the time of any single investigator to go out and start investigating
problems related to paleoclimatology itself. This, I would say, applies to
the fifteenth century and earlier centuries. This raises the problem, then,
which I think has been hinted, and suggested also by Fritts, that we need
very definitely a center of accumulation. That is, there should be a cen-
ter, or post box, or something to which the minor bits of information come
upon by anyone working in agrarian history can be sent. Later on, these
data can be used by groups of people who can draw new information.

For the later centuries, that is for the eighteenth and nineteenth cen-
turies, we've had a number of suggestions for possible areas of research,
and I think some of them will prove quite fruitful. Mr. Lamb suggested,
and this has been agreed upon by Helleiner, Le Roy Ladurie, Lamb, and
others as well, that the period 1670 to 1750 is a very fine period to study,
both because of the major climatic changes which seem to have occurred
in this period, and because of the feasibility of collecting rather easily
(certainly much more easily than for the earlier centuries) enough infor-
mation to give a very concise picture of the climate in this period. So
one would appeal to ships' logs, weather diaries, freezing dates of har-
bors, rivers, lakes, and evidence of wind direction, and records from not
only Europe, which we have relied upon almost entirely in compiling and
assembling our data in the two centuries, but also data drawn from China,
perhaps, and certainly from the United States.

Then, I think it has been suggested by a number of people that we
need to know more from other disciplines, particularly the glaciologists.
We need to have more evidence about the growth and ablation of glaciers,
and, from geologists, the nature of sediment rates, chemical composition,
etc. And historians, I think also, particularly with the biologists, need to
have some of their rather tentative data pinned down a little more explicitly.

The precept suggested by Professor Helleiner of the relationship
of climate to disease should be a useful area of cooperation between
biologists and historians, and I believe that there already has been some
interest expressed in this in the World Health Organization. Professor
Arakawa has data forthcoming on drouth and rain, and drifting of Japanese
fishermen into various areas of the Pacific, and he will also contribute
some studies of population, rice prices and yield, etc.

There will be other specific suggestions which I think will be of more
concern to historians; but to conclude, I think that only in the modern
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period, that is from the late seventeenth century on, can we expect to

employ historians or others profitably on the use of historical - that is,

written - evidence to discover climatic change. For the earlier periods

we are dependent upon cooperating among ourselves and in this I refer

particularly to the agrarian historians.

BRYSON: We had two other sections, from whose chairmen we might hear.

One is Cal Heusser, whose geography group was dispersed among the

other four, and the other is Ralph Shapiro, of the section on meteorology.

The meteorologists were dispersed also. Do we have some comments

from the leaders of the diaspora?

SHAPIRO: I have no comment.

BRYSON: Cal?

HEUSSER: No comment.
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APPENDIX A. RESUME OF THE CONFERENCE

Mr. H. H. Lamb

The following was prepared as an independent summary by Mr. Lamb, and

was subsequently published as an article, "The Climates of the 11th and 16th

Centuries A.D.," Weather, 17, Dec., 1962, 381-389.

In 1961 the United States National Research Council formed an Ad Hoc

Committee on Paleo-climatology with R. A. Bryson, Professor of Meteorology

at the University of Wisconsin, as chairman. It was felt, as Professor Bryson

wrote at the time, that the natural fragmentation of the field of studies of ancient

climates - with workers in different disciplines each finding that their own par-

ticular kind of data was not sufficiently conclusive to specify a past climate in

detail - had led to a serious lack of objectivity. Extrapolation and interpolation

have been required to fill in gaps in both space and time, and the procedure of

extrapolating without firm boundary conditions must lead to ambiguities and con-

tradictions. The object of the Ad Hoc Committee is therefore to bring the work-

ers concerned in different disciplines into better communication.

It was natural to make a start with a conference which would bring the re-

searchers in diverse fields together to work upon a particular problem, which

should be both interesting and likely to yield at least a partial solution. Choice

fell upon the northern hemisphere climates of the eleventh and sixteenth centu-

ries because they were already thought to represent some approximation to

opposite extremes, respectively warm and cold, which had probably not been

surpassed within the last two to three thousand years.

In the outcome much of the evidence suggested that the actual extremes lay

rather in the twelfth and seventeenth centuries, but the examination of events

during the periods of change immediately leading up to the respective extreme

climates has an obvious special interest. And, of course the nature of the ex-

treme periods that followed was frequently touched on.

The conference was held at Aspen, Colorado, nearly 8, 000 feet up in the

Rocky Mountains, from 16 to 24 June, 1962. Aspen nowadaysis a centre of

advanced studies, and as this participant can testify, there is great exhilaration

in working twelve or thirteen hours a day on an interesting theme amidst such

splendid scenery. Input of effort was certainly stimulated, and all concerned

felt more than grateful for the limited joyriding involved in the 210-mile bus

journey from Denver over the continental divide (12, 000 feet) and one lunch

picnic beside a lake in the mountains. The reaction after conference plus jour-

neys to and from Europe was about three days of contented exhaustion.
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Aspen's past was very different, having been a mushroom town of the old

mining days in the wild West. Its maximum population - about 12, 000 souls -

was in 1890. It subsequently became a ghost township and most of the houses of

that time disappeared, though not the buildings of the business centre.

Regrowth dates from 1949 when a Goethe bicentenary festival was held at

Aspen, as the first-fruit of the vision of the American business leader Walter

Paepcke of the possibilities of the place as a centre for businessmen, artists,

politicians, scientists and theologians to meet and study the origins and develop-

ment of democratic society. The tented amphitheatre then used and the refur-

bished opera house of 1890 have since become part of an annual summer music

school and a yearly music festival, which draws leading performers some of

whom now have summer houses at Aspen. The architectural mixture the town

now presents - of modern and traditional Alpine chalet styles and memories of

the mining camp days - gives the place an attractive and distinctive character.

This conference was held in the Aspen Institute of Humanistic Studies, whose

living and sleeping rooms and restaurant are used as accommodation for skiing

visitors in winter. The next development, on which building has already begun

on a neighbouring site, is to be an Institute of Theoretical Physics.

The conference opened with general sessions on the first two days at Aspen.

First, Professor Bryson gave a historical review of widely held impressions of

the main course of northern hemisphere climatic variations of the past two and a

half thousand years, including the Little Climatic Optimum of 1000-1300 A.D.

and the Little Ice Age of 1550-1850 which were open for verification in the week

that followed. (The coining by Bryson of the term 'Little Climatic Optimum' is

an implied reference to the more important optimum, the warmest period since

the ice age, between about 5000 and 3000 B. C.)

Dr. P. D. Thompson followed with a lucid introduction for the non-meteor-

ologists present to the physical basis of climate and modern understanding of the

large-scale circulation of the atmosphere, pointing ultimately towards the most

plausibly suggested causes of climatic differences with time and the effects likely

to be registered by key features of the wind pattern.

Dr. Fred Ward of the Geophysics Research Directorate, Air Force Cam-

bridge Research Laboratories at Bedford, Massachusetts, followed with a report

on the fall-off distance in different directions from various places of temperature

and precipitation correlation coefficients.

Before the conference got down to work in separate sections devoted to

human archaeology, biology (botany and zoology), geology (incorporating glaci-

ology) and history, introductory talks were given by the chairmen of these sec-

tions for the benefit of other disciplines on the nature of their material and of

their concern with climatic events.
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The ten or twelve meteorologists present were distributed between the
sections. Among those included were J. M. Mitchell of the United States
Weather Bureau, P. Bergthorsson of the Iceland Veturstofan, H. Arakawa from
Japan and S. N. Naqvi of Pakistan. There was one British historian, Dr. J. Z.
Titow of the Nottingham University Department of Economic History and for-
merly of Cambridge. Participants in other fields had done significant work in
Alaska, Greenland, Scandinavia, the western United States, the French and
Swiss Alps, Spain and Mexico. The senior scientist present was Dr. Walter
Orr Roberts, head of the High Altitude Observatory of the National Center for
Atmospheric Research at Boulder, widely known for his work on possible varia-
tions of the solar constant and the apparent effects of solar corpuscular emis-
sions on large troughs in the terrestrial atmospheric circulation at the 300 and
500 mb. levels.

Most abundant data were produced by the history section, ably chaired by
Professor William Watson of the Massachusetts Institute of Technology, especi-
ally for Europe in the sixteenth century. This section was attended by five of the
meteorologists, several of whom also contributed basic data.

From the degree of orderly progression shown by five-decade average val-
ues of Lamb's indices of the numbers of severe and mild winter months, wet and
dry summer months, in different European longitudes near 50 ° N., it appears
likely that some essential features of the climatic pattern over Europe in differ-
ent 50-year periods since about 1000 A. D. can be satisfactorily established.
Conclusions about the nature of individual shorter periods are doubtless subject
both to error and to some actual variations of little significance, although the
most extreme decades in Europe are probably well authenticated from about 1100
onwards and the general character of all individual decades by the sixteenth cen-
tury.

Historians, however, are interested in the events of each particular year.
In this they may be partly satisfied from the sixteenth century or rather earlier:
for the wealth of well authenticated facts about harvests and floods and droughts
and glaciers in Europe at that time is surprising, and Professor Manley found
indications of such a good relationship between his temperature series for cen-
tral England and the dates of French vine harvests reported by M. Le Roy
Ladurie of Montpellier that it may be possible to construct a reasonable approx-
imation to the summer temperature averages for some appropriate area back to
the late sixteenth century. This possibly surprising result seems the more
plausible because of evidence of notably enhanced frequency of northerly winds
in the period 1550 to 1700 or 1750.

In earlier times, however, documentary data become thinner and caution
is needed to interpret rightly the dates covered by early usage of the seasonal
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names 'summer', 'harvest' and 'winter' (in their English or Latin forms).

Uncertainty also arises over the specification of the exact year, especially in

winter, so that errors of plus or minus one year are bound to occur; for this

reason it is advisable to adopt the decade (or some longer period) as a unit

for counts of the frequencies of various phenomena.

Lamb's high summer (July and August) wetness index values for England

for the decades between 1210 and 1349 were compared with figures for the 'sum-

mers' and 'autumns' (June, July, August and September) of that period derived

from Dr. Titow's study of the audited accounts of manors owned by the bishopric

of Winchester, a source from which none of the reports used in the high summer

wetness index were derived. The resulting correlation coefficient of +0.77, sta-

tistically significant at a level approaching 0. 1 per cent, could hardly have been

higher if actual rainfall measurements for July and August had been compared

with those for June to September. This result increases confidence in the relia-

bility and completeness of English records of extreme seasons, critically inter-

preted, back to about 1200 or perhaps a century earlier.

Before 1100, however, discrepancies were noticeable between the impres-

sions of periods as long as a decade or more derived from different documentary

sources, and it appears that figures, even for Europe, for any period less than

half a century are likely to be misleading at that epoch. This is important since

the significance of isolated, well attested weather extremes can only be judged

against the background of a sound idea of what was normal in the epoch in ques-

tion.

Space will not permit equal attention to other sections, and, in any case,

the results will be published in the report of the proceedings of the conference or

by the individual workers themselves. It may be useful, however, to mention a

few other highlights which appear likely to be of interest to meteorology.

Dr. Bergthorsson has used the accounts of the weather in Iceland year by

year over a thousand years collected by Thoroddsen (Arferai a Islandi i Th6sund

Ar, published Copenhagen 1916-17) to make a tentative amendment of Koch's dia-

gram of the incidence of sea ice on the coasts of Iceland. This probably rightly

increases the apparent incidence of ice in the sixteenth century as well as in the

eighteenth century before 1780; but the figures (given in rather broad units of

months affected by ice on the coast) in the present century differ from other esti-

mates known to the writer and correspond less well with the temperature trend

than in the nineteenth century, when ice was more abundant (and the number of

months affected was therefore a better measure of the amount of ice than in a

warm epoch).
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Bergthorsson's tentative decade mean values of air temperature in Iceland
for the year to correspond to the ice record back to 940 A. D. may be subject to
further adjustment but are certainly a closer approximation to reality than any
estimates that could be attempted for other countries. They indicate that recent
decades, especially the 1930s, were possibly about as warm as, if not warmer
than, the Little Optimum in Iceland, but cannot so far compare for duration.with
the warm period 1010 - 1030 and 1080 - 1170 with their estimated mean tempera-
ture about +0.3 ° C. to 0.5 ° C.

For the time of the Little Optimum, archaeological work summarized by
Dr. J. B. Griffin of the University of Michigan has yielded interesting results for
the more arid parts of the western plains and southwestern United States, where
primitive agricultural peoples would be most liable to climatic stress whenever
rainfall failed. The period was evidently a moist one in these areas, with more
summer rainfall than now. Tree-ring data suggest that winter rainfall was
slightly less than nowadays. Both these findings are consistent with meteor-
ologists' suggestions since Brooks's time that the climatic zones around 1000-
1200 A. D. were somewhat north of their present positions and the equatorial
zone expanded.

The application of tree-ring study to climatic history is likely to take on
an entirely new look as a result of the clearheaded approaches and systematic
programmes of Dr. Harold Fritts at the University of Arizona and Dr. Gustaf
Siren of the Forestry Research Institute, Helsinki. Both have planned their
attack on the basis that tree rings can only give useful climatic indications in
areas where the trees are subject to just one type of climatic stress, as at the
northern forest limit and upper timber line (temperature) and near the lower
forest border in arid lands (precipitation). Studies of standard samples of trees
all sectioned at four different heights appear to yield much information on the
one hand about possible disturbing effects due to local differences of site and
history, and more positively to the characteristic responses of some different
species of tree, which can be used for indications about the character of differ-
ent seasons of the year. An interesting indication of this work was that during
the sixteenth century period of sharply cooling climate in all sectors of the tem-
perate zone for which data are known, both Alaska and Finland initially enjoyed
a period of warm summers. Nevertheless, cooling seems to have been in prog-
ress during that century in Alaska and northern Canada and set in about the
1590s or soon after in Finland.

At the end of the week, Dr. Ralph Shapiro of the Geophysics Research
Directorate, Air Force Cambridge Research Laboratories began the task of
meteorological interpretation with sketched impressions of the mean surface
pressure patterns for the summers and winters of the late sixteenth century.
One conclusion which appeared inescapable was that there was much greater
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prominence then than now of continental winter anticyclones over Europe, though

there was debate about their probable longitudinal extent since the period was not

warm in Iceland, as southerly winds there would imply, and indeed northerly, as

well as easterly, winds appear to have been prominent in western Europe.

Shapiro also discussed both the possibility of shifts of centre of the circumpolar

circulation pattern away from the pole and of changes in the preferred or station-

ary wave length in the upper westerlies.

At the 1961 W.M.O./U.N.E.S.C.O. Rome symposium on climatic changes,

Lamb had given figures for the changes of wave length apparently indicated by

shifts in the longitude of maximum incidence of summer wetness and winter

severity in Europe, the implied trough spacing in the upper westerlies being

reckoned from an assumed fixed disturbance of the wind stream passing over the

Rocky Mountains. The alterations of wave length could be due to either changes

of strength of the general circulation or shifts of latitude of the strongest flow.

Since the possible range of long-term changes of energy of the circulation must

be small, and changes of latitude make big differences to the wave length, the

explanation is likely to be largely in terms of latitude shifts. The maps repro-

duced here as figs. 1- 6 show the main depression tracks and trough longitudes

'predicted' by these figures for the periods here studied. No data for anywhere

outside Europe were used in producing these maps, but it seems nevertheless

that they may provide a reasonable first approximation to the average circula-

tion of those times and serve here as a tentative explanation of data both inside

and outside Europe produced by the conference.

So far as this explanation is successful, the data tend to verify the maps

(though not necessarily as the only possible explanation). Thus, the high latitude

of the main depression track in the eleventh century would allow temperate Europe

to be commonly dominated by anticyclones in summer and winter. A more north-

ern position after 1050 than before it could account for the colder winters (anti-

cyclonic easterly winds) of the second half of that century. At the same time,

considerations of normal latitude spacing suggest a second depression track in

the Mediterranean, where there are indications of a wetter period, and similarly

perhaps in the southwestern United States. The temperature changes implied in

the Far East and in western North America also appear reasonable.

The conference was remarkable amongst discussions of climatic change

for careful dealing in firm data, for seeking understanding in terms of known

physical or atmospheric circulation processes, and for the scant mention of

supposed cycles and periodicities (which usually remain unexplained). An

interesting detail which may point to a change of climatological convention in

the future was the preference for decades reckoned from year zero to nine (as

1960-69) to those from year one to ten (1961-70). This preference agrees with

that of the spoken language (as when we speak of the nineteen sixties) and with

the language of computing machines (which need specify only one digit).
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Figure 2

Figure 3

Summer depression tracks and upper trough positions indicated as typical

for A.D. 1000-1099 (Fig. 1), 1500-1550 (Fig. 2), and 1550-1600 (Fig. 3).
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Figure 4

Figure 5

Figure 6 

Winter depression tracks and upper trough positions indicated as typical
for A.D. 1000-1099 (Fig. 4), 1500-1550 (Fig. 5), and 1550-1600 (Fig. 6).
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The final product of the conference was a number of suggestions for future

work. Amongst these may be mentioned that some historical effort might use-

fully be concentrated on the interesting climatic variations of the period 1670-

1750 for which abundant data must exist. In particular, it should be possible

to find more documentary information for the Mediterranean area, and national

archives in various countries in Europe and America may contain weather

observations made on board ships in port and at sea. The desirability was felt

of a collecting centre, possibly in each country, for weather, hydrological and

phenological records prior to the instrumental era.

The American initiators of this new venture in climatology are to be con-

gratulated on the product of this working symposium, the liaisons established,

and the objectivity fostered.
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APPENDIX C. DATA PRESENTED AT THE CONFERENCE

Data Author

Blooming Dates of the Cherry Blossoms at the Dr. Hidetoshi Arakawa

City of Kyoto and its own Vicinity

Preliminary Notes on Past Climate of Iceland Dr. Pall Bergthorsson

Spectra in Relation to the Climatic Dr. Reid A. Bryson

Characterization of Centuries

Review of Paleoclimatic Data from the Eleventh Dr. Karl W. Butzer

and Sixteenth Centuries for Northeast Africa (did not attend, data

and Western Asia submitted by mail)

Examples from Preliminary Screening of Tree- Dr. Harold Fritts

Ring Variables

A Correlation of Years, Number of Days of Rogation Dr. Emili Giralt

for Rain at Barcelona and the Price of One "Quartera"

Wheat in "Sous" and "Diners" of Barcelona

1. Palynology; 2. Glacier Variations and Some Dr. Calvin Heusser

Notes on Recurrence Surfaces

Some References to Weather in Eleventh Century Dr. David Herlihy

Chroniclers

History of Alpine Glaciers (with page of errata) M. E. Le Roy Ladurie

January Circulation by Decades; July Circulation Mr. H. H. Lamb

by Decades

1. Climatic Alterations in the Basin of Mexico during Dr. Jose Lorenzo

the Sixteenth Century; 2. Dated Volcanic Eruptions
in Central Mexico

Northwest Europe: Comments on Our Knowledge of Prof. Gordon Manley

the Climate of the Eleventh and Sixteenth Centuries
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Data Author

Correlation of Ten-Year Averages of Temperatures Dr. Murray Mitchell

(Mitchell and Ward)

1. Decade Totals of Tropical Storms and Depression Dr. S. N. Naqvi

in the North Indian Ocean during the Monsoon Period

and of Rainfall at Karachi and Lahore, and Decade

Totals of Tropical Storms and Hurricanes in the

Atlantic; 2. Table of Famine and Drought Years in

India; 3. Short Period of Three to Five Years of

July Rainfall at Karachi; 4. Ten to Thirteen Years

Period of July Rainfall at Karachi.

Geologic Evidence of the Climate of the Eleventh and Dr. Gerald Richmond

Sixteenth Centuries A. D. in Western United States

of America

Dendrochronological Contributions from Northern Dr. Gustaf Siren

Fennoscandia to the Question of the Climate of the

Eleventh and Sixteenth Centuries

The Role of Geology in Paleoclimatic Studies Mr. Terah Smiley

Evidence of Recent Climatic Changes in Canada Dr. Jean Terasmae

Compared with the Available Weather Records

The Climate of Greenland in the Eleventh and Dr. C. L. Vebaek

Sixteenth Centuries (and time in between)

Annual Correlation of Temperature (RT) and Dr. Fred W. Ward

Precipitation (Rp) Between Various Stations

1. Growth Curves of Three Coniferous Trees of Dr. Naotune Watanabe

Formosa; 2. Growth of Annual Rings of Two

Cypress Trees of Kiso in Central Honshu, Japan

1. The Historians Look at Weather; 2. History Prof. W. B. Watson
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NCAR publications include the NCAR Technical Notes, the NCAR Quarterly (descry

various general research activities and interests of the Center), and a bi-monthly newsb

"Scientific Ballooning." NCAR Technical Notes published thus far are:

62-1: Observations of the Intensity Distribution across the Solar Disc in Ha, Hp, and H

Oran R. White.
63-1: Proceedings of the Conference on the Climate of the Eleventh and Sixteenth Centurim
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