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i IPL] PROGRAM QF LIMAT {
“terdlscipiinary Program of Climatte Resears
iveralty of wiseconsin Department of Meleorcleopy, now 1

nas been supported prineipally by the Natiwm

Foundation through Grant GP-444 The work in Histovisn)
(boalogy nas heen supplemented by NSF Grant GS-433 and

Universiny of Wisconsin. Work in PFleld Clina-
t wonag heen large iy supported by ONR contract Nonr 1202047
fhat ' Microclimatology by the Army through contracts wiinh
o pyants frem the Army Electronics Proving Ground, Fort Hua-
s, Arizona.  One project {(Dust Patrol) because of its compliex
Lure Wwas supported by NSF, ONR, ESSA, and the India Metecro-
ingieal Department.

The origlnal structuring of the program into historical
Himatology, fleld climatology, general circulation climatology,
mievocilmatology, and bloclimatology has continued to work well,
and the close asscclation and personnel exchange between thess
groups has now started to produce beneficlal feedback. For
srample | Project Northern-Alr has produced distributions of air.
nasa frequencies and élimateuvegetation relations which have been
Found very useful by those working on Projects Weather Factor,
Tree=Ring, and Frontler Fort.

In the following pages, thls report will deviate from pre-
vious annusl reports in that briefer, selected summaries of

progress will be presented, omitting some projects except for a
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Historical Climatology

Project Oneota A W > A, Project Wisconsin Culturss
Project Southern Plains=y{ -B. Southern Plains

Project Pollen Profile-=w=-= ¢, Project Pollen Profile
Project Clamshell~cwwce=w= p. Project Clamshell

Froject Indlan Mound---(merged with Wisconsin Cultures)
Project Frontier Forte==ew E. Project Frontier Fort
Project E1 Niflo———f W-P F, Project El1 Niffo

Project Milankovitches=—)

=G, Project Snow-=Line

ToNMHToOm R

Fizld Climatology

Project Northern—=Alp-———
roject Tree=Lline=s-scoe=s= A, Project Tree-Line
Project Barchan AW
Project Great lLakesce=w—=e B. Project Great Lakes
Project Sub=Aretic Radiation >4
fp=—==C. Project Hurricane
fe====D. Project Hudson Bay
p—=— E. Project Cold Pole

FOQtw

General Circulation Ciimatology and Climatonomy

A, Project Dust Patrolew=ee==-= A, Project Dust Patrol A
T3 Project Dust Patrol B
B. Project Red Noiae~uo-w-q;;$Bo Project Red Noise
C. Circulation Types
C. Project Coherence--{dropped)
D. Project High Primary--—{(dropped)
fe== D. Project Weather Pactor
o= E. Project ITC

=== F, Project African Evaporaiic:
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Y othe mods of climatle change Faind €5
rat e Aand precipltation ancwailies at racher Inde

places nold J1iWtle hope, esp=elaily wiwe
e aueh wilde-~Lolerance indlcators as human econonl
wit Lo and plant community genus composition., It would
s oear LhAt tpere gre several requisite steps:

b, kstablishment of the quantivative relation of
sonaomie, floral, raunal ete. patterns to climatlic patterns

2. Investigation of how these climatle patterns vury
witnin ths instrumental era, and the selection of boundary
regiona wilch might react sensitively to change.

3. Selecticn of specific, sensitive locales for in-
vestigation-=for acquisition of data on boundary fluctua-
tionsg which can in turn be related to climatle changes.
Time selection is obviously important as well,

4. Initial investigation of more recent c¢limatic
history in crder.tn keep the number of unkneowns to & mini-
mum .

The research program of the past four years was planned

witn these desziderata in mind.



W nave been able to show that meen frontal zones for
b 2 rpsons can be defined on the besis of low-lewel mean
n g 0 ir 7lo air trajectories, and airmass frequen-
{#-sjes: Horthern-Air). ¥n turn 1¢ has been possible to

shng tha ot the inter-frontal regions characterdzed by specifie
‘mgueane 28 and sequences of alrmesses, are cecupizsd by distinc
plan: community structure and economic activities, (Project
Tose-ldnas and also Larsen, 1964, 1965a, 1965b; Knollenberg,
i96L: Bryson and Baerreis, 1964).

These natural climatic boundaries have moved rom time
te time, snd they provide logical locales for specific studies
of the time and magnitude of climatic change. Several studies
baser on this seleetbion of sensitive areas have been undertaken
and are now in progress. For example, the western edge ol the
reglon deminated by Pacific alr during the climatie winter
(Nov.=Mar.), tropical air in summer (June-Aug.) and mild southern
air in spring and fall, i.e. the “"corn belt,” is a region that
is particularly sensitive to changes in the zonal index (Project
Prairie Urought). On this basis we "forecast™ that around 1300
A4.D., when European evidence suggests that there was increasing
zonal index, there should have been a change in economy towards
a more "plains® rather than "woodland® basis Iin Western Iowa.
Project Mill Creek was'undertaken for verification of this
"Porecact? and showed that there was indeed such & change indi-
cated in the remains of the Mill Creek people who oecupied the
area at that time (Bryson and Baerreis, 1964).

At the same time Projzcts Prairie Drought and Southern

Plains provided & basls for explaining why widespread abandonment



t W 8 Mer, f ti reople or trhg
nona angd Texas High index means reduced
atns , 2ut Iingressed rainfall in Ox!
lasrrals and Bryson, 196%a, 1966)
Fay more recent tires the position of the aean
ey poasition of the pelar front in the early 13800%s 4
westiyated using in2trumental evidence from the L830-1051

pariod (Project Frontier Fort). Earlier movements of the sumuney
11 of the Arctle front {ca. 1500 B.C. - 1100 A.D.) were
s.ablizhed on the basis of stratigraphlic and radiocarbon evl -
dgence rzlatving to the northern edge of the boreal foreat., (Fro-
‘zots lTundra Fire; Pollen Profile; and Bryson, Irving, and
Larsen, 1965; Bender, 1964, 1965; Nichols, 1966)

From the results of these studies it appears that
~elatively small changes from the present day c¢irculation pat-
tarns are all that is required to produce significant ecological
effects, 1t appears that the inter-annual variability which can
be atudied for the instrumental era is similar to the inter-
sentuxry variabllity of the past (Project Red Noise).

A particularly promising tool for the study of past
hydroiogleal conditioﬁs is being investigated as Project Clam-
shelil, Molluscs are particularly sensitive indicators of eco-
logical conditions in general, but the consensus 1is also that
there is a correlation between shell composition and water come
poasition which in turn 1s related to rainfall-runoff relaticns.

Results to date are promising.
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giuzidadtlion of the nature of climatie enange

st LO00 years in central Canade, relabed Lo the position
frent, has Deen obtained by Projsct Pollen Profile

tongar vime scale, Project Milankovich has conzidered the
aviaticns of sun-carth radiation geometry over the past half-
L11ion years directly in tevrms of the resulting thermal Rossby
numeer, LIt appears that the thermal Rossby number was differant
‘o glasial and interglacial periods, though the magnitude of the
differences is still under study.
The historical climatolegy projects active at the

present time are:

A. Wisconsin Cultures

With the aid of a grant from the University of Wiscons'n
Graduate Research Committee a pllot program (Project Indian Mound)
was initiated to test the feasabllity of approaching climatic
change through the analysis of fossil solls buried beneath pre-
historic Indian mounds. The research design involved testing a
serlies of sites in a transect across the tension zone in Wisconsin
between the southern prairie-forest and the northern-hardwoods
province, It was assumed that past migrations of this tension
zone duz to elimatle factors might be revealed by buried soils
in view Of the distinctive characteristics of prairie versus
forest soll types. Tﬁe distinetive mounds of the Wisconsin Effigy
were sel2cted as a focus of investigation since the radioecarbon
dates presently available for this culture (e¢. A.D. 500-1200)
indicated a time range immediately antedating the climatic epi-
sode involved in Projeet Oneota. Thus a further objective was

to push the time period of climatic investigaticn farther into
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gr.ratepte sites~-one in Poptage County
() eizare the Ducied ol lis wiken compared wlih
Yp 2% ourled suggest vegetatlonsl changss Lia 58 B
[ conaeguenoy of ¢limatic changs Thus at s8!te YTPUIG
¢ ap ‘wunty the wuried soil veneath the mound was a pralcd

Ly s waddd Tleatlions subsequent to mound construetion indlosts
2 tenperate, humld forest environment.
“reliminary analyses of soll samples by W. James from
weuon o2 and Portage Counties indlcated the presence of

en in a good state of preservation indicating that palynolopy
van be used to supplement and confirm the postulated vegetaticnal
aoges.  The recovery of faunal remains from the sites tested
indlcated that this approach to environmental reconstruetion can
alsa be utilized, and preliminary studies of this material were
undertaken by L. Lippold.

Plans were formulated to continue this research through
extensive {ield work beginning in the summer of 1966, and funds
were granted through N3SF GS=-433 to ald in carrying out the study
toalliateral investlgations are slsc planned bty the archaeological
stalf of the State Historical Society of Wisconsin to lnvestigate
prenistorie remains in Trempealeau County, Wisconsin (J. Freeman
and J. Brandon!. Both projects are focussing upon the climatic
cnaracteristics of the Sub-Atlantic episcde {(c. 500~600 B.C, to

A-D. 300-4C0) and the transition to the subsequent Ssandic episode
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dmeota combinues with doctoral dissertetions in preparation by
rask . Heandng and D. Henning. A report on one site was
mcrleto! Luoan M.&, thesis by G. Gitbon (1966).

Thus, in summary, the new Project Wisconain Culbtures
represen ;8 Gthe absorption and amplification of Projeet Indian
flownd awdl the projection of the aporoach of Project Oneots back-
vard in cime to anbtecedent climatic episocdes. Limited support
was provided W, Hurley to compiete the analysis of a seriss of
sites of relevant time period in Monroe County, Wisconsir (Hupley,
1966) .

Prof. D. Bacsrreis

B, Southern Plains

Further progress on the character of late elimstile
changes 1in the Southern Plains has recently been reported
(Bacsrrels and Bryson, 1966}. A series of 36 radlocarbon dates
econfirms our postulated age of A.D. 12506 to A.D. 1450 for the
occupation of the panhandle region of Texas and Oklahoma by the
Panhandle Aspect cultures, Given the agricultural character of
thelr economy and present rainfall patterns, the data are re-
zarded asz supporting the hypothesis that the time interval in-
volved was one of higﬁer precipitation.

Prof. D, Basrreis

C, Pollen Prcfile

Basically this project aims at the collection and

analysis of a series of pollen profiles at fairly close and
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subsequent radiocarbon dating of this material Indio=zte:

&

that these climatie changes parallel and are synchronous with
those recognized In Northern Europe., European pocllen dtagrarms
cuvering the past 5000 years reflect vegetation changes producsed
by human activiiy as well as Ly climate, so that the vegetations!
history of central Canada {largely undisturbed by man; offers a
valuable comparison of climatic history durlug the past 6000
vegra. A paper correiating the hilstory of cliimate and vepertallon
in snentral fJanada and Northern Eurcpe has been accepted for pre-
sentatlon av the International Conference on Palynclogy, Utreaht,
Septemper 1460,

A pollen diagram from The Pas, Manitoba has been com-

nleted, and analysis made of the plant material composing the



iTh Paiynologleel =vidence for wet and dry periods haos
su orted by the recognition of changes in peat humiZfication

tmilar .0 Those used by European workers to distingulsh regilonal

1007 Wes longitude a fleld excursion was made to the southern
H, 4L pealt borer for the recovery of intact 50cm cylinders of
organie naterial for palynology and radlocarbon dating was de-
signad, and it was manufsctured by engineers of the University
of Wisconsin. With the zid of the new borer, samples were re-
covered :rom a lake and & swamp in socuthern Louisiana, and nu-
merous trial borings were made in Arkansas and Missouri, &n
exposed assemdblage of wood and leaves near Baton Rouge whieh had
been reported to contain Boreal species indicatlive of ccoler
elimate was relocated and sampled. The analysis of these south-
ern materials for evidence of climatic change 1s now under way.

Dy, H., HNichols

D. Clamshell
The objective of this project is to study the feasi-
bility o using the alkaline earth metal composition of fresh
water clamshells as an indicator of paleohydrologic conditions.
The study was conminuéd in three phases as follows.

1. Midden Shell Composition

In conjunetion with the other studies in the overall
project, clamshells were analyzed from two archeological sites
in northwest Iowa.

The Kimbazll mound site is located on the lower Big
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reilminary resulta from Lthe prevd
wdrilmum in the Sr/Ca atomie ratio Ir levais O
ng minimum in lzvels 9«10 for the Me,Cs atomic
) ivionwe remained substantlally the same with a decrease o
~dard deviations in each level for Quadrula guadrula, the
petics praviously determined. The number of clamshells of
rhaese twn species analyzed totaled 115 which 1s an addition of
var Last year.

Thirty-six clamshells ¢f the genus and species Leptodea
fragills were also analyzed. This 1s an extremely thin shelled
varlety and makes it impossible tc separate the laminar, cor
growth layers, from the mantle and perlpheral layers. The results
of this analysis sho&ed an essentially random distribution with
everlapping standard deviations for both atomlie raties. The
dilferesnces in morphology and preparation of this specles would
indieate from the results that it 1s not possible to utilize all
gpecles of fresh wate} clame in this type of study.

The Phipps site 13 located on Mill Creek approximately
three miles from the Jjunction with the Little Sioux River.

Twenty~five clamshells of the genus and specles Quadrula quadrula

dilstributed through levels 5-12 were analyzed. The Jr/Ca atomic

ratios present a minimum in levels §5-10, while the Mg/ /Ca atomic



ios 2xhibit a2 minimum at the lowest levels.

Radiccarbon dates for the two sites show that they were
covpie ! g8 the same time from about A.D. 900 te A.D. 1800. The
minlmum from both sites, especially the Sr/Ca ratios, oeeur chro-

nologieally when suspacted climatice chenges should have taken

place,

2, Streai Discharge Compositicn

During the year, 79 samples were collected for the
datermination of Ca, Mg and other clements from Black Earth Cresk
near Madison. The initial comparison with stream discharge indi-
cates a direct relationship with the Mg/Ca atomic ratiocs.

This spring a field trip was made toc Mill Creek. Waber
samples and clamshells were collected along the lzngth of the
strzam aad a collectling station was arranged. Weekly water
samples and the gage height are being forwarded to this labora-
tory fromn the vielnity of the Phipps site for elemental deter-
minations and comparison with stream discharge.

3. Lake Clams

In order to ascertain the relationship between clam-
shell coaposition and the elemental composition of water, 26
samples from Lake Mendota were analyzed for Ca, Sr, Mg and other
elerents, The results indicate that inecregses in the atomic
ratios of Sr/Ca and Mé/Ca tend to colncide with increases in
algal praddctionn ‘

The results obtained to date can be summarized as
follows:

a. The alkaline earth metal composition of clam-
shells does appear to be useful in elucidating

past hydrelogical conditions.
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The previous report snowed inal there wi

lggres of variabllity awong the growtl

the lake elams. This wvariabllity may be

to the differences in algal production ngusioy
changes in the elemental ratios.

Prof. G, Fred Lee
Mr. Willliam Wilson

Frontier Fort

There are available in archives a considerable nurbver
o metecvrolegleal records for the mide-west dating from fthe sarly
LEU0"s . Preliminary analysis of these shows that the climate
wag quite different than the recent., Since the Neo-Boreal ex-
canded to at least 1850, these give us an indlcation of what
eiltmatiec conditions were like during Oneota occupation of the
reglon.,

Prof. R, A. bryson
L. Jungkans

F. EL Niflo
During the summer of 1965 radial cross sections of
trees were coliected from the savanna plains of socuthwestern
Ecuador for the purpose of constructing a tree ring chronology

for this region which would provide a record of past occurrsnces



the L Nidc phenscmanon.

2

The Ecvadorian collection comprises forty-six samples

resertling twenty species of decliduous, drought resistant trees
and tre: shrubs, They were surfaced, identiflied 23 to species
(O speci=s stlll undergoing herbarium analysis), and studied in

the lebrratovy to determine their sultability for dendrochro-
mologlcal analysis. All of these tropical anglosperms present

preblems of varying degree in the recognition and delineation

of annu:zl rings. Two species, Capparis ovalifolia and Bugera

graveclsns , were found to have growth inerements uarelated to

an annuzl cycle. Some, such as Leoxopterygium huasango and

Tabebulz rufescens, have rings which are too indistinet for

definite recognition using present methods. In most other species
the gross overall patterans of ring widths are visible to the un-
aided eje and thers is in these patterns the variability which

the dendrochronclogist seeks. With the use of a 10X microscope
the identificaticn of most of the individual rings in each spec-
inen i1s accomplished with esase. However, in every case, regard-
leas of specles, thers are rings in some parts of the cross
section whieh, for one reason or anothar, are extremely diffizult
to distingulsh, In some samples, cross—dating, even of different
radil within a tree, is questionable.

Riugs have been measured from 29 of the samples, where
possible using 2 or more radii, eross=dating them and averaging
them. In & preliminary run, data from 10 trees were compared
with rainfall records to get correlation ccefficients. The co-
effielents range from -.26 to .84 and indicate not only the pos-

sibility of incorreet calendar dates on the rings, but also that
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curther analysis 18 needed, both in the lavoratory

ard wiva statistleal techniques, in order to determine if there
i% 3 conslstent and predicetable relationship tetween ring widihe
w3 rafiafall 1n the savanna reglon of southwestern Ecuador., The
lewelopment of a tool for dating and evaluating the past cccur-
conees of Bl Nifio 1s contingent upon the existence and demon-

abeation of sueh a relationship.

M. Nay

G. Snow Line

Observaticns on the modern and the pleilstocene gnow
lines were made during travel through the Peruvian Andes. En
route observations were supplemented by an =valuation of air
photes in the Servicié Aerofotogr&fico in Lima and a survey of
the present literaturs.

The modern snow line drops from more than 5,800 m on
the arid Pacifle coast of southern Peru to about 4,900 m on the
Amazonlan slopes of the Andes, the pleistocene snow line rorre-

spondingly from 4,500 to 4,200 m. Consequently, the pleistocene



wow Lin: depressicn dogreases frow mors than 1,300 m on the arid
Proliic ~ide of the Altiplans to only about 700 m on the Amazenian

a8 L the Weatern Cordillera, the modern snow line drops

fron moy: than 6,000 m in northern Chils to about 5,000 m in the
Legitude of Lime, and (o somewhat lower elevations in northern
Perw. Tre plelstocene snow line drops from about 5,000 m in
northern Chile, to¢ 4,500 m in the Arequipa region, 4,200 m in
the latitude of Lima, and to less than 4,000 m in northern Peru.
Considering a large-scale South-=North profile along the Western
Cordillera, the pleistocene snow line depression decreases from
northern Chile to about the latitude of the Cordillera Blanea,
but increases again farther northward, reaching another maximum
in the Cordiliera de Talamanca of Costa Rica.

The learge-scale variation of the pleistcczne smow line
depressicn suggests for the Paelfic region of southern Peru a
somewhat higher precipitation during the pleistocene, and not
neceassarily a drop in temperature. For the Cordillera de
Talamancs of Costa Rica, on the other hand, a decrease of
pleistoctne temperatuvres must be assumed, possibly of the order
of 7°C, while a change in precipitation need not be postulated.
The peculiar latitudinal variation of the pleistocene snow line
depressicn appears to be best explained with a maximum drop of
pleistoecene temperatmrés in equatorial latitudes and a maximum
increase of precipitation in about the latitude of southern Peru
and nortrern Chile.

Prof. S, Hastenrath
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145 Lol taziing During Lhe past three
program has bsen directed towards cps proup
sanadlian sub=-arctic tlargely supported by

aval Hesearcn), and another group of problems in the Feruv:
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‘'ne Canadlan research has been centered on the climatic
snditlicons associated with the locatlon and orlentation of the
talga=-tunara boundary. Brilefly, it has been possible to cor-
rovorate the idea that the tree-line is the mean summer position
vne 4retle front {(Project Northern-Air}), and that the dlstri-~
vution of plant communities, treated by factor analysls, ylelds
component sub~communities (factors) which are closely related
te the air-mass climatology of the regions where they are found
‘Larsen, 1965c¢). The freeze and thaw pattern of lakes in the
ares alsc shows that the peculiar NW-SE orientation of the trec-
live is climatic in origin (McFadden, 1965; Ragotzkle et gl.,
19647 .

Project barchan, supported entirely with NSF GP-ldd
funds, investigated the remarkable train of crescentic dunes on
the Pampa de la Joya in scouthern Peru, These dunes lle con an
axtremely flat but gently sloping surface between the Andes and
the sea. The area is almost totally ralnless and the geuneral
airflow is not strong. One would expect by normal meteorclogleai

reasoning that the geabreeze-mountain breeze circulation woulid



inate the reglong bhut the duncs show that the mest important
193 biow parallel to Ghe surfece contours., Lettau has developed
nzy tuzory of “"thermetidal®™ winds tec seccount for this situation,
Tudivz Shermal-=wind and inertial considerationz in the theory
37 flow sithin the friction layer (Lettau, 196%4). This theory
28 been corroborated very nicely by field evidence from Peru,
both in the behavior of the dunes and in the wind structure shown
by pilot balloon observations. The theory also has broader ap-
plicaticas to the general question of effects of the diurnal
cyele of heating in the atmosphere over terrain which shows a2
systematic and large-scale slope. It relates the nighttime low-
level jet of the central U. S. slope, between the Mississippi
and Rocky Mountains, to the nocecturnal thunderstorm sctivity of
the reglon, as & counterpart to a daytime low=level jet along
the pacifie slope of the Peruvian Andes related to the suppression
of convactlion and the desert character of this region. There are
significant prospects of new explanations for other previously
unexplained features of atmospheric circulations in relation to
topograrnlie features.
Project Barchan also provided a2 field test of the
climatonomic principles of Lettau (Lettau and Lettau, 1965).
The phase of work which dealt with the evaluation of
direct measurvements of sand transport, obtained during the 1964
expedition to the Pampa de la Joya, has been completed.
Az one of the principal results of thls study, it is
shown that the parchans of the region, when surveyed from month
to month or over the years, can be looked at as relatively reli-

.able wind vanes and anemometers. In detail it is shown that this
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ese factors for the Pampa de la Joya, Lowpetner wii!
ba va: volume and dune dlgplacements 15%H vo 19nd
wi srpiied to a 6 kme area, containing 114 individual barchons

Eoaucun Lo% of the barchens of the entire pampa. Values of btulk
ransoors for five adjacent cross-wind strips indicate that =
Liakaap orh Qlvergence exists which corresponds to a scour-down
vats of the desert floor of 0.2 mm/year. JSand transport by
voliing-over of dune material is gquantitatively separated from
mevament of sand across the pampa flcoor by "streamers™ released
al the horn=tips of one barchan and intercepted by another barchan
down-wing of the formar., This process amounts to a conbinucua
renzwal of meterial of any individual barchan, wilth a complete
change-over pericd of about 64 years.

in another application of volume calculaticns and sand
Lransport parameters éne Ilncrease in veloclty of the dune-moving
winds betwesn the perlods of 1955-1958 and 1958-1964 was evaluated.

sume previcus speculations concerning foreipn versus
local origin of the barchan sands in the Pampa de la Joya were
reviewed., In contrast tov most of these, our findings suepest that
wind erosiosn is 3uflficlentliy powerful te form the bLarchansg Trom

aocslly avalleble sand supply.



Studies of the bloelimatology of the Canadizn arctic

sutiretle were contiauved, with emphasis upon the character-
) P

b o

transition zone and the low arctie tundra in the

[

general reglon of the ceatral Canadian tree-line. This is a
convinuscion of the research deseribed in part in previous pub-

tications (Larsen 1965). Two Sechniecal reports, cne on the
s0ils ol the boreal forest, and another on the climatologlieal
relationships of plant community struecture over & wide area,
were coupleted and arc now in the process of duplication (Larzen
1966a, 1966b). Additionally, new radiocarbon evidence was ob-
tained in the Artillery Lake area substantiating the earlier
evidence (from the Ennadai Lake and Dubawnt Lake areas) that

the forest zone at one time extended farther northward than it
does at the present tlme, indicating the existence of periods in
the past when eclimates more favorable for tree growth were to be
found in regions fartier to the north than they are today (Larsen
1965; Biryson, Irving, Larsen 1965).

Analysis of the vegetational data from study sites
thrroughout the area encompassed by the boreal forest (west of Hud-
son Bay) continued. The analysis indicates that a rather clearly
defined relationship exists between the characteristics of the
plant communities and‘variations in the climatic parameters of the
study arzas throughout the region under consideration (Larsen 1966a).
Definitive patterns can be discerned in the florlstic and struc-
tural eomposition of communities which appear to correlate well
with the air mass characteristics of the region under consider-

ation, This datas is being analyzed in the context of the
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5, whore 'iowlil be analyzed by wm. lrving, a speciaiist

fnaiysls of the plant community data from this and
ireas nf the study 18 continuing and work progresses on
Elenal repsris,

J. Larsen

8, Great lLakes
This project is directed towards the establishnent

oI the surface temperature and current patterns of Lakes Michiw

gan and Superior, and the relation of thess to elimate. Aflpr-

sorne aurvey ig used, with surface ship control. Exceilent

progress has been made in showing how the grosa pattern is re-

lated to neat fluxes éatween lake and sir and how the smaller

seare patterns are related to current systems.

Prof., R, A. Rapgotikie
N, Smith

€. Hurricane

In coopepration with the J, S. MNavy Hurricane runters



tue sea surfaece Sempsrature structure under a hurricansz will be
mapped w.th infrared bolometry and droppable bathythermographs.
Fhe purpsse 1s to establish s factual basis for testing the theory

L, 9

tiieh ser structure operates as & c¢ontrol on hurricane intensity

(%))

&

F
T

hue expleins the regions of normal intensification,
Prof. K., Bryson

W, Wendlaend
S. Kahn

D. /ludson Bay
This is a study of Hudson Bay similar to Project Creat
Lukes., One map of surface temperatures on Hudson Bay hasg been
completed for September, 1965,

Prof., R, A. Bryson
W. Wendland

E. Cold Pole

In the summer of 1966 an expedition will go to the
reglon north of Baker Lake, Keewatin, N.W.T., a site on the
Kzewatin ice divide whiceh is in the center of the regilon with
lowest moean January temperatures in North America. The permanent
smow banks in the ares will be ezcavated for evidence of their
antiquity7, and heat budgst studies will be carried out.

Prof. R. A, Ragotzkie

J. Larsen
J. Ahrnsbrak
H. Cole

Prrcf, C, R. Stearns



he atmosphere (Project Hed Nolse, Projset

waeet daribe-Water has been concerned with Lhe agornweys

srulation and energy budget of the downstream portion of Lns

nde winds Many studies have been made on ths strusture of

e upatream portions, such as the clasasical studies of Hergesei!

irt, and V., Ficker, in the =astern portion of the sub=trepica.

anticyeliones, but very few studies are extant on the westerpn end:

duing the 19060 aerologlcal data for 25 stations Hastenrath (13065

hag eatabllished the ssasonal variation of the weatern tip of the
subtropical anticyclone in the Caribbean and Gulf of Mexico, and
tne assoclaved variation of energy fluxes,

Pronounced lower troposphere subsidence is found over
both the Gulf and Caribbean in winter, changing to mean upward
motion in summer, which 1s insufficlent, however, toc explaln ihs
required vertical flui of heat., Convective activity transfers
heat to the upper layers where it is exported.

sudgets of mechanical and latent energy were zlso cale
culated from the aerological data. The analysis of these calcu-
iations provides the most extensive treatment of the downsiream

porticon of the trades yet, and serves to glve new insighte inic

e



Ltar climatie characteristics of the region.
Thiz st .dy i: now complete and is being duplicated.
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a3 Anveztlgated elimztic features of hemispherie scale. Almed
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2t the juestion ¢f why 8o many mebeorologlcal parameters follow

varkov ratner than faussiasn statisties, it was flrst necessary
to devize & means of sstablishing what features of the circulation
were persistent and under what conditions To thisz end a system
of Bess:leFourier orthogonal functions was devised (Kutzbach,
1965). These functions are unusually efficient at deseribing
the hemispheric contour pattern and open up a new realm of e¢li-
matle studies at upper levels. A particular investigation cur-
rently itnderway is corncerned with persistent patterns, their
duration, ldentification, and frequency.

Large parts of the subtropica (Africa, Near East,
India) are characterized by deep, dense dust layers in certain
seasons. The radiative effect of this dust sheet has been in-
vestigeted in the Northwest Indian Area. (Project Indian Haze,
Projeect Dust Fatrol; also see Bryson et al., 1964, Bryson and
Baerrels, 1965b). With the cooperation of the U. S. Weather
Bureau :nd the India Meteorological Department, radiation sondes
were flcwn in the area in the pre-monscon season of 1963. It
was shovn that the raﬁiation divergence in mid-=-troposphere was
inereascd about 50 percent by the presence of the dust. Reason-
able estimates of dust content were made from the effect of the
dust on the infrared transfer. Fleld investigation suggests
that the dust is primarily of loecal origin, and in fact some

photogriphs made by Cecoper from the Mercury capsule give evidence
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11 3d dust, et e The puozsaibillein:

Lasing for olimate modification that the basie researd

vetua b iy the Nabtlonal Selence Foundation under this prang fs

‘i alded by the Indlan Government {(mafatenance af itnhrz

motation sonde stations in the desert for weekly soundincs, as

to further mathematical modeiling by P. K, Das}, the U

veasber Jdureav {supply of radiation sondes and counterpavt Fl.

<20 funda’, and the U, S. Navy (assignment of Orion aircraft
for o aiesct dust sampling over the Ralasthan Desart).

At the local climetic scale; Lettau has continusd ¢

geveiopment of closed sclutions for the calculation of the looal

neat budget and climate, glven the solar forcing function and
substrate characteristics (Lettau and Lettau, 1965%.
Ac Dust Patrol
The mein portion of this project, deslgnated Dust

Patvoi A is described above, In April and May, 1966, a Navy
Orion aireraft with six Wisconsin sclentists flew to India to
REGE- 3 PP of - B

1} Dust size distribution--cascade impactor

2) Dust mass--Phoenix-Sinclair forwardescattering

photometer

Y

v
LY
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e e e

B iz un extension of these ideas and obser-
vations 0 the sbtudy of world wide trends in turbidity and ita
global effect,
Prof. R. Bryson
Frof. J., Weinman

W. Wendland

J. Peterson
R. Steventon

B. Red HNoise
1. Hemispheric Flow Pattern Studies

Approximately four years of dally 500 mb charts for
the nortiern hemisphere have been represented in terms of functions
orthogonal in polar coordinates. This technique, which i3 similar
o a spharical harmonic representation, has been deseribed (Kutz-
bach and Wahl, 196%5). A number of studies have been made with
the coefflecients of these orthogonal funetions. These are sum-
marized below, ‘

a. Time variabliity. Time plots of the variations

of amplitude and phase of the major harmonics have been prepared.
The phas: angles of some of the major harmenics show fairly
regular displacements assoclated with the traveling planetary

waves. Other harmoniecs, for example the C term (which is the

11
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r:time in Uctober znd remained so untll e
eyiods of unusual behavior can be Ydentilie
Mt mpie . 1o the summer of 1961, the clrculation pole was
splader deprees of latltude from the geographic pole along
10y meridian During the summers of %9, 60 and 62 displace

cents of too glreulation pole were much smaller and less system
During the winter season, the tendency for the clrculation
‘e to be displaced down the 180th meridian {(first ncted by
cur, 14543 1s apparent -

b. Classification. The only form of temporal

]
<

‘aging that has gained wlde acceptance in meteorology 1s the
.ze of zuch arbitrary intervals as weeks or months. We inves-
rigated “he poasibility of forming ensexble averages, l.e .,
finding periods when the large-~scale features over the entire
nemisphere wer2 stationary or quasi-stationary.

4 classification technique developed by Lund (1963)
was used to identify similar circulation patterns. The technique
involves searching the correlation matrix between 2ll maps in a
particular season; thé alements of the correlation matrix were
formed {rom the inner products of the coefficlents of the or-
thogonal functions (the coefficlients were normalized and the
annuai variations of the zonal terms were removed). During the

winter season, 317 of 355 maps were classifled intoc 25 groups

containing from 4 to 37 days per group. For the summer season,
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with only a small number of hemispheric patterns. Others, for
example the zonal flow types, oceur with a wide variety of
hemispheric patterns.

Paremeters representing atmospheric energy or energy
transformation show no systematic differences from group to groun
when the parameters are not §resented in spectral form.

2, Climatic Anomaly Patterns for North America

Little 1is known about the covariance structure of
¢climatic parameters over large areas. What forms do the depar-
tures from the average or normal fields take? Using monthly
values ¢of pressure, temperature and precipitation over a net-
work of 23 stations in North America, empirical crthogonal func-
tions (obtained by the principle component technique) showing
the simultaneous spatial distribution of pressure, temperature
and precipitation anomalies over the continent have been prepared.
It 1s usually possible to relate the time variations of the co-
efficlents of these orthogonal patterns to time variations in
features of the large-scale c¢irculation over or adjacent to the

North American continent (blocking in the Gulf of Alaska, latitude
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yrer thie past three or four ¢enturies L35 that only the
Ry & net the charvagter of possible circulatinn patier

cur kncwledge of the spatisz]l distribution of
nale ancereaces, this hypothesis can be tested by com-
Abivig nohese cbjectively determined anomaly patterns with evidence
T e pasL,

J. Kutzbach
Proaf E. Wahl

D. Weather Factor

This research has been directed toward the analysia of
epather alement complexes to determine whether independent dis-
tinative combinations exist which can be associated either with
syaoptic situations, "air masses™, or both.

The basie data were surface observations at noon and
midnighi Tor January 1955, 1956, 1957 and 1948 as recorded at
Madlson, Wiscensin., Kach day was meteorologlcecally described by
3¢ variables (15 at noon end 15 at midnight). In order to estab-
.ish a mathematical model having the preperty of orthogonality,
component anaiysls was performed on these 30 original variables.

As a result of this analysis, the 30 original variablasz

wers raduced to 9 statlstically independent components whiie still
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Using the 9 components as the causal variables., one

can writc a complete mathematical model for sach day as
A -
Vg @ DqeXqy ¥ by X, + coonco ¥+ DogX {1}
Pt lim} 21°2 918

where 1w 3, 25 35 cscog 128

§, = weather for day 1 and = (30 x 1) column wacior
"o

%15 %50 ,“0000,439 = the § independent components
~F A
and ¥ = (30 x 9) design matrix

In order %o eclassify the days into different types,

one computes the correlation coefficient between day 1 and day
by

rij - %ilbnibnj (2)
Then, using r = 0,70 a8 the boundary for each cluster, 107 of
the 124 days were claésified into 25 groups whigh were designated
as 25 weather types,

Each day classified in a type was compared to the
synoptic situation that was observed at 12007 of that day to test
whether these types represented true synoptic patterns or whether

this method produced types regardless of synoptie situation. A
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0 oarieinal variables In all areas of the pressure patfera

mereiy precipitation and cloudiness in the viecinivy

m

Vioned and fronts as emphssized in most other simlilar sches
Furtnermore, the sequence of types indicated on the
rmatie may be utillized by the forecaster to assist him in
Vening definite values to his extended forecasts,

Finzlly, the frequency distributions of the 9 comporents
woere analyzed. As one may suspect,; most of the distributions were
sultimodal and these modes were converted into "partial eollec-
“ives™ by partitioning the frequency distributions. Preliminary
resuits indicate that the "air mass™ propertles agree well wiih
=ach other and that Madison was subjected to 6 basic "ailr masses”
Juring the period; and the aynoptic situation components” "par-
tial collectives™ can be easlly assocliated with weather types.

In 5ummary,.the results found to date in this investili-
gation are very encouraging. Further January data for Madison
will be analyzed to test the weather types as well as the same
§ yeayrs of January data for Minneapolis-St. Paul to test whether
these types are local or may be applied on a larger lateral scale.

The methods desceribed herein will also be applied to some 5 years
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This investizati iz an altbempt to provide somz back-

ground Dopr a climatolozgy of the intertropical convergence zone
foy simply ITCZ) in th2 western Central Pacific Area batween 0°
to 23 1/-° North latitude, 120° tc 180° East longitude. The

ITCZ% as defined in this study is the zcne where the northern

and southern hemlsphere air streams converge 1n the summer hemi -
sphere .

As a new project the major part in the initial part
of the work was malnly devoted te the collection of the data
from various sources, classifying and processing them for anal-
ysis., ATter preliminary analysis of the data, 1t was deemed ad-
visable :o0 divide the investigation into three parts which are
degseribel briefly in the subsequent sections.

1, Observed Atmospheric Mean Field of Motion and

Mean Rainfall Patterns of Some Selected Stations

Monthly mean resultant winds for 8506, 500, 300 and
200 mb levels were already plotted. From the streamline analy-
sis of %he 850 mb level for July, difficulty was encountered in
locating the mean position of the ITCZ. This was attributed to
the apparent sparse data points in the area. As an aid in lo-
cating i%8 mean position, the divergence field of the area was

computed by graphical methods using the plotted meridional and
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sanhile , Lhe wean monthly vainfal’l patterna for soi

stations in the area of study wiil be investigated 1:
the mean maridional and zonal wind components for
dipterent pressure levels mentioned earlier. Analysis of
redinals date for Guam showed two peaks: one In May amoun:
“f ¢B irches and the other in September, L& Uf inches. It |
rtoresting to note that the corresponding graph ¢f the zonal
~mpanents for the 856G, 700, 500 and 300 mb levels showed dif.-
feraent patterns for these same months. In May, the zonal com-
penents ternded to be more easterly at 850 mb level with & value
a1 ~11.97 knots and becoming more westerly at 300 mb level
smounting to 11.54 knots using the usual conventlon where the
sasterly and westerly components are, respectively, negatlive
and positive. In Septomber, the zonal components were all east
eriy for all levels and tended to cluster together. The walusna
ranyed from 2.3 knnis for 500 mb level t¢ «6.3G knots for B5C
ab level with “he values of the other levels lying between the
given range. These results showed that the two rainfall maxioz

were associated with different atmospheric conditions.



infrared radiation measurements are being used in this study fo

(1 evidznees from dirsct measurements and thecretical considey-

atlons snowling that radiation convergence near th2 tropopause i
attributiable to the presence of cirrus clouds as nas been repor
by szeveral investigators and (2) to establish whether the gensr
behavior of the atmosphere could be quantitatively expressed in
terms of radiation,

Thirty-six weekly nighttime radiometersonde flights
mads on juam and Canton Island were already processed using the
Johnszon'3s data reduction technique to recover maximum informa-
fion by filtering the random error component of the radiometer-~
sonde system, The data for 20 flights were machlne-plotted and
the tropopause levels were determined. In this way, the "fil-
tered" n2t radiation and cooling rate, and air temperature will
be plottad as a lineaf function of the pressure difference from
the tropopause level. This will make the mass between levels
equivalent regardless of the daily variations of the tropopause
heights.

Lt 1s expected that the more pronounced features of

the sounding for each season could be desecribed.

”»n
23

ted

-
o AN



{ 1
} f ¥
i
-~
H y { = ) i T00 n o) &
K ! rehinfque B ahow the ztresmilnes and
1 ,__f I: 3
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o f'ar the area Included in each pleture will be superim.
s an than pleture using transparent overlays. Then the
Ve seaen on the pictures will ke categorized and related to
@ alr stream patterns

1t 1s expected thet a table could be presented showine

Aomblingticsg of rhe wmost freguent cioud forms for the varicus
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wrface and 700 mb types of aly stream patterns

Prof. R. Bryson
A. Sandoval

F. Afriecen Evaporation

This 1s a study of the distribution of evaporation cver
weat Afrlca, comparing the available methods for estimating frowm
standard meteorological data.

T. Lawson
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noeilmetology. (Project Tres-Line, Project Tundra Fire, Pro-

Ject MLLD Creek, Project Clamshell; Larsen, 1964, 19565s, 1965b,

Ove:rr the past two years, Weinman and Nay (1965) have
developer a purtly-automated tree ring interval ccunting key-
puneh (PLTRICK) for processing the increment cores to be used in
Project Tree Ring.

Project Climate Design has been concerned with radia-
tive transfers within a house and losses through walls to the
atmcsphere with various wall surface treatment (U, S. Forest
Produets Laboratory support). Quite remarkable results have
been attzined in the small house built for this research, a
single 100 watt light bulb suiffieing for radiative heating in
a Wisconsrin winterl

Project Weatherwood, alsc with U. S. Forest Producte
Laboratory support, has been concerned with the microclimate of
wood surfaces and weathering (Shinnm, 1965).

A. Tree Ring

Mean biologiéal growth curves have been constructed
for black spruce, white spruce and jack pine by performing a
superposed epoch analysis of each specles using ring width data
from the reglon around The Pas, Manitoba., This amnalysis consists
of averaging the first year of growth, the second year of growth,

ete. for all trees of a given species without regard to the
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Lro pagses oreash helight, tne growth curve decreane:
vy oaaaut Jifty years, after which it beging to jewved

ibe mean bioclogliecal growih curve for jack pine fa muo!

e fame as the curve fopr black spruce One difference betwsen

e two .8 tThal maximum growtih at bresast helght in jask pine 1=

aed i s1X or seven years as opposed to the ten years for

‘ack gpruce. In eddition to this, the early growth of Jack
pine is nuch more rapid than 1t 1s in black spruce. In jack
pine, conte the inverse range, that portion of the growth curv:
wheprae ricg wldth decreas<s with time, is reached, ring widtinh
iwergaeen rapidliy for sbout thirty years. It then decreases
acre and more sioswly.

The mean biélagical growth curve for white apruce is
very dlilerent from that of the two species just discussed. In
whi%e spruce, ring width decreases for about eight years and
then yemalns constant for forty or fifty years. What happens

beyond this polnt is not known, since the trees used in the study

were only aboutl sixty years old. This lack of an age trend



nd does net have to b2 repoved
Unee the supsrpossed znalyvsis was completed,; polynomials
£y o 2
i1 o the invsa: ange wortlon of mzan bislogleal

a method of remecving tne sge trend from these streas This was

dorn: by stepwise mulSiplie regression. It was found thst the

Ring Width = A + B/X

whers X i3 the age of the tree (beginning when the tree reachead

represents the biological aspects of growth for the trze and that
deviations from thls curve are due to fluctuations in the environ-
ment of the tree., This curve, hereafter, wiil be called the
biological growth curve,

A curve of this type was fitted to each individual tree
for wnich data was available, In almost a2ll cases, thls equation
explained more than 85% of the variance. The use of additional
povers of X did not inecrease the explained varliance enough to
warrant thaelr use.

The Titted equations for the black spruce from thirtesn
zites in Ombario, Manitoba, Keewatin and Mackenzie were used to
obtaln predictaed ring widths ten years and 100 years after the
tree veached breast helght. These parameters were mapped and an
gthtempt was made to analyze their areal distribution by fitting
& surface to tne data. The surface used is a function of latitude

and longitude to the Ifirst and second powers, latitude times
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=it amidl giving indices bLnat can be gomned
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rvared with ¢limateologleal dara for that arsa
prolyd T334-19688 in an effort $o find the meteorologinoz!
rwezars tnat most influence tree growth. (Onee these parape!
arme {gund, methods for a reconstructicn of climate can be tas:
C® wnown data, After these reconstruction technlques ar:

%

sted and r2fined, a reconstruction of the pasr cilmates of

ntpal Janzda ¢an be attempted.

V. Mitehell

B. Foilen Factor
Tha purpose of this project 1s to determine whether
it 18 poszsinle, by factor analysis or similar techniques, to g
Giregtly from chserveé present day pollien rain distributions to

plant disztributions (see Project Tree-Line) or even directly to

&

¢1imatic distributions. Most studies of the present pollen rain
nave gone from genus to genus rather than generic ensemble Lo
plant community, and apparently none have gone directly to clie

matie ensembie. If thls can be done, interpretation of past



alimeien from poellen ussemblages will be much sasier,
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Work on Shiz project has progressed along two lines:

the Javelonzens ol a hypothesis which is a new approach %o

from vegebatlon, (2) the design and
24 »

teating of a lightwelzht instrument package for profile measure-
rents of net radiation, temperature, humidity, and windspesed
ever a wide range ¥ vegetation types.

The hyporthezis approaches the problem of evaporation
from vegztaticn by atteumpting ¢o use the liquid water transport
propertizs of %he soil and the plant as a means of constructing
a s8inglz, predictable system. First the hypothesis proposes
characteristice lenzbths in soils and plants @s a means of re-
ducling the varlables of water transport. It i1s suggested that
data frem all sypes of vegetation and solls can be compared on
& common series of scales. @rasslands as well as forests, mesic
agricultural crops, and xeric desert vegetation are suggested
to heve properties of water export which are similar and which
can be expressed as caaracteristic lengths., Likewise, the
s2chanles of water movement in substrates beneath these commu=
nities appear to have‘similarities that can be reduced to
characteristic lengths.

Tec obtain a basis for comparison using the character-
istic length scales, methods used in fluld dynamics are applied.
The proposal outlines how aerodynamies uses a characteristic

length in construeting Reynolds numbers to study fluid flow
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sppliicasion of transform variables sbtalinedl Frow

g o g 13 un De 2jamined af some future date. The flaow pron
tea -7 “he s30ll and plants may bz analyzed to some extent Ly
e whe iiterature. Preliminary work bhas been done on oie

Furthey tesss and analysis of the hypothesls will uit.
simultaneous studies of soll and plant water potential wiih
rowetrarologleal measurements of avaporation by the "enerpy
fzet” technlque over Wisconsgin vegetation.

The instrumentation for this phase of the projest h:a
progressed from laberatory beneh medsls to construction of Cilghs
mrde 1 A Ilghtwelght, low cost, sensor system has Leen adap!ed
Yeom ancther project in the Unlyersity of Wisconsin Meieorc
Departmant A new seﬁsar unr:it has been added using a ventl gueds
nat radiometer, a wet-dry bulb thermistor psychrometer, a Weathsr
Yareau hygristor, and a wind-tunnel tested resistance anemometer

The instrumant package will be raised and lowered from
ground level to a maxlmum helght of eighty feet. A pertable,

crank-up tower will be used to support the instrument. Analng

o digltal conversion ls provided within the instrument packa,-



and the cata 1s to oe received at a porvable ground statien wivh

wire or radic transmizsjion. The minimum nardware needed
ow the ground i3 a traansistoriszed frequency counter, a digital
vioerdeyr, and & generator. Measurcoents will be performed during
craracseristie cerdiods over a number of vegetation types, be-
ginving in summar, 1965,

Tais nsroject iz sponsored by an NSF grant through Prof.
0. Loucks, Dept. of Betany.

Joseph EB. Shinn
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i 1eEate I arion, btharmel respanses 2xperiments . and ron?
wingd ps3 nflie modificacion
¢! ent of the mlerociimatalory
y ol GP-84Y Has been Project Bird's Fye 1,
Pas mapptep of reglonzl and s=2asonal wariation of a 't -
ve o Norin Ameriea SKung et al , 19643 This project four !
gty soaver i the most important modification of thes =urith'n

rlees, pivlag a significently higher mean albedo The g an -
“atatlys reiatlonship between snow cover and albedo was zzamined

fece aleade valuss for various reglions of the continent were
wapped on the basis of ¥10,000 inflight measurements, fov the
“1Ous BEASONS

Anather segment supported by GE-444 has been Froject

sarehan, reported extepsively in the Annual Summary for 19n8-06%,
and listed primarily under field climatology. The micrometevro-
oplcal data from Peru has now been analyzed. A method of anal-
veis ¢f sc¢ll temperature and heat flux proflles utilizing harmonic
anziysis of the time series at several depths was tested. 11 waxs
fauné pesseible to detérmine the relative depths and cslibration
of the zensors in situ, il an assumpticon is made about the volu-
meiric heat capaclity of the soil. Improved methcds of calculating
the displacement height of the wind proflles have algo been de-

ve loped-



in the Jinnual Summary o

e

Tirls project was reporied

3 e e = - 3 PRGN L o v va ey S s -] oy :
Lih =55 1% 13 one ol & series of experiments carried oul on
hee lce of Leke Mendota. During the lzst winter the projsct wze

dorpant due to poor ize conditions and short ice cover,

Stearns

Prof. C
J. Zabransky

B, Suablink II
SOMOL AN AL

The hesic experiments of this project have been con-
cerned «ith establishing the surfszce thermal response to various
frequencies of the radlative forcing function. This rew phasa
of the study 1s concerned with the response of a finite dspth
surface layer (sueh as a forest) using cloud shadows to gener-
ate variations in the radiative forecing function.

Jd., Lambert

€. Thermo=Tide

This is an zxtension and elaboration of the thermo-
tidal wind theory of Lettau (previously reported) to other
situaticns , especially to the phase shift of 180° expeected
zoross 20° latitude.

R K. MacKay
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