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>fejor Oen^r^I Ajidrew Ta McNamara 
Tbi? Qïiart1fî2ym.r¾s^ôr Goner^l 
Washington 25, D*.- Cfc 

n^a'r GsMra.l McNamara: 

“t 1« a pleasure to transmit to you this report, 51 Temperatur© 
Différé, -mß in Harvard Forest and their Significance,w by Colonel 
Herbert- H* , QKC„ Tl'iis report is based on one of the first field 
studies of X V. climate sponsored by the u^-artennaster Corps. The 
report preyi ûs ^uch ln formt ion concerning diversity of environmental 
condí hipno In a r¿* •tç^ of humid continental clímate vdth severo winters, 
a tjnp* of climate env NauiYt^by our troops in many parts of the worlds 
It 1¾ the third and comprehensive report in a series dealing *-vith 
aspects of microcllmatolv in diverse envi rendent s • T.^ater microclimatic 
studies conducted under th? " auspices of the Quartermaster Corps are pro¬ 
viding s- wealth of detailed i* formation concerning enrlronrmantal condi¬ 
tions in subpolar, middle-]atitu ^ lagert., rainy tropical, and moun¬ 
tainous regionsÿ and are showing v relatíonanip between the local 
climates and the associated ground vegetation condition^, 

-, ^ 

The author of this report, who is at present Corps Quarte mas ter. 
First Corps (Group,!, Kc rea, $ên/ed in the h* Mronmental Protection 
Research Division of this Command on two sepa/ Vt« tours of duty after 
completing his graduate stud:/’. During thôae to/.Nj of duty he helped to 
superthe active environmental research progra N^of that division. 
k nomber of oth^r officer^scientitrained under /v auspices hav'e. 
been VT are now similarly assigned to the research di\ liions of t^li5 

Ganafianch Their cor3tribution to Army research ha,a Q^S'on sigriifleant, 
and fully justifies a vigorous |3oiicy of special graduate ' scientific 
training for Quarte master officers. These officers take turn 

.eld 
point 

of vira based, m both practical experience and theoretical traiv^ • 
reàmïïh*' 'íMs. w%&i\d$ them In good stead on later assignments* 

L-y i>izx¿vr9, mese ox iicers coKe ci 
with all other Quartermaster officers on general-service typt 
àssigrmtôvits, and as a result they develop # broad and realisti\V\.pc 

Tha present reports a significant contribution in the relatively ^ 
ftâlà of i© an QtmplQ of the scientifically * v 

fruitful resulto $t the- õffióef-aêientist training programo 

Sincerely’ yours-. 
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C; Gi C^WMAY 
Bri.gadl-e’r General, USA 
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FGkEVVGRD 

The complex nature of modern warfare has made it increasingly necessary for military 
planners to consider the nature of the ertv iron menta in which war must ¡>e waged, and to consitler 
the nature of the men called upon to wage such warfare, 1( a field commander can know in 
advance weather and ground conditions, and die capabilities of hi« men and weapon», he will lx* 
in a much better position to plan hi.e operation than without such vital information, in these day» 
whei> much highly specialized equipment is used by military force« and when weapons, before 
firing, must be carefully adjusted according to temperature, wind, humidity, and other ambient 
conditions, it is essential chut the commander have knowledge of the weather at the weapon site 
itself. Military history i« full of examples of opportunitie» lost c*nd defeats oustained by field 
commanders who ignored or misjudged environmental conditions in their area of operations. 
Plainly obnervable or foreseeable differences or changes in such environmental conditions 
sufficiently advantageous or disadvanta^o* „o assure victory o¿ to impose defeat were over ■ 
looked until too late. 

The Ovartermastcr Corps, because of its critically important mission of ««suring that 
the fighting man is adequately and properly fed, clothed, and equipped for maximum efficiency 
in the field in any kind of environment, has for many years conducted a varied and far -reaching 
program» in environmental protection research, Within this broad program « confider'iblc effort 
has understandably been devoted to climatic research, particularly to the climate near the 
ground, or “the climate of the soldier“. The products of this research have been wide,y applic¬ 
able to military planning in many services and to many civilian scientific studies well. The 
Quartermaster Corps has been assigned Army-wide cognizance for “Applied finvironmeora 1 
Research“ and has played an important role in the responsibility for planning and conducting 
Defense Department environmental research. 

The present report is one of a growing series dealing with local climate studies conducted 
by or under :he supervision of the U.S. Army Quartermaster Corpr. Thti program encompasses 
studies in very greatly contrauted regional environments, allof great military-scientific inter¬ 
ese-. T'he report illustrates die extent and nature of the differences that may be expected in tem¬ 
perature conditions within a relatively small area of moderately varied relief, The field study 
was conducted by the author, a Quartermaster officer-geographer, while completing hi« grad¬ 
uate residence under Quartermaster auspices at Harvard University in preparation for Army 
duty assignments involving direction of environmental research programs in Quartermaster 
Corps and Gener al Staff assignments. 

The report deals chiefly with temperatures at standard weather shelter height. It deal» 
mainly with horizontal distribution of factors rather than the greater vertical different » s lo be 
found at the ground surface and at various depth» below and heights above the ground at any 
single point. The study therefore may be considered to be ‘Topoc lima tic" rather than "micro¬ 
climatic*. Nevertheless, it points out that local differences even at standard height are much 
greater than is generally recognized, and that the factors accounting for such differences are 
numerous and complexly interrelated. The localized natiue of certain atmospheric condition«, 
particularly those associated w'th temperature inversions and air layering arc discussed at 
length, and in readily understandable terms. Although «tich l al conditions are treated clued 1 y 
as they are applicable m forestry, in line with the nature of me field study on which the repor i. 
is based, the applications co military operations are evident. 

It is made clear in this report that if one is to calculate the effect of any given set of 
environmental factors upon any military operation, one must observe or measure those factors 
at the place for which the calculation is made, or at a place where cc.idr 'ons arc known to be 
closely similar in kind and degree. Data furnished from stations miles away and in differing 
topographic situations may prove to be gravely misleading. 

AUSTIN HBNSCHIiL, Ph.D. 
Chief 
Environmental Protection Research Division 

Approved: 

JAMES C. BRADFORD. Colonel, QMC 
Commandi ng Off i c e r 
QM R&E Center Operations 

A. S TUART HUNTER, Ph.D. 
Scientific Director 
QM R& E Command 
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TEMPERATURE DIFFERENCES IN HARVARD FOREST 

AND THEIR SIGNIFICANCE 



ABSTKAC'I 

I *1'" 1,(1 y »í'*1 •‘»c«1 tcm|>cr»iurc differences in numerou« Ktmtramird paris of i larvard Forçai 
;n centra! Waaaarli.iaeil». inthe fiaatern Upland .,f New Bngland. The atudy waa sponaored lOintly hy Harvard 

University and The Ouancrmaaier General, United Statca Army. Field study extended from August 1047 
through July 194«. The present report is a revision of a doctoral dissertation accepted !>y the Division of 
Geological Science», Harvard University, in May. 195 3. 

Kl^fluxl of Study .ind Prcaenution 

Ihe study wa, hegim with nine stations, and gradually expanded uni I :¾ maxim im-minimum stations 
(in shelters,' and 15 Mations with only minimum thermometers (not in shelters) were in operation. Readings 

were taken mcc weekly, Instruments were placed at heights of five to seven feet from the ground. Eleven 

thermographs were used. Sm.w depth» were measured at many points and, in spring and early summer, 
wactr.temperature readings were taken. 

The report include« nunierouH diagram« of conventional ivpe«, rogether with acvcral new types, includ- 

mg «cales of temperature rank and frost likelihood according lo hite characteristics. Dest . iptions arc 
given for each station, and me lude elevation, situation, surrounding vegetation, shelter type, and instrumen¬ 
tation. Photograph« «how man) of the stations and illustrate seasonal contrasts. Appendixes include com¬ 
parative Weather-Bureau data from elrvwn widely scattered New Bngland stations outside Harvard Forest 
complete chronological tables of temperature« observed at Harvard Forest, and additional tables showing 
stations ranked according to relative warmth or coldness each month, by maximum and minimum temper¬ 
ature«. * 

Findings 

Local diffeicnecu at Harvard Forest covered 1/4 to 3/4 the total differences noted among the eleven 
widely separated New ling land stations. 

In general, bill stations had low maximums and relatively high minimums; valley stations had higher 
maximum« ami much lower minimums. 

Nórdica Ht h I ope h had relatively low temperature« in compariaon to west and southwest slopes, owing 
to differences in insolavion and in exposure to winds. f 

Stations surrounded but not canopied by vegetation had higher maximums than comparable stations in 

the open. I hose under a vegetative canopy had notably lower maximums. Both hardwood and coniferous 
forçât had great moderating effect in summer; hardwoods had much less effect in winter. 

Greater diversity in maximum temperatures was caused by differences df vegetation than by topographic 
situation. Open valley notloms and west slopes bad highest temperatures, open hilltops lower. Wooded 
valleys ranked anil lower and wooded hilltops lowest of all. 

In general, station ranks by minimum temperatures reversed the ranks for maximums. Hill stauons 

had the highest minimum temperatures, upper slopes ranked next, lower slopes still lower, and valley 
bottoms (together with intermediate flats and hollows cn slopes) lowest of all. * 

At all elevations the growing season was . 1/2 times as long ,n well-wooded concave areas as in open 
concave areas of similar elevation. Contrasta between wooded and open areas were smaller on slope** and 
niJitops. f 

In late spring, water temperatures wore iOF. degrees higher m open ponds than below the shrub cano-- 
m swamps; m summer, temperatures were 15 F. degrees higher ,n the open ponds than under the shrub 
canopy. Ponds in summer had a moderating el feet on n,r temperatures at land stations nearby; but not when 
frozen, in winter. Nearby stations, "marine“ in summer, became ‘continental" in winter 

Snow-cover was exceptionally deep and lasted I0< weeks; its general effect upon the forest was benign 
but contrasts ,n a.r temperature from place to place at night were exceptionally large. The ground became 
frost-Irec before the spring melt, and no serious flooding occurred. 

Early winter Know-depths were greatest m the open. Later m wuucr, hardwood areas had as much 
snow or more. In comferouH «tanda accumulation was slow but steady, never so deep as m hardwoods and 
remained longer in spring. 
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ConchlHÍOilM 

General Significance of Fuidingw 

Prom the findingn in thin »tudy it waft concluded that diifcrencea tfi aphic form, dir ection of 
exposure, and vegetative cover are all more important than local difference** of elevation in determining 
temperature difference». 

Standard-height reading», taken in open area»,give a useful general indication of regional temperatures. 
Such reading» do not indicate contre,»!» characteri»fic nearer the ground, hut reveal the diveraity of local 
temperature pattern», and emphasise the importance of conNidenng local site factor» in chooaing location* 
for climatic station» intended to be repreaenrative of the region, l arge portion* t/ New HngUnd'* inter¬ 
mediate upland» have climate» differing from tho»c at nearby firat-ordcr Weather Bureau »tauon», situated 
mostly in valley». The upland . • *cept in concave arca», have lower mean maximum*, higher mean mini¬ 
mums, less frost danger, an.; :<.nger growing a^aeon» than are generally reponed for the region. 

Temperature Differences and Torcnt Patterns 

Although temperature difference» help to account for important local difference* in forçât type at 
Harvard Forest, the present distribution of specie» i» probably influenced even more by difference# in 
groundwater condition* and »oil*. Difference* in daily maximum temperature* and in total amounta of heat 
energy available atgiven site* probably are more significant than difference* in daily minimum temperature* 
or length of frost season in influencing specie* distribution. 

Northern-foreat typet: Northern spruce forest is typical in poorly drained depression* with low soil 
temperatures, very low night temperatures, and the shortest growing season locally observed. Hemlock is 
common in all but the wettest parts. Northern mixed hardwood — evergreen forest is common on cool, 
moist, but well-drained sices, especially on lower slope». Characteristic northern-forest »pccies arc yellow 
birch, beech, sugar maple, and paper birch, with some hemlock and whiíc pine. In cooler, shadier places, 
hemlock is increasingly prominent. White pine is common in older-growth forests and on lighter soils; its 
distribution apparently is influenced le»* by temperature condition» than by soil factors, and by its long life 
span. 

Transition forest occupies the major part of Harvard Forest. Numerou» specie* compose it, together 
with northern species on cool sitea and central specie* on warm *itcs. Red oak, (hough senoitive to fro«: 
when young, is an aggressive dominant on dry sir *. White ash is common on terraces and awalesides, 
where water is abundant but not stagnant, days are sunny and warm, and nights comparatively cool for the 
region. On swale floors with standing water, red maple dominates, except where replaced by northern and 
other hardwood »pccics through silvicultural management. The white pine-hemlock association is common 
on areasuof lighter soil, where temperature condition* arc favorable for cither hardwood« or conifer*. 

Central forest is most common on warmer ai te», especially on south and we»c »lope*. Dominant specie« 
arc white oak, shagbark hickory and (formerly) chestnut. White oak i* most common on slightly lighter 
soils. Low minimum temperature« at. base* of slopes do not inhibit hickory, which is remarkably resistant 
to frost; the long exposure of such site« to »unlight favors hickory. 

Temperature Differences, and 

Preglacial and postglacial proccHwe* were controlled both by climatic cycles affecting the region as a 
whole, and by local amall-acale climatic difference* consequent upon topographic diversity. Minimum and 
mean temperatures probably were notably lower in valley»; and glacial and perigiacial climate* probably 
«er in earlier and lasted longer there than on the rolling upland». During periods of glacial wantage, ice 
probably remained in valleys long after upland» became clear. 

In the early postglacial period, local temperature differences probably had a direct influence upon the 
manner of original establishment of the various forest type«. Today each type pcrHist» in local arcs* 
having climate most like that which prevailed when that type was more extensive. 

During almost all periods, and particularly when no general vegetative cover existed, temperature 
contrasts were marked; thece affected physiographic agent* and processes greatly and differently on uplands 
and in valleys. Through these processes, the temperature differences were m important contributing factor 
in the developmen; of soil patterns and groundwater relationships which persist today; these soil patterns 
and groundwater relationships influence the present forest-type distribution even more than do the present- 
day temperature differences. 

Physiographic History 
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TEMPERATUR ß DIFFERENCES IN HARVARD FOREST AND THE IR SIGNIFICANCE 

CHAPTER I - INTRODUCTION 

The Harvard Forçat ia in central Maaaachuactta, in the heart ot the Eastern Upland of 
New England, a region of complex geological hiatory, diverae topographic form, and extremely 
varied human-une potentialitica (Figure l). Although the land-uae hiatory of the Eaatern Upland 
différa in detail from place to place, it ia eauentiaily aimilar for the region aa a whole, and 
preaent day land-uae problema with which man must cope are atmilar throughout the region. 
In the uplands of New England, aa in the river and coastal iowlanda, many natural factors com¬ 
bine to favor a balanced and developing economy, but auch development must be planned care¬ 
fully in order to make the wisest use of the natural resources. Some* of theic resources, such 
as waterpower, are of limited quantity but of high utility; others, as for instance, the soil«, 
are abundam but of limited utility in many places. The realities of environmental limitation 
must l>c faced, but the limitations must not be exaggerated. Much has been written about the 
atony upland soils and sandy valley soils of New England as contrasted with the deep, fertile 
soils in many parts of the Central West. Similarly, it has been emphasized frequently that the 
short growing season of New England places it at a serious disadvantage, both for farming and 
forestry, in comparison with regions farther south in the United States. The meagreness of its 
power resources, even of waterpower which was so valuable during the early years of industrial 
development but is inadequate to meet today's increased needs, places New England at an added 
disadvantage. High labor costs and other economic factors, although indicating a higher standard 
of living for New England, have worked to its industrial disadvantage m competition with other 
parts of the country. The signs are plain to be read, however, that New England is maintaining 
and expanding a diverse and stable economy based upon improved agricultural and industrial 
methods, upon modernized taxation procedures, and upon improved regional-national coopera¬ 
tion relationships. All of this, however, must be consequent; in large part, upon a careful adjust¬ 
ment of land use to land capabilities. 

The economic by which a very large proportion oí the people of New England 
earn their livelihoods— activities such as manufacturing and c ¡r ».„rce — involve the physical 
occupancy of only a amall portion of the land. Even farming, r/hich, by emphasis upon intensive 
factory-farm dairying or upon hi Rh quality specialty crops, is increasing in productivity and 
income, occupies only a small part of the total area. Some of the remainder ia water, which in 
combination with other factors, both natural and human, forms the basis of a most important 
year-round recreational industry. By far the largest proportionof land is in forest. The forest, 
therefore, is a very important parr, of many geographic or economic studies of New Eng*and. 

The forest is not alone a physical element. It is a tremendous economic, social, and 
political factor, although it ia chiefly permissive and for the most part exerts ils influence only 
as .nan utilizes the wealth it has to offer. It is patent that improved forestry practices through¬ 
out New England should result in great benefit to the region as a whole. The efforts made to 
accomplish such improvement have taken many directions and are reported in an impressive 
variety of studies. A primary objective in some of these studies has been to determine the 
relationships between plant growth and the numerous factors of the natural environment. Among 
these factors one of the most important is climate. 
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The present study deals chiefly «rieh a single, but important, element of the climate, 
namely, temperature. It report* the procedure* used, and result» obtained, durii^ a year of 

field study of local temperance difference* at Harvard lJore»t. from August 1947 through July 
1948, a* recorded at temperature station* established in numerou* contranted part* of the 
f orçat. Such local differences in temperature are considerably greater than is commonly 
realized (Figure 2). The report also includes a comparative analysis, for the same period, of 
the general temperature cond tiona at eleven widely separated New Hr^land station*. This com¬ 
parative analysis was based upon Weather Bureau record*. 

HARVARD FOREST, PETERSHAM, MASSACHUSETTS 
TEMPERATURE RECORDS AT FIELD STATIONS 

OCTOBER 20 TO 29, 1947 

The specific objective* of the study were: (1) To gather a large body of temperature 
data during a one-year period from a network of stations in selected locations of widely differ¬ 
ent character. These data were to provide a basis not only for present analysis but for compar¬ 
ison wit.S readings to be taken in the future under changed condition», (2) To analyze the data 

gathered and determine the amount of local temperature diversity in Harvard Forest as com¬ 
pared to the regional diversity of NewBngiand, from the Atlantic margin westward to the berk- 
shirea and from Long Island Sound northward to the Canadian border, (3) To dclineute differing 
local temperature-type areas within Harvard Forest, and to Attempt to establish scales showing 
relative day warmth and night coldness of these areas. (4) To determine the local importance 
and influence of elevation, direction of exposure, topographic form, vegetation, water bodies, 
and snow-cover in causing local temperature differences. (5) To compare selected stations 
within Harvard hörest as to temperature-frequency distributions, length of frost season and 
vegetative season, and number of frost days, ice days, summer days, and tropical days. 
(6) Finally, to apply the findings to the problem of the possible importance of temperature 
factors in influencing forest-type distribution and land use. 

Corollary purposes of the study were: (l) To determine comparative value of readings 
taken regularly once daily, weekly, and monthly, or at infrequent intervals by rapid traverse 
methods.(2) To determine the extent to which data could Lie used comparatively when taken 

from different kinds of instruments and when instruments were housed in different kinds of 
shelters. 

I he entire study is documented w.th representative maps and photographs portraying the 
areas and conditions being analyzed; it utilizes new as well as previously used kinds of diagrams, 

which show temperature sequences and differences observed, and which set forth, comparatively! 
Borne of the major conclusions reached. 

Appendixes include comparative data from other New Ling land stations, complete chron¬ 
ological tables of temperature observerions in the field at Harvard Forest, also additional 
maximum- and minimum-temperature tables showing stations* rearranged according to relative 
warmth or coldness each month. 
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CHAPTER il . RliG'ONAL SETTING AND LAND-USE H1STORY 

In this chapter the surface character of New lingi and i* deHcribed in general terms, and 
that of Harvard Forest is described in more detail. This in followed by brief discuabions of 
«oils, climate, and vegetation. The chapter cone hides with a brief review of the Jand-uae history 
of the Town of Pctcraham and a brief description of itn present land-use status. 

Many of the factual pointa concerning conditions i* 1947-1948 discussed here were con¬ 
firmed by personal obaervation in the field, or in interviews with local residents. The »ejections 
quoted from published source» deal both with prc»cnt and with past conditions. They indicate 
that natural factors and present .land-u»c problems in the vicinity of Harvard Forest are essen¬ 
tially the aame as in an extensive surrounding area, and suggest that the findings of this study 
arc appliceblt* in many parts of New England and in other regions. 

L Relief (Figures 1, 3, 4, and 5). 

Concerning the surface character of the New England Province as a whole, J. K. Wright 
says 0933, p. Í4): J 

"Much of New ¿?ngUnd i» * country of ancient, worn-down mountains, a land of extremely complex 
rock structure. Ihe ceaseless force*» of erosion have etched out a pattern of valleys below the general 
levels to which the mountains were reduced lar back in geological times, and the complexity of relief reflects 

^ the complexity of the underlying rocks. The invasions and retreats of the continental ice sheet» did much 
to accentuate the diversified quality of die surface. The ice scraped off the earth and carried away pieces 
of rock from countless hillsides; it dropped its load in moraines, damming streams and impounding the 
waters in lakes and ponds. It turned rivers aside from their older channels. It scattered boulders and 
gravel far and wide. Its melting waters gathered along the ice fronts in lakes, now vanished. On the floors 
ot these lakes sand and mud were laid down, and these deposits today form little plains, often terraced by 
postglacial streams." 

Describing the Eastern Upland, Wright says: 

"The dissected surfaces of the Eastern Upland rise gradually from southern Connecticut northward 
across Massachusetts and New Hampshire to abut against the White Mountains at altitudes of between 1000 
end 2000 feet. They also ascend from their cistern and western margins to a series of irregular longitudinal 
crest line» above which, in Massachusetts and New Hampshire, rise isolated mountains, the remnants of 
once much loftier peaks. Monadnock (3166 feet) the noblest of these, has given its name as a generic term 
for such residuals wherever found* (op. cit, p. 38). 

The relatively recent continental glaciation and subsequent déglaciation probably had less 
modifying effect upon the major ridge pattern of the upland than was once believed, but did have 
a profound effect upon the surface conditions on the ridges. Great changes also took place in 
the valley bottoms, as a consequence of ice and water deposition, with the greatest changes 
occurring during the period of glacial wastage. In many places the drainage patterns were 
greatly altered as a result of glaciation. 

2. Topography of the Three Main Harvard Forest Tracts. 

Each or the three main tracts of Harvard Forest differs in topographic character from the 
others. Together, the three tracte give a representative sampling of the diversity exhibited 
within the Eastern Upland Region. 

a. Prospect Hill Tract (Figures 3, 6, 7, and 8). 

The Prospect Hill Tract includes the northern and somewhat complex beginning area of 
the Petersham Ridge, which forms the center ridge of three major north-south-trending drain¬ 
age divides of the Petersham Township. 

The northern part of the tract ia dominated by Prospect Hill (1383 feet), the highest point 
in the Harvard Forest. Prospect Hill marks the southern edge of a broad gently rolling upland 
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l igure 1 - Prospect Nil] I raet. Panorama from south slope of Little Prospect Hill, showing from east to 
i/est. I. Prospect Hill; 2. I own Line Swamp; J, Big Spruce Swamp, 4. Brook« Hill; 5. Secondary summit of 
Little Prospect Hill. April, 1948. 

Figure 4 * Torn Swamp Tract. Panorama from south to north by way of went, taken from ter nice bordering 
eastern edge of Tom Swamp, allowing: 1. Mixcd-forr<»tgrowth at eastern edge of swamp; 2. Lowbush swamp 
growth; 3. Black spruce swamp forest; 4. White pine-hemlock forest on Fay Lot Terrace; 5.. Deciduous 
forest on West Boundary Hill. July, 1948. 

Pigure 5 - KiccviJle Pond. Panorama from south to northwest by way of west, taken from east shore of 
pond, showing, on opposite shore: L Margin of lorn Swamp; 2. Pay Lot i it race, with West Boundary Hiit 
beyond; 4. Kiceville Pond temperature station; 4. Po.id outlet. July, 1948. 
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area only sJightiy lower than the hill it*cli. Deep valleys border the hiii to aum and west, ana 
a Htecp south slo|>c lead» down to the hrond basin of the Town Line Swamp, The upper surface 
of Prospect Hill repreaent« a small remaining augment of an ancient peneplain surface, scoured 
by ice during the glacial period and thinly covered with glacial drift and aeolian deposits. Th» 
«Jopea below are deeply and thickly litten d with huge angular blocks of rock, intermingled 
with, or underlain by, glacial drift. Some of these may have been swept from the upland surface 
by the advancing glaciers; other» probably were plucked from the steep face» of the hill and 
dropped, together with stagnating ice, on die slope just below, then overridden by later ice 
thrusting fr* m the north and northeast. Some of the smooth upper slopes, side-hill terraces, 
and boulder-scan or rock fields on lower slopes probably resulted from processes of cryoplan- 
ation and congelirurbation common during glacial and postglacial periods. 

Beyond the deep narrow valley on the west side of Prospect Hill, and only slightly lower, 
is Little Prospect Hill forming a southwestward extension of the upland. It is elliptical, with 
rather steep slopes to the north, northwest, and southeast. Its main axis is to the southwest; 
beyond a slightly lower secondary summit in this direction the lull ha» a gentler, somewhat 
terraced descent, and lorms the long, drift-covered rock ridge on which the Forest Headquarters 
buildings stand. The two summits of Little Prospect Hiíl are rounded to flattish, and have a 
deeper covei ing of glacial drift overlying bedrock than is the case on Prospect Hill. 

At the south base of Little Prospect Hill is the Big Spruce Swamp. This long, wide, flat, 
ill-drained pear bog may be underlain by ounvasù; it is traversed from northwest to southeast 
by a low, discontinuous, gravelly, cskcr-like ridge. Ihe swamp lies athwart the drainage divide 
between the Swift River and the Miller's River, it drains eastward to the Town Line Swamp, 
which drain» to the Swift. Westward drainage is to a little stream which has a rapid descent 
into a long narrow swale just cast of the Forest Headquarters buildings. This swale drains 
southward to Nelson Brook. 

f iguie f - fisHtcrn Upland of New bngland. View northwestwai d and northward from I rospect Mill fire 
tower toward: 1. Mt. Grace, and 2. Mt, Monadnock. November, 1947. 

higurc « - hasrei n Upland of New Hngind. View eastward and southeastward from Prospect Mill fire tower 
January, 1948. 
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HÍ SU I e ™ ! i ¡ i r h gently upward, forming ã 
broad platform. Rising from die center of this platform is the gr eat oval mas« of Brook» Hill, 
a drumlin aligned northca»t-»outhwei»t (Alden, 192*1, ídate XIII). 1 he platform itself break» to 
the east, south, and west tn a sene«of tcrrace-like step». On the east these terrace» lead down 
into the Town Line Swamp, which he» south of Prospect Hill and «orne 50 feet lower than the 
Big Spruce Swamp. West of Brook« Hill a stream valley Cult* die upper platform level and drains 
into Lake Swamp, which is perched on a lower level and is drained by Nelson Brook. The l ake 
Swamp was artificially extended by damming, and once formed a large millpond, the waters of 
which spread to the north. At present the ope pond is very small, and much of the swamp ië now 
heavily overgrown with thicket. South of the millpond is a «mall rock-cored lull. Westward 
from Lake Swamp, and at least 40 feet lower, is the «wale whose stream begins m the Big Spruce 
Swamp. Many places in the various swales arc very bouldcry, but the platform surface» appear 
to consist of till, possibly worked byglacial meltwater but not necessarily covered with outwash 
deposits except locally. 

Í he portion of the IV os pc c t fltlj I »act west of the Headtjuai tern building con si m e»*cr- 
tially ol the: steeply sloping, amphitheater-like valley of Nelson Brook. Í he valley has mimer, 
ous knolls of bedrock, and many fields of loose angular boulders which may have been accum¬ 
ulated here by frost action and by glacial plucking and dropping. 1 he lowei part of the Nelson 
Brook compartment is almost flat, and is terraced, but in many places the surfait; is stony. 
Still farther west and downstream, Nelson Brook has cut itself into the br oad, sindy, käme 
terraces of the Riccville Pond valley. 

Prospect Hill is not only the highest point in Haivard Forest, hut the highest point in the 
wide area between /vit, Wachusert, Mt. Monadnock, and Mt. Grace. One might expect it to have 
very extreme temperature readings. Despite its considerable elevation, however, Prospect Hill 
has the mildest temperature conditions of any open place in the Harvard Forest. Other parts of 

rospect Hill I race, of only slightly lower elevation, hut of concave shap-”*, have consider - the f: 

ably greater temperature contrasts. Even more rievcre conditions are characteristic of 
and two other main erects. 

parts of 

b. Lorn Swamp I race (Figures 4, 5, 6, and 9). 

The Tom Swamp Tract consists essentially of an important segment of the deep trough 
separating the central or Petersham Ridge of Petersham I own from a western and somewhat 
more discontinuous ridge which includes Bald Hill, Camel's Hump Hill, and others. The eastern 
edge of the tract forms a portion of the long westward slope of the Petersham Ridge. Much of 
this slope is thickly atrewn with angular boulders, which in places form veritable boulder seas. 
In between and underlying these is glacial till intermixed with or covered with loess. Locally 
the slope is interrupted by platform - like swales occupied by swamps of limited extent but of 
considerable land-use significance. Westward the bases of the slope merge into a somewhat 
flatter käme terrace, winch is undulating to flat and locally pitted. At the western limit of this 
terrace a small but abrupt drop marks the edge of Riccville Pond, Tom Swamp, and Harvard 
or Brooks Pond.* Projecting segments of out wash terrace form peninsulas extending into 'Jem 
Swamp and Harvard Pond. Isolated segments form islands. 

Ligurc 9 - Tom Swamp Jract. View northwestward down Highway 122 from Fererslmm West Rond toward 
lorn Swamp lowland, showing' I. West Boundary Hill, with Mt. Grace beyond on skyline; and 2. Harvard Hill. 
November, 1947. 

I he original names given the pond were Brooks Bond or Meadow Water. In all Harvard Foiiou publica . 
non.» it is called Harvard Pond. The name giver, on the topographic map is Brooks Pond. 
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* ! ike »Íü.* Sp* Uv. V Swfîiïsp, i*í'H «ï í* i vv 3 f i c I ic üivític bciwccn /» 1 » 11 tr î b Ivívc? 

atuJ .v>wili Riveí tir ainagc. KiceviJIt* Pond arid Kjcevilit* Brook continue the Nelnon l/í ook dra;naj . 
to Mille i (<ivei . Hat va rd l'ond and levei Brfíok dram ftouthward to Swift l^ivcr . 

Along the western edge of the Kicevtlle Pond — Torn Swamp — Harvard Pond depression 
is another outwasli terrace Comparable to that on the eastern edge. Ihih terrace jh especially 
Well developed on the western margin oí RiceVilIe lJond, where it forms the broad platform of 
the Pay I or. Westward from this risen the long, drift-covered slope of die West Houndary Hill. 
I his lull terminates on the south, at the lorn Swamp Road, m a series of craggy prongs, with 
many bat e r ock exposures and with steep cliffs forming their eastern and western edges. Several 
much-broken but roughly par allel lines of rocky knobs and ridges form southward extensions of 
these ridges, to the south of the lorn Swamp Road, in the area west of Harvard Pond. Between 
these knobs are flattish areas at various levelr . Some of these ar e surfaced with till. The lower 
terrace¿ are to the east, near the swamp and Harvard Pond, and are partly covered with our- 
wafih. Poorly drained flats here as elsewhere arc occupied y peat bogs, with swamp-forest 
vegetation. 

The area immediately east of Harvard Pond is dominated by a high, rock-cored, drift- 
covered elliptical hill with a long north-south axis. I he Harvard Hill station is at its summit. 
Although the hill rises steeply 150 feet above the pond, its eastern slope drops only 00 feet to 
a wide long swale (Comportment V Swale) lying on a plane some 90 feet higher than the pond. 
The stream draining southward from this swale was once dammed, and the swale itself once 
comprised a millpond of considerable proportions, A string of small rock knolls to the south¬ 
east, linked by low ridges of glacial drift, made it easy to dam a tributary stream to form a 
small auxiliary upper millpond. The main swale has secondary drainage around the northern 
end of Harvard Hill. 

A discontinuous esker with a southeast-northwest trend lies just inside the southern 
boundary of the Torn Swamp r ract, near the State Highway. Its northwestern, and most notable, 
segment forms a high, steep-sided hill of well-washed and sorted gravel and sand near the edge 
of Harvard Pond. 

c» Slab City I i act (Figures 6 and 10). 

Although the general trend of the ridges in the Petersham region is north-south, most of 
the main drainage lines lead to the southwest. Some of die most broken country is chat border¬ 
ing the streams where they cut through the main ridge lines. No part of the Town of Petersham 
is more broken than that bordering Swift River .n the area occupied by the Slab City Tract, south 
of Petersham Center. 

In the most northern part of the Slab City Tract the Swift River valley is deep and narrow. 
I he eastern side of the valley is formed by a high conical hill which rises steeply 235 feet from 
the river, then drops as abruptly to Moccasin Brook farther east, outside the tract boundary. A 
terrace borders these streams. Southwestof the stream junction, and just north of Burns Bridge, 
a low knobby ridge once stood; this was a good source of gravel and has been mostly removed. 

West of the State I ligiiway leading down past Connor Pond the Petersham Ridge breaks into a 
compact mass with five major heights. The four northernmost of these, with their intervening 
saddle ridges, form a U-shaped series enclosing a deep valley, utilized in colonial days bv the 

Figure 10 - Slab City 1 ract. View nmthwatd from Fat Connor Road, across Connor Pond and up Swill 
River and Moccasin Bróok Valleys. Prospect Hill is on distant center skyline. October , 19*17. 
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coach road leading from Worcester to Greenfield. The highest hill is Hickory Hill (1075 feet); 
this is flanked on the southeast, ac ross a high saddle, by a hill some 1010 feet high. Thcac close 
the curve of the U. South of Hickory Hill proper is a broad shelf or platform, partly nw* mpy. 
From the eastern edge of this platform a steep cliff drops sharply to the Coach Road valley be¬ 
low. Southward from the shelf platform with its swamp, the land rise* gently to form a long 
broad, topped ridge, also some 1010 feet high. The stccp-cliffcd soumeast face of this upper 
ridge forms one wall of an upland gap, the floor of which, has an altitude of 935 feet. The cliff 
face has several water .smoothed surfaces, also pot-holes anti small caves. The valley forms a 
corridor trendit^ northeast-southwest. It may represent one segment of a high channel cut by 
an ice-marginal stream across all the north-wall spurs of the Swift River valley at a time when 
the valley wan deeply filled with ice. The course of such a stream is suggested by the saddles 
cut in each spur in surcession along the side of the present Swift River valley. 

On the opposite side of the corridor formed by the upland gap is the isolated knob of Wildcat 
Hill (996 feet). The northwestern slope of Wildcat Hill, toward the corridor, is moderately steep, 
drift-covered and strewn with huge angular blocks, most of them slumped from the bedrock 
composing the hill. The southeast face of the hill has a precipitous 200-foot drop, broken by 
several narrow ledges, to à hidden swamp, perched in a narrow part of the lower Coach Road 
valley. The hidden swamp is some 40 feet above the broad meadow flat bordering Swift River 

The east side of the Swift River valley also consists of high rock hills, of rounded aspect 
but covered with loose stone at many places. South Hill (104 1 feet), traversed east-west some¬ 
what north of its highest point by the tract's southern boundary, has distinct terraces at several 
elevations on it* north face. These might be due to the land slumping down against an ice wall, 
or they could have been carved into the bedrock by ice-marginal streams, or they may consist 
of kame-terrace deposits later covered in places by land slump. 

The valley bottom itself, on the south bank of the river, consists of a series of terraces, the 
main one of which averages some 30 feet to 40 feet higher than the river. A whole series of 
rounded knolls rises above the general terrace level. Several more knolls stand at higher levels 
in the tributary stream valley eaatofSouth Hill, where the State Highway leads up from the Swift 
River valley to the Barre Upland. Numerous other such knolls form a cluster at the mouth of 
Silver Brook, which drains Carter Pend and enters the Swift River about a half mile below the 
southwest corner of the tract. These gravelly and sandy knolls, of glaciofluvial origin, may re¬ 
present successive pauses in the melting away of an ice front, where rivers issuing from the 
ice dropped their sediments and built high kamedeltaa. The sides of these probably slumped to 
form conical hills when the ice front melted hack a little farther. The tandem arrangement of the 
knolls overlooking the river-bottoms swamp in the extreme southwestern part of the tract 
(White Pine Bottoms) could suggest simultaneous formation as an esker. The river has cut a 
steep cliff into the north face of the northernmost knoll of the ridge, revealing till sheets buried 
beneath the sorted outwash deposits. The en echo Ion arrangement of the knolls farther upstream 
suggests individual but not necessarily successive development. 

Alden (1924, pi. VII) relates the morainal and outwash deposits of this area to successive 
stages of the gradual melting away of the last ice sheet. At each stage the ice front remained 
stationary for a considerable period before retreating, by melting, to a slightly more northerly 
position. 

3. Soils. 

In general the soils of southern New England are derived from materials left by glacial, 
glacial-water, or wind deposition of one kind or another. They are chiefly of the Gray-Brown- 
earth type, are slightly acidic in reaction, and do not have fully mature profiles. 

Little time has elapsed, geologically speaking, since the parent materials of most New 
England soils were deposited. For this and other reasons, including that of repeated disturbance 
consequent upon uprooting of trees by wind-throw, the soils differ considerably according to 
differences in the parent material. The soil types represented in Harvard Forest may be con¬ 
sidered in two groups: (l) upland soils, derived hugely from unstratified glacial till deposits, 
locally covered and intermixed with loess, and (2) valley soils, derived largely from glacial out- 
wash and loess. (Morgan, 1933, pp. 120-126; Lutz and Cline, 1947, pp, 11-15; and Simmons, 
1939). 
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-• M and Soihi« 

, (1} -°-n\ ^olltl IJnd;ff<:le"ll'<tcli.- upland arca »'«vc dun so,! wid, much stone. liven 

Emccd, ‘I'll r.l yC,.,,, dccp' th,C *nd may 1>e "" bt<,ny that li,tlc su'r-cc *,Ca consists of so,!. 
Except tha, they are excess,vely stony, many of these so,!* have the same qua!,„es as do the 

less stony soil groups w.th which ú*y are associated. Altlwugh many of the stony areas are 

:::“^t^:Ld::8cd fM“ib,y for 
(2) Ugh,-textured Up,and So,Is. The so,Is of tins group are derived from less stony 

parent mater,.I, and cons,at chiefly o! loams and sandy loams. Those winch developed from 

deposits containing much granitic and granite-gneiss material form the Gloucester soils.Those 
derived fron, m.caschist mater,.1. high ,n ironcompr.se the redder and more platy soils of the 

Brookfield senes. The so,Is of both these senes are quue fertile, but they dry oueouickly 
because of porous suhso.ls. On lands having less rapid drainage, ow.r, ti less permeable 
subsoils, a Ugh water table ,s characteristic; here the Whitman senes ,s common. ^ 

V) Hçayiçr Up andJiEik- In many upland areas the parent material ,s less stony, and -s 

^‘V.y *,ld Con,P*ct- rhc formed from such material belong to the Charlton series Thev 
,eta,n moisture better and arc more productive than either the Gloucester or Brookfield sods 
Associated w„h the Charlton sods, bu, on less well-drained laud* are the Sutton sods. These 
alHO arc highly productive both for agricultural uhc and for forestry. 

b• Valley arid Lowland Soils. 

(0 gandji So.js, As has been noted, many of the valleys in this area have extensive de¬ 
posits of stratified glacial outwash, forming broad terraced plains. The surface materials 
composing these are mostly sandy or loess,al, with little or no stone except where intermixed 

or covered with materials brought downslope by congditurbation and other processes. They are 
underlain by gravel or by alternating layers of sand and gravel. The common soil type developed 

on such deposits ,s the Merr.mac a light sandy loam. Low rounded knoll, and hummockf of 

what ml8 7 ‘n Sr , a?aSM0r‘n the of tllc Hinckley sods which are some- 

th«n the ,Dland'ny:i ’ C ^ thc H,ncklcy «ods are lighter and less productive than thc upland moiIh previously described. r 

(2) Pçü So‘lw- In [t,L- Harvard Forest area, aselsewherein New England, peat bocs are a 
notable feature The sods of these bogs were formed largely from organic mater,.Island are 

ä lie8on r 1 '’Tr'"5'"'' rf Z0"’rfW feCt t0 many tCns of feet d«P »"d 'nay or may 
not or, a layer of fine soft lime (marl) deposited on the old lake or pond bottom which the 
bog occupies. In most places die marl is underlain by sand and gravel. 

4. Climate. 

New England bas a continental climate despite its proximity to thc Atlantic Ocean Sum 
mers are warm to hot. and winters arc cold. The region is in the heart of the westerly wind belt 
of the northern hemisphere, in which the upper air currents 

follow then- regular course from west to ca«t with remarkable pcrsiHtence. The control of 
and hence more or les» directly of climate is largely in thc hands of passif cyclones and 
(Ward, Brooks, and Connor, I9Î6, p. 16). % V 

ather types 
d anticyclones" 

winter the p.evadmg wind ,s from the northwest ,n most parts of New England, and m sum¬ 

mer the prevailing w.nd -s from the south or southwest. Because the prevailing wind blows 
offshore much of the year, the Atlantic Ocean has only a slight influence upon temperatures. 

Thu» i. follow» that the co.»ul belt, except when the wind blow* onshore under aener.l cyclonic or »nt, 
c yc lonic control», or when ,n »ummer local «ea breeze» occur, doe» no, differ very much from thc interior 

he Urge temperature range» of the interiorare carried ea.tward to the coast, ami even over the ocean Or 

"TV* *'!C,'0Í,"0rL' NCVrtKflC":; reS,0r" bordering immediately on the Atlantic coast, and especiad y 

cop^.p j,p7?r """r «—»-» .»»A-- v.Æ5» 

The on.l«,rc .,ed, bring .bund.n, moi.lure fron, die All.nrie U. .„nplen.enr di.t brongh, fron, 
elsewhere, and precipitation is abundant at all seasons. ® 
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a. Temperature, 

In winter the temperature gradient from south to north in New England is very steep. The 
mean January temperature at New Haven, Connecticut, ta about 28°P# at Harvard Forçat it ia 
about 21^, and at First Connecticut Lake, New Hampshire, near the Canadian border, it in 
about 10°F. In summer, when almost the whole continent in warm, the temperature gradient 
is much less steep. The mean July temperature at New Haven is 72°F, at Harvard Forest, 69°F, 
and at First Connecticut Lake, 63°F, Similarly, the variability of winter from year to year is 
greater than that of aummer. Mean departures of mean monthly temperfetureii in New Erçland 
are from about 3F degrees to 5F degrees in January, but only about half that much in July. The 
actual departures, from year to year, however, are much greater. At Burlington, Vermont, cne 
January (31°F) avenged 25F degrees warmer than another January (6°F). The warmest July, 
however, averaged only 9F degrees warmer ¿han the coolest (75°F and 66°F). At Harvard Forest, 
during the period 1938-1947, the highest and loweut January averages (derived from means of 
weekly maximum and minimum temperatures) were 24.75°F (1942)and 12,8°F (1945) respective¬ 
ly. The highest July average (1936-1947), similarly derived, was 68.6°F (1937), and the lowest 
was 66.3°F (1939). As is characteristic of regions with continental climate, New England has 
experienced some particularly unusual seasons. In 1816 summer waa phenomenally cold, and 
the year was remembered as “the year without a summer.* Winter of 1917-1918 was remark¬ 
ably cold, with heavy snowfall. That of 1920-1921, by contrast, was one of peraistent mildness. 
The winter of 1933-1934 was especially severe. Certain kinds of temperature conditions tend fio 
repeat, however, in successive years and have become traditional. The most notable of these 
are the January thaw, the May freeze, and Indian summer (Ward, Brooka, and Connor, 1936, p. 
J103 and 104). 

The length of the frost-free season differs considerably in New England, and varies sig¬ 
nificantly from year to year. At Harvard Forest from 1936 to 1947 inclusive, this period between 
the last killing frost (32°F or lower) in spring and the first killing frost in autumn was as short 
as 103 days (1944) and as long as 154 days (1940 and 1942). The average was 137 days (Spurr, 
1950, p. 169 ff). In most years the length of the frost-free season has been within 10 percent 
plus or minus of this average. The last spring frosts usually have occurred by mid-May. First 
autumn frosts usually have occurred by the end of September. 

b. Precipitation. 

New England precipitation has a more uniform monthly distribution through the year than 
is found anywhere else in the country except possibly in the Pacific Northwest. The climate is 
humid at all seasons, and only in the driest years ic a drouth condition even approached. The 
autumn of 1947, however, was exceptionally dry, with a rainless period of 29 days. The driest 
years may have only two-thirds of the mean annual precipitation and the wettest year one-third 
more than the mean, but in general the hazards ro agriculture, from too little or too much rain¬ 
fall at any given time, ere less than in other parts of the country. Most months average at least 
10 days with precipitation; and the spring months average more. The precipitation at Harvard 
Forest during the driest year of record (1913- 1948) was 27,3 inches (1941); and during the 
wettest year it was 60.1 inches (1938). The 36-year average of annual precipitation was 42.36 
inches (op. cit.). 

Most of the rainfall comes from the passing cyclonic storms or '‘lows.* Some of it comes 
from thunderstorms, which average about 25 each year; of these, two-thirds occur in summer 
(June-August). Hail storms are rare in New England, and few places average one per year. 

c* Snow-Cover. 

Most interior portions and many coastal areas of New England have a several-months-long 
period of continuous snow-cover m most winters.The length of the season with snow-cover varies 
greatly from place to place and is influenced by differences in elevation, topographic form, veg¬ 
etative cover, land-water relationships, exposure to sunlight and prevailing winds, and by other 
factors. Although the season is generally longest in those areas which receive the heaviest total 
snowfall, it is equally long in many sections with lighter snow-cover but which come under the 
influence of large nearby lakes or the ocean. The actual depth of snow-cover at its annual max¬ 
imum increases northward and with altitude (Stone, 1940, p. 676.). 
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Table 1 ahow» the average length of »eafcon with a now-cover of variou* depth« at «elected 
New língtand atation» in repreaentative type location* cited by Stone (op. cit., pp. 676, 683.687; 
alao Stone, 1944, pp. 877-880). It will be aecn from this table that although differences in lati¬ 
tude are aignificant in determining differences in the depth of snow-cover and the length of the 
aeaaon of anow-cover, other factors, particularly elevation, arc of even greater significance. 
In general, stations in northern Ne* England, both coastal and inland, have somewhat deeper 
and longer lasting anow-cover than do stations in comparable topographic situations in southern 
New England. 

in most years at upland stations in central Massachusetts, snow usually ialls by early No¬ 
vember, but the first snows quite commonly melt away. A continuous snow-cover is common 
from late November to about mid-March. One or more heavy, but sometimes fast-disappearing, 
snowfalls may occur later in March or in April. On the average, three or more ice and sleet 
storms occur every year. 

TABLE 1 

AVERAGE LENGTH OH SEASON OH SNOW-COVER OH* VARIOUS DEPTHS IN NEW ENGLAND 

Grrurr»! rangeu cntiniAted from »nopleth map* in Stone, 19-14, pp. 877-880. 

Station data adapted from Stone, 1940, pp. 683-687. 

SOUTHERN NEW ENGLAND Kiev. 

in ft. in. 

Depth of Snow-Cover 

5 in. 10 in. IS in. 20 in. 30 in. 

Coaata) and Lowland 

Generaí Range 

Haverhill, Maa*. 

Brockton, Ma a a. 
Springfield, Man«. 

Arnhemt, Mana. 

Wecka of Duration (Uaually Conaccuuve) 

50 

i :o 
199 

217 

5- 10 
12 

4 

8 

10 

0- 5 
2 

0 

4 

6 

Jiaatern Upland 

General Range 

Worcester, Maaa. 

Aahbu rnham, Ma »H. 

Rutland, Maaa. 

E. Templeton, Maaa. 

Weatcrii Upland 

General Range 

Hoonnc Tunnel, Man», 

Pittaficid, Maas. 

Whit Ingham, Vt. 

Seartfburg Mt., Vt. 

625 
1008 

I 160 

1200 

800 

1037 

1450 

2 360 

10-15 

14 

14 

14 

16 

10-20 

14 

8 
18 

20» 

5-10 

ft 
§ 

6 

6 

5- 15 

2 

12 

16 

0-5 

0 
4 

0 

2 

5-15 

H 

0 

10 

14 

0- 10 

4 

0 

4 

12 

0- 10 

0 

0 

0 

10 

NORTHERN NEW ENGLAND 

Coastal and Lowland 

General Range 

Bar Harbor, Me. 

Old Town, Me. 

Belfast, Me. 
Cornwall, Vt. 

20 

108 

165 

504 

10-15 

15 

14 

15 
14 

5-15 

10 

12 
12 

8 

0- 10 

4 

2 

Intermediate Uplands 

Genera! Range *5-25 10-20 10-15 5-15 0-10 0-5 

A »Illand, Me. 605 20 16 14 !0 6 6 

Grafton, N.H. 863 16 13 9 4 o o 

Ripogcniia, Me. 965 22 ♦ 17 16 14 1? 8 
Che I we a, Vt. 1070 20 16 12 6 6 0 

1 lighlandw 
General Range 20-30 15-25 10.20 10-15 

Garfield. Vt. 1300 20 18 lo 12 

Middle Dam, Me. 14.30 20 1C 16 14 0 

Pittsburg, N.H. 1660 24 ♦ 20 16 M 

Mi. Washington, N.H. 6280 24+ 20 14 10 

5-15 

6 

10 

12 

4 

0-5 

0 

0 

6 

0 
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At Harvard Forçat the average yearly »nowfalJ totals about 50 inche», although it may vary 
from less than half to more than twice this amount. Local differences in depth of snow-cover as 
observed during the period of the study, and the significance of snow-cover to forest growth at 
Harvard Forest, will be discussed in Chapter IV. 

d. Sunshine and Cloudiness. 

New England is one of the cloudiest parts of the United States. I he mean annual cloudiness 
for the greater part of central New England averages between 45 percent and 55 percent. Cloud¬ 
iness is somewhat greater than this over northern New England, especially in highland areas, 
also over the easternmost part of the Maine coast and over the industrial region of eastern 
Massachusetts. At most stations in New England, April is often the cloudiest month and October 
is the least cloudy. The average difference between the two months at each station is lean than 
20 percent. In the Harvard Forest area, during the period 1935-Î9Î9, cloudiness in January 
averaged slightly more than 50 percent, m April almost 00 percent, in July about 45 percent, 
and in October about 40 percent. In April about Ö days were clear and 14 or more were cloudy. 
In Oc:ober about 14 days were dear and 10 or Its» were cloudy (Livcrancc and Brooks 1943 
pp. 263-273). 

Maps by Visher (1944, pp, 73-75) show that in the Harvard Forest area, on the average, 
about one-third of the days each year are cloudless, about one-third arc partly cioudly, and onc- 
chird are cloudy. The average number of hours of sunshine per summer day is almost 9 hours, 
and per winter day hardly 5 hours, 

Despite the great number of cloudy or partly cloudy days. New England has much sunshiny 
weather. In the interior the annual percentage of total possible sunshine is 45 to 50 percent. 
Many coastal stations in southern New England have a somewhat higher percentage of sunshine 
(Liverance and Brooks, 1 943, pp. 272-274). Even during months when cloudiness is most common, 
and in winter, when the percentage of possible sunshine is greatly reduced, many days arc bright 
and sunny, and are followed by clear, crisp, starlit nights. 

e. Weather Changes. 

It is proverbial that New England weather is subject to frequent and n ked changes from 
day to day. Suchchanges are consequent upon the passage of the cyclones a anticyclones mov¬ 
ing eastward across the region. These “lows" and “highs" are more nun .ous, larger, more 
active, and move faster in winter than m summer. This accounts for the more frequent and 
more marked changes of wind and weather in winter than in summer. The winds blowing out¬ 
ward from the highs and toward the centers of lows differ greatly in temperature and in mois¬ 
ture content, according to differences in places of or igin, direction in which they blow, and the 
speed at which they blow. 

In winter, northwest winds are likely to be dry and very cold* since they come from the 
continental interior. Such winds may cause the temperature to fall as much as 30P degrees in 
24 hours, and may reduce the temperature to-15°P or lower. These clearing and cooling winds 
are associated with cold-front conditions; often they set in suddenly after a period of rain or 
snow associated with damper and relatively warmer winds blowing inland from the ocean on the 
south and east. Summer cool spells are similarly caused by northwest winds. 

Both in winter and summer the warmest weather is usually brought by southwesterly and 
westerly winds, blowing out of high-pressure areas centered over lower latitudes or over the 
warmer interior of the continent. These unseasonably warm conditions break the severe cold 
spells of winter, but in summer they cause the weather to be hot, muggy, and uncomfortable. 
Every summer has such heat spells, but many summers have relatively few. 

Northeast winds blowing onshore from an anticyclone centered over the ocean also bring 
ram. In winter and spring their effect is to make the weather damp and chilly or even cold. 
Some of the heaviest rains and snowstorms are caused by these northeast winds (Ward, Brooks, 
and Connor, 1936, p. Jl79). 

In summer the highs and lows are pr lydeveloped and move more slowly. In general they 
are much weaker, except when modified F Vest Indian hurricanes moving northward and north¬ 
eastward over the ocean in late summero* autumn. The changes induced by the eastward move¬ 
ment of summer cyclones are less emphatic than chose of winter. Winds may be quite variable, 
but the prevailing south and southwest wind, though light, blows quite steadily for long periods. 
Temperature changes, too, are of a smaller order than in winter. On the whole, summer weather 
is calm and peaceful, though broken occasionally by squall winds which come out of thunder¬ 
storms and cause sharp drops in temperature. 

M 



Spring and autumn arc BcawonHof tranwition. i hey differ considcrnbjy in detail from year to 
year, but in genera) have much changeable weather. March often ha« much guaey and unpleasant 
weather alternating with fine RpclU. April tenda to be milder but wetter. During September, 
which ia very changeable, summer gives way to fall, but October often has a long, fine golden 
spell of “Indian Summer" before another changeable period sets in and winter approaches. 

f. Summary of Weather Conditions during Period of Study. 

A brief summary of weather conditions from August, 1947 through July, 1948, the period 
during which the study here reported was made, will be found in Section 3 of Chapter IV, Find¬ 

ings and Analysis. 

5. Vegetation. 

The Harvard Forest is in the transition zone between die northern forest and the central 
forest of eastern United States. The dominant frees of the northern forest are white pine, spruce, 
Fir, beech, yellow and paper birch, and sugar maple. The central forent originally consisted of 
many species of oak, hickory, and other hardwoods, notably chestnut. The chestnut has been 
practically eliminated by blight. The transition zone in New England includes most of the species 
common m each of the two bordering forest types. In addition, die transition zone includes much 
more white pine, hemlock, red maple, and red oak than is common in the northern forest, 
although these are essentially northern species, and much more white ash than is common in the 
central forest, of which ash is an important component. 

In the transition zone, the northern-forest species are common m die cool, shaded, or other¬ 
wise less favored situations, and the central forent species arc most common on the warmer 
southern and western slopes. 

"For enample: miied stands of white pine, hemlock,beech, birch, and maple on cool northern Bites contrast 
with oak and hickory on sunny upper slopes, with pitch pine on »ight outwash soils (sand plains), with spruce 
and larch in sphagnum bogs, and red maplr and white ash growing in Bwales. It in on the intermediate sites, 
middle elevations, and moderate exposures that intermingling of the northern and central species occurs 
to the maximum degree; tn such placeo it is not uncommon to find as many as twenty different species, 
softwoods and hardwoods, growing together" (Lutz and Cline, 1947, p. 15). 

In the pre-colonial forçat many of these general relationships of stand-type to site char- 
acteriatics were essentially the same as today, although the common species probably were not 
represented in the same proporciona at all times, Fisher (1933, p. 215-216) has described the 
and» of changes which took place in this pre-colonial forest as follows: 

wc find evidence, even with no human factor s in operation but the aboriginal Indian, that there must have 
been over long periods important change» in the distribution of specie» and the character of the forests with¬ 
in each of our climatic regionu. Undoubtedly forest fires arc more prevalent und destructive today than 
when the Pilgrims landed; but there is convincing evidence that everywhere fire» were of periodic occurrence 
both from the practice of the Indians and occasionally from lightning..-. In addition to fires it is only nec- 
cnaary to consider longer stretches of time, such as centurie» or more, to find unmistakable signs of 
other destructive agencie«: wind-throw, generally occurring on uplands of exposed ridge» and often prostrat¬ 
ing large area» of tree»; lightning, which »ometimea kills a dozen or fifteen tree» with one bolt; ice storms, 
»haltering many acre» of tree tops; and, probably in the wake of these, fluctuating attacks from injurious 
forest insects or disease. It is likely, especially on drier and more exposed site», that such periodic 
calcmitica as thenc, upsetting for a time and sometimes over large areas the equilibrium of tree species, 
were collectively the most powerful influence governing pre-colonial forest history. Without the recurrences 
of fire» we should not have had the heavy forest» of pine in central New England reported tn some Jocalitie» 
by the early settlers. It is likely also that, without these periodic upsets providing breaks and exposures in 
the ancient forest», many of our short-lived, light-seeded species such as gray birch, pin cherry, and aspen 
would have been even more rare and restricted in distribution than they actually were in the original forest. 
Thus, while arca» of big timber certainly predominated in the early forests a» traversed by the pioneer», 
there must also have occurred many arca» where reverftion» to younger woods or shorter-lived species 

were in progress." 

Careful field study at Harvard Forest, combined with study of early descriptive writings 
and of land cities dating back to the original white settlement of the Petersham area, gives a- 
bundant evidence chat many of the present forest types characteristic of particular kinds of 
natural sites are essentjally the same types that were common on those kinds of sites in the 
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pre-colonial period (Raupand Carlson, 1941). Field analysis of present. Jay, old.growth forent» 
known to have been left undisturbed by man «ince pre-colonial times gives added confirmation 
to such conclusions (Cline and Hpurr, 1942). 

b. Jj*nd-Use History. 

The Eastern Upland was settled relatively late in the Colonial period, well after a consider- 
able development had taken place in the coastal regions to the east and in the Connecticut Valley 
and other lowlands to the west. 

"Settlement was begun in Petersham in 17)3, and thereafter the land was parceled out in five different 
divisions, from 1733 to 1770. Certain portions of the Harvard Porcst properties were among those in the 
first division, and were cleared for farming at an early date; others were in the later divisions, and clear¬ 
ing was delayed or never made. The process of land cleaning did not proceed at a rapid pace in die begin¬ 
ning, because the community was isolated and an exchange of produce with other communities was impossible 
Only enough food and other essentials were produced to satisfy local needs, Not until the cany part of the 
19th century, when neighboring towns had become more heavily populated and industrialized and intercom¬ 
munal roads had been built, did the clearing of die land for cultivation gain impetus* (Lutz and Cline, 1947, 
p. 15-10, summarizing Raup and Carlson, 1941, p. 17-21). 

in the 1840’s, agriculture reached its greatest development. Even then not more than 15 
percent of the land was tilled, although much more was cleared for pasture and upland mowing 
(Raup and Carlson, 1941, p. 26). Actual woodland may have been reduced toas little as 20 
percent or less of the total; this period of maximum agricultural land-use continued for about 
ten years. 

"Many factors contributed to the next stage in land history _ farm abandonment. The lure of higher 
wages in the growing industrial centers, the declining fertility of the local soils, the opening up of the Middle 
West with its vast stretches of highly fertile land, and the discovery of gold in California all had their effect. 
Farm abandonment started on a large scale about 1850, and has proceeded at a variable rate up to the 
present time... 

"The natural seeding in of white pine on the thousands of abandoned fields and pastures throughout the 
region ushered in the old-field white pine era, one of the most unexpected and productive in land-use history. 
This gratuity of nature completely reversed the downward trend in lumber production. Large-scale logging 
operations in old-field white pine started about 1890, and reached a peak in 1909. This twenty-year period 
probably witnessed the most intensive lumbering operation!) in the history of the region. Pine-using in¬ 
dustries sprang up in many of the larger centers, and portable sawmills dotted the landscape. Clear-cutting 
vaa universally practiced* (Lutz and Cline, 1947, p. 17). 

During chi» period, some farming continued, especially on better lands accessible tc roads. 
Many farms, however, were bought by city residents to be used only as “summer places*. On 
a few such places some farming was done by owners or caretakers, but on many places the land 
reverted to forest- Petersham became the center of a quiet but substantial summer colony. 
Later, as auto tourism developed, resorts of the Petersham type experienced partial decline. 
But the automobile also made it possible for people to live farther from their work; in recent 
years many permanent residents of Petersham have found it possible to commute daily to work 
in nearby industrial and commercial centers, particularly Athol and Worcester; newcomers 
also, who work in the cities, have settled in the village and in the surrounding country. 

Both agriculture and logging declined during the first third of this century and became sub¬ 
ordinate to urban manufacturing and . urr.mercc and to recreation employment as sources of in¬ 
come fer residents of Petersham Township. Forest and woodland increased steadily in extent. 
For the most part, however, these stands received little or no silvicultural treatment, and their 
quality deteriorated steadily. ® 

“ fhe stands following the clear-cutting of old-field pine on the better soils were composed largely of a 
mixture of hardwoods of advance growth origin together with hardwoods which seeded in after logging. Thus, 
the next stage in local forest history, predominant to the present time, is characterized by mixed hardwoods, 
even-aged in form and mostly single-stemmed. 

"When the stands following old-field pine are clcar-cut for fuel wood, as has often been the case tn re¬ 
cent years, the next stage is hardwood coppice composed of coarse stump sprouts, markedly inferior in 
quality to the preceding generation and comparatively unsusceptible to improvement by silvicultural meas¬ 
ures. In some places a second regeneration of coppice now occupies the land and deterioration of die grow¬ 
ing stock has reached a new low. Over a period of slightly more than 200 years, since the first settlement 
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tnd the beginning of land clearing, virgin saweimber oí line conipomiion and quality ha* been replaced Ly 
rank-growing atunip oprouto and weed apcciea suitable only for fuel wood and mmildf producta* (Lutz and 
Cline. 1947. p. 17). 

The managed lands in the Harvard Forest were developed in differing ways, depending upon 
the silvicultural practices employed. When the Forest was established, much of the land .vas in 
old-field pine, but most of this has since been logged off and now has young growth in various 
stages of development. Many idle fielda and pastures which were open land in 1908 were planted 
with conifers, particularly in the Prospect Hill Tract. Some parts of the Forest, particularly in 
the Slab City Tract, today have a fine growth of timber. The hurricane of September 21, 1938, 
wrought great havoc on exposed slopes. On almost all forest lands which it devastated, hard¬ 
wood species are now in the ascendancy. 

7. Present Status, Major Problems, and Potentialities. 

On the upland ridges of Petersham today, as well as on the ridges and broad valley plains 
of bordering townships, some large farms and a considerable number of smaller farms arc 
operated. Some of these are productive enough to provide the full support of the families occupy¬ 
ing them. In Petersham Township, however, full-time farmers are the exception. Many of the 
operating farms are part-time enterprises. The owners or tenants of these supplement their 
farm income with wages earned in nearby citiea, to which they commute daily. Others work 
part-time for one or the other of numerous families who own summer property in or near Peter¬ 
sham. Still others operate small businesses serving tourists or resorters, or work for the 
township or other government agencies. The larger farms are primarily dairy farms, withgen- 
eral mixed farming providing feed crops for livestock and partial subsistence for the family. On 
many farms a secondary cash product, such as poultry, or vegetables, or fruit is produced in 
significant amounts, but the emphasis is chiefly upon dairying. Hay and silage corn are the chief 
field crops, and permanent pasture occupies a large portion of the cleared land. Few farms are 
without large blocks of woodlot. The forest provides fuel for the family and additional fitewood 
to sell in town or city. Only a few stands of forest undergo any cutting for lumber purposes in 
a given year. 

Less than half the township is included in farms actually in operation as c farm, and less 
than half the land on these farms is cleared. Less than 20 percent of the land in farms is in 
harvested crops, including hay. About the same amount or slightly more is pasture. The rest is 
wood lam. All told, 75 percent or more of the Town of Petersham is woodland. Although the 
Town of Petersham may be considered unusual because the Harvard Forest lands compose about 
ten percent of the total town area, the figures given are representative of many townships in this 
part of New England (Davis, 1933, pp. 118-167, cap. pp. 142, 143, 146, 147, 150, and 151) 

Actually, the rural economy of much of southern New England is being strengthened by the 
present-day development of part-time farming, and at least a «light increase in land in farms 
might reasonably be expected. It is hardly likely, however, that very much of the present wood¬ 
land will be cleared for agricultural use under present conditions. These woodlands now repre¬ 
sent the most extensive type of land use in many townships; but at present they are one of the 
least remunerative resources. The problem of increasing their quality as sources of timber for 
local industry, and their beauty as forests, to be appreciated by visitors and local residents alike, 
is obviously of primary importance, 
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CHAPTüK Ul . MinilOíOLOG^ 

1. Establishment and Bxpanaton cf Station Network. 

a. Summer, 1947. 

The study was begun as a summer research project in July oí 1947. Stations were estab¬ 
lished at that time in a line extending from Petersham Center westward into the loin Sw^riip 
Tract. These stations were all of the small-shelter type. Most of the shelters were fastened 
on tree trunks, on the north side. In order from east to west these stations were (Figure 6): 
Petersham (Nichcwaug), Hast Hill, Frail Fork, Stream Crossing, Hemlock Base, Harvard Hill, 
Gravel Hill, Mill Point, and Tom Swamp. Weekly maximum- and minimum-temperature read¬ 
ings were taken at each station. In addition, a continuous thermograph record was obtained at 
Harvard Hill and Tom Swamp. Owing to the contrasted nature of the sites of diese station», the 
readings obtained were strikingly different. 

In order to supplement the data gathered at the stations, a few rapid traverses were made 
on clear, relatively windless afternoons, to obtain maximum-temperature readings at other 
points. Similarly, several rapid traverses were made on calm, clear nights, during the three- 
hour period preceding sunrise, to obtain mimmum-temperature readings. These minimum- 
temperature traverses were more extended, with check readings taken at several crossing 
points in the course of each traverse. Most of the day traverses and all the night traverses were 
made by automobile. Readings were taken about fifty feet ahead of the car at each stopping point, 
and were taken at least twice to verify the value obtained. 

The results obtained from this summer project were sufficiently interesting to make it 
appear worthwhile to increase the number of stations co form a network in contrasted parts of 
each of the three main tracts at Harvard Forest, and to continue the project fora full year. 

b. Autumn, 1947, 

During the autumn of 1947, some fifteen minimum-thermometer stations were established, 
including one at the highest point in the Forest (Prospect Hill, 1383 feet), one at a point lower 
than any in die Forest (Swift River Power Line Crossing, 590 feet), and others on hilltops and in 
representative swales at intermediate elevations. At these stations the thermometers were 
wired between branches of trees or otherwise suspended in the open. Such stations arc desig¬ 
nated in this report as unsheltered, or nonsheltered, stations, to indicate that the instruments 
were not placed in instrument shelters. The sitesofsome of these stations, however, are part¬ 
ially sheltered by vegetation or by topography. 

c. Winter. 1947-194 8. 

In late autumn the University received 10 war-surplus shelters of the standard Weather- 
Bureau type, which were made available for use at Harvard Forest. Permanent supports were 
constructed for these, and stations were established at selected points, many of them where 
particularly interesting long-time silvicultural studies are being made. In addition, 15 standard 
shelters and supports, of the Army Signal Corps knockdown type, were provided by The Quarter¬ 
master General, United States Army, for the period of the study. These were assembled at the 
Forest Headquarters and were set up in various contrasted locations. By mid-December a net¬ 
work of 3 1 sheltered stations and 14 nonsheltered stations was in operation. The Harvard 
Forest woods crew gave invaluable help on numerous occasions in establishing this network and 
in dismantling stations upon completion of the project. In a few places standard shelters were 
set up where smaller shelters were already in use. After a few weeks during which readings were 
taken for check purposes from instruments in both shelters, the smaller shelters were moved to 
new locations (Harvard Hill to Chestnut Grove; Petersham to Trailsidc Swale). 

As the network increased in size it became necessary ro use two days a week to obtain 
readings. After the heavy snows had set in, in lace December, it became necessary to devote 
three days per week to taking readings, a separate day for each main tract. This introduced an 
element of non-simultaneity into the data, but, as will be justified later, it was considered de¬ 
sirable to obtain the greatest number of records. 
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During nome week» in winter it wa* not poseibie to reach all stations in the Torn Swamp 
Tract in the courue of the day; and aeveral »cation* near other» from which un interpoiativc 
value could be taken, tí dewired, were »kipped. No nucrpolative data are given in the cable», 
however, for thonc »talion» (chiefly I3a»t Hill, Gravel Hill, and Red Pine Ridge). A few non- 
«heltcrcd minimum thermometer atationc* in ii>olated Jocation» in all three tracts were read only 

once a month in winter (Choate Farm Hill, Pierce Rond Swale). 

d. Spring and Summer, 1948. 

For norr.c le»» acce»»iblc place», it had not been po»sible during winter to entabliuh sta¬ 
tion» as bad been planned. In »pring the»e station» were added, chiefly in the Prospect Hill 
Tract. At two of these (Northwest Midslopc, Lower Spruce-Hardwood) the instrument» were 
hou»ed in Weather-Bureau type «heiter». In addition, five more shelters were built to fasten 
to tree». Although smaller than the standard shelters, they are of considerable size and will 
house several kinds of instruments and still be amply ventilated. Some of these were placed 
in new locations (Little Prospect Hill, Big Spruce Swamp, Nelson Brook Flat). Two were 
placed at stations where particularly small shelters were already in use, housing only a Six- 
type max-mm thermometer (Baet Hill and Mill Point). The larger shelters were installed in 
order to obtain checks as to instrumental and shelter comparability. 

In the course of the project as a whole, a few stations were discontinued in order to make 
instruments available for use at other place» with unusual characteristics. The period of re¬ 
liable operaron of each station can be determined by reference to the tables of basic data in 
Appendixes B and C. 

Readings were taken from August 1947 through July 1948, to get a full twelve-months* record 
including a coldest and a hottest month. 

2. Instrumentation for Temperature Measurements. 

àII instruments, except the exposed minimum thermometer at bush height at Tom Swamp, 
wer* pieced at heights of five to »even feet from the ground. Thermometers in shelters were at 
a height of five to six feet. 

In winter, at every station where any likelihood existed of the snowcover becoming excep¬ 
tionally deep, the snow within a radius of 15 feet of the shelter was tramped down each week. 
Where necessary, broad exits also were tramped out leading to lower ground, in order to fac¬ 
ilitate cold-air drainage and thereby minimize the probability of abnormally low temperatures 
within the artificially created shallow basin occupied by the shelter. At no station were any 
inatrurnents in the shelter ever lesa than 40 inches from the surface of the snow-cover, and 
very few instruments were ever less chan four feet. All readings may therefore be considered 
to be “standard-height readings.w The general effect of snow-cover upon temperatures will be 
discussed in Chapter IV. 

Readings. 

In most shelters a standard Weather-Bureau-type maximum thermometer (mercury), and 
standard minimum thermometer (spirit) were used. At five stations in the original string, 
small shelters were used, each housing a Six-type maximum-minimum thermometer. 

b. Thermographs Used for Detailed Records. 

Three Friez-type thermographs were employed from the start of the project and were 
used continuously for the year period. Four additional thermographs of the same type were put 
into use in December and January, and four more were put into use in March. All 1 1 of diese 
thermographs used an identical type of chart. 

It will be noted from the tables in Appendix C that the Harvard Hill and Tom Swamp 
thermograph record is essentially complete for the whole year. At Prospect Hill and White Pine 
Bottoms a continuous record was obtained from January to the end of the study. At first the 
other thermographs were used for sampling purposes at various stations for a week or two at 
a time. In Ma rch and April a continuous thermograph record for seven weeks or more was 
obtained at six stations in the Slab City Tract, to provide detailed spring records for places on 
south-facing slopes as contrasted to places on north-facing slopes. In May these thermographs 
were moved to the Prospect Hill Iract to get a full-month's record; some of these thermo¬ 
graphs were placed in stations which had been established in early winter, others ir stations 

a. Weather Bureau and Six-Type Max-Min Thermometers for Weekly 
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which h*d not been established until spring. In July these thermographs were moved to various 
scattered points in the Prospect Hill and Tom Swamp Tracts to get detailed information about 
contrasts among canopied and noncanopied stations« also to obtain comparative leadings where 
only Six-type thermometers had been used. 

c• Nonshgitgrcd Minimum Thermometers. 

The minimum thermometers used at nonshcitcrcd stations were the standard Weather-Bu¬ 
reau type (spirit) but were not, except in a few cases, mounted on a protecting metal frame. 
They were suspended on copper wires Sc tween horizontal branches of trees; most of the trees 
were coniferous. Wherever possible the trees chose,, were inplaces reasonably protected from 
strong wind. 

At the Harvard Forest Headquarters station, operated by members of the Forest staff, a 
daily reading is taken at noon on Weather-Bureau-type maximum and minimum thermometers, 
and a continuous record is obtained in addition from a hygrochermograph. Instrumental diffi¬ 
culties developed simultaneously on several instruments during October 1947 at the Head¬ 
quarters Station. The instruments were adjusted shortly thereafter. 

The daily record for Harvard Forest Headquarters is given separately in Appendix C-ÍI. 
Weekly maximum and minimum readings arc included in Appendix B, 

d. Calibrations and Inter-Station Checks. 

All instruments used were calibrated by field methods before use. The Harvard Forest 
instruments had been calibrated for previous temperature studies conducted by S. H. Spurr. 
The thermographs furnished by the Blue Hill Meteorologien] Observatory at the beginning of 
the project were adjusted at the rime they were made available and were again checked against 
instruments of known local reliability by simultaneous operation in a shelter set up at Harvard 
Forest Headquarters. All thermometers and thermographs furnished later by the Army were 
checked similarly. During warm weather some instruments, including thermographs were 
checked against each other by so placing them in a refrigerator that all sensitive elements 
were near the same point. The instruments were taken out of the refrigerator after about a 
half-hour, placed on a stand in the shade for a half-hour, then returned to the refrigerator, and 
so on. The correspondence of minimum and maximum readings with those of check instruments 
was sufficiently close to justify the conclusion that, for the degree of accuracy required, the 
method furnished a useful and quick check. 

In the field, check readings were taken with a sling thermometer at each shelter almost 
every week. All thermograph records had an additional weekly maximum check and minimum 
check from the thermometers installed in the same shelters. Agreement of readings was 
generally very high during 'periods of cloudy or rainy weather. Slight differences between 
instruments at other times were caused by differences in position within the shelter. The ther¬ 
mographs were a foot lower than the thermometers in the shelters, hence recorded slightly 
lower minimums than the thermometers during inversions, and occasional higher maximums 
at times of superadiabatic lapse rates. Some of these slight differences will be apparent from 
comparison of tables of weekly readings from thermometers, and of daily readings from ther¬ 
mographs. 

On numerous occasions additional thermometers were placed in shelters for a few weeks 
at a time, some on the shelter floor, some lying across the top of the thermograph (with bulbs 
just above the Bourdon clement), and some on the shelter bracket. On a few occasions a min¬ 
imum thermometer would be placed with the bulb extending outside the shelter to obtain an 
inside-outside comparison. From these various prechecks and in-use checks it was determined 
that the thermometers in general were accurate to one-tenth of a degree or better at all tem¬ 
peratures. The few thermometers which gave unusual readings during calibration were not used 
in the field. 

The thermograph pens required very little resetting from week to week. The chief problem 
with the thermographs was expansion of charts during humid periods and shrinkage away from 
the drum flange during succeeding dry periods. This resulted in the lower edges of some charts 
being up from the flange a distance equivalent to as much as two degrees at the end of the week. 
Such discrepancy was unavoidable when instruments were not checked daily. Comparison with 
the shelter-thermometer and hand-thermometer readings generally made it possible to verify 
that the pen setting was still correct, and to make reasonably satisfactory adjustments of a 

20 



degree or two .n the daily ma*::num and minimum temperature ligure» lor thoBC part« of the 
w<*eK which had experienced unusual humidity conditions. 

I he nonnheltrred minimum thermometer« installed near shelters on lull« «uch »- Pro» 
peet Hill gave readings which corresponded closely to those ,n the shelter. In concave areas 
as at Shelf .nvamp, if the non-sheltered thermometer was inatalled at a point »light!) higher 

0i , 'lla'; [hc Ml,eitt'rL'^ thermometer the readings would differ slightly, owing to au layer 
mg. but tr, the expected direction. The higher instrument gave the higher reading, whether it 
wn» the one ¿n the «heiter or in the open, 

3* hrcow-Dcpth und Water - Temperature Mea nur ementa. 

In the course of the middle and late winter, «now depths were measured at more than a 
hundred different points along the regular star,on-traverse routes. At each place ten separate 
readings were taken with a snow-sttek, and the average was then recorded. Although readme-* 
were taken on different days the total body of data gathered provided useful informat.on no, 
only about rates o. «now accumulation and settling and melting but also about the interrelation- 
«hip» between temperature and »now-cover. 

It. the spring and early summer seasons, water temperatures were read at selected points 
a ong the traverse route, chiefly in the Tom Swamp Tract (Figures I) and 12). Temperature* 
were read at different times. Ac the pond outlets the thermometer was held in th~ swiftest 
Nowmg water below the darn for several minutes for each of three readings, which were then 
averaged. At pond shores and at Tom Swamp the procedure consisted of swtrling the thermom 
cter around tn foot-deep water for a minute for each of three readings and taking an average 
I he readings were almost always identical at any one place, and when not identical differed 
less than a degree. These water-temperature readings proved to be of some use, but did not 
provide the basis for reaching positive conclusions such as would have been possible had read¬ 
ings been taken more frequently on a regular schedule throughout the period of the study. 

Figure II (Ie(i) - Water-temperature »tatioii, I ia rvard Pond east shore 
mg point toward Tom Swamp and We/it So und ary Hill. April, 19-48. 

I igme 12 (right) - Water-temperature nation, Harvard Pond outlet. W 
waterfall and in stream in foreground. I ooking cast. June, 1948. 
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4‘ [2.98<:option of Station Situation^ Sites, and Instrumentation. 

ln ««--ction summary desertptions are given for all stations, both sheltered and non 
sheltered, for which data arc cited. These summary dcscript.oos treat the stations m sequence 
fo. each of the three mam reacts, and indicate each station’s elevation, topographic s.tuat.on 
^ ounding vegetation, type of instrument shelter or installation, instruments installed and 
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a. PROSPECT HIM. TRACT (Figure 6). 

in ihi» Hcetion the nhcltered »tatiooH arc liated urat, followed by die nonahelcci cd ataciona. 

SHELTERED STATIONS. 

PROSPECT HILL. Elevation 1 383 ft. (Fluren 13 and 14). 
Situation: Higheat point in Harvard Forçât arca. At •oudicrncdgc of extenaive upland divide. Gentle «lope 
to norih. Steep deacent* to cant, aouth, and wear. 
Vegetation: Open aummit with bare rock and g« aaa. Scrubby growth of pin cherry and birch in bordering 
fields. Completely open to winds from any direction. 
Shelter type: Weather Bureau Standard type. Permanent installation. 
Instruments: W. B. Maximum and Minimum thermometers, thermograph, December through July. 

HIGH SWAMP. Elevation 1280 (.. (Figures 15, 16. and 17). 
Situation: Highest upland swale in Harvard Forest. Occupies s slight depression at head of long valley 
draining south to swamp at east base of Prospect Hill. 
Vegetation: Station in open blowdown ares of mixed hardwood swale. Old-field pine on slope to cast. 
Hemlock and pine to northwest. Heavy fern growth in summer. 
Shelter type: Weather Bureau Standard, portable type. 
Instruments: W. B. Maximum and Minimum thermometers, December through July. Thermogrsph during 

June. 
é 

TOWN LINE SWAMP. Elevation 1125 ft. (Figure 18). 
Situation: A wI3e swampy area at aouth and west base of Prospect Hill, Bordered by till-covered terraces. 
Vegetation: A mature and submature mixed hardwood stand, mostly of northern-forest species with abun¬ 
dant red maple, yellow birch, and hemlock. Open blowdown to eastt Red oak and ptper birch on higher 
ground to west. 
Shelter type: Weather Bureau Standard type. Permanent installation. 
Instruments: W. B. Maximum and Minimum thermometers, December through July. Thermograph during 

June. 

LITTLE PROSPECT HILL. Elevation I30v> ft. (Figure 19). 
Situation: On summit of rounded secondary summit southwest of Prospect Hill, with moderately atccp 
descents io northweat and southeast and ret raced descent beyord a slightly lower aummit to the southwest. 
Vegetation: Twenty-twcuyear-old red pine plantation, lower branches pruned, moderately dense canopy, ex¬ 
cept above summit trail. 
Shelter type: Harvard Forest shelter, wide type, large. Nailed and braced on tree trunk. 
Instrumenta: W. B. Maximum and Minimum type, June and July. Thermograph during June. 

NORTHWEST MIDSLOPE. Elevation 1210 ft. 
Situation: At approximate midpoint (within Harvard Forçât Umita) in long rocky northwest slope of Little 
Prospect Hill. 
Vegetation: Yourç stand of vigorous aprout growth of transition-forest hardwood species, closing in station 

but not forming canopy. 
Shelter type: Weather Bureau Standard, portable type. 
Instruments: W. B. Maximum and Minimum thermometers, June and July. Thermograph during June. 

LOWER SPRUCE HARDWOOD. Elevation 1150 ft. 
Situation: At lower edge of rocky slope of Little Prospect Hill and just above narrow, steep-edged käme 
terrace. 
Vegetation: Thirty-five-year-old suppressed spruce stand overtopped by mixed transition hardwoods 
which form denue summer canopy. Hardwoods in north half of stand felled in 1947 to release spruce. 
Shelter type: Weather Bureau Standard type. Permanent installation. 
Instruments: W. B. Maximum and Minimum thermometers, June and July. Thermograph during June. 
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Figure 13 (upper left) - Prospect Hill Station. January, 104 8. 
Figure 14 (upper right) - Prospect Hill Station. June, 194 8. 

P'jjiirc 15 (Iff. center) - High Swamp Slauon. Looking southea«.. Oldfield pine in left background, mixed 
hardwoods in swale to right. Januar y, 1948. 

Figur e 16 (right cerner) - High Swamp Station, Looking northwest. Late March, 1948. 
Figure 17 (lower left) - High Swamp Station, showing heavy growth of cinnamon fern around shelter. Late 
June, 1948. 

Figure 18 (lower right) - Town Line Swamp Station. Looking southeast toward shelter. June, 1948. 
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BIG SPRüCii SWAMP. likvauoti 1180 ft. (1* IgUI C“ 19 siíkí tí))* 
Situation: At aoutheaat base oí Lmie Proapect f liil. Ckcupiea lowest part oí broad Brook» Mill platform. 
Diam» eastward to Swift River anti westward via Nelson Brook to Kicevilk* Pond and Brook, and Miller*!» 
River. 
Vegetation: Mixed stand of red «pruee, hermnek, and numerous hardwood species, including black gum. 
Shelter is in open, near edge of one of several blow-down area». 
Shelter type: Harvard Forest snelcer, wide type, Urge. Na»Ied and braced on tree. 
Instrument»: W. B. Maximum and Minimum thermometers and thermograph, July only. 

LOCUST OPENING. Blevation 1200 ft. (Figure 21). 
Situation: Near eastern cd^e of a broad, undulatmg-to-flat platform which grades northward into Big 
Spruce Swamp and eastward by a aerie** of terrace» into Town Line Swamp. 
Vegetation: Near station a dense growth of black locust (not native) and elm. On »lope« to east arc young 
stand» of mixed transition hardwoods. To west, weed-tree specie» in old ficlda. No canopy over nation. 
Shelter type: Weather Bureau Standard type* Permanent muta lia non. 
Inatrumcnta: W. B. Maximum and Minimum thermometer», December through July. Thermograph during 
June. 

Figure 19 - View westward toward Little ProftpectHill (1) and Big Spruce Swamp (2). Little Pro spec t Statioi 
is in center of plantation on summit, November, 1947. 

Figure 20 (left) - Big Spruce Swamp Station. Looking southeast towat J shelter from open blowdown area in 
center of swamp. July, 1948. 
Figure 2 1 (right) - Locust Opening Station. Looking nor th toward road junction and «heiter. June, 1948. 
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I.AKH SWAMP, Ëlcvaiifrti 1 125 fr, (Figure» 22 and 2 j). 

SilMâliôXF A long ttwamp occupying a »light trough on a broad platform went of Brook« Hill. Grade» »outli- 
ward iticti an open, rnarahy millpond which nl»o receive» »tream« draining a higher terrace to the ea»t 
and aouth. 

Mixed hardwood »wale, with much »wamp-btuah growth to north and open marsh to south. 
Heavy canopy. 
■Shelter type; Weather Bureau Standard, portable type. 

Ingtrunicnt»: W. B. Maximum and Minimum ther mometer», end of December through July. Thermograph 
during June. 

MARVAKD FORhS I MliADQUAKJ HlC^. Klevation 1100 it. (Pigure 24). 
a i»outh-t: ending «.pur which dencenda gently eastwar d and aouthward into hardwood »wale 

of upf)cr Nelson Brook and dr op» away »harpiy westward to Riccvillc Pond lowland. 
y.£ggJailSI): On open graany north «lope of low knoll. Red maple »wale to cant. Red pine plantation to south. 
•SJl£Íl£Il_Íyp£•' Weather Bureau Standard shelter on permanent timber support Y high, weighted with heavy 
«tonen. 

.f!3JlF..„y• W. B. Maximum and Minimum thermometers. Hygro-thermograph. Also anemometer and 
recording rain gauge nearby. 

Pigurc 22 (left) - Lake Swamp Station. Looking cant. W'inter view showing typical sv/alc hardwood growth. 
Ma rc h, 194 8. 

Ligure 23 (right) - Lake Swamp Station. Looking cast. Summer view, showing heavy canopy and abundant 
undergrowth. Late June, 1948. 

Ligure 24 - Harvard Lorcst Headquarter» Station. Locking east from Shalcr Hall, past station and toward 
hardwood swale, January, 1948. 
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NhLvSQN BRCX3K M.AT. H levât ion 930 ft, (Pigurc 25), 
Situation: On nigh, motnt, stony terrace ar base of steep, rocky weatern aiopr: of Prospect rlili-f'eteraham 
Ridge, Westward a succession of lower terrace« lead * down to « broad kanie terrace iHirdering Ricrville 
Pond and Tom Swamp. 

Mixed «tnrvd of widely apAced mature and aubmature mixed tranaition-hardwood apecien. 
Moderate.1 y open uummer canopy. 
Shelter type: Harvard Forest »heiter, wide type, large. Nailed and braced fin tree. 
Instruments: W. B. Maximum and Minimum thermometer», July only. 

NONSHELTERF;D STATIONS. 

PROSPECT HILL. Elevation 1381 ft. 
Situation and Vegetación: See description (above) for Prospect Hiil »heltcred *■ ration. 
Instrument: Nonsheltered. W. B. Minimum thermometer without guard, wired to power-line ix>le. October 
through July. 

BROOKS HI LI.. Elevation 1250 ft. (Figure 26). 

^LliLSdiSIL* On summit of high, smooth, oval hill bordered by succcmiivcly lower p>latfot fii» or terrace», 
till -surfaced. 

ygggiAÜgiL Twelve-year-old white pine plantation being ovcrtopjnrd by red oak, forming a partially open 
canopy. 

Insfrunicnt: Nonshcltered. W. fi. Minimum thermometer witiiout guard wired between branche» of white 
pine tree. November through July. 

..OCUS I OPENING, Elevation 1200 ft, 

Fop- See description (above) for Locust Opening «heltcred station. 

unicPt: Nonahelccrcd. '.V. B. Minimum thermometer without guar d, wired between branche» of elm tree. 
Noveml>er through July. 

SWAMP KNOLL. Elevation 1 140 ft. 

------tlor-: ^ small terrace fragment in the center of lown Line Swamp. Ha* urwluiating »urface about 15 
feet above swamp level. 

y..ÇV£î§jd£ü- Mixed stand of transition and northern hardwoods, »ubmature. Bordered to cast by pure hem¬ 
lock stand. Medium - dense summer canopy. 

j.P.strutncr»L Nonshcltcred. W. B. Minimum thermometer without guard tied acrow» fork of br anch on beech 
tree, April through July. 

PIERCE ROAD SWALE. Elevation 1100 ft. 

Snuanon; At lower exit of Town Line Swamp, between terraced slopes of Brooks Hill platform to west and 
a long, narrow, low, north - south ridge to east. 

yemäÜS!& Ml*ed stand of submature hardwoods, both transition and northern species, with brushy growth 
near stream. Medium-dense canopy near instrument. Semi-open blowdown area to northeast, 
bisonimcnt: Nonsheltered. W. B. Minimum thermometer without guard wired between branche» of »mall 
it.'Tilock, November through July. 

Figure 25 (left) - Nelson Brook Flat Station. Looking south toward shelter, opened to show thermometers. 
July, 1948. 

Figure 26 (right) - Brooks Hill Station, Looking nerth. Minimum thermometer is wir^d between branches 
of young white pine tree. June, Í948. 
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h. »OM SWAMI> IHAC 1 . (Figure 6). 

Ihc ühchercd htütJOMh arc JiMtrd flr«t, followed by the nonahehered atauona, 

SUHLTBRHD S I A I IONS. 

HAS I Hi! F. Hlcvauon 950 ft. (Figur e 27) 
Situation: At east boundary of lam Swamp Compartment III, on wear-facing aiope overlooking Compartment 
V Swale. At exit of »hallow ridgc-mdc valley which channel» ceM air drainage from higher slopct» and ilatfi 
of Pc ter »ha m Ri.doe, 
Vegetation: Station i* at upper edge oí cutover area with scattered large tree*. General cover of young 
mixed hardwood and comfercu» growth average» Ichs than 10 feet high. Hast of station, upwlope, ia »tand 
of 60-foot - high mixed hardwoodp, including ccntial- and trantmion-forebt apccica. Much blowdown timber 
remain» from 1938 hurricane. No canopy, but morning »hade. 
Shejtçi_type: Harvard Forcut »hcJte.-, narrow, vertical type, nailed to pignut hickory. In late »pring an 
additional «heiter, Harvard Forrai wide type, large, was nailed and braced on a white pme 20 feet to west. 
Instruments: Six's type thermometer, August through July. W. B. Maximum and Minimum thermometer«, 
nnd thermograph, July only. 

FlSl IHK S I AND. Hlrvation 86t ft. (Figure» 28 and 29). 
Situation: On gently »loping terrace overlooking slightly lower terrace to south and west, which in turn 
overlook» broad flat floor of former millpond. loche nortji snd east is a slightly higher terrace above which 
MBC» the long ni ope oí Jia«t Hill. Surface of the entire stand area is covered wich subangular boulder». 
A »mall intermittent ntream has cut a »hallow south we su trending valley across the area. 
Vegetation: Hurty-five-year-old mixed hardwood stand consisting chiefly of white aah, red oak, and pape, 
hirch. Thinned in early summer, 1947. Dense summer canopy. The oldest continuously managed stand in 
Harvard Forest. Named in Heiner of the Forent'ß founder and first director, Richard Thor nton Fisher. 
Shelter type: Weather Bureau Standard shelter. Permanent installation. 
Instruments : W. B. Maximum and Minimum thermometera, December to July. Thermograph, part of March 
and all of July. 

Figure 27 (upper left) - Fane Hill Station. Looking west from cast boundary of Tom Swamp Tract, past 
station and toward Harvard Hill (l, left center, below skyline). December, 1947. 
Figure 28 (upper right) - Fisher Stand Station.. Looking cast-so'jtheast. March, 194 8. 
Figure 29 (lower left) - Fisher Stand Station. Looking northeast. Late March, 1948. 
Figur e 30 (lower right) - Stream Crossing Station. Looking northwest. across stream, toward station. De¬ 
cember, 1947. 
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TRAIL FORK, lilevacion 860 ft. 
Situé non: At c**t ctige of Comp* rime nr V Swiic *tu{ near bane of lotig went down-nlope from i:*nt Hill. 
Near edge of nmmU ntream valley cut into low terrace. Several knobn uf eroded bedrock nae above general 
terrace level. 

Vegetation; Open cutover area with low growth of mixed hardwoodn and conifera. Widely acattered large 
tree». Dense young hardwood »wale growth, 40 feet high, to north. Lítele or r.o caiajpy in «cation vicinity. 
Shelter type; Harvard Forçât »heiter, narrow vertical type, nailed lo large white oak. 
Instrumcqta: Si*#» type thermometer, August through July. 

STREAM CROSSING. Elevation 840 ft. (Figure 30). 
Situation: At atream edge on lowent terrace level near aouch end of Compartment V Swale. Terrace gradea 
ncKjthward into flat bottomland of former millpond. 
Vegetation» Mixed hardwood and coniferous volunteer growth, averaging le«a than 10 fe«t high, on entover 
land. 100 yarda to north ia an open grove of hardwood» 30 feet high, with thick undergrowth near atream. 
South of inacion ta an extensive grove of »wale maple »prout growth, 30 feet high. Almost no canopy, but 
late afternon shade at station. 
Shelter type: Harvard Foreat »heiter, wide type, nailed to large elm. 
Inatrumenta: W. EL Maximum and Minimum thermometer», October to July. NonaLeltered Minimum 
thermometer, September only. Thermograph, part of February and all of July. 

HEMLOCK BASE. Elevation 850 ft. (Figure 31), 
Situation: At east base of Harvard Hill and west edge of Compartment V Swale. 
Vegetation: Mixed young hardwood, coniferous, and berry-buahgrowth, averaging four feet high, on cutover 
land. Slight canopy from hemlock itaelf. Open to wind« from north, east, and south. 
Shelter type,: Arnold Arboretum »heiter, narrow vertical type, with wire meah »idea and front, August 
until May. Arnold Arboretum cubical type, with alternatif^ overlappir^ »lat inner and outer walla. May 
until July. Shelter» nailed to 30-foot-high, lone hemlock. 
Instrumenta: Six'» type thermometer, Angu»! until May. W. Ü. Maximum and Minimum thermometer», 
May until July. 

HARVARD HILL. Elevation 900 ft, (Figure 32). 
Situation: On almost flat summit of isolated oval hill of bedrock, covered with glacial drift except for 
exposed, rounded rock surfaces on»ummitand steep 15-foot-high joint face at east edge. Summit is approx¬ 
imately 60 feet above general level of Compartment V Swale to eàat and about 150 feet above Harvard 
(Brooka) Pond to west. 

Vegetation: Low mixed hardwood and coniferous volunteer growth on cutover land. Some large hurricane 
blowdown logs on east face. Heavier «tands of 60-foot-high hardwoods and hemlocks on lower north and 
west slopes of hili. No canopy at station. 

Shelter type.: Harvard E^orest shelter, wide type nailed to sprout maples, August to November. Weather 
Bureau Standard type, permanent installation, November to July. 
Instruments: W. B. Maximum and Minimum thermometers, and thermograph, August to July. 

CHESTNUT GROVE. Elevation 820 ft. 

Situation: On top of terrace spur extending northward from north base of Harvard Hill. Slight drop on 
east and north to valley of stream draining north end of Compartment V Swale. Long terraced drop west¬ 
ward to Harvard (Brooks) Pond. 

y.g&ctation: Moderately thick grove of 50-foot-high hemlock, chestnut, yellow birch, and beech. Immediately 
to west of station is a clearing 50 feet in diameter, with very young growth of hemlock and hardwoods. 
Heavy canopy above station. None in clearing. Shelter is in shade until noon, in sun in afternoon. 
Shelter type: Harvard Forest shelter, wide type, nailed to hemlock. 

Instruments: W. B. Maximum and Minimum thermometers, December to July. Thermograph, par t of March. 

GRAVEL HILL. Elevation 800 ft. (Figure 33), 

Situation: On summit of knobby terminus of enker ridge trending northwest, down-slope, toward southeast 
corner of Harvard (Brooks) Pond. Most of ridge has been dug away. 
Vegetation: On north face of hill and on summit cast of station ic a moderately dense stand of 50-foot- 
high hemlock, together with some paper birch, red oak, and other hardwoods. To west is bare excavated 
new face of gravel pit. 
Shelter type: Harvard Forest shelter, narrow vertical type, nailed to red oak. 
Instruments: Six's type thermometer, August to July. 
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MILL POINT . líievãtion 700 ft. (Figure 14), 

Suuatiion; Low flat f>cnin»wla, ccn^iHiir»^ of terrace remnant extending out into artificially created *haiiow 
pond (Harvard Pond) occupying wide flat floor of »tream valley. 

Moderately open «tard of «second growth mixed hardwood forest averaging 50 feet high. White 
oak a common specie**. Included arc scattered taller white pinen. Little canopy rn winter. Almost complete 
canopy in summer. 

Shelter type: Harvard Forest shelter, narrow vertical type, nailed to red oak, August to July. Harvard 
Forest shelter, wide, large type, nailed and braced on white pine, July only. 
Instname^r»; Six’s type thermometer. August to July. W. B. Maximum and Minimum thermometers and 
thermograph, July only. 

Figure 11 (upper left) - Hemlock Base Station. Looking ea»:, from Harvard Hill past Hemlock Base station 
(1) and ac. osa Compartment V Swale (2) toward Fast Hill (3), Late November, 1947. 
Figure .12 'upper right) - Harvard Hill Station. Looking west, past station, across Harvard Pond lowland 
toward Bald Hill. Old shelter in right foreground. November, 1947. 
Figure 33 (lower left) - Gravel Hill Station. Looking east. Shelter is on small red oak to right of summit. 
Large hemlock, undermined by excavation of gravel, has fallen into pit, November. 1947. 
Figure 14 (lower right) - Mill Point Station. Looking north across Harvard Pond. Late November, 1947. 
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RlCHVÍIJ.ü POND, Bicvation 7¾¾ ít. (Figure» 15 and 16). 
Situation: On *andy west «höre of Ricevillr Ptmd at up of broad curving f>oim. Bxpo»cd to wind» blowing 
across water from west, north, caxt, and »outheant. 
Vegetation: Station i» su, rounded by dead conifers killed by flooding during higl» water. Back ol »ration on 
steep bank which marks the edge of Fay Lot Icrrace 1» a narrow band «>f mature white pinew ami hemlock». 
No canopy but part-time »hade during winter. 
Shelter type: Weather Bureau Standard, JH)liable type. 
Instruments: W. B. Maximum and Minimum thermometer », December to July. I hermograph, part of be1*- 

ruary. 

Figure 15 (upper left) - Riceville Pond Station. Winter view, looking »outhwe»*. March, 10^8. 
Figure 16 ( upper right) - Riceville Pond Station. Summer view, looking northecst. duly, 194 8. 
Figure 17 ( lower left) - Fay Lot Terrace Station. Looking southeant into Riceville Pond - Tom Swamp 
lowland. March, 1948, 
Figure 18 (lower right) - Fay Lot Terrace Station. Looking north. July, 1948. 

FAY LOT TLRRACL. Bievauon 785 ft. (Figures 17 and 13). 
Situation: On broad, flat platform surface of pitted käme terrace bordering the wr»t shore of Riceville 
Pond. Station is near logging road and midway between pond shore and edge of a long narrow nor iliw?i d 
extension of Tom Swamp separating Lay Lot peninsula from West Boundary Hill. 
Vegeta non.' Low growth of mixed white pine and hemlock with some mixed hardwoods. Area was logged 
off, and slash cleaned up, after 1918 hurricane. Station open and exposed in winter. Partially closed in by 
hardwoods in leaf in summer. No canopy. 
Shelter type: Weather Bureau Standard, portable type. 
Instruments: W, B. Maximum and Minimum thermometer», December to July. Thermograph, part of 
March and all of July. 
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WHS 1 ht H. Ni) A K Y, Bkvtuon 90« fi. (ÎMguic 59), 

¿.liVlIiM1 Or. gcmly «lopii^ soudiwchC face of Weht Itoundary Hill ai a point :><) Icct lower than and 200 

yarda .rom broad «wmmit arca. Station i» aero h s road from and 40 feet above fioor of broad, wooded, 
pnrnaily hwh mpy terraced valley which dram» ftoutheahtward to Har var d (B» ook&J Pond. 

In young, moderately derme Htand, 20 feet high, of mixed hardwood«, with imlc undcrgrowtli. 
Closed canopy during leaf Hca»nn only. 

She 1 ter ty|>c: W-at)icr Bureau Standard, |x>rtable type. 

w* B* Maximum and Minimum thermometer*. Dr.çrober to July. ThermoRraph, part of March 
and all of July. 

Wi^.S 1 I f:KK ACh. iilevation 770 ft. (Figure 40). 

Ön broad gravel and «and terrace bordering we*t «idc of Tom Swamp. 

gr anny yard of abandoned farmtiiead. Ionorth m a grove of lû-foot-high young cotton- 

wockIh. To »outhcaM in a clump of tall white pine«. To west is plantation of IS-year-old white pines. To 

south, across road, are a small rthandoned orchard, a small clump of white pine, and an extensive cutover 
area. 

Shelter type: Weather Bureau Standard, portable type. 

Instrument»: W, B. Maximum and Minimum thermometers, December to July. 

Figure 59 (left) - West Boundary Station, hooking northeast from road. Early December, 1947. 

1 «guie 40 (right) - West Terrace Station. Looking «outh.-southeast. May, ¡94 8, 

Figure 4! ^ Tom Swamp, 

station i h to fur left: new 

1948. 

Fanorama, looking northeastward and eastward toward Petersham Ridge. Original 

station to right. Causeway road, not visible, runs between shelters. Late March, 
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TOM SWAMI'. H levar «on 75ö fl. (Figure* -II, 42 and 4 1). 

Situation: On broad, open floor of lorn Swamp valley. Water level of *%.imp u* ai or above mow» mil face, 

except m late summer and early autumn. Cauwewuy for road i* one to two feet above watei level. 

Vcgeration: Swamp-shrub vegetation two to four feet high, with deep underlayer of sphagnum mo**, 1 Ihc. 

where m swamp are stand» of larch and black spruce, ami plantation» of red pine. Station »» in the open, 

with no canopy, and is exposed to ail winds. 

Shelter type: Department of Agriculture shelter, on 2x4 supjiort I rarne, north of road, Augu»l to December. 

Weather Bureau Standard, portable type, south of road, with shelter support standing on stretcher» laid 

across top of sphagnum mu«» growth, Occcmhci to .Julv- 

Instruments: W. B. Maximum and Minimum thermometers and thermograph. August to December. W, B. 

Maximum and Minimum thermometer » and thermograph, December to July. Add11'.oneI Klaxirruim and Min¬ 

imum thermometers used for control pui poses, Dccemlxr to July. 

Figure 42 - Tom Swamp Í cation. Winter view, looking louth toward Harvard Pond. Late February, 1948. 
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NONíSHlILTHRKD S I A I’iDNS. 

KliD PINi3 KHXjfí. OlcvMtion 925 fl. 
Snuahrni On fUr top of m>uth-trending »pur of low ridge. To c*»t 1» »hallow upper valley of White Ash 
Swale, Tn west i« long »lope leading down to Compartment V Swalr. 
Vegetation: Station i» about 25 feet eaat of wood» road and in a grove of red pine» and white pine» 20 feet 
high. Almont complete canopy at all »ea»on». 
Inutrument: Nonaheltered W. H. Minimum thermometer without guard, wired into dead lower branche» of 
a white pine, September to July, 

HEMLOCK CiKOVli. Hlevation «40 ft. 
Situation: On gentle »lope, at cast edge of Compartment V Swale. 
Vegetation: Grove of widely »paced large hemlock», W0-1ÜU feet high. No undergrowth. Complete canopy. 
Oeuae low growth in »tream valley to we»t. 
Instrument : Non »he lie red W. B. Minimum thermome'ier without guard, wired between lower branche» of 
large hemlock, September ami October. 

BLOWDOWN. Hlcvaiion 840 ft. 
Situation: On gentle »lope at ea»t edge of Compartment IV-V Swale and about 100 yard» north of Hemlock 
Grove. 
Vegetation: Open blowdown and cutover area, mostly in lowbru»h. Widely scattered tall tree». No canopy. 
instrument: Nonsheltercd W. B. Minimum thermometer, without guard, wired to »mal« hemlock, Septem¬ 
ber to January. 

WHITE ASH SWALE. Elevation 885 ft. 
Situation: Flat bottomed shelf valley east of and fifty feet higher than Compartment V Swale. 
Vegetation: Open cutover area with scattered large trees and abundant growth of mined hardwood», includ¬ 
ing much white ash. 
Instrument: Nonsheltercd W. B. Minimum thermometer without guard, wired below branch of young red 
maple, April to July. 

FISHER STAND. Elevation 860 ft. 
Situation: See description (above) of sheltered station at this stand. 
ln»trufnent: Nonsheltercd W, B. Minimum thermometer without guard, wired into branches of young bass¬ 
wood, 30 feet north of sheltered station, September to January. 

MILL POND FLAT, Elevation 835 ft. 
Situation: On broad stream flat, the bottom of a former millpond. 
Vegetation: Bushy growth, about 7 to 10 feet high, including much alder. Tufted grass understory, flooded 
at high water. Scattered growth of amall red maples. No canopy. To north, between this and Stream Croas- 
ing Station, iu dense older growth of swale hardrooda. 
instrument: Nonsheltercd W, B. Minimum thermometer without guard, wired to branch of young maple, 
April and May. 

FAY TERRACE EDGE, Elevation 780 ft. 
Situation: At cast edge of Fay Lot, alxMit 10 feet from edge of sleep rflope leading down 25 feet to shore of 
Riccville Pond. 
Vegetation: Blowdown and cutover area. Low growth of mixed conifers and mixed hardwoods. No canopy. 
Instrument: Nonsheltercd W. B. Minimum thermometer without guard, wired between large roots on 
weathered «tump of large, blown-down tree, July only. 

TOM SWAMP BUSH. Elevation 75 3 ft. 
Situation: See description (above) of sheltered station at Tom Swamp. 
Imnrumcnt: Nonsheltercd W. B. Minimum thermometer without guard, laid among upper branche» of 
bushes August to December; wired to leg of shelter thereafter, January to July. 
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C. SLAB CITY TRACT, (Figure 6). 

The aution* listed beJo'r include several that arc outatdc the limiiH of the Slab City Tract. Figure t 
shows the location of all auch stations, which include the foilowii^: Sheltered stations at (l) Petersham 
Center, operated firrt near the Nichewaug Hotel and later near the High School; (2) Shelf Swan.p: snd(J) 
River Meadow. Unsheltered station« include (l) Hickory Hill; (2) Shelf Swamp; (J) Choate Farm Hili, and 
(4) Power Line Crossing. Together these stations provide additional reference points on ridges a.id in 
valleys for comparison with nearby stations within the Harvard Forest. 

SHELTERED STATIONS. 

PETERSHAM, NICHEWAUG. Elevation 1100 ft. (Figure 44). 
Situation: On very slightly concave part of aummit of Petersham Ridge, northwest of Nichewaug Hotel. 
Vygçtftiyn: In small grove of paper birch and cottonwood, standing in open field of grass and low shrub 
growth. Partial canopy, summer and autumn. 
Shelter type: Harvard Forest shelter, wide type, nailed to tree. 
Instruments: W. B. Maximum and Minimum thermometers, August to January. 

PETERSHAM. HIGH SCHOOL. Elevation 1055 ft. (Figure 45). 
Situation: On very gertle southeast slope of Petersham Ridge, southeast of school buüdirç. 
Vegetation: On grassy lawn, near stump of dead orchard tree. 
Shelter type: Weather Bureau Standard, portable type. 
liisiritfncnir W, B. Maximum and Minimum thermometers, including additional control thermometers 
much of time, January to July. 

HICKORY HILL JUNCTION. Elevation 1000 ft. (Figure 46). 
SiMÚQtF On flat upper terrace, which forms a saddle between the main ridge and an eaatem lower outlier 
of Hickory Hill, Saddle also forms the head of Coach Road valley. Station is just north of junction of Coach 
Road and Cave Swamp-Wildcat Hill Road. 
VjgctjUW Moderately dense stand of old field white pine and mixed hardwoods, including much hickory. 
Surfaces of woods roads are grassy. 
Shelter type: Weather Bureau Standard, portable type. 
Instruments: W. B. Maximum and Minimum thermometers, December to July. Thermograph .most of April 
and all of May. 

SHELF SWAMP, Elevation 990 ft. (Figure 47), 
§Í!MâlÍ£&* In upland uwale at south base of highest nummit of Hickory Hill, ani on rock shelf near edge of 
steep rocky face forming west side of Coach Road valley. Station ia a few yards outside Harvard Forest 
boundary. 
Ï£g£itiiga: nortl1 edge of forest of 50-foot high mixed hsrdwocds with some hemlock, sll much damaged 
by hurricane. Area to east, north and west recently cut over. Volunteer growth of mixed hardwoods, includ- 
ing hickory, and of conifers,especially white pine, on cutover area. 
Shelter type: Weather Bureau Standard, portable type. 
lBiSgH02£Ittftj W, B. Maximum and Minimum thermometers, December to July. Thcrmooraph most of 
April and all of May. 

WILDCAT HILL. Elevation 995 ft. (Figures 48 and 49). 
Situation: On aummit of hill, separated from, but near to, ridge extending south from Hickory Hill. Summit 
has thin soil cover over crystalline bedrock. Steep face to cast overlooks Hidden Swamp. Moderately steep 
slopes to north, west, and south. 
Vegetation: Summit near cliff edge is bare, but just to west, in slight hollow and on back slopes, is a 
moderately dense stand of large hemlocks, yellow birches, and other northern-foreat species, 50 to 70 feet 
high. 
Shelter type: Weather Bureau Standard, portable type. 
Instrumenta: W. B. Maximum and Minimum thermometers, December to July. Thcrmooraph, most of 
April and ail of May # 
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Figure 44 (tipper left) - Pererttham (Nichcwaug) Station. Looking northwest, past shelter in grove of small 
birches, toward Sunset Lane. December, 1947. 
Figure 45 (upper right) - Petersham (High School) Station. Looking northeast, toward Petersham Center. 
Late March, 194Ö. 
Figure 46 (leftcenter) - Hickory Hill JunctionSration. Looking southeast, down Coach Road. February, 1948. 
Figure 47 (right center) - Shelf Swamp Station. Looking southeast. High water is from .spring melt. Late 
March. 1948. 
Figure 48 (lower left) - Wildcat Hill. Looking west-northwestward from Highway 122 and across terraces 
bordering Swift River, Icmperarure station shelter is barely visible on hill summit. December, 1947. 
Figure 49 (lower right) - View from Wildcat Hill. Looking cast from station into Swift River valley and 
toward I.orino Hill. Arrow points to River Meadow Station. February, 1948. 
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coa Chi K Cao. hlevation S5u fi. (i’igurcw 10, 11. 52, «nd ^J). 

Smmuon; On «ouih^nt Ucc «Hong terraced t uige, wfuchiorm« eaat «uie of Coach Road valley. I o no„tl, 
on valley Nom at ha»e oí W,ideai Hill, ^ Hidden Swamp, about 30 feet lower r! we s i, 

K,., » .. i i . ... .* ' 1 .»jwvi t.ran htation. Station ir. 
c^uc toad on moderately steep grade leading downtrom wide terrace, and in at midpoint between Hicknrv 
ill summit and Swift K,ver. Locally the «lope of the ridge face is steeper, both east (up) and west Mown 

from station. K '< ' 

Vgg.S.m»i<»'»: .Station i:i ,,, open bu. l, »hehe,cd on nor,I,we«, by reauered low hemlocks. General fores, 
cover marea rs mixed hardwood, meIndmg mucl, Imkorv, SO lee and more high, mac« of «hid, was damaccd 
r>y nurr tcane. ^ 

Sheltf r ty|X‘: Weather Bureau Standard, portable type. 

md^d^Miy W B h,"’inuin' thermomcier», December to July. | he,1,10):1-41)1.. most of April 

WSZ- : :"r - 
MBÊSÈÊËMËÊÊêÉSsMÊi 

l;,Rur<y0 (upper left) - Coach Road valley, hooking northeast from W.ldcat fhll, across Ihddcn Swamp to 
Coach Road and eastern spurs of Hickory Hill. February, 1948. 

RoacTstatiom“Apr, 1 ^'hM8." APP'0Xlmatcly Namc Vlcw a" in (•■.gure 50. show,ng Coach 

LDeclrnbr^/94Stat,°n' Look,,^ ^uthwent, across Hidden Swamp toward Wildc at Hill. 

f igurc >3 (lower right) - Coach Road Station. Approximately same view as in Figure 52 
summer foliage. July, 1948 e but showing full 
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jÜRNS BKIDGl:. iilcvatton 750 ft. (Figure« 5<J and 55). 

“S ior'JIZ't. °f 'SW,,, K,VCr Vt,llCy r,CB' ,,",Ct,ü” W,,1‘ Mm:Ca*>n l4r-k- Are. w,dcly bu, »hallowly 

zz:on «,avd Nurfacc •>-«— U8 ^ 

í»Íl£bcrjxi^*: Weather laureai« Standard type. Permanent »nHtallanon. 

W' ^ Ma‘''m,m and M—• ^n^natcr.. Deccnbc, ,o July. Ihrrmograpl,. part of 

K1V1.K MF A DOW, hh-vanon 725 it. (Figure» 30 

äy±t*Jl<>a- On Hat floor of Swift River valley 
valley. 

and 57). 

below Connor Pond, and ..outin;at,! of mouil, of Coach Road 

Vegetation: 

Shelter type. 
1 fifttrumcnth 

a rid M a y. 

OjHrn g/atiny meadow< formerly the "lower mowing" of Choate Farm. 

Weather Bureau Standard, portable type. 

W- H- Maxu1u,rn and Mmitnum tbcrmomciera, December to July. Thermograph, all of April 

,;‘8UrC 54 <un*r W - »«"•"« Bridge bw.mn. booking sou.hweatward past «at,on and acrosa Highway . 
to eastern »pur« of Hickory Hill. March 9, 1948. k a) 

P igur e V» (upper > ight; - Hunts Hndge Station. ! ooking north-,lorthwcat toward Pe 

i» in right middle ground (*). Normheltercd minimum thermonie ter 
March, 1948. 

Figure 56 (lower left) - 

ground). Linden Terrace 

Late February, 1948. 

Figure 57 (lower right) 

River. June, 1948. 

tersham Center, Shelter 

i» wired into hemlock in left center (2). 

River Meadow Station. l ooking went- nouthwent toward Wildcat Hill (right back- 

,H ic(t l,atkKround above roof of shelter. Bare grass shown under shelter. 

- River Meadow Station, booking south, bargc elms in background border Swtft 
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SÜli 1 \ i 1 SO UM ).\K V. Ülcvation 350 it. (Im^uich 5H, 59, and 00 

Sitnation: On gently nlo'ung grade ni abandoned jioruon of highway, in narrow, «teep-walled valley leadir^ 

down from Harre Upland to Swift River. 

Vegetation: ^allcy upstream («outh) from station is parually wooded, hut m largely cutover *>t mold 

fields, pasture, and cultivation. Near station and downstream (north) from it, valley i«» heavily wooded with 

old hemlocks and some mixed hardwood», 5o to 7o feet high. I he highway provides an air channel through 

the forest. No canopy, but early morning and late afternoon »hade. Actual station site is grassy, with dense 

growth of hemlock less than one foot high. 

Shelter type: Weather Bureau Standard, ^hji tabic type. 

Instruments: W. B. Maximum and Minimum thermometer», December to July, I herrnograph, part of 

April and all of May, 

Hl:Mt OCK KNOLL. Hlevation 795 ft. (B’igurc Olj. 

Situation: On summit of isolated oval hill, of rnoulmkame tyfH*, rising 50 feet above gently sloping tei r ace 

to went, and 40 to 50 feet above swales which separate this knoll from similar knolls to north, east, and 

south. Ferrate ends abruptly at steep bank which drop» 20 to 30 l^ct to .>wdt River . lo east, at tf c heads 

of the swales, is a higher terrace, from which the easternmost knolls rise only 10 to 10 feet. 

Vegetation: Moderately dense stand of 40- to 50 - foot-high hemlock and mixed northern hardwoods. Heavy 

but not complete canopy in summer. Much shade at all seasons. I mlc undergrowth. Vegetation on knoll to 

north and on steep opposite hank of Swift River forms an -drainage Jam upstream between River Meadow 

and this station. 

Shelter type: Weather Bureau Standar d type. Permanent msullation. 

Inatrumenta: W, B. Maximum and Minimum thermometers, December to July. 

Figure 58 (upper left) - South Boundary Station. Looking west-south west across stream and highway toward 

gravel hill on north slope of South Hill. February, 1948. 

Figure 59 (upper right) - South Boundary Station. Approximate 1 v aame view as Figure 58. August, 194 8. 

Figure 60 (lower left) - South Boundary Station. Looking north, down right-of-way of old road. Stand of old- 

growth hemlock in right background. August, 1948. 

Figure 61 (lower right) - Hemlock Lnoll Station. Looking north towar d shelter on crest of knoll. February, 

1948. 
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I K AIî -Sií )h WAI. . Hirvati'-ti 750 ft. (Figure b2), 
Snuatio»: In »wal«? »cparaiing Hrmiof L kiíoII from terrace and knoll« to 
Vegetation: Dense stand of 50- to 70-foot-htgh hemlocks and mixed northern hardwoods v, .tli considerable 
unaerstory of shorter trees, 2U to 50 feet high. Morning shade. Afternoon sunshine in winter. Dense canopy 
in summer. 
Shelter type: Harvrrd Forest type, wide, nailed to tree. 
Inatrumeno,; VV. B. Maximum and Minimum thermometers, March to July. 

IkANShCT SWAI.F. hlevation 7-48 ft. (Figures 61 and 64). 
Situation: In swale at northwest hase of South Hill end almorí 300 feet below its summit. On went side of 
swale is a string of knolls which form n knobby low ridge 10 to 30 feet higher than swale but drooping away 
on far side 41) to 70 feet to Swift River. 1 he swale itaelf is part of a long narrow terrace which terminate» 
in a 10-foo: bank at its nor theast end, and in a 50-foot river-cut l ank at its southwest end. 
y.g^ctation: Near station the forest I» a fairly open stand of 40- to 60-foot high mixed hardwoods, with a 
few hemlocks. Nor theast end of swale Is closed by similar lorcat bur with much greater proportion of hem¬ 
lock. Southwest of station an almost pure stand of young hemlock close« swale. Beyond is a matur e stand of 
old-field white pine. Station ha« morning shade, little winter canopy , and dense Bummer canopy. 
Shelter type: Weather Bureau Standard type. Permanent matailauon. 
Instrumenta: W. B. Maximum and Minimum thermometers, December to July. Thermograph, parts of 
March and April, all of May. 

’Vi-i " r »' 

m —' 4 ! 7.:' :. 

Figure 62 (upper left) - TraiUidc Swale Station. Looking southwest, down drainage. Hemlock Knoll is to 
right. March, 1948. 

Figure 63(lowcr left)- 1 ranscc t Swa 1c Station. Looking »outhcaat across swale and up slope of South Bound¬ 
ary Hill. Harly spring, 1948. 
Figure 64 (right) - 1 * ansec t Swale Station. Looking «outhwent. Late July, 1948. 
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WHITü Pi N li BOirOMS. hlcvatioti oH(j li. il1 !J» u ! *• t« ij 'S > t'.ty t ti?, silüi fifí;. 

On relatively wide, Hat «urUce ol bottornlarkl ju»t below |uik tion oí Swih Rive» iml tsnmll »»uutli* 
I lowing e reek, and juîii moi th oí great river bend at ftouiiiweHi eonu-i of lUrvatd lJore»i. 1 n ra^t of «tafioi, 

if. the knoll and terrace area described above. Beyond this, to &outhr3«it, îh Smiih Hill. Othri high, sõrrp 
htllh border the bottomland, but nrr Hcparated ft oin each other by valley»* of .Swift River and tributary 
stream» that join the Swift in this vicinity. 

vy!j£ß£i5ÜPil* Benne oid-iicld stund of 70-year-old white pine«, sonic of which ate mote than loo fret high. 
Par tially open canopy. Under »lory of 70- to 40«foot-high mixed hcruwockU. including hornbeain. I he hard- 
woods form a dense aummet canopy hut themscive« receive »unlight through opening» among the pines 
Shelter type: Weather Bureau Standard type. Permanent installation. 
Instrurnents: W. B. Maximum and Minimum thermometers and thermograph, December to July. 

Pigure 65 (upper left) - White Pine Bottoms. Looking southwest into 70-year, old white pme stand fiorn west 
edge of bordering outwash terrace. March, 1948. 
Pigure 66 (upper right) - White Pine Bottoms Station. Looking north toward shelter. March, 1948. 

Pigure 67 (lower left) - White Pine Bottoms. Looking upward from a point near »heller , showing par tially 
open canopy. March, 194 8. 

Figure 68 (lower right) - White Pine Bottom» Station. Looking north-northwest toward station, through 
dense foliage of young hardwood under story. Í ate duly, 1948. 



NONSHHLTERHD STATIOs'S, 

Í UCKQR Y 1 HU , Míevaiiun icro h. ■. 

Suimioji: On wute. almost flat, cron of Hickory lull. Gentle «lope to we at. Steeper hIojx: with several 
«tcjKÍown Urea of bedrock to ea«i. Scatter ed arc«« of exj>Obtd bedrock on ciest, including »evcral huge 
perched rxiu'der« near Coach Hoad, north of station. 

îs^CiâlüiD- Scattered white pine and hickory , 40 feet high. Wide intervening areas with low shrub cover or 
g * «MH, 

iü21£-Hil£Di: Nonnhc 1 le red W. B. Minimum ilicru,«meter without guard, vored between open lower brandies 
of a white pine, October to June, 

SHI; 1.1- SWAMP. Hicvation 90() It. (l igure 7üj. 

älhJäLW!,l: bi uPi«od swale ai Houtii base of highest summit of Hickot y Hill, and on lock nheli neat edge of 
nteep rocky face forming wc«f Hide of Coach Koad valley. 

b> H/nall group of hcnilocks at north edge of wooded area anti about 40 feet southeast of shel¬ 
ter ctl station. Heavy canopy but upen to an drainage fr om north. 

Inst i ument Nonslwlter ed W. h. Minimum ilu-rrriometer wi thout gua rd, wi red between open lower branches 
i»f a large hemlock, Novemhci to June. 

CAVI: KOAH SWAM I Hie va non 9)0 it. (Higurc 71 i. 

-Sjlüaiisn- Small swamp in narrow wmdgap valley between Wildcat Hill (to east) and long, low ridge (to 
north and west). 

-Vj-’ÜtlöiHirS Open !»raruling warei or wet gound with much swamp shrub around station. A mixed hardwood 
fmrst of 50- to 70-looi-high trees to north, west, and south, partiailv damaged by hurricane. Considerable 
hemlock to east and northeast, on and ncai slopes of Wildcat Hill, Little canopy. Morning shade. 
iüCl'ALLUÇ.ni: Non she I te red W. B. Minimum thermometer, without guard, wired between branches of email 
liemJoek at edge of swamp, April to June. 

Ligure 69 (left) ■ Hickory Hill Station. Nonshcltered minimum thermometer is wired between branches of 
white pine in left foreground. Late December, 1947. 
Ligure 70 (upp^r right; - Shell Swamp Station. Looking &outh-southwest. liar ly spring, 1948. 
I igure 7 1 (lower right) - Cave Road Swamp Station. Looking northwest into mixed stand of central- and 
transition-forest species. Thermometer is wired into branches of small hemlock growing m swamp. 
February, 1948. 



PORTAI, WA MP. H leva 11 on 920 fe. 
Situation: Small swamp north of Wildcat Hill, on shelf above cliffs which form west side of Coach Road 
valley. Swamp is at northeast porta) to windgap forming Cave Road valley. 
Vegetation: Scattered 20-foot-high hardwood and hemlock trees, iiitcnsive areas of swamp shrub. Tufts 
of sedge, sphagnum, and grass on swamp flex?«-. Little canopy. Afternoon shade, 
Instrument: Nonshcltered W. B. Minimum thermometer without guard, wired to small red maple, April 
to June. 

LINDEN fliRRACIi. Elevation 860 ft, 
áiüaliaa» Lower of two rock-floored, drift-covered terraces south of Wildcat Hill, On west and not thwest 
is a moderately steep slope, leading up to the higher ter race and Cave Road valley. On east is moderately 
steep slope down to Swift River. 
Vegetation: Mixed hardwoods, 40 to 60 ieet high, including much hickory, together with older white pine. 
I he stand was greatly damaged by the 19)8 hurricane and was subsequently logged. Little undergrowth, 
arid no canopy near station. 
Insrriiment: Nonshcltered W. Ö. Minimum thermometer without guard, wired between nails on high dead 
stump of small white pine, April to July. 

CHOATE FARM HILL. Elevation 9)0 ft. 
JTtuãTiõr- ßroaJ gently rounded crest of long, oval, drift-covered bedrock hill, with short slope to saddle 
on north; long, steep, partly cliffed slope cast and south to Swift River; and long, very steep slope west to 
valley of small creek flowing southward to join Swift River near White Pine Bottoms. 
Vegetation: Open farm fields on gentle upper slope a, except for trees and shrubs formirçj field boundaries. 
The “upper mowing" of the Choate Farm. Dense woods on lower slopes to east, south, and west. 
Instrument: Nonsheicered W. B, Minimum thermometer without guard, wired between lower branches or 
small white pine, October to April. 

SOUTH HILL. Elevation 1030 ft. 
Situation: At highest point of this hill inside Harvard Forest boundary, slightly downslope from and north 
of hill summit (104 1 ft). Land slopes gently near station but at a slight distance from it drops steeply to 
cast, north, and west. 
Vegetation: Once-dense growth of mature mixed hardwoods and white pine, now much opened with huge 
deadfalls from hurricane. Very little undergrowth near station, and almost no canopy. 
Instrument: Nonshcltered W. B. Minimum thermometer without guard, wired between branches of dead 
white pine stub, November only. 

TRANSECT KNOLL. Elevation 760 ft. 
Situation: Marrow, long, north - south-trending knobby ridge, with short slope east to Transect Swale 
(described above), and with long, steep slope to Swift River. On the southwest, midway between summit 
level and river, is a broad terrace. This is lower than Transect Swale and ends abruptly ar bank forming 
edge of White Pine Bottoms. 

»lope and summit predominently mixed hardwoods, 30 to 40 feet high, together with some 
white pine. White oak is common. North and northwest slopes predominantly large hemlock with some north¬ 
ern hardwoods. Considerable canopy, but open to aides. 
Instrument: Nonshcltered W. B. Minimum thermometer, with metal guard, wired between branches of 
moderately large hemlock, May to July. 

BURNS BRIDGE. Elevation 750 ft. (Figure 55). 
Sitmitipn: On floor of Swift River valley, just south of junction with Moccasin Brook. Area widely but 
shallowly excavated for gravel. 
Vegetation: Relatively isolated hemlock at south edge of extenuive area of bare gravel. Heavy canopy but 
open sides. Considerable low shrubbery, especially berry bushes, near station. 
Instrument: Nonshcltered W. Ö. Minimum thermometer without guard, wired into lower branches of small 
hemlock, September to June. 

POWER LINE CROSSING. Elevation 600 ft. 
Situation: On broad, flat valley floor near river bank. I he river plain is bordered in place», by wide, 
flat terraces, about 20 feet higher than main valley floor. Lowest station in project, I 1/2 miles downstream 
from Harvard Forest boundary, and nearest station to Quabbin Reservoir. 
V ege cation: Meadow to north, with open plantation of ver y young white pine. Larger growth, including alder 
and hornbeam near stream. Large hickories near road on north terrace. 
Instrument: Nonshcltered W. B. Minimum thermometer without guard, wired to nails on trunk of smaJ] 
sprout red maple amid low shrubs, October to February. 

É 
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CHAPTER IV . FINDINGS AND ANALYSIS 

In chtM chapter the following topich arc dtHCUMucd, in the order liated: (l) Ri lative relia¬ 
bility of variouH typen of data; (2) reliability of comparative data gathered for only one year; 
(3) weather condition» at Harvard Forent during the period of ntudy; (4) comparison of Harvard 
Forest temperature patterns with those of other New England stations; (5) discussion of local 
factor» that help to explain the diversity of temperature at Harvard Forest, with examples 
shown by copies of thermograph traces and by other graphic materials; (6) description of 
tern pera tu re-rank scales, both maximum and minimum, as a means of classifying stations 
within Harvard Forest, together with an explanation of how scales were constructed and some 
comments on their usefulness and their shortcomings; (7) presentation and analysis or fre¬ 
quency distributions of daily maximum and minimum temperatures, by seasons, for selected 
stations; and (8) discussion of special temperature conditions affecting plant growth, including: 
length of vegetative season, number of frost days and ice days, number of hours per month 
having freezing temperatures, and number of vegetative days, summer days, and tropical 
days. The supporting data for these discussions are contained in Appendixes A through F. 

1. Relative Reliability of Various Types of Data. 

Because the gathered data are the chief source upon which the findings, analyses, and 
conclusions presented in this chapter and in Chapter V are based, it is desirable at this point 
to indicate the relative reliability of the data gathered by each of the methods previously de¬ 
scribed. Figure 72 shows how selected stations compare with each other each month according 
to three typ«s of data: (l) average maximum» and minimums compiled from daily readings, 
(2) average maximums and minimums compiled from weekly readings, and (3) monthly absolute 
maximums and absolute minimums. It should be noted that the diagrams composing Figure 72 
do not show actual temperatures; rather they show deviations, for stations used, from the tem¬ 
perature conditions at Harv'ard Hill Station. I he three diagrams in the left column show 
the selected stations compared according to deviations of average daily, weekly, and 
monthly maximum temperatures; the three diagrams in the right column show comparisons 
according to deviation« of average daily, weekly, and monthly minimum temperatures. I he 
comparisons are discussed below. 

a. Daily Readings of Extremes. 

Obviously, in this study, the greatest amount of information and the most accurate differ¬ 
entiation among stations is that derived from continuous thermograph records, which not only 
give a daily maximum and minimum but also make it possible to determine total number of 
hours below or above critical temperature thresholds, comparative hour and rate of warming 
or cooling, and small but important details of temperature change throughout the day. When 
check thermometers are used with the thermograph, and careful regular adjustment is made, 
as needed, considerable confidence can be placed in the records obtained. 

b. Weekly Readings of Extremes. 

Figure 72 shows that, in general, stations compared on the basis of extreme minimum 
readings taken once a week have essentially the same arrangement in order of rank as to 
coldness as when compared on the basis of daily minimum readings. The weekly minimumb 
are good random samples. It is apparent at once, however, that the relative position of a few 
very similar stations differs on the two charts. Also, some stations, although in the same 
order, are indicated as slightly warmer, or colder, on the weekly chart than on the daily chart. 
It may be concluded that except when very precise differentation is desired, a mean of the weekly 
minimum temperatures gives a satisfactory approximation of a station's minimum-temperature 
rank or relative coldness for a month. 

For comparisons of maximum temperatures, the weekly readings also are useful, but much 
less so than the weekly readings for minimum temperatures. Several factors help to account 
for this. Differences in maximum temperature crom place to place are much smaller than those 
of minimum temperature. Hence a difference of only one degree in maximum temperatures can 
change a station's relative temperature rank much more than docs one degree of difference in 
minimum temperatures. Then too, the extreme minimum temperatures occur at night, at times 
when the air is comparatively still, and layering is general. Differentiation from station to 
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HAftVAftO FOREST - PETERSHAM, MASSACHUSETTS 

DEVIATIONS OF TEMPERATURES AT SELECTED STATIONS 
ACCORDING TO TYPES OF READING 
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ntation in Jikely lo be very nearly the »ame on mo»t cold night» (Cieiger 1950, p. 253J, and the 
one coldest mght ia fairly repreacr.tative of the other cold night» during tiie week. Mammcm 
temperature», by contraat, occur u»ually on »unny afternoon«, at which times gradient» arc 
•upe radia baric and the air i» frequently unutable. One «lation may be »lightly warmer than 
another on the fir»t hot day, and be cooler than the other on the neat, or may be warmer on all 
of »everal hot day», but, becauae of wind or »orne other factor, be a few degree» cooler on the 
hottcat day, which ta the only one recorded for the weekly reading. It must be recognized, then, 
that mean» derived from weekly maximum» are a much 1c»» uweful index of relative maximum- 
tempcralure rank than the mean» of weekly minimum» »re of relative minimum-temperature 
rank. liven »o, the variabilitiea of given week» tend to be cancelled out when averaged for a 
month or a aeaaon, and mean» of maximum temperature *o derived can be considered useful 
for approximate rhnking purpo»e». 

c. Monthly or Seaaonal fixtreme». 

It will be noted in Figure 72 chat, although slight change» in the order of similar «tâtions 
result when the monthly minimum rather than the mean of weekly minimums i» used, the gen¬ 
eral arrangement still prevails for the stations with the greater contrasts. It is evident, how¬ 
ever, that the range, month by month, is more variable than on the daily or weekly charts. 
One exceptionally strong inversion on an unseasonably cool night gives a great range for a 
given month, wherea» the average range for that month as shown by the mean of weekly, or 
daily reading», i» much »maller than for several other months. For determining a general 
pattern of coldness among variou» »rations, a single set of readings is almost as useful ar a 
monthly mean of weekly readings; but precise plscement of stations on a graduated degree 
scale is not warranted. 

Extreme monthly maximum», by contrast, »how so little correlation with monthly means 
of weekly máximums that one must cone lude they have little value. If all die maximums occurred 
simultaneously at all stations the pattern would be more distinct and u»eful, but such i» seldom 

the case. 

d. Rapid Traverse Surveys. 

As indicated in the preceding section, a si nglc minimum-temperature reading each month 
is useful for company place» as to relative coldness. It follow» then that a scries of rapid- 
traver»c readings taken carefully on a well-chosen night will give useful results, and, more¬ 
over, will make it possible to compare many additional places where stations have not been 
established (Brooku, 1931, p. 493 ff; and Geiger, 1950, pp. 264-265, citing Kraus, 1911 and 

others). 
Rapid afternoon traverses for differentiating places as to maximum temperatures arc 

lesa useful than traverse» for minimum temperatures, for reasons already given, but probably 
yield data of more value than those in a set of once-monthly maximums, for the reason chat the 
readings arc all for the same day. If the day is selected with some care, significant differences 
will be revealed from place to place, especially when some places arc wooded and others are 
in the open. Actually, the readings taken from a sling thermometer on such a traverse will 
probably be slightly more accurate than if the readings had been obtained from .sheltered instru¬ 
ments at the same places. Because conditions usually vary slightly from minute to minute even 
on a quiet afternoon, however, the differentiation of maximum temperature obtained during, 
say, a two-hour period cannot be considered accurate to within less than two degrees, unless it 
can be determined from thermograph records from twoor more contrasted places that conditions 
were exceptionally uniform during the traverse period. The various thermograph traces shown 
later in this chapter indicate that such periods do occur, but usually not on sunny days when 
the greatest differencer in maximum temperatures from place to place are most likely to be 

found. 

c. Seasonal Samplings with Thermographs. 

A thermograph record kept for only a short period at one place has great value for show¬ 
ing local conditions, and for comparing stations. Unfortunately, such a record cannot be used 
for determining normal means, extremes, or frequency distributions. As obtained at Harvard 
Forest, where records were being made simultaneously by several thermographs operating 
the year round and by the hygrothermograph at the Headquarters stations, such short-time 
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records wrrc found to give only A general indication of the no< mal temperature character¬ 
istics of the station where taken. When used for at least a month at any one place, however, 
the thermographs provided valuable information about extreme» of maximum and minimum 
tempercture, and number of days havirçj temperatures above or below critical thresholds. 

Such data, even lor a »ingle month, give added value to table» of Irost doy», ice doy», »ummei 
days, and the like, and emphasize difference» which might not be apparent from fable« of weekly 
extremes alone. It wili be readily apparent, however, that statistical analyse», of greater signif¬ 
icance could have been made this study had more thermographs been uncd from the start, 
and if each had been placed in a distinctively different location and operated there continuously 
for the full-year period. Not all the distinctive differences were known at the beginning of the 
study, however, and the various procedures used, and the large network of stations operated, 
made it possible :o differentiate the temperatures of many more place» than if more detailed 

records had been sought. 
The study, as conducted, produced a large body of daily readings from a few stations, 

sufficient to provide an accurate basis for comparison. In addition it produced a large body of 
weekly readings from many stations - readings which are extremely useful for differentiations 
of minimum temperature, and fairly useful for differentiation of maximum temperature. Later 
studies, intended to be more precise and to provide more detailed information, could well be 
concentrated at the sites already discovered to be of greatest interest. At such sites it would 
be most valuable then to obtain a continuou» and more comprehensive record not only of tem¬ 
perature at various heights, but of humidity, precipitation, and wind, and of soil temperatures 
at the surface and at various depths, to mention a few (Bacsd and Zolyomi, 1935; Geiger, Woelflc, 
and Seip. 1933 and 1934; Kunkele, 1933; Schmidt, 1930 and 1934; Tinn, 1938; and Wolfe, Warcham, 

and Scofield, 1949). 

2. Reliability of Comparative Data Gathered for Only One Year, 

Admittedly, the data gathered duiing only one year, and that a year with several unusual 
seasons, are not likely to be so reliable for studying the climatic relations of the Hai vard 
Forest as data gathered for longer periods. It will be seen, however, from Figure 73, which 
shows comparative temperature data for Boston, Mass, and Concord, N.H. plotted for a 30- 
year period, that although temperature conditions may differ considerably from year ro year 
at a given station, the comparative warmth or coolness of a particular station with respect to 
neighboring stations remains approximately the same in practically all years, it is only slightly 
less true for maximum temperatures. So long as site character does not change significantly, 
various stations should remain in approximately the same relationship to one another. Data 
of the kind plotted in Figure 73 lead one to conclude that analysis of the record for any one year 
within that record should give a reasonably accurate picture of the differences between the two 
stations. Consequently, one can place considerable confidence ;n the differences indicated by 
a single year's record for Harvard Forest obtained in this study and cited in the pages to follow. 
Obviously, to provide a higher degree of reliability a longer record would be more desirable. 

3. Weather Conditions at Harvard Forest during Period of Study: August, 1947-July, 1948 
(Figure 74, Appendix A-2, and Tracy, et ai., 1947-1948). 

Throughout the period of this study, climatic conditions in New England were seldom 
average; at times the departures from average for individual months were quite large, although 
for the full-year period the plus and minus departures almost balanced. Annual averages lor 
the whole period would give little hint of the very unusual conditions which prevailed during 
several of the seasons. Summer of 1947 was warmer than average but came to an early close. 
The growing season ended pbout September 20 in valleys and about September 23 on the uplands. 
Autumn, which began early, was very warm and dry at first. During October, forest fire danger 
remained high for several weeks. A moist, cool November followed. 

The winter of 1947-1948 was colder than average, with average or less-than-average 
precipitation, but with record or ncar-record snow. Continuous snow-cover lasted from late 
December to late March. Snow-cover disappeared rapidly during the third week in March. 
The growing season began by May 5 on the uplands; in forested parts of the lowlands it began 
about May 18, but in open sections of the lowlands killing frost occurred as late as June 8. 

Summer of 1948 again was warmer than average. Although the onc-ycar period of this 
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study ended on July 31, 1948, itiaof interest to note that the 1948 Kununer was six wecke longer 
than the short summer of 1947 and three weeks longer thon the long-time average. Ihc first 
killing frost at die end of summer, 1948at Harvard Forest Headquarters occurred on October 15. 

To summarize: The period of the study covered part of one summer that was warmer but 
shorter than average and part of a second Rummer also warmer but much longer than average. 
In between occurred an autumn which first was warmer and drier and later cooler and wetter 
than average, a winter colder and snowier than average but with only average ci less-than- 
average precipitation, and an early but otherwise not exceptional spring. Although unusual 
weather is common in New England, die period of this study probably embraced more periods 
of unusual weather than normally occur in any one year. Hvcn so, the deviations were only 
rarely beyond moderate limits of expectancy, and the conclusions drawn from this study may 
be considered to be applicable to other yean* with less extreme conditions. 

4. Proportionate Part of New England Temperature Diversity Observed at Harvard Forest. 

a. Baals for Comparison. 

The charts accompanying the discussion in this section are based upon the data presented 
in Appendix A. The data used for comparison include representative stations in a network ex¬ 
tending from the Canadian border southward to Long Island Sound and from the Berkshire^ east¬ 
ward to the Atlantic shore (Figure 1). These stations are compared with two Harvard Forest 
stations at which thermographs were operated continuously throughout the period of study and 
with three stations operated from December, 1947 to the end of the study, It should be noted 
that the network docs not include any stations on high mountains or in Maine. 

b. Comparisons of Mean Monthly Tcmperaturee (Figures 75 and 76).# 

In mean monthly temperatures the local differences at Harvard Forest (according to month) 
cover one-fourth to one-half the differences noted among the 11 other New England stations, 
mostly in the central part of the diversity. The succeeding diagrams will show that the monthly 
mean temperature diversity, although it is signi icant, only partially suggests the actual diver¬ 
sity, and, in part, by averaging out significant extremes, actually hides some of the most sur¬ 
prising differences. 

c. Comparisons of Mean Daily Maximum Temperatures (Appendix A-3 and Figure 77). 

In mean daily maximum temperatures the diversity among die Harvard Forest stations 
covers one-third of the diversity for New England in winter, mostly in the center, and covers 
almost the entire lower three-fifths of the diversity in summer. It is interesting to note how 
the deviations change for specific stations. Harvard Forest Headquarters has lower mean 
maximums than Boston (a littoral station) in autumn and winter (Oct. H. P. 69.8, B. 71.5; Jan. 

H F. 26.1, B. 30.31 but has slightly higher maximums in spring (Apr. H. F. 57.3, B. 56.5), and 
virtually equal maximums in summer (July H.F. 83.0, B. 83.9; Aug. H. F. 81.3, B. 81.8). Harvard 
Forest Headquarters has lower maximums than Mount Carmel (near Long Island Sound) both in 
winter and in summer (Jan. H. F. 26.1, M. C. 29.0; July H. F. 83.0, M. C. 86.3), but its max¬ 
imums in April and October are practically equal to those of Mount Carmel (Apr. H. F. 57.3, 

M. C. 57.5; Oct. H. P. 69.8, M. C. 69.2). 
The Connecticut Valley stations — Springfield and Hartford — have consistently higher 

mean maximums than Harvard Forest Headquarters. Springfield, although farther north than 
Hartford is a city station, and is warmer tiian Hartford, which now has us station at the airport 
on a wide, low terrace bordering the river. Throughout the year the mean maximums at Harvard 
Forest Headquarters are 4 to 6F degrees lower than those at Springfield. Those at Prospect 
Hill are about 7P degrees lower(for the period of record at Prospect Hill) than those at Spring- 

field. 

• In Figure 75, actual mean monthly température« arc shown in °F for each station each month. Each 
monthly scale is no placed that thcmeansfoi Harvard Forest Headquarters form a horizontal base. Figure 
76, by contrast, shows deviations in F degrees from the mean of II non-Harvard Forest stations. In both 
figures the diversity among the Harvard Forest stations is shown by a shaded band. 
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Figure 77 

No • cation in Harvard Forest has maximums as low a» those at First Connecticut Lake, 
New Hampshire, near the Canadian line. In summer, however, the heavily wooded White Pine 
Bottoms station has mean maximums almost as low a» at First Connecticut Lake (July H. F. 
83.0, W.P.B. 76, F. C. L. 74.9), Summer maximums at Harvard Forest stations in the open are 
higher. In winter the Harvard Forest stations have maximum« considerably higher than rhose 
at First Connecticut Lake (Jan. H. F. 26.1, F. C. L. 17.8). 

Comparisons of Absolute Maximum Temperatures (Appendix A-2, Figure 78). 

In absolute maximum temperatures the diversity at Harvard Forest (shown by a shaded hand 
on Figure /8) covers one-third to two-thirds of the diversity foi* New England, mostly tn the 
center part. An exceptional month is June, when the diversity for Harvard Forest actually 
exceeds that of the group of other New England stations, though at .slightly lower temperatures. 
Although the absolute maximum temperatures have less significance for purposes of compar¬ 
ison than the daily mean maximums, they are not without value, as was shown in Figure 72. 

e- Comparisons of Mean Daily Minimum Temperatures (Appendix A-4, Figures 79, 80, and 
81*). 

In mean daily minimum temperatures the diversity for the Harvard Forest stations (indi¬ 

cated by a shaded band on Figures 79 and 80) covers one-half or more of the diversity of the 
group of other New England stations in summer and autumn, slightly less in early winter, but 

In Figure 79, actuml mean daily minimum temperatures in <>F arc «liown for each station for each 
month Each monthly scale is so placed as to show the Harvard Forest Headquarters mean daily minimum 
on a horizontal line. Figure 80, by contrast, show* deviations in F degrees from the mean of the II non- 
Harvard Forest stations, and Figure G1 shows the same deviations for each station separately. 
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DEVIATION OF MONTHLY ABSOLUTE MAXIMUM TEMP'ftATUftE OF SELECTED STATIONS 

FNOM MONTHLY ABSOLUTE MAXIMUM TEMPENATUNE AT KEENE, NEW HAMPSHIRE 
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P PiMtfltld, Mott. 

PH* Protptct Hill, H.F. 

S Springfitld, Matt. 

TS* Tom Swamp, H. F. 

W Worcttt jr, Matt. 

WPB* Whitt Pint Bottom», H.F. 
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only onc-rhird in late winter and *pring. The total diverniry for New England jH greateat in 
winter and least in spring. 

It is interesting to note (Figures 80 and 81) thnt hill Marions in Harvard Forest have an 
annual deviation curve similar to Boston, Sp. ingfield. and Hartford, whereas valley stations, 

such a« Tom Swamp and White Fine Bottoms, approximate the curve of Concord, an interior 
station on a sand plain in the valley of the Merrimack. Tom Swamp has lower summer minimums 
than St. Johnabury, which is well to the north, and Iom Swamp has only slightly higher late 
winter minimums. Although minimums arc higher at Tom Swamp than at First Connecticut 
Lake, which is much farther north, the two stations compare quite closely, except in winter, 
when mean minimums at First Connecticut Lake drop far below thoce of any other station cited 
for comparison. 

DEVIATION OF Mtáft DAILY MINIMUM T C MSI SAT USE Of SELECTED STATIONS MOM MEAN OF 

mean DAILV MINIMUM TEMSENATUSE OF ELEVEN NON-HASVASD EONEST STATIONS in NEW ENGLAND 
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DEVIATION OF MONTHLY ABSOLUTE MINIMUM TEMPERATURE OF SELECTED STATIONS 

FROM MONTHLY ABSOLUTE MINIMUM TEMPERATURE AT KEENE, NEW HAMPSHIRE 
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Figure 82 
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f. ComprÍHonM of Abwolutr Minimum Tcmpcracurcw (Appcndia A-5 «nd Figure 82). 

In abnolute mínimum tempcraturca, die diversity for Harvard Forc*»t Mtationn ia one-half to 
three-fourth* the New Hngland diveraity, moatly in the lower part. In many month* aome Har¬ 
vard Forçât ata t ion a have abaolute minimums lower than those at any other station. Figure 82 
shows that in absolute minimums the hill station» compare with Boston and are “mountain , 
similar to “marine*, in character, whereas the valley-bottom stations compare with First Con¬ 
necticut Lake in severity and are “continental* in character (Conrad, 1936 (a), pp. B160-161). 

g. Summary. 

From theae comparisons it becomes evident that even a small area such as Harvard Forest 
has a great variety of temperatures, and that it displays a considerable portion of the total 
diversity characteristic of a much larger region. This indicates that local factors can cause 
significant local differences, which, though not as greatas the total regional differences caused 
by large-scale influences, such as great differences in latitude or of location with respect to the 
ocean, are nevertheless equal to or greater than differences noted between sucions several 

hundred miles apart. 
In almost all months som»; Harvard Forer-t valley sucions had lower minimums chan any 

other of the compared stations. These very low temperatures occurred in types of locations 
characteristic of a sizeable part of New England. At the same time, several Harvard Forest 
autions on open hills or in forested valleys had lower mean daily maximums than any reason¬ 
ably near compared sution. Theae observations emphasize the imporunce of present Weather 
Bureau efforts to place additional stations where extreme conditions not thus far recorded, but 
common to large areas, are the rule. Because many of the primary network sucions of New 
England arc in river-valley cities, it is probable that many climatic estimates for the vast in¬ 
termediate-height upland areas between the valleys err in the direction of indicating higher mean 
maximum temperatures, lower mean minimum remperaiurea, greater frost danger, and shorter 
growing seasons than are actually the case. At the same time, because many of the sucions are 
i.i cities, such estimates are likely to fall short of indicating the full severity of minimum-tem¬ 
perature extremes in the valleys — not merely in some unusual single valley but in thousands oi 
valleys or other depressions throughout the region. 

5. Factors Causing Temperature Diversity within Harvard Forest. 

In the preceding section it was shown that the temperature diversity for stations within 
Ha rvard Forest comprises from one-third to two-thirds the diversity for New England as a whole. 
Local factors which account for these great differences within Harvard Forest are discussed 

below . 

a. Topographic Form. 

In general, convex surfaces, such as hills and ridges, have much smaller temperature 
ranges than do the concave surfaces, such as stream valleys or swales (Figures 83 and 84). 

Broad Hat terraces are similar in temperature characteristics to concave surfaces. Adjacent 
convex and concave areas, though differing but slightly in elevation, will have great differences 
in temperature patterns, especially in minimum temperatures, even at high elevations within the 
region (compare Prospect Hill, 1383 feet, and HighSwamp, 1280 feet. Appendix B). Many of the 
upland basins of Harvard Forest, however, have exits at one or more points, from which streams 
drain to still lower points. Where these exits are not blocked by heavy vegetation, or other dams, 
some of the cold air that has accumulated in the upper basin can drain out and move down to still 
lower points. In general, the lowest basins, with the largest collecting areas from which the cold 
air gathers, exhibit the lowest minimum temperatures, provided the ground in such places is 
sufficientlycxposcdtothc sky, and provided further that the outgoing radiation is not considerably 
offset by downward radiation from the trees. Thus, at all comparable elevations an appreciable 
temperature contrast is evident between convex and concave areas, but the amount of contrast 
incrcancs as the elevation decreases within the Forest as a whole. Town Line Swamp (1150 feet ) 
has much lower minimums than Prospect Hill (1383 feet) but, even so, is warmer than lorn 
Swamp at 750 feet, which, in addition to having a larger collecting area, is more open than the 
largely wooded Town Line Swamp. Town Line Swamp has an intermediate place on the minimum 
-temperature-rank scale. The contrast between Tom Swamp or Burns Bridge and Harvard Hill 
(910 feet), however, is relatively twice as great. Harvard Hill and Prospect Hill, although they 
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differ 453 feet in elevation are »urprigingly similar in mimmum-iempcrature pattei n. On lull- 
tof>H the huiTccc area and tlie vegetative cover have less influence on temperature than they do 
in basins. The basins, as has been shown, differ considerably. 

“Concave siopcH arc known«* hatchingovcr.i». fojrnrtin. bv day, anif cold holes by night**. lJcame, JVlö, p. 27, 

These remarks appiy chiefly to periods of clear weather witii little or no wind, at which 
times inversions develop. Inversions arc frequent and significant at all seasons, though part¬ 
icularly ao during cool and cold months when trees are without leaves and the ground ha5 a 
snow-cover (Figure 74). During periods of cloudy skies or modérale.to-strong winds, inver¬ 
sions arc smaîl or absent, and temperatures differ little from place to place. Figure 85 shows 
such a period continuing for a week, through January 7, 1948, followed by a period of great 
contrasts. 

Open terraces, even though at high elevations and of limited extent, may cool rapidly by 
radiation and may tend to slow or stop some of the cold air draining from higher to lower points 
(Geiger, 1950, p. 205-206). Linden Terrace, for example, at 850 feet is frequently as cold as 
River Meadow at 7.37 feet, although intermediate points on the slope are warmer.The Locust 
Opening terrace exhibits this characteristic to a slight degree in the summertime, when vegeta¬ 
tion in leaf partially blocks air drainage to lower swamps on the north and east. 

The effect of topographic form on maximum temperatures is partly the reverse of its effect 
on minimum temperatures: tops of convex forms are cooler; basins are warmer. Differences 
are leas striking than for minimum temperatures. 

b. Elevation. 

The effect of elevation upon temperature differs, and it is even reversed, according to the 
nature of the weather and depending upon whether it is day or night. As has been seen, on clear 
still nights, inversions develop, and temperatures are lower in the valleys than on the hills. 
In general, on clear nights, the lowest elevations at Harvard Forest have the lowest minimum 
temperatures. During periods of cloudy weather, by contrast, minimum temperatures in Har¬ 
vard Forest arc a few degrees lower on the highest points than in the deepest open valleys 
(Figure 85, compare Prospect Hill and open Tom Swamp,January 1-9). Maximum temperatures 
are almost always lower on the ridge tope than in the valleys. This is true not only on days when 
air movement is unrestricted, but on cloudy, windless days when ventilation is almost nil, and 
the lower temperatures on the ridges arc a direct expression of a lapse rate. This is illustrated 
by the Prospect Hill - Tom Swamp comparison shown in Figure 86. Tom Swamp, though much 
colder than Prospect Hill at night, is warmer than the hill during the day. Figure 87 similarly 
illustrates this point, but brings out the much greater influence of topographic form for night 
temperatures. The thermograph traces for the two hill stations, although similar to each other, 
are very different from those of the valley stations. Figure 88 likewise shows the lower maxi¬ 
mum temperature» at high points. It shows also the unusually extreme conditions and rapid 
changes that took place during the period March 4 to 6. On March 6 the minimum at Tom Swamp 
was -31°F, compared to -5°F at Harvard Hill and -l°F aí Prospect Hill, Within eight hours 
the temperature rose 72F degrees at Tom Swamp and reached a maximum of 4l°F, and rose 
46F degrees to a temperature of 41°F at Harvard Hill. In the same eight-hour period it rose 
37P degrees to reach 36°F on Prospect Hill. 

c. Exposure to Direct Sunshine. 

The amount of direct insolation received on the ground surface depends in part upon the 
angle of slope. A difference in angle of inc lination of Io toward the north or south is equivalent 
to a difference in latitude of Io (Lutz and Chandler, 19*12, pp. 208-269). 

Several of the stations at Harvard Forest provided temperature data which documented once 
again the generally recognized importance of exposure in causing temperature differences. 
These temperature readings, taken at standard height, do not show the great contrast actually 
existing on the ground surface at each station, but are sufficiently different to suggest the much 
greater amount of heat energy available to plants growing on sunny slopes than is available to 
plants growing on shady slopes. The station at South Boundary, which io on a north-facing slope, 
has fewer hours of sunlight than Coach Road on the opposite side of the valley. Its day temper¬ 
atures are slightly lower than those at Coach Road (Figure 89) although its night temperatures 
arc higher chan those at Coach Road. The Northwest Midslopc of Little Prospect Hill receives 
the afternoon sun's rays at a high angle of incidence during the summer months when the sun 
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HARVARD FOREST, PETERSHAM, MASSACHUSETTS 

TEMPERATURE RECORDS AT FIELD STATIONS 
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net» in the norrhwcut. figure 90 hhow» Northwest Midnlcpe to have afternoon lemptrature« 
considerably higher than Prospect Hill. The eiplanation lies partly in differences in e&ponure 
and partly in vegetation, wind, and otiter relationships. Other factors being comparable, stations 
on south and west slopes have high maximum temperatures, on most days, compared to other 
stations. This is true even though they are shaded longer in the morning and so remain appreci¬ 
ably cooler, for several hours, than stations out in the open lowlands and on east-facirç slopes. 
The general air temperature is higher in the afternoon and the ground ia drier, and so less hest 
is used for evaporation of soil moisture; special local influences then combine with direct in¬ 
solation and diffuse sky radiation to produce the highest temperature on these slopes (Geiger, 
1950, p. 225). Early morning warmiitg of east-facing slopes is shown in Figure 89 which shows 
Wildcat Hill has become 5 to 10 or more degrees warmer than Shelf Swamp by noon almost 
every day. 

d. Exposure to Wind. 

Many parta of Harvard Forest favorably exposed to sunlight are also exposed to tkr south¬ 
west wind, which blows much of the time in the warmer half year and fairly often in the colder. 
This wind ic particularly frequent in drier years, when more of the low pressure areas follow 
a northern track. These winds not only warm the slopes expoaed to them, but cause excessive 
evaporation as well. By contrast, the cool, moist, northeast winds strike fewer parts of Harvard 
Forest head on, and in many places strike most directly against the slopes which already are 
coolest because they face sway from the sun. The contrasting effect of these winds, the south¬ 
west and northeast, ia to intensify the contrast in temperature and moisture between southwest 
and northeast slopes. The cold, often dry, winds coming in from the northwest, and the generally 
mild, moist winds from the southeast, likewise have differing effects upon the slopes exposed 
to them. During the great hurricane of September 1938, however, the strongest wind, causing 
the maior damage, was from the southeast. At that time the slopes facirç southeast, the open 
flat areas, and wind-channelling troughs suffered the greatest damsge. Northwest slopes,and 
trougha crosawise to the wtnd.suffered the leaat. 

e. Effect of Vegetation. 

Differing kinds of vegetation and differing heights of the asme kind of vegetation have very 
different effects upon air temperature at standard shelter height. In general, the vegetation, 
which interposes a baffle between the sun and the ground, has a blanket effect, moderating con¬ 
diciona beneath it, but experiencing strong thermal activity within itself (Geiger, 1950, pp. 327- 
329). Obviously, the instruments in a shelter standing above a low shrubby or grassy vegetation 
(High Swamp and Tom Swamp - Figure 90), record esacnttally the general air temperatures, 
though such temperatures are influenced, to be sure, by the vegetation below. Shelters sur¬ 
rounded by vegetation high enough to cut off wind, but not high enough to form a canopy, are 
in the surface layer of limited air exchange (or local heat exchange), and experience extremes 
of heating by day and cooling by night. Northwest Midslope (Figure 90) is a prime example of 
this. Where the trees arc high enough and close enough for their crowns to form a canopy over 
the shelter, the blanket effect results ins more moderate temperature pattern. Thus, within the 
red-pine plantation on Little Prospect Hill, conditions are even less extreme than in che open 
on Prospect Hill (Figure 90). Similarly, in the White Pine Bottoms, days are cooler and night« 
leas cool than as Tom Swamp or other open stations (Figures 86, 88, 89, and 9l). 

It must be recognized that in many cases the temperatures at standard height are not the 
most critical for plant growth. Temperatures at the height of the leafy partofthe plant are crit¬ 
ical because they affect the transpiration rate, though the humidity relative to saturation at the 
temperature of the leaves is actually and directly more critical. Soil temperatures in the 
plant's root zone are probably even more eignificant to plant growth (Zon. 1941, p. 496). 
Within a forest, the readings at shelter height give some suggestion as to what general soil 
temperatures may be expected. In a dense pine stand the soil will bo cool and moist except 

during extreme drouth. In an open hickory stand, where sunlight can reach the ground, the soil 
will be warmer and drier much of the time. 

In general, hardwood forest has just as great a moderating effect upon air temperatures 
during its summer leafy season as has coniferous forest. In fact, in many mature coniferous 
stands where an understory of young hardwood trees is coming into succession, the summer 
canopy is notably more dense (Figures 66 and 68), and has greater effect than the winter can¬ 
opy. Oven in winter, however, the hardwood stands, though leafless, have a slight moderating 
effect (compare Fisher Stand and Trail Fork, Appendix B). 
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Ihc torsHt'w elieci in relatively greater on ¿ay temperaturcN than on night temperature» 
A heavy forçât stand which during inveraionM will keep the night minimum« an much a* tin er 
to six degrees higher than th^se in the open, will keep day maximums as much as ten or twelve 
degrees lower than in the open. These locally observed differences arc even greater than those 
reported by Kitvredgc (1948, p. 66). Such differences are sufficient actually to cause a contin¬ 
uous though moderate temperature inversion to exist by day as well as by night he year round 
in heavily wooded hollows. The Trailside Swale and White Pine Bottoms stations arc ;n such 
areas. Prom this it will be evident that »onie kinds of forest, though in a sense having a moder¬ 
ating influence, tend to accentuate and perpetuate conditions favorable to certain of the species 
composing them. This is true particularly of coniferous stands in shaded, concave areas. 

In moderately densely wooded areas at low elevations in Harvard Forest, the tree canopy 
reduces nocturnal cooling at standard shelter height markedly; as a consequence, the frost-free 
season is abourhalf again as long in such wooded areas as in open places of simitar topographic 
form at the same elevations. At intermediate and high elevations the effect of a tree canopy is 
similar but not so marked, except in concave areas. (Frost is discussed in greater detail in 
paragraph 6 below.) 

f. Land - Water Relationships. 

Water temperatures recorded in the course of this study arc shown in Table II. Selected 
data for May, June, and July from this table are plotted by three different methods in Figure 92. 
For simplicity and ease of comparison, the data from only three of the stations are plotted on 
these diagrams. 

Figure 92A shows the actual water temperatures recorded in successive weeks, regardless 
of the hour of reading. This diagram shows the general upward march of water temperatures 
in spring. It also shows the greater constancy of increase for Tom Swamp, where the water 
is largely blanketed by low shrub growth. The difference in actual temperatures between Tom 
Swamp and the two open pond stations also is greater in July than in preceding months. 

Comparison with the mean daily maximum and min.mum air-temperature curves superim¬ 
posed on this diagram reveals that by July the mid-morning water temperatures of the open 
ponds, having risen rapidly in late spring, were almost as high as the mean daily maximum air 
temperature for July, At Tom Swamp, however, mid-morning water temperatures did not show 
this great seasonal increase. Late spring water temperatures in Tom Swamp averaged at least 
15 F degrees cooler than the open pond temperatures. From an average of only 7 F degrees 
warmer than the mean daily minimum air temperature in May, the Tom Swamp water temper¬ 
atures rose to 8 F degrees warmer than the mean daily air minimum in June, and to only 11 F 
degrees warmer than the meaii daily air minimum in July, 

Figure 92B shows the differences between air and water temperatures plotted for succes¬ 
sive weeks, regardless of the hour of reading. It gives no conclusive evidence as to seasonal 
rates of increase of water temperatures, but does show the marked contrast between Tom Swamp 
and the two open pond stations. In all weeks but one, Tom Swamp water temperatures differ 
more markedly from the air temperatures than do the water temperatures at either Ricevillc 
Pond or Harvard Pond. 

Figure 92C shows the differences between air temperatures and water temperatures plotted 
according to hour of reading, regardless of date. As this diagram gives only one reading for 
each station for any one day, it does not provide the necessary values to permit conclusions to 
be drawn as to diurnal trends in air - water temperature differences. Obviously, to get mean¬ 
ingful data regarding diurnal trends it is necessary to make a series of observations at intervals 
on the same day. Such studies, made elsewhere, have demonstrated that the daytime increase 
and nighttime decrease of water temperature characteristically lag behind those of air temper¬ 
ature (Conrad, 1935, p. 52 and 1936(b), p. 6; also Schmidt, 1930, p. 45l). 

The preceding discussion, though in part inconclusive because based on partial data, indi¬ 
cates that the effect of vegetation on the water temperatures in swamps and marshes is unique. 
At Tom Swamp, for example, where the water has an overgrowth of shrubs, the water tempera¬ 
tures average ae much as 15F degrees cooler, by day, than those for Harvard Pond or Kicc- 
viile Pond (Table II and Figure 92). Even so, the water apparently gives off sufficient heat at 
night to diminish greatly the intensity of the temperature inversion in the lowest five feet of 
the atmosphere next to the water surface. This effect is noticeable only during those months 
when the water table covers the sphagnum moss layers under the shrub growth. Thus, the rcad- 
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TABLE II - HARVARD FOREST, MASSACHUSETTS WATER TEMPERATURES (in °F) 

194» 

Apr. 12 

Apr. 19 

Apr. 26 

May l 

May 10 

May 17 

May 24 

May 3 1 

June 7 

J une 14 

June 21 

June 29 

July 6 

July 12 

July 21 

Water Temp 

Air Temp 
Time 

RICE VILLE POND 
ÏÏI OUTLET W. SHORE¡OUTLET 

TOM 
SWAMP 

40 

55 
0900 

S HARVARD (BROCKS POND 
E.SHORE 1 MILL PT OUTLET 

SWIFT 
RIVER 

48 
60 
1400 

Apr. 13 4 5 
50 

1400 

Water Temp 
Air Icrnp 

Time 

4 I 
44 

0940 

50 
55 
1445 

An,-. 20 4 8 

51 
0915 

Water Temp 58 
Air Temp 5 1 
Time 1050 

47 ' 
70 
1710 

55 
53 
1 140 

60 
57 

1125 

63 
70 
1700 

Water Temp 54 

Air Temp 52 
Time 0900 

53 

52 
0840 

43 

53 
0800 

56 
56 
1015 

55 55 
59 58 
0950 1000 

May 3 57 
66 
1300 

Water Temp 55 
Air Temp 62 
Time 0815 

53 

62 
08 30 

46 
63 
0850 

55 
64 
1015 

53 May 1 1 58 
68 69 
1030 1220 

Water Temp 52 

Air Temp 60 

Time 1400 

51 
60 

1340 

48 

59 
1315 

51 
58 
1 300 

54 
62 
1540 

May 18 53 
60 

1430 

Water Temp 56 

Air Temp 65 
Time 10 35 

53 

65 
1020 

50 
69 

0945 

54 

62 
0935 

55 May 25 54 
66 56 

1055 1405 

Nc Readings - 

Water Temp 61 

Air Temp 55 
Time 1020 

62 
54 
1030 

Water Temp 64 

Air Temp 66 
Time 0930 

58 

66 
0940 

53 
54 
1 100 

55 
70 
1000 

56 
54 

1 110 

63 
68 

1200 

63 

55 
1130 

69 
71 

1215 

63 

55 
1 140 

61 
71 
1220 

June 8 54 
58 

1 145 

Water Temp 69 
Air Temp 67 
Time 084 5 

65 
67 
0900 

56 

70 
0920 

62 

72 
1 105 

70 
72 
1120 

Water Temp 76 
Air Temp 8 3 
Time 09 30 

74 
83 
0940 

60 
76 
0830 

74 
80 

1025 

79 
80 
1010 

74 
80 

1015 

June 29 67 
82 
1305 

No Readings 

Water Temp 
Air Temp 
T i me 

78 
84 

1015 

63 

83 
0910 

78 
84 

1 105 

83 80 

84 84 
1050 1030 

Water Icrnp 
Air Temp 
Time 

7b 

(Water 83 
very low) 1040 

61 74 
80 79 

1115 1130 

78 
78 
1200 



HARVARD FOREST -PETERSHAM, MASS. 

WATER TEMPERATURES 
COMPARED TO MEAN DAILY MAXIMUM AND MINIMUM TEMPERATURES 

DIFFERENCES BETWEEN WATER AND AIR TEMPERATURES 
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ingH on die Torn SwAmp Bunh tiiermomcter were aboi.1 the Karne a» lho ne in the Tom Swamp 
Nliehcr from April to July, 194 8 (Pigure 74), when the water table wan high. 'Fhia w¿s in con- 
traat tocondittona during late aummer and autumr, 1947, when the water table was below the «ur- 
facc of the Kphagnum rnoKH layer. At that time, and during the winter month» which followed 
(when the pond »urface was frozen and snow-covered), minimum temperature«» were markedly 
lower at bush level than at «heiter height. 

Prom thi» it appear» that the presence of water increase» the normal moderating effect of 
the vegetation upon air temperature», at least where the vegetation i» such that the water sur¬ 
face is largely shielded from direct sunlight and radiation. Shrub vegetation, like that near the 
shelter at Tom Swamp, being skeletal, has little actual mass to ab»orb heat, and has much sur¬ 
face through which to lose the little beat it does absorb. Yet in toto it forms a thick, if leaky, 
screen between the water ami the open sky. 

Tl»e water bodies within Harvard Forest are not large enough or deep enough to affect air 
temperatures over land at places very far from their shores, but the local effect at their mar¬ 
gins is considerable during some seasons, particularly during the open-water season. Thus, 
during the summer, when the pond waters give off heat and warm the night air, such waterside 
stations as Mill Point and Riccvilie Pond have higher minimums than Burns Bridge or Ri/er 
Meadow (Appendix B). By day in summer, when die waters have a slight cooling effect, the air 
has lower maximums. In the winter, by contract, when the ponds arc frozen, they have little 
effect upon temperatures (although some heat continues to pass through the ice); all these sta¬ 
tions arc then closely comparable and “continental" in their behavior. Similar findings are 
reported for Arctic shore areas by Conrad (1936(a), pp. B213-214) who cites Baur (1929, p. 77) 
and Wagner (1919, p. 128) to the effect that at Green Harbor, Spitzbergen diurnal temperature 
ranges are five times greater in winter than in summer. 

During spring and autumn the land-water relationships at Harvard Forest are complex 
and changeable, according to whether the ponds are open or frozen, but the general effect is to 
retard the onset of spring and autumn slightly. The ponds warm up slightly, however, each day 
in spring, and thereby diminish the danger of late spring frosts at night near their shores. In 
autumn they arc effective, on their immediate shores, in lengthening the warm season for sev¬ 
eral weeks. The very local effect of the water bodies is indicated by the fact that lower readings 
of air temperatures were obtained at Fay Terrace Edge, only 50 feet from the shore of Rice- 
villc Pond than at the Riccvilie Pond station (Appendix B). The effect of Harvard Pond is prob¬ 
ably felt a little more widely, as it is larger and deeper, and does not shrink to the extent that 
die others do. 

The Ouabbin Reservoir, to the southwest of Harvard Forest only a few miles, probably 
has a noticeable effect, because of its vast extent and great depth, on the climate of its immedi¬ 
ate vicinity. No observations, other than a few early-morning rapid traverses, were made which 
would show whether this influence extended asfaras Harvard Forest; however, minimum read¬ 
ings taken at Swift River Power Line Crossing, which is lower than any point in Harvard Forest, 
but nearer to the Quabbin, were generally several degrees higher than at such places as Burns 
Bridge or Tom Swamp, which are similar topographically, especially Burns Bridge. This sug¬ 
gests either that a breeze from the lake may delay the onset and also slow the rate of the late 
afternoon and early evening temperature fall, or that the upper element of a local thermal cir¬ 
culation (land-breeze type) may bring warm air ata higher level over this area at night, there¬ 
by reducing the net outgoing radiation. In either case, the effect of the reservoir is to retard 
the temperature fall in adjacent areas. 

g. Effect of Snow - Co vrr. 

The general effect of a snow-cover is to lower air temperatures (Geiger, 1950, p. 164-165). 
During the winter of 1947-1948 at Harvard Forest the snow-cover was deep (Table III and Fig¬ 
ures 93-99), and continuous cover lasted for more than 10 weeks. Air temperatures were lower 
than average and temperature contrasts at night were particularly large (Figure 74). 

The deep snow-cover kept the ground relatively warm, however, and by the time of general 
snow melt, which was exceptionally rapid, in late March, the frost was out of the ground in most 
places. As a consequence, although melt-water runoff was great, soak-in was also great and no 
serious Hooding occurred. Also, some insolation was able to penetrate the snow when the snow 
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HARVARD FOREST-PETERSHAM. MASSACHUSETTS 

SNOWFALL AND SNOW-DEPTH 
WINTER OF 1947-1940 

KEY ( . ., 
DATA TAKEN FROfel HARVARD FOREST HEADQUARTERS RECORDS (APPENDIX C) 

SnoviKÍe uarters w«athcr ttotion Curved dashed Une shows 
foils or prolonged m*it.ing. 

£r\ onowKiepth meesured at Hcodguarters weather station Curved dai 
/ wpresumed dsptii ot other times. Measurements mads only afterheary 

OH(T)Sf«w depth measured in timber stands near Headquarters 

OK^Sfjonow depth measured In south-facing open fields near Headquarters CSnowfall,with amount as measured at Headquarters weather station. 

ToUU Precis tat la«, whether aß rain, or enow, or both. 

DATA OBTAIN ED ON FIELD TEMPERATURE TRAVERS£5( For Complete data sea Obtain ) 

Prospect HIM Tract 

®5 Spruce plantatlon(Zöyear$ ola.prurvcd^anopled^Snow Sbotionö 

®P Prospect Hill, 5ummit(0penand wind-swept.) Snow Station il 

«H Prospect Hill,South Slope(Hawthorn patch) Snow Station 13. 

»K Swamp knoll,inTown Line Swamp (Open hardwoods)Snow Station 16 

oL Locust opening (Open field west of road) Snow Station 19 

«fl Red pine plantotion(22yetir5 old, pruned, dense canopy) Snow Station31 

l2JE^£KpjL2ä. 
«FUay Lot (Open, young growth, no canopy) Snow Station 49. 

»T Tom Swamp(5hrub vegetation, no canopy ) Snow Station 54 

®F Flîher Stand(40-year old hardwoods, thinned previous summer) Snow Statlon67. 

Slab City Tract 

\ White Pine Bottoms(70-year old stand. Hiahcanppy, 50^op£n)Snow Stat»on9l. 
¿wOotted line shows presumed depth remaihmg during final meltingpertod 

í'igurc 93 
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Figure 94 - Snow Cover, Spruce plantation at northeant bane of Harvard Hill, after firat snowfall. Looking 
HOUtheaMt. November. 1947. 

Figure 95 (left) - Snow Cover, 
southwest. February. 1948. 
Figure 96 (right)- Snow Covri . 
to River Meadow. Looking south 

Shelter in Fransen Swale, with mix weeks* accumulation of snow. 

Fresh trail on road leading down from Choate Farm and Linden 
. Late December, 1947. 

I .ookmg 

I errace 
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I Alii.li III SNOW Dlil'TI I MïîASUKÏîMKNIS 

Sno«i 
Station 
Number 
(»•m. 97) 

Orchard farm 

High Swamp Staiioo 

1 

2 

J Flat« near Kuchen Place 

4 Road M>uth to Harvard For«»t 

5 Pteld north of Harvard Pore»t 
ßounda ry 

0 Spruce plantation, ea«t of road 

7 Road south between young 
plantations 

S Young white spruce plantation 

9 Open field« north of fire tower 

10 Approach slope to summit 

11 Prospect Hill Station 

12 Sloping field south of tower 

H South slope, hawthorn 

14 South slope, trail junction 

15 Hemlock trail junction 

16 Swamp Knoll 

17 Town I.ine Swamp Station 

16 Locust Opening Station 

19 Open field west of station 

20 Brooks Hill 

21 Terrace trail to Lake Swamp 

22 Lake Swamp, cant border 

23 Lake Swamp Station 

24 Terrace northeast of station 

25 Red pine plantation, cast 

26 Small upland swale 

27 Red pine plantation, went 

20 Pin cherry, brush stand 

29 Red pmes on west-facing slope 

30 Upper millpond swale 

31 Red pines cast of trail junction 

32 Red j'lnes wear of trail junction 

(I Vi ventages indicate estimate 

Pc binary II March 10 

3<) m. ZU in. 
(Un Match I, »now was above 
cios*.bars tut shelter sup¬ 
ports, Tramped down, snd air 
eait* tramped out to south.) 

24 in. 77 m. 

25 in. 

25 in. 24 m. 

19 m. Under trees: 24 in. 
Open spots: 30 in. 

25 in. 

27 m. between 
trees 

25* in. 

Grsdual dec r ease 
upelope, 27 to 6 in. 

4 in. 

24 in. 

24 in. 

28 in. 

21 in. 

33 in. between trees. 

27 m. 

11 in. (north of rower) 

¡9 in. 

24 m. 

24 in. 

24 m. 

19 in. 

27 in. 28 in. 

25 in. 30 in. 

24 in. 2b in. 

2v>M in 

24 in. 

26 in. 

24 in. 

25 in. 

29 in. 

25 in. 

24 in. 

25 in. 

24 in. 

20 in. 

32 in. 

15 in. 

26 in. 

24 in. 

20 in. 

Billowy, 16-3b in.; Avg. 26 in. 

28 m. 

Hast edge: 24 4 m. 24 in, 
West edge: 25H in. 

17 in. 24 m. 

19 in. 

of area coveted with simiw. 

March 17 

25 in. Up to cross-bar s 
o.t »lieltrr support, but 
bare ground under large 
hemlocks near road, 

6 in., hut bare arourd 
hushes. 

15 in. 

Under trees: 15 in. 
Open spots■ 24 in, 

Patches 

21 in. 

Parc hes 

Parches 

Clear 

25X. 4-10 in. 

12 In. 

18 in. 

15 in. 

17 in, on summit, 
Baie around tree trunks 
on south slope. 

23 in. 

15 in. 

lb in. 

20 in. 

17 In. 

16 In. (estimarevi) 

15 in. (estimated): bave 
around trunks of coppice 
growth in open. 

168 in. 

2! in. 

Clear 

liasl edge: I I in. 
West edge: 14 in. 
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, PKCaPHCT Hü ! lit ACT i'MA 

• ■ ’ 2í*5^â'twf’Cfîîf** s ?” st sir««» sv“f”sjjç rírp;îi. î~*m 

M*re í* 

l3irl<j« rk«!, 

Nwâ'fîj» K.'H/W.f in'Cfcd, IC. IÎ ín. 

N<r*i »hcitrr; 14 m. 
l?«MÍít «txIfcf ; círar, 

( »kkr **h»U* ['(nrk im arr»l-(«tiog rJfcf <jf 
• hchrt . citar. 

PirM» t}r»f . In luati rum and ilitcbf*. O in. 

íSnc/w ui ivfMMla 4ivl »h*d«?. Field clear. 

In open, cica» . In »had* «il «prucc piaoiaUmi 
in WMilh: 75%, Í In, 

Untier ireca 6-8 in. 
In open: clear, 

I la f ijwtMfi grove, aoulliweal of road, 6Ü%, 
6-# in. 

Fatchea 

Small drift« benveen tree«. 

•’ic«r 

Clear 

Clear 

Clear (Open «outil «Jope rJ Little Prospect Hill 
alao clear .) 

i*ot rj|i*er ved, I wik alte t ríate route; »ec below. 

Wot obaerved. aitcrriate rouir, «ee below. 

Not observed. I\x;k alternate route; »»ee below. 

Sum mi ¡t and treat «lope; cleat . 

Hemlock grove to ra»r; V5%, 10 In. 

'10%, H in. 

Hoad from Town Line Swamp: muddy. 
In young ha.'dwood «lands: snow, 

In open spot*: clear, encept in patches. 

Clear 

I t ail on east «dope: 12 in.; n ail on summit: 
70%, o in. 

Wcftt-iacing sIoj'h”«. clear; terrace top: 2X, 1 m 

60%. 4 in. 

5%. 4 m. 

75%. 4 m. 

95%. 8 in. 

Vü%, 10 in. 

In eha-Jr of red pine* at «outlt edge: JO ft.-wide 

Inrlt, 50%, 7 in. 

In open aunligh»: clear . 

Clear 

Small patches, thin 

100%. II in. ^ 

On Hai terrace «urface; 100%, 9 in. 
On wrat.facing -dope, decieaHe« from 6 in. at 
tnp to clear at base. 

.ah#s IfidiCit# «»> fe#4«*«g iakrn. 

Mart h II 

Field« clear. 

Widely acallered «mail 
pate he a. 

Clear 

Clear 

Clear 

Widely ac a tie red antal] 
pate he«. 

In white pine*, wr«t ol 
road: 15%, 4 m. 

Clear 

Small remnant duft« 
between tree ». 

Cleat 

Clear 

Clear 

Clear 

Clear 

Clear 

Small acattered 

patches. 

Clear 

Hgure 97 - Snow-Mca&urcment Scatinns 

ProBpcct Hill Tract. 

Small parche« in big 

wood* on caat-facing 
«Jopea, rrr.-.t tif elation. 

Clear 

Clear 

Clear 

Clear 

Clear 

C- ear 

Cleat 

SPl’CfAL TRAVHKSl;, March 24, 194 8 

F* on. í'f oapcct Hill westward ae ross valley bead to trail at ea st 
edge of Big Spruce Swamp, tlience »owth on trail and aouthca»t to 
I own Line Swamp: 

31 

34 

36 

37 

38 

39 

40 

4 I 

42 

4 I 

44 

Red pine plantation 

Open clearing 

Cioae. grown spruce 

Upper «lope of valley 

Midslope terrace 

Lower alopc, in hardwood* 

Valley bottom 

Gentle ter« ace slope west of 
«ti earn, and »tcep hIoj« up to 
Little lYoapecc summit 

HatdwiKxi» east of trail 

Clear 

80%, 6 m. 

Unde i tree«, clear; in 
trail, 18 in. drifts. 

Opsrn apota, where 

shaded, 80%. 8 in.; undet 

big trees: clear. 

6 m. 

Cirai 

liant bank. iuX. 9 in,, 

but boulder?* protrude 
west bank, a od V - note h 
in valley head. 75%, 1* 
in. 

Clear 

80%, 9 in. 

1 ourtg birch stand in old clearing Clerr on upr*er slojw. 
<Hi «lope rast nf hardwood» thtn mih>won lowei slope. 

I hiek t tand of young sprout maple 90%, 12 m. 

Open staiid of matinr maple on 75%, 8 in. 
swamp floor, ninth of Town 
Line Swamp station 
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l Am li III SNOW DHPTM MliASUKHMliMS 

Snorr 
Sutton 
Number 
(Fig. 91) 

45 Open frail on V»y I-oi 

46 Red pine pUntâUon 

47 Spruce trttl 

49 Riceville Pond Station 

(I'crccfi'Agr» iiuiicatr eatmiate of éir* covered »idi 

PcbruAiy 9 

24 in. 

IN I ft. 

24 in. 

17 m. 

Marc It 15 

15 in. 

22 in. atr^. (In I limy) 

2 N m, 

49 Pay Lot Terrace Station 2 1 in- 

50 Weal Boundary Station 22 in. 

51 Iniercltff aaale 2Î In. 

25 in. avg. (16.56 range). 

19 ln. avg. (Ira* io wc»l). 

27H in. 

52 Weal Terrace Station 21 in. 

53 Tom Swamp causeway 24 In. 

20 In. 

15 in. 

54 Tom Swamp Station 

55 Road north to Harvard Hill 

36 Hemlock Baae Station 

57 Harvard Hill 

23 in. (Thin ice, 16 in. 
water below) 

23 in. 

23 in. 21 in. 

25 in. (Haat alope) 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

Harvard Hill Station 

Road north to Chestnut Crove 

Chestnut Grove Station 

Road cant to Stream Croaaing 

Stream Croaaing Station 

Road north to Trail Pork 

Trail Fork Station 

Road to Past Hill 

Hast Hill Station 

Piaher Stand Station 

23« in. 

21 m. 

18 in. avp(. 
( 15-26 in. range) 

25 in. 

25 in. 

23 in. 

26« in. 

24 in. 

24 in. 

21 in. 

21 in. 

19 in. m timber 
29 in, in clearing 

29 in. 

24 in. 

24 in. on flat* 

21 in. 

21 in. 

68 Gravel Hill Station 

69 Mill Point 

Drift«, 30 in. 
Shallow«, 18 in. 

Drift«, 30 in. 
Shallows, 18 i.i. 

Summit, 15 in. 
'North slope, 6 in. 
South slops, 75% cover, 

variable depths. 

24 in. 

«•tow. 
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rOM SWAMP IK AC I - i94a 

Inch H‘€'**wrc«irni» r»?prc«rnl «vrr ^^r depih. {)a*ihr« KuiicACc* »»; i raiiuy taken.. 

Mai -s h 12 

Patch«**, t* in., i *>*ii clear 

Uiule« tree*, I in., road, 12 in. 

South -fa c 10¾ «lofHT«; clear. 

Scattricd patçlir*. ‘A'atet up in. on 
ahelter . 

4U% *ik>w cover. ^ in. 

K/ «d. o m. Swamp overflowing. 

5¾ *now cover, 1-5 in. (Alt warm) 

HaM alofie: 10'C cover, 0 mi. 

Norih tilcipe. 9¾% Cncr, 12 in. 

March 29 

Clear 

1 i»lt lu , . m. 1 toad 

tM*edle fc On fop. 

h a i 

Ik tt( ('Uai. 'A rtif. i'dgf: 
■ •i i, tit .! it» -t I :. fir», th ol 
«hi'iui. 1 Imii ice 
on fwiiui. 

CI» a i 

•Cleat 

KoaJ c kar . Snow in 
wtwuik to *ouch. 

Cica r 

Cleat . Meat »»hinimrf 
ove» »pad and Bwairp. 

Clear, f Kin glaa* ice on 
polui. 

Clear 

Clear 

Wpai *!òj»c; open hdwdn, 94%, J2- H Ml.; oeoMr 
hemlock., 20%, 2-1 in.; open hemlock h0%, 9 in. 
Southweni nlopc: open acrub clear. 

Cleai 

\4 in, 

!0-l2 in. (air cool) 

La hi kJojk:; clenr. 

Nor th nlofH-, lower half: 
4 in. (et* lima led). 

Clear 

Small paichca in shaded 
N pot Ft. 

Clear, eaccpt paiche«. 

90%, 10 in. Stream out of bank*. 

3 2 in. Stream up to bridge floor. 

North * lope*: 60% »now cover, 5 in. 

South «lope«»: clear. 

Scattered shallow parchen. 

Patchen. No »now in limber to cawt. 

Scattered patchca. Numerou» »trc.am», 

ahect» of water. 

Clear 

Small patch to west, 
bridge pan »able. 

Clear. Stream down 18 
in. from bridge floor. 

Clear 

Clear 

Clear 

flowing Clear 

Not theant nlope and road trough to northcant: Cleai , except for »mall 

75%, 6-8 in. patch in road trough to 

Northweat nlope: clear. northcaat. 

South a lope: clear 

30% «mow cover, 4 in. More to north; te»* to south. Clear. Harvard (Brooka) 
Pond 75% clear ol ice. 

Figure 98 - Snow-Measurement Stations 

Tom Swamp iract. 
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TAIWJÎ ill SNOW DHIMH WIMSURHMHNTS 

(PcrcciM4^ra tikiic «ir e»tim«Ur oí *rr# covttrW ^»nii »now. 

SnoW 
Station 
Number 
(Pig. 99) February 10 March 2Î 

70 

71 

72 

Hickory Hiil Station 2J in. 10% *no» cover, o in. Ojwn area* on »outh «iojc 
c (car. 

Hickory Hill Junction Station 2J in. 

Shalf Swamp Station 23 in. but with bare ice on pond. 

15%, 6 in., clear near •tation. 

Clear in o|irn. Snow in hrrnlock grove; air in giovc 
ò‘,lí cooler. Har dwood gi ove to *»outh: *>0%, 10 in. 

73 

74 

75 

76 

77 

79 

79 

80 

81 

82 

83 

84 

85 

86 

87 

89 

Road aouth to Wildcat Hill 23 in. tn wood» 

Portal Swamp 2Í in. 

Wildcat Hill and Station Northwest alope: 18 in. In wood« 
at aummit: 15 in. 

Cave Road Swamp 

Road south to Linden Terrace 

Linden Terrace Station 

Road down to old barn 

Coach Road Station 

Slope down to Hidden Swamp 

River Meadow 

Connor Pa»'m 

Trailaidc Swale Station 

Hemlock Knoll Station 

12*30 in, (avg. 22 in.) Billowy. 

24 in. on upper levels, 
22 in. on southeast »Jopea. 

23 in. 

On flats: 24 in. 
On slopes: 23 in. 

23 in. 

24 in. 

23 in. 

General «now cover. 

23 in. 

Summit: 18 in. 

Pine and Hemlock Terrace 20 in. 

Tranaect Knoll 20 in. 

Road through hemlock« at 15 in. 
transect 

Transect Swale 25 in. 

Cutover »outh »lope« clear. 

Cliff*ahadrd iiwi north: 100%, 18 In. At «tation: 
85%, 12*24 in. Road «uuihweMJ 75%, 6 In. 

Northwest «lope: Lower chir , near road, 15X, 
4 in. Hun* upwlope; upper thud, clear, 
Summit wood«: 15%. 8 in; water in liollow«. 
In ojien, near «tation: 25%, 6 in. to we«t, but clear 
at edge of cliff. 
Northeast slope, above Portal Swamp: 50%, 
1C-20 in. 
Southwest «lope: clear. 

Clear. Water high. 
Southeast aiope« of ridge on weat: 40%, 6-12 in. 

Upper level«; clear. Southeast «lope«: clear. 
Northeawt slope*: 50%, 4 in. 

20%, 4 In. 

Avg. 50%, 4-6 in. High water in Hidden Swamp. 
Pine plantations: 90%, 6 in.t. 

Clear 

50% . Thin. 

Clear with wee «pol«. River high. 

Timber; 50% «now cover. PicJd*: clear. 

100%, 14 in. 

Hast base: 100%, 12 in. ['hin« up*lope. 
Mid*lope: 70%, 7 in.; summit, clear. 
WcbI «lope: 5%, 3 in. 

95-100%, 10 in. or more. Deeper on road. 

Summit: 80%, 10 in. Wc»t «lope: 10%, 2 in. 

Clear 

25%, 7-15 in. (avg. 10 in.) 

90 Base of ateep «lope to Pine 18 in. 
Bottom» 

91 White Pine Bottom« Station 20 in. 

92 South Boundary Station 23 in. 

93 Burn« Bridge Station 21 in. 

100%, 15 in. 

100%, 12 in. 

Clear in open 

Clear 
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. IA AB CM Y TRACT - mu 

trirh (tifanm rfiic-'ii» rcpirifent a.vcragr depth,} 

Match JO 

Cleat 

April 6 

Cirai 

Clear in open, wilíi liij/h 
wate» . Snow tNttclxfft 
under hemlock.a. 

Clear 

Clear, except in deep Snow patch at entrance 
«hade. to Cave Hoad. 

Clear. e*cept on north 
«lof *e . 

Clear 

Cica t 

Clear 

Clear 

Clear 

Clear 

Clcái 

Clear 

65%, 6 in. «. 

Hflftt Mope, upper half: 
c lea r . 
We mi »lope: clear. 

Clea r 

Cira i 

Clea r 

15%, 6 in.*. Snow m pate he» »haded 

by hemiock.*». 

Deep «now in shaded Snow in shaded meander 
meander cut, to south. cut. 

90%, 6- 12 in. Cleai 

Cira r 

Clea r 

April H 

’i-jeUÍhJii 

Small remnant of ►mow 

in «haded meander cut. 

Figure 99 - Snow-Measurement Station1 

Slab City 1 raet. 
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Figure 100 - Meh rings around trees on Bouth si Of«: oí Town Line Swamp Knoll. Looking went toward swamp 
floor. March, 194 8, 

was no longer more than a few inches deep; and because the ground was warm almost every¬ 
where, spring plant growth began virtually simultaneously throughout Harvard Forest, except 
in the most heavily wooded sections, Thus the deep snow-rover had a generally benign effect 
upon the forest, despite the lower air temperatures associated with it. 

Had the winter been warmer or less snowy, with possibly some open periods, it may well 
have been that the local contrasts in depth and duration of snow-cover might have caused much 
greater local contrasts in temperature conditions for plant growth. During a more open winter, 
snow-cover would have disappeared occasionally on south and southwest-facing slopes, but 
would have remained for longer per iods, or even continuously, in shaded locations. The ground 
on the south and southwest slopes would have been affected in somewhat the manner of hori¬ 
zontal ground in more southern regions of abundant winter rain and little snow (which have a 
C climate in the Koeppen classification). Although receiving more heat by day, the soil on these 
slopes might have cooled excessively at night, because no snow blanket was present to mini¬ 
mize radiational heat loss. This would havc tended to result in some alternate thawing and freez¬ 
ing near the surface. The soil temperature would probably have averaged lower than on other 
sites where a snow cover remained. As a consequence, the period of dormancy would have been 
extended somewhat longer into spring, until general frost danger had become less. In this way 
the apparent great hazard introduced by lack of snow-cover might have been lessened by the 
lower soil temperatures. As has been seen, however, in most winters at Harvard Forest, all 
areas will have snow-cover most, if not all, of the time. 

In general, early winter snow' depths were considerably greater in open areas than in the 
woods (Table III). Accumulation m mature coniferous stands was very slow, but steady. Sub¬ 
sequently, snow accumulated to great depth in the space between the trees, although the aver age 
depth per acre was probably no greater than in the young hardwood stands. Lutz and Chandler 
(1942, p. 270) state that snow depths average deeper in hardwood stands than in coniferous 
stands, and that soil temperatures consequently become lower in the coniferous stands. In 
young coniferous stands, however, the snow could reach the ground rapidly and even in early 
winter had buried the lower branches of the trees. 
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Figure 1Ûl - Stream in full flood, draining Compartment V Swale, m Tom Swamp Tract. View ib upstream 
from point near stream's entry into Harvard Pond, l ooking cast, hai lv April, 104k. 

In the deep woods at Harvard Forest, daytime melting and sublimation ol die snow did not 
occur to nearly the same extenton the ground chat it did in the tree tops or on the ground in open, 
sunny places (Figure 100). Consequently, by late winter the total snow depth in many wooded 
areas (Figure 95) was comparable, except in the dense-canopied coniferous plantations, to 
that in most open areas, or was even g îaeer. Diebold (1938, p. 1131 ff.) reports that near 
Ithaca, New York, late winter snow-cover was deeper in hardwood «fanis than in the open, also 
that the snow lasted longer there than in the open, and that it kept the ground in the woods 
unfrozen. 

In spring the snow-cover disappeared first on exposed south and southwest slopes, and soon 
thereafter on east and southeast slopes and open flats. Hardwood stands, though leafless, retard¬ 
ed the snow melt slightly, and coniferous stands much more. Kunolf was rapid (Figure 10 l) but 
very few areas were flooded, and those neither extensively nor for any very long periods. 

The snow-cover lasted longest in the shady pockets in deep valleys and on north slopes. The 
heavily wooded lower Swift River Valley in the Slab City I race, for example, retained a deep 
snow-cover for several weeks after snow had disappeared almost everywhere else. The last 
remnant patch seen in Harvard Forest was under a steep north-facing bank at the edge of the 
White Fine Bottoms. Kmredge (1948, p. 145), reports snow melt being retarded as much as six 
weeks by forest cover, with retardation increasing with increase in density of the canopy. 

The temperature tables and Figure 74 indicate the marked rise in temperatures at the 
time of the spring nielr. Seasonal temperature change and snow melt have a reciprocal rela¬ 
tionship in winch both are partly cause and partly effect. After the snow melt, however, tem¬ 
perature fluctuation was much greater than when a enow-cover was present. I his was owing 
to the increase of maximum air temperatures, no longer held to near freezing by the great 
hear loss attending the conversion of snow to liquid or vapor on warm days. This greater 
range upward, however, war. offset somewhat by the lesser range downward. Because of the 
absence of snow, the minimum temperatures, when they were above freezing, were no longer 
drawn down ro freezing, as they would have been even on mild nights had a snow cover been 
present, nor were they drawn down ro even lowei temperatures by excessive . adíatmm 1 cool¬ 
ing of the snow surface as had been common on cleai , still winter nights. 
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h. Summary. 

From the foregoir^ discustiionoffactoiH cauHÍng temperature divernity within Harvard For¬ 
est it is evident that few, if any, recognizably contrasted place* in a given region arc likely to 
have the same temperature regime. At the same time, it is evident that places having cacrntiaily 
the same site factors will have similar temperature regimes, even though such places may be 
widely separated. Because various site factors have differing effects m different seasons, it 
is also evident that the temperature contrasts between any two stations will change from season 
to season unless all site factors arc the same at both places. In some casos, however, because 
some of the sue factors tend to counter-balance each other, places with very different combiim- 
tiona of factors might have essentially the same temperature regime. A careful analysis of the 
site factors at • given place should permit an approximately correct decision as to the probable 
temperature pattern of that place, particularly if adequate consideration is given to the seasonal 
change in the relative influence of each factor. 

6, Temperature-Rank Scales. (Figures 102 to 106.) 

In this section the temperature stations maintained at Harvard Forest are ranked according 
to minimum temperatures and according to maximum temperatures. These rank lists provide 
an approximate scale for purposes of comparison. 

The charts accompanying this section set forth the approximate temperature rank for each 
Harvard Forest temperature station for every month during which such station was operated. 
The maximum-temperature scales were constructed by a slightly different method from that em¬ 
ployed for constructing the minimum-temperature scales, but the systems used were essentially 
similar. Numerical examples showing the method employed are given on the title pages of Appen¬ 
dixes D, E, and F, The ultimate purpose in each case was to provide a scale extending from the 
warmest to the coolest conditions in Harvard Forest and to place every station in its approxi¬ 

mate position on that scale. 

a. Method of Determining Minimum-Temperature Ranks. 

It will be seen that on the minimum-temperature rank charts (Figures 102to 105) the stations 
are classified on a scale of 10. No intermediate places are assigned. If, for example, a sta¬ 
tion's monthly average of weekly minimum temperatures was anywhere, in the upper 10 percent 
of the range between the monthly average of the highest weekly minimum temperatures and the 
average of the lowest weekly minimums (regardless of where read in the Forest), such a station 
was given a rank of 1. If its average placed it anywhere between 31 percent and 40 percent in¬ 
clusive, it was given a rank of 4. A station with an average falling anywhere in the lowest 10 
percent of the range (that is, from 91 percent to 100 percent), would have a rank of 10. 

Obviously, the most desirable procedure would have been to take all readings on the same 
day each week, covering the same preceding seven days, and then determine a monthly mean 
of the weekly readings. In practice this was not possible. Not all the stations could be reached 
on one day. Readies taken on different days did not always give minimum températures oc¬ 
curring on the same night, or maximums which had occurred on the same day. Consequently, 
in arranging the stations in order of relative coldness, a somewhat subjective process was used. 
First, in the case of minimum temperatures, it was determined which weekly scries of readings 
represented conditions occurring on the coldest night (or at least during the same coldest per¬ 
iod). This was determined by analysis of available thermograph records.J;or some months, 
notably January and July, the readings taken each week, regardless of the day on which taken, 
formed a single comparable series for that week. In other months the readings taken on different 
days of some weeks were not comparable, but some ranking could still be done for some stations 
on the basis of each day's series of readings. In some weeks, two successive clays' readings 
would form a sitóle series, and the third day's readings would tie'in with those taker ay the 
first day of the following week. By use of such partial series, it was possible to arrive at a 
reasonably satisfactory approximate ranking of all stations in the network. The procedure might 
be likened to that used in matching overlapping partial sections of varved clays or tree-ring 

spectra. 
As was described in Section I, of this chapter, weekly readings give a useful approximation 

to the minimum-temperature rank of stations but do not always give the precine relative place¬ 
ment. It is apparent, therefore, that even a simple scale of 10, as used here, suggests a greater 
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APPROXIMATE RANKS OP SHELTERED STATIONS 
ACCOHDING TO AVERAGES OP WEEKLY MINIMUM TEMPERATURES 
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degree* of comparability in the data than in actually preaent* A Beale with only live categories, 
however, would obacure many of the fine ditttlnctionH which the weekly leadingH suggest and which 

daily readings from thermographn indicate. 

The reason for sectil^ up a relative »calc of 10 radier than giving actual means in degrees 
Fahrenheit lie» in the variability of condition» in the «ame month during succeeding years. A 
degree »calc for, aay, November of a given year would not be usable for a much warmer or 
colder November, with cither smaller or larger temperature contrasts the following year, but 
the relative rank of atationn on a scale of 10 from warmest to coldest could reasonably be 
expected to be comparable for each year (Figure 73), making due allowance for progressive 

changes in site factors. 

b. Comparisons of Minimum-Temperature Ranks of Sheltered Stations (Figure» 102 and 103.) 

Keepi'^ in mind the limitations inherent in the dma, and the possibility that for some months 
some stations may Have been ranked a step too high or coo low, one not^s that many of the shel¬ 
tered stations, nevertheless, display a considerable consistency of placement with respect to 
one another, season by season, and in many cases month by month. Thus, Prospect Hill. Har¬ 
vard Hill, and Brooks Hill arc quite consistently the warm stations, while Tom Swamp, Burns 
Bridge, and River Meadow are consistently very cold. Other stations show reasonably consis¬ 
tent placement at intermediate ranks. Thus, the West Boundary station ranks near 2, Trail 
Fork usually at 2 or 3, Fisher Stand at 3 or 4, Chestnut Grove at 4 or 5, and Town Line Swamp 
(somewhat less consistently) at 5. The wooded stations in the Slab City Tract (Trailside Swale, 
Hemlock Knoll, Transect Swale, and White Pine Bottoms) average between 6 and 8. Fay Lot 
Terrace is slightly less cold in winter (8 to 9) than Tom Swamp (lO), but just as cold in spring, 
(both 10), It also is warmer than its neighboring station on Riceville Pond shore in winter, but 
is several steps cooler from April to July. 

Perhaps the most striking change in relative minimum-temperature rank is exhibited by 
Mill Point and Gravel Hill, where summer nights are kept warm by Harvard Pond, but where 
winter nights are almost as cold as at other valley-bottom stations. The hardwood forest on 
Mill Point, plua some possible slight heat still coming up through the pond ice, keeps it slightly 
warmer than Tom Swamp. Gravel Hill, which is 50 feet higher than Mill Point and is a convex 
surfacc, averages one to two rank^Plwarmer throughout the year, even though it too lies deep 
in the cold-air lake formed duringS^ách inversion. 

c. Comparisons of Minimum'tTemperaturc Ranks of Nonsheltered Stations (Figures 104 and 

105.) 

The charts constructed for the nonsheltered minimum-thermometer stations indicate a 
consistency similar to that* of the sheltered stations. These charts were cross-checked with 
those for the sheltered stations for all places where both a sheltered and a nonsheltered min¬ 
imum thermometer were installed, and are all, therefore, on the same scale. As has been 
described previously in Chapter III, the two installations at each station were not exactly at 
the same spot, hence the readings from sheltered and nonsheltered instruments differ slightly, 
particularly for stations in hollows, such as at Shelf Swamp, or on flats, as at Locust Opening. 
On well - ventilated hilltops, however, the readings were usually identical or nearly so. 

It is interesting to note that open, upland concave areas, such as High Swamp, Cave Road 
Swamp, and Shelf Swamp, are relatively higher m rank in winter than in summer. The explana¬ 
tion probably lies at least partly in the fact that vegetation at the exits from these areas, being 
in leaf during summer, provides more effective dams against air drainage. 

d. Comparisons of Maximum-Temperature Ranks (Figure 106.) 

As has been emphasized previously, weekly maximum temperatures are considerably less 
reliable than daily maximum temperatures for determining the relative rank of stations. An 
order of maximum-temperature rank for a given month of one year might be only partially 
comparable with the order for the same month in following years. For this reason no rank 
scales on a basis of 10 steps have been attempted here. The stations were arranged in order 
of decreasing warmth, however, by the same procedure outlined for minimum temperatures and 
are so shown in Figure 106. A monthly mean of the highest maximums recorded for each week 
was computed (or estimated, if not all weeks had comparable series), and a monthly mean was 
determined for each station. The stations arc arranged on the chart according to their approxi- 
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APPROXIMATE RANKS OF UNSHELTERED STATIONS 

ACCORDING TO AVERAGES OF WEEKLY MINIMUM TEMPERATURES 
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Figure 105 

mite devíâtion from the mean of the highest weekly readings. This deviation is ahown in Fah¬ 
renheit degrees. 

Such a chart »hows at a glance the greater diversity characterisiic of summer months and 
the amall diversity during winter month». To be sure, this chart does show the relative position 
of each station for each month also, just as the minimum-temperature rank charts do, but on a 
varying scale. In it» entirety it give» a general picture of seasonal contrasts in the diversity 
of maximum temperature. Its limitation» must be kept in mind, however, when the month-to- 
month temperature pattern of any aingle station i» examined. The greater diversity in summer 
is largely a consequence of trees being in leaf. Places in the forest remain cooler than places 
in the open. In winter, when the trees are bare, and particularly when snow covers the ground, 
diversity of maximum temperatures is much smaller. This is in direct contrast to the diversity 
of minimum temperature, which is greater at all seasons than that of maximum temperature 
and is especially great during the winter months. 
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APPROXIMATE MAXIMUM TEMPERATURE RANK OF SHELTERED STATIONS 

ACCORDING TO AVERAGES OF WEEKLY READINGS ON MAXIMUM THERMOMETERS 
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7. Frequency üi ac ri bn non», 

Dihcunnídii oí tempe rature-rank ncalcß, ¡n the preceding «ection, wab based primarily on 
readings taken once weekly. Discussion here, of frequency distributions, is based upon daily 
readings of maximum and minimum temperatures, and indicates the great amount of additional 
information derivable from such more numerous and more readily comparable data. 

The distributions arc shewn graphically in Figures 107 and 108. Figure 107 shows the fre¬ 
quencies of daily maximum temperatures, plotted on a seasonal basis for all four seasons, for 
Harvard Forest Headquarters, Harvard Kill, and'fomSwamp. It shows, also, the spring-season 
frequencies at Prospect Hill and White Pine Bottoms. Figure 108 shows minimum temperatures 
plotted similarly. Data for the Headquarters station are from maximum and minimum ther¬ 
mometers read at about noon or shortly afterward. Data for all other stations are from the 
thermograph traces read for each 24-hour period ending at 1800 h. This hour was chosen be¬ 
cause the temperature was usually intermediate and falling at that time. This assured a high 
degree of likelihood that the greatest true range between the temperature trough and crest for 
a given daylight period would be read for that day. 

Frequencies of Daily Maximum Temperatures, by Seasons (Figure 107). 

In general, all stations exhibit a considerable similarity in frequency distributions of daily 
maximum temperatures for each season. In summer the distribution is compact and quite uni¬ 
formly grouped around a high mode. Autumn is a season with much less uniformity, a wider 
range and more than one mode. In general, three groupings are apparent for autumn, consequent 
upon markedly different weather each month. In winter the grouping is more compact again, 
with a alight skew toward the lower temperatures and a tingle high mode at about 32°F. The 
Headquarters chart shows two similar modes, oneathigher and one at lower temperatures than 
those of the two other stations, but this may be a consequence of the different reading procedure 
at the Headquarters station, described above. The spring charts show as great a diversity as 
the autumn charts, but show a more definite concentration around a single mode or group of 
modes and a skew coward the higher temperatures. Not all the stations are alike, however. 
Harvard Hill and Tcm Swamp, in the lowland, are the warmest; Harvard Forest Headquarters 
is almost as warm; but Prospect Hill is notably cooler. These differences are expreaaiona of the 
normal and superadiabetic lapse ratea frequently evident at the lowland atations. Maximums at 
White Pine Bottoms, however, are as low as those at Prospect Hill, indicating the influence 
of a dense forest canopy in neutralizing normal temperature decrease between a forested valley 
station and an open hill station. 

b. Frequencies of Daily Minimum Temperatures, by Seasons (Figure iOfl). 

The frequency patterns of daily minimum temperatures differ markedly from the patterns 
of maximum temperatures, snd for each season they exhibit a considerable individuality for each 
station. For summer, all stations have a compact grouping. Each station has one mode at or 
near 58°F, representing generally comparable conditions during periods of low-pressure 
weather. The Headquarters station aleo has a close grouping around 52°Fr as does Harvard Hill. 
In contrast, Tom Swamp has its lower mode at 46°F; this is an expression of the frequent clear- 
night inversions common in summer as well as in the other seasons. 
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HARVARD FOREST - PETERSHAM, MASSACHUSETTS 

FREQUENCIES OF MAXIMUM TEMPERATURES 
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HARVARD FOREST -PETERSHAM, MASSACHUSETTS 

FREQUtNCItS Ur MAXIMUM TEMPERATURES 
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
ARE used for any purpose other than in connection with a definitely related 
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Autumn frequency patterns of mtn¿inuni temperatures have »hree grcupuign, wiuch again* 
as in the case of the mavinium frequencies, indicate greatly differing conditions during each 
month. Headquarters is slightly cooler thanHarvard Hill, buthaa a similar pattern, lom Swamp 
is considerably cooler, again as a consequence of frequent inversions. It has almost twice as 
many autumn nights with frost as Harvard Hill (l\ S. 4 8; H. H. 27), and less than half as many 
vegetative days (T, S. 22; H. H. 47).* The winter patterns exhibit an exceptionally large shift 
to cooler temperatures. Bach station lias at least three modes, the warmest of which is at 22ÖP 
or slightly below. For each station this warmest mode represents the relatively mild condi¬ 
tion* during December. The coldest mode for each station chiefly represents the January con¬ 
ditions (H. F. Hq. -5; H. H. -8; T. S. -20). The grouping about the intermediate mode chiefly 
represents the February conditions (H. F. Hq.7;H, H. 4; I. S. 1). Seasonal frequency distribu¬ 
tions based upon all values for a lorçerperiod of record would probably exhibit a more regular 
grouping, but the sucions in concave areas might well have two or more distinct modes, one 
mode higher for higher temperatures occurring during cloudy weather and one or mor e modes 
for lower temperatures occurring during inversions on clear, still nights. I he distributions 
charted here show a strong tendency toward a single central grouping for the hill stations and 
a wide scattering for the valley stations. 

The spring patterns again reveal distinctive conditions for each month. A scattering of very 
low temperatures represents March, during which the general snow-cover persisted for more 
than three weeks. A large intermediate grouping includes numerous values from a relatively 
even April, as well as those of the warmer nights in March and the coolest nights in May. Ihia 
grouping skews toward the warm temperatures for the hill stations, however, and toward the 
cool temperatures for ;he valley stations. The warmer nights of May show up a* a grouping 
around a tertiary mode to the right. The spring charts show distinctly the variation in number 
of frost days. Prospect Hill ha* 37; Harvard Hill, 38; Harvard Forest Headquarter*. 41; White 
Pine Bottoms, 44; and Tom Swamp, 52. The hill stations have a more compact grouping for 
the whole season than do the valley stations. 

8. Special Temperature Factors Affecting Plant Growth. 

It should he emphasized that temperature is only one of the important factor* affecting plant 
growth. In the necessarily brief discussion which follows, little is said about ocher factors such 
as moisture and wind, which in many instances may be of relatively much greater significance. 
It must be kept in mind, however, that the effectivene ss of any single factor is influenced by, and, 
conversely, itself influences, all the other factors. Temperature not only affects plane growth 
directly by its action on the plant, but indirectly by its influence on the other factors affecting 

the plant. 

of Vegetative Season. 

The length of the vegetative season is var iously defined, by several differing criteria (Con¬ 
rad and Poliak, 1950, p. 167). Quite commonly it is measured from the last killing frost in 
spring until the first killir^ frost in autumn. Such a measure, though unsatisfactory for some 
purposes, gives an approximate idea of total growing time available to many plants and of the 
time and duration of periods during which critical conditions may be expected. The response 
of an individual plant, however, is conditioned by different kinds of temperature factors at dif¬ 
ferent stages (Zon, 1941, p. 496 ff; also Wolfe, Wareham and Scofield, 1949, pp, 125-130). Thus, 
germination depends chiefly upon soil temperature rather than upon air temperature. Danger to 
opening buds, by contrast, is chiefly related to air temperature. Once well beyond the budding 
stage, the plant may be hardy enough to experience no damage from hard frosts later in spring; 
thus its total seasonal growth is then dependent upon total hours or degree hours above a given 
temperature rather than upon total days between last spring frost and first autumn frost. For 
many plants, growth stops in late summer when the amount of soil moisture falls below a neces¬ 
sary minimum, often several weeks before any frosts occur. Keeping such considerations in 
mind, it is nevertheless desirable to begin this discussion with an analysis of the length of the 
frost-free season in differing parts ol the Harvard Forest. 

• A vegetative period ib described by Conrad and Poliak ( 1950, p. 167) as being one during wiucb the 
temperature docs not fall below 4 3°F. 
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HARVARÜ PUREST, PETERSHAM, MASS 

FROST LIKELIHOOD 
AND RELATIVE LENGTH of FROST-FREE SEASON 
COMPARED TO HARVARD FOREST HEADQUARTERS 
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HARVARD FOREST — PETERSHAM , MASS. 

SCALE FOR ESTIMATING LENGTH OF FROST-FREE SEASON 
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Figure 1 10 

l«bJe IV shows the dates, to the nearest week, oí the hrsi autumn occurrence in 1947 and 
the last spring occurrence in 1948 oía temperature of 32°F or lower, Figure 109 shows differ¬ 
ent stations classified as to approximate length of frost-free season and relative froat danger. 
The map is based partly upon data gathered during this study, partly upon data gathered by S. H. 
Spurr during 1944 and 1945 (Table V), and partly upon the long record at the Harvard Forest 
Headquarters. The spring and autumn minimum-temperature ranks for each station were con¬ 
sidered also, and proved useful for the extreme stations, but were not as useful for intermedi¬ 
ate stations as had been expected. 

In Figure 109 the stations are divided into four classes according to whether the frost-free 
season is (l) longer, (2) about as lor^g, (3) shorter, or (4) much shorter than at Harvard Forest 
Headquarters. Harvard Forest Headquarters is used as a basis for comparison because of the 
long and continuing record being maintained there, and because the conditions there are repre- 
gentative of those at about half of the stations at which frost readings were taken. It will be 
noted that some large portions of the Harvard Forest, particularly in the Prospect Hill Tract, 
have a longer frost-free season than that at the Headquarters station, and that very large por¬ 
tions of the Forest, notably in the Tom Swamp and Slab City Tracts, have a shorter, or much 
shorter, frost-free season. 

Pipure 110 shows a scale which may prove useful in estimating the length of frost-free 
season to be expected in various portions of the Forest for which temperature data have not 
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been obtained. The scale intervala 2 re the same an those employed in l:igure 109. I'rorn the map 
(Figure 109) and from the scale (Figure !I0)uscd together, it is (xissible to reach general con¬ 
clusions as to the length of the frost-free season in most parts of harvard Forest. The estimat¬ 
ing scale takes only the most important factors into account, Locally certain other factors may 
have a greater influence. It will be seen that the scale ia incomplete. Values are given only 
for points for which data arc at hand, and the stations providing such data arc indicated. In a 
few cases the placement of a station in a particular site category is subjective and may be ques¬ 
tioned. The blank spaces in the diagram can be filled in approximately by logical deduction. 

The minimum-temperature data gathered in the course of this study show that at most times 
when conditions favor frost in this general region, all parts of Harvard Forest are within :.uc in¬ 
version layer of the atmosphere. It should be noted, therefore, that the significant local differ¬ 
ences in length of the frost-free season arc not rhe cxprc-iion of a normal lapse rate, as might 
be inferred from comparison with mountain regions, but just the opposite. Consequently, other 
factors being equal, the highest places have the longest frost-free season, and the lowest places 
the shortest. The other factors, however, differ considerably; and in most parts of Harvard 
Forest local differences in such factor« as surface configuration and vegetative cover are as 
important, or even more important, than differences m elevation in determining the length of the 
frost-free season. Spurr's data (Table V) reveal the importance of forest cover in determining 
local differences in frost probability. (Compare his forested stations No«. 2, 3, nnd 4 with a 
higher slope station in the open, No. 6, The open station, in 1944, had a frost-free season 3 to 
5 weeks shorter). 

An isoline map purporting to show the length of the frost-free season in all parts of Harvard 
Forest would give an unjustified suggestion of reliability (Conrad and Poliak, 1950, p. 260), and 
has not been attempted, despite its apparent feasibility. 

In preparing • map and an estimating scale so general as those presented, it does not appear 
to matter that concluaions were drawn partly from data gathered at the end of one growing sea¬ 
son and partly from data gathered at the beginning of the next season. Any attempt at constructing 
more precise maps and scales of frost expectancies or of average length of growing season 
would have to be based on more data. The first killing frost of 1947, for example, was exception¬ 
ally hard, and was followed in four days by another even harder frost. In 1944 and 1945 the 
first killing frosts affected only the low hollows; later frosts affected the hillside» to successive¬ 
ly higher levels. A sequence of increasingly severe frosts in autumn and decreasmgly severe 
frosts in spring is usual in many years, and is what the farmer expects in planning hi» harvest¬ 
ing and seeding operations. It may well be, however, that the one very late spring fro»t of a 
decade or the one very early frost in autumn might affect all the trees in a young forest stand 
so seriously as to determine in large measure the quality of the timber in such a stand a half- 
century or more later (Hough, 1945, p. 235-250). Many important tree species at Harvard For¬ 
est, however, grow as well in sections having the shortest frost-free season as in sections 
where the season is longest. This is true of the central or southern hardwood species as well 
as of the northern hardwoods and the conifers. 

b. Frost Days. 

Table VI shows the number of days each month on which the minimum temperature fell to 
32°F or lower. During spring and fall — the critical seasons — the hill stations have far fewer 
frost days than valley stations f t the open. Forested valleys arc intermediate in the range be¬ 
tween. Prospect Hill and Harvard Hill had no frost days in May. Tom Swamp had five frost 
days in May and one in June. During cool, dry summers Tom Swamp may possibly experience 
frost in July or August. 

c. Ice Days. 

Ice Days (Table VII), on which the maximum temperature does not rise above freezing, have 
a different distribution pattern from that of froat days, in that they are more frequent at hill 
stations and at forested valley stations than at valley stations in the open. No ice days occurred 
before November or after March (during the period of this study). Even in the very late fall or 
very early spring, however, the occurrence of an ice day might prove to be critical to plant 
growth on ridges and in the deep forest, particularly when rain, falling from warmer upper 
air, freezes onto the cold plants to form glaze, which kills the leaves or buds by suffocation 
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Harvard Porem Hq. 0 
ProNpcct Hill 
Harvard Hill 0 
Tom Swamp 0 
White Pine Bottom« 

0 0 I 

0 0 1 
0 0 0 

17 24 17 6 
30 19 8 

16 26 19 5 
15 25 19 4 

28 19 H 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

Yearly 
Total 

65 

67 
63 

TABU- VIII - MJMBÜR OP HOURS PBR MONTH 32 V AND BELOW 

1947 
A S 

Prowpccf Hill 
Harvard Porc Ht Hq. 0 7 
Harvard Hill 0 15 

Tom Swamp 0 64 
White Pine Bottom» 

1948 
O N P J p 

(625) 74 1 592 
10 260 (625) 735 57 1 

5 281 610 725 (587) 
81 335 620 717 575 

(6 30) 7 39 601 

M A M J J 
(391) 110 0 0 0 

396 100 9 0 0 
371 110 0 0 0 
404 149 29 2 0 
430 145 20 0 0 

( ) Baaed partly upon interpolation 

if not by freezing. As has been mentioned earlier, the lower maximum temperatures at the high¬ 

est elevations are largely an expression of the usual decrease of temperature with height. 

d. Hours per Month 32°F and below. 

Prom the standpoint of the growing plant a most important consideration is the total num¬ 

ber of hours per month (and for the whole growing season) that the air temperature remains 

below critical minimum limits and rises above certain critical maximum limits. In this study 

an analysis has been made, from thermograph records, of the number of hours per month the 

temperature remained below one auch critical limit, 32°F."The results arc presented in Table 

VIII. From this table the differences between Torn Swamp and the other stations have been de¬ 

termined. These are ehowngraphically in Figure lll.lt is interesting to note that during spring, 

summer, and autumn, the valley stations have more hours below freezing than the hill stations, 

but that in winter the situation is reversed, although the actual differences are not very large,. 

* Other posHibly more critical consideration» arc the total degree-hour» of frost during each freeze, the 
duration of the individual freeze, and the speed with winch the freeze set» in. 
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DIFFERENCES BETWEEN TDM SWAMP AND OTHER STATIONS IN 
NUMBER OT HOURS PER MONTH 32°F. OR LOWER 

1547 1948 
ASONDJFMAMJ J 

Harvard Hill _ Prospect Hill 
Harvard Forest Hc|._White Pine BottomSo 

Explanation.' Base line represents Tom Swamp. Points above base line 
represent number of hours,32°F.or lower, fewer than at Tom Swamp. 
Points below base line indicate number of hours 32 F. or lower, 
more than at Tom Swamp. 

Figure 1?1 



Hie winter reversal ih explained by the fact that in winter the minimum temperatures are 
everywhere below freezing every night, and donotgreatly altei the lotalb from Btation to Btation. 
On the nights when the greatest inversions develop, cooling is very rapid early m the night. 

Just after sunrise the next morning, the air warms up again at an even more apid rate, except 
in shaded spots; and the inversion is soon eliminated. Thus, although the valleys experience 
much lower temperatures, their cooling period is about the same as that of die hills. By noon 
the valleys have become slightly warmer than the ridge tops, and then remain so for several 
hours. Moreover, on some days the maximums in the valleys rise slightly above 32°F, while on 
the ridges the temperatures remain slightly below 32°F. It is these higher maximum tempera¬ 
tures that cause the valley stations to have a few less hours below 32°P than the hill stations 
during the very coldest months. In comparison to the rest of the year this is a negative rela¬ 
tionship. 

In England, Balchm and Pye (1950, pp. 345-353) concluded chat higher winter maximums 
in the valleys may account for the earlier budding of plants there than on hilltops. A few weeks 
later (when the relationships as to freezing temperatures arc reversed, as shown in Figure 111) 
the plants on hilltops become more advanced than those in the valleys, apparently because they 
do not experience the low temperatures, during inversions, which slow the development of the 
valley plants. The ridges have "marine" conditions, with spring delayed but relatively free of 
severe cold1, the valleys, by contrast, have “continental" conditions, with warm days coming 
sooner in spring but with many distinctly colder nights also. 

From an analysis of the figures for frost days and ice days the following general rule can 
be inferred: "Differences between stations in hours per month below freezir^ are of the same 
sign as differences in the number of frost days, except in January and February, when they are 
of the same sign as differences in the number of ice days." The ratios, however, are not the 
same. More briefly and simply, one can say that valley stations in the open have more hours 
below freezing than valley stations in the forest, or than hill stations, except in winter. In 
winter the inter.station relationships for hours below freezing are quite the reverse of the 
winter relationships for mean monthly temperatures, and are in even more striking contrast to 
the winter relationships for mean minimum temperatures. 

It is not unlikely that an analysis of number of hours per month above a vegetative growth 
threshold, such as 43°?, would similarly reveal more such hours for the valley stations in the 
open than for the hill stations or forest stations, for a month or two in spring, and again in 
autumn, despite the much cooler conditions at night in the valleys. In summer, however, • :e 
advantage would be with the hill stations. Then minimum temperatures on the hills remain 
above 43°F, while those in the valleye drop much lower. ° 

Perhaps of equal, and at times of greater, importance to plant growth are the critical soil 
temperatures (Zon, 1941, p. 496 ff). Another important factor, probably not sufficiently stressed 
in the past, is the total number of hours per season the plant is exposed to sunlight. Hours of 
exposure to sunlight can be determined approximately by careful construction (from topographic 
maps) of skyline profiles from NE, by way of S, to NW, as viewed from each station (Conrad 
and Poliak, 1950, pp. 150-151). 

e. Summer Days. 

Table IX shows the number of days per month chat maximums of 77°F or higher were 
recorded. This table Indicates that open concave areas (High Swamp, Tom Swamp) and exposed 
slopes with stations shut in but not canopied by dense vegetation (Harvard Hill, Northwest Mid¬ 
slope), all have considerably more summer days, an compared with stations on open hills 
(Prospect Hill) or near water (Mill Point), or in dense, canopied forest (White Pine Bottoms). 
Fewest summer days are recorded in woods at high elevations, where shade and daytime lapse 
rate combine to hold temperatures down (Little Prospect Hilltop, Lower Spruce-Hardwood). 
Ihese exceptional conditions obtain only under the canopy within the forest; in the crowns of 
these same stands temperatures are undoubtedly higher (Geiger, 1950, p. 328). 
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TA BL li IX - SUMKILK DAYS (Inciudinu Tropic»! Dây»} 
Ma i imuni 77qlJ or Higher 

»947 194 8 
A S O N D J P M A M J 

Toi«l» 
J ASO MJJ YR 

o o 
0 0 
0 0 
0 0 
0 0 

0 

High Swamp 
Town Line Swamp 
Locum Opening 
Lake Swamp 
Little Prospect Hilltop 
North we at Mid a lope 
Lower Spruce-Hardwood 
Big Spruce Swamp 
Bast Hill 
Fisher Stand 
Stream Croaaing 
Fay Lot Terrace 
'Teat Boundary 
Mill Point , 

0 0 
0 0 
0 0 
0 0 
0 0 

Hickory Hill Jcc. 
Wildcat Jet. 
Shelf Swamp 
Coach Road 
South Boundary 
River Meadow 
Transect Swale 

Harvest Forest Hq. 
Prospect Hill 
Harvard Hill 
White Pine Bottoms 
Tom Swamo 

22 13 6 0 0 

26 15 10 0 0 

26 16 9 0 0 

7 12 29 41 

4 6 23 
6 15 29 51 
3 7 16 
6 13 2« 51 
6 

7 
6 

6 

6 

6 

Ó 

10 
7 
9 
9 
4 

13 
6 

27 
29 
23 
29 
29 
16 

23 

4M 89 

33 
50 101 

26 

47 98 

1947 
A S 

TABLE X - TROPICAL DAYS 
Maximum 80°F or High* r 

1948 
O N D J F M A M 

Totals 
J ASO JJ YR 

Harvard Forest Hq. 7 1 
Prospect Hill 
Harvard Hill 13 5 
Tom Swamp 13 3 
White Pine Bottoms 
High Swamp 
Town Line Swamp 
Locust Opening 
Lake Swamp 
Little Prospect Hilltop 
Northwest Midslope 
Lower Spruce Hardwood 
Big Spruce Swamp 
East Hill 
Fisher Stand 
Stream Crossing 
Fay Lot Terrace 
West Boundary 
Mill Point 

0 

0 
1 

0 

0 
0 

0 

0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

3 
12 

1 
10 
6 

1 
2 

8 

18 
17 

10 18 

2 

7 25 
5 22 
0 
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f, Tropical Da y h. 

Days with maximum ieinpt.*ra£urcb oí 36^14 or higher arc bhown in I able X. On diese ex- 

ccBHÍvcly hot dayB, especially if the an* is dry rather than moist, plant growth may 1h* inhibited 
or stopped. Such days are few at Harvard Forest; they are most numerous on westward-facing 
slopes and in dead-air pockets in concave are«'»«(Northwest Midslope, hast Hill. Stream Cross- 

ing)* 

Perhaps of greater significance than number of tropical days would be the total number of 
degree hours above certain high critical temperatures for plant growth. Visher (I94üa, pp. 
54 8-349) hak suggested the term "hot degree day" for each day with a mean temperature one 
degree or more above 70°F. A mean temperature of 85°F would represent 15 heat-degree 
units, and 20 such days v/ould equal 300 heat-degree units. Such a measure, though desirable 
for determining air-conditioning requirements, may not be highly Significant for determining 
inhibitions to plant growth, because the measurement is based on a daily mean. Hie actual 
fact of a temperature having exceeded an upper limit for plant growth, such as the 86°F 
figure for tropical days, may be more significant, and the actual duration of such tropical 

periods is probably still more so. 
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CHAPTER V - CONCLUSIONS 

Areas, 

The findings reveal chat Harvard Forest temperature differences are very great from 
place to place, and are caused by numerou», differing factor». It follows that rolling-to-rough 
upland regions, such as the one of which Harvard Forest is a part, must be studied as complex 
mosaics composed of small and diverge temperature subregions. Care must be exercised, 
however, to avoid the conclusion, often mistakenly reached for mountain regions also, that the 
least severe temperature conditions obtain in the valleys. In the high parts of alpine-type 
mountains, to be sure, the effect of great differences in altitude and decreasing mass is evi¬ 
denced by low temperatures and strong winds; but at intermediate elevations are the so-called 
thermal belts, where the opposed effects of lapse rate and inversions are more frequently in 
balance, and wl.cre temperature differences consequently are less extreme. (Peattie, 1936, 
pp. Ï8-23). 

At Harvard Forent, as us been shown, differences in topographic form, direction of expos¬ 
ure, and vegetative cover are all more important than elevation in determining temperature 
differences; nevertheless, the effect of elevation by day and of topographic form, together with 
elevation, by night is such that the ridges have a more moderate climate than the valleys. 
Because the air can move almost withou; hindrance above the upland surface, the ridgetops 
come under a more nearly uniform atmospheric influence than the valley». The effect of the 
freely moving atmosphere upon the ridgetops is similar to that exerted by the ocean upon the 
climate of the land at its margins. Ina^nse, the ridgetops have a mild type of climate (Figures 
79 to 82). The valley», by contrtst, have greater extremes and have more severe climates. 
Such a comparison, however, is relative. Despite notable difference« from place to place, all 
parts of Harvard Forest came within the broad limits of the Dfb type of climate by the Koeppen 
classification, during the period of this study. Nevertheless, the local complexities of relief 
are sufficient to give the region great climatic diversity. 

2. Types Repetitive and Findings Applicable Elsewhere. 

Within Harvard Forest many stations with like site factors had similar temperature pat¬ 
terns, even though the stations were widely separated. It would appea feasible, therefore, to 
make a comparative analysis for a region similar to Harvard Forest in topographic diversity 
by maintaining a relatively small network of stations, each situated in a carefully chooen loca¬ 
tion, with some locations representative of the most contrasted conditions within the region, 
and some representative of che most typical kinds of areas. It would be necessary to give care¬ 
ful consideration to local landform, land - water, and vegetation relationships, and it might be 
desirable so to locate all stations that certain of these relationships would be the same at ail 
stations. In the present study some station locations were chosen for such comparability. Other 
locations were chosen to provide observations for as wide a variety of conditions as possible. 

From analysis of readings obtained it should be possible, by application of "extreming " 
factors, such as concavity, and of “moderating" factors, such as convexity or vegetative cover, 
to make general estimates of temperature patterns at other places in the region, including 
estimates as to temperature extremes, frost susceptibility, growing-season length, soil heating 
and cooling, snow accumulation and melting, and annual temperature regime. As Geiger says 
(1950, p. 260) “Microclimatology in turn now makes it possible to draw conclusions as to mete¬ 
orological conditions at one place by a study of known conditions at a neighboring place." in 
addition to the discussion in Chapter IV of such applications as Were made for places within 
Harvard Forest, it might be mentioned that at Silver Lake, N. H., about 150 miles to the north¬ 
east, in a topographic situation similar in most respects to that of the Tom Swamp Station, the 
winter's minimum temperature was the same, -31nF.* As has been indicated for Harvard 
Forest, the inter-faccora! relationships change from month to month, and care must be used to 
include all factors. 

’Reported by C. F. Brooks 
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3. Standard-Height Kcadifige> Useful hk Imiicacors of Local Diffcrcncca. 

It ha« been «rated frequently that measurements of natural conditions affecting a growing 
plant should be made at plant height (Geiger, 1950, pp. xvii-xviii; and Wolfe, Warcham, and 
Scofield, 1949, pp. 10-11, 94-104), and thaï these measurements should include whole series of 
measurements at all heights, from deep in the root zone of the soil to the highest part of the 
plant. Moreover, it has been shown that the temperature relationships differ greatly for plants 
growing singly in the open, as compared ro plants growing in groups. Some investigators con¬ 
sider measurements near the ground to be preferable to standard-height shelter measurements 
for analyzing conditions influencing plantgrowth, particularly during critical periods. Obviously, 
ail such measurements not only arc desirable but arc essential in any detailed microclimato- 
logical study. The differing records of the three instruments at Torn Swamp —a thermometer at 
hush height; a thermograph on the shelter floor; and another thermometer on the bracket, higher 
up in the shelter—give ample evidence of the desirability of taking readings at various heights. 
At the same time, the findings in the present study indicate chat readings taken at standard 
shelter height have value in bringing out much of the diversity of local temperature patterns, 
and also emphasize the importance of considering local site factors in choosing locations for 
climatic stations intended to be representative of a considerable area. 

From standard-height readings it is possible to make some inferences by use of tables as to 
whether the temperature would be higher or lower near the ground (Geiger, 1950, pp. 71-75, cit¬ 
ing Ranidas and Katti, 1934, pp. 923-937; also Geiger, 1950, p. 85, citing Steinhäuser, 1935, pp. 
439-443, whose conclusions are based partly on data presented by Johnson, 1929, and Best, 1935). 

Obviously, actual readings would be preferable, particulary for maximum temperature. Infer¬ 
ence* a* to vertical gradients of minimum temperar at night are more likely to be useful, 
becau»e night air generally is more «table. Baum (i ) cues evidence to show that the day¬ 
time and nighttime conditions, although contrasted, do not offset each other. He states that the 
correction factor to be applied to means of standard-height readings, to obtain the means at 
lower levels, has a definite seasonal variation. 

The chief value of standard-height readings is to make possible the comparison of like 
place*. Hilltop stations are readily comparable with one another. Because such stations are 
likely to feel the effect of even the slightest regional wind, temperature gradients from shelter 
height to very near the ground are small or absent. Similarly, stations in hollows are com¬ 
parable with one another, although in such places it must be expected that temperature gradients 
will be steep from the ground to shelter height. The actual amount of contrast at ground-level 
between a convex surface (hill) station and a concave-surface (hollow) station would be difficult 
if not impossible to determine from standard-height temperature comparisons. 

Standard-height temperature readings taken in an open area give a useful general indication 
of regional temperatures alfecting plant growth in that area. By contrast, the readings taken at 
standard-height within a forest reflect the modifying influence of the forest itself upon the clim.'- 
ate. In such a situation it could be inferred that during the leaf season superadiabatic gradients 
would be slight or absent during the day and that the temperature-inversion gradient from the 
ground to shelter height would also be slight because of the blanketing effect of the tre^ canopy 
(Geiger, 1950, pp. 313-3 14, and 326-33 1). This leads to the conclusion that, as the vegetative 
cover changes, the surface climate changes also. An open station such as Burns Bridge would 
have considerabry cooler soil by day in summer if it had a sprout growth cover such as grows 
on Northwest Midslopc, even though shelter-height readings would be somewhat higher. Night 
temperatures of the soil would be higher. Twenty years later, with a dense stand of young 
trees occupying the area and providing not only a blanket in the canopy but a dead air zone 
l^e ncath, temperature gradients from shelter-height to ground would be even gentler in summer, 
though not so greatly influenced in winter. In a mature coniferous stand, with a succession under¬ 
story of hardwoods, the moderating influence of the canopy upon soil temperatures would be 
even greater. 

* 
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It would be incorrect to auNume that reading* at Htandard-heigíu taken at huch contraHted 
stations as Burns Bridge, Northwest Midslopc, and White Pine Bottoms would be in the name 
relation»!'**) a« readings taken a foot from the ground at each station. Allowance must be made 
for differences in topography and vegetative cover before approuimationti can be inferred. Never¬ 
theless, one can conclude that foot-high plants at Northwest Midslope would experience abundant 
warmth by day, moderate cold at night and a moderately long growing season; at Burns Bridge 
similar plants would experience abundant warmth by day, severe cold at nigiit, and a relatively 
short growing season; and at White Pine Bottoms the plant would receive moderate warmth but 
little sunshine by day, moderately severe cold at night, and a growing season which would be 
longer than at Burns Bridge and might be longer or shorter than at Northwest Midslopc, de¬ 
pending upon whether cooling occurred by advection of cold air over warm, or by steady beat 
loss from a uniform air mass already lying calm over the whole area. 

Although such conclusions, reached by processes of logical deduction from standard-height 
readings, can be useful in a genera 1 way, the possibility of overlooking one or another important 
factor is obviously great. Precise determinations require actual reading». 

4. Local Differences in Diotributionaf Tree Species Partly a Response to Differing and Chang¬ 
ing Local Temperature Regimes. 

The present forest-species association» in Harvard Forest, although diverse, include num¬ 
erous stands which are more or less directly descended from and similar to those which oc¬ 
cupied the same respective sites in the pre-colonial period. These stands differ considerably 
according to site quality, which, here as elsewhere, differ» greatly according to geological 
history, climatic differences, accidents of vegetational succesaion, and other factor» (Tourney 
and Korstian, 1937, pp. 63-74, and 151-173; Lutz and Chandler, 1942, pp. 267-272). It is gen¬ 
erally accepted, however, that during some climatic periods certain species-association» in¬ 
creased their areas of dominance at the expense of other associations, only to lose ground as 
climatic conditions changed and became more favorable for other associations (Deevey, 1939, 
p. 708; Zeuner, 1946, pp. 7 and 70). 

Ao the climate changed, however, successive generations of individual »pecies made gradual 
adjustment to such changed conditions and continued to flourish, or at least to remain as sig¬ 
nificant forest elements, under conditions which might have eliminated the earliest generations 
of those same species (Tourney and Korstian, 1937, pp. 48-49). Thus many species today have 
a considerable range of tolerance, and could grow to maturity on many different kinds of sites 
at Harvard Forest provided all competition from other species were eliminated by intensive 
thinning practices. Actually, however, such thinning is not possible economically, and probably 
undesirable silviculturally. In the natural forest now establishing itself after the cutting of the 
old-field pine, individual members of certain species sometimes are found in most unexpected 
places, but most members of many species are distributed according to definitely recognizable 
site characteristics or combinations of characteristics which favor certain species at the 
expense of others. 

In the paragraphs to follow, the important timber species and a few others of particular 
interest are discussed individually, with some indication being given of the natural factors which 
specifically favor them. 

in nature these species seldom grow in pure stands; rather, they grow in type-associat!0:.'2* 
which are repetitive and generally recognizable. Despite considerable variation m proportionate 
representation of individual species, and some gradational combinations which include numerous 
species of more than one type-association, the basic combinations are few in number; six com¬ 
mon associations form a system by which almost all natural stands in Harvard Forest can be 
classified. A few of these associations have so many common elements that they might be con¬ 
sidered variants of one association. As has been outlined in Chapter II, the six associations 
may be grouped into three major forest groups: a northern forest, a transition forest, and a 
central or southern forest, in the discussion below, the individual species will be discussed in 
order according to the forest group in which they are most common. In later discussion, the 
natural associations of these species will be emphasized, particularly as they reflect the in¬ 
fluence of temperature differences and of other differing factors; the implications of an asso¬ 
ciation-concept of silviculture, as distinguished from a species-conccpt, also will be considered. 
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a. Specie» of the Nonhern Forent« 

(1) Black Spruce and Red Spruce. 'Hie two iargcMt natural stands of spruce at Harvard 

Forest are in ITuTBig SpF uc e Swam p of the Prospect Hill Tract and in Tom Swamp. These areas 
liave very low night temperatures and a relatively short growing season. The night minimums 
in the Tom Swamp stand are much lower, however, than those in the Prospect Hill spruce stand. 

Black *p ruce is distinctly a northern species, with a southward extension in the Appalachian 
Highland. It has a vast range, chiefly in a region of cool climate and moist, ill-drained sites. 
It may be that it is concentrated in these sites not so much because it requires such conditions, 
but bccaune it cannot compete with other species on warmer, drier or richer soils. 

Spruce can stand more cold than other species, yet is not adversely affected by excessive 
heat. This is' partia If y explainable in terms of its branching habit; the widespread lower branches 
shade the ground so thoroughly that the soil and the water in the soil both remain cool. The 
needle-type leaves minimize moisture evaporation from the tree into the hot atmosphere. 

lividencc from fossil pollen studies and buried forcstbeds indicates that in certain periods 
when the climate was cooler and moister, possibly because of closer proximity of continental 
ice sheets, spruce was much more widespread than at present (Raup, 1937, p. 104; Deevcy, 
1939, p. 714; Transeau, 1941, p. 208; Cain, 1944, p. 127; Potsger, 1946, p. 234). Its present 
distribution in southern New England suggests a last-stand occupation of those sites that have a 
climate generally suitable to it, together with a cold, wet soil which offers poor conditions for 
species that arc less tolerant of excessive water (Wilde, 1946, pp. 50-51). 

(2) Hemlock. Moderately damp, but not wet, areas suited to black spruce or red spruce 
are suitable also for hemlock. In addition, hemlock grows in many places where spruce cannot 
compete. AJthough it is found nearly everywhere in the Harvard Forest, it flourishes best in 
areas with considerable cool weather or cool ground. Many of the chief stands aie on north 
slopes or in deep valleys which are shaded from the sun for a good part of each day. Here, by 
its relatively greater shade tolerance than most other trees, it finally gains a dominant or at 
least co-dominant place in the mature forest association. Once thus established it keeps the day 
climate near the ground cooler, and keeps the soil moist also, thereby making conditions more 
favorable for its own continuance. Many other sites are favorable for hemlock, but hardwoods 
at first gain dominance on them. Some hemlock may manage to come through to large size in 
such stands, but usually this happens where one or another site factor is somewhat less favor¬ 
able for hardwoods. 

(3) Birch Species. Several species of birch are widespread in Harvard Forest. Some of 
these, line gray birch, are relatively shortlived and tend to die out as the stands in which they 
are growing become mature. Two species, paper birch and yellow birch, are important as a 
source of timber. Black birch also is a component of many stands. Paper birch establishes 
itself readily in many places, and if not shaded too much will form good stands in newly estab¬ 
lished forests. In older forests which have been undisturbed for more than a century, the paper 
birch is less common, except on exposed slopes which receive more sunlight. The paper birch 
is widespread, however, both through the northern forest and the transition forest. The yellow 
birch is more definitely a cool climate species. It is most common in swales, or in cool, moist 
sites, where it is associated with hemlock, beech, and sugar maple. 

(4) Sugar Maple» The sugar or hard maple is only locally abundant in Harvard Forest, but 
in many parts cf New England, southern Canada¿ and the Middle West it is an important element 
in northern-forest stands. 

(5) Beech. In its many subspecies or varieties, beech ranges southward to the Gulf of Mex¬ 
ico, but it is considered a northern-forest tree. At Harvard Forest it grows chiefly in marginal 
locations at the edges of low concave areas, generally near the bases of long slopes, in places 
having considerable topographic shade. In general these sires are moist but well-drained, and 
have relatively low night temperatures. Because the beech forms a heavy canopy, it can protect 
the ground beneath its branches from the high maximum temperatures characteristic of the 
pocket lowlands. The hot air ov the crown rises into the open atmosphere. Beneath the crown a 
slight da ytime inversion exists, and the soil, receiving little direct sunlight during the leaf 
season remains quite cool (Kittredgc, 1948, p. 60). At night, conditions change. Cold air settles, 
and although the tree crowns slow the settling a little, the air and ground become very cool. 
Although the air-tempera tu re relationships arc very important, it is probable that cool, moist 
well-drained soil is particularly a requirement for the beech (Wilde, 1946, p. 60; Heimbcrger, 
1934, pp. 36-37). 
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(6) Other Nor thorn-Fore st Sdccích, The northern forent, an defined for New England, 
includes several other species in considerable numbers. Most of thebe are equally numerous 

or even more so in the transition-forest association, however, where the northern-forest species 
are less frequent. Ihese species, therefore, arc described as transitional, even though they 
are also common in many northern-forest stands. 

b. Species of the New England Transition Forest. 

In those parts of Harvard Torcst where night temperatures remain noticeably higher, and 
where the northern-forest species arc few in number or totally absent, the numerous so-called 
transition species are dominant. As has been said, diese also thrive in competition with the 
northern species in all but die coldest., most shaded, and wettest locations. Harvard Forest 
lies in or near the center of the area of optimum environmental conditions for many of these 
species. It is not surprising, therefore, that some of these species appear to thrive almost 
everywhei e in the forest. Rather, it is significant that ftomc parts of the Forest have climates 
or soils or ground-water conditions definitely unfavorable to the transition species, which are 
so much ar home in this region. 

(l) While Pine. Although frequently classed as a northern species, the white pine docs best, 
in the Harvard Poreat area, on medium soils and in association with the transition hardwoods 
and central hardwoods, though it aiso is associated widi hemlock, a dominantlynorihcrnspccics, 
on some sites. 

The remarkable increase and subsequent decline in importance of white pine during die last 
century has been described. Under normal conditions white pine is generally unsuccessful in 
competition with hardwoods on better soils in this area (Lutz and Cline, 1947, p. 167). On many 
sites of medium quality it has a somewhat less-than-even chance to compete, but flourishea 
locally under careful silvicultural management. On lighter sandy loam soils, especially on 
warm, sunlit sites, it flourishes in company with hemlock, and at the expense of hardwoods. 
On deeply shaded sites, however, hemlock achieves dominance. 

Most sites in Harvard Forest have a combination of natural conditions suitable for white 
pine, as is amply demonstrated by the great variety of sites on which old-field stands of white 
pine once flourished. Considered from a long-term point of view the species has a wide range 
of tolerance and adaptability (Potager, 1946, pp. 217). Jt loses out, at least temporarily, and 
often for long periods, on many of the more fertile sites where fatter-growing species, even 
though more exacting, can overtop it and become dominant. On some of these better sites, as 
on many more of the poorer sites, white pine may eventually come to dominance in places, 
owing to the fact that it normally lives much >ger than most other species common in this 
region and because it grows taller than any of th .-n. In the course of a normal lifetime of white 
pine, extending over a century and a half, such natural accidents as windfall, or fire, or drought 
might release it locally from competition with more aggressive neighbor species. Left to itself, 
white pine at Harvard Forest would probably be suppressed for long periods on all but the poor¬ 
est sites. Under silvicultural management, however, it can be brought through profitably on many 
medium and low quality sites (Lutz and Cline, 1947, pp. 171-175). 

(2) Red Maple. The red maple grows well in all parts of the Forest where soil moisture 
is abundant. It grows particularly well in wet swales, especially those which become less wet 
or even dry in late summer and autumn, in contrast to the spruce and peat areas where tii£ water 
table remains high all year. Even in such continously wet places, red maple is represented, 
but canno: easily meet the competition of spruce and hemlock. It has been stated frequently, 
and Spurr (1950, pp. 87-90) has demonstrated by statistical analysis of all the stands in Harvard 
Forent, that red maple and red oak occur in inverse proportion to each other in given stands 
according to the wetness of the soil. Red maple becomes increasingly dominant and red oak 
decreasing!y so on the wetter soils. Most of the swale red maple growing in untreated stands 
consists of sprouts growing from stumps. This "coppice" growth does not yield good lumber, 
as the trunks invariably develop heart rot, but it is so vigorous that it suppresses othc-. species 
almost completely. The eventual result is that red maple composes three-fourths or more of the 
stand, which as a whole has little value except for fuel. 

0) Red Oak. Perhaps no other timber tree species is showing such vigorous growth at 
Harvard Forest, at least in the first-succession stands following the old-field white pine stands, 
as red oak, except in deeply shaded areas and in poorly drained areas. Although red oak has a 
wide northern range, it is sensitive to frost. In low open basin areas and in places such as those 
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winch Buffered considerable hurricane damage in 19)«. or otherwise had the protecting canopy 
opened, considerable frost damage occurs, particularly to young red oak and white ash (Lutz and 
Cime, 1947, p. 103). Because of its rapid growth rate, however, red oak soon becomes dominant 
in many places, particularly on better-drained, fertile soils. This is true even in young conifer¬ 
ous stands on medium quality soils, where the conifers, because of then conical shape cannot 
inrm a high canopy to shade out the red oak. The red oak soon pushes through and slowly elim¬ 
inates or seriously retards the conifers except where they form very dense stands (op. cit., 
p. 111). On Brooks Hill, for instance, a very healthy white pine stand is being overtopped by 
red oak in many place*. 

(4) White Ash. The white ash is an excellent timber species and grows well throughout a 
wide range in North America. It grows in many parts of Harvard Forest but is most common 
near the base of long slopes or on higher slopes where the water table is high. It is most 
common on sites where the soil is always moist and where the water table is so high in spring 
that the water, in places, actually runs across the ground surface. T his is the case at the heads 
and sides of swales which in their lower parts may be too wet for ash and are there dominated 
by red maple. Mosi of the better sites for ash arc on die slightly higher edges of basins, where 
night temperatures are low hut not extremely so, and particularly in places which receive much 
sunlight in the course of each day. White ash. like red oak. is sensitive to frost when young, and 
require* t protective overstory to get a strong start. 

(5) *ck,Birch. This species is abundant in the transition-hardwood and central-hardwood 
forests. It is most common on sites that arc well to moderately drained, though it is occasional 
on poorly drained sites. 

(6) Other Transition-Foreat Species. Several other species are common in the transition 
forests of New England, although they generally compose only minor portions of stands. In 
some places, however, they are more numerous. Among such species are elm (chiefly near 
water-courses), black cherry, large-tooth aspen, and, on more favored sites, the central-hard¬ 
wood species, discussed below. 

c* Species of the Central Hardwood Forest, 

This forest is often called the oak-hickory forest because various species of oak and hick¬ 
ory form such important elements of it. Several other species are numerous in this forest, 
however, including most of those already described as members of the transition forest. The 
species here described as central hardwoods are those which, although intermixed in many 
places with Me members of the transition forest, are generally most common on the warmer 
sites. 

CO .Whu? Oak. The white oak has a wider range than the white ash, and might well be con¬ 
sidered a transition species. Apparently it thrives best on lighter soils on warm sites, in 
contrast to'white asli which does best on moist sites. 

On sunny slopes, with open growth, and less competition from species requiring richer 
soils, white oak does particularly well. Hickory is commonly intermixed with white oak in 
such places. 

(2) Black Oak. The black oak is a common associate of white oak on warm, dry, south- 
f.cmg slopes, where the soils are very well to excessively drained. It is a characteristic 
species in the centrai hardwood forest. 

(3) S bag bark Hickory. I wo hickory species are represented at Harvard Forest: pignut 
and shagbark. Only nhagbark hickory, which forms the most numerous stands, is discussed 
ere• Shagbark hickory is widely distributed in North America, but here, near the northern 

limits of its range, it is most common on the warm, sunny slopes, chiefly those facing south 
and southwest. Some of the best hickory grows at low points on such slopes, where nights are 
as severely cold as anywhere in the forest. The days, however, are unusually warm, and the 
soil - because the slopes receive the 9vn's rays at a high angle of incidence —is exceptionally 
warm. The budding habit and bud form of hickory render it relatively immune to late spring 
frosts. On the warm spring days the buds lengthen rapidly, telescope fashion, within a fr OSC- 
proof coat, unaffected by the severe night temperatures which do such damage to red oak and 
white ash. Later, they burst forth, when frost danger is past or at a minimum, and the tree 
soon leafs out to form a heavy Canopy. !i is characteristic for hickory stands to be quite open 
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with a granny floor. In part thin in becaunt* of the growth form and hahit of the tree itaelf. 
Hickory rapidly develop« a long taproot which car. draw ayfficient rnoiature from the »uh.noil 
to nuntain vigoroun growth, while nha I low-rooted npecien find inaufficicnt water in the upper 
noil and are easily displaced by grannet*. Also, hickory in dintanteful to browning animals, and 
no, in pantured woodland it frequently mamtainn itself while other npecien are destroyed (Chey- 
ncy, 1942, pp. 293-294). 

In the Slab City Tract of Harvard Forest the hickory is on the dry, south-facing, sunny 
slopes north of the Swift River. Aciosn the river from it, on cool, moist, shaded, riorth-facirç 
slopes, the dominant species include hemlock, yellow birch, and beech. Hickory is absent. 
In the Tom Swamp Tract, hickory grows on the west-facing slope*, to their bases, while beech 
is more common at the base of east- and north-facing »lopes. 

A few scattered specimens of hickory growinlcnn favored places. This suggests the grad¬ 
ual development of hardier strains as the climate, once drier and warmer, bcccmc cooler and 
wetter. During the warm-dry period often referred to an the postglacial optimum, oak, hickory, 
and chestnut probably were much more numerous in this region than at present (Braun, 1938, 
pp. 515-522; Sears, 1948, pp. 177-185). 

(4) Basswood. The American linden, or basswood, is not common at Harvard Forest, 
although many sites are favorable for it. It grows commonly in proximity to hickory, as well 
as in stands of mixed transition and northern hardwoods. In many places basswood is growing 
as a sprout in recently cut areas, and in a few areas some basswood may be brought through to 
form part of a timber crop. 

(5) Black Gum. The black gum trees growing at Harvard Forest arc few in number, and arc 
scattered throughout one single area. Plack gum is distinctly a southern species which docs 
best where the growing season is long and warm (Wilde, 1946, p. 60 ff.) and is here near the 
extreme northern limit of its range. In the Big Spruce Swamp, at an elevation of 1100 feet, it 
finds hot days and abundant moisture. The nights in this part of the Prospect Hill Tract arc 
cold, but are not so excessively cold as in the low parts of the Tom Swamp Tract, where black 
gum does not grow. The Big Spruce Swamp is unusual in that it lies in a shallow saddle from 
which streams drain both to the west and east. It is possible that the peat accumulation in this 
swamp is not exceptionally thick, and that the roots of species such as the gum penetrate to 
underlying glaciofluvial deposits. One might suppose that black gum had been more abundant 
here on the moist soil during a warmer period when hickory was flourishing on drier sites, and 
that the peat accumulation, begun during an earlier period or periods of pcriglacial climate, 
had slowed or halted at that time, to be resumed later as the climate entered a cooler cycle. 
Black gum apparently is a minor but certain-to-be-present species throughout much of the 
central hardwood forest (Cheyney, 1942, p. 332). Its remarkable range of tolerance and hard¬ 
iness is evident here where irgrows intermixed with species of the northern forest. Its presence 
in the Cig Spruce Swamp possibly gives additional evidence chat rlie present climatic period is a 
warming one, in which central hardwood species such as hickory might again flourish on the 
uplands, as they did in the late pre-colonial period during a similarly warm period. 

5. Distribution of Major Forest Types or Associations in Relation to Natural Factors. 

The discussion in the preceding section has indicated chiefly the notable differences in 
shade tolerance, temperature-hardiness, and growth habits of selected individual species. It has 
emphasized the fact that many natural factors influence the growing tree, and that temperature 
is only one of those factors, though a very important one. The influence of different species 
upon each other is also a factor of great importance. This influence in some situations is com¬ 
petitive, as when red oak spreads out a wide canopy to rob slower-growing species of sun light 
and heat. In other situations the relationship is co-operative, as when fast-growing but short 
lived forest “weed" species such as gray birch and pin cherry (frequently the fir st occupants of 
an opened area) provide frost protection for more sensitive species such as white ash. Later 
the situation becomes competitive, and the sensitive species, though having grown slowly at 
first, eventually replace the shortlived species (Cheyney, 1942, pp. 56-67 ). Because the various 
tree species differ in their life span, they compose varying proportions of stands at different 

G times. Some are fast-growing, ami for them for a time ail else must stand aside. Others grow 
slowly, and at first or for long periods they remain subordinate to other species, then increase 
in importance when the fast-growing species die. 
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Some Bpecie», though few in number, arc ever-prc»cnt, and iend a distinctive character to 
the pattern a» a adióle. I hr very same speciet»f however, wlien present in differing proportions, 
give a very different pattern. 

In New England, as elsewhere, plant geographers and foresters find it difficult to reach 
agreement as to die number of distinct forest patterns to be recognized. Various classifications 
proposed differ considerably in detail, though each gives a generally useful understanding of the 
diverse kinds of forests in the region. 

Each such classification gives recognition to one or more of the important natural factors 
which condition forest-spec íes assoc lations. It is worth noting at this point, however, that differ¬ 
ing names arc given to the main forest regions or formations and to their component types or 
associations, by various authorities, and that the bases for distinction differ in detail even where 
there is general agreement along broad lines. Moreover, they may appear to be quite different 
because of the dissimilar names applied ro diem. For example, the Canadian foresters and 

climatologists recognize a Great Lakes-St. Lawrence Forestas a southern transition zone 
between the true boreal or northern forest, consisting chiefly of conifers, and the great hard¬ 
wood forests of eastern United States (Halliday, 1938, pp. 1055 ff.; Villeneuve, 1946, pp. 72-76; 
Hare, 1950, pp. 616-618), Foresters in eastern United States consider this same ‘‘transition** 
zone to include two elements: (l) * northern element which is considered to be a distinct forest 
formation or region and comprises the northern hardwoodc, with hemlock; and (2) a southern 
element or transition forest, including some or .all of the above, plus numerous so-called tran¬ 
si cion-ha rdnood species which have optimum growth in this zone. This transition zone also 
includes the more hardy species of the central hardwood forest which lies to the south. The 
distinction between these northern and transition forests in New England is based largely on 
the hardwood*. White pine is sometimes grouped with the northern forest, is sometimes given 
independent status, and is sometimes grouped with the transition forest. Like several other 
species, it never quite fits into the logical pattern of any classification. Obviously, with each 
species having different growth habits, limits of tolerance, and range, any grouping into types 
and formation# must involve compromise# and exceptions. This merely illustrates once again 
the difficulties and ehortcoming# inherent in almost all systems of regionalization (Hartshorne, 
1939, pp. 472-481. 498-500). 

Perhaps no classifications are more generally useful than those that simply describe the 
major contrasting patterns and associations that arc sufficiently widespread and repetitive 
to be recognizable and describabic, and which in many places appear to have some degree of 
local relationship or adjustment to combined topographic and climatic factors. The system 
employed in the discussion which follows is essentially of this type, and is substantially the 
same as that in common use at Harvard Forest (Spaeth, 1920, pp. 8-10; Fisher, 1933, pp. 213, 
223; McKinnon, Hyde and Cline, 1935, pp. 1-18; Raup and Carlson, 1941, pp. 56-60; Lutz and 
Cline, 1947, pp. 15-21). The terminology is the same as that already employed in describing 
individual species in Section 4, above. 

a. Northern-Forest Types or Associations. 

(l) Northern Swamp-Forest.Type. This is the typical spruce-tamarack swamp common on 
the numerous, and in places extensive, areas of poorly drained lands of the North. Its purest 
composition is in the lowlands, where the night temperatures are lowest. Fom Swamp is the 
best example of this type at Harvard Forest. The spruce forest there represents an outlier ol 
the true boreal forest of Canada, and is the most truly ‘‘northern" forest type represented at 
Harvard Forest. Although black spruce and tamarack are the most common species, as is true 
farther north, other species are locally important. Hemlock is abundant in some less wet 
places; and red maple-is common as a minor element. Trees are few or absent in many parts 
of the swamp* and a bushy formation consisting largely of northern-shrub species, such as 
Labrador tea and leather leaf, with an understory of sphagnum, is characteristic. 

Upland spruce-swamp forests, by contrast, have less severe night temperature conditions 
and generally have a greater variety of species, including red spruce, hemlock, and such norths 
ern and transition hardwoods as are water-tolerant. This type has a large proportion of hard¬ 
wood dominants if drainage is rather better and a large proportion of spruce if drainage is 
poorer, or if the acidic peat soils are deep. The Big Spruce Swamp includes both kinds of 
groupings, together with black gum, whose presence may indicate more complex successional 
history or a present trend toward a milder climate, or both. In die Big Spruce Swamp, some 
of the more northern and the most southern of the species represented at Harvard Forest grow 
side by side. 
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(2) Northern Mixed Hardwood - livcrgrccn forest Type* in thiH type the major hardwood 
spec tea are yellow birch, beech, aogar or hard maple, and paper birch. The chief evergreen, or 
softwood species are hemlock and, less commonly, while pine. Numerous tranaition-hardwood 
species are minor elements in varying proportions, and in some places the admixture of these 
is very great. The usual sites for this forest are cool and moist yet well drained, and the type 
becomes increasingly dominant northward in New England. On low slopes near swale edges but 
sunlit at least part of each day, yellow birch and hard maple may dominate. In very cool, shady 
places, but not limited to such sites, hemlock is more common and locally forms almour pure 
stands, the so-called ravine-forest type. A large part of the Slab City Tract south of Swift River 
is of this type. Locally, on sunnier sices, paper birch is more common and may form almost 
pure stands where temporary conditions, previously discussed, are favorable. Within parts of 
the northern-hardwood forest which have been undisturbed by man for long periods, white pine 
is also a prominent species, particularly where soils are lighter, or where unusual occurrences 
in nature have favored it at the expense of more vigorous species. Such white pine areas are 
rare at Harvard Forest, except in low-lying places with low night temprratres. The original 
pine-hemlock forest on the Fay Lot may have been of this type, with northern hardwood associ¬ 
ates (Marshall, 1927, p. 9), but at present the hardwoods growing there with pine are those 
common to the transition and central forest (Lutz and Cline, 1947, p, 151). 

b. Transition-Foreat Types. 

The term transition forest is used here in the New England sense. This transition forest, 
in its various forms, occupies a major part of the Harvard Forest. Several definite associations 
distinctly recognizable within the transition forest in centrsiNew Er^lsnd each occupy so much 
area locally as to merit individus! discussion. Certain temporary types, such as the even-aged 
old-field white pine type, and the gray birch - pin cherry volunteer growth on cutover, burned 
over, or bjowdown areas, are not discussed. The emphasis is placed, rather on describing 
associations which the forester will seek to develop as semi-permanent types. 

(0 General Hardwood-Dominant Type. The usual transition hardwood forest includes a great 
variety of species, each in varying proportions according to differing site quality and to chance 
accidents in succeasional history. The most common species are red oak, red maple, black 
birch, and white ash, with additional minor species locally numerous. These include white oak, 
basswood, elm, and all the northern-forest species. As has been noted, red oak is an aggres¬ 
sive dominant on moderately dry sices, and red maple takes control on moist sices. This situa¬ 
tion would not necessarily continue unchanged even in nature, and can be modified somewhat 
by careful silviculture to favor the best timber species. Large areas of Harvard Forest might 
ultimately be developed into hardwood-dominant stands, in which, however, species dominance 
will be varied from place to place in accordance with local differences in such site factors as 
elevation, slope, direction of exposure, sod type, ground water, land - water relationships, and 
current stage of vegetational succession. As has been seen, greatly contrasted sites lie in close 
proximity. 

(2) Swale-Hardwood Type. In moist swales, and on moist rerraces: where days are warm 
and nights comparatively cool for the region, and where the water supply is abundant much of 
the year, but not stagnant, white ash is a particularly abundant species, so much so as to form 
a distinct variant. The swales arc very similar to many northern-forest sites; and sonic of the 
northern hardwoods, notably yellow birch, are common along the lower margins and on the 
swale floors where night temperatures are lower or where shade is deeper. The Fisher Stand 
is a good example of a swale-margin type. 

Where these swale forests have been cut repeatedly without receiving silvicultural man¬ 
agement they consist chiefly of red maple stump sprouts (coppice). This is particularly true 
in the lowest parts of swales, in many of which water stands for long periods. Many such wet 
areas arc natural in origin. Others are a result of man having dammed, streams for water 
power. The sluice gates have long since rotted away, but the earth dams remain and hold back 
some water at flood seasons; or at least the silt beds of the old ponds remain and provide a moist 
and fertile site. In the cwale south of Stream Crossing station, for example, red maple is 
strongly dominant. The lower parts of Town Line Swamp also have considerable swamp red 
maple. In many such swamps, however, the original forest must have been a mixture which in¬ 
cluded many better species. In contrast to the swale edges with better water and air drainage, 
however, the swamp floors are much colder (at night), and northern species can be encouraged. 
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Soii drainage in many inatancen can be improved, or 11» actually sufficiently good to permit 
silvicultural eradication of inferior maple stump sprouts and to hasten re-establishment of a 
mixed forest, inc'uding white ash, elm, and yellow birch, together with red maple of seed origin 
(op. cit. p. 175- I7h). 

(3) fivergreen-Dominant Type. Just as the dramatic occupation of abandoned old fields by 
white pine obacurcd the fact tkat mo^taiuchfields had originally supported hardwood forests, so 
the present re-occupation of the cutover areas by hardwoods leads too easily to the conclusion 
that such lands are exclusively hardwood lands. Such a conclusion gains apparent additional 
support from the fact that the understory in most mature old-field pine stands consists chiefly 
of hardwoods. Temperature conditions obviously are suitable for either hardwoods or white 
pine, aa the succession within the last hundred years has shown. Silvicultural experimentation 
at Harvard Forest during the thirty years preceding the disastrous hurricane of 1938 brought 
forth abundant evidence that on many sites at Harvard Forest, particularly on the heavier soils, 
hardwoods can and do prosper at this time 10 the almost complete exclusion of white pine. On 
some sites with light soils, such as Fay Lot Terrace, however, white pine and hemlock, with 
only á minor representation of hardwoods, appear to be the natural long-term forest type, under 
present conditions. The relationship appears to be chiefly to soil and only secondarily to tem¬ 
perature; and the conclusion is hard to escape that other parts of Harvard Forest now supporting 
hardwood growth almost exclusively might possibly include numerous local sites equally suited 
to white pine. Lutz and Cline (1947, pp. 107-142, and 171 -173) emphaoize that white pine can 
be matured successfully in a group-wise distribution among hardwoods on many sites with 
medium soils. On such sites the hardwoods do not find sufficient nourishment for the relatively 
rapid growth they experience on heavier, more fertile soils where white pine cannot compete. 

Sandy outwaah terraces, which arc so common in New England and which have extensive 
areas of light soil, compose only a small part of Harvard Forest, notably along the edges of the 
Kiceville Pond — Tom Swamp— Harvard Pond valley and some parts of the Swift River valley. 
It should be noted that elsewhere in New England the outwash soils are so very poor in places 
that pitch f*;ne, rather than white pine or hemlock, is most common. On the outwash terraces at 
Harvard F orest, by contrast, the young growth after cutting is of hardwood, in many places. As 
the years pass, however, white pine increases markedly on the lighter, sandy loam soils. 

c* Central-Forest Type. 

Only one central-forest type is represented at Harvard Forest - the oak-hickory (and 
formerly chestnut), most common on south, southwest, and west slopes of warm aspect. The 
temperatures and other factors favoring oak and hickory have been diecussed in Section 4, 
together with ruention of the earlier dominance of oak-hickory forests during the so-called 
postglacial optimum. Where these species attain dominance they eventually form an open forest. 
F3orchcrt (1950, pp. 16 and 36) who carefully correlates his findings with those of numerous 
other investigators, points out that during the postglacial warm-dry period the central grass¬ 
lands expanded quíte far eastward, with outliers common at least as far as New York state. 
His climatic-controls maps provide an explanation for grassland origin even farther to the east 
than he claims. It may be that at such a time the warm, dry, southwest exposures and other dry 
sitcfl in southern New England had a natural prairie cover, while the less dry, but nevertheless 
warm, sites had oak-hickory-chestnut forest. On the south slopes of Hickory Hill at Harvard 
Forest, as on similar sitrs, some of the present grassy forest floor may represent relict prairie, 
which became established during relative drought at the time of the postglacial temperature 
optimum, as Borchert and others have suggested. The giant Lcdyard oak in southern Connecti¬ 
cut may have been a hardy pioneer invader of such a natural prairie. 

Or. many slope sites at Harvard Forest a great number of species are in vigorous competi¬ 
tion. This is to be expected when one considers that these long slopes leading from ridgetops 
with a semimarine climate to valley floors with a very extreme climate extend through almost 
the entire range of local macroclimates and include innumerable variations of microclimates 
as well. Facing the sun and intercepting the sun's rays at a very high angle of incidence, par¬ 
ticularly during the growing season, these warm slopes nevertheless have sufficient local varia¬ 
tion in steepness and soil type and moisture conditions to offer a great variety of sites, well 
suited to many kinds of silvicultural experiment. One may surmise that on some south slopes 
where hickory is not now represented, such as the south slopes of Prospect Hill and Little 
Prospect Hill, i'j might be possible to establish oak-hickory stands, associated with numerous 



tranwirion hardwoodM in nniny piACca*f and with northern hardwood»« near the barics of the «Jopes. 
White pine might be imergroitped on arena oí' lighter soil. 

6. Factors Influencing Continuity or Change in Forest Composition. 

Preceding discussion has emphasized that many of the most vigorous young stands at 
Harvard Forest are those bearing a close resemblance to the pre-colonial forest types which 
grew on the same sites, except where coppice types, such as red maple in wet swales, arc 
dominant. Although temperature differences account for important differences in forest type 
from place to place, many species have a remarkable local range of temperature tolerance, 
and their distribution is influenced more directly by differences in ground-water conditions 
and soil type than by temperature differences (Coilc, 1938, p. 1062 ff; Wilde, 1946, p. 66 ff). 
As has be *n seen, the distinctly different forest-types are few in number; but slight local 
differences in site quality or history may result in a type having a higher proportion of one 
species in some places and a higher proportion of another species at other places. It is reason¬ 
able to expect that over a period of time every site can be made to produce as great a variety 
of lumber trees as grew on the site in pre-colonial times and that by careful silviculture the 
quality of the trees can be made considerably higher than in untended stands. 

In deciding what stand composition to favor, the forester must consider the relatively lonç’ 
life span of certain species, such as white pine, hemlock, and beech; and he must also anticipate 
that on each site the various species may come to maturity and dominance in waves. Also, the 
forester must anticipate that in every century at least one abnormal natural occurrence, such 
as strong wind, widespread fire, or prolonged drought, will be sufficiently severe to have c 
profound effect upon the forest succession. Were there no unusual occurrences in nature the 
replacement within stands would be relatively constant on a trce-by-trcc basis. It is not un¬ 
reasonable to assume that the unusual occurrences, together with cyclic trends, cause a certain 
amount of oscillation. Therefore, one may conclude that even though white pine, for example, 
apparently was rare in the Harvard Forest area in die late pre-colonial and colonial periods, 
it may have been more abundant just a few centuries earlier. So also with other species at 
other times. 

Quite another factor which will be of increasing importance is the artificial or hastened 
improvement of species by plant geneticists. These efforts involve crossing of strains from 
widely separated regions. It might also be desirable to cross locsl strains growing in greatly 
contrasted sites which have extreme differences in temperature pattern, in soil fertility and 
structure, and in water supply and drainage. 

The foresta of New England grow somewhat more slowly than those farther south, but when 
careftilly handled produce lumber of excellent quality and high sale value. The temperature and 
other natural factors are favorable to the growth of many valuable species, but nevertheless, 
impose certain limitations and local differentiations. In this region, where wages are high, it 
is questionable in many cases whether intensive plantation forestry will psy its way. On many 
sites the natural growth displays such vigor, and is evidently benefiting by such remarkably 
good adaptation to local environmental factors, that a less intensive type of forestry practice, 
aimed at establishing and improving the natural, usually mixed, stands of the native species 
appears to be more desirable than plantation forestry (Lutz and Cline, 1947, p. 21 and 27). 

7. Effect of Local Te/nperature Differences upon Glacia 1 Wastage and Postglacial Afforestation. 

The greater severity of minimum temperatures occurring in valleys, and the lower mean 
temperatures occurring there, suggest that glacial and periglacial climates may have set in 
earlier and lasted longer in such locations than on the rolling uplands. Durirç the periods of 
ice wastage this would have favored the continued existence of ice in the valleys long after the 
uplands were clear. Vegetation might have become established on the slopes and ridges while 
vast quantities of ice remained, often buried under, and flanked by, huge quantities of glacio- 
fluvial deposits in the valleys. Under such circumstances coniferous forests probably would 
have preceded hardwoods, except on sun-drenched slopes(C. E. P. Brooks, 1949, p. 296). When 
the climate moderated, because of general, widespread influences, and locally because of ice 
wantage, the coniferous forests may slowly have been supplanted by hardwoods, except on 
exposed summits where strong wind caused excessive evaporation, or in areas where soil wa« 
of light texture, or in valleys and hollows where some sites were deeply shaded and where drain- 

1 12 



age was poor. In general, the hardwood* probably became dominant on thone «itea where few, 

if any, factors were unfavorable, while conifer* held their ground wherever one or more factors 
were decidedly unfavorable for hai hvood*. 

C. E. P. Brooks (ibid)'’ tiniates that during the postglacial optimum the mean temperatures 
were perhaps 5° higher man at present. It has been shown that in Harvard Forest the mean 
temperatures of warbicat and coldest station* differ by at least this amount. Local differences 
from place to place today may be aa great aa the differences between the coolest and warmest 
periods which occurred between early postglacial time and the present. The diffcrir^ forest 
types now present at Harvard Forest probably include most types which were dominant in this 
region at one time or another in the long succession of minor climatic change* which have 
occurred since the last glaciation. Today, although hickory thrives on the warmest, well-drained 
sites, the spruce forests make their last stand in the cold, wet basins and valley*. 

On many sites, as has been stated, temperature conditions favor many species, and it ib 
chiefly the soil and ground.water conditions that encourage some species at the capense of 
others. Indirectly, however, these soil and drainage condition* are a result of local temperature 
differences which prevailed during long-past periods, particularly during periods of glacial 
and postglacial erosion snd deposition. It is worth emphasis that the nature of these glacial 
and postglacial processes was controlled not alone by climatic cycles affecting a large portion 
of the earth simultaneously, but by the local, small.scale, climatic differences evident every¬ 

where as a consequence of topographic diversity. These local climatic differences must have 
been particularly significant during periods of ice wastage. Although local climatic relation¬ 
ships between ice-free ridges snd ice-filled valleys were no doubt complex, the chief climatic 
factor causing different rates of ice wastage on uplands snd in valleys was quite probably dif. 
ferences in temperature. As has been seen, the differing patterns of upland soils and lowland 
soils are a reflection in large measure of differing manners of origin during glacial and post¬ 
glacial periods; then, as previously and since, the differing physiographic processes takirçg 
place on uplands and in lowlands were in large part consequent upon differences in temperature. 

In summary, it may be said that (l)presenr-day local temperature differences are of some 
direct significance in influencing forest-type distribution, (2) in the early postglacial period the 
local temperature differences probably had a direct influence upon the manner of original 
establishment of the various forest types, and (3) during earlier periods the local temperature 
differences affected physiographic agents and processes greatly; through these agents and pro- 

cesses the temperature differences were s principal determinant of soil patterns and ground- 
water relationships which persist today, and which influence the present forest-type distribution 
even more than do the present-day temperature differences. Thus it is seen, not only that pres¬ 
ent-day local temperature differences have a significant direct influence upon the present-day 

forest pattern, but that local temperature differences which obtained in ages past had an even 
greater, if indirect, influence upon that pattern. 
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áPPEhmX A. CCKPABATÏVE DATA FRl« FIVE HARVARD FCPE ST 
STATIONS AND '¡LEVEN OTHER NEW ENCIAND STATIONS 

MEAN OMET TEMPERATURE 

WEATHER BUmU STATIONS 
FirBt Conn. Lake, N. H. L 
St. Johnabury, Vt. J 
Concord, N. H. C 
Pittafinld, Maos. P 
Springfield, Maes. S 
Hartford, Conn. H 
Asharst, Masa. A 
Keans, N. H. K 
Worcester, Mass. W 
Boston, Mass. 3 
Mount Cannai, Conn. M 

Moan of 11 W. B. Stations 

1947 1948 
A S 0 N D J 

65.4 54.2 48.6 27.8 10.0 6.3 
71.0 60.5 54.C 33.0 16.0 I3.8 
70.3 59.6 55.2 34.6 21.4 14.1 
6ß.7 59.4 53.8 34.0 21.8 I5.O 
74.4 65.4 60.6 40.6 28.9 22.2 
73.2 63.7 57.8 39.8 27.8 20.0 
73.2 62.9 57.4 3 3.0 25.6 1 8.0 
72.0 61.9 55.4 35.6 22.9 16.4 
70.8 61.2 57.0 37.O 26.0 18.6 
73.2 64.8 61.6 41.2 30.4 23.4 
70.1 61.0 54.0 37.0 26.3 18.2 

71.1 61.3 56.0 36.2 23.5 16.9 

F M A M J J 

5.5 19.9 36.4 46.2 55.8 62.ó 
14.6 29.0 44.4 52.6 62.0 69.0 
16.4 31.0 43.8 52.8 61.6 70.0 
18.3 31.1 43.6 53.O 61.9 67.8 
25.2 3 8.8 50.0 59.4 67.2 74.8 
23.2 36.3 47.8 57.4 65,9 73.4 
21.4 34.9 47.2 57.3 64.4 72.4 
19.8 33.7 46.8 56.0 63.8 70.0 
22.4 35.6 45.9 54.7 62.2 71.0 
26.6 38.0 43.0 55.0 63.6 74.5 
22.0 34.6 45.1 54.1 62.8 71.0 

19.6 33.0 45.4 54.4 62.8 70.6 

HARVARD FOREST STATIONS 
Proapact Hill PH 
Harvard Forest Hdqtre. HF 
Harvard Hill HH 
Tern Sjfüinp TS 
White Pins Bottoms WFB 

— -No Record---16 21 
68.9 60.0 57.7 35.1 22.9 16.3 20.0 
73 63 59 36 24 18 22 
68 59 52 33 21 13 ]g 
-No Record-14 17 

34 44 53 
33.0 46.0 55.0 
34 46 54 
31 43 54 
29 44 53 

62 69 
63.2 71*3 
63 70 
61 66 
60 66 

DEPARTURE OF MEAN DAILY TEMPERATURE FR0¿ NORMAL 

1947 1948 
asondjfmamjj 

WEATHER BUREAU STATIONS 
Firot Conn. Lako, N. H. L 
St. Johnobuiy, Vt. J 
Concord, N. H. C 
Pittsfield, Mass. P 
Springfield, Mass. S 
Hartford, Conn. H 
Amherst, Maso. A 
Keena, N. H. K 
Worceeter, Mass. W 
Boston, Mass. B 
Mount Carmol, Conn. M 

* 4.3 *0.4 +5.9 -2.4 -5.0 -5.0 
+ 5.0 +1.7 
+ 4-3 +1.6 
+ 3.4 +2.0 +7.0 -2.0 
+ 3.0 +1.6 +6.7 
+ 4.3 +2.0 +6.6 +0.3 
+ 4.9 +2.5 +7.1 -0.7 
+ 5.7 +2.5 
+ 1.9 -0.8 +5.6 -2.7 
+ 3.3 +1.6 +3.0 -0.8 -2.1 -4.5 

NR NR NR -2,9 NR -7.4 

-6.1 -2.1 +1.3 -2.3 -2.2 +0.9 
-2.7 +O.4 +2.3 -4.6 -2.0 +0.8 
-3.9 +1.9 +2.2 -0.1 -0.1 +2.6 
-3.1 +1.2 +2.7 -1.5 -1*2 +0.3 
-2.3 +1.8 +1.5 +0.3 -0.9 +1.7 
-4.0 +1.3 +1.1 -0.1 -1.2 +1.8 

+1.4 +2.3 +0.3 -1.0 +2*6 
*1.7 +3.1 +0.7 +0.2 +1.2 

-2.7 -4.0 -0.1 
-2.1 -2.9 +2.8 

-4.9 +1.5 +1.1 -1.0 NR +0.9 

+6.6 -1.2 -4.3 -2.4 
+7.4 -0.8 -2.6 -4.9 

-3.1 -6.7 
-1.6 -1.9 -5.3 

-2.0 -5.5 
-1.3 -5.3 -1.9 

+6.8 -1.1 -1.9 -4.7 -1.3 
-2.7 -6.8 -2.7 +0.8 +0.4 

-2.2 +2.4 +1.6 

A-l 
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HARVARD FOREST STATIONS 
(No data available) 



APPENDIX A» CCMFÀMTIYE DATA KRQ» FIVE HARVARD FC3IE3T 
STATIONS AND ELEVEN OTHER NEW END LAND STATIONS (CONT’D) 

MEAN DAILY TEMPERATUREi DEVIATION IHOM t1£AN OF 11 BEATfIKR WR&*\[ STATIONS 

F y a i 19147 
A N D 

19140 
J 

WEATHER BUREAU STATIONS 
Flrsi coin- lake, MV fl. L 
St, Johnsbury, Vt, 
Ccmcord, N. H# 
Pittsfield, Mass, 
Springfield, Mass. 
Hartford, Conn, 
taherst, Maas. 
Keen©, N. H. 
Worcester, Mass. 
Boston, Mass, 
Mount Carmel, Conn. 

Moan of 11 W. B, Stations 

HARVARD FOREST STATIONS 
Pr os põ e t ’TETT"' ~ PH 
Harvard Forest Hdqtrs, HF 
Harvard Hill HH 
Tom Swamp YS 
White Pin© Bottoms fPB 

-5*7 
^*0.1 
-0.8 
-2.I4 
■^3.3 
^2,1 
««*2.1 
4.0.9 
-0.3 
*2,1 
-1.0 

-7-1 
-0.8 
—jk. f 7 
-1.9 
■4j.l 
*2.14 
««*1.6 
*0.6 
-0.1 
+3-? 
-0.3 

-7.I4 
-2.0 
-0.8 
-2.2 
*Í4. 6 
*1.8 
*1.14 
-0.6 
*1.0 
>5-6 
-2.0 

-Ô.I4 -12.7 -10.6 -lli.l -I3.I 
-3.2 - 6.7 - 3.1 - 5.0 - I4.0 
-1.6 
-2.2 
44.I4 

*3-6 
-1.Ö 

2.1 
1.7 
5.I4 
li-3 
2.1 

2.8 
1.9 
5-3 
3.1 
1.1 

-0.6-0.6- 0.5 
*0.8 * 2*5 ^ 1-7 
*5.0 * 6.9 * 6.5 
*0.8 * 2.8 * 1.3 

3.2 
1.3 
5.6 
3-6 
1.8 
0.2 
2.8 
7-0 
2.I4 

2.0 
1.9 
5.8 

3-3 
1.9 
0.7 
2.6 
5.0 
1.6 

-9.0 
-1.0 
-1.6 
-1.8 
*0.6 
*2.14 
*1.8 
*1.14 
*0.5 
*2.6 
-0.3 

-8.2 
-1.8 
-1.6 
-I.I4 

*5.0 
*3.0 
*2.9 
*1.6 
*0.3 
*0,6 
-0.3 

-7.0 
-0.8 
-1.2 
-0.9 
*14 • h 
*3-1 
*1.6 
*1.0 
—0.6 
*0.8 

0 

—8.0 
-1.6 
-0.Ó 
2.6 

*14.2 
*2.8 
*lv8 
-0.6 
*0.14 
*3-9 
♦O.lj 

71.1 61.3 56.0 36.2 23-5 16.9 19.6 33.0 Ü5.li 5li.l¡ 62.8 70.6 

Mn Record. ■■ • - 0.9 ♦ l.^J 1*0 -l.b 
-2.2 -1.3 *1.7 -1.1 - 0.6 - 0.6 0.1) G *0.6 
+1.9 •‘■l.? *3*0 -0.2 0.5 * 1.1 * 2.li * 1.0 *0.6 
-3.1 -2.3 -1).0 -3.2-2.5-3.9-1.6-2.0 -2.1) 
__—No Record-2.9 - 2.6 - b.O -l.u 

-l.lj -0.8 -1.6 
*0.6 *0.1) *0.7 
—0.1) *0 » 2 -O ■ 6 
-0.1) -1.8 -1).6 
-1.1) -2.0 -8.6 

ABSOLUTE MAXIMUM TEMPERATURE 

1907 
A 

1908 
J Ü 

WEATHER-BUREAU STATIONS 
First Conn. Lake, Î1. L 
St. Jodnsbury, V. 
Concord, N. H. 
Pittsfield, Mass. 
Springfield, Maee. 
Hartford, Conn. 
Amherst, Maes. 
Keene, N. H. 
Worcester, Maso. 
Boston, Mass. 
Mount Carmel, Conn. 

HARVARD FCMEST STATIONS 
Prospect Hill PH 
Harvard Forest Hdqtrs. HF 
Harvard Hill HH 
Tom Swamp TS 
Shite Pine Bottoms ®?B 

69 
96 
98 
92 
97 
95 
95 
96 
96 
99 
90 

96 
98 
90 

83 
89 
89 
85 
69 
88 
89 
89 
89 
88 
87 

60 
86 
89 
02 
87 
85 
86 
85 
86 
89 
80 

66 
66 
65 
60 
60 
(2 

60 

63 
63 
59 
62 

1)1 
05 
50 
50 
56 
56 
52 
08 
57 
60 
56 

-No Record-- 
86 83 60 50 
89 85 62 50 
88 8 6 63 52 

—No Record- 

30 
37 
38 
35 
63 
65 
39 
38 
02 
05 
65 

36 
38 
37 
39 
35 

65 
50 
52 
69 
53 
53 
SO 
50 
51 
56 
51 

67 
50 
51 
52 
68 

59 
65 
68 
65 
73 
75 
69 
70 
70 
72 
73 

66 
66 
66 
68 
61 

60 
71 
76 
72 
71 
71 
73 
76 
72 
76 
71 

69 
71 
71 
73 
69 

8 
3 

82 
82 
83 
85 
81 
83 
86 
83 
86 

78 
81 
83 
61 
80 

86 
93 
92 
87 
96 
92 
93 
93 
93 
92 
92 

89 
88 

85 
92 
93 
90 
93 
93 
96 
93 
92 
96 
96 

87 
89 

90 92 
92 91 
83 80 

A-2 
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APPENDIX Á. COP PARATI '/E DATA FRO! ïVfè HARVARD ^REST 
STATIONS AND E1EVEN OTHER U KH ENGLAND STATIONS (CONTO) 

MEAN DAI ir MAX i IR 'V TAPERA TUR K 

19ij? I9I48 
A S O N D J P M A M J J 

WIATHER BURP^U STATIONS 
First íonn-10¾0, '>r,~TÎ7 L 
St. Johnobury, Vt. J 
Concorri, H. H. 
PittsTielH, Maos. P 
Springfield, Maos. 3 
Hortfond, Conn. H 
Ànshorot, Mass. A 
Keene, N. H. K 
Worcester, Meas. ïï 
Bosten, Naos, B 
Mount Carmel, Conn. U 

78.2 66.2 62.Ij 36.3 ?0.6 17.8 23.2 36.I4 I47.9 56.3 67.9 7h.9 
8L.6 7h.5 70.0 Ij2.3 26.h 25.0 29.1 143 ^5 57.1 63.3 7h.7 82.8 
83.3 73-7 72.1 M.h 32.1 25.8 31.5 hh.S 56.8 62.3 73.7 83.7 
79.h 71.2 67.6 hl.8 30.O 23-7 30.0 h2.5 5)4.8 62.3 73.3 79.6 
85.b 76.I4 73.9 I49.O 37.3 31.h 35.5 I49.6 61.1 69.8 78.9 86.8 
83.7 75.0 71.5 I4S.3 36.7 29.5 33.6 h7.1 58.9 67.0 76.3 8Í4.6 
Öh.5 7I4.9 71.V I46.I 3Î4.3 27.1 32.2 I46.2 58.5 67.0 78-7 8I4.5 
8Í4.2 7I4.7 71.2 àh.2 32.1 26.6 32.2 I46.5 59.2 66.1 76.0 83.5 
82.? 72.6 70.7 Í45.6 35*5 28.5 32.9 hhl 57.3 6I4.9 71.6 82.1 
81.3 73-h 71.5 h?.? 37-9 30.3 3I4.8 I47.I 56.5 62.1 71.8 83.9 
82a. 73.6 o9.2 I47.I4 36.3 29.0 3I4.3 I16.7 57.5 66.1 75.8 86.3 

Ucan of 11 W. D. Stations 82,,7 73.3 70.2 hh.S 32.7 26.8 31.8 85.1 56.5 ÓI4.3 78.1 83.0 

flARVARD FOREST STATIONS 
Proâpect ffllT PH 
Harvard Forest Hdqtro. HK 
Harvard RI 11 HH 
Tom Swarip T3 
White Pine Bottoms WPÖ 

—--No Record-2h 29 h3 5h 62 71 79 
öl.3 72.2 69.0 h3.6 32.5 26.1 31.8 hh.3 57.3 6hO 7h.3 83.0 
85 7h 71 hh 32 2ó 32 h5 56 6h 75 82 
83 7h 70 hh 3h 27 32 h5 57 65 75 81 
-No Record- 25 28 I4O 55 63 70 76 

PEAN MAXIMUM» DEVIATION FROM MEAN OF 11 WEATHER BUREAU STATT CHS 

WEAT.ihU UUi(_hAIJ 3TAT1 (X'S 
First Conn lüke, N. ITT-! 
St. Johnsbury, Vt. J 
Concord, N. fl. C 

Pitta field, Mass. P 
Springfield, Mase. S 
Hartf0 ni, Conn. H 
Amherot, Maas, A 
Keene, N. H. K 
Worcester, W 
Boston, Masa. B 
Mount Camel, Conn. M 

Mean of 11 W. B. Stations 

HARVARD FatEST STATIONS 
Prospect 1ETT FH 
Harvard Forest Hdqtrs. HF 
Harvard Hill RH 
Tom Swamp TS 
White Pine Bottoma WPB 

19h« 19h8 
ASONDJFMAMJJ 

-3.3 »2.1 
^2.7 -^3.1 
♦1.0 +1.7 
♦1.8 4-1.6 
4-1.5 *l.h 
-0.5 »0.7 
-0.9 4-0,1 
-0.6 4-0.3 

82.7 73.3 

-7.8 
--0.2 
4-1.9 
-2.6 
0.7 
4-1.3 
4-1.5 
4-1.0 
*0.5 
4-1.3 
-1.0 

-8.5 -12.1 -9.0 -8.6 

-3.0 - 2.7 ~3-l -1.8 
+),.2 + 1,.6 +1,.6 +3.7 
+3.5 + h.0 +2.7 +1.3 
+1.3 * 1-6 +0.3 +0.1, 
—0.6 — 0.6 —0.2 +0.)4 
+0.3 + 2.8 +1.7 +1.1 
*2.9 + 5.2 *3-5 +3-0 
+2.6 * 3.6 +2.2 +2.5 

70.2 ljti.9 32.7 26.3 31.8 

-9.0 
+0.2 
-0.1 

-6.0 -6.2 
-i.O +0.6 
-2.0 -0.I4 

-8.1 
-0.2 
+0.7 

-2.7 -2.1 -2.0 -0.8 -3.1 
+)4.)4 +1.1.2 +5.5 +14.8 +3.8 
♦I.? +2.0 +2.7 +2.2 +1.6 
+1.0 +1.6 *2.7 +0.6 +1.5 
+1.3 +2.3 +1.8 +1.9 +0.3 
+1.9 +0.1, +0.6 -2.5 -0.9 
+1.9 -0.I4 -2.2 -2.3 +0.9 
+1.5 +0.6 +1.8 *1.7 +3.3 

85.2 56.9 614.3 71,.1 83.0 

-Na Record- -2.3 
-I.I4 -1.1 -0.), -1.2 -0.2 -0.7 
+2.3 +0.7 +0.3 -0.6 -0.7 -0.8 
+0.3 +0.7 -0.2 -0.6 +1.3 +0.2 
-Mo Record-1.0 

-2.S -2.2 

0 -0.9 
-0.2 -0.2 
-0.2 -0.2 
-3.8 -5.2 

-2.9 -2.3 -3.1 -b.O 
+0.I4 0 +0.2 0 
-O.9 -O.3 +0.9 -1.0 
+0.1 +1.7 +0.9 -2.0 
-1.9 -1.3 -1,.1 -7.0 

À-3 



XrreNÜIX A. CCA'PAX ATI Vi; DATA FftC*1 FIVE HARVARD FOllEST 
STATIONS AND ELEVEN OTHER NEW ENGLAND STATIONS (COOT'D) 

iVEATHER ¡ÍUREA.U ST ATI CL£ 
First Conn. Lake, N. ii_. L 
St. Jolnabury, Vt. J 
Concord, N. H. C 
Pittsfield, toss. P 
Springfield, üass. S 
Hartford, Conn. H 
Asherst, Rasa. A 
Keene, M. H, K 
Worcester, tosa. W 
Boston, Ress. B 
Mount Car.xel, Conn. M 

Mean of 11 W. B. Stations 

-LARVARD FOREST STATIONS 
Prospect Rill "PH 
Harvard Forest Hdqtra. HF 
Harvard Hill HH 
Tom Swamp TS 
White Pine Bottoms \TPB 

MEAN DAIIY MINIMUM TBffjgATURg 

52.5 12.2 3b.9 19.3 1.1 -5.? 
57.5 I46.Ç 38.1 2j.7 7-3 2.5 
57.3 bS.5 38.2 2b.7 10.B 2.b 
56.0 b7.7 bo. 1 26.3 13.5 6.b 
63.5 5b.5 b7.3 32-1 20.5 13-1 
62.7 52.b bb.2 31.2 19.0 10.5 
61.Ö 50.9 b3.2 2?.8 16.8 Ö.8 
59.7 b9.1 39.6 27.1 13-7 6.3 
59.b b9.9 b3-2 28.3 16.6 8.8 
6b.5 56.1 51.6 3b.7 23.0 I6.b 
58.1 b8.b 38.7 26.6 16.3 7.b 

59.6 b9.b bl,7 27.6 lb.b 7.0 

-.No Record-9 
56.b b7=8 b5.6 26.ö 13.3 6.b 
a 52 b7 2? 16 9 
5b bb 33 22 08 -1 
-No Record-3 

M A M J J 

-12.2 3.b 2b.8 36.O 1*3.6 >0.3 
0.2 lb.6 31.8 bl.8 b9,b 55.1 
1.2 17.3 3O.8 b3.2 b9.b 56.2 
6.6 19.7 32.b b3-7 50.5 56.1 

lb.9 20.1 38.9 b9.1 55 . 6 62.7 
12.8 25.5 36.8 b7.8 55.6 62.2 
10.6 23.6 35.8 b7.6 5b.1 60.2 
7.b 20.9 3b.3 b5.8 51.6 57.6 

12.0 2b.2 3b.5 bb.5 52.9 59.9 
18.3 28.9 39.b b7.8 55.5 65.1 
9.6 22.5 32.7 b?.l b9.7 55.6 

?.b 20.8 33.8 bb.5 51.6 53.3 

13 2b 35 bb 52 59 
8.2 21.6 3b.7 b5.6 52.1 59.6 

13 2b 35 b5 51 56 
3 16 29 bl b7 51 
6 18 32 b3 b9 55 

19b7 19b8 
A S 0 H D J F 

MEAN MINI MUM i DEVIATION FRO* MÍAN OF 11 WEATHER PUREAU STATIONS 

19b 7 19b8 
A S 0 N D J F M A M J J 

WiATHHt BUREAU ST ATI ONS 
First Cohn. Lake, N. H. L 
St. Johnsbury, Vt. J 
Concord, N. H. C 
Pittsfield, Mass. P 
Springfield, Mass. S 
Hartford, Conn. H 
Amherst, Mass. A 
Keene, M. H. K 
'Worcester, Mass. W 
Boston, Mass. B 
Mount Carmel, Conn. M 

Mean of 11 W. B. Stations 

-7.5 -7.2 -6.8 -6.3-13.3-12.2 -19.6-17.b 
-2.5 -2.9 -3.6 -3.9 -7.1 -b.5 - 7.2 -6.2 
-2.7 -3.9 -3.5 -2.9 -3.6 -b«6 - 6.2 -3.5 
-2.0 -1.7 -1.6 -1.3 -0.9 -0.6 - 0.6 -1.1 
«■3.5 *5.1 «-5.6 +)i.5 +6.1 +6.1 + 7.5 +7.3 
+2.7 +3.0 +2.5 +3*6 +b.6 +3*5 + 5.b +b.7 
+1.6 +1.5 +1*5 +2.2 <-2.b +1.6 + 3.2 +2.0 
-0.3 -0.3 -2.1 -0.5 -0.7 -0.7 0 +0.1 
-0.6 +0.5 +1.5 +0.7 +2.2 +1.8 + b.6 +3«b 
+)i.5 +6.7 +9.9 +7.1 +6.6 +9.b +IO.9 +8.1 
-1.9 -1.0 -3.0 -1.0 +1.9 +0.b + 2.b +1.7 

59.6 b9.b bl.7 27.6 lb.b 7.0 7.b 20.8 

-9.0 -8.5 -8.0 -8.0 
-2.0 -2.7 -2.2 -3.2 
-3.0 -1.3 -2.2 -2.2 
-l.b -0.6 -1.1 -2.2 
+5.1 +b.6 +b .0 +b-b 
+3.0 +3.3 +b.C +3.9 
+2.0 +3.1 +2.5 +1.9 
+0.5 +1.3 0-0.7 
+0.7 0 +1.3 +1.6 
+5.6 +3.3 +3.9 +6.6 
-1.1 -2.b -1.9 -2.7 

33.6 bb.5 51.6 56.3 

HARVARD FOREST STATIONS 
Prospect ïïIIT- HPK 
Harvard Forest Hdqtrs. iff 
Harvard Hill HH 
Tom Swamp TS 
White Pine Bottoms ÏÏPB 

-No Record- 
-3.2 -1.6 +3.9 -1.0 -1.1 
+1.0 +2.6 *5.3 +l.b +1.6 

6.0 -5-b -8.7 -5.6 13.6 
-No Record- 

+2.0 + 5*6 +3.2 
-0.6 + 0.6 +0.8 
+2.0 + 5.6+3.2 
-8.0 - 3.I1 -b.8 
-b.O - l.b -2.8 

+1.2 
♦0.9 
+1.2 
-b.8 
-1.8 

-0.5 +0.b +0.7 
+1.1 +0.5 +1.3 
+0.5 -0.6 -0.3 
-3.5 -b.6 -7.3 
-1.5 -2.6 -3.3 

A-b 
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APPENDIX À* CdíPARATI VE DATA FROM FI VE HARVARD FOREST 
STATIONS AND rNEVEN OTHER NEW EilDLAJ.'D STATIONS (CGNT'D) 

À3SCI.UTE ÜINIMUM TEMPERATURE 

WEATHEJi FjUHUU STATIONS 
Firot Conn. LaReíí. L 
Si. Johnsbury, Vt. J 
Concord, N. H. C 
Pittafleld, àíass. p 
Springfield, k'aea. 3 
Hartford, Conn. H 
Arahorst, iiaas. 4 
Keene?, N. H. K 
Worcester, i^ass. W 
Boston, Maas. B 
Mount Carmel, Conn. M 

HARVARD FOREST STATION’S 
Pros p e c t “ïïnr PH 
Harvaxxi Forest Hdqtra. HI' 
Harvard Hill HH 
Toro Swamp TS 
White Pine Bottoms WP3 

19h7 15»jö 
A S O U D J 

3Ô 20 16 5 -17 -30 
til 22 16 9 -13 -11 
h2 a 16 10 -12 -23 
U 2li 23 11 - 1 -16 
52 32 20 1? 7 -16 
50 30 26 IS - 1 -16 
!|8 29 23 15 0 -16 
L3 2h 20 12 - 7 -19 
W 27 23 12 2 -U 
5ii 37 38 25 12-3 
I46 26 20 12 3 -16 

•No Record-- 
LO 27 27 10 1 -19 
L6 23 30 16 3 -U 
33 16 11 3 -17 -33 
-!Jo Record- -25 

F 

-3 ¡i 
-26 
-19 
-18 
- 9 
-IC 
-23 
-15 

2 
-11 

- 6 
-18 
-10 
-30 
-25 

y a ¡¿ j j 

-32 9 25 
~22 IS 26 , 
-13 16 29 /u 56 
- 6 20 29 5o 56 
- 5 26 36 57 52 
- h 25 32 57 53 
-15 23 31 51 52 
-15 20 29 3d 56 
- 5 19 29 52 50 

1 30 52 57 53 
-11 19 26 50 55 

- 6 20 35 51 58 
-15 19 28 37 58 
- 5 23 33 38 50 
-31 12 20 31 37 
-22 18 25 35 55 

A-5 
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if’Í'íSDIX 15 * VK2XLT K tili J »iGi OS HÀ11KLA AMD MI Hi HUM TH£HHùH£t£ES iUOUfit I9k7 THROUGH JULf ÍVÜ5 

F^QSFSC i n^ iaLr 1 KM* l 

ST AT I CHS WITH THEfcHOiETSHS IS SHKLTBtíi AmOliHáTE WEIXLï FEtiOüS 001HO 

STAT LOH 
ELEV. 19U7i 

Di n. 
AUGUST 

u ii nr 25 
SD*TIíHiíí3t 

'¿9 
OCTOBKJî 

5 IT 2u ?7 
HOVmßEH Di'tKH!«'. 
vrw~7h » ô ir"77‘ M 

rro«p«ct Hill 

Hi|{h Svässp 

Town Line Swasp 

Locuet Opening 

Laxe Swsap 

Harvard foi'est liq. 

Littl« Pro a pect Hlü 

Horthweat Mida lope 

1>Ö3 H*x * 
Min. 

1260 Mm. 
Min. 

1125 Max. 
Hin. 

1200 Km. 
Klm 

1125 Max. 
Min. 

1100 Max. 
Min. 

1300 Max. 
Hin. 

1210 H**. 
Hin. 

I/iwnr Spmoo Httrdwood 3JL5C Max. 

Min. 

Big Sprue« Swasäp ll&Ci Max. 
Min. 

Holson Brook Flat ?30 Mar. 
r a. 

U9 14 'jQ . i 
16 6 t > 

2 7 
7 

L7 L2 U9 .'Ô 
9 5-1 2-2 

5o i/j 50 2b 

11 10 6 L 

-1 

36 55 95 96 90 62 66 Ô1 63 70 76 8j flù 77 59 L5 ¿*V Ll $0 3V 50 >1 
LO m u9 L9 LU 51 L6 3li 27 27 22 3ö 2j 25 2ÿ 19 17 10 5 3 ,, 1 

STAHONS WITH BOHSHZLTERED HIBIHUH THSRKCKETKRS 

Prospect Hill 

Brooka Hill 

Locust Opening 

Svozp Knoll 

Pierce ttoed S»ale 

I333 Min. 

1250 Min. 

1200 Min. 

liLO Min. 

1100 Hin. 

29 37 L6 31 30 26 19 19 16 12 6 6 

31 30 27 17 19 15 12 7 6 5 

29 28 20 lö 19 12 11 7 5 U 

21 i‘u 25 15 17 9 5 -1 3 -1 
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kPrmuu g - wœl7 iüUûim or haiikum iw hihikuk TH&jojHzrm aüouüt thkgugh jüli i9kb 

ifUB» jmm 
7 i2r7r~2ô 

rmuäHr 
u mr 25 

KAKCH 
in~T7 2ii )j 

AX-KIL HAÏ 
UT?! 2Ö 5 ir“l4 25 

JLfHE JUL/ 
T n 2b 5 12 2T ?7 31 

12 ;5 32 » 27 26 li0 
-2-5-6 -1^ -6 6 

33 36 33 2? 2? 28 Lfi 
1? -6-10 -18 -16 -16 2 

Ji5 ul la 50 60 67 71 59 65 
7 ü -6 3 2U iß 2ii 21 26 

ü3 Ii9 6l 65 71 61 65 
-1 -6 -1Í4 -j 17 16 2li lÿ 19 

68 65 76 7Ö 66 75 bO 
29 36 3Ó 38 >6 50 Ul 

6ÿ 70 79 81 69 81 62 
26 27 3/ 36 35 ^ 36 

76 75 8y 67 Ö6 63 66 
66 67 ii9 55 u9 56 51 59 

7¾ 78 90 90 85 83 bu 
I45 Ul UJ 69 67 uô U6 55 

32 >6 33 31 30 28 1*9 lé 
19 -7 -12 -19 -15 -17 0 -5 

3ii 37 33 31 30 28 50 66 
19 -7 -12 -15 -8 5 

U UJ ¿*9 61 67 71 59 
-5 -15 -7 21 16 2u 17 

U2 U2 5 0 6 3 65 70 60 
2 -6 19 1U 2U 21 

66 70 71 78 8 3 69 ôo 61 
16 25 2 7 38 31 35 13 35 

66 6 9 70 76 61 69 61 61 
21 28 33 36 38 35 15 37 

71 75 6? 89 85 77 83 
16 ¿a üu u? 16 52 u3 51 

75 78 69 90 86 6? 61 
15 11 11 17 50 51 15 56 

33 38 33 32 yo 28 51 15 
19 -9 -17 -21 -15 -18 1 -3 

U- 12 19 63 66 70 60 
-6 -19 *8 18 15 25 18 

66 69 70 77 81 66 79 /8 
18 21 26 36 36 36 15 36 

72 76 86 66 83 78 61 
16 13 16 19 U9 51 u6 55 

35 38 3 3 31 29 27 50 16 
19 -6 -13 -19 -15 -18 2 -2 

12 11 50 63 66 71 61 
-5 -15 -6 20 16 26 19 

67 69 70 77 81 68 79 80 
19 27 28 UO 37 38 16 37 

71 76 81 86 66 66 85 87 
1Ö 12 16 U9 50 51 16 57 

73 72 83 Ql ÖQ 75 79 
16 16 19 51 19 51 52 59 

83 76 78 90 90 86 81 «5 
38 15 u3 19 18 50 53 50 55 

78 71 71 85 85 8o 75 
38 16 11 50 53 50 50 52 

86 90 61 81 85 
17 18 51 11 51 

66 81 82 
18 19 17 

18 -5-7-11-7 B 6 

19 -3 -6 -9 -13 -7 8 6 

19 -3 -6 -LO -114J 7 5 

-17 

1 -7 2 23 17 21 ?1 

3 -5 2 22 17 21 20 

2 -5 3 20 17 21 20 

16 

.17 

21 2Ö 33 38 38 36 31 H 

22 28 32 37 38 33 u7 39 

21 28 33 38 38 35 15 39 

21 28 36 31 35 u3 35 

^ 35 

16 17 18 56 56 53 59 

15 16 UÔ 51 19 51 19 58 

16 16 15 19 50 53 15 55 

16 12 lu U 7 18 51 Ul fl 

13 
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irptj;r.¡2 R » v READINGS ÇH XJ-X1WH \?ID KÎKIK'H THIJOO'O'T^Kî A.t-'^'TT TR»'?4^?? .nri !f 194« (rr*m r.\ 

ICH auim1 THiTT 

ST AT IOSS tflTti THBiKPtr 

3TATIOB 

East Hill 

Trail Forlc 

n«h«r Stand 

Str*«n Crosaln^ 

H«nlock Baa« 

Harvard Hill 

Choatnut Grov* 

Gravai HiU 

Mill Point 

Rlcavill* Pone 

Fay Lvc Torrao« 

y»at Boundary 

West Terraoa 

Ton 5V crap 

m is sHJLtms 

SLSV. If 1*71 
IS >7. 

4 

f50 Max. 6? 
Kin. U5 

86ü Max. VO 
Kin. Í*) 

660 Max. 
Min. 

6ùO Max. 
Min. 

650 Max. 5Ö 
Kin. 39 

900 Max. Ö? 
Min. U5 

820 Max. 
Kin. 

800 Max. 8? 
Min. U3 

760 Mm. 86 
Min. U3 

755 Hm. 
Min. 

760 Max. 
Kin. 

J00 Max. 
Min. 

770 Max. 
Min. 

756 Max. 89 
Min. 33 

STATIONS WITH HûîîSHELTZRED MINIMUM THEKMOMJfTERS 

R&J Pina Itld^o 

H«alock Orovo 

Blwdcvn 

Uhito Aab Svala 

Kiahar Stand 

Ml LI Poisd Flat 

Fay Ton*ace Edge 

Tosí Svausp Buah 

925 

BUO 

840 

8Ô5 

860 

835 

780 

753 

Min. 

Kin. 

Kin. 

Kin. 

Kin. 

Kin. 

Kin. 

Kin. 2fl 

jüu-KúiiraTK *aai.r pûuoüs »diso 

AUGUST SKfTOiMIB 0CT0BI» SOfgffeai 
vriB 25 i ö~"ir~7r ?9 5 tttö 27 3 im.T^24 » e 

VO 1L Yj ft 88 87 51 64 73 /9 85 Ö2 79 61 1*7 i*9 UO 50 
52 51 60 47 56 53 >6 26 28 33 U) 28 28 28 19 19 14 U 

69 93 93 99 86 87 8? 65 72 79 6 6 8 2 7« 59 49 Uß U 50 
51 51 61 U7 55 54 36 27 27 32 i*0 2$ 25 2 7 19 18 \J 11 

51 
9 

¿3 73 öl 85 62 79 62 47 48 U 49 
31 36 44 20 20 23 31 15 20 24 15 12 5 2 

19 93 92 92 85 88 83 63 72 79 85 82 60 61 46 4? 1*; 50 
48 49 59 49 51 50 33 22 23 26 >6 20 23 25 16 15 10 8 

90 98 ?ò 97 66 9o 85 ¿1 73 77 âó Õ3 81 61 45 49 41 j\ 
53 52 59 49 57 55 33 26 >3 33 42 2? 28 30 18 19 15 11 

88 93 93 92 84 87 Bo 61 69 77 82 60 /6 6u 45 4 7 41 51 
52 53 61 49 55 54 35 27 29 ji 39 2 3 25 30 20 1Ö 9 7 

85 92 89 91 82 85 80 6o 68 76 Q2 78 7Ö 60 44 6 7 41 69 
51 52 60 47 54 53 36 26 28 X> 37 21 24 28 20 17 B 6 

B9 96 94 93 58 89 Ô4 73 75 86 83 92 63 48 52 43 51 
41 46 53 36 45 43 29 18 22 27 28 13 IÖ 25 13 U 3 1 

1*5 52 51 .3) 26 27 30 39 24 2$ 27 18 17 10 9 

44 52 51 33 26 24 28 37 

43 51 47 31 ?3 23 27 36 20 23 24 15 15 9 7 

47 53 53 35 26 27 31 38 22 26 16 1? 11 8 

35 46 27 37 34 20 1? 24 26 10 15 21 -1 -7 

1 3 2 

DJ^IKhS: 
tr7r*29 

42 50 
6 5 

43 50 33 
5 5 1 

44 51 i\ 
3 4-1 

43 50 33 
-4 -2 -12 

43 61 31 
1 2 -7 

44 51 31 
5 1. 4 

44 51 
2 4 

41 49 29 
5 5 -12 

29 
-19 

32 
-13 

51 31 
5 6 j 

51 32 
-5 -4 -l6 

44 52 Jl 
-6 -3 -16 

4 4? 

2 1-9 

3 4-2 

-11 -6 -19 



kPFûmu b - wmiu WAUvm ai ka/dsjm and kihîhuh 'mmwrtuc. augüdî 19/*? miauan jvir vm (cckt«d) 

19UÔ jwujir 
5 rr~iT 

fEIftUAHî 
*nF~2j, 

HAHCH 
fí~"rr 22 2v 

AHUL MAX 
ir~r? 26 3 10 T? 2u jx 

JUM JULY AüZVSÏ 
ilTTi 29 5 iFTi ¿7 'ï—“ 

30 3ii 32 yj UÍ4 50 U U ¡*tí 6‘j 61, 72 72 62 72 69 7ii Ô2 6Ò Ö6 65 7& 6i 87 90 92 83 b? 
-6 -6 -13 -6 -13 7 2 -6 3 22 18 26 2j 2U 30 30 39 39 38 51 38 Ü7 Uu 66 51 50 51 50 57 

37 39 33 32 29 >0 66 50 
3 -7 -11 -13 -15 -io -16 8 

36 39 36 32 30 29 US 50 
6 -10 -13 -15 -19 -12 -17 7 

62 62 68 66 65 72 /2 61 
0 -9 0 19 18 25 21 22 

62 39 68 63 6) 71 71 62 
-3 -11 -2 18 17 25 21 21 

72 /2 76 83 66 85 65 
30 29 38 38 38 50 36 

70 66 71 62 69 81 til 
29 29 36 37 38 50 37 

7Ö Ô0 8? 90 91 87 86 
67 66 65 51 69 $1 50 57 

73 76 86 69 90 8 6 80 86 
67 63 66 69 68 60 69 55 

35 60 35 33 35 )3 63 53 62 ¡*2 57 62 
1 -19 -25 -26 -27 -22 -27 2 -12 -23 -12 13 

61 75 75 0) 75 69 73 79 ?Q 86 87 76 79 90 91 9) 90 86 90 
16 15 15 22 22 29 30 35 63 32 66 36 >6 66 63 65 63 50 

35 I/) 36 33 31, 32 66 5 2 62 66 68 65 66 73 73 62 72 68 bj 69 81 76 76 87 87 07 86 
2 -lû -13 -21 -?2 -15 -22 7 -7 -16 -6 17 16 26 19 18 26 27 31 3¿ 66 31 65 3ô 37 66 68 66 63 50 

35 60 35 32 31 30 65 51 6? 62 66 63 6j 73 71 61 71 6b 71 83 69 83 83 77 78 85 90 92 86 86 65 
6 -6 -7 -10 -U -3-U 8 1 -5 6 21 17 26 26 23 32 30 38 39 37 5l >8 u6 u5 65 51 50 50 51 58 

3 7 3 3 3 3 2 9 30 66 69 62 39 66 
-10 -16 -10 -16 -13 -17 7 -5 -15 -2 

39 32 32 65 50 63 >0 68 
-U -17 -21 -2) B -7 -23 -6 

33 36 2Ö 32 20 63 6 8 61 60 6 7 
-16 -23 -27 -23 -23 -25 3 -il -26 -12 

36 60 36 33 31 65 50 63 39 67 
-1 -17 -31 -31 -27 -26 -28 i -17 -31 -16 

35 I/: 35 33 32 66 53 66 61 68 
2 -16 -26 -27 -22 -25 -?5 3 -12 -25 -13 

36 60 36 32 65 66 60 65 
5-6-8-12 -13 -5-12 0-5 2 

36 60 35 33 32 65 53 '46 62 60 
2 -19 -27 -29 -26 -27 -29 0 -16 -27 -15 

35 60 35 32 30 66 5i 63 60 65 
0 -20 -29 -31 -27 -27 -30 0 -16 -28 -11, 

59 59 Tl 70 60 72 68 73 62 66 
1? 17 26 20 20 28 28 35 36 36 

62 61 70 70 61 69 60 72 81 6? 
10 1 7 2 7 2 1 2 1 2 8 30 36 3 6 3 9 

6 1 60 7 0 70 5 7 72 6 9 8 1 68 
16 16 30 19 19 2 7 26 36 39 

62 61 70 /O 61 69 65 71 78 68 
16 15 27 16 17 26 25 30 30 38 

65 66 73 73 62 72 68 72 8) 70 
13 32 26 13 13 22 22 26 27 35 

66 63 71 71 62 70 6? 72 ÖQ 66 
22 16 25 26 21 31 30 )6 39 36 

65 66 72 72 62 71 68 ?2 82 70 
13 11 ?5 U 13 20 21 27 27 35 

66 63 73 72 62 71 66 72 81 70 
12 13 26 16 16 21 21 26 27 3U 

82 86 72 76 86 87 90 82 86 
68 36 67 61 JJ 69 67 69 48 69 

86 83 76 79 06 89 91 86 85 
66 38 68 63 66 51 5o 52 51 57 

83 83 72 76 83 88 Ö9 79 03 
66 37 68 62 65 51 69 51 50 57 

80 8 2 75 77 8 7 92 92 84 88 
66 35 4 7 3 7 60 66 69 62 51 

82 86 77 78 87 93 92 88 86 86 
63 31 65 33 60 12 61 65 39 68 

79 79 72 73 61 by 86 82 78 82 
51 60 66 66 52 50 53 51 59 

82 Ö3 75 77 05 90 90 82 06 
63 29 65 33 36 61 61 63 60 uß 

81 82 76 77 86 91 90 65 82 85 
61 30 65 3 3 36 61 61 62 38 6/ 

-7 -io -15 ■15 -io 26 21 21 2/ 26 37 35 Xi 69 36 66 ho 63 67 67 69 68 55 

-IO -15 -19 

1 -10 -13 

-26 

25 19 18 25 26 32 33 35 66 36 66 60 62 67 66 6Ö 68 56 

■6 -28 -16 -39 

25 15 15 21 23 28 29 35 39 33 

66 65 65 39 60 

■33-36 -6 -23 -35 -26 10 11 16 16 20 21 26 26 32 62 31 37 35 61 61 63 37 66 

i 33 



JLPrËmîlZ B - BfcsaXï KEADIb<í3 un H&lImH ixy KÏSImlK rrùænukex sr5 iüûUST ïrùî TnsiÂOS JUtI 154S (COST*D) 

SUB CITY THJLCT 

ST¿IIDM3 WITH THEKîC^STEaS lb SH1LTS&S 

ST1TI0H 
ELSV. I9i*7i 
IS FT. 

àpfroiduts vksxlt rmiow f^uibo 

AUGUST 
li ir~T5 25 

SEPTIMBSl 
1 TrT5~72 29 

0CTDB3K 
5 TÏT! 27 3 I0~T7 2 ¡4 30 

DBCEKm 
9 i^rrr .¾ 

UûO 
1055 

PetershAa 

Hickory Hill Junction 1000 

WiUcBt Hi U 99$ 

Sh«If St*sap V90 

Cofcch Road 650 

Burns Bridg« 750 

Rivor Mo«d<»f 725 

South Boundao- 950 

Healocfc Knoll 795 

Irai laido Su alo 7$0 

Tranaoct Sualo 7U6 

Whito Pino Bottoms 690 

fUx, 
Rin. 

Max. 
Rln. 

Itax. 
Min. 

Max • 
mn. 

Hoz* 
Min. 

Has. 
Hin. 

Max. 
Hin. 

Max. 
mn. 

M«x. 
Min. 

Max. 
Hin. 

Mas. 
Min. 

Max. 
Hin. 

814 
UÔ 

86 8Ö 77 82 72 50 
56 k9 56 55 30 30 

U7 
20 

5« J1 
5 5 ? 

¿*9 50 Í4Ó 30 
11 12 7 6 i 

U9 50 ÙS >0 
7 h 0 1 -1 

52 51 32 
0 1-0 

52 52 32 
5 -5 -23 

31 
-18 

51 U 30 
2 3 -7 

52 52 U2 29 
5 3 0 3 -8 

U 7 50 Ü .30 
5 3 0 -12 

1*5 1*6 Hr 2 y 
U 2 i 3 -U 

STATIONS WITH HO SS H ELT 2R ED MI HI MUM THEHKOKgTERS 

Hickory Hill 1070 Hin. 

Sb«lf Sweap 990 Hin. 

Cave Road Swenp 930 Hin. 

Portal Swansp 920 Hin. 

Linden Terrace 860 Kin. 

Choate Fana Hill 930 Kin. 

South Hill 1030 Kin. 

Tranoect Knoll 760 Min. 

Bums Bridge 750 Min. 

Power Line Crossing 600 Min. 

27 26 33 15 29 28 27 18 19 U* 9 It 1* l 

22 27 28 17 9 7 2 7 0 

22 2j 28 19 17 10 10 5 6 1 

26 27 27 35 1? 22 29 16 15 8 8 7 7 -3 

26 29 20 

3? 66 31 19 20 21 30 11* 20 25 11 12 1* 2 -7 -17 

25 31 16 20 21* lii 10- ? 2 0 -8 

134 



AfTÖJDIX B - WKKKLT REA0IKG5 Ct¡ MAXIMUM Ahl) Ml UI WH 7Í&3QKMKTER5 AUOIBT 1%7 THROUOH JULY l%8 (Cr»»TtD) 

194 0 J1KUAÄT ymtUAJiT 
6 rrw 27 ) ~mrr 2u i 

)? Jl 26 28 Ui be 
7 -L -6 -10 -13 -9 1 5 U 

>8 33 32 30 >0 LL 5C LI 
3 -8 -10 -15 -1L -10 -3 10 

3i^ 36 3L 32 .12 31 L3 L9 
6 -5 -7-15 -12 -9-2 12 

3L 38 3L 3? 31 29 LL 50 LI 
L -15 -19 -21 -21 -17 -13 -5 -7 

37 39 35 33 32 32 LA 52 L? 
5 -15 -19 -2L -20 -23 -16 -10 -7 

36 39 35 33 30 30 51 L2 
-1 -2? -30 -29 -27 -30 -21 -1L -12 

>6 LD 35 33 30 31 L6 52 L2 
1 -21 -30 -29 -27 -31 -21 -13 -16 

37 3« 3L 33 30 2 9 LÓ 51 L2 
6 -13 -16 -21 -17 -21 -IL -A -7 

3L 38 3L 32 29 28 51 L2 
7 -15 -20 -25 -20 -22 -16 -9 -5 

MjUCH IHUL HAY 

9“rr 23 30 6 mo 27 l im.6 25 

50 6L 61 69 61 66 6Ô 78 79 69 
-6 2 22 15 21 21 2L 29 30 39 39 37 

LD Lfi 6L 60 71 61 70 66 /9 62 71 
-8 1 21 16 26 21 21 26 26 39 37 37 

39 50 63 61 72 62 73 69 60 6L 71 
-5 S 2? 16 26 22 21 25 29 LO 39 37 

LO 51 6L 61 71 60 69 66 79 82 72 
-16 -Ô 16 1L 25 16 17 23 25 36 33 37 

L2 50 66 6L 72 63 71 66 60 6L 7L 
-23 -8 15 13 26 1L 15 22 23 36 26 35 

LL 52 66 62 70 62 60 69 70 79 6i 70 
•28 -14 12 13 26 1L 15 22 21 35 27 32 

LO 50 06 63 72 61 70 6? 81 83 71 
-28 »15 12 12 25 Ui 15 21 21 35 27 32 

L5 5 0 6 3 6 3 72 6 2 61 69 70 79 6 2 71 
■20 -7 16 15 27 16 16 2L 25 36 32 36 

1-2 51 6L 61 70 60 59 68 66 /0 8l 69 
■22 -8 16 1L 27 17 18 25 25 38 30 37 

JUNK JULY 
2 8 IF”22 29 6 13 T7“ 28 31 

76 76 7L 75 88 86 60 
L7 37 L6 L7 u9 51 53 50 60 

81 7L 77 69* Ò? 66 ÕJ bo bj 
37 L9 L2 55 L8 LÔ 55 LÖ 56 

66 77 79 92* 9-0 92 Ö9 bj 88 
LO L6 L5 51 50 L9 50 L9 59 

81 75 78 904 86 90 66 83 d5 
33 L6 38 L8 L5 LL L8 LL 52 

ÖL 78 80 92 89 91 6? 5L 6? 
32 L7 36 LÖ L3 L3 L6 L2 53 

61 81 76 76 91 86 90 86 63 85 
36 31 L6 3L LL L2 L2 L5 LO 52 

61 76 79 91 59 90 85 83 66 
32 L6 35 LL L2 LI L3 LO 50 

81 01 76 7? % ÖÖ 69 85 82 65 
LI 35 L7 39 u9 L5 'oS L7 L5 5L 

79 79 73 76 8? 86 6? 62 80 83 
Li 3l L7 37 L8 l5 L5 L7 L3 5l 

-9 

35 37 3L 32 30 31 L5 5o 
-17 -22 -2L -21 -25 -15 -10 

33 36 35 32 28 29 L9 
L -16 -23 -2L -22 -25 -17 -9 

39 L8 52 57 69 62 
-A -8 16 16 2 7 17 

L2 L3 50 57 60 73 63 
-6 *-¿2 -8 16 15 26 17 

LI 39 L5 60 57 69 60 
-7-23 «8 16 16 27 16 

61 70 6 9 7 7 61 68 /7 78 
19 25 25 38 30 37 Li 

72 7 3 8 0 8 5 70 6i. 
2L 2L 36 29 35 3L 

57 68 66 77 80 60 76 78 
19 26 26 38 30 35 L2 >l. 

o9 73 79 62 83 80 75 79 
L7 38 L8 L5 L5 L6 Lu 5l 

72 76 85 8L 87 82 78 82 
L7 37 L8 LL L5 L7 L3 52 

71 7L 82 83 6L 60 77 77 
L7 38 Lfl ii5 L5 L7 LL 55 

7 -7 -7 -10 -13 -9 2 L 3 -5 

6 -12 -1L -16 -17 -13 -8 -2 -2 -10 

7 -7-10 -18 -15 -15 -6 -3 -L -9 

-19 -17 

3 21 15 2L 22 23 28 29 39 38 36 

-3 10 IL 2L 18 19 25 27 37 3L 36 

0 19 17 26 21 21 27 28 37 36 36 

25 17 ¿8 37 28 35 

25 15 22 >6 28 33 

18 

37 L6 L3 50 

3L L6 39 L8 

38 L6 L3 50 L7 L9 L9 L7 5 7 

3L L6 37 L6 

31 35 L8 L3 L3 L5 LO 52 

18 25 25 37 30 36 3L 38 Lb L5 li5 iiß LL 53 

1 -21 -28 -28 -25 -28 -13 -11 -27 -IL 1L 26 15 15 22 35 27 32 37 31 L6 3u LS 

0 -27 

b 
Hsadlaga taken Juno >0 

Hoadings ¿or Jan. 20 and after are fresa station 
at High School 



nom 

Kill 

S-** 

IUnrM-4 WU 

T«4 

«ta«» 

H’-rr^-d KU 

Isa S*«»p 

KT®<2œ 

»«•»«•a un 

T<MI £*Mp 

¡>.a:M3ia 

Pr»*r«t Kl U 

Marrsrdl ttíU 

Tas 

tfhlt* Un« ftotVofifl 

juom itm 

Proejet KlU 

H«rr«f«l Hi U 

Tea Swiap 

'ihlRe« ftottos« 

mauiai 

Prospect KILL 

fîtrrard ni U 

Toa IMaap 

Whlt* Un* Bctfcow 

B-jrn« B ri 4.1» 

ßtr*«a Croie! 

RI ssrl U a ?cr-l 

ApfmniU C-I DUU HUIfJK A*Ù K1XIXJX *WP®aT«» (V) tSCiMïü!) cs THSm.tßUm * AV^ST Ifíf Tm¿X2í SîM i»«8 

4 2 3 ** * 4 7 í » w u u n u. w- if i» ii to ?i h ij ij* « n> a jti u V n 
Itot. ?f 11 lí ii M to l> C4« T7* Ri* U fj w fk* «• ?J* « IJ W 4i Tl W »1 M M M K A I| IJ 
«*. i# W 57 ïf Il 4) érf Ú* 4Í 5} 4j 6f nm ff* iu' $i Si K *) M U *6 te MJ pi jâ ii, 5» í| Ú 

»U«. N II Si» M et 9k »* f! ïf M f! tu ti »j n 4? «J M «0 fj ñf it f) fj Ö4 /¾ TT TT fl, 5J 
W«. «a JJ iü «e kf \l i& tri tú t) kl kl 41 57 te to Sj i*À JT «} 5» 5» 5J 54 il tl 5« ¡À 51 5,7 Sf 

Km. « Tí 9j 8/ Tf IJ là « «v 
Wn. SI U >4 5« 5« U 45 47 S4 

Km. 8 J 80 M I* ft *4 86 ta « 
Kt». Jt lS Ul l£ ^ 5J 57 ta LA 

1/ »*, 8? 8f TJ 11, fj 75 73 n 
5444 4>fcA4Jé*.ti^WuA 

W 8J 85 M 7t »5 7) TS 73 Tl 
b) SS M Ai tl 41 4) j» j,’ JS 

tete 70 5 7 4i ST Í* J4 6j 48 15 
>4 U IJ Ji Ji LT J) T« Il j* ta 

M. M ?o Sf 4| 51 » 54 4» é/ Jl 
78 11 Si* Tf H U 79 U U 71 fr 

KM. 57 W 8f 77 TJ T9 Tf Tl te te 
«a. Jü W J5 ta 5J SI SJ S6 U JJ 

»U*. 57 SI W! Tí 73 ?S Vi Ki ti te 
Un. 71 ia 2) n ja n jt j» ta 

TU 74 M TI ta 95 8.) ta 77 /5 
U ÙJ, 47 SI U 5? 55 ta 4> 5T 

T.* 7k 70 P» TT f*!. 8) 82 TU TT 
75 27 77 UJ Tfl JJ >> «5 5? 41 

n 7» Si ta ta r» 92 TJ *7 Sî 47 
54 kJ il Jj ßi u T SJ 57 il 41 J? 

?0 77 11 54 U TJ 8 J TJ 41 I.J 4J 
)4 27 It 79 U 77 Jl J*i *f ta >4 

K*t. 54 W 67 JO 57 4Ä 4P 5 J 54 
«n. J2 JO 34 fci. ¿J U U U U 

K«. 57 6 J 4 J 51 56 47 U9 52 5J 
KL-ï. 2J IT )4 J6 29 J) ta >8 74 

47 4J Ü J5 Ä JA Ul J? ta >5 
Ji 74 t9 1? IJ 11 17 28 JO J h 

ta 45 45 U J5 J4 41 J9 ta )« 
74 U Jl 17 IJ 14 IT I* JO 15 

J7 J? wl ta » U ta J4 >8 fi J7 
>0 h n js ï? ji, *> i> 2j n u 

J? ta 41 51 ta 47 42 JT U Ji* J4 
12 17 U J5 19 JJ 77 IJ U « ) 

KM. 
Kla. 

Km. JA JA 50 ta ?J 21 >9 
«n. 15 75 )J 73 15 15 U 

>Ua. 30 ta 52 ta 70 27 41 
Wn. 2 9 Jl 17 U 4 1 

lUz. 
Un. 

>4 23 19 29 2i JS JT 
19 U 19 IA 15 5 »4 

UJ Jè JJ JS JJ JÖ JI Jf 
ta 23 15 ïi 14 17 5 IA 

45 ta ta JA ta JI J.l U 
31 22 7 72 -3 -Ï -A 0 

JA >5 32 Jl 37 28 24 Ji, 
31 75 17 ?J 4 4 1 4 

ta ta jl £3 2« Jl id »J 
JJ 72 U» 6 4 17 15 1A 

49 JS JJ 1 7 79 ta J2 12 
ta 74 13 4 5 15 U 18 

51 JT >5 77 19 37 JJ 2J 
J2 19 15 *5 J 1 » 8 

U JT >4 75 25 J7 Jl 74 
X) 2 7 19 4 ft 7 L4 U 

27 74 2i i> ¿4 1/ H 
U 7 U 19 16 I $ 

75 79 74 23 »6 l# 24 2» 
17 J 17 71 15 4 4 7 

25 ta 75 29 30 19 24 7? 
15 -17 -lû 72 -J f 4 0 

74 72 25 H 2J 70 TJ 7$ 
19 .11 -J 22 J » -J 4 

Sm. 28 24 JO T8 29 Jl 26 29 Ji, 
Kl*. 73 IÄ 21 23 23 23 70 10 20 

ttu. 26 26 J5 ta 3? 35 2Í 34 J7 
Un. 22 20 22 25 24 2J 70 16 10 

KM. 27 26 J6 Jl JJ J? y} 3* 14 
Un. 20 21 JJ 2J 7? 77 » 7 7 

K«. 27 ?A 37 JO 32 Jl 29 29 J5 
Un. 21 20 22 24 2J 24 22 U ô 

78 50 77 31 29 ¡4 74 ta i? 14 75 
J -) n 75 14 -5 7 21 7 -5 6 

Jl 25 79 12 ta »6 75 jj ?8 20 79 
4 -S S 78 U, -7 1 71 9-8 T 

ji 25 Xi 33 31 IA 25 J4 73 IA 78 
5 -21 -19 29 -7 .1» -7J lû fl -ît -4 

Jù 70 29 JJ JJ lû 24 Jl 79 12 7J 
4 -16 -U 29 0 -U -ta 10 9 -7J -ç 

29 7/ IA 5 17 17 ifl 17 2 J 10 15 
ifl 15 2 -6 J 4 S ? 7 -14 -A 

ta 2« 19 : 7J ¿4 2? 71 77 70 19 
10 17 * -10 5 S 8-7 7-14 -Il 

31 19 15 T 74 7 J 27 »9 77 Xi 19 
-f 6 -J -JJ 4 -26 -15 -* -JC -»jj .15 

31 29 IA fl 10 10 7 J 16 74 70 16 
0 15 J -24 6 -19 -? -7 -2 -17 -1> 

Km. 72 27 24 9 2J 27 25 25 IA Ifl 21 >4 K kl 
Un. 3 10 9-1 s 7 4 17 -3 -6 5 1? 17 2fl 

Km. 25 31 75 11 2r 27 77 2fi If 22 7 J jß ju 43 
Un. -8 8 U 0 6 6 4 IX -4 -10 4 20 IJ 79 

Km. 28 JO 23 fl 27 26 27 PB i; 22 24 J9 79 1*4 
Wn. -2fl -14 5 -12 5 -l) -25 U -29 -JO -21 14 -7 29 

Km. 21 26 20 9 2J 22 22 77 U 17 24 34 28 37 
« n. -22 -X 7-5 7-6-10 II -22 -25 -16 V» -2 78 

»ta*. f 27 26 27 27 16 70 75 37 >9 44 
Un. -10 1 -1? -2J 6-3û -31 -71 16 -f! 39 

2 7 34 4 7 4 3 40 UU 25 70 24 2? 4l J0 36 Jl 76 
fl 13 12 XI 17 22 9 14 7 9 l? 27 7) 19 14 

i't 36 SI US 42 ¿»6 27* 25* 27* J2 wü Jfl >1 32 78 
10 U 35 ?9 19 IJ* 10* 17* 9* l 71 26 21, 21 16 

29 36 52 '.5 41 46 29 76 Jl il UJ J0 IJ) 7? 29 
11 -4 >6 IX 13 74 1 16 -j -IJ 77 21 46 Ifl 17 

2 9 33 40 44 40 J9 21» 3) 75 ? S VJ y, 16 28 27 
12 1 J? 22 1? 74 7 17 0 -9 21 21 IV 20 IA 

29 
9 -4 

50 44 4i 43 2? 25 78 JA 42 J*i 41 Xi ta j5 
14 24 J ta S -T U 21 15 19 ifl -9 

50 47 4i UA 27 2) 28 )7 4.I 41 >fl 30 if 
y> ii 1> 2J 4 1/. 1 -10 23 24 17 21 iS -15 

int^rpoletçj f«l-4«« 



¿rr-uajvX C-» »lief KiZmtm im Kvifsm TBtsnaj.'ma (t) joßuam m tgmstnasxrm uxxm 11*7 rf&c"i&i /m,i íookvúi 

sin 

B-ar»w4 K1U 

Yes Ssaaÿ 

tii&U «*♦ tHAUmm 

rtflW gie~4 

tog LM T«rrtM« 

»«.» *mta*Urf 

frUM*» BWkl4 

CfcssUtwí 4tb^« 

Prvtpsaí an 

nu. 

Tc» Casaj 
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APPENDIX D 

RANK OF MAXIMUM-TEMP MATURE STATIONS, IN SHELTERS 

Table of weekly maximum temperatures, with stations arranged in approxi¬ 
mate order from warmest to coldest, according to their monthly averages of 
weekly maximum temperatures, compared to monthly average of the highest 
weekly maximum temperatures recorded each week, regardless of station. Scale 
is in actual F degrees (in contrast to minimum-temperature scales in Appendixes 
E and F which are in tenths of total rangas). Eich series of comparable 
readings is set off by vertical lines. 

figure 106 shows placement of all stations for all months of operation. 
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APPEIÍDI I D 

MMS Œ' MArnpM-fmPBBAfVm STA H CSS. IN SHELTERS (CONT'D) 
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APPENDIX E 

RANK OF HINIKJH-TKMFERATUKE STATIONS IN SifELTHRE 

Consisting of tables of weekly mlnirnmn temperatures for stations 

vh.v instruMnts were in shelters. 

Stations are arranged in approximate ord^r of rank from least cold 

to oldest. 

bach series of comparable readings is set off by heavy vertical 

xines. 

Scale is in tenths of monthly total of weekly ranges between least 

Ct-Li and coldest station. Stations in rank 1 are least cold; stations 

:j. rank 10 are coldest. 

Example (Placement of Big Spruce Swamp for July, Page E-13.) 

Weekly range between 
least cold and coldest 
stations, in F degrees 

1st weak 14 

2nd week 9 

3rd week 14 ar‘ 

4th week 1U 
5th week 12 

Total Z3 

Total of 63° * 10 (ranks) - 6,3 

Difference in F degrees: 

Highest weekly minimum mi¬ 

nus Big Spruce Swamp minimum 

8 
2 
5 
8 

J3 
31 

per rank. 

Total of 31° for Big Spruce Swamp places it near bottom of 5th rank. 

Minor adjustments in placement made upward or downward for reasons 

given in text, Chapter IV, Section 6« Figures 102 and 103 show placement 

of stations for all months of operation. 
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APPENDIX F 

RANK OF NQHüHKLTFRED KINIHUM-ThlMPEfMATURE STATIONS 

Tables of weekly mtniirsüö températures for stations where 
instruments were not in shelters. Stations are arranged in 
approximate order of rank from least cold to coldest. 

Scale is in tenths the monthly total of weekly ranges 
between least cold and coldeat station. Stations in rank 1 are 
least cold; stations in rank 10 are coldest. 

•Example (Taken from Fisher Stand, for October, 1947; Page F—3-) 

Weekly range between 
least cold and coldest 
station, in F degrees 

1st week 9 
2nd week 13 
3rd week 16 
4th week -12- 

57 

Total of 57° for ten ranks equale 5.7° per rank. 

Total of 27° at Fisher Stand places it near bottom of 5th rank. 

Minor adjustments in placement made upward or downward, in 
soma cases, for reasons given in text. Chapter IV, Section 6. 

Figures 104 and 105 show placement of all stations for all 
months of operation. 

Readings for Tom Swamp Bush thermometer (not at standard 
height) have been added at bottom of rank scale. 

Difference in F degreda 
between highest weekly 
minimum and Fisher S;and 
minimum 

2 
6 

10 
..2 

F-l 
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