1958 No. 24

BLACK ROCK FOREST PAPERS

MICROCLIMATIC AND VEGETATIONAL STUDIES

IN A COLD-WET DECIDUQUS FOREST
by

Philip Ross |

This work was supported by the U, S. Army Quartermaster Research
and Engineering Command under Contract DA 19-129-QM-572, The
views and conclusions in this report are those of the authors and do not
necessarily reflect the views, nor have the indorsement, of the Depart-
ment of Defense.

HARVARD BLACK ROCK FOREST

CORNWALIL-ON-THE.HUDSON, NEW YORK




1.IST OF TABLES

Table No.
1. Frequency (percent) and Density (average number) of Plant Species at
TenField Stations . + o v v vt v vt vt st st et ot onasasss .
2. Weekly Precipitation . .. .. e e Pe e i s s e
3. Weekly Maximum and Minimum Air Temperatures in Degrees Fahrenheit.
4, Observations of Soil Temperatures in Degrees Fahrenheit . . ... .. ...,
5. Observations of Soil Moisture in Percent Volume . .. ... ... ... ‘e
6. Prevailing Wind Direction and Speed in Knots per Hour at Stewart Field,
New York.: o v o i n vt e s nnansenaeesennsesossanssnsssnesss
7. Solar and Sky Radiation at Harvard Black Rock Forest. . . . . e
8, Solar and Sky Radiation at New York Meteorological Observatory, Central
Park, New York . . v v v vt e v v v o esnasenen e e e e e e s ey
LIST OF APPENDIXES
Appendix A, Tables 9 to 25, inclusive: Frequencies of hourly temperature
(number of hours and percent hours) for ten field stations and
Stewart Field, Newburgh, New York, April 16 to 30, 1956; May,
1956 through August 12, 1957, .« v v v v v e v oo a Cere e e a e
Appendix B, Tables 26 to 30, inclusive: Frequencies of hourly relative humid-
ities (number of hours and percent hours) for nine field stations and
Stewart Field, Newburgh, New York, August, 1956 through May, 1957
Appendix C. Tables 31 and 32: PFrequencies of hourly relative humidities

(number of hours and percent hours) for eight field stations and
Stewart Field, Newburgh, New York, June, 1957 through August 12,
LT N )

vii

Page

22-23
33-34
50-53
54.56

57-59

38

41

42

66-82

83-87

88-89




ABSTRACT

The Harvard Black Rock Forest, situated in Orange County, New York, on the north side
of the Hudson Highlands, presents an ideal situation for studying vegetational composition and
structure and microclimatic factors. During a period of sixteen months data on temperature
and its vertical stratification, relative humidity, precipitation, soil moisture, and soil tempera-
ture were gathered from ten field stations and related to topography, soil, and vegetation.

Six plant associations were studied and mapped: mixed hardwood, hemlock-hardwood,
Quercus rubra, Quercus Prinus, Quercus ilicifolia, and Quercus alba-Carvya glabra.

Precipitation values show a decided rain-shadow effect on the Northern Slopes section
where values averaged 40,62 inches for twelve months compared to values for Glycerine Hollow
in the Highlands section which averaged 47.96 inches. The bottom of Glycerine Hollow where
the monthly mean air temperatures for the summer months aveéraged 65.9°F was the coolest
area; the south slope of Glycerine Hollow recorded the lowest monthly average during the winter
at 25.7°F. The lower north slope of Black Rock Hill recorded warmer average temperatures
than any other station: 70.8°F during the summerand 28.4°F during the winter months, During
the study, average relative humidities were higher and average temperatures were lower at the
field stations than at Stewart Field, a nearby Air Force Base where regular, standard weather
observations are collected. Soil temperatures followed the trends of the mean air temperatures
except during the winter when the soil temperatures averaged 32°F, The soil moisture averaged
higher on the north slopes than at Glycerine Hollow; runoff and evaporation are probably respon-
sible. Glaze was found to be an important factor in tree development.

Partial solutions for the causes of the distribution of the vegetation types are suggested,
The mixed hardwood and the hemlock-hardwood associations are related to the deep till soils
and the high soil moisture on the lower north slopes. Tsuga canadensis (Hemlock) is found
predominantly in the cooler ravines, The Quercus Prinus (Chestnut Qak) association is related
to low soil moisture in the thin soils on the steep upper slopes. The Quercus rubra (Red Oak)
association is related to the more mesic conditions on the lower more level slopes. The Quercus
ilicifolia (Scrub QOak) association found on the westerly sides of exposed hilltops is related to
the dry conditions of the air and the soils in addition to lower average temperatures. The Quer-
cus alba-Carya glabra (Wh1te Oak-Pignut Hickory) association is related to warmer “soils,
extremes in air temperatures, and low soil moisture.
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MICROCLIMATIC AND VEGETATIONAL STUDIES IN A COLD-WET DECIDUCUS FOREST

CHAPTER 1

INTRODUCTION

Vegetation is acted upon and influenced by a complex of interacting factors. Cne approach
to an understanding of vegetation is through a determination and description of the general
characteristics of the vegetation such as composition and structure and the environmental
factors affecting these characteristics.

The study of habitat climates, or microclimates, and their relation to vegetation is rela-
tively new.[1] In Germany Gregor Kraus became the father of microclimatology with the publi-
cation of his book, “Boden und Klima auf klienstem Raum.”[2] In the United States ecologists
were publishing meteorological reports of local areas as early as 1901.[3] Since this time the
study of microclimates and vegetation has developed along two lines: (1) the economic line is
represented by researchand investigation by the Weather Bureau in agricultural meteorology, [4}
and by the study of forest fire weather factors;[5] amd (2) the ecologic line is represented by
research by botanical scientists emphasizing slope exposure, [6] soil environments, [7] meteor-
ological factors,[8] and the nature of environmental responses in plants and vegetation.[9]

Objectives

The present study was organized to determine and to describe the microclimatic factors
in the environmental complex of a cold-wet type of deciduous forest, the Harvard Black Rock
Forest, and their relationship to the vegetation of the area.

The specific objectives of the study were as follows: (1) to gather data on temperature
and its vertical stratification, relative humidity, precipitation, wind direction and velocity,
solar radiation, and soil moisture and temperature variations for a period of sixteen months
from a network of ten microclimatic stations located in the hilly Harvard Black Rock Forest;
(2) to analyze the vegetation of the area; to map the distribution, location, and extent of the
vegetation types; and to record the phenological development of the vegetation; (3) to analyze
the microclimates of the tenselected sites inthe Forest, in relation to topography, slope expo-

sure, soil and vegetation; (4) to study specialaspects of the moisture regime, namely, condensa-’

tion and dew during the warm months and glaze formation during the cold months; (5) to apply
the findings of the study to the problem of the distribution of the types, conditions, and locations
of the various vegetation types and/or species of the vegetation cover present in the study area;
and (6) to document the study with representative maps, diagrams, and photographs to illustrate
the area and the conditions being analyzed.

[1] The following references have excellent reviews of the microclimatological literature:

Bliss, 1956; Cantlon, 1953; Geiger, 1950; Wolfe, 1949,

| Geiger, 1950.

] Cowles, 1901.

4} Bartchelor, and West, 1915; Cox, 1910, 1923; Smith, 1920; Whitney, 1894,

] Alexander, 1950; Gast and Stickel, 1929; Hawley, 1926; Hayes, 1941; Mitchell, 1929;

Stickel, 1931,

[6] Aikman, 1941; Burns, 1953; Cantlon, 1953; Cottle, 1932; Harshberger, 1919; Pierce, 1934;
"~ Potzger, 1939; Young, 1920,

[7] Cain, 1951; Daubenmire, 1936; Graham, 1939; Larson, 1929,

[8] Burns, 1953; Fuller, 1912; Huffaker, 1942; Hough, 1945; Livingston, 1907; Thornthwaite,

1940; Veartaja, 1954,
[9] Cain; 1944; Daubenmire, 1937; Lundeg8rdh, 1931; Oosting, 1948,

1



1, Instruments installed at each field station.

Upper: Instrument shelter with hygrothermograph and maximum-minimum thermometers.

Center left: Shelter with maximum-minimum thermometers.
Center right: Precipitation gage.
Lower left: Soil moisture and soil temperature station,

Lower rightt Terminal panel and measuring ohmmeter of soil moisture

and soil temperature

station,
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CHAPTER 1I

REGIONAL SETTING

Physiography

The Harvard Black Rock Forest is located inthe towns of Cornwall and Highlands, Orange
Couaty, New York. The land inwhich the Forest is situated has been under single family owner-
ship from the early 1900’s. It was organized about 1928 as a “forest laboratory for research in
problems of forest managementand for the demonstration of successful methods in practice.” [1]
The Forest came under the direction and management of Harvard University in 1950, under the
will of the late Dr. E. G, Stillman,

The Harvard Black Rock Forest is situated on the north side of the Hudson Highlands,
part of a belt of rocky hills extending from southern New England across the Hudson River at
Cornwall, New York, and southward through New Jersey. The rolling “Hudson Lowland”lies to
the north and northwest of the Forest beyond Schunemunk Mountain.

The Forest area can be divided into two physiographic sections: the “Northern Slopes”
section and the “Highlands” section.[2] The Northern Slopes section extends from the northern
and lowest edge of the Forest, 420 feet above sea level, to about 1200 feet, This section com-
prises 1/3 of the Forest and is characterized by lower slopes of thick tiil and upper slopes of
bedrock outcrops interspersed with masses of till. Sackett Hill, Frog Hill, Black Rock Hill,
Honey Hill, and Mt. Misery are located in this section, Canterbury Brook and its tributary and
Black Rock Brook drain this section and half of the Highlands section. The ravines cut by these
brooks have steep, rocky slopes and rocky, terrace-like bottoms with small flood plains.

The Highlands section is located south of the Northern Slopes section and includes the
remaining 2/3 of the Forest. It is a rolling, plateau-like area of swamps and hills with relief
seldom over two hundred feet. The highest elevation in the Forest, Spy Rock, 1463 feet above
sea level, is located in this section. The lower levels are the depressions, or “coves,” of Cat
Hollow, Aleck Meadow, and Glycerine Hollow. Above the general level of the Highlands stand
several hills: Hill of Pines, 1400 feet; Rattlesnake Hill, 1400 feet, Black Rock Hill, 1410 feet;
Spy Rock, 1463 feet; and Sackett Hill, 1320 feet. Drainage in the Highlands section is by Mineral
Spring Brook, the brook in Cat Hollow, and Cascade Brook which flows through Glycerine Hol-
low. Figure 1, at the end of the report, shows the topography of the Northern Slopes and High-
land sections of the Forest. The topographic map, Figure 4, included in this report shows the
general features of the Harvard Black Rock Forest in detail.

Clirhate

The climate of the Harvard Black Rock Forest, a microthermal snow-forest climate, can
be placed on the Daf climatic classification of Képpen.[4] The average temperature of the cold-
est month, January, falls below -3°C (26.6°F) while the average temperature of the warmest
month, July, rises above 22°C (71.6°F), There is no regularly occurring dry season; the driest
month receives more than 3 em, (1.18 in.) of rain.

The following climatic data are from West Point, New York, which lies to the south of the
Forest., Data were collected for thirty years, butthe station was discontinued in 1948, The ave-
rage January temperature was 28.3°F (warmer than Forest temperatures during the study),
while July had an average temperature of 74,6°F. The maximum temperature recorded reached
106°F, ,and the lowest temperature was recorded at -17°F, The average date of the last killing
frost in spring was April 19; the average date of the first killing frost in autumn was October 30.
The average growing season was 194 days. The average precipitation was 41.18 inches, Febru-
ary was the only month with an average precipitation under 3 inches. The prevailing winds were
westerlies with considerable differences indirection resulting from the topography. The average
annual number of clear days for the state of New York was 133, partly cloudy 105, and cloudy
127.(5]

LY



The U. S. Army Quartermaster Corps has described two areas in the United States as
cold-wet regions, that is, areas where the greatest frequency of cold-wet conditions exist.
The Harvard Black Rock Forest is included in one of these areas. Cold-wet conditions have
been characterized by

. temperatures that are often near or below freezing (32°F), especially during
the night, but that may be above freezing during the day; abundant precipitation,
generally in the form of snow, sleet, or chilling rains; much cloudiness and some
wind. [6]

According to Meigs and de Percin the percent frequency of occurrence of cold-wet conditions
in southern New York State is above 20 percent from October through May.

Soils

The soils of the Forest are formed upona parent material of glacial till which was depos-
ited upon a granitic bedrock. The ice in its north to south and southeast movement, deposited a
thick till upon the bedrock surface of the Northern Slopes section of the Forest and a thin and
discontinuous till on the Highlands section, During the withdrawal of the ice the till was exposed
to the rigors of the periglacial climate. Intense frost action disturbed and altered the exposed
surface of the till forming a layer of warp, or congeliturbate. Post-glacial weathering has only
slightly altered this layer.[7]

The following account of the glacial till inthe Forest is summarized from Denny’s paper.
The slopes of the Forest are covered by material upon which two kinds of frost action have been
operative. In forming the congeliturbate layer the disturbed soil surface layer has moved down
slope under the process of solifluction, Cn the steeper northwest and southwest slopes large
blocks, congelifractates, have been split off and rolled down slope as talus. Consequently on the
steeper lower slopes a mass of pebbles and boulders overlies weathered till and the upper slopes
have a rather rounded surface. The entire Forestpresents a picture of smooth surfaces brought
about by intense periglacial frost action, The boundary between the thick glacial deposits and
the thin till is evident and has been mapped by Denny. This boundary, important not only to the
developing soils but also to the vegetation, is shown on the soil and vegetation maps.

A profile through the thick deposits of the Forest shows a compact, bluish gray till resting
on glaciated bedrock. The upper part of the till is stained with limonite and slightly weathered.
Above this lies a.loose yellowish-brown, slightly weathered congeliturbate. The deposits cover-
ing most of the highlands of the Forest consist of a thin, sandy layer of compact and weathered
till of vellowish-brown color resting on slightly weathered bedrock. Above the weathered till
lies a horizon of loose yellowish-brown weathered congeliturbate. It is upon the congeliturbate
layer that the brown forest soils have formed.

The soils of the Harvard Black Rock Forest are classified as brown podzolic soils. Most
of the Forest surface is covered by a shallow Mor type of humus. Recent leaf litter covers the
surface of the soils and is underlain by a partly decomposed, semi-fibrous mat of felted hard-
wood debris ranging from 0.5 inches to 2 inches or more in thickness. In a few scattered spots
where moisture is sufficient for earthworm activity a shallow granular Mull type of humus has
developed. In the coves and especially on the north slopes a deeper layer of humus in all stages
of decomposition can be found. Below this humus layer is a dark brown mineral soil from 4 to 6
inches in thickness. The subsoil is yellowish-brown in color grading into lighter colored mate-
rial at a depth of 2 feet.|8]

Six soil series, 15 soil types, and 4 other soil separations were identified and mapped by
J. Stewart Hardesty of the Soil Conservation Service in the spring of 1940.[2] Chatfield soil
material, the most common soil series, was mapped on rough stony land and covers some 57
percent of the entire area of the Forest. Ninety-four percent of the Forest lands is classified
as having stony to very stony soils. The soils map, Figure 5, shows the distribution of the soil
types and other soil separations as mapped by Hardesty.

The following descriptions of the soils are summarized from Hardesty's report. The
Chatfield soil series has developed on the thinglacial till derived from gneiss and granite. This
series occupies 546 acres of the Forest. The series is characterized by having brown surface
soils with brownish-yellow subsoils and being interrupted by numerous rock outcrops. These
soils are low in fertility and very strongly acid. The Chatfield soils are found in the Highlands
section on the sides and tops of the ridges and hills,

5
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Rockaway soils are similar in texture, fertility, and acidity to the Chatfield soils but have
developed on deep glacial till. They have afriable dark-brown surface soil with heavier brown-
ish-yellow, firm but friable, porous subsoils. These soils occupy 221 acres in the Forest mainly
on the lower north slopes. '

Peru soils have also developed on deep till but with varying amounts of sandstone. They
are poorly drained due to an impervious “hardpan” layer in the subsoil. The 304 acres of Peru
soils are found in the coves and depression areas,

Whitman soils, closely associated with the Peru series, occupy 129 acres in poorly drained
depressions and sources of small streams, They lack the “hardpan” layer and have a dark,
grayish-brown loam surface soil and a highly mottled, gray subsoil.

Troy soils have developed on a deep glacial till derived from sandstones, shales, and
limestones. The soil is grayish-brown and friable on the surface, yellowish-brown, firm; and
compact in the subsoil with calcareous till at depths of 4 feet or more. These valley-fill soils
occupy only 69 acres.

Hinkley soils have developed on deposits of glacial outwash. Cnly one small area, 2 acres,
has been mapped in the Forest. Muck soils are found throughout the Forest in swampy depres-
sions and occupy 27 acres.

[1] Tryon, 1930.

[2] Denny, 1938. ‘

3] For a detailed description of the physiography of the Forest see Denny, 1938.
[4] Ké&ppen, 1931,

[5] U.S. Department of Agriculture Yearbook, 1941,

[6] Meigs and de Percin, 1956.

[7] Denny, 1938,

[8] Schulz, 1931,

9] Hardesty, 1940,
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May 10, 1956 July 30, 1956

October 10, 1956 February 1, 1957

6. Field Station No. 11 lower north slope of Black Rock Hill. This station at an elevation of 480 feet was
situated near the lowest area of the Forest. The vegetation type is the mixed hardwood association.
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May 10, 1956 July 30, 1956

October 10, 1956

Field StationNo. 2:

TIPS
L5 PRI LR,

February 1, 1957

Black Rock Brook ravine. The vegetation type is the hemlock-hardwood association,



CHAPTER TiI

METHODS OF STUDY

General Procedure

The microclimate of the Harvard Black Rock Forest was studied for a period of sixteen
months, April, 1956, to August, 1957. A network of weather stations was installed both within
and outside the forest canopy to gather data on (1) temperature and its vertical stratification,
(2) relative humidity, and (3) precipitation, Soil moisture and temperature observations were
also obtained at these sites.

Solar radiation data were obtained with an Eppley Pyrheliometer and a Leeds and Northrup
two point potentiometer recorder installed at the office of the Harvard Black Rock Forest.
Barometric readings were also recorded here. Climatic data were also obtained from the Stewart
Air Field, an Air Force Base at Newburgh, New York, eight miles north of the Forest. This
station was selected for comparison with the field stations in the Forest because it was desired
to determine the degree of differences that can be expected between observations at a regular
observing station and those within the Forest proper.

The vegetation of the Harvard Black Rock Forestwas studied by means of quadrats set up
at each micraclimatic station. A map of the vegetation for the area under study was made by
field observations and aerial photographs. Phenological observations were recorded by means
of photographs and by field notes.

Description of Sites

Sites for the study of the microclimate and the vegetation in the Harvard Black Rock
Forest were selected with regard to vegetation, physiography, and soils. Sites No. 1 through
4 were located in the Northern Slopes sectionof the Forest; Sites No. 5 through 10 were located
in the Highlands section. Figures 6 through 15 show the general features of the 10 sites.

Site No. 1 was located at the base of the northern slope of Black Rock Hill at 480 feet on
the deep glacial till soils, The vegetation at this site is classified as a mixed hardwood associa-
tion, comprising primarily the following trees: Acer saccharum, Quercus rubra var. borealis,
Q. velutina, Q. Prinus, Q. alba, Fraxinus americana, and Carya ovata. Site No, 2 was located
in Black Rock Brook Ravine halfway down the west-facing slope at the 700 foot level. The brook
has cut a ravine 50 feet into the deep glacial till at this location, Honey Hill rises to 1140 feet
to the southeast of this site, and Black Rock Hill rises to 1410 feet to the southwest. The vegeta-
tion is similar to Site No, 1 except for an increase of Tsuga canadensis and is classified as a
hemlock-mixed hardwood association. Site No. 3 was located on the rocky summit of Black
Rock Hill. To the north the hill mass slopes sharply to the Newburgh lowland four miles away.
The area to the southis partof the rolling Highlands section. The Quercus ilicifolia association,
Pinus rigida phase, is the vegetation type on the summit. Site No. 4 was located 310 feet down
the steep north slope from the summit of Black Rock Hill at the 1100 foot level, This site was
located in the open Quercus Prinus association. Site No. 5 was located in the Highlands section
of the Forest near a rock outcrop at an altitude of 1461 feet, The vegetation is representative
of the CQuercus ilicifolia association, Quercus coccinea phase,

Additional sites were selected in the southeastern section of the Forest around the bowli-
shaped area known as Glycerine Hollow.Site No. 6 was located at 1160 feet in a swampy depres-
sion just off the Carpenter Road near the head of Glycerine Hollow, A brook flows through the
area maintaining a high water table in the depression. The vegetation is of the mixed hardwood
association, swamp phase, with Betula lutea, Acer rubrum, Liriodendron Tulipifera the major
tree species, Site No. 7 was located at 1160 feet on the west-facing slope of Glycerine Hollow
in a Quercus Prinus association. Site No. 8 was located on a south-facing slope at an altitude
of 1180 teet, The vegetation is typical of the Quercus alba-Carya glabra association. Site No. 9
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October 10, 1956 ' February 1, 1957

8, Field Station No. 3: Black Rock Hill summit.

The vegetation type is the Quercus ilicifolia {Scrub Oak)
&saociation,
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May 10, 1956 July 30, 1956

October 10, 1956 February 1, 1957

9, FHield Station No, 4: north slope of Black Rock Hill, The vegetation type is the Quercus Prinus (Chest-
nut Oak) association,
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was located in the moist, flatbottom of Glycerine Hollow at the 900footlevel in a Quercus rubra
association. Site No. 10 was located at the 1100 foot level of the steep east-facing slope of the
Hollow. Rattlesnake Hill rises to 1400feetdirectly west of the site, The Quercus rubra associa-
tion is the vegetation type at this site,

Field Stations

A standard meteorological instrument shelter was installed at each site, oriented to face
the north. The shelter housed a maximum thermometer, a minimum thermometer, and a Bendix-
Friez Model No. 594 hygrothermograph. A thermograph, instead of the hygrothermograph, was
used at Station No. 8., The hygrothermographs were checked frequently with a sling psychrom-
eter to insure accurate readings. Maximum and minimum temperatures were obtained at 7.5
cm and 25 cm above the surface of the ground at-each site, utilizing maximum and minimum
thermometers, For protection from direct solar radiation a three-sided shelter, louvred and
roofed, was placed over the instruments with the open side facing north, During the winter
months, December through March, the shelter and the thermometers were secured to a nearby
tree by means of a moveable iron bandfastened with a bolt and wing nut, With this arrangement
the instruments could be kept at the required height above the ground, or surface of the snow.
Each site was provided with a standard 8inch Lietz precipitation gage. During the winter months
the funnel and the inner cylinder were removed and the snow and rain caught directly in the
larger cylinder. Ice and snow were melted by a portable alcohol stove and measured weekly
as liquid precipitation. Figure 1 shows the instruments installed at each site.

Soil Moisture and Soil Temperature Stations

At each of the ten field stations, fiberglas units were installed to obtain soil moisture
and temperature data. The fiberglas unit selected for this study is more durable than other
similar equipment and prov1des more accurate soil-moisture measurements.[1] The unit also
differs from other types in that each contains a thermistor, thus permitting soil-temperature
measurements to be taken with each soil-moisture measurement. Procedures described by
Lull and Reinhart for the installation, calibration, and measurement of the soil moisture and
soil temperature units were followed. Figure 1 shows the t:ermmal housing box and soil mois-
ture ohmmeter used during the project.

Two fiberglas units were installed in the sides of a pit: the first, at the soil surface
beneath the humus layer, and the second, 30 cm below the soil surface. The units were not
placed deeper because the soil depth at eight of the ten sites was less than 40 cm thick. The
units were pressed into the moist soil perpendicular to the surface so as to offer the least
possible impediment to vertical water movement in the soil. To insure against the possibility
of waterflow down the soil-unit cables, the cables were led downward 6 em from the units, then
led for 30 cm under the surface of the soil before being brought above ground. The soil was
then replaced and repacked.

Wires from the soil units were led to a terminal housing box placed on a post one meter
above the ground. The box was fastened to the side of a small platform that also provided a
support for the soil-moisture ohmmeter when temperature and moisture measurements were
being made. The wires from each sensing element were connected to a triple-contact phone
jack secured to a Plexiglas terminal panel mounted in the box.

The fiberglas units were calibrated by laboratory and field methods after installation at
each station. The laboratory method consisted of drying, periodically weighing the soil samples,
and measuring the resistances of aninsertedfiberglas unit. The field method consisted of taking
gravimetric samples over the range of soil moisture in 6-ounce cans from an area close to the
soil units, The percent volume of soil moisture in each sample was then plotted with the corre-
sponding measured resistance on semi-logarithmic graph paper to form a calibration curve,
The calibration curves from both field and laboratory methods were compared and found to
differ by not more than 3 percent,

Vegetational Studies

The vegetation of the Forest was studied as to its composition and distribution and then
mapped. The vegetation was classified as to plant associations to provide a means for charac-
terizing or describing the vegetation, for comparing the plant communities of the Forest, and
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May 10, 1956 July 30, 1956

October 10, 1956 February 1, 1957

11, Field StationNo. 6: swamp off Carpenter Road, The vegetation type is the mixed hardwood association.
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October 10, 1956 February 1, 1957

12. Field Station No. 7:  west-facing slope of Glycerine Hollow. The vegetation type is the Quercus Prinus
{Chestnut Oak) association.
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May 10, 1956 July 30, 1956

October 10, 1956 February 1, 1957

13, Field Station No. 8: south-facing slope off Carpenter Road. The vegetation type is the Quercus alba-
Carya glabra (White Qak-Pignut Hickory) association, ’

18



for providing a permanent record of the nature and occurrence of the plant communities.

Quadrats were laid outina checkerboard patternat each of the sites chosen for the studies
in order to provide a quantitative analysis of their vegetation. Each quadrat consisted of a ten
by ten meter area for the listing of all trees two inches in diameter and greater, a four by four
meter area for the listing of low trees and tall shrubs, and two by two meter area for the listing
of small shrubs, and a one by one meter area for the listing of the herbaceous vegetation. After
the plants were listed for each quadrat, species area curves were drawn to establish the num-
ber of quadrats necessary to sample adequately the area under study.[2] Usually ten quadrats
were necessary at each site. From the data collected by quadrating, frequency and density
figures were calculated for the plants at each site.

The plant associations mapped are defined as follows: (1) the mixed hardwood assacia-
tion has three or more primary trees occurring in any combination, Acer saccharum, Acer

rubrum, Quercus rubra var. borealis, Q. alba, Q.velutina, Carya cordiformis, Fraxinus amer-
icana, Betula lutea, and Liriodendron Tulipifera; (2) the hemlock-hardwood association is com-
posed of the same hardwoods as listed above but also has Tsuga canadensis as a primary tree;
(3) the Quercus rubra association has Quercus rubra var, borealis in approximately 2:1 ratio
to Quercus Prinus; (4) the Quercus Prinus association has Quercus Prinus in approximately
2:1 ratio to Quercus rubra var, borealis; (5) the Quercus ilicifolia association has the shrub
Quercus ilicifolia as a primary species; (6) the Quercus alba-Carya glabra association has
75 percent of the total number of trees made up of the two primary trees,

[1}] Lull and Reinhart, 1955,
[2] Cain, 1938,
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October

14, Field Station No, 9
association.

10, 1956 February 1, 1957

bottom of Glycerine Hollow, The vegetation type is the Quercus rubra
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1956 July 30, 1956

October 10, 1956 February 1, 1957

15. Field Station No. 10:
{Red Oak) asasociation.

east-facing slope of Glycerine Hollow. The vegetation type is the Quercus rubra
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CHAPTER 1V

VEGETATIONAL ANALYSIS

Plant Associations

In order to discuss concisely the forestvegetationof the area under srudy, the classifica-
tion by Raup of aggregations of living plants into plant associations was adopted.|1] The plant
associations described in this paper have a distinct floral composition and physiognomy, and
they are considered a strictly local phenomenon, In discussing the associations the writer will
follow Raup in using the word “primary” in place of the word “dominant.” Primary species
are those which numerically predominate in the association, Table 1 shows the frequency and
density of the plant species at each field station, The principal woodland plant associations
have been divided into three major groups: cove, slope, and hilltop associations. The vegetation
map shows the distribution of plant associations in the Harvard Black Rock Forest.

Cove Associations

The cove associations are found on the deep till of the Northern Slopes section of the
Forest and in the moist depressions between the hills in the Highlands section of the Forest,
Site No. 1 at the foot of Black Rock Hill is representative of the lower north slope type of cove
hardwoods, It supports a mixed hardwood plant association with six primary tree species:
Acer saccarum, Quercus rubra var, borealis, Q, alba, Q, velutina, Carya cordiformis, Fraxinus
americana, Nyssa sylvatica, Fagus grandifolia, Liriedendron Tulipifera, Prunus Serotina,
and Tsuga canadensis are secondary species scattered over the area. All the trees have tall,
straight, high branching trunks, forming a closed canopy, and are the most valuable timber in
the Forest, Figure 17 shows this association.

The tall shrub layer is composed of scattered clumps of Corunus florida, Hamamelis vir-
giniana, and Ostrya virginiana., The low shrub layer covers more area; Viburnum acerfolium
is the major plant. The herbaceous vegetationis scant: Mitchella repens, Polystichum acrosti-
choides, Leersia oryzoides, and Aster acuminatus are scatiered in leal debris. There is little
-moss or lichen on the ground.

Site No. 6 is located in a wet depression which has a vegetation type of mixed hardwoods,
swamp phase. Acer rubrum and Betula lutea are abundant; Liriodendron Tulipifera, Fraxinus
americana, and Cuercus rubra var, borealis are scattered over the depression., The trees form
a closed canopy and are tall with straight trunks branching well above the ground, Figure 18
shows this association in the bottom of Glycerine Hollow.

The tall shrubs, principally Lindera Benzoin and Vaccinium corymbosum, are found near
the stream in the center of the depression, and Hamamelis virginiana is scattered on the drier
edges, Cnly one plant of the low shrubs, Viburnum acerifolium, was found in this area. The
herbaceous vegetation is fairly rich in species even though much of the area has been cleaned
off by overflowing of the stream in early spring floods. Smilacina racemosa covers the ground
between clumps of Dryopteris noveboracensis and Osmunda Claytoniana. Aralia nudicaulis,
Aster umbellatus, Glyceria canadensis, and Mitella diphylla are common. Mosses are thick
over the bare ground,

Tsuga canadensis occurs in relatively pure stands in the hemlock-hardwood association
at Site No. 2 in Black Rock Brook ravine. The species of hardwoods in the ravine are princi-
pally those found in the mixed hardwood association, Quercus Prinus, Betula lenta, and Frax-
inus americana are established on the upper, drier, and unstable slopes of the ravine while
Quercus rubra var. borealis, Acer saccharum, and Liriodendron Tulipifera are found on the
lower more moist and stable soils, Fagus grandifolia, Acer rubrum, Betula lutea, and Plantanus
occidentalis are on the small flood plains in the brook. Figure 19 shows the vegetation in Black
Rock Brook ravine, Figure 20 shows the ravine in winter,

Tall shrubs are not common, covering less than one-half of the area. Cornus florida
grows on the upper slopes of the ravine while Hamamelis virginiana.and Rhododendron roseum
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17. Mixed hardwood association on the lower north slope of Black Rock Hill, View looking,.down slope.
Acer saccharum, Quercus rubra var. borealis, Praxinus americana, and Liriodendron Tulipifera visible
in picture,

18, Mixed hardwood association, swamp phase in Glycerine Hollow. The trees at the right of the picture
are Liriodendron Tulipifera; the tree in the center is Betula lutea.
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19. Hemlock-hardwood asseciation in Black Rock Brook ravine. The trees on the upper slopes of the
ravine are Tsuga canadensis.

20. Tsuga canadensis visible in Black Rock Brook ravine during January, 1957. Black Rock Hill ie at the
right,
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2l. View looking west across Glycerine Hollow to the southeast slope of Rattlesnake Hill, The slope is \
covered mainly with Quercus rubra, |

22, Quercus rubra (Red Qak) association on the southeast slope of Rattlesnake Hill.
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are the most frequent tall shrubs over the lower slopes. Acer pensylvanicum is scattered over
the slopes. The low shrub layer is limited to Viburnum acerifolium. The shade-tolerant herbs,
Polystichum acrostichoides, Aster macrophyllus, Gaultheria procumbens, and Mitchella repens
are. established on the more stable soils.

Slope Associations

The vegetation of the Highlands section of the Forest is composed primarily of slope and
hilltop plant associations, An open type of vegetation, the Quercus Prinus association, is estab-
lished at Site No. 4 on the steep and rocky north slope of Black Rock Hill, Quercus Prinus,
Acer rubrum, and Quercus rubravar. borealis are evenly distributed over the area, but Quercus

Prinus comprises about one-half the number of trees, The trees are twisted, of poor form, and

have short boles. Many snags of Castanea dentata are scattered over the slope. The tall shrub
layer is almost continuous. Kalmia latifolia and Rhododendron roseum are the two primary
shrubs, and Acer pensylvanicum and Hamamelis virginiana are the secondary species present.
The small shrubs are conspicuous by their absence, Vaccinium angustifolium is the only shrub
growing on the slope. Polypodium virginianum and Gaultheria procumbens are the only primary
herbs, Mosses and lichens are abundant on the rocks.

A different aspect of the Quercus Prinus association is found at Site No. 7 located on the
west-facing slope of Glycerine Hollow., This site supports a rather open park-like stand of
Quercus Prinus and Quercus rubra var. borealis, Acer saccharum and Carya glabra are com-
mon, All the trees are small with many low branches. Figure 23 shows the open association
at Site No. 7.

Amelanchier canadensis, Cornus florida, and Crataegus macrosperma are characteristic
of the tall shrub layer, Gaylussacia baccata, among the low shrubs, forms almost a continuous
layer over the rough hillside. Ribes rotundifolium and Rubus allegheniensis are common species
of the low shrubs., A development of grasses,; Danthonia spicata and Panicum latifolium, covers
the ground where patches of socil have developed in rock crevices. Solidago bicolor is also
characteristic of the herbaceous vegetation. The mosses and lichens are almost absent,

The more gently rolling slopes of the Forest support a Quercus rubra association. Site
No., 9, located just off the swampy bottom of Glycerine Hollow, supports this type of vegetation
instead of the mixed hardwood, swamp phase type, found in the moist bottom. Quercus rubrd
var, borealis is the primary tree, but Acer rubrum is also numerous, Betula lenta and Quercus
alba are secondary species scattered over the area.

‘The tall shrub layer covers one-half of the area. Cornus florida is common; Vaccinium
corymbosum and Kalmia latifolia are also present. Viburnum acerifolium and Vaccinium angus-.
tifolium are characteristic of the low shrubs. The herbaceous vegetation has only one primary
species, Brachyelytrum erectum. Mosses are abundant while lichens are scarce.

The east-facing slope of Glycerine Hollow, where Site No. 10 is located, also supports a
Quercus rubra association, Figure 22 shows this association. Acer saccharum, as well as
Quercus rubra var, borealis, is characteristic at this site, A few trees of Tilia americana,
Betula lenta, Quercus Prinus, and Fagus grandifolia are scattered over the area. Cornus florida
is again the primary tall shrub, but Acer pensylvanicum is also numerous, Viburnum acerifolium
and Viburnum dentatum are common low shrubs, The herbaceous vegetation is rich with species
of Brachyelytrum erectum, Aster divaricatus, Polystichum acrostichoides, and Aralia nudi-
caulis, -

Hilltop Associations

The tops of the hills support two types of plant associations depending upon location on
the hill. The westerly parts of the hilltops have a Quercus ilicifolia association, and the easterly
parts support a Quercus alba-Carya glabra association, There are two phases of the Quercus
ilicifolia association in the Forest: Pinus rigida phase and Quercus coccinea phase, Raup has
determined a third phase which exists on the gentle slopes with heavy soil, in areas typified by
Mt, Misery and White Cak Corner. However, this phase will be considered under the Pinus

rigida Ehase .

The first phase of the Quercus ilicifolia association can be seen on the north and north-
west side of Black Rock Hill near Site No. 3, Figure 25 shows this association at Site No. 3.
Quercus ilicifolia grows in dense patches in the rock crevices. Single trees of Pinus rigida are
scattered throughout the area but there is little reproduction of this tree, On the eastern side
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23, Quercus Prinus (Chestnut Oak} association on the west-facing slope of Glycerine Hollow. Rock out-
crops are visible in the picture.

24. Quercus alba.Carya glabra (White Oak-Pignut Hickory) association on the south-facing slope of Glye-
erine Hollow, The tree at the right is Quercus alba; the tree at the left is Carya glabra,
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of this association Quercus rubra var, borealis, Q. Prinus, Q. alba, and Carya glabra are com-
mon. On the northern side Kalmia latifolia is characteristic. Amelanchier canadensis is scat-
tered throughout the area. The trees and shrubs do not form a closed cover.

The low shrubs such as Prunus pumila, Vaceinium vacillans, and Gaylussacia baccata
come into the open areas between the clumps of Quercus ilicifolia or are found in rock crevices.
The grasses Andropogon scoparius and Deschampsia flexuosa are the primary herbs and form
large patches in the crevices of the rocky outcrops.

The second phase of the Quercus ilicifolia association, the Quercus coccinea phase, can
be seen at Site No. 5 by a rock outcrop off the Eagle Rock Trail. Quercus ilicifolia is again
common, but Pinus rigida is scarce. Quercus coccinea, Quercus alba, Q. rubra var. borealis,
and Acer rubrum are the primary tree species around the rock outcrop.  Amelanchier canaden-
sis and Kalmia latifolia are the primary tall shrubs. The low shrubs such as Vaccinium angusti-
folium, Gaylussacia baccata, Pyrus melanocarpa, and Diervilla Lonicera form a dense layer

near the ground., The herbaceous vegetation is scarce, but Lysimachia quadrifolia and Pteri-
dium aquilinum var. latiusculum are presentinsmall numbers. Figure 26 shows the association

by a rock outcrop off the Eagle Rock Trail,
The second hilltop vegetation type, the Quercus alba-Carya glabra association, is found
on southern and southeastern exposures such as Site No, 8 located in Glycerine Hollow, Quercus

alba, Q, rubra var, borealis, and Carya glabra are common. Prunus pensylvanica and Carya
ovata are secondary species. The trees forma relatively open stand. Figure 24 shows this open

association at Site No. 8,

Cornus florida and Ceanothus americanus are common tall shrubs, The low shrub level
is almost restricted to Vaccinium vacillans and Viburnum Rafinesquianum. Panicum dichotomum
and P, latifolium are primary herbaceous species, Hystrix patula, Aster macrophyllum, Poten-
tilla simplex, Solidago odora, and S, bicolor are distributed throughout the area.

Phenological Observations

On April 10, 1956, Tussilago Farfara was in flower in the Forest on the dry roadsides.
Cn the lower slopes and in the swamp of Glycerine Hollow Populus grandidentata, Acer rubrum,
Hamamelis virginiana, and Alnus rugosa were observed in flower. Green shoots of Yeratrum

viride were also showing in the swamp in the Hollow, By April 30, 1956, the spring flowers

such as Trillium erectum, Asarum canadense, Epigaea repens, and Hepatica americana were
in blossom. By May 27, 1956, all the trees in the Forest were in full leaf with the exception of

Quercus alba which filled out a week later.

The flowering of summer plants began around June 1, 1956, in the open fields and road-
sides and lasted until September 4, 1956, when signs of fall were evident. The asters and golden-
rods were in full flower at this time. The leaves of Aralia nudicaulis and Cornus florida were
the first to show color change; the height of the foliage color was reached by Cctober 12, 1956.
By October 28, 1956, 85 percent of the trees were without leaves.

Tussilago Farfara was again the first plant to produce flowers in the spring. It was ob-
served in flower on April 1, 1957, The flowering of plants in the spring of 1957 was two weeks
earlier than in the spring of 1956, By May 20, 1957, the summer flowers such as Erigeron
strigosus, Euphorbia vermiculata, Rosa carolina, Silene Cucubalus, and Asclepias quadrifolia

were in blossom.,
Figures 6 through 15 show the changes in appearance of the vegetation at each of the ten
field stations during the four seasons: spring, summer and fall, 1956, and winter, 1957,

[1] Raup, 1938,
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25. Quercus ilicifolia (Scrub Oak) association, Pinus rigida (Pitch Pine) phase on the summit of Black
Rock Hill. View looking north up the Hudson River.

26. Quercus ilicifolia (Scrub Oak) association, Quercus goccinea (Scarlet Oak) phase by a rock outcrop
off the Hagle Cliff Trail.
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June

July

Aug

Sept

Qct

Nov

Dec

Jan

Felb

Week

16.22
23-29

30- 6
7-13
14-20
21-27

28- 3
4.10
11-17
18-24

25~ 1
2- 8
9.15

16-22

23.29

30- 5
6-12
13-19
20.26

27~ 2
3- 9
10-16
17-.23
24-30

1~ 7
8-14
15-21
22.28

29- 4
5-11
12-.18
19-25

26- 2
3- 9
10-16
17-23
24-30

31- 6
7-13
14.20
21-27

28- 3
4.-10
11-17
18-.24
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0,00

TABLE 2: Weekly Precipitation
Field Stations Stewart
1 2 3 4 5 ) 7 8 9 10 Field
20 20 24 20 01 01 .01 .01 01 02 51
1,22 1,63 1,97 1,99 1.78 1.89 1.95 1.79 2.05 2.16 2.00
1.87 1,52 1,56 1.65 1.56 1.42 1.57 1.35 1,67 1.72 1.16
A2 .03 .18 ,01 .14 W17 .16 A8 18 .18 28
62 A7 W 75 66 66 76 .80 .83 8 53
20 .13 .25 27 26 W24 30 28 32 30 23
3.00 2,95 2.60 2,77 2.00 3.45 3,40 4,10 3.50 3.40 1.82
.05 T 05 .03 .04 .05 .07 .03 ,03 04 .08
T T T o4 T T T T 03 T T
46 48 &7 A2 .26 37 A7 33 .30 .40 40
50 55 .50 A0 .65 80 1,27 1,03 1.00 1,10 .05
2,10 2,50 2,40 2,00 2.80 2.85 3.45 2.90 3.20 3.60 2,06
1.0 2,05 2,10 1,65 1.75 2.05 2,30 1.70 2.00 2.00 1.55
65 68 L0 1,00 70 1,00 90 L85 .80 ,80 .89
26 27 26 A7 23 20 .30 2T 28 23 .18
0.00 0.00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0.00
.39 25 50 48 70 .85 1,10 60 1,05 .85 57
6 .18 22 .15 20 35 A5 35 40 45 A7
1.00 95 1.10 .70 58 T3 75 60 .55 .00 1.06
1,35 1.30 1l.65 1,30 2,70 2.25 2,70 2.00 2.00 2,15 93
2,00 2,00 2,00 1,40 1,70 2.00 2,30 2.25 2,15 2,00 2.19
Q0 1,00 1,00 80 1.00 1,15 1.10 1.00 1,15 1,05 .89
63 55 .75 T2 .65 75 .85 50 BT 05 1.04
.35 25 20 35 30 35 27 35 .35 23 32
560 .60 65 .60 .85 .95 95 .85 75 .85 90
0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00
.00 (.00 0.00 0.00 0,00 0.0C 0,00 0,00 0,00 0,00 0,00
75 .80 .80 .80 75 20 .80 .75 .80 75 21
1.58 1.87 2.08 2.10 2.15 2,35 2,30 2.20 2.20 2.35 1.01
L6 03 07 07 .08 .06 f06 .05 06 .08 .06
1.00 1,00 1,00 .90 .85 1.05 90 Q0 1.05 1,05 76
" 1.00 S0 1,30 1.20 .65 68 63 B0 64 W60 .15
T T T T T .08 T T T T T
75 50 1,00 1,00 1.00 .95 1.00 20 95 1,00 79
2,70 3.20 2.30 2.30 2.60 2,40 2.40 2.30 2,50 2,40 2.18
A0 .95 .75 .95 .65 70 75 .80 .80 70 1.48
.65 95 .80 B0 75 .65 .90 .85 .80 .85 54
.G5 .60 50 70 70 70 .65 .65 .65 Arde) 06
A0 .35 45 .35 50 A5 .50 .35 A5 50 68
40 40 35 .30 50 A5 .75 A5 35 A0 36
.65 .65 .55 50 60 T3 .75 .80 .85 .80 60
.85 .80 Ra¥) A2 .85 .90 .85 5 .83 76 A9
30 30 35 A0 .30 30 \30 .35 .30 A6 e
.04 W04 .05 05 .06 06 .05 .06 .05 .06 07
0.00 0.00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 T



TABLE 2: Weekly Precipitation (continued)

Field Stations Stewart
Month Week 1 2 3 4 5 6 7 8 2 10 Field
Mar 25~ 3 1,20 1.25 1,35 1.00 1,40 1.45 1,85 1.90 1.80 1.80 .81
4.10 1.25 1,00 1,30 1,50 1.35 1.45 1,40 1.43 1.60 1.55 .80
11-17 W20 23 .25 30 30 21 3Bl 32 31 .35 .65
18-24 26 24 30 32 A2 A1 A0 36 38 39 .33
25-31 .25 20 .30 35 .35 45 50 A7 51l 52 .04
April 1- 7 2.00 2,35 1.92 1.98 2,00 2.45 2.20 2,15 2,37 2,40 2.95
8.14 1.10 1.25 1,10 1,26 95 1,50 1.52 1.35 1,70 1.45 1.13
15-21 16 .08 .15 .16 .14 ,14 .13 ,l0 .15 .17 .08
22-28 29 .19 24 23 .33 32 32 28 .30 34 38
May 29- 5 Q.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00
6-12 : A2 A3 .16 17 .16 .18 .18 .15 .18 A9 16
13-19 A3 164 1,56 1,90 2,10 2,25 2,15 1,83 2,05 2,20 .33
20-.26 .05 05 10 .10 12 13 .15 10 10 15 T4
June 27- 2 A4 13,15 L1100 .12 14 16 150,13 L16 0.00
3-9 0.00 0,00 0,00 0.00 ¢.00 0.00 0,00 0.00 0.00 0.00 T
10-16 T T .10 10 08 T 14 T T T 25
17-23 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0.00
24.30 45 50 .62 61 50 .88 1.1C 1,10 1,20 1,33 .61
July 1. 7 A2 35 A2 43 44 A0 438 .30 41 Sl .09
8-14 1.60 1,73 1.90 1.85 1.35 1.75 1,78 1.45 2.00 2,05 1.19
15-21 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0,00 0.00
22.28 .35 .65 .80 .70 55 1.05 1.20 90 1,10 1,00 27
Aug 29- 4 A7 55 62 75 T2 350 L0 25 52 .67 2.27
h5-11 32 33 42 A2 24 39 A2 25 g7 40 50
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CHAPTER V

ANALYSIS OF THE FOREST CLIMATE

General Climatic Conditions During Period of Study

The following discussion of the general climatic conditions for the Harvard Black Rock
Forest area from April 15, 1956, through August 12, 1957, is based on data from the field sta-
tions compared to the thirty year averages of conditions recorded at the weather station at West
Point, New York,.[1] Precipitation in the Forest for the firsttwelve months of the study aver-
aged 3.09 inches over the mean of 41.18. Stewart Field had 3.81 inches less than the mean for
the same period. The month with the least precipitation was February, 1957, during which an
average of 1.19 inches fell in the Forest. The month with most precipitation was July, 1956,
during which an average of 6.59 inches fell in the Forest, during local thunderstorms.

Mean air temperatures for the spring and summer months of 1956 were lower than the
average air temperatures computed from the thirty years of data at the West Point station.
Mean air temperatures for the spring months of 1957 were above the average, or “normal,”
for the period. During the week of May 21, 1956, below freezing temperatures were recorded
at eight of the ten stations in the Forest. The lirst freezing temperatures in the fall were re-
corded at three of the ten stations during the week of September 17, 1956. Below freezing tem-
peratures were recorded in the Forest until the week of April 29, 1957,

Climatic Conditions at Stewart Field

At Stewart Field during the first twelve months of the study 37.37 inches of precipitation
were recorded, Table 2 lists the weekly precipitationat Stewart Field. The month with the least
precipitation was June, 1957, whea .86 inches were recorded. Low elevation compared to the
Forest and absence of orographic effects may account for the lower amount than the average
for the Forest.

Maximum and minimum temperatures at the 2 meter level are listed in Table 3 in the
Appendix, Frequencies of hourly temperatures for April 16 to 30, 1956, the months May, 1956,
to July, 1957, and August 1 to 12, 1957, are shown in Tables 9 through 25. The tables show that
Stewart Field was warmer during the summer months of 1956 than the stations in the Forest.
It averaged 71.2°F, .4°F higher than the warmest station in the Forest.

During December, January, and February weekly mean air temperatures at Stewart Field
averaged 29.1°F, which again was warmer than those in the Forest and is indicative of the alti-
tudinal surface heating and differences that can be expected between Stewart Air Force Base
and the station at a higher elevation within the Forest,

The hourly relative humidities at the Field were lower during the period of study than at
the field stations. For the month of August, 1956, relative humidity from 70% to 79% occurred
most frequently (22.3% of the time). Only 5.78% of the hours had relative humidity of 90% 1o
100%. Low readings were occasionally recorded in the range of 20% to 29%, During January,
1957, 31,05% of the hourly readings occurred in the range 80% to 89% R,H. Relative humidities
for the month of January, 1957, followed the same pattern as the humidities for July, 1956.
The greatest frequency of observations, 25.64%, occurred in the range of 60% to 69% R.H. Only
10.39% of the hourly values occurred in the relative humidity range of 90% to 100%. Relative
humidities in the winter months at Stewart Field were generally lower than those of the Forest.

Microclimatic Conditions at the Field Stations

Precipitation

Precipitation amounts received at individual field stations during the first twelve months
of the observing period varied from 39.80 to 49.20 inches. The stations located in the Northern
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Slopes section of the Porest were grouped at the low end of the precipitation scale, and those
in the Highlands section at the high end.,

Lowest precipitation amounts were received at stations located on north-facing slopes.
Amounts varied from 39.80 inches atStationNo. 4 on the north slope of Black Rock Hili to 41.23
inches at Station No. 1 at the base of the north slope of the hill, The only other station located
on a north-facing slope, Station No. 2 in the ravine of Black Rock Brook, recorded 40.20 inches
during the same period. This pattern of lower precipitation amounts at these stations indicates
a rain-shadow effect on the Northern Slopes. section of the Forest, Storms that bring precipita-
tion to the, area are predominantly from the southeast and tend to deposit more precipitation in
the Highlands than on the Northern Slopes.

Figure 28 shows the distribution of the precipitation at each field station during the five
months of the growing or frost-free season and also during the remainder of the year, The
figures show that the major differences in precipitation occurred during the growing season.
The vegetation on the lower north slopes should show the effect of less precipitation by poorer
growth rates in comparison with the growth rates of trees around Glycerine Hollow.

Figure 27, Distribution of Precipitation for the First Twelve Months

Field Station 1 2 3 4 5 6 7 8 9 10

Frost-free
Season 16.21 16.96 19.17 16,05 17.37 20.21 22.68 18,79 19,11 25,56

Brost-present
Season 25.02 23,24 22.69 23,75 23,91 25,84 26.52 26,07 29.11 21.92

12 Mos, Total 41,23 40,20 41,86 39.80 41.28 46.05 49.20 44.86 47.22 47.48

In the Highlands, the west- and east-facing slopes of Glycerine Hollow, Stations No. 7
and No. 10, received the largest amount of precipitation in the Fores:, 49.20 inches and 47.48
inches respectively. Station No. 8 on the south-facing slope received 44.86 inches, while Station
No. 9 at the bottom of the Hollow received 47,22, Station No. 6, in a wet depression near Glyc-
erine Hollow, received 46.05 inches.

The station with the highest elevation was located in the Highlands section. This station,
No. 5, received 41.28 inches. The next highest station, Station No. 3 on the summit of Black
Rock Hill, received 41.86 inches, These stations are located between the north slopes and
Glycerine Hollow, and the precipitation values are between the values for the two areas.

The largest amount of precipitation recorded in any one week was 3.60 inches which fell
at Station No, 10 during the week of July 2, 1956, During the sixteen months of the study the
precipitation averaged over 6 inches for the months of July and September, 1956; over 5 inches
for December, 1956; over 3 inches for June and November, 1956, and March and April, 1957;
over 2 inches for May, 1956, and January and July, 1957; and under 2 inches for August and
October, 1956, and February, May, and June, 1957, Precipitation during the first twelve months
of the study was evenly distributed; there wasno pronounced wet or dry season. May, June, and
July, 1957, was a dry period averaging 2.34 inches of precipitation less per month than the
same months in 1956, Eight weeks recorded no precipitation: the weeks of July 30, October 8
and 15, 1956, and February 18, April 29, June 3 and 17, and July 15, 1957,

The first snow of the year fell on November 17, 1956. Rain and snow fell intermittently
during the winter through April 9, 1957, when the last snow fell in the Forest. Accumulation of
snow during the season never amounted to more than 6 inches and usually melted within a three

day period.

Air temperatures

Table 3 lists the weekly maximum and minimum temperatures for each of the ten stations
at three points above the ground: 7.5 c¢m, 25.0 ¢m, and 2 meters. Weekly mean air tempera-
tures are shown for the field stations ingraph form in Figures 28 and 29 along with soil temper-
ature observations. Mean air temperatures were computed from daily maximum and minimum
temperatures. Frequencies of hourly temperatures for the field stations for April 16 to 30,
May, 1956, to July, 1957, and August 1 to 12, 1957, are shown in Tables 9 through 25.
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The tables show that the coolest station during the summer months of June, July, and
August, 1956, were Station No. 9 at the bottom of Glycerine Hollow and Station No. 2 in the
ravine of Black Rock Brook. During these months the weekly mean air temperatures at Station
No. 9 averaged 65.9°F and at Station No. 2 averaged 66,1°F, Station No. 1 on the lower slope
of Black Rock Hill was the warmest, averaging 70.8°F. The bottom of Glycerine Hollow is prob-
ably cooler because of cool air drainage and accumulation, while Black Rock Brook Ravine
probably maintains cooler temperatures because of the protectionfrom direct radiation provided
by the heavy canopy of I'suga canadensis, The maximum air temperature recorded during.the
summer months was 96.0°F at the summit of Black Rock Hill on June 15, 1956,

During the months of December, January, and Bebruary, Station No. 8, on the south slope
of Glycerine Hollow, was the coldest of all stations. Weekly mean air temperatures here aver-
aged 25.7°F for the winter period. Nighttime radiationfrom the ground through the open vege-
tation probably accounts for the lower temperatures. The minimum air temperature recorded
during the winter months was -17.0°F at Stations No. 3 and No. 5 on January 15, 1957, Station
No. 1, lower in elevation, remained the warmest station during the winter with a weekly mean
air temperature of 28.4°F,

To facilitate the discussion of temperature differences among the field stations two repre-
sentative months, July, 1956, and January, 1957, will be discussed in detail,

Table 12 shows the frequencies and percents of hourly temperatures at the field stations
for the month of July, 1956,

Highest temperatures occurred at the summit of Black Rock Hill, in the range of 90°-to
94°H, Stations on the lower north slope of Black Rock Hill and the west-facing slope of Glycerine
Hollow had their highest temperatures inthe range of 85°F to 89°F. The other stations recorded
no temperatures above 84°F. Coolest temperatures were recorded in the range of 45°F to 49°F
for Stations No. 1, No. 2, No. 5, No. 8, No. 9, No. 10. The other stations recorded their coolest
temperatures from 30°F to 54°F,

Station No. 3 was the warmest during July with 77.4% of the hourly temperatures at 65°F
or above; Station No. 4 recorded 65.2% of the hours at or above 65°F, Stations No. 5 and No. ¢
recorded hourly temperatures, at 65°F or above, 48.6% and 49.4% of the time respectively;
and Station No. 1 recorded 65.01% at or above the same temperature level, The rest of the
stations recorded hourly temperatures at 65°F or above between 50% and 60% of the time.’

The figures show that the north slopes of the Harvard Black Rock Forest were warmer
during the month of July thanthe south slopes in Glycerine Hollow. Percentage frequency figures
for July, 1957, also substantiate this fact. The north slopes covered by a denser shrub and tree
layer tend to retard nighttime radiation. It is the experience of the writer that the predominant
winds from the south and southwest maintain lower temperatures on the slopes of Glycerine
Hollow than are experienced on the relatively protected north slopes of Black Rock Hill. The
east-facing and west-facing slopes of Glycerine Hollow differed less than 1% in the occurrence
of hourly temperatures at or above 65°F, They had 19% fewer hours at or above 65°F than the
summit of Black Rock Hill. The station at the highest elevation in the Forest, Station No. 5,
showed a greater frequency of lower temperatures than the station on the summit of Black Rock
Hill, although this station is only 50 feet higher in elevation.

The closed canopy of small trees at Station No. 5 reduces the radiation received at the
ground surfaces, and gives some protection from the winds.

Table 18 shows the hourly temperature frequencies for the ten field stations for the month
of January, 1957, The highest temperatures recorded at Stations No. 1 and No. 2 were in the
range of 55°F to 59°F. All the other field stations had high temperatures in the range of 50°F
to 54°FH, The two stations of highest elevation, Stations No. 3 and No. 8, recorded the lowest
temperatures. These occurred in the range of -16°F to -20°F, Hourly temperatures of greatest
frequency occurred in the range of 20°F to 24°F at Stations Nq. 3 and No. 8. All the other sta-
tions recorded the greatest temperature frequencies in the range of 25°F to 29°R,

Table 18 shows that the frequencies of hourly temperatures did not vary so widely during
the month of January as they did during the month of July. With the exception of Stations No, 1
and No. 2 the percentage frequencies at 24°F and below varied only 9%. Station No. 1 recorded
only 51.06% of the monthly frequencies at or below 24°F; Stations No. 3 and No. 8 recorded
69.38% and 69.39% at or below 24°F. Stations No, 3 to No. 10 all recorded percents in the 60’s
for temperatures of 24°F and below. Station No. 2 recorded temperatures at or below 24°F
55.19% of the time.

The fact that the hourly air temperatures at the field stations in January did not vary so’
much as they did in July suggests that the leaf cover on the vegetation influences the tempera-
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TABLE 7: Solar and Sky Radiation at Harvard Black Rock Forest

Langleys (gm caI/cmz)

Day Aug. Sept, Oct, Nov. Dec., Jan. Feb. Mar,
1 212 668 251 312 M 233 R
2 M 453 127 M M R R
3 M 620 230 M 548 R R
4 547 835 540 M 438 R R
5 464 632 554 195 R R R
6 M M 508 R R R R
7 129 M 368 R R R R
8 865 M 91 R R R R
9 90 695 340 R R 539 R

10 995 473 435 R R 143 R
11 390 600 112 R R 482 657
12 317 546 97 R R 88 296
13 386 606 365 328 R 415 720
14 M 240 305 M R 600 845
15 445 R 368 M R 710 107
16 M R 156 278 R 220 710
17 755 M R 91 82 R 187 755
18 656 945 R 73 410 R 645 R
19 M 825 R 420 338 R 132 R
20 M 475 3006 252 a27 R M R
21 328 650 245 103 51 R 723 R
22 350 453 R 315 55 R 590 R
23 785 500 R 295 27 R 295 830
24 542 434 R 361 57 R 613 200
25 755 R R 146 39 R 480 790
26 826 R R 84 333 R 175 197
27 685 R R 244 107 R 220 306
28 540 454 934 382 164 R 233 710
29 550 660 850 98 55 R

30 140 148 875 442 460 R

31 269 238 275 R

M - Data missing
R - Equipment under repair
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tures at the various sites, Stations No. 1 and No, 2, the two stations lowest in elevation and pro-
tected from the cold winds, averaged warmer than the other stations, The stations in the High-
lands section of the Forest all had greater frequencies of lower temperatures. The stations are
all higher in elevation and are exposed to the winds in Glycerine Hollow.[2]. Stations No. 3,
No. 5, and No. 8 recorded lower temperatures more frequently than the other stations. The high
elevation of these stations may be the factor that explains this result. The east-facing and west-
facing slopes stations differed in frequency of temperatures at or below 24°F by only 1.3%.

Table 3 shows the weekly maximum and minimum air temperatures at three heights above
the ground: 7.5cm, 25.0cm, and 2 meters. During the summer and winter months the maximum
air temperatures near the ground were higher thanthe air temperature at 2 meters. Stations No.
3, No. 7, and No, 8 had higher maximum temperatures at the 7.5 cm level than the 2 meter level,
These stations have relatively open vegetation permitting solar radiation to heat the ground.
A maximum temperature of 112°F was recorded during the week of July 2, 1956, for 7.5.cm
above the ground at Station No. 8, The maximum air temperature at 2 meters was 84°F, The
maximum temperatures at the three levels were the same or different by only one or two degrees
at Stations No. 1, No. 2, No. 9, and No, 10, These stations have a closed tree canopy.

Relative Humidities

Tables 26 to 32 show the frequencies of hourly relative humidities during the period of
study for nine field stations. No data for relative humidity are available for Station No. 8. The
tables show that a greater frequency of relative humidities in the Forest occurred in the range
of 90% to 100% than in any other range. The highest monthly frequency, 71.3%, during Septem-
ber, 1956, occurred at Station No. 2 in the range 90% to 100% R.H.

To facilitate the discussion of relative humidity differences among the field stations, two
representative months, August, 1956, and January, 1957, will be discussed in detail, Data for
July, 1956, were not recorded.

Table 26 shows that the lowest relative humidities for August, 1956, at Stations No, 1,
No. 5, and No. 9 were inthe range of 30% to 39%. All the other stations recorded low humidities
in the range of 40% to 49%. Station No. 2 in the ravine of Black Rock Brook and under a closed
canopy of Tsuga canadensis recorded relative humidities between 90% and 100% 58.76% of the
hours. Station No. 6 in a wet depression recorded humidities in the range of 90% to 100% 49.8%
of the time, Stations No. 5 and No, 7 had humidities in the range of 90% to 100% 25.03% and
24.73% of the time, respectively.

Table 28 shows the hourly relative humidities for January, 1957, recorded at nine field
stations. Stations No. 1, No. 4, and No. 6 had low relative humidities in the range of 30% to 39%.
All the other stations had infrequent occurrence of relative humidities as low as from 20% to
29%. The table shows that in the range of 90% to 100% Station No, 2 had the greatest frequency,
34,64%. The greatest frequencies again occurred inthe highest range, 90% to 100%, but a second
maximum occurred in the range 60% to 69%.This second maximum was also present during the
summer months but was not so prominent as during the winter months. The lower maximum
results from the lower daytime humidities.

Soil Temperature

Table 4 lists the observations of soil temperatures at the surface and 3¢ cm level during
the period of study. The observations of soil temperature, along with weekly mean air tempera-
tures, are graphically portrayed in Figures 28 and 29. The graphs show that the soil tempera-
tures follow very closely the trends of the mean air temperature. During the winter no nths of
December, January, February, and into March, when the weekly mean air temperatures were
as low as 7°F, the soil temperatures remained relatively constant between 30°F amd 35°F,
Snow and leaf cover on the ground would tend to hold the soil temperatures constant during the
winter months.

Figures 28 and 29 show that the soil temperatures at Station No, 4 averaged colder than
all the other average soil temperatures. lhe surface soil temperatures were usually five or ten
degrees below the mean air temperatures except in winter when the weekly mean air tempera-
tures were lower than either of the two soil temperatures. Stations No. 7 and No. 8 had higher
temperatures at the soil surface than the mean air temperatures, The open condition of the
vegetation at these stations permits solar radiation to heat the rock outcrops and patches of
soil, Stations No. 5 and No. 10 with a closed canopy had lower soil temperatures. Stations No.
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No. 5 and No. 10 with a closed canopy had lower soil temperatures, Stations No. 3 and No. 9
had soil temperatures intermediate between those of the open and those of the closed canopy
stations.

The surface soil temperature at all field stations recorded higher than the 30 cm soil
temperatures except during the winter months of December, January, and February when the
surface temperatures averaged between three and ten degrees colder than the 30 cm level. One
exception to thie pattern is StationNo. 4 which recorded lower temperature at the surface during
summer, spring, and fall. Hvaporation from the moist soil surface may lower the surface tem -
peratures enough to give this result. The highest temperature reached at the soil surface was
at Station No. 8 which recorded 78°F on June 17 and 24, 1957, when the maximum air tempera-
ture at this time reached 90°F, At the 30 cm level the highest temperature reached was 71°F
at Station No. 3 on August 20, 1956, and at Station No. 8 on July 23,1957, when the maximum air
temperature reached 90°F.

Soil Moisture

Table 5 lists the observations of seoil moisture in percent volume. These data, along with
weekly precipitation data, are shown in graph form in Figures 30 and 31. The graphs show that
soil moisture increased from a low in August, 1956, until it leveled off in December, 1956, A
downward trend started inMay, 1957, andlasted to the end of the project in the middle of August,
1957. The soil moisture constants in percent volume for all the soils with the exception of the
swamp soils of Station No. 6 are as follows: saturation point — 46%; field capacity — 36%;
permanent wilting percentage - 11%.

The tables indicate that the driest soilconditionexisted at Station No. 8 on the south slope
of Glycerine Hollow. Wind and solar radiation couldaccount for a high evapo-transpiration rate
to dry the soils even though the station ranked high on the list for precipitation. Runoff from the
steep rocky slopes may also be an important factor. Station No. 7, where the soil moisture
reached a low of 2.5% on June 24, 1957, was the second driest station. The soil moisture at
Station No. 5 remained below field capacity during the sixteen months of study. The soil moisture
at Station No. 1 remained at or above field capacity from October, 1956, to March, 1957, During
the remainder of the period of study the soil moisture varied between 25% and 35% with the
exception of the dry spring and summer of 1957 when it dropped to an average of 20%. Soil
moisture at Station No. 3 varied slightly around the 30% value, dipping below the permanent
wilting percentage in June. The soil moisture at Station No, 4 followed the trends of the moisture
at Station No. 3 except for October, November, and December, when the moisture remained at
or above field capacity. The soils of StationNo. 2, the ravine of Black Rock Brook, were moist,
above 30% moisture per unitvolume of soil; but they dried out more quickly than the other soils.
Station No. 9 at the bottom of Glycerine Hollow also had moist soils during the period of study
especially at the 30 cm level, Readings at Station No. 10 were above 30% for twelve of the six-
teen months. The soils at Station No. 6, in a wet depression, had a high water table during the
sixteen months of study, and the soil moisture remained above 55% until June, 1957, when it
started downward, establishing an average of 30%.

The moisture in the surface of the soil fluctuated more than the soil moisture content of
the 30 cm level. Even though the monthly precipitation rate was similar for Stations No. 3 and
No. 5 the surface soilatStationNo.3 tended to be moister than the surface soil at Station No. 5.
Station No. 2 in Black Rock Brook ravine and Station No. 4 on the north slope of Black Rock show
similar moisture curves. In the ravine, the surface soils were moister until the severe drought
depleted the surface soil moisture faster than the moisture at the 30 cm level. On the lower
north slope of Black Rock Hill at Station No. 1 the soil moisture at the 30 cm level was much
higher than on the surface during the first summer; after that the surface soil moisture re-
mained higher. The higher soil moisture atthe 30 cm level in spring may be due to water storage
in the thick till soils at that site. In the soils at the bottom of Glycerine Hollow and in soils in
the swamp off the Carpenter Road the surface was usually drier than the 30 cm level. The south-
facing slope and west-facing slope of Glycerine Hollow at Stations No. 7 and No. 8 also had
drier surface soils. The east-facing slope of Glycerine Hollow had the opposite condition: more
moist surface soils, The aspectof the slope and vegetation cover may account for this condition.

During the winter months the moisture in the surface soil at all stations was frozen but
moisture at the 30 cm level remained ina liquid state except on the summit of Black Rock Hill,
Station No, 3, where both levels were frozen. The moisture in the surface soil at all stations
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