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FOREWORD

The NIABS Annex, Sudbury, Massachusetts, is a primery testing area
of the U. §. Army Ratick Laborstories, and the irmy Research Institute
of Environmental Medicine (ARI¥M). A number of different environments
are in the nearly 3,000-acre reservation 12 miles northwest of the
Ratick laboratories. The reservation is used mainly for airdrops of
materiel and men, testing of military equipment, exposure studies of tex-
tiles, storage of supplies and eguipment, and housing of military per-
sonrel. The reservation also serves as a convenient place where NLABS
scientists can try out new instrumente, equipment, field methods, and
techniques. A 750-acre area was set aside for ARIEM to develop & mili-
tary performance facility. The Air Force Cambridge Research labora-
tories has 60 acres on lease for weather radar and other research pur-
poses, and an electronic firm has 85 acres under permit on a special
research project. In addition, the Office of Civil Defense has leased
262 acres in the eastern sector of the reservation adjacent to the
area outside Gate 11, where one of its major facilities will be con-
structed.

RIABS scientists have requested that this Division furnish various
kinds of environmental information pertaining to their currer -.
anticipated use of the NIABS Annex. To enhance the aveilabil’ “ such
knovledge, pertinent environmentel information on the reszervat. . _8
presented in a single report, with numerous illustrations. New multi-
color maps contain up-to-~date and more detailed information concerning
the physical and man-made featuree.

Sincere appreciation is extended to persomnel of the U. S. Army
Electronics Command, Fort Huachuca, Arizona, for collecting climatic
data on the reeervation; to the U. S. NKavy Fhotcgraphic Laboratory,
Quonset Point, Rhode Island, tor taking vertical and low-altitude
photographs for use in preparing new maps; to Miss Norine Mattimore,
formerly of Earth Sciences Division, for tabulating a large part of the
climatic data of the Base Stetion; to the Office of Post Engineer for
furnishing information on the facilities and boundaries of the NLABS
Annex; and to Miss Susan Wcodward, formerly of Earth Sciences Division,
for considersble assistance in preparing new maps, including field
checks on many important details and necessary revisions of preliminary
drafts to coincide with new map projection.

L. W. TRUEBLOOD, Pn.D.
Chief

Bartih Sciences Divisicn
APPROVED:

DALE B. SIELING, Ph.D.
Scientific Director

W. M. MANTZ
Brigadier General, USA

Commanding "
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ABSTRACT

This report describes the eavironmental conditions at the U.S.
Army Natick Laboratories Annex. This facility provides a nearby,
adequately large area in an essentially rural locality for conducting
field research and for developing and testing materiel. <There are
important environmental contrasts in slope, soil, drainage, vegetation,
and in microclimate. Its climate is generally representative of inter-
mediate climatic conditions specified in AR T05-15, Operation of Materiel
under Bxtreme {ondiiions of Environment.

Characteristic landforms cousist of level to slightly undulating
lowlands and cval-shaped hills. The larger hills, rounded by glacial
action, form conspicuous features that are over a hundred feet higher
than the adjacent lowland. Swamps and marshes are numerous, vary greatly
in size, and occur in lower parts of meny lowlands. However, their ex-
tent in relatively level areas varies considerably with the amount of
precipitation and season of the year.

Soils cccurring in the reservation are closely related to eleva-
tion, texture of glacial meterials, and drainage. Stony, loamy sand
s8oil derived from granite and gneiss material occurs on welli-drained
hills. Most of the lowlands have a loamy sand soil, but muck and peat
are found in poorly drained areas.

Temperatures at the Arnex station are representative of conditions
in the surrounding area. Deily meximm temperatures in summer average
about T9°F; daily minime in winter are 32°F and below almost every day
from December through March. Mean arnual przcipitation is 46.31 inches.
Mean annual snowfall is about 57 inches. Severe flooding cccurs
infrequently.

The reservation is covered mostly with mixed deciduous hardwoods
and conifers. The forests have been cut over many times but some dense
stands of hardwood saplings cccur in more recently abandoned fields.
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ENVIRONMENT OF RIABS ANMEX, SUDBURY, MASSACHUCETTS

1. Introduction

The U.S. Army Natick Leboratories Annex (NIABS Annex) is & Li-square-
mile military reservation administered by the U.S. Army Batick Laboratories
(NIABS), Eatick, Magsachusetts. The reservation is within the town of
Maynard, Sudbury, Stow, and Hudson, Massachusetts (Fig. 1). The head-
guarters* area (Photo. 1) is in Stow; the closest business district is in
Maynard; the mail is delivered through the post office at Hudson; and the
main gate is8 in Sudbury. This entrarce, the only one kept open, is about
25 miles west of Boston by highway and 1s about 12 miles northwest of the
Hatick leboratories (Fig. 2 , Photo, 2 ). The NLABS Annex is 28 miles by
highway from Logan Internmationel Airport, Boston, end 16 miles from L. G.
Hanscom Field, Bedford, Massachusetts.

Toe NIABS Amnex is readily accessible by several roads. The main
gate 1s off Hudson Road about 2% miles west cf its juncticn with route 27.
This road in conjunction with either Sudbury Road or Main Street connects
state routec 27 and 62 via the settlement of Pire leke. 3Several state and
federal routes csisscross the area near the resermtion. Fassepger trans-
portatica between NLABS aud NIABS Annex can usually te provided in military
vehicles. The trackage leading to the 5C bunkers (exmmmitior igloos) and
otber facilities in the reservation was recently sald (1966) and will be
removed.

The KIABS Annex is a primary testing area of RIABS and the Army
Research Institute of Envirounental Medicine (ARIEM), a tenant at NIABS.
A number of different environments are in the 2,947-acre reservation
vithin a d-bour drive by automobile. Tie reservation is used mainly for
airdrops of materiel and men, testing of military equipment, exposure of
textilas, storage of supplies and equipment, and housing of military per-
sonnel. The resarvation salco serves as a convenient place where XLAES
scientists can try out Lev insinments, equipment,, field metbhods, and
techniques.

A number of KLABS Divisions have used the Annexr fo' a wide variety
of prajects. For imstence, the Airdrop Engineering Division has labora-
tory, eirdrop, and 2turage facilities a* the Annex and conducte profi-
ciency parschute jrumms for its personnel needing such training. Their
airdrop facility is used in the development of special-purpose parachutes
and other airdrop equipment {(Photo. 3). This Ddvision also makes many
tests at their drop-pad facility on Puffer Pond Road. The Mechanical

*Deactivated prior to 1 February 1966
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Engineering Division runs field tests of equipment (vehicular, tentage,

. etc.) in the reservation, and the Clothing and Organic Materials Division

performs exposure tests on fabrics in different environments (Photo. 4 , 2).
The NLABS Annex is occasionally used for in-house evaluations of new con-
cepts and proposels by representatives of private industry.

The Army Institute of Environmental Medicine (ARIEM) has about a
T50-acre tract in the northeast part of the reservation on which tests
can be made. This area will be used primarily for the measurement of mil-
itary physical performence of volunteer test subjects. Attempts will be
made to correlate these data with other variables, such as motivation,
heat, cold, altitude, and fatigue.

Otnes onvernment agencies have leased parte of the reservation mostly
for research purposes. It is used by personnel of the Air Porce Cambridge
Research Iaboratories {AFCRL) “or weather radar and otner experiments, by
civilian contractors on special projects, and the 72Iice oz Civil T=%iuss.
The latter organization has leased 262 acres in wae eastern part of the
reservation near Cate 11 for ccastruction of a major irstallation.

A1l buildings and bunkers designated by official numbers are shown
on Figure 1. Both residential and nonresidential buildings include new
as well as old. Six or more of the remaining buildings in the headquarters
area, erected about 1952, are used for a variety of research purposes and
for storage. One of the buildings, T-4OL, at the edge of White Pond Road
became the weather station in the summer of 1966 and living quarters for
the meteorological team at Base Station. Three of the former private
homes provide residences for high ranking Army officers at NIABS. The
Capehart housing area, in the south end off Concord Road, comsists of 16
duplex and 1 triplex units (35 apts.), completed in October 1962 (Phcto. 6).
Officere live with their families in part of the development; enlisted
persounel in the other part. There are s number of other buildinge, as
indicated on the location mep (Fig. 1). Most of the buildings and burkers
are in constant use or useG most of the time; others may orly be used for
various temporary ~rojects. They provide mainly storage aresas for various
divisions at NLABS. ARIEM, and other government agencies; others provide
important field facilities for varicus projects (Photo. 1 , 7).

The NIABS Annex averages over 200 feet in elevation and is near the
inland (west) margin of the glaciated Atlantic coastal plain. Seversl
rounded hills rise about 100 feet above the lowland, whica is poorly
drained in many places. PBoth the lower and ajgher areas are mostly
covered with trees, varying greatly in size and composition.

The temperate climate of the reservation is mndifiel by the nearby
Atlantic Ocean. However, weather patterns result primarily from an «ast-
erly movement of high and low pressure areas. At times a shift in the

3
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wind brings cool, moist maritime air into the region. Occasionally, a
"northeaster” can be hazardous to more exposed areas because of its
characteristically high winds and hea:y precipitation.

In eastern Massachusetts, cyclonic storms are common as many tracts
cross the area. Cool, dry air masses from the subarctic mix with warm,
poist air from the Gulf of Mexico and form cyclonic storms that are swept
generally eastward by the westerlies. The Appalachians cause some modifi-
cation in both types. Variable weather is characteristic, with changes
about twice a week with no consistent pattern.

The climate at MIABS Annex is generally representative of intermediate
climatic coriitions specified in AR T05-15, Operation of Materiel uader
Extreme Conditions of Environment. Thus the reservetion provides a suit-
able, much needed nearby area for developing and field testing materiel
by NLABS and other government agencies.

2. Bedrock Geology

The bedrock beneath the NIABS Annex consists of igneous and meta-
morphic rocks. From oldest to youngest they are (Pig. 3): (a) Marlboro
formation, Precambrian (?7), a predominately fine greined thinly laminated
medium-gray toc dull-olive-gray amphibolite schist in the extreme southern
part of the reservation; (b) Salem (2) gabbro-d'orite, Devonian, a dark
greenish-gray medium to coarse-grained rock of unever texture along the
southeast margin of tke reservation; (c) Dedham granodiorite-quartz
diorite facies, Devorian, messive, medium-grained, medium-light-gray
rock; (d) NKashoba formation, Carboniferous, a predominately light-gray,
wedium-grained metamocrphic rock underlying the extreme western part of
the reservation; (e) Gospel Hill gneiss, Carboniferous, medium- to coarse-
textured, moderately foliated granite gneiss; weathers to pearly gray to
almost vhite; fresh surface pinkish or flesh colored. Gospel Hiil gneiss
underlies the northwest part of the reservetion, about 1/2 its srea
(Hansen, 1956; Perlmrtter, 1962).

The above units strike generally to the northeast and form the core
of a closely folded asymmetrical anticline whose arc plunges to the morth-
east. Dips are generally steep. Thus the width of each bedrock area tends
to vary in either of these directions. Joints are common in the outcrops
of bedrock and presumebly occur in the rocks beneath the glacial deposite.
Fo significant faults have been noted.

The Marlboro formation and the Gospel Hill Cne’ss crop out in five
areas of ground moraine; the latter also crops out in an outwash plain
south of Vose Hill. All ground moraine areas in the reservation are sit-
uated at higher elevations than are outwash plsins, where glacial streanms
sorted and deposited additional materials over bedrock exposures. Hence
outcrops are more frequent in these areas (Pig. 5).

M
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Glacisl deposits include pitted outwasn; fine-grained, slack-water
deposits; and ground moraine. The degree of sorting and thicknezs of the
cutwash is locally quite variable, ranging from well sorted and stratified
sand and silt to poorly sorted gravel and boulders which thow little strat-
ification. In cutcrocp areas, outwash deposits sre thin o1 absent, however,
in local depressions thicknesses of 20 feet or more may be encountered.

In the southern portion of the reservation the average thickness raages
to 100 feet but averages approximately 50 feet (Perlmutter, 1962). Below
the 200-foot contour outwssh is the uppermost deposit. The underlying
ground moraine deposite are compact and composed of a wide range of grain
sizes and litholegy.

3. Terrain and Drainage

The RLABS Annex lies meinly in the drainage area of the Assabet
River (Fig. 1), which partislly bounds it on the nortiwest; the southesst
margin of the reservatiosn draips into lskes or tributarieas of the Sudbury
River. Taylor Brook; flowing north to the Assubet River, is the largest
strean draining the reservation. Puffer Pond¥ containing approximately
2531 acres, is the only large body of water within the erea. Over 1/2 of
Crysial lakKe, 13 miie east of the main gate, lies inside the NIABS Annex.
The northwest shore of Willis Pond forms part of the reservation boundary.

The two characteristic landforms in the reservation are level to
slightly undulating lowlands and oval-shaped hills (Fig. 4). Lcwlands
make up about 80 percent of the land area, ranging in height from ebout
180 feet to slightly over 200 feet; the lower lowlard aress and basins
are poorly drained. The remaining 20 percent of the NIABS Annex is hill
land.

Lovlands. A difference ol only a few feet may separate marshes or
swarmps from adequately drained places; the transition from ore to thne
other may be gradual or abrupt. Poorly drained sections of lowlands occur
iz most parts of the NLABE Annex and comstituve about 1/4 of the total
ares. Numerous swamps, ponds, and undrained depressions are typical of
poorly integrated drainage in recently glaciated regions. These areas
range greatly in size. Although unsorted giacial materials of iow perme-
ability underlie some arecas, sorted glacial materials, such as outwash,
are likely to be highly permeable and afford good drainage. Surface run-
off on lowlends is slow, streams are sluggish, and the water table is high.
Since postglacial stream erosion ¢f beZ and banks is insignificant, valleys
are broad, shallow, and poorly drained. Narrow, steep-sided gullies are
common but only three are of significance, one wast of the headquarters
area near the Assabet River and two which cross the east boundary of the
reservation south of Hudsor Road (Fig. 1).

#*Jeased annualijy from the Commonwealth of Massachusettis. Puffer Pond is
not innluded i the 2,947 acres of U.S. Government->waed land at the
NIABS Acnex,
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Numerous bodles of water, including small wen-msde water holes,
reflect the normally high warer table in the area. The extent of
swanmp and mershland becames sigrificantly larger after periods of
apprecisble precipitation, but following prolonged drought they
dwindle greatly in size. Little, if any, surface water could be
found in meny low areas fi214 checked during late autumm and early
winter of 1965 and spring of 1956. Although the flats along peren-
nial streams remained precariously soft, the ground surface in many
of the temporarily dried-up swamps provided good support for a men on
foot, including some ereas 4 or 5 feet below normally moist surfaces.
In these usually swampy area, characteristic miniature hummocks
ranged in height from a few inches up to about 3 feet. Aside from
occasional dry cycles, the extent of swemp and murshliand also varies
seasonally, usually greatest in spring aend least in summer.

There are two weils in the reservation south of Hudson Road. The
well at T-11 (pump house) iz 180 feet deep and has s 6-inch casing. The
well nortk of Diagonali Road is only 30 feet deep and has &8 10-inch casing.
The larger output cf the latier well is rated at 300 gallons per aimute.
The water from both welis is very high ir iron bicarbonate end of poor
quality. Through an arrangement with the Town of Maynard, good quality
vater is obtained fruom White Pond.

Hills. The larger topographic features consist o several rounded
hills, inciuding betk 4rumline and rochesmoutonndess. They are raiuly in
the northern and central eress, and rise from under 200 to over 300 feet
above sea level. Four of the hills, c3 or near the northern border of
the reservaticn, aave an elevation of a* least 300 feet. The highest
hill, siso in the nerthern area, is 323 feet above sea level; the lowest
elevation, about 163 feet, is or the southern margin of the reservation,
giving & range in relief of 160 feet.

Local relief veries from less than 10 feat im the vicinity of svampy
areag to over TO feet in areas of higker and more prominexnt hills, the
latter are slmost eptirely in the northern and certral perts of the reser-
vation. A local relief of 10 tc 20 feet is common in outwash (lowla.nd)
areas.

In the reservation there are four streamiired hills of umsorted
glacial debris, called drumlins (Fig. 1, 5). The “wo larger drumlins in
the north and northeast aress inciude the bill south of Tuttle Hill, the
highest hill in the reservaticn (Photo. 12, 15), aund part of Vose Hill,
third highest hill (Hansez, 1956). The two drumlins zre typically
streamlined, oval-shaped, ncrth-south oriented with steep slopes. South
of Hudson Road, there are two less well formed, small drumlins with
gemtie slopes and a northwesterly alisement (Perlmutter, 1962). How-
ever, in this relatively flat srea, they protrude conspicuously above
mostly stream-laid materials. The oriemtation of the drumlins indicates
the gemeral dive-tion thet the latest ice sheet (Wisconsir) moved in
each area (Hanser», 1956).
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Most of the hill terrain has a moderate slope, ranging from 5 to 25
percent. However, slopes up to 25 or 35 percent are found on the west-
ern and southwestern sides of the higher hills, such as Tuttle Hill and
the hill south of it. Hill tops are small but relatively level. Terrain

over 300 feet in elevation is less than .5 percent of the area in the
resexrvation.

k., Boils

At the NIABS Apnex, the soils, classified as brown rodzolic, are
derived from glacial materials (latimer and Lanphear, 1329). Their com-~
position is similar in character to the underlying rock formation. The
brown podzolic soils developed under a deciduous or mixed deciduous snd
coniferous forest in a humid, cool-temperate enviromment. They are acidic
and infertile. The effect of humid climate is shown ia the absence of
soll carbonates and the effect of forest cover is evident in the low per-
cent of organic matter in the well drained soils.

The depth of weathering seldom exceeds 2 feet end is determined to
sope extent by the character and depth of glacial materials, being deeper
in areas of feldspars, ferro-magnesian minerals and shale (Latimer and
Lanphear, 1929). There has not been sufficient time for sny important
accumilation of fine material within the weathered zone.

A striking feature of the soil profile i1s the characteristic wverti-
cal color variation or banding with no marked or consistent change in
texture. The five soil series are shown in Figure 6. Pertinent facts

concerning each type, including topographic location, geclogic origin,
end general description are outlined in Table 1.

The three most common soil series are: (1) Merrimac on outwash
plains, {2) muck and pee: on low, poorly-drained sections of the lowland
anl along etream beds, and (3) Gloucester on well-drained glacial tili
of uplands and hills. In areas undisturbed by human activities, the
Merrimsc and Gloucester soils are covered with a leaf litter and mold to
a depth of 1 or more inches in most places. Below the litter a dark
grayish-brown or rust-brown horizon 6 to 8 inches thick is underlain by
a vellowlsh-brown subsoil which becomes paler wiikh depth. At a depth of
about 2 feet, the subsoll grades into usuelly gray, uaweathered parent
material. In some local areas, particularly on drumlins, thin Gloucester
soil 1s urderlain by a cementlike or compacted layer%.

Muck and peat are orgzanic soils found only in areas where water
stands at the surface most of the year. They are more or less spongy--
never firm. These soils become lighter in color from surface to sub-
stratum, which is often underlisin by gray or white ssnd. Muck consists
of finely divided organic matter containing scas mineral soil material.
The upper 12 or 15 inches of organic matter is partislly decomposed but

*Often called "hardpan”. It is a compact layer +n the coriginal glacial
drift {letimer and Lanphear, 1929).
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becomes less so at greater depths. Deposits of muck usually raage in
thickness from 2 to 3 feet but occasionally reach 6 feet. Muck is found
in stream bottoms and around the margins of swamps. When areas of muck
are drained the land has 8 tendency to compect particulerly if the vege-
tation is removed or destrcyed. This produces a noticeably lower surface
level.

Peat consists of brown, fibrous, partly disintegrated plant remains,
ircluding muchk woody material in deeper parts of such deposits. Peat is
less compact, less decomposed, and contains mich less mineral material
then muck. Degosits range from 3 to 30 or more feet deep (Latimer and
Lanmphear, 1929). The depth depends largely on the original depth of a
filled-in lake and the amount of accumulated plant remsins.

0f the five soill series, loams ard sandy loams of the Glcucester
soils and the more clay rich Merrimac soils are the better drained and
more fertile in the reservation, although they are low in humus.
5. Clinate

Base westher stetion and data

Weather data used in this study unless otherwise indicated are based
on observations taken at Base Station¥* in NLABS Annex by the U.S. Army
Electronics Research % Development Activity, Fort Buachuca, Arizona. This
station is at the headquarters in the northern part of the reservation.
(Fig. 1). The weather station building TLO2A, until the summer of 1966%%
was about 300 yards southwest fron the junction of White Pond and Puffer.
Roads (Photos. 3, 8).

The station, officially 205 feet gbuove sea level, is in a amail,
open, lowland ares. Forestsd hills, some of them steep, are about 100
feet above the lowland within & radius of 3,500 feet of the station on
the west, east, and northeast sides. The closest and most conspicious
is a north-south oriented hill about 1,000 fevt east of the station.

The naturs and frequency of cbservations varied comsidersbliy in tke
5- to 6-year period from June 1958 through August 1963, with a few minor
exceptions. From June 1958 to July 1961, hourly observations were takenm
from 0800 to 170C hours, except from April to May 196C wher hourly obser-
vations were takza from 0600 to 2000 hours. Since August 1961, .ourly

*Although Msynard, Mess., is the station name used on Signal Corps Form
L4k, surface weather observations (WBAN 10A and 10B), and is near the
business district of Meypnard, the station is referred tc in this report
as Base Station or NLABS Arnex. It is actually on the part of the
reservation that is within the Town of Stow.
*¥Indoor weather instruments ware moved into building T4 on opposite
side of White Pond Road but location of outdoor instruments remains
unchanged. Building TuC2A, the vacated building, was destroyed.
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observations for the period of this study have been oz a 2h-hour basic.
Hourly data for dry buldb temperatures and relative humidity are available
from hygrothermograph charts for the entirs period. Details concerning
the Base Station data used are given in Table 2.

TABLE 2. CLIMATIC DATA FROM NLARS ANNEX

Fo. Obs/Day Date Began Date Ended
Temperature 10-24% Jun 1958 Aug 1963
Precipitation 3-4 Jun 1958 Aug 1963
State of ground 3-k Jun 1958 Aug 1963
Peak wird gust 1 Jun 1958 Aug 1663
Wind speed 2L Aug 1961 Aug 1963
Wird direction 24 Aug 1961 Aug 1963
Relative hwr ity 24 Aug 1961 Aug 1963
Sky covex 24 Dec 1961 Aug 1963
Foght 24 Jan 1962 Dec 1963
Hazek* 24 Jan 1962 Dec 1963
Visivility 24 Jan 1962 Dec 1963

#Hourly observations starting with August 1961
*A)s0 time Leginning and ending

T« perature
Temperature =7 Base (RIABS Annex) Station: The reservation has warm

summers and moderately cold winters. At this station, mean daily maximum
and minimun temperstures for July*, the warmest month, ure 80° and 57°F,
ret?ectively (Table 3). Mean temperatures during autumn (Sep, Oct, and
Yov,) average 5 F degrees warmer than spring (Mar, Apr, and May). Mean
annual temperature for the 5- to 6-year period of 1958-1963 is 47°P.

#esn temperature for July, 68.8°F, is only slightly higher than that
for August, 67.3°F.

18




The absolute maximum temperature recorded at NIABS Annex is 96°F
and the lowest recorded observation at this station is -21°F, occurring
in July and February, respectively (Table 3). This gives an absolute
range of 117 F degrees. However, it should be pointed cut that greater
extremes in tempereture have occurred at somes esatellite stations in other
parts of reservation where environments are also more extreme than at
Base.

Diurnal ranges in temperature are large, but they can be even more
pronounced in dry, cocl weather in low areas. Monthly mean diurnal tem-
perature ranges between 20 and 26 F degrees (Table 3, Fig. 7). These
rangee are a few degrees greater in the warmer months. The maximum
diuvrnal range for each month exceeds L0 F degrees; the greatest diurnal
range, 55 F degrees, occurred in April. Thne effect of the staticn's
proximity to the Atlantic coast (27 mi) is minimized by the prevailing
westerly wvinds.

Compared to the irterior parts of the United States, extremely high
or ertremely lovw temperatures occur infrequently, but the number of such
temperatures may vary approciably in one or more months of any particular
year. In Table 4, the frequency of selected daily maximum and daily mini-
mum temperatures are tabulated for each month and year of record. Maximm
temperatures of 90°F and above normally occur 1 or more days each amonth
from May through September. Deys on which maximum temperatures remain
32°F or below occur on Ul percent of the days from December through
February and are limited almost entirely to the L4-month period from
December through March. On the other hand, minimum daily temperstures
of 32°F and below occur glmost daily from December through March and on
about 1/2 the days in October, November, and Aprii; they average less
than 1/2 the days each year. Minimm daily temperatures of O°F and below
occur 10 days each winter (Dec ~ Feb).

though the correlstion of maximur and minimum frequency data for
months of different years is moderately good, strikxing differences do
occur (Table 4). For example, the number of days with maximum tempera-
tures of 32°F and below was almost four times greaster ir December 1958
than in December 1959. Similarly, the number of days wvath minimum tem-
peratures below zero was 9 times greaster in January 1961 than they were
in January 1962.

Temperatures at Base and Satellite Stations:

In addition to observaticns taken at Base Station, temperatures have
been recorded on thermograph charts at five satellite stations during
sost of the period that Base has operated. Pertinent features of local
environment at each station are ocutline3d briefly in Table S (Fig. 1).
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TABLE 4. NUMBER OF DAYS WITH SELECTED DAILY MAXIMUM
AND MINIMUM TEMPERATURES AT NLABS ANKEX*

1 June 1958 -~ 31 August 1963

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Yr
Days with Maximum Temperatures of 90°F and above
1958 S 1 -
1959 2 2 1 5 10
1960 ¢ 1 2 1 1 5
1961 1 3 k
1962 1 1 2
1963 3 9 - - - = -
Avg # 1 1 2 1 2 6
Days with Maximum Temperatures of 32°F and below
1958 - =« = - - 1 18 -
1959 ik 11 4 5 3%
1960 T 7T 9 ik 37
1961 19 7 2 10 38
1962 13 12 2 12 39
1963 12 1 2 - - e - -
Avg 13 10 &4 ** 12 39
Days with Minimum Temperatures of 32°F and below
1958 - e e « = 1 1 13 18 3 -
1959 30 27 25 11 2 4 12 18 26 155
1960 31 26 28 10 T 17 30 1%9
1961 30 22 27T 10 & 2 6 18 30 1k9
1962 30 28 26 14 &4 13 26 29 170
1953 31 28 29 212 &4 - e e - -
Avg 30 26 27 13 3 = 1 10 16 29 158
Days with Minimm Temperatures of 0°F and below
1958 - -~ - - - 4 -
1559 ¢ 2 3 1 5
1960 3 6 9
1961 : 9 5 1
1962 ; 1 6 6 13
1963 | 2 7 - - e - =
@
Avg i 3 & 3 .10

-Months with no data or years with incomplete data.
*Months with no vaiues indicates a frequency of "0".

*%,5

day or less.
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TABLE 5. ELEVATION AND LOCAL ENVIRORMENT AT BASE AKD SATELLITE STATIONS

Klev
Station (£t) Where Situated

Base Sta. 205 Lowliand in small, open, or grassy area; partielly
surrounded by conspicuous hills in vicinity

Clark 180 ILowland between edge of small pitch pine grove and
ar open, flat, sandy area to west; no important hills
or valleys in nearby aresa

Gate 190 Moderate north slope near foot of smaell hill; hard-
wood forest of moderate height, upper story not very
dense with an understory of mixed hardwood and white
pire sapiings; esphalt patrol road neerby on SSW side

Ei11 300 Was in grassy area near top of second highest hill in
Teservation but much of nearby area has since been
paved with asphalt or one side; long, steep slopes to
north, south, and west of station; except for clear-
ing along patrol roed and adjacent security fence,
forested slopes range from pure white pire to
hardwoods

Puffer Pond 180 Northeast of Puffer Pond or lowlard about 50 feet
from a large swamp; mixed hardwood-conifer forest,
Including large trees st station and some :moderately
dense undevbrush in surrounding vicinity

Ridge 260 Top of large kill about 1/2 mile west of Puffer Pond
in small clearing in a relatively cpen whiie pine
grove mixed with soxe hardwoods

Mean apd mear meximum temperaturas at each sateilite station for
January and July 1961 varied not more than 3 F degrees from comparuble
temperatures at Base Statiox compared to mean minimim variation of not
more than 5 ¥ degrees for the same months and stations (Table 6). GCther
moaths of data for these stations showed similar trends.

Five-day, running-mean temperatures for Bese S.ation and the satel-
lite stations are shown in Figure 8 from 3 to 29 January 1961. The graph
shows that Clark was coldest and Eifl1 was warmest most of the time; Base
temperature values were about aversge ol the temperatures experienced at
satellite stetions. Althougn the iilustrations show clearly the compara-
tive trends of mean values for esch station, it does not show the frequent,
often significant day-to-~day variations from normal trends among the
stations.
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During the cold period from i0 to 13 January 1961, daily minimum
temperatures at each station were fairly uniform with respect to rela-
tive severity erd to normal daily differences amcng the stations. Assum-
ing reasonable accuracy of thermograph traces (to 2t degrees), the differ-
ent environments of the sateliite stations produced some important tem-
perature variations. Aside from relative day-to-day differences among the
stavions for some periods, this period was generally consistent with
longer period trends. For instance, Clark was the coldest station. It
was on a flat, sandy area between s small grove of pitch pine and an open
area (Fig. 9). By contrast, Hill was the warmest. This is to be expected
of a site in sn open area on tcp of a prominent hill, particularly regard-
ing minimm temperatures at night. In this k-day period, daily mintmum
temperatures at Eill ranged from 13° to 1T7°F compared to 3* to 6°F at
Clark, averaging 14° and 4°F, respectively.

At about CT0O0 hours, 13 January 1961, a well-developed warm frout
passed over the reservation (Fig. 9). In the next six bours, temperatures
rose from & minimm of 12°F to a maximum of 41°F at Hill and from 6° to
L6°F at Clark. The effect of its passsge also narroved the range in tem-
perature between these two extreme satellite sites. Thus the daily meximum
on this day (13 Jan) was L46°F at Clark and 41°F at Hill. The following
day (14 Jan), temperatures continued to climb more slowly, reaching a
maximm of 49° at Clark and L8°F at Hill. Bven though lower minimum tem-
peratures were recorded each day at Clark than at Hill, maximm tempera-~
tures at Clark were the same or higher than at Hill on three out of five
days, giving higher ranges in temperature at the lower station. Ranges
in temperature at Clark were also the highest of any other statinn in the
reservation durirg January and July 1961.

In the period from 20 to 22 January 1961, a well-developed storm was
off the Mid-Atlantic coast on 20 January, producing strong winds over
eastern Massachusetts (only up to about 13 knots at Base Sta.) and neariy
an inch of snow fell at the main station in the reservation. At both
Clark and Hill on 20 January daily minimum temperatures were 5°F; the
minimm at Base Station was only 1 F degree lower (Fi{g.10). The next day
(21 Jan) maximum temperatures increased moderately; minimum temperatures
decreased moderately but more at Base Station and Clark than at Hiil
(Fig.10). On the third day (22 Jan), the minimm at Clark bad dropped
to a record lowv (-25°F) for any station operating in the reservation,
compared to daily minima of -15°F at Base snd only -3°F at Hill. On this
last day, the absolute minimum at Clerk was 10 F degrees lower than at
Base Station and 22 F degrees lower than at Hill. Hill was agnin the
warnmest of the three stations on this occasion. In fact, the extrexs
range in daily meximum tempexrature for all six stations on the samz dey
was within 2 P degrees.

Temperatures observed are representative of conditions proevalling
in the general area of the reservabtion. Deiz compiled from XIARS Annex
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(including mean daily maximum, meen daily minimum, absolute maximum
and minimum temperatures) are compared with similar data from Bedford,
Clinton, Framingham, and Weston for the years from 1969 through 1962

(Table 7, 8, Fig. 11, 12). The locations of thesz weather stations are
summarized in Table 8.

TABLE 8. LOCATION OF FOUB LOCAT, STATIONS CUTSIDE THE NLABS ANNEX

Elev
Station Latitude Loagitude (£t)
NLABS Annex b2° 25°' N Ti° 29' W 205
Bedford L2 28 71 17 135
Clinton L2 24 T 393
Framingham Yo 17 T 25 172
Weston 2 23 71 19 220

For the mcst part, et the four selecited stations in the area out-
side the reservation, maximum and minimum temperatures are slightly
higher than those at NLABS Annex for the period from 1960 to 1962
(Fig. 11, 12). Temperatures at Weston correlate best with those at
HLABS Annex. Mean daily maximum and mean daily mirimum temperatures at
Weston were 1 to 2 F degrees higher than comparable values at NLABS
Anpex; an average of the absolute maximum temperatures for all months as
weil as a similar average of absclute minimum temperatures reveals almost
nc annual diffecences between the two statioms ($0.2 F°). Purthermove,
with few exceptions, the graphs show good correlatior between monthly
temperature vaiues for NLABS Annex apd Weston. The most couspicuous

exception is the 7 F degree lowzr absoluts minimum in rebruary at KLABS
Annex,

The graphs revea®l the temperature curves for Bedford, Framingham,
and Clirton follow similar patterns but the curve feor Clinton deviates
most from that for NLABS Annex. At Clinton mean daily maximum and ahso-
Jute maximum temperatures were the lowest of these stations; comparable
minimim temperatures were the highest. Of the five stations, Clinton
is the highest in elevation and 1s farthest from the coast.

Precipitaticn

Most precipitation in the area is of cyclonic origin. Thus in
winter, precipitatiorn is usually of low intensity and may persist for
several days. Such precipitation is most commonly associated with the
passing of slow-moving fronts. However, a fast-moving, well-developed,
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cold front can produce comparstively heevy precipitation for a limited
period. But in swamer, when cycloaic sctivity ebdbs, convective showers,
including those accompunied by thunder, tend to make up & deficiency ir
frontal rainfall. Though briet and often of smali extert, summer showers
are of relatively high intensity.

The amount of precipitation at NIABS Annex is normally moderate and
evenly distributed throughout the year. Mean annual precipitation is
16,31 inches, averaging 3.86 inches per xonth. Mean precipitation for
Septamber and April, the wettest months, exceeds 5 inches; precipitation
for June, the driest month, is less than 3 inches (Tsble 9).

Because several hills in the vicinity of Base Station are notice-
ably higher its mean precipitation was compared with similar dats from
four local stations outside the reservation for a coumparable 3-year
period (1960-1962). Mean annual precipitation was about 2 to & inches
greater at NIABS Annex than it was at the other atations (Table 10, 11).
The differences in precipitation between NLABS Annex ard eech of the
other stutions varied considerably for monthe of different years in the
2-year period.

Altbough mean precipitation at NIASS Annex is well distributed, it
occasionally varies significantly fram one month to another or for a
given month of different years (Table 9). During 5- to 6-year period of
record, monthly precipitation exceeding 7 iuches hae occurred during
April, July, September, ard October. The greatest precipitation for a
single month is 9.k8 inches; 5.85 irches of this fell when a tropical
storm passed over the area from T to 9 October 1962, causing major flood-
ing in southern New England. Bxcept for this 3-day storm, precipitation
for October was less than the mean for any other moath. By contrest, a
minimm precipitation of less than ) inch was recorded durirg June 1958
and May 1959.

Prior to taking any weather observations at FIABS Aanex, Hurricane
"Diane” brought unprecedented torrential rains to New England on 19 August
1955. These rains, dwarfing previous records for intensity, and falling
on alreaedy saturated soil and where streams remained high from Hurricane
"Connie’'s" heavy rains of less than a week before, caused the most dis-
estrous floodirg in the history of New England. At lake Cochituste sta-
tion, nearest to NLABS Annex, a total of 15.35 inches was reported for
August 1955 (11.17 inches above normal); the greatest precipitaticn for
a dey, 5.40 inches, wms recorded on 19 Auguat 195S.

The frequency of precipitation is relatively uniform throughout the
year, occurring on about 4 days out of 10 {including all smounts tco
small to measure). A maximum frequency of 48 percemt of the dsys occurs
dur‘ng April; no month has a minimum frequency of less than 33 percent
(Table 12). Rain and drizzle, the most frequent types of precipitation,
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TABLE 9. MONTHLY PRECIPITATION ARD SNOWrALL (INCHES) AT NLABS ARNEX, June 1958 ..
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fall on 1 day out of 3 in a year (Table 13). Even from December through
Merch rain and drizzle occur on 19 percent of the days, compared to 30
percent from snowfall¥. No precipitation in frozen form has been recorded
in the S5-month p2riod from May through September, although hail may occur
on rare occasions. Hail is normally associated with intense convectional
activity of late spring and summer, the period of most frequent thunder-
storms. In New England, thunderstorms occur on only 3 to © purcent of
days during their veriod of greater frequency (April - August) compared
to rain and drizzle cn 39 to 46 perceat of days for these months.

At NLABS Annex, snow may fall any time from October to April, but
significant emounts can be expected occasionally from December through
March, averaging 13.4 inches for each of the four months. In five seasons,
annual snowfall has averaged 57.2 inches, but the anrual total has varied
from 75.4 to 40.7 inches (Table 9). The greatest total snowfall for any
one month was 40.7 inches in Pebruary 1962; Februery is alsc the month
with the greatest mean snowfall. Thus far, msximm monthly snowfall has
occurred most often in Merch but pever in the same month of successive
years. Variations in monthly totals are extreme for a 3-year period,
ranging from .55 irch to 9.48 inches.

Durirg the four coldest months (Dec - Mar), scame snow is on the
ground 68 percent of the time (Table 14). The percent of days with at
least some snow cover is hLighest in January but snow cover is deepest in
February. Only four months, December through March, have apprecisble
snow on the ground more than 1/2 the days; nc other month has a snow
cover on even 10 percent of the days.

Figures 13 describes the condition of the ground surface for each
season, based on threz or four observations per day on vhieb the ground
ccndition or its cever is classified according to one of nine categories.
Thus from Figuze 13 and Table 15 it cean be determined that the ground is
free of snow in winter about 20 percent of the time.

Wind

Wind data obtained from the main meteorological station (Base) vary
signitizantly from that from other atations in easter: Massachusettis.
The aerovane at XLABS Annex is only sbout 6 meters above the ground on
a lovland (Photo.%4). The station is bordered by conspicuous hills to the
vest, east, and northeast. A forest cover cn nearby hills and on mmch
of the lowland exert an apprecisble frictionul effect on surface winds

Mostiy snow but includes some sleet and giaze. Any precipitation that
freezes or melts and refreezes on the surface at cbservation site is
measured to nearest 0.1 inch, as far as practicable, and recorded as
snov (unmelted). Thus freezing rain is recorded as snow.
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FREQUENCY (%) OF HOURLY WIND DIRECTION AT L. G. HANSCOM FIELD

TABLE 17,

Ledford, Massachusetts

February 1943 ~ September 1953
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that is reflected in lower wind speeds at the steticn. The buildings,
southeast of the station, also reduce the force and frequency; from that
direction.

At NLABS Annex, an unusually high percent of calm {< 1 knut) pre-
vails most of the time, averaging annually 64 percent of hourly observa-
tions for & 23~month period {Table 16). Monthly frequsncy of calm varies
from 79 percent in June to 49 percent in March and April; seasopal fre-
quency is greastest in summer (73%) and least in spring (54%). The per-
cent of days with 24 observations cof calm averages anpually 11 percent
compared to 3 percent of days with po recorded observations with calm.

At L. G. Hanscom Fleld, Bedford, sbout 12 eirline miles northeast
of KLABS Annex in & more open ares, a marked lower frequency of calm
occurs (Fig. 14). The perceat of calm at L. G. Hanscom Field averages
only 19 percent aanually, compared to 6% percent at NLABS Annex. At
Bedford, calm prevails 27 percent orf the time in August, the month with
the greatest amourt of cal=, and 13 percent in March, the least calm
month.

The high frequency of calm and at other times mostly low wind speeds
are highly favorable to making air drops. Fortunately, the nearby air
drop zone has an adequately large, flat, open area that is well drained.

Moderate wind speeds are unusual and high winds seldom occur in any
sesson (Table 16). Wind speeds exceed 5 knots per hour only 10 percent
of the time and rarely exceed 10 knots. Although the seasonel occurrence
of winds is relatively uniform, Table 16 indicates that spring is the
windiest season; summer 1s the least windy. Winds blow most often from
the northwest quadrant and least often from the southeast quadrant as
well as at L. G. Hanscom FPield station (Table 16, 17).

TABLE 18. MEAN DAILY PRAK GUSTS* (KNOTS) AT NLABS ANNEX
10 June 1959 - 31 August 1963

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (yr)

Mean 51h.7 15.1 16.5 16.4 13.5 11.5 12.1 10.9 11.6 13.3 15.0 13.8 | 13.7

*Besed on hourly observations for the indicated periods below: 0800 -
.1700 bours, 10 June 1959 to 31 July 1961, and including 0600 - 2000
hovrs for April and May 1960; 24 hourly observaticns from 1 August 1961
tc 31 August 1963.

( )Perentheses indicate incomplete record based on 2 or 3 weeks' data for
a l-year period.

- Month with no dats cor year with incomplete date

B
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Daily peak gustis are also less severe and less frequent than those
reported at more representative places in eastern Massachusetts. These
gusts average about 14 knots per year, varying fom 8 to almost 19 knots
for the months of record (Table 18}. Daily peak gusts exceed 20 knots
per hour only 14 percent of the time (Table 19). The highest absolute
gust recorded was 55 knots per hour, which occurred at 1518 xours,

26 Pebruary 1961, from the west-northwest. Although daily pesk gusts
are most often from the northwest quadrant they are also relatively fre-
quent from each of the other three quadrants (Table 19).

Relstive humidity

Mean daily maximum and minimmm and extreme maximum and minimum
relative hunidity are tabulated in Table 20 for each of the 25 months of
hourly observations. On the basis of this record, meean daily mexiomm
humidity exceeds 90 percent for all months and exceeds 95 percent from
Mgy through November. Mean daily minimm relative humidities are in
the 40's and 50's for most months and snow a monthly variation greater
than daily marirum values, since varistion of the latter 1s curtailed by
reaching the iimit of 100 percent. Seasonal frequency of daily maximmm
and minimm relative humidity is shown in Pigures 15 and 16. These
figures show a more varied range in uccurrence of mean daily minismm
humidi.ies for the various indicated increments. A daily maximm rela-
tive humidity of 100 perceat is most frequent in any season, especially
in symmer and autumn when a maximum humidity of 100 percemt is recorded
on about 2/3 of the days.

Lower extreme relative humidities occur geanerally in the cooler
months, but extreme maximum relative humidi‘ies of 100 percent have
occurred in all months of record (Table 20). The lowest extreme rela-
tive humdity is 11 percent.

§EZ’ cover

Seasonsl varietion in sky cover is negligible at NLABS Annex, vary-
ing from only 50 to 52 percent (Table 21). Mean sky cover from sunrise
to sunset exceeds mean 2L-hour sky cover in all months and sverages 5
percent higher annually, because of clouds produced by heating of the
earth's surface by the sun and possibly also by observational difficulty
at night.

Partly cloudy weather (31 - 70%) preveils more often than clear
(0 - 30%) or cloudy weather (71 ~ 100%), based on 24 hourly observations

for months of record (Table 22). Psrtiy cloudy veather reaches a seasoral
meximm of 51 percent in summer. The frequency of clear and cloudy weather

are about equally divided.
39
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Fror sunrise to sunset the percent of cloudy days is appreciably
higher (9% annually) than values based on all hourly observations (Table
22, Pig. 17). This increase reduced mainly the percent of partly cloudy
days and increased the percent of cloudy deys. Cleaxr days are least fre-
quent in July and August; partly cloudy days are most common then. Sea-
sonal differences in frequency of sky cover between 4aylight and 2h-hour
periods are fairly uniform in each of the three categories, although

allowvance must be made for the usual monthly variations in a short period
of record.

VisibLlity

At NLABS Annex, visibility is good most of the time and is generaily
charscteristic of eastern Massachusetts inland from the coast. In a 2~
year period (1962-1963), a visibility of T miles or more occurred T4 per-
cent of the time, based on hourly observations. Visibility at that dis-
tance tends to be somewhat more frequent in winter when the area is
domirated more often by passage of drier air masses.

In the same period, visibility limited to 6 miles or less occurred
26 percent of the time compared to only T percent at 1 mile or less
(Table 23). However, visiviiity for each of the two selected limits
often varies greatly for a given mopnth of one year compared with the
other year. In both categories, visibility was significantly vetter in
1963 than it was in 1962, particularly from April 1963 through October
and also for Pebruary and November of the same year (9 mos). In so
short a period of record, no conclusive seasonal trends in conditions
can be determired, but the tabulations serve to give en indication of
visibility in the area.

Visibility is reduced to 6 miles or less mainly by fog and second-
arily by precipitation (Table 23). Fog (including ground fog) restricts
visibility aimost twice as oftem as precipitation (both in liquid and
frozen forms). In some instances, combinatlons of fog, precipitstion,
and haze were recorded as reasons for restricted visibility*. Fog
(mostly ground fog) is more common in summer and early autumm. Precipi-
tation reduces visibility to 6 miles or less mainly in the cooler half
vear, because of its more frequent occurrence and longer duration in
those months. Snow alsc restricts visibility more than rain does. Haze,
least importent of the three factore reducing visibility, is most fre-
quent in the warmer months.

*pher a combination of causes limitirg visibility to 6 miles or less
are noted on daily weather observation forms (WBAN 10QA) each cause
given was tebulated, although this procedure exaggerates slightly
observed conditions. In such instances, it is impcssible to deterumine

accurately the relative importance of each cause when aoted in combina-
tion with cthers.
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In Table 2% the frequency and duratiom of fcg, ground fog, and haze
are given for February and August for each year from 1962 to 1964,
representing extreme months. Ir elther month, ground fog is far more
common than fog and haze combined; ground fog is slso several times more
frequent in August than it is in February. Fog and haze also occur more
frequertly in August than they do in Pebruary. For the k-year period,
there is good correlation between the number of days of occurrence and
duration of fog, ground fog, and haze.

However, duration of *og, ground fog, and haze for months of
different years sometimes varies greatly from mean monthly values
(Table 2k). PFor instance, in February, there is marked contrast in the
frequency and duration of fog as well as ground fog for the years 1562
and 196h.

In a visivility study at the reservation by Anstey (196k4), three
sites were selected at random in its Transitional Hardwoods-White Pine-
Hemlock Forest in comnection with similar studies made in other world
enviromments. In the report, techniques used in target identification are
described and the results of over 300 measurements of visibility distances
are summarized.

TABLE 2. FREQUENCY AND DURATION OF VISIBILITY REIUCED TO 6 MILES
OR LESS BY FCG, GROUND FOG, AND HAZE AT NLABS ARNEX

Ground

Fog Fog Haze
Freq. Dur. Freqg. Dur. Freq. Dur.
Mo ¥r (da) (nr) (¢éa) (hr) (@a) (hr)
February 1962 7 66 10 63 1 L
1963 1 6 9 52 i 1
1664 0 0 3 i8 0 o]
1965 6 33 8 31 L 39
Mesn L 26 8 k1 2 1
August 1961 © 10 T3 23 181 £ 28
1962 5 22 30 269 11 61
1963 5 16 27 167 5 19
1964 5 22 30 269 8 N}
Mean 6 33 28 222 8 42

L6
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6. Representative 7-day weather patterns

Climatic averages present a conventional picture of representa-
tive weather, but it is not averages that men must face in the field.
They are subjected to an ever-changing combination of weather elemnerts.
Because of importent and frequent variations of each weather element
{precipitation, temperature, etc.), a typical weather pattern does
not exist except for a charscteristic changeability. Identical com-
binations of weather conditions for a T-day pericd mey never occur
again; such conditions may differ significantly from the preceding or
folloving weeks; but more or less typical weather can be expected to
occur far more oftan than extreme deviations from the normal pattern
in any season. It is believed that a discussion of a T-day period of
recorded weather observations considered reasonably renresentative of
each of the four seasons introduces an added note of realism concerning
weather conditions at RLABS Annex.

Week of 16 - 22 January 1961 (winter)

In winter, rapid and often drastic changes in weather are character-
istic. Variability in westher elements for hours of cbservation from
15 to 22 January 1961 is illustrated in Figure 18; contresis in daily
averages and extremes of different elements 1s indicated in Tgble 25.

Hourly temperatures ranged from -15° to 45°F, giving arn extreme
range of 60 F degrees for the week., In the period, maximum temperatures
exceeded 32°F on only 2 days; minirmm temperatures never reached 3R°PF at
any time but dropped below O°F on 2 days (Table 25). Frequency of these
selected temperatures correlates closely with the S-year January averages.
The lowest minimum temperature, -15°F, fcr the T-day period is also the
lowest temperature recorded fcr January in a S-year period.

Daily range in temperature for the T-day period varied from 5 to
38 F degrees. This range was lower orn cloudy days ard on days with
precipitation.

Twe cyclonic storms passed over the NLABS Annex during the week. A
sncwfrl) o U ifeccr J2l) on on r~lready canow-covered surface on
16 Jonuvary and on edditional 8.5 inches fell four dsys later. After the
first sucwstorm sunny to partly cloudy westher prevailed for the next two
days. In the next two Gays all recorded sky cover observations show 100

47
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TABLE 25, SKVEN-DAY WINTER WRATHER SUMMARY AT NLABS ANNEX, 16 - 22 JANUARY 1961
Day of Week
Weather Eisment#* 16 7 18 19 20 21 22 Week
Highest relative humidity (%) 100 100 63 96 100 98 98 100
Lowest relative humidity (%) 8 29 29 28 77 36 b3 28
Mean relative humidity (%) 97 68 43 L5 91 61 73 68
Msximum temperature (°F)} 27 ks 37 19 14 20 23 L5
Minimum temperature 22 11 18 6 5 -8  -15 -15
Mean temperature 2 28 28 13 10 6 i 16
Range (P°) 5 34 19 13 g 28 38 60
i
Wind speed (knots) ]
0800 nours 15 c 12 0o 15 3 o |
0900 12 0 9 ¢ 15 L 0
1000 14 3 12 3 15 L G
1100 10 i 13 I 15 5 o !
1200 18 513 L 15 7 6 |
1300 10 6 12 L 1k 8 9 ,
1400 8 T 9 3 1k 8 8
1500 4 7 9 3 1k 7 S
1600 7 5 10 3 12 7 7
1700 5 0 9 3 9 5 5
Mean wind speed (knots) 10.3 3.6 10.8 2.7 13.8 5.8 4.4 7.
Peak gusts 20 1 25 18 26 1k 10 25
Prevailing wind directior NNE WSW WKW N NNW W SW | w
Mean sky cover (%) 100 39 3 100 100 0 11 53
Total snowfall (inches) 2.5 0 0 0 8.5 0 0 11.

*Humidity and temperature based on 2k hourly observations esch day; summaries of
other weather elements based on 10 hourly cbservations (0800 - 1700 hrs)

)




percent cloudiness, with & major snowstorm on the second day (20 Jen).
The next day was a beautiful winter day and only limited cloudiness
occurred on the following day (22 Jan). The two storms increased the
snow d=pth from 0.5 inch to more than 10 inches.

During the week, hourly relative humidity varied from 28 to 100
percent. High relative nmidity prevailed during each cyclonic dis-
turbance. Humidaity was relstively high during periods of greater cloudi-
ness, precipitation, and tende’. .o be high during normally cooler hours
of day.

Wiud speeds also varied appreciably from hour-to-hour and {rom day-
to~-day. The two higher wind speeds o the week occurred on days in which
snow fell. An absclute maximm wind speed of 15 knots occurred on the
éay of the eecond storm, with gusts to 26 knots. Mean daily wind speeds
for the hours of record for each of the two days were 10.3 and 13.8 knots,
respectively. Mean wind speed for the week was T.3 knots. Variable winds
from westerly ard northerly directions were most common.

Week of 24 - 30 April 1962 (spring)

The T-day period from 24 to 30 April 1962 illustrates the variability
of the weather during the transitional spring season at HILABS Aunex.
Rapid and drastic changes in weather constitute one of its npst important
Pegtures. Although rno given period of different years has the same combina-~
tion of weather conditions, the above perioé was gemerally typical of con-
ditions that may be expected. During the week, mean dally minimm tempera-
ture was only 1 F degree lower than for the month of April for a 5-year
period but mean daily maximum temperature was 12 F degrees higher than the
S-year period for April. Thus mean daily range was also significantly
higher thar the 5-yesr mean. Other weather slements discussed in this
section show good correlaticn between this 7-day period and tke 5-year
period.

During the week, hourly temperatures ranged from 24° to 91°F -- 2
difference in extreme temperatures of 67 F degrees. Deily ranges in tem-
perature varied from 3 to 55 F degrees (Table 26, Fig. 19). On 27 April
the temperature rose from 36°F at 0500 hours to 91°F at 1500 bours (10 krs
later), giving an absolute maximum daily range for the week and month of
April for a S5-year period. Mean daily range in temperature for the week
averaged 35 P degrees, compared tc 24 F degrees for 5-year period for
April. During the 7 days, mean daily meximm and mean daily minimm tem-
peratures were T0° to 35°F, respectively.

k9




24 - 30 April 1962

‘ TABLE 26. SEVEN-DAY SPRING WEATHER SUMMARY AT NLABS ANNEX

Day of Week
Weather Element 24 25 26 27 28 29 30 Week
Highest relative humidity (%) { 86 88 100 100 97 99 100 | 100
Lovest relative mmidity 24 26 38 18 26 59 93 ! 18
Mean relstive humidity 55 56 T1 55 61 83 96 ° 68
Maximm temperature (°F) i sk 76 62 91 8 719 k2 70
Minimum temperature (°F) 26 24 35 36 43 W1 39 39
Mean temperature %0 L4s L8 63 6L 60 40 52
Range (F7°) 28 52 27 55 43 38 3 67
Mean wind speed (kunots) 'y2 2,7 2.2 1.9 2.8 1.5 1.6 2.3
Pegk gusts r28 23 11 17 21 16 6 28
Prevalling wind direction N WSWw SSE WKW SSW NW NNE SSW
Calm (% of obs) 50 45 62 sk L& 58 33 50
Mean sky cover (%) 15 51 50 122 32 75 100 | U8
Mean precipitatior (in.) o 0 0 0 0 .70 .78 {1.48

Fluctuations in relative humidity vary inversely with that of tem-
perature except for minor deviations. Relstive humidity ranged from 100
percent at night down to 18 percent when the highest temperature of the
week was recorded (1500 hrs, 27 Apr 1962). The highest minimum relative
humidity was 93 percent, occurring on the last day of the week and also
on & day on which it rained. Minimm relative humidity normally fluctuates
much more from day to day than does mexizmum relative humidity.

Wind speed averaged about 2 knots at NIABS Annex during the T-day
period. Mesn daily wind speeds varied from about 1 to 4 knots. They were
usually nigher in the midday hours but sometimes in the latter half of
3 day. No observed hourly wind speeds exceeded 11 knots. The maximum peak
Zust was 28 knots. Calm (< 1 knot) occurred on 52 percent of the hourly
observations ~- ar unusually high fregueucy but is characteristic of
conditions at this protected station (see section on winds). The pre-
vailing wind directicn wass south-southwest 11 percent of the time. Winds
from the southwest and ncrthwest guadranis were about equally common (17
3 or 18% each). The high frequency of calm lowers mean wind speed and also
frequency of winds from all directicrs.

A total of 1.48 inches of precipitation fell in the last l% days of
< the 7-day period. It varied in intensity from very light drizzie to
3 heavy rain (Table 27). Althcugh light drizzle persisted almost three
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times longer than all other types of precipitation combined <those types
characterized by grester intensity produced nearly all the precipitation.
Thunder accompanied by moderate rain occurred for 25 minutes in the
midafternoon of 29 April. During the rainmy periocd, hourly relative
humidity remsined at or close to 100 percent and sky cover was 173 per-
cent. For the rest of the week, the percent of sky cover varied frem
clear to cloudy at irregular intervals and often within a few hours.

TABLE 27. TOTAL DURATION* OF DIFFERENT PRECIPITATION INTENSITIES
AT NLABS ANNEX 24 - 30 April 1962

Very Very Tetal
Day/ ILight ILight Rain Light Light Mod. Heavy Precip
Precip Drizzle Drizzle Showers Rain Rain Rain Rain Thunder  (in)
29 Apr ’ 3:01 3:37 0:49 0:29 0:25 | .70
30 Apr | 1:05  17:31  1:01 0:50 0:17 .78

Total ~1:05 20:32  1:01 0:50 3:37 1:06 0:29 0:25 | 1.i8
*Given in hours and minutes (hrs: min).

Week of 10 - 16 July 1960 (sumrer).

The westher data for the period from 10 to 16 July 1960 st NLABS
Annex are for the most part representative of date for other T-day periods
in July (Fig. 20, Table 28). The same applies to & lesser extent for other
sumeer months. However, some variation in one or more weather elements
from the average conditinn is alweys present and occasionally this vari-
ation may be comsiderable. Although irregular varistion in weather is
mich less frequent and less drastic in summer than it is in winter, this
changeable characteristic 15 an important part of the basic wveather
pattern. It is unlikely that an almost infinite combination of weather
elemerts would closely approach average conditions for any particular
week .

During the week, temperatures occurring were typical of those recorded
for e E-year period. Mean daily maximm temperature for the week was 82°F,
compared to 80°F for the 6-year period; mean daily minimum temperature was
5T'F fér both periods (Fig. 20, Table 28). EBEourly temperatures ranged from
91° to 48°F. Daily maximm temperatures varied from 91° to 68°F, a

ifference of 33 F degrees between the highest and lovest maxinmum tempera-
tures within the week. Daily minimm temperatures fluztusted only 17 F
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degrees in the scme period. Daily meximum temperatures were 90°F and
above on 2 days; daily minimum temperatures were below 50°F cn 1 day and
in the mid-and-high 50's on % days. Daily range in temperatures in the
T-dey period averaged 25 F degrees, but varied from 10 to 3% F degrees.
The absolute maxirmum range for the week wac 43 P degrees, compared to
60 F degrees for the T-day winter period (Table 25).

TABLE 28. SEVEN-DAY SUMMER WEATHER SUMMARY AT NLABS ARNEX
10 - 16 July 1960
Day of Week

Weather Element#® 10 11 12 13 1% 15 16 Week
Highest relative humidity (%) 'iJ0 100 100 100 100 100 100 ‘100
Lowest relative humidity P40 50 37 bk 93 37 36 36
Mean relative humidity ;78 9 T 80 9 T 13 . 19
Maximm temperature (°F) .8 8 90 91 68 T6 & ‘ 8
Minimum temperature sk 65 57 63 58 sS4 48 ' 57
Mean tempersture P68 T6 T4 TT 63 65 65 7O
Range (F°) 128 21 33 28 10 22 3% L3
Wind speed (Xxnots)

080C hours 0 & L 0o - 10 0

0900 i 0 3 Y 3 - 11 &

1000 [ % 5 b 5 - 11 &4

1100 i » 8 3 Lk - 10 &

1200 P T 0 4 0 1 0

1300 Ly 9 17 L 6 T &

1%00 .5 6 T 8 0 0 4

1500 6 0 6 i T 0 10

1600 .9 &4 o o 8 o0 o

170C T4 7 O - 3 0 &

i
Mean wind speed (knots) 4.5 6.3 4.1 4.0 (k.5) 8.0 k.1| 5.k
Prevailirg wipd direction S SW BSW SW XN X X |SW&KE
Feak gusts - 9 13 i3 1 18 12 138
Calm (% of obs) 20 10 30 22 33 30 3 25
|

Mean sky cover (%) 16 58 11 371 100 8 0 33
Total raiarall {inches) 0 0 0 A0 1.750 o] i 2.15

#A1] temperature and humidity values are based on hourly observationz from
.0800 to 1700 hours and from thermograph traces for the remaining hours.
A1 wind and sky cover values are based on hourly observations from 0800
to 1700 hours. Because of an unususl’ly high frequercy of caln at other
bours these date are not representative of 2h-hour periods, particularly
regariing mean wird speed and percent of celm each day.

- Ro data.

52




—_—— SR NN F T RS e e e T m TR S A

Although fluctuations in summer wveather, particularly iu its diurnal
course, are caused mstly by cloudiness and showers resulting from heat-
ing of the earth's surface by the sun, cyclonic disturbances account for
the less frequent but more irreguiar variations. During the week, one
cyclone passed over the NLABS Annex. Atmospheric pressure started dropping
slowly on 10 July. Three days later both sky cover and relative mmidity
had reached 100 percent and remaired at 100 percent for about a day during
vhich time 2.15 inches of rain fell. Its intensity varied from light to
mostly moderate, No thunder was reporced.

Relative mmddity reached a maximm of 100 percent for at least a
few hours each day between sunset and sunrise and during period of precipi-
tation. Daily minimm relative humidity fluctuated greatly from day to

day, varying from 93 percent on the most rainy day (14 July) to 36 percent
on the only day vhen no cloud cover was reported (16 July).

During the week, hourly wind speeds in the 10-hour period from 0800
40 1700 hours varied apprecisbly from the 2hk-hourly average for July 1962
(Table 28). In the T-day pericd, mean daily wind speeds at NLABS Amnex
ranged fram 4.0 to 8.0 kmots, based on 10 hourly observations each day.
Maximum wind speeds up to 11 knots were recorded three timzes on the day
following the rain, with gustc tc 18 knots (Tadble 28). These winds vere
from the north and occurred during a period of rising atmospheric pressure
and decreasing temperature. During the entire week, north and southwest
wvinds each prevailed 22 percent of the time, and calm ( <1 knot) prevailed
25 percent of the time,

By contrast, during July 1962 at NIABS Amnex, the prevailing winds
were north and northwest, each prevailing only 6 percent of the time. 1In
that month, calm was almost three times more frequent than occurred
during the sample week in July 1960. At the station, prevailing winds
are normalily from the northwest quadrant (not southwest) at any time of

year.

Although the sampie week selected appears at first unreslistic
regarding ind velocity, a detailed examination of the hourly data for
July 1952 and analysis of similar data for other months reveals that the
FE hours from 1800 to OTOO have a high percent of calm. If the remaining

14 hourly ovservations had been taken the percent of calm would have been
higher and mean wind speed lowver, based on study of momths in which 2k
hourly observations are availsble. Thus the wind data tabulated from
only the tem hourly observations and sihown in Table 28 and 1llustrated
ir Figure 20 are ressonably representative of wind conditiors o¢ruring
during those hours at the station--usually the warmer hours of each day.

—
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Week of 15 - 21 October 1961 {autumn}

The 7-day sample of recorded weather data from 15 to 21 October 1961
exemplifies the rapidly changing weather conditions in a transition seascn
at NIABS Annex (Table 29; Pig. 21). During tkis period, temperature con-
ditions were particularly representative. Mean daily maximum temperature
wvas only 2 F degrees cooler than the S-year daily maximwm for October;
mean daily minimm temperaiurz for the two periods was the same.

TABIX 29. SEVEM-LAY AUTUMN WERATHER SUMMARY AT MIABS AFNEX
15 - 21 October 1961

Day of Week
i1

Weather Element 15 16 18 19 20 21 Veekx
Highest relative humidity (%) ;160 100 100 95 100 121 ® | 100
Lowest relative hmidity > 3l 3 37 b5 6T 56 3k
hean relative mmidity 2 718 68 & 83 8 65 LTt
i

Maxirem tempersture (°F) b1 49 65 T8 TT 60 5T | 18
Minimm emperature 25 25 25 39 3 51 W7 ; 25
Mean temperature % 37 & 58 58 56 52 ' k9
Rarnge (P°) 2 28 ko 39 38 9 10 53
Mean wind speed (knots) 2.5 1.6 1.5 1.1 1 3.9 2.3 1.9
Peak gusts 16 i3 13 10 8 18 17 13
Prevailing wind direction K WSW SSE WHW SSW KW KNE . K
Calm (% of obs) 29 67T S0 62 6 25 k2 i 53
Mean sky cover (%) ™ % 3B 0 1T 9 100 | 51
Precipitation (in.)

Rain .50 0 0 o} 0 T 0 ; .50

Snow 1.7 0 0 0 0 0 0 1.7
Daration of ground fog (br.) 22
Duration of fog (hrs) 18
Duration cf haze (hrs) 9

7 - an amount (trace) too smell to measure.
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In the T-day period, daily range in temperature varied from 9 to L0
P degrees end averaged 26 F degrees. In the 3-day, midweek period
(17 - 19 Oct), temperature fluctuated greatly each day, aversging 35 F
degrees. Durirg the first and 1sst two days of the week nourly temper-
atures were relatively uniform. During th» midweex wvarming tremnd, temper-
ature rose from a minimum of 25°F tc a maximm of 76°P in 33 hours. Daily
maxizun temperatures varied from 76° to 47°F compared to deily minima from
25°F for three successive days up to s peak of 51°F for the week. Thus it
can be expected that the daily maximm and daily minimum temperatures are
1ixely to vary spprecisbly from day to day.

Figure 21 illustrates the significant fluctuations and variaticns
in relative humidity and temperature. Divrnal fluctuations were par-
ticularly evident from 16 to 19 October when the sunshine was the con-
troliing influence in the daily weather pattern. However, cyclondc dis-
turbances had a more important effect on the weather for the rest of the
week, At night on most days relative humidity increased to or near 100
percent; during deylight hou.s daily minimum relative humidity varied
greatly.

Obscivations with calm ( <1 knot) are comaon at NIABS Annex. It
occurred over 1/2 the time for the T-day period compared to 2/3 of the
time in October over a 2-year period. On an occasioral day, all or al-
zznst a.l.l)observationa may b2 calm, such as occurrad on 19 October

Fig. 21).

Variable winds averaged less than 2 knots for the 7-day period.
Hourly observations never exceeded 8 knots, with peak gusts to 18 knots.
The wind direction often varied from day-to-day and sometimes hourly.
Winds from the northwesterly quadrant were most commop, but the prevail-
ing wind was from the north 15 percent of the time. In the absence of
an important cyclonic distuvbance, winds are higher during the day than
they are at night.

Precipitation fell on two of the seven days. On the first day, this
included .50 inch of very light to mostly light rain, including an esti-
mated 1.7-inch snowfall of light intensity (melted as it fell). This was
the first snowfall of the season. Four days leter a Gé-b.cmr rain of very
lignt intensity fell without producing a measurable amount.

During the week, ground fog occurred on 3 deys, fog on 2 days, and
haze or 1 day. The total duretion of each is tabulated in Table 29.
Ground fog occurred mainly between sunset and sunrise.

Te Storms

Eurricanes

A hurricane is a severe tropical cyclone that sometimes inflicts
heavy damege to the Atlantic sesboard, its adjacent interior, and the
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West Indiec. This storm has a vortex composed of air swirling 65 %o

over 130 knots (75 to over 150 mph) ccunterclockwise and upward arcund

e low pressure center, called its eye. In the eye, 5 to 50 miles in
diameter, calm or light winds aad clear to partly cloudy skies prevaii.
Winds spiral arcund the eye and the highest wind speeds occur in the right
forward quadrant in relation to the storm's movement. Destructive, gusty
winds of a stormr may extend out from the eye 10 miles in a smerl hurricane
to 250 miles in a major hurricane (Tannehiil, 1939). When the eye of a
hurricanes moves inland sway from the coast or when ccoler or drier air is
drawvn into the storm, wind speed diminishes rapidly. Friction of the wind
against rough terrain, covered with trees or men-made structures, aleo
veduces a hurricane's intensity.

The infrequent hurricenes thet bhit New England in some years origipate
over warm, moist water of the scutheast portion of the Korth Atlantic
south of Cepe Verde Islands between latitudes 10° K and 15° N and less
often in these latitudes farther west. They occur primarily in August
and September.

Once a tropical cyclone stows botential of reaching hurricane force
the storm is assigned a girl's name by the Weather Bureau for convenience
in future identity. A storm designated a hurricane® usually lasts 8 to
12 days, but torrential rain and destructive winde affect southern Kew
England only a day or twc.

Aithough reiatively few hurricanes affect at lesst a part of south-
ern New Engisnd, a —umber of them were highly destructive storms. Many
occurred prior tc tbe period of meteorological cobservations at HIABS
Arpnex. The femous 10@ hurricare caused extremsly heavy losses, pertially
because of inajecuate warning systems at the time (Table 30). This rela-
tively intense September storm was clocked at 49 knots (56 mph) as it
moved thmugh New England. In Campridge, Massachusetts, a velocity of
more than 87 kncts (100 mph) was recorded 5 times by a bridleé anemometer
during the sterm. Gusts of 65 knots (75 mph) or more were racorded T6
times in 4 hours, and 48 of these came in a singie hour {Brooke, 19%0).
At Blue Hill Observa“ory¥%, Milton, Massachusetis, a gust of 162 knots
(186 mph) was recorded during the seme storm, with an uncertainty, how-
ever, of 26 to 35 knots. Where the wind had to flow over, arcund or
between obstructions the velcelty wvas graatly increased localiy, ss inii-
cated by greater damsge to men-mede structures and tc irees in more
exposed places.

#0ace a tropizal cyclone, or tropinal storm, reaches hurricape force it
15 referred 40 as a hwricane ever when the intensity drops anpreciably
below hurricane strength.

Ml evation of weatzer shelter was €35 feet; the anemometer was situated
30 feet higher. As expected, wind velocity was significantly higher at
the observation station nesr the s + ¢f this conspicuous hill.
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Date; Path scross

dame Year  Dave Mo  or near New Eni

Carol

Connpie

Diane

Gracie

Esther

TABLE® 30.
Pericd
1938  16-22
1954 -3
1954
1955 413
1955 11-1%
1959 202
196C  29-13
1961 1126
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EIGE: MAJOR HJRRICAKES IN SGUTHERN KEW ENGLAHD

he ]
DEWAXRE

21 Sep; E across ¥-cen

Mass

31 Aug; R across BE-
cen Mass

11 Sep; passed over
Marthas Vineyard and

Cape Cod

13 Aug; KW across Pa

18-19 aug; passed E-
ward near S coast of
New BEng

Eastwerd X of Mass.
border

12 Sep; moved KB
across E-cen Mass.

25 Sep; paessed over
Cspe Cod

Greatest property damege
of any previocus stom
exywhere in world at {he
time

Intensity comparable to
1938 hurricane in New
Bng; 2" - 5" precip but
ro sevious flooding; B
Mass swept by 43- to

: 6i-knot winds, with S56-

to Th-knot gusts; XLABS
Annax in disaster area

2rd hmrricane within 11

i days; less wind and wave

damsge than Carol but
nore water damage

i b « 6" of rein over most

of 8 Nev Eug but only
2-4" over NIABS Annex
area

Bains less thsan a week
earlier by Connie left
gound saturated - thus
high rup-off rate and
major floocding; Mass
declared disaster aree
after 48 hes of simost
uninterrupted heavy rain

Erratic ictensity axd
povements

Rl hurricare force winds

in ¥ls., Mid-Atlantic States,

and Xew Eng ~ firest ococur~
rence in all 3 sreas in
75 yrs.

Clockvise turn SR of Cape
Cod, Mass. started 21 Sept,
passing cver Cape on 25 Sept
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In August 1954 hurricane Carol smashed northward across east-central
Massachusetts (Worcester area) with an intemsity comparable to the 1938
storm, with water and wind damage of similer catastrophic proportions.
Eleven days later the eye of hurricane Edna passed over Cape Cod, causing
more water damege but less wind damage than did Carol.

Again in August of the following year (1$55) hurricane Piane deait a
staggering bilow to the three southern New England states as the eye of
the storm moved east-northeast off their southern coast. Although winds
were well under hurricane strength Diane's torrential rairn produced record
floodings, for hurricane Coanie had deposited 2 to & inches of rainfall
cver the erea in which the NIABS Annex is situsted less than a week before
and 4 to € inches in most parts of southern New Englend. Diane deliverzd
an additioral 9.00 irches of rainfall to Clinton ard 9.22 inches to
Framinghem in a 37-hour period. These stations are -bout 1l airlinpe
miles west and @ miles Bcuth of the reservstion, respectively. Since the
ground was already scaked, and reservoirs at high levels Diane's very
heavy rair on the tristate srea for nearliy 2 days almcst without inter-
ruptior produced unprecedenied repid and widespread rupof?f and conse-
quently resulted in major flooding.

In September 1960, hurricare Donns devastated Florida, the Middle
Atlentic Stetes, ard New Exgland. Tnis was the first time in 75 years
that u hurricane had hit all three sregs with D11 hurricene-force winds
(Moore; 1961). Tae urusuelly large hurricane passed northeastward through
esst-centrel HMassachusetts. Altbough a maximum peak gust of 122 knots
(10 mph) was resoried st Riuvz Hil) fusarvatory the highest gust recorded
at NIABS Arnex was ¥ knots (43 mph) from the northwzsti (See section on
wind)., & motal of %.% inthes of rain fell at NLASS Annex in ebout a 30-
hour verisd. Tn +his period, heavy rain socurred for a total of G hours
and 26 iinutes. Metecrologicst conditions that occurred before, during,
and after hurrizene Doans are srowvn grarhicelly in Figure 22.

Although hurtizane Dalzy ~suzed little vied damage in October 1962,
it contribduted appreiiatbly tc the S5- tc li-inch rainstorm in the eastern
part of southarn New Englani. Heavy rains acdomparying and preceding

Deds - resuited in se-i~us finoding is the interisr. However, raians from

a weak extratrcpicsl system movirg through Hew Ergleni just prior to Daisy's
arrival vere a keavy ~oztribusor to the large precivitetion and to subse-
quent flooding. In this neerly b deys of contiruval rain, 7.85 inches fell,
including hegvy rais Py & “otsl 52 7 hours and 37 mizutes. An additionsl
1.63 inches was re.ur-isd jater ir rhe meaih. The 9.48 inches of precipita-
tion for O:tcber 1952 wes the weittest of the §3 months of record. In the
following thrse rears {1365 - 1965), no hurricaze came close enough to

New England to ceuse videspresd damsge.

Althougl Lurricanes terd to move ajorg bruad paths over water no itwo
hurricaccesever take the sgme path. Oace formed, a hurricane is carried
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along by large~-scale (hemispheric) air streams extending up to heights of
40,000 feet in much the same way that an eddy in a brock is steered by a
broad water current. In the lower latitudes (Florida and southward) a

icane moves in a west-northwesterly direction in the trade wind belt.
As a hurricane moves tc the west of the subtropical high pressure area
over the southern portion of North Atlsmtic the storm is usually caught
in a meandering stream of the prevailing westerlies. From there on a
hurricane geanerally moves in a more northeriy direction and finally east-
ward., Thur wvhen the westerlies and trades shift abnormally far morth for
an unknowvn reason, & hurricane may be swept sufficiently northward to
affect New England before the storm moves out to sea or dissipates over
land.

In a given area, amount of wind damage is mainly dependent on the
intensity of a hurricane and proximity of a place to the most violent
wirds whirling arotnd the eye of a storm as it passes. Location of an
area with respect to a murricane'’s path also determines the direction of
the highest wirds and the seguence of wind shifts.

Becsuse of many complicated variables in hurricane behavior, such
as forward speed and direction and intensity, the Weather Bureau seldom
igsues hurricane warnings more than 24 bours in advance and sometimes,
in case of unusual or erratic hurricane movement, owly s few hours in
advance of the onset of hurricane conditions. For instance, a hurricane
nay remin almost stationary for a short time, but its forward speed can
exceed 50 knots, ueually increasing at higher latitudes. Thus it is of
utmost importance that precautionary measures be taken immedigtely when
& hurricane warning is snnounced.

Tropical storms

A tropical storm is a tropical cyclone having an intemsity of 28 to
less than 65 knots (32 to 75 mph), differing from a hwrricane in that
hurricene force is never reached. Those affecting New England originate
over the southern portion of the Forth Atlantic, Caribbean Sea, or
occasionally over the Gulf of Mexico. A tropical storm drings strong to
violent wind conditions and usually abundant rain to the affected areas.

The mmber of tropical storm tracks (eye) passing through New Eugland
(including Long I.) by 5-year periods from 1901 to 1955 are shown in
Pigure-23, This graph shows that the occurremce of such storms averages
less than 1 per year. A tropical storm may affect several or even all
the New England Statea. It 1s less intense but is likely to affect a
larger ares than does s hurricane.

Glaze storms

Asg defined officially by the U.S. Weather Bureau, glaze consists of
" .»» homogeneous, trangparent ice layers which are built upon borizontal
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as well as vertical surfaces either from supercooled rain or drizzle, or
from rain or drizzle, when the surfaccs are at a temperature of 32°F or
lower.” Glaze should not be copfused with such terms as "sleet", "ice
storms"”; "glazed frost", "silver thaw", and "glare ice". (Bemnett, 1959,
accord’ag to Haymes, 1947)

Glaze develops only where exacting temperature and moisture condi-
tions between two eir masses are sharply drawa. Freezing rain or freezing
drizzle seldom occurs by itself. This is because storms with which glaze
is associated are usually dynamic moving systems from which several types
of precipitation are falling simultanecusly. Snow, sleet, or non-freezing
rain or drizzle almost slways precede, follow, or even accompany the for-
mation of glaze. A typical sequence of precipitation consists of snow,
sleet, freezing rajin, and nonfreezing rain, in that order, as a storm
passes over a poiant, but almost any possible combination or seguence of
precipitation types can occur. When snow follows glaze extremely danger-
ous conditions are created, particularly for motor vehicles.

The earliest glaze storms in eastern Massachusetts occur almost
tirely after 15 November and the latest in April. December, Jaunuary,
and February are about ejual as moanths vith maximum number of days of
freezing precipitation, with a slightly greater frequency in January.

According tc a msp* by Bennett {1959), the NLABS Annex is near the
east edge of the area having the highest frequency of cccurrence in the
L8 contiguous United States, based on data for a 9-yesr period and includ-
ing storms causing no demage. Ia this genersl area, including northern
Connecticut and most of Massachusetts, the total number of glaze storms,
without regard to ice thickness, varied from 36 vo U4 storms, averaging
4 to 5 storms per y2ar. A substantial aumber of the storms produced glaze
0.25 inch or more in thickness. Findings mapped by the American Telephone
and Telegraph Company engineers indicate that a heavy ice storm¥* occurs
in eastern Massachusstts in at least one year out of three.

Most storms show wide varistion ir thickness of ice deposited - often
within remarkably shcre distarnces. Only siignt meteorolcgical changes
affecting intersity or 3uration of glaze storms produce comspicuous varia-
tions in ice thickwess. Iaflusnce of purely local factors relsted to
microcelimate 2ls0 may csuse starp coutrests in thickness of ice deposited
on exposed surfaces,

*¥Data from Associatiin of Americen Railrcads study for period from
1928-1929 tn 1936-2937 (undated).

*%Defined by the American Telsphone and Telegrapn Company as the diameter
of the ice covering a csble 3/k of an inch or more. When the diameter
is less than 3/k of an inch, but stili sufficient to cause appreciable
damage to exposed cable, the siorm racks as "mediun" (Anonymous, Weather
Res Bull, vol 3; 20 1).
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Brooks (1930) illustrates an unusually sharp demarcation in glaze
formetion produced by smsll but critical temperature differences. "In
Worcester /Mass./, an altitude of 570 feet above ses level divided ice
from bare areas. The line wae so definite oa trees that it could be des-
cribed as at the level of the tops of first story windows in a certain
house. While lower branches were bare, the tree tops bent under 1/4 inch

of glaze."

In regard to the important influence of microclimate, Geiger (1950)
states "Glaze is probably the most semsitive symptom of changing ground
conditions. "... Bvery street, every curb-sidey every kind of ground,
every kind of stcme has its own (different) glaze formation. Long-
filled excavations at the side of the street are plainly visible. Sur-
face roughness, the thickness and type of stone facings, the inclination
of the ground - everything shows up.” Thus the formation and duration
of glaze are intricately affected by the heat-conducting and heat-storing
ability of surface materials of warious types.

Temperature of the air near the ground and exposure of surfaces to
wind are also important factors 1n the microclimate affecting formation
and duration of glaze, particularly when temperatures are both at or near
the freezing and dew points. A greater flow of saturated air over frozen
surfaces increases formetion of glaze, but at other times & brisk vind is
likely to remove glaze from such surfaces as tree limbs or utilily lines.

Glaze storms are mmch less publicized than violent storms and last
longer, but no storm cap be more paralyzing to commmication and trans-
portation. Utility lines and poles are especially vulnerable during a
heavy glaze storm, the breakage of wire being the most common type of
damage suffered. Wires are broken wainly by unequal distributiocm of ice
load, by wind multiplying many times this ice burden, and by trees and
limbs falling across wires.

Although glaze storms never halt railroad operations, major effects
of such storms are loss of communication and signsl systems. Disrupting
of these facllities causes delays of a few hours to two weeks in omn-
schedule operations, but restoration of normal communications takes some-
what longer.

In most situations, cross-country movement of any vehicle adapted
for non-highway operation will usually not be hindered by glaze (Bennett,
1959). If the ground is wnfrozen or only slightly frozen the weight of
most vehicles will break through the ice; if the ground is frozen, vehi-
cles may break through frost heaves and perhaps have better traction on
the ground beneath the ice. Tracked vehicles, of course, perform better
than those mounted on wheels and encounter difficulty mainly when climb-
ing steep slopes where unusually thick glaze overlies solidliy-frozen
ground. Movement through wooded areas might be difficult after some
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storms, because of broken b ughs and downed trees on the forest floor.
Badly bent trees and sagging iimbs entangled with ice-coated shrube and
grasses also tend tn reduce visibility a few feet above the ground sur-
Tace in forested areas.

The effect cf glaze on vshicular and foot travel variee considerably
with different surfaces. “Braking tests /by Nationsl Safety Counci;7
indicate the average stcpping distances for trucks and passenger cars
traveling 20 miles per hour are 10 times longer cn glaze than on 4dry con-

crete and from 2 to 3 times longer on glaze than on packed spow." (Bennett,

1959). Glaze forms at about tie same rate on concrete as on macadam, but
sometimes melts a littie s~oner on macadasm. Trafficability over ice-coated
gravel or rocky surfaces is extremely treacherous for vehicles and for
pedestrians. During a glaze storm, trafficability is gererally much better
in places where low herbaceous vegetstion grew in the previous season.
However, it is dangerous for sne to walk in a forest during or just after
a major glaze storm owing to the creshing of boughs and lumps of ice.

The mcst economically effective remedies for :‘mproving the flow of
trufiic on icy paved aress are the application of cinders, sand, or one
of the chloride salts. Portunately 6 the remedies are mst effective when
the temperature is rear 32°F, that is, when the ice is slipperiest. At
extrerely low temperatures abrasive materisis do not sink into the ice so
readily under pressure from traffi-.

Northeasters

A northeaster is a cyclozic storm of the east coast of North America
in which the winds are from a northeasterly quadrant. Although a north-
easter may occur at ary time of year such storms are mcst frequeat and
most viclent bzstween Sertemter ani Lprii.

Stcrms that develop into portheasters usually originate between
latitudes 20° a=d 4C° K wrzhir 10C mries east =2nd west of the coastline.
They move generally rorthesard a=2 northssstvard and typical’y attain max-
imum intensity near New BEngiand and *he Maritime Provinces. Fortheasters
nearly slvays tring precipitation-<scmetimes sabstantial precipitation
over a pericd »f two or thrse dgyz in Ney England. PFrequently winds of
gale force occur <n the affected coastel arzas, but iniand from the coast
wind velocity dimirzishes.

Ths northeastzr illustrated ir Vigire zh exhibits characteristics of
this type ¢ storm. The Jaaumry storm brought2.:} iaches of rain and
freezing rain 4. RLABS Aanex. Sizce the weather statioca is partially
protected by a prominent ridge and the aercvane is mounted only 2 meters
above ground, wind speeds naver excezded 5 knots during the period of pre-
cipitation. Elsewhtere at the NLABS Apn2x; perticularly on hill tops and
at greater heighis abcve grouni, higrer wind speels presumably occur. 1In
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winter, northeasters account for some of the larger snowstcrms in the
area. This 18 especially true when a storm center remains relatively
stationary for a few days near the coast in such a location that north-
east winds prevail at the station.

Hailstorms

Hail is precipitation in the form of balls or irregular luuaps of
layered ice. Individusl units are called hailstones. They are always
produced by convective clouds, nearly always cumilo-nimbus. Conditions
favoring its formation include thunderstorms characterized by sirong
updrafts, large liquid water contents, large cloud-drop sizes, and great
vertical heignt.

Heilstorms are rare, averaging less than 1 per year in area of
NIABS Annex in @ 10-year period from 1944 to 1553 (Anonymous, Weather
Res Bull, vol 1, no 1). XExcept at Hartford, Comnecticut, total dsys
with hail average less than 1 per year at 2ach of the six stations in
New England (Table 31). During a nearly comparable period (Peb 1943 -
Sep 1953) at Bedford, Massachusetts,hail occurred three times (U.S.A.F.,
Air Weather Service - unpublished). Iocel terrain and nearness to the
ocean affect somewhat the distribution of hailstorms that are character-
istically small in areal extent. A hailstorm is most likely te form in
the hours just after the warmest dart cof the day and during the warmer
months, but have occurred in all months in Hew England and have also
cccurred et night.

Statistics on the likelihood of a hailstorm within eastern Massach-

usetts appear to be well documented, but are not in a form in which fre-
quency of nail by size can be related to probability at any station.
The most frequent size of the largest stones for esch storm is 1/U4 inch,
based on 4T2 reports from cooperative residents well within 100 miles of
Boston in a 5-year period. Sizes as large as 3/4 inch were mentioned in
one-gquarter of the reports. Frequency of very large sizes in these five
years were:

Size Frequency Cumilative Probability
1.00 inch 11 L, 4s5¢
1.25 inches 4 2.12%
1.50 inctes 5 1.27%
3.00 inches 1 0]

"Assuming that this distribution of excessive sized hail stones is typical
of the distribution in a representative sample of hailstorms that might be
encountered at any one statior in eastern Messachusetts over many years,
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the probabiiity that a storm at a given point in the area will incluie
hail equal to0 or greater than 1.0, 1.25, and 1.50 is the same as the
cumilative prebability shown in the tables above.” (Sissenwine and
Gringorten, 1966)

TABLE 31. TOTAL DAYS WITH HAIL*AT STATIONS IN NEW ENGLARD

Yrs
Station Obs Jan Feb Mar Apr May Jun Jul Aug Sep Oct Rov Dec Total

Burlington, V¢t. 37 O O 1 1 5 4 T 3 4 1 0 0 26
Hartford, Conn. 39 0 O 2 5 11 12 15 7 1 1 2 1 57

Nantucket, Msss. 40 0 O

=
N
W
-
O
(@]
[
[
=
n

21
New Haven, Conn. 40 1 1 3 a4 10 &

5 3 1 2 1 0 35
Portland, Maine 4 0 0 2 4 L4 3 6 6 2 6 0 0O 33
Boston, Mess. b 0o 2 1 3 5 5 8 3 1 0 2 o0 28

Tornadoes

A tornadc is 2 violent local storm with rapidly whirling winds esti-
mated a* over 400 knots (or 500 mph). A tornedc can be easily identified
by a spinring funpei-shaped cloud that extends toward the ground from the
base of a *hunderciloud. This typicelly gray. biack, or often greenish-
black tormado ~loud locks much i:ke a hige spinning top. Mest tornadoes
move from s westarly direction al an average speed of 30 to 45 xnots (25
tc 40 mph). When one is nearby, it sounds like the roaring of hundreds
of prcpeller-driven airplanes.

Tornadoes start to form several thousand feet above the earth's sur-
face and some pever reach the ground, o>r they ray tcuch the ground and rise
again. Tornedo formation requires the presence of layers of sir of con-
trestizng tempersture, moisture, density, and windflowv cheracteristics. It
seems probartly that a tormado cccours orly wher there is a precise combina-
tion of several rather common but highiy variable weather conditions.
Tornadoes usually c¢o>cur in conzecticon with thunderstorms, particularly
those producing hailstones tha* fail to the ground. A *torrpado is some-
times aczompenrel by a series of smsller torpadces.

¥After Hull, 1557
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Severs tornado destruction is confined mmiply to the path where its
funnel swept the earth's surface. This path of destruction is ususlly
10 to 40 miles long but occasionally may be 300 miles long. Its average
width is about 400 yards but swaths over a mile in width are sometimes
experienced.

Although a tornado can occur at any time cf day or year and can be
the most dangerous ¢of all storms, the probability of a tormado striking
& gilven locality is slight because of infreguemt occurrence and small
areas of destructior. The NLABS Anrex lies in an arer . 2re &an average
of 3 to 6 tornadoes are reported annually, but the ¢& shat a given
square mile of land in the reservation will be struck by a tornado run
into five or six figures (Anonmymous, Weather Res Bull, wol 1, no 1).

In fact, tornadoes are infrequemt in the heart cf the nation's tormado
area, where the probability of & tormado in & given square mile is
1,200 to 1 against in Iowa {where risk is greatest). In Messachusetts
from 1955 to 1962, the number of tornmadoes reported to the Weather
Bureau each year ranged from none in 1960 to 10 in 1956 and in 1958.
For various reasons, meny adsditional tormadoes are not observed eand, if
80, are nmot reported.

Most tornadoes aztually do relatively little damage to property and
seldom result in many fatslities, but there zre notable exceptions. One
of the most disastrous tornadoes in the nation hit Worcester, Messsachusetts,
on 9 June 1953. As far as known, no tornado has ever devastated any part of
the MLABS Amnex. Naticnal records indicate that tormadoes occur most oftem
in late spring and early summer. They are most likely to form in the hours
closely following the warmest parts of the day but can oceur at amy hour of
the day or night.

8. Vegetation

The vegetation of NILABS Annex, originally pert of the Transition
Hardwocds - White Pine ~ Hemlock Zone; reflects earlier uses of the area
and recency of them (Westveld, 1956). These have resulted in sbarp con-
trasts in species composition and size of species -~ even between small
fieids that were abandoned 25 or more years ago. The vegetation is con-
veniently classified into six major types, based on use of recent air
photographs (13 and 21 May 1965) anl field checks ir almost all arees.
The six vegetation types ere: 1) copifers (70 to 100% canopyj, 2) decid-
uous hardwoods (7C to 100% canopy), 3) mixed hardwoods and couifers
(neither TO% canopy), &) 8, abandoned orchards, and low shrubs
{<5 ft), 5) saplings and high shrubs (> 5 ft), and b} sparse vegetation
and barren ground.

Of the three forest types iliustrated in Figure 25; hardwoods are
most extensive; conifers least extensive (Photo 9). ZEach type has a
canopy greater than TO percemt. Forests cover about 3/4 of the
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reservation, and contain 4,000,000 board feet of lumber.* The trees are
mostly of medium height, averaging 30 to 80 feet. Over a large part of
the reservaticn a tree trunk of & inches in diameter is fairly large,
but trunks of 6 to about 15 inches ere rot uncommon in the more heavily
forested areas.¥*

Mixed hardwoods and conifers grow on adequately drained lowlands

and on hill tops as well as sandy terraces (Fig. 25). A variety of osks
(Quercus) and hickories (Carye), along with white pine (Pinus strobus),
grey birch (Betuls populifolia) and aspen (Populus tremuloides, P. grandi-
dentata) are representative speciss in those areas. Other characteristic
hardwoods include red maple (Acer rubrum), American elm (Ulmus americana),
and pin cherry (Prunus Rensylvanicas. Red maple is freguently the dominant
hardwood in swamps and in flcodplains along stresms (FPhotos.10, 11). Thus
the presence of red maple as a dominant hardwcod specles is a good indica-~
tion of inadequate drainage and swampy conditions, although an occasional
tree mey be found on relatively high, dry scils. O0f the conifers, white
pine is by far the most common but density of trees often varies signifi-
cantly within short distances (Photos.10, 12). Species composition and
size of trees in this mixed forest type also vary greatly, because of
complex differences in soil, slope, exposure, drainage, microclimate,
former land use, and in processes cf natural reforestation. Usnderbrush
conrists mainly of deciducus saplings, a number of occasiopnal pines, and

requen® patckes of shrubs (Photes. 13, 1k). Pitch pine (P, rigida),
least common of the pines, grows in relatively ¢- en localities in which
goils are very poor and Ayy; it rarely occurs in rroves. A small grove
mixed with some hardwoods doea occur at the east margin of a former
satellite weather station {Clerk) at the south end of the RLABS Annex.
Other conifers, such as white spruce (Picee glauca), hemlock (Tsuga
canadensis), and tsmarack {Larix laricina) are scmetimes mixed with other
species but are urcommon in the reservation.

Pure or nearly pure stands cf corifers occur as mostly small groves,
but larger groves are found in some places. Conifer groves are in many
parcs of the reservatior. Although they may be found adjacent to any of
the other vegetation types, small groves commorly occur slongside or
within mixed hardwoed and conifer forests. Only white pine groves occur
in the reservation ncrth of H'deon Recad. Among the larger white pine
groves, one cccupies the southeast slope of the highest hiil (323 ft),
another grove is on the southeast side of the second highest hill (312 £t),
and a third grove is on the lowland between the latter hill and Taylor

*Zstimated by a forester, according to personsl communication with Mr.
Williem H. Brocklebank, Office of Post Engineer, NLABS, 16 June 1966.
#The largest tree, a white pire in the Puffer Pond picnic area, measured
by the author, is 34 inches in diameter /1C6 inches in circumference/
at about 3 feet above the grcund (June 1966;.
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Brook (Pbotos.12, 15). South of Budson Road, several plantings of red
pine (P. resincsa) occur in narrow strips along roeds or trails {Paotos.
€, 16). In dense pine groves in which trees are of at least medium height,
underbrush is conspicuously ebsent; pine neadles completely cover the
ground. Except on large pine trees, all the lower limbs are dead and
easily brokem, but hamper viszibility and mobility until they are removed.
A typically dense cancpy in pine groves reduces greéatly the awcunt of
light reaching the ground and thus prevents growth of underbrush. Mumer-
ous tree trunks in dense stands aloc restrict visibility ead mobility.

In older groves lower dead branches 1o well above head height are normally
absent; foot travel is relatively good, although pine needles tend to be

sliprery in sny area, particularly on slcoupes.

Hardwoods are most extensive of sny vegetation type in the reserva-
tion {Pnotos.9, 12). Representative siznds occur on hill west of mair.
gate, on a large hill (252 £%) outside the security fence in the north-
northeast area {Photo.1ls), on the hiil slope west-southwest of the heed-
guarters area (Photo.16), and in large swamp west of Willis Pond (Phcto.10).
Where appreciablg light penetratee a hardwood canopy, many hardwoods and
occasional vhite pine saplings to over 10 feet high grow in both hill and
lowland areas. Although these saplings are moderately numerous they were
disregarded in classification when larger hardwood trees formed a canopy
greater than 'O percent (Photos.7, 13). A hardwood forest comsists of
mmerous species but one or a few species may dominate a given locality.
For instance, red maple is usuaily the dominsnt species in poorly drained
areas (Photo.10), and gray birch often grows in relatively pure stands on
small plots where goils are dry or sandy but occasionally on wet or swangpy
soils along mergins cr stresms. BRirch can propagate rapidly from roots
but is not tolerant of shade. EHerdwoods are particulariy dcainant on
swenpy flats. In wet areas underbrush varies considerably froam place to
place. Underbrush consiste of shrubs or seplings and scmetimes both.
Shrubs are relatively more important than saplings compared to better
drained areas.

Sapiings and high shrubs ( >5 ft) grov in many parts of the NLABS
Annex. They form a canopy over at least 50 percent of each area shouvn
in Figure 25. Saplings ususlly grow in opern areas that are not exceed-
ingly wet or exceedingly dry. They are found along sbandoned roads and
trails, outer margins and higher places in swamps, in more recently
abandoned fields end former pestures, and in older orchards. Although
high sbrubs grow in some dry places on hills, high shrubs often form th=
donminant vegetation ir swamps. Examples of high shrub swamps can be seen
northwest of Pine Leke settlememt (Photos.10, 11) and scuth of Hudson
Road immediately east of the railrocad. High shrubs also grow in large
petches in scantily forested arees on the hill west of headquarters; some
of these shrubs bear spines. Because of the high density of stems in arees
of saplirgs and high shrube it is considerably more difficult to walkx through
these arvas than it is in any of the forest types previously described.
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Grass, old orchards, and low shrubs (< 5 ft) constitute a fifth
vegetation tYype. Grass occurs in usually small areas. However, the
headquarters area and the adjacent airdrop zone are aimost completely
grass covered (Photo.3)., Grass also thrives in most abandoned orchards,
including places where apple trees have all but disappeared. The largest
of these small orchards is adjacent to the patrol road southwest of Yose
Eill (near Gate 11). The o'.d apple orchard, about average in size, is
shown in Photo. 3 but is in far better condition than most. Where no roads
or trails exist trafficability by vehicle or orn fcot is tetter in grass
sreas than in any >-her vegetation type in the reservation. Excest for
some remaining apple trees apnd an occasional small patch of saplings grow-
ing in periodically moist places therz ure no obstructions to visibility
at eye-level height in many places,

All herbaceous vegetation is included in this same vegetation type,
regardless of wheither they grow in wet or other areas.

Although low shrubs form a dease cover about waist high in both
poorly drained and well-drained areas they tend to be more continuous
and extensive over swamps (Fig. 25, Photos.il; 17). Low shrubs, such as
sweet gale ( ca e), grow along borders of ponds and in swamps; by
contrast, sweet fern (Myrica asplerifolia) is found in ususlly smaller
patches or sterile, ¢ -y soil. Although the shrubs are low, walking
through their thick, tcugh, gnarled stems and branches can be extremely
difficult, but more wii:ly spaced, iree-shaped shrubs may present little
difficulty. For i.stance, in the swamp north of the ©ine Lake settlement,
the author found trafficability exceedingly poor on .t during the late
dry autumn of 1965 {Phcto.11). Ir thst area, a demse as<s of sturdy low
shrubs, mainly leather leaf (Chemaedaphyne caliculats,, aimost covered
an exceedingly irregular ground surface. The ground was also ccvered
with moas, where nc evidence oI standing water existed. Where slight
changes ir elevation and drainuge o-cur gradually the houndary between
low and high shrubs is not always clesrtly evident on either aerial photo-
grephs or in the field, particulsrly in larger transitvion belts such as
those bordering Willis Pond (Photo.11l) or scuth of Hudson Road (Photo.1T).

Ferns are common in the lcw-lyirg damp, wocded areas.

Abandoned cranberry bogs occur in a few places. Twe of the larger
areas are north of Puffer Pord (Photo.1h); a small ope is shown in
Photo. 7. They form psrt of the low-shrudb vegetation type. The larger
bogs are easily ideptified 1a the photograpn dy thelr parallel ditches
between which low cranberry shrubs dominate most parts of both saturated
areas. Because of the slulce gete beside the patrol road in the north
part of the RLABS Annex the grouné water level remains relatively cornstant.

Sparse vegetation gnd barren ground, the sixth category snown ia
Pigure 25, includes those aress in which more than S50 percent of the
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ground is exposed or covered with buildings or paved roads. Such areas
may be infertile or excessively sandy, places where top soll had been
removed, or where surface had recently been distrubed by excavation, test-
ing, or other activity. Except in excessively sandy or wet places, tkey
provide adequate support for limited vehicular traffic.

Physical Changes

Humen occupance of the erea included in the present reservation hus
produced drastic changes in the original forest. The area was repeatedly
deforested prior to about 1943 when the U.S. Government acquired the pres-
ent reservation. Much of the land was altered significantly by cultiva-
tion and grazing, drairage ditches, excavations for various purposes (sand,
gravel, construction, etc.), and field resesrch and testing in recent
years. Becaus® of these effects on the natural vegetetion its general
pattern shows numercus and often small areas of contrast in specles com-
postion, size, and density. This complex pattern is aiso basically one
of different drainage and soil conditions.




ksl PR RSN

SELECTED BIBLIOGRAPHY

3 ANONYMOUS. The hail hazard. Weather Res Bull to the Insurance Industry,
] ; 1(1). (Spring 1957) Stewart, Smith & Co, Inc, 116 John St, N. Y.

P emeee . The ice storm. Weather Res Bull to the Insurance Industry, 1(1).
| (Winter 1957-1958)

----- . Open season cn hurricane /Inci. suppl., "The hurricane alley'/.
Wegther Res Full to the Insurance Industry, 1(2). (Summer 1957

----- . Weather of the weex. Weekly Weather and Crop Bull, 41(38): 1.
(Sept 13, 1954) [Erief summary ¢f hurricane "Edna.:7

2

. Tmme- . Vhat has been happening to the hurricanes? Weather Res Bull to
the Insurance Industry, 1(4). (Winter 1957-1958)

----- . Where the tornado strikes - and when. Weather Res Bull to the
: Insurance Industry, 1{1). (Spring 1957)

ANDREWS, JAMES F. The weather and circulation of August 1956; a marked
reversgal in hurricane activity from August 1955. Mo Weather Rev,
‘ 84(8): 305-311. (Aug 1956)

ANSTEY, ROBERT L. Visibility measurement in forested areas. Spec Rpt
S-k, U.S. Army Natick lsboratories, Ratick, Mass. Nov 196L.

o BEEEE, ROBERT G. Torpadoes during 1959. Weatherwise, 14(1): 15-17.
(Peb 1960)

----- . Tormadoes during 1960. Weatherwise, 14(1): 16-17, 29. (Feb
1961)

BENNETT, IVEN. Glaze: its meteorology and climstology, geographical
distritution, and economic effects. Tech Rpt EP-105. QM Res &
; Eng Commsnd, U.S. Army, Rstick, Mass. Mar 1959. 217p

BROOKS, CHARLES F. Hurricanes into New Englend: meteorology of the
storm of September 21, 1938. In: Smithsoniar report for 1939,
p24l1-251. Publ. 3563. Gov Printing Ofc, Washington, 1940.

~--~=- AED G. F. HOWBE. Ice storm at Worcester, Massachusetts,
Rovember 26-29, 1921. Buli Amer Meteor Soc, 2(12): 139-1%0.

BEROWN, K. B. Flying irto the hurricane’s eye. N. Y. Mimes mag.
4 Aug 21, 1955, p28-29.




@ aiaauts

Ly

CORINALDI, GBEORGE V. Envirormental summary of the Maynard Quartermaster
Test Activity /name changed to U.S. Army Hatick Laboratories Amnex,
Sudbury, Mass., 26 July 1963/: a preliminary report. Res Study Rpt
RER-21. Hdqtrs QM Res & Eng Command, QM Res & Eng Ceater, Natick,
Mass. May 1958.

DAME, L. L., AND F. S, COLLINS. Flora of Middlesex County, Massachusetts.
Malden Middlesex Instit, Malden, Mass, 1888.

DE PERCIN, FERRAND P., ARD SIGMJND J. FALKOWSKI. BHandbock of the Quarter-
master Resexrch & Engineering Center enviromment and test facilities,
Tech Rpt EP<62. GM R&E Command, Katick, Mass. Sept 1957.

FENNEMAN, NBVIN M. Physiography of eastern United States. McGraw-Hill
Book Cc., Inc., New York, 1938.

FLORA, SMOWDEN DWIGHT. Hailstorms of the United States. Univ of Okla.
Press, Norman, Okla., 1956, 201p

----- . Tornadoes of the United States. Univ of Okla. Press, Kormen,
Okla., 195k. 221p

FRANK, N, L. The 1962 hurricane season. Weatherwise, (Feb 1963)
[Hurricane Dai

GEIGER, RUDOLF. The climate near the ground. Harvard Univ Press,
Cambridge, 1550.

HANSON, W. Geology and mineral regources of the Hudson and Maynard
Quadrangles, Mesasachusetts. U.S. Geol Sur Bull 1038. Washington,
1956.

HARDY, WILLIAM E. Torradces during 1961. Weatherwise, 15(1): 16-19.
(Peb 1962)

--=-e. Tornadoes during 1962. Weatherwise, 16(1):22-25 (Peb 1963)

HULL, BRLAKCHE B. Hail size and distributicn. Tech Rpt EKP-83. Hdgtrs
QM Res & Eng Command, Hatick, Mass. Feb 1957.

LATIMER, W. J., et al. Soil survey ¢f Middlesex County, Massachusetts.
U.S.D.A. no. 26. U.S. Dept of Agri, Bur of Chem & Soils, Washington,

1%9.

McGUIRE, JAMES K. Hurricane "Carol” in Kew England, t 31, 195k.
Weekly Weather and Crop Bull, Natiozal Summary, 41(37): 1.
(Sept 6, 1954)

73




ok tn Ml ISR

Gt b b L

by i S PPEWE

------ Hurricane Donna in the northeast. Weatherwise, 13(5): 215-217.
(0ct 1960)
----- AND P. C. KANGIBSER. Scuthern New England raing and floods of

August 18-19. Weekly Weather and Crop Bull, b2(34k): 1-k.
{Aug 22, 1955) [ﬁffects of hurricane "Dien:"/

MOORB, PAUL L. The hurricane season of 1960. Weatherwise, 14(1): 18-23.
r (Peb 1961)

----- . The 1961 hurricane season. Weatherwise, 15{1): 20-25, Ll.
(Peb 1962) [Burricane Esther discovered by satellite, unorthodox
path, and effect of seeding discussed briefly/

RAMIAS, JEROME. Secular fluctuations in vulnerability to tropical
cyclones in end off New Bagland. Mo Weather Rev, 83(8): 155-162.

(Aug 1955) [Paths of tropical cycicmes related to mid-tropospheric
generel circulation pattern/

----- AND C. R. DUNN. The weather and circulation of August 1955-~
including the climastologicael background for hurricanes Connie and
Diane. Mo Weather Rev, 83(8): 163~170. (Aug 1955)

. PERIMUTTER, N. M. Ground-water geology and hydrology of the Maynard

ares, Massgchusetts. U.S. Geology Survey and Water Supply Paper
15398B. Washington, 1962.

REICHELDERFER, F. W. Hurricane warnings: a brief description of hurri-
canes, hurricane warnings, and hurricane safety precautions for
the Gulf and Atlantic coust areas. U.S. Dept. of Commerce, Weather
Buregu, Washingtcn, May 1956.

SISSENWINE, N., AND I. I. GRINGCRTEN. Climatic extremes for large radome
witkin 2-hrs c¢f Bostcn, Mass. Interim notes on atmospheric proper-

ties. AFCRL, 0ffice of Aer:space Research, U.S.A.F., Bedford, Mass.
17 June 1966.

TR P

SUMNER, HOWARD C.. AND JAMES K. MCGUIRE. Hurricane Donna, September 2 -
13, 1960: a preliminary report. Weekly Weather and Crop Bull
(Ed. by J. L. Baldwin), #7(38): 7-8. (Sept 19, 1960)

TANNEHILL, I. R. The Hurricarne. Misc Publ no. 197. U.S. Dept of Agri,
Washington. Feb 1939,

U.S. DEPT OF TEE AIR FORCE, AIR WEATHER SERVICE, DATA CONTROL DIVISION,
NATIONAL WEATHER RECORDS CENTER. Uniform summary of surface weather
cbservations, LG Hanscom Pield, Bedford, Massachusetts (14702),

Feb 193 - Sep 1953. Ashevilie, N. C. j_UnpublisheQ]

7y

i




U.S. DEPT OF AGRICULTURE, WEATHER BUREAU. Massachusetts, Rhode Island,
and Connecticut, Climatic summary of the United States, section
86, Massachusetts, Rhode Island, and Conmecticut. Washington.

U.S. DEPT OF COMMERCE, WEATHER WRRAU. Climates of the states -
Massachusetts, climatology of the United States. Washington,
1959.

------ Notes on hurricane habits and habitats. L. S. 5504 revised.
U.S. Dept of Commerce, Weather Bureau, Washington. Jume 1, 1956.

----- « BNotes on recent hurricane paths along the Atlantic coast.
L.S. 5511. Sept 30, 1955.

----- . Kotes on the naming of hurricanes - 1956. L. £. 5516.
Dec 23, 1955.

----- . Kumber of tropical storm tracks (eye) passing through states
by 5 year periods 1901 - 1955 /Chert/, L. S. 5510. Apr 10, 195€.

----- . Tornadces: what they are and what to do about them. Washingtonm.
Revised Jan 1959.

WESTVELD, MARINUS, et e2l. HNstural forest vegetation zones cf New England.
J -T Porestry, 5K(5): 332-338. (Mey 1956)

WRIGHT, J. K. Regions and landscapes in New England, New Englands'
prospects. Spec Publ no. 16. Am Geog Soc, X. Y., 1933.




APPENDIX I

Graphs




Thh A Ldes o an -

L sumity

D3a AON 120 43s onyv nfr NNOf AVW dd Vv AVW 834 NVf
ﬂ 0
0l
r — z‘\ 0z
ot

<‘“h

/0

\*

2 9
(4] 3NLVYIdWIL

78

/ \\

09
0/

JONVY NVIW O=—O :
0

JONVY WNWIXVYWN @o~—~——©

06 ”
001

€961 snbny g - 8G61 Sunf 2
XINNY SSYIN LV SHINGW A8 (.4) J¥ALVYIANIL NI SIONVE ATIVO WNKIXVA ONY NVIW

L < kst ORI, ST )
PR REIT I oY




TEMPERATURE {°F)

35

30

25

20

15

5-DAY, RUNNING-MEAN TEMPERATURES AT BASE AND FIVE SATELLITE STATIONS

AT THE NLABS RNNEX

3 .29 JANUARY 1961

P i T Fr e FT T T T
- .‘:/‘,,\\4 ]
. S RN i
- '
N S\ -
= ,’ N \ :
7 / -~
- I' B

1
T\/" :
- ‘ -
_ \ -
B \ A e
- ———  BASE \ ., 5
[~ -—-=- CiARK ¥ .
- — - — GAIE =
i - HILL N
L —.—.- PUFFER POND
[ e RIDGE N
A - .
I T R O T T Y O I Y O B B
345 6 7 8 9 10 111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29
DAYS
Figure 8




TV TN I

o aaadd

L e e e L)

i

A FR AN |

oI i

COMPARISON OF DAILY MAXIMUM AND DAILY MININUM TEMPERATURES
AT BASE WiTE TWG SATELLITE STATIONS IN THE NLABS ANNEX

10 - 14 JANUARY 1961

70

60

50

BASE (Daily Maximum)
HILL (Daily Maximum)
CLARK (Daily Maximum)
BASE (Daily Mirimum)
HILL {Dady Minimum)
CLARK (Daily Minimum)

|

TEMPERATURE (°F)

* 0-0"00.. i . g
0000'0... ........’.....'.....{....0000000000000 00!
0 ! i X
10 n 12 13 14
DAYS
80




40

30

20

-
(=]

o

TEMPERATURE (°fF)

—30

o NRNE TS AR s —r s geat el noi YR L s - AR 4

COMPARISON OF DAILY MAXIMUM AND DAILY MINIMUM TEMPERATURES
AT BASE WITH TWO SATELLITE STATIONS IN THE NLABS ANNEX

20 - 22 JANUARY 1961

BASE (Daily Maximum}
Hitl (Daily Maximum}

CLARK {Daly Maximum)
BASE (Daily Mintmum)
HILL (Daily Minimum)
CLARK (Daily Minimum)

~——hey Py —
oy . s_\.‘
\\\\\\\\:::. T
..
l..
*
..‘
O.‘
"
..
o
5 i
| j
1
20 21 22
DAYS
Figure 10




03a AON 120 43§ a0y nro NN( AVW ddv yYw 934 NvY(
jl o !l-l,_ ol
- -
— [ N -{0Z
— - — e - - - R ——— ] 4
WNWIXYW AlIva Nv3Iw

Y NOISIM — — — &\\\&

- =2 '
X WYHONIWVYY ——————— o
- ) N N NOLINITD v \\ n
W 7
— Ry aqyo4g3g -~ - - - -~ - —- \.\ SN VP —jos
AN 4/ £
B . / \ . \ i
_ /./ XINNY S8VIN ——— —— g\ »
N\ . S S/, oo > 3
\ x
\ \ S -
N N or 3
. AN =m0
/ N\ Bl
3 N
- 1/// 7
A s - - - - —=108
N\
- . -.-- J
\. 7
L WNWIXVW 3101058y N -]
— - [ S - S - --4001
U SO . -4 -Jdou

M 2961 - 0961 'SLIISNHOVSSYW NYILISV3I NI
J. SIANLVIIdWIL WNWIXVYW ILNT10SAVY ANV WAWIXVYW ATIVA NVIW Q31D313S

RN TR ot

IR PP I PRI i ™




2T Pty

33q AON 150 43s onv ns NAr AVW ¥V avw 932 NV
T - i ot
i I A R NS .Y,
WNWINIW Imosay \MM
= et P
* —
) NOISIM — e \N“ o
WYHONIWYYY ——m— \\
W zo.—.z_.—u ................... \.\\9\ -
A\ a¥04Q03g - - - - — - g o
XINNY SEVIN —— - —— ]
SO ol
\1.....&.
b= A
=T
] AN “T ot
\\\.. A4 |
.// S N\ : S e JOE
8 /. \\ 4 3
V \\\\\ .
....// e | e T \ \\\\ o oy
/ ) _ ” \ \\
...... N~ o ’ -
TN \\ WNWINIW ATIVQ NV3IW
. /] - — ‘.#\\ - - —q 0§
N
= // 5 ] i
d o] T EmEEa - == 09

€96l - 0961 'S11ISNHOVSSYW NY3LSV3I NI

SIANLIVAIdWIL WNWINIW IL1RTOSEVY ANV WNWINIW ATIvad NV3W @3a1rd3ias

(40) 3¥N1IVYIdWIL

83




€1 smBry
zomhbh..*n_u_oe.,owhon*na_o_zomnon<m~_oxg.mkan/.‘nmzoo
i NN i S S NN NNENEN TMNMIrEmTETEH HEETTE
N\ N\ \ N AR AR
N N\ NNER 3
, WM /WW W /W% NERY N
N NN N A
Y1IVG ONISSIW (W
AMLINIWOI ANR.OED /% ” \ W // ﬂ |
- ONINIAOD GNYS ¥0 N N\ / N ///
NI N N
1SN0 MONS A¥0 3S001 6 J N
ANNO¥O 7/ \ %7 /J
[ 40 T/1 NYRL 40w, NN NN S N - :W//f . - - oz
ONINIAOD ONYS ¥O Hh R /M )
1SN0 ‘MONS A¥Q 35001" 8 // / \ / N
| A121314WOD GNNOED %/ W/ N N |
ONIHIAOD MONS // /ﬂ N N
ONIIIW ¥O MONS '3t/ /// N N /J
aNnNo¥o N W // I\ NN los
— 40 £/t NYH1 340w N N N N
ONINIAOD MONS W../ RN N
ONILIIW ¥O MONS ‘31 9 N N W RN
L aNno¥o /1 //“ NS , 4
10 T/1 NVYKL §S31 / / ,,z 3
ONIIIAOD MONS N N ) N
ONILIIW #O MONS 31 ¢ ﬂ N N
- MONS ONILIW 7//. S N\ S - WMM N or
ADY ONRCES NO ITVID % %
N3ITOW D .L
" N
MRV \ ,
= 1SIOW N — W . - SORY oS
GNNO¥O 40 DVANS | V/. L)
A¥G ONNOID 40 IDVIINS O 3
. W -
N
W
3
YN
%
" TIVAY HAANAS W/V/ ONIH IS HALNT S .
NN o

£961 LSNONY - 8661 ANNI

XINNY SAVIN 1V ONNOY¥Y 40 31VIS

EEALEL VISRAL DA ST - -2

SNOILVA¥ISEO JO ItvED¥3d

e 0a Al ndrh
PN e

o i A AN A e




Jﬂg

53a AON 120 43S onv ne NS AVW ¥dv AW 934 NV(
0
S R U 41
- '.I..l!vl...l.i
\ '/
-4~ V\\ﬂ!il(i - e s Rt 1 114
\\ 4
— - - ot
— — -+ R aihitans SR L4
} o e e b e {006
\. //
—— S -,i!*t PR M/I.I\.h!i\‘-d 09
\.\,
= // ;\
N e \o:: WODISNVE e s
” -— \v‘ S e L e s i o v e e ON
N7 _/// .\1 XINNV SHVIN somemmmns
d _ 08

€661 19quejdeg OF - £HET A1vniqey [ :p{eid woasuey

€961 2un( O - (961 wnbny [ xouuy SEYVIN

G1314 WOISKYH "3 "7 ONY XINNY SBVIN 1V WI¥D 30 AQHIRDIYS

NOILVAY3ISEG 40 INIDIId

~
>

85




L AT TS

wacs
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Photographs
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Photo 1. Beadauarters area, NLABS Annex {looking NE). The two

experimental foam shelters in foreground were constructed by spraying
polyurethane over an air supported and slightly reinforced tent about
4 years ago. Both remain cool inside on & hot day. The large:r foam
shelter is 45 feet long, 20 feet wide, and 10 feet high. Puffer Pond
Road crosses the area on far side of headquartere buildings. The
small building behind flag pole (T-413) was recently destroyed. U.S.
Kavy photograph, 4 May 1966.
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SUDBURY ANNEX,

Photo 2. Main gate at NLABS Annex (looking northwest) in Town of
Sudbury, Mass. Thie entrance is on Budson Road 23 miles west of
route 27. June 1966.
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Fhoto 3. Air view of headquarters and adjacent areas (looking SSE).

In foreground, one of numerous abandoned apple orchards. An alr-supported
tent and its anchor stakes are being tested by Mechanical Engineering
Division against possible wind damage in a sandy, open area on this side
of patrol road. Wnite Pond Road leads from lower left corner to back-
ground at right. Puffer Pond Road curves around south end of drumlin (D)
from headquarters area {HE). The light-shaded area is ADED'e airdrop

zone (A); its drop pad is at left (P). The outdoor weather instruments
are between white house and exposure racks (R) at right; the indoor
weather instruments were moved from white house (recently destroyed)
across White Pond Road into building T-404 (W). The distant forested
area3 are generally representative of other parts of the reservation.
U.S. Navy photograph, 4 May 1966.
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Photo 5. Capehart housing, on Concord Road at south end of KLABS Annex,

consists of 35 units occupied by officer and enlisted personnel working
at RLABS. The horseshoe-shaped barren stirip cutside the development is
e firebreak. A "ng Concord Road and extending at almost a right angle
from it along a.-rail beyond the housing area, dense red pine (Pinus
resinosa) plantings occur in narrow strips. U.S. Havy photograph,

L Mey 1966.
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Photo 7. Variation in vegetation types on southwest margin of large
hill east of wWnite Pond Road (looking SE). In the partially forested
svamp (foreground), low shrubs (mainly cranmberry) occupy its far end

but hardwoods (mostly red maple [Acer rubrum/) are dominant at this end of
of the wet, spongy area. On its drier margin high shrubs (>5 ft) and
saplings thrive in relatively open places. The characteristic deciduous-
coniferous forest oftern merges into pure hardwocd stands arnd sometimes
into conifer groves, transition belts varying sharply in width. In
extensive hardwood forest (right background), a number of white spruces
are conspicucus. The oval-shaped, grass~covered, earthen mounds lined
with concrete are 3 of the 50 bunkers in the reservation. Althoigh dark
and damp inside and without electrical.wiring they provide secure,
accessible storage adjacent to vehicular trails or roads. The trackage
will soon be removed. U.S. Navy photograph, 4 May 1566.
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Photo 8. Weather station at KLABS Annex (looking W). All indoor

instruments were kept in white house (T:hOQA) on opposite side of White
Pond Road during period of observations used in this report. During
19456, these facilities were moved across the road into the larger and
better building (T-kOl), after which T-4LOPA was destroyed. The location
of the ocutdoor instruments between the former weather station building
and the exposure racks (right) remains the same. U.S. Navy photograph,
4 May 1966.
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Photo 9. Distant air view of typical vegetation types (iooking SE).
Paved section of patrol road in foreground. Observed area lies between
entrance to dump near northwest border of reservation and Puffer Pond
area, beyond which 0ld Marlboro Road leads to horizon. The weather
station, hesdquarters, and airdrop areas are situated on lowland (center).
i These are among the larger grass areas. Although conifers are conspicuoua
in places and petches of shrubs are common, m™ st ereas are covered with
relatively smsll hardwoods and often by a con_.lnation of hardwoods and
conifers. U.S. Ravy photograph, 4 May 1G656.

T

— . “ s ey i e v, B
B n e LU e (O i IR % M b




T b = BRI PRI e ) PO S M e YRR e P TR e E R e e T

e

Photo 10. Extensive swamp bordering Willis Pond (looking KE). Red

maple (Acer rubrum), identified by its 1ight colored branches, forms
the dominant swamp vegetation in foreground but low shrubs character-
ize most of lower parts of swamp near Willis Pcnd and small pond at
left. Where red maple is a dominant species it is an indicator of
swanps and wet lands bordering swamps and streams. The presence of
vhite pine and other hardwoods mark the approximate boundary between
the swamp and higher areas surrounded by it and its outer margin. 1In
background, patrol road is at left; settlement of Pine Lake is at right.
U.S. Navy photograph, 4 Mey 1966.
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Photo 11. Shrubs in swamp west of Willis Pond (air view looking X

from Pine Leke settlement). Low, tough, gnarled shrubs (S), suck as
leather leaf (Chemsedaphyne caliculata) and to a less extent sheep laurel
(Kalmia angustifolia), cover much of area in center of photograph. Here
the ground surface, partially covered with moss, is spongy and extremely
irregular. During an extended drought {1966), water remained ir lower
areas and deeper holes away from ocuter margin of the swamp. Numerous
tamaracks (Larix laricina), deciduous conifers (C) with narrow pyramidal
crown, grow among the low shrubs. In foreground, a 2%- to 50-foot belt
of high shrubs (H), like Amalanchier, grow in outer margin of swamp
where drainage is better. In background, many small red meples (Acer
rubrum) /M/ are common but white pines (P) become imcreasingly common
in acjacent areas outside the swamp. U.S. Navy photograph, 4 May 1966.
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Photo 12. Qrest types in north part of NLABS Annex east of headjuarters

(looking ENE). On the large drumlin (foreground), mixed harawoods and
conifers (M) predominate but forest types range locally from pure conifers
(C) to small etands of hardwoods (H). Beyond the hill, a large conifer
grove (C) covers most of the lowland on this side of Taylor Brook (B).

On far side of patrol road, s representative hardwood forest (H) occupies
e broad hill top (252 ft); the forest cancpy is fairly open. A second
area of hardwoods is also shown at lert (H). U.S. Hevy photogrsph,

4 May 1966.
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Photo 13. Vegetatior in ®nd along Taylor Brock swamp (looking NE) down-
stream from iis junction witn Honey Brook. The swamp condition is accen-
tuated by the sluice zate about 1500 feet farther downstream. Grass and
low eshrubs g-ow mostly in the areas of standing water and often in
sdjacent wet places. Higher sluubs esnd saplings, such as high bush blue-
berry (Vaceinium) and alder (Alnus incana) are found in poorly drained
places and in bordering areas. At loft many white pine saplings grow

in hardwood forest on a moist lowland. The patrol road can be seen
thirough mixed hardwood anrd conifer trees. U.S., Ravy photogreph,

i Ma, 1966.
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Photo 14. Cranberry bogs, Taylor Brook swamp, and other escvironments

north of Puffer Pond (looking NNW). The two distinct areas with parallel
drainage ditches are abandoned cranberry bogs; these low shrubs dominate
most 0?2 both perennially saturated areas. The stagnant Teylor Brook
flows aorth betweer the two bogs and to left of patrol rcad. The stream
and its tributary (right) border much swamp area, where ow and high
shrubs are common. Saplings thrive {in some less swamply but wet places.
A white pine grove is well established on smsll kroll in foreground. Om
& broad, high hill (252 £t - see Pig. 1) ir backgrourd, s charscteristic
stand of hardwoods is sbout average in size and only m>lerately dense;
occasional white pipe saplings ere commcp in such forests. Three bunkers
are near Taylor Brook swamp jin left beckground. U.S. Nevy photograrh,

L May 1966.
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Photo 15. Vegetation contrasts on hill and lowland areac east of head-

gquarters (looking N towerd Assabet R.), Prior land use end erviron-
mental conditions account for many sharp contrasts in vegetatlion types
on and around this drumlin (center). All vegetation tyres mapped in
Figure 25 are shown. Tentative selection of & place for field work
or testing may be made by studying the essertial conditions provided
on various maps and photographs. U.S. Navy photograrh, L4 May 1966.




Photo 15. Representative hardwood forest during dormant period (lock-

RE toward weather station from helicopter over hill southwest of the
station). Low-altitude photograph provides a close-up view of
moderately dense bardwoods through a small, grassy opening. Whern
deciduous cancpy is at least fairly dense conifer saplings are scarce
or absent and deciduous underbrush present little hindrance to movement
cn foot. The experimental bullding in toreground is leased to the

U.S. Air Force. U.S. Navy photograph, 4 May 1966.
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Photo i7. Vegetation types on glacisl outwask piain south of Hudson

Road (lcoking SSW). About half the srea shown is swampland, including
large area draining toward lower left. Vegetetion types are identified
and leccated as follows: low shrubs in swamp (LS); nardwoods (H); grass
(G) where & mound was remcved (center); to its left, gnarled patch of
lov shrubs /<5 £t/ (LS)--difficult to walk through; white pine grove
(WP); parrow strip of red pine (Pinus resinosa) plantings (RP); low
shrubs (LS) on infertile, well drained lowiand (background); high
shrubs (HS) and dead hardwoods in swamp (background); mostly gress (G)
and scattered low shrubs (LS) along rajlroad tracks. The trackage will
soon be removed. Diagonal Road (paved) is in left background. Part of
ﬁapehartégousing area is in right tackgrourd. U.S. Navy photograph,
May 196€6.
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