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FOREWORD

The extensive and continuing use of ilie Fort Greely area by the
Arctic Test Doard and other Army agencles necessitates a more detailed
knowledge of the local variations in the envirorment of the area, Using
data that were collected by the Air Weather Service and the Army Signal
Corps, a meteorologist of the Quartermaster Corps has analyzed these
variations as to their extent, geographical distribution, and causes, The
results of this study were first presented in a paper before the Alaskan
Science Conference at College, Alaska, in August 1961, The present report
contains the same material as that paper, supplemented by photographs of
stations where observations were made, Maps are included showing the
pattern of temperature differences in both winter and summer.

This report illustrates the great differences in temperature that can
ozcur within relatively short distances as a result of Fort Greely's
situation near mountain passes in an area of frequent air mass changes in
winter. It is essential that these differences be considered in the plan-
ning of winter tests in the area, and the maps and conclusions presented
here are designed to assist such planning. This report is also an important
addition to the meager body of scientific literature on mesoclimates,

PEVERIL MEIGS, FPh.D,
Chief
Earth Sciences Division

Approved:

DALE H, SIELING, Ph.D.
Scientific Director
QM Research & Engineering Ccamand

MERRILL L. TRIBE

Brigadier General, WA
Commanding

QM Research & Engineering Command
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ABSTRACT

Temperature obgservations by thermugraph at several points within 2o
miles of the Federal Aviation Agency Weather Station at Fort Greely, Big
Delta, Alaska, are discussed, The thermograph observations were taken
at a number of sites over a L-year period by Air Force and Signal Corps
meteorological groups.

Patterns of temperature differences during winter and summer between
the thermograph sites and the Federal Aviation Mgency station are presented,
Large variations in temperature are caused by the nearby mountains and the
rapid development and dissipation of the Arctic inversion with changes in
radiation balance and mixing by wind, Differences in temperature in the
Fort Greely area of as much as LOF® betwwen sites within 1 mile of each
other, but in different terrain situnations, are not unusual during clear
winter weather. The pattern of differences varies from cold spell to cold
spell, Several sites in the area did not experience temperatures below
-35°F during 3 years of observations, while other sites frequently
experienced temperatures below -S0°F,

Maps are presented showing typical patterns of temperature differences
from the Fedsaral Aviation Agency Weather Station during winter and summer
cold spells. These maps are designed to help in the selection of sites for
military testing in the Fort Greely area,

iv




MESOCLIMATIC TEMPERATURE DIFFERENCES IN THE FORT GREELY, ALASKA, AREA

1. Introduction

In climatic studies three scales of measurement are often delimited.
For large-scale regional analyses the macroclimatic scale, using "sti-
dard" observations at sites intended to be representative of large areas,
is agppropriate, Such observations, ideally, are designed to eliminate
differences which result from local terrain, vegetation, or cultural fea-
tures, although at many sites these differences ars not eliminatsd, The
most detailed scale is the microclimatic scale which is appropriate when
very accurate information on a small scale is needed. For this, special
instrumentation is generally required. Mesoclimatic measurements are be-
tween these extremes of scale and share characteristics of both. They
very often are standard in that they are taken in the same manner as macro-
climatic observations, but they are intended to show the temperature or
other climatic regimes of small areas which may be significantly different
from the regime at a nearby so-called "standard" sites,

At Fort Greely the macroclimatic record consists of meteorological
observations taken by the Federal Aviation Agency (formerly the Civil Aero-
nautics Administration) since 19L:2##, Because this single observation
point does not adequately represent the climate of the Fort Oreely area,
several government agencies have conducted mesoclimatic or microclimatic
observational programs in the area, As early as 1952 mesoscale measuwrements
were made by a detachment of the Alir Weather Service, WSAF, to confirm the
observations of test personnel that at times it was much colder in testing
areas than reported at the FAA Weather station,

In March 1955, the observational program was expanded from 6 to 19
stations to meet a requiie?ent of the Military Geology Rranch of the United
States Geological Surveyl?), Thermographs were installed at all stations
and checked periodically.

In the meantime the Quartermaster Corps, charged with responsibility
for applied envirommental research, and recognising the siguilicance of
local climatic differences in military test areas, planned observational

#The terminology used here is in general agreement with definitions in
the Gloss of Metecrol published by the American Meteorological
Socie B

##The weather station is now designated "Rig Delta FAA®,




programs in arctic, desert; and tropleal locations to assess the nature

and extent of these differences. The Signal Corps was requested to make
these mesoclimatic and microclimatic observations. At Fort Greely, Quarter-
master plans were merged with the existing observational program of the Air
Weather Service detachment, and a Signal Corps meteorological team was given
responsibility for condueting much c¢f the expanded program, One phase of
this program included detailed microclimatic observations in a spruce forest
and at & nearby open site, Data from this phase of the program, including
measurements of temperature profiles from b?nsath the ground to a height of
i meters, have been analyzed and published

The second phase of the expanded program was .n extension of the ther-
mograph network to 2L sites; observations at these sites were taken until
August 1957. These mesoclimatic observations are considered in this re-
port. They have already been analyszed by Major James E(‘va?g, who was Com-
manding Officer of the Alr Weather Sesvice detachment and one of his
maps is included here. All records were tabulated and verified by a Wea-

ther Bureau group at the National Weather Records Center.*

2. Mesoclimatic obsarvational _Jrogram and procedures

The locations of the mesoclimatic stations are showm in Figure 1. All
stations had thermographs in instrument shelters with calibtrated thermome-
ters to check the thermographs.#* Supplementsry observations of so0il tem-
perature, maximm and minimm temperature just ahbove the surface, and sum-
mer precipitation were tthn at some stations, hut none of this information
is analysed here.

It was not possible to maintain all stations for the 3 years of obser-
vations, In general, records are more complets for the warm months and for
the more accossible sites, During periods of extreme cold, thermograph
clocks often frose and valuable records were lost. Other natural hasards,
such as damage to instruments by bear or buffalo, also affected the quality
of the record. The consideradle amount of valuable data accimmlated is 2
tribute to the many people who participated in this difficult observational

program.

Originally it was plarned that the data would be placed on punched
cards and the analysis weuld be carried out by machine methods, However,
this was not practicable because of the large amount of missing data,

#Coples of the data were furnished the Quartermaster Research & Fnginear-
ing Center and Detachment 6, 7th Weather Group, Fort Greely, Alaska.
##See Appendix for photographa of selected thermograph sites,
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3. Mesoclimatic data

a, Daily temperature ranges at the FAA station

The daily ranges of temperature at the FAA station for the period
from July 1955 through June 1957 are shown in Figure 2, These data demon-
strate the most important characteristic of the temperature regime at Fort
Greely: variability. During winter, cold or vwarm spells lasting more than
2 days are unusual,

When the location of Fort Greely 1s considercd, these rapid changes
are not surprising, for the area is subjected alternately to rclatively
warm maritime air masses and to very cold continental air masses - the lat-
ter sometimes from the Siberian cold pole, Some of the variability in Fort
Greely weather can be attributed to local effects of the neﬁbg mountains
and to katab?;}c winds., These have been discussed by Evans‘H, ), Ehrlich(e):
and Mitchelll’/.

However, same of the variations in temperature at Fort Greely are due
not to local effects of the mountains or alternating air masses, but to the
arctic surface inversion, In large areas of the Arctic and Subarctic, cool-
ing at the earth's surface causes the creation of an air mass characterized
by temperatures at the surface as much as LO F° lower than temperatures from
a few hundred to several thousand feet aloft(7). Radiation exchanges be-
tween these air strata of different temperatures can cause rapid variation
in the temperature of either stratum, and mixing by wind will cause modifica-
tion of the entire air mass, The surface inversion is very common in
northern areas, A clear area and a nearby cloudy area may have temperature
differences of as much as 30 F° during cold periods when the inversion is
strongly developed, According to Zvans, "the relationship of wind, cloud
cover, and radiation to free air temperature during the arctic winter is
such a delicate one that obscure meteorological phzgynona assume an ex-
aggerated importance in temperature determination®\s/.

b, Monthly maximum and minimum temperatures, 2L sites

Tables I and II show maxirum and minimum temperatures respectively
for a 25-morth period at the thermograph stations. When it was determined
by crosschecking of data that monthly extremes might be missing, no value
is given; thus the tables serve as a rough indication of the completeness
of record. In some months the extremes occurred on different days of the
month at different stations, Other months had well-defined periods of
extremes. For example, in June 1957 nearly all maxima occurred on th= 10th,
while all minima occurred on the 2hith, The highest and lowest maxima and
nminima during each month are underlined in the tables and the ranges be-
tween these two values are given in the bottom row of each table, The dif-
ferences between the indicated maxima and minima are not the largest differ-
ences which occur between sites, since the temperatures are often not simul-
taneous values,
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Many interesting relationships can be ascertained from inspecting
together the tables of maximum and minimum temperature., For example, during
several months Firebresk recorded both the highest and the lowest tempera-
twres of all the sites and had monthly ranges of nearly 100 F° (during Septem-
ber 1956 the maximum was 8C°F and the minimum -19°F),

L, Analysis of a February cold-weather and warm-weather period and a
June clear spell and cloudy spell

Two 7-day periods in winter and two 7-day periods in surmer were chosen
to illustrate local temperature differences and variability in more detail.
Temperature data for the FAA station and 2 thermograph sites for the follow-
ing periods are charted and discussed:

(a cold spell (1957)

In February (a warm spell (1956)
(a clear spell (1957)
In June (8 clou@ Bpell (1956)

a., The February temperature reg;l.mes

The temperatures for a 7-dsy period in February 1957 and for another
7-day period around early February 1956 are examined, for 3 weather observa-
tion sites, In the first period considered, the temperatures are below
-20°F mch of the time, In the second period discussed, the temperatures are
above 20°F much of the time,

The cold weather of February 1957 (Fig., 3) During the first week of
February 1957, & large high-pressure area centered south of the Aleutians
caused a southerly flow with above-average temperatures in most of Alaska,

On 8 February, & low moved into the Gulf of Alaska and interrupted this
southerly flow, introducing cold air from the Siberian Righ, At Big Delta
FAA, the lowest temperatures occurred on 10 and 11 February under nearly calm
and clear conditions. The striking difference of more than 35F° between the
temperature at a hilltop (Hill) and at a nearby low spot (Butch), less than
one mile distant, is evidence that the cold air was very shallow,

The warm weather around au& h% 1956 S% ) During this period
persistent low pressure in the o an pressure in western

Canada caused a chameling of relatively warm, moist air down the Tanana
Rivir Valley, On 2 Fabruary the pressure field allowed a strong southerly
flow to cross the Alasks Range and replace the east-southeast surface flow
which had been in control at the PAA station for about a week, By L February
the Siberian High had btuilt eastward and southward, bringing a period of
cooler, tut not unseasonabdbly cold tempsratures, to the area,
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During this period a significant aspect of the temperature field at
Fort Greely is evident. On 30 and 31 January temperatures at the Ober
station fluctuated rapidly between the 20's and temperatures near O°F.
The southerly flow which reached the FAA station on 2 February apparently
was intermittently in control at Ober. At Meadow Range this flow was
interrupted from 1800, 29 January,to 0600, 31 January, when temperatures
rose rapidly from 0°F to 35°F. There were no wind observations to confirm
the presence of the southerly flow, but the temperature trace is evidence
enough. Fort Greely is often the meeting ground of easterly and warmer
southerly flows of air down the Tanana and Delta River valleys respect-
ively, complicating the job of forecasters and m2litary test planners.

b, The June temperature regimes .

Temperatures during a 7-day clear spell in June 1957 and during
a 7-day cloudy spell in June 1956 are examined for 3 sites to illustrate
the differences in temperature regimes in svsmer under differing radiation
conditions.

The clear weather of June 1957 (FiE. 5: The unusually pleasant
weather of early Junme can ascr subsidence aloft assoclated
with a persistent high which is partially masked at the surface by the
heating associated with long hours of sunshine. Lows passed well to the
south of the Fort Greely area during the period, <transporting mild Pacific
air into the mainland. This air was modified Ly its passage over t he
Alaska Range, and, in combination with the high aloft, caused clear skies
and a large diurnal range at Fort Greely.

Although at this time of year nights are short, ideal radiatiomal
cooling conditions prevail for a few hours each day and outgoing radiation
exceeds incoming radiation almost half the time. The big differences from
site to site in swmer minima evident in Figure 5, are of particular con-
cern to agricultural interests,

The unsettled weather of June 1956 S;_ix- 6) In contrast to synoptic
conditions g June s Ire ve OW pressure prevailed over the
Alaskan mainland during mid-June 1956, with oloudy & " intermit tently
rainy conditions, The temperature trends during th.. period illustrate
the small differences which sometimes exist from site to site, Some of
the differences between the temperature regimes at the various stations
can be attributed to local variations in radiation: the rise in tempera~
ture at the FAA station on 19 June ocourred during a summy period at that
site. Ober station and Meadow Range station apparently were cloudy at
this time, and temperatures at these sites did not rise,

10
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5. Location and extent of departures of minimum temperatures from FA A
station temperatures

Figure 7, 8,and 9 show differences in low temperatures from FAA
station during extremely cold periods, moderately cold periods, and on
clear summer nights in the Fort Greely, Alaska, area,

a. During extremely cold periods (Fig. 7)

Figure 7 was prepared after considering the ‘emperature at all thermo-
graph sites during 10 cold spells during the winters of 1955, 1956, and
1957, when the FAA station had a minimum temperature below -LQ°I, skies
were clear, and winds light, The thermograph clocks were not considered
to be accurate enough in very cold weather to permit comparison of
simultaneous values at all sites, so minimum temperatures (not necessarily
simultaneous) were compared. Temperatures at each station for the 10 cold
spells were tabulated and mean and median values determined, In no case
did the mean vary from the median by more than 2 F°, Actual patterns of
cold varied considerably from cold spell to cold spell, so the map can be
considered as representative of only average conditions, It does not
show an actual recorded distribution of temperatures,

Figure 7 shows that the Delta River lowland, Bolio Lake, and Butch
Lake areas normally have mininmum temperatures in very oold periods 10
to 15 F° lower than the minimum at the FAA station. Much of the lower
land south and east of the Big Delta airport normally has minima
slightly lower than those of the FAA station, while the higher land to
the south remains considerably warmer. The lowest temperature at the
F AL station during the study period was -50°F, Some higher sites to
the south did not record temperatures below -35°F during the 3 years of
record, Average differences in temperatures between the cold and warm
areas of more than 25F° are evident from the map.

b, During normally cold periods . B

This map shows normal variations in the temperature field under con-
ditions of clear skies, light winds, and FAA station temperature
-11°F and -20°F, The difference in temperature between FAA and a given

station was equal to or less than the indicated value on 50 percent
of the occasions, FEvans' map differs from the preceding map in that it
shows median differences rather than mean differences, based on aimultane-
ous values at all sites. Evans' sample, based on hourly dats rather than
daily minima, is larger, Evans selected the temperature range of ~11l to
-20°F becanse he felt that the most difficult forecasting problems occurred
when the FAAL temperature was in this range, He felt that at lower
temperatures the differences from site to site were not as great and were
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easler to forecast. Comparison of this map with the map of dif ferences
during extreme cold (Fig., 7) bears out this assumption to some extent, for
the differences are not as large on Figure 7. The two maps showing temper-
ature differences during extremely cold and normally cold conditions can
be compared only in a general way since they were prepared from different
samples of data. In view of these dilferences, the patterns of diffe.i -
ences from the FAA temperatures are similisr enough to confirm the nature
of departures of temperatures during cold periods in the Fort Greely area
from those at the FAA statlon, Average differences in temperatures be -
tween cold and warm areas of more than 35F° are evident from the map,

c. During clear summer nights (Fig, 9)

This map shows typlcal variations in the temperature field under con-
ditions of clear skies and light winds during summer nights, It was
prepared in the same manner as Figure 7. This summer pattern of tempera-
ture varlation from the minimm at the FAA station differs from the pattern
during winter (Figs. 7 and 8) in that the higher stations in the south had
average minima about the same as the average minima at the FAAL station.
Figures 7 and 8 showed that in winter these stations had minima that
averaged as much as 20 F° higher.

The winter cold spots (Figure 7 and 8)--Butch Lake, Bolio Lake, and
the lowlands along the Delta River--also had low summer minima (Fig. 9).
To the east, however, Machado and Firebreak had distinctly lower minima
than FAA, indicating more difference in summer than in winter, The
lower minima at these stations in summer cannot be explained, but they may
be assocliated with differences in vegetation cover between summer and
winter. Low minimum temperatures at Firebreak are particularly interest-
ing because this station &lso had high maxirmum temperatures, resulting in
extraordinarily large temperature ranges on some dgys. On several
occasions Firebreak erxperienced daily ranges of greater than 60 F°. On
25 May 1957, the maximum at Firebreak was 78°F and the minimum was 15°F.

6. Sumary

Fort Oreely, Alaska, located near mountain passes in an area which is
subjected alternately to relatively warm maritimes air masses and very cold
continental air masses during the colder half of the year, is characterised
by a large variation in temperature from day to day. In winter either wam
or cold spells lasting more than 2 dxys are unusual. There is also large
variation in temperature from place to place because of the influence of
the mountains and terrain that causes cold air drainage. During cold spells
some sites are as much as 20 F° warmer than the FAA station while other
sites are 15 F° colder. These differences must be considered in tes t
planning,

15
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7. Ac}mowleggnents

Many people were involved in the planning and observational program
at Fort Greely, Alaska. Credit for accomplishing the difficult observa-
tional program is due the officers and men of the Signal Corps and Air
Force meteorological groups at Fort Greely. Data were transcribed from
thermograph charts to tabular form at the National Weather Records Ceuter,
Asheville, North Carolina.

Mr. Donald Hogue, Earth Sciences Division, assisted in preparing the
data for anaiysis. Cartograpny was accompiished by Roland lrodigh, Aulrey
Greenwald, and Russell Dearborn, all of this Center.
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APPENDIZX

Photographs of Weather Observation Sites, Fort Greely, Alaska
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Ficure 11  3Benchrark thermccraph station near
Richardson highway 2 miles south of
Donnelly Dome. OScattered white spruce
are found in area near tir“erline,
Ylevation 2,500 feet.
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Pipure 12 Fire'vreak therrograph station in wooded
area northeast of Butch Lake, This
station experienced daily ranges in
temperature up o 0 FT, Zlevation
1,707 feet,
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Figure 13 Drop Zone thermograph station in low shrub
sef%iﬁg next to Richardson highway,
Elevation 1,750 feet.

Figure 1 0ld Rich # 2 thermc§raph station on gently

sloping open land 2* miles nerthwest of
Donrelly Dome. C[levation 2,L25 feet,




Figrre 15 Machade thermegraph station near the Alaska
Mighway in young mixed evergreen-decicduous
forest, Elevation 1,27% feet,

Figure 1¢ Burn thermogra~: station uear tank traii in
area of aspens hurred in 109°%, Tlevatior
1,500 feet,
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Figure 17 Bolio Lake is the primary site of
current cold-weather testing.

Figure 18 Bolio # 1 thermograph stetion on lake
shore near roac shown in Figure 17.
Tlevation 1,5C0 feet,
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Figure 19 Sawmill thermograph station at hase of

Blg Delta bluff. This station
experiences cold air drainage, Eleva-

tion 1,225 feet,

Figure 20 Granite thermograph station in chrub
Tundra with Grarite Mountaing in “ack-

ground, Elevation 2,250 feet,
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Figure 21 Butch thermograph station in depression near
ch Lake often 1s the coldest spot in Fore
Greely Test Area. Elevaticn 1,850 feet.
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