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ATLAS OF ARCTIC ENVIRONMENT

1. I NTRODUCT I ON

THI'S TEXT PROVIDES SUPPLEMENTARY 1NFORMATION CONCERNING SOURCES AND
RELIABILITY OF A SERIES OF TWENTY-TWO MAPS PREPARED AT THE REQUEST OF
THE GEOPHYSICS RESEARCH DIRECTORATE, AIR FORCE CAMBRIDGE RESEARCH LABOR-
ATORIES. THE PURPOSE OF THE STUDY WAS TO MAP THE DISTRIBUTIONS OF VARI~
OUS CLIMATIC AND TERRAIN PHENOMENA WHICH MIGHT INFLUENCE THE SELECTION
OF UNPREPARED LANDING SITES FOR WHEELED AIRCRAFT IN THE ARCTIC. THE
STUDY AREA INCLUDES ALL LANDS MNORTH OF 65 DEGREES NORTH LATITUDE.
DESPITE THE PRESENCE OF DASHED ISOPLETHS OVER OCEAN AREAS ( INCLUDED TO
GIVE CONTINUITY TO THE LINES), NO RELIABLE INDICATION OF LANDING CONDI|-~-
TIONS ON SEA I1CE 1S INTENDED.

Ie

MAJOR REFERENCES USED AS SOURCES OF ATA IN COMPILING THE MAPS ARE
LISTED IN SECTION 4. OTHER SOURCE MATER!A 5 WHICH WERE USED TO A LESSER
EXTENT ARE TO BE FOUND IN THE BIBLIOGRAPHIES CONTAINED IN CERTAIN OF
THESE REFERENCES. ENTRIES CONTAIMNING SUCH BIBLIOGRAPHIES ARE PRECEDED
BY ASTERISKS.

2. DiscusstoN OF MAPS

A. MAJOR PHYSIOGRAPHIC FEATURES (MaP 1)

THE POLAR STEREOGRAPHIC PROJECTIOH ON WHICH ALL MAPS IN THE
SERIES WSPE BASED WAS ACAPTEDP FROM THE ARMY AtR FORCE STRATEGIC PLANNING
MAP OF THE NORTHERN HEMISPHERE (SP-5), PUBLISHED IN JANUARY 1945. THe
HYPSOMETRIC SHADING ON THIS PARTICULAR MAP 1S DELIMITED BY CONTOURS AT
SEA LEVEL, 1,000 feer, 5,000 FeeT, 9,000 Feer, ano 13,000 FEET. AREAS
ABOVE 13,000 FEET ELEVATION ARE CONFINSD TO VERY SMALL PATCHES IN THE
ALASKA, WRANGELL, AND ST. ELIAS RANGES OF SOUTHERN ALASKA. ALTHOUGH
UNSHADED, THEY ARE DIFFICULT TO DETECT AT THIS MAP SCALE. NAMES OF
PHYS.1 OGRAPHIC PROVINCES ARE ESSENTIALLY THOSE oF LOBECK (9) WiTH MiINOR
MODI|F1CATIONS BY THE AUTHOR.

B. VEGETATION ZONES (MaP 2)

THE ZONES OF NATURAL GROWTH SHOWN ON THIS MAP ARE BASED UPON
DENSITY AND HE|IGHT RATHER THAN FLORISTIC COMPOSITION. THE MAP'S USE-
FULNESS LIES IN THE SUGGESTION OF RELATIVE OPENNESS, SURFACE VISIBILITY,
AND AVAILABILITY OF MATERIALS FOR CONSTRUCTION AND FUEL. MANY OF THE
LINES REPRESENT TRANSITIONS WHEREIN TWO ADJACENT ZONES INTERMIX RATHER
GRADUALLY THROUGHOUT BELTS OF VARIABLE WIDTH.

ONE OF THE MOST SIGNIFICANT LINES ON THE MAP IS THE NORTHERN LIMIT
OF FOREST TUNDRA WHICH REPRESEMTS THE NORTHERN EXTENT OF TREE GROWTH IN
MOST AREAS. TH1S WAS DERIVED FROM PoLUNIN (11), WHO BASED ITS POSITION
ON A CONSENSUS OF SEVERAL AUTHORITIES.



«

THE SMALL SCALE OF THE MAP AND MANY GAPS IN THE BASIC |INFORMATION
MADE IT NECESSARY 0 GENERALIZE WITHIN ZONES. FOR EXAMPLES, THE TUNDRA
ZONE DOES NOT SHOW THE CONSIDERABLE AREAS OF BARREN GROUND WITHIN IT,
NOR DOES THE FOPEST ZONE REFLECT THE EXTENSIVE ECONOMIC DEFORESTATION
WHICH IS COMMON IN SCANDINAVIA AND IN THE RUSSIAN LOWLANDS SOUTH OF THE
60TH PARALLEL. THE ZONATION FOR MUCH OF NORTH AMCRICA WAS TAKEN FROM
THE ATLAS OF CANADA (3) WHILE THE GREAT SovieT ATLAS (17) PROVIDED THE
PRINCIPAL AUTHORITY FOR EURASIA. VARIOUS OTHER GEOGRAPHICAL REFERENCE
WORKS WERE CONSULTED.

C. STATION LOCATIONS AND POLITICAL DIViSIONS (MaP 3)

ALL STATIONS WERE LOCATED BY COORDINATES GIVEN IN THE MOST
RECENTLY AVAILABLE GAZETTEERS BY THE U.S. BoARD ON GEOGRAPHIC NAMES.
THERE ARE ABOUT 350 STATIONS SHOWN ON THIS MAP; HOWEVER, DATA FROM MORE
THAN 900 STATIONS WERE UTILIZED ALTOGETHER. SPELLINGS OF NAMES ARE THOSE
CURRENTLY RECOGNIZED BY THE BOARD ON GEOGRAPHIC NAMES, EXCEPT FOR CERTAIN
SIMPLIFICATIONS THAT HAVE BEEN APPLIED TO THE TRANSLITERATION OF RuSSIAN
NAMES AS RECOMMENDED BY SHABAD (14).

LOCATIONS SHOWN FOR SHIPS OR FLOATING ICE STATIONS ARE FOR BOTH THE
WARMEST AND COLDEST MONTHS ON RECORD AND ARE THE AVERAGE POSITIONS DURING
THOSE MONTHS.

0. DAILY EXTREME TEMPERATURES (Maps 4 & 5)

OF ALL THE CLIMATIC MAPS IN THE SERIES, THESE TWO WERE BASED ON
THE MOST NUMEROUS DATA. RELIABILITY IS GOOD IN MOST AREAS EXCEPT THE
INTERIORS OF GREENLAND, SPITZBERGEN, AND ELLESMERE |SLAND. WHILE THE
RELIABILITY FOR THESE AREAS 18 POOR, IT 1S SAFE TO SAY THAT MEAN DAILY
MAXIMUM TEMPERATURES RARELY RISE TO THE MELTING POINT ON THE HIGH ICE
CAPS. THE ONLY STATIONS HAVING MEAN DAILY MIN!MUM TEMPERATURES ABOVE
FRLEZING IN WINTER ARE KRAKENES ON THE SOUTHWEST COAST OF NORWAY AND
THORSHAVN IN THE FAEROE |SLANDS. LINES ON BOTH MAPS ARE DRAWN AT INTER-
VALS OF 10 F DEGREES. THE PRINCIPAL SOURCES OF DATA ARE LISTED IN THE
BIBLIOGRAPHIES OF THE CLIMATIC ANALOG STUDIES (5, 6) AND CLIMATIC INFOR-
MAT ION SOURCES FOR GREENLAND ().

(ERRATA: ON MaP h, THE TWO SMALL TO° 1SOTHERMS INCLOSED BY A 60°
LINE IN CENTRAL ALASKA SHOULD BE LABELED 50°. ON MAP 5, THE EASTERNMOST
-60° 1SOTHERM IN SIBERIA SHOULD READ -50°.)

€. TEMPERATURE FREQUENCIES IN JANUARY (Maps 6, 7, 8, 9, 10, & 11)

MOST OF THE DATA USED TO DRAW THESE SiX MAPS CAME FROM THE
SEVERAL VOLUMES OF FREQUENCY TABLES PREPARED BY RAYNER (12, 13), BASED
UPON RECORDS OF 2 TO 10 YEARS. THE RELIABILITY OF MUCH OF THIS INFOR-
MATION, ESPECIALLY FOR STATIONS WITH THE SHORTER RECORDS, IS NO BETTER
THAN FAIR, AND RELIABILITY OF THE MAPS 1S VARIABLE.



FREQUENCIES ARE SHOWN AT 10-PERCENT INTERVALS, WITH LINES FOR 5 AND
95 PERCENT GIVEN WHERE APPLICABLE. A LINE DESIGNATED O.1 PERCENT HAS
BEEN DRAWN ON EACH MAP TO DELIMIT AREAS WHERE THE AVAILABLE FREQUENCY
DATA REVEALED NO OCCURRENCE OF TEMPERATURES BELOW (OR ABOVE, IN Map 6)
THE SPECIFIED VALUE. THE COMPLETE CLIMATIC REC“RDS CONTAIN AN UCCASIONAL
MEASUREMENT BEYOND THE SPECIFIED LIMIT, BUT OCCURRENCE OF SUCH VALUES IS
BELOW THE O.1-PERCENT LEVEL OF FREQUENCY.

(ERRATUM: THE INCLOSED 5-PERCENT LINE IN NORTHERN NOVAYA ZEMLYA
SHOULD BE LABELED 20.)

F. ANNUAL FREEZE-THAW CYCLES (Map 12)

THE LINES DRAWN FOR CANADA ARE BASED UPON ACTUAL DATA COMPILED
By WiLL1aMs (18), AND THE RELIABILITY OF THIS PORTION OF THE MAP 1S FAIR.
FOR OTHER PARTS OF THE WORLD, VALUES WERL ESTIMATED FROM A NOMOGRAM DER-
IVED FROM THE CANADIAN DATA BY Doop (4) AND, THERCFORE, ARE LESS DEFINI -
TIVE THAN THOSE BASED ON ACTUAL MEASUREMENTS. THE BASIC TEMPERATURE DATA
THAT WERE APPLIED TO THE NOMOGRAM CAME FROM THE BRITISH AIR MINISTRY (2),
Fakowski (5), ano Hastings (6).

| SOPLETHS WITHIN MOUNTAINOUS REGIONS ARE SHOWN ONLY TO GIVE CONTINU-
ITY TO THE LINES. OWING TO THE SCARCITY OF DATA AND THE DI1FFERENCES IN
SEASONAL OCCURRENCE OF FREEZE-THAW CYCLES BETWEEN HIGH AND LOW AREAS
WITHIN MOUNTAINOUS REGIONS, THE ISOPLETHS IN SUCH REGIONS ARE NOT INDICA-
TIVE OF ACTUAL CONDITIONS.

IN THE FRACTIONAL NOTATION AT EACH STATION ON THE MAP, THE NUMERATOR
INDICATES THOSE SEASONS HAVING AT LEAST 40 PERCENT OF THE ANNUAL NUMBER
OF CYCLES WHILE THE DENOMINATOR SHOWS SEASONS WHEN LESS THAN 10 PERCENT
OCCUR. SEASONS NOT INDICATED IN THE FRACTION HAVE BETWEEN 10 AND NO PER-
CENT OF THE ANNUAL TOTAL.

G. FREEZE OR THAW MONTHS (Map 13)

THE CIRCULAR GRAPHS CENTERED ON THE SITES OF METEOROLOGICAL
STATIONS SHOW THOSE MONTHS WHEN FREEZING CONDITIONS (1IN SOLID BLACK) OR
THAWING CONDITIONS (STIPPLED) CAN BE EXPECTED TO PREVAIL AT LEAST 90
PERCENT OF THE TIME. FREEZE-THAW CYCLES WOULD BE MOST COMMON DURING
THE MONTHS THAT REMAIN UNSHADED.

RELIABILITY GF THE MAP MAY BE CONSIDERED ONLY FAIR 1INASNUCH AS ALL
DATA CAME FROM TABULATIONS OF RELATIVELY SHORT RECORDS (12, 13).

H. FREEZE-UP AND BREAK-UP OF RIVER ICE (Maps 14 & 15)

FREEZE-UP LINES (1SOPECTICS) AND BREAK-UP LINES (1SOTACS) ARE
SHOWN FOR THE FIRST AND FIFTEENTH DAY OF EACH APPLICABLE MONTH DURING AN
AVERAGE SEASON. THE RELIABILITY OF DATES 1S GENERALLY GOOD EXCEPT WHERE
LITTLE OR NO DATA WERE AVAILABLE, AS IN SPITZBERGEN, |CELAND, MOST OF
GREENLAND, AND THE LESSER |ISLANDS NORTH OF THE T5TH PARALLEL. THE PERIOD

T —



N L

BETWEEN BREAK-UP AND FREEZE -UP OF THE LARGER STREAMS MAY BE CONSIDERED
AS THE NAVIGATIONAL SEASON. THERE ARE YEARS ON RECORD WHEN CERTAIN OF
THE NAVIGABLE RIVERS IN SIBERIA HAVE NOT BEEN OPEN TO THE FASSAGE OF
SHIPPING THROUGHOUT THE ENTIRE SUMMER.

THE INFORMATION FOR BOTH MAPS WAS DERIVED PRIMARILY FROM U.S. AND
BRITISH COASTAL PILOTAGE MANUALS (1, 16) AND ANNUAL CLIMATIC SUMMARIES
8Y THE U.S. WEATHER BUREAU.

I« SNow DEPTH (Map 16)

AVERAGE SHOW DEPTHS FOR THE MONTH OF GREATEST ACCUMULATION ARE
SHOWN BY ISOPLETHS DRAWN IN 10-INCH INCREMENTS UP TO A DEPTH OF 80 INCHES.
WHERE DEPTHS EXCEED 80 INCHES (1IN GREENLAND AND THE ALASKAN HIGHLANDS),
100- AND 120-INCH LINES ARE ALSO INCLUDED. A 5-INCH LINE APPEARS IN
THE BARENTS SEA AND AT THE MOUTH OF THE YANA RIVER IN SIBERIA TO EMPHASIZE
THOSE SHALLOW SPOTS. FOR CLARITY IN DRAFTING, THE DASHED LINES ALONG
THE SOUTHEAST COAST OF GREENLAND ARE SHOWN ONLY BY 20-<INCH INTERVALS UP
10 60° NORTH.

MAJOR AREAS OF PERMANENT 1CE FIELDS AT H! HER ELEVATIONS ARE SET
APART BY GRAY SHADING TO INDICATE DEPTHS IN EXCESS OF 120 INCHES. THE
TERM "ELEVATED I1CE FIELDS" DIFFERENTIATES THESE MAJOR CCRE AREAS FROM
THE MANY VALLEY AND PiIEDMONT GLACIERS AND MINOR ICE FIELDS THAT COULD
NOT BE SHOWN.

RELIABILITY OF THE MAP IS FAIR TO GOOD THROUGHOUT. ALL DATA WERE
TAKEN FROM FaLkowsk! (5) ano Hastings (6).

J. PRECIPITATION FREQUENCY IN SUMMER (Maps 17, 18, 19)

THE MEAN MONTHLY NUMBER OF DAYS WITH OCCURRENCE OF AT LEAST
0,01 INCH OF PRECIPITATION IS SHOWN BY ISOPLETHS IN 2-DAY INCREMENTS FOR
JUNE, JuLY, AND AuGUST. THE BASIC DATA FOR GREENLAND AND SIBERIA HAD TO
BE ADJUSTED FROM FREQUENCIES GIVEN IN METRIC UNITS (EQUIVALENTS oF O.0U
AND 0.004 INCH) « ELSEWHERE THE RELIABILITY OF THE LINES 1S GOOD.

THE DATA CAME MAINLY FROM SUMMARIES BY THE U.S. AND CANADI AN WEATHER
BUREAUS, AND FROM THE BRITISH AIR MINISTRY TaBLES (2).

(ERRATA: IN ALASKA, THE INCLOSED 14-DAY LINE ON THE KENAI PENINSULA
AND 16-DAY LINE IN THE PANHANDLE SHOULD BOTH BE LABELED 12.)

Ke ANNUAL PRECIPITATION (Map 20)

ISOHYETS ARE DRAWN AT 5-INCH INTERVALS UP TO 25 INCHES PER YEAR.
IN WETTER AREAS, UP TO THE MAXIMUM OF 222 INCHES IN THE ALASKAN PaN-
HANDLE, THE INTERVAL 1S INCREASED TO 25 INCHES.

THE INFORMATION ON THIS MAP HAS GOOD RELIABILITY IN ALL AREAS EXCEPT

THE ICECAPPED ARCTIC |SLANDS, WHERE IT SHOULD BE REGARDED AS VERY POOR.
ALL DATA WERE DERIVED FROM FaLkowski (5) anD Hastings (6).

vi



L. FREQUENCIES OF STRONG WINDS IN WINTER AND SUMMER (MAPS 21 anD 22)

THESE MAPS SHOW THEC PERCENT OF SURFACE WINDS OF AT LEAST 25 MILES
PER MOUR DURING THREE WINTER MONTHS AND THREE SUMMER MONTHS. LINES ARE
SHOWN IN 10-PERCENT INCREMENTS AND AT 5-, 1-, AND O-PERCENT LEVELS. THE
ZERO LINE IS GIVEN TO EXCLUDE THOSE AREAS WHERE THE AVAILABLE PERIOD OF
RECORD SHOWED NO OCCURRENCE OF WINDS THIS SVRONG.

WiND ARROWS INDICATE THE PREVAILING DIRECTION FOR ALL SURFACE WINDS
DURING THE THREE-MONTH PERIODS. THESE ARE NOT NECESSARILY THE SAME DIREC-
TIONS AS TYTHOSE FROM WHICH THE WINDS EXCEEDING 25 MILES PER HOUR CUSTOM-
ARILY ORIGINATE.

OWING TO THE SHORT PERIODS OF FREQUENCY RECORDS AMD THE LOCAL NATURE
OF WIND CONDITIONS, THE RELIABILITY OF THE LINES ON THESE TWO MAPS 1S
POOR TO FAIR. THE DATA CAME PRIMARILY FROM RaYNER (12,13).
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ARCTIC ENVIRONMENT
MEAN DAILY MAXIMUM TEMPERATURE — WARMEST MONTH
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ARCTIC ENVIRONMENT ]

MEAN DAILY MINIMUM TEMPERATURE — COLDEST MONTH

DEGREES FAHRENHEIY
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ARCTIC ENVIRONMENT

PERCENT JANUARY TEMPERATURES ABOVE 32°F
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ARCTIC ENVIRONMENT

PERCENT JANUARY TEMPERATURES BELOW O°F
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ARCTIC ENVIRONMENT

PERCENT JANUARY TEMPERATURES BELOW-20°F
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ARCTIC ENVIRONMENT

PERCENT JANUARY TEMPERATURES BELOW -30°F
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ARCTIC ENVIRONMENT

PERCENT JANUARY TEMPERATURES BELOW -40°F
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ARCTIC ENVIRONMENT

PERCENT JANUARY TEMPERATURES BELOW -50°F
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ARCTIC ENVIRONMENT
ANNUAL NUMBER OF FREEZE-THAW CYCLES

WILLIAMS FOR TIATION NOTATION IMBICATI MIgH
AND DERIVED PEOM NOMOGAAM FOR OTHEN AREAS) o wa
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SAMPLE STATION

ARCTIC ENVIRONMENT
$0 PERCENTILE FREEZE OR THAW MONTHS

DURING AN AVERAGE YEAR, TEMPERATURES AT THE SAMPLE
STATION ARE BELOW FREEXING 90% OF THE TIME THROUGHOUT
THE MONTHS, NOVEMBER - MARCH, AND ABOVE FREEZING 90%
OF THE TIME THROUGMOUT THE MONTHE OF JULY AND AUGUST
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ARCTIC ENVIRONMENT
MEAN FREEZE-UP DATE FOR RIVER ICE

SFREGZE-UP DEPINED AS END OF NAVIGATION SEASON: MINIMUM ICE THICKNESS OF $IX INCHES
{Safe for oll dismounied travel) FOR EACH ADDITIONAL SIX INCHES OF THICKNESS, ADD APPROXIMATELY
22 DAYS UP TO MID-FIBRUARY
Deotes of lake ' lrosne-up are opprenimarely 13 duys sarlier
i bor, 01.Octobos Nv-N bos, De-D: b
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ARCTIC ENVIRONMENT
MEAN BREAK- UP DATE FOR RIVER ICE

*BREAK-UP DEFINED AS OPENING OF NAVIOATION SEASON: ICE BECOMES UNSAFE FOR FOOT TRAVEL
AND TOTALLY DISAPPEARS WITHIN A FEW DAYS. FOR EACH SIX INCHES OF FORMER THICKNESS, SUBTRACT
APPROXIMATELY 12 DAYS BACK TO MID-FEBRUARY

Oates of loke ico break-vp are appronimately 20 deys later

Ap-April, My-May, In-June, ly- July
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ARCTIC ENVIRONMENT
MEAN SNOW DEPTH — MONTH OF GREATEST DEPTH

(INCHES)

- ELEVATED ICE FIELDS (depth wndillarentiated)
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ARCTIC

ENVIRONMENT

MEAN NUMBER OF DAYS WITH = 001 INCH OF PRECIPITATION
JUNE
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ARCTIC ENVIRONMENT

MEAN NUMBER OF DAYS WITH = 001 INCH OF PRECIPITATION q
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ARCTIC

ENVIRONMENT

MEAN NUMBER OF DAYS WITH = 001 INCH OF PRECIPITATION
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ARCTIC ENVIRONMENT
MEAN ANNUAL PRECIPITATION
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ARCTIC ENVIRONMENT

MEAN PERCENT OF SURFACE WINDS OVER 24 MILES PER HOUR
DECEMBER-JANUARY-FEBRUARY

Wind arrows fly with the prevailing '"ALL - SPEED'' direction for the three menth period
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. ARCTIC ENVIRONMENT {
MEAN PERCENT OF SURFACE WINDS OVER 24 MILES PER HOUR 4
JUNE-JULY-AUGUST
Wind errews fly with the preveiling ""ALL - SPEED'* direction for the three month period
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