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ABSTRACT 

The tundra of the Arctic Slope is characterized in summer by cool mari 

TIME WINDS, MUCH CLOUDINESS, LIGHT PRECIPITATION, AND FREQUENT DRIZZLE. In 

WINTER, CLOUDINESS DECREASES AND VERY COLD KATABATIC WINDS PREVAIL INLAND 

WHILE EASTERLIES CONTINUE ALONG THE COAST. BY MID-SEPTEMBER A SNOW COVER 

IS GENERALLY ESTABLISHED; THIS BUILDS UP TO DEPTHS OF l4 TO 28 INCHES IN 

March and April and finally melts in June or July. 

Microclimatic measurements, including wino speeds, temperatures above 

AND BELOW THE GROUND SURFACE, AND DEPTH OF THAW PROFILES, WERE MADE NEAR 

THE COAST, IN THE COLVILLE VALLEY AND ON NEARBY SLOPES, AND IN THE FOOT¬ 

HILLS of the Brooks Range. Summer ground-surface temperatures inland 

AVERAGED IN THE LOW 5O'S WHILE SOIL WAS FROZEN IO-I5 INCHES BELOW THE SUR¬ 

FACE. Most of the land was wet in the summer due to the shallow layer of 

THAWED GROUND. THE FREQUENCY OF SURFACE THAWS AND FREEZES WAS LOW. 

Tables of temperature, insolation, wind, and vapor pressure deficit 
ARE GIVEN. 

IV 



MACRO- AND MICROCLIMATOLOGY OF THE ARCTIC SLOPE OF ALASKA 

1 • INTRODUCTI ON 

The macro- and microclimatology of the arctic slope of Alaska were 
OBSERVED DURING SELECTED PERIODS FROM THROUGH 195^ IN CONNECTION WITH 
A COORDINATED GEOLOGICAL, ECOLOGICAL, AND SOIL STUDY OF THE REGION.* 

This iarge tundra-covered area is flanked by the Arctic Ocean on the 
NORTH AND THE BROOKS RaNGE ON THE SOUTH. FIGURE 1 IS A MAP SHOWING PLACE 
NAMES AND THE GENERAL TOPOGRAPHY. NORTH OF APPROXIMATELY LATITUDE 70° 
THE LAND IS VERY FLAT AND INTERSPERSED WITH A GREAT MANY LAKES, BOGS, AND 

rivers. South of this latitude lies a broad zone of rolling foothills, 
WHICH IN TURN GIVE WAY TO THE MOUNTAINS OF THE BROOKS RaNGE. The RANGE 
PRESENTS A BARRIER ROUGHLY 2000 FEET HIGH IN THE WEST, WITH PEAKS REACH¬ 

ING CONSIDERABLY HIGHER, AND 4000 FEET HIGH IN THE EAST, WITH NUMEROUS PEAKS 
RISING ABOVE 7000 FEET. 

Meteorological equipment was originally set up in the Umiat area by 
THE AUTHOR IN JUNE 1952 AND OPERATED UNTIL SEPTEMBER 1952. ESSENTIALLY 

THE SAME OBSERVATION SITES WERE REOCCUPIED IN JUNE 1953, WHILE DURING JULY 
AND August additional stations were operated north of Umiat, along the 
Colville River, and in the foothills south of Umiat. Winter data were 

OBTAINED FROM THE UMIAT AREA IN 1953“5^ AND CONTINUOUSLY NEAR BARROW FROM 
LATE 1953 THROUGH 1954 WITH ONE STATION CONTINUING UNTIL MID-I956. 

2. INSTRUMENTATION 

Many of the instruments were assembled especially for this study from 
STANDARD INDUSTRIAL EQUIPMENT. 

Air AND GROUND TEMPERATURES WERE RECORDED ON 3-PEN, FOXBORO WEEKLY 
SPRING-DRIVEN RECORDERS. SENSING ELEMENTS CONSISTED OF GAS-FILLED BULBS 
AT THE ENDS OF 6-FOOT COMPENSATED CAPILLARY TUBES. AT THE UMIAT BASE 
Station, where power was available, a 12-point Brown Electronic recorder 
MEASURED TEMPERATURES IN THE AIR AND SOIL BY MEANS OF THERMOCOUPLES IN 

REFERENCE TO A CONSTANT HOT TEMPERATURE. 

Wind speed was measured by 3-cup anemometers and recorded on the Fox- 
boro WEEKLY RECORDERS. 

x See : Tedrow and Hill (l955)i Drew and Tedrow (1956); Buss (1956); Bliss 
AND CaNTLON (1957b CaNTLON AND GlLLIS (1957); AND ÎEDROW, DREW, HILL, AND 
Douglas (195°)• 

J. 
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¡NSOLATION V45 MEASURED BY AN EPPLEY PYRHELIOMETER AND RECORDED ON THE' 
Brown recorder. 

Vapor pressure was recorded by a Foxboro Dewcel, and evaporation was 
MEASURED IN SUMMER AT WEEKLY INTERVALS BY MEANS OF LIVINGSTON ATMOMETERS. 

3- Observation sites 

Microclimatic sites set up for the 
STATIONS IN THE UmIAT AND BARROW AREAS, 
hills of Brooks Range, and two station:' 
Umiat and the ocean. 

STUDY CONSISTED OF CLUSTERS OF 
ONE ISOLATED STATION IN THE FOOT- 
ALONG THE COLVILLE RlVER BETWEEN 

a. Umiat area 

Sites in the Umiat area are shown on the sketch map (Fig. 2). 
Sites 1 through 5 lay along a 3/8-mile transect running south-north over 
the first range of hills north of Umiat. The stations ranged in elevation 
FROM ABOUT 425 TO 600 FEET ABOVE SEA LEVEL- THEY ARE DESCRIBED BELOW! 

Umiat Base station: Elevation 33( feet, several hundred feet 
FROM THE LANDING STRIP AND THE U.S. WEATHER BUREAU - U.S. AlR FORCE WEATHER 
station. Temperature measurements were made vertically near the southern 
SIDE OF A SMALL ISOLATED CLUMP OF 5-FOOT ALDERS WHICH WERE GROWING ON A 
SLIGHTLY DEPRESSED CENTER POLYGON ABOUT 8 FEET IN DIAMETER. THIS SITE WAS 
KNOWN AS Umiat Base Polygon (Fig. 3). Temperatures 4 inches below a grass- 
covered SURFACE AND INSIDE A STANDARD THERMOMETER SHELTER KNOWN AS UMIAT 
Base, were made about 22 feet WSW of this site. Low grass covered the 
GROUND BETWEEN ISOLATED ALDER CLUMPS. 

StteJj Elevation about 425 feet, in a gully on a 20-degree 
south slope. Eight- to 12-foot willows and alders gre^ .in the gully; dead 
leaves covered the ground. 

S|TE 1A: Elevation about 525 feet, on a south-facing knob be¬ 
tween the gullys on the south slope. Nine inches of soil covered the 
BEDROCK, AND THE SITE WAS DOMINATED BY WILLOW GRASS. 

S2J_e_2_: Elevation about 53^ feet. The instruments were mounted 
ABOVE A NARROW GR ASS-COVERED SHELF ON A 40-DEGREE SOUTH SLOPE DIRECTLY 
above site 1. Eight- to 10-foot willows and alders grew above and belCW 
THE SHELF. A SNOWBANK JUST ABOVE THIS SITE WAS ONE OF THE LAST TO MELT 
I N THE SPRING. 

Site 3• Elevation about 600 feet, on top of an exposed ridge in 
a 3- to 6-inch tussock-heath community. 

3 
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Figure 2. Sketch map of the Umiat area showing the site locat.ons. 
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Figure 3‘ The Umiat Base Polygon site looking northward. Thermocouples 
ARE EXPOSED VERTICALLY ALONG THE ANEMOMETER SUPPORT. PYRHELIOMETER IS 
MOUNTED ON TOP OF THE RECORDER SHACK. 

Site 4; Elevation about 580 feet, on a 15-degree slope facing 
NORTH IN A 5- TO 10-INCH TUSSOCK-HEATH COMMUNITY. 

Site 5: Elevation about 580 feet, facing south on a 15-degree 
slope. The tussock-heath community was similar to that at SITE 4 BUT 
SLIGHTLY SHORTER. 

b. Barrow area 

The Barrow area sites are shown on an outline map (Fig. 4). 

Barrow 1 : Elevation about 10 feet, 3OO yards east-southeast 
of the Arctic Research Laboratory on flat, grass-covered ground. 

Barrov 2: Elevation about 30 feet, on an old beach ridge about 
20 FEET ABOVE THE LEVEL GROUND. THE GROUND WAS BARE AND GRAVELLY. 

Barrow 3: Elevation about 3 feet, in 8- to 10-inch grass about 
12 FEET FROM THE SHORE OF ElSON LAGOON. 

5 
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BaprowJ_: Elevation about 10 fee,. This station was the farthest 
inland of the Barrow group. It was set up about 15O feet east of a lake 

2 MILES LONG (north-south) AND 1 MILE WIDE. 

C. ISOLATED SITES! 

Figure 1 shows site locations. 

Mountain: Elevation about 2500 ffft. on a slightly raised heath- 
moss-lichen community about 200 FEET south of Lake Okpikruark. Depressed 
water-filled polygons covered the area immediately to the southeast and 
southward. The land was quite level but mountains, about four miles to 
THE SOUTH, ROSE 2000 FEET HIGHER. LOW HILLS SURROUNDED THE LAKE TO THE 
NORTHWEST AND NORTHEAST. 

Cache_¿: Elevation about 4oo feet, in an upland 5- to 8-inch 
HEATH-TUSSOCK COMMUNITY ON A SOUTH-FACING SLOPE ABOUT 3O FEET FROM THE 
CREST OF A HILL AND 3/4 MILE WEST OF THE COLVILLE RlVER. A FEW SHRUBS 
REACHED 1 FOOT IN HEIGHT. 

c ÇAche .6-: Elevation about 2B feet, about 18 miles from the Beaufort 
_EA, 3OO FEET EAST OF THE COLVILLE RlVER AND 15O FEET NORTH OF A SMAI L 
CHANNEL WHICH ENTERS THE RIVER. THE AREA WAS GENERALLY COVERED WITh'dE- 
PRESSED CENTER POLYGONS CONTAINING 1 TO 3 FEET OF WATER, BUT WITH RAISED 
EDGES ABOUT 1 FOOT HIGH. ÏHE EDGES SUPPORTED TUSSOCKS AND A FEW WILLOWS 
UP TO 2 FEET HIGH. 

4. The macroclimate 

The atmospheric pressure pattern of the Arctic Slope is characterized 
BY A HIGH TO THE NORTH OR NORTHEAST AND A LOW TO THE SOUTH OR SOUTHWEST. 
This pattern causes a gradient wind flow, or that found about 3000 feet 
ABOYE SEA LEVEL, FROM THE EAST OR SOUTHEAST OVER THE AREA. 

IN SUMMER, THE SEA TO THE NORTH IS MOSTLY ICE-COVERED, AND ITS SUR¬ 
FACE IS ONLY SLIGHTLY WARMED BY INSOLATION; THEREFORE, IT TENDS TO COOL 
THE AIR NEXT TO IT, PROVIDING A SOURCE FOR COLD AIR. THE VERTICAL CROSS- 
SECTION OF AVERAGE SUMMER TEMPERATURE FROM FAIRBANKS TO BARROW IS SHOWN IN 

The average position of the "polar front", WHICH MARKS the BOUNDARY 
BETWEEN THE COLD SURFACE AIR OVER THE ARCTIC OCEAN AND THE WARMER AIR TO 
THE SOUTH, IS BETWEEN 1000 AND 2000 FEET OVER BaRROV* AND AT THE GROUND 
ABOUT HALFWAY BETWEEN BARROW AND UmIAT. NORTH OF THE FRONT, THE SURFACE 
AIR IS DAMP AS A RESULT OF ITS PASSAGE OVER THE ICE-COVERED OR PARTLY 
OPEN SEA; THEREFORE, IT CONTAINS MUCH FOG AND CLOUD. THE POLAR FRONT 

OSCILLATES NORTH AND SOUTH. FREQUENTLY IT ADVANCES INLAND AGAINST THE 

7 
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Fiüure 5. Cross section showing average July isotherms (°F) between Fairbanks 
and Barrow. 

MOUNTAINS, SO THAT THE WHOLE ARCTIC SLOPE BECOMES COLD. WHEN THE COLD AIR 

ADVANCES FROM THE NORTH IT TENDS TO FLOW UP THE RIVER VALLEYS; OFTEN 3CO- 

TO 500-FOOT HILLTOPS ARE NO COLDER THAN THE ADJACENT VALLEYS. RATHER 

INFREQUENTLY THE FRONT RETREATS OVER THE SEA AND THE ENTIRE AREA IS WARMED 
BY LAND WINDS. 

Gradual non-frontal shifts in wind from an easterly direction to 
SOUTHERLY AND WESTERLY ARE COMMON INLAND WHEN THE POLAR FRONT LIES TO 

THE NORTH. THESE WIND SHIFTS ARE ASSOCIATED WITH AN EASTWARD MOVEMENT OF 

PRESSURE TROUGHS AT HIGH LEVELS. LESS FREQUENTLY, ABOUT FOUR TIMES A 

MONTH IN SUMMER, A WEAK MIGRATORY LOW-PRESSURE CENTER PASSES EASTWARD 

NORTH OF THE ARCTIC SLOPE REGION. UNDER THESE CONDITIONS, A WARM FRONT 

PASSES NORTHWARD, AND THE WINDS BECOME SOUTHERLY. THIS IS SOON ."OLLOWED, 

HOWEVER, BY A COLD FRONT PASSAGE AND RETURN TO COLD, DAMP AIR. MOST 

OF THE MIDDLE- AND HIGH-LEVEL CLOUDINESS AND RAIN ARE ASSOCIATED WITH 

THE PASSAGE OF HIGH-LEVEL PRESSURE TROUGHS. 

In winter, the average pressure pattern is about the same as in 
SUMMER, BUT THE ENTIRE SLOPE IS NORMALLY COVERED WITH COLD ARCTIC AIR TO 

A DEPTH OF ABOUT 4()00 FEET, AS SHOWN IN THE CROSS SECTION IN FIGURE 6. 

In spite OF THE over-all SIMILARITY OF THE FRESSURE patterns between 

SUMMER AND WINTER, AN ENTIRELY DIFFERENT PATTERN OF WIND AND TEMPERATURE 

DEVELOPS AT THE SURFACE. As THE NIGHTS LENGTHEN IN THE FALL, THE HEAT 

LOST IN OUTGOING RADIATION INCREASES WHILE HEAT GAINED BY INSOLATION 

DECREASES; THUS LOSSES SOON EXCEED GAINS. THE COOLING EFFECT ON THE 

LOWEST LAYERS OF THE ATMOSPHERE IS PRONOUNCED, ES £CI ALLY SINCE THE LAND 

8 
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Figure 6. Cross section showing average January isotherms (°F) between Fair¬ 
banks and Barrow. 

IS USUALLY SNOW-COVERED BY MID-SEPTEMBER. By OCTOBER, A SURFACE INVERSION 

OF TEMPERATURE EXISTS MORE THAN HALF THE TIME. THE DENSE, COLD AIR NEAR 

THE SURFACE FLOWS DOWNHILL TOWARD THE SEA, SOMETIMES DIRECTLY OPPOSED TO 
THE GRADIENT LEVEL FLOW. 

At Umiat, the katabatic WIND—THE cold air drainage--has an average 
DEPTH OF 7CO FEET, ALTHOUGH IT OCCASIONALLY BUILDS UP TO ABOUT 17OO FEET, 

AND BLOWS AT 5 T0 12 MILES PER HOUR FOR PROLONGED PERIODS. At THIS TIME 

THE PREVAILING WIND AT UMIAT CHANGES FROM EAST (THE UPSLOPE WIND AT UMIAT) 

TO WEST (dOWNSLOPe), AND THE MEAN TEMPERATURE FALLS BELOW THAT AT BaRROW. 

V/lNDS REMAIN NORTHEASTERLY AT THE COAST LINE. 

Surface frontal passages are rare during the winter. The winds of 
INVADING STORMS ARE MUCH WARMER THAN THE AIR NEAR THE SURFACE, THEREFORE 

THEY CANNOT DISPLACE THE COLD AIR EASILY. UNLESS THE PRESSURE GRADIENTS 

ARE STRONG, THEY RIDE ALOFT OVER THE SURFACE LAYERS. TEMPERATURE CHANGES 

THEREFORE DEPEND LARGELY ON RADIATION CONDITIONS AND NOT ON AIRMASS 
CHANGES. 

A. V/lND 

The REGIME OF WIND FROM MONTH TO MONTH IS SHOWN IN THE FORM OF 

WIND ROSES FOR TWO COASTAL STATIONS, BARROW AND BARTER ISLAND, AND ONE 

INLAND STATION, UMIAT, IN FIGURE 7‘ THIS DIAGRAM SHOWS THE FREQUENCY OF 

WINDS FROM 16 POINTS OF THE COMPASS AS WELL AS THE FREQUENCY OF THEIR 

STRENGTH AS LIGHT, MODERATE, OR STRONG. THE BaRROW WIND ROSES SHOW PRE¬ 

DOMINANT EASTEi-M. I ES THROUGHOUT THE YEAR. THE WINDS THERE ARE SELDOM 

CALM, AND YET SPEEDS ABOVE MPH ARE INFREQUENT. 

9 



bAKKUW BARTER IS. UMIAT 

Figure 7* Monthly wind roses for Barrow, Barter Island, and Umiat. The 
LENGTH OF A LINE IS PROPORTIONAL TO THE FREQUENCY OF OCCURRENCE. A LINE EX¬ 

TENDING UPWARD FROM THE CENTER REPRESENTS A NORTH WIND, ONE EXTENDING TO THE 

RIGHT, AN EAST WIND, ETC. NUMBERS DENOTE PERCENTAGE OF CALMS. 

10 



Barter Islanl, although a coastal station, does not experience the 
SAME WINDS AS BARROW BECAUSE OF THE NEARBY HIGH MOUNTAINS TO THE SOUTH. 
Calms are observed 3 T0 5 percent of the time, but speeds average higher 
than at Barrow. The mountains tend to narrow the passageway for the 
WINDS, CAUSING THEM TO BLOW FASTER THAN WOULD NORMALLY BE EXPERIENCED 
WITHOUT THE LAND BARRIER. THIS IS ESPECIALLY TRUE WHEN A STORM NORTH 
OF THE AREA MOVES EASTWARD. THE RESULTING CONVERGENCE CAUSES FREQUENT 
WESTERLIES EXCEEDING MPH, WITH A MAXIMUM NEAR 100 MPH ONCE REPORTED 

UNDER THESE CONDITIONS. 

UmIAT, WHICH LIES IN A SHALLOW WEST-EAST INLSND VALLEY, EXPERIENCES 
FREQUENT EASTERLIES DURING THE SUMMER, BUT IN WINTER, AS ALREADY NOTED, 
KATABATIC WINDS PREVAIL; IN THIS CASE THEY BLOW DOWN THE VALLEY FROM THE 
WEST. The addition of an OCCASIONAL GENERAL GRADIENT FLOW FROM THE WEST 
IN WINTER RESULTS IN STRONGER WESTERLIES AT UNIAT. CALMS AT UMIAT ARE 
FREQUENT IN WINTER. THEY OCCUR WHEN THE GENERAL GRADIENT FAVORING AN 
EASTERLY WIND IS JUST STRONG ENOUGH TO COUNTERACT THE LOCAL GRADIENT 

FAVORING WESTERLY KATABATIC WIND. 

Wind observations in other sections are scarce, but winds generally 
ARE NORTHEASTERLY ALONG THE NORTHWEST COAST THROUGHOUT THE YEAR. WHEN 
THE GRADIENT WIND BECOMES MODERATE FROM THE SOUTHEAST, SOUTH, OR SOUTHWEST, 
STRONG SOUTHERLY WINDS, SOMETIMES CARRYING SAND OR DUST, BLOW THROUGH THE 

MOUNTAIN PASSES. 

B. Temperature 

Mean monthly temperatures for the period 1947 to 1953 ARE shown 
in Table I. Due to the large anomalies which often occur in this region, 
ALL STATIONS MUST BE REDUCED TO A COMMON TIME-INTERVAL FOR COMPARISON. 
The interval beginning with 1947 was chosen because two of the key sta¬ 
tions, Umiat and Barter I sl and, were ope neo at that time. Some of the data 
WERE DERIVED FROM SHORTER RECORDS ADJUSTED TO THE FULL 7“YEAR PERIOD. 
This was done by way of comparison with other stations over simultaneous 
MONTHS OR YEARS OR FROM VALUES AT + 4 INCHES ADJUSTED TO SHELTER LEVEL 

ACCORDING TO THE DIFFERENCES DISCUSSED LATER. 

The pattern of isotherms at the thermometer-shelter level for July 
is shown in Figure 8. Along the northeast coast, temperatures average 
4o°F, due to frequent, cool, on-shore winds. Inland temperatures average 
HIGHER, DUE TO THE WARMING OF THE LAND BY INSOLATION AND THE LESS FREQUENT 

PRESENCE OF THE ARCTIC AIRMASS. 

THE 5O0 ISOTHERM WAS LOCATED IN AREAS AWAY FROM THE WEATHER STATIONS 
BY USING THE ALDER AND POPLAR AS INDEX PLANTS. Dr. JOHN CaNTLON AIDED THE 
AUTHOR IN DOING THIS; ALL POSSIBLE ALLOWANCE WAS MADE FOR COMPENSATING 
FACTORS WHICH OPERATE TO PERMIT PlANTS TO GROW IN SLIGHTLY COOLER AREAS 

11 
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OR RESTRICT THEM FROM OTHERWISE SUITABLE AREAS. TEMPERATURES IN THE 
VALLEYS EAST OF THE HULAHULA RIVER ARE UNKNOWN, BUT THEY MAY WELL BE 
APPRECIABLY WARMER THAN SHOWN BY THE SMOOTHED ISOTHERMS. 

Temperatures at the 2000-foot level along the north slope average 
about 2F lower than those at Umiat. This decrease of temperature with 
ELEVATION SOUTHWARD IS SMALLER THAN WOULD NORMALLY BE EXPECTED, BECAUSE 

THE HIGHER SLOPES ARE IN THE POLAR AIRMASS LESS FREQUENTLY THAN THE LOWER 
slopes. Isotherms above the 2000-foot level have not been drawn in Fig¬ 
ure 9; HOWEVER, SOUTH OF THIS LEVEL THE AVERAGE TEMPERATURE DECREASE 
ALONG THE MOUNTAIN FRONT IS ABOUT 4F° PER 1000 FEET.- MONTHLY EX¬ 
TREMES OF TEMPERATURE AND THE AVERAGE DIURNAL RANGES AT BARROW, BARTER 
Island, and Umiat are given in Table II. 

The maritime effects in summer are shown by small ranges at Barrow 
and Barter Island compared with Umiat. The inland station experiences 
HIGHER MAXIMA IN SUMMER. WHEN THE COOL EASTERLIES WEAKEN OR CEASE TEM¬ 
PORARILY, TEMPERATURES RISE RAPIDLY, SOMETIMES EXCEEDING 80°F AT SHELTER 
LEVEL. At THESE TIMES, TUNDRA SURFACE TEMPERATURES MAY REACH 105°F. LOW 
SUMMER EXTREMES OCCUR ALONG THE COAST BECAUSE THESE STATIONS ARE NEARER 
THE COOLING INFLUENCE OF PERMANENT ICE. 

In winter (Fig. y), the average January isotherm pattern is much 
DIFFERENT FROM THAT IN SUMMER. THE VAST AREA TO THE NORTH OF THE COL- 
VILLE Valley, stretching to the coast, averages about -17°F. To the 
SOUTH, UP5L0PE, THE TEMPERATURE RISES; THE AVERAGE IS ABOUT -]0°F AT 
Anaktuvuk Pass (elevation 2000 feet). In general, average temperatures 
ABOVE 2000 FEET ALONG THE ARCTIC SLOPE (SOUTH OF THE -10° ISOTHERM IN 
Fig. 9) rise to a maximum of about -1°F around 4000 feet and then de¬ 
crease ABOVE THIS LEVEL. THE MOUNTAIN TOPS AND PASSES ARE NOT ALWAYS 
THIS warm; however, sometimes strong winds force the cold air in the 
VALLEYS UPWARD AND THROUGH THE PASSES. 

The LOWEST AVERAGE TEMPERATURES APPEAR IN THE CENTRAL COLVILLE 
Valley, although it is possible that the topography of parts of the 

UPPER VALLEY WOULD PERMIT STILL LOWER TEMPERATURES. A MINIMUM OF -780F 
OCCURRED IN JANUARY OF 1955 AT UMIAT (VERBAL COMMUNICATION BY IT. COL. 
William M. Thompson, U.S. Air Force, Anchorage, Alaska). This was the 

0B5erve:d TÆ RE in 10 YEARS OF RECORD AND ACCORDING TO WeXLER 
(I940) WAS ONLY 3F ABOVE THE NORTH AMERICAN RECORD SET AT SNAG, YUKON 

Territory, on 3 February 19^7* There may be cold, calm pockets in the 
WESTERN PART OF THE BROOKS RANGE WHERE THE MINIMUM WINTER TEMPERATURES 
ARE LOWER THAN THOSE FOUND ELSEWHERE ON THE CONTINENT. 

IHAWING INDICES (DEGREE-DAYS ABOVE 32°F AT THE SHELTER HEIGHT OF 5 
feet) range from about 500 at Barrow to 1500 in the Colville Valley near 
Umiat. Values near 1200 are found at the 2000-foot level along the north 
slope . 
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rREEZIMG INDICES, OR DEGREE-DAYS BELOW A MEAN OF 32°F AT SHELTER HEIGHT 
RANGE FROM ABOUT 9300 WITHIN THE AREA ENCLOSED BY THE -20° ISOTHERM IN 
Figure 9 to about 6000 at Point Hope. Values of 84oo occur along the 
COAST FROM BARROW TO BARTER ISLAND. At THE 2000-FOOT LEVEL ALONG THE 

MOUNTAIN FRONT (AnakTUVUK Pass), THE FREEZING INDEX IS APPROXIMATELY 7500. 

c. Precipitation 

r,ATr JRECIPITATI0n DATA FOR THE SLOPE ARE SCARCE AND PROBABLY INAC¬ 
CURATE. The EFFICIENCY OF GAGE CATCH DEPENDS ON THE GAGE SIZE, TYPE OF 
WINDSHIELD, THE WIND SPEED AT THE GAGE OR.F.CE, AND PART I CL E SIZE AND 

density. Black (1954) concludes from water equivalents of the snow cover 

I"ATstT^d;"X PPEC,P,TAT,0» ,S 2 TO 4 TIMES THE «MOUNT c”o“ M 
THE STANDARD O-INCH PRECIPITATION GAGE. 

WARNICK (1956), IN WIND TUNNEL TESTS, HAS DETERMINED COLLECTION EF¬ 
FICIENCIES FOR DIFFERENT GAGE TYPES, SIZES, AND SHIELDS VS. Í'nD SPEED^ 

Conservative interpolation of his curves between zero wind and the lowest 

gageE|sSabout £oTp 12 MPH ,ND,CATE THAT AN 8-|NCH standard unshielded 
GAGE IS ABOUT 60 PERCENT EFFICIENT DURING SNOW AND A WIND SPEED OF 10 MPH 

(tH1 IL1« ”!rCE-LE',CL WI”D AT *= COMPUTED THOM mJsuPcLÍtS 
AT 0 AND FEET WITH DUE ALLOWANCE FOR STRONGER-THAN-AVrRAGE WIND DURING 

DURAfNGETAHEEFAPLLC¿F?T,0N' THE C°LLECTI0N ^P'C,ENCY IS PROBABLY LOWER 
OF THE A^CT C w.Mrrp AL^ CRYSTA^, AS EXPERIENCED DURING MOST 
OF THE ARCTIC WINTER. COLLECTION EFFICIENCIES OF DRIZZLE AS LOW AS 40 

PERCENT DURING A 15-MPH ORIFICE WIND HAVE BEEN FOUND bÍ CONOVER (i95l) 

during gage comparisons at Blue Hill. Therefore, it seems reasonable to 
estimate that the annual Barrow catch is only 60 to 10 percent efficient 

sÓM!oA6nREíS0NING ,ND,CATES THAT THE annual Barter Island catch is about' 
PERCE:NT EFFICIENT. DUE TO MUCH LOWER WINDS AT UM I AT AND A 

HIGHER FREQUENCY OF RELATIVELY LARGE RAINDROP SIZES IN SUMMER THE ANNUAL 

GAGE EFFICIENCY AT UmIAT IS ESTIMATED TO BE 85 TO 95 PERCENT. ÏHE ADDI¬ 
TION OF AN Alter shield, described by the U.S. Weather Bureau (1951) at 

Barrow, in October 1954 should have raised the fff,c encÏ only suIh^ly 
SINCE ITS GREATEST EFFECT TAKES PLACE AT HIGHER WIND SPEEDS ' 

Monthly measured amounts for the period 1947-53 are given in Table 
IN. Amounts are lowest in spring, when the large-scale storms are farthest 
TO THE SOUTH, AND HIGHEST IN THE SUMMER. SECONDARY MONTHLY MAXIMA, IN 

October and November, which are found at Barter Island and Point Hope, are 

CAUSED BY ADDITIONAL SNOWFALL RESULTING FROM THE PASSAGE OF COLD WINDS OVER 
RELATIVELY WARM WATER. THIS PHENOMENON, OFTEN REFERRED TO AS "LEE-SHORE 
SNOWFALL , IS COMMON NEAR THE GREAT LAKES IN THE FALL. 

The GEOGRAPHICAL DISTRIBUTION OF MEASURED ANNUAL PRECIPITATION IS 
shown in Figure 10. Precipitation totals,after allowance is made for gage 

CATCH EFFICIENCIES, PROBABLY ARE ABOUT 6 INCHES OVER THE EXTREME NORTHERN 
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COAST AND CENTRAL PART OF THE SLOPE, ABOUT 12 INCHES AT 1000 FEET, AND ABOUT 
1Ö INCHES AT 2000 FEET ALONG THE CENTRAL PART OF THE SLOPE. ALONG THE EAST¬ 
ERN AND WESTERN PORTIONS OF THE SLOPE, AMOUNTS APPEAR TO BE HIGHER. 

Monthly frequencies of different daily precipitation amounts at Barrow 
Barter Island, and Umiat are shown in Figure 11. Precipitation occurs fre¬ 
quently but the daily totals are small. Even in summer the chance of 0.5 
INCH OF RAIN IN ONE DAY IS ONLY ABOUT 1 IN 100 ALONG THE COAST AND INLAND 
about 3 in 100. At Barrow and Umiat the spring months have the lowest totals 

SUT THi:V AKE N0T ‘-éAST LIKELY TO EXPERIENCE DAILY PRECIPITATION. HIGH 
FREQUENCIES OF LOW AMOUNTS IN WINTER AT UMIAT ARE CAUSED BY THE FREQUENT 
PERIODS OF ICE-CRYSTAL FORMATION, PROBABLY AT LOW LEVELS, AND FALLOUT. 

Hoarfrost, which erroneously has not been included in precipitation 
MEASUREMENTS, IS FREQUENT INLAND. DEPOSITS A FEW MILLIMETERS THICK OFTEN 
BUILD UP DURING DAYS OF CALM WEATHER. 

Snowfall data are subject to considerable error due to drifting. How¬ 
ever, AVERAGES HAVE BEEN COMPUTED FROM ALL AVAILABLE DATA AND ARE PRESENTED 
IN Table IV. In nearly all cases these data reveal a fall maximum. This 
MAY BE EXPLAINED AS THE RESULT OF TEMPERATURES BECOMING LOW ENOUGH FOR SNOW 

WHILE ATMOSPHERIC MOISTURE IS STILL APPRECIABLE AND BEFORE THE BELT OF LARGE- 
SCALE STORM SYSTEMS HAS RETREATED SOUTHWARD. THE "lEE-SHORE EFFECT" DIS 
CUSSED EARLIER, IS PRESENT AT BARROW, BARTER ISLAND, WaINWRIGHT, POINT HOPE, 
AND ESPECIALLY AT CAPE LiSBURNE. HOWEVER, THIS DOES NOT EXTEND AS FAR IN¬ 
LAND as UmiAT. 

r The GEOGRAPHICAL DISTRIBUTION OF AVERAGE ANNUAL SNOWFALL IS SHOWN IN 
Figure 12. The effects of elevation are pronounced; in general the amounts 
AT SEA LEVEL, FAR FROM THE MOUNTAINS, AVERAGE 22 INCHES; AT 1000 FEET THEY 
AVERAGE ABOUT 46, AND AT 2000 FEET, ABOUT J1 . 

Monthly frequencies of different daily snowfalls at Barrow, Barter 
Island, and Umiat are shown in Figure 13. Although no month is necessarily 
free of snow, falls of over 3 1/2 inches are nearly non-existent. Of the 

THREE STATIONS, BARTER ISLAND RECEIVES THE MOST FREQUENT MEASURABLE AMOUNTS * 
THIS RESULTS TRO» TRE CONVERGENCE AND LI FT, NO OF AI R NEAR THE ROUNTaÍnS 

d. Snow cover 

Monthly frequencies of daily amounts of snow cover for Barrow, 
Barter Island, and Umiat are shown in Figure l4. A continuous snow cover 
HAS GENERALLY FORMED THROUGHOUT THE AREA BY MID-SEPTEMBER. The COVER CLEARS 
AWAY ABOUT MID-JUNE INLAND AND ABOUT A WEEK LATER ALONG THE COAST. «¡NOW 

LTS ^'LD UP f!;0WLY BUT STEADILY TO a maximum, in late March or early 
April, of about l4 inches at Barrow, 22 inches at Barter Island, IS inches 
at Umiat, and (judging from meager data) about 28 inches at Anaktuvuk Pass. 
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BARROW 

Figure 11. Monthly percentage of daily precipitation amounts in inches at 
Barrow (9 years), Barter Island (5 l/2 years), and Umiat (8 years). 
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100 
BARROW 

Figure 13 
at Barrow 

Monthly percentage frequencies of daily snowfall depths in 
(9 years), Barter Island (5 l/2 years), and Umiat (8 years). 
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BARROW 

Figure l4. 
at Barrow, 

Monthly percentage frequencies of snow cover depths 
Barter Island, and Umiat (each 6 years). 
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Single maximums range from 22 inches at Umiat to 4o inches at Barter Island. 
Undoubtedly, greater depths are found in the foothills than in the Colville 

Valley. In late May of 1955> following a season of above-average snowfall, 
48 INCHES OF SNOW LAY ON THE GROUND IN AnAKTUVUK PASS. DURING JANUARY, 
February, and March, covers are never less than 7 inches at Barter Island 
and Umiat, and never less than 4 inches at Barrow* 

e. Weather 

The occurrence of thunderstorms, rain or drizzle, freezing rain, 
SNOW OR SLEET, AND HAIL IS SUMMARIZED IN TASLE V. THE NEAR ABSENCE OF THUN¬ 
DERSTORMS AND RELATED HAIL IS DUE TO THE LACK OF WARM, HUMID DAYS AND LARGE- 
SCALE CYCLONIC STORMS SUCH AS OCCUR IN TEMPERATE LATITUDES.- THUNDERSTORMS, 
WHICH HAVE FORMED OVER OR SOUTH OF THE MOUNTAINS, OCCASIONALLY DRIFT NORTH¬ 
WARD, BUT THEY SOON DISSIPATE OVER THE NORTH SLOPE. THE RELATIVELY HIGH 
FREQUENCY OF FREEZING RAIN IS CAUSED BY THE PREDOMINANCE OF COLD SURFACE 
AIR WHILE TEMPERATURES ALOFT ARC OFTEN ABOVE FREEZING DURING PRECIPITATION. 
This causes the rain to freeze when it strikes the surface. The hazard to 
FLYING AIRCRAFT IS OBVIOUS. IN SUMMER THE TOTAL TIME DURING WHICH PRECIP¬ 
ITATION IS FALLING DROPS TO 1¾ TO l6 PERCENl, BUT IN DECEMBER IT RISES TO 
50 PERCENT AT UMIAT. 

f. Sky cover 

The frequencies of occurrence of different amounts of sky cover 
FOR EACH MONTH AT BARROW, BARTER ISLAND, AND UMIAT ARE SHOWN IN FIGURE I5. 
The WINTER MONTHS AVERAGE THE LEAST CLOUDY. THE SKY IS USUALLY EITHER CLEAR 
OR COMPLETELY COVERED. DURING SUMMER AND FALL,OVERCAST SKIES (IO/IO) ARE 
VERY FREQUENT. CLOUDINESS OVER THE FOOTHILLS PROBABLY AVERAGES A LITTLE 
ABOVE THAT AT UMIAT. In WINTER THE APPROACH AND PRESENCE OF A CLOUD SHEET 
over the Arctic Slope is invariably marked by a rise in temperature, and 
CLEARING IS QUICKLY FOLLOWED BY A FALL IN TEMPERATURE. IF A KATABATIC 
WIND IS BLOWING BEFORE THE CLOUDS ARRIVE, IT WILL USUALLY DIMINISH AS CLOUDI¬ 
NESS INCREASES. The TEMPERATURE MAY RISE 5 OR 6F° BEFORE THE CLOUDS APPEAR, 
AND 15 OR 20°AFTER THEY ARRIVE. THIS FEATURE HAS LONG BEEN USED BY ARCTIC 
NATIVES TO FORECAST STORMS. 

g. Ceiling 

Ceiling is defined as the level at which more than half the sky is 
obscured. Frequencies of the occurrence of different ceilings for each 
month at Barrow, Barter Island, and Umiat are shown in Figure 16. Ceiling 
HEIGHT IS NOT ONLY OF SPECIAL IMPORTANCE IN PLANNING OPERATIONS OF AIRCRAFT 
BUT ALSO INDICATES THE TYPE OF CLOUDS PRESENT. In WINTER, LOW CEILINGS ARE 
RARE INLAND BUT ARE COMMON FROM MAY TO OCTOBER, ESPECIALLY NEAR THE COAST. 
During this period, fog or low clouds form over the sea and drift inland 
WITH THE EASTERLIES. INLAND, INSOLATION WARMS THE LAND, AS COMPARED WITH 
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TABLE V. PERCENTAGE FREQUENCY OF OCCURRENCE OF PRECIPITATION TYPES 
(FROM HOUR!/, OBSERVAT í ON3) AT BARROW, BARTER ISLAND. AND UM I AT 

RAIN SNOW 
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THE LITTLE WARMING OF THE ONLY PARTLY ICE-FREE SEA. As THE LAND WARMS THE 
AIR, THE RELATIVE HUMIDITY IS LOWERED, AND THERMAL CONVECTION DEVELOPS. THE 
WARMING OF THE AIR EVAPORATES THE SURFACE PORTION OF ANY FOG, CONVERTING IT 
INTO STRATUS CLOUD. THE ONSET OF CONVECTION CHANGES THE STRATUS TO STRATO- 
cuMULus. Inland, in summer, ceilings are generally highest from 1000 to 
_200 hours. Ceilings on the coast rise slightly near midday. In winter, a 
SLIGHT RISE OCCURS NEAR MIDNIGHT. 

H' V!s< BlLITY 

Visibility is important not only for aircraft operations but, in 
THIS REGION. FOR LAND TRAVEL ALSO. PERCENTAGE FREQUENCIES OF DIFFERENT 
VISIBILITIES AT BARROW, BARTER ISLAND, AND UNIAT ARE SHOWN IN FIGURE 17. 
Again, the poorest conditions exist in the Barter Island region. At Umiat, 
THE VISIBILITY HAS NEVER BEEN REPORTED AS POOR IN JUNE AND JULY. INTER¬ 

MEDIATE VISIBILITIES, WHICH ARE THE MOST FREQUENT CLASS IN TEMPERATE LATI¬ 
TUDES, ARE INFREQUENT AND CAUSED ONLY BY PRECIPITATION ON THE ARCTIC SLOPE. 
Smoke and haze practically never occur over the Slope. Between 22 and 27 
JUNE 1952> DURING EAST WINDS, SEVERAL DUST COUNTS WERE ATTEMPTED BY THE 
AUlHOR WHILE AT ÜMIAT, USING AN OWENS COUNTER. AFTER 180 PUMPING STROKES 
ON THE INSTRUMENT, NO DUST WAS DETECTED. 

Fable VI lists the percentage frequencies of visibilities under 1' 
MILE AND THEIR CAUSE. ÏHE TABLE SHOWS THAT LOW VISIBILITIES DUE TO BLOW¬ 
ING SNOW ARE COMMON, ESPECIALLY AT BARTER ISLAND. OTHER OBSERVATIONS SHOW 

orAL,Av on" VISÍB,LITY ,S EDUCED ALMOST TO ZERO FOR DAYS BY WINDS 
OF ONLY 15 TO 20 MPH AND VERY LIGHT SNOW. MANY OF THE WINTER CASES OF LOW 
VISIBILITIES DUE TO FOG WERE CAUSED BY ICE FOG. |N SUMMER, THE LOWEST 

VISIBILITIES ARE NORMALLY FOUND DURING THE "NIGHTTIME" HOURS. |N WINTER, 
THERE 
DAY. 

I S A SLIGHT TENDENCY FOR THE LOWEST VISIBILITIES TO OCCUR NEAR MID- 

I . INSOLAT I ON 

During the summer, solar radiation on a horizontal surfacf, as 
MEASURED BY AN EpPLEY PYRHEL:0METCR, IS SURPRISINGLY HIGH, ESPECIALLY IN 
VIEW OF THE CONSIDERABLE CLOUDINESS. AVERAGES AT BARROW, OBTAINED FROM 
ALMOST FOUR VEARS OF NEARLY,CONTINUOUS OBSERVATION, SHOW A SKEWED SOLAR 

JURVE (F,6‘ l8)* THE MAXIMUM OCCURS NEAR k JUNE RATHER THAN AT 
THE SOLSTICE. AVERAGE DAILY RADIATION IN LANGLEYS (l LANGLEY a 1 GM-CAl/ 
CM^) IN May is about 538, and in August, 255. Data based on two summers 
AND ONE AUTUMN INDICATE THAT THE DISTRIBUTION OF RADIATION IS ABOUT THE 
SAME AT BOTH BARROW AND UMIAT. 

The hi 
SNOW COVER 
AND OTHERS 

GH INSOLATION VALUES IN MAY AND EARLY JUNE, THE SEASON WHEN A 
IS STILL PRESENT, CAN BE ATTRIBUTED TO WHAT GEIGER (1950, P.l64) 
CALL THE LIGHT CLIMATE" ABOVE THE SNOW. At THIS TIME, PART OF 
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TABLE VI. PERCENTAGE FREQUENCY OF OCCURRENCE OF VISIBILITIES IINDFR i Mil r 
AND THEIR CAUSE (FROM HÓIiRLY'OBSERVATIONS') AT BARRON, BARWÏsLanD. ANDUmTat 

CAUSE OF LOW VISIBILITY 
SMOKE 
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F IG'JRE 1Ö. 
ât Barrow 

1949. 

Average daily insolation 
(solid line) 1951 to 1954 

ON A HORIZONTAL SURFACE IN LANGLEYS 

and Fairbanks (dashed line) 1933 to 

lArrSürAïUrAD,AT,0N' AFTER PASS,NG TH"OUGH A CLOUD LAYER TO REACH THE SUR- 
FACE OF THE EARTH, IS REFLECTED FROM THE SNOW TO THE CLOUDS AND BACK AGAIN. 
ALTHOUGH THE SHOW COVER, ev REFLECT.HG THE SOLAR RADI ATI ON, REDUCES THE 

^TÃÍiÔh0»!^»^ "E 3U"F‘CE *S * WB°‘-E’ IT imcreases THE RADIATION RECEIVED AT THE PYRHELIOMETER. 

The annual insolation curve suggests that the original insolation 
RECEIVED AT THE PYRHELIOMETER IS INCREASED BY A FACTOR OF ABOUT 1.5 IN 
mid-May and 1.4 in early June because of reflection from the snow to the 
CLOUDS AND BACK. THESE FACTORS ARE PROBABLY LOW BECAUSE, ACCORDING TO 
FUQUAY AND BuETTNER (1957), THE EpPLEY PV^HELIOMETER READS LOW DURING 

:LR:0DtSu0FtL0W SUN AND REFLECTI0N BSlW INTO THE INSTRUMENT. FURTHER¬ 
MORE, THE TREND TOWARD HIGHER AMBIENT TEMPERATURES FROM DAY TO DAY DUR¬ 
ING THIS TIME OF THE YEAR ALSO LOWERS THE OUTPUT <j>F THE PYRHELIOMETER 
FOR GIVEN AMOUNTS OF RADIATION. AfTEP THE SNOW COVER IS GONE, THE HIGH 

ERCENTAGE OF CLOUDINESS CAUSES :N I NC A5E Of ONLY ABOUT 1.1 IN THE 
ORIGINAL INSOLATION RECEIVED AT TV,F PT**®* OMETS«. THUS, THE HIGH IN¬ 
SOLATION VALUES OBSERVED AT THE PYRHtw > OMETER FROM APRIL TO MID-JUNE DO 
LITTLE TOWARD WARMING THE SURFACE. HOWEVER, IF PART OF THE RADIATION 

WERE TRAPPED IN A GREENHOUSE OR SIMILAR DEVICE, IT WOULD BE USEFUL TO MAN. 

Even in late June and early July, when the snow cover is gone, heating 

OF THE AIR IS STILL RETARDED BECAUSE MUCH OF THE INSOLATION IS USED IN 
THAWING A FEW INCHES OF FROZEN SOIL. DURING THE LATTER PART OF JULY, SOLAR 

RADIATION HEATè THE SURFACE LAYERS OF THE AIR MUCH AS IT DOES IN THE 

SOUTHERN LATITUDES. INSOLATION OVER THE SLOPE IN AUGUST IS ABOUT 20 PER- 

AN° !T 15 AB0UT THE SAME AS ,N LAT^ October 
at Blue Hill Observatory in eastern Massachusetts. In September, it 
AVERAGES BELOW ANY WINTER VALUES AT BLUE HILL. 
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j- Potent i al evapo-transpiration 

According to Thornthwaite's moisture index (1948), Umiat and Barrow 
ARE SEMIARID. CALCULATION OF POTENTIAL EVAPO-TRANSP I RAT I ON INDICATES THAT 
Umiat is micro-thermal and Barrow is tundra- The moisture index based on 
MEASURED PRECIPITATION AMOUNTS IS -3O, OR SEMI ARID, AT UMIAT AND BARROW; HOW¬ 
EVER, WHEN THE ESTIMATED CORRECTED PRECIPITATION AMOUNTS ARE USED- THE INDEX 
BECOMES -26, OR SEMI ARID AT UMIAT AND -l4, OR DRY SUBHUMID AT BaRROW. THESE 
CLASSIFICATIONS APPEAR TO HAVE LITTLE MEANING EXCEPT WHERE THE ACTIVE LAYER 
IS DEEP (I«Et, GREATER THAN 3 OR 4 FEET) AND DRAINAGE CONDITIONS ARE GOOD. 
Elsewhere, the nearness of the permafrost to the surface keeps the moisture 
CONTENT OF THE SOIL HIGH. A FEW MEASUREMENTS INDICATE THAT THE WATER CONTENT 
OF SOILS AT THE MICROCLIMATIC STATIONS GENERALLY RANGES FROM 25 TO 35 PERCENT, 

K. Freeze and break-up 

At Umiat, the Colville River normally breaks up about 24 May. In 
FIVE YEARS THE MAXIMUM PLUS AND MINUS DEVIATIONS FROM THIS DATE WERE 12 DAYS. 
The average date on which it becomes safe for a man to walk on the ice is 
18 October; the average date on which it becomes unsafe is 17 May. At Barrow 
THE AVERAGE SAFE DATE IS 4 OCTOBER AND THE AVERAGE UNSAFE DATE IS 22 JULY. 

Very complete climatological tables of additional frequencies of occur¬ 
rence AND AVERAGES PERTAINING TO THE SECTIONS DISCUSSED ABOVE FOR BARROW, 
Umiat, and Barter Island have been prepared by the U.S. Air Force (no date). 
If data are desired in these forms, reference should be made TO THESE PUBLI¬ 
CATIONS. 

5* Climatic trends 

When the climate of an area is described mostly in terms of averages 
AND EXTREMES OVER A SHORT TIME AS IT HAS BEEN IN THIS CASE, IT IS HELPFUL 
TO KNOW SOMETHING OF THE CLIMATE IN THE PAST AND WHAT THE TRENDS HAVE BEEN. 
For this we must rely on Point Barrow's fairly homogeneous record, the long- 

EST„ I N THE: AREA> WHICH EXTENDS BACK TO 1921. THE SEQUENCY 0F 10-YEAR "FLOAT¬ 
ING MEANS SHOWS A DOWNWARD TREND OF JULY AND AUGUST TEMPERATURES, COMBINLU, 
OF ABOUT IF FROM THE 1920'S TO THE LATE 1940'S. SINCE THEN, IT HAS RECOV¬ 
ERED ABOUT 3/4F , ALTHOUGH THE SUMMERS OF 1955 AND 1956 WERE THE COLDEST ON 
RECORD WITH AVERAGES OF 35.2°F. THE SUM OF THE J'JLY AND AUGUST PRECIPITA¬ 
TION DECLINED FROM ABOUT 2 INCHES TO 1 INCH IN THE MIDDLE OF THE RECORD AND 
THEN INCREASED TO 1 3/4 INCHES TOWARD THE END. 

The average of the December, January* and February temperatures show a 
MARKED RISE OF 3F FROM THE 1920'S TO, ROUGHLY, 1939, THEN A FALL OF 5F° IN 
THE 10-YEAR PERIOD ENDING WITH 1955-56. 

A COMPARISON OF THE COMPLETE BARROW RECORD WITH THE 1947-1953 NORMAL 
PERIOD USED IN THE ABOVE DISCUSSIONS SHOWS THAT THE 7-YEAR PERIOD AVERAGED 
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WITH ONLY A 0.2F 
1F° COLDER IN THE WINTER AND 1F° WARMER IN THE SUMMER 

OIFTERENCE between annual averages. 

vE.» r^:“:FicLTc:HPLE,E ,!eco',d or ™ ^ ?- 

so:epe ;HsEÄT”“rTr:Hty .»» 
Iamhadx/ c* s ( PERIOD THE WINTER MONTHS OF DeCFMRFR 

« «Ích’aS 35rB;rSH,"TAVLDAM2Ír°Í,UTR °tF MC”'THLr '“-‘»‘TURe’op 
L APGER ,NE,Í¿ ,N „,„,er e^F^SAME^ÍnLAND Is"ÓrRÍIe"E ^ 

?Eur,o.TT"EEr,”,":R "°"THs' "“"■""'o» '* —V «eavier 

Temperature trends prior to the period of actual records havf rftm nr 

-A“H;:Err0r:EH-¡:e iE~ i~rr 

»E.RSV OCEAR, ARG 3EGGEAR TEMPERATUR^CHARGES.™H0WEVErÉ NTHEIWORKBHASEROTHE 
YET ADVANCED ,0 A STAGE »HERE SPECT.C RESULTS CAN BE gIvÉ"! 

d- The microclimate 

T„Br lN ^NERAL> ground temperature is directly related to surface tempera- 

e. That is, warm ground temperatures tend to be found below warm sur 
FACE TEMPERATURES AND VICE VERS* Turorrnnr ruuNU BELOW WARM SUR- 

THRE IT IS USUALLY BEST TO EST I MATE i" ¡“rtÍc^TEM^Ít^ eÎrT l"""“ 

ÏHE«GÊsATï”Ef„so" T.,"E ARCT,C SL0PE' Wfl£N TBE 15 or ¿S; r -E 
CHANGES IN INSOLATION MORE CLOSELY THAN THEY DO IN TEMPERATE LATITUBr* 
WHERE THE OVER-LYING AIRMASSES CHANGE MORE FREQUENTLY. LAT'TUD*:S, 

The most important factors that affect surface temperatures other 

than INSOLATION, ARE VEGETATION, DEPTH AND DENSITY OF SNOW COVEr' AIR Íem- 

a *TURe’ PRECIP,tat'0N, WIND, EVAPORATION, CONDENSATION, AND, OVER THE 

Arct c Slope, the proximity and moisture content of the ¿rozen lIÏer The 

CHIEF EFFECT OF VEGETATION IS IN SCREENING THE SURFACE FROM 'nSOlItL 

ALL VEGETATION RETARDS THE WIND AND HINDERS ITS CONTACT WITH THE SURFACF 

SNOW COVER ALWAYS TENDS TO INHIBIT SUDDEN TEMPERATURE CHANGES FROM THE 

THE solarEraGd°;tTon;RonACtEhe IvHerÃJÉTEonlyA20NtOÕ S0RFACE REFLECTS M0ST 0F 
COMPARED W,TH ALMOST TO TO 80 PERCENT ».THOUT » L» COVER. 

ALSO AS AM INSULATOR, THE LOWE, ITS DENSITY THE BETTER ÏrÊ itI ÎnSUlÏt^ 

STrrc: z:v:z:H- lachenbruer' 6e°— ^ 
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PROPERTIES, AND THE GREATER ITS DEPTH^ THE MORE EFFECTIVE IS THIS PROPERTY - 

Precipitation tends to modify the surface temperatures toward the tempera¬ 

ture OF THE PRECIPITATION. USUALLY THE RESULT IS TO COOL THE SURFACE. A 

LACK OF WIND ALLOWS STRONG SOLAR OR OUTGOING RADIATION TO HAVE A MAXIMUM 

EFFECT ON THE SURFACE TEMPERATURE. WlND DECREASES THESE EFFECTS BY REMOV¬ 

ING OR ADDING HEAT THROUGH TURBULENCE. EVAPORATION IS A COOLING PROCESS; 

ITS EFFECT MAY BE PRONOUNCED,AS IN THE CASE OF WET MOSS DURING A DRY DAY. 

The EVAPORATION OF RAINWATER ALSO COOLS THE SURFACE. CONDENSATION LIBER¬ 

ATES HEAT, BUT THE AMOUNT OF HEAT ADDED TO THE SURFACE BY THIS PROCESS IS 

BELIEVED TO BE RELATIVELY SMALL. DURING THE THAWING PROCESS, ADDITIONAL 

HEAT IS REQUIRED TO CONVERT ICE TO WATER • THE HIGHER THE MOISTURE CONTENT OF 

FROZEN SOIL, THE MORE ICE IT CONTAINS. CONSEQUENTLY,MORE HEAT IS REQUIRED 

TO THAW IT. THE FREEZING PROCESS OPERATES IN THE SAME WAY EXCEPT THAT 

HEAT MUST BE REMOVED. WHEN THE LEVEL OF FROZEN GROUND IS NEAR THE SURFACE 

IT, THEREFORE, TENDSTO "REFRIGERATE” THE SURFACE. 

Although the temperature in the g'ound below the surface tends to 

FOLLOW THAT AT THE SURFACE, THE LAG VARIES WITH THE THERMAL PROPERTIES OF 

THE SOIL. IN GENERAL, THE HIGHEST ANNUAL GROUND TEMPERATURES (uPPER 2 

TO 4 FEET) ARE FOUND IN GRAVELLY, WELL-DRAINED, AND THEREFORE, DRY BARE 

SOILS. IN SUMMER THE GROUND IS WARMED LEAST IN THE POORLY DRAINED, WET 

AREAS I HAT ARE HEAVILY VEGETATED ( MOSS) . A LARGE ICE CONTENT SLOWS THE 

WARMING PROCESS BECAUSE OF THE HEAT REQUIRED TO THAW THE ICE. 

An UNUSUALLY COMPLETE DISCUSSION OF GROUND TEMPERATURES AND ASSEMBLAGE 

OF DATA, INCLUDING A LARGE BIBLIOGRAPHY, HAS BEEN PREPARED BY CHANG (I958). 

a. Temperature 

The generalities regarding the thermal properties of the ground 

AND THE HEAT FLOW THROUGH IT ARE ILLUSTRATED IN FIGURE 19 BY THE TIME- 

HEIGHT CROSS SECTION OF TEMPERATURES OBSERVED ON A SUNNY DAY AT UmIAT BASE. 

The surface on 19 June was dry and the thin layer of dead grass provided 

A GOOD INSULATOR WHICH RETARDED THE FLOW OF HEAT INTO THE SOIL. As SOLAR 

RADIATION INCREASED, THE AIR TEMPERATURE AT THE SITE ROSE FIRST AT THE 2- 

INCH TO 6-FOOT LEVELS. THIS WAS BECAUSE THE IMMEDIATE SURROUNDING GRASS 

AND SHRUBS "TRAPPED" THE NOCTURNALLY-COOLED AIR NEXT TO THE GROUND; THE 

WARMER AIR WAS WAFTED OVER AND ABOVE FROM WARMER REGIONS. HOWEVER, BY 

1000 THE COOL LAYER WAS COMPLETELY ERADICATED AND THE SURFACE WAS THE 

WARMEST LEVEL. FROM 1100 TO l400, THE SURFACE TEMPERATURE AVERAGED 91°F; 

MUCH OF THE HEAT WENT INTO WARMING THE AIR, HOWEVER, AS SHOWN BY THE RISING 

60° AND yo“ ISOTHERMS. 

Below the surface, the heat was transferred downward more slowly in 

THE EARLY MORNING HOURS THAN IN THE EARLY AFTERNOON HOURS AFTER THE SURFACE 

HAD BECOME HOT. BETWEEN I9OO AND 2000, THE INCOMING RADIATION HAD DIMIN¬ 

ISHED TO AN AMOUNT INSUFFICIENT TO MAINTAIN A SURFACE WARMER THAN THE AIR 

NEXT TO IT. At THIS TIME THE SURFACE TEMPERATURE FELL BELOW THE AIR TEM- 
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PERATURE, AND AN INVERSION WAS SET UP. By ABOUT 2400, FURTHER COOLING OF 

THE SURFACE HAD LOWERED ITS TEMPERATURE BELOW THAT OF THE SOIL IMMEDIATELY 

UNDERNEATH. At 0200 THE SURFACE MINIMUM WAS REACHED, AND SUCCESSIVE MINI- 

MUMS) OCCURRED AT -1 INCH 1 HOUR LATER, AT -2 INCHES 2 1,/2 HOURS LATER AND 
AT INCHES 3 HOURS LATER. THE FROST WAS MELTED SLIGHTLY AS THE HEAT 

WAVE REACHED IT, BUT, DUE TO THE FACT THAT 80 CALORIES ARE REQUIRED TO 

THAW 1.1 CMJ OF ICE, IT IS CLEAR THAT THE HEAT IS QUICKLY SPENT IN CONVERT¬ 

ING FROZEN SOIL AT 32 F TO MUD AT 32°F. The FOLLOWING DAY EXHIBITED A 

SIMILAR PATTERN ALTHOUGH THERE WAS I5 PERCENT LESS SOLAR RADIATION UNTIL 

NOON, AND STRONGER WINDS PERMITTED ONLY A 52F° RISE OF THE SURFACE TEM¬ 

PERATURE, AS COMPARED WITH 58F° ON THE PREVIOUS DAY. 

These processes are still working in winter, but the picture is quite 
DIFFERENT, AS SHOWN BY THE 4 OCTOBER DATA IN FIGURE 20. The IMPORTANT DIF¬ 

FERENCE BETWEEN THIS AND THE SUMMER EXAMPLE IS THE 3-INCH SNOW COVER. UN¬ 

FORTUNATELY, NO THERMOCOUPLE WAS PLACED AT THE SNOW SURFACE, THEREFORE, THE 

ISOTHERMS HAVE BEEN ESTIMATED THROUGH THIS ZONE. VERY LIGHT SNOW AMOUNTING 

TO ONLY A TRACE FELL THROUGH MOST OF THE HOURS OF DARKNESS, CONSEQUENTLY, 

THE SURFACE DID NOT COOL AS MUCH AS IT WOULD HAVE DURING A CLEAR NIGHT. 

OWEVER, IT WAS CLEAR AND CALM DURING THE DAY AND THE PYRHELIOMETER RECEIVEC 

94 LANGLEYS BY NOON. ASSUMING AN ALBEDO OF 80 PERCENT FOR FRESHLY FALLEN 

SNOW, THIS LEAVES ONLY ABOUT I9 LANGLEYS FOR HEATING THE SNOW SURFACE UNTIL 

noon. According to Geiger (1950, p. 166) 50 percent of the radiation that 
GETS THROUGH THE SNOW SURFACE PENETRATES 10 CM., OR IN THIS CASE, DOWN TO 

the soil surface. This was borne out by the data from the ground surface 
AND +2-INCH LEVELS WHICH ROSE 7 AND 10F°, RESPECTIVELY. AT THE SURFACE A 

RISE OF BETWEEN 20 AND 2JF PROBABLY OCCURRED; A MEASURED RISE OF 17F° 
OCCURRED AT THE +24-1NCH LEVEL. 

IN THIS CASE, THE DATA INDICATE A SLIGHT DOWNWARD MOVEMENT OF THE 

ISOTHERM (FREEZING) DURING THE MORNING, TO BE FOLLOWED BY AN UPWARD MOVE¬ 

MENT (THAWING FROM BELOW) AS THE GRADIENT RELAXED IN THE AFTERNOON. The 

MOTION OF THE MAXIMUM TEMPERATURE WAVE DOWNWARD INDICATES THE RATE OF HEAT 

PENETRATION THROUGH SNOW OR SO*ILS OF DIFFERENT THERMAL PROPERTIES. THE 

RATE IS LOW WHERE SNOW IS THE LEAST DENSE, BUT INCREASES NEAR THE GROUND AS 

THE DENSITY INCREASES. WlTHIN THF FROZEN GROUND, THE LAG IS LESS THAN IN 
THE THAWED GROUND OF SUMMER. 

IN ORDER TO COMPARE THE DATA GATHERED, MEANS AND EXTREMES HAVE BEEN 

COMPUTED. The MORE SIGNIFICANT OF THESE ARE PRESENTED IN THE FOLLOWING 

°F WEEKLY AVERAGE S0'L AND A,R TEMPERATURES 
WILL BE FOUND IN TABLES I AND I I OF THE APPENDIX. 

Average temperatures, computed from hourly average values, at the sites 
FOR THE SEASON, 27 JUNE TO 28 AUGUST 1953> ARE GIVEN IN TABLE VII- 

Equal average temperatures at +4 and -4 inches at Site 1A are apparente 
CHARACTERISTIC OF A STEEP, SOUTH-FACING, POORLY-VENTILATED SLOPE WHERE THE 
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TABLE VII. AVERAGE TEMPERATURES ( °F) AT THE +4-AND -4-1NCH LEVELS FROM 
27 JUNE TO 28 AUGUST I953 

Site and description +4 in. -4 in. 

Umiat Base Polygon in Colville Valley - 
ALDER CLUMP. 

UmiatBase - LOW TUSSOCKS, 22 FT. WSW 
OF ABOVE site. 

Umiat 1 - S slope, closely packed 
10—FT . ALDERS. 

Umiat 1A - steep S slope, bouldery 
SOIL PARTIALLY BARE, LOW GRASSES, BEDROCK 
AT 9 INCHES. 

Umiat 2 - steep S slope, closely packed 
8-ft. alders. 

Umiat 3 - ridge top, scattered (3-6 in.) 
TUSSOCKS. 

Umiat 4 - slight N slope, medium (10 in.) 
TUSSOCK-HEATH. 

Umiat 5 - slight S slope, medium (5-8 in.) 
TUSSOCK-HEATH. 

Cache 5 - slight ESE slope, close heath 
TUSSOCK (5-8 IN.) 

Cache 6 - on raised edge of flooded 
POLYGONS. 

Mountain - flat, low heath-moss-lichen, 
approx. 2500 FT. MSL. 

47.8 39.O 

39-2 

4o.o* 

49.0 49.2 

4o.o* 

47.4 41.2 

^7-1 39-7 

48.8 42.2 

45.8 4o.6 

43.8 

42.1 37.9 

»Adjusted to the 1953 season from 1952 data. 

Di FF. 

8.8 

-0.2 

6.2 

7-4 

6.6 

5-2 

4.2 

4o 



ACTIVE LAYER IS DEEP. The LACK OF WATER AND ICE IN THE ROCK, AS WELL AS 

THE rock's HIGHER CONDUCTIVITY ALLOW IT AND THE LAYER OF SOIL ABOVE IT TO 

WARM RAPIDLY. The GREATEST DIFFERENCE BETWEEN +4-AND -4-INCH TEMPERATURES 

WAS FOUND IN THE DEPRESSED CENTER POLYGON AT UmIAT BASE WHERE THE GROUND 

WAS SOMEWHAT SHADED AND MANY ICE LENSES WERE PRESENT JUST BELOW THE SURFACE 

CAUSING A STEEP THERMAL GRADIENT. LOW AIR AND GROUND TEMPERATURES AT THE 

MOUNTAIN STATION ARE APPARENTLY LARGE-SCALE PHENOMENA SINCE THE EXPOSURE 

IS SIMILAR TO THAT AT UmIAT BASE. Air TEMPERATURES AT CACHES 5 AND 6 WERE 

FOUND TO BE LOWER THAN THOSE AT UMIAT DUE TO THE PROXIMITY OF THE SEA. 

The differences of soil temperatures found along the Umiat transect 

ARE LARGELY A RESULT OF EXPOSURE AND GROUND COVER. STATIONS 1 AND 2 
ALTHOUGH HAVING NEARLY THE SAME EXPOSURE AS 1 A, EXPERIENCE COLDER GROUND 

TEMPERATURES BECAUSE OF THE TALL TREES. THE +4-INCH AVERAGES GIVEN ABOVE 

ARE ABOUT j 1 2F BELOW THE j-YEAR NORMALS, WITH THE EXCEPTION OF THE 

MOUNTAIN STATION, WHICH WAS ABOUT 2F° BELOW NORMAL. THIS IS ESTIMATED 

FROM THE FACT THAT THE SHELTER TEMPERATURES FOR THAT PERIOD DEPARTED BY 
THESE AMOUNTS FROM THE 7-YEAR NORMAL. 

Average vertical temperature profiles at Umiat Base for weeks in 

EARLY SUMMER. MIDSUMMER, EARLY FALL, AND MIDWINTER AT FOUR SELECTED HOURS 

ARE SHOWN IN FIGURE 21. DURING MIDSUMMER, A SLIGHT INVERSION IN THE AIR 

USUALLY OCCURS NEAR MIDNIGHT. At THIS TIME, THE SOIL IS WARMEST ABOUT 1 

INCH BELOW THE SURFACE. UNDER IDEAL CONDITIONS FOR SURFACE HEATING, MID¬ 

DAY SURFACE TEMPERATURES AVERAGE 90°F WHILE THE -2-INCH AND -4-INCH TEMPERA- 

TURES AVERAGE 57 AND 42 F, RESPECTIVELY. By MID-AuGUST, THE HIGH SURFACE 

TEMPERATURES CHARACTERISTIC OF MIDSUMMER ARE FOUND ONLY ON THE 1200 TO 

1300 PROFILE. With the approach of fall, the DURATION of a WARM surface 

DECREASES WHILE THE DURATION OF A MAXIMUM BELOW THE SURFACE INCREASES. 

ROFILES FOR MIDWINTER ARE ALSO SHOWN. VALUES NEAR THE SNOW SURFACE WERE 

estimated. Note the lack of diurnal change during this sunless period. 

A SERIES OF CURVES SHOWING THE AVERAGE HOURLY TEMPERATURES, THE MAXI¬ 

MUM AND MINIMUM VALUES FOR EACH HOUR, AND SIMILAR TYPE OF DIURNAL COURSE 

OF SOLAR RADIATION FOR SELECTED WEEKS ARE SHOWN IN FIGURE 22A, B, C, AND D. 
The reductions in INSOLATION and air temperatures just after noon DURING 

THE WEEK OF I3 TO 19 JUNE RESULT FROM AN INCREASE IN CLOUDINESS AT THAT 

lonn' AFy¿nATHETF0LI AGE CAME THE GR0UND WAS PARTIALLY SHADED BETWEEN 
1300 AND 1600. This effect shows in the surface to -2-inch curves during 

THE WEEK OF 25 TO 31 JULY. UNTIL ABOUT MID-AUGUST, THE SURFACE MAXIMUM 

OCCURS NEAR I23O AND THE -4 INCH MAXIMUM LAGS ABOUT 5 1/4 HOURS. FROM MID- 

AUGUST until THE TIME OF SNOW COVER, THE SURFACE MAXIMUM OCCURS NEAR 13¾) 

AND THE -4-INCH MAXIMUM ABOUT 4 1/4 HOURS LATER. THIS APPARENT CHANGE IN 

RATE OF PENETRATION IS DUE TO A CHANGE FROM A LARGE GRADIENT DURING THE 

FIRST PERIOD TO a MEDIUM ONE LATER. The MAXIMUM AVERAGE SURFACE TEMPERA¬ 

TURE FOR ONE HOUR, 101 F, WAS RECORDED IN JULY. WlTH THE APPROACH OF FALL, 

THE THIRD WEEK SHOWN, ALL AMPLITUDES DIMINISH AND IN MIDWINTER THE DIURNAL 
CHANGES ARE ALMOST ABSENT. 
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80 13-19 JUNE 1953 
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Figure 21A. 13-19 June 1953 

Figure 21. Average weekly vertical temperature (°F) profiles 
at Umiat Base, from ~¡2 inches above to 24 inches below the ground 
SURFACE AT FOUR SELECTED HOURS AND AVERAGES OF THE 24-HOUR PERIODS. 
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Figure; 21C. 12-1Ö Se:ptember 1953 

iGURE 21D. 26 December 1953“1 January 1954 
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Figure 22A. Average hourly temperatures (°F) at fixed levels above 
AND BELOW THE GROUND SURFACE, AND SOLAR RADIATION (TOP, IN LANGLEYS) 

DURING A WEEK IN JUNE 1953 AT Um|AT BASE. The WEEKLY RANGE OF 

VALUES IS SHOWN BY THE STIPPLED AREAS. THE DAILY AVERAGES FOR THE 
WEEK ARE SHOWN ÕN THE RIGHT. 
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Fiqurc 22B« Average hourly temperatures (°F) at fixed levels above 

AND BELOW THE GROUND SURFACE, AND SOLAR RADIATION (TOP, IN LANGLEYS) 

DURING A WEEK IN JULY 1953 AT UM!AT BASE. THE WEEKLY RANGE OF 

VALUES IS SHOWN BY THE STIPPLED AREAS* The DAILY AVERAGES FOR THE 
WEEK ARE SHOWN ON THE RIGHT. 
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12-18 SEPT., 1953 

Figure 22C. Average hourly temperatures (°F) at fixed levels above 

AND BELOW THE GROUND SURFACE, AND SOLAR RADIATION (TOP, IN LANGLEYS) 

DURING A WEEK IN SEPTEMBER 1953 AT UM!AT BASE. THE WEEKLY RANGE 

OF VALUES IS SHOWN BY THE STIPPLED AREAS. THE DAILY AVERAGES FOR 
THE WEEK ARE SHOWN ON THE RIGHT. 
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26 DEC , !953 -! JAN., ¡354 AVERAGE SNOWCOVER 12.0 IN. 

0 02 04 06 06 10 îz 14 16 ^ ^ g4 

Figure 22D. Average hourly temperatures (°F) at fixed levels above 
*ND THE_aROUND SURFACE DURING A WEEK IN DECEMBER AT 
Umiat Base. The weekly range of values is shown by the stippled 
areas. The daily averages for the week are shown on the right. 
Uhere is no solar radiation in December at Umiat Base.) 



A TABLE OF APPROXIMATE MONTHLY TEMPERATURES. MADE UP FROM WEEKLY 
AVERAGES, FOR ALL OF THE LEVELS AT UmIAT BASE IS GIVEN IN THE APPENDIX 
(Table I). 

The mean diurnal range of temperature at the sites is shown in Table 
VIII. The correlation between diurnal ranges and total insolation is evi¬ 

dent IN SPITE OF THE EXPOSURE. 

The uniformity of average range for the season among the flat, breezy 
stations, Site 3, Cache 5, and the mountain is striking. Larger ranges 
are found at Site 5 (gentle south slope) rather than 1A (steep southern 
slope). Examination of the hourly values shows that Site 5 experiences 
high ranges because of its cool nights. It is generally about 2F° colder 
THAN 1A AT NIGHT PRESUMABLY BECAUSE COOL SURFACE AIR CAN ACCUMULATE EASILY 
AND NOT SLIDE INTO THE VALLEY. THE STATION AT 1A IS ON A CONVEXITY, OR 
KNOB, PART WAY DOWN THE SLOPE, THUS THE COLD AIR DRAINS OFF TOWARD THE 
East, South, and West into a broad valley whose floor is nearly 200 feet 
lower. Only during excessive insolation does Site 5 WARM T0 temperatures 
above the others. 

The -4-inch diurnal temperature ranges, shown in Table IX, also in¬ 
dicate A good correlation with solar radiation. 

The range correlates better with slope at this level than at the +4 
inch level. Variations in thermal diffusivity are important when these 
ranges are considered. Such differences, for example, must account for 
THE DIFFERENT RANGE BETWEEN UMIAT POLYGON (U-P) AND UMIAT BASE (U-B). 

Monthly average temperatures, computed from weekly averages, for the 
+4'AND -4-INCH LEVELS ALSO ARE GIVEN IN THE APPENDIX (TABLE l). 

The +4—i nch temperatures at four stations in the vicinity of Barrow, 
ALTHOUGH INCOMPLETE, DUE TO CLOCK STOPPAGES, ETC., YIELD INTERESTING RE¬ 
SULTS. 

Comparisons of the +4-inch temperatures at the Barrow stations were 
MADE BY SELECTING SIMULTANEOUS PERIODS OF RECORD WHEN TWO OR MORE STA¬ 
TIONS WERE operative; IN THIS WAY the averages and extremes which are 
given in Table X were compiled. Data from the U.S. Weather Bureau's 
shelter in Barrow, where the thermometers are 12 feet above the ground, 

ARE ALSO I NCLUDf.D IN THE TABLE. 

Generally, temperature differences are small between sites, owing to 
THE FLAT TERRAIN AND ALMOST CONSTANT WINDS. THIS IS ESPECIALLY TRUE DUR¬ 
ING THE SEASON WHEN ALL BODIES OF WATER ARE ICE-COVERED. DURING THE WARM 

week of 17 to 24 January 195^ THE DATA SH0W THAT THE invading warm air 
HAD DIFFICULTY IN PENETRATING COLD SURFACE LAYERS ONLY 20 FEET LOWER. 
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TABLE VIII. MEAN DIURNAL RANGE OF TEMPERATURE (°F) AT +4 INCHES AT THE 
SITES, AND AVERAGE INSOLATION BY WEEKS AT UM I AT BASE, 1953 

Mean diurnal range of temperature 
_AT +4 INCHES_ 

Solar Radiation 
Site: 1A 345 Cache 5 Mt. Average (lys.) 

20-26 June 
27 June-3 July 
4-10 July 
11-17 JuLY 
10-24 July 
25-31 July 
1-7 August 
8-14 August 
15-21 August 
22-28 August 

18 IS 15 
16 14 14 
22 19 20 22 
13 11 11 15 
22 21 23 25 
30 28 28 35 
18 16 18 24 
16 15 17 18 
21 17 16 21 
13 12 12 15 

16 17 
10 13 
21 22 
SO 30 
17 10 
l4 16 
i4 24 

Ü_I 

318 
452 
532 
250 
259 
370 
206 

4 July-28 August 19 17 18 22 I7 17 359 

TABLE IX. MEAN DIURNAL RANGE OF TEMPERATURE (°F) ATINCHES AT THE 
SITES, AND AVERAGE INSOLATION BY WEEKS AT UMI AT BASE, 1953 

Mean diurnal range of temperature 
i im V* n c. 0 

Site : U-P U-B 1A 3 4 5 Cache 5 Mt. 
Solar Radi at ion 
Average (lys.) 

20-26 June 2 
27 June-3 July 4 
4-10 July 6 
11-17 july 3 
18-24 July 6 
25-31 July 7 
1-7 August 4 
8-14 August 4 
15-21 August 5 
22-28 August_3. 

2 5 2 3 

1 l 1 l l 
2 5 2 2 4 

4 9 5 5 7 
4 11 5 4 9 

3 6335 
2 5 3 3 5 
2 9 3 3 5 

5 3 2 4 

5 
7 

8 
4 

3 

5 

3 
1 

3 
2 
1 
1 
2 
1 

SI« 
452 
532 
250 

259 
37O 

4 July-28 August 5 37446 5 2 359 
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Under average winter conditions^slightly higher temperatures were measured 

AT B-2 THAN AT B~3 AND B-4, INDICATING THE CHARACTERISTIC INCREASE OF TEM¬ 
PERATURE WITH HEIGHT DURING THE COLD SEASON. 

THE HIGHER WINTER MINIMUM OF -4ö°F AT B-1 , COMPARED WITH -55TaT OUT¬ 

LYING STATIONS, WHICH OCCURRED DURING A LIGHT NW WIND, WAS PARTLY DUE TO 

THE HEATING EFFECT OF THE VILLAGE. THE TEMPERING INFLUENCE OF THE OCEAN, 

EVEN THOUGH FROZEN, WAS ALSO UNDOUBTEDLY A FACTOR IN KEEPING THE B-1 STA- 

-. lON WARMER THAN THE OTHERS DURING LIGHT NW WINDS. 

Differences between the Barrow sites were smallest in the spring per¬ 

iod WHEN THE GROUND WAS STILL SNOW-COVERED. OVER THE PERIOD 2 TO 7 JUNE, 

THE SUMMER CONTINENTAL EFFECTS WERE BEGINNING TO SHOW IN THE" FORM OF HIGHER 

TEMPERATURES AT B-4, THE INLAND STATION. ÏHIS OCCURRED WHILE WINDS BLEW 

STRONGLY FROM THE NE AND ACROSS 6 MILES OF PARTLY BARE GROUND BEFORE REACH¬ 

ING THE STATION. DURING JULY AND AUGUST THE EFFECTS OF THE COLD SEA ARE 

MOST PRONOUNCED, WITH 8-3, THE LAGOON BEACH STATION, AVERAGING 2F° COOLER 

THAN B-2, THE RIDGE STATION 1 1/2 MILES INLAND. AT THE SAME TIME B-,, 

NEAR THE WEST SHORE, AVERAGED 1 F° COOLER THAN B-2. THIS TEMPERATURE PATTERN 

CONTINUED UNTIL THE END OF SEPTEMBER. A SUMMER MAXIMUM 0F77oFwAS OBSERVED 

AT B-2,WHI LE MAXIMUMS OF ONLY 7I AND 740F OCCURRED AT THE COASTAL STATIONS. 

In late September, the effects of chilling by the sea and warming by 

THE LAND HAVE DISAPPEARED AND TEMPERATURES ARE VIRTUALLY THE SAME AT ALL 
THE STATIONS. 

Temperature differences between the +4-inch and +12-foot levels at 

Barrow were obtained over the period April 1955 T0 July 1956, by using the 

li.5.^weather Bureau's thermometer inside a standard shelter and the pro¬ 

ject's SHIELDED RECORDING THERMOMETER SET UP NEARBY AT +4 INCHES. THE 

LATTER WAS KEPT ADJUSTED TO 4 INCHES ABOVE THE SNOW SURFACE. RESULTS OF 

THE COMPARISON ARE SHOWN IN Í I CURE 23* THE CURVE WAS SKETCHED FROM AVER¬ 

AGES, SHOWN AS HORIZONTAL LINES, WHICH WERE OBTAINED FOR THE DIFFERENT 

PERIODS OF TIME COVERED BY EACH LINE. VARIATIONS OF THE DIFFERENCES FROM 

YEAR TO YEAR MAY BE AS MUCH AS 2F° THERE FORT, THIS CURVE MUST BE 

USED WITH CAUTION. THE ABRUPT POSITIVE INCREASE OF DIFFERENCES AT BARROW 

in June is associated with the end of snow cover which occurred on 21 June. 
Differences at Umiat Base Polygon are also shown; small differences are 

caused by the vegetation and parti.l shading of the 4-inch level. 

b. Frost effects 

Si GAFOOS (I95O AND OTHERS HAVE EMPHASIZED THE EFFECTS OF FROST 

AC I I ON ON VEGETATION, AND THERE IS NO DOUBT THAT SOL I FLUCT I ON, OR THE 

DOWNHILL MOVEMENT OF SOIL, IS A PROMINENT FEATURE OF THE NORTH SLOPE. 

However, congel i tureation, resulting from surface freezing and thawing, 

IS SLIGHT OVER THIS AREA. At THREE STATIONS IN THE VICINITY OF BARROW, 
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Figure 23- Average change of temperature (°F) with height at 

Barrow and Umiat. 

the surface thermographs showed a total of 6 to l4 thaws and freezes 

through the spring and fall seasons combined» This compares with a fig¬ 

ure OF ABOUT 92 AT BLUE HILL, MILTON, MASSACHUSETTS, FOR ONE SPRING 

PERIOD, OR APPROXIMATELY 180 PER YEAR. FROM THIS IT IS OBVIOUS THAT THE 

SURFACE DOES NOT SUFFER DIRECTLY FROM FREEZING AND THAW INGj IT DOES, HOW¬ 

EVER, EXPAND AND CONTRACT CONSIDERABLY WHEN THE SNOW COVER IS ABSENT OR 

VERY THIN. FOR EXAMPLE, AT ONE STATION THE SURFACE TEMPERATURE WHEN 

COVERED WITH 1 INCH OF SNOW CHANGED 29F° IN THREE DAYS. DURING ANOTHER 

EXTREME CASE, A 38^° RISE IN THE 4-INCH AIR TEMPERATURE CAUSED A 10F° 
RISE AT THE SOIL SURFACE WHEN IT WAS COVERED WITH 8 INCHES OF SNOW. 

IT APPEARS THAT THE SOURCE OF THE MORE IMPORTANT FROST EFFECTS IS 

AT THE LEVEL WITHIN THE GROUND AT THE TOP OF THE FROZEN LAYER. A SMALL 

AMOUNT OF THAWING AND FREEZING OCCURS AT THIS LEVEL DAILY AS THE DIURNAL 

TEMPERATURE WAVES REACH IT. THE AMOUNT OF THAW AND FREEZE IS LARGEST 

IMMEDIATELY AFTER THE SURFACE THAW? AND IT DIMINISHES AS THE DEPTH OF 

THAWED GROUND (ACTIVE LAYER) INCREASES, DUE TO ABSORPTION OF THE DIURNAL 

MEAT WAVE. A CALCULATION BASED ON THE TEMPERATURES OBSERVED DURING A 
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VERY SUNNY DAY (I7 JUNE 1953) SHOWED THAT ABOUT l8 CALORIES WERE DELIVERED 

AT THE FROST LEVEL, -4 INCHES AT THAT TIME, AS A RESULT OF DOWNWARD HEAT 

flux. This amount of heat will thaw about 0.1 inch of ice, or if ice makes 

UP 50 PERCENT OF THE SOIL VOLUME, ABOUT 0-3 INCH OF FROZEN SO!!.. A FACTOR 

OF THREE, RATHER THAN TWO, APPLIES BECAUSE OF THE LOW SPECIFIC HEAT OF SOIL 

COMPARED TO ICE. WlTH THE RELAXATION OF THF HEAT WAVE, THE DIRECTION OF 

HEAT FLUX IS REVERSED AND A SMALL AMOUNT OF SOIL IS REFROZEN. THIS CHANGE 

IS NOT NECESSARILY ONE DETECTA3LE BY THERMOMETRIC MEANS BECAUSE THE LIQUID 

AND SOLID STATES MAY BOTH REMAIN AT 32°F. HOWEVER, BRYSON*, FROM LARGE 

NUMBERS OF FREQUENT PROBINGS IN APPROXIMATE 1 M2 AREAS, HAS DETECTED DIUR¬ 

NAL OSCILLATIONS OF THE FROST LEVEL WHEN THE THAWED LAYER WAS AT LEAST 6 

INCHES DEEP. IT IS OBVIOUS THAT THE AMPLITUDE OF THIS CYCLE VARIES UNDER 

DIFFERENT CONDITIONS. 

It is therefore postulated that this effect, working inside the ground, 

MAY BE RELATED TO THE STRANGE SOIL PATTERNS OFTEN FOUND SIDE BY SIDE BUT 

IN ZONES WHERE THE THERMAL PROPERTIES OF THE SOIL OR THE SOLAR RADIATION 

REACHING AND PENETRATING THE SURFACE DIFFER. FURTHERMORE, THIS ACTION MAKES 

THE IDEA OF SOL I FLUCTI ON MORE REALISTIC. RATHER THAN ASSUMING THAT A MASS 

OF SOIL SIMPLY SLIDES ON A LUBRICATED FROZEN LAYER (VISCOUS FLOW), THE 

MOTION IS MORE LIKELY HELPED BY DAILY FREEZING AND LIFTING PERPENDICULAR 

TO THE FROZEN LAYER FOLLOWED BY VERTICAL SINKING DURING THE THAW. IN THIS 

WAY THE MASS IS PUSHED, AND GRAVITY ALONE IS NOT THE PROPELLING FORCE. 

C . Wl_NID 

The windiness and lack of tall vegetation over the area results 

IN RELATIVELY HIGH AVERAGES AT THE 6-FOOT LEVEL. AVERAGE WIND SPEEDS 

MEASURED OVER COMPARABLE PERIODS IN 1953 AND 195¾ ARE SHOWN IN TABLE Xi. 

The ADJUSTED 6-foot-LEVEL winds have been obtained from the EXTRA¬ 

POLATION OF CURVES DRAWN FOR WINTER AND SUMMER AT UM!AT AND BARROW IN WHICH 

THE WIND SPEED IS RELATED TO HEIGHT THROUGH THE EXPRESSION GIVEN IN GEIGER 

(195O p' IOS): V2 = Vi X ZA, WHERE V2 SIGNIFIES THE SPEED IN m/sEC. AT THE 

HEIGHT Z IN METERS, V, IS THE SPEED AT 1 METER, AND A I S AN EXPONENT WHOSE 

VALUE CHANGES PRIMARILY WITH THE TEMPERATURE LAPSE RATE. 

The pattern is clear-cut; easterlies, especially in summer, are felt 

MOST AT THE EXPOSED LAGOON STATION NEAR BARROW. INLAND THEY WEAKEN IN 

SUMMER, AS SHOWN BY THE CACHE 5 AND 6 VALUES, WITH THE LOWEST VALUES AT 

1A, ON THE PROTECTED SLOPE. IN WINTER THE WINDS CONTINUE STRONG; IN FACT, 

THESE SPEEDS MAKE TRAVEL IN THE OPEN VERY UNCOMFORTABLE. THE RIDGE-TOP 

WINDS ARE STRONGEST IN WINTER BUT EVEN THE VALLEYS EXPERIENCE CONSIDERABLE 

»Oral COMMUNICATION FROM Re ID A. BRYSON, UNIVERSITY OF WISCONSIN. 
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TABLE XI. AVERAGE WIND SPEEDS (IN MILES PER HOUR) 

Summer Winter 

(July and August) (Dec.-Feb. approx.) 
AT 6 FT. AT 2 FT. AT 6 FT. AT 2 FT. 

Barrow No. 1 (near Arctic Res. Lab.) 
Barrow No. 2 (old beach ridge) 
Barrow No. 3 (shore Elson Lagoon) 
Umiat Base (raised polygon) 
U-1A (steep south slope) 
U-3 (ridge top) 
U-4 (slight north slope) 
U-5 (slight south slope) 
Cache 5 (Ridqe) 
Cache 6 (flat) 
Mountain (flat) 

7.2 

9-,1 q.4 
4- 3 
3.1* 
6.6* 
4.2* 
4.0* 
5- 6* 
6.8* 
4.8* 

2.0 
4.8 
2.9 
2.7 
4.4 
5.0 
3*6 

ii 
8.7 
5-1 
7.0* 
9.0* 
8.6* 
6.0* 

5-° f-7 6.0 
4.2 

*HeIG"hT ADJUSTED TO 6 FEET ( SEE TEXT) . 

WIND, MOSTLY OF KATABATIC ORIGIN. IN THE ÜMIAT AREA, IT IS INTERESTING 
THAT THE SHRUBS LEAN FROM THE E AND NE WHICH IS THE PREVAILING WIND (42 PER¬ 
CENT OF THE TOTAL TIME) DURING THE GROWING SEASON. IN WINTER THE WINDS 
ARE WESTERLY. At EXPOSED SITES, SUCH AS U-3, IT WAS APPARENT THAT THE PRfr 
CEDING SEASON'S GROWTH, WHICH PROTRUDED ABOUT 4 INCHES ABOVE THE GENERAL 
LEVEL OF THE FROST BOILS AND APPARENTLY ABOVE THE EARLY SNOW COVER, HAD 
BEEN WINTER-KILLED. A SHORT DISTANCE AWAY, NEAR U-1A, WILLOWS WHICH GROW 
10 TO 12 FEET HIGH IN A GULLY WERE MOST LIKELY COVERED WITH DRIFT SNOW 
DUR ING THE WlNTER• 

D‘ Snow cover and depth of thaw 

Since the snowfall over the area is fairly uniform, the depth of 
SNOW ON THE GROUND IS LARGELY DEPENDENT ON THE WIND AND TOPOGRAPHY. LARGE 
CHANGES OF DEPTH OCCUR IN MIDWINTER OR SPRING WHEN STRONG WINDS MAY REMOVE 
A FOOT OF SNOW FROM ONE SPOT AND ADD IT TO ANOTHER. USUALLY THESE STORMS 
ARE CHARACTERIZED BY WESTERLY WINDS AND THEREFORE THE DEPTH PATTERN CAN BE 
DEDUCED REASONABLY WELL FOR A SMALL AREA FROM ITS EXPOSURE. 

During the winter period when sun crusts do not develop,the hardness 
OF THE SNOW COVER DEPENDS ON THE WIND SPEED) IN GENERAL, THE HIGHER THE 
WIND THE GREATER THE HARDNESS. THE DURATION OF DRIFT ALSO LENGTHENS WITH 
THE WIND SPEED. THESE RELATIONS HAVE BEEN GENERALIZED BY THE U.S. AlR 
Force (1954)* 
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In the Barrow region during the winter of 1953-54, snow covers at B-2 
AND B-3 AVERAGED ABOUT THE SAME, REACHING A MAXIMUM OF 8 INCHES, WHILE AT 
THE MORE SHELTERED STATION, B-1 , THE DEPTH AVERAGED NEAR l6 INCHES FOR 2 
months. Average ground-surface temperatures, under the snow cover (read 
FROM A LARGE THERMOMETER IN CONTACT WITH THE SOIL OR GRASS), DID NOT VARY 
MORE THAN A FEW DEGREES BETWEEN STATIONS. WEEKLY MEASUREMENTS OF THE DEPTH 
OF THAW SHOWED MAXIMUM VALUES OF 22 INCHES AT B-1, 33 INCHES AT B-2, AND 

18 inches^at B-3. Since the July and August air temperatures were, respec¬ 
tively^ 50 > 49 , AND 46 F AT THESE STATIONS, IT IS OBVIOUS THAT THE DEPTH 
OF THAW IS NOT NECESSARILY PROPORTIONAL TO THE SURFACE TEMPERATURE. THE 
REASON FOR THE GREATER THAW AT B-2, THE OLD BEACH RIDGE COMPOSED MOSTLY OF 
SAND AND PEA-SIZE PEBBLES, IS ITS DRYNESS AND, THEREFORE, LOWER HEAT CAPAC¬ 
ITY OWING TO BETTER DRAINAGE THAN AT B-1 AND B-3« THE FACT THAT DRY SOIL 
IS A POORER HEAT CONDUCTOR THAN WET SOIL, IS NOT AS IMPORTANT AS THE FACT 
THAT, WHEN IROZEN, LESS HEAT IS REQUIRED TO THAW IT. WELL-DRAINED COARSE 
SOILS HAVING A WATER TABLE SO LOW THAT WATER WILL NOT BE DRAWN INTO THE 
UPPER LAYERS DURING FREEZING, THAW TO DEPTHS GREATER THAN WET SOILS, 

This contrast is well illustrated in Figure 24a where the measurements 
of Dr. Larry C. Bliss have been plotted to show isochrones of t>'e retreat¬ 
ing FROST LEVEL THROUGH A FROST BOIL. HERE THE WELL-DRAINED CENTRAL POR¬ 
TION THAWS RAPIDLY NOT ONLY BECAUSE IT IS DRY BUT ALSO BECAUSE ITS BARE 
SURFACE IS WARMER THAN THAT OF THE ADJACENT PLANT-COVERED SIDES. WHEN THE 
GROUND IS RAISED SIMILARILY BUT COVERED WITH VEGETATION (SUCH AS A LARGE 
tussock, Figure 24b^, the thaw is greater under the tussock than under ad¬ 
jacent AREAS EARLY IN THE SEASON BUT THE TUSSOCK'S EFFECT IS LOST AT DEPTHS 
BELOW ABOUT 3O CM. WHEN HIGHER VEGETATION GROWS AROUND AND OVER AN OLD, 
DRY, DEPRESSED CENTER POLYGON SUCH AS AT UmIAT BASE (FIG. 24C AND D) , THE 
CENTER THAWS THE LEAST WHILE THE OUTER SIDES OF THE POLYGON THAW TO THE 
GREATEST DEPTH ON THE SOUTH AND WEST AND THE LEAST ON THE NORTH AND EAST. 
IT IS ALSO INTERESTING THAT MEASURABLE FREEZING FROM THE BOTTOM UPWARD 
OCCURRED AT ALL THE SITES OVER THE LAST WEEK OF OBSERVATION. 

The effects of slope on the depth of thaw under similar soil and vege¬ 
tation CONDITIONS IS SHOWN BY MAXIMA AT UmiAT SITE 4, THE GENTLE NORTH 
SLOPE, OF 44 CM (17 I/2 IN.) AND AT SITE 5, THE GENTLE SOUTH SLOPE, 49 CM 
(T9 1/2 IN.). ' 7 

In general the depth of thawed soil below SHALLOW, CALM BODIES OF 
WATER IS ABOUT THE SAME AS UNDER SOIL COVERED WITH VEGETATION. UNDER 
DEEPER WATER, I.E., 1 FOOT, THE AMOUNT OF THAWED GROUND INCREASES. THE 
THAW ALSO INCREASES WHERE THE WATER BOTTOM IS GRAVELLY, AND ESPECIALLY IF 
THE WATER IS FLOWING OR STIRRED BY THE WIND. 

Details for adjusting shelter-level freezing and thawing indices to 
THE GROUND SURFACE AND THEIR USE IN DETERMINING THE DEPTH OF THAW OR FREEZE 
IN DIFFERENT SOILS ARE GIVEN BY THE U.S. ARMY (l954). 
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E. Humidity 

Humidity was measured at Umiat Base by a dew-point recorder (the 
Foxboro Dewcel). The data are represented here as the vapor pressure de¬ 
ficit, OR the difference between the saturation vapor pressure and the 
ACTUAL VAPOR PRESSURE. I THIS CASE, ACTUAL VAPOR PRESSURES WERE RECORDED 
AT 4 INCHES AT UMIAT BaSE AND THE SATURATION VAPOR PRESSURES WERE COMPUTED 
FOR THE TEMPERATURES AT 2 INCHES. OWING TO IMPROPER SETTING OF THE DEW¬ 
POINT RECORDER SCALE, ABSOLUTE VALUES CANNOT BE GIVEN, BUT FIGURE 25 SHOWS 
THE DIURNAL RANGES OF MAXIMUM, AVERAGE, AND MINIMUM VAPOR PRESSURE DEFICITS.* 
IF THE VALUES NEAR 2^00 ARE ASSUMED TO BE ZERO OR SLIGHTLY NEGATIVE (THE 
TIME OF FOG OR FORMATION OF DEW), THEN VALUES EARLY IN THE SEASON REACH 13 
MB (l MB = .75mm) DURING MIDDAY; LATER IN THE SEASON, DURING THE HOT WEEK 
of 25 to 31 July, they average up to about 23 mb. By late August they 
REACH ONLY 5 MB, ON THE AVERAGE, WITH AN EXTREME OF 9 MB. AVERAGE WEEKLY 
VAPOR PRESSURE DEFICITS FOR THE ENTIRE SEASON ARE GIVEN IN THE APPENDIX, 
Table I . 

Atmometer data were obtained for the Umiat stations through most of 
ONE SUMMER. The TOTAL EVAPORATED WATER DURING THE EARLY PART OF THE SEASON 
from Livingston atmometers mounted 13 to 15 inches above the ground is sum- 
marized iN Table XII. 

TABLE XII. TOTAL EVAPORATED WATER IN Cm3 FROM LIVINGSTON ATMOMETERS, 

29 JUNE TO 28 JULY 1953 

Umiat Umiat Umiat Umiat Umiat 
Base_1A_^_4_5__ 

872 778 916 747 807 

DuRiNG THIS PERIOD THE AVERAGE DAILY VAPOR-PRESSURE DEFICIT AT UMIAT 
Base was 109 mb. 

7. CONCLUSIONS 

The tundra of the Arctic Slope, which is entirely underlain with 
DEEP PERMAFROST, IS A REGION DOMINATED IN SUMMER BY COOL MARITIME WINDS, 

*An ERROR IN THE SCALE ZERO ALSO INTRODUCES AN ERROR IN THE RELATIVE VALUE 

OF VAPOR PRESSURE DEFICIT BECAUSE OF THE NON-LINEAR RELATIONSHIP OF DEW¬ 
POINT TO VAPOR PRESSURE. 
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JUNE 13-19 

AUGUST 22-28 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Figure 25* The diurnal march of vapor pressure deficit at the +4-inch 
LEVEL FOR THREE SELECTED WEEKS IN 1953 AT Um|AT BASE. MAXIMUM, AVERAGE, 
AND MINIMUM HOURLY VALUES. 
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MUCH CLOUDINESS, LIGHT PRECIPITATION, AND FREQUENT DRIZZLE. JULY NORMAl 

1"Ni"nterR^clouDi^NEss^n 40°r 0N THE N0RTHEAST C0AST T0 52°F well inland. 
IN WINTER, CLOUDINESS DECREASES AND KATABATIC WINDS PREVAIL INLAND, WHILE 

E H ™^rG THE C0AST- JEMPERATURE January averages -l6°F 
NEAR THE COAST, -22 F |N THE CENTRAL COLVILLE VALLEY, AND -10°F NEAR 2000 

6 ÍnchesNoverEthe0ePxtreJHE M0UNTA,NS* Annual p^cpitation TOTALS ABOUT 
AT innnrrrT EXTREME NORTHERN COAST AND CENTRAL SLOPE, ABOUT 12 INCHES 
AT 1000 FEET, AND ABOUT l8 INCHES AT 2000 FEET. The LAND S GENERALL Y SNOW 

COVERED FROM Ml D-SePT EMBER TO MID-JUNE. PuR.NG THE W^ER THE SN^ I S 

aÏeRAGEBDeÎtÎsMrT C0NSTANTl^ CREAT|NG A RELATIVELY SMOOTH SURFACE WITH 

Anakt^uk pI"s wNÜtp™M AB0UT 14 1NCHES AT Barrw 28 inches AT 
^ ' NE STRENGTH OF THE WINTER WINDS IS GOVERNED BY THE COM 

BLOWTFROM0THEHWESTAAl!lDNOCrD KATABAT,C ^ONCNTS. THE STRONGEST WINDS " 
A ^opm o.Ie °CCUR IN THE N0RTHEAST SECTION IN COMBINATION WITH 

BARKER oí ÎÎe SOUtIT ÍrfeV"0 C0NVERGENCE ,N0UCED BY THE NEARBY MOUNTAIN 
from May to October.' oriezle or rain 15 relatively frequent 

BARROwTrCE^TÓ^Ê' TSEN1,S’ ,S SH0U', By ,0-,VE“ «‘NS, ‘T 
ARROW SINCE 1921 WERE DOWNWARD UNTIL THE LATE 40'S AND "LIGHTLY iipwado 

;bOUTA3FFER;0 195<$ER TRENDS WERE: UPWARD TO ABOUT 1939, THEN DOWNWARD 

AMn a^,CR0CLIMAT'C MEASUREMENTS, INCLUDING WIND SPEEDS, TEMPERATURES ABOVE 

The Coisï Z Z“Z A™ DEPTH ^ ™*“ "ROEILÉS, »ERÊ"ÍÔÍ neL 

of THF Brooks Range ¿«¡L/ÍÍ''”' °N PE*r6y sloi'es, »ns in the foothills 
THE Um I AT^R ASF Rt at Î V c PRESSURE AND S0L^ RADIATION WERE RECORDED AT 

aseo :;att„e lL lo" riKTÍ“E"ror?ouõ"F'siôc:,cÍE:EwERiTuREs oenebally A''E',- 

ABOUT 2 EEEt! ?ïî ^ ^ °r ,UM"ER FH AW I NG AVERAGED 

.reas are ZoZV'Z? 

iivzzzz%zz:zz not re“u,re large a™‘'»ys be "z‘TroTicEcoRíiA- 

o^;NEF™L:L"i\sv“"r': 
FI El n capatitv .a,°SI °F THE S0,LS 0F geNTLE SLOPE ARE SOMEWHERE BETWEEN 

ON THE SOUTH SLOPES WHI L O^r'IlOnTtÍe^Ío^tÍ^ ^ 
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APPENDIX 

Table I. Average weekly temperature, solar radiation, vapor 
PRESSURE DEFICIT, AND SNOW COVER AT UmIAT BASE 

Table II. Average weekly temperatures (°F) at + 4 inches and 
-4 inches, at 8 Arctic Slope Stations 
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