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ABSTRACT 

The climato~ogical data ~ol1ected during the summers of 

1963 to 1965 in the St. Elias Mou:Q.tains are, analysed along with 

the, climatic records of the permanent weather stations in the moun­

tain margins. In addition several particular synoptic situations 

(summer 1965) and the geostrophic flow over the study area 

(slummers 1964 and 19(5) are examined. From these a;e developed 

a summer transmountain c1imatic profile and synoptic climato~ogy 

of the St. Elias Mountains region • 

The study indicates that: 

a) A climatic divide, can be located between the Divide and 

Kaskawulsh stations on ,the continental slope. 

b) Two types of station exist with respect to temperature 

records. 

c) Anomalously low wind speeds' are experienced at the 

Seward and Divide. stations and strong glacier winds persist at the 

Kaskawulsh station. 

d) The factors determining the climate of the area can be 

separated into three scales of influence. 
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ABSTRACT 

The climatological data collected during the summers of 

1963 to 1965 in the St. Elias Mountains are analysed along with 
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the climatic records of the permanent weath'7r stations in the moun­

tain margins. In addition several particular synoptic situations 

(summer 1965) and the geostrophic fIow over the study area 

(summers ! 964 and 1965) are examined. From these are developed 

a summer transmountain climatic profile and synoptic climatology 

of the St. Elias Mountains region. 

The study indicates that: 

a) A climatic divide can be located between the Divide and 

Kas ka wuls h stations on the continental s lope • 

b) Two types of station exist with respect to temperature 

records. 

c) Anomalously low wind speeds are experienced at the 

Seward and Divide stations and strong glacier winds persist at the 

Kaskawulsh station. 

d) The factors determining the climate of the area can be 

separated into three scales of influence. 
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CHAPTER l 

INTRODUCTION 

Climatological and meteorological discussions of the south-

1 
west corner of the Yukon Territory and the adjacent portions of the 

2 
Alaska Panhandle invariably point to the contrasts in the climatic 

regimes of these two regions, and observe that the intervening 

mountain ranges (which form the political as well as topographical 

boundary between Alaska and the Yukon) are largely re sponsible 

for these regimes (see Hare (9), Mitchel (22), Kendrew and 

Kerr (15), Reed (27), etc. ). 

3 
Until recently however, dis cussion has of ne ces sity been 

confined to the meteorological re cords from the stations lying weIl 

to the east and to the we st of the actual mountainbarrier (e. g. 

Whitehor se and Yakutat). In 1961 with the initiation of the Icefield 

Ranges Research Project it became possible to delve into the c1imate 

of the vast areas of ice, snow, and rock (at high elevations) 

separating the Alaska coast and the southwest Yukon plateau. 

1 
Canada 

2 U.S.A. 

3Until the initiation of the Icefields Ranges Research Project in 1961 
(see section 2) litt le climatological data had been collected from the 
area though other types of research had been carried out. 



--------~-------_ .... 

The factors which make such a s~udy desirable ~re br,iefly: 

1. The investigation of the climate of a little known corner 

of the world contributes to our overa.ll knowledge of the 

earth' s climate. 

2. Climatic studies of highmountain glacerized areas are 

comparatively few. Due to this and the complexity of 

climatic regimes of such areas many questions remain 

unanswered concerning them . 

.3. Glaciological. biological. and geophysical studies of 

an are a invariably require diverse types of meteorological 

data as well as a general knowledge of the region' s 

1
. . . 4 c Imatlc reglme. 

4. AIl too often when glaciological or other geophys:cal 

studie s of an are a are carried out the meteorological 

data coUected is not analysed from a climatological 

stand point. Rather it is utilized only in the particular 

geophysical study and thus often misused. 

5. Finally two entirely different climatic regimes exist in 

the area within a few hundred miles of each other. Both 

of these are presumably largely the result of the moun-
. , 

tains between them. Thus a climatic profile across this 

barrier would undoubtedly be useful as an aid to under-

standing weather conditions to the east and west of it. 

2 

40f particular interest is the interaction between meteorological and 
glaciological phenomena - i. e., heat transfer and mas s wasting. 



With these factors in mind the aims of this study are: 

a) Ta organize and reduce the meteorological data collected 

by the members of the Icefield Ranges Research Project 

during the summers of 1963, 1964, and 1965 and to 

analyse this data along with the long and short term 

records of the varions permanent stations bordering the 

mountains (particularly Whitehorse and Yakutat). 

b) To probe the problems of mountain climates, of moun­

tain margin climates, as weIl as problems of collection, 

reduction and representativeness of the data. In addition) 

to present a picture of the summer climate of the 

St. Elias Mountains region. 

~) From the above to provide a basis for future meteorological 

studies and a background for other environmental investi­

gations of the area. 

The present study has been divided into the .following three parts. 

3 

PART A willlay the groundwork first by describing briefly the 

history of the Icefield Ranges Research Project, the 

geographical environment of the area and the meteorological 

program carried out; secondly by reviewing the large scale 

climat'e' (i. e. general circulation, tempe rature fields etc.) 

of N. W. North America; and thirdly by analysing and 

comparing the long term seasonal averages and variations 

of the meteorological parameters recorded at Whitehorse 

and Yakutat. 



PART B will present a parameter by parameter analysis of 

the'Icefie1d Ranges Research Project 'data as well as 

the corresponding Yakutat and Whitehorse records 

for comparison, a synoptic analysis of selected 

periods and a discussion of the 1964 and 1965 surface 

and 500 mb flow. 5 

PART C will attempt to answer the questions, explain the 

anomo1ies and probe the problems arising out of 

Part A and Part B to the extent warranted by the data. 

ln addition Part C will endeavour to interré1ate the 

various findings of the study and point the way for 

future inve stigation. 

1. THE ICEFIELD RANGES RESEARCH PROJECT (IRRP)5a 

4 

This research project was initiated in 1961 by Walter A. Wood 

and under the auspices of the American Geographical Society and the 

Arctic Institute of North America with the object of studying the total 

environment of a high mountain glacerized region. In addition it was 

hoped to offer field training to graduate and undergraduate students 

in the snow and ice studies and re1ated environmenta1 science s. The 

region chosen for the project (as the name suggests) was a portion 

of the Icefield Ranges in the St. Elias Mountains on the border of 

Alaska and the Yukon Territory. 

5This section will necessarily be rather dry but will form the basis 
for the more interesting discussions to follow and provide detailed 
information for those interested in the data for other purposes. 

5aThe project will henceforth be referred to as IRRP. 



------- - -._-_ .. -

5 

A reconnaissance was carried out by a field party of seven men 

in the summer of 1961. It inc1uded a se~ies of flights over the St. 

Elias Mountains resulting in the positioning of the first glacier camp 
6 . 

(Divide '61). At this station, occupied from 1 July to 7 August, 

glaciological and meteorological studies -and a topographical survey 

were carried out. 

The program was considerably expanded during the subsequent 

7 four summers. 

In 1963 a regular climatological program was initiated at the 

glacier camp (Divide) and the base camp (Kluanep' Two new stations 

were opened in 1964 (Seward and Kaskawulsh)B and four automatic 

stations maintained during this year (Seward Ice, Divide Cache, 
B 

Divide Cairn-B and Terminus). During the field season of 1965 (at 

which time the author was a member of the project) the meteorological 

9 
program was again expanded, though no new stations were opened. 

In addition the project by this time involved seismic, crystal 

structure, motion, stre ss, mass budget and hydrological studie s of 

the glacie rs as well as e cological, zoological, geological, and geo-

graphical studies of the adjacent land areas. 

6For location see Map 3. The exact position of this camp varied, 
however, unIes s reference is being made to one specifie year Divide 
will be used to refer to all the positions. 

7 The project is still functioning but this study will use data from the 
years 1963, 1964 and 1965. 

BSee Map 2 and section 3 below. 

9 A more detailed outline of the meteorological program for the years 
1963-65 will be given in section 5 and Tables IV and V. 
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6 

2. GEOGRAPHICAL ENVIRONMENT 

Stretching from Central America to the Aleutians and Northern 

Alaska is an orogenic belt which corresponds c1osely. to the North 

American Cordillera physiographic division (McKay 21). The 

Coastal Mountain and Trough Province (subdivided from west to east 

into - Outer Mountains, Coastal Troughs and Coastal Mountains) 

borders the Pacific for the entire north- south extent of the Cordillera. 

In the north (see Map 1), the Outer Mountains extend northwest 

from the Queen Charlotte Islands through the lofty St. Elias Mountains 

to the Chun gach, Kenai, and Kodiak ranges. They are separated from 

the Coastal Mountains (the dominant feature of which is the Coast 

Range Batholith) by a serie s of troughs which inc1ude the Inland 

Passage and the Kluane Lake Basin. 

10 
a) The Study Area 

The region to bediscussed in the present study (shown in Map 2) 

extends from the Pacific Ocean to east of the Coastal Mountains. 

Several permanent meteorological stations (marked by squares in 

Map 2) are situated in this area. 

Yakutat is likely the most coastal of the Alaska stations as it is 

surrounded on three sides by ocean. Sitka and Cape Yakataga are 

also found west of the Outer Mountains while Juneau, though on the 

sea coast is situated east of this range which appears here as off-

shore islands. 

10The area represented in Map 2 and described in this section will 
henceforth be referred to as the study area - see also footnote Il, 
page 7. 
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7 

Snag (notorious as the "cold pole" of North America) lies north 

of the St. Elias Range in the Yukon in a basin. Hëlins Junction is 

located on the Alaska highway in the Coastal Trough and Aishihik is 

found in a valley on the eastern slope of the Coastal Mountains. Still 

further east in the valley of the mighty Yukon River lies Whitehorse, 

capital of the Yukon Territ~ry. 

A rough topographical profile from Yakutat through the IRRP 

stations to Whitehorse is shown in figure 1 (the base line being 

drawn on Map 2). 

b) The St. Elias Mountains 

Wahrhaftig (30, p.41) gives the following description of this 

range. (See Figures 2-5). 

The St. Elias mounta,ins are prohably the most spectacular 
mountains of North America. Massive isolated blocklike 
mountains 14, 000-19, 000 feet in altitude rise at intervals of 
5-30 miles from a myriad of narrow ridges and sharp peaks 
8,000-10,000 feet in altitude that, seen from a distance, gives 
the impression of a broad ice dome. The average altitude of 
the icefields in the interconnected valley system is 3,000-
7,000 feet. Local relief is extreme and jagged c1iffs abound . 

• • • Drainage is almost entirely by glaciers. The ice 
divide between drainages of the Yukon, ·Copper, and Alsek 
River and the Pacific Ocean meet in this range. 

. . •• AIl parts of the range gentle enough to hold snow are 
sheathed in glacial ice. A continuous network of icefields and 
glaciers 4-15 miles wide and as much as 80 miles long pene­
trates the range and feeds piedmont glaciers to the s0uth. 

c) The Icefield Ranges 11 

The main range of the St. Elias Mountains (according to Bostoc!) 3) 

is the Icefield Ranges. In the heart of this range lies an accumulation 

Il When in the subsequent text the IRRP area is referred to it will mean 
the area covered by the IRR.P stations. The Icefields area will refer 
more particularly to the glacierized area described in this section and 
shown in Map 3. 
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area of approximately 200 square miles from which radiate several 

of the longest glaciers outside the polar regions. Table 1 inc1ucles 

the drainage identification, orientation, length, and elevation of 

terminus of these. 

The great diyersification. of glacier types (from long valley 

glaciers to small alpine glac.iers) ~n the Icefield Ranges was one qf 

. 12 
the reasons for the choice of this area for the proje ct. 

3. THE IRRP STATIONS 

Table II shows the latitude, longitude, elevation, first record, 

and type of surface of the manned and automatic stations. There 

follows a short geographical description of the locations of the manned 

camps. 

a) Kluane (KL) 13 

At the southern end of Lake Kluane on the gravel surface of an 

abandoned World War II North- West Staging Route air strip is located 

the base camp. The Alaska highway passes adjacent to the camp in 

the south east-north west tending valley of the Kluane Lake Basin. 

Sheep Mountain (7850 ft.) rises to the west across the lake and high 

land flanks the camp to the N. E. a.nd S. The Slims River drains into 

the S. E. corner of Lake Kluane through a dusty valley which is fre-

quently the source of blowing loessat KL. 

12It should be noted that in addition to this the areahad in its favor 
(a) the c1imatological factors noted on page 1 and 2, (b) historical data 
pointing toanomolous be1:avior of its glaciers, (c) the opportun.ity for 
environmental studies of the periphery area, and (d) its accessibility -
i. e .• by bus up the Alaska highway to the base camp. 
13 . 

Henceforth the base camp at Lake Kluane will be referred to as 
Kluane and abbreviated to KL throughout the text. 
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b) Kaskawulsk (KASK)14 

This, the lowest glacier camp (at 5, 800 ft.), is on the medial 

moraine at the confluence of the central and p.orthern arms of the 

Kaskawulsh Glacier. The a'rea is below the firn limit and thus very 

wet during the peak of the ablation season. Less than a quarter of 

a mile to the west of the station rises a 200 ft. knoll inhabited by 

gophers and other forms of life. It in 'turn is part of the weathered 

peak forming the eastern end of the ridge separating the north and 

central arms of the glacier. Many alpine and tributary glaciers 

drain into these arms which are contained by mountains averaging 

nine to ten thousand feet in height. Figure 3 shows an aerial view 

of the confluence looking up the Kaskawulsh. (Arrows indicate the 

approximate position of KASK and the two automatic stations - KASK 

Ice and Knoll). 

c) Divide (DIV)15 

The exact position of the Divide station has changed fr()m year 

to year but it has always been on the vast, gently undulating accumulation 

a~ea (at 8, 500- 9,000 ft.) close to the ice divide between the Kaskawulsh 

and Hubbard glacier s. (Figure 4 shows an aerial view of the 1965 

station. ) 

14Henceforth the camp on the moraine at the confluence of the two arrrs 
of the Kaskawulsh Glacier will be referred to as Kaskawulsh and 
abbreviated to KASK throughout the text. When it is the intention to 
point out that it is on the moraine KASK (Moraine) will be used. The 
ice and knoll stations will be called KASK Ice and KASK Knoll 
respectively. 

15Henceforth abbreviated to DIV and automatic stations as DIV Cairn B 
and DIV Cache. DIV will l'efe r to all three stations - i. e ., Di vide' 63. 
Divide ,'64,é\.nd Divide '65. . 
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Mount Logan, 35 miles to the S. W., dominates the horizon. 

(see Fig,ure 4). To the North approximately 4 miles smaller peaks 

rise several hundred feet above the station (see Figure 4). A slight 

ri se which has a smaIi area of bare rock is used as a winter cache 

(DIV Cache) and on a ridge to the east a cairn has been erected for 

survey purposes (DIV Ca.~rn B). To the south snow ridges (see 

Figure 4) block the view of Mount Queen Mary rising to 12, 750 ft. 

about 15 miles' away. 

d) Seward (SEW)16 

SEW is located on the site of the Pr6ject Cornice 17 station 

(occupied in the late 40's and early 50's) on the ridge of a small 

nunatak. This nunatak is near the eastern margin of the Seward 

Glacier Basin at the foot of Mount Vancouver. 

To the northwest, a distance of 30 miles, Mount Logan towers 

13, 750 feet above thia 6, 100 foot station (see Figure 5). Ice covered 

Mount Cook (13. 760 ft.) dominates the scene to the south (see Figure 5) 

. and avalanches are constantly heard hurtÙng down the steep slopes of 

Mt. Vancouver to the northeast. 

4. METEOROLOGICAL PROGRAM 

A brief description of the meteorological program. during each 

of the three years 1J 8 to be used in this study,follows: 

16Henceforth referred to as Seward and abbreviated ta SEW, the auto­
matic station being called SEW Ice. 

17Wood (36) 

180nly in 1.963, 1964 and 1965 were the records complete enough to be 
of use. 
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Figure 5. Seward camp and [3urronndings 
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Tables IV and V show in detail the period of record, frequency, 

of readings, and parameters recorded at each of the manned and 

automatic stations, for ea.ch year. A complete tabuiation of this data 

as well as lists of the equipment used and the obse'rvation procepdures 

appear for 1963 in Havens (12), for 1964 in Mà.rcus (17) and for 1965 

in Marcus, Rens and Taylor (20). 

a) 1963 

DIV '63 was the main station. Here two-hourly observations 

were taken around the c10ck from 20 June to 23 August. In addition 

to the regular synoptic observations, air temperatures at various 

levels were measured by thermocouples, and incoming and reflected 

shortwave radiation and net radiative flux were recorded. A support-

ing hygrothermograph was maintained at Glacier Central, two miles 

from DIV '63. 
19 

At KL synoptic observations were taken at 0990 and 2'100 Y • S. T. 

daily and a hygrothermograph was located near the snout of,the 

Kaskawulsh Glacier. This station shaH henceforth be called Terminus 

and al:û.-eviated to TERM. 

b), 1964 

In order to fit into the normal activities of the camp only 0900, 

1500, and 2100 Y.S. T. observations were made at KL. T'he 0900 and 

2100 Y. 8.,T. r~adings at KL and DIV '64 were synchronized with the 

Whitehorse and Yakutat piba1 and radiosonde ascents by taking them 

19 Y.S.T. is Yukon Standard Time - 9 hours after GrEEnwich (or 2),.::.';" 

\ 
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at 0830 and 2030 Y. S. T., respectively. TERM was again located 

on the terminal moraine of the Kaskawulsh Glacier. There was a one 

week interruption in the records in late June when a grizzly bear 

demolished the shelter. 

At DIV 164, three-hourly synoptic observations were taken 

daily and a short term micro-meteorological study of wind, tempera-

, ture. and radiation relationships was carried out. At 0900 and 2100 

Y. S. 'l'. the observations were coded and relayed to the base camp by 

short wave radio, whence they and the KL weather were immediately 

reported to Whitehorse by telephone to be used in local airways 

fore casting . 

Two thermograph stations, DIV Cairn B and DIV Cache, as 

weIl as a !ive stake ablation net were maintained by the DIV 164 

personnel. 

Irregular observations were taken at KASK by the glaciology­

geophysics team who were often forced to be, away from the camp at 

synoptic hour s • 

SEW's observations were synchronized with those at DIV 1 64, 

the period of record being only eleven days shorter. In addition SEW 

Ice, a thermograph station, was located one mile west and 250 feet 

below the nunatak, on the glacie r • 

c) 1965 

Synchronized three-hourly readings were taken at KL, DIV 165, 

KASK, and SEW by the c1imatological team for the periods shown in 

Table IV. At the glacier stations, in ad~ition to regular synoptic 

/ 
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observations, upper winds were recorded twice daily, . during the 

latter part of the season, by pibal ascents. Ablation stakes were read 

at 0600 and 1800 Y. S. T. daily during most of the period of record at 

KASK and DIV. 

The 0900 and 2100 Y. S. T. observations were again advanced to 

0830 and 2030 Y. S. T. at aU stations, and coded synoptic reports from 

KL and one of the glacier camps relayed to Whitehorse twice daily. 

Two new automatic stations were in operation in the vicinity of 

KASK--KASK Ice and KASK Knoll. DIV Cairn B was re-established. 

'A ten day micro-meteorological program, .inc1uding tempe rature 

and wind at four levels and long and short wave radiation, was carried 

out on the glacier about a quarter of a mile northeast of SEW. 

As reported in Marcus, Rens, and Taylor (20) the data was 

coded by the observers and sent to KL where it was put on IBM data 

cards in an effort to streamline the data reduction process. Due 

mostly to human error this pl'oved rather unsuccessful. However it 

is hoped that the revised procet)dure 20 used in 1966 met with great~r 

success. 

d). Permanent Weather Stations 

The regular meteorological stations used in this study to repre-

sent the weather of the mountain margin are listed in Table VI together 

with their location, elevation, operating agency, and type and length 

f d
2l. 

o recor . 

20 See Marcus Rens and Taylor (20). 

21 This may not be complete but inc1udes' aIl the data used by this study. 
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CHAPTER II 

CIRCULATION ,AND RELATED TOPICS 
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The study area straddles the 60 degree N. latitude. Bence it 

lies in the subpolar low pressure belt, generally considered to be 

centred at this latitude in the mean circulation of the lower troposphere. 

Though it is impos sible to find a ri gid boundry between the 

polar circulation and the mid-latitude zonal westerlies, Hare and 

Orvig (10, p.8) note: "Climatologically ... there is much to ,be said 

for regarding the 70 degree N .parallel' as the average limit of the 

westerlies." This puts the area ta be studied in the normal belt of 

the tropospheric westerlies. 

1. PRESSURE FIELDS 

Figure 6 show~ the mean sea level pressure for January, April, 

July, and October for the periods indicated and Figure 7 gives the 

mean absolute topography of the 700 mb and 500 rob surfaces for 

January and July. 

a) Winter 

The Aleutian surface low during the years 1948 ta 1955 (as seen 

in Figure 6a) tended ta have two low centres, one' off Kamchatka and 

the other over the Gulf of Alaska. This is in fact a good representatiol1 



(a) Mean sea-level pressure, 
1948-55, afterNamias, for 
January. 

(h) Mean sea-level pressure, 
1948- 55, after Namias, 
for April. 

14a 

(c)Mean sea-level pressure 
for July (after Namias) 
for period 1948-55. 

(d) Mean sea-level pressure 
for October (after 
U.S. W.B. 1952 normals). 

Figure 6. Mean sea-level pressure, 
from Hare and'Orvig (10, pp. 18-19) 

". 
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JANUARY JULY 

Figure 7a 

Mean absolute topography (in gp. ft.) of the 700 mb surface, 
1948- 55 (after Namias). Contours every 100 feet(with 
final digit omitted). From Hare and Orvig (10, p. 20). 

JANUARY JULY 

Figure 7b 

Mean absolute topography of the 500 mb surface, January & 
July 1949- 53 (after Heastie) Contours at 100 geopotential 
meters (with last digit omitted); equivalents in feet in 
square brackets, with first and last digits omitted. Vec­
tor mean winds (one full feather =' 10 knots) for winter 
season with vector standard deviation in kts. (for 6 km.). 
From Hare and Orvig (10,' pp.43 and 50). 



of the short term pattern but longer term means tEmd to show one 

elongated low. The polar easterlies can be found N. of the Aleutian 

low. 
22 

Over the Mackenzie basin is the weIl known N. W. Canadian high. 

Between the Aleutian low and the Mackenzie high a strong S. E,. 

flow appears as a feature of th~ mean circulation.23 

There is a moderate increase of zonai flow with: height (see 

Figure 7). The upper chart sare characterized by a quasi-permanent 

warm ridge extending acros s Alaska towards the pole. This produces 

an upper N. W. flow (i. e., paralleling the valleys of the cordillera 

region). Pos sibly the most important feature of .the winter pre ssure 

field of the lower troposphere is pointed out by the following quote 

from Hare and Orvig (10, p. 24). 

Since the high pressure cells on Figure 2 (Figure 6) 
coincide with low tempcratures and low pressure cells with 
warmth, the pressure pattern adjusts itself rapidly with 
height •.• . The Icelandic and Aleutian lowsare replaced 
by a two- or three- centred vortex directly across the polar 
basin. The Mackenzie high merges into the semi-permanent 
warm ridge over Alaska. In short, the patterns- of the mean 
sea-level wiriter map are extremely shallow bëing barely 
dis cernible above about S, 000 feet. ' 

This is particularly significant to the present study as all the 

glacier camps are above the 5,000 foot level. 

b) Spring 

A rapid change begins in late' March. By April (see Figure 6b) 

. the Aleutian low in the Gulf of Alaska has filled and moved slightly east. 

22Hencefo~th referred to as the Mackenzie high. 

23It should be noted however that individual weather maps do not often 
look exactly like Figure 6a. 
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The Mackenzie high has also weakened and lies N.E. of the Mackenzie 

region over the Canadian arctic islands. 

c) Summer 

. By summer the Aleutian low on the mean surface maps has 

been replaced by a ridge extending from the Pacific north along the 

Yukon Alaska border (see Figure 6c). The circulation is considerably 

weaker than that seen in the winter due largely to the disturbcd 

synoptic regime. 

The 700 mb and 500 mb charts also show a far weaker gradient 

in July though they resemble the winter map in shape. The Alaska 

ridge has in both case s shifted eastward. 

The summer features are also very shallow though both the 

surface and upper mean flow are weak and on- shore at Yakut~t. 

d) Autumn 

Figure 6d shows that the Aleutian low is deeper a.nd slightly 

further west in autumn than in spring. Otherwise the pattern is very 

similar to that of April. Wilson (34) however suggests that the weak 

pattern is just a mean of the rather more intense but unpersistcnt 

short term circulation. The November map is quite similar to that 

of January (Hare and Orvig, 10). 

e) Problem 

An accounts of the mean circulation are careful to point out 

that in moulltainous regions mean theories are of limited use. In 

addition mountain barriers create unrealistically large gradients on 

sea-Ievel pressure charts and flow in mountainous areas is decidedly 
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non- geostrophic. 

The former stems largely from the methods used to convert 

surface pressures to mean sea-Ievel. At very low temperatures 

the corrections give entirely fictitious results. 

Captain Nolan Williams has proposed a method of analysis 

of surface geostrophic winds in mç>untainous regions which combines 

surfa!=e and upper level charts. The method was then applied to the 

mountains of western Canada and Alaska. Reed (27) in summarizing 

this method says: 

Finally it s hould be noted that the difficulties considered 
cannot be eliminated or mitigated by improved reduction 
formulas. In fact sorne of the worst fictitious "gradients" 
in the pre$ent study were located in regions where all 
stations were at or near sea-Ievel. The large pres sure 
differenèes were sustained by intervening mountain ranges, 
so what was represented as a pressure gradient was, in 
reality, a pressure discontinuity. There is sorne question 
as to whether this point has been properly appreciated in 
the synoptic literature, though it is well understood in 
general circulation studies. 

2. SURFACE AIR TEMPERATURES 

At these latitudes due to the long summer days and long winter 

nights diurnal temperature variations are decreased and seasonal 

variations increased. 

a) Wintcr 

The winter temperature distribution (represented by January in 

Figure 8) shows the greatest packing of winter isotherms on the globe 

for an area of its size (Kendrew and Kerr, 15). This is caused 

partially by the intense cold of the orographièally trapped air in the 



Figure 8 

Approximate distribution (ignoring complications due 
to relief) of mean daily temperature for January and 
July. From Hare and Crvig (10, p. 28). 

17a 
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iriterior. The extensive moderating effect of the Pacific Ocean is 

shown by the tendency of the isotherms to follow the )3ritish Columbia 

and Alaska coast line s. 

Once again, especially in the mountains, surface patterns may 

be misleading and 850 mb (or higher) temperatures should certainly 

be used in air mass identification. 

b) Summer 

Figure 8 shows that summer gradients are less than half those 

of January and over the study area their direction is reversed (as conti­

nents tend to be warmer than oceans in summer). 

c) Seasonal Variation 

It is interesting to note that in the free atmosphere from the 

tropopause down to about 6, 500 feet the seasonal temperature differ­

ence is le ss than 20 degree s F. (Hare and Orvig, 10). This might 

conceivably affect the seasonal variation at the glacier stations (DIV 

being weIl above this level). 

3. CYCLONES, ANTICYCLONES, AND FRONTS 

a) Cyclones 

Figure 9 shows the percent frequency of cyclonic 500 mb curva­

tures in January, February, and December 1955. Combined with 

Figure Il (frequencies of centres within grid squares- - surface) and 

Figure 10 (tracks of low centres - -January 1955) it indicates frequent 

cyc10nic activity in the Gulf of Alaska at aU levels in winter. Concern­

ing this cyclonic activity Mitchel (22) says: "The mountains form a 



Figure 10 

Tràcks of low January 
centres, January, 1955 
(after Brunns chweiler). 
From Hare and Orvig 
(10, p. 102). 
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Figure 9 

% frequency of cyc10nic 
500 mb contour curva­
ture, Jan., Feb. and 
Dec., 1955. From 
Hare and Crvig (l 0, p. 89). 

\ 
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Figure Il 

Frequencies of centres 
within gl'id-squares, 
corresponding to Figure 
10 (after Brunnschweiler. 
From Hare and Orvig 
(10, p. 103). 



19 

cradle for the Gulf of Alaska in which the great Pacific cyclones, 

spawned near the Aleutians, violently spin themselves to death, and 

where the greatest cyclone frequencies in the entire Northern 

Hemisphere are to be found. Il 

Figure 12, on the other hand, gives the 1944- 55 average fre­

quency of cyc10nic passage across 5 degree segments of selected 

meridians for the four seasons (after Berry, Owens, and Wilson, 1). 

In aIl seasons except summer the maximum is found just south of the 

Aleutians. Summer exhibits a weak maximum north of the Aleutian . 

ch~in and another opposite northern Alaska. Mention should be made 

of the tropospheric cold lows (usua~ly extending from 700 mb up, 

though they can be lower) with which, in these areas, in aIl seasons, 

are associated middle and upper tropospheric cloud. Hare and Orvig 

(l0, p. 91) concluded that these lows originate primarily through 

vertical motion. 

b) Anticyclones 

Figures 13 and 14 show the 500 mb anticyclonic curvatures and 

surface high centre frequency, for the summer of 1955. On b,oth, the 

mean circulation Mackenzie high is quii:e evident. In winter this area 

is the most important anticyc10nic area in the northern hemisphere 

(Bodurtha/2). These intensively cold highs are linked with the warm 

high level Alaska ridge and frequently accompanied by a Pacific block­

ing high (Hare and Orvig, 10). In summer the area is warm and highs 

are usually of Pacific origin. 



WIN TER SUMMER 

SPRING FALL 

. , 
Figure 12 

.Frequency of cyclone passages across 50 segments 
of selected meridians, 1944-51, from data by Berry, 
Owens and Wilson. The frequency polygons extend 
eastward from each meridian. The length of each 
latitudinal arc is proportional ta the total of cyclone 
passages acros s the 50 segment centered on the 
latitude concerned. The arrows give only a quali­
tative indication of typical steering. From Hare 
and Crvig (10, p. 108-9). 
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Figure 14 

Tracks of high centres, 
January, 1955 (after 
Brunnschweiler). From 
Hare and Orvig (l0, 
p. 102). 
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Figure 13 

0/0 frequency of anti­
cyc10nic 500 mb con­
tour curvature, Jan., 
Feb. and Dec.,1955. 
F~ om Har e and 
Orvig (10, p. 89). 
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'\ 
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Figure 15 

.Frequencies of cen­
tres within grid­
squares, correspond­
ing to Figure 14 
(after Brunnschweiler) . 
From Hare and Orvig 
(10, p. 103). 
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T~ough many of the anticyc10nic systems found in the are a are 

virtually stationary and often ill-defined, Figure 16 of anticyc10nic 

ducts is of interest. This shows aIl s'easons exceptsummer are 

characterized by highs coming on the Alaska coast north of the . 

Aleutians and tracking S. E. In summer they invade from north of. the 

Mackenzie delta. 

c) Fronts 

Figure 17 (after Reed)26) show.s the percentage frequency of 

fronts in squares of 400, 000·km
2 

for summer while Figure 18 (after 

Kendrew and Kerr, 15) show the mean position of fronts in January 

and July. 

The latter shows that the mean frontal positions can be related 

to the cyc10nic track maxima (see Figure 12) in this the "Pacific 

24 . Stormy Belt". 

In summer Figure 17 shows that the study area is characterized 

by a minimum of frontal frequency. 

4. AIR MASSES 

a) Sources and Characteristics 

Figure 19 (after ruterssenJ5) shows the summer and winter air 

mass sources for the area. 

i) cP and cA--winter:- During winter months continental Arctic 

and Polar air masses form in the Mackenzie anticyclone. They are 

24Hare (9) 



. WINTER SUMMER 

SPRING AUTUMN 

Figure 16 

Approximate steering lines for anticyclone cen­
tres, 1944- 51 (generalized from Berry, Owens 
and Wilson). From Hare and Orvig (10, pp.1l6-
7) • 
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Figure 17. Percentage frequency of fronts in squares 
of 400, 000 km. Z in summer (aftel' Reedy 26). 
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Figure 18. Mean position of the frontal zones in 
western Canada and the north Pacific region (after 

. Kendrew and Kerr, 15, p.27). It should be noted that 
other investigators place the sumlner continental 

. Arctic (or Arctic) front along the north Alaska coast. 
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Figure 19. Air mass sources in winter (above) and 
summer (below), aftel' Petterssen (25, pp 160 and 165) 

20d 
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characterized by bitterly cold temperatures (averaging- 35 degree F .J. 

little moisture (mixing ratio 0.1 g/kg), and stable conditions with a . 

pronounced surface inversion. 

ii) cP- - summer:- With the summer decay of the anticyclone, 

continental Polar air masses are more frequently imported into the 

area (i. e., transformed mP or mA from the Arctic basin). Summer 

cP tends to be unstable in the lower levels due to radiative surface 

heating. 

iii) mP--winter:- The Gulf of Alaska is a source for winter 

maritime Polar air which picks up heat and water vapour from the 

relatively warm ocean. 

iv) mP--summer:- The north Pacifie, south of the Arctic front, 

provides a source region for maritime Polar air which is warm and 

moist but still cooler than the coastal land surfaces. 

b) Modification and Stability 

Non-adiabatic:"p7"0cesses are of particular importance in air 

mass modification in high latitudes. Radiative cooling and heating 

and heat exchanges with the surface (i. e., evaporation and sensible 

heat flux) are the two main non-adiabatic processes affecting the 

modification. 

Air dragged into the Mackenzie cyclone is cooled largely by 

radiative heat loss at ground level, creating absolute stability. Cool 

air in this area. in the summer, is warmed through a similar process 

and often made unstable in the lower levels. 
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Ocean surfaces tend, in winter, to suppl)' huge amounts of sen­

sible and latent heat to air travelling over them. Jacobs (14) e stimates 

as much as 300 langlies are transferred, in this situation, per day. 

This transfer of sensible and latent heat proceeds much more quickly 

than radiative cooling and continental air need not remain long over 

the ocean to become the unstable maritime type. Thus continental 

air sucked into the west side of a Gulf of Alaska low in early winter 

could, by the time it reached the mountainous S. E. Alaska coast, 

produce a heavy snow fall. 

In general air masses travelling over a warm surface will 

develop instability resulting in convective type cloud, good visibility, 

and turbulent gusty winds. Air masses cooled from below will tend 

to be stable and be accompanied by stratus cloud, poor visibility, and 

~teady or calm winds. (Byers, 4). 

The complex problem of air mas s identification and modification 

is further complicated in the study area by the elevation and extensive 

glacerization of the region. 

5. FORECASTING 

As would be expected from the foregoing discussions, commonly 

used mid-latitude dynamical fore cast models have failed in the moun­

tains of the Yukon and Mackenzie districts. Estoque (6), using a two­

level baroclinic model and graphical integration techniques reports 

complete failure in thi? region. 

Reed (27), on the other hand, includes, in his two-Ievel graphical 
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prediction model, non-adiabatic and orographie effects and applied 

this to a major storm in the Gulf of Alaska. The results were con­

siderably better than Estoque's. He further reports that in an 

attempt to use a dynamical prediction model in the winter, the oro­

graphie effects were considerable. On the western slopes heights 

were higher than those predicted. The error pattern fit the potential 

vorticity theorem viell (i. e., air forced up decreases its vorticity). 

Reed also found a good quantitative relationship between the elevation 

and error patterns. 

In short, for a region of this sort, special techniques must be 

applied to produce reliable numerical forecasts. 

6. SUMMARY 

Briefly the questions sugge sted by the above chaptel' are: 

a) As surface pres sure and tempe rature fields are very 

shallow, extending in the free air to approximately the height of the 

lowest IRRP glacier station, what are the dominant influences, on the 

surface, at these stations? ln other words, do mean sea-level or 

free atmosphere conditions control the local c1imate here or, as is 

more likely, is it a combination of the two? 

b) How do frontal systems behave when confronted with a 

barrier of the magnitude of the St. Elias Range? 

c) With the aid of the climatic records from the surrounding 

area, can any extrapolations be made from the summer records of 

the IRRP stations about the winter climate of the' study are a ? 
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The concepts of air màss modification etc. and the mean large 

scale climatic conditions outlined in this chapter s hould be kept in 

mind as the study proceeds. Though forecasting problems are beyond 

the scope of this study they will be mentioned occasionally. 
\ 
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CHAPTERIII 

CLIMATE OF THE MOUNTAIN MARGINS 

The aims of this chapter are: (1) to discuss the year round 

climate of Yakutat and Whitehorse, (2) to determine to what extent 

Yakutat 1s representative of the coastal climate and Whitehorse of 

the interior, thus (3) to ascertain the extent of the maritimisity of 

the coast and the degree of continentality of the immediate interior, 

and finally (4) to inveEltigate the deviations from the long term average 

25 
of the three years to be discussed in this study. 

1. MARITIME MARGINS 

a) Yakutat (YAK)26 

Eighty miles due south of DIV lie s Yakutat (see Map 2), the 

27 . 
closest first order weather station upstream of the IRRP area. The 

U. S. Weather Bureau (29) gives the following description of YAK and 

area. 

25 
With a view to determining the degree to which they are l'epresenta-

tive of the normal conditions. 

'i6Henceforth abbreviated as YAK. 
27 

Mean flow roughly we st to east. 



The Yakutat area is surrounded on three sides by the 
waters of the Gulf of Alaska and Yakutat Bay; ..... Although 
the are a in the immediate vicinity of the station is relatively 
fIat, rather rough hilly terrain exists within short distances 
••. porous gravel •.• is exposed as a surface layer over 
much of the area. The heavy precipitation produces copious 
g:J;"owth of various types of vegetation in the surrounding woods, 
iricluding several types of edible berries. However, the soil 
is not suitable for agriculture ... and salmon fishing is the 
main source of income for the natives in the area. 

i) Temperature:- The curve of monthly mean temperature 
/" 

(climatological standard normals 28) at YAK, seen in Figure 20, is 

smooth, falling slightly more rapidly in the autumn than it rises in 

the spring. It reaches a maximum of 54.1 degrees F. (ca 12
0

C) in 

July (iollowed by 53.8 degrees F. in August) and is at its maximum 

of 27.3 degrees F. (ca 130 C) in January (prece'}ded by 28.1 degrees 

F. in December). 

Six degrees on either side of this curve lie the mean maxima 

and minima curve s. This corresponds to a mean daily range of 12 

o .. 0 
degrees F. (ca 7 C) and a mean annual range of 41 degrees F. (ca 13 C). 

The extreme maxima and minima curves are as would be expected, less 

smooth. The minima lies 13 degrees below the mean in July and 42 

degrees below in January. Conversely the maxima is 26 degrees 

above in summer and only 13 degrees above in winter. 

The moderating effect of the o~ean is doubtless responsible for 

the fact that YAK averages only ten days a year below 0 degrees F. 

and has reached 80 degrees F. only in July and August. 

28 . 
Unless otherwise noted all YAK averages are the 30 year normals 

for 1931 - 1960 obtained from reierence (29). 
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ii) Precipitation:- The standard normal precipitation curve 

(monthly totals) is shown in Figure 21. 

The annual total of 131.8 in. (3361 mm) is extremely high for 

a station at this latitude. Critchfield (5) lists the "chief posit~ve 

influences on world precipitation" as: (1) low pressure belts, 

(2) wind convergence, (3) prevailing wirids with high moisture 

content, (4) high air temperatures (for that latitude), (5) c10seness 

to water bodies, and (6) mountain barriers (downwi~d). As all these 

are pre sent in the YAK area t,he annual total is not surprising. 

An explanation of the mean precipitation cycle can be sought from 

the mean tropospheric circulé!-tion and related pl~enomena discussed 

in the prece"ding chapter. The following is one such explanation. 

29 By October the waters of the Gulf of Alaska have been warmed 

by insolation during the long summer days. The mean sea-Ievel flow 

(see Figure 6b) suggests that cool air from the Bering Sea 30 is 

carried south around the Aleutian low. As it travels ov~r the warm 

ocean surface it absorbs quantities of heat and moisture (see Ch II, 

sec 4b). This unstable moisture laden air is steered north. On 

arrivaI at the south-east~rn Alaska coast it is orographically lifted 

dumping quantities of precipitation on the coastal areas. 

Also contributing to the October rainfall maximum is the fre-

quency of lower troposphere cyclones tracking over'the YAK area 

(see Figure 12). 

29 . ' 
Henceforth referred to as the Gulf 

30Cooled here by. the outflow from the Arctic Ocean which becomes the 
co1d Oyashio Current. 
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As the tempe rature decreases so does its moisture retention 

capa city . 

By December the mean winter circulation is transporting warm, . . 

unstable, mP air ~rom more southerly latitudes te the St. Elias regio~~ 

In this are a the temperatures are cold enough (see Figure 20) that the 

~esulting precipitation falls as snow- -hence the first snow maximum. 

The total precipitation continues to decrease as the mean, land 

and ocean, air temperatures continue to faU. The des cent of the 

precipitation curve is slowed in late March by the S. W. displacement. 

of the Aleutian low (see Figure 6b), resulting in transport of cP and 

cA air from central Alaska over the more tempe rate Gulf water s. 

The arrivaI of this rather unstable air on the mountainous coast 

produces a secondary snow maximum. 

As the continental air mass source regions warm the tempera-

ture gradient between the land and the sea reaches a minimum, and 

the stability of the maritime air increases. Only when the surface 

air tempe rature reaches its annuaJ. maximum (July) does the in-

creased capa city of the air for moi sture and the local thermally 

induced convection permanently haIt the descent of the precipitation 

curve. 

Table VII of precipitation extremes emphasizes how variable 

. . t' . 32 precIpita IOn lS. 

31 In winter the mean circulation Aleutian low is elongated east - west 
so it does not bring Bering Sea air to the study area. See Figure 6. 

32e.g., (a) The snow max. and Znd total precip. min. come in the 
same year. (b) The precip. max. and 3rd min. are one month apart. 
(c) The snow max. and min. are only one year apart. 

/ 



29 

In fact the pre cipitation distribution, in any particular year, seldom 

. resembles the mean curve very c1osely. 

It has been seen that the circulation and temperature patterns 

vary from day to day and year to year. The prece(:~ding discussion 

has illustrated that it is a rather complex interaction of these patterns 

which determines the precipitation, and thus a small variation of the 

. former may produce a completely different distribution of the latter. 

iii) Cloud:- Cloudiness, sunrise to sunset, averages 8.3 

tenths. January is the clearest (7.7 tenths) and June, July and 

September the clou die st (8.6 tenths). Table VIII shows the average 

nu~ber of days with various cloud amounts. Overcast skies are 

frequ~nt, as would be expected, from the position of the station (i. e., 

ocean on three sides and mountains behind). Heavy fog occurs on an 

average of 31 days a year. Thunder storms are infrequent, averag-

ing 2 days a year. 

iv) Wind:- The annual prevailing wind direction is east. In 

May, June, July and August, however, S.S.E. winds prevail.· A 

possible explanation for the predominance of easterlies in a region 
. . 33 

of mean westerly flow stems from the fact that YAK is surrounded 

on three sides by sea. Assuming land and seabreezes are each the 

dominant influence on the wind direction for haH the day, the sea 

breezes would be spread over three times as many compass points 

as the land breeze s. Thus the easterly land breezes appear to prevail. 

33S F' ee 19ures 6 and 7 and Ch.II sec. 1 
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The relatively low average wind speed of 8.1 m. p. h. (ca. 7 kts.). 

suggest the presence of these t,hermodynamically inducèd winds~4 

In addition the prevailing eastex:lies suggests cyc10nic pas sages 

to the S. of YAK. The maximum mean monthly speed cornes in 

35 
December (9. 1 m. p. h.) when cyc10nic a~tivity in the area is great 

and the minimum in August (6.9 m. p. h.) when it is les s frequent. 

v) Relative humidity:- Relative humidity averages 90 percent 

at 0300 Y .S. T. and 78 percent at 1500 Y • S. T. The diurnal variation 

is small in winter and large in summer. As mo~t relative humidity 

variations (daily, monthly and annual) are merely a: reflection of the 

temperature variations they are of little s ignificance. 

b) Juneau Compared to YAK 

The YAK and Juneau mean annual and monthly temperatures 

are very similar (see Figure 22). The only significant difference is 

that Juneau has a slightly greater annual range. 

Though the curves of average precipitation distribution have 

nearly the same shape (see Figure 23) Juneau Airport only receives 

an average of 54.6 in. (1386 mm.) annually compared to 131.8 in. 

at YAK ... Ra.in falls on an average of 223 days of the year at Juneau 

(226 at YAK) however only 27 dàys (50 at YAK) record appreciable 

snow. 

34 Thermally induced winds are usually not too strong. In additio'n 
the land breezes would counteract the geostrophic flow. 

35 See Figures Il and 12 and Ch. 11 sec. 3. 
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Topography (local and large scale) is likely the major reason 

for the precipitation regime differences. Juneau Airport is more 

protected and in fact receives only 65 percent of the precipitation 

recorded in Juneau city. 

In addition Juneau lies further S. than YAK and is less influ-

enced by the Arctic front systems. 

As would be expected the relative humidity at Juneau is lower 

and less variable and fog is less frequent (20 days compared to 31 at YAK). 

Winds are slightly stronger and from the E. S. E. most of the year 
/" 

at Juneau. 

In short YAK is more maritime than Juneau and should be con-

sidered to be representative of the exposed coastal areas. However 

the trends at YAK are those of the whole coastal region. 

c) Climate of the Maritime Margins 

The S. E. coast of Alaska is, in general, characterized by mild 

winters, cool ~ummers, and small annual temperat~re variations. The 

area is occasionally subject to periods of extreme cold when air from 

the Mackenzie high overflows the mountain barrier and sweeps down the 

glaciers bringing c1ear skies, gusty winds, and sub-zero temperatures. 

Precipitation is appreciable,often over 100 in. (2540 mm.) and 

is mainly orographie in nature. T.his, of cours~, implies amounts are 

much less in the lee of high grou~d. Snow amounts increase with 

altitude, to a certain point~6 and the snow has a high water equivalent. 

36 
See Ch.VIII sec. 1, e. 
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Skies are usually c10udy and fog is frequent on the coast. 

Winds are not particularly strong and are influenced by topogra-

phy(being onshore in sorne case s). 

Cyc10nic disturbances are frequent in the YAK area especially 

in autumn and winter. 

In short, the climate is that of a northerly maritime area, 

located in the Sub Arctic low pressure belt, protected' from continen­

tal weather by a mountain barrier, and warmed by the Alaska curremt. 

Tables XII and XIII give the values of several c1imatic indices for 

YAK and several other places in the world for comparison. These 

will be discussed in section 3. 

2. CONTINENTAL MARGINS 

a) Whitehorse (WH)37 

The first order meteorological station c10sest to the IRRP area 

east of the St. Elias Range is Whitehorse. The "Annual Summary for 

Whitehorse Airport Yukon" (33) ~ives the following description of the 

are a' s topography. 

37 

The Whitehorse Airpo~·t lies on a bench immediately 
beside the western es carpment of the Yukon River. The 
city itself lies on the valley Hoor at the base of this steep 
200 foot escarpment. The general valley configuration, 
inc1uding the adjoining mountains run in a northwest­
southeast rlire ction with the fIow of the river towards the 
north .•• Although Whitehorse lies only 80 miles north 
of the Lynn Canal, the nearest arm of the Pacific Ocean, 
a series of mountain ranges act as a rain barrier. To the 

Henceforth abbreviated to WH. 



south of Whitehorse lies the Coast Range with peaks to 
8,000' ••• (and to the west) a higher barrier .•• the 
St. Elias Range with elevations ':lP to near 20,000' . 
The terrain to the east and north of Whitehorse is lower 
rough highland ..• 

33 

i) Temperature:- The 18 year mean monthly tempe rature curve 

(Figure 24) is smooth and almost symmetrical with a July maximum 

(57.5 degrees F. -- ca. 14 degrees C.) and a January minimum 

(-0.6 degrees F. -- ca. -21 degrees C.). The annual mean is 30.8 

38 
degrees F. ,(ca.-l degrees C.) 

The mean minimum and maximum curves, also almost sym-

metrical give a mean monthly range of 22 degrees F. in July, of 

15 degrees F. in the autumn, and close to the average range (20 degrees 

F.) in the winter and spring. The mean annual range is 76.4 degrees F. 

The extreme maximum of 91.1 degrees F. (ca. 33 degrees C.) 

and the extreme minimum 0(-61.6 degrees F. (-52 degrees C.) give 

the rather astounding extreme range of 152.7 degrees F. The curves 

of monthly extremes lie further above and below the mean in winter 

than in summer. 

The temperature drops below 0 degrees F. on about eigh~y days 

a year but has reached 80 degrees F. in the months of May, June, 

July, August, and September. 

ii) Precipitation:- The total annu~l precipitation at WH averages 

barely over ten inches (10.05 in. = 255 mm. f. The curve of mean 

monthly totals (see Figure 25) rises quickly to the August maximum 

381942 to 1960. AU averages will be for this period unless otherwise 
stated. 
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(1.44 in. 0= 37 mm.) and falls slowly, over a secondary maximum in 

November, to the May minimum (0.50 in. = 12 mm.). 

The following is an attempt to explain this curve on the basis of 

the mean circulation and temperature patterns discussed in Chapter II. 

In tensive radiative surface heating, during the summer months, 

reduces the stability of the lower ~ayer of the cP air and increases ° 

ifs moisture retention capacity. The disappearance of the Macke~zie 

high allows cyclones to penetrate north of WH forcing Arctic Basin 

air south over the heated ground. In addition the radiative heating 

results in formation of considerable convective cloud. Hence in 

August the precipitation curve reaches its maximum. 

TV<A:> factors contributing to the November maximum are: (1) 

Gulf lows more frequently penetrate the area and/or bring with them 

more moisture than in other seasons. (2) The advection of cold, 

relatively moist, air (moi sture picked up from the open leads) from 

othe icebound Arctic Ocean,. south, over the interior produces insta­

bility (assuming the interior in November is still warmer than the 

Arctic Basin). 

The winter months in the interior are characterized by extreme­

Iy cold surface temperatures, a pronounced temperature inversion, 

and the resulting stability. 

These winter conditions pel' sist into early April, by wh ich time 

cyc10nic activity is at a minimum (see Ch.II, sec. 3 a). In addition 

Figure 6b indicates that air entering the WH are a in April has ex­

perienced a longer trajectory over land than in any other season ,'and 
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so has attained the same temperature as the surface;--hence the 

April precipitation minimum. 

After April the radiative processes begin to heat the ground 

decreasing the stability of the overlying cP air. 

As noted in section l, a(ii) above annual variations in the mean 

circulation and tempe rature conditions result in considerable annual 

fluctuations of the monthly pre cipitation totals from the long term 

. averages. 

The precipitation extremes are shown in Table IX. 

Over the 19 years of record, July is the only month which has 

not experienced snow. Rain of 0.01 in. or more falls on an average 

of fifty· days and snow of 0.1 in. or more on about sixt Y days a year 

while heavy fog is reported on an average of eighteeen da.ys a year~9 

iii) Cloud:- Annual cloudiness averages 7.2 tenthi,ONovember 

being the c10udiest and February the c1earest month. Two tenths 

(or less) is reported 19 percent of the time and eight tenths (or less) 

64 percent of the time. Afternoons tend to be c10udiest while early 

morning is c1earest. Summer months are characterized by a pre-

dominance of convective type cloud (Le., Sc., Ac., and Cu.) while 

in winter middle cloud is most common (i. e., As. and Ac.). 

41 
iv) Wind:- Over the twenty-two years of record the wind has 

averaged 9.3 m.p.h. (ca. 8 kts.). The primary maximum occurs in 

39 . 
From Kendrew and Kerr (15) 1944 to 1951. 

40 . 
It should be noted these values apply only to the valley - on the 

mountains more cloud is experienced nonually. 
41 . 

Years 1943 to 1964. 
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October (10.9 m.p.h.) and a secondary one is recorded in March 

(9.6 m.p.h.). Similarly two minima are found: one in Ju1y (8.3 m.p.h.) 

and the other in January (9.1 m.p.h.). In other words, speeds are 

high in seasons of general circulation change (i. e., spring and faU) and 

low in winter and summer. 

The prevailing wind is S. E. in aU months except January whc!) 

it is N. W. The wind direction at WH is due almost entirely to local 

topography as is shown in Figure 26 (after Kendrew and Kerr, 15) .. In 

general up-valley winds are strong and easterlies weak. 

v) Relative humidity:- Annual mean relative humidity averages 

71 percent at WH with January the most humid month and May the 

driest (87 and 55 percent respectively). 
42 . 

vi) Pressure:- The mean sea-level pressure for WH is 1013 mb. 

The monthly pressure means relate weIl to the wind speeds (i. e., low 

pressures in spring and autumn and high pressures in summer and 

winter) • 

b) Hains Junction, Aishihik, and Snag Comparcd to WH 

The curves of mean monthly tempe rature for Hains Junction, 

Aishihik, and Snag (see Figure 27) have generally the same shape as 

that for WH. Table X compares the annual mean, maximum and 

minimum temperatures for these stations. Predictably, aU are èolder 

42a 
than WH. 

42 
See note 39 page 35. 

42aHains Junction because of thc absence of lakes in the area, Aishihik 
due to higher altitude and latitude, while Snag lie s in a topographie bowl. 
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Local topography is likely responsible for the difference in 

precipitation distributions at these stations (see Figure 28). For 

instance Aishihik receives comparitively more rain in the summer 

(than WH!, due to the prevailing S. winds off Aishihik Lake, and 

less snow in winter, as a result of the drier down-valley norther-

lies which prevail in this season. 

WHIs relative humidity is high in comparison to Aishihik and 

Snag due pos sibly to year round prevailing winds off the adjacent lakes. 
. 43 

Wind directions are largely the result of local topography. 

Cloud amount averages (also affected by topography) suggest 

that the WH value of 7.3 tenths is rather high (Snag 7.0 tenths and 

Aishihik 6. 7 tenths). 

In short, WH is somewhat warmer and more humid due largely 

to the moderating effects of the extensive system of lakes and rivers 

in the immediate area. Nevertheless it can be considered to be fairly 

representative of the continental margins of the St. Elias region. 

c) Climate of the Continental Mar gins 

Winters are cold and clear while summers are warnl and short. 

AnllUal and diurnal tt:mperature ranges are large. The area is, on 

the whole, isolated from the Pacific air by the St. Elias and Coastal 

Mountains,' however, the lower PeUy and Cassiar mountains to the 

east aUow the penetration of the Mackenzie high in winter. 

43 i. e., At Aishihik one finds summer southerlies and winter norther­
lies due to the N. -S. valley of Seblum Lake and at Snag westerlies for 
a similar reason. 
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Precipitation is s cant and occasionally drought and forest fires 

result. Snow depths are small but drifting prevalent. Fog does 

occur and" in winter, ice fogs are not infrequent. 

Wind direction, and to sorne extent cloud and precipitation, are 

controlled by topography and the records from the meteorological 

stations are actually only indicatiye of the valley climates. 

In short, the climate of the mountainous S. W. corner of the 

Yukon is virtually unaffected by the moderating influence of the 

Pacific Ocean (as little as 80 miles away) and open to the accentua­

ting influence of continental Canada. Tables XII and XIII give the 

values for WH of several'clirnatic indices. 

3. ,CONTINENTAL VS MARITIME 

a) Characteristics of Continental and Maritime Climates 

Before comparing the climate s of YAK and WH a brief list of 

the characteristic differences between maritime and continental 

climates will be given. 

(I) Temperature fluctuations (annual, diurnal and interdiurnal) 

are accentuated over land and damped by ocean surface s. 

(2) Continental temperature curves exhibit greater symmetry 

th an do oceanic curves. 

(3) Continental regions tend to have lower mean temperatures. 

(4) Relative humidity is a little lower inland in winter but vapour 

content is considerably less due to lower telnperatures. In 

summer inland relative humidities are likely to be higher 
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due to higher temperatures. 

(5) Skies are more cloudy and precipitation higher on the coast. 

(6) Wind speeds are less over land than sea and the sea maximum 

cornes at night while the land maximum is found in the after-. 

noon. 

b) Comparison of Synoptic Parameters at WH and YAK 

Table XI shows, at a glance, the very impressive differences, 

in almo.st aIl synoptic parameters, between these two stations 

(situated at almost the same latitude and only two hundred miles apart). 

i) Temperature:-Though WH has a lower annual mean tempera­

ture, it has experienced 80 degree tempe rature s in five months of the 

year compared to only two at YAK. The various tempe rature ranges 

af YAK are only 52 to 70 percent of those at WH. Ranges are larger 

in autumn and winter in the continental region, while on the coast they 

are almost constant aIl through the year. 

H). Precipitation:- YAK receives over ten times as much pre­

cipitation as WH. Nor are the precipitation cycles in phase. The WH 

curve appear s to lead that of YAK by about two months. In other words, 

not only is WH in the rain shadow of the St. Elias but it appears to be 

subject to a different set of precipitation controls than YAK (see dis­

cussion of cycles l,a (ii) and 2,a (ii) aboye). 

Hi) Cloud and relative humidity:- The cloud amount and relative 

humidity means combine with precipitation to illustrate that the air 

overlying the coastal regions is considerably moister .than that usually 

found over WH. 
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iv) Wind and pressure:- YAK and WH appear to be under rather 

different pres sure influences. Wind direction at both stations is 

large-ly topographically controlled. 

c) Degree of "Oceanicity" and "Continentality" 

On the basis of factors P) and (2) of section a) above indices 

of continentality and ClCeIDicity have been set up by Johansson and 

44 Kerner, respectively. These are: 

K = 

and 

o = 

1.6A 
S"iiï1 

100 

- 14 

To - Ta) 
A 

where K is the continentality index, 0 the oœanicity index, A the annual 

range, and To and Ta the monthly mean temperatures for October and 

April. 

Table XII shows the values of these indices for WH and YAK as 

well as several stations for comparison. 

It is interesting to note that WH has almost the same continentality 

as the North American continent; YAK on the other hand, is more 

oceanic than Bergen, Norway, or Tokyo, Japan. Though these indices 

mean little numerically they serve to point out the contrast in the 

climadc regimes of the stations. 

44 
Quoted from Landsberg (16) 



41 

d) Climatic Classifications 

Koppen (see Harwitz and Austin, Il) and Thornthwaite (28) have 

each devised a climatic clas sification based on a station' s tempe rature 

and precipitation regimeS. Table XIII gives the divisions into which 

YAK and WH faU as weU as the indices of stations in other parts of 

the world for comparison. 

The table is to a large extent self-explanatory. Numbers 3 and 

8 are particularly helpful in showing the degree of maritimisity and 

continentality of YAK and WH respectively. 

It should be noted that within less than one hundred miles at the 

same latitude (i. e., Pacific coast to Coastal Ranges) three of the 5 

major K6ppen climatic type sare found (the St. Elias being ET). 

However, any classification system must be used with caution 

in a region such as the study area. They represent on the sea coast 

sea-Ievel climate, in the moun tains the climate of the peaks, and in 

the interior the plateau climate; but the Pacific slopes are not at 

sea-Ievel, the mountains are cut by valleys, and the plateau is not 

fIat. Nonetheless such classifications are useful in comparing two 

stations, and once again there is a considerable difference between 

WH and YAK. 

e) Conclusions 

It appears from the above that the St. Elias mountains divide 

this two hundred mile section of Basin and Range Province into two 

fundamentally different climatic regimes. 
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The following three questions present themselves. (1) Does 

a weIl defined climatic divide exist between these two regimes? 

(2) Ji so, what is the nature of this divide? (3) Where is it to be 

found or in other words into what regime or regimes do the extensive-

ly glacierized area of the mountain barrier fall. 

4. 1963, 1964, AND 1965 WEA THER TRENDS 

Figure 29 (of annual mean temperatures for 1950-65) show that 

YAK and WH annual mean temperatures have deviated from the long 

term mean in a very similar manner during the last 15 years. In 

general 1962 is close to or above normal~ 1963 is ab ove, 1964 below 

and 1965 just slightly below normal. None of these fluctuations is 

large compared to those of past years. 

The yearly precipitation totals, on the other hand, (Figures 30 

and 31) do not exhibit such an agreement. Since 1958 YAK fluctua­

tions seem to lag behÏlld those at WH by about a year. This may be 

purely coincidence~5 At YAK in 1963 and 1964 the highest precipita-

tion in 15 years was experienced. The WH 1961-64 above normal 

annual totals appear to be the result of high winter snow amounts. 

The tempe rature and precipitation curves (Figures 32, 33 and 

34) .for 1963, 1964, and 1965 show the following. 

i) 1963:- At both YAK and WH January and February were warm, 

March cold and the maximum lafe, (August) giving a warrn autumn. 

45 Annett and Juneau have shown a decided levelling of precip. totals 
since 1962, while at YAK in 1963 and 1964 were recorded the highest 
precip. for the la st 15 years. This suggests the YAK values are due 
to sorne local effect. 
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Figure 29. Annual temperature means 1951-1965, Yakutat and Whitehorse. 
The straight line represents the normal annual mean (1931-60 at Yakutat 
and 1942- 60 at Whitehorse). 
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Low August, and high winter values are the most striking features 

of both 1963 precipitation curves. 

'ii) 1964:- The temperature curves show similar winter and 

spring deviations as in 1963 but the maximum is early (June). 

The YAK precipitation curve bears little resemblance to the 

mean but at WH it does. Both sh~w high winter values and above nor­

mal June and July, while August at WH is considerably above normal 

and at YAK it is below normal. 

iii) 1965:- WH shows a warm March followed by a cool spring 

and a close to normal July and August. YAK has the normal shape 

curve about 5 degrees below average for the summer months. 

YAK summer precipitation was 3 to 10 inches above normal 

while WH was considerably below normal from March ta August. 

iv) Conclusions:- No broad statements can be made concerning 

the representativeness of the years 1963, 1964, and 1965 of the mean 

c1imate of the area. However, except for YAK precipitation, the con­

ditions do not appear to be particularly atypical. 

The summe~ of 1965 may prove interesting in that the precipita­

tion deviates in the opposite direction at YAK and WH, and the WH 

summer began cool but ended normal or warm while at YAK the' whole 

summer was cold (i. e., marine to continental differences accentuated). 
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In the ,chapters making up Part B of the present study, the data 

from the IRRP and mountain margin stations as ..vell as various 

synoptic charts will be analysed in detail for the summer seasons of 

1963-1965. (i. e., The means) averages and variations of vadous 

parameters will be discussed and then related to wind direction, 

flow, and synoptic situations.) 

Unfortunately surface temperature is recorded at both the per­

manent and IRRP stations in degrees F. Thus these somewhat un­

scientific units have been used throughüut the study and metric equiva­

lents given for many of the values appearing in the text. Precipitation 

is recorded in inches by the Canadian and U. S. stations 'and in a com­

bination of English (rain) and metric (snow) units at the IRRP stations. 

In this study, for the most part, mm. have been used though the 

figures in Ch. III are plotted in inches. For all in. values given in the 

text mm. equivalents have' included. 

Temperature, perhaps the most important and most frequently 

measured and used meteorological parameter, will be discussed first. 

The degree of accuracy attained in temperature s re corded in field 

studies such as this is rclatively good in comparison to tha.t of the 
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other parameters measured. Havens (12), Marcus (18) and others 

have note d, however that on c1ear, calm days radiative heating of the 

unventilated instrument boxes can result in two (or possibly greater) 

.degree oF. temperatures errors. Sud~ errors are critical to ablation 

studies but will not be significant in this study as these days are not 

frequent and the errors will not affect themonthly means to any 

appreciable extent. 

1. TEMPERA TURE MEANS 

Since the period of tempe rature records varies from year to 

year and station to station, the following types of seasonal and monthly 

means and/or three year averages have been ca1cu1ated. 

(1) Table XIV shows the monthly and seasonaf:
7 

means of daily 

mean temperatures calculated for each station, for each year, 

48 
using all the available data. The three year averages of 

49 . 
these means and the number of days on which they are based 

are also inc1uded. 

(2) Three year seasonal averages were obtained (as tabulated in 

Table XV) for each station for the period of record common to 

all years of record at that station. (The periods involved are 

also given.) 

47Henceforth season will refer to the summer season though this will 
not always be stated. 
48 . 

In sorne cases of course less than three years are available-this is 
noted in the table. 

49In calculating 3 year averages only months having 25 or more days 
of observation Were used. 
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(3) As will be discussed in Chapter IX daily tempe rature changes 

are refle cted in a s imilar manner at all IRRP stàtions. In 

order to maximize the length of the seasorr, it therefore seemed 

justified to extrapolate from the KL records (in every case the 

longest) to extend the glacier camps' records. 

The seasonal means thus obtainecl for the 65 clays from 5 June to 

8 August are showri in Table XV. When only one or two averages were 

available these were corrected
51

to give the three year seasol'lal 

. 52 
averages for aIl stations. 

a) Three Year Temperature Averages 

The solid line in Figure 35
54 

represents the theoretical tempera-

ture of the free atmosphere ëJ.t heights corresponding to those of the 

various study stations.53 The temperature at YAK which is only 39 

feet (12 meters) above sea level on the windward side of the St. Elias 

b · . d h . . f h' 55. arrler, was use as t e starbng pOlnt or t l S curve. 

The curve should facilitate comparison between the seasonal 

average temperatures of these stationswhich difier so greatly in 

altitude. It has been noted by several authors (i.e., Marctis (18) and 

Orvig (23) that, in general, two different station locations exist- -the 

51 U· . t"h 1 " h 3 slng e c osest statlOn Wlt a year average. 
52 Henceforth when 3 year seasonal tempo averages are discussed it will 
be these values. 
53. cr 

l.e., A tempo gradient of .6°C / 100 m. 

54As in Figure 1 the base line is the station to station distance. 

55This is not entirely ~atisfactory but was the only alternative open at 
this point in the study - see Ch. XIV sec .. 1 for furthcr discussion. 
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glacier surface station and the nunatak station. The temperature 

records from these are representative of two separate regimes. The 

glacier stations represen t the layer immediately above the glacier 

surface which, for instance, is critical in ablation studies. The nuna­

taks tend, rather, to represent the regional air mass ch~racteristic~. 

Possibly the most immediately obvious result of the presence 

of two such regimes is the following. During the summer months when 

nunataks are generally snow free they record higher temperatures than 

the lower elevation ice stations. 

The cause of this anom~y will become obvious in the section 

that follows. The three year seasonal temperature averages have been 

plotted in Figure 35 along with the temperature-height curve and the 

two types of stations joined by two different 1 ines (see legend, Figure 

35) . 

i) Regional air mas s temperature characteristics:- In order to 

isolate the properties of the ambient air the dashed' curve of Figure 35 

will be çonsidered. This curve joins the land, nunatak, and ridge 

stations. It can be seen to have the same general shape as the a.ltitude 

curve, being always below it, with this separation increasing eastward. 

Beginning in the we st; YAK' s temperature (the reference point), 

of course, agrees with the height curve. 

The SEW (nunatak) temperature is higher than the free atmosphere 

at that altitude despite the surrounding glacier surface. In agreement 

with previous dis eus sion it is also decidedly warmer than SEW Ice. The 

snow~free rock of the nunatak is doubtless responsible for considerable 
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day time heating. The nunatak is, in addition, situated weIl above the 

major portion of the glacier surface which lies in a decided basin. 

The warm upper ridge shown on the general circulation maps 

may have sorne effect on the temperatures at SEW and DIV, but .to 

confirm or deny this would require upper air tempe rature soundings 

over the glacier. This has not yet been attempted. 

l'he DIV stations all lie below the height - tempe rature curve 

(i. e., are warmer than the free atmosphere) .. 

DIV Cache, though on rock slightly above the glacier surface, 

does not, when compared to DIV, exhibit the anomaly discussed in 

section l,a above although the difference between these stations' 

temperatures is not as great as their elevation difference would indi­

cate. Compared to SEW, DIV Cache is much more likely to be subject 

to cooling effect from the glacier surface due to the proximity of that 

surface. The bare rock, on the other hand, will have a definite warm­

ing effect. 

The day ...... time radiational heating of a rock surface does not ex­

plain the warm temperatures at DIV Cairn B as it is a snow ridge. 

Rather the follow ing explanation must be invoked. 

Nocturnal radiative heat loss at the glacier surface is consider­

able. The topographie basin formed by glaciers surrounded by tower­

ing peaks, or at least high land, trap this radiatively cooled air. 

Nunataks and ridges will rise above this cold layer whichdissipates 

only slowly due to the lack of wind, strong turbulence, and radiative 

heating. 
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This col4 pool effect obviously accounts for much of the ice to 

nunatak difference at SEW as weIl as DIV Cairn B while DIV Cache is 

not high enough to escape it. 

The separation between the height - temperature curve and the 

ambient air curve at KASK Knoll is rather extreme (9.9 degrees F.) 
'. . 

due to the size, nature, and positi~n of this rocky, thinly vegetated, 

gopher inhabited knoll. 

The curves converge slightly at TERM, located on gravtl below 

the end of the Kaskawulsh Glacier. The predominant, strong, down 

glacier winds experienced at KASK
56 

suggest that TERM would be 

subject to frequent, relatively cool, winds ftom the glacier. 

There is little evidence of the cooling at KL .that might be expected 

due to the proximity of the icefields. WH (ca. Il 0 miles to the east) 

shows about the same deviation from the height curve as KL. (The 

kink at Hains Junction is possibly a topographic effect or a result of 

the method of calculating this mean. ) 

The so-called ambient air curve leaves little doubt that there is 

a significant change in temperature regime as one moves eastward 

from YAK, over the St. Elias Mountains to WH. The freezing level of 

the ambient air on the marine slope (interpolated from Figure 35) is 1280 

feet lower than that on the continental slope. 

H) Glacier environment stations:- The stippled curve of Figure 

35 shows clearly the height - tempe rature anomnly discus sed above 

(i. e., ice stations are colder than their higher nunatak counterparts -

56 
See· Ch. VI. 
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with the exceptiQn Qf DIV Cache). 

,SEW ice due tQ the exceptiQnaIly weIl develQped basin in which 

it is situated (see Figure 5 and Map 3) is subject tQ the greatest 

cQQling effects. 

The details Qf the relatiQnship between the DIV statiQns are 

cQvered in Marcus (18). DIV (lce) is definitely subject tQ cQQling 

influence s . 

KASK (mQraine), thQugh cQnsiderably cQlder than KASI< KnQll, 

is undQubtedly warmed by radiative heating Qf the mQrainal rQck, 

eXPQs'ed during mQst Qf the QbservatiQn seaSQn. The KASK Ice area, 

Qn the Qther hand, is Qverlaid by air cQnstantly cQQled by the melting 

ice surface, and the predQminant, strQng, dQwn glacier winds, prQ-

vide ample turbulence tQ transPQrt the CQQl air tQ s creen level. 

The freezing level Qf air immediately abQve the glacier surface 

is apprQximately 6460 feet (1970 meters) Qn the maritime slQpe and 

between 7580 feet (2310 meters) and 7220 feet (2200 meters) Qn the 

cQntinental slQpe. 

b) Yearly and MQnthly VariatiQn Qf Mean Temperatures 

i) SeasQnal means:- At aIl statiQns 1964 was the warmest
57 

year (see Table XIV). KL and YAK experienced their cQldest seaSQn 

in 1963 while WH and YAK were 0.1 degree F. cQlder in 1965 than 

1963. 

The y~arly deviatiQïls from the three year seasQnal averages 

(see Table XVI) indicate that year tQ year changes are greatest at the 

glacier stations. 

57 
Of the 3 year recQrd. 
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The tOhree year period, on the whole appears to have been cool, 

as both the YAK and WH long term mean~8 are higher than the three 

year seasonal average s. 

ii) Monthly means:- The following points emerge from the 

monthly means given in Table XIVA. 

July is most often the warmest month. Surprisingly the warmest 

month at KL does not in any of the three years agree with that at WH. 

In 1964 the warmest temperatures tended to be earlier in the season 

on the continental slope than on the maritime slope . 

. June is, in general, the coldest month. However, on the con­

tinentalslope in 1964, due to the waorm June, the coldest mean monthly 

temperatures fell to July or August. 

It is interesting to note that while the coldest July and August 

were both recorded in 1964, the wal'mest June, and because of it, 

the warmest season also fell in that year. 

2. DIURNAL TEMPERA TURE VARIATIONS 

a) Three Year Averages of Maximum and Minimum Temperatures 

The averages of daily mean maxima and minima for 5 June to 

8 August (extrapolated as for tempe rature means - - see section 1) are 

presented in Table XVII and plotted in Figure 36. The number of 

years used in calculation are inc1uded. Table XVIII gives the extreme 

maxima and minima experienced during the entire period of record at 

"58 
WH 17 years, 1942-60; and YAK 30 years, 1931-60. 
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each station. These are also plotted in Figure 36. 

From these maxima and minima,the corresponding ranges have 
59 

been ca1culatëd and are represented in Figure 37. 
1 

Considering 'first the land and nunatak stations~O aIl the curves 

in Figure 36 except that of the extreme minima are very similar in 

shape. 

Ideally, as one travelled from east to west'these curves would 

diverge. There is little such divergence until west of KASK. In fact, 

there is a tendency in the glacierized area (more evident in the ,extreme 

values) for the curves to converge towards KASK. 

Figure 37 shows that the general eastward increase of range is 

clefinitely disturbed, and in some cases reversed, in the glacierized 

region. The glacier surface station maxima and minima curves also 

show a convergence at KASK. It can be partially attributed to the 

length of record especially in the case of the extremes. 

In the SEW and DIV areas Marcus (18, p. 21) notes: "As a 

result primarily of the formation of a katabatic colel layer at night, 

diurnal variations were generally greater over mid-glacier surfaces 

than over the nunataks. AIso, the greatest variations between station 

temperatures occurred under clear sky conditions; the least elifferences 
61 

were associated with a combination of low, heavy clouds and fog. Il 

59It' should be noted that in the case of the extreme range a line could be 
drawn at about 42.5 degrees F. below which would fall all the stations 
having only one years record. 

60The inclusion of KASK (Moraine) with the nunatak stat'ions produces a 
kink in the curve.' However, it did not fit well into the ice station curve 
either. ' , 

61 Th'e fïrst point is \Vell illustrated by Figures 36 & 37 above and the 
se cond by Figure s 2 & 3 in Marcus (18, p. 24). 
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At KASK, however, the ice and moraine stations both have lower 

ranges than the knoll, in contradiction to the above situation. 

b} Yearly and Monthly Variation of Maximum and 
Minimum Temperatures 

Tables XVII and XVIII show that 1965 had the. iowest mean minima 

and that aIl but one of the extreme minima (where three years of record 

were available) fell in June of that year. 

KASK, DIV, and SEW. recorded their highest me an maxima in 

1964 (same as highest mean temperatures). The extreme maxima 

fell in August 1963 at YAK and WH and in July 1964 at KL and DIV. 

The greatest ranges tend to be in 1965, and August, for the 

three year periode (KASK and SEW were exceptions- -the greatest 

mean ranges being in 1964) 

c) Diurnal Temperature Curves 

The diurnal curves for June and July of 1963, 1964 and 1965 
62 

(when available) are presented in Figure 38. The curve s a:t:e all 

relatively smooth, though not, in the case of SEW and DIV, quite 

symmetrical. 

ln general, the minima occur around 0300 Y • S. T. and the maxima 

at 1500 Y • S. T. There is a tendency for the ·maxima to be earlier at 

DIV and SEW. This could be attributed to the moderating effect of the 

ocean tending to level off the daily tempe rature march before it 

reaches its radiatively induced peak. 

62Several previously noted features of the tempo regimes show up 
again (i. e., warm 1964 June, cold 1964 July,. and mean tempo range 
relationships) . 
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3. ATMOSPHERIC LAPSE RATES 

Marcus (18) has calculated the atmospheric temperatures for' 

altitudes equivalent to those of the IRRP stations for July 1963 and 

1964 at 0300 Y • S. T. and 1500 Y. S. T. The se and the environmental 

lapse rate s between the various stations are s hown in Table XIX and 

Figure 39 (after Marcus (l8, pp. 26-28». The following is a portion 

of Marcus' discussion of these temperature relationships. 

Summer temperature-altitude relationships shown in the 
tables and graphs are, for the most part, to be expected. 
The influence of marine am: continental locations, over 

, Yakutat and Whitehor se respectively, is apparent in (1) 
difference s in diurnal temperature variations (especially at 
and near the surface), (2) the lapse rates and their reflec­
tion of relative stability and instability in the boundary layer, 
(3) the effect of inversions on lapse rates and gradients, and 
(4) the absolute values of temperature recorded. The influ­
ence of glacier- covered mountain slopes on environmental 
temperatures is most pronounced for both marine and con­
tinental exposures at 0300 Y. S. T. when nocturnal radiation 

'loss and the downslope movement of cold air are at a cumu­
lative maximum. FinaUy, it should be noted,that land and 
water effects tend to disappear above 3, 000 meters where 
radiosonde temperature gradients begin to merge. Diurnal 
influence s disappear at even lower levels. Yakutat radio­
sonde temperatures begin to merge within 600 meters of 
the surface; Whitehorse values merge within 2,000 meters. 

There are, however, important exceptions to the above. 
For example, the environmental lapse rate between Yakutat 
and Divide is greater at 0300 Y . S. T. than at 1500 Y • S. T. 
for aU cases cited. This anomaly can be explained by the 
nocturnally induced bias of Divide Station' s environment. 
Temperatures are lowered, and consequently the lapse 
rate is increased. The reversaI of these values at Cai rn B, 
which is influenced le 55 by the glacier, seems to verify 
this conclus ion . 

• 4. WlliD DIRECTION - TEMPERA TURE RELA TIONSHIPS 

Temperature averages were calculated for each of the eight major 

wind directions by relating the three hourly readings of wind direction 
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and temperature. This was done for the stations and months shown 

in Table XX. The following is a review' of the results at each station.' 

a,) Kluane (KL) 

At the base camp on Lake Kluane the warmest winds are from 

the W., S. W., and S. (in that ~rder) in an three months, May, June 

and July. To the west and s,outh of KL lie the highest mountains of 

the immediate surroundings. They support little vegetation and lose 

aIl their snow by July. It is therefore probable that the W. and S. 

breezes are warmed by a combination of'heat gained from strongly 

radiatively warmed rock and heat extracted during quasi-adiabatic 

descent. 

The coldest temperatures occur when it is calm or with a wind 

off ~ake Kluane. During caIrns, which occur most often in early 

morning hours the effects of nocturnal radiative cooling tend to re­

main longer near the surface. Lake Kluane is not ice free until early 

July and even then has a temperature far below that of the adjacent 

land and air. 

b) Kaskawulsh (Y.ASK) 

The infrequent, light, up glacier winds at KASK appear to bring 

the warmest temperatures, as would be expected. 

In June the winds from the central arm of the Kaskawulsh 

glacier are slightly colder than those from the north arm, while in 

July the rever se is true. CaIrns are also cool. 

c) Divide (DIV) 

At DIV the warmest winds appear to come from the S. or S.E.--



.i.e. upthe S.E. - N.W. tending valley. Only S.E. winds in July 

average above freezing (32.4 degrees F.) • 

56 

. Cooltemperatures are experienced at times of calm as would be 

expected from the pooling of cold air near the glacier surface. The 

coldest winds originatein the S. W. in June and the N. E; in July. 

It should be noted that warm temperatures are associated with 

low wind speeds and cold temperatures with high wind speeds. 

d} Seward (SEW) 

The near ... .ihy partially snow free slopes of Mount Vancouver 

(see Figure 2) appear to be the source of the warmest winds at SEW. 

The coolest winds blow from the direction of ice covered Mount Cook 

(see Figure 5) and up the Seward Glacier. 
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CHAPTER V 

RELA TIVE HUMIDITY 

1. MEANS OF RELA TIVE HUMIDITY 

Relative humidity readings lack accuracy under the bestof 

conditions (compared to temperature records for instance). Thus 

when taken with a sling psychrometer in a region where temperatures 

just below freezing are common they are not very reliable; nor are 

63 
the hygrothermograph records any better. Due to this lack of 

accuracy the humidity data have been treated in very general terms 

only. Table XXI gives the monthly averages of relative humidity for 

those years and stations which have sufficient data. 

In general there is a decrease of relative humidity towards the 

64 
west. It is likely that the glacier stations appear to have rather 

high relative humidities due more to low temperatures than the prox-

imity of a frozen water source. 

July appears to have been more humid than June in all cases 

available. 

63For instance at DIV the hygrothermograph hairs were frequently 
covered with rime. In addition the calibration of these instruments is 
easily disturbed. 

64KASK Knoll being the only exception - here high temperatures com­
bine with an equal or lower water vapour content (than over the ice) to 
give a low relative humidity. 
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The high degree of temperature dependency of relative humidity 

is illustrated in Figure 40 which sho:vs that the diurnal relative 

humidity curve is almost the exact opposite of the diurnal temperature 

curve. A plot of mean daily relative humidity showed the same trend. 

. . . 

2. WIND DIRECTION - HUMIDITY RELA TIONSHIPS 

In Table XXII are the results of averàging relative humidity for 

various wind directions. Little confidence can be p1aced in the actua1 

value s but some generalizations are possible, 

As relative humidities a10ne can misrepresent the humidity 

d " 65 h b l' 1 t f.,6 d' 1 d d . con ltlons vapour pressures ave. een ca cu a eeT an lnc u e ln 

the table. 

At KL the 10west relative humidities come in every month from 

the same direction as the highest temperatures and there is a similar, 

though not as pronounced, re1ationship between the highest relative 

humidities and the 10west temperatures. The vapour pressures 

however revea1 that in June the winds from the W., off the glacier, 

are moister than those from the E., while in Ju1y moist co1d winds 

blow from the N. off open Lake K1uane. 

The vapour pressure values at KASK indicate, as might be 

expected, that the wal'm up glacier winds are moist and the co1d, 

dominant, down glacier winds are dry. 

65 
Because at a 10wer temperature an equal vapour content will produce 

a higher relative humidity, 
66 

Ca1cu1ated from temps. in Table XX and relative humidities in 
Table XXII. 
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The DIV trends are not weIl defined though there is .evidence that 

the warm S. winds are moist, at least in July. 

The sixteen day record at SEW suggests that warm E. winds are 

moist but have low relative humidities while the cooler winds carry les s . 

moistllre but at higher relative hllmidities. 
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'CHAPTER VI 

WIND 

1. SPEED 

a) Monthly and Seasonal Means 

As -there is little relation betwcen the daily wind speeds at the 

various stations (see Figures49 and 50) the wind records were not 

extrapolated to one uniform season. Instead Table XXIII \ID ich gives 

the monthly and seasonal averages will be examined. 

There appears to be no orderly change from east to west 

suggesting that wind speeds are to a large extent locally controlled. 

This will be even more evident when direction is di scussed. 

The most striking feature of the three year seasonal averages 

isthe surprisingly low average speeds recorded at SEW and DIV. 

Before these stations were occupied it was assumed from upper air 

charts that winds would be very strong over the 8, 700 foot high 

accumulation area and in the Seward Basin. Climbers challenging 

the lofty peaks of St. Elias, Logan, and Vancouver have often experienced 

high winds on these mountain faces. The comparatively high speeds 

, 67 
found at KASK also caU for sorne, explanation. 

67'This will be attempted in CH. XIV sec. 2. 
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b) Yearly and Monthly Variations 

The summer of 1965 appears to have had the strongest winds, 

followed by 1963. 

June, at all stations, records the highest monthly average wind 

while August in general experiences .slightly lighter winds than July. 

In June the circulation has not yet completely fallen into the weak 

pattern characteristic of the summer months (see Fig~re 6); 

c) Maximum Winds 

The maximum recorded winds, at each station .. for the three 

years are shown in Table XXIV. Unfùrtunately the values available 

f 1 . . d 68 were not or equa bme perlO s. It should also be noted that a.t 

KASK in 1965 a wind over 40 kts. would likely have been recorded on 

16 June had not the anemometer been sticking. Similarly on 25 July 

1965 at SEW the last recorded wind was 22 kts before the station \Vas 

blown down. However, gusts to sixt Y were estim.ated and a three 

minute run would likely have recorded well above 40 kts~9 

Bearing in mind these corrections (noted in brackets in Table 

XXIV) 1965 again emerges as the windiest year. The fact that the WH, 

KL, KASK and DIV maxima all accur on 16 June 1965 (SEW was nct in 

operation) suggests that, at least during passing cyc10nic disturbances, 

there is sorne overall control of the wind spl~ed. This further is sub-

68The IRRP max. are taken from the three minute readings recorded 
as a part of the 3 hourly observations. The YAK re cords repre sent 
the fastest mile: and so are almost equivalent. However at WH in 1965 
the Îastest 10 minutes was used while in 1964 only the fastest hour was 
available. 

690n the basis of the a vailable data no explan~tion was found for the 
very high winds experienced at SEW, but not elsewhere, on 25 July. 

\. 
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stantiated Py the almost equal values of ·these compared to the large 

station to station variation in the average speeds·. 

Over the three years. six of the maxima were recorded in June. 

three in July. and two each in May and August. Had more of the 

stations been occupied in May the bulk of the maxima would likely have 

[allen in May and June due to the more frequent cyc10nic activity in 

the se months. 

d) Diurnal Variations 

The most obvious feature of the diurnal wind curves (see Figure 

41) is that, except at KASK. the July plot is very irregular while in 

June and sometimes in August the curves tend to be quasi- sinusoidal. 

Thus it appears that the months with the highest average wind speeds 

have the smoothest diurnal curves. Furthermore KASK where wind 

speed averages are high has smooth curves in both months. 

2. DIRECTION 

As"there appears to be little similar.ity between the wind roses 

at the various IRRP stations each station will be treated separately. 

a). Kluane (KL) 

The KL wind roses for J 964 (calculated from readings at 0900. 

1500. and 2100 Y.S.T.) are shown in Figure 42. The 1965 wind roses 

and the prevailing direction for each observation hour (calculated from 

continuous three hourly observations) are found in Figure 42 and 

Table XXVA. 

In 1964. W. and N. winds appear to predominate while in 1965 S. 

\ 
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and E. are most frequent. This, to a large extent, is a result of the. 

lack of night time records in 1964 - see Table XXVA of diurnal 

variations~O The predominance of N. winds in July may, however, 

be real as July 1964 was colder than usual. 

Considering the 1965 wind roses, a down slope effect from the 

mountains to the S. and E. is suggested by the nocturnal southerly 

and easterly winds .. The day time southwesterlies may be the result 

of the strong down glacier winds on the Kaskawulsh glacier? 1 

h) Kaskawulsh (KASK) 

The 1964 KASK wind roses (Figure 43) were built up from day 

time readings, taken at irregular intervals and varying from day to 

day. The 1965 wind rose sand three hourly prevailing directions are 

shown in Figure 43 and Table XXV respectively. 

There is no significant diurnal variation of prevailing direction. 

The pronounced 1964 westerly maximum may resùlt partially from 

b . 1 72 o servatlona error. As the camp was c10ser to the north arm in 

1964 than in 1965 this predominance of westerlies could be real. 

There is also some evidence from DIV and the 500 mb flowthat there 

70 
Table XXVA shows that the winds tend to shift from easterly at night 

to southerly then S. W. in the afternoon and back to S. in the evening. 
It is obvious that in readings taken at 0900, 1500, and 2100 Y. S. T. the 
nocturnal E. and S. winds would be inadequately represented. The ten­
dency for caIrns to be most frequent at night will also affect the 1964 
calculations . 

71These are stronger in the day time due to their depcndence on loss of 
heat by the surface of the glacier to the air above. 

72These induced by the lack of wind vane i. e., possibly all down glacier 
winds were c1as sed as W. 
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73 
were in generalless S. and S. W. winds in 1964 than in 1965; these 

would tend to funnel down the central arm of the Kaskawulsh. 

In 1965 KASK shows the least number of caIrns of any station 

("se~ Table XXVB). Thisis as would be expected from the average 

wind speed (see Table XXIII). The greatest number of caIrns occur 

between 2400 and 0600 Y • S. T. when the glacier wind effect is at a 

minimum (see Ch. XIV sec. 2, b). The KASK camp in 1964 recorded 

far more caIrns than in 1965 (39% compared to Il %). Sorne explana-

tion beyond the generally stronger winds in 1965 is needed for this 

difference. Once again the slightly more northetly position of the 

74 
camp may be the cause. 

c) Divide (DIV) 

The most complete wind records are available for DIV where 

wind roses have been constructed from continuous two or three hourly 

readingsfor 1963, 1964, and 1965 (see Figures 44a and br. 

One might expect to find the least variation in wind rose shape 

at DIV. AlI figures for one year are similar but the three years bear 

little resemblance to each other. Nor is there appreciable similarity 

between the diurnal variations for the three year s (see Table XXV A) . 

For these reasons the years will be dealt with separately and the 

and the assumption made that DIV winds reflect the synoptic situation 

73 See CH. X and sec. c above. 

74The camp was likely more sheltered (by the mountains to the west) 
as weIl as being nearer the north arm where the velocity appears to 
be slightly less (see sec. 4 below). 
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75 
of each year; 

stations. 

at least to a greater extent than do any of the other 

i) 1963:- In 1963 the wind blew almost entirely from the W., 

and there was no diurnal variation of prevailing direction. Thus 

65 

this year the flow was almost always deflected north of Mount Logan. 

These winds suggest the passage of most cyclones well N. of 

DIV. 

ii) 1964:- The 1964 wind roses interpolated from a circulation 

standpoint reflect a rather disturbed flow which wou Id result from·the 

frequent passage of lows slightly to the south of the DIV region. 

No generalizations are possible concernin g the diurnal direc-

tion variations in 1964. 

iii) 1965:- S., W. and E. winds dominate the 1965 figures. Of 

the three years the 1965 wind roses be st fit the large s cale topography. 

The predominantly S. W. upper flow appears to be deflected around 

Mt. Logan approaching DIV from the west up the Logan and Walsh 

"" 76 
Glacier s or from the south up the "Hubbard Glacier. 

Synoptically the 1965 wind roses suggest cyc10nic activity passing 

either N. or S. of DIV. 

75 
Though the station was not in the same place each year it is unlikely 

that in as flat an area as the accumulation area this alone could create 
such large differences in direction. Indeed relating the roses to the 
very local topography only gives contradictory results. (i. e., In 1963 
slight ridges to the S. and S. W. might have blocked winds from this 
direction while in 1965 the ridges - to W., S. and E. are in the direc­
tion of the max.). 

76 The only other major outlet being the Kaskawulsh to the E. 

J 
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.In June 1965 S. winds predominate during the whole twenty-four 

hour period while July shows westerlies at night, easterlies in the 

morning and southerlies after midday. 

Analysis of the 1964, 500 mb flow (to be discussed - Ch.X sec. 1 

and 2) shows the same relation between 1964 and 1965 flow as do the 

wind roses. 

CaIrns at DIV are most frequent in July for aU year sand least 

frequent in 1965. 

d) Seward (SEW) 

The SEW wind roses for 1964 and 1965 (see Figure 45) are very 

similar having W., N. W., and E. maxima and a large percentage of 

caIrns. 

The westerlies and northwesterlies are easily explained as in 

this dir.ection stretche s the broad expanse of the Seward Glacier. 

·From the predominance of northwesterlies during the day and 

easterlies at night (see Table XXV) it would seem that the easterly 

maximum is due to nocturnal down slope winds off the SHOW free ridges 

of Mount Vancouver. 

As would be expected from the mean wind speed caIrns are fre­

quent at SEW, dominating at six of the eight observation times in 

1964 and at four in 1965. 

3. UPPER WINDS 

Using the WH OO.Z and 12 Z radiosonde ascent data for July 1965, 

the average monthly wind speed at approximately 8, 700 ft. (the elevation 
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of DIV) was 12.1 knots. Further investigation showed that the corres­

ponding YAK average would also be con siœrably higher than either the 

SEW or DIV July 1965 average wind speeds. 

Preliminary results of the pibal ascents suggest no particularly 

significant increase in speed up to altitudes of five to ten thousand 

feet above the s e stations. 

4. WIND DIRECTION - SPEED RELATIONSHIPS 

The relationships between wind specd and direction are shown in 

Table XXVI. 

a) Kluane (KL) 

At KL there is little overall s eas 0 n al pattern, rather each 

month is different. 

In May the strongest winds originate from the Slims River valley 

or from the S.E. along the Alaska Highway. The lightest winds blow 

from the N. off the ice covered lake. 

In June the lightest wind speeds again originate in the N. but now 

the strongest winds blow from the E. The latter is possibly the result 

of cyclones passing to the south of KL. 

July exhibits a reversaI in that the strongest winds blow off the 

lake and southerly winds have low speeds. 

b) Kaskawulsh (KASK) 

. As would be expected at. KASK down glacier winds are consider­

ably stronger than up glacier breezes. It is interesting to note that in 

both months S. W. winds from the central al'm are stronger than W. 



winds from the north arm. This may be a result of the position of 

the station relative to the two glaciers?7 ' 

68 

Passing systems appear to have little influence on the direction -

speed relationships at KASK. 

c) Divide (DIV) 

Up glacier winds from the Kaskawulsh glacier are lightest in 
78 

both 1963 and 1965. 

The prevailing upper southwesterlies, deflected around Mt. Logan, 

are generally the stronge st winds. In July 196 S, however, N. E. and E. 

winds have the highest average speeds seemingly as a result of the 

passage of several strong disturbances south of DIV during that month. 

d) Seward (SEW) 

At SEW the down slope winds, from Mt. Vancouver to the N. E. , 

are generally the strongest while the lightest winds blow from the 

direction of the broad expanses of the Seward Glacier. As N. E. winds 

are a night time phenomenon these direction - speed relationships tend 

to minimize diurna.l speed variations. 

77It was slightly more'sheltered from west winds as it was on the central 
arm side of the moraine. 

78Similar calculations ha ving been madè for DIV in 1963. 
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CHAPTER VII 

CLOUD AND FOG 

1. MEAN CLOUD AMOUNTS 

Cloud coyer amounts (in tenths) have been averaged for all 

stations having three hourly observations or more and these seasonal 

and monthly averages presented in Table XXVII. A 1 June to 31 July 

average has also been included to facilitate the comparison of uniform 

periods. 

There is a steady increase of cloudines s from KASK west to YAK, 

as would be expected. Summer convective type clouds are frequent , 

over the snow free land around KL and WH resulting in rather high 

cloud coyer averages here. 

Over a large cold glacier subsidence tends to reduce the cloud 

cover. The effects of this were frequently observed at KASK (i. e. , 

skies over the glacier were clear while cloud was dense over the sur-

rounding mountains). SEW and DIV, however, as a result of their 

marine exposure (especially at SEW) and greater elevation (especially 

at DIV), experience cloudiness equal to or greater than the average over 

the ocean at that latitude~9 

79 . 6 0 0 Quoted as bemg . 7 for 50 N to 6 a N by Landsberg (16). 
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May and August are, in general, clearer than June and July. 

At DIV, the only station having 3 years of record, 1964 experienced 

the most cloud and 1965 was clearest. 

Table XXVIII of cloud frequencies for July 1965 gives aè.ded 

insight into the cloud condition~. Further evidence that subsidence at 

KASK creates holes in the overcas~ lies in the relatively high fre­

quency of 7 to 9 tenths cloud and the comparatively low frequency of 

overcast. DIV and SEW on the other hand tend to be completely over­

cast or clear with only a few scattered clouds over the distant: moun­

tains. DIV experiences the most cloudless skies. 

2. DIURNAL VARIATIONS AND DOMINANT CLOUD TYPES 

Most'of the diurnal cloud coyer curves (see Figure 46) 'have their 

maxima early in the day. This suggests a dominance of stratiform 

cloud, the development of \\h ich is favored by stable stratification. 

At SEW and DIV, indeed, stratus clouds are by far the most fre­

quent type. As. (at SEW) and Ci. (at DIV), from the Pacifie, and Sc. 

formed over the mountains, are also cOlumon. On the other hand, at 

KASK Sc. clouds are most frequent though Ci. and St. drift down from 

DIV fairly often. KL experiences more middle (As. and Ac.) and high 

(Ci.) cloud than the glacier stations. 

3. WIND· DIRECTION - CLOUD AMOUNT RELA TIONSHIPS 

Cloud coyer averages for the eight wind directions, in July 1965 

are listed in Table XXIX. 
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a) Kluane (KL) 

In general at KL high cloud amounts are associated with winds 

from the neighbouring mountains while clear skies predominate when 
\ 

winds blow from the valleys. In the latter part of the season a con-

siderable build up of cumulus type cloud was frequently observed 

beyond the N. end of Lake Kluane. 

b) Kaskawulsh (KASK) 

At KASK also, winds from the mountains are accompanied by 

the most extensive cloud cover. Up glacier winds bring less doud 

tha!l do down glacier winds ~O In addition more cloud is present with 

winds down the north arm than those down the central arm. 

c) Divide (DIV) 

The N. and N. E. wind cloud maxima. are again the result of near-

by mountains. Southerly winds on the other hand suggest marine slope 

cloud formation . 

. The lowest speeds appear to be associated with the clearest skies 

81 suggesting little cloud development occurs locally. 

d) Seward (SEW) 

Winds up the Seward - Malaspina Glacier system (i. e., from the 

Pacüic) were accompanied by 10 tenths overcast on aU occasions. Down 

slope winds from Mt. Vancouver tended to destroy cloud cover. 

80 
As down glacier winds are so dominant these relationships may not 

be particularly significant. 
81 

Unfortunately (see sec. 4 of preceeding Ch.) July 1965 was somewhat 
an exception as to speed - dire ction re1ationships. 
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4. FOG 

Differentiating between fog and cloud which has run into the 

glacier surface is very difficult at SEW and DIV. In addition, in 1965, 

for instance, there were at least 10 different observers at these two 

stations du ring the season, so little confidence can be placed in the 

records of fog ver sus 10/10 overcast or obscuration. Both stations 

were subject to frequent fog and low stratus, the former likely more 

frequent at SEW and the latter àt DIV. 

It should be noted that, in calculations of cloud amount fog, 

obs curation, and white outs were considered to be 10/10 cover. 

,. 

..... 

J 
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, CHAPTER VIII 

PRECIPITA TI ON 

1. TOTALS 

a) Problems 

Precipitation, possibly the best indicator of the transition from 

a maritime to a continental climate, is unfortunately one of the most 

difficult parameters to m'easure accurately on a glacier. Rain gauges 

prove very ineffective in catching snow, especially when it is ê.ccom­

pa~ied by wind~2 At times it is almo'st impossible to tell whether 

snow is falling or merely being blown around. Measuring precipita-

tion amounts [rom a fixed stake suffers from the effects of ablation 

and drifting. 

Observers, thus, tend to caU any snowfall a trace and as the 

sum of many traces is a trace both the daily and monthly totals are 

gross underestimates. KASK and DIV are most subject to these in-

accuracies. 

At DIV in 1965 where the errors seem to have been greatest, the 

five sta~e accumulation averages from the ablation records were used 

82 
It is shown in Ch. IX that high winds usually accompanied precip. at 

KASK and DIV. 

J 
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to correct the data~3 As the ablation season was weil under, way by 

June at KASK, this method of corection was of little use ,here. 

Bearing these problems in mind, the monthly and seasonal totals 

and the seasonal averages of precipitation per day, given in Table XXX 

will be discussed. 

b) Snow versus Rain 

During the periods of record (fol' the three years) at DIV only 

snow fell while at KASK and SEW both rain and snow experienced in L 

June, July, and August. KL and WH recorded snow in May and June 

and YAK only in May. 

c) Precipitation Profile 

The average precipitation pel' day amounts exhibit a general 

eastward increase ~4 Comparing the ~lacier stations' values to tho,se 

at the permanent stations (YAK and WH), hO\vever, strongly suggests 

the former are underestimates ~5 

cl) Hydrological Traverse Data 

In order to determine the extent of the error (noted above) the 

results of the hydrological traverse~6 carried out in late May and early 

830n any day when a net accumulation was recorded this value was taken 
as the precip. amount for the 12 hours preceeding the reading. This is 
still an unclerestimate as during the 12 hour s sorne or all of the new snow 
may have ablated. This effect is greatest in the latter part of the season. 
84Except KASK where data \Vere unreliable. 

85Though it will be seen later that the low vaiues at KI, may be accurate. 

86 The trav~!se was carried out by Melvin G. Marcus, John Griffin, 
Lawrence Nlelsen, and Richard Ragle with air support from Phillip Upton, 
the pilot of the project air craft. It was under the supervision of Walter 
A. Wood, Director of IRRP. The preliminary results were presented to 
the VII Inqua Congress of the International Association for Quaternary 
Research, Bolder, Colorado, Sept. l, 1965. 
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Jùne of 1965, will be discussed. The traverse extended from the lower 

Seward Galcier across the glacier divide of the Hubbard and Kaskawulsh 

Glaciers to the lower Kaskawulsh glacier. Fifteen pits were excavated, 

the locations of which are shown in Table XXXI and Map 3. In addition 

Table XXXI, after Marcus (19), gives the dens-ity and centimeters of 

snow accumulation (1964-1965) measured at these pits and the result-

ing cm. water equivalents. 

These accumulation values were assumed to represent the total 

accumulation season precipitatio~7 and the pel' day amounts (shown as 

well ln Table XXXI) have been taken as comparable to the average 

precipitation per day records for the summer season (see Table XXXr.
8 

The precipitation values average only 12 percent of the corres­

ponding accumulation amounts. (Compare specifically 5, 790' feet 

(1765 m.) on the continental slope; Divide (2, 620 m.), and 5, 790 feet 

(1, 765 m.) on the marine slope; with the KASK; DIV; and SEW records 

respectively.) Differences of this magnitude cannot he distributed to 

local rain shadow effects~9 

e) Accumulation Profile 

The transmountain profUe of pre cipitation will thus be dis eus sed 

87 An accumulation season of 10 months was assumed. Had the full year 
been used the discussion which follows would still be justified. 

88Comparing the accumulation season precip. per day at WH and YAK 
to those for the ablation season the following was found. At WH ablation 
season precip. was .62 that du ring the accumulation season while at 
YAK the exact opposite was true. It was therefore decided not to make 
any correction to the data in Table XXXI. 

89DIV and the Divide pit were quite close together and still the values 
at the former were only 28% of the latter. 

L 
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on the basis of the hydrological traverse results, plotted along with a 

height curve of the pits in Figure 47: (Reference should also be made 

to Table XXXI and Map 3.) 

The overall difference between the maritime and continental 

precipitation is most obvious when pits 3 and 14, at the same elevation 

on opposite slopes are compared. Marcus (19) notes there is a better 

than three to one water different~al between these and that below this 

elevation the differences are accentuated. He continues: "On the 

Kaskawulsh slope snow completely disappears below 1,400 meters 

(4,495 feet) except for occasional, thin residual patchès. On the lower 

Seward, however, 174 cm. of water (5.66 mm. per day) was still 

present at 1,370 meters (4,495 feet) and the transient snowline was 

observed well below 700 meters (2,297 feet) in late May." 

Several factors contribute to the rather complexmarch of the 

accumulation curve between these two pits. 

Theoretical and practlcal studies in several mountain regions of 

the world have shown a precipitation maximum at some altitude below 

the peak, on the windward slope. Walker' s (31) model, for instance, 

indicates that for a 6,600 ft. ~2, 015 m.) mountain the maximum pre­

cipitation should occur at 4,600 ft. (1,400 m.). The zones of maxinium 

appear to be closely related to the average height of the cloud bases in 

the area (i. e., the heaviest precipitation results where the clouds first 

depo~it rain or snow). 

The major maximum zone of precipitation is placed by Marcus 

(19) and apparent from Figure 47" in the .vicinity of the break between 

the Upper and Lower Seward Glé'.cier (about 1,500 meters) and onto the 
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Upper Seward basinbetween 1,700 and 1,800 meters". He notes also 

that the same basic relationships were found by Sharp in 1947-1948 

and 1948-1949. 

If it is supposed that air flows up the Seward and Hubbard . 

Glaciers to DIV then down the Kaskawulsh (i. e., over a mountain range 

with DIVas the highest point) then a maximum rain zone around l, 800 

meters compares well with Walker's theoretical results. Theoreti­

cally there should be a graduaI decrease in precipitation from the 1,800 

meter level on the windward slope to the base of the leeward slope. 

These glaciers however flow between several massive peaks. It 

has already been shown that the mounta~ns are a major influence on the 

surface winds and preliminary results of pibal ascents suggest this 

effect extends to cons iderable altitudes. The exact pattern of this dis­

turbed flow is unknown. It is reasonable to assume, however, that 

glacier sites to leeward of barders such as Mount Loga:l° would 

. receive considerably less precipitation than the altitude precipitation 

relationships would suggest. 

A third factor affecting the distribution of precipitation is un­

doubtedly the presence of ridge s and nunataks on the glacier. That pits 

5 and 7 are situated to leeward of such obstructions (see Map 3) is not 

surprising when their accumulation amounts are compared to that at 

the more exposed pit 6 . 

. Returning to Table XXX of recorded summer precipitation per 

day.it can be seen that KL and WH would fit into an extension of the 

continental slope profile (Figure 47). 

90possibly largest mountain massif in the world. 
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Yakutat on the other hand records a summer average daily 

precipitation weIl above that of the maximum zone found by the hydro-

logical traverse. Juneau, likely more representative of the coastal 

precipitation regime, receives an average of 3.8 mm. per day and 

would fit into an extension of the marine slope curve (Figure 47). 

n Yearly and Monthly Variations 

From the seasonal values given in Table XXX, 1964 appears to 

have been the wettest summer except at DIV where most snow fell in 

1963. At aIl stations 1965 recorded the least precipitation. The 1964 -

1965 winter accumulation was the least recorded in five year s at DIV 

(Marcus, 19). 

At the stations where convective clouds produce a significant 

portion of the summer precipitation the maximum monthly precipita-

tion occurs in July or August. DIV and SEW, on the other hand, where 

stratifol'm cloud accounts for almost aIl of the precipitation, records 

a June maximum. 

2. PROBABILITIES 

The probability of precipitation on any one day is given for each 

station in Table XXXII. There is a steady east-west increase of per-

cent probability. Precipitation probabilities appear to give a more 

realistic representation of the precipitation regime of this glacier area 

than do measured precipitation totals. 

The year to year variations of probability are similar to that of 

the seasonal totals:
1 

Probabilities appe~r to be h,îgher in the early 

9IExcep.t in 1963 where at KL less. rain appears to have fallen in more 
days wRlle at the DIV the reverse IS true. 
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months at most stations as further evidence that the July maxima are 

a result of rain produced by convective clouds (i. e., it falls in greater 

quantities in a shorter length of time than rain from stratiform clouds). 

3. DIURNAL VARIATIONS 

The diurnal curves of rain and snow are shown in Figure 48. The 

only generalization possible is that the maxima come 'early in the day. 

Predictably July at KASK a·rid KL also have a maximum late in the day. 

At SEW the snow maximum comes earlier than the rain maximum. 

4. WIND DIRECTION - PRECIPITATION RELA TIONSHIPS 

Table XXXIII gives the probability of precipitation with a given 

wind direction, based on the 1965 three hourly observations .. 

a) Kluane (KL) 

At KL the greatest probability of rain is with winds off the lake. 

(As noted in Ch. VII sec. 3~ cumulus cloud build-ups were often observed 

at the N. end of the lake in the latter part of the season.) Calms often 

accompany raine Precipitation i.s least likely when winds blow fr.om the 

Slims Valley off the cool glacier. 

b) Kaskawulsh (KASK) 

N.W. winds (i.e., from the snow free mountains) are associated 

with the highest probabilities of precipitation at KASK. Least proba­

bility occurs with down glacier winds. Winds funnelling down the north 

arm direct from the DIV area are more likely to bring precipitation 

than winds down the central arm . 

. The relatively wet up glacier winds are likely due to frontal passages. 
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c) Divide (DIV) 

Cyc10nic disturbances appear to account for much of DIVIS 

precipitation easterlies exhibiting the highest probabilities while 

westerlies, indicative of toastaI ridge conditions are least likely to 

bring snow. 

d) Seward (SEW) 

At SEW, generally the greatest probability of precipitation occurs 

with N. and N. W. winds from the Seward basin. When winds are from 

inland less precipitation is experienced. 



CHAPTERIX 

MARCH OF DAILY MEANS 

81 

InFigures 49 and 50a.and b. are plotted the mean daily tem­

peratures, wind and cloud cover recorded at DIV and SEW in 1964 

and at al! four IRRP stations in 1965. As the march of daily mean 

pressure is very similar at all stations only those of DIV in 1964 and 

KL in 1965 are included, and the twelve hourly accumulation-ablation 

amounts have been plotted for DIV 1965. 

There is a close relationship between the variation of mean daily 

temperatures at all stations in one year. The cloud curves for one 

season are also similar and precipitation tends to occur on the same 

days at all stations. 

Rather interesting is the close relationship between the wind speed 

and cloud cover curves, especially evident at DIV in 1964 and also at 

DIV and KASK 1965. Most precipitation appears to fall during a peak 

in these two curves. 

Associated with every major low pressure period there can be 

found at DIV and KASK, cloud and wind maxima while at KL and SEW 

only cloud maxima occur. The same relationships hold for high pres­

sure and low wind and cloud. Approximately a one day lag is evident 

between the pressure maxima and minima and the corresponding wind 

or cloud condition. Precipitation accordingly appear s to follow a 
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pressure drop. 

The temperatures do not appear to be related to any of the above 

parameter s. There is, however, a definite relationship between high 

ablation and high temperatures. Table XXXIV of days below freezing 

is self-explanatory. 
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CHAPTER X 

FLOW ANALYSIS 

1. CLASSIFICA TION 

Chapter II dealt with the general circulation of N. W. North 

America and thus presented a mean, long term, large scale picture 

of the geostrophic flow. It is the object of the present chapter, on the 

other hand, to c1assify and discuss the actual geostrophic flow con-

ditions immediately over the IRRP area during the summer seasons 

of 1964 and 1965. 

The flow has been c1as sified according to the type of surface over 

which it travelled immediately before it reached the IRRP area rather 

than by compass point directions. Though this results in each flow 

type covering a different number of compas s points (i. e. , the segments 

as shown in Figure 51 are of varying sizes), it is hoped it will give the 

analysis some physical meaning (i. e., each flow type will represent 

flow of air which has undergone the same modification proc:esses). 

T~e five categorie~1:hus designated are (as s hown i~:b""igure 51): 

1. Up the S.E. - N.W. tending valleys (ca. S.E.) 

2. Off the Pacific Ocean (ca. S. - S. W.) 

3. Along the S. coast of Alaska (ca. W.) 

92The flows will henceforth be referred to as type l, type 2, etc. 
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Figure 51. Flow types. Refer to Maps 1 and 2 for 
details of the topography. 
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4~ DowntheN.W. - S.E. tendingvalleys (ca. N.W.) 

5. From inland (ca. N. - E.) 

84 

In addition it was found that the following three types of curved flow 

occurred: 

1 to 2, 3,or 4. A ridge slanting with the coast. 

2 to 3 or 4. A ridge oriented more N. - S. 

Col or neck?3 Uncertain flow between two lows or highs 

2. SURFACE AND 500 MB FWW 

a) 196594 

Table XXXV shows the percent freque"ncy of flow types for the 

period 19 May to· 18 August 1965. The se were extracted from the 

C. A .0. 500 mb and surface charts for 00 Z and 12 Z. 

At 500 mb 42 percent of the maps showed flow from the ocean 

while flow of type 1 and ridge conditions were also frequent, these 

three types together making up 77 percent of the 500 mb flow. 

The surface charts were dominated by flow along the northern 

coast of the Gulf and by ridge conditions. Type 2 flow was 1ess corn mon 

than at 500 mb, p1acing third. 

Also illustrated by Table XXXV are the relationships between sur-. 

face and 500 mb flow. As wou1d be expected a surface ridge with 500 mb 

type 2 flow is the most common combination. (These relationships 

should be kept in mind during sec. 3 of this chapter.) 

93The neck of a low i. e. , 

941965 will be treated fir st as the analysis for this year is more accurate 
than that for 1964. 
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b) 1964 

Table XXXVI shows the percent frequency of the flow types for 

19 May to 8 August 1964, in this case extracted from the U. S. Weather 

Bureau "Daily Weather Maps" for 00 Z at 500 mb and 18 Z at the sur­

face. The.table is self-explanatory. 

In order to compare 1965 and 1964, the 1965 flow was also ex­

tracted from the U.S. maps. Table XXXVII compares the 1965 

C.A.O., 1965 U.S., and 1964 U.S. percent frequencies. 

The U.S. maps being smaller and less carefully analysed in 

this area tend to show fewer ridge conditions and more type 2 flow. 

S~veral days were missing in the 1965 U. S. series and these were 

days with type 5 flow. Keeping this in :-nind the following differences 

between the 1964 and 1965 flow can be found. 

At 500 mb 1964 tended to have less of flow type 2 and more of 

type 1 and 5 suggesting more cyclonic activity in this year. 

The surface charts in 1964 evidenced more of type 4 flow and 

less of type 3 and ridge cànditons than those for 1965. 

3. FLOVIf - SURFACE SYNOPTIC PARAMETER RELATIONSHIPS 

The 1965 surface and 500 mb flow at OOZ and 12Z were related 

to the corresponding temperature, wind direction and speed, precipi­

tation, and cloud amount at each IRRP station. In addition the relation 

between the daily means of the above parameters and the flow was 

obtained. 

The quality éI.nd quantity of data did not warrant strict mathe­

matical (i. e., statistical) treatment. Instead the graphic mode and 
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median of each parameter as weIl as the percentage of temperatures 

above freezing and the probability of precipitation wer,e obtained for 

, ' 95 . 96 
e<l:ch type of flow, from frequency dlagrams. These are given in 

Tables XXXVIII and XXXIX. From these tables (and the frequency 

diagrams) some generalizations can be made with the following reserva­

tions. The conditions represent only the s~mmer of 1965 and the mode 

or median values may be misleading due to, a small number or wide 

97 
scatter of data. 

a) Temperature 

During periods of ridge conditions or flow from the interior, at 

500 mb, warm temperatures are experienced at aH stations. A 500 

mb ridge will tend to import, into the IRRP are a, air from lower 

latitudes while type 5 flow cardes radiatively warmed air masses. 

A similar relationship exists for the surface flow where col or 

neck conditions, suggesting little or' disturbed flow, are also warm. 

Five hundred mb flow from the N. down the valIeys and from the 

W. over the rugged glacierized mountains tend to accompany colder 

temperatures. Flow up the N. E. - S. W. tending valIeys also appears 

to be related to cool temperatures. The explanation of these relation­

ships lie's in the type of surface flow associated with type l, 3, and 

4 500 mb flow. 

95 
In some cases too few days had flow of a certain type to determine 

a value. 

96These frequency diagrams were of cour se too numerous to include. 
However in the discussion that follow the author was guided by them as 
welI as the values in Tables XXXVIII and XXXIX. 
97 ' 

An attempt was of course made not to depend on them in these cases 
but this was done only subjectively. 
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At the surface low temperatures result when flow comes from 

the cool ocean over the icefields (type 2) or from the north (type 4). 

b) Wind Directions 

As has been shown surface wind directions vary considerably 

from station to station. For this reason the flow - surface wind direc­

tion relationships will he considered for each station individually. 

i) Kluane (KL):- In general, there is a counter clockwise rota­

tion from the geostrophic to the actual surface wind direction at KL. 

This is due to the large amount of frictional drag exerted by the rough 

terrain in the area. 

At 500 mh however no simple relationship exists. Only in the 

case ot flow type 1 do the 500 mb and actual wind directions tend to 

agree. 

H) Kaskawulsh (KASK):- At KASK as would he expected from the 

wind roses (see Figure 43) every type of surface and 500 mh flow is 

most frequently accompanied by S. W. winds at the surface (i. e., down 

the central arm). Flow of type 2, in general, produces the most W. 

winds (i. e., down the north arm). 

Hi) Divide (DIV):- When 500 mb flow at DIV is up valley or 

from the ocean S. winds predominate, while type 3, 4, and 5 tend to 

support W. winds. 

There is, on the other hand, a very close relationship hetween the 

sea-Ievel geostrophic wind and the actual surface wind at DIV. 

iv) Seward (SEW):- No generalizations can be made on the basis 

of the short record availaùle at SEW. 
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c) Wind Speed 

In general with 500 mb ridges and flow of type 2 higher wind 

speeds' are recorded than with flow from inland or during col or neck 

d "" 98 con thons. 

Concerning the surface flow - wind di"rection relationships few 

generalizations hold though ridge conditions do tend to· give high winds 

and col or neck conditions low speeds. 

It is interesting to note that a t KL and DIV flow from inland 

produces strong winds while at KASK it does not. These mainly 

cyclonically produced winds are strong but at KASK they are counter-

acted by the prevailing glacier wind. 

d) Cloud 

The station to station differences in cloud - flow relationships 

(at both the 500 mb and surface level) reflect the change from a mari-

time to a continental regime. 

At KL the cloudiest skies are accompanied by flow from inland. 

Convective and frontal cloud is largely responsible for this condition. 

DIV and SEW on the other hand receive most of their cloud when the 

flow is off the ocean up the maritime slope. 

By the time these clouds reach KL they have dissipated con-

siderably (i. e., type 2 is clear). Clear weather is experienced, at 

the maritime stations, during flow from the east due to its lack of 

moisture. 

98There are several exceptions to this - e. g., at KL type 3 flow has 
lost much of its energy to friction during its journey over rugged 
terrain. 
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KASK appears to be caught in the middle. Here stratiform 

cloud rolls down the glacier from DIV and convective activity is not 

uncommon, though less frequent than at KL. 

e) Precipitation 

The precipitation - flow .situation is similar to that of cloud. 

At KL the greatest probability of rain occurs with 500 mb flow 

type l, 5, or ridge and surface type l, 4, or 5. The greatest pre-

cipitation amounts occur with flow from inland at both levels. In other 

words precipitation tends to be the result of convective activit.1
9 

or 

low passages. 

KASK also receives the greatest precipitation amounts from the 

E. at the surface and 500 mb but the greatest probability is related, 

at 500 mb to flow from the S. and S. W. (i. e., 1 and 2) and to surface 

flow from S. around to N. W. (Le., l, 2, and 3). The latter is a 

result of stratus imported from the DIV area. 

DIV and SEW receive most precipitation during flow from the 

Pacific. Along with KASK they are least like~y to receive rain when 

a ridge sits over the area or during dry cool flow of type 4. 

_'1 

99i. e .• A 500 mb ridge gives clear warm weather resulting in convec­
tive activity. 
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CHAPTER XI 

SYNOPTIC ANAL YSIS 

As the climate of an area is a reflection of the synoptic regime, 

a study of c1imate is not complete without sorne mention of the 

synoptic scale conditions. In the present study the conditions have 

been c1as sified by the weather they produce at the surface and periods 

have been chosen for study which, in the author's memory of the 

field season (1965), had experien~ed particularly bad!OO windy, or 

hot weather. This method of selection, though rather subjective, will 

reflect the true complexity of the area' s synoptic regime ~ 01 Three 

of the seven periods examined will be discus sed in detan~ 02 

For these three periods a brief, note-form summél;ry of the 

103 
synoptic situation will be given, with the help of weather charts. , 

1 OO"i3ad" means a combination ofc1oud, precipitation, fog or whiteouts, 
and high winds, etc. 

l,OlCarefully chosen synoptic' configurati0!ls are usually selectcd for 
their weIl defined pattern or c1assical appearance and so will tend to 
simplify the situation and may not really be representative of the normal 
situation - they do however allow presentation of a more c1ear cut set of 
conclusions. 

1020ne each of bad, windy, and hot. 

103Most of these and the descriptions were taken from the Canadian 
Meteorological Service C.A.O. weather charts for 500, 700, and 850 
mb at 1200Z and 0000 Z and surface at 0600, 1200, 1800, and 0000 Z. 
The U. S. weather bureau "Daily Weather Maps" were also used to 
sorne extent. In aIl cases the IRRP data was added to these analyses. 



1 

90a 

LEGEND OF sn,180l_ 5 USED IN SYNOPTIC ANALYSIS FLGURES 

WEATHER CHARTS 

Fronts 

/) 

/- " cold warm 

surface 

upper levels 

trowel 

mantlme system 

.d'dlrectlOn.f 500 mb .;y flow 

Ch 
C cloud amount 

tempfF.) ...... vl~Ib IlIty (ml) 
dc:w pomt ....... 

'('JF)' C. ~present weather 
" 1 preclp amüunt(m) 
wl~d dIrectIon end speed 

_."''' __ 0_ 

surface Isobars 

S50 m b] 
700 mb con tou rs 
500 mb 

THREE HOURLY SURFACE SYNOPTIC PARAMETERS 

tempo (0 F.) . ...,. _ .... tempo mtcrpolatcJ trom rnux. &mrn . 
- ._e __ cloud l1rnount (tenths) 
Ic,,~,ttt.. c!QuJ" type (0 b:: ob~1Jred) 

---- wlndspeed (kts,) 

\ wrnd d Irec tlon 

_ .. - ..... pre ssure 

RADIOSONDE TEMPERATURES 

WH YAK 
0300 Y.S. T 
1500 Y.sr 

Figure 52. 

ri rUin (In) 

fsl snow (In,), 

Ab ablation 
~c;- accum ula 110 ri 

~ ro," thenprec,po 
F tog amounts nol 
L. r.l':jht O'Ic.JIlab!e 



91 

This will be followed by similarlyb;rief description of the surface 

weather conditions at the stations, accompanied by plots of the three 

hourly values of the surface synoptic parameters at each station and 

the YAK and WH radiosonde temperatures. Finally an attempt will ~e 

made to form these into a picture of what took place. 

1. PERIOD 1 - 29 JUNE Ta 1 JULY (BAD WEATHERf
04 

a) Synoptic Situation 

Date
105 

28 

29 

30(03) 

30(15) 

1 (03) 

1 (15) 

Level 

surface 

500 mb. 
surface 

500 mb. 
surface 
500 mb. 
surface 

500 mb. 

surface 

500 mb. 

surface 

500 mb. 

Situati,?n 

occlucled frontal system and low move on 
coast and dis sipate N. of Vancouver 
Ils. leaving a ridge over coast. 

weak low over Yukon. 
high over N. W. British Columbia. 
low (with strongly occ1uded fronts pre­

ceeding it) S. E. of the end of Aleutian 
Pen. 

cold low S. of Aleutians. 
trowel S. of Valdez and low S. of Aleutians. 
low S. of Aleutians. 
trough / / coast well out in Gulf. 
top of trowel just S. of YAK in small 

trough in coastal ridge (see Figure 54a). 
sharp trough with IRRP on E. side of it. 
low S. of Kodiak (see Figure 54b). 
maritime cold front over IRRP in small 

trough. 
new low S. of Aleutians 
low still S. of Kodiak giving slight cold 

advection over IRRP 
ridge with trough in it still over coast -

front passed on 
low S. of end of Aleutian Pen 
low over end of AleutianPen 

1040n 30 June the menacing c10uds shown in Figure 52 streaked the sky 
over DIV and by the late afternoon the station was socked in. The low 
stratus lifted only briefly on the night of the 1 st. but flying was not 
possible unti1late on the 6th. Whifeout conditions were frequent as were 
snow, obscuration, and very low stratus. 

105Henceforth the dates and times will be given in the following manner 
28(03) - meaning the 28 at 0300 Y.S. T., tlie month being obvious from 
the period being discussed. (Note 0300 Y.S.T. corresponds to 1200 Z.) 
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Figure 5-!b. 500 mb contours for 30 June at 1500 Y • S. T • 
[30(15)1 (After C.A.O. analysis.) 
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b) Surface Effects 

In Figure 56 are shown plots of the synoptic parameters during 

period 1. Radiosonde temperatures over YAK and WH appear in 

Figure 57. These figures revea1 the following: 

i) Clouding:- The clouding over proceeds as would be expected 
(see Figure 53). It shou1d be noted that Sitka becomes overcast after 
WH. 

ii) Precipitation:- Precipitation is initiated at Cape Yakataga 
and YAK at 29(15), at DIV by 30(03), at KASK at 30(09), and possib1y 
at WH at 30( 15) due to this cloud. KL is not affected. 

iii) Warming:- There is evidence of warming aloft at YAK at 
30(03). DIV and KASK show warm nights (i. e., 1 (00) and 1 (03) 
respective1y). KL is not affected and at WH warming a10ft can be seen 
at 1 (03) but none is evident at the surface. Sitka and Cape Yakataga 
show no surface warming. 

iv) Precipitation:- Rain continues at YAK while at Cape Yakataga -
30(21) - and Sitka - 1 (03) - there is a marked increase in intensity. Snow 
began again at DIV - 1(03) - and rain fell at WH - 1(15). KASK and KL 
escaped this time. 

v) Cooling:- There is evidence of surface cooling during the 
night of the 30th - 1 st at Cape Yakutaga and YAK, while YAK has cooled 
in the upper levels by 1 (15). There appears to have been sudden cool­
ing at DIV at 1 (12) and the diurnal maximum at KASK is flattened. 
Sitka also has a damped diurnal maximum, and KL and WH cool more 
rapidly than usual in the evening of the 1 st. By 1 (15), at 700 mb. , 
cooling has taken place, and by 2(03) there is marked cooling in the 
850 to 700 mb. layer. 

vi) Clearing:- There is rio clearing of the overcast at YAK, 
Cape Yakataga, or Sitka. DIV clears to 7/10 by 1 (18) and th~ snow 
stops. KASK, KL, and WH show signs of clearing by 1(15). 

vii) Wind:- YAK wind directions suggest passage of a frontal 
system aligned N. W. - S. E. between 3(03) and 1 (03). At DIV w"ind speed 
maxima at 30(09) and 1 (12-15) corresponding to the warming and the . 
cooling. Wind directions here agree well with the 500 mb. flow at 
29(15) and again by 1(15) but between 30(03) and 1(03) there is evidence 
of a frontal passage. 

If the seemingly constant down glacier S. W. winds are subtracted 
from the KASK wind directions a warm and. cold frontal passage can be 
identified here between 30(03) and 1(15) - see Figure 58. 

KL winds are very light until arter 1 (03) when there is a veering 
and an increase in speed. WH on the other hand has two maxima in 
speed - one before the warming and another along with the cooling. The 
direction variation at WH is much like that at DIV. 
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c) Overall Picture 

Figures 59 are schematic vertical crosssections which along 

with the frontal contour charts in Figures 60 and 61 represent the 

passage of the system. The reconstructed charts shown in Figures 

60 and 61 do not agree with the C.A.O. ~nalysis of the situation. 

However it is felt by the author that the added data strongly favor the 

sequence of events represented by these figures. 

A surface low supported by a 500 mb low moved into the Gulf 

and died there. However, the trowel as sociated with this system 

continued eastward. 

The cloud deck normally associated with a tro~el is seen to have 

approached the coast about parallel to the longitudes~ 06 The high and 

middle cloud preceeded over the mountains but the low cloud definitely 

did not reach KL. 

The trowel, approaching the coast somewhere between 850 and 

700 mb, produced precipitation but no warming at the coasta1 stations. 

When the northern portion of the trowe1 ran into the mountains there 

seems to have been a stalling effect which allowed the southern part 

(still over the ocean - les s friction) to move more quickly. Thus the 

h b l ' d 'h l ' 107 warm upper troug. ecame a Igne wIt t le mountalns. 

The southwester1y 500 mb flow meanwhile tended to push the 

system north a10ng the mountains and then finally over them. At this 

point 1 (00) - the warm air hit the surface at DIV and appears to have 

106 WH douded over befo~e Sitka 

107 i. e .• N. W. - S. E. This orientation is suggested by the YAK and 
KL winds a.nd the precip. record (began at Sitka before WH). 
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spilled down the Kaskawulsh Galcier at least as far as KASK. It did 

not however :reach the elevation of KL; nor doès it seem to have 

descended below the 850 mb level as far east as WH. 

Behind the upper warm trough there appears to have been air 

cooler than that preceeding it. This produced the effects of a cold 

front at the surface as well as in the upper levels. 

The surface effects reached Cape Yakataga around 1 (100) and 

YAK by 1 (12). At the latter the uppe~ levels were cooled by 1 (15). 

The cold front (likely rather steep and having sorne inversion in the 

lower levcls) hit the mountains and the upper part proceeded, accom­

panied by a band of precipitation, over the top. This created a con­

siderable inversion as indicated by the times at which cooling occurs. 

(See Figure 59 - WH cooled in the upper levels at the same time as 

KASK on the surface but did not exhibit substantial surface cooling 

until so~e time later.) 

Following the passage there was at DIV, KASK, and KL consider­

able clearing. The rain only let up at the coastal stations as another 

system approached. 

The pressure trough appears to have passed KL and WH almost 

simultaneously. This, in addition to the :records from Sitka, suggest 

that this front also became aligned with Othe mountain barrier during 

its crossing. 

It should be noted that although a surf ace and 500 mb ridge lay 

over the coast during most of this period it did not produce any clear­

ing until late on the 1 st. 
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. 109 
2. PERIOD 2 - 15 TO 17 JUNE (HIGH WINDS) 

a) Synoptic Situation 

Date 

15(15) 

16(03) 

16(15 ) 

17(03) 

Level 

surface 

500 mb 

surface 

500 mb 

850 mb" 
surface 

500 mb 

surface 

500 mb 

b) Surface Effects 

Situation 

low in Gulf 
ridge up the coast 
low trailing surface Gulf low (at 700 and 

850 mb also) 
well developed low over Cordova with a 

trowel along the S. coast of Alaska (see 
Figure 62) 

low moves N. E. to base of Aleutian Pen. 
(also 700 mb) 

low, accompanied by front, over Kodiak 
low onto land N. E. of Anchorage 
Maritime front N. of Vancouver Ils. has a 

trowel stretching N. into the Alaska Iow . 
. (See Figure 63a) 

low moved. E. to Kodiak, see Figure 63b 
(700 and 850 mb also) 

trough joining Mackenzie and Washington 
lows 

high in Pacific becoming ridge up the coast 
weak Iow in S. E. Yukon 

The synoptic parameter values during periqd 2 are plotted in 
Figure 64. Figure 65 shows the radiosonde temperatures over YAK and 
WH. The following can be said on the basis of the se. 

i) CIoud:'- Yak has overcast skies at the outset of the period, 
while DIV is overcast by 15(15) and KASK by 16(06). KL and WH are 
only compietely overcast briefly around 16(09). 

ii) Precipitation:- YAK experiences much rain between 16(03) 
and 16(15). Snow fell at DIV and KASK and rain was recorded at WH 
around the s ame time. KL once again escape s . 

109 
At around 0300 on the 16th. at KASK Iow stratus began moving in 

from up glacier and shortly after 0600 snow began and the wind picked 
up. By 1230 visibility was t a mile and very strong winds were blow­
ing wet falling snow almost horizontally. At KL the met. tent blew 
down and DIV reported very high winds and snow. 
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Figure 63a. Surface weather chart '16 June at 1'500 Y • S. T • 
[16(15)]. (After C.A.O. ana1ysis.) : 
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Figure 63b. 500 mb contours, 16 June at 1500 Y .S. T. [16(15)J • 
(After C.A.O. analysis.) 
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iii) Wind:- The interesting feature of this passartt was, of 
course, the wind maxima. DIV, KASK,' KL, ard WHll aIl experienced 
their seasonal wind maximum at around 16(15).11 Rather calm winds 
preceeded this maximum in aH cases. (YAK has high winds during the 
period but they do not follow the same pattern -see Figure 64.) 

iv) Cooling:- The temperature effects appear to have been felt, 
at the surface only, at DIV and KASK where the usual1500 Y .S. T. 
maximum is suppressed. 

v) Pressure:- At aU stations a decided pressure drop was ex­
perienced. This occurredd~YAK at 16(09-12), KASK at 16(12-15), 
KL still dropping at 16(12), and at WH at 16(15-18). 

vi) Upper winds :- The following should be noted about the upper 
winds during this periode At 16(03) the 500 mb geostrophic winds were 
60 kts or less (actual winds over YAK - 40 kts.); the 700 mb geostro­
phic winds were 40 kts. (actual wind at this level over YAK 25 kts., 
over WH 20 kts.); and the 850 mb geostrophic winds werè 40 kts. 
(actual over YAK 40 kts.). At 16(15) the situation was much the same. 
Compared t<j,> lfe other periods analysed these winds are not particu­
larIy strong. 

vii) Pre s sure configurations :- The surface isobar s are very 
crowded and run parallel to the 500 mb flow over most of the IRRP 
area (see Figure 63a). 

c) Overall Picture 

The period was dominated by a strong, weB supported, surface 

low with a trough on its S. E. side in which could be found (below 700 

mb) a trowel. The N. end of the trowel remained imbedded in the low 

during its rather swift
l15 

passage over the area. Meanwhile the 

southern portion moved more slowly in front of the surface Pacific high. 

110SEW t' . no ln operatlon. 
III Though on aH graphs the peak cornes at 16(15) the actual peaks were 
likely spread over the period 16(13) to 16(17) - see pressure. 
112 

No pressure records were being kept at DIV at this time. 

113Cessation of record - met. tent blew down. 

114e.g., July 3(15) when geostrophic winds of 100 kts. at 500 mb (40 
kts. at 700 mb) produced only lOto 20 kt. winds on the icefields. 

115Swift (see pressure drops - all between (12) and (18)) due possibly 
to the nature of the upper flow and the intensity of the system .. 



DIV and KASK temperatures suggest a cold front passage at 

116 
about 16(03). The passage of the trough was marked by a sharp 

97 

pressure drop, very strong winds, and the cessation of precipitation 

at an stations. At KASK, KL, and WH decided clearing suggests thaf 

strong subsidence followed the trough pas sage. This may partially 

account for the fact that KL received no precipitation though it was 

affected by the recordbreaking winds. 

The upper flow during this period was not especially strong but 

it was aligned with the very strong surface flow when the wind maximum 

occurred. 

This system seems to have been virtually unaltered by its encoun-

ter with the St. Elias barrier due to its intensity and depth and the alti-

tude at which the warm trough traversed the barrier (higher than other 

systems- -as seen from the temperature record). 

The peri od was definitely clear, cold, and windy though above 

117 
average precipitation was received only at DIV and possibly KASK. 

3. PERlOD 3 - 7 TO 8JULY (HOT WEATHERf18 

a) Synoptic Situation 

Date Level 

7(03) surface 

500 mb 

116 

Situation 

ridge - with small trough over WH 
low opposite British Columbia in Gulf 
ridge slanting from Gulf into N. Yukon 
low over Annett 

Suggesting the front did not extend much lower than 850 mb. 
117~ho b d t °t Of 0 0 d 0 lS m?-y e ue 0 l S SWl t passage - 1. e .. , not bme to eposlt 
muc preclp. 

f
l118Aot SEfW clefl.r skies and almost no wind combined w ith intense re­

ecbon ron1 the snow to produce very hot weather. 
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a) Synoptic Situation (cont'd) 

Date Level Situation 

7(15) surface ridge mainta.ined 

500 'mb 
surface 
500 mb 

trough from E. British Columbia to Juneau 
ridge maintained 

8(03). 

8(15) 

col over IRRP (see. Figure 66a) 
ridge centred over YAK (see Figure 66b) 

surface & 
500 mb. . .. little change 

b) Surface Effects 

Figures 67 and 68 give the march of the surface synoptfc para­
meters and the radiosonde temperatures over YAK and WH for period 
3. The following can be seen from these. 

Skies are relatively clear (in comparison with 1 and 2 above) 
though afternoon peaks in the cloud curves occur at most stations. 

Temperatures are high and diurnal ranges large. 
Winds except at KASK are light and variable. Pressure curves 

reflect diurnal fluctuations. 

c) Overall Picture 

A system passing to the south of the area on the 7th resulted in 

Ci. cloud at the maritime stations. Convective activity was likely 

responsible for the afternoon cloud maxima at the continental slope 

stations. 

Otherwise the slow moving conditions tended to suck warm air 

from the southern oceanic regions into the IRRP area and relatively 

clear skies caused strong diurnal heating (especially at KL and WH). 

By the 8th YAK had begun to cloud over again resulting in a 

lowering of temperature and temperature range. 

The period illustrates that when ridge and col conditions are 

given a cha:uce to takt: over they produce high temperatures and tem-

perature ranges, clear skies, and light winds. (In contrast to the 

results of ridge conditions overridden by' the passage of an upper front 



Figure 66a. Surface weather chart 8 July at 0300 Y .S. T. 
[8(03)J . (After C.A.O. analysis.) 

98a 



.. . '.' 
1400 

. . . . 

Figure 66b. 500 mb contours, 8 July at 0300 Y .S. T. 
[8(03U • (After G.A.O. analysis.) 
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850 mb front 

Figure 69. Shape of the 850 mb front 
which traversed the area du ring period 
4 (2 to 4 JuIy). 
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as seen in period 1~ 

4. SUMMARY OF OTHER PERIODS ANALYSED 

a) Period 4 - 30 June to 4 July (Bad Weather) 

In the wake of system 1 (above) another surface low came into 

the Gulf and the frontal systems associated with it once again traversed 

the area in a trough in the surface ridge. This time however the sur-

face low may have reforrned east of the mountains in the Yukon while 

the 500 mb low was deflected south along the coast. 

At 850 mb an odd shaped front (see Figure 69) gave cooling at 

Y AK and was followed by a warm front at about 700 rob. The latter was 

most strongly felt at KASK and appears to have traversed the area from 

N. to S. aligned perpendicular to the barrier. It was followed by an 

upper maritime cold front. which showed signs of being held back in the 

lower levels as it cros sed the mountains from S. W. to N.E.. Behind 

this was a diffuse upper Arctic cold front. 

b) Peri od 5 - 17 July to 19 July (Bad Weather) 

A surface low passing to the south of the area, accompanied by 

a 500 mb low in the Gulf, produècd the rather uncommon phenomenon 

119 
of flow from the N. and E.. Though no fronts were identified, consider-

able weather, likely largely orographically induced, accompanied this 

flow. The continental slope received the weather usually experienced 

by the marine slope during the cyc10nic passage, while the marine slope 

was cooled little and appears to have been in somewhat of a rail1 shadow. 

11 %ee flow Ch. X. 
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c) Period 6 - 20 July to 21 July (Bad Weather) 

The rather complex surface low system which followed 5 above 

had imbedded in it a surface Maritime (warm and cold) and Arctic 

(only cold evident) frontal system. 

The Maritime system traversed the area from N. W. to S.E. 

initially aligned almost perpendicular to the mountains but becoming 

parallel to the longitudes before pas sing WH. 

The Arctic front, on the other hand, approached parallel to the 

longitudes but traversed the area lying perpendicular to the mountains 

moving S. E. and g~ving most p,recipitation to SE W. The fronts seem 

to have maintained their identity throughout the passage. 

d) Period 7 - 14 July - 15 July (Bad Weather) 

A surface low with a trowel extending north of it went on the 

coast S. of the study area. At the 850 mb level a cold front preceed­

ing the warm upper trough appears to have affected SEW, DIV and 

KASK at the surface. 

There is less contact between the upper warm trough and the 

mountain barrier than in 1 and 4 and only a slight cooling was felt from 

YAK to KASK. Sorne precipitation along with fog and stratus cloud on 

the maritime slope resulted from the passage, likely at about 700 mb. 



PART C 
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CHAPTER XII 

CLIMA TO LOG y 

ln Parts A alld B the available meteorological data from the 

study area have been compiled, described, and manipulated. The pur-

pose of Part C, which follows, is to assemble the salient facts emerg-

ing from this data. This will be accomplished by examining the clima-

tological regimes and variations, the individual climatological para-

meters, the synoptic scale behavior, and finally the synoptic clima-

tology of the area. 

1. LOCAL CLIMA TES 

The geographic environments of the four manned IRRP stations 

differ greatly from one another though the distance between them is 

never more th an 35 miles. These variations are of course reflected 

in the local climate of each station. For this reason the principa:1 

features of each station' s climate will be put forth below. 

a) Kluane (KL) 

The tempe rature regime at KL is definitely continental, a verag-

120 
ing around 50 degrees F. (10 degrees C.) with a daily range of 

l20Average mean daily tempe rature (1963 - 1965) was 51. 7 degrees F. 
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121 122 
approximately 20 degrees F. During the three summers the 

mercury rose to 78 degrees F. and descended to 28 degrees F. Rela­

tive humidity averaged in the low 60,J.23 There is little evidence of 

cooling caused by the proximity of the icefieldJ .24 

Generalizations concerning wind speed and direction conditions 

are difficult, possibly because of an ill defined mixing of local and 

synoptic scale influences. Winds are, however J comparatively light 

125 . 
(average 4.0 kts. ) and tend to be S. and E. at mght and S. W. by day. 

The continentality of the station is reflected in the relatively low 

cloud amount!~6 a predominance of middle and high cloud, and the 

presence of convective type cloud after midday. 

KL, with a daily average precipitation of .90 mm. and a proba-

bility of rain on any one day of 34 percent, appears to receive less pre-

cipitation than does Y\H. This rather unexpected condition will be dis-

cussed inconnection with the synoptic analysis (see Ch. XV sec. 2, a(v)). 

The precipitation falls mainly as rain though snow has been recorded 

. M d J 127 ln ay an une. 

Due to the rather confused wind patterns at KL only the following. 

uncertain generalizations can be made from wind direction - parameter 

~~~Average mean daily range (1963-65) was 10.5 degrees F. 
1231963, 1964 & 1965. 

Average relative humidity; June - 58%, July - 67% (1963 & 1965) 
124F · 35 19ure . 

1251963, 1964 & 1965. 
126 

May, June, July & August (1963-65) average cloud amount 5.8/10. 
June & Jl1ly (1963-65) average cloud amOl1nt 6.4/10. 

127Dl1ring the 3 years 1963-65. 
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relations hips • S. a.nd W. winds off the mountains tend to be warm 

and are accompanied by cloudy skies. Winds from the lake are cold, 

. at times moist, and bring precipitation. Winds from the valleys, on 

the other hann, tend to import relatively les s cloud and rain. 

KL, then, has a well defined continental climate, ill defined 

wind patterns, and is in a precipitation shadow. 

b) Kaskawulsh (KASK) 

KASK, at an elevation of .5800 ft., has an average temperature 

around 40 degress F~28 (ca. 40 degrees C.). The diurnal range is 

. _129 
comparatively low (11.5 degrees Y. ) . The two summers have pro-

duced an extreme minimUln of 14 degrees F. and an extreme maximum 

of 58 degrees F. Relative humidity averages in the low 80' s. KASK 

Mloll and KASK Ice prove from the temperature and relative humidity· 

records to be more and less continental respectively than KASK 

(Moraine) . 

Compared to the other IRRP stations synoptic wind patterns are 

very poorly represented at KASK. Strong thermally induced down 

1 · . d 131. 1 L f th' th d g aCler Wln s eXlst a arge percem: 0 e tlme, e average spee 

being close to ten knotJ .32 In addition the diurnal speed curve is 

quasi- sinusoidal and there is little evidence of diurnal direction varia­

tion. In 1965 calms were infrequent
1
.
33 

128Average mean daily temperature (1964 & 1965) 39.9 degrees F. 
129Two year average 1964 and 1965 
131 132See CH. XIV sec. 2b 

1965 average wind speed 9.9 kts. 
133T1 · . h . 6 h 

11S was not so owever m 19 4 - t e reasons for this are dis cus sed 
in Ch. VI sec. 2b. 



104 

Cloud cover at KASK appears to be somewhat decrea,sed by ther­

mally induced subsidencJ34 though the average cover (6/10) is still 

relatively high for this latitude. Sc. clouds are the most common 

though Ci. and St. also contribute significantly. 

Precipitation records at KASK are inadequate but the hydrologi-

1 d ' d '1' .. . f 2 0 135 ca traverse ata pomt to a al y average preclpItatlon 0 ca. . mm. 

KASK lies below the firn limit. There seems to be a 50-50 chance of 

precipitation on any one day. Snow and rain have been recorded in aIl 

136 
of the summer months. 

Wind direction relationships are as follows: The infrequent up 

glacier winds tend to be warm, moist, light, and bring less cloud and 

more precipitation than the predominant down glacier winds. High 

precipitation and cloud amounts appear to accompany winds from the 

mountains though data are rather sparse. 

The most outstanding feature of the KASK climate appears to be 

the strong down glacier winds. In addition the temperature ran ge is 

surprisingly low. 

c} Di vide (DIV) 

DIV. at 8700 ft., is weIl above the climatological freezing level. 

Temperatures here average in the high 20' s (F.) and vary about 15 

degrees (F.) diurnally. The record high is 55 degrees F. while the 

137 
low is 1 degree F. Relative humidities are in the mid 80' s. The 

135pits 13 and 14 at 1.915 m. and 1,765 m. show 2.23 and 2.09 mm./ 
day. 
136 

June, July, and August 
137 

Over 3 years, 1963-65 
134 See Ch. VI sec.la 



The differences between DIV, DIV Cache, and DIV Cairn B are 

elucidated elsewhere
l
.
38 
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Winds are surprisingly low at DIV, averaging only 4.9 ktt.37 

DIV appears to be more influenced by the synoptic situation than the 

other stations though the large scale mountain - glacier configuration 

plays a role in determining the direction. There is a backing tendency 

in the day time. W. winds predominate over the three year perioi 39 

Average cloudiness at DIV is 6.7 tenths or the same as the 

average at that latitude over the ocean. Skies tend to be almost clear 

or completely overcast. Orographic uplift is doubtless responsible 

for mu ch of the overcast. St. is by far the most dominant cloud type, 

foUowed'by Ci. 

Once again the hydrological traverse data must be used to obtain 

a representative picture of the precipitation amounts. Pit 12 near 

DIV yielded a result of 4. Smm. per day. To datJ40 snow alone has 

been recorded in aU summer months. The probability of snow on any 

one day is about 65 percent. 

S. W. winds are generally the strongest except when cyclonic 

passages bring strong easterlies. Strong winds tend to be cold while 

light winds are accompanied by warm temperatures and clear skies. 

Southerlies tend to be warm and moist. Cloud comes mainly up the 

marine slope but also from the mountains. Precipitation, on the other 

hand, accompanies easterly cyc10nically induced winds while wester-

1370ver 3 year-s, 1963-65 
13'8 See Ch. IV sec. la, and Ch. XIV sec. lb. 
139The summer months only are considered. 
1401963_65 
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lies drop least snow. 

In Chapter XI (see Figures 49'& 50) it was noted that at DIV there 

was a close relationship between low pressure, cloud and wind maxima, 

and precipitation. This was not necessarily so at the other stations. 

Similarly high pressure was followed by low wind and cloucI. This 

suggests that DIV best represents the synoptic scale situation. 

c) Seward (SE W) 

SEW, at 6100 ft. on the marine slope, has a temperature of 

35.2 degrees F
1
.
4l 

(ca. 2 degrees C.) with a mean daily range of 12.8 

141 
degrees F. Temperatures here have been as high as 60 degrees 

F~4l (the highest at the glacier stations) and only descended to 22 

degrees F~4l (al so the highest). The relative humidity avet."ages 

142 
close to 90 percent. 

j;:>erhaps the most outstanding feature of SE W' s climate is the 

extremely low average wind speed of 2.6 kts ~ 41 During the day very 

light winds blow up the Seward Glacier while at night relatively strong-

er ~OWl1 slope winds originate to the N. E. on the slopes of Mount 

Vancouver. CaIrns are frequent. These observations point to a very 

locally controlled wind regime. 

Cloudiness averages close to 8/10 and fog and completely over-

cast skies are frequent. St. is, ofcourse, the dominant cloud type 

followed by As. 

As at KASK both rain and snow have been recorded in all of the 

141 
Two years of record, 1964 & 1965 

l42In 1965, 89% 
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summer months~,41 The probability of rain is the same as DIV (65%) 

but judging from the findings of the hydrological traverse SEW lies 

near the zone of maximum precipitation and should average about 

143 
5 mm. a day. 

Unfortunately, the 1965 record was so short that little can be 

said with certainty about the wind direction relationships. However 

it appears that downslope winds from the mountains to the N. and 

N. E. are warm, moist, and strong but tend to destroy cloud cover, 

while winds up the Seward-MaltWpina and Seward glaciers are cool, 

light, and bring much cloud and precipitation. 

SEW thus exhibits a mariti ~ climate and has even lower wincl 

speeds than those at.DIV. 

e) Mountain Margins 

The climates of the mountain margins, as represented by YAK 

on the west and WH on the east, are discussed in Chapter liI, sec-

tions 1 and 2. (see particularly the summaries). 

2 •. YEARS 

A brief comparison of the climate of the summer months in 

1963, 1964, and 1965 fol1ows1~4 

a) 1963 

Generally the lowest temperatures were experienced in 1963 

141 Two years of record, 1964 & 1965 
143See pits 3 & 4 

144For tempo averages see Table XIVA, wind- Table XXlli, precip.­
Table XXX and cloud amounts - Table XXVII~ 
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though in August of that year the extreme maximum fol' the three 

summers occurred at YAK and WH. 

Skies were cloudy and DIV received the most snow of the three 

years. 

The predominance of W,. winds atDIV suggests the majority of 

cyclonic systems pas sed well to the north of the area. 

b) 1964 

A very warm June was responsib1e for this year having the 

highest mean temperature as well as the highest mean maximum tem-

perature. In addition the lowest wind speeds occurred in 1964. 

The clearest skies of the three summers appear to have pro-

duced the most precipitation except at DIV. The wind pattern suggests 

disturbed conditions with éyclonic passages just to the south of the 

area. 

c) 1965 

Low minimum temperatures gave 1965 the largest diurnal range. 

At DIV the wind directions appear to relate well to the large 

scale topography suggesting a rather random distribution of cyclonic 

tracks. 

3. MONTHS 

Several comments can be made about the relative climafe of the 

144 
three summer months. 

144For tempo averages see Table XIVA, wind - Table XXIII, precip. -
Table XXX and cloud amounts - Table XXVII. 
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a) June 

As would be expected June is the coldest month, with the excep­

tion of ~he continental slopes in 1964. 

Winds are strongest and most of the seasonal maxima were 

recorded in this month. 

Where stratiform cloud dominates (i. e., SEW and DIV) precipi­

tation is most plentiful in June. June and July share the cloud maxima. 

b) July 

Warm, moist cloudy conditions characterize July. Convective 

activity is greatest in July and August, producing most precipitation 

for the summer months at WH, KL, and KASK. 

c) August 

The greatest temperature ranges and lightest winds occur in 

August along with the convective precipitation. 

4. DIURNAL VARIA TIONS 

The temperature maxima tend to be around 1500 Y .S. T. and the 

minima at 0300 Y .S. T. 

Stations and months with high wi,nd speeds (i. e., June and KASK) 

show quasi- sinusoidal diurnal wind speed curves with the maxima dur­

ing the day. Otherwise these curves are decidedly irregular. 

Cloud and precipitation maxima are early in the day. KASK and 

KL as might be expected have secondary maxima in the afternoon. 



CHAPTER XIII 

145 
CLIMA TOLOGICAL DIVIDE 
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The extremely pronounced differences between the year round 

146 
c1imate of YAK and WH dis cus sed in Chapter III prompted the 

following three questions. 

1) Does a c1imatic divide exist? 

2) If so, what is the nature of this divide? 

3) Wher~ is it to be found? 

An attempt will now be made to answer these questions by con-

sidering the evidence offered by each of the synoptic parameters. 

1. EVIDENCE 

a) Temperature 

i) On the basis of Figure 35 of summer mean temperatures for 

the three seasons and the discus sion accompanying it, it is evident 

that YAK and SE W are under a maritime influence (in summer this 

means cool temperatures) while WH and KL are stronglyheated (a 

summer effect of continentality). 

145 When the Divide station is being referred to "DIV" will be used 
otherwise "divide" or'the divide" will refer to the climatological 
divide under consideration. • 
146e . g ., Temp. ranges at YAK are 52% to 70% of those at WH; YAK 
receives over 10 times as mu ch precip. as WH; YAK has a relative 
humidity of 84% and WH of 71 % etc. 
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TERM does not exhibit as large a warming as KL and WH due 

to cool glacier winds. However there is little doubt that KASK moraine 

and KASK Knoll are subject to continental temperature influences. 

The status of the various DIV stations is somewhat more diffi­

cult to determine on the basis of mean summer seasonal temperatures 

alone, at least until sorne quantitative evaluation is possible of the 

factors to be discussed in Chapter XIV section l, c .. 

ii) Considering next diurnal temperature variations reference 

shaH be made to Figure 38 of diurnal temperature march and Figures 

36 and 37 depicting the mean and extreme maxima, minima, and 

ranges. 

The tempe rature range considerations taken at face value would 

place the divide between KASK and TERM. However it will be s hown 

(Chapter XIV section l, b) that pronounced local moderating effects 

are present at KASK. The division again appears to lie between KASK 

and DIV. 

iii) Figure 39 of atmospheric lapse rates (Chapter IV section 3) 

sheds sorne light on the nature of the temperature divide. That is, it 

does not extend mu ch above 3,000 meters (ca. 10,000 ft.) where the 

temperature soundings above WH and YAK tend to merge. 

iv) In addition it should be kept in mind that, despite the fa ct 

that a definite division may be made on the basis of average mean tem­

perature and temperature range records, daily trends are the same at 

aIl stations (see Chapter IX Figures 49 and 50 ). As noted by Marcus 

(18) this rules out a strict "blockage of air mass, frontal systems, or 

., 
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bath by the St. Elias mas sif. " 

b) Relative Humidity 

Though there is a steady westward increase in relative humidity, 

the effects of the icefield~ 47 
coupled with the inadequacy of relative 

humidity as a true indication of the moisture regime
148 

prohibit the 

identification of a humidity divide. 

c) Wind 

Similarly winds are of little use as local effects play tao great 

a raIe at aU stations. 

d) Cloud 

Cloud caver amounts (see Table XXVII) increase gradually west-

ward but exhibit no s harp change. However Table XXVIII of· cloud 

frequencies show a decided difference between KASK and DIV, the 

former being much like KL and the latter closely resembling SEW. 

Similarly SEW and DIV bath exhibit a predominance of stratus 

cloud while at KASK, KL and WH cumuliform clouds predominate. 

The flow - cloud amount relationships (see Ch. X) show a definite 

similarity between the cloud regimes at SEW and DIV. In addition fog 

is far more frequent at DN and SEW than at the continental slope 

stations. 

e) Precipitation 

From the results of the hydrological traverse it was seen that a 

147See Ch. V sec 1. 

148See Ch. III l sec. . 
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radical difference in precipitation amounts exists between the approxi-

mate elevation of SEW on the marine slope and that of KASK on the con-

t , t 1 1 149 F f h ' ISO h ' 't t' ,151 lnen a s ope. or reasons 0 p ySlCS t e preclpl a lon maxlmum 

should occur on the windward slope at sorne altitude below the peak. It 

would not however be correct to interpret this maximum as being 

synonymous with the divis ion between the two precipitation regimes. 

On the other hand the fact that the probability of precipitation on 

152 
any one day is the same at DIVas at SEW suggests that precipita-

tion at these stations is subject to the same çontrols. Flow - precipi-

tation relationships are similar at DIV and SEW in contrast to KASK 

and KL. 

In addition, Figure 48 of diurnal precipitation march indicates 

that afternoon convectivity is of significant importance in producing 

precipitation at KASK, KL and WH but not at DIV and SEW. This is 

further illustrated by the fact that KASK and KL receive most precipi-

tation in July and August when thermally induced precipitation is at a 

maximum. 

2. CONCLUSIONS 

From the preceeding section the ans weI' to the three question~ 53 

appear to be the following. 

149pit 3 and pit 14 - see Table XXXI and Figure 47 - show a 3 to 1 ratio 

150See Ch. VIII sec. le for reference and discussion. 

151 C 'cl' 'd l' d' f' . 1 l ' onSl erlng an l ea lze ln lnIte y ong m0untaln range, 

152DIv _ 65,7%; SEW - 65.8%; YAK close at 72.8%: while on the con­
tinental slope WH - 43.0%; KL - 34.0%; and KASK - 47,6%. 
153 

See page Il O. 



1) Yes. Temperature, cloud, and precipitation, considera­

tions definitely point to the existence of sorne form of 

climatological divide. 

2) This does not, however, take the form of a blockage of 

air mass and frontal systems but is rctther a complex 

modification of these or at least the surface effects of 

these systems. 

The divide is not,. of course, a simple line but rather 

a zone mu~h like a. synoptic front though likely much 

broader. The effectiveness of this divide appears to die 

out above la, 000 ft. in the free atmosphere. (This is 

only just over l, 000 ft. above DIV.) 

3) AH factors point to this divide lying between DIV and 

KASK on the eastern slope of the inealized mountain 

barrier (shown in Figure 1). This is only the mean 

position and it will be seen in Chapter XV that it oscilates 

back and forth, depenrling on the synoptic situation - -much 

like a synoptic front. 

114 
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. C HAPTER XIV 

CLIMA TIC PARAMETERS 

1. TEMPERA TURE 

a) Regimes 

Throughout the discussion of temperaturc in Chapter IV it was 

obvious that the various IRRP stations were strongly affected by the 

degree to which they were ice or l'l:unatak stations. Briefly the main 

. d' t' f th' f d' 154 ln Ica Ions 0 lS were oun ln: 

i) The summer temperature averages -- nunatak stations 

despite greater elevations had higher temperatures. 

ii) The average and extreme temperature ranges ice sta-

tions, except at KASK (see sec. b below) had greater ranges than 

their nunatak counterparts. 

iii) The atmospheric lapse rates - - the DIV - YAK environmen-

tallapse rate compared to that of DIV Cairn B - YAK showed decided 

nocturnal cooling at DIV. 

iv) Station to station differences under various sky conditions --

greatest under c1ear sky conditions. 

v) Relative humidity - - KASK Knoll very low due to high tem-

perature. 

154AIso noted in Marcus (lB) 



The causes of these phenomena vary, at least in magnitude, 

from station to station making it difficult to draw a sharp line 

between the two types of stations. 
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In addition it was shown in the foregoing chapter that another 

set of larger scale influences exist, creating two broader regimes -­

the maritime an d the continental. 

The basic physical processes effective in producing both the 

local and large scale regimes are in many cases the same. (For 

instance, radiative heating of rock and continental surfaces contrasted 

with moderating influences of a fairly constant temperature water or 

ice surface.) As the large scale c1imatological divide has been locat­

ed it would seem advisable to reconsider Figure 35 of three year 

me an temperature and free atmosphere temperature in an attempt to 

isolate the small scale influences. 

In this figure; there being no obvious alternative ;YAK WéLS used 

as the starting point. However YAK is appreciably. cooled in the 

summer by the adjacent cool ocean so a more accurate picture might 

be given by choosing the climatological divide as the reference level. 

That is, saying that at the divide the free atmosphere and actual tem­

peratures correspond while west of it they are lower and to the east 

higher. 

One problem arise s in that the divide has not and likely cannot 

be pin-pointed. The situation is further complicated by the existence 

of three different stations in the vicinity of both DIV and KASK. 

DIV Cairn Band KASK (moraine) were chosen as representative 

-...... 
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DIV Cairn B due to its sno~ coyer is not subject to the strong 

radiational heating experiËmced by the rock nunataks (i. e., KASK 

Knoll). It does, however, escape thè cold-pool effect. KASK 

(moraine) is the middle oftwo extremes (KASK Ice and the very ex-

treme nunatak station KASK Knoll) and is raised sufficiently above 

the glacier surface to be useful. Possibly the best reason for the 

choice of these stations is that the line joining their mean tempera-

tures has a slope almost identical to that of the mean free atmosphere 

curve. 

Thus. raising the point half way - - in the hordzontal - - between 

KASK and DIV Cairn B) so that it coincides with the height curve
J 
pro­

duces the revised picture seen in Figure 70. 

b) Various Stations' Regimes 

From this figure and factors noted in Chapter IV it is now possi-

ble to make the following statements about the local temperature 

regime s of the various IRRP stations. 

i) Seward (SE W):- The expected nunatak - ice station relation-

ships (see a, above) are best illustrated at SEW where an impressive 

basin is created by a ring of lofty peaks. The effectivenes s of this 

basin will be further illustrated in the discussion of wind speeds. 

ii) Divide (DIV):- DIV Cairn B, as has already been pointed 

out, appears to be rather a good indicator of the ambient ?-ir tempera­

turJ 55 as it rises above the cold layer but is not subject to undue 

radiational heating. 

155DIV Cairn B faIls exactly on the ambient air curve - this would not 
have been so had the Cairn .1::3 to KASK slope not been the same as tnat 
of the arnbient air curve slope - thus it is of sorne significance. 
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DIV Cache on the other hand appears to be somewhat heated 

by its rock surface but not to escape the katabatic cold layer. 

lIB ' 

DIV (ice) is undoubtedly subject to cooling from the cold-pool. 

However, as the ambient air or the free at~osphere here (i. e., at 

this elevation) is below freezing (see Figure 70), it is questionable 

as to how effective the snow surface is in cooling the air by convec­

tive and conductive processes. 

iii) Kaskawulsh (KASK):- Figure' 70 shows KASK Knoll as 

being even more strongly heated than KL or WH. In addition to the 

above mentioned factors effective in heating these and the nunatak 

stations (i. e., no cold- pool, low albedo, and distance from the ice 

surface) it may be assumed that: 

1) Additional reflected radiation is received from the glacier below 

(not present at KL and WH). 

2) The s ize of the snow free surface is large (compared to DIV and 

SEW). 

3) This snow free surface is almost bare rock (in contrast to the 

treed slopes and vegetated valleys at KL and WH). 

4) In all likelihood the station is above the effects of the co Id down 

'glacier winds - - and in any event sheltered from the very predomi­

nant W. and S. W. winds by the mountain rising to the S. S. W. of it 

(unlike KASK and KASK Ice). 

Two other notable features of the KASK temperature regime are: 

1) The range (both mean and extreme) at these stations is sur­

prisingly low (see Figures 36 and 37 and Ch. IV sec. 2, a.). 



119 

2) In contrast to DIV and SEW the range at KASK Ice is less than 
. J56' 

that at either KASK Knoll or KASK (moraine). 

Both these anoma,lies can be contributed to the same factor/
57 

Namely: 

1) During much of the summer season the KASK area is below 

the firn line. It is thus virtually water covered. (Streams 

are extremely numerous and melting so rapiël'that pools 

coyer much of the surface.) In other words, water sur-

faces exert a greater moderating effect on the air tem-

perature than do ice surfaces. 

2) Constant, strong, down glacier w inds do not allow temperature 

extremes to develop (i. e., nocturnal cold layer or radiative 

day time heating). 

3) Air passing over KASK has likely experienced a longer tra-

jectory over snow or ice than that at any other station 

(i. e., a cumulative moderating effect). 

iv) Others:- Figure 70 shows that TERM is definitely cooled 

by the adjacent glacier or winds blowing off it. 

KL and WH are heated to about the same degree as would be ex-

pected from the relative similarity of the surrounding terrain. 

Too little is know by the author about the Hains Junction station 

to explain the relatively cool temperatures here. 

156Had it been only less than KASK Knoll the extreme continentality 
of this station may have been the explanation. 

157Note Figure 37 shows it is KASK Ice which is low rather than the 
other two high. 
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c) Factors Determining the Temperature 

It is now possible to list sorne of the factors of importance in 

determining the temperature regimeof the stations in the study area. 

No definite statements can be made concerning their relative impor-

. 158 
tance until a detailed quantitative study has been undertaken. 

1) The altitude of the station. 

2) The radiative properties of the surface - - i. e., the albedo 

and black body temperature and effectivenes s. (These are 

effective on both a l~lrge and small scale and achieve both 

heating and cooling. They are very important and have 
160 

many manifestations. ) 

3) The position of the station with respect to a topographically 

db .161 create aSln. 

4) The direction and magnitude of the gradient between the 

162 
surface and screen level temperatures. 

5) The wind conditions i. e., mixing and transport of 

1 
. 163 

coo or warm aIr. 

And on a broader s cale: 

6) The latitude of the station. 

7) The general circulation patterns of the area. 

158 A start has been made on this in the form of a micro-meterologi­
cal program. 
160 

See tempo ranges, Ch. IV sec. 1; KASK Knoll, sec. lb above; 
nunatak vs. ice stations, sec 1 above; continental vs. maritime, 
Ch. III and Ch. XII; etc. 

161 The importance of this is shown mainly at SEW and Cairn B. 
162 . 

See KASK range and DIV, sec. lb above. 
163See KASK Knoll, TERM, and SEW basin- lb above. 



120 

c) Factors Determining the Temperature 

It is now possible to list some of the factors of importance in 

determining the temperature regime of the stations in the study area. 

No definite statements can be made concerning their relative impor-

. 158 
tance until a detailed quantitative study has been undertaken. 

1) The altitude of the station. 

2) The radiative properties of the surface - - i. e., the albedo 

and black body temperature and effectivenes s. (These are 

effective on both a l~rge and small scale and achieve both 

heating and cooling. They are very important and have 
160 

many manifestations. ) 

3) The position of the station with respect to a topographically 

d b 
. 161 

create aSln. 

4) The direction and magnitude of the gradient between the 

162 surface and screen level temperatures. 

5) The wind conditions i. e., mixing and transport of 

1 
. 163 

coo or warm alr. 

And on a broader s cale: 

6) The latitude of the station. 

7) The general circulation patterns of the area. 

158 A start has been made on this in the form of a micro-meterologi­
cal program. 
160 

See tempo ranges, Ch. IV sec. 1; KASK Knoll, sec. lb above; 
nunatak vs. ice stations, sec 1 above; continental vs. maritirne, 
Ch. III and Ch. XII; etc. 

161 The importance of this is shown mainly at SEW and Cairn B. 
162 . 

See KASK range and DIV, sec. lb above. 

163See KASK Knoll, TERM, and SEWbasin- lb above. 



8) The behaviour over the area of synoptic systems 

164 
fronts, lows, cols~ etc. 

i. e • , 

9) Finally, a complex interaction of all meteorological para-

meters (i. e., cloud and wind) doubtles s has an effect 

though it is too complex to show up on a plot of daily 

means. 

2. WmD 

Possibly the two most outstanding facts revealed by the wind 

records are: 

1) The low average spceds expcrienced at DIV and SEW. 

2) The strong down glacier winds which are an almost 

constant feature at KASK. 

Until a complete analysis of the upper winds over YAK, SE W, 

DIV, KASK and WH has becn carried out, along with a study of thel'-

modyna.mically induced winds in these regions, it is unlikcly that 

these anoma,1.ies can be explained. Such investigations were beyond 

121 

the s cope of this study. It is hoped, however, that sorne light will he 

shed on the factors at work, in the following sections. 

a) Low Average Speeds at DIV and SEW 

First to reiterate the prohlem: The average wind speeds at DIV 

and SE W (5.9 and 2. 7 kts. respcctively) are appreciahly lower than 

either; (1) the recorded upper winds, at the altitude of DIV, over YAK 

and WH (averaging 12. 1 kts. at WH) or (2) the geostrophic winds at the 

Tb4To he discussed Ch. XV. 



700 mb level (altitude of SEW). This is notmerely a surface 

effect but extends to significant altitudes above the station~66 
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There are two seemingly obvious explanations for this. Whether 

they are sufficient is not known. Both relate to the large scale 

topography of the areas. 

i) Divide (DIV):- DIV sits near the centre of two hundred square 

miles of open accumulation area. This relatively flat undulating plain 

is surrounded by towering peaks, especially to the S. and S. W. From 

the accum~lation area several glaciers flow down to lower elevations 

(see Map 2 &: Figure 3). 

Thus: 

(l) As the upper flow appears from the general circula­

tion patterns (see Figures 6 & 7) and the analysis of 

500 mb flow in 1964 and 1965 (sec Ch. X) to be pre-

dominantly from the S. W., it is quite possible that the 

huge massif of Mount Logan (see Figu~e ,3) blocks or 

deflects this flow. The flow would thus be diverted 

north or south around Logan, losing much of its 

"punch", or pass above it leaving DIV untouched. The 

predominance of W. and S. winds at DIV (see Figure 

44) d h ' h 167 ten to support t lS t eory. 

(2) Temperature considerations s howed a tendency for 

1 66preliminary 'pibal data s howed no significant increase in wind speed 
up to altitudes or five to ten thousand feet above both SE W and DIV. 
Ib7 

Map 2 shows that such deflected flow would eventually approach DIV 
from the S. or W. 



the deve10pment of a cold-pool near the surface in 

area. This suggests stability in the lower levels. 

In addition this cold air must try to escape to lower 

elevations down the Kaskawulsh, Hubbard, and other 

glaciers, flowing from the accu~ulation area. 

The re~;ult might be a sman version of the much­

sought- after but non- existent "Greenland Anticyclone ". 

Light winds would thus be expected at DIV due to 

(a) its position near the centre of this and (b) the ten­

dency of down glacier winds to counteract winds invad­

ing the area up the glacier outlets (i. e., the Kaskawulsh 

and Hubbard). 

123 

ii) Seward (SEW):- SEW lies in aneven more impressive basin 

surrounded on an sides by twelve to nineteen thousand foot peaks (see 

Figure 5). The two outlets to the ocean (the Se ward and Seward­

Malaspina glaciers) are relatively narrow and ineffective (due par­

tially to the height of the mountains bordering them) and only occasion­

ally do west winds encroàch up the Seward arm (see Figure 45). 

Thus as at DIV: 

(1) Prevailing flow passes either high above thesecluded 

basin or reaches it by such indirect channels that it 

no longer has any a"ppreciable speed. 

(2) Thermodynamically induced down glacier flow coun­

teracts these winds. 

This leaves the Se ward basin air to be moved by up and down 

slope effect~ (note - slope not glacier winds). An data at SEW points 

to a dominance of such diurnal wind systems. 
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b) High Winds at Kaskawulsh 

It is likely necessary to exercise more caution when theoriz­

ing as to the causes of an unexpectedly strong wind than when dealing 

with the ab~ence of expected velocities. This is especially true in 

very mountainous terrain where the complexity of the wind patterns 

and the influences on them are staggering. For this reason only the 

seeemingly obvious factors involved will be outlined below in the hope 

that they contribute to sorne extent to the predominant strong down 

glacier winds at KASK. 

(l) Katabatic (gravit y) winds - - i. e., winds resulting from 

nocturnal radiative surface cooling and a subsequent 

downward rnotion of the cooled air near the surface, 

and conversely day time surface heating and a sub­

sequent progression up slope of the warmed air. 

The latter can be disregarded here as the glacier 

surface is not heated appreciably. Down slope and 

down valley winds (the latter likely being more sig­

nificant), however likely contribute to the nocturnal 

winds at KASK. 

(2) Glacier winds are much like down valley winds, but 

the cooling is achieved by conduction of heat away 

from the overlying air to the cold ice surface. 

These are most significant during the day when the 

ice-to-air temperature diffe.rence is greatest. 

At KASK, where temper~ture averages over 6 
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degrees F. above freezing, diurnal maxima 

average 12 degrees F. above freezing, and the mean 

minimum is 32. 7 degrees F., glacier winds are 

presumably rather important. 

(3) Due to the rather perfect chan~els formed by the 

steep mountains bordering the north and central 

arms of the Kaskawulsh Glacier and their con-

fI KASK .. d . fI 16 8 
uence at , sorne paSSlve Wln ln uences 

are also present. The Venturi or funnelling effect 

is possibly the one most immediately suggested by 

the .topography. Others more complex undoubtedly 

exist. 

These decided channels are certainly respon-

sible for the wind direction (possibly in combina-

tion with 1 and 2 above). In addition the position 

of the station relative to the two arms appears to 

be of significance to both speed and direction 

(compare 1964 and 1965 KASK wind records). 

c) Cyc1onic' Systems 

The table and discussion of maximum wind speeds leaves little 

doubt that cyclonic systems can to a considerable extent override the 

local effects. The degree to which this occur s naturally varies from 

168Term used by Geiger and quoted in Watchman (32) to refer to effects 
on wind or flow by an obstacle or the topography.- as opposed to ther­
mal effects. 
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station to station, likely being greatest at DIV. 

3. CLOUD 

Cloud considerations show that cloud types and cloud amount 

frequencies are of more use in isolating the climate of a station than 

cloud amount averages. This suggests that cloud photography might 

yield useful resultl
69 

4 • PRECIPITA TION 

a) Problems 

The errors inherent in precipitation measurements at glacier 

, ,170 
stations have been discussed elsewhere lU detal1. It suffices to 

join many previous authors in noting that, as yet, no method of ob-

taining accurate precipitation measurements on a glacier has been 

found. 

Probabilities (see Ch. VIII sec. 2) proved more useful than re-

corded total precipitation amounts and would have been even more so 

had it been pos sible to obtain three hourly rather th an daily proba-

b 'l't' 171 1 1 le s . 

b) Influence s 

The use of ·::::':.lcr accumulation totals to discuss sun1mer pre-

cipitation averages is perhaps not entirely justified. Nevertheless they 

169 Th, dd' h 1966f' Id lS was attelnpte urlng t e le season, 
170 

See Ch. VIII sec. 1. 

171 This was not possible due to the variety of observation times used 
over the years. 
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give sorne insight into the mechanisms at work producing precipi­

tation over the glacier region. The following is a brief summary of 

these findings. (Reference should be made to Figure 47). 

The accumulation ainounts recorded at pits 1 to 15 are the 

result of three separate scales of influence. 

The largest sca.le influence is the comparitively graduaI rise 

in altitude from pit 1 to pit 9 and the subsequent drop to pit 15. This 

would ideally result in a distribution of accumulation having the form 

of the das hed curve in Figure 47. 

On a smaller horizontal scale is the prt::cipitation shadow 

caused by Mount Logan, represented by the ddtted curve in Figure 

47. 

Finally the individual pit sites are influenced by the small 

scale local topography as in the case of pits 5 and 7. 

KL and WH it was seen would fit weIl into an extension of the 

continental slope ·profile (Figure 47). 

YAK, it has previously been noted (see Ch. III sec. 2, b), 

receives an unrepresentatively high amount of precipitation. How­

ever, the Juneau precipitation value of 3.8 mm. per day, for summer 

months, fit s we 11 into the mar itine s lope . 

c) Other 

Several other points which should be noted about precipitation 

are briefly: 

i) The greatest precipitation is not always associated with the 

highest cloud amounts. 
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ii) The type of precipitation (i. e., falling from convective or 

stratiform cloud) is an integra1 part of a statio,n' s precipitation regime. 

iii) Figure 50 of daily means of each parameter shows,' as 

wou1d be expected, precipitation tends to follow wind and cloud maxima 

especially at DIV and to a 1e5ser degree at KASK. 

iv) Precipitation records suggest the following about the IRRP 

station. 

(a) DIV gives the best representation of the synoptic 

situation. 

(b) KASK like1y receives much of its precipitation and 

cloud from the DIV area so exhibits sorne of the 

same tendencies as DIV. 

(c) SEW situated close to the zoné of maximum pre­

cipitation like1y rcceive s much of its precipitation 

from orographie effe~ts. 

(d) KL on the other hand appears to be under somewhat 

different influences than the rest of the IRRP 

stations. (This will be discussed in the next chapter.) 

No particu1ar1y startling discoveries have emerged from this 

study of the data obtained during the various field seasons, but it is 

hoped that the prece,·ding discussion has shed sorne light on the 

summer climatic regime of the St. Elias mountains. 



'CHAPTER XV 

SYNOPTIC SUMMARY 
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In Chapter XI three pcriods were examined in detail from a 

synoptic viewpoint and the results of similar analyses of four other 

periods presented briefly. Some aspects of the behaviour of these 

systems are tabulated in Table XL. No two of the seven systems 

examined were identical making generalizations difficult. However 

the discussion of synoptic effects which follows is at least applicable 

to the conditions during the se seven periods. 

1. EFFECTS OF THE MOUNTAIN BARRIER ON THE WEA THER 

There is no doubt that the St. Elias range whi.ch lies almost per­

pendicular to the normal flow (see Ch. X) has a considerable effect on 

the area' s climate. This has been weIl illustrated in the previous dis­

eussions (see Ch. XIII). The synoptic analysis suggests the following: 

(a) The degree to which the area' s weather is orographically 

induced is perhaps best illustrated by period 5 during which easterly 

flow (an uncommon phenomenon) produced, to the east of the barrier, 

aIl the effects normally associated with the marine slope (during a 

cyclonic pas sage) - - i ~ e., large amounts of cloud and precipitation 

and general cooling. 
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Further this period suggested the presence of a f6hn or chinook 

effect on the marine slopes (from the fact that the YAK tempèrature 

was unusually high compared to WH). Also DIV appeared to behave as 

a windward slope station (i. e., clas sing it with KL and KASK). 

(b) During the upper cold frontal p~s sage of land 4 there is 

deHnite evidence of stalling in the lower levels of the front due to its 

contact with the mountain ridge. (See Figure 59). 

(c) The barrier seems to have had several different effects on 

the horizontal alignment and motion of the fronts and trowels. This 

depended on the direction of the flow and initial positioning of the front. 

It appears (see l, 4, and 6) that a front approaching the coast 

travelling perpendicular to it, unless well imbedded in a low system, 

will tend to be deflected N. or S. (depending on the upper flow) along 

the mountains before crossing and to be more or less aligned with 

them during passage. On the other hand, fronts initially travelling 

parallel to the barrier will be les s affected as will fronts accompanying 

very strong systems. 

(d) The repeated lack of clearing after cold frontal passage 

found on the marine slope suggests a sort of piLing up effect, i. e., 

the barrier holds back a system; once it crosses, however, it moves 

on relatively quickly (allowing continental slope clearing). Meanwhile 

the next system is affecting the marine slope stations. 

(e) Time and again KL escapes the temperature and precipita­

tion effects of a trowel' passage to a greater degree than even WH 

(see Table XL). In addition, though the high and middle cloud 
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associated with these systems is reported at KL the low cloud is sel­

dom present. Thus it appears KL lies in a decided weather shadow 

of the St. Elias. Three suggestions as to the mechanisms involved 

. in this shadowing effect follow. , 

In some cases the weather crossing the barrier passes KL 'at 

upper levels only, but descends slowly (or reforms) so it is felt at 

the surface by WH. 

On several occasions when KL escaped there was evidence that 

the frontal effects spilt down over the saddle, in which DIV is located, 

at least as far as KASK. This suggests that by the time KL is reached 

the cloud and precipitation have been destroyed by subsidence. There 

may also be present a real fohn or chinook effect but further inves­

tigation would be needed to verify this. 

On a much smaller scale, it is likely that the large cold Kluane 

Lake produces some local clearing. 

Briefly the weather from the Gulf as it crosses the barrier is 

(i) orographically lifted, (ii) possibly deflected and aligned, and/or 

(Hi) stalled in the lower levels. Then it (iv) spills over the top and 

(v) either descends steeply to KL being partially destroyed by sub­

sidence in the proce,ss or descends slowly (or reforms) being felt at 

the surface further to the east (i. e., WH). 

2. BEHA VIOR OF FRONTS 

(a) As noted above fronts are in some cases aligned with the 
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barrier or· stalled by it, in their lower levels. Cold fronts appear to 

have been' most subject to these effects. 

(b) lt is evident that upper features (i. e., upper warm troughs) 

will become surface features during their passage over the mountains. 

As noted in Ch. II a satisfactory way of representing th e synoptic 

situation over a mountainous area has not really been found. 

It is possible to visu~lize and represent, by a combination of 

vertical and horizontal diagram~, the behaviour and modification of 

a frontal system crossing the barrier. However, to represent these 

happenings mathematically (i. e., for numerical prediction) is an ex-

tremely complex matter. Until this· is achieved numerical forecasts 

will continue to misrepresent the conditions over a mountain barrier 

such as the St. Elias ;:tnd for sorne distance down wind from it. 

(c) It should be noted that only in the case of periods 6 and 2 

did the frontal systems appear to maintain their identity completely 

during passage. In tœ first case surface fronts passed the area 

aligned perpendicular to the barrier, while in the second the surface 

low was very strong, fast moving, and weIl supported. 

3. WINns 

Both the actual and geostrophic 700 and 500 mb winds at WH and 

YAK were frequently considerably ·greater than those recorded at the 

glacier stations. Nor do the highest winds at the IRRP stations corres­

pond to the highest upper or geostrophic windl?3 Once again the very 

local character of the stations' wind regimes is evident. 

173See period 2 especially sec. b (iii) on winds. 
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H th d t b . 1 74 f' l owever ere oes seem 0 e, on sorne occaSIons, a aIr y 

good relationship between the 500 mb flow and the surface wind direc-

tion at DIV. Generally, during the passage of a frontal system, DIV' s 

direction agrees better with th,e surface flow. 

Period 2 suggests that the strongest winds result when the 500 

mb and surface configurations are not shallow but extend at least to 

the 500 mb level. 

4. IMPORTANCE OF THE 850 AND 700 MB LEVELS 

During the discussion in this and the eleventh chapter it has 

become obvious that the 700 and 850 levels play a significant l'ole in 

the surface weather of the study area. Not only do upper frontal 

systems produce surface effects when they hit the ground (especially 

evident at DIV) but they also initiate considera.ble weather on either 

side of the mountains (i.e, YAK and WH)., 

From a synoptic point of view it appears that (for the IRRP 

glacier stations in particular) the 850 or even the 700 mb weather 

charts are a better' representation of the situation than the rather 

fictitiously constructed sea-Ievel chartJ?5 

174e . g., Period 1 sec. b (vii) qn wind. 

175S dl' l' d' . Ch II 1 d 5 ce pressure an genera Clrcu ahon ISCUSSlons . sec. an 
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CHAPTER XVI 

SYNOPTIC CLIMA TOLOGY 

The prece:ding chapters have examined the general circulation, 

climatological regimes, and characteristics of synoptic systems in 

the study area. Relating these facets of the study should facilitate 

the developm ent of a composite picture of each summers' climate 

and speculation about the winter climate of the region. This will be 

177 
attempted in sections 2 and 3 of the present chapter. 

1. SUNDRY SYNOPTIC CLIMATOLOGICAL CONSIDERATIONS 

a) Tables XXXV and XXXVI of 1964 and 1965 flow and Figures 

6 and 7 of surface and 500 mb mean pressure fields show that a good 

agreement exj.sts between the most frequent flow,in these years, and 

the mean circulation patterns. The 500 mb flow suggests that (at 

least in 1964 and 1965) the Alaska ridge extends as far south as the 

study area (i. e., the 550 contour would resemble the 560 rather than 

the 570). 

b) .Figure 12 (discussed in Ch. II) shows that in summer the 

frequency of cyclone passages, across a longitude west of the study 

177 
. See particularly Chs. II and X; Chs. XII, XIII, and XIV; and 

Ch. XV. 

-
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176 
area, varies little with latitude. The summer 1965 cyclonic tracks 

show a scattered distribution of tracks and indicate (as noted by 

Mitchel 22) that many lows spin themselves to death in the Gulf. 

c) Sea-Ievel general circulation features were seen to be very 

shallow and the climatic divide appeared, from YAK and WH radio-

sonde temperature s, to die out arpund 10, 000 ft. above m. s.l. (i. e. , 

these phenomerHvl" extend at most a few thousand feet above DIV). 

There has been some indication that surface pressure systems can be 

lifted almost intact over the mountains (from periods 2 and 6 and DIV 

wind direction influence considerations). Thus the circulation fea-

tures and climatic divide may in fact be deeper than indicated by data 

from the mountain margin· s (i.e., the. surfaces of these may to sorne 

extent follow the topography). 

The position of the divide under various synoptic situations 

varied - at times being E. of KASK (period 1) and at others W. of 

DIV (period 5). Thus its climatological position likely varies from 

year to year (though it is probably always between KASK and DIV), 

according to the characteristics of the circulation etc. in tha.t year. 

In 196 S, for example it was conceivably closer to DIV than in the other 

two years due to the more efficient blocking in this year (see 2c below). 

d) Reedls suggestion (see Ch.II sec. 5) that the large trans-

mountain pressure gradients are in fact discontinuities is interesting 

in view of the pronounced shadow in which KL is found. The results 

176Plotted by the author but not incIuded in this study. 
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of the present study definitely do not rul~ out the possibility of trans­

rnountain discontinuities in the moisture (i. e., cloud and precipitation) 

and wind (including pressure) fields. Temperature was seen however 

to undergo a modification·rather than a strict blocking effect. 

2. INVESTIGATIONS OF SEASONAL CLIMATIC VARIATIONS 

Table XLI summarizes the flow - parameterrelationships 

over the study area, and Table XLII reviews the yearly varia-

tions of the climatic parameters and circulation conditions. The 

following synoptic-c1imatological picturJ 79 of each summers' 

climate draws on these and other relationships emergent from the 

preceeding chapters of the study. 

a) 1963 

Though no flow analysis was carried out for 1963 and the 

records for this year are somewhat incomplete the following synop­

tic-c1imatological picture can be drawn from the DIV wind roses and 

the relations hips dis cus s ed above. 

Thè cyclone maximum north of the Aleutians appear s to have 

been the most important one this year and the surface and upper 

ridges were likely further west than in the other years. Possibly the 

weak summer Arctic fronl
BO 

(usually found along the N. coast of 

Alaska - see legend of Figure lB). was displaced south this summer. 

179As these pictures are purely speculative they may well be incorrect 
jn sorne aspects, however, they serve to show fhe feasibility of deduc­
In~ the surface weather from tne circulation or vice versa. 

lB The synoptic systems (1965) analysed in detail were accomp,anied 
by eitherhA rctic or Maritime fronts (from the C. A. O. analysis) sug­
Restmg t at the Polar (Pacifie) front does not have much influence ln 
fhe summer and ~stelns are either Maritüne frOln the south or Arctic 
from the north. The analysis is of course too limited to verify this but 
this concept. will be assumed in the discussion that follows. 
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At any rate the area was under the influence of rather more norther-

ly flow than was experienced in thefollowing two years. 

These circulation conditions caused the coldest summer sea-

181 
sona} temperature averages. This agrees with the temperature -

flow relationships - i. e., surface 2 and 3 and 500 mb 3 and 4 are the 

coldest. Not until August did temI;>eratures reach the summer maxi­

mum. Relatively clear skies (resulting in increased radiative heat-

ing) and/or an increase in the importance or frequency of Maritime 

systems in the area (importing warm air from southern regions) 

were likely responsible for the warm August. 

Precipitation was above normal in May, June and July consis-

tent with the tendency of flow type 2 and 3 to have the highest proba­

bility of precipitation. The more northerly 500 mb flow likely re-

su:lted from a tendency for cyclones to invade the area from the north 

with the following consequences. (1) As seen from the WH mean 

precipitation, advection of Polar Basin air over the warm interior 
\ 

produces relatively large amounts of precipitation. (2) Fronts and 

systems would tend to travel parallel to the barrier resu.lting in a 

decrease in the effectiveness of the shadow (see period 6). KL re-

ceived more precipitation in this year than in those' that followed. 

August, on the other hand, experienced a precipitation mini-

mum and above normal wind speeds. This, along with the warm 

temperatures, suggests the dominance in August of a ridge at both 

181 Henceforth in this sec. the coldest etc. will refer to the coldest 
etc. of the summers of 1963, 1964 and 1965. 
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surface and upper levels (i. e., coinciding flow 
182 

strong; import 

of warm air; and relatively clear skies). It also points to the possi-

bility of passage of lows of type 2 (Le., strong--high winds; fast 

moving --little precipitation; and Maritime--warm). The late tem-

perature maximum may contribute to th~ low precipitation at YAK 

(i. e., ocean to air temperature gradient low- - stability). 

Above normal winter precipitation at WH may be partially 

explained by the above normal temperél.ture. YAK's high late pre-

cipitation maximum may well result from the late temperature maxi-

mum (i. e., the ocean would have high temperatures late in the season). 

b) 1964 

The following picture of the circulation emerges from the flow 

analysis arLd DIV wind roses for 1964. 

In June the area was influenced by the passage of lows both to 

the north and s out hl. 83 By July however, surface lows, likely as soci-

ated with the Maritime front and going on the coast south of the area 

(i. e., over British Columbia), dominated the cir culation. The 500 mb flow 

suggests a similar situation in upper levels (i. e., more of flow type l 
. ' 184 

which indicates a low in the southern Gulf). 

From the high number of east winds it would seem more lows 

managed to penetrate the barrier in 1964 than in 1965. The fronts 

182prevailing (i. e., type 2) and coinciding flow both were seen to be 
related to high wind speeds. 

183 AU of the type 4 flow (an increase of this noted in 1964) occurred 
in June. See wmd roses - similar to July 1965. So both A. and M. 
fronts were important. . 

184Similar to the general circulation wiilter cyclone though likely 
further south. 



(most frequently upper features) associated with these 10ws were 

185 
like1y pushed north by the 500 mb flow, as in system 4. There 

may also have been situations s~milar to period 5, especially in 
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August, when east winds produced orographie precipitation east of 

the mountains. 

Temperatures were high due to the import of warm air from 

the south in the trowels etc. traversing the area and the general 

northerly position of the Maritime front
1
.
80 

Temperature-flow 

relationships show warm light winds come from the interior, agree-

, , h h 't ' 'th' 186 Ing wIt t e Sl uatlon ln lS year. 

Precipitation was generally high and likely largely associated 

with upper features as in periods 1 and 4. The especially high 

August precipitation at KL and WH suggest, as do the wind roses, 

the presence of situations similar to period 5 when orographic pre-

cipitation was produced east of the mountains. The above normal' 

continental precipitation, experienced throughout the season, was 

likely a result of the tendency of fronts to travel parallel to the 

barrier (i. e., S. E. to N. W. - les s blocking effect) and the increased 

convective cloud due to high temperatures. 

180The synoptic systems (1965) analysed in detail were accompanied 
by either Arctic or Maritime fronts (from the C. A. O. analysis) sug­
gesting that the Polar (Pacifie) front does not have mu ch influence in 
the summer and systems are either Maritime from the south or Arctic 
from the north, The analysis is of course too limited to verify this 
but this concept will be assumed in the discussion that follows. 

185 Possibly the lows ·hitting to the south where the mountains are not 
quite so high. 

186 As these were calculated for 1965 - this is significant. 
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c) 1965 

Flow in this year appears to have had the greatest frequency 

of ridge conditions at both surf~ce and upper levels (see wind roses 

and flow an"alysis). This ridge likely was positioned (in the mean) 

east of the 1963 and 1964 positions
1
,87 the winds being almost equally 

deflected north and south of Mount Logan. 

176 
Plots of cyclone tracks and the DIV wind roses suggest a 

rather more random distribution of cyclones (i. e., both N. and S. 

of DIV). In addition there appears to frequently have been a low 

sitting or dying in the Gulf without cros sing the barrier (i. e., period 

1). In general the 1965 circulation agrees best with the picture of 
188 

mean general circulation presented in Chapter II. 

Temperatures are generally low at YAK, possibly as the re-

suIt of a very high frequency of overcast skies due to the ever-:present 

Gulf system and the piling up of systems west of the barrier (see 

synoptic analysis). 

Continental temperatures are about average (WH having a cool 

spring and average July and August). Temperature ranges were 

large in 1965 clue to the diversity of cyclonic types (i. e., neither 

those north or south dominated). 

189 
Precipitation at YAK was above normal in accord with the 

176 Plotted by the author but not inc1uded in this study. 

187 S. W. flow and a ridge to the E. of IRRP can result from alow 
dying in the Gulf." 

188 Both the Arctic and Maritime fronts are frequent - summer fronts 
tend not to be well defined in the mean due to small tempo gradients. 

189 YAK lowest for 3 years but other years very mu ch above normal. 
Long term normals (WH - 1942-60 and YAK - 1931-60). " 
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high average cloud cover ( a result of the piling up of Gulf lows). 

WH precipitation 011 the other hand was below normal and KL receiv-

ed the least precipitation of the three years. Temperatures were 

average so convective activity was not as great as in 1964. The 

main reason for the low continental precipitation would seem to be 

that the fronts and cyclones appro.ached the barrier travelling perpen': 

dicular to it (not from the north or south as in 1963 and 1964) and 

thus did not penetrate the interior as often as in the other years. 

The barrier was in other words more effective. 

Winds were high due to the predominance of S. W. flow at both 

190 . 
surface and upper levels; systems not as shaUow as in the other 

years. In addition it is possible that the tracking of more cyclones 

at the latitude of the study area contributed to the high wind1~2 

In general the summer of 1965 seems to have been most repre­

sentative of the mean situatioÀ?1 This is fortunate as most of the 

detailed analyses carried out (i. e., wind direction - parameter rela-

tionships) were for 1965. 

190 If you count aU the occurences one square up or down from the 
diagonal in Tables XXXV and XXXVI (surface vs. 500 mb flow) you 
find in 1965, 70% of the total no. of occurences while in 1964 only 
52%. Further if you group type 2 to 3, or 4 with type 2 (as the 1964 
and 1965 analyses differ, see Ch. X sec. 2) th en you find 83% in 
1965 and 53% in 1965 so there is a significant difference. 

191 The flow and cyc10nic system situation compare best to the pic­
ture in Ch. II; YAK and WH recorded closest to normal precip., and 
YAK tempo low but WH close to normal. Winds were slightly high. 

192 These lows not necessarily penetrating the area - but coming 
into the IRRP area rather than passing north or south. 
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3. EXTRAPOLATION TO WINTER CLIMATE 

Th~ present study has of necessity dwelt on the summer climate 

of thé St. Elias region. In this section on the basis of the known dif-

ferences between the summer and winter mean fields, summarized 

below, several inferences and questions concerning the winter climate 

(of the IRRP stations) will be put forth. 

a) Known Differences 

i) Circlliation:- Rather than the relatively weak coinciding , 
flow of summer the winter circulation is characterized by (1) strong 

gradients; (2) at the surface, a low in the Gulf and a high in the 

Mackenzie basin resulting in S. E. now over the IRRP area; (3) at 

upper levels a warm W. Alaska ridge resulting in N. W. flow over 

the stlldy area: and (4) a maximum of cyc10nic passages south of the 

Aleutians roughly over the study region. 

ii) Air n1asses:- While in summer most air masses are im-

ported into the area, in winter the region west of the mountains Ci. e. , 

the Gulf) is a source of wann moisture laden mP air masses, and 

the region east of the barrier Ci. e., Mackenzie bas in) is a most im-

portant source of bitterly cold, dry, stable (strong surface inversion) 

cP air masse s. 

iii) Temperature:- As seen in Chapter II section 2 and Figure 

8 the area in winter is characterized by extremely strong tempera-

ture gradients of the opposite sign to those in summer. 

iv) Precipitation:- The precipitation gradient from the coast 

inland does not appear to change significantly in the winter ( from 
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summer). WH receive s a greater percent of its winter precipitation 

as snow than does YAK. 

v) Local topography:- Lake Kluane is frozen over and snow 

covered in winter. Most 'of the mountains (bare rock in summer) 

are also snow covered. The area is thus more uniform. 

vi) Climate of the mountain margins:- The winter climates of 

YAK and WH were treated in Chapter III. Briefly: 

(1) YAK is relatively warrn, receives much snow and 

rain, is for the most part protected by the moun­

tains from the cold Mackenzie high. is c1earest 

in January and windiest in December and has pre­

vailing S. E. winds. 

(2) WH is extrem'ely cold, has a high tempe rature 

range, receives small amounts of snow which 

drift extensively, is c1earest in February and 

windiest in October and March, and occasion­

ally experiences the passage of a low from the 

Gulf. 

b) The Winter Climate of the IRRP Area - - Inferences and Questions 

i) As the me an winter flow is up valley at the surface and down 

valley at upper levels it is presumably less affected by the mountains 

than its cross-valley summer counterpart. 

H) Due to the uniform snow surface, covering the glaciers, moun­

tains and mountain margins, many of the large and small scale climatic 

differences will disappear or be decidedly reduced. In addition as the 
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snow surface is no longer colder than the air above it the local ther­

mal regimes will be altered, affecting other parameters (i. e., winds 

at KASK and SEW which were dependent on thermal differences). 

iii) The mean circulation surface Gulf low (representing the 

high frequency of lows tracking into the area south of the Aleutians) 

indicates relatively few lows are able to penetrate the barrier though 

the frontal systems associated with them may cross as in period 1. 

iv) The Mackenzie high is an extremely constant feature of the 

winter synoptic situation. No doubt it is partially responsible for the 

inability of the Gulf lows to penetrate the interior. 

v) When systems do succeed in penetrating the barrier they 

bring warm wet conditions (as opposed to cold wet in summer). 

These systems likely behave somewhat as period 2 (i. e. J they move 

swiftly, giving the expected cyc10nic system effects and passing re­

latively unaltered by the mountains). 

vi) As systems are cooled rather th an warmed (as in summer) 

by passage over land possibly warm fronts show up better than cold 

fronts. (The opposite seemed to be the case in summer.) 

vii) The strong reversed temperature gradients (in comparison 

to summer) no doubt have a considerable effect on the IRRP area. The 

nature of this effect is not immediately obvious ( and likely will not be 

until winter meteorological records can be obtained for sorne of the 

lRRP stations). As the temperatures are caused and maintained by 

completely different circulation phenomena to the east and west of the 

mountains, and due to the strength and consistency of these circulation 



145 

patterns it is quite possible that there is in winter a discontinuity 

(or sharp divide) in the temperature field over the St. Elias region. 

This pronounced blocking effect likely extends to the other synoptic 

parameters, excluding cloud. In fact, the winter .veather charts 

are often characterized by a semi-permanent Arctic front in the 

study area. 

viii) The winter surface circulation patterns are possibly even 

more shallow than the summer features. This suggests the glacier 

stations are more influenced by the 850 and 700 mb levels than they 

were in summ er. On the other hand the stronger surface flow may 

dominate, at least part of the time, a.s in the case of period 2. 

ix) As the upper flow is f rom the N. W. (down the valleys) the 

IRRP region may in effect sit between the two distinct regimes and 

receive its weather from the N. W. (i. e., central Alaska). In all 

probability however the marine or continental conditions from period 

to period encroach more or less over the mountains depending on 

their relative strength. As a climatologkal divide could be found in 

smnm~r when the diffel'ences were not so extreme undoubtedly one 

exists in winter. It might not be the same position as the summer 

divide but topographie considerations would place it somewhere 

b h l h · 196 etween KASK and DIV, thoug likely closer to D V t an ln summer. 

196 As the general motion is W. to E., and considering DIVas the top 
of a mountain, it is logical that weather from the W. encroaches at 
least up to the top of this mountain and likely somewhat over the top. 
In winter thel'e is a strong system to the east of the mountain so 
weather likely does not get much over the top i. e., the climatic 
divide is closer to the topographical divide in winter. 
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x) While in summer the barrier exerts an orographie blocking 

influence on the air passing over it (1. e., ra,ising it, extracting the 

precipitation, deflecting it) etc.) in winter it seems rather to be 

responsible for the maintainance of two distinct general circulation 

regimes and to discourage int~raction between these. It is these two 

distinct regimes which in turn ar~ responsible for the contrasting 

weather conditions to the east and west of the St. Elias Mountains . 

. xi) Two further questions are suggested by the present study 

about the winter climate (likely unanswerable until some winter data 

is available). 

(1) Do the low DIV and SEW wind speeds persist into winter or are 

the stronger circulations ab le to overcome the basin and thermal 

effects. 

(2) At' KL in winter is <'iS decided an orographie shadow in evidence 

or docs the 1fackenzie high dominate the whole area (giving the same 

weather at KL and WH - - not always the case in summer). 

Due to the extreme transmountain gradients (or dis continuities) 

the winter c1imate of the study area would conceivably be even more 

interesting to investigate than the somewhat less extreme summer 

situation. 
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CHAPTER XVII 

CONCLUSIONS 

In this study the means, variations, and interrelationships 

of the various climatological parameters have been discussed from 

a number of viewpointi.9
7 

From these and the analysis of general 

circulation and specific synoptic situations a picture of the sum.uer 

climate of the St. Elias Mountains region has been built upl.98 The 

three years used in the study appeared to be fairly representative 

of the normal conditionl99 

1. THREE SCALES OF INFLUENCE 

. There is evidence that the area' s c1imate is subject to three 

scales of influence. Consequently the most important manifesta-

tions of these influences as indicated by the c1imatological and 

synoptic analysis in this study will be discussed on these three 

scales - - (a) large or synoptic scale, (b) large scale local topogra-

phy, and (c) small scale local topography. 

197 i. e., Parameter by parameter, station by station, in regard 
to the climatological divide, etc. 

198 As these means etc. have been summarized etc. above they will 
not be resummarized. However, an attempt shall be Iuade to out­
line the influences responsible for these conditions. 

199 Longer term means would likely differ somewhat nurnerically 
but the physical processes at work and the relations will not likely 
change significantly. . 



a) Synoptic or Large Scale 

The study area extends from sea-Ievel (YAK) on the Pacific 

coast across the extremely high extensively glacerlzed St. Elias 

200 
Range and the lower Coastal Range to WH. 

Superimposed on the variation of temperature with height is 

a graduaI eastward warming; from the cool coastal region to the 

heated interior. There is a possibility of a fohn effect west of the 

148 

St. Elias Range. Temperatures were more c10sely related to sur-

face than upper geostrophic flow. 

DIV appears to best represent the synoptic scale winds. Wind 

directions here were more easily related to surface than upper flow. 

Wind speeds on the other hand appeared more rèlated to 500 mb 

flow and surface synoptic period 1 suggested surface flow was the 

dominant factor in wind direction during a cyc1oni.c passage but that 

the 500 mb situation controlled it before and after. 

Cloud f requencies and types showed two definite regimes (one 

on èither sicle of the barrier) and cloud amounts appeared to relate 

better to upper than surface geostrophic flow. 

The transmountain precipitation profile and the position of the 

precipitation maximum agrees reasonably weIl with Walker' & (31) 

theoretical model (for an ideal mountain range). Precipitation proba-

bilities exhibit once again the existence of two distinct regimes. 

The St. Elias barrier was seen to have a considerable effect 

200 See Map 2 and Figure 1. 



on synoptic systems invading the area. 
201 

KL, it was seen experiences a greater shadow than WH. 

In short, a climatological, and to sorne extent a synoptic, 

149 

divide can be found between DIV and KASK. This position is physi-

cally reasonable if the YAK to WH crossection (see Figure 1) is con-

sidered to be a simple solid mountain range with the, DIV accumùla-

tion area as the effective ridge - - i. e., the weather is carried up the 

windward sIop~02 spills some distance over the top but generally 

Iea ves the continental slope in a decided shadow. 

Conditions over the high glacierized region appeared at times 

to be a direct result of the 850 or 700 mb l~vel situation (i. e., during 

a trowel passage) while at othf\r times the sea-level geostr'ophic flow 

seemed to be more significant (i. e., periods 2 and 5). Pre sumably 

then the depth of the surface features at any particular time Iargely 

determines the relative importance of sea-level and upper flow to the 

glacier station8 weather. 

b) Large Scale Local Topography 

The large scale topography (i. e, the mountain - glacier or moun-

tain - valley distribution) in the vicinity of each IRRP station is re-

sponsible for many of the station to station differences and two inter-

esting wind anomalies discussed in this study (see Ch. XIV). 

Temperature was likely least subject to this scale influence. 

However Lake Kluane and the valley-mountain configuration in the 

201 
See particularly precipitation, cloud and synoptic analysis. 

202 
Lo ,'sing much of its moisture. 



area appear to have had sorne influence on KL temperatures. At 

KASK due mainly to the nature of the wind regime temperatures 

203 
could be related to large scale local topography. 
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There is no doubt that the wind regime is most strongly influ-

enced by topography on this scale. KA.S~ presents an extreme exam-

pIe of a topographically controlled wind regime - - both speed and 

direction resulting from the channelling effect of the mountains bor-

dering the north and central arms of the Kaskawulsh glacier and the 

air to glacier temperature dif ference. 

Similarly the surprisingly low wind speeds at SEW and DIV 

result from their position in a topographie bowl and a thermally pro-

duced miniature anticyclone effect. At DIV in 1965 wind directions 

relate well to the distribution of mountains and glaciers around the 

accummulation area. SEW's wind directions are definitely locally 

induced. 

Cloud is only slightly influenced by the large scale local dis-

tribution of snow and bare rock surfaces (i. e., convective clouds 

over mountains and dissipating power of cold glacier surfaces). 

The transmountain profile of precipitation illustrates the pre­

cipitaÜon shadow produced by the presence of a mountain the size of 

Logan in the path of the prevailing fl,')w. It would be interesting to 

chart the horizontal extent of the precipitation and wind shadow caused 

by mountain massifs such as Logan, St. Elias, and Cook. 

203 S"l 1 t' h' . DIV d SE\V b h lml ar re a Ions IpS eXlst at an ut t ese were not as 
weIl developed. 
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. c) Small Sca1e Topography 

It was seen that the presence of a relatively small amount of 

bare rock in the vicinity of a temperature recording station or the 

elevation of that station above the glacier surface can have a con-

siderable effect on the temperatures recorded. SEW Ice and KASK 

Knoll proved to be rather extreme examples of ice and nunatak 

stations, respectiveIy. 

Pits downwind of reIatively small obstructions (i. e., snow 

ridges) showed significantly less accumulation. Thus wind and pre-

204 
cipitation regimes can aIso be influenced by small scale topography. 

d) Most Important Processes 

Though the climatic influences can be separated into the three 

scales discussed above it shouId be remembered that the same physi-

cal processes are effective on aIl scales. 

This study indicates that for the area under consideration the 

two luajor processes are: 

(1) Radiative heating and cooling -- e.g., responsibIe 

for (a) continental summer heating which in turn 

results in convective cloud and precipitation etc. , 

(b) mountain to glacier temperature differences 
\ . ' 

which in turn influence the wind and temperature 

regimes, and (c) nunatak to ice station temperature 

204 No wind records on this scale. However the KASK 1964 to 1965 
difference seemed to be attributable to the different position. In 
addition the existence of precip. shadows suggests the existence of 
of a wind shadow aiso. 



differences. 

(2) Orographic effects - - e. g., large middle and 

small scale wind and precipitation shadows 

(i. e., cyc10nic systems produce precip,itation 

but where and how much is orographically 

determined) . 
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Sensible and latent heat transfer effects were also observed 

but are not particularly important on a climatological scale (though 

of vital importance in micro-meteorology and related ablation 

studies). 

2. OTHER FACTORS EMERGING FROM THE STUDY 

The study c1early points out the necessity of exercising great 

care in the choice and analysis of data in an area such as this to 

insure the records used are representative of the regime being in­

vestigated - - e. g., (a) ablation studies must use ice surface tempera­

tures, (b) air mass identification on the other hand should use nunatak 

or higher (altitude) temperatures, (c) local influences must be sub­

tracted from wind data if they are to be used in synoptic analysis 

(and vice versa) and (d) all scales of topography must be taken into 

account in evaluating accumulation amounts. 

The network of stations maintained by IRRP appears to be 

reasonably diversified and is quite suitable for a detailed synoptical 

climatological study. That they can be treated as a profile of a moun­

tain range with DIV situated near the top is ais~ useful to such a 

study. 
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As orographie and non-adi~baticpr'o~e,sses were found to be 

of prime importance in the ~tudy area it is riot surprising that nor­

mal forecast methods whe'n applied to this 'region fail rather badly. 

This will remain the case until some satisfactory way is found to 

'inc1ude these effects in the forecal;lts (either numerically or subjec­

tively). 

A systematic analysis of the relative importance, to the sur­

face weather, of the standard pressure level configurations (i. e., 

sea-Ievel, 850, 700 and 500 mb) under various synoptic conditions 

would doubtles s shed some light on this problem. 

Consider,ations of winter c1imate suggest that in this season 

the two distinct general circulation pattern (the maintainance of which 

is likely largely due to the St. Elias barrier) may result in a sharp 

divide or discontinuity in the synoptic parameter fields (except cloud). 

However winter and summ er general circulation conditions differ so 

greatly from each other that little can be said with certainty about 

the glacier stations' winter climate on the bas is of summer data only. 

3. SUGGESTICNS FOR FUTURE RESEARCH 

The results of this study suggest the following course of action 

for the IRRP meteorological program. 

a) The collection of regular synoptic parameter records should 

be continued with improved accuracy, continuity, and processing 

methods. 

bi An effective way of measuring precipitation amounts in a 

high elevation, glacierized region, must be sought. 
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c) Regular soundings of temperature, humidity, and wind of 

at least the first few thousand feet above aIl IRRP stations should be 

initiated and utilized. 

d) Temperature himidity and wind at two lev~ls near the sur­

face (i. e. J 30 and 90 cm.) should be rec.orded along with the screen 

level synoptic parameters and a suf fi cie nt ablation net maintained 

in the vicinity of each glacier station at least. 

e) For the present it would seem most advisable to improve 

the quality and quantity of records from the st.ations· al ready establish­

ed rather th an spreading the resources available out over more sta­

tions. 

f) Use should be made of the surface, 850, 700, and 500 mb 

synoptic charts (for aU summer seasons during which suf ficiently 

complete records were kept at the IRRP stations) as weIl as the YAK 

and WH synoptic and upper air data (for these periods). 

The implementation of a) to f) above (alI of which are within 

the scope of a project such as IRRP) would facilitate a study along 

the folIowing lines. 

i) Continued processing and analysis of climatological para­

meter data to obtain reliable means and averages. 

ii) Quantitative analysis of the factors determining t~e climate 

. of the area (i. e., the three s cale s of influence etc.) and the relation 

of these (especialIy the smalI scale factors) to the mass budget of 

the glaciers involved. 

iii) a systematic (possibly statistical) analysis on a synoptic 

.climatolog~cal level of each season. (i. e., What are the surface 



155 

effects of the typical synoptic situations in the area). 

Inter-relating i) to iii) above could yield a method of estimating 

the health of a glacier (or glacier complex) - - previously studied in 

detail but no longer having daily meteorological or a?lation records 

from the synoptic conditions of the preceeding budget year. 

Finallr a whole new fascinating set of problems could be inves­

tigated were it possible to establish a manned or automatic station 

on the glacier (preferably in the area of DIV) during the winter 

season. 
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APPENDIX 

TABLES l - XLII 



TABLE l 

SPECIFICATIONS OF LONG VALLEY GLACIERS, ST. ELIAS MOUNTAINSo.. 

NAME DRAINAGE DIRECTION LEl~GTH ELEVATION 0 po 
OF FLOW TERMINUS 

Kaskawulsh Kaskawulsh and E. ca. 40 mi. below 3000 :ft. 
Slims Ri vers 

Hubbard Disenehantment 5. ca. 65-75 mi. . tidal 
Bay 

Walsh Copper River n'. C8. 60 mi. .•..... 
Donjek Donj eck to Yukon N.E. ca. 35 mi. below 4000 ft. 

River 

Kluane Donj ek to Yukon N.E. ca. 19-30 mi. belo1r 4000 ft. 
River 

Seward - Malaspina Yakutat Bay (from Seward Glacier ca. 70 mi. below 2;0 ft. 
Paeific Oc ean AccuJ!1l1ation) S.VI. 
Iey Bay 

n) From Field (1 p. 2a.2.16) 



TABLE II 

1/ANNED WEATHER STATIONS ST. ELIAS MOUNTAINS (1263-126i) 

STATION LATITUDE LONGITUDE ELEV. in FT. FIRST RECORD TYPE OF SURFACE Cl 

KLUANE 61 °02'1~ 13So25'W 
(Base Camp) 

2,580 5 June 1963 Grave1 

DIV IDE 
Glacier Central 600 45'N 139°36''8 8,485 1 Ju1y 1963 Sno,.. 
Divide '63 60 0 46'N 139°40'W 8,659 19 June 1963 
Divide '64 60(,147 'N 139°40'\'1 8,650 10 June 1964 
Divide '65 60 0 45'N 139°40'W 8,760 4 June 1965 

KASKAWULSH 60 0 44'N 139°0S'W e 5,800 4 July 1964 Thin moraine 
overlaying iee 

SEVIAF.D 600 20'N 1390 55'W ·c 6,100 18 June 1964 Rock ridge e. 50 ft. 
trom nearest snow 

~) FUrther detai1s concerning position of station can be round in ~rcus, Rens and Taylor (20). 



TABLE III 

AUTOMATIC \YEATHER STATIONS ST. ELIAS 1~UNTAINS (1963-1965) 

· STATION LATITUDE LONGITUDE ELEV. in Fl'. FIRST RECORD TYPE OF SURFACE 0-

DInDE CACHE 60 °46 'N 139
0

42'W 8,774 13 June 1964 amall rock nunatak 
10 ft. ta snow 

DIVIDE CAIRN B 600 46'N 139
0

3S'W 8,994 13 July 1964 Sl'lOW ridge 

KASKAWULSH ICE 60° 43 'N 1390 08'w c 5,SoO 1 July 1965 variable ano. to lee 

y,ASKAWULSH KNOLL 60
0
44'N 139

0
09'W c 6,000 25 June 1965 ' tundra 

SE\VARD . ICE 60
0
20'N 139

0
56'W c 5,8;0 6 July 196.4 sno .. 

TERMINUS 600 49'N 13So3S'W c 2,109 15 July 1963 gravel 

~) FUrther details concerning the positio~ of the statio~B available i~ MSrcus, Rens snd Taylor (20). 



'tABLII: IV 

ICilOROLOGlCAL PROGIWl - IlANNlm RATHER STATIOJœ (1"3 - 1'16$) 

STATION P&RIOD 01' R&CORD . OBSiRVATIOH TIlIi:SQ. PARAIBrSRS RBCORD&Db 
(YST) 

nU1NB: 1963 
1964 
1965 

5 June - 24 Aug. 0900 and 2100 '1'8lIp., RH, Cloud, Via.. WiDd, Precip., 
1 June - 26 Aug. ()CjOO,1500 1: 2100 .. .... .. 

lCASKAWULSH 1964 
1'165 

DIVlDi: 1963 
1964 
1965 

SDARD 1964 
1965 

14 May - 9 Aug. 3 hourI, 

4 Ju1y - 22 Aug. lrr~l.r (3 bourl,) .. 
4 .June - 8 Aug. 3 bourly 

19 June - 23 Aug. 2 hourl, 
10 June - 17 Aug. 3 haurl)' .. 
4 June - 6 Aug. 3 hourl, .. 

18 June - 14 Aug. 3 hourly .. 
'1 July - 25 July. 3 hourly 

o.) 3 bourly 18 03, 06, ()Cj, 12, 15, 18, 21, 24 YST 

.. 

.. 

.. .. 

.. .. 

2 hOlolrly 18 02; 04, 06, 08, 10, 12, 14, 16, 16, 20, 22, 24 YST 

b) 'f8lllP. - Air shelter hapera"ture (degl'''s r.) 
RH - a.latiye buaddity (ot Air) 
Cloud - Cloud type, conr (t,m!!s and height iD ft.) 
WiDd - lJind direction (01 te 36) and .peed (kts.) 
Via. - Visi bi lit Y (adl •• ) 
Precip. - Precipitation (in. ~nd mm. raiG, cm. snow) 
Preu. - Air pressura (.b) 
Insolation - IliComng radiat,ion - .ho~ Iran (cal _-1 c.-6) 
Sunahina - IUration of .\lnshlna 
Ablatioll - Ablation and acc\UaJlaUoD (e.) 
Upper "liDd. - Upper nnd direction and .peed - pUlal 

.. 

.. 

IlicrolHlt - Temperature and wind et • 1 ..... 1s, n.t radiation .lance 
Sno. - Sno. surtace classifications 
M.t Phenoaena - K.teorological pbaao.ana 

.. .. 

.. .. .. .. 
.. .. .. .. .. 

.. 

Pr .... 

.. 
.. .. 
.. 
.. 

luoletion, San.bine 
lnaolation 

luolaUon, AblaUœ , ·Upper \Vind 

SallSbin., Snolr, I&rt. Pb.no ... 
Insol.tion, SuD.hine, Ablation, llicrc • 
Iuol.tloll, Abla'Uon, UP'P" Wl_ 

Upp.r .bd, JIlcroMt 



TABLE V 

METEOROLOGICAL PRO GRAM - AUTOMATIC STATIONS (1963-1965) 

STATION PERIOD OF RECORD PARAMETERS RECORDED 0. 

CACHE - DIVIDE 1945 13 June-16 Aug. Temp. 

CAIRN B DIVIDE 1964 13 Ju1y-l; Aug. Temp., R H 
196; 7 June-11 Aug. Temp. 

KASKAVIULSH IeE 196; 7 Ju1y-26 July Temp., R H 

KASKAWULSH KNOIJ., 196; 2; June-26 July Temp. 

SEWARD IeE 1964 6 Ju1y-1; Aug. Temp., R H 

TERMINUS 1963 1; Ju1y-23 Aug .. Temp., R H 
1964 11 June-lB Aug. Temp. 

a} See f'ootnote (q,) TABLE IV. 



TABLE VI 

PERMANENr WEATHER STATIONS IN VICINITY OF STUDY AREA 

STATION . LATITUDE UlNGlTUDE ELEVATION OPERATING TYPE OF PERIOD OF RECORD OF 
ABOVE MSL· . AGENCY RECORD CLI~TOLOGICAL·NORUALS 

IN Fr. 

AISHIHIK 61 37-'N 137 31'W 3,110 Met eoro10gica1 ~-:.:-:.:- :~,Surfac e synoptic 1943 - 1960 
Brenon Canadian (18 years) 
Dept. of Transport 

RAINS JUNCTION 60 4S'N 131 3S'w 1,965 Canadian Dept. Irregu1ar surface 1944 - 1960 
EXPERlMENI'AL FARM of Agriculture synoptic (17 years) 

SNAG 62 22 IN 140 24'W 1,92S Met. Brancn D.O.T. Surf~ce synoptic 1944 - 1960 
(17 years) 

WHITEHOR5E 60 43'N 13S OS'W 2, 289 Met •. Branch D.O.T. Surfac e and upper 1942 - 1960 
(A.P.) Air Data (lat (19 years) 

Class Station) 

CAPE YAKATAGA U.S. Weather , Daytime surface 
Bureau aynoptic 

ANNE H 55 02 t N 131 34'W 110 U.S. Weather Surface synoptic 1931 - 1960 
Bureau ~30 years) 

5ITKA U'-S. Weather Surface synoptic 
Bureau 

JUNEAU 58 22'N 134 35'W 12 U .S. Weather Surface synoptic 1931 - 1960 
(A.P.) Bureau \30 years) 

YAKUTAT 59 31'N 139 40''W 39 u.s. Weatner Surface and upper 1931 - 1960 
;(A .. P. ) Bureau air dat!!l ;~" -- - \ 



1st Max. 

2nd Max. 

let l!in. 

2nd Min. 

3rd Min. 

TABLE VII 

YAKL~T PRECIPITATION E~4ES 

EX'l'REME JlONl'HLY TOTAL PRECIP. AUOUNTS EX1'REME UONTHLY 'SNe" AMOUNTS 

Preeip. Amount 
(in.) 

36.45 

32.13 

0.52 

0.68 

0.75 

Month &nd Year 
of oecurrence 

Uarch 1948 

!l'eb. 1964 

J'une 1964 

June 1959 

April 1948 

TABLE VIII 

SnI)" Depth 
(in. ) 

111.0 

2.7 

YAKOTAT CLOUD }~OUNT FREQUENCIES 

CLOUD AMOUNT 
(in tenths) 

0-3 

4-7 

8-10 

NUMBER OF DAYS 

41 

44 

280 

140nth and Yeer 
of oecurrence 

!€arch 1959 

March 1958 



TABLE IX 

WHITEHORSE PRECIPITATION 

lst 

Total Precip. (in.) Montbly }fax. 3.38 (June 1953) 

Total Precip. (in.) Yearly Uax. 13.8; ( 1948 ) 

Rain (in.) . Month1y Max. 3.38 (June 1953) 

Snot'T Depth (in.) Monthly Uax. 20.40 (Nov. 1944) 

Total Precip. (in.) Year1y Min. 6.70 ( 1947 ) 

Rain (ill. ) August Min. .05 ( 194; ) 

Snow Depth (in. ) Noven:ber Min. 2.1 ( 1957 ) 

a..) Date of occurrence given in brackete. 

TABLE X 

EXTP.EMES a.. 

2nd 

3.40 (June 1961) 

13.60 ( 1944 ) 

3.44 (June 1961) 

20.30 (Dec. 1962) 

3rd 

3.33 (Aug. 1949) 

13.48 ( 19.;3 ) 

3.33 (Aug. 1949) 

TEMPERATURE MEANS - WHITEHORSE t RAINS JUNCTION, AISHIHIK AND SNAG ~F.) 

ANNUAL MEAN TEIœ. ANNUAL MEAN l!t\X. ANNUAL MEAN MIN. 

Vlhit@horee 30.8 39.7 21.8 

Haine Junction 26.4 39.1 13.8 

Aishihik 24.; 36.0 13·2 

Sneg 21.; 33~; 9.8 



TEMPE.qATURE (Or) 

Mean Annua1 

Max. Mean (value) 
(month) 

Min. Mean (vtilu e) 
(month) 

~xtreme Max.(value) 
(date) 

(shape of curve) 

Extrema Min.{value) 
(dat e) 

(shape of curve) 

Range (mean annual) 
(mean monthly) 

(extreUl9 annua1) 
(monthly variation) 

Days be10w oOr 

Months extreme over 80°F 

RELATIVE HUMIDITY (fa) 

Mean Annuel 

WHlTEHORSE 

30.8 

57.5 
Ju1y 

-0.6 
Jan. 

91.1 
Ju1y 1951 
) Dev. Jan. 

-61.1 
Jan. 1947 
} Dev. Jan. 

76.4 
20°F 
152.7 
July 22°F to 
Autumn 15°F 

f\3 78 

.}fay - Sept. 

84 

a. ) From Kendrew and Kerr (15) 

TABLE XI 

COMPARISON WHITEHORSE AND YAKUTAT 

YAKUTAT 

40.0 

.54.1 (53.8) 
Ju1y (Aug.) 

27.3 (28.1) 
Jan. (Dec.) 

86 
Aug. 1957 
) Dev. Ja~. 

-22 
Jan. 1952 
) Dev. Aug. 

40·3 
l20 r 
108 
St oady at 12°F 

f'V10 

July c!: Aug. 

11 

PRECIPITATION (in.) 

Annual Mean 

Max. Mean (value) 
(month) 

Min. Mean (value) 
(month) 

Snow Max. (value) 
(month) 

No. Precip. Days 

CLOUD (t enths ) 

Annual cover 

Max. Uonth .(value) 
(month) 

Min. Month (value) 
(month) . 

Days Heavy Fog 

WIND (mph.) 

Speed 
!.!ax. 
Min. 
Direction 

WHlTEHORSE 

10.05 

1.44 
Aug. 

.43 
April 

8.5 
Nov. 

N120 
0. 

7.2 CL 

7.9 
Nov. 

6.6 
Feb. 

18 

9·3 
Oct. 
July 
SE . 

YAKUTAT 

131.8 

19.35 
Oct. 

5.68 
June 

45.0 , 44.8 
Mar. Dec. 

223 

8.3 

8:6 
June c!: July 

7.7 
Jan. 

31 

8.1 
Dec. 
Sept. 
E 



(1) 
(2) 
(3) 
( 4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

TABLE XII 

OCEANICITY AND CONT!NENTALITY INDICES (\ 

Whitehoree 
Yakutat 

STATION OR AREA 

North American Average 
All Continents in N. Hemisphere 
Winnipeg, Manitoba 
Bergen, Norway 
Honolulu, Hawaii 

~) See Landsberg (16 pp. 290-1) 

TABLE XIII 

CONTINENTALITY 

46.0 
13.5 
48.0 (msx. 67.0) 
52 

14 

OCEANICITY 

6.7 
18.6 

4.0 
14.0 
49.0 

KOPPEN
d 

AND THORN'l'HWAITE
b 

INDICES 
.,... 

STATION APPROX. KOPPEN 
LATITUDE I}'''DICES 

Whitehoree 60
0

N Dfb 
S'tockholme 600 N Dfb 
Omsk, Siberia 600N Dfb 
N. Quobee 600N ET 
Montreel SOoN Dfb 
Yakutat 600 N Cfb 
Bergen 600 N Crb 
w. Ireland S50N Crb 
600S 600 s ET or EF 
Vancouver 500 N Crb 

d) For expla~btion of symbols see Harwitz and Austin 
b) For explar.at!.on of symbole see ThorJJthwaite (28) 
~) Oruy over land 

THORNrHWAITE 
INDICES 

D' 
BC'r 
D' 
E' 
BC'r 
AC'r 
AC' r - -
AC'r 
(Et)c _ 
AC'r 

(11). 

COMMENTS 

Si~lar position to Whitehorse 
Very land locked 
N •. eoast - eame latitude 

Similar position to Yakutat 
Island 
S. hemisphere - same latitude 



TABLE nv A 

UDNTHLY AND SEASONAL TEMPERATURE (OF) MEANS (ALL DATA) 

1963 1964 1965. 3 YR. AVE. c 

STATION June July Aug. Beason June July Aug. Season May June July Aug. Season June July Aug. 

WHITEHORSE 49.6 57.5 58.3 5;.1 5;.9 55.2 ;2.8 ;4.6 41.4 49.9 58.0 S;.4 Sl.2 Sl.8 56.9 5S.; 
(30)o.. (31) (31) (91) (30) (31) (31) (91) (31) (30) (31) (31) (122) 54.6 b 51.5 b 54.3b 

KLUANE 41.0 53.9 52.9 Sl.4 51.9 52.4 50.8 51.8 42.0 47.0 ;4.0 56.9 49.; 48.6 53.5 51.6 
(26) (31) (25) (82) (30) (31) (21) (88) (18) (30) (31) (9) (88) (2) 

KASKliWULSH 40.2 39.5 39.9 36.7 32.8 38.2 35.4 32.8 39.2 39.; 
(24) (10) (34) (4) (30) (25) (59) (1) (2) (1) 

DIVIDE 21.9 29.6 29.9 28.4 26.6 21.4 26.3 26.9 20.0 29.4 30.9 25.8 23.3 28.8 29.9 
(10) (31) (23) (64) (21) (31) (11) (69) (26) (31) (8) (65) (2) (1) 

SEi'lARD 31.4 36.3 35.'9 35.2 31.0 37.0 31.4 36.3 35.9 
(11) (31) (14) (56) (17) (17) (1) (1) (1) 

YAKUTAT 48.3 54.6 54.8 52.6 52.4 52.9 53.2 52.8 39.2 44.3 50.0 49·3 45.1 48.3 b 52.;b;2.3 b (30) (31) (31) (92) (30) (31) (31) (92 ) (31) (30) (31) (31) (122) 50.; 54.1 53.8 

a) Number of days of record for every Mean ie given in braek6ts be10w it. 

b) Normale for YAK (1931-60) and WH (1942-60). 

c) For avarages of 1ess than 3 years no •. of years ia shown in braeketa. 



TABLE nVB 

SEASONAL TEMPERA'fURE (0 F.) MEANS AND AVERAGES (COMMON PERIODS f; 
STATION 1963 1964 1965 2 YRS. 3 YRS. PERIOD 

Kluane 51.0 52.4 51.0 52.1 51.1 , June - 8 Augu~t 

Kaskawu1sh 40.9 39.0 39.9 9 July - 24 Ju1y 

Divida 21eS 26.8 2803 27.6 27., .20 June - 8 August 

Seward 31.0 31.2 31.1 9 July - 25 July 

TABLE XV 

SE.4.S0NAL TEMPERATURE (0 F.) MEANS AND AVERAGES (5 JUNE - 8 AUG.) 

STATION 1963 1964 1965 AVE. NO.YRS. 3YR.AVE. C 

Whi tehorso <l. 54.4 55.1 54.4 54.6 3 54.6 b 
Hains Junction ,1.9 2 51.5 10.83 
Terminus 48.2 48.2 1 41eS 8.61 
Kluane ,i.o ,2.4 5Ï.8 51.1 3 51.1 10.94 
Kaekawulah Ico 35.3 35·3 l 36.2 2·33 
Kaekawulsh .39.5 36.9 38.2 2 31.8 3·22 
Kask€l\yulsh Knoll - 40.8 40.8 1 . 41.1 5.59 
Divide Cairn B 29.1 - 29.1 l 28.1 -2.17 
Divido 26.0 27.4 25.9 26.4 3 26.4 -3·11 
Divide Cache 21.3 21·3 1 26.3 -3.11 
Seward 35.9 34., 35.2 2 34.9 1.61 
Seward Ico - 34.0 34.0 1 33.0 .56 
Yakutat Q.. 52.2 52.1 52..1 52·3 3 52.3 e 11·39 

Cl) YAK and WHmoal'le \lere found by weighting the monthly avaragee 
(i.e. 26 June + 31 July + 8 August) as the daily means wero 
not available. 

b) WH long term me~n (i.e. 1942 ~ 60) for same period : 55.9 

G) YAK long term mean (i.e. 1931 - 60) for same period = 52.5 



TABLE XVI 

TEMPERATURE DEVIATIONS FROM THE 3 YEAR SEASONAL A VERAGES ( TX - T ) 

STATION 1963 1964 196; f\Tx.- T 

Whitehores -.2 + .5 -.2 .9 

Kluane -.1 + .1 -t. 1 1.5 

Kask&wu1sh (_.4)ct + 1.3 -.9 2.2 -(2.5) 

Divide -.4 +1.0 -s 1.9 

Sew6rd (-.5) a. +1.0 -.4 1.4 (2.0) 

Yakut~t -.1 -t .4 -.2 .1 

o.) Ca1eu1ated - not reeorded - assuming one ean sxtrapo1ate KASK and SEW 1963 tempe 

!rom KL and DIV. 



TABLE XVII 

MEAN UA:aw~ AND MINIMlJl..! TEMPERATURE (OF) AND TEMPERATURE RANGE 
_ .. - _ .. - _ .... _.-

NO.oi' 
1963 1964 1965 AVE. YEARS 

srATION Max. Min. Range ~. Min. Range Max. Min. Range Max. AI.!n. Range 
,-

WH ITEHORSE 66.9 44.8 22.1 17 

KLUANE 59.0 41.1 17.9 61.4 43·6 17.8 62.9 40.6 22·3 61.1 41.6 19.; 3 

TERMINUS 60.4 37.1 23.5 60 •. 0 37.1 23.; 1 

KA5KAWULSH lCE 38.7 29.0 9.7 38.7 "29.0 9.7 1 

KA SKAWULSH 46·3 34.7 11.6 41.8 30.3 11.5 44.0 32.5 11.; 2 

KASKAWULSH KNOLL 47·3 34.2 13·1 47·3 34.2 13·1 1 

DIVIDE CAIRN B 36.5 21·3 15.2 36.5 21·3 15.2 1 

DIVIDE 33.1 18.3 14.8 3;·5 20.0 15.5 33.8 17.0 16.8 34.1 18.4 15.8 3 

DIVIDE CACHE 33·3 22.7 10.6 33.3 22.7 10.6 1 

SEWARD 43·4 29.; 13·9 39.2 27.; 11.7 41·3 28.5 12.8 2 

SEWARD ICE 44.4 27.0 17.4 44.4 27.0 17.4 1 

YAKUTAT 59·3 46.6 12.1 30 



TABLE XVIII 

EXTREME Jl.AXIMUU A}l.1]) MINIMUM TEMPERATURE (OF) AND TEMPERATURE RANGE 

1963 1964 1965 PERlOD OF P.ECORD 

STATION Max. Min. Max. Min. Max. Min. Max. Datee. !.fin. DateCL Range 

WH lTEHORSE 82·3 32.2 79.5 30.6 79 32 82 Aug.'63 31 Aug.'64 51 

KLUANE 72.0 30.0 1!t.6 34 .. 6 18 28 18 Ju1y'65 28 June '65 50 

TERMINUS 12.2 30.4 72 Ju1y 30 June 42 

KAS~tt..WULSH ICE 51 28 51 Ju1y 28 Ju1y 23 

KASKAWULSH ;8.1 29.8 56 14 58 Ju1y'64 14 June '65 44 

KASKAVIULSH KNOLL 62 28 62 Ju1y 28 Ju1y 34 

DIVIDE CAIRN B 49.2 13·1 49 July 14 Aug. 35 

DIVIDE 51.8 2.6 51.3 9.8 ;5 1 55 Ju1y~65 1 June'65 ;4 

DIVIDE CACHE 46.2 14.9 46 Ju1y 15 Ju1y 31 

SEWARD 54.0 2501 60 24 60 July 22 June 36 

SEVIARD IeE 53.8 19.8 54 Ju1y 19 Aug. 35 

YAKUTAT 76.0 35.0 14.0 39.0 12 31 16 Aug. '63 31 Juno'65 45 

~) Yeer given only .han two or more years of record are availab1e. 



TABLE XIX 

ENVIRONMENTAL AND ATMOSPHERIC LAPSE RATES CCC/IOO Meters)C1 

loiiARlNE SLOPE 

PERIOD 011' 
RECORD AND TIUEl 

1964 

Mean Ju1y 
0300 Y.S.T. 
1500 Y.S.T. 

July 15-20 
0300 Y. 5.'1'. 
1500 Y.S.T. 

July 22-29 
0300 Y.S.T. 
1500 Y.S.T. 

1963 

Mean July 
0300 Y.S.T. 
1500 Y.S.T. 

RAOBS: 
YAK to 
2,637 m. 

0.46 
0.62 

0·32 
0.58 

0.50 
0.58 

0.44 
0.57 

O.) Table arter Mercus .(18 p. 27) 

ENVIRONMENTAL: 
YAK to 2,637 m. 
(DIV) 

0.56 
0.52 

0.54 (0.36)b 
0.45 (0.43) 

0 • .54 (0.50) 
0 • .53 (0.49) 

0.55 
0.51 

c.;ONrlNENrAL SLOPE 

RAOBS: 
WH to 
2,637 m. 

0.44 
0.88 

0.38 
0.93 

0.47 
0.97 

0.45 
0.88 

~NVIRONIJENrAL: 

KL to 2,637 m. 
(DIV) 

0.66 
0.83 

0.65 (0.49) 
0.74 (0.70) 

0.61 (0.55) 
0.84 (0.10) 

0.64 
0.81 

b) Environmenta1 lspse rates for DIV. CAIRN B (2,741 m.) are giTan in parenthes8s. Atmoepheric 
lapse rates for CAI~~ B are the seme as thoae for DIV. 



TABLE XX 

WIND DIRECTION - TEMPERATURE (OF) RELATIONSHIPS (1965) 

WIND KLUANE KASKAWULSH DIVIDE SEWARD 
DIRECTION May June July June July June July July 

N 38.9 46.4 51·3 35.7 41.9 33·0 
NE 42·3 43·4 ;2.1 32.7 41.1 26.0 40.6 
E. 39.2 43.6 49.8 31.8 42.6 21.6 24.9 42.2 
SE 49.6 47.4 51·5 18.; 32.4 32.2 
S 43.4 48.1 56.0 34.3 37.6 22.6 27.8 32.4 
SW 48.1 51.8 59.2 30.0 38.4 15.5 30.8 33.8 
Vi 49.7 53·0 (,1.6 31.7 41.8 20.7 26.8 33·2 
l~ 45.1 47·3 54.7 31.8 36.7 32.8 
CALM 35.6 43·4 52.; 31.7 35.1 17.6 26.7 38.0 

TABLE XXI 

M;!NTHLY RELATIVE HUMIDITY !.$!ANS AND AVERAGES 

1963 1964 1965 AVERAGE VAPOUR 
STATION PRESS. 

June July Aug. June Jull' Aug. May June July June July Julr 
Whitehoroe 58 63 66 53 55 56 59 .28 
Kluane 60 71 65 67 .56 64 58 61 .28 
Kaskav:u1sh Ice 83 83 .19 
Kas kaVlUlsh 77 76 82 76 82 _20 
Kaskawulsh Knoll 62 62 .17 
Divide 84 84 85 83 89 84 86 .13 
~C'.rard 89 89 .19 
Yakutat 81 84 87 87 87 92 84 88 ·37 



TABLE XXII 

WIND DIRECTION - mn.ŒDITY RELATION5HIPS (196;) Cl 

XLUAl\~ KASKI\V/ULSH DIVIDE SEWARD 
DIRECTION 

lkly June July June July June July July 
RH VP RH VP RH VP RH VP RH VP RH VP RH VP RH VP 

N 73 .17 51 .16 72 .29 89 .19 84 .23 91 .11 

NE 62 .17 54 .15 70 .28 84 .16 82 .22 86 .12 76 .19 

E 69 .17 56 .16 68 .24 69 .12 84 .23 85 .10 91 .12 81 .22 

SE 72 .26 55 .18 69 .26 88 .09 87 .16 90 .16 

5 51 .16 56 .19 60 .21 7; .15 85 .19 82 .10 88 .13 97 .18 

, SW 67 .23 49 .19 ;2 .26 73 ' .12 78 .18 81 .08 82 .14 92 .18 

W 57 .20 43 .17 46 .26 76 .14 1; .20 86 .11 88 .13 95 .18 

N'N 67 .20 65 .21 64 .21 81 .14- 88 -.19 91 .18 

CALM 72 .15 61 .17 74 .29 85 .1; 91 .19 8; .08 8; .1; 87 .19 

d.) Relative Humidity ( RH in ~ ) and'Vapour Pressure ( VP in mb ) 



TABLE XXIII 

MONTHLY AND SEASONAL WIND SPEED ME:AN5 AND AVERAGES (lets) 

1963 1964 1965 AVE. 

STATION June Ju1y Aug. Seaeon June Ju1y Aug. SeasonMay June Ju1y Aug. Se&80n Uey June July Aug. Seasoll 

WHITEHORSE a. 10.7 8.8 9·3 9.6 9.1 9.3 9.5 9·3 12.1 9.5 8.9 10.2 9.4 8.; 8.3 8.5 8.4 
XLUANE 3·8 3·9 3·4 3·1 4.1 4.9 4.1 3·1 4·3 4.1 4·3 4.0 3·3 4.0 
KASKAWULSH 11.2 10.2 9·3 9.9 " 11.2 10.2 9.9 9.9 
DIVIDE 6.2 4·3 1.2 5.7 6.7 5.5 .J·3 5.6 7.2 5.2 6.3 6·3 6.4 5.1 ;.9 ;.9 
SEWARD 3·2 3.3 1.9 2.4 2.1 2.7 .- 3·2 2.5 1.9 2.6 
YAKUTAT C\ 6.4 7.1 7.0 8.9 9.0 7.4 8.4 8.1 7.8 7.2 6.9 7.S 

Cl) 1UH and YAK AVE are for the normal periode (i.e. 1942-60 anù 1931-60 respective1y) 

TABLE XXIV 

MAXIWM WIND SPEEDS (kts) 

STATION 1963 1964 196; 3 YEARS 
Malle Date Max. Date Max. Date l~x. ~te 

VlHlTEHORSE 26 {Y.aY 11 39 June 16 39 196; 
Aug.23 

KLUANE 16 Ju1y 27 17 Ju1y 8 40 June 16 40 196; 

KASKAWULSH 30 Aug.18 36 June 3 36 1965 
(ca.40) (June 16) (cs.40) (1965) 

DIVID~ 2; 
, 

Aug. ; 20 July 27 35 June 16 35 1965 

SEWARD 29 June 22 22+ July 2; 29 "1964 
(22+) (1965) 

YAKUTAT 29 May 18 35 -cr May 23 35 196; 
une 19 

i 



TABLE. XXV' A 

DIURNAL PREVAILING WIND DIRECTION VARIATIONS ct. 

1963 

HOUR (YST) 03 01 11 1; 19 23 

Divide Ju1y ViCe) VICe) WCe) 'il W \7(e) 
Aug. W il VI W W ri 

1964 

HOUR (YST) 03 06 09 12 l, 18 21 24 

Divide June VICe) VI VI V/teE E . WCe) W(e) E 
Ju1y . SEec) ECe) . NE(e) NErc) SE & E(e) &8 SE & E(c) NE(c) 

Seward July E & NW(c) E & ~W(c) N'N(c) Ntf NW(c) NW(e) E(c) E(c) 

1965 

HOUR(YST) 03 06 09 12 1; 18 21 24 

K1uBl'le .May E N ! S(c) sv; sw sw-& VI 'il S&E E(c) 
June E S(c) S SW N & 5Vl S S .:a; 
Ju1y E S(c) S S S'3 . . 'SN Il: SE 

Kaskawu1sh June 5\'1 SV/( c) SW SW SW SW SW W(e) 
Ju1y SW SW Sil SW SW ga SW ViCe) 

Divide June S S S!W S S S&Vi ., 
S S .. 

July W E(c) E E &: S(e) S S&W 5 W 
Sowerd July E &: NE(e) , E NE(e) ~"l/(c) Nl/(c) NW & E E \Y 

ct) When calnlS most fraquent thie noted by Cc) 



TABLE 1Jcr B 

PERCEN'l'AGE OF CALMS 

1963 1964 1965 

KLUANE Nay 17.0 
June 1.9 11·3 
July 8J.6 15.8 

KASKAWULSH June 11.2 
July - 39.0 11.3 

DIVIDE June 19.1 17.8 8.9 
July 34·3 32.0 18.6 
Aug. 23·2 27·3 

SEWARD July 32.0 26.6 

TABLE XXVI 

WIN» DIRECTION - WIND SPEED (kte.) RELATIONSHIPS (1965) 

WIND lLUANE KASKAViULSH DIVIDE SEWARD 
DIRECTION May June July June July June July July 

N 5.0 4.9 6.0 ;.0 4·7 3.6 
NE 3·2 4.7 4.9 ;.7 4.0 l5.7 4.7 
E 3·9 8.3 4.1 3·8 3 .. 6 1.5 1.1 4.4 
SE 8.8 ;.1 3·8 8.3 4.1 2.7 
S ;.1 ;.; ;.2 9.0 13·2 8.3 6.6 4.0 
SVI ;.4 ;.1 5·9 12.0 12.6 11·3 ;.1 2.0 
'il ;.0 6.2 4.0 11·3 4.9 7.8 5.2 3·7 
}.'W 4.7 3·2 6.6 13.6 



TABLE XXVII 

YJNTHLY AND SEASONAL CLOUD MBJUNT MEANS AND AVERAGES 

. STATION 1963 1964 1965 
June July Aug. Season June July Aug. Season May June July Aug. Sesson 

KLUANE!: 6.8 6.4 4.2 ;.8 4.4 6.0 6-5 4.9 5.1 

KASKAWULSH 4.1 5.9 6.6 6.1 

DIVInE 7.2 6.8 6.1 6.1 7.4 6.6 7.0 6.9 6.9 6.8 4·3 6.0 

SEWARD 9.1 5.9 1.6 7.2 8.0 8.0 

YAKUTAT 

AVERAGES 

May .June Ju1y Aug. Sea50n June <1 Ju1y 

KLUANE 4.4 6.4 6.5 4.3 ;.8 6.5 

KASKAVIULSH 4.1 ;.9 6.6 6.1 6·3 

D!VIOE 7.2 6.7 ;.8 6., 7.0 

. SE~VARD 9.1 7.0 7.6 7.6 8.1 

YAKUTAT Cl. 8.2 8.6 8.6 8.5 8.5 8.6 

a) YAK AVERAGE 1a the 1931-60 normal 



TABLE XXVIII 

CLOUD AMOUNr (TENTHS) FREQUENCIES (~) - JULY 1965 

STATION CAVU 1-- 3 4 - 6 7 - 9 10 

KLUANE .8 11.; 32.4 23.6 2;.6 

KASKAWULSH 1.; 21.; 22.0 3;.4 19.5 

DI VI DE 4.9 19.0 14.0 19.; 44.6 

SEWARD 0 12'; 10.1 19.9 51.4 

TABLE XXIX 
('JS 

WIND DIRECTION - CLOUD AM)UN!' (TENrHS) RELATIONSHIPS (JULY 12.b~) 

WIND KLUANE KASKAWULSH DI VIDE SEWARD 
DIRJ!:CTION 

N 8.3 6.3 8 .. 9 
NE 7.9 8.5 8.9 7·3 
E 6.1 ;.2 6.6 6.9 
SE 3·3 6.1 2.; 
S 6.9 4.0 7.8 10.0 
S'il ;.; 6.1 6.0 10.0 
w 4.6 7.1 6.6 9.2 
Nil 1 ;.9 8.4 9.7 
CALM 7.3 7.8 6.0 7·3 



MONTHLY AND SEASONAL 

STATION 

Whitehore6 
lCluane 
Koskawuleh 
Divide 
S Elwa rd 
Yakutat 

STATION 

WhitehorGo 
nuane 
Koakawu1eh 
Divide 
Seward 
Yalrutat 

STATION 

hitehoree YI 
K 
Ku 
D 
S 
y 

1uano 
skawu1eh 

ivide 
eward 
akutat 

STATION 

Whitehoreo 
Kluuno 
Kaekavru1ah 
Divide 
Se\',ard 
Yakutat 

June 
-.Ro. S 
28.4 4.4 

31.2 

2'1.5 

325~0 

June 
R S 

31.0 
2~.8 
-:-

52.8 
16.9 26.1 

230.0 

~·May 

R S 
14.4 

T .2 
T ----

202.2 

Total 

113·2 
222.1 

9.9 
230.5 
99.5 

1018.0 

'l'ABLE XXX 

PRECIPITATION TOTALS (D1!Il) . AND PER DAY AVERAGES 

1963 

July August Season No~Day8 P6r ~y 
R· .s R S R S 

33.5 20 .. 2 82.1 4.4 92 .94 
43.8 '1.1 82.0 82 .93 --

32.5 35.5 95.5 64 1.50 --
236.5 192.2 '153·7 92 8.17 

1964 

July August Season No.Daye Par Day 
R S R S fi S 

33.,5 51.4 115.9 92 1.26 
33.6 31.5 86.9 88 .99 -- -- , -- -- --

2'1.5 13.1 93·4 69 1.35 
14 .. 7 11.i .2301 .3 54.8 37.5 56 1.65 

415.0 245.9 890.9 92 9.68 

. 1965 

June Ju1y Season No.Daye Por Day 
R S R S R S 

10.9 36.6 62.1 92 .42 
16.0 .1 37.5 53.5 ·3 80 .67 

.6 8.8 .5 8.8 1.1 39 .1S 
36.4 1502 41.6 57 .18 -- 6.3 .9 '1.2 17 e44 

128.5 214.0 544.7 92 5.93 

3 YEARS 

No.Days Par Day 

123 .92 
258 .90 
59 .1S 

198 1.21 
73 1.36 

123 8.28 

a) R = Rein S .:: Snow When availflble data did l'lot dietingulsh between 
thoee, the figure le Gntoren in the centre of the two co1uu~e. 

b) 3 years whera availablEl - except YAK & WH whare normals used 
( 1931-60, 1942-60 roapactive1y). . 



TABLE DIt 

HTIlROUlGICAL 'lR4.VBRSI Go 

P!II1.IIIDWlY DATA: PIT LOCATIOHS AND IliNSITBS'i ICEnBLD RAmES (lilY-JUNE, 1116;) b 

PIT GLACIER KLDATIO)/ lAT. N. LOIiG ••• DATE 11164-6; p UBR~S!!II~1Il' 
Ca.ters) ACCUIIllATIOIi ~/c .. ~ (cli:j (_~per day) 

Cil. SHOW 

l Lo.er Seward 1,220 60°16' 14d'19' Uay 23 Data aot yat ... ilable tor presentation 

2 Lo.er Sward 1,310 6oC],8' 140°13' Mt Y 21-22 460 0.318 113·11 5.65 

3 Upper Sewen! 1,765 60°23' 140°15' .y 21-22 ;80 0·366 212.0 6.92 

4 Hubbard 1,980 60°31' 139°51' June 9 310 0.4111 130.0 4.24 

; Hubbard 2,135 6Oc40' 139°;4" June Il 212 0.431 92.8 3·02 

6 Hubbard 2,285 60°45' 1311~;1' llay 30 260 0·3112 101.8 3·32 

7 Hubbard 2,500 60"'46' 1311"47' llay 29 210 0.388 81., 2.66 

8 Dinde 2,620 60"46' 139°41' llay 31 320 0.401 l·30.2 4.2; 

9 lukawulah 2,640 60 e44 , 139(>3;' llay 28 310 0.4011 151.3 4.113 

10 laakawulah 2,380 60°42' 139°31' llay 21 260 0·3114 102.4 3·33 

11 laskawulah 2,225 60°42' 139"'24' May 26 270 0·364 98·3 3·20 

12 IasDwulsh 2,010 6oC>39 , 139°20' Hay 24 240 0·388 93·2 3.04 

13 Ka skawu lIIh 1,91, 60°42' 139C)13' .y 19 118 0.385 68.; 2.23 

14 Kaskawulah 1.16, 60r>44' 1311"08' May 17 165 0.390 64.3 2.09 

15 Iasbwu1ah 1,61; 60"45' 139°01' .y 17 111 0·342 31.1 1.01 

O.) Alter Marcu8 (19) 

b) It ahould be noted th.t the dallait y data is ot a prelilÜnary lIIlt.ura. 



TABLE XXXII 

J8JNrHLY AND SEASONAL PRECIPITATION PROBABILITIES (DAILY) Cl 

1963 1964 1965 

. STATION June July Aug. Sese"n June .; Ju1y Aug. Sesson May June Ju1y Aug. 

WHlTEHORSE 40.0 4;.2 4;.2 

KLUANE 42.4 ;1.; 20.0 39.0 36.6 3;.5 33·3 3;·3 16.6 40.0 3;.5 0 

Y.ASKATJ.'ULSH ;0.0 4;.; 47.8 33·3 ;0.0 48.0 

DIVIDE 90.0 66.5 39.0 61.0 85.6 58.6 82.5 72.; 75.8 51.1 62.; 

SEWARD 82.0 58.0 78.6 62.0 58.9 

YAKUTAT 71.5 16.6 64.5 .-

a.) Probsbi1ity of precipitatioft Oft any one dey.·· No. of days of record used in calculatioftB CSft be 

found in TABLE XXX. 

AVE. 

Seasoft Sessoft 

43·0 43·0 

29.6 34.; 

47.4 47.6 

63.0 65.7 

;8.9 6;.8 

12.8 12.8 



TABLE XXXIII 

WIND DIRECTION - PRECIPITATION PROBABILITY RELATIONSHIPS (JOLY 196;) 

'lU ND 
DIRECTION KLUANE KASKAWULSH DI VI DE SEWARD 

N 40.0 27.7 20.0 

NE 20.0 18.2 38., 

E 8.7 38.1 21.8 

SE 17.6 9.1 

S 8.6 28.0 33·0 

SW 6.2 11.1 10.0 33·0 

W 1.1 19.; 7.7 62.0 

Nil 37.8 55.; 

CALM 28.0 41.0 9.1 33·0 



TABLm XXXIV 

DAYS WI'l'H T1ï;MPERI~TURE ME:ANS B~LOW FREEZING (1965) 

STATION NO. OF DAYS TOTAL NO. OF DAYS 

KLUANm 
KASKAWULSH 
DI VIDE 
SEWARD 

o 
13 
44 

4 

TABLE XXXV 

65 
50 
58 
16 

1965 SURFACE AND 500 MS FLOW FREQUI!:NCIES a 

~
~OO Am TYPE TYPE TYPE TYPE TYPE RIDGE COL 

and 
SURFACE 1 2 3 4 5 NECK 

TYPE 1 1"8~ 1 3 2 

TYPE 2 9 16~ 5 

TYPE 3 4 19 6~ 2 4 4 

TYPE 4 4· l 2 2 1 3 

9 

TYPE 5 4 1 1~3~3 
2 2 5~ 

RIDGE 2 27 

COL and m:CK 2 1 

500 :&lB 
PERCENT 
FREQtrENCY 

21 42 7 3 6 14 7 

SURFACE 
PERCENr 

FREQUENCY 

9 

19 

21 

9 

7 

23 

5 

a) Actual number of occurrences given except where otherwise atated. 
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TABLE XXXVI 

1964 SURFACE AND 500 MB FLOW FREgtmNCIES Cl 

TYPE TYPE TYPE TYPE TYPE RIDGE COL SURFACE 
and PERCENt' 

SURFACE 1 2 3 4 5 NECK FREQUENCY 

TYPE 1 . 5 3 

'" 
1 1 1 18 

TYPE 2 6 14~1' 1 29 

TYPE 3 ? : :~: l 23 

TYPE 4 4 1 14 

TYPE 5 5 2 

RIDGE 1 1 1 4 

COL and NEOK 1 - 1 1 5 

500 MB 
PEROll:NT 28 34 11 3 3 3 
FREQUENOY 

ct) See note TABLE XXXV 

TABLE XXXVII 

COMPARISON OF 1964 (U.S.), 1965 (U.~.), AND 1965 (GAO) FLOW FREQU~NOImS 

TYPE 1 2 3 4 ~ 2 to l 1 to 2 Col&Neck Others 

SURFAO~ 1964 (US) 18 29 23 14 5 4 4 3 
1965 (US) 16 24 41 3 12 6 
1965 (OAO) 9 19 27 9 ? 23 5 

500 lm 1964 (US) 28 34 11 3 9 1 3 3 7 
1965 (US) 1; 65 9 1 3 1 1 4 
1965 (CAO) 21 42 7 3 6 14 ? ... 

1 , . 
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lLUANIi: IASüIliLaH 

1 Mode 46 46 4 2 c 9 8 T Q 0 66.6 30 34 7 4 23 9 8 t 60.0 20.0 100.0 Iledian 46 52 2.5 3 6e; 6.5 ·3 30 3.4 7 5 9 8 T 2 )(ode 34 46 3 4 11 5 5 T 
9·3 0 29.0 30 30 14 15 2312; 10 6 T ;0.0 40.0 SS.5 Madian 42 46 3 4 ; 5 T 31 30 13.5 11 7 6 T 3 Abde 54 46 2 4 c 7 2 T 6.5 0 32.6 36 36 19 11 25 8 5 T 29.8 37.5 63.4 Median 48 46 3.5 4 6 4 2.0 34 34 13 II , 5.5 T 4 Mode 42 42 4 3 c 10 5 T 6.2 0 37.5 34 30 16 11 23 3. 4 43.5 32.0 25.0 w.dlan 48 48 3.5 3 7 5.5 T 32 32 12 10 5 4 5 Mode 46 60 4 4 9 10 7 7.0 0 0 35.7 42 38 4 5 c Il 4 10.0 10.0 30.0 »adian ;2 56 3 3 6 T 7.0 40 37 4 4 6 4 i.o 1 to 2,Mode 50 0 3 ccUl 4 4 0 0 0 0 38 6 23 3 5 0 25.0 0 0 3,or 4 Medial! 41 50 3 3 4 4.5 0 3'1 36 12 6 3 5 0 2 to 3 Mode 52 50 4 5 c 2 10 .5 0 0 3·3 36 38 20 13 23 6 7 T 9.5 43.6 52.5 or 4 Wian 53 52 4 5 S 6 .5 36 36 15 13 6 7 't Col or Mode 70 60 3 10 10 6 T 16.6 0 33·3 44- 0 6 c 50.0 25.0 25.0 Neck llecUan 4' 60 3.5 3 6 5.5 T 3i 37 0 6 

DmlB SIIWlJ) 

1 Abd. 26 22 3 4 11 10 7 T 
d3·3 61.5 54.5 Median 26 30 5 4 7.5 T T 

2 IIgde 14 14 3. 8 18 10 9 :~ 100.0 90.0 92.0 30 30 2 5 rDI 10 r 66.6 75.0 100,.0 Madi.n 18 18 5 7 9 9.5 30 30 2 5 tOI 10 T 3 Mod. 26 24- 10 3 27 10 9 .5 85.0 93.5 57.5 30 34 0 1 c 10 10 T 45.0 30.0 63.5 Wan 24 24 6.5 4 9 8 1.0 32 33 2 2 7 8 T .. Moc1. 24- 30 10 6 26 10 4 T 71.8 100.0 5T.2 Median 24 ~ 8 , 5 4 T 
5 lIDde 26 36 8 3 10 7 5 61.0 .u.8 Sfi.' 42 4a 1 2 (; 10 (; 't 0 0 42.' Med.1aG 28 32 , .- Ses "'5 :S 42 48 2 2 7 5.5 T l t.e 2,Abd. 26 28 2 , 24- , 

" as.U 100.0 2;.5 30 1 
3..œ'·~ 26 2B T , 6.5 4.; 30 1.5 
2 t.e 3 Mod. )0 28 10 3 c 10 , ? 11.1 66.0 ~ .a o1û 2 2 , 10 8.; 1.5 0 0 62.5 er4 Wiu 26 25 S S.5 '1 8 Z' 40 .a 2 2 10 8 1.S Cal or tlcu1. 30 34 • l.6UT l 2 'Tl.S ..., 33·0 liack Medial! 30 32 3 4- 2 2 

O.) Mod .. aDot Madiau _er. o~1ned graphiealll' and ahould not. be re1.iee! 011 Rl...n.ca11J' but rst. ...... ln i.DI1caU_ of t.àe ~he ..tu_. 
nen 10_0 or .,r. Mod. ex1ateà the Olle eloa..t to t.h. ~1.n n1ue ... amered 111 the "ble. 
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KLl.WŒ USICAWLSH 

1 Mode (6 (8 ( 3 0 6 6 T 56.9 0 58.( 36 3( 16 7 23 9 5 T 
Median (6 (8 3 3 6 6 .5 35 3( 8 7 5.5 5 T 11.5 25.8 (6.9 

2 Mode 5( ;0 2 5 9 5 5 T 1.6 24.6 36 36 15 11 23 8 5 T 0 Mediaz: (8 (8 ( (.5 5 6 T 3( 36 14 11 6 6 T 33·3 32.8 50.0 
3 Mode 32 (2 2 ( 0 5 4 10.0 0 0 30 36 8 11 23 3 5 T 

lledi8n 35 44 2 4 5.5 4 30 36 8 11 5.5 5 T 
57.2 42.9 33·3 

4 Mode 42 6 6 
Median 32 42 3 6 3 6 33·0 0 0 

5 Mode 0 1 a 10 7.0 55.5 36 38 0 2 0 5 3 (.0 
Median 50 54 2 1 6 6 7.0 0 0 « 38 ( 3 5.5 ·3 2.0 22.2 0 44.5 

Ridge Mode 42 54 ( 4 11 1 5 T l6.d 34 42 7 15 23 10 5 l' 
lIed18n (9 50 3 4 3 5 '.1.' 0 77.0 38 37 13 11 6 5 T 15.4 1 (.3 23.5 

Low,ColMode 40 (8 5 5 23~5 la 2 1.5 34 a 2 25 10 la T ! Neck Median 49 (7 5' 5 9 5 1.5 0 0 50.0 30 34 13 5 8 6 T 40.0 20.0 53.5 

DIV'IDi: SEWARD 

l Abd. 20 22 3 5 27118 10 9 1.0 30 34 1 0 10 ~ 1.5 Median 24 22 4.5 5 7 7 1.0 ~7.0 ~4.5 01.3 36 34 2 1 10 8 .5 36.3 0 71.5 
2 Mod. 30 24 0 7 18 la 9 T 

H5.0 82.0 62.5 36 34 2 0 10 10 T Median 24 24 6 7 9 8 .5 36 30 2.5 2 10 9 T 33.3 36.4 66.7 
3 Mod. 10 26 tog 4 2.5 10 10 

Median 18 26 a 6.5 9.5 5 2.5 d3.5 75.5 44.5 30 32 1 2 10 10 66.7 33·3 0 
4 Abde 26 

Medial! 
5 Mode 32 lO 2 " 27 5 2.0 44.( 55.544.5 _edi81! 32 30 3 ( 5 3 1.0 

Ridge Mode 26 28 8 27 10 8 .5 66.6 56.2)6.5 42 -48 2 2 2T lC r 
Medial! 26 28 , -'5 (, a .5 ~ 48 2 2 5.5 , r 20.0 40.0 11.1 

Low~lIIod. 12 26 ).5 3 ~36 10 9 5.0 71.5 100.0 6).3 0 10 T 
~ Neck Median 24 23 0 l T , 2.5 10 r 50.0 50.0 50.0 

ct) s.. fOO'DDte r~ XUYIII 
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SUJIIARY or SYOOPl'IC SITUATION 00lUH8 ANALYSED PXRIODS (1965) Cl 
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PIRIOD IN GENERAL 
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TABLE XLI 

SUW!ARY OF FLOW - PARAMETER RELATIONSHIPS 

~~ERAIQBm wIND CLOUD 1 PRECIPITATION 
SPEBD DrRECTION 

High 1..0" High Law (Divide) (High) (High) 

Ridge and Type 4, 'Eype 2 or ITom lnt ari or W.winde -Type Maritiine slope ~ritime slope -
500 YB, :t'rom inter'1or 5 and l ridge (i. f'" col and neck 3, 4 and .; - Type 2 f'rom ocean 

preva11ing) ~.winds ·'type Conti nenta1 Continental slope 
land 2 slope - Type .; Type l, .; 8: ridge 

Ridge, iTom Type Ridge Col or neck Flow to wind lia ri t1me slope Maritime slope -
SURFACE interior and 2 and 4- good direct • Type 2 trom ocean 

col or neck re1ationship Continental Uontinenta1 slope 
slope - Type .; Type l, .; ! ridge 

TABLE XLII 

SWUARY OF YEARLY PARAUETER VARIATIONS 

YEARI SOOlER SEASON ANl-4'lJAL 

Temperature Wind Speed Cloud Precip1tati on Circulation Temperature Precipi tatio!2 

1963 Coldeet KL c10udy KL 8: DIV high !&Jet norther1y Above normal YAK - very high 
(Aug.hot) cyclones north WH 

1964 \'/armeBi. Lo1fest DIV cloudy Genera11y More cyclones 1 Below normal YAK - very high 
(werm June) SEW cloar high penetrate WH 

pa ss to south 

1965 1 Large range HigheBt DIV c1e&r KI.. very 101P' Cyclone tracks 1 YAK 
SEW elc,udy scattered (best WH 

A~aft9t1~""'" -':.LL 




