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CONVERSION FACTORS 

For use o f  those readers who may p r e f e r  t o  use inch-pound u n i t s  
r a t h e r  than m e t r i c  u n i t s ,  t he  conversion f a c t o r s  f o r  t h e  terms used i n  
t h i s  r e p o r t  a re  l i s t e d  below: 

Mu1 t i p l y  m e t r i c  u n i t s  t o  o b t a i n  inch-pound u n i t s  

cen t imeter  (co) 3.393 i n c h  ( in . )  
meter (m) 3.281 f o o t  ( f t )  
cub ic  meter (m3) 35.31 cub ic  f o o t  ( f t3) 
k i logram ( k g )  2.205 pound ( l b )  
square k i l ome te r  (km2) 0.3861 square m i l e  (mi2) 



RECONNAISSAtKE SNOW SURVEYS OF THE 

NATIONAL PETROLEUM RESERVE IN  ALASKA, 

APRIL 1377 AND APRIL-MAY 1973 

By Charles Sloan, Dennis Trabant, and W i l l i a m  Glude 

ABSTRACT 

Reconnaissance snow surveys o f  t h e  Na t iona l  P e t r o l  eum Reserve i n  

Alaska were made i n  A p r i l  1977 and Apri l-Flay 1978 t o  a s c e r t a i n  general  

snow c h a r a c t e r s i t c s  and d i s t r i b u t i o n  pa t te rns .  T h i r t y - n i n e  s i t e s  i n  

1977 and f o r t y -one  s i t e s  i n  1978 were sampled t o  determine snow depth,  

d e n s i t y ,  s t r u c t u r e ,  and snow-soil  i n t e r f a c e  temperature.  I n  a d d i t i o n ,  

snow sur face  wind i n d i c a t o r s  were examined over  most o f  t h e  Nat iona l  

Petroleum Reserve i n  Alaska. 

I n  A p r i l  and e a r l y  tlay o f  two consecu t i ve  years,  t h e  snow cover  

i n  t h e  Na t iona l  Petroleum Reserve i n  Alaska was t h i n ,  wind-packed, and 

v i r t u a l l y  cont inuous. The depth and water  e q u i v a l e n t  o f  t h e  snow 

g e n e r a l l y  increased w i t h  a l t i t u d e  and w i t h  d i s t ance  from t h e  c o a s t a l  

p l a i n .  Snow depth on tundra  ranged from l e s s  than 0.20 meters (m) 

near  t h e  coas t  t o  more than  0.90 n i n  p a r t s  o f  t h e  Brooks Range. Snow 

d e n s i t y  was r e l a t i v e l y  h i g h  i n  areas where wind s l a b  was developed 

throughout  t he  snow pack, and lower  where t h e r e  was l e s s  wind s lab.  

I n  1977, t h e  coas ta l  p l a i n  showed t h e  g r e a t e s t  wind s l a b  development 

and h i ghe r  d e n s i t i e s ,  averag ing 310 k i lograms per  cub i c  meter (kg/m3) 

on tundra,  w h i l e  t h e  mountains and f o o t h i l l s  had l e s s  wind s l a b  and 

lower  d e n s i t i e s ,  averag ing 270 kg/m3. In 1978, w i t h  more l o c a l  v a r i -  

a t i o n ,  snow d e n s i t y  on t he  coas ta l  p l a i n  averaged 330 kg/m3 on tundra 

and averaged 310 kg/m3 i n  t h e  mountains and f o o t h i l l s .  Water eouiv-  

a l e n t  o f  t h e  snowpack i n  1977 ranged from l e s s  than 0.10 m i n  t he  

coas ta l  areas t o  more than 0.25 n i n  t he  Brooks Range, and averaged 

n e a r l y  0.12 m on tundra f o r  t h e  e n t i r e  area. Clater e q u i v a l e n t  o f  the  

snowpack averaged more than 0.13 m i n  1978. 



Snow-so il i n t e r f a c e  temperatures i n  1977 ranged from about -20°C 

on t h e  coas ta l  p l a i n ,  where t h e  snowpack was t h i n  and ambient a i r  

temperatures were low, t o  about -5°C i n  t he  mountains and f o o t h i l l s  

where t he  snowpack was t h i c k e r  and ambient a i r  temperatures h igher .  

I tlTl?OOUCTIOFI 

The Na t i ona l  Petroleum Reserve i n  Alaska (NPRA), on t h e  A r c t i c  

Slope between P o i n t  Rarrow and t he  Brooks Range and general  l y  west o f  

t h e  C o l v i l l e  R i ve r  ( f i g .  l ) ,  covers  some 96,000 square k i l ome te r s  

(km2). The Naval Petroleum Reserves Produc t ion  Ac t  o f  1976 t r ans -  

f e r r ed  j u r i s d i c t i o n  o f  t h e  Reserve from t h e  Department o f  t h e  Navy t o  

t h e  Department o f  t he  I n t e r i o r .  Sec t ion  105'(c) o f  t h e  a c t  d i r e c t s  t h e  

Department of t h e  I n t e r i o r  t o  conduct a s tudy  t o  determine resource  

va lues  and t h e i r  b e s t  uses; s e c t i o n  105(b) c a l l s  f o r  a s t udy  t o  be 

made of  t he  economic and env i ronmenta l  consequences o f  p o t e n t i a l  de- 

velopment, p roduc t ion ,  t r a n s p o r t a t i o n ,  and d i s t r i b u t i o n  o f  pet ro leum 

from t h e  reserve.  Both 105(b) ,  t h e  Environmental  Assessnent, and 

105(c),  t h e  Land Use Study, r e q u i r e  bas i c  i n f o r m a t i o n  on t h e  phys i ca l  

--+------- --- e n v i  ronment.-including - cl inate.-_. - -. - ~.. - ~ -- -a- -- 

Bmmw 
C l i m a t i c  da ta  i n  FIPRA a r e  a v a i l a b l e  f o r  o n l y  a few s t a t i o n s .  

Wind, temperature,  and p r e c i p i t a t i o n  data have been recorded a t  Barrow 

s i n c e  1348 and a t  Umiat from 1948 t o  1953. Only p r e c i p i t a t i o n  and 

temperature da ta  have heen c o l l e c t e d  a t  Wainwright.  Other s t a t i o n s  

near  t h e  reserve  where rniscel laneous c l i m a t i c  da ta  have been gathered 

i n c l u d e  B a r t e r  I s land ,  Cape L ishurne,  P o i n t  Lay, O l i k t o k ,  and Anaktu- 

vuk Pass (Sel  kregg, 1975). 

Recent ly ,  an a t tempt  has been made t o  improve t h e  c a t c h  e f f i -  

c i e n c y  o f  p r e c i p i t a t i o n  gages i n  the  area by i n s t a l  1 i n g  a t ype  of snow 

fence on p r e c i p i t a t i o n  gages a t  Fleade R i v e r  and Barrow. These s h i e l d -  

ed gages, commonly c a l l e d  Myoming P r e c i p i t a t i o n  Gages ( f i g .  Z ) ,  have 

been shown t o  have a ca t ch  which approaches t h e  t r u e  p r e c i p i t a t i o n .  





Glyoming P r e c i p i t a t i o n  Gages are  a l s o  i n s t a l l e d  a t  B a r t e r  I s land ,  P o i n t  

Hope, Prudhoe Bay, on t h e  Kavik and Jago Rivers,  and a t  severa l  s i t e s  

a long  the  Alaska p i p e l i n e  rou te .  

F i g u r e  2.--Wyoming P r e c i p i t a t i o n  Gage a t  T o o l i k  R i ve r ,  
near  TAPS p i p e l i n e  east  o f  NPRA, showing snow fence 
surrounding standard p r e c i p i t a t i o n  can. 
P h o t o  b y  S o i l  C o n s e r v a t i o n  S e r v i c e  

NPRA i s  snow covered f o r  about 8 months o f  the  year, g e n e r a l l y  

f rom October through May. Snow courses have n o t  been es tab l i shed  on 

t h e  A r c t i c  Slope, except  a t  Anaktuvuk Pass. Snow may f a l l  i n  any month 

o f  t he  year,  bu t  r a i n  i s  common d u r i n g  t he  summer months o f  June 

through August. On t he  bas i s  o f  scanty  i n fo rma t i on ,  i t  appears t h a t  

s l i g h t l y  more p r e c i p i t a t i o n  f a l l s  as r a i n  than as snow i n  NPRA. 

Snnwmelt du r i ng  the  sp r i ng  breakup per iod  i s  t he  p r i n c i p a l  source 

of water f o r  lakes  and streams i n  NPRA. Snow i s  a manageable resource 

f o r  water supp l ies ,  as w e l l  as a  c o n s t r u c t i o n  m a t e r i a l  f o r  w i n t e r  

roads and a i r s t r i p s .  Snow provides a p r o t e c t i v e  cover  f o r  t he  under- 

l y i n g  tundra t h a t  f a c i l  i t a t e s  se ismic e x p l o r a t i o n  and w i n t e r  t r a v e l  . 



p e r n i  t sampl i n g  a f t e r  the  ma jo r  w i n t e r  snow accumulat ion and be fo re  

t h e  s p r i n g  thaw, The 1977 survey was done between A p r i l  l e  and 25, 

and t he  1978 survey was done from A p r i l  17 t o  flay 6. Ten ta t i ve  Sam- 

p l i n g  s i t e s  were se lec ted  on t h e  bas i s  o f  map s t u d i e s  t o  p rov ide  a  

r e p r e s e n t a t i v e  d i s t r i b u t i o n  over  the reserve,  bu t  weather c o n d i t i o n s  

a c t i r a l l y  determined which s i t e s  were v i s i t e d .  Landinq and t a k e o f f  

c a p a b i l i t i e s  o f  the  a i r c r a f t  used were a l s o  f a c t o r s  i n  f i n a l  s i t e  

s e l e c t i o n .  A f ixed-wing a i r c r a f t  on s k i s  w i t h  n o n r e t r a c t a b l e  wheels 

used i n  1977 exper ienced g r e a t  d i f f i c u l t y  i n  t a k i n g  o f f  from deep 

snow; an a i r c r a f t  w i t h  r e t r a c t a b l e  ski-wheels used l a t e r  i n  t h a t  

survey was found t o  be much more e f f i c i e n t ,  and t h a t  type o f  a i r c r a f t  

was used aga in  i n  1978. 

Sampling was done p r i m a r i l y  on open tundra,  t h a t  i s ,  tundra  o f  

low r e l i e f  and w i t hou t  s i g n i f i c a n t  o b s t r u c t i o n s  t o  the wind. B o t h  

ground and snow surfaces were u s u a l l y  i r r e g u l a r .  Tussocks and c lunps 

o f  vege ta t i on  up t o  0.40 m h i g h  and f r o s t  polygons w i t h  some r i dges  

more than 0.50 m h i g h  made i t  d i f f i c u l t  t o  o b t a i n  accura te  snow depth 

measurements. Each s i t e  was probed a t  approx imate ly  40 p o i n t s  i n  a 
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Along t he  coast ,  where wind a c t i o n  i s  in tense ,  tundra  grasses 

p ro t ruded  through much of t he  t h i n  snow cover  ( f i g .  6 ) .  Flost o f  t he  

l a k e  sur faces  were about 20 pe rcen t  f r ee  o f  snow i n  1377, though they  

were l e s s  t han  5 percent  snow-free i n  1978. R i ve r  channels which 

F i g u r e  6. --Tundra grasses p r o t r u d i n g  through t h i n  snow 
cover  on coas ta l  p l a i n  near K o k o l i k  R i v e r  a t  s i t e  4; 
A p r i l  19, 1977. View i s  t o  t h e  west.  

para1 lel  t h e  p r e v a i l i n g  e a s t - n o r t h e a s t e r l y  wind d i r e c t i o n  were gener- 

a l l y  blown c l e a r  of snow i n  bo th  years. Those channels w i t h  sandy o r  

s i l t y  beds commonly had dark  areas o f  windblown d i r t  ex tend ing  across 

t he  snow up t o  a  few hundred meters downwind frm t h e  channels. Far-  

t h e r  sou th  on t h e  coas ta l  p l a i n ,  t h e  snow cover  was more cont inuous.  

Wind a c t i o n  appeared t o  be l e s s  and most lakes  and r i v e r  banks were 

snowy, though many streambeds c o n t r i b u t e d  l a r g e  q u a n t i t i e s  o f  wind- 

blown sand and s i l t  t o  t h e  nearby snow. 

On a more l o c a l  sca le ,  snow accumulat ion p a t t e r n s  were  s t r o n g l y  

in f luenced  by d r i f t i n g .  Surface i r r e g u l a r i t i e s ,  i n c l u d i n g  tussocks, 

polygons, and vege ta t i on  clumps, a s  w e l l  as the  more obvious l a k e  and 

stream banks and l a r g e r  t e r r a i n  f ea tu res ,  a f f e c t e d  t he  d r i f t  pa t t e rns .  



Topographic f ea tu res  such as  po lygon, , r idges,  about 0.30 n t o  1 m h igh ,  

and o t h e r  low undu la t i ons  i n  the tundra surface appeared t o  be t h e  

most s i g n i f i c a n t  i n f l u e n c e s  on d r i f t i n g  snow accumulat ion on open 

IX. 

Figure 7. - -Snowdr i f t  a b o u t  5 meters h i g h  on the  e a s t  
bank o f  t h e  Koko l i k  R i v e r  near s i t e  4; A p r i l ,  1977.  

c o a s t a l  p l a i n  tundra. Smal ler  sca le  topographic  f ea tu res  such as 

tussocks o r  r i d g e s  l e s s  than about 0.30 m h i g h  were g e n e r a l l y  covered. 

Large-scale topographic  features such a s  h i g h  r i ve rbanks  or lakeshores 

a r e  c e r t a i n l y  impo r tan t  t r a p s  f o r  d r i f t i n g  snow, h u t  do n o t  occupy a 

l a r g e  area on the  coas ta l  p l a i n .  

The l a r g e s t  d r i f t s  observed i n  1977 extended from t h e  e a s t  banks 

o f  l akes  and streams ( f i g .  7). The d r i f t s  had accumulated on t h e  l e e  

shore w i t h  r espec t  t o  t h e  p r e v a i l i n g  winds. D r i f t s  on t h e  west shore 

were observed t o  be sma l le r ;  i n  most ins tances ,  t h e  western d r i f t s  had 

l e s s  than h a l f  t he  volume o f  t he  eas te rn  d r i f t s .  

I n  some places, t h i n n e r  snow cover  on the tundra above the  west- 

e r n  bank i n d i c a t e d  t h a t  the s a l t a t i o n  l oad  c a r r i e d  by t h e  wind was 



almost  comple te ly  deposi ted below the  t op  o f  t he  l e e  bank and t h a t  a 

new l oad  was p icked  up from the  tundra above the \*stern bank. 

Al though d r i f t s  do n o t  cover  a l a r g e  percentage o f  t h e  reserve,  

they  may he impor tan t  t o  r u n o f f  because t h e  depths and d e n s i t i e s  

i n d i c a t e  t h a t  a s i g n i f i c a n t  amount o f  water  i s  s to red  i n  them. As an 

example, a d r i f t  on t he  e a s t  shore o f  a l ake  near  t h e  Kukpowruk R i ve r  

(1977 s i t e  2, t a b l e  1) was es t imated  t o  c o n t a i n  about 50,000 m3 o f  

water. It covered an area es t imated  t o  be 915 m l ong  b y  130 -m wide 

and had an average depth o f  1.06 m. I f  t h e  d r i f t  a t  1977 s i t e  2 and 

another  one on t he  bank o f  t h e  Koko l i k  R i ve r  (1977 s i t e  4)  a re  cow- 

pared w i t h  t h e  ad jacen t  tundra sample s i t e s ,  t h e  d r i f t s  a r e  91  pe rcen t  

t h i c k e r  than snow cover  on tundra, and t h e  snow i s  23 percen t  denser. 

Al though t h e  two l o c a l i t i e s  represen t  t o o  smal l  a sampling t o  be 

s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e y  do serve t o  i l l u s t r a t e  t h e  water-  

s torage c a p a b i l i t i e s  o f  d r i f t s .  

Snow cover  over  i c e  on bo th  l akes  and r i v e r s  was g e n e r a l l y  t h i n  
. except i n  the bank-dr-ifts.  A t - t h e . - f i v e  1977 s i t e s  (3,-11,-18,-13-and---- 

WYmm 33, t a b l e  1) where snow depths over  l a k e  o r  r i v e r  i c e  were measured, 

t h e  average depth was 0.26 m. This  i s  s u b s t a n t i a l l y  l e s s  than t h e  

average depth o f  0.44 m o v e r a l l  and 0.41 rn on tundra i n  1977. A t  1977 

s i t e s  3, 11 and 33, snow depths over  l ake  and r i v e r  i c e  were compared 

w i t h  snow depth over  tundra; snow over  i c e  was about h a l f  as deep as  

snow over tundra. I n  t he  two 1978 s i t e s  (1 and 2; 8 and 16; t a b l e  2)  

where snow depths on l ake  i c e  and ad jacen t  tundra were compared, snow 

over  i c e  was about two - th i r ds  as deep as snow over  tundra. 

Vegetat ion a1 so had a pronounced i n f l uence  on l o c a l  snow accum- 

u l a t i o n  pa t t e rns .  I n  p a r t i c u l a r ,  stands o f  w i l l o w  p ro tec ted  snow from 

t h e  wind and may have trapped some windblown snow. O f  s i x  1977 s i t e s  

sampled i n  w i l l o w s  (3 ,  19, 26, 34, 35, and 39; t a b l e  l ) ,  t he  average 

snow depth was 0.60 m, about 41 pe rcen t  deeper than the  average snow 

depth on tundra. A t  the  two 1977 s i t e s  ( 3  and 39)  where snow i n  a 



w i l l o w  s tand and ove r  ad jacen t  tundra  o r  i c e  were compared, snow i n  

t h e  w i l  l 0 \ 6  was approx imate ly  tw i ce  as deep as t h a t  on t h e  tundra o r  

i c e .  Tundra grasses a l s o  he1 p h o l d  w i n t e r  snow from the  wind. I n  t he  

sp r i ng ,  though, these emergent grasses may be impor tan t  i n  i nc reas ing  

t he  r a t e  o f  snow a b l a t i o n  because o f  t h e i r  g r e a t e r  hea t  absorpt ion.  

These grasses were es t imated  t o  p ro t rude  i n  l ess  than 2 percent  of t he  

tundra  area w i t h  t h i n  snow cover.  

Snow Dens i ty 

Snow d e n s i t y  on tundra i n  1977 averaged 290 kg/m3. I t  was r e l a -  

t i v e l y  h i g h  i n  t h e  coas ta l  zone where t h e  snow cover  was t h i n  and wind 

s l a b  was w e l l  developed. Dens i t y  decreased i n l and ,  where t he  snow had 

l e s s  wind s lab.  Dens i t y  was h i ghe r  again  i n  some l o c a l i t i e s  i n  t h e  

mountains where t he  snow was deep, due t o  s e t t l i n g  and p o o r l y  devel -  

oped dep th  hoar.  Coastal p l a i n  snow d e n s i t i e s  on tundra  averaged 310 

kg/m3, and i n  t h e  mountains and f o o t h i l l s ,  d e n s i t i e s  averaged 270 

kg/m3. 

D e n s i t i e s  a t  t h e  l ow  end o f  t h e  measurement range occurred i n  

t a l l  w i l l o w  stands, whereas h i g h  d e n s i t i e s  were measured i n  l a r g e r  

d r i f t s  ( s i t e s  19 and 2; t a b l e  1 ) .  

Average snow d e n s i t y  i n  1978 was h i g h e r  than i n  1977. The 

average d e n s i t y  on tundra was 320 kg/m3, w i t h  averages o f  330 kg/m3 

f o r  t h e  coas ta l  p l a i n  and 310 kg/m3 f o r  t h e  mountains and f o o t h i l l s .  

The d i f f e r e n c e  between t h e  coas ta l  p l a i n  and t h e  mountain and f o o t h i l l  

snow d e n s i t i e s  was n o t  as g r e a t  i n  1977, and t h e r e  was more l o c a l  

v a r i a t i o n ,  bu t  t h e  p a t t e r n  o f  d e n s i t y  d i s t r i b u t i o n  was much t h e  sane. 

Water Equ i va l en t  

Average water equ i va l en t  i s  determined hy  m u l t i p l y i n g  average 

snow depth by average dens i t y ,  t h e  l a t t e r  expressed as  a  percentage o f  



an equ i va len t  volume o f  water,  The average water  equ i va len t  o f  snow 

measured on tundra i n  NPRA was 0.12 m i n  1977 and 0.14 m i n  1978. 

The water  equ i va len t  p a t t e r n  measured i n  1977 was s i m i l a r  t o  the  

p a t t e r n  f o r  snow dep th  ( f i g s .  4 and 8; t ab les  1 and 3) .  Water equiva- 

l e n t  ranged from l e s s  than 0.10 m near  t h e  coas t  t o  more than 0.25 m 

i n  t he  mountains. A zone o f  lower  d e n s i t y  and reduced snow depth i n  

t h e  i n l a n d  p o r t i o n  o f  the coas ta l  p l a i n  was noted; a low wate r  equiva- 

l e n t  o f  0.04 m  was measured over  tundra on t he  midd le  reaches o f  t h e  

Koko l i k  R i ve r  ( s i t e  4). On t h e  coas ta l  p l a i n ,  t h e  water  equ i va len t  o f  

snow was more un i f o rm  than was the  snow depth. Snow cover  on t he  

coas t  was dense but  t h i n ,  whereas snow cover i n l a n d  was l e s s  dense, 

b u t  t h i c k e r ;  t h e r e f o r e  measurements o f  water equ i va len t  e x h i b i t e d  l e s s  

o v e r a l l  v a r i a t i o n  than measurements of  snow depth. Glater equ i va len t  

averaged about  0.08 m i n  1977 f o r  t h e  coas ta l  p l a i n  and about 0.15 m  

f o r  t h e  mountains and f o o t h i l l s .  

The 1978 wate r  equ i va len t  was g e n e r a l l y  h i ghe r  ( f i g .  9; t a b l e s  2 

and 3) ,  p a r t i c u l a r l y  i n  t h e  mountains and f o o t h i l l s .  Coastal p l a i n  

water  equ i va len t s  on tundra averaged about 0.10 m, and mountain and 

f o o t h i l l  water equ i va len t s  averaged about  0.17 m. Despi te  s i g n i f i c a n t  

l o c a l  d i f f e rences  as discussed i n  snow depth and d e n s i t y  sec t i ons  o f  

t h i s  r e p o r t ,  t h e  o v e r a l l  water equ i va len t  p a t t e r n  was much t h e  same as 

i n  1977. 

Snowpack Temperature 

The snow-surface temperatures measured i n  1977 averaged -8 .Z°C 

and ranged from 0°C t o  -16°C. Surface temperature was c l o s e l y  r e l a t e d  

t o  ambient a i r  temperature and showed much v a r i a b i l i t y .  Snow-surface 

and ambient a i r  temperatures were h i g h e s t  near  t he  Anaktuvuk River .  

Snow-surface temperatures measured i n  1978 were h i ghe r  than i n  1977, 

averaging -6.8"C and ranging from approx imate ly  O°C t o  -17OC. 
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Temperatures a t  t h e  snow-soi 1 i n t e r f a c e  (basa l  snowpack temper- 

a t u r e s )  averaged -13.1°C on tund ra  i n  1977. Basal teniperatures were 

l o w e s t  t o  t h e  n o r t h  and west, a l o n g  t h e  coas t ,  and h i g h e r  t o  t h e  s o u t h  

and eas t .  The range o v e r  s o i l  was f rom -20°C a t  P o i n t  Lay ( s i t e  1; 

t a b l e  1 )  t o  -5 °C  n e a r  t h e  Anaktuvuk R i v e r  ( s i t e  30). On t h e  c o a s t a l  

p l a i n  t h e  average was -15°C on tundra ,  and i n  t h e  mountains and f o o t -  

h i 1  1s  i t  averaged -10.6"C. Basal snowpack temperatures  o v e r  i c e  were 

measured a t  s i t e s  2, 3, 4, 11, 18, 19, and 33. They averaged - 7 O C  and 

ranged from -18°C on t h e  Kokol i k  R i v e r  ( s i t e  3 )  t o  -2"C, a l s o  on t h e  

Kokol i k ( s i t e  4). Basal snowpack temperatures  over  i c e  seemed t o  

r e f l e c t  t h e  presence o r  absence o f  wa te r  below, be ing  h i g h e r  o v e r  

wa te r  and lower  o v e r  s o l  i d l y  f r o z e n  l a k e s  and streams. 

I n  1978, basa l  snowpack tempera tu res  on t u n d r a  were h i g h e r ,  

ave rag ing  -10.4"C ( t a b l e s  2 and 3 ) .  The c o a s t a l  p l a i n  temperatures  

averaged -12.6OC and i n  t h e  mounta ins  and f o o t h i l l s  averaged -9.1°C. 

The range was f rom -16°C a t  s i t e  10 (Kogru)  t o  O°C a t  s i t e  22 (Anak- 

t u v u k  Pass). No tempera tu re  measurements were made o v e r  i c e  i n  1378. 

Snow S t r u c t u r e  -. 

I n  A p r i l  1377, snow i n  c o a s t a l  a reas  c o n s i s t e d  o f  s u r f a c e  h o a r  

l e s s  t h a n  0.01 n t h i c k  o v e r  a p p r o x i m a t e l y  equal t h i c k n e s s e s  o f  dense 

w ind  s l a b  and u n d e r l y i n g  dep th  hoar.  Su r face  hoar  i s  a d e p o s i t  o f  

t h i n  i c e  c r y s t a l s  formed as a r e s u l t  o f  r a d i a t i o n a l  c o o l i n g  o f  a sur -  

f a c e  and i s  a1 so known as h o a r  f r o s t .  Depth h o a r  i s  an i n c r e a s e  i n  

g r a i n  s i z e  and an o v e r a l l  decrease i n  the s t r e n g t h  o f  t h e  i c e  s k e l e t o n  

w i t h i n  t h e  snowpack caused b y  tempera tu re  g r a d i e n t  induced w a t e r  vapor  

t r a n s f e r .  F a r t h e r  i n l a n d ,  where snow was deeper and wind l e s s  a c t i v e ,  

t h e  w ind s l a b  was l e s s  p r e v a l e n t  and d e p t h  hoar  d i d  n o t  deve lop  t o  as 

g r e a t  a t h i c k n e s s .  T h i s  was g e n e r a l l y  t r u e  i n  b o t h  t h e  f o o t h i l l s  and 

t h e  Brooks Range. However, t h i c k e r  w ind s l a b  was p r e s e n t  l o c a l l y  i n  

passes and o t h e r  wind c h a n n ~ l s .  



I n  Apr i l -May 1978, the  su r f ace  hoar i n  coas ta l  areas was absent. 

The snow cons i s ted  o f  sas t rug i - su r f aced  wind s l a h  over  depth hoar. On 

coas ta l  p l a i n  tundra the  snow cons i s ted  o f  60.5 percen t  wind s l ab  and 

39.5 percen t  depth hoar by th ickness ,  compared w i t h  an o v e r a l l  average 

o f  42.7 percen t  depth hoar ( t a b l e  3 ) .  As i n  1977, t he  wind s l a h  was 

g e n e r a l l y  l e s s  p reva len t  i n  t h e  mountains and f o o t h i l l s  than i n  t h e  

coas ta l  p l a i n .  The o n l y  mountain and f o o t h i l l  sample s i t e s  which had 

s a s t r u g i  were s i t e  21  ( t a b l e  2) ,  on a r i d g e  n o r t h  o f  Umiat, and s i t e  
-. 

24, i n  a broad bas in  south o f  Dr i f twood.  P?any l o c a l i t i e s  i n  the  

f o o t h i l l s  had 0.01 t o  0.02 m o f  l a r g e  (up t o  0.01-m d iameter)  undis-  

tu rbed  s t e l l a r  c r y s t a l s  on t he  sur face.  I n  c o n t r a s t  t o  1977, depth 

hoar i n  1978 was t h i c k e r  i n  t h e  mountains and f o o t h i l l s  than on t he  

coas ta l  p l a i n .  Depth hoar  th ickness  was 45.2 percen t  o f  t he  mountain 

and f o o t h i l l  snowpack ( t a b l e  3).  

Three d i s t i n c t  c r u s t s  were noted i n  t he  snowpack i n  1978. A 

m idd le  c r u s t  was n o t  always present ,  b u t  an upper c r u s t  r e l a t i v e l y  

c l o s e  t o  t he  sur face  and a  l owe r  c r u s t  d i r e c t l y  o r  n o t  f a r  above t he  

depth hoar were g e n e r a l l y  present.  The c r u s t s  were u s u a l l y  coarse 

g r a n u l a r  snow, i c e  l aye rs ,  o r  g r a n u l a r  snow over  an i c e  l a y e r .  I n  

some places, they  appeared as zones o f  i c e  lenses o r  mu1 t i p l e  t h i n  

wind c rus t s .  

The snow s t r a t i g r a p h y  i s  s i g n i f i c a n t  as a  reco rd  o f  w i n t e r  

weather pa t t e rns  and because i t  i s  t h e  major  f a c t o r  which de te rn ines  

mechanical p r o p e r t i e s  and s t a b i l  i ty o f  t h e  snow, Accurate i n t e r p r e -  

t a t i o n  of snow s t r a t i g r a p h y ,  however, would r e q u i r e  more d e t a i l  ed 

s tud ies .  Co r re l a t i ons  of snow l a y e r s  between s i t e s  were much more 

tenuous i n  t h e  h i g h l y  w ind-a f fec ted  coas ta l  p l a i n  snowpack than i n  t h e  

mountains and f o o t h i l l s .  



blind I n d i c a t o r s  

Due t o  t h e  dominance o f  wind as  a  f a c t o r  a f f e c t i n g  both d i s t r i h -  

u t i o n  and s t r u c t u r e  o f  snow on t he  A r c t i c  Slope, wind i n d i c a t o r s  on 

t he  snow sur face  were noted i n  1977 and re-examined i n  1978. The 

p a t t e r n s  f o r  bo th  years  were g r o s s l y  s i m i l a r ,  though many nor thwcst -  

southeast  marks were v i s i b l e  i n  1977 t h a t  d i d  n o t  appear i n  1978. A 

map ( f i g .  10) was compi led from the  1978 r e s u l t s .  

The n o r t h e a s t e r l y  t o  eas t - n o r t h e a s t e r l y  p r e v a i l i n g  wind on t h e  

coas ta l  p l a i n  showed up w e l l  i n  snow-surface p a t t e r n s ,  as  d i d  t h e  

opposing sou thwes te r l y  t o  west -southwester ly  s torm wind. (See Benson, 

1969, and Benson and o thers ,  1975, f o r  d i s cuss ion  o f  wind e f f e c t s  on 

A r c t i c  Slope snow cover.)  Both winds were d e f l e c t e d  along t he  moun- 

t a i n s  and f o o t h i l l s  t o  f o m  an east-west f l ow.  The s t o m  wind i n d i c a -  

t o r s  were f a r  l e s s  apparent  i n  most a reas  than those o f  the  p r e v a i l i n g  

w i  nd. 

There was a s t r ong  wind f l o w  f rom t h e  south over  t he  Brooks 

Range, p a r t i c u l a r l y  i n  t he  broad va l  l e y s  and r o l l  i n g  mountains between 

Howard Pass and t h e  eas te rn  end o f  t h e  DeLong t4ountains. Sou ther l y  

wind i n d i c a t o r s  from t h i s  area were ev i den t  i n  t he  f o o t h i l l s  n o r t h  o f  

t h e  C o l v i l l e  R ive r .  I n  the  rugged mountains eas t  o f  Howard Pass, 

s o u t h e r l y  winds were channeled by t h e  Nigu and K i l l  i k  R i ve r  v a l l e y s ,  

r e s u l t i n g  i n  t h i n  snow cover.  The t h i n  snow appeared t o  be due bo th  

t o  wind e ros i on  and t r a n s p o r t  o f  snow and t o  warn (ch inook)  winds. I n  

e a r l y  Flay 1978, t h e  upper Fligu and K i l l i k  v a l l e y s  were m o s t l y  snow- 

f ree,  

Since snow-surface wind i n d i c a t o r s  a r e  produced by wind t r a n s p o r t  

o f  snow, t h e i r  development depends on wind d u r a t i o n ,  as we l l  a s  wind 

speed. Therefore,  t h e  wind i n d i c a t o r s  a r e  an index o f  wind i n t e n s i t y .  

The cor ruga ted  surface o f  t he  coas ta l  p l a i n ,  w i t h  i t s  wel l -deve loped 

s a s t r u g i  and d r i f t s ,  i s  cons idered t o  i n d i c a t e  a h i gh  wind i n t e n s i t y .  





Sast rug i  were p resen t  throughout  t h e  coas ta l  p l a i n  and l o c a l l y  i n  t he  

mountains and f o o t h i l l s ,  most n o t a b l y  i n  t h e  upper Utukok R iver  area 

( f i g .  10). Wind i n t e n s i t y  was p robab ly  a l s o  h i gh  i n  areas where wind 

a c t i o n  had removed t h e  snow down t o  bare ground. The most p ron inen t  

o f  these areas were the  upper Nigu and K i l l i k  R i ve r  v a l l e y s .  I n  a 

wide area o f  t he  m idd le  Utukok R iver  t h e r e  were l ess  pronounced i n d i -  

c a t i o n s  o f  wind scour. The eas te rn  edge o f  t h i s  moderate ly  h i g h  wind 

i n t e n s i t y  area appeared t o  grade near  L i b e r a t o r  Lake i n t o  t h e  moderate 

wind i n t e n s i t y  zone c h a r a c t e r i s t i c  o f  t h e  f o o t h i l l s .  The f o o t h i l l  s  

area j u s t  sou th  o f  t h e  C o l v i l l e  R i ve r  and from t h e  E t i v l u k  R ive r  t o  

t h e  K i l  l i k  R i ve r  appeared t o  be a zone o f  unusua l l y  low wind i n t e n -  

s i t y  i n  comparison w i t h  most areas observed. The h i g h  ~ i o u n t a i n s  south 

o f  t h i s  area nay she1 t e r  i t  somewhat and d i v e r t  sou l t i  winds down the  

Nigu-Et i v l u k  and K i l l  i k  R ive r  dra inages.  

Landsat and Nat iona l  Oceanic and Atmospheric A d m i n i s t r a t i o n  

(NOAA) weather sate1 1  i t e  imagery was examined f o r  i n f o r m a t i o n  regard-  

i n g  snow cover  c o n d i t i o n s  f o r  NPRA i n  1977. m a n t i  t a t i v e  es t imates  of 

snow cover  were n o t  a t t enp ted  from t h e  image ana l ys i s ,  b u t  severa l  

p a t t e r n s  o f  snow d i s t r i  bu t i on  cou ld  be d i s t i ngu i shed .  Lakes near  

Teshekpuk Lake and Cape H a l k e t t  were e a s i l y  d i s t i n g u i s h e d  on t he  

1:1,000,000-scale Landsat images o f  March 23 and 26, 1977. The lakes  

were r e l a t i v e l y  f r e e  o f  snow ( f i g .  11). 

Streams on t h e  coas ta l  p l a i n ,  such as t he  Made,  Topagoruk, 

Ounal i k ,  Chipp, and Ikp ikpuk  Rivers ,  a r e  conspicuous on Harch 27, 1977 

( f i g .  12) ,  because of windblown sediment from exposed banks. The 

Landsat inage nf May 15, 1975 ( f i g ,  1 3 ) ,  shows r i d g e s  such as Meat 

t lounta in  i n  t h e  upper reaches o f  t h e  Utukok and Koko l i k  R ive rs  blown 

p a r t l y  f r e e  o f  snow, suggest ing i n t ense  wind a c t i o n  and t h i n  snow 

cover .  



F i g u r e  11.--Thin,  w ind-eroded snow c o v e r  on frozen l a k e s  
( i nd i ca ted  by arrows) i n  v i c i n i t y  o f  Teshekpuk Lake, Land- 
s a t  image E2791-21062, March 23, 1977. 

F i g u r e  12.--Sediment (dark  a reas ,  i n d i c a t e d  by a r rows)  
on c o a s t a l  p l a i n  r i v e r s  t h a t  a r e  exposed by winds and 
b lown a c r o s s  t h e  snow. Landsa t  image E2794-21233, 
March 26 ,  1977; approximate w i d t h  o f  image i s  150 
k i l o m e t e r s .  



F i g u r e  13. --Wind-eroded snow on r i d g e s  (a r rows)  i n  
upper  Utukok R i v e r  drain'age b a s i n .  Landsa t  image 
€21 13-21 572 o f  May 15, 1975; approx imate  d i s t a n c e  
a c r o s s  pho to  i s  160 k i l o m e t e r s .  

< & *4*r. , . -- P1‘. BARROW 

P I K  DUNES 

F i g u r e  14.--NOAA s a t e l l i t e  image, A p r i l  27,  1977 ,  
showinq sed iment  a t  P i k  Ounes and a l o n q  c o a s t a l  
p l a i n  r i v e r s .  
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F i g u r e  15 .  - -NOAA sa t e l l  i t e  image, June 11 , 1976,  
showing remnants,  o f  snow c o v e r  a f t e r  most  snow 
has me1 t e d .  

The s c a l e  of  NOAA s a t e l l i t e  imagery  i s  n o t  u n i f o m  t h r o u g h o u t  t he  

image b u t  i s  a p p r o x i m a t e l y  an o r d e r  o f  magni tude s m a l l e r  t h a n  Landsat  

imagery  and shows a l a r g e  p a r t  o f  Alaska i n  one scene. A scene f rom 

A p r i l  27, 1977 ( f i g .  14 ) ,  shows windblown sed iment  a l o n g  s t ream chart- 

n e l  s f rom t h e  lleade t o  C o l v i l  l e  R i v e r s  on t h e  c o a s t a l  p l a i n ,  as  w e l l  

as i n  t h e  P i k  Dunes area sou th  o f  Teshekpuk Lake, The t h i n  snow c o v e r  

on Teshekpuk Lake i s  a l s o  d i s c e r n i b l e .  A l s o  r e a d i l y  apparen t  a r e  t h e  

wind-eroded t h i n  snow a reas  i n  t h e  K i l l i k  R i v e r  v a l l e y  and t h e  snow- 

f r e e  r i d g e s  i n  t h e  headwaters o f  t h e  l lkukok and K o k o l i k  d r a i n a g e  

bas ins ,  A scene f rom June 11, 1976 ( f i g .  1 5 ) ,  when s n o \ m e l t  was f a r  

advanced, shows areas where snow p e r s i s t s .  These i n c l u d e  t h e  h i g h  

mounta ins  on e i t h e r  s i d e  o f  t h e  K i l l i k  R i v e r  v a l l e y ,  K n i f e b l a d e  Ridge, 

and t h e  area i n  t h e  PeLong ' lountains southwest  o f  L i b e r a t o r  Lake. 

These areas co r respond  i n  a genera l  way w i t h  t he  areas o f  deepest  

snowpack found d u r i n g  t h e  1 O 7 7  snow survey.  
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