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Introduction: We are studying meteorologic and 

niveo-æolian controls on cold-climate sand mobility, 
transport, and geomorphology at the Great Kobuk 
Sand Dunes (GKSD) in Alaska [1–5] as potentially 
analogous to those occurring on high-latitude Martian 
dunes [2–5 and references therein]. Here we summa-
rize longer-term average meteorologic forcings near 
the GKSD that are relevant to dunefield modification, 
and document selected local in situ meteorologic data 
collected in March 2010. In so doing, we estimate the 
threshold wind speed and demonstrate that debris flow 
and gully formation on the GKSD, which we observed 
in the field [5], does not require mean daily surface 
temperatures above or even near the melting point of 
water. 

Setting: The 62 km2 GKSD lie ~50 km north of the 
Arctic Circle and ~160 km inland from Kotzebue 
Sound within an east–west basin between the Baird 
and Waring Mountains {Fig. 1 in [4]}. The Waring 
Mountains are a topographic trap against which dunes 
climb at the southwestern margin of the field. Many of 
the dunes migrate west-northwest; we estimated that 
migration rates fall within the narrow range of 0.5 to 
1.5 m/yr [1], which is relatively slow for dunes on 
Earth. Dune forms include transverse, barchanoid, lon-
gitudinal, and star, among others, and range in eleva-
tion from 30 to 175 m amsl. The GKSD and surround-
ing land are vulnerable to accelerating permafrost deg-
radation because the continuous permafrost zone 
boundary that lies nearby [6–8] is migrating northward 
in response to a warming climate. 

Longer-term climate data: A relatively continu-
ous, ~18-yr time series from the Kavet Creek Remote 
Automated Weather Station (RAWS; located at 72 m 
amsl and 3.6 to 19 km from the northwestern and 
southeastern margins of the dune field) provides rela-
tively long-term meteorologic data {Fig. 1; [9]}. The 
GKSD experience long cold winters and brief warm 
summers; mean annual air temperature is –4°C 
[Fig. 1(A)]. Mean daily air temperature falls to 0°C 
near the end of September, after nighttime ground frost 
has returned. Mean daily maximum air temperature 
falls to 0°C ~2 weeks later, after which air temperature 
remains below freezing for the season. Mean daily air 
temperature rises to 0°C near the end of April, after 
daytime ground thawing has begun. RAWS-measured 
mean annual precipitation [Fig. 1(B)] is 67% of the 
PRISM model’s estimate [10] at this location; the dif-
ference is attributed to snow water equivalent.     Snow 

 
Fig. 1. Kavet Creek RAWS climate data. (A) Mean daily, monthly, 
and annual air temperature. (B) Mean monthly precipitation. (C) 
Mean total solar radiation. (D) Mean daily, monthly, and annual 
wind speed. (E) Mean annual wind rose. (F) Mean wind rose during 
March 2010 fieldwork. Data credit [9]. 

partially to fully blankets the dunes for ~70% of the 
year; rainfall peaks in August.  

The strongest daily mean winds are out of the east-
southeast from November to April, and average-to-
intermediate-strength winds are frequently out of the 
west from May to July. A mixed wind regime occurs 
during the transitional months of August–October. 
Wind speed variance appears to be correlated with 
solar radiation [Fig. 1(C,  D)]; winds are often light 
and variable during the sunless days of winter, and 
wind speed variance is lowest during the 38 days of 
constant summer daylight. The wind regime (measured 
at 6.1 m AGL) is bimodal at the macroscale 
[Fig. 1(E)], where the dominant, sand-transporting 
winds are polar easterlies from November to April 
(despite snowcover), and a brief westerly wind reversal 
coincides with summer transport-dampening rains. 
Active dune migration likely is limited, therefore, to 
the windy months of early autumn and late winter to 
early spring. Mean annual maximum wind gust speed 
is 7.3 ± 1.1 m/s, with gusts up to 40 m/s in the record. 
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All months except solsticial June and December expe-
rience strong but relatively infrequent northerly winds. 
Significant day-to-day variations in wind direction and 
strength are commonplace at all seasons due to the 
quasi-cyclic modulations induced by baroclinic storm 
systems. 

In situ environmental data: We deployed a porta-
ble, multilevel meteorological station to three locations 
{Wx1, Wx2, and Wx3 [4, their Fig. 2 inset]} during 
our field campaign. This customized system provides 
the types of boundary layer atmospheric flux data that 
are needed to assess æolian erosion potential. We 
measured 2D (horizontal) mean wind velocity, air 
temperature, barometric pressure, and relative humidi-
ty at 10 sec intervals at 50, 100, and 200 cm AGL, as 
well as mean net solar radiative flux at 2 min intervals. 
We also measured ground temperatures at 0, 5, 10, 20, 
50 and 100 cm BGL at 2 min intervals, and the number 
of particle impacts on and kinetic energy imparted to 
an erosion sensor per 10 sec interval. 

Resulting data streams (e.g., Figs. 2, 3) are useful 
for characterizing microclimates, identifying subgrid-
scale processes that influence æolian transport, and 
supporting atmospheric modeling (to be demonstrated 
at the workshop) by providing a measure of whether 
the nested numerical models capture important pro-
cesses. Additionally, particle flux data demonstrate 
sand saltation above snow-free crests (Wx2 and Wx3 
locations) and suggest a saltation threshold (Fig. 2). 

 
Fig. 2. In situ wind and particle flux data from snow-covered station 
Wx1 and snowfree stations Wx2 and Wx3. (A) 10-sec mean wind 
speed at 2m. (B) 10-sec mean wind direction; overall mean azimuth 
and standard deviation. (C) Particle hits per 10-sec interval. A 
small, 2.44 hr-long wind event on 30 March had a mean and stand-
ard deviation of 5.7 ± 0.7 m/s and caused 504 impacts. 

 
Fig. 3. In situ environmental data. (A) Net radiative flux. (B) Air and 
ground surface temperatures. (C) Air, surface, and subsurface 
ground temperatures to 1 m depth. (D) Mean daily air, surface, and 
subsurface ground temperatures to 1 m depth. 

Debris flow observations:  Fresh debris flows and 
gullies on lee slopes were photographed on 25 and 30 
March [5] when the mean daily surface temperature 
was never greater than −12.3ºC; [Fig. 3(C, D)]. Sur-
face temperatures such as these are either colder than 
or else comparable to austral Antarctic summer tem-
peratures when æolian Mars-analog field expeditions 
to that continent are most common. 

Conclusions:  Meteorologic datasets help elucidate 
the processes that maintain and sculpt dunefields. The 
high-latitude, cold-climate GKSD are an excellent 
U.S.-based Mars analog for cold-season study of dune 
gully and debris flow processes [5], as well as for 
study of hydrocryologic controls on high-latitude 
æolian transport [e.g., 3, 4]. It is important for in-depth 
investigations of the GKSD to continue in the near-
term, while the arctic analogy is still defensible. 
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