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If it warms up 0.5C/100 years

and mountain  air cools at rate of 5C/1000m uphill
and Arctic air cools at 5C/1000km north

1km/year

1m/year North

Up

Isotherm speeds

Like the snowline
or 10C July isotherm







“The northern limit of trees is so sharply defined as to make a 
decidedly abrupt break which seems to have been controlled 
by some other factors than temperature and elevation.”



1911

2008



“… the experiment to test 
my theory that lack of time, 
not unfavorable climatic conditions, 
had prevented the progress of the 
northern timberline.”

Bob Marshall 
Arctic Wilderness

Brooks Range treeline advancing
1 km per 150 years

To test his hypothesis, Marshall sowed white spruce seeds north of the tree line in three separate watersheds 



2001: 37 years old 
30 cm tall vs 9 m tall in Fairbanks

5 AK seedlings of 
100 4-year olds
survived 20 years 
(1968-1989)



If it warms up 0.25C/10 years

and mountain  air cools at rate of 5C/1000m uphill
and Arctic air cools at 5C/1000km north 5km/year

5m/year

Up

Isotherm speeds

2m/year

0.3km/year

Average treeline speeds

Norway mtn birch(0.8m/year)

(0.08km/year)
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Baird Mtns Lapse = −5.2 °C km-1



Where is treeline moving fastest in Alaska’s Arctic?
And what factors control its speed?
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Alpine Tree Line 

Arctic Tree Line 
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Shadow length
(measured on satellite images)

Tree height
(measured 
in field)

170 trees 120 trees

Age = 12.5 x Height

Height = 0.3 x Shadow length + snow depth

2,000 shadows  give 2,000 ages  
Oldest 1922 
after 1981 too short to see
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(a) Individual growth with right−aligned thermal background
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(b) Population growth with centered thermal background
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6,000 years 
Trees didn’t budge

1922

1970s warming + today





Short spruce trees (less than six feet tall) with cones:
GPS location
smart phone photo showing height 
smart phone photo of cones

roman@alaskapacific.edu


