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Record wind speed: 
231 mph, 1934

Fog frequency is increasing 
in fall and summer. Winter 
and spring show no trend, so 
the number of foggy days in 
regards to their importance in 
damaging events (which 
occur mostly in the winter) 
has remained largely steady.

The summit of Mt. Washington 
in NH, USA, experiences some 
of the harshest weather in the 
world. This includes extreme 
wind speeds, year-round foggy 
conditions, and sub-zero 
temperatures. The winter 
months are especially brutal, 
and the extreme conditions 
cause enough damage to trees 
that it suppresses their growth. 
As a result, the treeline is 
largely defined by this extreme 
weather, and trees tend not to 
grow above a couple meters tall 
beyond 4,400 ft. 

With a myriad of climate 
change impacts accelerating 
globally, and recent evidence 
that the annual average 
temperature at the summit is 
warming (Murray et al, 2021). 
We wanted to update wind and 
RH trend analyses from the 
Mount Washington Observatory 
summit’s 85+ year record. This 
work expanded a study from 
Seidel et al (2007) on relative 
humidity and one from Cronin 
(2015) on wind speeds. We 
also combined variables to 
examine extreme or “damaging” 
events.

Data was taken from Mountain Washington 
Observatory records starting from 1941 and 
extending through 2021. Winds speeds 
were recorded by Pitot static tube 
anemometer, and wet bulb and dry bulb 
temperature measurements were recorded 
by sling psychrometer. Relative humidity 
was calculated using calculations from the 
World Meteorological Organization (1996, 
Annex 4.B). Measurements were taken by 
trained observers at the Observatory, with a 
switch of measurement location occurring in 
1981. All data analysis was performed in R 
Studio, v 4.2.0. 

Average wind speeds 
are very slightly 
increasing in the Fall. 
No other seasons show 
any trend. When looking 
at data from 1981 
onwards (the date from 
which we started 
homogenizing the data 
due to a location shift as 
explored below) we 
found no significant 
trends in any season, 
suggesting that wind 
speeds have remained 
largely unchanged.

Though we are not seeing a large shift in relative humidity, fog frequency, or 
wind speeds individually, we are seeing a downward trend in the number of 
damaging events in winter occurring each year. Extreme conditions, 
because of their ability to cause mechanical damage to trees, have an 
impact on the elevational status of the tree line in the White Mountains. A 
reduction in the number of damaging events each year may allow the tree 
line to slowly shift up as more trees are able to grow taller. Warming 
temperatures are also expected to favor tree line expansion. Ecologically 
speaking, this would shrink the alpine zone, and the habitat of many rare 
and endemic species. The conservation of the area, thus, relies not only on 
the protection of the area from trampling by humans, but also by greater 
regulations to slow the changing of the earth’s climate. 

● How much damage does one event 
(one hour of certain conditions) cause?
○ How do we measure that? 

Defining “Damaging”
To define a damaging event, we chose a set of conditions that lead to the formation of rime ice, an ice 
formation known to cause mechanical damage to trees. It forms when supercooled water vapor hits a 
surface and freezes instantaneously (Fig. 4). In doing so it harms or kills the bark of the tree. Though 
rime ice is not the only cause of damage to alpine trees, we used it as an indicator due to its 
commonality on Mt. Washington, because it is representative of other wind-related damaging events 
such as ice abrasion, and because its correlating conditions are easily quantifiable. Three conditions 
need to be met for rime ice to form, as seen above. 

Fig. 1: Photograph of the after effects of a damaging event that 
took place on February 25, 2019. Wind speeds averaged 110 
mph and temperatures ranged from -11°F to 11°F. The tree 
branches sticking out above the snowbank are stripped of 
bark. Photo taken by Keith Garrett.

Mount Washington Observatory 
tower, holding various meteorological  
instruments including the Pitot static 

tube anemometer.

RStudio version 4.2.0

Table 1: Little 
change in wind 

Table 2: RH 
decreasing in 
clear conditions

Table 3: Frequency 
of fog increasing in 
Fall and Summer 

Tree line rising in elevation as extreme conditions at summit subside

● The summit has seen subtle 
changes in climatic 
conditions over the last 80 
years

● Since 1941, we are seeing a 
downwards trend in 
damaging events, i.e. when 
it is foggy, windy, and freezing

● The ecological impact of the 
shift in climate and extreme 
conditions may both result in 
the upwards shift of the tree 
line and the endangerment 
of endemic alpine species

Average wind speed 
(>25 mph, >60 mph, >100 mph)

Freezing temperatures 
(<32°F, measured on the hour)

In the clouds 
(>95% Relative Humidity)

Fig. 2: Since 1935, the Mount Washington Observatory 
(MWO) wind instrument has undergone shifts in location 
(represented by color), with effects on wind measurements. 
Within the two most recent locations (green and blue) 
annual wind averages remain steady. This lead us to 
homogenize the data of the two locations.

Fig. 3: Damaging events where hourly wind speed are over 60 mph in the 
Winter are on a downwards trend, decreasing by 3 events per year (p = 0.081) 
using a Sen’s Slope analysis. The 25 mph threshold showed no significant 
trend, and the 100 mph showed a significant downwards trend of <1 day per 
year or 7 few days over 41 years (data not shown). We used 1981-2021 data 
for the analysis to eliminate instrument location change as a variable.

Fig 4: A photo of rime ice at sunset on the 
Observatory’s instruments. Photo taken by Naomi 
Lubkin in Summer 2022.

In all seasons but winter, 
relative humidity trends 
are decreasing when 
skies are clear (no clouds 
present). Meaning that the 
dry days are getting drier. 

Questions for future research

Conditions 

Switch to new 
observatory 
building

Switch to 
Sherman 
Adams Building 
(current)

Average 1941-1981: 
33.45 mph

Average 1981-2021: 
35.26 mph

● Are typical extreme winter conditions (specifically wind speeds, 
relative humidity, and temperature) changing at the summit? 

● Will a change in extreme winter conditions cause a change in the 
treeline of the mountain?

Measured over the course of one hour

Research Questions

Scan for Presentation

Background photo taken by Aidan Connelly, 2022

Map 1: Mt. Washington is 
located in New Hampshire, 
depicted here as a red 
triangle. It is part of the 
White Mountain range and 
its elevation is 6,288 ft.

Summer Winter

Wind Speeds 
(MPH) 25.6 mph 44.7 mph

Temperature
(°F) 48.0°F 7.8°F

Summer and Winter Averages
1991-2020

Data from Mount Washington 
Observatory website.

Fig. 2: Photo of a 
foggy day at the 
Observatory. 
Taken by Naomi 
Lubkin summer 
of 2022.
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● Once we know that, how can we 
quantify its impact on the tree 
line?

● Should we refine our method for quantifying 
“damaging events”?


