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This presentation will consider:

1. Is there any trend of change in the length of the skiing season?

2. Is there any trend of change in the number of ski days?

3. Is there a relationship between winter climate and the number 
of ski days?

4. What does that relationship suggest about future changes?

5. Can snow loss be reduced to extend the life of ski pistes?



Cairngorm piste map

Skiing at Cairngorm
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Regression significant at better than 0.1% level;    r2 26.5%;  r2 (adj) 24.5%;  
gradient -1.17 days per year
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Regression significant at better than 0.1% level;    r2 38.7%;  r2 (adj) 37.1%; 
gradient -1.49 days per year



Regression significant at better than 0.1% level;    r2 37.8%;  r2 (adj) 35.8%; 
gradient -2.46 days per year
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Regression significant at better than 0.1% level;    r2 34.5%;  r2 (adj) 32.4%; 
gradient -1.77 days per year



No significant regression – Ptarmigan tow sometimes not opened if not required 
but there is a significant regression (but r2 < 30%) for the period 1980 to 2007 
with a gradient of -1.95 days per year
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No obvious trend but perhaps slightly higher frequency after about 1992
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No trend but appears to be a jump in frequency after 1989 (except 2005 but 
that was  the year with lowest number of ski days)
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No trend but as with Ptarmigan Tow there appears to be a jump in frequency 
after 1989 (except 2005 but that was  the year with lowest number of ski days)



Summary

Clear downward trend in number of ski days

gradient   r2(%)   r2 adj (%)   significance (%)
Cairngorm -1.49    38.7      37.1 <0.1
Coire Cas -2.46 37.8 35.8 <0.1
Coire na Ciste -1.77 34.5 32.4 <0.1
Ptarmigan (1980-2007) -1.95 26.5 23.6 <1.0

There appear to have been more days stormed off since 1989



Skiing periods and winter weather

Skiing period:
This is defined as the time from the first day one or more tows 
open to when all tows close due to lack of snow.  There may be 
one or more such periods within a skiing season.

Snow accumulation – total snowfall from first date from 
before the start of each skiing period to the end of the period.

Ablation – loss of snow from start of snow accumulation to the 
end of that skiing period



Weather and climate

Three of the Scottish ski resorts have Severe Icing 
Environment Synoptic Automatic Weather Stations (SIESAWS) 
at their local summits which provide hourly wind, 
temperature and humidity data. 

At Cairngorm, as well as the summit SIESAWS (1245m) which 
has been operating since 1984, there is also a synoptic 
weather station quite nearby at Aviemore (229m). As well as 
wind temperature and humidity Aviemore also records hourly 
rainfall, cloud cover and solar and net radiation.



Using the records from Cairngorm and Aviemore it is possible 
to estimate wind speeds, temperature and humidity at the 
level of the ski slopes (650 – 1140m) and average differences 
between the two stations can be used to estimate values 
when there were missing data from Cairngorm.

No precipitation measurement is made at Cairngorm as it is 
difficult to record rain and particularly snow at windy 
locations.

However, during the 1960s and 1970s three rain gauges were 
operating  at Glenmore Lodge (337m), Coire Cas Sheiling 
(762m) and on Cairngorm (1090m) close to the Ptarmigan 
building (all the weather stations are shown on the following 
map).





The precipitation data from the three rain gauges were used 
to establish a fractional rate of precipitation increase defined 
as 1/P(dP/dz) where P is precipitation and dz is the change in 
height from the lower to upper station. 

The median fractional rate was calculated to be 0.00266 per 
metre and using that rate with Aviemore data an estimate of 
ski slope level precipitation was obtained.

When the temperature at 900m was at or below 0oC, the 
precipitation was assumed to be falling as snow and using 
that information, an estimate of the total water equivalent of 
snow accumulation was derived for each skiing period.



As the skiing periods were defined to the nearest day, it was 
decided to  construct daily averages of wind speed, 
temperature, humidity and precipitation for the period 1984 
to 2000 (this is currently being updated to 2010).

Accumulated values of temperature above 0oC, mixing ratio 
amounts above 3.8 g/kg were calculated as were 
accumulated values of wind speed times each of those 
measures.

All of those accumulated values were then compared to the 
estimated water equivalent of snow over each ski period.



If the number of ski days per season is examined over the period of 
meteorological records (1984 to 2000), the same trends as 1969 to 
2007 are observed but for the whole ski area the regression is not 
statistically significant. There is however a statistically significant 
trend (at better than the 5% level) in the case of Coire na Ciste.



The water equivalent measure of snow accumulation was 
compared against accumulated temperature from the start 
of accumulation to the end of each skiing period (ie until 
skiing stopped due to lack of snow). 

A similar comparison was made between water equivalent 
and accumulated values of temperature times wind speed 
for each period and an estimate of energy flux to the surface 
(essentially accumulated values of temperature plus mixing 
ratio above 3.8g/kg times wind speed)

A plot of water equivalent against estimated energy is 
plotted on the next slide followed by a set of summary 
results.



The results with a fitted line show a statistically significant 
regression (at better than the 0.1% level) with an r2 value of 
61.9%  (r2-adj 59.7%) which is a good explanatory value given 
the estimations that had to be made.



Regression summary
r2 r2 adj        p     better than

Temperature 41.4%    38.2%     0.002 1%
Temperature and wind (T x ff)   59.2%    56.9%    0.000         0.1%
Energy estimate ((T + q) x  ff)    61.9%    59.7%    0.000         0.1%

Excluding upper outlier (2000)
Regression summary

r2 r2 adj         p    better than
Temperature 59.6%     56.5%     0.000         0.1%
Energy estimate ((T + q) x  ff) 76.1%     74.7%     0.000         0.1%



What does this suggest?

1. There is a decline of close to two ski days per year

2. There is a clear link between temperature and piste survival.

3. This trend will continue as temperatures rise due to climate change.

4. An even stronger link exists if wind speed is included.

5. Milder and windier winters will give a greater reduction in ski days.

6. Milder but less windy winters may give a smaller decline of ski days.



Cairngorm ski area 20 May 2010



Part 2: Is there a way of reducing the snow loss?

To test this an experiment was undertaken in June 2010 with the 
support of the Cairngorm Mountain Ranger Service.

A  number of covers using large bubble plastic (some clear, some 
painted silver) were sited at the top of the Ptarmigan ski bowl.

On each cover three points were marked as well as six points on 
the snow surface and over a period of five days (14 to 19 June 
2010) the change in height of the snow surface was recorded 
using a level and levelling staff. A white board was placed over 
each point and its length was set to north using a compass.



Board used for surveying surface

Bubble plastic covers

SC – single cover
DC – double cover 
LDC – large double cover 
SS – sliver cover 
DS – double silver cover

Double refers to the use 
of a double layer of 
bubble plastic



Covers on snow and survey points





Covers on day 2  - 15 June 2010



Covers on day three - 17 June 2010



Securing covers on 17 June 2010



Cairngorm 18 June 2010



Surveying on 19 June 2010 (last day)



Ablation between each observation date  (June 2010)  plus 
total five and four day ablation

Cover used 14-15 15-17 17-18 18-19 14-19 15-19

SC Median 0.027 0.097 0.051 0.021 0.205 0.179

DC Median 0.020 0.075 0.053 0.030 0.178 0.157

LCD Median 0.082 0.044 0.024 0.149

SS Median 0.016 0.085 0.030 0.017 0.158 0.143

DS Median 0.010 0.061 0.034 0.005 0.121 0.111

S Median 0.066 0.255 0.116 0.051 0.495 0.432

S – snow; SC – single cover; DC – double cover; LDC – large double cover; 
SS – sliver cover; DS – double silver cover



Science – energy fluxes

Oke (1987) notes that the sensible and latent heat fluxes can be expressed in the 
following equations:

Qh = -ρCpk2z2(Δu/Δz)( ΔT/Δz)(ΦmΦh)-1 Qe = -ρLvk
2z2(Δu/Δz)( Δq/Δz)( ΦmΦe) -1

Cp is specific heat of air at constant pressure (1005 J/kgT), Lv is the latent heat of 
vaporization  (2.501 MJ/kg), k is von Karman’s constant (0.41), U is wind speed (m/s), 
T is temperature (Kelvin), q is the humidity mixing ration (kg/kg), z is height related 
to the observation heights above the surface (m) and Φm, Φh and Φe are stability 
functions for momentum, heat and water vapour and for a stable case (as with air at 
>0oC above a snow surface) the stability functions can be defined as:

(ΦmΦx)-1 = (1-5Ri)2 where Ri is the Richardson number defined as: 

Ri = g/T((ΔT/Δz)/( Δu/Δz)2) where g is gravitational acceleration (9.81 ms-2).

For warm air above a snow surface (ΦmΦx)-1 is likely to be of the order of 0.1 to 0.5



Snowmelt and weather

Using temperature, humidity and wind speed using the Cairngorm 
summit SIESAWS estimates of Qh and Qe were obtained and these 
were compared with the water equivalent snow loss assuming a 
density of 600 kgm-3 (calculated from measurements taken at 
Ptarmigan bowl) .

Regressions were made between water equivalent melt for each of the 
four periods and accumulated temperature above 0oC in each period.

Similar regressions were made against accumulated  temperature 
times wind speed and against the accumulated sum of the estimated 
Qh +Qe .

A plot of the relationship and a regression summary follows.





Regression summary
r2 r2 adj p better than

Temperature 97.5% 96.2% 0.013 5%
Temperature and wind 99.0% 98.5% 0.005 1%
Estimated Qh and Qe 99.5% 99.3% 0.002 1%

Comparing estimates on the same basis as for the 1984-2000 period, it 
appears that the estimates are about three times greater than in 2010.

For the period 1980-2000 estimated water equivalent precipitation 
was used based on estimates of precipitation at 900m while the 2010 
study uses measured ablation.

However as snow is redistributed and the pistes have fences to help 
retain snow it may well be that accumulation is three times greater on 
the pistes which would account for the difference.



What does this suggest?

1. It reinforces the results from the period 1980 to 2000.

2. Wind as well as temperature is important in melting snow

3. Covering the snow can cut snow loss by more than 75%

4. Vulnerable parts of the pistes could potentially be covered  
and  enable skiing to survive until the next weekend 
(maximum income is generated at weekends)

5. Stocks of snow for patching pistes could be maintained


