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THE FORECASTING AND VERIFICATION OF PRECIPITATION AMOUNTS IN
THE MOUNTAINS OF BRITISH COLUMBIA

Vello Puss
Pacific Weather Centre, Vancouver, B.C.

Introduction

The problem of successfully predicting snowfall
amounts in mountainous areas has always presented
difficulties. One of the primary difficulties is due to the
actual variability of snowfall over relatively small
geographic expanses, as well as over small vertical
separations. This variability can be directly related to
the complexities of the ter~ain.

The Geographic Influences

British Columbia is a mountainous region. The
major ranges, oriented northwest to southwest are:

In addition there are numerous minor and sub-ranges.

The barrier provided by the coastal mountains has
an effect on the character of passing weather systems. The
effects of terrain, however, are most influential on the
local weather patterns. The precipitation received at a
point is a function of the interaction of terrain with the
dynamic processes in the atmosphere.

The Pacific Ocean lies to the west, and serves as
a ready source of moisture, and as a heat reservoir. During
the winter months, the prevailing westerlies bring a steady
stream of weather systems toward the coast. Over the ocean,
the motion and development of these systems is modelled
reasonably well by the various computer prognoses. Along
the coast, however, the land-sea interface provides some
difficulty for the computer models. Frontal systems often
change their character when crossing from a water onto a
land surface.

(Elevation about 2000 m)
(Elevation 2000-4000 m)
(Elevation 3000-3500 m)
(Elevation 3000-3800 rn)

The Vancouver Island Ranges
The Coast Mountains
The Columbia Mountains
The Rocky Mountains
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The Computer Models

Three different computer models of the atmosphere
are available at the Pacific Weather Centre: CMC Spectral,
NWS Spectral, and NWS LFM. On a day-to-day basis, the .
behaviour of each model is monitored to determine which, if
any, is most closely aligned to the prevailing trends. For
this determination, latest satellite imagery, as well as
surface meteorological observations, are used.

The previously known behaviour of the various
prognoses under similar conditions, is also taken into
account. This behaviour, if it deviates from the modelled
pattern, can be looked upon as a bias in the models. The
experienced forecaster learns to spot his bias, and to
adjust the results accordingly.

Precipitation Forecasts

The forecasting of precipitation amount begins
with the objective quantitative precipitation forecast (QPF)
values provided by the. various computer models. In
addition, several specialized computer programs provide
objective guidance for more localized areas. Further
quantitative input is inferred from the satellite imagery,
and from the intensity of radar echoes. For short-range
forecasts, the precipitation rates at the surface reporting
sites can also be utilized.

Subjective adjustments of a more localized nature
are made to allow for terrain effects under variou~

circulatory patterns. Similarly, the presence of large,
open bodies of water can affect the precipitation intensity.

When forecasting snow amounts, as opposed to water
equivalents, the location of the freezing level is of
importance. The relationship of the snow level to the
freezing level varies with the stability of the air mass.
This factor sometimes lead to complexities in the wording of
forecasts.

Certain rules of thumb and intuitive adjustments
are at times applied to the forecast snow amounts. The snow
amount figure that is finally issued with the mountain
forecasts, can be significantly at variance with the initial
computerized QPF values (Figure 1).
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verification

Time and manpower constraints at the Pacific
Weather Centre do not allow for a formal verification
program for the whole area of responsibility. Verification
has been done for part of the south coast and for the Rogers
Pass.

For purposes of verification, snow amounts were
separated into a series of ranges. These are: Nil: 0.1-10;
11-20, 21-50 and over 50 (~ll in centimetres). The
forecasts were then tabulated into three separate classes:
those that fell into the correct range, those that fell into
the immediately adjacent range, and those that were outside
the adjacent range (Tables 1, 2, 3, and 4).

The results for the winter of 1979-80 are
summarized as follows:

GROUSE MOUNTAIN: of the 120 cases,

77 or 64% of the forecasts were correct
38 or 32% were in the adjacent category
5 or only 4% were outside.

Similarly,

WHISTLER: 69% correct
24% adjacent

8% outside.

ALLISON PASS: 58% correct
29% adjacent
12% outside.

ROGERS PASS: 59% correct
38% adjacent

4% outside.

The highest success rate was achieved with the two
ski areas Grouse Mountain and Whistler on the south coast.
This is perhaps related to the fact that daily telephone
contact is maintained between these sites and the mountain
forecast desk at the Pacific Weather Centre. This two-way
transfer of information tends to provide the forecaster with
more detail on the prevailing weather conditions, and thus
ensures greater confidence in the forecast production.
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Trends

Verification trends of the past few years are
perhaps of some interest. The scores from the winter of
1975-76 to the present are shown for Grouse Mountain and
Whistler (Figure 2). The score for Grouse Mountain peaked
in 1976-77. The highest scores were achieved during winters
of relative drought. The Whistler scores show a gradual
rise over previous years" a rise which has now levelled
off.

Conclusion

The limited verification to date has shown a
reasonable success rate in precipitation forecasting.
Hopefully, an increased verification program will be
possible over the next few years. In this way, weaknesses
in the forecast procedures will perhaps be revealed, which
in turn should lead to increased forecast accuracy.

FORECASTED SNOWFALL

ACTUAL 0 .1-10 11-20 21-50 >50 TOTAL

0 37 24 2 63
.1-10 3 36 4 43
11-20- 1 7 3 11
21-50 1 1 2
>50 1 1
TOTxr:-- 41 69 9 1 120---

Table 1. Forecasted amounts of snowfall vs actual amounts at
Grouse Mountain (amounts in cm)

r---

FORECASTED SNOWFALL

ACTUAL 0 .1-10 11-20 21-50 >50 TOTAL

0 34 10 3 47
.1-10 7 43 4 54
11-20 1 7 5 ----- 13
21-50 1 3 1 5

>50 1 1
TOTAL 43- --~ 12 1 120

Table 2. Forecasted amounts of snowfall vs actual amounts at
Whistler (amounts in cm)
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FORECASTED SNOWFALL

ACTUAL 0 .1-10 11-20 21-50 >50 TOTAL
0 26 16 2 44

.1-10 -4-- 24 --3- 31
11-20 5 3 2 10
21-50 2 2----

I 1 2>50
46 8 ---- 89TOTAL 35

Table 3. Forecasted amounts of snowfall vs actual amounts
at Allison Pass (amounts in cm)

FORECASTED SNOWFALL

ACTUAL 0 .1-10 11-20 21-50 >50 TOTAL
0 17 10 1 28

.1-10 10 45 11 1 67
11-20 9 3 12
21-50 2 2 1 5
~_O__
TOTAL -2-7- 66 17 2 112

Table 4. Forecasted amounts of snowfall vs actual amounts
at Rogers Pass (amounts in cm)
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Figure 1. Flow diagram of the steps involved in the snow
amount forecasts.
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Figure 2. Percentage of correct forecasts for Grouse
Mountain and Whistler Mountain.
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