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Study on Techniques for Estimating Snow Depth from Precipitation, Air Temperature, and Wind Speed
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Snow depth gauges are generally used for measuring the amount of snowfall and snow depth. However, not all surface observation stations, including those
of the Japan Meteorological Agency’s Automated Meteorological Data Acquisition System (AMeDAS), have snow depth gauges. The installation rate of

TRt (FEkEE)-

data obtained from rain (precipitation) gauges, thermometers, and anemometers.
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AMeDAS locations in Hokkaido
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AMeDAS weather observation points U ’é’*
in Hokkaido (not all points) are shown "1"5‘
in Fig. 1. The red dots indicate i‘*
locations where a snow depth gauge 1s |
installed (118 points); the blue dots
indicate locations where no snow
depth gauge 1s installed (64
points). (as of May 2022) The
installation rate of snow
depth gauges is about
65%.
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Fig. 1 AMeDAS points in Hokkaido (excluding those
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snow depth gauges in areas with little snow 1s particularly low. We studied techniques for estimating the amount of snowfall and the snow depth using the (Lt —3t)

Snow depth gauge
(laser sensor)
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Measuring snowfall

using the rain gauge 1s difficult. (low capture rate under strong winds)
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Accurate measurement of snowfall using a rain gauge is 100 oo

difficult, because snow particles are more greatly influenced by 0 Il e

wind than raindrops are. (Snow particles caught by the rain < -\':u. o

gauge as a share of all fallen snow particles decreases with S’g g o0 e

increase 1in wind speed.) In this study, we used a high-accuracy g {:(1. 40 2l

precipitation observation system (Double Fence Intercomparison 5 ¥ ..
Reference (DFIR)) recommended by the World Meteorological § ¥ 20 ? -
Organization (WMO) for snowfall observation and investigated

the relationship between the capture rate of the rain gage and the ° 6 5 4 ) 2 0 13
wind speed. As shown in Fig. 2, only half of the falling snow &L (m/s)

particles are captured when the wind speed is S5m/s. Therefore, it Wind speed (m/s)

is necessary to correct the measured amount by compensating AF 2 TESHORIER - A%
for the underestimated amount. Fig. 2 Relationship between the capture rate

of the rain gage and the wind speed
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Assumption for the density of fresh snow
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& _ — 4= . We estimated the hourly snowfall using the precipitation, which was obtained by correcting the value measured using the
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= (% }Ej()j —é-/L_: \;— N 1(;23:#7#7 L_jf " =iE' (\\”4 rain gage, and the density of fresh snow, which is dependent on the air temperature. The relationship between the snowfall
F/N) T2l T RREMBERDBEIRICOWTGANE measured using the snow depth gauge and the estimated snowfall in the Ishikari area is shown in Fig. 4. From this figure,

UfcoBlE LT AT AICREITEERZRIICRUET, it is found that the estimated and measured values roughly agree. Examinations on other areas obtained results similar to
those of the Ishikari area. In addition, it was found that the six-hour cumulative value of the hourly snowfall and six-hour
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The precipitation (mm) observed using the rain gage is the
snowmelt equivalent. Therefore, it is necessary to assume the
density of fresh snow and convert the depth of snow in order to
obtain the snowfall and snow depth. There 1s no fixed value for
the assumed density of fresh snow, because it varies with the air
temperature. For example, snow 1s wet and heavy (high in
density) when the air temperature is high; it is dry and light (low
in density) when the air temperature 1s low. To clarify this
further, we investigated the relationship between the air
temperature and the density of fresh snow. The results of an
investigation done in the Ishikari area are shown in Fig. 3.
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Fig. 3 Relationship between the air temperature and the density of fresh snow
(This example is for the Ishikari area.)

- The black solid line shows the mean values for all six points.

snowfall measured by the snow depth gauge agree with each other in many cases of snowfall events. (figure omitted)
From the viewpoint of road management, obtaining the amount of snowfall in a period of six hours 1s sufficient; therefore,
the estimation of snowfall and snow depth using the technique developed in this study 1s considered to be appropriate.
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Fig. 4 Relationship between the estimated and measured snowfalls (This example is for the Ishikari area.)
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Safe, pleasant driving on Northern Roads
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