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1. INTRODUCTION

Measuring errors of precipitation gauges are not
a new discovery. Many methods for correction of
point precipitation have been presented during
the years (see.e.g. Sevruk, 1982). It is how-
ever difficult to compare the different methods
since there are large variations in basic condi-
tions. - There are for instance differences in
the configurations of gauges and windshields, in
the height of gauge orifice above ground, in the
sampling interval used for correction (minutes,
hour, day, month, etc.), in the input paramneters
used in the correction equations, and in repre-
sentativity of the wind speed values used for
rcorrection.

A Nordic IHP working group has been investigating
different methods for operational point precipi-
tation correction (Dahlstrem, 1985). The working
group has- distinguished between three categories
of precipitation measuring stations (NWGP, 1985):

a) Stations with temperature, wind speed and pre-
cipitation intensity measurements. Sampling
intervals are one hour or shorter. Automatic
weather stations belong to this category.

b) Stations with tempecature and wind spead, but
without precipitation intensity measurements.
Ordinary weather stations beslong to this cate-

gory.

c) Stations with limited meteorological informa-
tion;- i.e. without precipitation gntensitx
and wind speed measurements. This category
includes ordinary weather stations.

There are many different error sources connected
to precipitation measurements; for instance
errors due to evaporation, wetting, wind deflec-
tion, unsuitable position, splashing of rain-
drops, blowing of snow, defects of gauge, rea-
ding errors and unforeseen incidents (see e.qg.
Dahlstrem, 1973). The general model for correc-
tions takes the following form (Sevruk, 1982):

P = keP !
c m
where Pc = corrected amount of brecipitation
k = conversion Factor due to widd—field
deformation
Pm': amount of precipitation caught by

the gauge,

In the following we will focus on precipitation
errors caused by wind effects at stations of
category a) and b), and to simplify we will
assune that P ' can be approximated by measured
precipitationT Pm.

The aerodynamic correction equations used in the
Nordic countries have been developed indepen- .
dently, and apparently they are quite different,
But as we shall see, they yield quite similar
results.

2. PRECIPITATION EQUIPMENT IN THE NORDIC
COUNTRIES

In order to compare equations for correction of
precipitation, it is very important to know the
shape of the gauge and windshield, the height
of the gauge orifice above ground etc. Table 1
sums up some informations about gauges used in
the Nordic countries. (For further detsils,
see NWGP, 1985).

Table 1 Precipitation gauges in the Nordic countries
Gauge Opening Orifice height Windshield
Country 2
Type ares (cm ) above ground Type
(m) )
Dermark Hellmann 200 1.5 eeee
Finland Tretyakov 200 1.5 Tretyakov
" wild 500 1.5 wiltd
Norway Norwegian 225 1.7 Nipher
.
" Belfort 324 1.7 Alter
" Swedish 200 1.7 Nipher
Sweden " 200 1.7 Nipher

* At automatic weather stations only.




3. AERODYNAMIC CORRECTION-EQUATIONS- USED IN
THE NORDIC COUNTRIES

3.1 Liquid precipitation

For liquid precipitation will the aerodynamic
error depend on size and fall velocity of the
raindrops, - that is the drop size spectrum.

The drop size spectcum is impossible to deter-
mine st ordinary weather stations, but in most
cases can the rain intensity be used as an in-
direct measure. It is, however, important to
stress that there is no one-to-one correspon-
dence between rain intensity and drop size. Low
intensities can be caused by a few large drops,
and even at high rainfall intensities will small
droplets accompany the laryer ones . Wind cor-
rection equations should therefore contain in-
formation about drop size spectrum e.qg. rain in-
tensity .

3.1.1. Denmark.

The correction equation developed by Allerup and
Madsen (1980), contains precipitation intensity

as one of the input parameters, and thus fulfils
the requirement described above.

1) ﬁi"} e

where: Pm = measured precipitation amount (in mm)

Pc = corrected -—-—-————a._ L,
I = precipitation intensity (in 0.1 mm/h}
Vi0° wind speed (in m/s) measured 10 m

above ground.

The ratio Pm/Pc from eq (1) is illustrated in

fFigure 1. The figure shows that for fresh breeze

(v10 ~ 10m/s), the ratio Pm/Pc is higher than

0.98 for heavy rain (I > 10.0 mm/h), and about
0.65 for light rain/drizzle (I = 0.1 mm/h).
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Fig. 1. Ratio between measured (P ) and corrected

(P ) precipitation as a function of wind
spéed and rain intensify (1), according
to Allerup & Madsen eq (1)
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For the Tretyakov gauge in Finland is the wind
correction equation based on results from ex-
periences from the USSR:

(2) Pm/PC ~1-0.0149. v o

3.1.3 Norway.

In Norway is the standard Norwegian gauge now
being gradually replaced by the Swedish SMHI-
gauge. At automatic stations are weighting
gauges (Belfort, Geonor) used.

Before the Norwegian Meteorological Institute
decided to replace their gauge with the Swedish
SMHI - gauge,parallell measurements were perfor-
med during one and a half years at 7 measuring
sites all over the country. The selected sites
were mainly open and windy sites at airports.
The results from these investigations showed
that there usually were only small diffences
between the total catches of these two gsuge
types. On a yearly basis the differences were
less than - 3 p=r cent. Thus the Swedish cor-
rection equations (see section.3.1:4) should
apply also in Norway, and presumably both for
the Swedish and Norwegian standard gauges.

However, field experiments in Norway have shown
that the catch efficiency of the Norwegian stan-
dard gauge with Nipher wind shield is quite si-
milar to that of the U.S. Belfort gauge with
Alter wind shield. (Ferland, 1981).

In some of the field experiments pit gauges
were also used, and the results for the ratio
between measured an- "true" precipitation were
in quite good accordance (Ferland, 1981) to the
results for Belfort gauges presented by Hamon
(1973). For operational point precipitation
correction in Norway, we therefore recommend to
use the equation developed by Hamon (op.cit.):

~0.0134.v
e

(3) P /P~ 2
where: v, = mean wind speed (in m/s) 2 m above
ground.

3.1.4. Sweden.

The aerodynamic error for liquid precipitation
measurements in Sweden is estimated by a regres-
sion equation (Dahlstrem, 1973):

1

1T+ 0.002-v102

(4) Pm/ PC ~
This equation can be used to estimate corrections
at synoptic weather stations with wind measure-
ments. Average wind speed values in the samp-
ling interval (12h/24h) are used. The accuracy
of Lhe regression equatioun has not been tested
for wind speeds exceeding 11 m/s. The equation
is based on data from different types of liquid
precipitation. Drizzle probably needs a larger
correction than rain, but drizzle is in general
a rather small part of the total rainfall amount.

3.1.5. Comparison of Nordic equations for cor-

rection of liquid precipitation.

The wind speeds in the Danish (eq(1)), Fipnjsh
(eq (2)) and Swedish (eq (4)) correction equa-




tions are measured 10 m above ground. To avoid
uncertainty caused by different roughness para-
meters, - and thereby different wind reduction
from 10 m down to the gauge level, - the wind
speed used in eq (3) is measured at the level
of the gauge orifice (2 m level) at most auto-
matic weather stations in Norway. To be able
to compare the four equations (1-4), wind
speeds in 2 m level in eq (3) are converted to
the 10 m level simply by applying a logarith-
mic wind profile approximation: vy ™ 0.8'v10.
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Fig. 2 Ratio between measured (P_) and corrected

(P_) precipitation (liquid) as a Function
of “windspeed.

Fiqure 2 illustrates the ratio Pm/PC as a function
of the 10 m level wind speed for th& Finnish, Nor-
wegian and Swedish rain correction formulaes, eq
(2)-(4). The figure shows that for wind speeds up
to about 8 m/s, - that is fresh breeze, - there
are rather small differences in the ratio Pm/PC
from the three methods.”

But since the three methods do not consider the
effect of different drop sizes or different rain
intensities, they must be considered as average
values for "typical" rainfall intensities for the
test areas in the respective countries.

By comparison of figs. 1 and 2, it will appear
that the correction values used in Norway (eq
(3), Hamon's equation), are almost identical
to the results from the Allerup/Madsen equa-
tion (1) for & rain intensity I = 5.0 mm/h.
This is further evaluated in Table 2.

Table -2 also shows that the Finnish equation (2)
used for Tretyakov gauges is in very good ac-
cordance with eq (1) for an intensity I = 2.5mm/h
and that the Swedish correction equation (4) cor-
responds, rather well with eq (1) for an inten-
sity I = 4.0 mm/h for wind speeds up to about

9 m/s.

The gauges used in Finland, Norway and Sweden
are shielded with either Alter, Nipher or Tre-
tyakov wind shields, while the Danish Hellmann
gauge is unshielded. The average intensities
experienced in the field studies in Finland,
Norway and Sweden should therefore be somewhat
lower than 2.5, 5.0 and 4.0 mm/h respectively,
to be in direct accordance with the Allerup/
Madsen equation.

3.2 Solid precipitation.

The aerodynamic correction equations for solid
precipitation should contain parameters reflec-
ting the shape and fall velocity of the snow
flakes. The fall velocity of snow flakes is de-
pendant on the crystal structure, and thus of
the humidity, temperature and wind speed in the
atmosphere. The relevant values are both those
experienced inside the precipitation clouds and
in the air layer from the cloud base to the
ground.

However, it is in most cases most practical to
use only the air temperature and wind speed at
the ground level as input parameters in snow
correction equations, But as mentioned above,
it is important to know that these parameters
are not sufficient to describe crystal structure
of the snowflakes correctly in all cases. In
some valleys in Norway for instance , it may
rain at ground temperatures down to -10°C and
even lower. :

The main problem in evaluation of snowfall cor-
rection methods is to get reliable estimates of
the "true" snow precipitation. Various proce-
dures have been used to get a measure of this

and other Nordic corretion equations for liquid

Table 2 Accordance between Allerup/Madsen equation (1)

precipitation, as a function of wind speed (v10) in the 10 m level.

Difference between ratios Pm/Pc

a) from eq(1) with I - 2.5 lrm/h and Finnish correction equation (2)

) e B I=50 mm/h and Norwegian .------- R (3)+

(=) B Pommmea 1=4.0 mn/,  and Swedish  —oo-—___ R (4)
vip (m/s) 1 2 304 5 6 7 8 9 N 1213 1 15 2
a) -.01 -0 - .00 -.00 -.00 - .00 .00 .00 .00 .01 .01 .01 .01 .02
b) -.01 -.01 -0t -.01 -.01 .00 .00 .0o .00 .00 .00 .on .00 .00 .00 .00
c) -.02 -.02 -.02 -.02 -.0 .00 .0 . 05 NS - - - - - -

* Note: vy = O.U-v10 ineq (3).




"true" snowfall: snow pillows, snow boards, va-
luation of snow-depth and -density, profile mea-
surements of precipitation in different heights
above the ground, dual gauges, parallell measure-
ments with sophisticated wind shields or at near-
by places shielded by e.q. vegetation, etc. But
none of these methods give 100 per cent correct
estimates of true snowfall precipitation, and
unfortunately especially not for snowfall at
rather high wind speeds.

3.2.1. Denmark.

Solid precipitation amounts only to about 10 per
cent of the yearly precipitation in Denmark,

and an average correction jis used without regard
to particle size or wind speed.

3.2.2. Ffinland.

The following equation developed in the USSR is
used for the Tretyakov gauge in Finland (cfr.
also Golubev, 1985, fig. 2):

(5) Pm/PC ~ 1. 0.0657-v10

3.2.3. Norway.

Some field experiments have been performed to
study the catch deficiency during snowfall.
Daily values from snow pillow reqgistrations,
values of snow accumulated on snow boards
placed at the snow surface, and snow valuation
measurements were used as a measure of "true"
snowfall precipitation. Our experiences were
that for wind speeds above about 3-4 m/s, and
temperatures well below zero degrees; drifting
snow at the snow surface often caused unreli-
able values of accumulated snow on both snow
pillows and snow boards. Snow bridges and
thawing can also complicate the estimates.

At a test field 950 m a.s.]. (Mesvatn) about
50 snowfall episodes gave rather good accor-
dance between snow pillow, snow board and snow
valuation estimates, (Unfortunately most of
these values were achieved for episodes with
weak winds). Group mean values of P /P for
these episodes, as a function of wind speed
were in good agrement (Forland, 1981) with

corrections using Hamon's equation (Hamon, 1973):

—a(T)ev
(6) F’m/pC ~e 2

where a(T) = 0.0271 for OKT < 1.7°C, a(1) -
0.0486 for_-5<T < 0°C, and a(T) = 0.0819 for

-10<1¢ - s°c,

For the winter season 1978/79 at Masvatn, the
shielded Belfort and Norwegian gauges got about.
80 per cent of the snow pillow values (total
245 mm), while the unshielded Belfort and Nor-
wegian gauges caught agout 60 per cent. (Sea-
sonal averages T ~ - 7%, ;2 ~ 2 m/s).

In the IHD periode, field studies were perform-
ed with standard Norwegian gauges (P ) and a
snow pillow (P_ ) at Fillefjell, 1000 m a.s.1.
(Furmyr, 1975)5P ror 7 winter seasons between
1967 and 1974 the mean ratio P /P was 0.44
(standard deviation 0.03), with"anfBal snow
accumulation on the snow.pillow between 100 and
400 mm.  From snow valuation (P ), the mean
ratio pm/Pv was found to be 0.48 for Lhe seven

winter seasons.

It.is unfortunately not possible to group the
results from Fillefjell as a function of wind
speeds. But wind measurements at 8 nearby sta-
tion indicate that the mean wind speed at the
gauge orifice was well above 5 m/s in the winter
seasons,

3.2.4. Sweden.

The aerodynamic error during snow conditions and
its connection with wind speed and air tempera-
ture is rather little investigated in Sweden,
but some results from comparative measurements
using snow pillows are avaiable. The following
equation (Dahlstrem, 1973) is used as a rough
estimate of the error during snowfall:
(7) p /p ~ 1

"o g + 0,004, 2

3.2.5. Comparison of Nordic equations for solid
precipitation.

The consistency between the Finnish (eq (5)),
Norwegian (eq (6) with v, =~ 0.8 v )} and Swedish
(eq (7)) correction equagions for ;gomfall is
illustrated in Figure 3. It appears that the
Swedish correction values lje around the Norwe-
gian values for 0 < T < 1.7°C and _5 ¢ T < 0°c.

The Finnish method gives somewhat lower values
of the ratio Pm/Pc’ especially for high wind-
speeds.
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fig. 3 Ratio between measured (P_) and correc-
ted (P ) precipitation (s8lid) as a func-
tion of windspeed.

But what about the Allerup/Madsen method for 1i-
quid precipitation, eq (1) ? [s it for in-
stance’ possible that snowflakes behave like small
raindrops or drizzle in the airstream around the
gauge? This may be the case, for by comparing
figs. 1 and 3 it will appear Lhat there is good
correspondence between the Finnish, Norwegian
and Swedish correct jon factors for SNow,




Accordance between Allerup/Madsen equation (1) and other Nordic correction equation for solid

Table 3

precipitation, as a function of wind speed (v10) in the 10 m level.

Difference between ratios Pm/Pc

a) From eq (1) with I = 0.001 mm/h and Finnish correction equation (5)

S I=1.5m/  and Norweglan —-----.. e (6)* 0<1¢1.7% (Hamon formula)

I3 J— LI T=0zm/ . . SR Y ) J— -

) J— "m-s 1 0.006m/, - " Soeres® L—

TS J— LI I=15m/  and Swedish —-="ee oo _ 7)
v10 (m/s) 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 20
a) -.02 -.03 -.03 -.02 -.01 .00 .02 .05 .07 .10 .13 A7 .20 .24 ..28 ~
b) .00 -.01 .00 .00 .00 .00 .01 .01 .01 .00 .00 01 01 Lo .0 .01
c) -.01 -.01 .00 .00 .01 .00 .01 .01 .00 .01 .01 .02 .02 .02 .02 .02
d) -.00 -.01 -.00 -.01 -.01 -.00 -.00 -.01 -.01 .oo .00 .00 . .00 .00 .00 .00
e) -.02 -.03 -.03 -.02 -.01 .01 .03 .05 .07 10 - - - -~ - -
* Note: v, 0.8« Vig in eq (6). .

eq (5} - (7), and results from the Allerup/Madsen
formula by inserting appropriate values for rain
intensity in eq (1).

By inserting in-
and 0.006 mm/h

the three Norwegian formulaes (eq (6), Hamon's
equation) for snowfall at different temperatures
are reproduced excellently for all windspeeds.
The Finnish (eq{S)) and Swedish (eq (7)) values
of P /P_ are reproduced with deviations less
than"or” equal to + 0.03 for windspeeds up to

8 m/s by using 1 ="0.001 mm/h and I = 1.5 mm/h'
respectively in eq (1).

This is summarized in Table 3.
tensities of 1.5 mm/h, 0.2 mm/h

The correspondence between the various methods
can also be seen by examining the equations,

or by transformation of the equations according
to Taylor's series (NWGP, 1985).

4 CONCLUSIONS

One obvious conclusion is that the Finnish,
Norwegian and Swedish correction equations for
rain and snow can be reproduced excellently (at
least for wind speeds up to about 8 m/s) by
using appropriate values for rain intensity in
the Allerup/Madsen equation (1).

But one very interesting and unanswered question
is the following: Is it possible that the deflec-
tion of hydrometeor trajectories around arbi-
trary gauges can be described by the same expo-
nential law, but with coefficients varying for
different configurations of gauges and wind-"
shields?

A

And if we may be allowed to raise some provoking

questions as "exit lines" :

Is it possible that

many of the apparent different correction equa-

tions for quite similar

gauge configurations are

due to:

a)

b)

c)

d)

e)

Different methods of assessing true precipi-
tation, and in particular. true snowfall.

Different input parameters for describing
fall velocity of hydrometeors; i.e. drop
size spectrum, crystal structure of SNowW-
flakes. etc.

Lack of standardization of wind measurements.
(For evaluation of correction methods, the
wind should be measured near by and at the
level of the gauge orifice, and not for in-
stance in the 10 m level at an airport in

an open field some kilometers away). Be-
cause of varying height of gauges and of
wind speed measurements it is rather diffi-
cult to compare different methods,

Lack of standardization of integration time
for input parameters in correction formu-
laes. For development and evaluation of
correction methods, wind speed and para-
meters describing hydrometeor structure
should be measured at least at an hourly
basis. '

Different statistical approaches in the hand-
ling of relatively sparse data sets. Also
the goodness of fit for the methods should be
presented, and the methods should be tested
on 1ndependant samples.
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