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Abstract. Solid precipitation (mainly snow, but snow and ice pellets or hail as well), is an important parameter
for climate studies. But as this parameter usually is not available operationally before the second part of the
20th century and nowadays is not reported by automatic stations, information usable for long term climate
studies is rare. Therefore a proxy for the fraction of solid precipitation based on a nonlinear relationship
between the percentage of solid precipitation and monthly mean temperature was developed for the Greater
Alpine Region of Europe and applied to the existing longterm high resolution temperature and precipitation
grids (5arcmin). In this paper the method is introduced and some examples of the resulting datasets available
at monthly resolution for 1800-2003 are given.

1 Introduction reaches from 4-19 E and 43-49 N (Auer et al., 2005,
2007). The resulting new datasets provide monthly, season
The ratio of solid to total precipitation has been part of the and annual solitiquid precipitation totals back to 1800 and
routine meteorological observing and digitizing programmesthe monthly ratios of solitiquid precipitation back to 1780
of weather services for several decades of the 20th century- at a spatial resolution of 5 arcmin which may be the maxi
Back into the 19th century and further back into the early in- mum possible resolution in terms of the given network den
strumental period (e.g.@m et al., 2010) such data are not sity. This resolution is adequate for a considerable numbsd
available at daily resolution and least of all in homogenizedof scientific and practical applications in the topographically
form (e.g. Moberg et al., 2006). In recent decades automaeomplex terrain of the study region.
tion of the networks makes the splitting of precipitation into  As a positive sideféect the method of “instrumental based
its solid and liquid parts vanishing more and more from the proxies” — if applied on well homogenizable monthly input
observing practice due to typical automated networks with-data — produces “indirectly homogenized” time series of cli-
out observers. Therefore an increasing lack of such parammate parameters elsewise hardly homogenizable directly.
eters which are either not or expensive to automate is going In Sect. 2 the method for deriving the percentage and
to cause deficiencies for research and practical applicationamount of solid precipitation is introduced, Sect. 3 shows

=

in the future. Nevertheless solid precipitation is an importantsome results achieved with this new dataset. The conclusiofs

climate parameter in terms of practical applications and a paare summarized in Sect. 4.
rameter sensitive to the ongoing and anticipated warming.

In this paper we want to introduce a method to produce2
“instrumental based proxies” for the sqliquid precipita-
tion fractions and for totals of solfiquid precipitation de-
rived from monthly mean temperatures and monthly precip-
itation totals. The derived method is applied on the exist-
ing high-resolution longterm grids of these two basic climate Daily measurements of temperature, precipitation amount
parameters (Efthymiadis et al., 2006; Chimani et al., 2010)and precipitation type of more than 170 stations in Austrig
in the “Greater Alpine Region” (henceforth GAR), which for 1950 to 2008 were used to analyze and describe a re-
lationship between the mean monthly temperature and the
monthly percentage of solid precipitation. This was done by
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Method

2.1 Derivation of the relationship between monthly mean
temperature and the percentage of solid precipitation
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Table 1. Root mean square error (RMSE) of the calculated to theside) that the functions determined for wi_nter month§ have a
measured percentages of solid precipitation for each month over thét€€per slope than the ones for summer times. The right hand

period 1950—2008. side of Fig. 1 shows the data and the fitted tanh-function for
RMSE January.

January 24.99
February 21.84 2.2 Generating the longterm dataset of solid
March 20.83 precipitation
April 14.97
May 9.09 In order to gain high resolution monthly fields of the per-
June 5.93 centage of solid precipitation for the last 200 years for GAR
July 5.29 the monthly hyperbolic tangents of Sect. 2.1 were applied to
August 4.93 the recently produced long term temperature dataset in the
September 5.85 region. This dataset covers a period from 1780 to 2008 at
October 12.23 a resolution of 5arcmin. It was created by blending highly

November 21.13

resolved monthly mean temperature grids 1961-1990 of the
December 24.26

region (Hiebl et al., 2009) with longterm lower resolution

anomaly fields in two dferent height layers to account for

a lower limit has to be regressed versus an unlimited one. Irthe decoupling of atmospheric layers e.g. due to inversions.

our case the percentage of solid precipitation is variable beJO provide a comparable spatial resolution of the data over

tween 100% (at |Ower temperatures) and 0% (at h|gher tethe Wh0|e period miSSing partS Of the Station'mode Series

peratures). A similar approach has been successfully applieere reconstructed by an EOF-method. For details see Chi-

already on snowcover duration vs. temperature (Hantel et almani et al. (2010).

2000; Wielke et al., 2004). The function of the form Moreover a regional high resolution longterm absolute
monthly precipitation dataset was used to generate infor-

p=50 tanf2 a (T —ag))+50 (1) mation not only about the percentage of solid precipitation

with p as solid precipitation fraction in %4, as temperature  OVer the last 200 years but also for the sgigiid totals in

in °C, anda; anda, being the factors describing the max- MM. For details of the underlying precipitation dataset see
imum slope and theftset of the function from 6C at the ~ Efthymiadis et al. (2006). It covers the period from 1800 to
inflection point. The regressions were determined for eaci?003. This dataset covers the same region as the long term
single month. A further splitting of the data for example into {€mperature dataset and had only to be rescaled frorto10
different climate regions or height layers did not improve thethe aspired Sgrid resolution. This rescaling was done by a
relationship significantly but caused problems due to too fewStraightforward approach without introducing additional in-
data in some of the resulting classes. The function was detefformation. As no precipitation dataset, developed on a 5-min
mined by minimizing weighted fierences of monthly mean gr!d,_was available for the whole GAR the additional uncer-
temperature and the percentage of solid precipitation (Eqs. $2inties had to be accepted.

and 3) between the function and the measurements.

MSEgrgr MSEr . 3 Results
MS 1- MS M 2
WZ(MSE) Er +(1-w) S(MSE Err — Min (2)
10 Figure 2 shows an example of the resulting fields of the per-
w= n> 3 centage and the amount of the solid precipitation for Decem-
all

ber 1929. In the image of the percentage of solid precipita-
wis the weighting factor determined by the numb®rqfthe  tion (Fig. 2a) the high percentage on the Alpine ridge, due
measurements having more than 10% of solid precipitatiorto locally low temperatures, can be seen. The Apennine, the
and the number of all measurements, MSE the mean squarddinaric Alps and the Jura can also be identified easily. More-
error for temperaturerf and percentage of solid precipitation over the continental influence in the eastern part of the GAR
(rr) @andZ(MSE) the sum of both. compared to the western part can be noticed by the smaller

The weighting was necessary due to thedent distribu-  percentage of solid precipitation in the west and especially
tions of the percentage of solid precipitation in th&etient  near the Mediterranean. The structure of the amount of solid
months, especially as in the summer months only low valuegrecipitation (in mm water equivalent) (Fig. 2b) shows a sim-
of solid precipitation occur. The RMSE (root mean squareilar picture with a higher amount of solid precipitation in the
error) of the function for all months can be seen in Table 1.mountainous regions but especially north of the Alps the ar-
Its maximum lies in January with about 25% and the mini- eas of higher solid precipitation amount extends farther north
mum in August with 5%. This is due to the greater variabil- than the percentage alone would explain. Here the influence
ity in the data during winter. It can be noticed by Fig. 1 (left of the precipitation distribution is visible.
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Figure 1. Left: Hyperbolic tangent function describing the relationship between the monthly mean temper@ju@bgcissa) and the
percentage of solid precipitation [%)] (ordinate) for January (black line) and August (dark grey line). Thin light grey lines show the functions
for all the other months. Right: Example of the function fitting for January. The black line shows the fitted function and the grey dots the
measurements.
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Figure 2. Percentage [%]a) and amount [mm water equivaler(lj) of solid precipitation in the GAR for December 1929. R#de colours
representing higfow values.

Figure 3 displays time series of 11 year running meanscentage of solid precipitation and smoother time series df
of the totals and of the percentages of solid winter precipi-the solid precipitation totals. Another interesting structure
tation of some grid points in the GAR. Nearly no longterm shown by these plots is the higher percentage of solid precip-
trend in the percentage of solid precipitation can be seen foitation for south-inner-alpine Bozen, compared to the relat
the inneralpine city of Innsbruck whereas the totals of solidtively low solid precipitation fractions in the milder northern-
precipitation show marked decadal variations with periodsextra-alpine Zrich, a site with significantly more total pre-
of small amounts of solid precipitation near 1855, 1935 andcipitation and therefore comparable sums of solid precipita
1970. The lowest values can be found during the 1855 mintion.
imum. The series of the lower and extra-alpine city of Vi-
enna however show opposite features: Higher decadal scale
variablility and also longterm decreasing trend of the per-
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specifics like inversion layers could influence the results. As

pe it is necessary to have measurements of the solid precipita-
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= tion to define the relationship, this might lead to some prob-
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