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An operational method for daily precipitation observation correction of aerodynamic, wet-
ting and evaporation errors is presented. The aerodynamic correction method used has been 
developed for Finnish conditions when wind observations at the gauge are not available 
but the data from the nearest synoptic station can be used. Daily precipitation observations 
in Finland and its cross-boundary watersheds from the period 1961–2011 were corrected. 
It was discovered that the mean annual total sum of all gauges increased by 13.6% from 
590.3 mm to 670.6 mm. The average overall proportions were 8.6%, 22.8% and 68.6% 
for evaporation, wetting and aerodynamic corrections, respectively. On a daily basis, the 
correction factor varied remarkably according to the form and intensity of precipitation, 
the median value being 1.21. Positive linear trends were identified in observed, corrected 
total and liquid precipitation, whereas a negative linear trend was obtained in corrected 
solid precipitation. The preliminary assessment using a watershed model indicated that the 
amount of correction is approximately correct for liquid precipitation but might slightly 
be too large for solid precipitation. Using corrected precipitation as a hydrological model 
input is recommended but a more comprehensive research is needed.

Introduction

The starting point of all hydrological consid-
erations related to water balance studies is the 
knowledge of the amount and distribution of 
precipitation with respect to time and space. 
This information has almost solely been based 
on point measurements obtained from a can-
type gauge elevated above the ground. To obtain 
better information for spatial variation of pre-
cipitation, gauges have been distributed over an 
area and bound into networks (Sevruk 1986b). 
In recent decades, remote sensing techniques 
have improved but gauge networks still play 

an important role as an independent source of 
precipitation information and also as a refer-
ence tool for weather radars (e.g. Collier 1986a, 
1986b, Gjertsen and Dahl 2001, Saltikoff et al. 
2015) and satellites (e.g. Bell and Kundu 2003).

Gauge precipitation measurements are always 
subject to various sources of errors. Sevruk 
(1986b) divided the sources as follows: (1) 
random and systematic errors of point precipita-
tion measurements, (2) random error at the gauge 
site (due to local irregularities of topography and 
micro-climatic variations), and (3) random error 
of a gauge network (due to inadequate network 
density). Systematic error is believed to be the 
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most important source and it can be further 
divided into the following components: (1) aero-
dynamic, (2) wetting, (3) evaporation, (4) splash 
in and out, and (5) blowing and drifting snow. 
According to Førland et al. (1996), the most 
important of these for the Nordic countries is the 
aerodynamic error, but wetting and evaporation 
errors also have to be accounted for.

Korhonen (1944) and Dahlström (1970a, 
1970b) were among the first to publish precipita-
tion error considerations and correction studies 
for Nordic conditions to be followed later by e.g. 
Allerup and Madsen (1980), Tammelin (1984), 
Solantie (1986) and Dahlström et al. (1986). A 
pioneering and influential international work-
shop on the topic was held in 1985, resulting in 
a research report of a number of papers (Sevruk 
1986a). In the same year, World Meteorological 
Organization (WMO) initiated a solid precipita-
tion measurement intercomparison to evaluate 
national methods of measuring solid precipita-
tion against methods with familiar accuracy and 
reliability, including past and current procedures, 
automatic systems and new methods of observa-
tion (Goodison et al. 1989). This brought about a 
number of investigations during the next twenty 
years or so. Some preliminary results were pre-
sented by Sevruk (1989a) and more profound, 
for instance, by Huovila et al. (1988) and Før-
land et al. (1996), who reported on the efforts 
of the Nordic countries to standardise precipita-
tion correction methods and compare rain gauge 
types. Yang et al. (1995) showed comparisons 
between the Tretjakov and a double fence inter-
comparison reference (DFIR) in seven countries. 
Allerup et al. (1997) presented a statistical model 
for solid and mixed precipitation correction due 
to wind-induced errors. Yang et al. (1998) inves-
tigated the effects of environmental factors on 
the gauge catch and found that wind speed was 
the most important one. Moreover, Førland and 
Hanssen-Bauer (2000) evaluated results from the 
intercomparison project and parallel precipita-
tion measurements of Tretjakov and Norwegian 
gauges and Yang and Ohata (2001) reviewed 
methods to determine bias correction terms of 
Tretjakov gauges and applied selected ones in 
Siberian regions for 1986–1992.

In the same continuum of studies, Bogdanova 
et al. (2002) presented the bias method for the 

standard Tretjakov gauge. The method accounts 
for the following corrections: (1) aerodynamic 
error, (2) joint effect of wetting, evaporation and 
condensation at the gauge collector interior, (3) 
trace precipitation, and (4) false precipitation 
(blowing snow flux into the gauge). Michel-
son (2004) implemented a statistical Dynamic 
Correction Model with the intent to perform 
a systematic correction of precipitation meas-
urements from gauges found in and near the 
Baltic Sea’s drainage basin. He found out that 
H&H-90 gauge underestimates precipitation by 
around 8% on average and its average correc-
tion factor is slightly smaller than that of the 
Tretjakov gauge’s. Chvíla et al. (2005) showed 
that the wind-induced loss of liquid precipita-
tion increases with increasing wind speed and 
decreasing intensity of precipitation. Sugiura et 
al. (2006) carried out an intercomparison of 
solid precipitation measurements to examine the 
catch characteristics of five different precipita-
tion gauges, including Tretjakov. They found, 
for instance, that the daily catch ratios (observed 
precipitation/corrected precipitation) decreased 
more rapidly with increasing wind speed. Other 
investigations of challenges in measuring solid 
precipitation have been presented by e.g. Nitu 
and Wong (2010), Rasmussen et al. (2011) and 
Wolff et al. (2013). Sevruk et al. (2009) sum-
marized the results of international precipita-
tion measurement intercomparisons of WMO 
between 1955 and 2008.

The Finnish Environment Institute runs an 
automatic, operational hydrological watershed 
model called the Watershed Simulation and Fore-
casting System (WSFS). The system is described 
by Vehviläinen et al. (2005) and is available 
at http://www.environment.fi/waterforecast. 
WSFS is used for e.g. flood forecasting, real-
time monitoring and climate change research. It 
covers the whole land-area of Finland in addition 
to the cross-boundary watersheds and its time 
step is one day. The water quality component 
VEMALA (Huttunen et al. 2016) simulates the 
transport of suspended solids, total phosphorus 
and total nitrogen. Main meteorological inputs 
are precipitation and temperature. This study 
was triggered by the need to improve the accu-
racy of the precipitation input and make the 
observations more spatially representative and 
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temporally consistent by accounting for the main 
errors related to the gauge measurements, keep-
ing in mind the operational nature — each obser-
vation is automatically corrected before usage 
— of the method application.

The main purpose of this article is to describe 
in a detailed fashion the method for correction 
of precipitation measurements consisting of the 
exposure method for aerodynamic correction in 
addition to wetting and evaporation corrections. 
The method was applied to every precipita-
tion observation in Finland made between 1961 
and 2011, using correction coefficients depend-
ing on gauge exposure information and type, 
both changing in time. Moreover, the aim was 
to check the data and the correction approach 
results for the purpose of operational hydrology 
by presenting the amount of increased precipita-
tion at each gauge in different forms and at dif-
ferent time scales at each gauge keeping in mind 
the spatial aspects of Finnish weather conditions. 
Also the consistency of data was analysed for 
climate or other research utilizing long time 
series.

Climate and hydro-meteorological 
observations

Climate

Finland is located between 60° and 70° of north-
ern latitude, a quarter of the country located 
north of the Arctic Circle. Finland lies between 
the Scandinavian mountains and the northern 
Russian plains. In the west and the south, it has 
a long coastline with numerous islands along the 
Baltic Sea (Finland’s Fifth National Commu-
nication under the United Nations Framework 
Convention on Climate Change 2009). Due to its 
location, the climate of Finland has features of 
both marine and continental climates, depending 
on the direction of airflow. The mean tempera-
ture in Finland is many degrees higher than in 
most areas at the same latitudes. This is mostly 
due to airflows from the Atlantic warmed by the 
Gulf Stream but also because of the Baltic Sea 
and abundant inland waters. According to the 
Köppen-Geiger climate classification for Europe 
(Peel et al. 2007), Finland belongs to the class 

of cold climate without dry seasons and to the 
sub-class of cold summers with the exception 
of southern parts belonging to the sub-class of 
warm summers.

Observing hydro-meteorological 
variables

Precipitation

The meteorological data were mainly provided by 
the Finnish Meteorological Institute (FMI). Since 
cross-boundary watersheds were included in the 
study, data provided by Swedish Meteorologi-
cal and Hydrological Institute, Norwegian Mete-
orological Institute and Hydrometeorological 
Centre of Russia were also used. In 1961–2011, 
there were three standard gauge types in Finland. 
Their descriptions are adapted from Huovila et 
al. (1988), Førland et al. (1996) and Goodison 
et al. (1998). The Wild precipitation gauge with 
a Nipher wind shield was used, with minor vari-
ations, as the standard gauge in 1908–1981. The 
cylindrical bucket of the Wild gauge is made 
of a 0.5-mm-thick brass sheet. The orifice area 
is 500 cm2 and its height is 150 cm above the 
ground. Inside the bucket, there is a fixed conical 
partition with a drain hole, some 4 mm in diam-
eter. The wind shield is a truncated cone made of 
galvanised steel.

In 1982, the Wild gauges were replaced by 
the Tretjakov gauges. Their cylindrical vessel 
is made of 0.5-mm-thick galvanised steel with 
a varnished, grey outer surface. The orifice is 
200 cm2 and it is placed at a height of 150 cm 
above the ground. Inside the bucket there is a 
cone-shaped partition with a large drainage hole. 
To reduce evaporation during summer, the drain 
hole is covered with a shield consisting of a 
funnel with a hole 7 mm in diameter. The spout 
of the vessel is about 215 mm from the bottom 
of the bucket. The bucket is placed inside a 
windshield made of 15 slats forming a cone, with 
the upper edges of the slats bent outwards at an 
angle of 70° to be horizontal. The slats are on a 
level with the rim of the bucket.

A new standard Finnish bucket, H&H-90, 
using the Tretjakov gauge wind shield, went into 
operation at all manual observation stations on 1 
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January 1992. It is made of aluminium and cov-
ered inside with white PTFE and is painted white 
on the outside. There is no spout in the bucket 
and the height of the bucket is the same as that of 
the Tretjakov bucket (40 cm).

In the latest years of the studied period, 
an instrument based on the weighing princi-
ple, Vaisala All Weather Precipitation Gauge 
VRG101 (Nitu and Wong 2010), was also used. 
It has a similar windshield to that of the Tret-
jakov gauge and hence the same aerodynamic 
correction method is assumed to be applicable 
to it too.

Since 1961, WSFS has used precipitation 
data from a total of 1051 gauges, of which 17, 
6 and 9 are located in Sweden, Norway and 
Russia, respectively (Fig. 1). The descriptions of 
the gauges used Sweden and Norway can also be 

found in Goodison et al. (1998). However, only 
a fraction of the gauges have been operating con-
currently; for instance in 2011 there were about 
220 gauges measuring and reporting daily.

Form of precipitation

Observations of the form of precipitation done by 
the FMI were originally based on visual evalua-
tion by an observer at the site. They were coded 
with a three-digit integer, each digit describing 
the form of precipitation recorded during 06:00–
12:00 UTC, 12:00–18:00 UTC and 18:00–06:00 
UTC, respectively. The FMI categorised weather 
into nine types (Table 1). In correction, some 
precipitation types had to be combined: 0 and 
6 were treated as dry weather, 1 was not taken 
as rain and thus was not corrected, 2 and 7 were 
treated as rain, and 3, 5, 8 and 9 as snow. Sleet 
(type 4) was treated as 50% rain and 50% snow. 
If, for example, the code for a particular day was 
502 and the amount of precipitation 12 mm, 
this was interpreted as solid precipitation of 4 
mm recorded between 06:00 and 12:00 UTC, 
dry weather between 12:00 and 18:00 UTC, and 
liquid precipitation of 8 mm between 18:00 and 
06:00 UTC. The amounts of precipitation were 
assumed to be proportional to the precipitation 
period lengths (in hours).

The FMI replaced the above-mentioned code 
in 2007 with a relation developed by Koistinen 
et al. (2004). It was derived using about 150 000 
synoptic observations and discriminant analysis 
and can be expressed as follows:

  (1)*

where Plp is the probability for liquid precipita-
tion, T is the temperature (°C), and H is the 
humidity (%) at the height of 2 m. If Plp is 
smaller than 0.2, precipitation is solid and if Plp 
is greater than 0.8, precipitation is liquid. In the 
case of 0.2 ≤ Plp ≤ 0.8 precipitation is treated as 
sleet.

Wind

Wind speed and direction measurements are cru-

Fig. 1. Precipitation and regionally-representative wind 
stations in 1961–2011.

* On 29 September 2016 the equation was corrected in the following way: 2.2T (in the denominator) was replaced by 2.7T.
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cial for the aerodynamic correction, together with 
the exposure data of gauge sites. They are meas-
ured every third hour, being the most frequent 
observation needed for the correction procedure. 
Therefore, also correction was carried out using 
the same frequency by first adjusting precipita-
tion, form of precipitation and temperature obser-
vations to the same periods. Several types of 
anemometers have been used since the beginning 
of the 1960s. Some of them provided only a rough 
estimate and the location of some devices was 
not reliable enough. In this study, only regionally 
representative wind speed and direction measure-
ment stations defined by the FMI (see Fig. 1) were 
used because of their reliability and also because 
the aerodynamic correction method was devel-
oped for their data.

Metadata

In addition to the hydro-meteorological data, the 
metadata of the stations is needed for the correc-
tion of the precipitation observations. Besides 
the gauge type information, the registration of 
the height angle is crucial for the correction 
procedure in eight directions (45° sectors) from 
the gauge. The FMI has collected this informa-
tion since 1961, dating the information every 
two or three years if necessary, but it is by no 
means comprehensive in terms of the number 
of gauges and time coverage, thus affecting the 
application of the method. Moreover, the height 
of the anemometer is needed in the case of miss-
ing exposure information when the wind speed 
during the storm is calculated.

Correction method of precipitation 
measurements

General

Because of the operational purpose of use, the 
correction of the precipitation measurements 
was carried out as a simplified version of the 
Finnish exposure method developed by Solantie 
(1986) based on the theory of Korhonen (1942). 
Sarkanen (1989) and Førland et al. (1996) also 
presented this approach. The overall correction 
scheme consists of three components: (1) aero-
dynamic, (2) wetting and (3) evaporation cor-
rection. The common expression for corrected 
precipitation Pc for the Nordic countries can be 
written as (Førland et al. 1996):

 Pc = (1 + A) ¥ (Pm + ΔPw + ΔPe), (2)

where 1 + A is the aerodynamic correction, Pm 
is the measured precipitation, ΔPw is the wetting 
correction and ΔPe is the evaporation correction. 
These terms are explained in detail next.

Aerodynamic correction

Typically, a freely-exposed precipitation gauge 
systematically distorts the wind field, causing 
the wind speed to increase above the gauge 
orifice and forcing the development of eddies in 
and around the gauge. Therefore, smaller liquid 
and solid precipitation particles are prevented 
from entering the gauge. Wind speed can be 
considerably greater than the velocity of the fall-

Table 1. Codes for forms of precipitations used by the Finnish Meteorological Institute (FMI).

Code Explanation Weather

0 dry haze, smoke, snow drift, glaze, no precipitation
1 humid surface fog, mist, frost, rime, fog, dew
2 rain drizzle, rain, shower, freezing drizzle, freezing rain
3 hail small hail, frozen hail
4 sleet sleet, sleet shower, ice pellets, rain with snow
5 snow snow, snow shower, snow pellets, ice needles
6 thunder without rain thunder without rain
7 thunder and rain thunder and rain
8 thunder and hail thunder and hail
9 thunder and snow or sleet thunder and snow or sleet
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ing particles, particularly snow, which results in 
slow-falling particles being carried beyond the 
lee side of the gauge orifice. Hence, the amount 
of observed precipitation is generally smaller 
than the non-biased precipitation. The loss of the 
measured precipitation increases with the pro-
portion of small drops and light snow particles 
and with increasing wind speed (Sevruk 1989b).

The aerodynamic correction approach applied 
in this study is called the exposure method and it 
is developed particularly for conditions in which 
wind speed observations at the gauge are not 
available, but the weather data from the nearest 
synoptic station can be used instead (Solantie 
1986). The aerodynamic correction factor (1 + 
A) depends on the wind speed and direction, 
precipitation type, falling speed of the drops and 
gauge type. The term A is called the relative aero-
dynamic correction and it consists of the wind 
correction kw and the basic part kc:

 A = kwkc = (kwekwakwi), (3)

where kwe is the exposure factor, kwa is the areal 
wind coefficient (= 1 in this application) and kwi is 
the actual wind coefficient. The factor kc depends 
on the precipitation and gauge type (Table 2).

In the wind correction, kwe is defined as

 kwe = a/ , (4)

where  is the average exposure coefficient 
(= 35 in this application) and a is the instantane-
ous exposure coefficient. The latter coefficient 
is determined according to the wind direction 
during the storm observed at the nearest synoptic 
station, which is representative for the particular 
area and describes the wind shelter given by sur-
rounding structures and trees to the gauge using 
the height angle b

 b = tan–1(hobj/dobj), (5)

where hobj and dobj are the height and distance of 
the sheltering object, respectively. When b has 
been obtained, a can be determined (Fig. 2). The 
relation is interpreted so that a = 0 indicates a 
fully sheltered and a = 100 a fully open gauge. All 
the main wind directions are treated separately.

The actual wind coefficient kwi is expressed as

 kwi = w/ , (6)

where w is the wind speed during the storm and 
 is the long-term average wind speed calculated 

over all three hour observations, both obtained 
from the nearest synoptic station which is repre-
sentative for the particular area.

If there is no exposure information for the rain 
gauge for the given time, the exposure method 
cannot be used and kwe = 1. This modification is 
called the wind method, in which the instanta-
neous wind speed and average wind speed are 
reduced. The reduction was carried out by the 
power law method (e.g. Schwarz et al. 2009):

 w = w1(z/z1)
0.143, (7)

where w1 and z1 are the reference velocity and 
reference height, respectively, and z is the height 
of the gauge orifice. The exponent 0.143, sug-
gested by Schlichting (1968), is often cited in 
engineering texts for neutrally stratified boundary 

Table 2. Basic factor kc (adapted from Førland et al. 
1996).

Precipitation Temp. Basic factor kc
type (°C) 
  Wild Tretjakov and
   H&H-90

Drizzle – 0.34 0.05
Rain – 0.01 0.01
Sleet T ≥ 0 0.13 0.05
Snow –8 < T < 0 0.28 0.18
Snow T ≤ –8 0.40 0.18
Shower T ≤ 1 0.28 0.18
Shower T > 1 0.01 0.01
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100 

0 5 10 15 20 25 30 
b 

a 

a = 100exp(–b2/152.7) 

Fig. 2. Instantaneous exposure coefficient a as a func-
tion of the height angle b (°) of the objects surrounding 
the gauge (adapted from Sarkanen 1989).
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layers. This assumption is valid for long-lasting 
precipitation events or for events with hard wind. 
There may be some snowfall in stable conditions, 
but then wind speed is so small that the reduction 
error due to assumption can be neglected.

Wetting and evaporation correction

The wetting correction ΔPw in Eq. 2 accounts 
for precipitation that has become attached to the 
inside walls of the precipitation gauge but is not 
included in the measured amount. It depends on 
the material of the gauge and the form of precipi-
tation and is inversely proportional to the orifice 
area of the gauge. With the exception of 80% 
higher amounts for rain and snow in case of the 
Wild gauge (R. Solantie pers. comm.), the values 
used in this application (Table 3) are taken from 
Førland et al. (1996).

The evaporation correction ΔPe estimates 
the precipitation that had evaporated from the 
gauge before the measurement has been taken. 
The values of the mean daily evaporation loss 
(Table 4) recommended by Førland et al. (1996) 
are added to the measured value according to 
Eq. 2. The fairly high values for the Tretjakov 
gauge in the spring are explained by the prac-
tice of using the gauge without a funnel during 
the cold period of the year. It is inserted in the 
summer, providing the collector with a good 
shelter from evaporation. The correction is made 
in periods of three hours when precipitation has 
occurred, and these values are adjusted corre-
spondingly.

Results

The following analysis was carried out to evalu-
ate the correction method and reliability of the 

results. Since a vast amount of very heteroge-
neous data was used and the end product ena-
bles wide-ranging usage, the aim was to give a 
thorough view of it and different related aspects 
of the correction process. Henceforth, the time 
interval from 1961 to 1981 when the Wild type 
gauges were used is called Period1, and the time 
interval from 1982 to 2011 when the Tretjakov 
and H&H-90 gauges were in operation is called 
Period2. The correction for both periods was car-
ried out using the same method but with different 
parameter values.

A total of about 9 million daily observations 
1961–2011 were included, among them about 
4.4 million (49.3%) days with precipitation. The 
proportions of the forms of precipitation were 
32.9%, 18.1% and 49.0% for solid, mixed and 
liquid, respectively.

Daily correction factor in different 
intensity classes and precipitation forms

First, histograms of the unitless correction factor 
for different precipitation intensity classes were 
examined. Both total precipitation and different 
forms were considered (Fig. 3). For the sake of 
clarity, the distributions were cut at 4.0, even 
though there were higher values, but it did not 
change their shape. The distribution of the cor-
rection factor varied clearly depending on the 
form of precipitation within each intensity class 
excluding < 1 mm day–1 (Fig. 3e–h); the mode of 
distribution was smaller and its occurrence more 

Table 3. Wetting correction amounts (mm/case).

Precipitation type Wild Tretjakov H&H-90

Rain 0.126 0.140 0.130
Drizzle 0.050 0.120 0.090
Snow 0.054 0.090 0.050
Mixed 0.070 0.140 0.110

Table 4. Evaporation correction amounts (mm per day).

Month Wild Tretjakov H&H-90

January 0.01 0.03 0.03
February 0.02 0.04 0.04
March 0.03 0.05 0.06
April 0.01 0.22 0.20
May 0.01 0.13 0.04
June 0.01 0.15 0.05
July 0.01 0.15 0.05
August 0.01 0.10 0.05
September 0.01 0.05 0.04
October 0.01 0.03 0.03
November 0.00 0.03 0.03
December 0.00 0.03 0.03
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Fig. 3. Histograms of correction factor in different intensity intervals (in rows) and form classes (in columns) of 
observed precipitation (mm day–1).

frequent for liquid than for solid precipitation. 
On the other hand, the liquid form got high cor-
rection factor values with very small precipita-
tion (Fig. 3f). The distribution of the correction 
of the solid precipitation did not vary consider-
ably with intensity (Fig. 3h, l, p and t). The cor-
rection factor of liquid precipitation was virtu-

ally 1.0–1.05 for higher intensities (> 5.0 mm) 
(Figs. 3n and r).

Next, the 10th, 25th, 50th, 75th and 90th 
percentiles of the correction factor for different 
intervals and form classes of observed precipita-
tion were studied (Table 5). The medians (50th 
percentiles) of all precipitations in a way sum-
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marise the correction on daily basis; the cor-
rections for all forms, liquid, mixed and solid 
precipitation in general were 1.21, 1.10, 1.21 and 
1.39, respectively. Also on a general basis, the 
higher the percentile, the greater the difference 
of the correction factor between the forms. In 
more detail, in each interval and percentile, the 
correction factor of the solid form was greater 
than the one of the mixed form, which was 
greater than the one of liquid form, with the 
exception of the precipitation interval ]0, 1] and 
higher percentiles. These cases occurred during 
spring and summer and were caused by the high 
proportion of evaporation correction.

Amounts of correction components

The overall average amount of correction was 
79.9 mm per year, equivalent to 11.9% of the 
total corrected precipitation, and the reciprocal 
proportions were 8.6%, 22.8% and 68.6% for 
evaporation, wetting and aerodynamic correc-
tions, respectively (Table 6). The aerodynamic 
correction was clearly greater and the evap-

oration correction smaller in Period1 than in 
Period2. Also the total amount of correction was 
greater in Period1. The proportion of aerody-
namic correction of the total correction (83.3%) 
was remarkably high when solid was the most 
typical from of precipitation (December–March). 
It was clearly greater in Period1 (89.1%) than in 
Period2 (77.1%). In May–September, the cor-
responding proportions were 38.8% and 23.3%. 
In April–August, when evaporation correction 
has a more notable role, the different correction 
types were almost equal in Period2. In Period1, 
the role of evaporation was minor.

Obviously, there was a great variation in the 
monthly mean aerodynamic correction (Fig 4). 
It can be almost as large as the mean in winter 
months. In December–March, the amounts of 
the aerodynamic correction were 8.6–12.0 mm 
and 5.6–7.9 mm for Period1 and Period2, respec-
tively. The average total amounts of the correc-
tion for the same months were 10.0–13.2 mm and 
7.6–9.9 mm for Period1 and Period2, respectively. 
The average aerodynamic correction amounts in 
May–September were 0.7–1.8 mm and 0.7–1.1 
mm for Period1 and Period2, respectively.

Table 5. Percentiles of correction factor in different intensity intervals and form classes of observed precipitation 
(mm day–1).

Precipitation Form of Percentiles of correction factor
intensity precipitation 
(mm day–1)  10th 25th 50th 70th 90th

]0, ∞[ all 1.035 1.075 1.209 1.467 1.905
 liquid 1.026 1.043 1.095 1.292 1.830
 mixed 1.069 1.119 1.209 1.375 1.740
 solid 1.117 1.227 1.385 1.643 2.040
]0, 1] all 1.200 1.296 1.493 1.870 2.410
 liquid 1.191 1.272 1.467 1.900 2.560
 mixed 1.214 1.294 1.450 1.790 2.360
 solid 1.211 1.338 1.545 1.878 2.333
]1, 5] all 1.050 1.073 1.124 1.239 1.416
 liquid 1.046 1.058 1.082 1.116 1.151
 mixed 1.070 1.108 1.161 1.233 1.327
 solid 1.073 1.164 1.283 1.436 1.642
]5, 10] all 1.025 1.032 1.045 1.138 1.317
 liquid 1.024 1.029 1.035 1.043 1.053
 mixed 1.036 1.069 1.113 1.192 1.288
 solid 1.049 1.156 1.266 1.410 1.601
]10, ∞[ all 1.013 1.018 1.025 1.043 1.216
 liquid 1.013 1.017 1.022 1.028 1.035
 mixed 1.026 1.058 1.106 1.191 1.288
 solid 1.048 1.169 1.286 1.420 1.602
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In April–August, the different amounts of 
evaporation correction were emphasised. They 
were 0.1 mm and 0.8–2.2 mm for Period1 and 
Period2, respectively. Wetting correction varied 
least through the months and between the periods, 
the ranges being 0.9–2.0 mm and 1.1–2.0 mm for 
Period1 and Period2, respectively (Fig. 4b and c).

Effect of exposure information

To understand the effect of exposure informa-
tion of the gauges on correction amounts, the 
same set of data was corrected by both exposure 
and wind methods. The data set consisted of 
the period 1961–1999 and 75 gauges, including 
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Fig. 4. Mean monthly 
amounts (± SD, mm) of 
correction components. 
(a) 1961–2011, (b) 
Period1, and (c) Period2.
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the Wild, Tretjakov and H&H-90 types, with 
reliable exposure information. In case of liquid 
precipitation (Fig. 5a and c), the distributions of 
the corrected yearly sums seem quite similar. The 
means of liquid precipitation sums corrected by 
exposure and wind methods were 433.5 mm (SD 
= 115.0 mm) and 433.9 mm (SD = 115.2 mm), 
respectively. When statistically tested (paired 
t-test assuming unequal variances, e.g. Milton and 
Arnold, 1987) they differed significantly (t2685 = 
2.7605, p = 0.00581). In case of solid precipita-
tion, the distributions differed more clearly (Fig. 
5b and d). The means were 216.0 mm (71.4 mm) 

and 220.6 (72.4 mm) for exposure and wind 
methods, respectively. Paired t-test assuming une-
qual variances (t2685 = 6.7384, p = 1.952 ¥ 10–11) 
also showed clear evidence of the difference.

Regional distributions of annual 
precipitation sums

There are some characteristic places in Fin-
land in terms of precipitation (Fig. 6a), which 
should be mentioned when precipitation maps, 
obtained by calculating areal precipitation to 
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Fig. 5. Histograms of 
yearly precipitation sums 
of 75 gauges in 1961–
1999: (a) liquid precipita-
tion corrected by the wind 
method, (b) solid precip-
itation corrected by the 
wind method, (c) liquid 
precipitation corrected 
by the exposure method, 
and (d) solid precipitation 
corrected by the exposure 
method.
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a 1 ¥ 1 km grid by inverse distance squared 
method using the three nearest point-wise obser-
vations (Fig. 6b–f), were analysed. Minimal spa-
tial smoothing between grid cells was used to 
study the effects of different gauges. All the dis-
tinguishable spots were checked. In some cases, 
a gauge was located in such an open place that it 
was exposed to winds and much higher aerody-
namic correction was carried out in comparison 
with the surrounding gauges. However, there 
were also cases when measurements of a gauge 
were found to be unreliable and were removed 
from the data.

The general patterns of the observed (Fig. 6b) 
and corrected (Fig. 6c) precipitation were increas-
ing towards the east and south of Finland. This 
was more emphasized in corrected amounts. Of 
course, there were local anomalies from this pat-
tern due to exposure and wind conditions. The 
general pattern of difference between corrected 
and observed precipitation (Fig. 6d) followed the 
one of the solid precipitation (Fig. 6f). Liquid 
precipitation (Fig. 6e) was greater than solid 
precipitation. Moreover, the areal distribution 
of precipitation was different in the winter and 
summer halves of the year. In winter, the Scandi-

Fig. 6. Spatial variation of annual mean precipitation (mm) in Finland: (a) regions, (b) observed, (c) total corrected, 
(d) total corrected – observed, (e) corrected liquid, and (f) corrected solid. The areas in the background are the 
main watershed boundaries.
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navian mountains dried out the precipitation areas 
coming from west with the result of increasing 
the precipitation in Finland about 5% per 100 km 
towards the south-east of the country. Other areas 
with high solid precipitation (300–350 mm) were 
the Maanselkä area, the eastern ends of the Suo-
menselkä and particularly the Enontekiö area. 
There were also local spots of high amounts of 
solid precipitation outside these areas. On the 
other hand, the coast of the Gulf of Bothnia, the 
Ostrobothnia area between the coastline and Suo-
menselkä, and south–west Finland were the areas 
with the least solid precipitation (150–200 mm).

Overall, the total regional yearly sum was 
composed of liquid and solid totals. The maxi-
mum was located in the same place as the solid 
maximum, and the minimum in the same place 
as the liquid minimum. The features of the 
above-mentioned distribution of solid and liquid 
precipitation stand out better in the maps of total 
sums, for instance the tendency of increasing 
solid precipitation from north-west to south-east 
and the higher amounts close to the watershed 
divides. These phenomena were more empha-
sised with the corrected precipitation (Fig. 6c).

Long-term time series and linear trends 
of annual sums

Considering the effect of correction for all 
gauges and the whole period, the total annual 
precipitation increased 13.6% from 590.3 mm to 
670.6 mm. The proportions for liquid and solid 
precipitation were 63.6% and 36.4%, respec-
tively (Table 7).

The long-term analysis of annual sums of 
observed and corrected precipitation (total, solid 
and liquid) was carried out separately for the 
whole period, Period1 and Period2. The year 

1982 was omitted since the replacement of the 
Wild gauges by the Tretjakov gauges took place 
during that time. Obviously, the variation of 
the corrected total was greater than that of the 
observed precipitation (Fig. 7a and b), partic-
ularly the large values are more frequent with 
the corrected total. The differences of means 
between the periods were statistically tested 
using Student’s t-test for unequal variances (see 
e.g. Milton and Arnold 1987) and were found 
statistically highly significant which indicates 
that the observed, corrected total and corrected 
liquid precipitation were greater and corrected 
solid precipitation smaller in Period2 (Table 7).

The statistics of linear trend analysis was 
based on the least square method of slope fitting 
(Table 8). In the whole period, the trends were 
found in all parameters, three of them being pos-
itive and the one for the solid precipitation nega-
tive. In Period1, the trends in all parameters were 
positive trends, whereas in Period2 the trend was 
positive for liquid precipitation only and nega-
tive for both corrected total and corrected solid 
precipitation, with observed precipitation having 
no trend at all.

Validation using a hydrological model

First, appropriate metrics for assessing the good-
ness of precipitation correction was defined. 
A common metrics in hydrological modelling, 
coefficient of determination r2 (also known as 
Nash-Sutcliffe model efficiency), was calculated 
for the observations and simulations of WSFS 
discharge simulations. We found out that com-
paring r2 values from runs with uncorrected and 
corrected precipitation data gave a clear indica-
tor of the goodness of precipitation correction 
in terms of water balance. To distinguish the 

Table 7. Mean annual precipitation sums (mm) for 1961–2011, Period1 and Period2 and results of the t-test for 
unequal variance comparing Period1 with Period2.

 1961–2011 Period1 Period2 df t p

Observed 590.3 566.4 611.5 20 687.1 –29.0528 < 2.2 ¥ 10–16

Corrected total 670.6 657.4 683.5 20 072.4 –15.0952 < 2.2 ¥ 10–16

Corrected liquid 439.6 418.2 458.2 21 862.3 –27.9645 < 2.2 ¥ 10–16

Corrected solid 231.0 239.2 225.3 20 988.7 13.6527 < 2.2 ¥ 10–16
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r2 difference due to uncorrected and corrected 
precipitation, r2 values were calculated only for 
the period 1 March–20 June in 26 years deter-
mined by the WSFS calibration procedure. This 
is because the correction for solid precipitation 
is much greater than for liquid precipitation and 
cumulative precipitation during winter strongly 
affects spring flood discharge simulation and 
therefore differences in r2 are greater in spring 
than in other seasons.

The r2 metrics simulations were run with pre-
cipitation input produced by four methods: (1) 
traditional correction, (2) daily correction, (3) 
observed precipitation, and (4) daily correction 
with fitted coefficients. Traditional correction 
refers to method used in WSFS in which fitted 
areal coefficients for both liquid and solid pre-
cipitation are determined and division to solid 
and liquid precipitation was done with fitted 
areal temperature limit values. Coefficients and 
limit values were fitted to minimize the dif-
ference of simulated and observed discharge, 
which will give the traditional method an edge 
over daily correction method when compared 
with r2 metrics. Daily correction method is the 
method described in this article. When using 
measured precipitation, the form of precipitation 
is determined by observations and the precipita-
tion volumes are not corrected but plain gauge 
observations are used. The method of daily cor-
rection with fitted coefficients is a combination 
of daily correction method and traditional cor-
rection method: fitted areal coefficients for both 
liquid and solid precipitation are applied to pre-
cipitation corrected by the daily method.

There was no substantial difference between 
the daily and traditional correction methods (see 
Fig. 8a). The histogram is slightly tilted in favour 
of the traditional method which, however, is 
expected due to fitted coefficients and tempera-
ture limit values. Using daily corrected precipita-
tion results in greater r2 in most discharge sta-
tions than using plain observations (Fig. 8b). The 
r2 differences between the traditional correction 
and the daily correction with fitted coefficients 
are depicted in Fig 8c. Superiority of either 
method is not obvious, but the results resemble 
the ones presented in Fig. 8a. However, it must 
be noted that using daily corrected precipita-
tion with fitted coefficients instead of traditional Ta
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method increased the goodness of fit more than 
0.10 for some discharge stations. Comparison 
of Fig. 8a and c indicates that using areal fitted 
coefficients with daily correction is beneficial.

To validate the correction factor of daily cor-
rection method, we examined the respectively 
fitted areal coefficients, which alter the pre-
cipitation input to better match the water balance 
based on discharge observations (Fig. 9). Coef-
ficients below 1 indicate that the daily correction 
method is correcting the volume of precipitation 
too much and coefficients above 1 indicate a too 
small daily correction.

Discussion

The focus of this study, outlined on the basis 
of operational hydrological modelling in which 
every observation is valuable if it is reliable, was 
to check the correction procedure and estimate the 
amount of correction in total precipitation and in 
liquid and solid forms. The correction method was 
selected so that it suits well the Finnish conditions 
and uses standard hydro-meteorological observa-
tions readily available for the whole study period. 
Data were heterogeneous due to changes in gauge 
network, a number of gauge and instrument types, 
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ficients – traditional cor-
rection.
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countries and practices, exposure, geographical 
and climatic conditions, etc. The principle of syn-
chronising precipitation, wind and form of precip-
itation observations suits well with stable weather 
conditions but can bring on errors with unstable 
conditions such as cold fronts and showers. More-
over, daily mean temperature value is too rough 
for many weather situations since temperature can 
vary significantly during a 24-hour period. Using 
only reliable, regionally representative wind sta-
tions guarantees that the general weather type is 
well described and thus supports areal precipita-
tion calculations, but diminish sensitivity to adapt 
to spatial variation. Allerup et al. (2000) stated 
that in Danish conditions wind observations can 
be extrapolated from remote sites not farther away 
than approximately 50 km. It is unknown how 
this applies to Finnish conditions but we esti-
mated that approximately in 75% of all cases this 
instruction could be complied.

Wagner (2009) stated, based on literature 
review and questionnaire, that most precipita-

tion data are still not systematically corrected. 
There are also very few published studies about 
operational and automatic precipitation correc-
tions concerning all observations or observations 
from many decades with large spatial dimen-
sions of a certain country or weather services 
institute. Most often, a limited number of gauges 
and/or homogenous conditions are selected, e.g. 
12 stations in Greenland 1994–1997 by Yang et 
al. (1999), a few gauges in Norwegian Arctic 
by Førland and Hanssen-Bauer (2000), drifting 
stations in the Russian North Pole 1950–1990 
by Bogdanova et al. (2002), five stations in high-
latitude regions from three winters by Sugiura et 
al. (2006). The lack of operational corrections 
is probably due to considerable amount of data 
processing needed. Moreover, conditions can 
vary a lot and therefore a suitable method is not 
easily found, particularly for solid precipita-
tion. Some of the very few studies found in the 
literature regarding long-term nationwide pre-
cipitation correction were the ones obtained by 
Lapin and Šamaj (1991) for a network of about 
700 gauges in Slovakia 1981–1988 and Ye et al. 
(2004) for 710 stations in China 1951–1998.

Most studies comparing the corrected 
and observed precipitation are carried out for 
monthly or yearly sums even though in opera-
tional hydrology the usage of the measurements 
takes place often on a daily level. In one of the 
few assessments of daily amounts, Yang et al. 
(1998) stated that small absolute differences of 
measurements can result in large variations in 
catch ratios in daily precipitation. Therefore, in 
their analysis they only accounted for amounts 
greater than 3.0 mm per day, and concluded that 
the undercatch was always greater for solid than 
for liquid or mixed precipitation. Legates et al. 
(2005) found out that Arctic precipitation correc-
tion carried out using daily data are significantly 
more accurate than those based on monthly data 
because the daily meteorological data are more 
representative of the actual conditions when pre-
cipitation occurred. The results of this study 
showed that liquid form gets higher correction 
factor values more often. This obviously is due 
to the greater evaporation correction during the 
summer months. The relative effect of evapora-
tion correction, as well as the one of the wet-
ting correction, is particularly substantial with 
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Fig. 9. Histograms of areal coefficients for (a) solid and 
(b) liquid precipitation fitted with the corrected precipi-
tation to match the water balance based on discharge 
observations.
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low precipitation intensities (< 0.2 mm h–1). The 
correction of the solid precipitation occurs in a 
different way; it does not vary significantly with 
intensity because of its strong dependence on the 
aerodynamic correction. Instead, in cold weath-
ers (T ≤ –8 °C) it tends to get greater correction 
due to light snowflake.

Different correction methods, observation 
instruments and weather and climate conditions 
can produce remarkably different results for the 
corrected amount of precipitation and therefore 
comparing results obtained in this study with 
those of others’ can only be done on a very gen-
eral level. For example, Yang (1999) obtained 
256 mm and Bogdanova et al. (2002) 165 mm 
for annual average corrected precipitation of 
Russian North Pole drifting stations in 1957–
1990. At Alaska, correcting the Canadian Nipher 
gauge data Benson (1982) reported a correction 
factor, without considering wetting loss and trace 
amounts, of 1.1 and 3.5 for liquid and solid pre-
cipitation, respectively. Legates and Willmott 
(1990) presented monthly based climatological 
correction factors and, for instance, for Finland 
on January 1999 (virtually solid precipitation) 
they were greater than 1.5. Fuchs et al. (2001) 
showed similar values, estimated by an event-
based method, for the south coast of Finland 
and Enontekiö area in the north but somewhat 
smaller values (1.1–1.5) for other areas. Yang et 
al. (1998), correcting wetting loss before deal-
ing with the wind-induced errors, indicated an 
overall correction factor of 1.2 and 1.9 for liquid 
and solid precipitation, respectively. Metcalfe 
et al. (1994) corrected the snow data and the 
results indicated that the total corrected annual 
precipitation was 50%–100% greater than the 
gauge-measured yearly total. As for the Tretja-
kov gauges, also Sevruk (1982), Groisman et al. 
(1991) and Yang et al. (1995) demonstrated that 
the correction for snowfall is greater than that for 
rainfall. Førland et al. (1996) found a catch ratios 
of 0.95 and 0.7 for liquid and for solid precipita-
tion, respectively, in their study with Nordic 
gauges. Førland and Hanssen-Bauer (2000) 
found a ratio between corrected and measured 
precipitation of 1.26 and 1.70 for the summer 
and winter seasons, respectively, in Norwegian 
Arctic. Yang and Ohata (2001) applied sev-
eral corrections methods for Tretjakov gauges in 

Siberian regions in 1986–1992. Wind-induced 
undercatch was found to be the greatest error and 
the annual precipitation was found to increase 
10%–65% due to correction. Adam and Letten-
maier (2003) showed 18.3% increase in mean 
annual precipitation for latitudes 60°–70°N in 
Eurasia using their systematic bias adjustments. 
Zhang et al. (2004) concluded that the corrected 
annual precipitation was 17%–42% higher than 
those measured and corrections were found to be 
higher in winter than in summer time in Mongo-
lia. The wind loss was 5%–30% and wetting loss 
3%–9% of the total correction. The evaporation 
loss was 4%–11%, which is slightly higher than 
2%–8% found by Groisman et al. (1991) for 
Siberian conditions. Sugiura et al. (2006) stated 
53.9% catch ratio for solid precipitation.

Also this study showed an obvious differ-
ence between liquid and solid precipitation forms 
in monthly and yearly sums. The correction of 
solid precipitation was particularly emphasized in 
cold weathers and strong winds from unsheltered 
directions. The proportions between corrected and 
observed amounts, as well as different compo-
nents, were well within the ranges reported in the 
literature. The aerodynamic correction being the 
biggest, according to both this and other studies, 
emphasizes the influence of the method used. In 
practice, it is difficult to avoid placing precipita-
tion gauges in locations with surrounding obsta-
cles such as bushes, trees and buildings. At the 
same time in operational hydrology, there often is 
a shortage of information. Therefore, the exposure 
method presented and applied in this study can 
compensate many of the deficiencies or rectify 
errors and provide reliable precipitation informa-
tion. There are only a few surveys (e.g. Solantie 
1986, Førland et al. 1996) reporting usage of 
exposure information of the gauges when cor-
recting precipitation observations. In this study, 
utilization of this information was found impor-
tant and caused statistically significant difference 
in results on a general level. The differences were 
analysed in a long period (1961–1999) using 75 
gauges without paying attention to the direction 
of the wind during the precipitation event so it can 
be assumed that there were a lot of occasions both 
in sheltered and unsheltered wind conditions.

The general patterns of the precipitation maps 
were found to be in strong correspondence with 
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the ones presented in Solantie (1987). The pre-
cipitation amounts were higher in summer than 
in winter due to the showery nature of the rainfall 
and higher moisture content of the atmosphere 
then. It is also possible that some heavy snow or 
sleet showers occurring near 0° were interpreted 
as liquid precipitation. Anyway, the influence of 
this phenomenon should be marginal not causing 
bias in general patterns. The absolute amount of 
correction increasing towards the east of Fin-
land, particularly in the southern parts, can be 
explained by the fact that the observed precipita-
tion and thereafter the corrected precipitation is 
increasing even more strongly. The orographic 
conditions showed an important role during 
winter months since the rain clouds were low, 
stated also by Solantie (1987) and Solantie and 
Pirinen (2006). This explains the higher solid 
precipitation amounts in the areas of watershed 
divides, e.g. in the Salpausselkä area and in the 
higher ground of Tammela. On the other hand, 
during the summer half of the year, orography 
has virtually no effect on the regional distribu-
tion of precipitation, since the rainclouds are so 
high. However, the heat characteristics of land 
and water are significant, particularly in inland 
areas. In the afternoons, there is a tendency for 
rising currents above warm land surfaces, lead-
ing to showers and therefore liquid precipita-
tion amounts are typically higher in inland than 
in other areas (Solantie 1987). However, due 
to the long-term averaging and because all the 
precipitation does not have this nature, the scat-
tered effect of showers is not obvious in the lake 
area, but can easily be seen in the vicinity of the 
southern coast line. During the summer, the sum 
effect of central Finland, being on the route of 
lows moving from west to east and surrounded 
by sea and lakes, causes maximum liquid pre-
cipitation in Suomenselkä, the lake area and 
Kainuu. The similarity between the difference 
of corrected and observed precipitation and the 
corrected solid precipitation patterns was due to 
the fact that the correction of solid precipitation 
was greater. Corresponding regional patterns can 
be recognized in many snow related records, 
like solid form precipitation as percentage of 
total precipitation, snow depth with a rare occur-
rence (Solantie 1987), winter month precipita-
tion amounts (Pirinen et al. 2012), snow zones 

(Solantie et al. 1996) and also from some tem-
perature related records, such as the annual range 
of monthly mean temperatures (Helminen 1987). 
Instead, similarity with regional wind patterns 
is not obvious, apart from the SE corner of Fin-
land which is prone to winds from the direction 
between west and south (Helminen et al. 1987). 
The effect of winds depends on the exposure 
conditions of the gauge, for instance even strong 
winds can results in minuscule correction if the 
gauge is sheltered from the direction of wind. 
The effect of wind can also be difficult to distin-
guish from the general climate patterns because 
the wind direction during the precipitation event 
(measured every third hour) can vary and gauges 
may have different exposure conditions in each 
direction.

Even though statistically significant trends 
were found in terms of different periods and 
precipitation forms, a stand, based solely on this 
study, cannot be taken on whether they are due 
to changes in gauge types, gauge network, cor-
rection method, climate, etc., or a combination 
of these. The results are also not representative 
averages for Finland since the spatial distribu-
tion of gauges is not even throughout the country 
(Fig. 1). When studying changing climate in 
particular, a representative group of gauges with 
carefully analysed metadata should be selected 
and used only in the analysis, as was done by 
Pirinen et al. (2012).

Saltikoff et al. (2015) compared radar based 
estimates of solid precipitation with the cor-
rected solid precipitations of this study. They 
found that their average ratio was 1.59 for the 
entire data set. The ratio depended on the pre-
cipitation intensity: the weaker the intensity was, 
the greater the ratio. This was most common 
for precipitation below 2 mm per day. On the 
other hand, in moderate and high-intensity pre-
cipitation, they found cases in which corrected 
precipitations were greater than the radar-based 
estimates. The ratio varied with the distance to 
the radar so that at shorter ranges radar precipi-
tation was typically greater than the corrected 
precipitation but beyond 150 km the radar gave 
increasingly smaller values.

In the assessments with the watershed scale 
hydrological model, we found that using the 
corrected precipitation instead of plain observed 
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precipitation improved the goodness of fit of 
the model (r2), and using the fitted coefficients 
with daily correction improved it even more. 
However, using either the traditional method or 
the correction method of this study with fitted 
coefficients did not make significant difference. 
The fact that no clear distinction in r2 values 
was found means that it is worthwhile to use the 
corrected precipitations with areal fitted coef-
ficients as the input for the hydrological model, 
because, in principle, they are more realistic, 
taking into account the ever-changing weather 
circumstances at gauges. Our findings are con-
sistent with the ones of Stisen et al. (2012). They 
applied two precipitation correction methods to 
a historic 20 year record, and evaluated the 
resulting precipitation data sets through a com-
prehensive water resources model in Denmark. 
They found that simulated stream discharge was 
improved significantly and optimized model 
parameters were much more physically plausible 
using the other correction method. However, 
our results are only preliminary since a more 
profound research with WSFS could not easily 
be implemented herein. This analysis supports 
a comprehensive future research with new cali-
brations of the modelling system using different 
precipitation data sets made explicitly compara-
ble. The amount of liquid precipitation correc-
tion was considered approximately correct and 
the amount of solid precipitation correction a bit 
too large. The results indicated that the coeffi-
cients for solid precipitation might be fitted even 
below the limitation 0.9–1.1.

Conclusions

Aerodynamic, wetting and evaporation cor-
rection was carried out for daily precipita-
tion observed in Finland and its cross-bound-
ary catchments in 1961–2011. The correction 
method was found easy to apply to Finnish 
conditions. The most time-consuming part was 
obtaining and combining data from different 
sources and replacing missing data.

In comparison between corrected and 
observed precipitation, the proportions and 
amounts were found to be realistic and in accord-
ance with those in the literature. The mean yearly 

precipitation sums of all the stations and the 
whole period were 590.3 mm and 670.6 mm for 
observed and corrected precipitation, respectively, 
which is equivalent to a 13.6% increase. The gen-
eral pattern of spatial variation of total corrected 
precipitation and its different forms corresponded 
to the prevailing knowledge and former research.

The distribution of the correction factor 
varies so that the mode was smaller and its 
occurrence more frequent for liquid than for 
solid precipitation in the intensity intervals with 
the exception of the lowest one (< 1 mm day–1). 
This was due to the greater aerodynamic cor-
rection of the solid form. With low intensities 
during the summer months, the liquid form had a 
more frequently higher correction factor because 
of the greater evaporation correction. The vari-
ation of the correction factor was virtually neg-
ligible with liquid precipitation greater than 5 
mm day–1. The median correction factor on daily 
basis was 1.21.

In the comparison of different components, 
the average overall proportions were 8.6, 22.8 
and 68.6% for evaporation, wetting and aer-
odynamic corrections, correspondingly. In the 
case of solid precipitation, the proportions of 
the aerodynamic correction were about 89.1% 
and 77.1% for Period1 (Wild gauges 1961–
1981) and Period2 (Tretjakov 1982–1991 and 
H&H-90 1992–2011), correspondingly. In the 
case of liquid precipitation, these proportions 
were 38.8% and 23.3%.

In the analysis of the long-term annual pre-
cipitation sums, the observed, corrected total 
and corrected liquid precipitation were found 
to be greater and corrected solid precipitation 
lesser in Period2 than in Period1. For the entire 
studied period, the linear trend analysis indicated 
increasing amounts of observed, corrected total 
and liquid precipitation and decreasing amounts 
of corrected solid precipitation. In Period1, all 
the trends were positive but in Period2 the trends 
were mixed: positive for liquid precipitation and 
negative for both corrected total and corrected 
solid precipitation. It cannot be rejected that 
these trends are real, but they remain obscure for 
the time being because the vast amount of data 
used included a lot of heterogeneity.

Although conclusions cannot be drawn on 
climatic issues, this study provides a large, care-
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fully checked data source to be used for opera-
tional hydrological modelling, as originally 
intended, and also for hydrological and climate 
research after appropriate data selection for the 
purpose. According to our literature review, 
studies on systematic, operational correction of 
all daily precipitation observations during fifty 
years are very rare. The correction procedure 
was developed so that it can be executed auto-
matically when a new observation is received. 
The procedure utilizes available information in a 
diverse and effective way using alternative meth-
ods or data replacement schemes. We showed 
that accounting for exposure information of the 
gauges has a statistically significant decreas-
ing effect on correction amounts. Our method 
evaluation is not only based on the literature 
review but also on comparisons with radar and 
hydrological model based estimates. However, 
the conclusions drawn are divergent for solid 
precipitation; the former comparison indicates 
underestimation and the latter overestimation 
on the average level when using our procedure. 
Liquid precipitation correction is instead on a 
correct level indicated by the hydrological model 
comparison. Using corrected precipitation as 
input in hydrological model simulations seems 
favourable but a more comprehensive study on 
this topic is recommended.
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