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Abstract 

Correction of Inhomogeneous Data in the Precipitation Time Series of Sweden Due

to the Wind Shield Introduction 

Ioannis Sofokleous 

The work of this master thesis is based on analyses of monthly precipitation data from 70 stations of 

the SMHI (Swedish Meteorological and Hydrological Institute) in Sweden, in the period 1860-2014, 

using the information for the year of introduction of the wind shield at each station. The primary goal 

is the calculation of correction factors which will be applied on the precipitation data in the period of 

measurements before the introduction of the wind shield. This correction will counterbalance the 

underestimation of the collected precipitation by the unshielded precipitation gauges due to the effect 

of the wind. The wind induced error, related to aerodynamical effects, increases with increasing wind 

speed.  The stronger the wind, the more capable it is of deflecting the precipitation water droplets or 

snowflakes, falling towards the gauge orifice, away from it. In spite of the important efficiency of the 

wind shield which acts to diminish the wind error, the long-term effect of changing the measuring 

instrumentation at some time in the observations history is the production of inhomogeneous data in 

the measurements records. Inhomogeneous precipitation data are sources of errors in climatology and 

hydrology and result in misleading conclusions regarding the climate change and climate variations, 

hence they should be identified and corrected through a homogenization method. 

    The analysis includes the comparison of the precipitation data of each station during two periods, 

one before and one after the introduction of the wind shield. This comparison leads to the calculation 

of ratios representing the increase in the catch between the two periods due to the introduction of the 

wind shield. Temperature data are also processed in order to estimate the type of precipitation 

(snow/rain) in each case.  The monthly corrections ranged between 5 %, for rain, and 27 % for snow 

precipitation. The absolute value of the increase of the average annual precipitation due the 

implementation of the correction was 50 mm. The comparison of the corrected against the uncorrected 

precipitation time series indicated a less pronounced increase (0.74 mm/y) of the precipitation during 

the last 150 years, after the application of the correction, compared to the increase indicated  from the 

uncorrected data (1.19 mm/y). 

Keywords: Precipitation data correction, precipitation time series, homogenization of precipitation 

data, wind shield, wind screen, aerodynamic wind error 
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Populärvetenskaplig sammanfattning 

Korrigering av inhomogenitet i tidsserier av nederbördsdata i Sverige orsakade av 

införandet av vindskydd 

Ioannis Sofokleous 

Kontinuerliga samt felfria nederbördsmätningar är av stor betydelse för geovetenskaper som 

klimatologi och hydrologi därför att nederbördsdata är en av de primära meteorologiska parametrarna 

för forskning om klimatförändringen. Att säkerställa felfria (homogena) nederbörds tidsserier betyder i 

stort sett att säkerställa homogenitet genom att identifiera och korrigera inhomogena data. Icke 

homogena data uppkommer på grund av förändringar i mätmetoder och mätförhållanden under 

observationstiden, sedan 1860-talet tills idag alltså. Denna studies syfte är att beräkna en korrektion 

som ska användas för att korrigera nederbördsmätningar som utfördes sedan 1860 utan vinskydd. 

Vindskyddet eller vindskärmen, en speciell utrustning som användas på nederbördsinsamlare, infördes 

gradvis under perioden 1900-1960 vid de svenska nederbördstationerna. Vindskyddet introducerades 

med avsikt att minska vindens påverka vid nederbördsinsamling. Men trotts den positiva effekten som 

vindskyddet ledde till, genom den ökade nederbördsmängden som samlades in, skapade denna 

förändring av mätarutrustningen inhomogena data. 

    Bearbetningen skedde för månadsnederbördsdata från 70 stationer från SMHIs meteorologiska 

nätverk genom att jämföra nederbördsobservationer som genomfördes under perioderna tio år före och 

tio år efter införandet av vindskydd. Dessutom användes temperaturdata från samma stationer för att 

uppskatta nederbördslag (snö/regn). Skälet till detta är att vinskyddseffekten är olika mellan snö och 

regn. Beräkningarna och bestämningen av nederbördslag ledde till en 5 % respektive 27 % nederbörds 

ökning för regn och snö för de mätningarna som utfördes utan vindskydd. I genomsnitt har de 

korrigerade värdena, under perioden som vinskyddet saknades, ökat med omkring 50 mm.  

Nyckelord: Nederbördsdatakorrektion, nederbörds tidsserier, inhomogena nederbördsdata, vindskydd, 

vindskärm, aerodynamiska vindfel 
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1 Introduction 

Long instrumental records of observations of meteorological variables, which extend for decades or 

centuries back in time, are of a great importance for climatology as well as for the rest of the earth 

sciences. Among the meteorological variables, precipitation and temperature hold the longest 

instrumental records in Sweden, with observations at the country’s three astronomical observatories 

since the early-18
th
 and the mid-18

th
 century respectively. Century-long instrumental records such the 

above constitute a small fraction of the millennium-long reconstructed time series, but yet the time and 

spatial resolution of instrumental records provide us with much more palpable details than the 

reconstructed series. In consideration to the climate changes, which are as a rule measured in relation 

to the preindustrial climate conditions, the instrumental records of the last 150 years are unavoidably 

an integral part of the climate change research. Thus the demand of ensuring high quality instrumental 

records is a first priority for the research community.    

Precipitation measurements exhibit larger uncertainty than temperature measurements based 

upon the meteorological procedures that precede the observation and the measuring methods. Errors in 

the temperature measurements are mainly induced by the placement and the calibration of the 

measuring instrument (thermometer), whereas precipitation measurements are subjected to additional 

sources of errors. First and most important is the exposure of the precipitation gauge to the wind. High 

exposure to wind implies significant losses of precipitation amounts in comparison to the amount that 

would be collected in calm wind conditions. Additionally, the type of precipitation (liquid or solid) 

and the air temperature affect the measured amounts in comparison to the true precipitation (Førland et 

al., 1996).  

In attempting to overcome the effect of the wind, which leads to underestimations of the 

precipitation, new types of precipitation gauges were successively introduced in the meteorological 

network of Sweden to replace the older ones during the last 150 years. The introduction of the wind 

shield on the precipitation gauges, as well as relocation of gauges, were marked as two of the most 

ambitious measures aiming to reduce the wind induced error. The wind shield is a metallic structure 

which is placed around the precipitation gauge in a way such that the wind speed is decreased around 

the gauge.  Despite the great advantage of the improvement of the precipitation measuring methods, 

with an increase in the catch by 40 %, homogeneity related problems arose in the long run 

(Alexandersson, 2002). Non homogeneity in the observations time series is defined as any variation in 

the time series which is attributed to changes and variations other than the variations in weather and 

climate (Conrad and Pollak, 1950).  

Access to homogenous precipitation data, reflecting the real changes and variations of the 

climate, is deemed indispensable in fields such as climatology and hydrology. In these fields, the 

accurate estimation of precipitation changes is an essential aspect for the water balance research 

(Rutgersson et al., 2001). Thus, improving the existing methods or developing new methods, which 



2 
 

can more accurately adjust the inhomogeneous precipitation records to the actual meteorological 

conditions, is a necessary task.    
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2 Aim 

The objective of the current thesis is to develop a correction which will be applied on the precipitation 

data of 70 stations in Sweden, during the period from the first measurements until the year of 

introduction of the wind shield for each station.  In particular, the correction will concern the 

inhomogeneity event of the introduction of the wind shield, and hence information from older reports 

and inspections at stations regarding the year when the wind shield was introduced will be used. 

As a rule, any homogenization technique produces corrections for the data series of a particular 

station, for any possible inhomogeneity event such as instrumental change, relocation etc., by applying 

comparisons of data. The comparing data might be, firstly, the data of that particular station with a 

neighboring station’s data or, secondly, the long term average of the particular station with the data 

during a period which may exhibit significant deviations from the average. The current thesis, using an 

alternative method, will focus on one particular period for each station, given the year of occurrence of 

the inhomogeneity event. The period of interest will be between some years before and some years 

after the introduction of the wind shield. This is done in order to compare the amount of collected 

precipitation during the period with wind shield against the period without wind shield.  

The investigations will be performed on monthly precipitation data, provided by the SMHI 

database and will cover the period from 1860 to 2014. Thus the corrections which will be calculated 

will be applied also to monthly precipitation data. A correlation of the resulted corrections with 

temperature data, in order to examine the efficiency of the wind shield depending on if the 

precipitation is snow or rain will also be attempted. Finally, the corrections will be applied on the 

precipitation time series of the initial uncorrected data sets in order to draw conclusions regarding the 

effect of the wind shield in the long run. 
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3  Background 

3.1 Precipitation measurements in Sweden 

3.1.1 First measurements 

The first official network of meteorological stations in Sweden was established during the period 

1859-1860. The small network with regularly reported meteorological observations was initiated by 

the Royal Academy of Sciences (Kungliga Vetenskapsakademien). The earliest precipitation 

measurements, with periodically good quality exist since the mid-18
th
 century owing to the weather 

observations at the three astronomical observatories in Uppsala, Stockholm and Lund. At the end of 

1870s, a quite extensive network of precipitation observations was set up by the Central 

Meteorological Office (Meteorologiska Centralanstalten) with support from the Agricultural Society 

(Hushållningssällskapet) and help from volunteer observers. An important addition to the network was 

when lighthouses were equipped with precipitation gauges around 1880. The network of 

meteorological observations consisted of nearly 500 precipitation stations at the end of 19
th
 century.  

 

3.1.2 Evolution of the precipitation measurements  

The number of manual precipitation stations increased from year to year so that it reached its 

maximum, about 900 stations, in the 1960s. In the following years, the number of stations in operation 

decreased gradually and automatic stations were introduced in 1995. The automatic stations, 100 in 

number, which replaced some of the manual stations, included the wind shield from the start of their 

operation. One reason for the decrease of the number of the manual stations is that observers, who had 

performed the measurements for some decades, died at some time and were not substituted by others. 

In 2014 the number of manual precipitation stations dropped close to 700 whereas the number of 

automatic stations increased slightly above 100. 

  When the first official observations were carried out, in 1860, the collection of the 

precipitation was done in a metal can with orifice area of one Swedish square foot (1206.5 cm
2
) 

equipped with removable evaporation shield and a measuring glass with volume equivalent to 3.5 mm 

of precipitation. The first precipitation gauge did not include a wind shield. Despite the 

recommendation for the height of the rim of the gauge to be no higher than 1.5 m above the ground, 

some inspections reported gauges to be located on balconies and roofs, which meant that these gauges 

could be located even at 10 m height. The effect of this high above the ground placement, which was a 

common practice during the early years of the measurements, is discussed in the next section. An 

order to relocate all gauges from roofs and other wind exposed sites was issued in 1893.  

The next event in the history of the precipitation measurements in Sweden was the introduction 

of the new type of gauge with 1000 cm
2
 orifice area in 1873 (fig. 1a). The new gauge was not 

equipped with a wind shield until 1894 when a wind shield was introduced at Stockholm observatory 
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and at several other stations in the following years (fig. 1b). Apart from the Stockholm observatory, 

other stations which were first equipped with wind shield were those with suspicions of large wind 

losses, especially at coastal areas. Thus the precipitation stations at the lighthouses, which were under 

the management of the nautical-meteorological office, were also equipped with a wind shield in 

around 1895 (fig. 1c). A significant number of gauges was successively equipped with wind shield of 

Swedish type until 1935 (Alexandersson 2002).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The precipitation gauge with 1000 cm
2
 orifice area introduced in 1873. (a) Without wind shield 

(Source: Nautiska Meteorologiska byrån (1879)) and (b) with wind shield of Swedish type introduced in 1894. 

(Source: Hamberg (1911)) (c) The precipitation gauge with wind shield managed from the Nautical-

Meteorological Office at the lighthouses (Source: Meteorologiska Central-Anstalten (1897)). 

 

The end of 1930s marked the start of the replacement of the 1000 cm
2
 gauge with a gauge of 

significantly smaller orifice area of 200 cm
2
. This change, apart from the practically favored reduced 

size which led to an easier emptying, also served to reduce the evaporation losses.  According to 

Andersson (1969) the accuracy of the smaller gauge in comparison to the older larger one was not 

influenced. Yet the new gauge type was found to leak at the joints when the water in it froze and 

thawed. The need of more resistant cans led to the gradual replacement of the older cans, made of 

galvanized iron, with a new lighter one without joints which was made by aluminum alloy. The 

replacement was done from 1958 and lasted until some years later.      

The currently operating manual gauges have the characteristics of the gauge introduced in 1958 

with the addition of a new feature at the bottom of the can in order to prevent the evaporation of small 

amounts of precipitation. In bibliography, it is named as the SMHI gauge with wind shield of Swedish 

type or Nipher shield. The daily amount of collected precipitation is measured with a measuring glass 

once a day at 07:00 am. The total daily precipitation is considered the one fallen from 07:00 am of the 

same day until 07:00 am of the next day whereupon the value is read by the observer.   
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Figure 2 The SMHI manual precipitation gauge with the Nipher wind shield 

(Source: Polarforskningssekretariet). 

3.2  Uncertainties in the precipitation measurements 

According to Eriksson (1983), the precipitation measurements are subjected to two general kinds of 

errors. The first type of error is this which causes underestimation of the true precipitation reaching the 

ground and the second, is the type of error which causes non-homogeneities in the time series. The 

scope of the current thesis is to investigate the extent to which an inhomogeneity event, the 

introduction of the wind shield, has led to misleading conclusions regarding the precipitation change 

during the period of existing measurements before the first half of the 20
th
 century. The purpose of the 

introduction of the wind shield was to reduce the so-called “aerodynamical” error or the precipitation 

losses due to the wind conditions. The following two sections clarify the difference between the two 

kinds of errors and introduce, in addition to the above, some further examples. 

3.2.1 Errors - Underestimation of the true precipitation 

Several studies have been conducted in the past aiming to reveal the effect of different equipment or 

weather conditions on the measured precipitation compared to the “ground true” amount.  Through the 

WMO Solid Precipitation Measurement Intercomparison, an initiative of the WMO (World 

Meteorological Organization) for the improvement of the point precipitation measurements quality, 

Førland et al. (1996) published a report with analytical description of the background and the results of 

a field experiment of the Nordic countries at Jokioinen in Finland during the period 1987-1993. 

According to that report, and Alexandersson (2003), the main errors of the precipitation measurements 

are classified as the following: 
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Wind or “aerodynamical” error: The precipitation falling towards the gauge is influenced by 

the wind due to the distortion of the wind field around the gauge. The existence of a barrier causes the 

streamlines to deform producing turbulent eddies around the gauge orifice. This deformed wind field 

is different from the average wind field through which the “ground true” precipitation falls. Thus the 

precipitation amount falling on a barrier free surface will be different, and actually larger, than the 

amount falling in the gauge. The existence of the gauge causes updrafts at its windward side which 

lead to the deflection of the precipitation trajectories away from the gauge. The losses consequently 

become larger for higher wind speeds and for snow precipitation because the snowflakes are lighter 

compared to the raindrops.     

By the use of the wind shield, the influence of the deformation of the wind field on the falling 

precipitation above the gauge orifice is diminished. The flow distortion occurs at the edge of the wind 

shield, instead of at the gauge orifice, and the flow becomes more homogenous over the gauge leading 

to lower losses. Fig. 3 shows the simulations of the wind streamlines from the computational fluid 

dynamics (CFD) theoretical model.  The distortion of the wind field exerted at the gauge orifice of the 

shielded gauge (right) is drastically weaker than the corresponding distortion of the unshielded gauge 

(left).   

Despite the effectiveness of the wind shield, the wind losses are not eliminated even when this 

is used. Different studies regarding correction of precipitation measurements propose different figures 

for the correction of the wind losses. In Førland et al. (1996), the comparison of the catch efficiency 

on average of the shielded against the unshielded gauges, gives more than 20 % increase in the catch 

of solid precipitation (hail, ice pellets, snow, sleet, ice grains) and lower than 5 % difference in the 

catch for liquid precipitation. More study results are presented in section 3.3 Previous research. 

Figure 3  Results from a CFD model simulation showing the streamlines (arrows) and speed (colours) of the 

wind around the unshielded SMHI gauge (left) and around the shielded gauge with a Nipher wind shield (right) 

(Source: Michelson (2003)). 
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Effect of surrounding environment on the wind error: A too “open” position, that is to say a 

placement at a coastal area, on a rocky island, bare mountains or rooftops is strongly not 

recommended for the placement of a precipitation gauge due to the unavoidably large losses induced 

by the wind. However, the above does not suggest that the placement of a precipitation station in 

relation to its surroundings, in order to avoid high winds, is unrestricted. As stated in Eriksson (1983), 

an ideal placement should meet the following requirements: “Steeply sloping terrain and hills should 

be avoided. Satisfactory wind shield in form of bushes, trees and buildings, which reach at least ~20 

above the horizon should exist in all directions. The elevation angle of surrounding objects shall not 

exceed 45. Elevation angle up to 60 can be tolerated for single thin obstacles, such as trees.”  

The reasons for the restrictions of the elevation angle of the surrounding objects, between 20 

and 45, are mainly two. First, to maintain a satisfactory wind shield formed by the surroundings, so 

that the wind losses are reduced, according to the 20 lower limit. Second, to avoid the umbrella 

effect which takes place when precipitation falls on the windward side of tall trees which stand too 

close to the gauge, according to the 45 limit. Nonetheless the placement of a rain gauge in relation to 

its surroundings must be sustainable in the long run. Trees and bushes around the gauge which meet 

the 20 limit will grow up in the future, thereby distorting the natural shield and eventually causing 

the umbrella effect. Therefore, the optimum solution would be a shield which would substitute for the 

vegetation close to the gauge. Such a shield resembles the double fence wind shield which is used in 

North America. 

A precipitation station may have satisfactory shield from the surrounding environment in 

certain directions of the wind during a precipitation event. The opposite, i.e. unsatisfactory shield 

from the surrounding environment, may be true in other directions of the wind. The ideal is to ensure 

shielding from the surrounding environment in all directions. Still, the case for most precipitation 

stations in Sweden is not the latter. Alexandersson (2003) classified about 30 % of the stations as well 

shielded, 45 % of the stations on a rather open position with some shielding towards certain directions 

and another 25 % of the stations on a well shielded position.  

A specific methodology of classification was followed by both Eriksson (1983) and 

Alexandersson (2003); they proposed corrections on precipitation data depending on the wind 

exposure of each station. Each station was matched with a class from 1 to 7, with class 1 representing 

an ideal positioning and class 7 representing an extremely open unshielded position on the coast or 

mountainous region. The classification into different classes is a difficult task because it is often 

subjectively carried out. Furthermore, stations that have been relocated may need to be classified into 

different classes during different periods. The tools used for the classification according to the wind 

exposure were fish-eye photos, sketches and notes from the latest inspections and the proximity of the 
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station to the coast or to a high mountain. A fish-eye photo, when taken from the upper side of the 

gauge and when combined with four complementary photos (fig. 4), each in the direction of a 

cardinal point, can reveal how much and in which directions a precipitation gauge is shielded.  

Figure 4 Photos used for the classification according to the wind exposure of a precipitation station at Ulvsjön, 

southwest of Sundsvall.  Above, a fish eye photo taken from the upper side of the gauge. Below, photos in the 

directions of the four cardinal points (Source: SMHI). 
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In practice, relocating a gauge some meters away from its initial position can result in 

significant change in the catch due to the alteration of the surrounding environment. In Abisko in 

Lappland there are two gauges, one that began its operation in 1913 and which is located on a low hill 

and another one, located on a nearby lower position, which is used for parallel measurements since 

1974. According to Eriksson (1983), the latter station measured from 5 to 20 % more precipitation. A 

second example is the parallel measurements, during two years, performed at Ölands Norra Udde, on 

the island of Öland.  The parallel to the main gauge measurements were performed on a well shielded 

station, surrounded by trees and buildings and located 20 m away from the main gauge. As a result of 

the location, too close to trees, of the “parallel” gauge, a 10 % lower annual precipitation amount was 

measured in comparison to the main gauge.  

Evaporation: The evaporation may result in losses of the collected precipitation when the 

evaporation shield, a specially designed funnel, is not inserted in the gauge. The SMHI gauge is 

equipped with a removable evaporation shield which is removed during the snow season and which is 

placed back in the gauge when the warm season arrives. The largest losses due to evaporation occur 

when the observer forgets to insert the funnel and, according to Alexandersson (2003), occur in May 

(0.16 mm) because it is usually at a time during that month when the observer has remembered to 

insert the funnel after the end of the snow season. Thus, measurements after May would not be 

expected to exhibit the same magnitude of evaporation losses, if the funnel is inserted. According to 

Førland et al. (1996), the losses from March until August, for the temperature climate of Jokioinen, in 

south Finland, when the funnel is not inserted in the gauge, range from 0.2 to 0.6 mm per month. 

Wetting or adhesion: Part of the collected precipitation, after emptying the gauge to perform 

the measurement, remains on the inner walls of the gauge. The magnitude of the missed amount, due 

to adhesion, is dependent on the observer who performs the measurement, according to 

Alexandersson (2003). In the latter study, the given value for this error is equal to 0.1 mm per 

measurement after a precipitation event. The monthly value of the error ranges between 1 and 2 mm.  

Other errors: Part of the collected amount of snow may drift out of the gauge (drifting snow) 

if the station is not shielded sufficiently. Liquid precipitation may also splash out of the gauge during 

heavy rainfall. During the measurement procedure, errors that may occur are the observational error 

during reading the subdivisions of the measuring glass and evaporation of part of the snow 

precipitation which has been left in an indoor environment to thaw in room temperature or during 

melting on a stove.  

3.2.2 Non homogeneity in time series 

The conditions of measurements of meteorological variables have changed consecutively in the history 

of the measurements due to the development of the measuring techniques and due to changes in the 

surrounding environment of the stations. The instrumentation of the precipitation measurements for 
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instance, as described in section 3.1.2 has been replaced, regarding the shape, size and material of the 

gauge and the equipment of the station, through the introduction of the wind shield, has also changed. 

Furthermore, stations have been relocated and the environment may have changed through 

urbanization and the growth or the cutting down of vegetation. These changes are considered sources 

of inhomogeneous data leading to pseudo trends in the time series. Non homogeneous climate data do 

not reflect the real changes of the climate. 

The correction or homogenization of climate data is not always a simple task because the 

necessary historical documentation such as inspections of the stations, which periodically describe the 

situation of the stations, is often missing. Several methods for the identification of non-homogeneous 

data and for the homogenization of the data series exist but despite this, no exact mathematical theory 

has been formulated. This thesis attempts to calculate a correction which will be applied on 

precipitation measurements, based on the known event of the introduction of the wind shield which 

may have caused non homogeneities in the precipitation time series of the stations. Each station needs 

to be treated separately because the wind shield was introduced at different times for different stations. 

Fig. 5 shows a histogram with the occurrence of the introduction of the wind shield at 70 stations 

during the period from 1860 until 1980.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Histogram of the occurrence of the introduction of the wind shield at 70 stations from 1860 to 1980. 

 

 

3.3  Previous research  

During the 20
th
 century, the effect of the wind (aerodynamical error) is examined by a number of 

studies which are presented in the following paragraphs.  The investigations of most of these studies 

regarding the wind error were part of 30 year (normal) period analyses of the precipitation climate of 

the country. Non homogeneous data were identified by the comparison of the precipitation of 
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individual stations which exhibited significant deviations from the normal values, with neighboring 

stations. A limited number of these studies examined directly the effect of the wind shield by 

comparison of data of different periods or by field experiments. Nevertheless, none of the studies had 

targeted for the comparison of the precipitation during the period before and after the introduction of 

the wind shield for each individual station. This is in fact the aim of the present thesis, to come up with 

a correction for the precipitation climate change of the country, owing exclusively to the effect of the 

wind shield.  

Early studies regarding the wind losses on precipitation data were prompted by suspicions on 

the unreliability of precipitation measurements which were performed at wind exposed sites, due to 

the losses induced by the wind.  Hamberg (1911) examined the data of the precipitation measurements 

from the establishment of the first official network, in 1860 until 1910.  In his extensive work, 

Hamberg included the results of a field experiment for the effect of the wind shield, at Särna, in 

Dalarna County, possibly the first experiment in the documented studies. The three year parallel 

measurements, from 1907 to 1910, of one shielded and one unshielded gauge resulted in an average 

annual increase in the catch of precipitation by the shielded gauge by 11 %, with the increase to be 

especially noticeable during the winter months. This result was frequently used as a reference in later 

studies in order to stress the importance of the wind shield. 

According to Bergsten (1954), a total change in the measured precipitation, with an increase of 

8-10 %, appeared in the comparison of the periods 1901 -30 and 1921-50. This change, as shown from 

Bergsten’s investigations, was attributed to a combination of two factors, owing to the climate 

variation and to the effect of the wind shield, with an increase of 2-3 % and 5–8 % respectively.  

In the report of Eriksson (1983) concerning the precipitation climate in Sweden in the normal 

period 1951-80, correction for the main errors due to the wind, evaporation and adhesion were 

performed on the annual amounts of precipitation.  The classification of the stations according to the 

wind exposure, from 1 (very well shielded position) to 7 (extremely unshielded position), as described 

in section 3.2.1, was the tool for the decision of the magnitude of the correction for the wind error. The 

respective figures of the correction of the precipitation, ranged from 2 % (class 1) to 15 % (class 7) for 

the liquid and from 5 % (class 1) to 75 % (class 7) for the solid precipitation.  

For the purpose of the “Solid precipitation measurement intercomparison” of the WMO, 

Førland et al. (1996) summarized the results of the field experiment (1987-93) in Finland, which 

aimed to improve the quality of the point precipitation measurements through the evaluation of the 

measuring instrumentation and correction models.  The setup of the experiment included both shielded 

and unshielded precipitation gauges of the meteorological services of the Nordic countries. The site of 

the experiment was quite open because it was mainly surrounded by cultivated fields.  The deficiency 

of each type of gauge was compared with the “ground true” precipitation (reference value) which was 

measured by a double fence shielded manual Tetryakov gauge. The results for the liquid precipitation 

were a deficiency of 5 % for the shielded and 8 % for the unshielded gauges, and for the solid 
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precipitation, ~30 % deficiency for the shielded and larger than 50 % for the unshielded gauges in 

comparison to the reference precipitation values.  

In the report for the precipitation data in Sweden for the period 1961-90, Alexandersson (2003), 

described in a methodical way the calculation of the corrections for the precipitation data series owing 

to the wind, evaporation and adhesion losses. A similar classification of the stations according to the 

wind exposure, as in Eriksson (1983), in addition to the determination of the percentage of snow and 

rain per month for each station, was used by Alexandersson (2003) in order to perform the corrections. 

The combination of adjusted monthly mean temperatures with the standard deviation led to the 

calculation of the ratio of snow to rain at each station, depending on the fluctuation of the temperature 

above and below zero. The wind losses ranged from 1.5 to 12 % for rain and from 4 to 36 % for snow 

for class 1 to class 7 respectively.  

Another study for the precipitation (and temperature) climate in Sweden, from Alexandersson 

(2002), concerned the period of official records from 1860-2001. The homogenization of precipitation 

data based on documentation and the comparison of neighboring stations, resulted in an increase of 5-

10 % on average and an increase from 30 to 40 % at the most wind exposed sites owing to the 

introduction of the wind shield. Moreover, Alexandersson (2002) studied the overall climatological 

changes in Sweden during the period 1860-2001 reporting the remarkable increase of annual 

precipitation by 23 % in the north and by 7 % in the south. During the same period, the winter 

precipitation was found to exhibit especially large increases after 1920.  

The long time change of the other parameter included in the water cycle, the runoff, is equally 

important as the precipitation change, because runoff depends primarily on the precipitation. The 

difference between precipitation and runoff is worth mentioning because of the continuously 

increasing difference of the two in the 20
th
 century. Lindström and Alexandersson (2004) state that the 

trend in difference between precipitation and runoff may be due  to the increased evapotranspiration 

(due to the increased temperature) or due to the increased biomass (increased number of forests today 

compared to the 19
th
 century, which can hold more water than grasslands for instance). Despite the 

existence of natural causes for the increasing difference of the two parameters, the difference in reality 

might be not as large as depicted. Erroneous and inhomogeneous data, in both parameters, which 

could not be identified and corrected, may have affected the magnitude of the difference which comes 

out from the comparison of the two.      
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4  Methodology 

4.1 Data 

Monthly precipitation values from 70 stations were used in this work in order to compare the amounts 

of precipitation caught by the gauge before and after the introduction of the wind shield. Thirty one 

temperature datasets, with monthly average values, from 31 stations were also used in the analysis. 

The data were obtained from the SMHI database. The retrieved data from the particular database, for 

the purpose of the current study, are free of any corrections, yet they are subjected to validation 

checks. This information was important in order to ensure that the implementation of the analysis will 

involve data with values identical with the values which were measured and reported from the 

observers, and which will not contain any type of additional correction factors. Each station, apart 

from the precipitation data, came also with its metadata including the station’s number, geographical 

coordinates, altitude and year of introduction of the wind shield. The stations at which the 

precipitation and temperature data were measured are shown on a map in Appendix 1. 

4.2 Data analysis 

4.2.1 Precipitation data analysis 

Calculation of correction factors: The first step was to calculate the ratio of the sum of the annual 

precipitation for a period of one to five years after the introduction of the wind shield divided by the 

sum of the precipitation of the corresponding five year period before the introduction of the wind 

shield for each station (denoted as ±5y). The ratio of the precipitation change was also calculated for 

each month from the monthly precipitation data. The same procedure was followed for a ten year 

period before and after the introduction of the wind shield (denoted as ±10y). The comparing periods 

are schematically represented in fig. 6a. Their length should not exceed 10-15 years because in that 

case there would be a risk to capture, during the analysis, possible long term climate changes in 

addition to the change induced from the wind shield introduction. A significance test, the t-test, was 

applied, after the calculation of the ratios, to both ±5y and ±10y comparison to obtain the t-values (and 

the confidence levels) for the calculated ratios for the change of precipitation. The magnitude of the t-

values would be used as a measure of the statistical significance of the ratios. 

The requirement that should be met by the 70 stations in order for the dataset of each station to 

be considered complete and in order to proceed with the calculations of the ratios was five and ten 

years of continuous measurements for the ±5y and the ±10y comparison respectively, before and after 

the introduction of wind shield. 

In addition to the ±5y and ±10y comparisons around the year of the introduction of the wind 

shield, the ratio of the sum of the precipitation of the period from ten to twenty years after with the 

sum of the precipitation ten to twenty years before the introduction of the wind shield was also 
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calculated (fig. 6b). The reason for comparing two periods which are not only one year (year of 

introduction of the wind shield) apart from each other is to apply a test which would confirm that the 

obtained ratios from the ±5y and ±10y comparisons are the “expected” ones. In other words, by 

comparing any two periods, one with and one without wind shield, the results of the ±5y and ±10y 

comparison should be repeated to some extent. If the ±5y and ±10y comparisons are in approximate 

accordance with the ten to twenty years before and after comparison, then the obtained ratios exhibit 

reproducibility, which increases the confidence in the results of the analysis. 

  

   

Figure 6 Graphical representation of the periods which were used to obtain different ratios for the 

precipitation change between two periods, depicted as double-headed arrows of the same color. The ratio is 

calculated from the sum of the precipitation during the period after the introduction of the wind shield 

divided by the sum of precipitation during the corresponding period before. 

Furthermore, the ratios with the method of the ±5y and ±10y comparisons were calculated using 

an offset added to the year of the introduction of the wind shield. The offsets were set to be +5, +10, -5 

and   -10 years, so that the calculations were made using a new intermediate year between the 

comparing periods (fig. 6c and  fig. 6d), such that shifted year of introduction of wind shield = year of introduction of 

wind shield + offset. During both periods of comparison around the new shifted intermediate year, the 

station would be either shielded or unshielded. In other words the wind shield exists in both comparing 

periods for the +5y and +10y offset comparisons whereas the measurements in the comparing periods 

of the -5y and -10y offset comparison were taken with an unshielded gauge.  The motivation for these 

further tests was to compare the obtained “offset ratios” with the ratios of the ±5y and ±10y 

comparisons and investigate the role of natural variability. The natural variability of the precipitation 

is indicated by the former ratios because, in contrast to the ±5y and ±10y ratios, they do not reflect any 

change in the instrumentation. Having said the above, the ‘offset’ ratios may then be used as an 

uncertainty measure for the natural variability in the ±5y and ±10y ratios. 
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The standard deviation of the mean ratio of the total number of stations (monthly and annual 

values) as well as the standard error of mean was also calculated for all comparisons which are 

mentioned above. These statistical indicators are two additional uncertainty measures which may 

account for the variability between different stations and the accuracy of the calculated mean ratios. 

Implementation of the correction: After the calculation of mean ratios from several different 

comparisons of periods, the set of mean ratios, among the ±5y and ±10y comparisons, which exhibited 

the highest statistical significance, was used for the correction of the precipitation data.  The correction 

was applied on the initial number of stations (70) regardless of if the station had a complete dataset or 

not. The implementation of the correction is described in the following steps: 

 The correction of the precipitation data of each station was applied on all measurements in the

period before the introduction of the wind shield, by a multiplication of the monthly precipitation

value of each station with the corresponding ratio of that month.

 The average value of the monthly precipitation as well as the average annual total precipitation of

the 70 stations was calculated both for the original uncorrected and for the corrected datasets. This

made possible to construct the time series of the corresponding values covering the period from

1860 until the end of 2014.

 Linear regression was applied on the time series of the monthly averages and the average annual

precipitation using the least squares method for both the uncorrected and the corrected datasets.

The slope of the line of the linear regression corresponds to the change of precipitation per year.

4.2.2 Temperature data analysis 

Further values of the correction ratios would be obtained by a new analysis, partly similar to the 

analysis of the previous section, by including temperature data in addition to precipitation data. The 

temperature data would allow a classification of the obtained monthly ratios of the ±5y or ±10y 

comparison according to the relative amount of snow/rain fallen on average per month at each station. 

Further detailed analysis, according to other types of precipitation such as hail or sleet, was not 

possible to be done because the type of precipitation was not recorded on a systematic basis at every 

station during the first year of measurements.      

The monthly temperature data made it possible to estimate the part of precipitation fallen as 

snow or rain at each station by making use of the information provided by the standard deviation. For 

each station the average temperature and standard deviation for each month were calculated from the 

data of a 21 year period, which covers ten year before and ten years after the introduction of the wind 

shield. The relative amount of snow/rain could thereafter be estimated by the distribution of 

temperatures which exceeded or fell below zero by combining the monthly average temperature with 

the corresponding standard deviation (fig.7). 
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Figure 7 Graphical representation of the method used for the estimation of the amount of rain/snow 

according to the monthly average temperature and standard deviation. 

 

 

 

 The relative amount of snow/rain per month (from 0 % = only rain, up to 100 % = only snow) 

was used to classify the ratios of each station. That is to say each monthly ratio of each station 

was classified according to the amount of snow which corresponded to that month. Then the 

average ratio was calculated from all stations for each particular class of amount of snow. In order 

to obtain a linear relation between average ratio and amount of snow, the linear regression 

method was applied. 

 According to the linear regression relation of the ratio as a function of the amount of snow, a new 

set of monthly ratios could be calculated using temperature data. The new ratios were used as 

correction factors of the precipitation data before the introduction of the wind shield, similarly as 

done in the previous section.  

 A comparison of the mean ratio at different regions was then done by grouping the stations 

according to the latitude, in order to investigate possible regional variations of the calculated 

ratios.  

 The time series of the corrected precipitation data according to the temperature based corrections 

was constructed and compared with the uncorrected time series as well as with the corrected data 

from the initial ±5y or ±10y comparison. 
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5  Results and discussion

5.1 Precipitation data analysis 

5.1.1 Calculation of the correction factors 

The number of stations which fulfilled the requirements as complete datasets for periods of five and 

ten years before and after the introduction of the wind shield, as described in the methodology section,  

dropped from 70 to 55 for the ±5y comparison and to 50 for the ±10y comparison. The main reason 

for the unavailability of data from 15 – 20 stations is the year of introduction of wind shield. The ±5y 

and the ±10y comparison were not possible for a number of 13 and 17 stations respectively because 

the wind shield was either introduced already at the beginning of the observations or some years after, 

fewer than five or ten. An additional number of 2 and 3 stations was respectively removed from the 

initial number of 70 stations due to that some monthly data were missing during the five and ten year 

period before and after the introduction of wind shield.  

Figure 8 Monthly ratios and standard error of mean for (i) ±5y comparison and (ii) ±10y comparison (right) and 

a graphical representation of the comparing periods (left). 

In fig. 8 the mean ratios of the change of precipitation after the introduction of the wind shield 

for the ±5y and the ±10y comparisons are plotted with the respective standard errors. At first glance, 

both monthly mean ratios follow a similar trend with an increase of 20 % or more of measured 

precipitation  during the winter months. For the rest of the months, the corresponding increase is about 

10 % on average for the ±10y comparison and about 15 % for the ±5y comparison. The effect of the 

wind shield on solid precipitation is well reproduced and the annual cycle of decreasing ratio towards 

the warmer months of the year is also observed. Despite the lower ratios obtained for liquid 



19 
 

precipitation (warm months), the outcome from fig.8 is that the wind shield has an important effect on 

the collection of both solid and liquid precipitation.  

The uncertainty indicated by the error bars on the average mean ratios is directly influenced by 

the number of stations as well as the number of years (five or ten) taken into consideration for the 

calculation of the mean ratio. The ±5y comparison shows a larger spread on the monthly average ratios 

compared to the one of the ±10y comparison. By including data for longer time periods, the 

climatological average for each station and subsequently for the total number of stations will be more 

accurately calculated. This is indeed the case as shown in the fig.8 for the ±10y comparison, where the 

error decreases on average by 30 %.   

 

Table 1 Ratios and t-values from the t-test for the (i) ±5y comparison and the (ii) ±10y comparison. 

  
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

±10y 

comparison 

Ratio 1.22 1.23 1.12 1.09 1.02 1.05 1.06 1.03 1.09 1.02 1.16 1.19 1.11 

t-value 0.70 0.59 0.30 0.25 -0.14 0.07 0.13 -0.04 0.23 -0.08 0.39 0.61 0.71 

               

±5y 

comparison 

Ratio 1.22 1.26 1.24 1.13 1.09 1.10 1.05 1.13 1.12 1.00 1.14 1.26 1.15 

t-value 0.39 0.39 0.38 0.16 -0.03 0.13 0.01 0.23 0.15 -0.13 0.08 0.49 0.58 

 

The significance t-test was applied to both the ±5y and ±10y comparison in order to obtain the t-

value for each station. Since the mean ratio, not of a single station, but of a group of as many stations 

as possible is of the interest of this study, the t-value which was estimated for all 55 and 50 stations 

respectively, was examined as an average and the results are presented in table 1. The monthly mean 

ratios for the ±5y and ±10y exhibit small differences from each other but the t-values do not follow the 

same pattern. For most months of the year when the precipitation change is larger than 10 %, the t-

value becomes importantly larger compared to the rest of the months when the t-value approaches 

zero. Positive (negative) t-values indicate an increase (decrease) of the mean value of the total 

precipitation from the first to the second period. In addition, the higher the absolute t-value is, the 

more significant the change becomes.  Despite that all mean ratios point out an increase or at least no 

change in the measured precipitation (mean ratio ≥ 1) in the period after the introduction of the wind 

shield, some t-values from the period May to October become negative. This is due to that the average 

t-value for the 50 and 55 stations was approximately estimated to be equal to the mean of all stations t-

values, with many individual stations contributing with a negative sign. During this period of the year 

(May-October), for both the ±5y and the ±10y comparison, the change in measured precipitation is 

notably smaller than the change during the winter period. The somewhat more significant ratios 

obtained for the colder months, can be most probably attributed to the fact that the wind shield has a 

more pronounced effect in the increase of the catch of snow precipitation during the cold period of the 

year, compared to rain precipitation. The significance of the obtained mean ratios is additionally 
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improved going from the ±5y to the ±10y comparison. Owing to the longer time periods (ten years) 

before and after the introduction of the wind shield which are compared, the significance increases as 

expected.  

The confidence levels based on the t-values are very low to state safe conclusions because the 

strong reliability of the results requires high confidence levels. The highest t-value (0.71) of the table 

1, corresponds to a 50 % confidence level, whereas the 90 % confidence level, would for instance 

correspond to a t-value near to 1.8.  In order to achieve such a high confidence level, it would be 

needed to prolong the comparing periods to the length of 30 years or more, as suggested for 

climatological purposes.  Nevertheless, such long periods were not favored for this study. By taking 

the above into account, it was considered reasonable to use, for the following analyses, the results of 

the ±10y comparison which exhibited higher significance and smaller standard error. 

Figure 9 Ratios for (i) ±5y comparison, (ii) ±10y comparison and (iii) comparison of the period ten to twenty 

years after with the period ten to twenty years before the introduction of the wind shield with standard error of 

mean (right) and a graphical representation of the comparing periods (left). 

In order to ensure the reproducibility of the ratios, a further comparison of periods different 

from the ±5y and the ±10y comparison periods was carried out. The new comparison concerned the 

periods ten to twenty years after and ten to twenty years before the introduction of the wind shield. 

This aimed to investigate possible significant changes on the ratios of the new comparison that would 

be an indication of non-reproducible ratios with different comparing periods. The results are plotted 

together with the previous comparisons in fig. 9. The green line, representing the trend of the new 

ratios, shows ratios within the limits of the values calculated from the ±5y and the ±10y comparisons 

from December until September. Only for the months of October and November, a positive offset of 

about 15 % from the initial comparison is observed. The generally good agreement, during the largest 

period of the year, credits a certainty on the results of the ±5y and the ±10y comparisons. The smaller 
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or larger deviations which are observed in comparison to the initial ratios are attributed to the expected 

natural variability of the precipitation during the different comparing periods.     

Figure 10  To the left, the ±5y comparison (continuous line) with the monthly average values of the ratios of a 

±5y comparison based on an offset on the year of the introduction of the wind shield by+5y and -5y (dotted line). 

To the right, the results for the respective comparison for the ±10y comparison with +10 and -10y offsets. Below 

each diagram, the corresponding graphical representation of the comparing periods is given. 

An alternative test in order to further evaluate the obtained ratios was the comparison with (i)  

ratios of two periods that cover years when a station was equipped with the wind shield and (ii) ratios 

of two periods during which the wind shield was not yet used.  This was made possible by performing 

the comparison with a different reference year (year of introduction of the wind shield) between the 

comparing periods. The new reference year was the actual year of introduction of the wind shield with 

an addition of an offset (as described in Section 4.2.1 Precipitation data analysis). The offset was 

either positive (+5y and +10y) or negative (-5y and -10y) and it would allow the ±5y and ±10y 

comparisons to be made for the periods when the instrumentation remained unchanged (unshielded 

gauge for the negative offset and shielded gauge for the positive offset). This new offset comparison 

aimed to calculate ratios that would reveal the change of the measured precipitation due to other 

factors than the introduction of the wind shield. The average ratios of the (-5±5)y and (+5±5)y offset 

comparisons are compared with the initial ±5y comparison to the left of fig.10. The trend of the two 

lines is interchanged during the year and the offset ratios take values reaching up to 20 % increase. 

The magnitude of the offset ratios is comparable with the magnitude of the ratios of the initial 

comparison. This can be interpreted as a large uncertainty on the effect induced by the wind shield by 

making comparison of only five year long periods. 
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On the other hand, the mean ratios for the longer comparing periods using 10 years, to the right 

in fig.10, give an impression of a more significant change attributed to the wind shield, especially for 

the colder months of the year (November to April).The offset ratios are defined below the limit of the 

10 % increase with the average annual value to be 1.05 (5 % increase). The lower spread of the offset 

ratios in the ±10y comparison, compared to ±5y comparison, makes clear the importance of using 

longer time periods for the comparison in order to avoid the statistical randomness of the climate that 

appears in very short examined periods.  Coupled with the results of statistical significance t-test, the 

±10y comparison seems once again to be more credible than the ±5y comparison, with some higher 

uncertainty during the warmer months of the year, from May to October. 

5.1.2 Implementation of the correction 

The monthly mean ratios that resulted from the ±10y comparison were used as correction factors of 

the monthly precipitation data before the year of introduction of the wind shield for each one of the 70 

stations. Each station covered a period of measurements that was different from station to station. 

Thus the calculation of the annual average precipitation for the corrected and uncorrected data (fig. 11) 

for the period 1860-2014 was done by a different number of stations each year. Among the 70 manual 

stations used in the calculations in this section, the number of stations increases from 1860 reaching 

the maximum around 1970s and then gradually decreases because of the termination of measurements 

at some stations. Table 2 presents the number of operating stations, among the 70 stations used in this 

study, each decade from 1860 to 2010. 

Table 2 Number of stations with available precipitation data every decade from 1860 to 2010, from a total 

number of 70 stations used in the current study. 

Year 
Number of 

 stations 

1860 14 

1870 15 

1880 37 

1890 44 

1900 47 

1910 60 

1920 63 

1930 63 

1940 65 

1950 65 

1960 65 

1970 67 

1980 65 

1990 62 

2000 61 

2010 51 
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Figure 11 The time series of the annual precipitation for the corrected (blue dots) and the uncorrected data 

(orange dots) along with the 15 year running average (continuous lines) of each dataset.   
 

The time series of the average annual total precipitation for data from 70 stations for both the 

corrected and the uncorrected data is presented in fig.11. Both time series exhibit an increasing trend 

with time which is more pronounced during the periods 1860-1920 and 1970-2014. The period 1920-

1970 has a rather less significant increase in precipitation compared to the periods around it. 

Moreover, the corrected time series is about 50 mm larger in amplitude than the uncorrected one 

during the early decades. Finally, the relative difference decreases moving towards 1960 when the 

wind shield has been introduced at all stations during that time. 

 

Figure 12 Same as for fig. 11, with the lines of linear regression (instead of the running averages) plotted using 

the least squares method. The figures in mm/y represent the slope of the lines. 
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 In fig. 12, the annual precipitation time series is plotted along with the linear regression lines. 

Observing these lines, the trend of increasing precipitation seems less noticeable for the corrected data 

than the corresponding trend for the uncorrected data. This, together with the about 35 % smaller slope 

or the equivalent 0.43 mm lower increase of the precipitation per year for the corrected data, implies 

that the wind shield had an indeed critical role in the determination of precipitation in the past two 

centuries. Possible underestimation of the true precipitation (falling on the ground) using a non-

shielded gauge may significantly be reduced owing to the introduction of the wind shield. 

5.2 Temperature data analysis 

5.2.1 Calculation of the correction factors 

The temperature data were used for an approximate estimation of the relative amount of snow/rain 

fallen on average per month at each station. Taking advantage of this information given by 

temperature data, as well as of the monthly mean ratios calculated previously, the mean ratio was 

plotted as a function of the relative amount of snow/rain (fig.13). Each station could contribute with its 

corresponding mean ratio as a function of the amount of snow/rain twelve times, one per month. The 

latter along with the fact that complete temperature datasets were available from 31 stations, enabled, 

in addition to the calculation of a mean ratio for the 31 stations, the calculation of a measure of spread 

of that ratio for every month, which is the standard deviation and error per class of amount of snow. 

Figure 13 The mean ratio and the standard error as a function of the relative amount of snow (to rain) in 

percentages (blue color) and the line of the linear regression equation plotted with orange color. The relative 

amount of snow x in the equation is given in percentage.   
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The linear relation of the correction factor (mean ratio) as a function of the relative amount of 

snow to rain was examined using the weighted least squares method and is seen in fig.13.  One 

interesting feature in the figure is the standard error of the class corresponding to 0-10 % snow, or 90-

100 % rain equivalently. The error of the ratio of this class is importantly smaller than the respective 

error of the rest of the classes. The reason behind this difference can be explained by taking a look at 

table 3. The class 0-10 % snow in table 3 corresponds to a mean ratio calculated from 236 cases. The 

immediately following class with the largest number of observed cases is the 90-100 % class and 

corresponds only to 65 cases, compared to the 236 cases for the 0-10 % class. This is due to the fact 

that most of the stations which are included in this project receive rain precipitation for six months, 

from May until October, while the rest of the months are distributed among different classes of the 

relative amount of snow to rain, from 10 % to 100 %. Therefore an important weight was given on the 

class of 0-10 % snow (90-100 % rain) during the least squares method which led to the relation; 

                     , where x  is the relative amount of snow/rain. This expression implies that 

for 100 % snow (x=1), the correction factor takes the value 1.27 whereas for 100% rain the 

corresponding value becomes equal to the intercept which is 1.05 

The advantage of the weighted least squares method, which was used in the linear regression in 

fig. 13, in comparison to a non-weighted method, is that the coefficients of the linear regression (slope 

and intercept) are calculated by taking into account the magnitude of the error of each individual 

measurement. As a consequence, the coefficients that would result from a non-weighted linear 

regression would correspond to an importantly different equation of the ratio as a function of the 

amount of snow (                     ). The latter equation would probably correspond to 

erroneous ratios because of the negative correction factor (-3 %) for 100% rain and the quite high 

correction value (38 %) for 100 % snow. 

 

Table 3 The data used for plotting fig.13. In addition to these data the number of months which contributed to 

the calculation of the mean ratio for each class is given in the last column.  

Relative amount of snow 

(Range in %) 
Mean Ratio # of months  

90 100 1.28 65 

80 90 1.41 8 

70 80 1.18 16 

60 70 1.19 12 

50 60 1.20 10 

40 50 1.05 3 

30 40 1.15 9 

20 30 0.82 8 

10 20 1.07 5 

0 10 1.07 236 
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5.2.2 Implementation of the correction 

Figure 14 The monthly mean ratios and the corresponding standard errors (i) with blue color from the analysis 

with the ±10y comparison of precipitation data as showed in fig. 7 and (ii) with orange color the analysis of 

temperature data based on the linear regression of the fig.13. 

Figure 14 shows the ratios following the implementation of the linear relation on the 31 stations 

with available temperature data in comparison with the mean ratios of the ±10y comparison obtained 

from the precipitation data in the previous part. At first glance, the analysis with temperature data 

resulted in significantly smaller errors, which credits the latter ratios with more accuracy. Another 

difference that can be observed is the smoothing of the month-to-month variation for the temperature-

based ratios. The reason is that temperature is more homogenous with distance than the precipitation. 

Precipitation exhibits much higher inhomogeneity due to natural or human factors such as local 

showers or inappropriate placing of the gauge. The agreement of the two sets of ratios is acceptable 

overall because, in eleven out of twelve cases the ratio values from the temperature analysis fall in the 

range of the error of the values from the ±10y comparison. On the other hand, despite the good on 

average correlation, the comparison of the ratios of particular months, such as March and October, 

indicate a pronounced underestimation of the correction from the ±10y comparison ratios whereas an 

overestimation is seen in the September and November ratios, from the same ratios.  
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Figure 15 (a) The monthly ratio of 3 stations calculated according to the relative amount of snow/rain 

precipitation fallen at each station every month. (b) Classification of the mean ratios of all 31 stations with 

available temperature data according to their latitude (φ). In the embedded box of the figure, six stations of the 

total 31 stations which were used in the classification, are given in pairs for each latitude class.    
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Figure 15 (a) shows the monthly ratios which occur from the implementation of the equation 

from the linear regression for three particular stations, Vinga, Uppsala and Övertorneå with an 

approximate latitudinal distance of 5° from south to north respectively.  The latitudinal comparison 

was made in order to investigate possible regional variations of the calculated ratios. From December 

until March, Övertorneå in Lappland receives 100 % of the precipitation as snow, Uppsala receives 

70-100 % snow for the same period whereas the station in Vinga, a small island in the archipelago of 

Gothenburg, receives 30 % up to 60 % of its precipitation as snow. During this period, each of the 

three stations exhibits the highest correction that can be taken (1.27 and 1.19 or 27 % and 19 % 

increase) accordingly to the relative amount of snow. The correction factors (mean ratios) gradually 

decrease from February for Uppsala and Vinga and from March for Övertorneå, to get the lowest 

correction value in April or May respectively.  All three stations retain the lowest correction (1.05) 

from May until September when precipitation falls as rain. The corrections begin from that month to 

increase first for Övertorneå, then from October for Uppsala and eventually from November for 

Vinga.  

The observed trends of the three particular stations may be studied in further detail by using a 

higher resolution in the latitudinal distance of the stations, as in fig. l5 (b). The five lines represent the 

average ratio of groups of stations classified according to their latitude. The range of each class of 

latitude is 3°. The correction factor increases for higher latitude during winter, autumn and spring 

because the precipitation type varies during these seasons from north to south, with snow dominating 

progressively over rain in the northward direction.  Similarly, the correction factor increases from the 

warm to the cold season. The higher latitudes exhibit more robust increase because the transition from 

the rain to the snow season is more pronounced than the lower latitudes. The correction factor takes its 

lowest value, 1.05 or 5 % increase equivalently, and becomes uniform for all latitudes from May to 

September. This implies that rain precipitation collected with a not shielded gauge requires indeed a 

lower correction than snow collected with the same unshielded gauge.  

The result of the correction based on temperature data and applied on the precipitation of 70 

stations is compared to the uncorrected data in fig.16 (a). The running averages from 1865 to 2005 

converge during 1950s when all stations have been equipped with a wind shield. The trend is almost 

identical with the trend of the time series in fig. 12 in the previous section, where the corrections were 

obtained only from precipitation data with the ±10y comparison. The difference of change induced by 

the two correction methods is insignificant because the figures suggested by the linear regression 

(fig.16 (b)) for the change per year during the last 150 years, after applying the correction, is only 0.02 

mm/year. More specifically, the uncorrected data exhibit an increase of 1.19 mm/y in the last one and 

a half centuries. The increase after the correction becomes 0.76 mm/y using the ±10y comparison and 

0.74 mm/y using the temperature method. The latter is also in agreement with the comparison of the 

ratios from the two methods (fig. 14) which seems to lead to the same correction of the precipitation 
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by the two methods in annual basis, despite the significant deviations in the comparison of particular 

months. 

 

Figure 16 (a) The annual precipitation time series with the 15-year running average for the uncorrected data 

(orange) and the corrected data (blue) according to the correction factors obtained from the temperature analysis.  

(b) The annual precipitation time series for the uncorrected and corrected data with the linear regression lines for 

each dataset. The figures in mm/y represent the slope of the two lines. 
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5.3 Comparison with previous studies

Table 4 The mean (annual) precipitation for the normal periods from 1861 until 2010, for both the uncorrected 

(left column) and the corrected data (right column) from the temperature based correction. 

Period 
Mean annual 

precipitation (mm) 

from to Uncorrected Corrected 

1861 1890 518 567 

1871 1900 533 580 

1881 1910 540 585 

1891 1920 562 606 

1901 1930 574 611 

1911 1940 593 621 

1921 1950 598 616 

1931 1960 599 608 

1941 1970 609 613 

1951 1980 614 616 

1961 1990 631 631 

1971 2000 642 642 

1981 2010 670 670 

In table 4 the climatological annual mean precipitation values before and after the implementation of 

the temperature based correction are presented. The two datasets have the largest relative difference 

(8.3 %) in the first normal period (1861-1890), which corresponds to an amount of about 50 mm. This 

difference decreases from period to period and vanishes in the normal period 1961-1990 when all 

stations were equipped with the wind shield, which is in accordance with what is shown in fig. 11 and 

fig. 16. 

 Since the stations used in the calculations are not uniformly spread over the country, it is 

deemed compelling to compare some normal mean values from other studies. Eriksson (1983) 

calculated the normal mean of the period 1951-1980, equal to 607 mm using data from about 1300 

stations. For the same period, and from the data of 70 stations of the current study, the normal mean 

was calculated equal to 616 mm, with 1 % relative difference. Alexandersson (2003) found for the 

normal period 1971-2000 using data from about 900 stations the mean precipitation to be equal to 626 

mm, whereas for the same period, the corresponding value from the current study is 642mm with a 

relative difference less than 3 %.  

The precipitation values calculated from the much larger number of stations in the above 

mentioned studies slightly differ from the mean values of the mean precipitation of the 70 stations 

used in this study. This implies that the mean precipitation of stations of the current study can be 

considered enough representative of the mean precipitation climate of the country. As a consequence, 

the mean ratios-correction factors calculated from the analyses in the previous sections will be 

similarly representative of the corrections that apply on average for the whole country. 
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Table 5 The coefficient A (change of precipitation per year) or slope of the linear regression equation Ax+B for 

the time series of both the uncorrected and the corrected data from the temperature based correction for the 

monthly and annual precipitation. 

 

Linear regression coefficient A  (y=Ax + B) / Change of precipitation per year (mm) 

 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Annua

l 

Uncorrecte

d 

0.1

4 0.09 0.06 0.07 0.06 

0.1

4 0.09 0.04 0.06 

0.1

1 0.15 

0.1

8 1.19 

Corrected 

0.0

8 0.03 0.01 0.05 0.04 

0.1

2 0.06 0.01 0.03 

0.0

8 0.10 

0.1

1 0.74 

 

The important outcomes from the corrected monthly average precipitation change per year in     

table 5 are two.  First, the change per year for each month for the corrected data is reduced in 

comparison to the uncorrected values, for all the months, with these reductions to be larger from 

November to March. Secondly, the same period exhibits, on average, the largest changes of 

precipitation, in mm per year, in comparison to the rest warmer months.  This feature of the winter 

months is in agreement with the finding of the climatological study of Alexandersson (2002) which 

reported that the winter precipitation shows especially large increases from decade to decade in the 

period 1860-2001, in comparison to the other seasons.  

In Lindström and Alexandersson (2004) it is explicitly stated that the increase of the runoff in 

the last century by 7 % does not completely match the increase of the precipitation by 11 % in the 

same period. A part of the difference of the two, which should otherwise be equal, was attributed to 

the increased evapotranspiration and to some error sources in the data such as non homogeneities. By 

comparing the mean values of the precipitation of the normal periods at the beginning of the 20
th
 

century with the values of the normal periods at the end of the century, in table 4, the precipitation 

increase is found to be around 12 % for the uncorrected and around 8 % for the corrected data. The 

corrected figure for the precipitation change in the past century by the current study, by taking in 

account the effect of the wind shield, is closer to the measured change of the runoff. This implies that 

the effect of the wind shield, which was taken into consideration by the current study, might be an 

element that was not taken into account by Lindström and Alexandersson (2004). However, the 

evapotranspiration factor, as also noted in that study, might be an equally important factor for the 

mismatch of the change of the precipitation with the change of the runoff. 

A comparison of the correction factors presented in the current study, with figures from 

previous studies of the effect of the wind shield, is presented as a last result. The comparison is made 

with previous research results which were mentioned in section 3.3. The correction factors for the 

monthly precipitation of the current study, according to the temperature analysis and as mentioned 

earlier, range from 1.05 to 1.27, which correspond to a 5 % increase for rain and 27 % increase for 

snow precipitation.  

One of the earliest investigations of the effect of the wind shield was the experiment in Särna 

described from Hamberg (1911), with three year parallel measurements from a shielded and one 
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unshielded gauge. The difference between the catch of the two gauges was over 25 % in the period 

from November to April, with the February difference in precipitation to be the only one reaching a 

value of 54 % increase. During May the difference was reduced to 13 % whereas from June until 

October the difference was equal to or below 4 %. The corrections in the catch of the gauge from the 

current study agree quite well Hamberg (1911), with slightly lower values during the warm-rainy 

period (by 1 to 2 %) and about the same values during the colder months, except for the value of 

February.   

Førland et al. (1996) carried out measurements of precipitation collected by different types of 

gauges in order to compare the catch of the shielded and unshielded gauges. The difference in the 

catch between the shielded and unshielded gauge was reported to be 3 % for the liquid precipitation 

and about 20 % for the solid precipitation. Both values are lower than the corrections of the current 

study and this may be attributed to the positioning of the experiment described by Førland et al. 

(1996); a quite open location mainly surrounded by cultivated fields. Thus the lower corrections 

suggested by that report might be due to large wind losses not only of the unshielded gauge but also of 

the shielded gauge which were both situated at a wind exposed site.  

In Alexandersson (2002), the correction of the precipitation time series was done taking into 

account a number of inhomogeneity error sources, among these, the introduction of the wind shield. 

The average increase due to the wind shield, calculated using homogeneity tests, ranged between 5 

and 10 %. In cases of very wind exposed stations, the increase reached up to 30-40 % during 

December to February. The lower limit of the correction of 5 % in Alexandersson (2002) agrees with 

the correction for the liquid precipitation of the current study. The upper limit of the correction which 

ranged between 10 % and 40 % is also on average in agreement with the 27 % correction for snow 

precipitation in the current report.   
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6  Conclusions 

The method of calculation of the correction factors describing the change in the measured precipitation 

due to the introduction of the wind shield of Swedish type was based on the comparison of the 

precipitation during periods before and after the introduction of the wind shield. The length of the 

chosen periods of the comparison has a significant effect on the final outcome of the mean ratios. The 

choice of this length is actually crucial in terms of avoiding the noise of the stochastic variation of the 

climate in short comparing periods. The reason for this is that the noise from the natural variability 

may exhibit the non-homogeneity effect which is under investigation, i.e. the change of the measuring 

equipment. Equally important is to choose a long enough period length in order to meet the statistical 

significance requirements. Nevertheless, longer than 10-15 years periods should be avoided because 

the comparison of such long periods, would lead to ratios reflecting any long term climate changes in 

addition to the instrumental change. By considering the above, ten years as length of the comparing 

periods, was proved to be the most suitable.  

It has been clearly indicated that the one-parameter (precipitation) analysis described less 

efficiently the effect of the wind shield than the two-parameter (precipitation and temperature) 

analysis. The precipitation-temperature based ratios exhibited a smooth month to month variation, 

whereas the precipitation based ratios deviated significantly from the average temperature ratios and 

also varied more from month to month. The well-defined trend of the change of the precipitation 

owing to the introduction of the wind shield, using temperature data, is ascribed to the more 

homogeneous temperature field compared to the inhomogeneous precipitation field (i.e. intense local 

events).  

   Including wind data in addition to the temperature data in the analysis, would result in a more 

sophisticated relation of the correction. However, the dependence of the ratio was examined only with 

temperature, due to deficient availability of wind data at each particular station during the periods of 

interest (mainly in the first half of 20
th
 century). Thus, no correlation of the correction to the wind 

conditions could be done. Even if data would have been available, then it would be required to relate 

every particular precipitation event with the actual wind conditions, because a station may be 

sufficiently shielded in some directions of the wind and less shielded in other.  

The introduction of the wind shield of Swedish type in the country led to an increase in the 

catch of precipitation ranging from 5 % to 27 % in monthly averages. The 5 % increase corresponds to 

rain, the 27 % increase corresponds to snow and the intermediate corrections correspond to different 

ratios of the two types of precipitation during a month. Furthermore, the corrections exhibit an 

increase with increasing latitude during months when snow precipitation is possible and remain 

constant and equal for all latitudes when the precipitation is 100 % rain. The comparison of the 

obtained ratios with the results of other studies showed a quite good agreement because the 5-27 % 

correction of this study falls in the range of the corrections of 3-40 % of the previous research.  
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The important outcome of the implementation of the correction was the corrected precipitation 

time series in Sweden since the mid-19
th
 century. The precipitation after the second half of the 19

th
 

century until the middle of the 20
th
 century was corrected with an addition of 50 mm, in order to 

counterbalance the effect of the wind shield, which was in most cases missing during the same period. 

The overall increase of the precipitation from the normal period 1861-1890 to the normal period 1981-

2010 was 100 mm for the corrected data and 150 mm for the uncorrected data. 

Despite the relatively good agreement of the results with previous studies, a number of 

improvements in the methodology for the calculation of the corrections could be done with some 

additional sources of data. Initially, the number of stations which contributed to the calculation of the 

mean ratios could be much larger than 70 if information existed for the year of introduction of the 

wind shield at the rest of the old stations of the network. The same applies for the number of stations 

with complete available temperature datasets, which was restricted from 70 to 31 in the current study.  

Furthermore, the number of stations at high altitudes could be large enough in order to draw 

conclusions regarding the dependence of the correction on these regions. Unfortunately, stations with 

available meteorological data located at higher than 200 m altitude was only a small fraction of the 

total number of 70 stations.  A denser network of stations with the above data available is a way to 

achieve a more descriptive correction which may vary from region to region, rather than varying only 

with latitude. 

An equally ambitious and important work would be the calculation and measure of the true 

precipitation. Despite the fact that the wind shield results in a significant increase in the catch of 

precipitation, an amount is still not measured when the gauge is subjected to high winds. The gauge 

type used in North America, a gauge shielded with a double fence could be a solution for gauges 

located at open fields, high altitudes or coastal areas with high exposure to the wind. The inner fence 

of such a gauge acts as the conic wind shield of the SMHI gauge and the outer fence acts as if it was 

the appropriate shielding surrounding environment, so that the precipitation will not be deflected by 

the strong wind at all.  

An important source of errors is found in the different historical documents which provided 

information for the measurements before the middle of the 20
th
 century. For instance, for a single 

station, three different sources reported three different years of the introduction of the wind shield. In 

these cases, the information was retrieved by the most credible source, if one source could be 

distinguished as such among the others. A reason for the existence of different sources which 

disagreed on the year of introduction of the wind shield might be due to the fact that the reported years 

could mark in reality a different event, such as the change from an old type gauge to the SMHI gauge.  

Additional errors, such as overestimations and underestimations of the true effect of the wind 

shield may have occurred due to precipitation data with extremely high or low values (in comparison 

to the normal mean precipitation) during one of the two comparing periods. Such values could result 

in ratios much higher or much lower than the unit. This issue could have been examined and probably 
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solved in the case of a denser network of stations with available precipitation data, which could make 

the comparison of neighboring stations more efficient. This is to say that very high or very low 

monthly precipitation values, which lead to underestimations or overestimations of the monthly mean 

ratio for a station, could be identified and replaced by the average precipitation value of neighboring 

stations. Then, data with significantly low or high precipitation monthly values would be excluded 

from the dataset and the comparison of the two periods of each station and calculation of correction 

factors could be performed anew.   
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Figure 17 Map of Sweden with the70 precipitation stations, marked with dots, which were used for the calculation of the 

corrections according to the year of introduction of the wind shield. Among these stations, the 31 stations with complete 

temperature datasets, used also in the calculations, are marked with triangles.
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