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Abstract: Comparison of precipitation totals 
measured by the automatic telepluviometer and 
the Hellmann rain gauge at the Warsaw Ursynów 
station in 2000–2010. Popularization of auto-
matic methods of measuring meteorological ele-
ments and substituting manual methods creates a 
problem of maintaining homogeneity of measure-
ment series. In such situations it is necessary to 
conduct measurements simultaneously, i.e. using 
a method being introduced and a former method. 
The analysis of measurement series carried out 
simultaneously enables comparing and relating 
measurements made by a new apparatus to al-
ready existing results.   
The present paper includes the results of the anal-
ysis of differences between daily, monthly and 
seasonal atmospheric precipitation values coming 
from a 11-year series of simultaneous measure-
ments with a telepluviometer and the Hellmann 
rain gauge. 

Key words: precipitation measurements, atmo-
spheric precipitation, differences in rain gauge 
indications. 

INTRODUCTION

Replacement of devices used in meteor-
ological measurements or changing the 
way of conducting measurements from 
a manual measurement to an automatic 
one may cause lack of homogeneity of 
observation series. The situation results 
in the necessity of assessing the quality 
of data recorded by new instruments, 
preferably through conducting simulta-

neous measurement series with the use 
of a newly introduced apparatus and the 
one used so far.   

In the case of measuring precipitation, 
lack of homogeneity of a measurement 
series may be brought about by vari-
ous measuring errors resulting from the 
construction of instruments, a method of 
conducting measurements and weather 
conditions from the beginning of pre-
cipitation to the moment of conducting 
the nearest manual measurement. The is-
sue was dealt with by many researchers: 
Goodison et al. 1998; Kejna and Uscka-
-Kowalkowska 2006; Kuśmierek 2006, 
2008; Lorenc 2006, Sevruk et al. 2009.

The present work compares two ob-
servation series of precipitation values 
which were carried out simultaneously. 
The fi rst one was based on the data from 
automatic measurement made with a tele-
pluviometer and the second one on the 
data collected using traditional (manual) 
methods with the use of the Hellmann 
rain gauge. Both rain gauges were in-
stalled at a measuring point of the War-
saw Ursynów station. The analysis of the 
simultaneously conducted measurement 
series, among other things, makes possi-
ble relating the measurements made with 
the new device to the already existing 
multi-annual measurement series.    
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MATERIAL AND METHOD

For the analysis the present study used the 
results of measurements of atmospheric 
precipitation from the Warsaw Ursynów 
meteorological station of SGGW situat-
ed in the southern part of the city. The re-
search covered daily precipitation totals 
from 2000–2010. The expansion of the 
meteorological station which took place 
at the beginning of this period and, re-
sulting from it, failures of measurement 
instruments and servicing problems pre-
vented using some of the gathered data. 
In connection with the above, the study 
used daily precipitation totals measured 
during the warm and cold season of the 
year, not taking into account short pe-
riods when one of the devices was not 
in operation. In total, the study encom-
passed 1144 days with precipitation out 
of which 579 days occurred in the warm 
season and the rest were recorded in the 
cold season of the year. The measure-
ments were carried out using a manual 
method with a standard Hellmann rain 
gauge and an automatic method with a 
telepluviometer produced by the compa-

ny Theodor Friedrichs. In this instrument 
the measuring-transmitting unit consists 
of a tipping bucket (Fig. 1) which makes 
possible measurements with an accuracy 
of 0.1 mm and two independent heating 
systems which enable its work also in 
winter months.   

The rain gauges from which data were 
used in the present study (Fig. 2) were 
located at a measuring point at a distance 
of 4 meters from each other. The instru-
ments were installed in accordance with 
a standard employed at meteorological 
stations (Różdżyński 1996). 

Because of lack of full-time observer 
at the meteorological station, manual 
measurements were conducted once in 
24 hours at 12:00 UTC. Both measure-
ment methods assumed that the precipi-
tation day lasts from 12:00 till midday of 
the following day (according to UTC). 

Having daily totals of precipitation 
values, differences between the indica-
tions of the telepluviometer (PA) and the 
Hellmann rain gauge (PH) were calculat-
ed. In addition, differences in monthly, 
half-yearly (the warm and cold season of 
the year) and annual precipitation values 

FIGURE 1. Measurement unit in the telepluviometer
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PA-PH were determined. Moreover, sim-
ple regression analysis was used to de-
termine statistical relationships between 
the analyzed observation series. 

RESULTS

The differences in annual values of at-
mospheric precipitation between the 
examined measurement sequences var-
ied from –8.3 mm to 22.3 mm. More 
frequently they assumed positive values 
(Table 1), which means higher indica-
tions of the telepluviometer. The highest 
value of the difference (22.3 mm) was 
recorded in 2001 when the annual pre-
cipitation total amounted to 578.9 mm 
and the smallest difference in 2004 with 
the annual precipitation total of 550.2 
mm. During the 11-year research period, 
negative values of the differences were 
recorded 5 times: in 2000, 2004, 2005, 

2008 and 2010. It was observed that the 
values of the differences between annu-
al precipitation totals in the subsequent 
years are marked by a downward trend; 
thus, the quality of the obtained data was 
increasingly better. 

The differences between monthly pre-
cipitation totals measured by the teleplu-
viometer and the Hellmann rain gauge 
were within a range from –7.9 mm (Au-
gust 2008) to 9.2 mm (May 2001). The 
biggest differences in the results were 
recorded in 2001 when the values were 
within a range from –4.3 mm (in No-
vember) to 9.5 mm (in May). In the last 
of the analyzed years, the discrepancy 
between the indications of the analyzed 
rain gauges in particular months changed 
from –7.6 mm in January to 4.7 mm in 
April (Fig. 3).

The basis for all analyses of the dif-
ferences between the indications of the 
telepluviometer and the Hellmann rain 

FIGURE 2. Telepluviometer and Hellmann rain gauge at the Warsaw Ursynów station

TABLE 1. Differences between annual precipitation totals measured by the automatic telepluviometer 
and the Hellmann rain gauge at the Warsaw Ursynów station in 2000–2010

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Difference (PA–PH) –7.6 22.3 14.3 20.6 –2.0 –7.0 16.7 18.5 –10.3 13.9 –7.8
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gauge conducted in the present study 
was daily precipitation values. These 
differences during the whole analyzed 
period were within a range from –6.4 to 
8.0 mm. 

The most frequently occurring value 
of the differences between daily precipi-
tation totals in the analyzed period (Fig. 
4) was 0.1 mm, which constituted 12.5% 
of all cases. The second most frequently 
recorded difference was 0.2 mm, which 
occurred in 10.7% of the cases. The 
same indications of daily precipitation 
totals by both rain gauges in the course 

of the 11-year measurement period were 
recorded 117 times, which constituted 
10.2% of the cases. Assuming that the 
measurement is equal when the differ-
ence between the indications amounts to 
0±0.2 mm (which results from the accu-
racy of the instruments), it was recorded 
546 times (47.7%). The frequency of dif-
ferences being within a range from –0.5 
mm to 0.5 mm amounted to 72% (831 
cases). Taking into account the division 
of the analyzed period into the warm 
half-year (Apr–Sep) and the cold half-
-year (Oct–Mar), one can notice that a 
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FIGURE 3. Differences in monthly precipitation totals measured by the automatic telepluviometer and 
the Hellmann rain gauge at Warsaw Ursynów station in 2000–2010
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FIGURE 4. Differences in daily precipitation totals measured by the automatic telepluviometer and the 
Hellmann rain gauge at the Warsaw Ursynów station in 2000–2010
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higher compatibility of measurement re-
sults was observed in the warm half-year 
(Fig. 5). 

In summer months the same indica-
tions of the analyzed rain gauges were 
recorded 75 times, which constituted 
13% of the cases in that season of the 
year; in the cold half-year 42 such cases 
were recorded, which constituted 7.4% 
of the total number. Using average val-
ues of the differences for the warm and 
cold half-year calculated on the basis 
of daily data, one can be observe that a 
higher value is recorded in the warm pe-
riod, i.e. +0.2 mm, whereas for the cold 
half-year it amounts to –0.1 mm. 

After a detailed analysis of the col-
lected data it can be noticed that only in 
the fi rst and the last year (2000 and 2010) 
of the analyzed 11-year measurement pe-

riod, higher values of precipitation totals 
were recorded more frequently by the 
Hellmann rain gauge despite negative 

values of the differences in annual totals 
in those years. It means less common but 
signifi cantly higher indications of the 
telepluviometer during that time. 

After considering the division of the 
analyzed period into the warm half-year  
(Apr–Sep) and the cold half-year (Oct–
–Mar), a high diversity of the structure of 
the calculated differences was observed  
(Table 2). Positive values of the differ-
ences (showing higher indications of the 
telepluviometer) were recorded in 61.8% 
of the cases of days with precipitation in 
the warm half-year months and negative 
values of the differences in 13.0% of the 
cases. It can be explained by an imme-
diate measurement (without additional 
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FIGURE 5. Structure of differences in daily precipitation totals at the Warsaw Ursynów station in the 
cold and warm half-year 2000–2010

TABLE 2. Structure of differences in daily precipitation totals at the Warsaw Ursynów station in the 
cold and warm half-year, 2000–2010

Specifi cation
Whole period Warm half-year Cold half-year

Number 
of cases

Frequency
[%]

Number 
of cases

Frequency
[%]

Number 
of cases

Frequency
[%]

PA – PH > 0 630 55.1 358 61.8 272 48.2
PA – PH = 0 117 10.2 75 13 42 7.4
PA – PH < 0 397 34.7 146 25.2 251 44.4
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losses during evaporation resulting from 
waiting for a measurement) in the case 
of the telepluviometer. In the case of the 
Hellmann rain gauge, the reading of a 
precipitation value may in extreme cases 
occur over 20 hours after the occurrence 
of precipitation. This, combined with rel-
atively high at that time air temperatures 
which are conducive to higher evapora-
tion, leads to lower indications of this 
rain gauge. In the cold half-year the dif-
ferences in daily precipitation totals do 
not show such a high diversity; positive 
values of the differences occur with a 
frequency of 48.2%, and negative ones 
with 44.4%. It is mainly caused by the 
operation of the telepluviometer heat-
ing system, which, on one hand, enables 
continuous measurements in winter but, 
on the other hand, leads to an increase in 
losses resulting from evaporation. 

The most frequently occurring dis-
crepancies of the indications of the ana-
lyzed rain gauges (PA-PH) are within a 
range from +0.1 mm to +0.5 mm. Their 
frequency reaches 40.2% in the warm 
half-year and 39.1% in the cold half-
-year and, as it can be seen, it is similar 

in both half-years. Another of the exam-
ined ranges, i.e. a range from –0.5 mm 
to –0.1 mm, occurs signifi cantly less fre-
quently. In this case a distinct difference 
between the frequency of  discrepancies 
of the indications of the rain gauges in 
the warm and cold season can be no-
ticed. In months of the warm season of 
the year the frequency of these discrep-
ancies amounted to 16.9%, whereas in 
the cold months it reached 29.9%. Only 
within this range (–0.5÷–0.1mm) the 
frequency of different indications of the 
rain gauges was so diverse and depended 
on a season of the year. In the remaining 
analyzed ranges (of intervals of 0.5 mm 
each), the frequency of divergent indica-
tions in the warm and cold season was 
stable and changed from 2.3% to 5.8%.

As signaled earlier, in comparison 
with the cold half-year, in the warm half-
-year compatibility of the indications of 
the measurements of daily precipitation 
totals was recorded more frequently. In 
Figure 6 it can be seen that the same indi-
cations of the rain gauges were recorded 
most frequently in April and August, i.e. 
14.7% in each, and 12.8% in September.
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gauge in particular months



Comparison of precipitation totals measured by the automatic...     53

In the cold season of the year, the fre-
quency of compatibility of the indica-
tions is signifi cantly lower and changes 
from 3% in March to 9.5% in December. 
In October, the frequency of the same in-
dications is similar to the warm season of 
the year. It results from the course of air 
temperature, which limits (delays) the 
need to activate the pluviometer heating 
system.   

Analyzing the statistical relationship 
between the value of precipitation mea-
sured by the Hellmann rain gauge and 
the telepluviometer, a strong positive 
correlation was obtained (Table 3). For 
simple linear regression equations, de-
termining relationships of monthly and 
seasonal (from the warm and cold half-
year) precipitation totals, determination 
indexes (R2) reached high values. They 
varied within a range from 95.4 in Janu-
ary to 99.4 in June, July and September. 
In the warm season of the year R2 = 99.1 

and was slightly higher than the analogi-
cal one which was characteristic of the 
cold season (96.7). All the equations, 
irrespective of the season of the year, 
proved to be highly signifi cant statisti-
cally (p = 0.01). 

SUMMARY

Simple determination of the causes and 
values of the differences between pre-
cipitation totals measured by the Hell-
mann rain gauge and the telepluviometer 
is very diffi cult. One of the factors which 
undoubtedly limits compatibility of in-
dications is a different method of ob-
taining data: a periodical method in the 
case of the Hellmann rain gauge and a 
continuous one in the case of the teleplu-
viometer. Especially in the warm season 
it leads to higher losses connected with 
evaporation in the rain gauge and its 

TABLE 3. Selected statistical characteristics describing the relationship between the values of precipi-
tation totals measured by the telepluviometer and the Hellmann rain gauge

Month Equation form F-ratio r R2 SE
I Y = 0.06 + 1.03·X 1916.9 97.7 95.4 1.22
II Y = 0.15 + 0.95·X 2477.9 98.1 96.2 0.60
III Y = –0.14 + 1.1·X 4130.0 99.6 98.3 0.49
IV Y = –0.26 + 1.04·X 2152.6 98.3 96.7 0.98
V Y = –0.12 + 0.99·X 6531.1 99.3 98.5 0.99
VI Y = –0.08 + 0.98·X 17171.5 99.7 99.4 0.99
VII Y = –0.02 + 0.98·X 17141.3 99.7 99.4 0.99
VIII Y = –0.24 + 1.01·X 13269.1 99.6 99.3 0.99
IX Y = –0.21 + 0.98·X 15352.7 99.7 99.4 0.99
X Y = –0.04 + 0.99·X 6074.3 99.2 98.4 0.99
XI Y = –0.14 + 1.06·X 2939.6 98.2 96.4 0.98
XII Y = –0.01 + 1.05·X 2619.9 98.5 96.9 0.98
IV–IX Y = –0.02 + 1.03·X 16244.9 98.3 96.7 0.85
X–III Y = –0.15 + 0.99·X 60972 99.5 99.1 0.78
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lower indications. In the warm season of 
the year, the indications of the Hellmann 
rain gauge are on average lower by 0.2 
mm than those recorded by the teleplu-
viometer.

In the cold season of the year one 
should take into account the operation 
of the telepluviometer heating system. 
Even slight heating up of telepluviometer 
operating surfaces, to a small but notice-
able degree, leads to its lower indications 
(in comparison with the Hellmann rain 
gauge). On average, in the cold season 
of the year the results of telepluviometer 
measurements were lower by 0.1 mm 
than those recorded by the rain gauge. 

However, it can be noticed that the 
frequency of compatibility of the indica-
tions of  the Hellmann rain gauge and the 
telepluviometer in warm season months 
is higher (from 10.7% in July to 14.7% 
in April and August) from the frequency 
recorded in the cold season (from 3% in 
March to 9.5% in December).
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Streszczenie: Porównanie sum opadu zmierzo-
nych telepluwiometrem i deszczomierzem Hell-
manna i na stacji Ursynów SGGW w latach 2001–
–2010. Upowszechnienie automatycznych metod 
pomiaru elementów meteorologicznych i zastępo-
wanie nimi metod manualnych, stwarza problem 
zachowania jednorodności serii pomiarowych. 
W takich sytuacjach konieczne jest prowadzenie 
równoległych pomiarów tj. wprowadzaną meto-
dą i dotychczas stosowaną. Analiza równolegle 
wykonanych serii pomiarowych pozwala na po-
równanie i „dowiązanie” pomiarów nowym przy-
rządem do już istniejących wyników. W niniejszej 
pracy zawarto wyniki analizy różnic sum dobo-
wych, miesięcznych i okresowych wysokości 
opadu atmosferycznego z 11-letniej serii równo-
czesnych pomiarów telepluwiometrem i deszczo-
mierzem Hellmanna. 

Słowa kluczowe: pomiary opadów, opady atmos-
feryczne, różnice wskazań deszczomierzy.
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