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Abstract—Reliable long time series have key role in climatological research. Long term 
observations involve inhomogeneities due to change of measuring methods, sensors, 
surroundings of stations, or moving into a new location. Therefore, homogenization is 
necessary in order to make reliable analysis of datasets. In this study, the MASH 
(Multiple Analysis of Series for Homogenization) procedure developed at the Hungarian 
Meteorological Service was applied to improve our wind time series. Daily wind datasets 
were homogenized at 19 Hungarian synoptic stations in the period from 1975 to 2012. 
This paper discusses the validation of the homogenization process and presents the 
quality control results. 
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1. Introduction 

The existence of long and reliable instrumental climate records is necessary both 
to assess climate variability and climate change and to validate climate model 
outputs (Freitas et al., 2013). Analysis of appropriate and good quality datasets 
may help to mitigate possible negative effects of climate change. Furthermore, 
besides temperature and precipitation, wind is also a key meteorological 
element, therefore, it is essential to study average and extreme characteristics 
and tendencies of present and future wind climate.  

Hungarian wind climate research at the Eötvös Loránd University in 
Budapest is based on the analysis of past, present, and modeled wind field data 
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sets. Projected wind fields are provided by the adapted and validated RegCM3 
regional climate model (Torma et al., 2008) experiments for future periods 
(2021–2050 and 2071–2100) for the Carpathian Basin.  

We analyzed present wind climate using measurements of Hungarian 
synoptic stations, and gridded reanalysis data (Péliné et al., 2011). Hungarian 
synoptic measurement network has been developed and installed by the 
Hungarian Meteorological Service taking into account suggestions of the World 
Meteorological Organisation (WMO, 2011). Because of the last decades’ 
developments of measurement and communication technologies, the wind 
observing network has changed several times, which is unfortunately quite 
usual. The most significant change was automation – i.e., change traditional 
measuring instruments into automated measuring systems – during 1995–1996. 
This major change introduced large variations in the climate signal, and caused 
inhomogeneities in the data sets. In fact, long instrumental records are very 
rarely homogeneous because of the changing surroundings of measuring sites 
(new buildings, vegetation growth, etc.). To avoid misinterpretation due to this 
inhomogeneity, the available time series can be divided into subsets. For 
instance, we used two subsets in case of previous (Péliné et al., 2011) wind 
climate analysis using wind data originating from traditional (1975–1994) and 
automated (1997–2012) measuring systems.  

In addition to automation other causes may also lead to inhomogeneities 
such as substitution or relocation of weather stations, changing anemometer type 
or aging of the instruments, changes in measuring height, surroundings (e.g., 
urbanization), surface coverage, and roughness. Therefore, documentation of 
metadata is a crucial issue during any kind of meteorological measurement. 

The above-mentioned changes could result in inhomogeneities, which 
cannot be explained by climatological reasons. Brake points in the data sets 
coincide with change in the probability distribution function of the 
measurements. These inhomogeneities must be detected and removed before 
further analyses. For this purpose mathematical methods are widely used, one of 
them is the Multiple Analysis of Series for Homogenization, MASH v3.03 
(Szentimrey, 1999, 2011) developed in HMS. This technique is used here for 
homogenization of available daily wind speed time series between 1975 and 
2012 for records of 19 Hungarian synoptic stations. 

2. Homogenization with MASH application 

A homogeneous climatological time series can be defined as time series where 
variability is only caused by changes in weather and climate (Aguilar et al., 
2003). To decide whether or not a long time series is homogeneous, there are 
different detection and correction methods available for possible use. These 
methods are all based on mathematical formulation and climatological 



121 

experience, however, their performances are different. Objective comparison of 
these existing methods was carried out in the framework of a scientific 
programme COST Action HOME ES0601: Advances in Homogenization 
Methods of Climate Series: an integrated approach (HOME, 2011; Szentimrey, 
2013). The HOME tests concluded that MASH was one of the most successful 
methods (Domonkos et al., 2012, Domonkos 2013, Venema et al., 2012), that is 
why we used it in this study. 

MASH application is a relative homogeneity test procedure (Szentimrey, 
1999). This tool consists of mathematical formulation, climatological station 
information (metadata), and software development for automation. Application 
does not assume that the reference series are homogeneous. The candidate series 
is chosen from the available time series (for example daily wind speed data), and 
the remaining series are considered as reference series. As running the 
application, the role of series changes step by step during the procedure. 
Depending on the climatic element, additive (for temperature) or multiplicative 
(for precipitation or wind speed) models can be used.  

It is possible to homogenize monthly, seasonal, or annual time series. The 
daily inhomogeneities can be derived from the monthly ones (Szentimrey, 2008). 
The application provides automatically the probable dates of break points for 
further usage, and the homogenized, completed and quality controlled time 
series. Although MASH is able to use metadata (for example the date of 
relocation) during the break point detection, it was not used during this work. 

In this study, daily wind speed data sets for 19 stations (Fig. 1) were 
derived from at least 8 hourly wind speed data a day. Before calculating daily 
wind speed, hourly data was quality controlled and corrected. Metadata of 
stations is summarized in Table 1. Data are available from 1975 to 2012 at most 
stations. At station Paks (No. 15), measurements started only on May 1, 1979. 
Altogether more than one year is missing at Zalaegerszeg (No. 11) during 1993 
and 1994. It is also important to note that 50 days are missing at Kecskemét 
(No. 17) in 2009.  

A multiplicative model was applied for homogenization of daily wind 
speed data using the 0.05 significance level. Original series can be described as 
Eq. (1) affected by climate change, inhomogeneity, and noise effect (Szentimrey, 
2011).  

Original series for multiplicative model is 
 ܺை,௝כ ሺݐሻ ൌ ሻݐሺכ௝ܥ · ሻݐሺכ௝ܪܫ · ሻ,       ሺ݆ݐሺכ௝ߝ ൌ 1,2, … , ݊ሻ, (1) 
 

where  כܥ is the climate change, כܪܫ is the inhomogeneity, כߝ is the noise. 
 
 



122 

Fi
 

Ta
(in

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

MASH
numbe
problem

ig. 1. Hungar

able 1. Meta
n 2012) 

WMO S

12772 M
12805 S
12812 S
12822 G
12843 B
12851 K
12860 S
12882 D
12892 N
12910 S
12915 Z
12925 N
12935 S
12942 P
12950 P
12960 B
12970 K
12982 S
12992 B

H v3.03 pr
er of day
matic seri

rian stations 

adata of Hun

Station nam

Miskolc 
Sopron 
Szombathely
Győr 
Budapest Lő
Kékestető 
Szolnok 
Debrecen 
Nyíregyháza
Szentgotthár
Zalaegerszeg
Nagykanizsa
Siófok 
Pécs 
Paks 
Baja 
Kecskemét 
Szeged 
Békéscsaba 

rocedure p
ys with er

es, and gi

used at MAS

ngarian statio

me Lon
[° E

20.7
16.6

y 16.6
17.6

rinc 19.
20.0
20.
21.6

a 21.8
d 16.3

g 16.8
a 16.9

18.0
18.2
18.8
19.0
19.7
20.0
21.

3

produces q
rror, total
ves the es

SH applicati

 
ons used at M

n  
E] 

Lat 
[° N]

77 48.10
60 47.68
65 47.20
67 47.71
18 47.43
02 47.87
13 47.17
61 47.49
89 47.96
31 46.91
81 46.93
97 46.46
04 46.91
23 46.01
85 46.57
02 46.18
75 46.91
09 46.26
11 46.68

3. Results

quality co
l number 
stimated er

on for homo

MASH appli

Altitude
[m] 

232.8 
233.8 
201.1 
116.7 
139.1 

1011.3 
108.1 
107.6 
142.1 
311.7 
240.1 
139.8 
108.2 
202.8 
  97.2 
113.0 
114.0 
  81.8 
  86.2 

ts 

ntrol resu
of error

rror value

ogenization. 

ication for h

e Anemom
elevatio
16.25 
18.40 
10.56 
11.16 
14.68 
25.07 
10.40 
10.23 
15.98 
16.61 
10.40 
13.69 
15.10 
10.55 
  9.80 
10.30 
10.40 
12.25 
  6.50 

ults automa
rs; their d
s. First, ou

 

homogenizati

meter 
on [m] 

Mi
dat

0
< 0
< 0

0
< 0
< 0
< 0
   0
   0
   0
   3
   0

0
0

11
0
0

< 0
< 0

atically (e
dates), ide
ur input da

ion 

ssing 
ta [%] 

0.0 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
3.3 
0.1 
0.0 
0.0 
1.4 
0.1 
0.4 
0.1 
0.1 

e.g., the 
entifies 
ata was 



123 

checked with partially automated self-developed computer codes including basic 
controlling rules and the detected errors were corrected manually before 
homogenization. As a result, only 2 errors (on two consecutive days) were 
detected at one of the stations, Szombathely (No. 3). Normally, file of MASH 
quality control results contains the detected maximal positive and the minimal 
negative errors and their dates; however minimal negative error was zero in this 
work (Table 2). 
 

Table 2. Quality control results 

Dates of the detected errors Maximal positive error [m/s] 
August 9, 1995 0.31 
August 10, 1995 0.54 

 

During verification of homogenization, the null hypothesis supposes that 
the examined series are homogeneous. The homogenization is acceptable if the 
following condition is true (Lakatos et al., 2013): the test statistic after 
homogenization (TSA) has to be either near the critical value (20.57, 
significance level 0.05) or much less than the test statistic before 
homogenization (TSB). TSA and TSB values are summarized in Table 3. Since 
TSA values are much smaller compared to TSB values, it can be concluded that 
the homogenizations are acceptable and improve the qualities of the station time 
series considerably. The smallest TSB value – less than 100.0 – is found in case 
of station 3 (30.11) where the homogenization could not improve the data 
quality (station 3 is the only station with this feature among the 19 stations 
evaluated in this study). In fact, the TSA value of station 3 is larger than the 
TSB value. The small difference between them suggests that only a slight 
correction was made in the time series of station 3, since the original time series 
can be considered homogeneous. However, due to missing data of the original 
data set at this station, we used the homogenized time series in the analysis.  

 
Table 3. Yearly test statistics for inhomogeneity of series 

Station No. TSA TSB Station No. TSA TSB 

  1 151.21 2590.78 11   42.39 953.13 
  2   26.69 137.10 12 100.19 218.26 
  3   39.76 30.11 13   69.66 395.84 
  4   29.49 113.96 14   16.70 492.12 
  5   23.93 285.97 15   50.67 574.81 
  6 147.45 229.40 16   47.14 512.55 
  7   53.85 1715.00 17   35.86 490.28 
  8   60.62 116.63 18   57.82 178.88 
  9   49.72 1680.52 19   84.57 359.90 
10 36.61 578.96    
   Average   59.17  613.38 
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Table 4 lists annual relative estimated inhomogeneities (REI) and annual 
relative modification of wind speed data sets (RMS). They are proportional to 
standard fluctuation based on their definitions (Szentimrey, 2011).  

 
Fluctuation of series is 
ሻሺ൐ݐሺݔ  0ሻݕሺݐሻሺ൐ 0ሻ ሺݐ ൌ 1,2, … , ݊ሻ: 

ሻݔሺܨ  ൌ ቀ∏ ݔܽ݉ ቀ௫ሺ௧ሻ௬ሺ௧ሻ , ௬ሺ௧ሻ௫ሺ௧ሻቁ௡௧ୀଵ ቁభ೙ .  (2) 

  
Standard fluctuation of series is 
ሻሺ൐ݐሺݔ  0ሻ ሺݐ ൌ 1,2, … , ݊ሻ: 
ሻݔሺܨܵ  ൌ ቀ∏ ݔܽ݉ ቀ௫ሺ௧ሻ௫ҧಸ , ௫ҧಸ௫ሺ௧ሻቁ௡௧ୀଵ ቁభ೙ , (3) 
 
where G is the geometric mean. 
Relative estimated inhomogeneity (REI) is 
 
൯כ෡ܪܫ൫ܨܵ  ൎ  ሻோாூ. (4)כሺܺ଴ܨܵ
 
Relative modification of series (RMS) is 
 
,כሺܺ଴ܨ  ܺுכ ሻ ൎ  ሻோெௌ. (5)כሺܺ଴ܨܵ
 
Annual variability of wind speed is definitely smaller than other meteorological 
parameters such as maximum temperature or sunshine duration. Seasonal REI of 
daily wind speed time series shows an annual cycle with very small amplitude. 
Analysis of time dependence of REI suggests that averaged values for all 
stations are slightly larger in spring (0.46) and summer (0.55) than in winter 
(0.39) and autumn (0.44). Seasonal REI values vary from zero to 1.01 (Fig. 2), 
the smallest values appear in autumn and summer at stations 3 and 4, 
respectively, whereas the largest REI values can be found in summer at station 7 
(in Szolnok). The maximum difference between the seasonal REI values is in 
Sopron (station 2), where REI is eight times larger in summer than in spring (the 
difference is 0.36). Considering the monthly RMS values (Fig. 3), the average 
adjustments were higher during those months when natural variability of wind 
speed is larger (due to higher thunderstorm frequency). Fig. 3 illustrates the 
RMS analysis at three stations, i.e., Szombathely (station 3), Zalaegerszeg 
(station 11), and Kecskemét (station 17), where annual REI and RMS are 
minimum, maximum, and around the multi-station mean values, respectively. 
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4. Conclusions 

Daily wind speed data sets of 19 Hungarian synoptic stations were homogenized 
for 1975–2012. Our preliminary results are summarized in this paper, based on 
them the following conclusions can be drawn. (1) Automation, relocated 
stations, and changed height of measurement sensors could cause break points in 
time series. Analyzing the modification factors, the inhomogeneity is often 
larger due to relocations than automation. Therefore, it is important to take into 
account these effects in planning and installation of measurement systems, 
moreover, it is essential to document any changes in meteorological 
measurement network. (2) Homogenization process determined the main break 
points of stations’ time series. Most of the break points could be identified from 
documented metadata, however, it is not possible to deduce the number of break 
points from the metadata only. Consequently, non-climatic biases cannot be 
quantified solely from documented metadata. (3) Spatial variability of wind 
speed is high, but the temporal variability is small compared to other 
meteorological parameters (e.g., maximum temperature, sunshine duration). 
Seasonal relative estimated inhomogeneities of daily wind speed suggest very 
small changes within the year. (4) Values of RMS are higher when thunderstorm 
events occur more frequently, i.e., from spring to autumn. 
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