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Examination of 110 year long Rainfall Data using Spectral and 
Wavelet Analysis 
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The aim of our research was, to better understand the precipitation part of the hydrological 

cycle, because through infiltration, this is the most important source of recharging the 

groundwater. To better understand the periodicity of these rainfalls we used monthly and 

annual rainfal

different cities, across the Carpathian-basin, obtained from the Hungarian Meteorological 

Service. With Discrete Fourier-transformation (DFT) and Wavelet time series analysis, we 

defined local and country-wide cycles in the datasets. 

Using DFT we calculated the time-period distributions (spectra) of monthly and annual rainfall 

from the annual rainfall data. The most dominant cycle was the 5 year long, with the most 

dominant relative amplitude in all four stations, and there were 12 other present in all four 

datasets. From the monthly datasets several other periodic components were calculated locally 

and nationwide also. 

Using Wavelet-analysis the time dependence of the cycles was determined in the 110 year long 

 

The paper will present the mathematical algorithm of the spectral and wavelet analysis besides 

the numerical results. 

 

Key words: precipitation, spectral analysis, wavelet, cycles 
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1. INTRODUCTION 

On Earth approximately 400 000 km3 volume of water is being transported 

annually in the water cycle, which is affected by the changing climate and the 

meteorological extremities present in recent years. In Hungary most of the 

drinking water is produced from groundwater aquifers, therefore the effects of a 

changing climate and even the slightest changes in the water cycle can have a 

strong effect to these aquifers. These changes in the behaviour of precipitation 

have an impact on the groundwater resources through the recharge, so we chose 

to investigate the precipitation. Several mathematical methods, such as the 

Lomb-Scargle periodogram (Nason et. al. 1999), the Wavelet Time Series 

-

transformation can be used to define periodicity. These were used before in 

several studies to examine precipitation in California (Sangdan 2004), at the 

Sanjiang Plain (Liu et al 2009) and in Gannan County, China (Zheng et al 2014), 

-

America (Hastenrath 1964). 

 

2. THEORETICAL BACKGROUND 

The long term hydrometeorological datasets are considered to be time series, 

containing several of perioic components therefore we chose to examine it with 

spectral analysis, based on the Fourier-

with harmonic functions in the analytic Fourier Transformation, a complex 

Fourier-spectrum F(f) is obtained, which can be divided into a real and an 

imaginary part or can also be defined in an exponential form, by introduction 

two other real spectra. 

The A(f) spectrum is called the amplitude, while the  spectrum is called the 

phase spectrum. The amplitude spectrum gives the weight in the formation of 

the signal of the harmonic component falling into a frequency band unit around 

any frequency. The phase spectrum shows, what part of the period length the 

maximum of this harmonic component shifts in relation to the maximum of base 
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Basically these meteorological processes are stochastic, but in this paper we 

searched for deterministic components in our datasets with the criteria, that the 

time series has no significant trend and the sampling rate is equidistant. 

 
3. SPECTRAL ANALYSIS 

To determine the cyclic parameters we used the data from the OMSZ (Hungarian 

Meteorological Service) online database (HMS 2015), which contains 110 years 

of meteorological parameters for five cities. 

presented very different results, according to our measurements. After defining 

the cyclic parameters, the amplitude, the phase angle and the frequency, the 

cycles with the relative amplitude spectrum over 50 % were defined as major 

(dominant) cycles and cycles with relative amplitude spectrum between 20 % 

(in some cases 10 %) and 50 % were defined as additional (minor) cycles. 

 

3.1 Annual precipitation 

In this case, the registration period is 1901  2010, thus the length of the 

registration period, treg=110 years, the sampling rate is 1 year, and the numbers 

of samples 

1984). The Nyquist-frequency shows the minimal length of period of time that 

can be calculated correctly with this examination method.  
 

 
Figure 1: 

precipitation data 
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In Debrecen 16 cycles were determined, 10 major cycles, and 6 additional 

cycles. In this city the 3.6 year long cycle was the most dominant, with 100 % 

relative amplitude, the other cycles amplitude spectra were between 27  77 % 

(Figure 1). 

cycle, which means, the periodicity is much more dominant in the precipitation 

time series 

with few, but dominant cycles. The most dominant 4.5 year long cycle followed 

by the 5 year long, with almost the same relative amplitude value, and the third 

is the 3.6 year long with more than 90% relative amplitude. 

 

3.2 Monthly precipitation 

The registration period is January 1901  December 2010, the length of the 

registration period, treg=1320 months, the sampling rate is 1 month, and the 

numbers of samples are 1320 from each city, the Nyquist frequency is 2 months. 

 

 
Figure 2: 

monthly precipitation data 

 

(Figure 2). The similarities of 

this two stations are the following: The 1 year long cycles are the most dominant 

with 100 % relaitve amplitude - normalized to maximum amplitude value of the 

dataset - , and the second is the 0.5 year long with 57.64 % relative amplitude 
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e other relaively dominant 

cycles are the 59, 14.7, 378 month long ones, most of the minor cycles have 

the relative amplitude range under the 20 % value, but were considered as 

 

are the 5.5, 54, 12.2, 60 month long ones. 

 

3.3 Forecasting 

With the A(f) amplitude spectra and the  phase spectra, the original 

measured data can be recalculated, and with the major and minor cycles, and 

their period of time, amplitude and phase spectra values, the deterministic 

precipitation time series can be calculated (Eq. 1): 

 (Eq 1) 

 

If we use the t parameter, with a value of t>2010, we can forecast to the future. 

In this paper we present the results of the 110 year long time series, calculated 

from the periodic components of the station of Debrecen from 1901 to 2010, 

and its correlation coefficient with the original measured data, with the forecast 

up to the year of 2030. 

 

 
Figure 3: Forecasting up to 2030 from the periodic components of the Debrecen 

dataset. 
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The annual precipitation of Debrecen values range between 400 and 600 mm, 

with no year, when the 600 mm maximum would be exceeded (Figure 3). 

According to our calculations, large amount of precipitation within one year is 

not expected. The correlation coefficient between the original measured data 

and the calculated time series are 0.689 and 0.734 respectively. 

 

4. WAVELET ANALYSIS 

Wavelet time series analysis is a well-known method to investigate the time-

dependence of a cycle within a time series. The periodic components from the 

previous examinations were used for this analysis. 

The wave packet used for the calculation was a 1 year long period of time sine 

wave. The filtering has been derived by a cross-correlation function normalized 

to maximum value of the function. A discrete normalized cross-correlation 

matrix (Rxy) can be calculated from the cross-correlation functions of the 

wavelets (x) and the precipitation time series (y).  

All of the 18 cycles from Debrecen were used for the wavelet analysis, and the 

results showed, that the cycles with period of time with a small value are less 

dominant in the 191  

 

 
Figure 4: Wavelet cross-correlation of the 4.3 year long cycle from Debrecen (l), and 

 

 

The wavelet of the 4.5 year long cycle shows 5 local maximum value (with more 

than 0.8 correlation coefficient), in the year 1956, 1963, 1916, 1945 and 1938. 
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The wavelet of the 4.3 cycle from Debrecen shows minimal similarities, with 4 

maximum values, in t

1960-

with much less dominance can be noticed after 2000 (Figure 4). 

 

5. CONCLUSIONS 

In recent years several studies explored the changes of the hydrological cycle. 

In this paper we examined the precipitation, to better understand the variability 

of it, with several mathematical methods based on DFT Fourier-transformation. 

According to our research, there are several different cycles in the rainfall 

datasets all over Hungary. We calculated 13 cycles which were present in all of 

forecasting method with the Debrecen precipitation records and it gave a strong 

correlation coefficient between the determined and the original measured data. 

Also the time-dependence of the cyclic parameters were determined with 

researches, the aim could be to better understand the nature of these periods, 

what are the main causes of it, and also to find a connection with the 

groundwater levels of the same time period. 
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