




2018.08.27.

1

University of Miskolc

Institute of Environmental Management

Institute of Geophysics and Geoinformatics

MTA-ME Geoengineering Research Group

EXAMINATION OF THE HYDROLOGIC CYCLES WITH 
SPECTRAL ANALYSIS
Csaba Ilyés – Endre Turai – Péter Szűcs

A KÁRPÁT-MEDENCE ÁSVÁNYVIZEI XIV. Nemzetközi Tudományos Konferencia 
Bártfafürdő – 2017. augusztus 22-25.

The contents of presentation

Daily sampled 
110 year long 

dataset

Monthly
sampled shallow

groundwater
The case of 
Debrecen



2018.08.27.

2

• The satisfaction of drinking water and 
mineral water needs is one of the most 
important tasks to be solved globally 
today. 

• In the future, the weight of this challenge 
will, according to some estimates, 
progressively increase in the context of 
the climate change. 

• The amount of precipitation and its 
changes in time have an impact on the 
quantitative and qualitative characteristics 
of groundwater basins.

Introduction

Daily sampled 110 year 
long dataset
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Fourier-spectrums based on the 
cos(2πft) and sin(2πft) functions.

The real and imaginary spectrum 
gives the  weights of the sin-cos 
components.

Search for periodic components in 
y(t) precipitation functions.  

Methodology

Where, f :frequency, 
T=2π: period length

Where, A :amplitude,
φ: phase angle

Daily sampled 110 year long dataset

• The registration interval for each city 
divided into four equal periods.

• To determine how spectral information 
changes in each period. 

• To find the climate change relation as to 
whether the length of the precipitation 
cycles is actually shortened. 

• From the four cities in Szombathely the 
stability of the cycles, while in Budapest 
time variability is the highest. 

• The variability of the spectra calculated 
for Debrecen and Pécs is similar between 
Budapest variability.
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Daily sampled 110 year long dataset

Daily sampled 110 year long dataset

No.

Debrecen

(relative 

weight)

Budapest

(relative 

weight)

Pécs

(relative 

weight)

Szombathely 

(relative 

weight)

1. 1 year 

(99.1%)

0.5 year 

(91.2%)

1 year 

(90.1%)

1 year 

(99.7%)

2. 0.5 year 

(60.8%)

1.01 year 

(71%)

0.5 year 

(69.7%)

0.5 year 

(26.0%)

3. 1.22 year 

(40.3%)

0.71 year 

(49.6%)

0.7 year 

(39.9%)

1.15 year 

(24.2%)

4. 0.73 year 

(33%)

5.03 year 

(49%)

4.84 year 

(39.3%)

0.71 year 

(21.0%)

5. 0.3 year 

(32.7%)

1.1 year 

(46.6%)

0.46 year 

(39.3%)

1.05 year 

(20.9%)

6. 4.22 year 

(31.2%)

1.15 year 

(45%)

0.4 year 

(37.3%)

0.37 year 

(20.9%)

7. 1.67 year 

(29.8%)

0.3 year 

(43.7%)

1.23 year 

(35.7%)

3.32 year 

(20.4%)

8. 6.09 year 

(29.6%)

1.37 year 

(43.4%)

0.29 year 

(35.5%)

0.87 year 

(20.2%)

9. 3.56 year 

(26.6%)

1.23 year 

(40.3%)

3.43 year 

(31.9%)

0.64 year 

(20.1%)

10. 14.2 year 

(25.8%)

0.54 year 

(40%)

1.51 year 

(31.2%)

23 year 

(18.7%)

• The table shows that the 1 year, 0.5 
years, 0.7 years, and 0.3-0.4 years 
can be detected in the rainfall data 
series of all four cities,

• The 1.23 year long cycle is in the 
series of three cities (Debrecen, 
Budapest and Pécs), 

• However, it cannot be detected in 
Szombathely at the westernmost 
location.
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Daily sampled 110 year long dataset

Time 

interval

Debrecen

[ day ]

Budapest

[ day ]

Pécs

[ day ]

Szombathely

[ day ]

1901-1928 366.6 366.5 366.8 365.4

1929-1956 364.4 349 363.7 364.4

1957-1984 364.6 367.7 366.9 365.5

1985-2011 366.6 366.9 365.7 365.9

extent 2.2 18.7 3.2 1.5

• The length of the one-year cycle exactly 
how many day long it is in the four time 
intervals for each city, 

• The last line shows the extent of the 
change (the difference between the 
maximum and the minimum value). 

• The largest is the case here in Budapest 
(18.7 days), while in Szombathely the 
smallest (1.5 days).

• If the rainfall cycles were actually 
shortened in countrywide terms, then the 
highest value must have been in the 1901-
1928 period for all four cities and the 
lowest in the 1985-2011 period. 

• This is not true for any city, so the 
shortening of precipitation cycles is not 
verified by our analysis.

Monthly sampled shallow
groundwater dataset



2018.08.27.

6

Monthly sampled shallow groundwater dataset

No.

Debrecen

(relative 

weight)

Nyírcsászári

(relative 

weight)

Kocsér

(relative 

weight)

1. 1 year 

(100%)

1 year 

(100%)

1 year 

(100%)

2. 12.3 year 

(77.3%)

11.1 year 

(98.3%)

24.2 year 

(49.9%)

3. 15 year 

(45.4%)

4.5 year 

(77.2%)

15.8 year 

(41.9%)

4. 18.9 year 

(43.2%)

4.9 year 

(70.1%)

8.5 year 

(40.6%)

5. 5 year 

(41.7%)

5.5 year 

(65.8%) 

10.1 year 

(37.2%)

6. 10.5 year 

(40.7%)

6.2 year 

(62.1%)

5 year 

(32.6%)

7. 26.6 year 

(38.1%)

4 year 

(46.8%)

7.5 year 

(31.4%)

8. 9 year 

(32.9%)

2.4 year 

(45.5%)

6 year 

(29.5%)

9. 2.4 year 

(32.9%)

2.8 year 

(43.5%)

12 year 

(28.3%)

10. 3.7 year 

(32.2%)

3.7 year 

(43.2%)

1.9 year 

(23.7%)

11. 3.3 year 

(31.4%)

0.98 year 

(37.4%)

3.7 year 

(23.6%)

• The spectra of the monthly sampled 
shallow groundwater level time series 
were calculated.

• The interval of 110 years between 1901 
and 2011 in two neighboring (Debrecen, 
Nyírcsászári) and a far (Kocsér) location.

• 1 year, 3.7 years, 5 years and 11-12 years 
can be detected in the time series of the 
groundwater level in all three location. 

• In the case of Debrecen and Nyírcsászár
which are close to each other, a cycle of 
2,4 years is also appeared as a common 
cycle, but this cycle is no longer visible in 
Kocsér area.

Monthly sampled shallow groundwater dataset
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The case of Debrecen

The case of Debrecen

• From the precipitation and the change of 
ground water level data a 1 year, 2.4 
years, 3.67 and 5 year cycles can be 
detected (shown with red color). 

• The 12.3 year cycle in the groundwater 
spectrum can be detected in the 
precipitation timeline of 13.7 years, while 
the 26.6 year groundwater cycle is also 
higher at 31.5 years.
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The case of Debrecen

• Two long-term cycles can be 
detected in the time series of both 
parameters, but they do not occur 
exactly with the same period of 
time. 

• The 12.3 year cycle in the 
groundwater spectrum can be 
detected in the precipitation 
timeline and a cycle of 13.7 years in 
the shallow GW, 

• While the 26.6 year precipitation 
cycle in the groundwater levels is 
also higher at 31.5 years.

Debrecen

No.

precipitation

(relative weight)

shallow GW

(relative weight)

1. 1 year 

(100%)

1 year 

(100%)

2. 0.5 year 

(57.6%)

12.3 year 

(77.3%)

3. 4.92 year 

(25.5%)

15 year 

(45.4%)

4. 1.23 year 

(24%)

18.9 year 

(43.2%)

5. 31.5 year 

(23.8%)

5 year 

(41.7%)

6. 2.39 year 

(23.6%)

10.5 year 

(40.7%)

7. 3.67 year 

(22.4%)

26.6 year 

(38.1%)

8. 1.62 year 

(22.2%)

9 year 

(32.9%)

9. 0.8 year 

(22.1%)

2.38 year 

(32.9%)

10. 6.08 year 

(21.4%)

3.67 year 

(32.2%)

11. 13.7 year 

(21.1%)

3.33 year 

(31.4%)

Conclusions

• Daily sampled precipitation:
• The analysis of the 110-year rainfall time series of daily sampling shows 

that there are probably regional deterministic reasons behind 
Hungary's 1 year, 0.5 year, 0.7 and 0.3-0.4 years cycles.

• The fluctuation of the spectrum is the smallest in Szombathely, while in 
Budapest it is the largest

• Shallow GW levels:
• 1 year, 3.7 years, 5 years and 11-12 years can be detected in all three 

GW location, so presumably there are regional deterministic reasons 
behind it.

• Debrecen rainfall and GW level:
• 1-year, 2.5-year, 3.7-year and 5-year cycles appear in the time series of 

both parameters, therefore these cycles are caused by deterministic 
effecting both the periodic changes in the precipitation and ground 
water levels. 
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