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INTRODUCTION

• Growing number of extreme weather conditions

• Connected to the hydrological cycle

• Huge amount of rainfall in a 
short time period 
• Meaning longer periods 

without any measurable rain

• Fast floods, karstic floods

• Urban floods 

• In Hungary these can cause several problems

Photos: Dr. László Lénárt
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INTRODUCTION

• Fast-floods of Miskolc 2006, 2010, 2013

• In Hungary inland water and drought 
can be at the same place

• These extremities affect the agriculture,
food industry and energy usage through
irrigation

• With the proposed mathematical methods the 
variability of the rainfall events

• Conceptual changes in groundwater management
• Not to let the water surpluss go (floods) through fast, but to store

the large amount of water

Photos: Dr. László Lénárt

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.

• These changes in the behaviour of precipitation have an 
impact on the groundwater resources through the 
recharge, so we chose to investigate the precipitation

• In Hungary most of the drinking-water is produced from
GW resources (96%)



2017.10.24.

3

WHERE ARE WE?

METHODS & MATERIALS

• Hungarian Meteorological Service 
Online Database – official
measurements

• Cyclic properties of 110 year long
data of annual and mothly rainfall

• Forecasting

• Wavelet-analysis
Szombathely

Budapest
Debrecen

Pécs
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Where, f :frequency, 

T=2π: period length

The real and 

imaginary spectrum 

gives the  weights of 

the sin-cos

components.

Where, A :amplitude,

φ: phase angle

Fourier-spectrums based on the 

cos(2πft) and sin(2πft) functions.

Search for periodic components in y(t) 

precipitation functions.  

METHODS & MATERIALS

ANNUAL DATA

• Annual data:

• Time span: 1901-2010

• Time length: 110 years

• Sampling rate: 1 year

• Budapest: 21 cycles

• Debrecen: 18 cycles

• Pécs:  17 cycles

• Szombathely: 20 cycles

Longest cycle

Most dominant cycle
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MONTHLY DATA

• Monthly data:

• Time span: Jan. 1901- Dec. 2010

• Time length: 1320 months

• Sampling rate: 1 month

• Budapest: 71 cycles

• Debrecen: 43 cycles

• Pécs:  65 cycles

• Szombathely: 19 cycles

Most dominant cycles

DAILY DATA

Longest cycle [day] Budapest Debrecen Pécs Szombathely

1. January 1901. – 1. January 1956. 7998 5753 5157,5 3724

1. January 1956. – 31. December 2010. 6424 4654,5 3605 2789,5

Change in the period of time [day] -1574 -1098,5 -1552,5 -934,5

Longest cycle [mm/365/day] Budapest Debrecen Pécs Szombathely

1. January 1901. – 1. January 1956. 1139,7566 795,8804 739,9553 724,1627

1. January 1956. – 31. December 2010. 581,1618 637,4869 597,1862 532,4286

Change in the relative amplitude

spectrum

-49,01 % -19,9 % -19,29 % -26,48 %
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ACROSS THE CARPATHIAN-BASIN

• From the four examined
stations

• 7 cycles from annual

• 13 cycles from monthly

From annaul

precipitation

[yr]

From monthly

precipitation

[month]

5 80,17 % 1 94,16 %

3,5-3,6 71,25 % 0,5 61,97 %

11,8-13,5 66,11 % 4,92-5,00 28,61 %

2,8-3,1 57,27 % 1,13-1,15 23,14 %

6,1-6,3 52,36 % 1,2-1,21 23,08 %

4,5-4,6 47,36 % 3,42-3,67 22,83 %

7,5-7,8 38,79 % 0,4-0,43 22,76 %

2,36-2,39 21,85 %

4,17-4,50 20,88 %

11,75-13,67 19,34 %

2,8-3,17 17,35 %

6,08-6,25 15,21 %

7,58-7,67 10,56 %

FORECASTING - THEORETICS

• With the A(f) amplitude spectra and 
the Φ(f) phase spectra, the original 
measured data can be 
recalculated:

• With the major and minor cycles, 
and their period of time, amplitude 
and phase spectra values, the 
deterministic precipitation time series 
can be calculated:

𝑦 𝑡 =  𝑌 +  
0

+𝑓𝑁

𝐴(𝑓)𝑒  𝑗[2𝜋𝑓𝑡+Φ 𝑓 𝑑𝑓 )𝑦(𝑡 𝑑𝑒𝑡 =  𝑌 +
2

𝑇𝑟𝑒𝑔
 

𝑖=1

18

𝐴𝑖 cos
2𝜋

𝑇𝑖
𝑡 − 1901 + 𝛷 𝑇𝑖
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FORECASTING

• 10 major cycles

• R=0,6893

• Medium
correlation

• All 18 cycles

• R=0,7339

• Storng
correlation

FORECASTING

Date Registered
10 

cycles

18 

cycles

2010 845 748.9 776.7

2011 442 632.2 690.8

2012 427 494.7 534.0

2013 545 576.3 532.3

2014 456 526.4 507.6

2015 432 537.4 486.8

2016 744 567.6 520.2
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FORECASTING164 cycles

R=0,6237

15 cycles

R=0,4735

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.
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WAVELET ANALYSIS

Debrecen

Pécs

• Local Maximum:

• Debrecen

• 1956, 1963, 1916, 
1945 and 1938

• Pécs

• 1918, 1971, 1973 
and 1916

• Local Minimums:

• 1910’s, 30’s and in the 
70’s

WAVELET ANALYSIS

Time-dependence in Debrecen

Hungary
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CONCLUSIONS

• The method can be useful to identify cycles in a dataset, such as precipitation

• Reducing the variability of a rainfall event

• The water-management or groundwater-managementcan be more planned

• Several cycles calculated from long-term rainfall timeseries’

• Both locally and country-wide

• From these cycles forecasting can be calculated

• Future: 

• Connection with the shallow groundwater.

• Calculating the time lag between rainfall cycles and groundwater.
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