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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. L§szl· L®n§rt 



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 can be reduced 

 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. L§szl· L®n§rt 



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 

  

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

  





Statistical analysis of time series 
Budapest, annual precipitation Debrecen, annual precipitation Szeged, annual precipitation 

Distribution of annual precipitation, Debrecen Distribution of annual precipitation, Szeged 



Spectral analysis of time series 
 Hungarian Meteorological Service Online Database ς official measurements 
  
 Cyclic properties of 110 year long data of annual, monthly and daily rainfall 
  
 Forecasting 
  
 Wavelet-analysis 

  
Szombathely  

Budapest  
Debrecen  

P®cs 



Spectral analysis of time series 

Where,  f :frequency,  

 T=2ȏ: period length  

The real and 

imaginary spectrum 

gives the  weights of 

the sin -cos 

components.  

Where,  A :amplitude,  

 ȕ: phase angle  

  

Fourier-spectrums based on the 

cos(2ȏft) and sin(2ȏft) functions.  

Search for periodic components in y(t) 

precipitation functions.   



Spectral analysis of time series ς annual 
precipitation 
  The annual dataset: 
 Time period: 1901-2010 
 110 year 
 Number of samples: 110 
 Sampling rate: 1 yr 

  

 Debrecen 
 16 cycles 
 10 major, 6 additional 
 Most dominant: 3,6 year long 

 tŞŎǎ 
 17 cycles 
 16 major, 1 additional 
 Most dominant: 4,5 year long 
 2nd: 5 year long 

  

  

P®cs 

Debrecen  



Spectral analysis of time series ς 
monthly precipitation 
  The monthly dataset: 
 Time period: Jan 1901. ς Dec 2010.  
 1320 months 
 Sampling rate: 1 month 
  

 Most dominant: 
 1 year long, 6 months long 

 Debrecen 
 43 cycles 
 Dominant: 59, 14.7, 378 month 

long  

 tŞŎǎ 
 65 cycles 
 Dominant: 5.5, 54, 12.2, 60 month 

long  

  

P®cs 

Debrecen  



Spectral analysis of time series ς daily 
precipitation 
 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 tŞŎǎ),  

  
 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.  

  

  

No. 

Debrecen 

(relative 

weight) 

Budapest 

(relative 

weight) 

tŞŎǎ 

(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%) 



Spectral analysis of time series ς Across 
the Carpathian-Basin 

 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 % 
see more at: LƭȅŞǎΣ /ǎŀōŀΤ ¢ǳǊŀƛΣ 9ƴŘǊŜΤ {ȊǼŎǎΣ tŞǘŜǊΤ ½ǎǳƎŀΣ WłƴƻǎΥ 9ȄŀƳƛƴŀǘƛƻƴ ƻŦ 
the cyclic properties of 110 ς year ς long precipitation time series 
ACTA MONTANISTICA SLOVACA 22 : 1 pp. 1-11. , 11 p. (2017) 



Spectral analysis of time series ς 
forecasting 
 With the A(f) amplitude spectra and the 
ʊόŦύ 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: 

 



Spectral analysis of time series ς 
forecasting 
Å10 major cycles 

ÅR=0,6893 

ÅMedium 
correlation 

 

ÅAll 18 cycles 

ÅR=0,7339 

ÅStorng  
correlation 

 

  



Spectral analysis of time series ς 
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 



Spectral analysis of time series ς wavelets 

 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. 



Spectral analysis of time series ς wavelets 

Time-dependence in Debrecen  

Hungary  

see more at: LƭȅŞǎΣ /ǎΤ ¢ǳǊŀƛΣ 9Τ {ȊǼŎǎΣ t: Examination of rainfall data for 110 years using spectral and wavelet 
analysis, CENTRAL EUROPEAN GEOLOGY 61 : 1 pp. 1-15. , 15 p. (2018) 



Effects of climatic oscillations on 
precipitation 

Climatic phenomena Time lag Direction Major cycles 

AMO ~0 positive 
1; 

4 years 

AO 0 negative 
0.5; 0.6;  

1; 3 years 

NAO 0 negative 
1; 3 years; 

 8.3; 4.9 month 

PNA clear linear connection not detected 

SOI clear linear connection not detected 

AMO: Atlantic Multidecadal Oscillation 
NAO: North Atlantic Oscillation 
AO: Arctic Oscillation  
 
 
Jan. 1951 ς Dec. 2010 time frame 
 



Examining the .Ǹƪƪ-MountainsΩ aquifer 
1. Before 2010-2012: 
Å The karst water level minimum showed a 

decreasing, the karst water level maximum peaks 
showed an increasing tendency.  Since that period, 
this tendency turned.  

Å This means, that the thickness of the karst zone, in 
which active water level movement happens, is 
constantly decreasing. 

 
2. Since 2011: 
Å The average of karst water level in the .Ǹƪƪ 

Mountains is lower, than average of period 1992-
2021.  

Å Additional, but important information, that the 
amount of annual rainfall has not decreased, only 
the distribution has changed.  

 

see more at: aƛƪƭƽǎΣ wƛǘŀΤ [ŞƴłǊǘΣ [łǎȊƭƽΤ 5ŀǊŀōƻǎΣ 9ƴƛƪǃΤ YƻǾłŎǎΣ !ǘǘƛƭŀΤ tŜƭŎȊŞŘŜǊΣ #ƎƴŜǎΤ {ȊŀōƽΣ 
bƻǊōŜǊǘ tŞǘŜǊΤ {ȊǼŎǎΣ tŞǘŜǊΥ YŀǊǎǘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜƛǊ ŎƻƳǇƭŜȄ ǳǘƛƭƛȊŀǘƛƻƴ ƛƴ ǘƘŜ .Ǹƪƪ 
Mountains, northeast Hungary: an assessment from a regional hydrogeological perspective 
HYDROGEOLOGY JOURNAL 28 : 6 pp. 2159-2172. , 14 p. (2020) 



Groundwater recharge 

 

Groundwater recharge or deep percolation is a hydrologic process 

where water moves downward from surface water to groundwater. 

This process usually occurs in the vadose zone below 

plant roots and is often expressed as a flux to the water 

table surface. 

Recharge occurs both naturally (through the water cycle) and 

through anthropogenic processes (e.g. artificial groundwater 

recharge). 

P 
T 

Ru 

GROUNDWATER 
RECHARGE 

S 

E 



The most preferred methods for estimating the 

natural groundwater recharge 

 

o Field tests (direct infiltration measurements) 

o Water balance methods 

o Groundwater and soil water flow modeling 

o Isotope and solute profile techniques 

o Environmental tracers 



Environmental isotopes 

 

Natural or anthropogenic compounds or 

isotopes that are widely distributed in 

the near-surface environment of the 

Earth, such that variations in their 

abundances can be used to determine 

pathways and timescales of environ-

mental processes. 

Application  of 

isotopes in time 



Types of environmental isotopes 

Stable isotopes Radioactive isotopes 

Do not decay Decay during half-time 

To determine origin To determine age 

1H, 2H (D), 
 3He, 4He, 
12C, 13C, 
14N, 15N, 

16O, (17O), 18O, 
32S, 33S, 34S, 35S, 

35Cl, 37Cl, 
79Br, 81Br, 
86Sr, 87Sr 

 

3H (T), 
14C, 
36Cl, 
39Ar, 
85Kr, 
129I, 

222Rn, 
226Ra, 
230Th, 

234U, 238U 



Estimation of the natural groundwater 
recharge 
 Danube-Tisza Interfluves 
 aŞƴǘŜƭŜƪ 

 YŜŎǎƪŜƳŞǘ 

 CƛǎŎƘŜǊōƽŎǎŀ 

 YŞƭŜǎƘŀƭƻƳ 

  

 bȅƝǊǎŞƎ 
 bȅƝǊŀŘƻƴȅ 

 Debrecen 

  



Estimation of the natural groundwater 
recharge 
 Tritium peak method 



Tritium-peak method 
 

TRITIUM CONCENTRATIONS IN 
GROUNDWATER 

 

o <0.8 TU indicates submodern 

water (prior to 1950s) 

o 0.8 to 4 TU indicates a mix of 

submodern and modern water  

o 5 to 15 TU indicates modern 

water (<5 to 10 years) 

o 15 to 30 TU indicates some 

 bomb tritium 

o 30 TU indicates recharge 

occurred in the 1960s to 1970s  



Group of wells in aŞƴǘŜƭŜƪ 



Estimation of the natural groundwater 
recharge 
 Application of the 
3H-peak method in  
aŞƴǘŜƭŜƪ 

  



Estimation of the natural groundwater 
recharge 
 Application of the 
3H-peak method in  
aŞƴǘŜƭŜƪ 

  



Estimation of the natural groundwater 
recharge 
 Application of the 

3H/3He method in 

aŞƴǘŜƭŜƪ 

  



The d18O value was -11҉ - -14҉ in the 
precipitation in the Carpathian Basin (including 
Hungary) during the last glacial period. 
 
Nowadays this annual value is -9,5 ҉. 





[c
m

] 

see more at: tŀƭŎǎǳΣ [łǎȊƭƽΤ YƻƳǇłǊΣ [łǎȊƭƽΤ 5ŜłƪΣ WƽȊǎŜŦΤ {ȊǼŎǎΣ tŞǘŜǊΤ tŀǇǇΣ [łǎȊƭƽΥ 9ǎǘƛƳŀǘƛƻƴ ƻŦ ǘƘŜ ƴŀǘǳǊŀƭ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜŎƘŀǊƎŜ ǳǎƛƴg tritium-peak and tritium/helium-3 dating 
techniques in Hungary, GEOCHEMICAL JOURNAL 51 : 5 pp. 439-448. , 10 p. (2017) 



Results ς Recharge rates in aŞƴǘŜƭŜƪ 

  aŞƴǘŜƭŜƪ 

The recharge rate based on the 

3H-peak method with numerical modeling 

48 mm/yr 

(9%) 

The recharge rate based on the 

3H/3He method 

48 mm/yr 

(9%) 

Long term precipitation 

(1985-2014) 
541 mm/yr 

The recharge rate based on the 

soil moisture  

47 mm/yr 

(7%) 

Recent precipitation 

(11.2013 ς 10.2014) 
672 mm/yr 



Developing complex method for estimating the 

groundwater recharge ς Step-by-step 

o Engineering geological soundings in the upper 20-25 m soil layer Ҧ ǎƛǘŜ selection 

o Construction a group of wells from 5-10 mikro wells (d < 50 mm). 

o Water level detection, slug tests and water sampling. 

o Analyze the water samples for 3H, 3He, 14C and stable water isotopes. 

o Flow and transport modeling for simulate the vertical flow. 

o Verify the transport model with the measured values. 



Construction of the wells 

o The site selection based on previous 

geological and hydrogeological studies. 

o The screening depths based on 

engineering geophysics soundings. 

o During the soundings important to 

penetrating, measure natural gamma, 

gamma-gamma and neutron-neutron 

values. 



Construction of the wells 

KPE liner 

Steel drill pipe 
KPE liner 

Filter tube 

Well screen 

Steel drill pipe 

Bonamid cone 

Screw 



Construction of the wells 
1. 3. 4. 5. 6. 

1 ï 2 ï 3.  simultaneous vibration of the drill pipe and the liner 

4 ï 5.  recovery of the drill pipe 

6.                 the complete monitoring well 

Unsaturated 
zone 

Saturated 
zone Groundwater 

level 

2. 


