
Geosciences and Engineering, Vol. 3, No. 5 (2014), pp. 25–37. 

 

 

ON THE RELATIONSHIP BETWEEN VARIATIONS IN PRECIPITATION 
AND GROUNDWATER LEVEL 

 

Ferenc Kovács  

ordinary member of the Hungarian Academy of Sciences 

Research Team in Applied Earth Sciences of the Hungarian Academy of Sciences, 

University of Miskolc, bgtkf@uni-miskolc.hu 

 
ABSTRACT 

The introductory section of the paper discusses the significance of the relationship between 

precipitation and groundwater and changes in groundwater level. It also discusses the relationship 

between the so-called depression area (cone), formed during mining dewatering, and fluctuations in 

groundwater level under the effect of other influences. 

During the research, the data on water level variations of 15 groundwater wells in 10 settlements 

of the Mátra-Bükkalja region have been analyzed in relation to specific precipitation. 

It has been concluded that there is no direct relationship between monthly specific precipitation 

and the depth of groundwater level in the given month.  

During the analysis of the year’s monthly groundwater data, it has become clear that groundwater 

level reaches its maximum in the months of April–May within the year, as a result of the recharging 

of the ground during the winter and spring months while the monthly precipitation values increase 

within the year during May and June, and reach their maximum in June –July. 

The long-term examination extended beyond a year has revealed that the groundwater level of 

some wells only reach the maximum after 0.6–1.2 years (8–10 months) depending primarily on the 

average precipitation level value of the wells. Greater average ‘water depth’ increases the follow-up 

(cycle) period; 1.5–3.0 m depth increases it to 0.7–0.9 year and 3–4 m depth to 1.0–1.4 years. 

In the wells of Eger, Kerecsend and Kompolt (these three wells are situated within the catchment 

area of the Stream Eger), where in the 4.5–10.0 m depth range, the average water level of the three 

wells is approx. 7 meters, the absolute ‘delay’ period in groundwater level change is 0.7–1.2 years, 

which is essentially the same as with the other 8 wells. 

 

 

INTRODUCTION 
 

During the production of utilizable mineral resources, water lifting should be 

continuously performed during both the opening and preparation of mines (open cuts) and 

production with respect to cap-rock and dirt bands or wall rock of the coal beds or the coal 

beds to be exploited, for the purpose of the safety of mining activities, mostly in the course 

of open-cut and deep working in coal mining. As a result of water lifting from aquifers, the 

water level will decrease in the affected water table and the cap-rock as well as in the 

aquifer, depending on the geological, hydrogeological and hydrodynamic properties of the 

relevant area, the lifted amount of water, its intensity, etc., and a depression area will be 

formed. In the territory of the so-called cone of depression, in situ tension changes and as a 

result, movement, or to put it simply, depression occurs in the cap-rocks and the surface. 

Naturally, independently from the impact of mining dewatering, the variation in the 

water content of surface and near-surface layers (or with respect to construction, ground 

working soils) and the fall or rise of groundwater level are decisively/primarily determined 

by the shorter or longer term (monthly, seasonal, annual or multi-annual) variation/change 

in natural precipitation besides the impacts of human activities/mining. The analysis/taking 

into consideration of the impact influencing/determining the variation (’fluctuation’) of  
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groundwater level of natural factors, and primarily that of the fluctuation in precipitation, is 

of particular significance so that in the investigation of damage caused by mining, the effect 

reducing groundwater of precipitation variation and that of water lifting in mining may be 

separated in the areas affected/bordered by mining activities. 

With regard to this question, on the basis of the assessment in literature, the rule of 

thumb according to sources Kézdi (1954) and Kézdi (1970) is as follows:  

‘In the upper layer of natural soils, the distribution of ground moisture is influenced by 

precipitation, temperature and climate conditions, the quality of soil, the position of 

groundwater, the angle of the site, the vegetation covering the field and several other 

factors.’ 

Let us now highlight some practical statements and facts presented in the literature 

without analyzing such changes in the volume and tension of rocks and soils, in the cast 

sites and especially in the cap-rock sequence that are due to dewatering or change/decrease 

in water content, leading to deformation, depression, shrinking or swelling. 

Dealing with the issues of groundwater fluctuation, József Juhász identifies the 

following as a general characteristic: if annual groundwater fluctuation only results from 

precipitation, then it approximately shows the regularity of temperature variation especially 

in lack of any considerable onflow or if the groundwater table is not too deep down. In the 

temperate climate zone of the northern hemisphere, groundwater gauge is highest in the 

months March to May. The minimum usually occurs in the months September to November 

(p. 632. Juhász, 2002). 

The extent of groundwater level fluctuation is very different according to how deep 

groundwater level is below ground level, and what the permeability of upper soil is. Here, 

precipitation only influences groundwater level slowly and to a very small extent (Figure 9, 

42, p. 632, Juhász, 2002). 

Among the specialist sources, Zsolt Somosvári’s book discusses the characteristics of 

precipitation, water content/saturation, and ground (clay) features also from the aspect of 

precipitation- and soil-related damage caused by mining. It states as an ‘experiential fact’ 

that water content in the surface and near-surface layers is affected by seasonal and weather 

changes only to the depths of 1.0–2.5 meters. On the surface, however, a variation of even 

∆w = 10–20% in water content can occur especially in rocks of fine loose structure, 

primarily in clays. If groundwater level is higher, the changes in the surface water content 

are smaller owing to capillary recharge, and with the changes of the seasons and weather, 

groundwater level also changes. 

Considering the basic statements in literature, this paper examines the relationship 

between variation in time of specific precipitation and groundwater level/fluctuation 

(Somosvári, 1990). 

 

THE GEOGRAPHICAL AREA INVESTIGATED IN THE RESEARCH 
 

In this research, the relationship of precipitation and variations of groundwater level has 

been examined on the basis of data collected in the Mátra-Bükk, and Mátra-Bükkalja 

regions. Using the Hydrogeological Annals and the daily data of the National 

Meteorological Service, we have collected data of precipitation measurement stations in 

settlements where we have also had access to the water level data of groundwater wells. 

During the analysis, we have used the monthly and annual average data and examined the 

variation tendencies of longer periods (5–20 years) on the basis of annual data. 
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Figure 1 presents the names of settlements, the identification data of precipitation 

measurement stations and groundwater wells, and average precipitation and groundwater 

level depth (below ground level) during the studied years adopting the data of the interim 

research report (Szűcs, 2012), made for Mátrai Erőmű Zrt (‘Mátra Power Plant Plc’). 

 

THE INFLUENCE OF MONTHLY PRECIPITATION ON THE CURRENT 

VARIATION OF GROUNDWATER LEVEL 
 

During the analysis of the relationship between the determining/influencing effect of 

precipitation  and groundwater level, the following question arises: can the short term (e.g. 

monthly) influence of precipitation be realistically assessed, i.e. can it be revealed on the 

basis of observation/measurement data? While analyzing this short term relationship, the 

following question also arises, of course: depending on the average value of the 

groundwater level depth, does specific precipitation have a more direct effect on the 

variation of groundwater level in the case of lower groundwater depths? 

The data of the precipitation measurement stations of the 10 settlements (10 stations) 

and the related 15 groundwater gauging wells respectively have yielded a total of 2,688 

monthly data for 224 years. From this set of data, the data of four wells with significantly 

different groundwater depths have been selected, namely those of groundwater well No. 

002146 in Heves, groundwater well No. 004171 in Eger, groundwater well No. 001841 in 

Mezőkövesd and groundwater well No. 001829 in Kompolt and the monthly precipitation 

data of the settlements where the average depth of groundwater level below the ground 

surface during the research period was 142 cm, 222 cm, 375 cm and 987 cm respectively. 

The four wells and the related precipitation data have yielded 432 monthly data pairs for 32 

years. 

On the basis of the 432 monthly data pairs, regarding the monthly precipitation as an 

independent (x) variable and the monthly groundwater depths as a dependent variable (y), 

we have analyzed the relationship using conventional statistical methods, and then we have 

defined regression functions to describe the relationship between the ‘variables’. This paper 

presents four of the figures containing the defined functions and calculated properties, 

which four have been chosen randomly from among the annual data (Figures 1–4).  

To characterize the ‘closeness’ of relationship between the monthly precipitation and 

the groundwater level depth measured in the given month, we have used the value  the 

correlation index (coefficient), as is customary. The data and results of the analysis are 

summarized as follows: 

 

Settlement, well 
Period 

year 

Number 

of data 

Average 

groundwater level  

cm 

Correlation 

constant 

(average) 

Heves 

well No. 002146 
11 132 142 r

2 
= 0.25 

Eger 

well No. 004171  
4 48 222 r

2 
= 0.18 

Mezőkövesd 

well No. 001841  
11 132 375 r

2 
= 0.20 

Kompolt 

well No. 001829  
10 120 987 r

2 
= 0.26 
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On the basis of the results of the analysis, and based also on the figures presented, the 

overall conclusion can be made that no reliably verifiable (r
2
>0.7-0.8) relationship can be 

detected between monthly specific precipitation and monthly groundwater level (depth) (for 

the same month). With different average groundwater values (142-222-375-987 cm), the 

regression method has yielded nearly the same results (r
2 
= 0.25–0.18–0.20–0.26) 

 
VARIATION OF MONTHLY AVERAGE PRECIPITATION AND 

GROUNDWATER LEVEL VALUES WITHIN A YEAR 
 

On the basis of the available set of data, the variation within a year of average monthly 

specific precipitation (mm/year) and average groundwater level (depth below surface) has 

also been analyzed by settlements and by wells. The process within the year has been 

demonstrated in figures. The upper part of the figures shows the annual variation of the two 

properties in the regular calendar pattern, in monthly order from January to December, 

while the lower part shows the variation in line through the year starting with the winter 

semester, from November to April. 

During the research, the annual data of wells in Füzesabony (2 wells), Heves (2), Ludas 

(1), Kerecsend (1), Kompolt (1), Eger (2), Egerfarmos (1), Mezőcsát (2), Mezőkeresztes (1) 

and Mezőkövesd (2) have been displayed. The figures have yielded ‘similar’ variations in 

the two parameters within the year, which similarity can be very simply characterized as 

follows: during the late winter-spring months, the level of the groundwater ‘precedes’ the 

increase in precipitation while in (and after) the summer months, groundwater level is 

reduced and groundwater ‘decreases’ despite the higher specific precipitation. 

Considering the space restrictions here, the changes/variation within a year in average 

monthly precipitation and groundwater level are presented on the basis of the data of 15 

wells, gathered in the period of 1973–2006 and presented in Figure 5. Based on Figure 5, it 

can stated that the winter-spring rise of groundwater level and the ‘steady’ maximum values 

of it both in individual wells and on the average during April and May precede the increase 

in monthly precipitation and the occurrence of  its maximum in June and July. 

The maximum monthly values of precipitation variation and groundwater level within a 

year are presented in Table 2. The first two rows of the table show the absolute maximum 

monthly precipitation value and its frequency in each month for each of the 13 analyzed 

wells. (In the case of two wells, the data set is given for a different period.) The aggregate 

frequency for May–July is 92.3% while it is 100% for June–August. 

The absolute maximum values of groundwater level appear in the months of April–

August. The individual (monthly) frequency is the highest in April while the maximum 

monthly frequency of precipitation appears with a three-month delay, in July. The three-

month frequency aggregate in groundwater level in April-June is 73.3%, which shows a 

monthly advance compared to the 92.3% total frequency of precipitation and a two months’ 

advance in relation to the 100% total relative frequency. 

About the variation in groundwater level (depth below the surface), or the so-called 

groundwater fluctuation, professor József Juhász gives the following explanation in his 

book (Juhász, 2002), referred to above: groundwater level is the highest in the months of 

March-May while the minimum level sets in during September–November. 

Elaborating on the ‘summary’ data of the 15 wells of the Mátra-Bükk region, analyzed 

above, the monthly groundwater level variation is illustratively presented in two tables. 
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In Table 3, the first three months of maximum water level (▲) are provided for each 

well, and the monthly total figures (items) of the 15 wells, and, in addition, the values of 

relative frequency within 100% are given. The three-month total frequency is 57.8% (> 

50%) for March–May, and the maximum three-month total in the area investigated is 

73.3%, which appeared in April-June. However, even the total May-July frequency is 

higher than 50% (51.1%). In 22.2% of the wells examined, even the month of June gives 

one of the three highest groundwater levels in the year. 

According to the frequency data and illustration of Table 4, the three-month total 

frequency of minimum groundwater level, similarly to the data in literature, appears in 

September–November (51.1%), and according to the data of the area investigated, the 

groundwater ‘shortage’ during October–December is of identical frequency (51.1%), as 

well. 

 

ANALYSIS OF THE RELATIONSHIP BETWEEN PRECIPITATION AND 

GROUNDWATER VARIATION OVER A LONGER PERIOD (BEYOND A 

YEAR)  
 

Naturally, the amount of precipitation (during heavy rainfall) and its influence on the 

changes in groundwater – in years of drought its reducing effect – also means a relationship 

that extends beyond a year. During the analysis, we have plotted the precipitation and water 

level data over a longer period of the 12 wells on a time axis, and analyzed the temporal 

variations of the two parameters. The rising, the constant and the falling sections of the two 

‘functions’ have been drawn ‘by hand’, and then the same type of sections (points and 

periods in time) of groundwater level have been paired with the ‘time function’ of 

precipitation with a time shift. On the basis of the time difference between the same type of 

sections of the two ‘time functions’, less frequently, we have been able to define monthly 

or several months of delay, and generally a 0.5–1.0–1.5–2.0 year lag or periodic delay both 

in the rising period (how much later water level changes after increasing precipitation) and 

in the falling period. 

The time functions have enabled us to analyze the data of 11 wells. We have defined the 

period of variation in precipitation and groundwater level, essentially the delay between the 

change of groundwater level and the increase and decrease of precipitation. 

The data included in Table 5 are presented in Figure 6. Depending on the average 

groundwater level data of the wells, we have calculated the functions describing the 

variation in time delay and the indices characterizing the closeness of function relations 

(Ddy, r
2
) with a regression method. Considering the data set (11 data) together, it can be 

concluded that after the occurrence of the maximum precipitation of a given cycle,  

groundwater recharge occurs with a greater delay (in general) with greater average 

groundwater depth, and naturally, the decrease in groundwater level also occurs with 

similar lag following a smaller amount of annual (seasonal) precipitation. 

In the case of the 8 wells in the first group, following a period of greater amount of 

precipitation (more precipitation over 1-2 years), with an average groundwater level of 1.5–

2.5 meters (depth), the maximum of groundwater level sets in after 0.6–0.8 years (7–9 

months) while with an average groundwater level of 3.5–4.5 meters (depth), the maximum 

of groundwater level appears with a lag of 1.2–1.4 years (14–17 months). During/after a 

period of drought, a similar tendency (lag) occurs so the lower (cycle-minimum) water 

level sets in with delay. In the case of this data set (8 data), the regression characteristics are  
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r
2 

= 0.64, the corrected empirical deviation being Ddy/Ymean = 0.17/0.997 = 0.17 = 17%, and 

these indices indicate acceptable reliability.  

The ‘delay’ in groundwater level recharge following precipitation is smaller in the 

settlements of the second data set (3 data): with an average depth of 4.5 meters, it is 0.5 

years (6 months) while with an about 10 meter depth of groundwater level, it is still ‘only’ 

1.0–1.2 years (12–14 months). (The regression figures are not indicative in the case of a 

small amount of data.) 

Referring back to sources (Kézdi, 1954, 1970), in the area of the two data sets, in 

addition to the groundwater level depth from the ground, the soil properties (e.g. 

permeability) can be significantly different since the settlements (wells) of the second data 

set are situated differently from the rest of the wells as they are in the catchment area of the 

stream Eger. 
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Table 1 

Identification data of settlements, precipitation measurement stations and groundwater 

level measurement wells 
 

 

 

Settlement 

Period 

investigated 

Precipitation 

measurement 

station 

Average 

precipitation 

in years 

investigated 

[mm/year] 

Number 

of 

ground-

water 

well 

Average 

ground-water 

level depth 

below surface 

[cm] 

1 
Füzes-

abony 

1973–1991 
53604 

(609) 
511 575 339 

1996–2006 
53604 

(609) 
571 003663 406 

2 Heves 

1996–2006 
54200 

(588) 
573 002146 142 

1996–2006 
54200 

(588) 
573 002144 145 

3 Ludas 1973–2001 
53502 

(553) 
523 

001827 

(638) 
349 

4 Kerecsend 1996–2006 
53603 

(596) 
539 001808 458 

5 Kompolt 1996–2006 
53511 

(574) 
628 001829 987 

6 Eger 

1996–2006 
53207 

(598) 
650 001809 669 

1996–2001 
53207 

(598) 
676 004171 222 

7 Egerfarmos 1997–2006 
53700 

(633) 
569 003949 260 

8 Mezőcsát 

1973–2006 
53802 

(690) 
533 

001817 

(585) 
238 

1996–2006 
53802 

(690) 
612 001820 253 

9 
Mező-

keresztes 
1973–2006 

53705 

(660) 
546 

001814 

(579) 
345 

10 
Mező-

kövesd 

1996–2006 
53703 

(634) 
570 001841 375 

1996–2006 
53703 

(634) 
570 001812 345 
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Figure 1. Variation in groundwater level depth as the function of monthly specific 

precipitation for well No. 002146 in Heves (1997) 

 

 

 

Figure 2. Variation in groundwater level depth as the function of monthly specific 

precipitation for well No. 004171 in Eger (2000) 
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Figure 3. Variation in groundwater level depth as the function of monthly specific 

precipitation for well No. 001841 in Mezőkövesd (2000) 

 

 

 

Figure 4. Variation in groundwater level depth as the function of monthly specific 

precipitation for well No. 001829 in Kompolt (2001) 
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Table 2 

Occurrence of maximum monthly precipitation average and maximum groundwater level 

(minimum depth from surface) in the months of the year (within a year) 

Months  I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. 

The month of 

maximum 

precipitation     

[item] 

     4 8 1     

Relative 

frequency 
     30.8 61.5 7.7     

Relative 

frequency in 3 

months [%] 

  92.3  

 100.0  

Occurrence of 

maximum 

groundwater 

level [item] 

   6 2 3 2 2     

Relative 

frequency [%] 
   40.0 13.3 20.0 13.3 13.3     

Relative 

frequency in 3 

months 

  [%] 

  73.3  

  46.6  

 46.6  

 

Table 5 

Average time lag (period delay) between precipitation and groundwater variation (delay)   

 Settlement Number of wells 

Average 

groundwater 

depth [cm] 

Average time 

delay of period 

lag [year] 

1 Füzesabony 575 339 0.875 

2 Füzesabony 003663 406 1.375 

3 Heves 002144 145 0.667 

4 Ludas 001827 349 0.929 

5 Kerecsend 001808 458 0.500 

6 Kompolt  001829 987 1.167 

7 Eger 001809 669 0.800 

8 Egerfarmos 003949 260 1.000 

9 Mezőcsát 001817 238 0.663 

10 Mezőkeresztes 001814 345 1.300 

11 Mezőkövesd 001812 345 1.167 
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Figure 5. Average amount of monthly precipitation and average depth from surface of 

groundwater (12 precipitation measurement stations, 15 groundwater wells in the Mátra 

and Bükk regions, data from 1973–2006) 

 

 

 

Figure 6. Time lag between the maximums and minimums of precipitation and groundwater 

level as the function of average groundwater level depth below surface 
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Table 3 

Monthly and 3 months’ relative frequency of the occurrence of maximum groundwater level 

(minimum depth from surface) 
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Table 4 

Monthly and 3 months’ relative frequency of the occurrence of minimum groundwater level 

(maximum depth from surface) 

 
 



 

 

 


