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INTRODUCTION

* On Earth approximately 400 ooo km3volume 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 and GW level together

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




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 increasing runoff only

* In Hungary these can cause several problems even in agricultural
regions, such as the Great Plain




INTRODUCTION

In Hungary inland water and drought
can beat the same place

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

- Several mathematical methods to investigate these
changes and connections

* Conceptual changes in groundwater management

* Not to let the water surpluss go (floods) through fast, but to stor
the large amount of water
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NORTHERN HUNGARIAN GREAT PLAIN

* Thefirst near-surface aquifers of the Great Plain are
built up by diverse quaternary formations formed in
rivers and aeolian sediments.

* From the beginning of the Pleistocene (about 2.4
million years), the sinking basin areas were filled
with alluvial rivers, and the foundations of today's
water network were formed by the gradual
contraction of the more or less contiguous
Pannonian Inland.




NORTHERN HUNGARIAN GREAT PLAIN
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In addition to the aeolian influences, the
surface of the young plains was shaped
by these freely migrating watercourses
(rivers) until the completion of the flood
control works. In general, mainly the
alternation of sand-silt-clay layers, to a
lesser extent gravel cords and (infusion)
loess form the near-surface, which also
forms the groundwater layers.

The static water level is about 75-125
mBf above sea level, depending on the
local topography and hydrogeological
conditions.



MEASUREMENTS

* 1929, first complex network of 149
wells, in around 12 ooo km2

* 1933, countywide network building,

- inthe D-T Interfluve: 25-40 wells in 1940,
140 in the 60's

* In the Tiszantul region 114 wells were
established

————— ==

* 1943: 363 observational well, in which
271 continuosly measured

* 1952-1971: 1020 wells in the country

* After that period: a stagnation of
around 1500-1700 observational wells



SHALLOW GW IN THE HUNGARIAN GREAT

PLAIN

* In the period between the beginning of the 1970s and the middle of the 1990s,
there is a significant change in the groundwater flow in the area between the
Danube and the Tisza, including the Hatsag. In the Hatsag area, on average, the
groundwater level decreased by 250—-300 cm, but in the north and south-west by
600—-800 cm.

* The lowering of the groundwater level can be explained by the combined effect of
several triggers, among which natural, social and economic factors can play a role.

* The exploration of the factors and background factors resulting in the decrease of
the groundwater level has been addressed in several research workshops.
Regarding the nature and magnitude of the background factors, the greatest
agreement emerged around the following division in the early 1990s:
meteorological factors: 50%, shallow GW extraction: 25%, deep GW
extraction:6%, land use change (eg increase in forest area): 10%, water
management: 7%, other (eg hydrocarbon extraction) 2%



SHALLOW GW IN THE PREVIOUS CENTURY

* Danube-Tisza Interfluve:
* At the 60's, precipitation surplus, higher GW levels
* More temporary lakes, construction of inland water canals
- Between the 70's and 90’s, more than 1000 mm precipitation deficit

* Drying out of several lakes, inland water reservoirs
* More GW wells for irrigation water

- After the 90’s, more precipitation, increase of GW levels (even in dm)

* Nyirseg, Hortobagy, Hajdusag:
* Precipitation surplus at the end of the 80's
- After that deficit, decreasing GW levels
* In the go’s: increasing levels



SHALLOW GW IN THE PREVIOUS CENTURY

 Nagykunsag, Sarret:
* Precipitation surplus in the 60’s
» Stagnation in the following decade
* Since the g0's: precipitation deficit.

* In the 2000's:
* In 2000: 140 mm deficit in the whole Country, 250-300 in the Southern Great-Plain
- 2002: suplus and deficit in different areas, 2003 deficit (160 mm)
- In case of GW:

* Huge differencces only in regions whre GW level is colse to the surface
- Below 3.5-4 m, stagnation was discovered



SHALLOW GW IN THE PREVIOUS CENTURY

* In the 2000's

- Danube-Tisza Interfluve:
- The lowest ever recorded: 2000

- Upper-Tisza Region:
- Between 2000-2003: Decreasing levels
* In 2003: Slow snowmelting caused increasing levels

 Nagykunsag, Koros-Maros
* In 2000, huge decrease, 2001, some increasing, 2003: more stabilized increase



SHALLOW GW IN THE HUNGARIAN GREAT
PLAIN
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PREVIOUS STUDIES

* The study of periodic components began in Hungary in the 1950s, as data sets of
sufficient length were available to perform the studies.

* The first cycle that researchers recognized was the 1-year period observed in the
annual groundwater cycle (Ubell, 1953).

* (Ronai, 1956) (Ronai, 1961) found a uniform 14-17 year cycle, which he later
extended to 14-16 and 28-30 years, using the moving average methodology.

* Periods of 12—14 and 25—26 years were determined by autocorrelation using 24
observation wells (Réthati, 1977).

* Harmonic analysis (Kontur, 1985) were applied on Trans-Tisza water level time
series, with the help of which he identified a period of about 12.5 years.



PREVIOUS STUDIES

* Inthe areas between the Danube and the Tisza, 140 data sets more than 30 years
old were studied using the method of Lomb-Scargle periodogram and Wavelet
analysis.

* Here, the 5-year cycle was detected in 87% of the studied wells, and the 12-year
cycle was detected in 60% of the wells in the presence of the natural annual
period (Kovacs, et al., 2004).

* Several other local periods were also identified in the sample area, and it was
shown that annuals, those around three years, and those around 5 years were not
detectable in many periods.

* To study the fluctuations of shallow groundwater levels in the Trans-Tisza region
(Kovacs, et al., 2010) (Kovacs, et al., 2011), the existence and dominance of 1, 11,
and 5-year cycles was determined in 120 wells studied, along with several other
locally detectable cyclic components.



PREVIOUS STUDIES

A Duna — Tisza kize néhany észleloknitjanak becsiilt periodusidéi
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MATERIALS

* Hungarian Meteorological Service Online
Database — official rainfall measurements

- Water Directorates — official shallow GW
monitoring wells

* Spectral analysis

* Cross-correlation and cross-spectral analysis

+ automata adatgyjtovel felszerelt talajvizkat
«  kézi mérésd talajvizkit




METHODS — DFT
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METHODS — CROSS-CORRELATION &

CROSS-SPECTRAL

Cross-correlation analysis:
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where X and y are the averages of the two dataset.

Cross-spectral analysis:

Because of the asymmetry of the spectral densit?/ function, the equation needs
to be interpreted in the complex numbers as well:

ny (f) = |axy(f)|exp[7iq)xy(f)]

where iis V-1 the a,, (f), ®.,(f) the value of the cross-amplitude and
phase functions:

() = J%(f)miy(ﬂ

¢y (f) = arctan l:—% Effi

where the creoss-spectrum is, ¥, (f) and the squared spectrum is, A, (f) the
following:

Yo, (f) = 2{7@(0) + Ekmzl[&y(k) + r&x(k)]chos(ank)}

Ay () = 2{37 1|1y (k) — 132 (k) | Dyesin (211 k) }

where D, is a weight function, which ¥, (f) and theA, (f) to eliminate bias in
the coefficient.



SPECTRAL ANALYSIS —SHALLOW GW

10.

11.

Debrecen
(relative
weight)
1year
(200%)
12.3year
(77-3%)
15 year
(45.4%)
18.9 year
(43.2%)
5 year
(41.7%)
10.5 year
(40.7%)
26.6 year
(38.1%)
g year
(32.9%)
2.4 year
(32.9%)
3.7 year
(32.2%)
3.3 year
(31.4%)

Nyircsaszari
(EEE
weight)
1year
(1200%)
11.1year
(98.3%)
4.5 year
(77-2%)
4.9 year
(70.1%)
5.5 year
(65.8%)
6.2 year
(62.1%)
4 year
(46.8%)
2.4 year
(45.5%)
2.8 year
(43.5%)
3.7 year
(43.2%)
0.98 year
(37.4%)

Kocsér
(relative
weight)

1year

(200%)
24.2 year

(49.9%)
15.8 year

(41.9%)

8.5 year

(40.6%)
10.1year

(37.2%)

5 year

(32.6%)

7.5 year

(31.4%)

6 year

(29.5%)

12 year

(28.3%)

1.9 year

(23.7%)

3.7 year

(23.6%)

A havi talajviz értekek
relativ amplitudé spektrumai

Debrecen - Nyircsdszari - Kocsér
mintavételi id6kdz: 1 ho

Periodusids [&v]




SPECTRAL ANALYSIS —SHALLOW GW




SPECTRAL ANALYSIS - DEBRECEN

A havi csapadék és talajviz értékek
relativ amplitudo spektrumai

Debrecen
mintavételi idokog: 1 ho

Periodusidd [év]




SPECTRAL ANALYSIS - DEBRECEN

Debrecen precipitation shallow GW
No. (relative weight) (relative weight)

1. 1year 1year
(200%) (1200%)
2. 0.5 year 12.3year
(57.6%) (77-3%)
3. 4.92 year 15 year
. (25.5%) (45.4%0)

4. 1.23year 18.g9 year
(24%) (43.2%)
5. 31.5year 5 year
(23.8%) (41.7%)

6. 2.39 year 10.5 year
(23.6%) (40.7%)

7- 3.67 year 26.6 year
(22.4%) (38.2%)
8. 1.62 year 9 year
(22.2%) (32.9%)

9. 0.8 year 2.38 year
(22.1%) (32.9%)

10. 6.08 year 3.67 year
(22.4%) (32.2%)

11. 13.7 year 3.33 year
(21.2%) (32.4%)




CROSS-CORRELATION - MONTHLY

* The incorporated wells come from
both the southern part of Nyirseg and
the northern area of Hajdusag, so
areas with different geological
structures can be examined, as well as
the possible difference between the # '
inflow and outflow areas. L IS e

002633-ebes i
\

1
002643-hosszupalyi

* Area of Hajdusag near the city of
Debrecen

* 11 monitoring sites of shallow
groundwater levels




CROSS-CORRELATION- MONTHLY

- Shallow GW:
* Time lag of 7-10 month, mostly -

B Hajduboszérmeény-Rokahat (2597)
influenced by the depth of the well. Eomaziare 20
~——————————— Debrecen (2606)

Hajduhadhéz (2608)

Debrecen (2609)
—————— Debrecen-Halap (2614)

Nyiradony (2615)

Nyiradony (2617)

Ebes (2633)

Hosszupalyi (2643)
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Kut No. Periddusok (honap)
Hosszupalyi (2643) 3 s
Ebes (2633) 8
Nyiradony (2617) 3 s
Nyiradony (2615) 3 0 Keresztamplitudé

Hajdibdszormény (2576)

Debrecen-Halap (2614) 3 s Hajddbdszormény-Rokahat (2597)
Balmazujvaros (2600)
Debrecen (2609) 8 3 6 3 Debrecen (2606)
e, : . Hajduhadhaz (2608)
Hajduhadhaz (2608) 8 5 pe S
-0
Q ks Debrecen-Halap (2614)
Debrecen (2606) 3 % e ioaist
Balmazujvaros (2600 6 3 £ Nyiradony (2617)
15;: Ebes (2633)
HajdUboszormény - Rékahat (2597) 3 g 3 s Hossztipalyi (2643)
Hajduboszormény (2576) 3 0 3

1 year long, 8- es
In every monitoring pomt
3-4 month long ones on 1/3 of the wells.

In Debrecen: 24 nd 48 month long ones - a -

Frekvencia




CROSS-CORRELATION - DAILY

* In order to perform the tests with
daily data, the data sets of several
groundwater monitoring wells from
the area of Debrecen were compared.

- Wells ALL-D, HAT-D, HAT-F, IV-D, IV-
E will be used from 25/04/2019 to
16/08/2019 and BM-4 from 02/05/2019
to 28/08/2019. BM-13 from 16.05.2016
t0 13.08.2013. while TKTV also
conducts research in two time
intervals, from 22.12.2015 to
03.05.2016, and from 07.05.2019 to
28.08.2018.




CROSS-CORRELATION - DAILY

- In the case of the wells, where a clear
maximum was detected in the
examination of the connection, a
difference of 3-4 days could be
calculated.




CROSS-SPECTRAL ANALYSIS - DAILY

KUT Periédusok (nap)
ALL-D 3,8
HAT-D 3,81
HAT-F Jelmagyarazat
BM-4 4t 3,66 e |
s S
IV-D 4,66 3,5 g 2 - iy
IV-E 466 35 £ =k
TKTV 4,2 3 g |

1,6

TKTV-15 4,18 3,06 2,42

Based on the period times, most of the wells also
have a periodicity of around 5.2-4.6 days and
something around 2.5-3.5 days. The 4.5-day cycle =

was also detected in two-thirds of the wells. For the S I S R~
measurement points in the pair, the similarity may

be given by the proximity of the geography.

-
N

o
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CONCLUSIONS

- Shallow GW levels:

- 1year, 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.

* Connection of monthly precipitaiton

and GW:

* 7-10 month long time lags in case of
monthly sampling.

- Main factors behind the differences are
the geographycal position of the well.

» Connection of daily precipitation and

GW:
- HAT-D, HAT-F in Hatvan Street, and
the results from the observational
wells of waterworks IV. D, E, clear
connection can be defined.
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