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The individual members of the balance equation were calculated and evaluated, using the mathematical model 
GLOBAL, in the selected growing seasons 2004, 2005 and 2015. The analysis was based on the calculated daily values 
of infiltration, interception, water flow through the lower boundary of soil profile, evaporation, transpiration and 
precipitation. The aim was to quantify the above elements of the water regime in the selected soil profile of Milhostov 
and also evaluate the suitability of this model. Verification showed a high level of dependence between calculated and 
measured values, which means that the model GLOBAL is an appropriate tool for simulation and balancing of soil water 
regime in conditions of the selected locality.  
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BILANCOVANIE VODNÉHO REŽIMU PÔD NA VYBRANEJ LOKALITE VÝCHODOSLOVENSKEJ 
NÍŽINY POČAS VERIFIKAČNÉHO OBDOBIA. Vo vybraných vegetačných obdobiach 2004, 2006 a 2015 boli 
pomocou matematického modelu GLOBAL vypočítané a hodnotené jednotlivé členy bilančnej rovnice. Analýza 
vychádzala z vypočítaných denných hodnôt infiltrácie, intercepcie, toku vody cez dolnú hranicu pôdy, evaporácie, 
transpirácie a zrážok. Cieľom bolo kvantifikovať vyššie uvedené zložky vodného režimu na vybranom profile 
Milhostova a zároveň zhodnotiť vhodnosť použitia uvedeného modelu. Verifikácia preukázala vysokú mieru závislosti 
medzi vypočítanými a meranými hodnotami, čo znamená, že model GLOBAL je vhodným nástrojom k simulácii 
a bilancii zložiek vodného režimu pôdy v podmienkach vybranej lokality. 

 
KĽÚČOVÉ SLOVÁ: vodný režim pôd, numerická simulácia, bilancovavanie vody v pôde, Východoslovenská nížina 
 
 
 
 
Introduction 
 
Water regime of soils can be classified from different 
aspects (hydrological, ecological, agronomic, etc.). 
Regardless of the manner of classification is the 
knowledge and assessment of the water regime 
important from the crop production and ecological point 
of view. In general, the water regime described through 
the dynamics of water in time and space under the 
influence of various factors. The main factors that 
quantify the soil water regime are the soil water content 
and soil water potential (Gomboš et al., 2014). Soil 
moisture is determined by the volume of water in the 
soil at a certain time and place and the water potential 
means the energy state of water in the soil. The water 
potential along with the saturated and unsaturated 
hydraulic conductivity expresses motion properties of 

water in the soil. Soil water content is during the 
hydrological year under the influence of meteorological 
elements, plant cover and groundwater level. Important 
time period during the year is the growing season. From 
the crop production perspective the plants have different 
requirements for water consumption depending on the 
type of crops and its growth phase. Soil water content 
during the growing season directly affects the 
possibility of achieving optimal economic results. 
Accordingly, the soil water dynamics evaluation has 
two aspects. The first aspect is hydrological and second 
agro-climato-hydropedological. Hydrological approach 
is based on the evaluation of the water balance 
members, which are determined by the phenomena that 
influence the soil water dynamics. For evaluating and 
balancing the soil water regime it is necessary to know 
and quantify its processes. These processes can be 
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divided into processes of soil unsaturated zone 
interaction with the atmosphere and vegetation cover . 
These include water evaporation from the soil, water 
transpiration by plants and precipitation. Further, the 
interaction processes of soil unsaturated zone with 
ground water level, which forms the lower limit. These 
include the capillary inflow of water from the ground 
water level, or vice versa outflow of water from the soil 
aeration zone into ground water level, respectively into 
the lower soil horizons. In the slope areas it is necessary 
to calculate with hypodermic outflow which is from the 
water balance on the lowlands excluded. Soil water 
content can be quantified by monitoring of soil moisture 
along the vertical direction of soil profile or by 
calculation of the individual components of the water 
balance. For this, two approaches are used. The first 
requires direct measurement of these components on 
a particular site. The second is a calculation based on 
numerical simulation of soil water regime using 
mathematical models. The aim of present paper is to 
verify the suitability of a mathematical model for 
quantification of selected components of the water 
regime and the subsequent balance of water in the soil. 
Evaluation is based on the analysis of the daily values of 
balance equation members during the verification 
period. 
 
Material and methods  
 
For the purpose of soil water regime balancing 
a research locality, situated near a village of Milhostov 
in the Trebišov town area, was selected. The research 
site is managed by the National agricultural and food 
center Nitra. The area is divided into individual fields, 
where the research center conducts its experiments. 
Within the test fields, the research base of ÚH SAV 
Michalovce uses the field no. 9 for the regular data 
collection of soil moisture and ground water level. 
Furthermore, a hydro-physical characteristics of 
collected soil samples were measured in laboratory (Tall 
and Gomboš, 2013). In terms of soil classification, the 
site is characterized by the occurrence of moderate, clay 
loam fluvisol. Daily meteorological data are available 
from the SHMÚ station located near the field. Weekly 
data monitoring on the locality is performed from the 
year of 2000, during growing seasons (April - 
September). The time period of growing seasons (2000 - 
2015) was selected for numerical simulation of water 
regime elements by the mathematical model GLOBAL 
(Majerčák and Novák, 1994). Verification of the chosen 
model consisted of a comparison of the calculated and 
measured soil water storage to a depth of 0.8 meters. 
Due to the fact, that the model is not primarily intended 
for water regime modelling of heavy soils,  for which is 
typical two domain structure (the soil matrix and the 
network of cracks), the model has tended to 
underestimate the results compared to measurements. 
Therefore, the modelled water storages were calibrated 
through the found correlation between the calculated 

and measured values. Within the verification process 
a regression analysis of results was also performed. 
After the model reliability verification followed 
a selection of the three growing seasons. The selection 
criterion was the average precipitation and average 
temperature of the evaluated period. The total rainfall of 
the growing season 2006 was near the average value, in 
2004 proved to be highly above average and vice versa 
in period 2015 as far below average. In terms of 
temperature, the selection was located in the reverse 
order. The water regime balance in the investigated 
period was based on the simple balance equation (1), 
(Šútor and Majerčák, 2000).  
 ௪ܹ = ܸ + ܪ − ܧ −  ௧                                               (1)ܧ
 
where 
Ww – water storage change [mm], 
Vi – water infiltration into the soil [mm], 
H – H(+) water capillar inflow, H(-) water drainage 

outflow [mm], 
Ee – evaporation [mm], 
Et – transpiration [mm]. 
 
The water capillary inflow, respectively water drainage 
outflow within the balanced soil profile was in the 
model realised through the lower boundary of the 
balancing layer. The soil water infiltration includes 
rainfall reduced by interception of real crop. Calculation 
of the evapotranspiration is based on the Penman 
method (1948) developed by Monteith (1965) and 
modified by Novak and Hurtalová (1987). In the paper 
were analysed daily courses of the individual members 
of balance equation during the selected growing 
seasons. It is also evaluated daily balance of water 
storages in the studied soil profile with respect to crop 
types. 
 
Results and discussion 
 
Model verification 
 
For balancing the water in the selected soil profile it was 
first necessary to verify the reliability of model 
calculations. The GLOBAL verification was based on 
an analysis of calculated and measured values of soil 
water storages to a depth of 0.8 meter. The figure 1 
shows the weekly courses of monitored (M), calculated 
(G0) and calibrated (G) water storages for the entire 
verification period. From the value courses it is clear 
that the model (G0) significantly underestimates the real 
state of soil water storage. The average deviation of the 
model relative to the measurements is 23.46%. The 
solution of this problem was the subsequent calibration 
of the model output. It was searched a suitable 
relationship between the calculated and measured 
values. The figure 2 presents the dependence for 
calculating of the model calibration indexes. The 
subsequent correction of the calculated water storages 
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(G) has improved the accuracy up to 5.66% of average 
deviation compared to measurements with the same 
trend. The using model suitability also shows the 
regression analysis (Tab. 1). In most cases, the values of 
correlation coefficients between measured and 
calculated water storages are highly significant.  
 
Soil water balance 
 
In Fig. 3 are shown daily courses of the individual 
members of balance equation for the growing seasons 
2004, 2006 and 2015. The rainfall of the growing 
season 2004 in the verification period was above 
average (458mm) and the air temperature below average 
(16°C). During this growing season was recorded 
a continuous transpiration, which corresponds with the 
clover grass crop occurring the entire season. Here was 
the crop impact on the water balance throughout the 
period. In the figures 3 are also shown the daily value of 
calculated and monitored soil water storages. A daily 
water balance in the soil corresponds to a downward 
trend in soil water storage. The daily water balance 
values are mostly negative. The exception are few days 
in August and September. In those days there were high 
rainfall with the maximum up to 46 mm. This was 
reflected on the infiltration and soil water storage 
increase. In those days was water balance positive. The 
rainfall (402 mm) and air temperature (17°C) in the 
growing season 2006 were on an average due to the 
investigated period. Actual crop was the pea with 
a length of vegetation cover 71 days (15.5.06 – 24.7.06). 
During this period was observed transpiration totals 
culminating sometimes in the middle of the period. 
Similarly, as in the season 2004, the water storage trend 
has decreased and the daily water balance was negative, 
which indicated the dominant water outflow from the 
balanced soil profile. Significant decrease of the water 
storage was in July, when the long periods without 
precipitation occurred. On the other way, the soil water 
storage increase is visible only in days with high 
precipitation sum or greater number of precipitation 
days. In extremely dry period 2015 was the precipitation 
total 227 mm and average daily air temperature 18 °C. 
Real plant was the soybean with plant cover duration 
same as for pea 70 days. In analogy with previous 
periods prevailed the water outflow from the soil 
profile. Water balance was again in positive values and 
water storage in the profile had increased. The 
maximum rainfall was on 15. June (45 mm). Most 
sensitive impact on the rainfall amount was 
demonstrated in the processes of evaporation and 
transpiration. In Fig.4 are together shown the daily 
totals of the precipitation and crop interception. Amount 
of retained water through the crop interception 
culminates at the time, when the crop is fully developed, 
which corresponds with the maximum of leaf area index 
(LAI). 
 
 

Conclusion 
 
Currently, the computational tools in the form of 
different models are increasingly used in the assessment 
of soil water regime. The mathematical model 
GLOBAL is one of those that allow to quantify 
individual elements entering the water cycle within the 
system of atmosfphere – vegetation cover – soil 
unsaturated zone – ground water level. It is also possible 
through the model to realize the water balance in the 
soil profile with a daily step. The goal of this study was 
the verification of the model GLOBAL suitability for its 
using during the water balancing of the examined soil 
profile in the Milhostov locality. Verification of the 
model showed a high correlation between measured and 
calculated values of soil water storage. However, in case 
of heavier soils such as soil in Milhostov, the model had 
tended to underestimate the calculation. This problem 
was subsequently eliminated via the correction of the 
calculated water storages using an appropriate 
dependency between modelled and measured values. 
Subsequently, the three growing seasons 2004, 2006 
and 2015 were selected from the verification period 
2000 - 2015. In these periods the daily water balance 
and analysis of the balance equation members was done 
in the evaluated soil profile. The results indicated that 
used model is a suitable simulation tool for soil water 
balancing and water regime elements estimation. The 
advantage of the model is the possibility to count with a 
real vegetation what make the simulation closer to real 
conditions. 
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BILANCOVANIE VODNÉHO REŽIMU PÔD  
NA VYBRANEJ LOKALITE VSN POČAS VERIFIKAČNÉHO OBDOBIA 

 
 
V súčasnosti sa pri hodnotení vodného režimu pôd čoraz 
viac využívajú výpočtové nástroje v podobe rôznych 
modelov. Matematický model GLOBAL je jedným 
z tých, ktoré umožňujú kvantifikovať jednotlivé zložky 
vstupujúce do kolobehu vody v rámci systému A-RK-
NZ-HPV. Zároveň je možné prostredníctvom modelu 
realizovať bilanciu vody v pôdnom profile s denným 
krokom. Predmetom tejto práce bolo overenie vhodnosti 
použitia modelu GLOBAL pri bilancovaní vody 
v skúmanom pôdnom profile Milhostova. Verifikácia 
modelu preukázala vysokú závislosť medzi meranými 
a vypočítanými zásobami vody v pôde. Avšak, v prí-
pade ťažších pôd, akou je aj pôda v Milhostove, má mo-
del tendenciu výpočet podhodnocovať. Tento problém 
bol odstránený následnou korekciou vypočítaných zásob 

vody pomocou vhodnej závislosti medzi modelovanými 
a meranými hodnotami. Následne boli z verifikačného 
obdobia 2000 – 2015 vybrané 3 vegetačné obdobia 
2004, 2006 a 2015. V týchto obdobiach boli pomocou 
matematického modelu GLOBAL vypočítané a hod-
notené jednotlivé členy bilančnej rovnice. Analýza 
vychádzala z vypočítaných denných hodnôt infiltrácie, 
intercepcie porastu, toku vody cez dolnú hranicu pôdy, 
odtoku vody do nižších vrstiev pôdneho profilu, 
evaporácie, transpirácie a zrážok. Z výsledkov vyplynu-
lo, že použitý model je vhodným simulačným nástrojom 
pre bilancovanie vody v pôde a odhad jednotlivých 
zložiek vodného režimu. Výhodou modelu je aj mož-
nosť počítať s konkrétnym porastom, čím sa simulácie 
viac približujú reálnym podmienkam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ing. Branislav Kandra, PhD. 
Ing. Dana Pavelková, PhD.  
Ústav hydrológie SAV Bratislava 
Výskumná hydrologická základňa Michalovce 
Hollého 42 
Michalovce 071 01 
Tel.: 056 / 6425 147 
Fax: 056 / 6425 147 
E-mail: kandra@uh.savba.sk 
 pavelkova@uh.savba.sk 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


