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I YMECTO IIPEAI'OBOPA

... “Ilyonuxayuja aymopa op Jyeocnasa Huxonuha, “Bepuduxayuja mo-
dena esanompancnupayuje — Xuopoeeoiouwikd, Xuopolowika, ceozpagcka u
MemeopoNowKa UCMPadcusara Ha npumepy copree cauea 3anaone Mopase”,
ModHce ce npema C8UM PeNeGanmHuM KPUMepUujymuma 6peoHoeamu y Kamezopujy
Hay4yHux mouoepaguja, 00HOCHO HCTAKHYTE MOHOTPADHJE HALIHOHAJIHOI 3HAYAJA,
na u wupe. Pykonuc npedcmasma opucunannu OONPUHOC HAYYU U 6ATUOHY
noono2y 3a 0amy Npumeny Hymepuikoe mooena. Aymop eepughukyje Hymepuuxu
MoO0el esanompancnupayuje Kpo3 Ucmpadcusarod U HPUMeEHe V Xemepo2eHUuM
2eonouwikum yciosuma mepena. Tume je ocmeapern 3Ha4ajan Hay4Hu OONPUHOC 3a
npakmuyHe npumere Hymepuukoz mooena y oopehusarby unmezpanHoz ucnapa-
6arba 600€ HA NPOU3BO/LHOM MEPEHY.

Pezynmamu ucmpaosicusarea xoje aymop usnadice y 080j monozpaduju
npeocmassajy KeanumamusHy Haoocpaory, Kpo3 SUUe200ULUIbd UCMPAdCUBA-
A, paHuje sanovemoz npojekma 3a Koju je aymop 0obuo naepady llpuspeone
komope beocpada, xao najdoosu Hayunu pad ca NPAKMUYHUM HPUMEHAMA Y
npugpeou.

YV pykonucy aymopa op Jyeocnaéa Hukonuha, oajy ce ucmpasxcusaroa
6e3ana 3a YKYNHO ucnapasare 600e y NPUpOOHUM YCI08UMA Ca ACNeKma
eeonoauje, xuopozeonoauje, memeoponoauje, xuopoioauje, 2eocpapuje, nobonpu-
epede U 3auimume JHCUBOMHe cpedune, y Yumy eepuduxayuje passujenoe
aymopckoe mMooena Kpo3 npuMeHy y Xemepo2eHum 2e0n0UKuM YCi1o6umd.

Kpos mynmuoucyuniunapnu npucmyn npobremy esanompancnupayuje
aymop ykmyuyje y ucmpasxcusarbe ymuyaj MHo2oopojHux gphakmopa: 00 ymuyaja
PA3IUYUTIUX 2€0NOUWKUX N0ON02a 00 Yymuyaja 2eoepapckux, 2eomop@onouiKuy,
MEmMeopOIOWKUX, XUOPOLEONOWKUX U XUOPOTOUWIKUX YUHUIAYA.

Amop epwu eepugpuxayujy pazeujenoc Hymepuukoz Mmooend eeano-
mpaucnupayuje Kpo3 UcCmpadcuéarba U npuMeHe Ha MepeHe 20pre2 Cluea
sanadue Mopase. Hcmpadicyje ce ymuyaj paxmopa mepena Ha Geaudumy
npopavyna ucnapasarea. Ananusupajy ce @usuuxo-zeoepadcku, XUOPoIowKu u
KAUMAmMCKy napamempu eoprez cauea 3anaoue Mopase u pasmampa ymuyaj
2eozpaghckoe nonoxcaja, 2e0MOpPONOUIKUX KAPAKMEPUCTNUKA MepPeHd, XUopo-
epagcku u xuoponowiku ycnogu. M3zyuasasajy ce KiuMamcke Kapakxmepucmuxe u
6ecemayuorHu NOKpUeay y yusy pearHuje npoyene anbeoa. Awanuzupajy ce
enemenmu 2eonowke zpale U OCHOBHA XUOPO2EONOWKA C80jcmea cmena U
mepena. Ha xomnnexcan mauumn, y3 yeasxcasare ymuyaja opozpaguje u
OuHamuKe, aHAMU3Upajy ce u nadasume, Kao u npoyec yKynnoz omuyaja. Ha



OCHOBY BUUIE2OOUUILUX HU308A USMEPEHUX BPEOHOCMU NPOMUYAja U NA0AsuHa
8puwlU ce nMpopauyH nadasuHa u omuyaja 3a caus. Memodom 6o0Hoe bunanca
oopeljyje ce unmezpanino ucnapasarse 800e ca U3y4aeanoe Ciudd Koje ce nopeou
ca uspauyHamum ucnapasarbem O0OUjeHUM NPUMEHOM HYMepuuKo2 Mooeld u
ymephyje Kopekyuja npopauyHa uUcnapaeara 600e YCI06/beHA ymuyajem
¢axmopa mepena. [Homen modena Oeguruuie ce y 00OHOCY HA NOBPUIUHY
nocmamparnoz ciuea/ciusnoz noopyyja”..."

IIpogh op Cmesan Ilpoxacka, nayunu cagemuux
Hnemumym 3a éodonpuepedy “Japociaeé Yepru”

* . .
Dpazmenmu uz uzsewtmaja o npeanedy u oyenu Monozpaduje op Jyeocraéa Huxonuha
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14. SUMMARY

The evapotranspiration is one of the most important processes of water
circulation. The evapotranspiration, along with precipitation and total runoff,
represents the basic element of the water balance, which is difficult to determine
quantitatively.

The accurate spatial determination of evapotranspiration has strategic
importance for various scientific disciplines and practical applications, especially
in waterpower engineering, agriculture, forestry, electrical industry, construction
industry and tourism. This research represents an attempt for a more realistic
perception of an evapotranspiration in heterogeneous geological conditions by
the application of numerical model with solid physical base. The above described
model represents good physically based tool for successful solving of various
problems.

The basic equation of the model was calibrated using the data obtained
through lysimeter and meteorological measurement from experimental research.
The application and verification of the model was conducted on the upper basin
of the Zapadna Morava river.

Parameterization of geological influences of terrain on the water
evaporation was performed by comparative analysis of spatial evaporation
calculated by the model and the values obtained from the water balance method.
Balancing takes into account the hydrogeological approach to terrain exploration
and the analysis of the precipitation using the verified model. Hydrogeological
research includes the analysis of physical-geographic, hydrological and
climatological conditions of terrain as well as vegetative cover,
geomorphological characteristics of terrain, elements of geological structure and
hydrogeological attributes of rocks of the selected watershed area. The elements
of the water balance were obtained from series of data and measurements, lasting
several years, of precipitation and water flow on relevant locations from the
model domain.

The input values of certain physical variables at model application were
obtained by existing measurements on available locations (meteorological
stations). An output from evapotranspiration model are monthly values in terms
of quantity of the evapotranspiration in network points 1x 1 km.

The model integrates energy and dynamic effects, and the effect of plant
physiology, whereas specific influences of various foundation rocks are
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parametric. The metodology of application, among other things, includes
digitalized topography with spatial and time analysis of entry parameters
obtained by existing measurements. The model domain is defined in relation to
an area of the examined river basin. The model resolution with spatial step

k = Ax = Ay =1 km secures precise enough calculation of the evapotranspiration

values in heterogeneous geophysical and geological conditions of natural
environment, which conditions its spatial variability.

In natural conditions of observed hydrogeological systems, the
evapotranspiration can be significantly influenced by physical characteristics of
terrain. The model does not explicitly include specific influences of various
geological terrains. Due to the lack of lysimetric measurements, an empirical
determination of terrain influences in the Zapadna Morava upper river basin was
conducted through comparative application of the water balance. The balancing
is conducted through hydrogeological approach, paying special attention to
inflows/outflows of groundwater from basin to basin. Analyzing the
evapotranspiration obtained by an application of the model and ,referential®
values determined by the water balance method, enables corrections of the
evapotranspiration according to the model.

Major parameters determining the evapotranspiration process are
modularly established and integrated into the model through its basic equation.
The first step connotes updating the database from the domain of the grid-based
analysis (Nikoli¢ et al, 2005). For each unit field of 1 km* relevant information is
updated and used as a matrix in model calculations. Input data were cartometric,
or obtained by standard physical measurements of meteorological parameters at
climate stations.

Cartographic parameters are determined using geographic maps at scale
1:25,000. For each field, 1x1km, from the model domain, coordinates of the left
lower corner, maximum, minimum and mean land altitudes, slope and
afforestation were used. The squares including river basin were divided into
hundred smaller squares, 100x100m in size, for a precise calculation in the
watershed border area.

On the case example of the Zapadna Morava upper river basin, the
evapotranspiration calculation model was used comparatively with the water
balance method whose basic elements are precipitation, water evaporation and
runoff.

Comparative with the numerical model for study of the areal
evapotranspiration in the Zapadna Morava upper catchment area, the method of
water balance was used that accounts precipitation, evaporation and runoff.
Perennial series of values for precipitation and flow at given river sections may
be used, under certain condition, to determine with sufficient precision the
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average water evaporation from the catchment area. The condition was a good
precipitation analysis in addition to hydrogeological investigations (Nikoli¢ et al,
2007) for relative reliability of certain assumptions (e.g. exclusion of the likely
groundwater inflow/outflow from one basin to another).

For comparative analysis of the evapotranspiration by the water balance
method, a dynamic precipitation analysis was made, which included the influence
of orography and dynamics on precipitation quantities. A given value of
precipitation, obtained by numerical analysis, was added to each elementary
field. The dynamic precipitation analysis used three-dimensional non-hydrostatic
numerical model FITNAH (Flow over Irregular Terrain with Natural and
Anthropogenic Heat Sources). The model specifically solves the representation
of orography influence on meteorological parameters (Frenzen et al., 1987,
Nikoli¢, 2002). The amount of precipitation is calculated by the mentioned
method.

The results of evapotranspiration calculation for the Zapadna Morava
upper river basin prove that the applied model is a good tool for the estimation of
the evapotranspiration.

The average values of the evapotranspiration for the Zapadna Morava
upper river basin according to the model are larger than the average value
obtained by balancing, which is explained by geological factors of the terrain.
The evapotranspiration determined by the model for the Zapadna Morava upper
river basin comes closer to referential value, obtained by the method of water
balance, when it is multiplied with the correction coefficient 0,91. The earlier
research showed that this coefficient in natural conditions can be somewhere in
the interval from 0,3 - 1,0, depending on the geological characteristics of the
terrain, and presence and evolution of karst processes on the terrain (Nikolic J.,
2002).

The research shows that, when analyzing precipitation, the orographic
effects should be taken into consideration, which increase precipitation with
height, along with dynamic effects that condition the size of this increase, as well
as decrease of precipitation with the further increase in height, above some
critical value. It appears that the problem is not simple and that the use of
simplified relations for precipitation interpolation can lead to substantial mistakes
in the estimation. The outcome is justification for the application of stated three-
dimensional non-hydrostatic numerical model as a better tool in the precipitation
analysis in relation to classical interpolation methods.

The described numerical model for determination of the
evapotranspiration in heterogeneous geological conditions represents physically
based tool for successful solution of numerous practical problems in different
scientific disciplines. The primary advantage of the mentioned model is a good



206 VERIFICATION OF THE EVAPOTRANSPIRATION MODEL
HYDROGEOLOGICAL, HYDROLOGICAL, GEOGRAPHICAL AND METEOROLOGICAL RESEARCH
ON THE CASE EXAMPLE OF ZAPADNA MORAVA UPPER RIVER BASIN

physical foundation and simplicity in a practical application, that is to say
implementation, along with the use of common, available data, without
excessive investments.

The research has shown that, in addition to the primary meteorological
and hydrological factors, the geology and hydrogeological conditions can
substantially modify the water balance of an area.
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CrarucTiuke BpeAHOCTH U3MEPEHUX apameTapa
KopuiheHrX 3a IpopadyH eBaoTpaHCIUpaLije

KommaparnBan mprkas eBanoTpaHCIIHpaIije
J00HjeHe MOJICIIOM U METOJIOM BOJHOT OMiIaHca

XUIICOMETPHjCKE KPHBE 32 CIIMBHE TIOBPIIUHE
kopuiheHe 3a Bepu(rUKanyjy pa3BujeHOT MoJiena



BEPU®UKAILIMIA MOJIEJIA EBAIIOTPAHCITUPAILIUIE
XUJPOTEOJIOIIKA, XUJIPOJIOIIKA, TEOTPA®CKA M METEOPOJIOLIKA NCTPAXKUBAILA
HA TIPUMEPY TOPIET CJIMBA 3ATTAJTHE MOPABE

303

CIP - Karamoruzanmja y myOnukanuju
Hapopxna 6ubmuoreka Cpouje, beorpan

551.573(282.243.744)(497.11)
556.131(282.243.744)(497.11)

HUKOJINR, Jyrocnas, 1955 -

Bepudukanuja Mojena eBanoTpaHCIHpaIyje:
XHJIPOT€O0JIONIKA, XUIPOJIOLIKA, Teorpadceka

U METEOPOJIOIIKA HCTPAXKUBAhA

Ha IpuMepy ropmer ciusa 3amaane Mopase /
JyrocnaB Huxomwuh. - Beorpan:

I'eorpadcxu nactutyT "JoBan Lpujuh" CAHY, 2010
(Beorpan : BS Print). - 303 ctp.

> uyctp. ; 25 cm. - ([ToceOHa n3nama /

Cprcka akajeMyja HayKa B YMETHOCTH,
I'eorpadcku uncTUTYT "JoBaH LiBujuh"; #xm. #78)

Ha cmop. nacn. crp.: Verification of the
Evapotranspiration Model. - Tupax 300. -
Summary. - bubnuorpaduja: crp. 207-219.
ISBN 978-86-80029-49-8

a) Cnus 3amnaane Mopase - EBanorpancmnupariyja
COBISS.SR-ID 176979724
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