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I YMECTO IIPEAI'OBOPA

... "Hayuna nybauxayuja noo nasueom ‘“Hcnapasarwe 600e )y XemepoceHuM
2e0JI0UWKUM YCNIOBUMA — PA360] HYMEPUUKo2 Mooena oopehusarba esanompancnu-
payuje”, aymopa Op Jyzocnaéa Hukonuha, npeocmasma OpucuHaiHo Hay4Ho
0eno 6eoma 3Ha4ajHo, NOpeo OCManoe, 3a 0OAACH XUOPO2eono2uje, ¥ OK8UpY Ko2a
je aymop uspaduo mooden 3a oopehusarbe e8anompaHcnupayuje Ha OCHO8Y
VIa3Hux napamemapa Koju ce yoouuajeHo mepe u Koju cy OOCMYNHU UHDiCe-
PEPCKOjJ npaKcu.

Heno ce npema ceum penesanmuum Kpumepujuma moxice 6peOHo8amu y
Kamezopujy HayuHux MoHocpaguja, 00HOCHO UCTAKHYTE MOHOIPA®UIE HALJHOHAJI-
HOI' 3HAYAJA, unu MoHozpaghuja mehynapoonoe snauaja.

080 deno npedcmasmba HAYUHU OONPUHOC Npe ceezd V chepu mauHujes
oopehusarba 600HO2 OUNAHCA YUja NPoOYeHa je, Y XUOPO2eoaOWKOj HAYUu U
npakcu, Kao u y MemeopoiouiKoj, XuopoiouKkoj, Wymapckoj u no/bonpuspeonoj
npaKkcu u 3aumumu HCugomue cpeoure, 00 enuxoe sHayaja. leno npedcmasma
0onpuHoC U 3a peuiasarbe Opy2ux npugpeonux npoobrema. Ha ocrnosy dobujenux
pe3yamama y moKy SUMe200UWIbUX UCIPAXCUBAIbA, KOjU CV KPO3 KOHKPEmHO
peanusosane yumese U 3a0amre OUPEKMHO BUODUBU, MOJCE Ce 3aKbYHUmu
HayyHa onpasoaHocm uspade oeoe aymopckoe oena. Caopowcaj pykonuca je
HAyuHo onpagoaw u 6eoma aKmyeiam 3a XUopo2eoiocujy, Xuopoao2ujy u
Memeoponocujy, anu u Heke opyze Hayune Ooucyuniaute. Temamuxa Oena je o0
unmepeca 3a HayKy u npeocmaensa 6pXyHCKU OOMem KOO HAC, KAo U Y Ceemy.
Heno uma eenuxu snavaj 3a eehu Opoj HayuyHux OUCYUNIUHA, HAPOUUMO 34
npakmuyHe npumeHe Koo peuasarba OpojHux npobaema u caopiicu cee eiemenme
3a c8pcmagarbe 0802 PYKONUCa y Kamezopujy Hayune MoHozpaguje.

Y yeoonom noenasmy aymop, nopeo ocmanoe, doegpunuuie xuopocgepy
naaneme u ykasyje 0a ce ucmpaxcueéaroa y pady 00OHOce Ha Nnpoyec YKYNHO2
ucnapasarna 600e Kao enemenma xuoponowkoe yuxayca. Hazenawaea ce
nompeba MyImuOUCYUNIUHAPHO2 NPUCMYNA NpobieMy esanompancnupayuje u
Oeghunuuty ce OCHOB8HU haKmMopu UCNAPABArLA Koje MOOel YKbYuyje.

Hpyeo noenasmwe monocpaghuje objawirnasa npeomem u yub uUCmpa-
AHCUBAFLA, MEMOOONO2UY UCIPAICUBAILA, UCTIUYE UCKYCMBA U3 0baacmu npob.ie-
Ma o0pehusarba esanompancnupayuje y ceemy u Koo Hac, 3Haiajue KOMnoHeHme
Koje Mooen YKmyuyje, KaAo U NpuHyune MoOeICKOo2 peuiasara npobnema
esanompancnupayuje 3a xemepozena noopydja y Hajuiupem cmucry. Jegpunuue
ce OCHOBHA jeOHauuHa Mooena Ha 6a3u KOMOUHOBAHO2 NPUCMYNA U YKA3Vje Ha
OCHOBHE MEMOOONIOUIKE eleMeHme Y Pa36ojy Mooeaq.



Y mpehem noznasmy objawreasajy ce bumuu enemenmu azuux npenraza
600e, npoyeca eganopayuje, MmpaHcnupayuje u esanompauncnupayuje u ooja-
WHABA NOMEHYUJATHA U CIMBAPHA e6ANOMPAHCRUPAYU]a.

Y uemspmom nocnaemy uzyuasajy ce HazHauajuuju daxmopu Koju
ymuuy Ha uchapaearse 8ode y npupoou. Ilpoyuasajy ce aepoounamuyxu
gaxmopu u demasmHo u3yuasajy haxmopu ewepeemckoz OUIAHCA Y CUCHEMY
3eMBbA-AMMOCHEPA KOju NPUMAPHO VIMUYY HA NPoyec esanompaHcnupayuje.
Ucemuuy ce u dooamnu gpakmopu Ha npoyec ucnapasarba 600e y Npupoou Kao
wmo ¢y ymuyaju 3aeahusada, Koauuune gooe y nooao3u, Ymuyaju Kapaxmepu-
cmuka OumHo2 ROKpuBadd, xuopozpagckux gaxkmopa u opyaux.

Ilemo noenasme o0HOCU ce Ha OupekmHO oOpehusarve ucnapasarba 600e
ca Hexke akmusHe nogpuiune meperem. Haenawasa ce nompeba cmanoapousa-
Yuje UHCmpymeHama u Memoooaocuje meperba u Onucyjy HayuHu meperba Koja
nponucyje Ceemcka mMemeopoiouKa opeaHu3ayujd.

Lllecmo noenasme 00HOCU ce Ha UHOUpeKmHe Memode o00pehusarba
npoyeca esanompancnupayuje. 080 nocnasme caopicu U KpUMuuKu 0cepm Ha
MemoOde Meperd ucnapasarba 8ode, yKaszyje Ha Hedocmamke u mewkohe y
Mepery Y3 Ha2lauasare npeOHoCmu U 3HAYAja NpopaiyHa esanompaHcnupa-
yuje Kpo3 paseoj HyMepuuKux mooena ca 006poM Qu3UUKOM OCHOBOM U VIAZHUM
noo0ayuMa CUCMeMAMCKUX 1 O0CMYNHUX Meperva.

Ceomo nocnasme je Hajobumuuje y Mmouocpaguju. Y mwemy aymop
passuja Hymepuuxu mooen 3a oopehugarne eganompancnupayuje. Ilorazu ce 00
usuuxoe kocmypa ca 000pom GU3UUKOM OCHOBOM Koju ce dame Haoozpahyje
KpO3 MOOYIapHu npucmyn. Y 0eom noeiasmy, noped ocmanoe, passujajy ce
MOOYIU 30 A0EKBAMHO VKAbYYUBAbe KOMNOHEHMU eHepeemcKoz Ouianca y
OCHOBHY jeonauuny mooena. Ha 6azu nooamarxa xoju ce yoouuajeno mepe u Koju
cy 0oCmynHu y npaxcu, passuja ce emnupujcka gopmyra 3a oopehusarve
2nobannoe spaverba Koje uma Hajeehiu 3Hauaj y emepeemckom u Qu3UoLOUKOM
CMUCTY Yy Hpoyecy esanompaucnupayuje, xao u ¢gopmyna 3a oopehusarbe
dyeomanachux Komnowenmu 3pavera. Ha 6azu nomamaxa o memnepamypu
6a30yXa, HANOHY B0OeHe NAPe U CEUX Mepelbd KOMNOHEHmU OUNAHCA 3payerbd Y
npoOWIOCIuY, aymop emnupujcku oopehyjyje u xoeguyujenme y ooeosapajyhoj
hopmynu 3a eghexmueHo uspauusarbe, Kao 0y2o0mManidachHu 0eo OUIAHCA 3payersa
Koju 6umno ymuue Ha éeauduny esanompancnupayuje. Ilpoyeny pegprexmosanoe
dena CyHuese enepeuje, Koja OupemHo ymuue Ha U3HOC ancopbosane enepauje y
NpU3EeMHOM  MYPOYIEHMHOM CAQJY U 2OpHUM 0elosumMa 3emmune Kope,
pacnonoxcuge, noped 0CmManoe, 3a Npoyec e6anompaHcnupayuje aymop pewasa
Kpo3 pasgoj mooyaa 3a oopehusarve anbeoa axmugnux nospuuna. Ilospuuncrku
omnop y Mmodeny aymop oopehyje Ha OCHO8Y PACRONONCUBUX NOOAMAKA, a
AePOOUHAMUYKY OTMHOP U3PAYYHABA KAO (YHKYUJY Op3uHe gempa u Xpanagocmu
6ecemayuje, OOHOCHO IbeHe npoceyne eucune. @Dnykc moniome y HOONO3U
maxohe ce napamempuute Ha ynpowhen nauun. Aymop maxo 001a3u 00 OCHOGHe



jeOHauune mooena y pazsujeHom OOIUKY U 8pUIU FoeHY Kaaubpayujy Ha OCHO8Y
nooamaxa Mmepera nomohy 06a eneKmpoHCKa MeNCUHCKA TUIUMEMPA Y OKGUDY
Penybnuukoe xuopomemeoponowkoz 3asooa Cpbuje, 3a 06a muna noonoze:
YepHO3eM U CMOHUYY.

Y ocmom noenasmy cymupajy ce majeadicnuje uurbenuye eezame 3a
npoyec esanompancnupayuje u u3e00e OCHOSHU 3aKbYUYU KOju ce 00HOoce Ha
passujenu mooen eeanompancnupayuje. Aymop nokasyje KpumuuyKku 0OHOC,
ykazyjyhu na pesyimame, mwuxo6 6enuku 3Hauaj 3a HAyKy U Npakcy, ami u
Hajeaxcnuje nedocmamie mooena”..."

p Munojxo Jlazuh, pedosnu npoghecop
Pyoapcko-eeonowku gpaxyrmem Yuusepsumema y beozpady

" U3 useewmaja o npeanedy u oyenu moHozpaguje op Jyzocnaéa Huxonuha
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9. SUMMARY

Under the influence of the Solar energy and gravitation, the constant
process of circulation of water occurs in nature. The hydrological cycle includes
the circulation of water in the system troposphere - the upper part of the Earth’s
crust, which is defined by the equation of the water balance. The classical notion
of water circulation relates to the hydrological cycle with precipitation, total
evaporation and surface/groundwater runoff as basic elements of the water
balance equation, not including geological cycle which is conditioned by the
participation of water in various geological processes in the lower zone of
lithospheric section with the slow water exchange.

Significant need exists for the development of procedures for a more
accurate calculation of the water balance. That is necessary for planning and
control of water resources and for practical applications in many scientific
disciplines.

A calculation of the water balance depends on the estimate of the basic
elements: evapotranspiration and precipitation as meteorological/climatological
elements and run-off as a hydrological element. Each of these elements depends
on many different factors: climatological, geological, hydrogeological,
morphological, vegetational and other. The more accurate determination of any
of the basic elements will improve the accuracy of the water balance for the
given area.

Along with precipitation and runoff, water evaporation is a basic item of
the water balance and cycle phase that is most difficult to quantify, since it is a
very complex and hardly measurable process controlled by many factors. Direct
measurement of evaporation from the active surface of a gauging instrument,
which would represent evaporation in natural conditions, is not solved in a
satisfactory way. Precise direct measurements of evapotranspiration are provided
only by the electronic weight lysimeters, however these instruments are relatively
expensive, bulky, immobile and impractical. Therefore, development of
numerical models for indirect determination of integral water evaporation is very
important.

Designing the model to calculate evapotransipration under
different natural conditions is significant for the practical use in
hydrogeology, hydrology, meteorology, agriculture, environmental
protection and other scientific areas. The determination of evapotranspiration
is important for many scientific disciplines, at least as important as calculation of
the water balance.



166  THE WATER EVAPORATION IN HETEROGENOUS GEOLOGICAL CONDITIONS
THE DEVELOPMENT OF NUMERICAL MODEL FOR DETERMINATION OF EVAPOTRANSPIRATION

Evapotranspiration depends on the energy and dynamic conditions in the
system troposphere - vegetation cover - upper zone of Earth’s crust, on one
hand, and on the physiology of a plant, stage of growth, root system
development, distribution of stomes, kind and structure of vegetation, and
character of terrain, on the other.

In this paper, the numerical model for calculating spatial
evapotranspiration, based on modular approach, is presented. The model is
comprised of modules that describe the energy, dynamic and plant
physiology influences, with parameterization of geological influences of
terrain. Modularly determined parameters are integrated through the basic
equation of the model which includes, among others, physical processes
that mainly regulate the evapotranspiration: the absorption of solar energy,
which provides latent evaporation heat to active surface and transport
mechanism of water steam from evaporating surface. The equation is based
on a combined approach, deeply founded in physics, where input data is regularly
and routinely measured. The error in an evaporation calculation from the system
lacking water, such as drought episodes for instance, is eliminated by introducing
additional factors through superficial resistance that modifies the process of
evapotranspiration.

Geologic influence is parameterized on the mode requiring
hydrogeologic approach to the ground research methodology. Influences of the
aerodynamic resistance, and the superficial resistance of plant species, are
parameterized in a specific way. The superficial resistance of plant species
simulates the control of watery vapour exhalation from plant leaves by means of
the available practical parameters. Aerodynamic resistance is calculated in
relation to the wind speed and active surface roughness.

The model, among other things, consists of modul for calculation of
spatial and time dependency of albedo, as well as crop cover and aerodynamic
resistances through the use of parameters available in practice.

The model includes significant components of energy balance, which
primarily influence the process of evapotranspiration, such as: earth-atmosphere
system radiation balance, latent heat flux, sensitive heat flux, and heat flux in the
ground. Due to often lack of actinometric measurements, the methods of indirect
determination of suitable shortwave and longwave components of the radiation
balance were developed, based on parameters from which these radiations
depend the most, and which are accessible to a relatively wider range of
explorers. The global radiation is calculated based on relative sunshine duration
or cloudiness, with coefficients that are adapted to the concrete terrain
conditions. The adapted coefficients in relation to terrain conditions are also
used for the calculation of effective longwave radiation. This is the way to get a
specific approach for the calculation of evapotranspiration.
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Modularly determined parameters are integrated through a basic model
equation that includes influences of all relevant factors on the process of
evapotranspiration: most important energy and aerodynamic factors, vegetation
cover and geologic substrate.

In the nature surrounding watersheds, heterogeneous geological
conditions exist, which cause heterogeneous evapotranspiration field; in
other words, the characteristics of evapotranspiration vary with the change
of coordinates. Model enables determination of total water evaporation for
heterogeneous areas, calculating in net points with horizontal resolution,
which is such, that elementary surface approximates homogenous area
with satisfying accuracy.

Contributions of energy and aerodynamic factors in the model are not
possible to consider without some practical knowledge of meteorology, as a
geophysical science, and an estimate of the geological influence without
hydrogeological and hydrologic investigations. Physiological water evaporation,
or transpiration, also depends on additional factors, which can be investigated by
applying some knowledge of forestry, agriculture and other sciences. For all
these reasons, evaporanspiration requires a complex, multidisciplinary approach.

The basic model equation was calibrated using data from electronic
weight lysimeters of the Hydrometeorological Institute of Serbia and concurrent
measurements of all necessary meteorological parameters taken in the same
location.
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