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Abstract: An analysis of mean annual runoff was conducted for a small ungauged
catchment of the Tulovska River in the South Morava River Basin. Langbein’s method,
Turk’s method and regional regression models were applied for obtaining the mean runoff.
Long-term mean temperature, annual precipitation and the mean catchment elevation are
used as input data. The estimations were conducted using various sources of climatological
input data and the results were then compared. Precipitation and temperature data were
derived, in a 10 km x 10 km resolution raster data format, from the digital data repository
of the CarpatClim project. Point measurements of temperature and precipitation by the
Republic Hydrometeorological Service of Serbia were also used as input data and
compared with the raster data. The difference between the raster and point meteorological
data were attributed to the effects of terrain elevation spatial variability, not captured in
the raster data. The analyses showed that the predicted mean runoff can differ up to 50%,
depending on the chosen method and the input data.
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Introduction

Water resources management deals with three key water-related components (quantity,
quality and location) and their dynamics — variability in time (Bophesuh, 1990). The
complexity of each component calls for a multidisciplinary approach in water
management topics. For instance, in the water quality sphere, a term "hydromorphologic
factors" is introduced for water status monitoring through a set of parameters. These
parameters include hydrologic regime indicators, continuity of river flow and
morphologic conditions (Ba6uh-Miagenosrh & Hunkosuh, 2009). The topic of water
quantity and its dynamics, a sub-discipline in many geosciences, focuses on hydrologic
analyses for provision of hydrologic regime indicators. Usually, the hydrologic (quantity)
regime is described by characteristics of low, mean and flood flow.

The hydrological regime of mean flow describes the long-term mean rate at which
runoff is generated at different time scales. The key indicator in this set of mean flow
regime characteristics is mean annual runoff, the average of annual runoff values
estimated for long period — over many years. For many applications without a focus on
the mean flow regime, estimating only the mean annual runoff value is sufficient.
Choosing the appropriate methodology for the estimation depends on the available data.
In gauged basins, at the location of hydrologic stations, a straightforward statistical
approach is applied. Whereas in ungauged basins, modelling of runoff generating
processes can be applied. If available, calibrated region specific models for ungauged
basins may be used for mean annual runoff estimation (Mc Mahon et al., 2013). The
advancement in the fields of climatological data observation, collection, management,
visualization and analysis, has made valuable contribution to catchment studies. Spatially
distributed climatologic data is nowadays stored in free-access digital repositories. The
dissemination of such data is made easier by web-based cartography (Vaitis et al., 2018).

The research goal in this paper is to examine the consequence of coupling available
digital climatological data with simple and widely used mean annual runoff estimation
models at an ungauged, small drainage area catchment. Recommendations for
adjustment of mean annual runoff models for applications on the territory of Serbia, were
laid by Jaukosuh (2015), using processed point climatologic data. Following his findings,
Biarojesuh et al. (2018) have obtained climatological data for 46 gauged catchments in
Serbia by processing digital spatial data, and proposed an allowance factor for Turc’s
method and © parameter adjustment for Langbein method addressed in this research
paper. IIpoxacka et al. (2019) increased the number of studied catchments to 71 and
provided several spatially interpolated maps of region specific ® parameter values to
support runoff estimation in ungauged catchments.

The ungauged Tulovska River Catchment in South-East Serbia has been the focus of
hydrological studies due to severe flooding of the Leskovac City suburbs adjacent to the
South Morava River (Bsiarojesuh et al., 2008; PaauBojeBuh et al., 2019). The initial idea
for dealing with the flooding had been riverbed training in the suburban zone. The final
chosen solution was the construction of a diversion channel for flood relief upstream of
the suburban area. Thus, the project relevant hydrologic regime characteristics were to be
determined based on a portion of the entire Tulovska River Catchment. These were
primarily flood flow regime indicators, but for final sizing and modelling of the diversion
structures, both mean and low flow indicators were important.
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The adequacy of methods for mean annual runoff estimation using different input
data sources, was evaluated for two simple and widely used models. The input data used
were: 1) point observations at climatological stations 2) raster climatologic data for the
Tulovska River Catchment. The results were compared method wise and input data wise.
Because regional analyses have been conducted previously for the target region
(Bnarojesuh et al., 2010; Blagojevi¢ & Plavsié, 2013), the results were also compared with
the estimated regional ranges of specific runoff (McamnoBuh & Cpua, 2001) and
calibrated, regional specific regression models (Kuskosuh, 2009).

Material and methods

Study area

The Tulovska River is a direct left tributary of the South Morava River. The river
catchment spans from the north hillslopes of the Kukavica Mountain, where rivers
Golema reka and Mala reka form Tulovska River. Its confluence into the South Morava
River is located in the suburbs of the City of Leskovac, near the village of Gornje Krajince.
The river flow direction is south-north and the river network branching is poor. The
catchment shape is narrow and elongated in the upper and middle section, where it ends
for the purpose of this study at the location of a railway culvert. The lower catchment
section lies downstream of a highway and the railway culvert, in the mixed rural and
suburban area by the South Morava River.

Hydrogeological and soil conditions, and vegetation characteristics can be split into
two distinctive sections of the studied Tulovska River Catchment (Bsarojepuh et al.,
2008). The upper catchment section above 400 m a.s.l. (highest peak Vrvi kobila at 1,047
m a.s.l.), lies on poorly permeable to impermeable rocks (sedimentary, igneous and
metamorphic), with steep terrain slopes. Uphill from the only settlement in this part, the
village of Tulovo, the stream network is branched. This region is forested with prevailing
coniferous woods, and sparce agricultural plots of land. Skeletal and podzolic soil are
present in this area. The middle part of the basin (270-400 m a.s.l.) is characterized by
mild terrain slopes on permeable, sandy-gravel sediments. Landslides, gullies and other
forms of soil erosion are present. There are several rural settlements with household
vegetable gardens, while the prevailing agricultural land use is vineyards on the slopes
with northeastern and northwestern terrain exposure. The hydrographic network is
poorly developed and ephemeral streams may be found. Sparse forest lies along the edge
of this catchment section.

The Fig. 1 shows the location of the Tulovska River and its catchment within the
surrounding area where rain gauges (RG) and weather/climatologic stations (CS) are
located. The climatological characteristics of the catchment area correspond to the
transitional type between the continental and the modified Mediterranean precipitation
regime. Monthly precipitation sums at five RGs and the CSs Leskovac and Kukavica are
shown in Fig. 1 for the standard normal period 1961-1990. At the locations of CSs,
monthly temperature averages are also shown.
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Fig. 1. Studied catchment location with the surrounding area; graphs of annual temperature and
precipitation regimes, obtained from the rain gauges and weather/climatologic stations of RHMSS
for the period 1961-1990 are shown next to the station locations
(* the catchment contributing area up to the diversion channel intake location)

Definitions and annotation

In the paper, the term "mean annual runoff” is interchangeably used with "mean runoff”,
defined as the total volume of water discharging past a point of interest in a river or
stream in one year divided by the contributing catchment area. The label used is Qo when
expressed in mm or cm, while Q is used when in m3/s or 1/s, and referred to as "mean
annual flow" or "mean flow". Specific runoff - qo, or runoff yield, is in 1/s/km?, indicating
mean runoff per unit catchment area A (km?2).

Balance method - Turc

Turc’s balance method (Ture, 1953) is based on the water balance equation at catchment
scale:

Py =Dy + Qo £ AQy, (1)
where:

Po - mean annual precipitation,

Do - mean annual water loss,

Qo - mean annual runoff,
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+AQo - volume change due to groundwater recharge/discharge.

When mean of all variables is calculated from a long, representative period
(containing both wet and dry years), it is assumed that +AQo converges to zero. The Turc’s
formula is applied for mean water loss assessment, where the input variables are mean
annual precipitation and mean annual temperature:

p2 -0.5

D0=P0(0'9+L_2) . (2)

The L value in equation (2) is calculated from:

L=05-T§+25-Ty + 300, (3)
where:

To - mean annual temperature.

Here, To is in °C, while Po, Do, and Qo are in mm. In order to harmonize dimensions
of (2) and (3), the L value is expressed in mm, although parameter L has no physical
interpretation. JaukoBuh (2015) has used the following form of the equation for mean
annual runoff assessment (in mm), based on (1) and (2):

Q0 =ro-[1- 09+, @

Average annual runoff in mm is then transformed to specific runoff in 1/s/km2 by the
following expression for a common year:

qo = 0.0317- Qo , (5)

while for a leap year the constant is 0.0316. When qo is multiplied by catchment area A
(km2), catchment mean annual flow is obtained in 1/s. According to the findings of
Bbiarojesuh et al. (2018) for catchments in Serbia, an allowance factor — multiplier of
1.239 is applied to mean annual flow in 1/s for the final result, to provide a better fit of the
estimated to the observed runoff in the available sample. The same allowance factor is
also applied in this research.

Langbein method

In the Langbein method (Langbein, 1962), the same input data are used as in Turc’s
method: Po — mean annual catchment precipitation, and To — mean annual catchment
temperature. The relationship defined among variables in this method is:

P
L=, (®)
where:
E - temperature factor,
Qo -mean annual runoff (cm).
For Po in cm and To in °C, E is obtained from:

logE = 0,027 - T, + 6. (7)
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The value of parameter ®=0.855 is recommended for small ungauged catchments in
Serbia, as found by Biarojesuh et al. (2018) and used in this research. The research of
ITpoxacka et al. (2019) addresses the issue of calibrating the ® parameter of Langbein’s
method by fitting the modelled output to the observed runoff on the sample of 71
catchments. Several spatial interpolation techniques are considered in an attempt to
create a thematic map of ® parameter values. However, the authors do not recommend a
definitive map. Nevertheless, a rough comparison of the ® parameter of the Toponicka
River at hydrologic station Gornja Toponica (A= 202 km?) in the South Morava River
Basin, with parameter range of 0.861 - 0.867, depending on the interpolation technique
and mapping location, shows a small difference with the adopted parameter for this
research.

The relationship (6) is given in tabular form (Tab. 1) by Jankosuh (2015).

Tab. 1. The dependence among variables Qo /E and P, /E

Po/E o 1 2 3 4 5 6 7 8 10 12 14
Qo/E | 0.01 | 0.03 | 0.08 | 0.20 | 0.48 | 1.00 | 1.80 | 2.60 | 3.40 | 5.00 | 7.00 | 9.00

Input data

The input data for the equations (1) - (7) are mean annual air temperature (To) and mean
annual precipitation sum (Po) in a long period. These climate characteristics for the
Tulovska River Catchment are obtained from digital/raster maps and weather/
climatologic stations published data.

Digital data. Mean annual precipitation and temperature in the period 1961-2010
are obtained from the digital repository of the CarpatClim project (Szalai et al., 2013). The
raster maps are in horizontal resolution of 0,1° by 0,1°. The data is verified according to
mean temperatures at selected meteorologic stations in Serbia (Bnarojesuh et al., 2018),
and used for mean precipitation and air temperature assessment in the Tulovska River
Catchment. The spatial data is in the WGS 1984 (EPSG:4326) projection, here shown for
the close surrounding of the Tulovska River Catchment and Serbia within the wider
region, in Fig. 2 for precipitation and in Fig. 3 for temperature.

The assessment of mean catchment annual precipitation and temperature is
performed in GIS by using raster temperature and precipitation data and the catchment
boundaries. The data manipulation and processing were conducted in a free and open-
source Quantum Geographic Information System (QGIS). Tab. 2 shows climatologic
characteristics assessed from digital data.

Climatological stations (gauged) data. The spatial interpolation of gauged air
temperature and precipitation data (RHMSS) from CS Leskovac and CS Kukavica to the
Tulovska Rriver Catchment is done according to the mean catchment altitude and the
distance between the catchment gravity center and the CSs. A linear interpolation of
climatologic gauged data is applied due to considerable altitude difference of CS Leskovac
(230 m a.s.]l.) and CS Kukavica (1,438 m a.s.l.), using the Tulovska River Catchment mean
altitude (Xmean = 429 m a.s.l.). The catchment gravity center is almost equally distant from
the CS Leskovac and CS Kukavica, 25 km apart.
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Fig. 2. Mean annual precipitation raster data in the Tulovska River catchment region, obtained
from CarpatClim (Szalai et al., 2013)
(* the catchment contributing area up to the diversion channel intake location)

The period of gauge data availability for CS Leskovac is 1946-2017 and for CS
Kukavica 1961-2017. Both mean annual air temperature and mean annual precipitation
are estimated for two intervals: 1961-2010, and 1961-2017. The selection of these two
periods (intervals) should provide for comparison of mean annual runoff assessment
results based on the input data from 1) digital raster maps and 2) climatological records
(gauged data).

The values of input climatologic data for mean annual runoff assessment is given in
Tab. 2 per data source and period.

Tab. 2. The Tulovska River Catchment precipitation input data from considered data sources

Period P, (mm) To (°C) Source
1961-2010 634.7 11.5 CarpatClim
1961-2010 676.6 10.1 Data record
1961-2017 684.5 10.3 Data record
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Fig. 3. Mean annual temperature raster data in the Tulovska River catchment region, obtained
from CarpatClim (Szalai et al., 2013)
(* the catchment contributing area up to the diversion channel intake location)

Results and discussion
Runoff predicted from raster climatologic data

The results of mean annual runoff assessment by the method of Langbein and Turc based
on the raster climatologic data for the Tulovska River Catchment of 20.6 km?2, are given in
the Tab. 3. The estimated runoff for the Tulovska River Catchment confirms the findings
that Turc’s method underestimates mean annual runoff in Serbia (Jamkosuh, 2015;
Bnarojesuh et al., 2018).

Tab. 3. Mean annual flow estimated from raster climatologic data

Mean annual flow Specific runoff go
Method
Q(1/s) (I/s/km?)
Turc 31 1.38
Langbein 69 3.09

Runoff predicted from point climatologic data

Tab. 4. shows mean annual runoff predicted by the method of Langbein and Turc
based on the processed CS data records. Mean flow/specific runoff assessment results
(Tab. 4) show differences in flow of up to 30% method wise, while for the same method,
depending on the input data processing period, the difference is negligible.
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Tab. 4. Mean annual flow based on the processed precipitation and temperature data records

Mean annual flow Specific runoff
Method Q/s) qo (1/s/km?2)
1961-2010 1961- 2017 1961-2010 1961- 2017
Turc 67 66 3.25 3.20
Langbein 96 98 4.63 4.72

Runoff predicted by regional analysis

Specific runoff in the region of South Morava River where the Tulovska River belongs, is
in the range of 6-8 1/s/km2 according to the research of Mcaunosuh & Cpua (2001).
Regional analysis of water balance elements in this research is based on hydrologic and
meteorological data in the period until 1990. )Kuskosuh (2009) has established a set of
region-specific regression models for mean annual runoff estimation on the sample of 184
catchments, based on precipitation data in the period 1951-1980 and runoff in the period
1961-1990. The regional regression equations are variable - specific and region — specific.
Two forms of the established equations are used here.

According to the regression equation for the region 8 — "Juzno Moravski":
Inq =147 + 0.001Xsr, ®
where:
q - specific runoff (1/s/km?)
Xsr - mean catchment altitude (m a.s.L.).

Applied to the Tulovska River (8) gives q = 6.68 1/s/km?2, i.e. mean annual flow Q =
0.139 m3/s.

In the region 6 - "Juzno Moravski", mean annual precipitation (Po) and specific
runoff (q) are linked by the following relation:

q = 0.113P, — 69, 9
when Po in mm, q is in 1/s/km?2.

Mean annual runoff estimates according to equation (9) by Kuskosuh (2009) are
shown in Tab. 5.

Tab. 5. Mean annual runoff for the Tulovska River according to equation (9) for different periods
and input data sources.

. Specific runoff Mean annual flow
Period Po(mm) qo(l/s/km2) 00/s) Data source
1961-2010 634.7 2.78 57 CarpatClim
1961-2010 676.6 7.50 156 Data record
1961- 2017 683.4 8.18 170 Data record

A summary of all the predicted mean annual specific runoff values is shown on Fig. 4.
All of the methods which take into account precipitation and temperature produce
notably lower values of the mean annual runoff when using CarpatClim raster data as
input. This is likely a consequence of the spatial resolution of the raster data (10 x 10 km),
which cannot take into account the altitude variability in a catchment as small as the one
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considered here. A better matching with the results of the regional methods is observed
when using spatially interpolated climatological input data.

9.0
O Turc - raster CarpatClim
20 P p
7.0 o O Langbein - raster CarpatClim
' * *
60 emmmmm——a-. O Turc - data record
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Fig. 4. Summary of the predicted specific runoff for the Tulovska River at the studied location
(a single marker type is used for a method and the matching colors mark the same input data
source)

Although none of the CSs is situated on the catchment area itself, a better fit with the
region-specific runoff values suggests that using the data from the CSs and spatially
interpolating it generates more realistic runoff values. Extending the input data
processing period yields slightly higher runoff values, but does not introduce any notable
changes in the results, compared to the 1961-2010 period.

The regional mean annual specific runoff range by Ncaumosuh & Cpna (2001) and
regional regression by XuskoBuh (2009) yield well matching results when using the
gauged meteorological data for the 1961-2010 period. However, it has to be taken into
account that the calibration periods in the two studies overlap. The consequence of
calibrating the regression parameters using data from overlapping periods is best
illustrated by applying the equation (8), in which neither temperature nor precipitation is
used. Still, the obtained mean annual specific runoff of q = 6.68 1/s/km?2 (mean flow: Q =
139 1/s) matches the expected regional value given by Hcaunosuh & Cpra (2001).

Conclusion

The temperature and precipitation raster data used in this paper are verified using the
gauging station network of RHMSS. Because of the raster data rough spatial resolution,
an accurate representation of the spatial variability of climatological data due to a
distinctly variable relief, cannot be expected. Consequently, for the here studied
catchment with an area of 20.6 km? and an altitude difference of 800 m, the precipitation
values obtained by interpolating the gauged values according to the basin altitude and the
raster precipitation values differ by 6.7% (period 1961-2010) and by 7.6% for the extended
period (1961-2017). The differences in the mean flow estimates based on these sets of
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climatological data are far more significant and emphasize the need to consider multiple
input data sources to support adopting a design mean flow value.

This study is in line with the findings about underestimating mean annual runoff in
Serbia by the Turc’s method (Jankosuh, 2015; Biarojesuh et al., 2018). In addition, for
both input data sources, the method predicted the lowest mean runoff of all, regardless of
the allowance factor introduced by Birarojesuh et al. (2018).

The value of model parameter © in the Langbain’s method used in this research is
calibrated for the region of central Serbia, using CarpatClim data (BsarojeBuh et al.,
2018). The calibration was conducted on 46 catchments with an area up to 1,000 km2, of
which only 5 are smaller than 100 km?2, the smallest one being 79 km2. The spatial
variability of precipitation and temperature in these catchments is thus better captured in
the CarpatClim raster data than in the Tulovska River Catchment. The same issue is
present in the research of IIpoxacka et al. (2019) where, despite of the larger sample (71
catchments), the number of catchments smaller than 100 kmz2 is 6.

Using raster climatological data as an input for mean runoff prediction favors larger
basins and it should be taken into account when extracting data for small basins, as the
one in this study. In order to further evaluate the suitability of Langbein’s method for
small ungauged catchments using raster input data, the spatially distributed ® —
parameter, i.e. the thematic map, as suggested by Ilpoxacka et al. (2019), may be
calibrated for the regions defined by Ncaumosuh & Cpua (2001) and XKuekosuh (2009).
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MaJlaBUHaMa U TeMIEPaTypH A00WjeHUd Cy U3 AUTUTATHOT DPEMO3UTOPUjyMa IIPOjeKTa
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Bomonpuspesia ce 6aBu yIpaB/barkbeM KOMIIOHEHTaMa BOJHHUX pecypca (KOJIHYMHA,
KBaJIUTET U JIOKAIIMja) U BUXOBOM JMHAMHUKOM — BpeMeHckoM BapujanujoMm (Hophesuh,
1990). CJI0KEHOCT CBake OJf KOMIIOHEHAaTa 3axTeBa MYJITHIUCIUIUIMHADHU IPUCTYII
nutamwrMa Bogonpuspesie. Ha nprumep, y o6acTu KBaIUTeTa BOZA, TEDMUH "XUIPOMOP-
donomku dakxropu”, yBeneH je 3a npaheme crama BoAa MpeKko HU3a mapaMerapa. OBu
rnapaMeTpu oOyxBaTajy U IOKa3aTesbe XUJIPOJIOMIKOT peXXUMa, KOHTUHYHTET PEYHOT TOKa
u Mopdovtomnike ycsoe (babuh-Mnanenosuh & HunkoBuh, 2009). Ilutame KoJUIHUHE
BO/IA U HbUXOBe JUHAMUKE, IIPEJMET Cy U3ydaBama Y MHOTUM I10/1001acTHMa reoHayKa U
6aBe ce MUTAKHUMa XUIPOJIOIIKIX aHATIN3a Paid YTBPhUBama I0Ka3aTeba XUPOJIOUIKOT
perkuMa. XUAPOJIOMIKY PEXXUM, KaJia je y MUTalky KOJIUYMHA BOZe, OOMYHO ce OIHUCYyje
KapaKTepUCTHKaMa MaJIuX, CPeJEbUX U BeJIMKUX BOJA.

XUpOJIOMIKY PEXUM CPEAUX BOJA ONKCYje AYTOTOAUIILY IIPOLEC TeHepHCama
OTHI[Aja Y Pa3JIUYUTHM IepuoAuMa Arckperusaruje. OCHOBHHM IIOKa3aTe/b PeKUMa
MPOCEYHUX BOJIA je MIPOCEYHHU TO/IUIIEBY OTHIIA], CPE/IEbA BPETHOCT TOAUIIEBUX IIPOTUIIAja
ompeljeHa 3a IyrOTOMUINEGH IEPUOA. 3a MHOre motpebe, KOA KOjuX HHUje MPUMapHO
onpehuBame pekuMa CpeArbUX BOJA, IOBOJBHO je OJPEAUTH CaMO BPELHOCT CPEIEET
roAuIIber mporuiaja. Mi36op oarosapajyhe meTomosioruje 3aBUCH Off MOAaTaka Koju Cy
Ha pacnosaraky. Koj u3yueHHMX C/IMBOBA, Ha JIOKAMjaMa XH/IPOJIOIIKHUX CTaHUIIA,
MpUMeYje Ce jeTHOCTABHM CTATHCTHYKH IIPUCTYI, JOK Ce KOJ HEM3yYeHHX CJIHBOBA
MOZKe IIPUMEHHUTH MOJIEJTUPAHE IIPOIeca KOjU YUECTBY]Y Y (popMUparby OTHIaja. YKOJIHKO
II0CTOje, 32 HEM3yUeHe CJIMBOBE Ce KOPHUCTe KaaubpucaHu pernoHaysHu Mmozenu (Mc
Mahon et al., 2013). Hampezak y ob6yiacTuMa ocMaTpara, IPUKYILbarba, YIPaB/barha,
BUByeJIM3allije U aHAJIN3€e KJIMMATOJIONIKHUX IIOZjaTaka, YMHOTOME je JIOIPHUHEO 60JbeM
H3y4aBamy cJIUBOBa. [IPOCTOPHO pacmofie/beHN KIMMATOJIONUIKY MTOJAIH Ce AaHAC UyBajy
V JUTHUTATHUM PEMTO3UTOPUjyMHMA KOjUMa ce MOKe OECIUIaTHO IPUCTYITUTH. JleJberhe THX
rmojlaTaka je ImojeTHOCTaB/beHo 3axBasbyjyhu mocturayhmma y obsiactu kaprorpaduje Ha
unTepHery (Vaitis et al., 2018).

Il vcTpaKuBama y OBOM Dajy je HCIHTHBAME Pe3ysTaTa NMpHUMeHe JUTUTATHUX
KJINMATOJIOMIKUX [I0/IaTaKa Y je[THOCTABHUM, y IPAKCH IIUPOKO 3aCTYIUbEHUM, MOJEINMA
3a OIleHy IIPOCEYHOr OTHIAkha Y MaJIOM HEM3ydeHOM ciuBy. IIpermopyke 3a mpuiiaro-
haBame Mozesa 3a OIeHy MPOCEYHOT OTHIlaha 3a yCsIoBe Ha Teputopuju Cpbuje mao je
Jaukosuh (2015), kopucrehu ob6paljene ocMoTpeHe KauMaTo IONMIKe TozaTKe. Ha ocHOBY
BEroBUX 3aK/bydyaka, biarojesuh u cap. (2018) cy o0pajoM JUTHTATHUX KJIAMATO-
JIOIIKHX II0/IaTaKa 3a 46 cauBoBa y CpOuju, MpeyIoKIIN KOPEKITHOHU (DAKTOP Y METOAH
Typka u BpemHOCTH mapamerpa ©® y meronu Jlanrb6ajHa, Koja ce KOPHUCTH y OBOM
uctpaxkupamwy. [Ipoxacka u cap. (2019) cy, Ha OCHOBY UCTPaKHBamba KOje je 00yXBaTUIIO
71 cauB y Cpbuju, Janu HEKOJHWKO TEMAaTCKHUX Kapata 3a ofpehHBaibe IPOCEYHOT
OTHI[atha ¥ HeM3y4ueHUM cauBoBuMa. OBe KapTe cy A00OUjeHe IMPOCTOPHOM HHTEPIIOJIA-
nujoM rmapamMerpa © Koju ce KopucTy y Metonu JIanr6ajHa.

Heunsyuenu ciuB TysoBcke peke y jyroucrounoj Cpbuju je OMO IpeIMeT XUAPO-
JIOIIKUX CTyZAMja 300T 3HAYAJHOT IUIaBJhEeEhA IPUTPAZCKUX Hacesba rpaza JleckoBma y3
Jyxry Mopasy (Bbiarojesuh u cap., 2008; PagusojeBuh u cap., 2019). Mcnpsa je pememe
3a o7i0paHy o] moIiaBa Owio ypeljere peyHOr KOpUTAa KpO3 IPHUTpajicka Haceba. Kao
KOHAYHO pelleme je m3abpaHa H3rpaikba pacTepeTHOr KaHasa a0 JyxkHe Mopase,
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Y3BOJAHO OJf NPUTPAJICKUX Hacesba. Pellere je 3aXTeBajio Zia Ce OfpeNe IOKA3aTesbH
XHUIPOJIOIIKUX PEKIMa 3a Aeo cyiuBa TyJI0Bcke peke. 3a 0Baj CyIyuyaj Cy Ipe cBera OUTHU
IIOKa3aTe/bUd pEXKHMa BEJIMKHUX BOJa, aJIM 3a JUMEH3UOHHCAE U KOHAYHO 06J'II/IKOBaH)e
ofjekaTa y CKJIOIy pacTEPETHOT KaHasla, BAYKHU CY U HEKH IOKa3aTe/bH PEKUMa CPEHUX
1 MaJIuX BOJia.

Hpoxsepa IPpUXBAT/PUBOCTH METOJa 3a OLEHY IIPOCEYHOI TOAUINILEr OTHIIAba Ha
OCHOBY pas/IMUMTHX VJIa3HUX II0flaTaka, ypaljeHa je 3a /iBe jeJHOCTaBHE U y IPAKCH
3aCTyIUb€HE METO/le MpopauyHa. YJIa3HHW mojanu cy Owmnau: (1) momamy ocMarparsa ca
KIMMATOJIOUIKUX CTAaHUIA U (2) pacTepCKU KJIMMATOJIOUIKK IMoAany 3a TYJIOBCKY PEKy.
Pesysntatu cy ynopellenu mel)y MeTomama u y ofHOCY Ha yjia3He mojaTke. 3axBasbyjyhu
noctojehuM perioHaJIHUM aHajIu3aMa CIPOBeJEHUM Ha fjaToM noapydjy (Biarojesuh u
cap., 2010; Blagojevi¢ & Plavsi¢, 2013), pesysnratu cy ynopeheHu u ca pesyaraTuma
JoOWjeHUM Ha OCHOBY omcera crnenuduuHor otunaja (Mcawitosuh & CpHa, 2001) u
KamnbpucaHux pernoHaHuX Moziesna (JKuskosuh, 2009).

MertomoJioruja
IIpocmop ucmpadxicusarsa

Ty0BCKa peka IpuIiazia CIuBy JyskHe MopaBe U ibeHa je TUPEKTHA JieBa IPUTOKa. PeuHu
CJIUB ce TPOCTHPE OJI CEBEPHUX M HCTOUYHHX OOpOHaKa IlaHWHe KykaBulle, oflakiie ce
Tynoecka peka ¢popmupa ox I'osieme u Mase peke. Yirhe y Jyxxuy MopaBy Hajasu ce y
npearpally rpaga Jleckosua, 6su3y cena JJome Kpajuniie. TysoBcka peka Teue y cMepy
jyr-ceBep, a peuHa mpeska je cyiabo paspujeHa. CIUB je y3aH U H3AYKEH y TOPIEM H
CpeqIbeM JIeJly, I7ie ce HaJla3u U3ydYaBaHU MPO(UI — IPOIYCT HA JKeJIe3HUIKO] Ipy3u. Y
JIOEheM, HU3BOZHOM JIeJTy cIuBa y3 Jy:kHy MopaBy je pypalHO U IPUTPAJICKO TOApPYYje.

XuIPOTEOIONIKN ¥ TEAOJIONIKA YCJIOBH M BEreTalyja MOIY Ce NMPHUKazaTh 3a J[Ba
uspasuTa Jiena peuHor ciauBa TysmoBcke peke (Biarojesuh u cap., 2008). Topmu €0
CIMBa, TPEKO 400 m H.B. (HajBumu Bpx BpBu Kkobmiaa 1.047 m) JieXud Ha cyabo
MIPOILYCHUM JI0 HEMIPOIIYCHUM CcTeHaMa (CeZ[MMEHTHE, MarMaTCKe U MeTaMop(He CTEHE) ca
M3PA3UTO CTPMUM Harubuma tepeHa. MI3Haj| jeIMHOT HACeJbEHOT MECTa y TOM JIeJIy CJINBA,
cesa TysoBO, HaJIa3u ce pa3rpaHara xuaporpadcka Mpeka. Y 0BOM JIeJTy CJIMBA Cy LIyMe
(mpeoBnalhyje mucTonasna IrymMma) ¥ peTko oO6pasnBo 3eMJbHINTE. [1€0I0IIKY TOKpUBAY
YHUHE CKEJIETOUJHO U CKEJIETOU/I-OTO/30/beHO0 3eMsbuiiTe. Cpentbu /leo cauBa (u3mely
270 U 400 m) ca OjaKUM HaruOMMa TepeHa, JIEKU Ha IPOIYCHUM, IIECKOBUTO-
[IUBYHKOBUTHM CeJUMEHTHMA. TepeH OJINKY]y KJIUBUIITA, BOJOJAEPUHE U IPYTH OOJIUIA
epo3suje T1a. Y 0BOj 06J1aCTH ce Hajla3u HEKOJIMKO Hacesba ca okyhHuiama u npeosialyjy
BUHOTPA/JIY HA NAJIMHAMA €4 CEBEPOUCTOYHOM M CEBEPO3AIa[[HOM E€KCIIO3HUIM]jOM TEPEHA.
Xunporpadcka Mpexka je c1abo pa3BHUjeHa, HAWIa3d Ce U HAa BOJOTOKOBE €A CJIEIHM
yuthuma. ITo 06071y oBOT mojaca, Hajla3u ce peTKa IIyMa.

Ha Cin. 1 cy xaprupane TysioBcka peka W H3y4aBaHU [le0 PEUYHOr CJINBA, Ka0 U
KHUIIIOMEPHE CTaHWIle - KUioMepu u kiumarosomike cranuie (KC). Kimumarosorike
OJIJIMKE OKOJIMHE PEYHOT CJIMBA O/ITOBapajy Mpea3HOM THIY U3Mel)y KOHTHHEHTATHOT U
MOANGMUKOBAHOT CPEIO3EMHOT peXHMMa IaJlaBUHA. YHYTAaprOAWIIA pacriozesa
Ma/laBUHAa — MECEYHE CyMe MaJlaBUHAa Ha IeT KHUIIOMEDHHX CTAaHHUIA U J[B€ KJIUMATO-
JIOIIIKe, TaKohe cy mpukaszaHe Ha CiI. 1. 32 cTaHAApJHU HOPMAaJIHU IepHo, 1961-1990. Ha
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JIoKaIjaMa KJIMMATOJIONIKMX CTAaHHUIA, MPUKa3aHa je W YHYTaproAHIIIa pacro/iesna
TeMIlepaType Basmyxa.

Ca. 1. JIokayuja ucmpaxcuganoez 0ena cauéa ca 0KOAUHoM; dujazpamu yHymapeoouwrbe pacnooene
nadasuxa u memnepamype 8azdyxa (oca 0ecHo) HA KUWOMEPHUM U KAUMAMOAOWKUM CIAHUUama

ocmampauke mpexce PXM3C y cmanoap0Hom HOpMaaHom nepuody 1961-1990. 200. NPUKA3AHU CY
noped cmanuya (*deo causa do yaasme epahesure dugepsuoroe kanana) (cmpaua 48)

Aedpunuyuje u o3nauasarse

VY pasy paBHONIPABHO KOPUCTHMO TEPMUH 'CpelbH TOAWINBU OTHULA]" U "MPOCEUHH
orunaj", a TeUHUIIEMO Ta KA0 YKYIHY 3alIpeMIHY BOJle IIPOTEKITYy KPO3 PeYHU PO
TOKOM je{He TOJIMHE, PACIIO/Ie/beHy 110 IOBPIIUHU cyirBa. O3HaKy Qo KOPHCTUMO Kazia Cy
jeAUHUIlE MM WIN cm, IOK 03HaKy Q KOPHUCTHMO KaJla UCTY BEJIMUHMHY H3PaKaBaMo y
m3/s v 1/s, a TOM IPHWINKOM KOPUCTHMO TEPMUH "TIPOCEYHU TOAUIIEGY IPOTHUIA]" WU
"mpoceunu nportunaj”. CrenuduaHu OTUIA] - (o, HIH CIEIUUUHO oTHLAE je y 1/s/km?
¥ 03Ha4YaBa MPOCEYHU FOAUIIBY TPOTHIA]j IO jeIMHUITN MOoBpIIKHe ciauBa A (km?).

Memooda 6uranca — Typxa

Metopna 6unanca — Typka (Turc, 1953) 3acHHBaA ce Ha OMJIAHCHO] je/THAYNHU. JeTHAYNHA
KOjOM Ce OIHCyje OHIaHC je:

Po=Dp+ Qo £ AQ (1)
e cy:

P, — mpoceuHe najaBuHe Ha CJIUBY,

Do — mpoceynu ry0uTaK Boze Ha CJIUBY,

Qo — TIPOCEYHO OTHIAKHE,

:EAQO — IpOME€Ha 3allpeEMHUHE Ha CJIHUBY YCjae[ HUCHPIIJbUBamba WJIW JOIIyEhaBakbha
IIOA3€EMHHUX BOJa.

CBe IpocevyHe BeJIMYHMHE U3padyyHaTe Cy 3a JOBOJHHO YT, PEIPE3eHTATUBAH MEPHOT,
KOjU YKJbY4yje U CYIIHe U BOJHE TOAHMHE, YUME je yBeZleHa IPETIOCTaBKa Ja BeJIMYMHA
+AQo Texxu Hysd. 3a M3padyHaBambe ry0uTaka npumerbeHa je dopmysia Typka, unje cy
yJIa3He BeJIMUMHE POCEeYHe MaZlaBUHE U IPOCeYHa TeEMITEpATypa:

p2y 05

DOZPO'(0-9+L_2) (2)

Bpeanoct Ly bopmysu (2) ce ogpehyje xao:

L=05"T3+ 25T, + 300 (3)
rze je:

To — mpoceyHa TeMIiepaTypa Ha CIUBY.

Osne ce To uspaxasa y °C, a Po, Do, 1 Qo y mm. /la 6u uspasu (2) u (3) 6mwin
JMMMEH3UOHO HCIIPAaBHHU, MOXKE Ce cMaTpaTh Aa L uMa AWMEH3Hjy Yy mm, HaKo y
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dusmuxom cmuciay napamerap L Hema Tymaueme. Kopumrhemem uspasa (1) u (2) nobuja
ce U3pas 3a MpopavyH caoja otuiiaja (y mm) (Jankosuh, 2015):

Qo =Po-[1- 09+ 55" @)

Cnoj oruiiaja ce MOKe MPETBOPUTH y chenudbuyau otunaj y 1/s/kmz2, ciemehum
M3pa30M 32 TOZMHY KOja HUje IPECTyIHA:

qo = 0.0317- Qo (5)

JIOK je 3a IPEeCTyNHYy TOANHY BPEIHOCT KOHCTAaHTe y TOPHeM u3pasy 0,0316. Kama ce qo
MMOMHOKHU ca moBpuinHoM ciuBa A (km2), 706Hja ce BpeJHOCT MPOCEYHOT MPOTHUIAja Y
usnazHom npodwry y 1/s. IIpema Hamasuma Biarojesuh um cap. (2018) 3a ciuBoOBe y
Cpbuju, Tpeba MPUMEHUTH KOPEKIIMOHH (HaKTOp Of 1,239 KOjuM Tpeba MOMHOKHUTH
cpebu TOMUIIBY MPOTHIaj v 1/s. YrBpheHo je ma ce mpumeHoM oBor ¢akTopa 60sbe
CIaKy pauyHCKE M OCMOTpDEHE BPEIHOCTH OTHIAlha y PACIOJIOKUBOM Y30pKy. HcTh
KOPEKIOHU (aKTOp je IPUMEIhEH Y OBOM PAJIy.

MemoOda JIan26ajna

3a merozay Jlanr6ajua (Langbein, 1962), kopuurheHu Cy UCTH yJIa3HU MOJAIA Kao U 3a
metony Typka: Po — mpoceuHe masaBuHe Ha ciuBy U To — IPOCEYHA TeMIepaTypa Ha
CIUBY. 3aBHCHOCT Koja je iehHUCaHA Y OBOj METO/H je:

Lo (6)
e je:

E — TemnepaTypHu daxTop,

Qo — cpearbH roUIIBbY MPOTUIlAj (cm).

Kapa cy Bpennoctu Po u To, yHeTe y cm u °C pezom, E ce pauyHa mpeko uspasa:

logE =0,027-Ty + @ (7)

Kopumihena Bpeanoct mapamerpa ©=0.855 je mpemopydeHa 3a Majie Hew3ydeHe
cmuBoBe y Cpbuju (BiarojeBuh u cap., 2018). IIpoxacka u cap. (2019) MOKyIIaaIu €y Aa
KanubpuIiny mapamerap ® mpeMa y30pKy O 71 CiauBa. Y TOM pajy je NPUMEHeHO
HEKOJINKO TEXHUKAa IIPOCTOPHE HWHTEPIOJALMje y TOKYIIajy CTBapama TeMaTCKe KapTe
BpEAHOCTH TTapamMeTapa ®, Majia ayTopH HUCY IPEMOPYYNIN KOHAUHY KapTy. nak, rpy6o
ynopehuBame © mapaMmerpa KOju Cy OBH ayTOpH A00wiH 3a ciuB TONMOHUYKE peke Ha
XUAPOJIONIKO]j cTanunu I'opmwa Tomonuria (A = 202 km2) y ciuBy peke Jy:kHe Mopage, ca
OIlCeroM mapamerapa o7, 0,861 — 0,867, (y 3aBUCHOCTH OJi TEXHUKE HHTEPIIOJIAIUjE U
MecTa KapTHpama mapamMeTpa), okasyje Majly pasJjfKy y OTHOCY Ha YCBOjeHH IapaMeTap
Y OBOM HUCTPaKUBAbY.

3asucHocr (6) nedpunucana je rabesapuo, y Tab. 1 (Jaukosuh, 2015).

Tab. 1. Basuchocm Qo /Eu Po /E

Po/E 0 1 2 3 4 5 6 7 8 10 12 14
Qo/E | 0,01 | 0,03 | 0,08 | 0,20 | 0,48 | 1,00 | 1,80 | 2,60 | 3,40 | 5,00 | 7,00 | 9,00
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Yaaznu nodayu

[IpoceyHa roauIiIma TeMIieparypa BazayxXxa To W TOAMIINKA CyMa mazaBuHa Po, y
BUIIIETO/IUIIIELEM TIEPUOY, IIPEJICTaBIbajy YIa3HEe I0JIaTKE KOjU ce KOPHUCTE y pa3Marpa-
HHUM MeToziaMa, jeHauuse (1) - (7). OBe KJIMMAaTCKe KapaKTEPUCTHKE Ce OHOCE HA CJIUB
Tynoscke peke.

Jdururasaau noaanu. IlpoceyHe nafiaBuHe U TeMIepaType 3a Iepuoz 1961-2010.,
Tpey3eTe Cy ca JUTUTATHOT perno3uTopujyma mpojexra CarpatClim (Szalai et al., 2013), y
pacrepckoM GopmaTy ca XOPHU30HTATHOM pe30JyLHjoM of 0,1° X 0,1°. Ilomauu cy
BepH(UKOBAHY y OJHOCY Ha IIPOCEYHE I1a/JaBUHE HAa HEKUM METEOPOJIOIIKUM CTaHHUIIaMa
y Cpbuju (biarojeBuh u cap., 2018), a 3aTum cy KopuirheHu 3a ompeljuBabe IPOCeYHUX
majZiaBiHa U TeMIepaTypa Ha ciuBy TyoBcke peke o TpaxeHor npoduia. [loganu cy y
npojexknju WGS 1984 (EPSG:4326) m mpukazaHu cy rpaduukyd 3a OKOJIMHY CJIMBA
TynoBcke peke, kao u 3a Tepuropujy Cpbuje ca peruonom, Ha Ci. 2 32 nmagaBune u Ci. 3
3a TEMIIEPATYPY.

OnpehuBarbe IpoCeUHUX MaJJaBUHA U TEMIIEPATypa Ha CJIMBY cripoBeseHo je y TVIC
OKpy»Kemy, KopulrthemeM pacTepcKHX I[oJaTaka O MaJjaBUHaMa M TeMIlepaTypama U
BEKTOPCKUM IIO/Ial[Ma O TPAHUIU CJINBA. 3a MAHUILYJIANUjy Cca AUTHTATHHUM IIPOCTOD-
HUM [OJAIMiMa O IPOCEYHUM I1a/laBHaMa U TeMIlepaTypaMma Bas[yXa U BbUXOBY 00pasy,
kopurtrhen je 6eciiaTad mporpamcku makeT QGIS, oTBopeHor kozia. JlobujeHe BpeIHOCTH
cy npukasase tabemnapso (Tab. 2).

ITomamu ca KJINMAaTOJONIKHMX cTaHuna. [IpeHomeme momaraka ocMaTpama
TeMInepa-Type Bazayxa u mnagaBuHa (PXM3 Cpb6uje, MeTeoposOIKN TOUIIKBAIU —
KJIMMAaTOJIONIKY IOZAI) ca JIOKallMja KJIMMAaToJIOMKUX cTaHuna Jleckosar u Kykasuma
u3 ocMmarpauke Mpexke PXM3-a Ha ciuB TysioBcke peke, U3BPIIEHO je MpeMa CPeiboj
HaJMODPCKO] BHCHHH CJIMBAa W IIpeMa DACTOjalby TEXKUINTA CIUBA OJf KJINMATOJIOIIKE
cranune. 300r BeJIMKe pasjiuKe y HAJAMOPCKUM BHCHMHaMma craHuna Jleckomar (230 m
n.m.) u Kykasuna (1.438 m n.m.), yJla3HU IOAAIM 3a MPOPAUYYH OTUIIAja JOOUjeHH CY
JINHEAPHOM WHTEPIIOJIAIMjOM OCMOTPEHHMX BPEIHOCTU, ITpeMa CpelrOj HaJAMOPCKO]
BucuHH cauBa TynoBcke peke (Xsr = 429 m n.m.). CauB TysoBcke peke je IMPHUOIIKHO
MOZjeIHAKO yaa/beH off cTaHuIa JleckoBar u Kykasuria, umnje je MeljycoOHO ofcTojarbe
0KO 25 km.

Ca. 2. [Ipuxaz pacmepckux nodamaka o npocevHuUM memnepamypama 3a pe2uot causa Tynoecke
pexe y dueumanrom penodumopujymy npojekma CarpatClim (Szalai et al., 2013)
(*0deo causa do yaasme epaljesure dusepauoroe kanana) (cmpawa 51)

PacnionokuBu mozlanu ocMarpama ¢y 3a Jleckomar y mepuony 1946-2017., a 3a
KykaBuiy 3a mepmop, 1961-2017. roauHe. Cpeame ToAuIlEe MaJaBUHE U Cpelibe
TOIUIIEbE TEMIIEPATYPE OZipeljeHe cy 3a /Ba mepuoja: 1961-2010. u 1961-2017. Ilepuogu
¢y ogabpaHu Tako jia ce omoryhu mnopeleme n00ujeHnX pesysiTaTa IpopauyHa CPeabux
BOZIA ca yJIa3HUM IOJAlMMa 3aCHOBAaHHUM HA 1) PACTEPCKUM TMOAAIMMA Ca JAUTHTATHUX
Kapara u, 2) mojjaifiMa ca KJIMMAaTOJIOIKUX cTaHua. CBU yJIa3HU TOZAIX KOpHUITheHn 3a
MpOpavyH CpelbUX Boja cy mpuKkasanu Tabenapuo (Tab. 2), mpemMa u3BOpy HOAAaTaKa U
obyxBaheHOM mEepHOAY.
Ca. 3. IIpukas pacmepckux nodamaxa o NPocewHuUM nadasuHama 3a pe2uoH causa Tyaoecke pexe y

dueumanrom penozumopujymy npojexkma CarpatClim (Szalai et al., 2013).
(*0eo causa do yaasme epaljesure dugep3uoHoe xanana) (cmpana 52)
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Tab. 2. Yaaznu nodayu o nadasuHama u memnepamypama 3a caus Tynoecke pexe

Iepuon P, (mm) To (°C) H3Bop
1961-2010. 634,7 11,5 CarpatClim
1961-2010. 676,6 10,1 ocMaTpama
1961-2017. 684,5 10,3 ocMaTpama

Pe3yjTaTH M JUCKyCHja
Omuyare Ha 0cHO8Y pacmepcKux nodamaxka

Pesynratu mpopauyHa cpelmux Boza o mertoau Jlanrabajua u meronu Typka Ha
OCHOBY PAaCTepPCKHUX YJIA3HUX MojjaTaka 3a TyJIOBCKYy peKy HOBpIIHHE CIuBa 20,6 km?,
natu cy y Tab. 3. JJobujeHn pe3ysiTaTH MpoIleHe TOAUIIHUX MPOTUIAja Y aHATU3UPAHOM
npodwty Tys0BCcKe peke Cy IMOTBPAWIIU ca3Hama J1a Merosa Typka y HalluM ycIOBUMa
Jlaje OTIIelheHe BPEHOCTH cpetbux Boja (Jankosuh, 2015; Biarojesuh u cap., 2018).

Tab. 3. IIpoceuru 2oduwrbl NPOMUYQAj HA OCHOBY PACTMNEPCKUX YAAZHUX N00amaxa

[Tpoceynu IpOTULIA] Crern. oTUIA] Qo
Merona QU/s) (1/s/km?)
Typx 31 1,38
Jlaur6aju 69 3,09

Omuyarse Ha OCHO8Y Nodamaka y mavku

Y Tab. 4 mnpukasaHu Cy pe3yJTaTH I[POLEHEHOr IPOCEYHOr IPOTHIaja Ha
pasMaTpaHoM H3Ja3HOM MPOGUIYy C/IMBA, HA OCHOBY IIOIaTaKa OCMAaTparba MaJaBUHA U
TeMIlepaType Bas[yxa W3 [OAaTaka Ha JBe OOJIKEbe KIMMATOJIOLIKE CTaHHIe. Y
pesynratuma mpopauyHa (Tab. 4) moxe ce BumeTd ga ce Ao00HjeHe BPEIHOCTH
npocevyHor/crenudUYHOT OTHIAj Pa3JHKyjy A0 30% 1o MeTojjamMa, WU TO 3a oba
pasmarpaHa mepuoja. 3a HCTy METOAY pasjiuKe y pe3ylaraTima Ao0OHjeHMM 3a [Ba
rmocMaTpaHa [EPHO/ia Cy He3HATHE.

Tab. 4. IIpoceuru 200utursU NPOMUYAJ HA OCHOBY YAA3HUX NO0AMAxa u3 nodamaka ocmampara
nadasuHa u memnepamypa

ITpoceyHy NpOTHLIA] CrenuuyHY OTHIA]
Metozna Q(l/s) go(1/s/km2)
1961-2010. 1961- 2017. 1961-2010. 1961- 2017.
Typk 67 66 3,25 3,20
Jlaur6aju 96 98 4,63 4,72

Pe3yamamu Ha ocHO8Y nocmaojehux pezuonarHux uspasa

Bpegnoctu crenuduuHOT OTHIAja IPOCEYHUX BOAA y oxrosapajyheM peruony Jy:xHe
Mopase xome mpumnaza TyjaoBcka peka, IIpeMa pe3yITaTHMa paHUjer HCTPAKUBAbA
Ucannosuha u CpHe (2001), OKBUpPHO Aaje 6-8 1/s/km2. Pernonanusanyja mpocevHHX
BO/IA j€ y OBOM HCTPaKMBakby paljeHa Ha OCHOBY XHUAPOMETEOPOJIOLIKHAX HI30BA OAATAKA
JI0 1990. TOUHE.
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JKuskoBuh (2009) je Ha y30pKy o7 184 civMBa M Ha OCHOBY 00Opajie mojaaraka o
MmajlaBuHaMa y epuozy 1951-1980. U IPoTHUIaja y IeEpPUOAY 1961-1990., H3BEO PAa3IUUUTE
peruoHaj He m3pase 3a ofpehuBarbe MMPOCEYHOT BHINETOJUIIEr OTUIAEA. V3BeneHU
pervoHaHU M3pasu, Bake 3a oxgpeheHe obactu (peruoHe/pejoHe) U KOPUCTe PASTIHINTE
He3aBHCHO npoMensbrBe. OBJie cy KopulheHa /iBa perioHaIHa U3pasa.

ITpema u3BeZIeHOM M3pa3y 3aBICHOCTH CIIEI(GUIHOT OTHIIAja Off CPEEbe HaZMOPCKe
BHICHHE 32 peruoH 8 — "Jy:kHo-MopaBcku'":

Ing =147+ 0.001Xs (8
e je:

q — cnenuduynu otuiaj (1/s/kmz2)

Xsr— Ccpesiba Ha/IMOPCKA BUCHHA cIuBa (m).

3a TysoBcky peky mpema uspasy (8) mobuja ce creruduunu oTuaj q = 6,68 1/s/km,
OTHOCHO MPOCEeYHHU MpoTHIaj Q = 0,139 m3/s.

Jpyru perumonasuu wuspa3 KuBkoBumha moBe3yje mpoceuHe magaBune (Po) u
creruduyHYA OTUIAj (q):

q=0.113P, - 69 (9)

a Ba)kKU 3a PErvoH 6, Takole moj HazuBoM "JyxkHO-MopaBcku'. JeIUHHUIE Y KOjUMa Ce
VHOCE MMalaBUHE Cy MM, a crneruduyHu otunaj ce qobuja y 1/s/kmz2.

Pesysrat cpadyHaTOr MPOCEYHOr NPOTHUIAja 3a TYJIOBCKY PEKY [0 H3y4aBaHOT
npodwuia mobujeHn npema uspasy (9), a 3a pa3JIMUMTE yJIa3He IOATKE O MajaBuHaMa,
nmartu cy y Tab. 5.

Tab. 5. [Ipoceurnu npomuyaj oopeljeH Ha 0CHOBY pe2uoHanHo2 npema jeOHavuHu (9), 3a pazauvume
nepuode u usgope yaasHux nodamaxa

CrnenuduyHu .
ITepuon P (mm) OTHUIAj HpOCG‘{HI/IlﬂpOTI/IHaJ H3Bop
4o (1/s/km?) Q (/e)
1961-2010. 634,7 2,78 57 CarpatClim
1961-2010. 676,6 7,50 156 ocMaTpama
1961- 2017. 683,4 8,18 170 ocMaTpama

Ha Ci1. 4 cymupaHu cy CBU PE3YyJITATH 3a CPEeJIbH TOJUIIY CreludUIHN OTUIA]j ca
cnuBa. CBe MeTo/ie KO/ KOjUX (QUIYPHUIILY [aJaBUHE U TEMIIEPATYPE KA0 PE3YJITAT UMajy
3HAYAJHO HIDKE BPEIHOCTH CPEIEber TOAUIIbEr OTHIAja, KaJja Cy Kao HM3BOP IOaTaKa
kopumrheHn [AWTUTATHU pacTepcku mmozauu. To je BEepPOBATHO MOCJIEAHMNA KpPYIIHE
MPOCTOPHE Pe30JIyIlHje pacTepcKux mozaTaka (10 x 10 km) Koja He MOXke Jja 06yXBaTH
Bapujanyje y HaAMOPCKO] BUCHHY TaKO MaJIOT CJIUBA O KOM Ce OBJie paau. bosbe ciarame
pe3yJsiTaTa ca OHHM HU3PavYyHATHM IPEKO PETHOHATHUX M3pa3a je NoOHjeHo Kaza cy Kao
YJIa3HU HOZAAIY KOPUITNEeHH IPOCTOPHO UHTEPIIOJINPAHY KIMMATOIOUIKY HOJAITY.

Ca. 4. Hpuxas npouerweHux cneL;ugﬁuHHux omul;aja 3a caus Ty/loecxe pexe Ha noczvzampanoj

nokayuju. Jeoan mun mapxepa je kopuwthex 3a ucmu memoo, a ucma 60ja o3Hawasa ucmu U3eop
yaa3Hux nodamaka (cmpaua 54)
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Hako ce HU jegHa KJIMMATOJIOIIKA CTAaHWIIA HE HAJA3W HA CaMOM IIOCMAaTPaHOM
cauBy, 60Jbe cilararbe ca BpPeAHOCTHMA JO00WjeHMM IpeMa pPerdoHaJTHUM H3pasuma
cyrepuiile na cy 0O0/pM - peaHUjU pe3yIaTaTH A0OUjeHH IPUMEHOM IIPOCTOpHE
I/IHTepHOIIaHI/Ije OCMOTpPEHHUX IIogaTakKa cCa KJINMAaTOJIOIIKHUX CTaHHIA. Hponyxceﬁ,e
Iepuojia ca yJa3HUM MOZAAIMA Pe3YJITUPAJIO je HEIITO BehuM BpeZHOCTHMA OTHUIAja,
aJii pas3jIinKe HUCY 3HadajHe y mopeljerby ca mepruoioM 1961-2010. TOA.

Pernonanuu cpenwu cnenududHu otunaj npema Hcawnosuhy u CpHu (2001) n
perpecuone jeqHaunHe npema JKuBkoBuhy (2009) Aajy pesyiaTaTe Koju ce 106p0 Ci1axy,
KaJla Ce Kao yJIa3HHU MOZAAIM KOPHUCTE OCMOTPEHH METEOPOJIOUIKU IOAIU U3 MEPUO/A
1961-2010. Meljytum, Tpeba uMaTH y BHAY JAa ce MEPHOAU Kayiubpaluje U3 OBE JBe
cryavje moksanajy. Ilocienuia kamubpalipje apaMerapa perpecdje KopHIhemem
rmojiaTaka W3 TepHofia KOju ce IpeKsianajy, Hajoosbe ce BUAM y Pe3yJITary A00HjeHOM
npema jenHaunnu (8). Y 0BOj jenHauMHU He GUTYPHUILY HU NTaJJaBUHE HU TEMIIEPATYpa, a
JobujeH je cpearpu crienubudHu OTUIAj q = 6,68 1/s/km?2 (cpeatbu otunaj: Q = 139 1/s)
KOjU ce cJa’ke ca OYEeKHBAHOM DPETMOHAJHOM BpeaHOoIhy Koja je mobujeHa y pajay
Ncawntosuha u CpHe (2001).

3axk/pydak

Pacrepcku mozjamu O MaJaBUHAMa M TeMIIEpaTypy, KOpuitheHH y OBOM pazuy,
BepudUKOBAaHU Cy IpeMa mojanmuma ca ocMmarpauke mpexe PXM3C. Yceien rpybe
MIPOCTOPHE PEe30JIyIHje PAcTePCKUX I0JjaTaka, He MOXKe ce OYeKHBATH BEPHHU IIPHKa3
MIPOCTOPHE paclojieyie KJINMATOJIOUIKUX IIOZjaTaka ycjaed HU3PAa3UTO IIPOMEHJBHBOT
pespeda. Kao mocseauiia Tora, 3a OB/ie M3y4aBaHU CJIMB O] 20,6 KM2 U BUCUHCKY PasINKY
oz 800 m, BpeJHOCT ITaJIJaBUHA €A CTAHUIA MHTEPIIOJIOBaHA IIpeMa HaJIMOPCKOj BUCHHHI
CJIMBa, Pa3JIUKYje ce y OJTHOCY Ha pacTePCKe ImoAaTKe 3a 6,7% (3a mepuon 1961-2010.) u 3a
7,6% 3a mpoxayxeHu mepuop (1961-2017.). Mehyrum, pasivke y OIEHH MPOCEYHOT
OTHI[atha HA OCHOBY je{HOT M JPYTOTr CKyIla KJIMMAaTOJIOUIKKX IIOaTaKa Cy Janeko Behe u
yKa3yjy Ha notpely /1a ce y3Me y 063Up BHUIIlE M3BOPA YJIa3HUX II0JjaTaKa, 1a Ou ce MOorJjia
VCBOjJUTH jeIHA, MEPO/IaBHA BPETHOCT.

PesystTati OBOT pazia Cy y CKJIay ca HajJa3nMa y Be3U Ca OPElJUBAmeM CpPEeIHer
TOAMIIIbET OTHIAtha Ha Teputopuju Cpbuje momohy Typkose merose (Jankosuh, 2015;
Biarojesrh u cap., 2018). U y3 ymorpeby KOpeKIMOHOT (akTopa, OBa MeETOAA aje
HajHUIKE BPEIHOCTH OTHIAja, 32 062 U3BOpa yJIa3HUX MOAaTaKa.

Bpemnocr mapamerpa © y merogu Jlanrbajua koja je xopuirheHa y OBOM pajy,
kanubpucana je 3a mpocTop IenTpasne Cpbuje moMohy mogaTtaka U3 Peno3uTopHujyma
CarpatClim (Biarojesuh u cap., 2018). Kasimbpucame je U3BpIeHO TOMONy mofaTaka ca
46 cIMBOBA, TOBPIIKHE 10 1.000 km2, 071 KOjUX je caMo 5 CIMBOBA Ca MOBPIITHOM MabOM
oz 100 km2, a Hajmasu uma 79 km?2. IIpocTopHa pacioziesia najaBuHa ¥ TeMIieparypa Ha
OBUM CJINBOBHMA je THMe 00Jbe IIPeJICTaB/beHA Y PACTEPCKUM MOJAIMMA PEO3UTOPHjyMa
CarpatClim, Hero mTo je Ha ciuBy TysnoBcke peke. VcTu mpoGsieM BUIU ce y pany
ITpoxacke u cap. (2019), rze je ynpkoc Behem ykymmHOM 6pojy pa3sMaTpaHUX cJIMBOBa (71),
caMo 6 ca OBPIIMHOM MambOM 07 100 km2.

Vmorpe6a pacTepcKuX KIMMATOJIOMIKHX IIOaTaka 3a OfApeljuBame MPOCEYHOT
oTHIaa moroayje Behum ciuBoBUMA, MITO Tpeba y3eTu y o03UP Kajla ce KOPUCTE HA
MaJIiM CJIMBOBHMMA Kao IINTO je cjiydaj y oBoM paay. la Ou ce Jajbe HCIUTAIA
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npuMemUBoCcT JIaHrGajHOBE MeTOZe HAa MaJUM CJIMBOBHMA Ca PACTEPCKUM YJIA3HUM
rmojlaliMa, MPOCTOPHO PAacCIIofie/beH Mapamerap ©, OfH. TeMaTcKa KapTa, Kao IITO CY
npenoxwin IIpoxacka u cap. (2019), Moria Ou ce KaauOpHicaTh 3a PETHOHE KOje Cy
nedunucanu Mcawnosuh u Cpaa (2001) u JKuskosuh (2009).

3axearnuuya

Jleo ucrpakuBama y paay je dbuHaHCHpaH U3 IIPOjeKTa TEXHOJIOMIKOT pa3Boja TP 37005
Ko/ MUHHCTapCcTBA HAYKe U TEXHOJIOUIKOT pa3Boja Pemybinke Cpouje.
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