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Abstract:This paper presents the application of indicator kriging as a geostatistical method for the purpose of
creating maps of precipitation occurrence probabilities on the territory of the Republic of Serbia for distinctive
months during 2009. The difference between this approach to mapping and standard isohyetal maps, which
describe precipitation intensity, lies in the fact that this approach points to the potential of the occurrence of a
certain amount of precipitation at a specific location for a given time period.
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Introduction

Spatial variations of a continuous feature, such as the concentration of particular
chemical elements in soil and precipitation amounts, are phenomena that cannot be
described by simple mathematical functions. Instead, such variations are described by
stochastic surfaces that are the essence of the application of geostatistical interpolation
methods (Burrough and McDonnell, 2006).

The purpose of geostatistics is to provide a prediction of a possible spatial
distribution of a certain variable. The prediction usually exists in the form of a created map
or series of maps. It occurs in two basic forms: (1) as an estimate or (2) as a simulation
(Zhang, 2011). The result of a kriging application is the best linear unbiased estimate
(BLUE) of a variable value at a particular location. This estimate is based on the available
data sample and the resulting variogram model that depicts the spatial correlation of the data
most faithfully. Unlike the estimate, simulations provide a huge number (usually hundreds)
of maps of the equally probable variable distribution. The collection of simulated maps
allows researchers to determine the uncertainty of a certain variable estimate at a particular
location (Pejovié et al., 2012).

Indicator kriging is a viable geostatistical interpolation method for describing
spatial variations of precipitation as one of the most important climate elements (Bajat et al.,
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2013). The aim of this paper is to carry out a prediction of the probabilities of the
occurrence of a certain amount of precipitation on the territory of the Republic of Serbia in
distinctive months based on data from the year 2009 by the means of the indicator kriging
method. The prediction would ultimately lead to verification (or refutation) of current
knowledge on the spatial distribution of rainfall on the aforementioned territory. It is also
possible to generate probability maps using the method of Monte Carlo simulation for the
purpose of assessing the occurrence probability of a variable (Joksi¢ and Bajat, 2005).

The territory of the Republic of Serbia is characterized by two precipitation
regimes: continental and Mediterranean. The greater part of Serbia belongs to the
continental regime, which means the greatest amount of precipitation occurs in May and
June and the least occurs in February and October. On the other hand, the southwestern part
of Serbia is characterized by the Mediterranean regime and experiences a rainier period in
November, December and January and drier period in August (RHMS, 2013). Within the
paper, the prediction of probabilities of the occurrence of a certain amount of precipitation
in February, June, August and October 2009 was carried out for the territory of the Republic
of Serbia by using indicator kriging.

Methodology

The mathematical description of the spatial variation of any variable, which is the
essence of kriging applications, is performed using the sum of three main components
(Burrough and McDonnell, 2006):

Z(x)=m(x)+¢&'(x)+&" (1)
with:

Z (x) - being the value of a random function,

m(x) - being a deterministic function that describes the so-called structural component,
1.e. trend,
é"(x) - being a stochastic (random) component that is spatially correlated and represents

the remainder of the structural component, also known as a regionalised variable,

e" - being the residual error, i.e. spatially uncorrelated noise.

Considering different approaches used for treating some of the components of
spatial variation of the variable, especially the trend, as well as the fact whether additional
variables are used as predictors, one can distinguish between kriging variants: simple,
ordinary, universal, regression, indicator kriging, cokriging, etc. All of the aforementioned
kriging types, except for indicator kriging, give the estimated values of the variable of
interest, i.e. of the spatial attribute at a certain location as a result. In contrast, indicator
kriging doesn't give the information on a particular estimated variable value at a certain
location; however, it does provide information on the probability of whether a value at a
certain location exceeds or not a set limiting value that was input in advance, i.e. threshold.

Indicator kriging

Ever since Journel (1983) introduced indicator kriging into the area of geostatistics,
many scientists, experts, enthusiasts have been working on developing the algorithm of
indicator kriging and methods derived from it. Although originally used for assessing
mineral resources, as well as for the purpose of mapping many other natural resources,
indicator kriging as a technique is today successfully used in the area of water quality
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assessment (Tolosana-Delgado, 2007), precipitation mapping (Atkinson and Lloyd, 1998;
Sun et al., 2003), and also for drawing conclusions about the prevalence of certain diseases,
like schistosomiasis which is one of the most common parasitic diseases in humans
(Guimariées et al., 2012).

Indicator kriging is in fact ordinary kriging applied to binarized data or so-called
indicators. The essence of indicator kriging is transforming a selected (continuous) variable
into a binary variable, whereby every original variable value is replaced with a value of 1 or
0 depending on whether the observed value is below or above a defined threshold (Isaaks
and Srivastava, 1989). Mathematically, this nonlinear transformation can be represented by
the formula:

1, z(x)<z,

2
0, z(x)>z, @

i(x,zk):{

with:

Z(x) - being a measured variable value at the point X,
Z, - being a boundary value, i.e. threshold,
i(x, Z, ) - being a transformed variable value (indicator) at the point X, for the given

threshold value z, .

Indicator kriging is an especially efficient way to limit the effect of extremely big
values or outliers on the results of prediction due to the fact that the variable values are
assigned the same indicator as other values that are above the set threshold regardless of the
absolute difference (Glacken and Blackney, 1998). The outcome of indicator kriging is a
conditional cumulative distribution function of the observed variable, i.e. the estimate of the
percentage of values in the neighbourhood of every observed point that (do not) exceed the
value of the previously defined threshold. In other words, unlike the other forms of kriging,
the results of indicator kriging aren't concrete values of the original variable (e.g. 5.2 mg,
106 mm, etc.) at the observed points as a consequence of performed transformations. Those
results rather present the probabilities that the values of original variable at those points (do
not) exceed the value of a previously defined threshold.

Variogram modelling

Transformation of the original variable values into indicators is just the first step of
the prediction procedure using indicator kriging. What follows is variogram modelling.
Namely, if one takes into account the effect of the structural component (trend), the
remaining variations of the variable become homogeneous, i.e. differences of the variable
values at different locations are mostly a function of the distances between those locations
(Burrough and McDonnell, 2006). This fact allows the formation of the experimental
variogram, which is in fact a graphical representation of the dependence of the semivariance
of the measured variable value differences at different points on a distance. Semivariance is
calculated as:

P0) = 5, D [20) =, )] o)

with 7 being the number of point pairs at which the variable z was measured and which
are at distance /. The experimental variogram obtained this way is modelled by a
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mathematical function, i.e. a theoretical model that describes the spatial variation of the
variable as faithfully as possible and as such is used in the prediction procedure is fitted to
the experimental variogram.

The most commonly used variogram models are spherical, exponential, Gaussian
and linear. The first three models are known as transitive variograms because their spatial
correlation structure changes with distance. The linear model is a nontransitive variogram
considering it doesn't have a sill inside the area in which the measurements exist (Burrough
and McDonnell, 2006).

The situation in which the Gaussian model fits the experimental variogram better
than any other variogram model indicates that the data is slightly variable, whilst the
spherical model has a clear transitive point which indicates that the single variogram model
is dominant. Choosing an exponential model suggests that variations show gradual transition
inside a range or that the variogram model is nested, i.e. it represents a linear combination of
several basic models (Burrough and McDonnell, 2006).

(An)isotropy of the variations should also be considered when modelling a
variogram. In case the variogram is calculated by ignoring the direction in which point pairs
are searched for, i.e. if the search area is a full circle, the resulting variogram becomes an
isotropic variogram and represents a variogram that is averaged over all directions.
However, spatial variations can change with direction of propagation, which is often the
case for phenomena such as air pollution that show greater continuity in the direction in
which winds blow predominantly than in the direction perpendicular to the one previously
mentioned. In those cases, several variograms for different directions are calculated and the
resulting variograms that have different sills and ranges are called anisotropic. Depending
on whether the sill or range stays constant, one can differentiate between geometric and
zonal anisotropy (Isaaks and Srivastava, 1989). Of course, it can often happen that both
aspects of the anisotropy of spatial variations are present.

Errors in the procedure of prediction using indicator kriging

Bearing in mind that the result of indicator kriging is a conditional cumulative
distribution function, i.e. estimated probabilities that the values of the original variable at the
observed points (don't) exceed the value of previously defined threshold, all of the estimated
values should be in the interval [0,1]. Also, estimated values obtained from indicator kriging
conducted with several different boundary values, i.e. thresholds, should preserve the order
of the thresholds themselves (e.g. if a greater threshold value is used in every consecutive
prediction, the estimated values at every observed point should progressively increase as
well). However, because of the errors that inevitably occur during prediction, "impossible"
situations do happen: for example probabilities greater than 100% are reported and negative
probabilities and illogicalities in probability order occur. All of the above are collectively
referred to as order relation violations that require the introduction of certain corrections.

The easiest way to overcome enumerated illogicalities is to replace all negative
probability values with zero and all values greater than 1 with 1. This would ensure that all
estimated values are in the permitted interval [0,1]. As for preserving the order of estimated
values obtained by predictions in which different thresholds were used (for the purpose of
transforming the original variable values into indicators), it is usually ensured by simple
averaging. This means that the values at the observed point obtained from predictions
conducted with two adjacent thresholds, and in whose case the previously mentioned order
condition wasn't met, are replaced with their simple arithmetic mean (Isaaks and Srivastava,
1989).
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Examination of the variable distribution

Although indicator kriging doesn't require that the original variable values comply
to the normal distribution due to the fact that normality dependence disappears with their
binarization (transformation into indicators), it is sometimes useful to examine the available
data sample before the prediction itself in order to gain insight into its characteristics. In that
sense, one can examine a variable distribution and its (non)correlation with other variable,
etc.

Histogram appearance (skewness, kurtosis, etc.) is the simplest way of examining a
variable distribution. QQ-plots compare the quantiles of the distribution of the observed
variable to the quantiles of the desired distribution (usually normal), whereby the
coordinates of the points on the graphs are nothing but the corresponding quantiles. The
points on the corresponding qq-plot must lie on one line in order to conclude that a variable
is normally distributed.

Prediction of precipitation occurrence probabilities on the territory
of the Republic of Serbia

Prediction of probabilities of the occurrence of a certain amount of precipitation on
the territory of the Republic of Serbia for characteristic months in 2009 using the method of
indicator kriging was performed within the paper. The prediction was conducted for
February, June and October bearing in mind that most of Serbia has a continental
precipitation regime and the greatest amount of precipitation occurs in May and June, and
the least amount occurs in February and October (RHMS, 2013). Prediction was also done
for August which is characterized by the minimum amount of precipitation in the areas with
a Mediterranean precipitation regime, which is the case with the southwestern part of the
territory of the Republic of Serbia.

Data

As an input, data from relatively uniformly distributed weather stations throughout
the territory of the Republic of Serbia was used. Geographic coordinates, elevation and
cumulative monthly precipitation amount in February, June, August and October 2009 were
provided for each station. A total of 197 stations were originally available, but in the end
due to identified data errors, a total of 191 stations were used for prediction. Besides the
data mentioned, a digital elevation model of the Republic of Serbia with resolution 1 km x 1
km was also used (estimation was done at grid nodes).

Although it was previously highlighted that in case of applying indicator kriging
for prediction it is not necessary for the original variable values to comply to the normal
distribution, the distribution of the variables was examined in order to gain insight into the
nature of the data. A combination of histograms, qqg-plots and Shapiro-Wilk test was used
for the purpose of examination. It was affirmed that none of the variables (precipitation
amounts in February, June, August and October 2009) can be claimed to be normally
distributed.

Generally, by observing the histograms of precipitation sums for the four month
periods of 2009 (Figure 1) it can be noticed that all of them are positively skewed, which
points to the fact that extremely high precipitation sums in Serbia are present in relatively
small spaces.
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Figure 1. Histograms of precipitation amount for February, June, August and October 2009

Results and discussion

It was previously mentioned in the paper that it is necessary to binarize the original
variable values, i.e. to transform them into indicators - values 1 and O in order to apply
indicator kriging for prediction. As boundary values used for transformation, the quantiles
of a corresponding variable distribution were chosen. Three quartiles were defined for each
of the observed four months periods of 2009, based on which the transformation, and later
prediction, was performed. In the first case the first quartile of the observed variable
distribution denoted by q,s (the value below which 25% of the variable values, specifically
precipitation amount in February, June, August or October are) was used, in the second the
median denoted by qso (the value below which 50% of the variable values are), and in the
third case the third quartile denoted by q-s (the value below which 75% of the variable
values are) (Table 1).

Each prediction was independent in the sense that each time a variogram that best
fits the experimental variogram was modelled. It was chosen between spherical, exponential
and Gaussian model, whereby the final decision was made based on the results of cross-
validation. Cross-validation is a procedure that involves prediction of the variable values at
points at which the measurements exist. In this particular case, cross-validation was used to
obtain numerical indicators for the (un)justified use of a certain variogram model in the
prediction procedure. Root mean squared error (RMSE) was used as a parameter based on
which the choice was made (Bajat and Strbac, 2003).

Table 1. Ranges of precipitation values at stations for each of the considered months
and threshold values by quartiles

Month min [mm] max [mm] Qo5 [mm] gso [mm] qzs [mm]
February 5.40 152.50 39.10 57.80 80.15
June 47.30 279.10 100.70 119.50 145.60
August 8.10 145.70 30.75 43.80 62.70

October 21.80 253.00 89.30 105.00 127.00

The summary of chosen variogram models for individual prediction cases is given

in Table 2, all based on the minimal RMSE value of the estimated values.

Table 2. Chosen variogram models

Chosen variogram model

Quartile February June August October

the first exponential spherical spherical exponential
the median exponential spherical spherical spherical

the third exponential spherical exponential Gaussian
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Figure 2 shows the experimental variograms for all conducted predictions together
with the corresponding (chosen) variogram models. What is evident is that the so-called
hole effect, which points to a form of periodicity in the data, is present in almost every
experimental variogram.
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Figure 2. Experimental variograms with chosen variogram models
for February, June, August and October 2009

It is important to note that the (an)isotropy of the variations was examined as well,
and the result was achieved by calculating variograms in certain directions (north-south,
east-west, northeast-southwest and northwest-southeast). Inspection of the obtained
experimental variograms showed no real justification for using several directional
variograms, therefore variogram models were fitted to the averaged experimental
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variograms for whose calculation direction parameter was neglected (search area was a full
circle).

The chosen variogram models were used in a prediction based on the indicator
kriging method. Taking into consideration all of the above, one can draw a conclusion that
the result of the application of this method aren't the desired maps of precipitation amount
on the territory of the Republic of Serbia, but are rather probability maps of the occurrence
of certain precipitation amount on the territory mentioned, for February, June, August and
October 2009. If errors did not occur during the prediction procedure, all estimated
probabilities would be in the range of [0,1] and would preserve the order of the thresholds
used in prediction. However, errors inevitably occur, and therefore the estimated
probabilities were corrected according to the procedure explained earlier in the paper.
Firstly, all negative probability values were replaced with zero and all values greater than 1
with one. This ensured that all estimated values are within the permitted range of [0,1]. As
far as preserving the order of probabilities is concerned, simple averaging of corresponding
values was performed: e.g. in case that the estimated probability for a month at an observed
location obtained from prediction in which the first quartile (qps) was used was greater than
the estimated probability obtained from prediction in which the median (qso) was used, both
values were substituted with their average value.

All calculations, as well as preparation of the final graphics, i.e. maps, was
performed in the R open source software environment. R software solution offers lots of
statistical and graphic tools within available R packages, together with a possibility of
expanding and adjusting the environment to one's needs by creating new packages.

Figure 3 shows the maps of the estimated probabilities of the occurrence of a certain
precipitation amount on the territory of the Republic of Serbia for distinctive months in
20009.

Three maps are given for each month: a left one uses the corresponding first
quartile in the estimation procedure, a middle one for which the median was used and a right
one in whose case the third quartile was used for the estimation procedure. The dark-grey
colour corresponds to the interval [0.8,1], i.e. [80%,100%] and suggests that there is a great
possibility that the monthly precipitation amount at an observed location doesn't exceed the
threshold (the first quartile, the median or the third quartile). On the other hand, the white
colour that corresponds to the interval [0,0.2] points to the fact that it's pretty unlikely the
precipitation amount is within given limits, in other words it suggests that there is a huge
possibility that the precipitation amount at an observed location exceeds the threshold value.
By comparing three belonging maps for every month it is obvious that the area coloured
with darker colours increases when going to the right. This means that as the threshold value
increases (from the first to the third quartile) so does the probability of precipitation amount
at a certain location being within the limits.

Obtained maps correspond to the precipitation distribution in Serbia for analyzed
months. Regions with relatively low precipitation amounts are located at the north of the
country in the Morava valley and at the territory of Metohija (Duci¢ and Radovanovic,
2005), which is confirmed by Figure 3 (middle map for February, right maps for June and
October). On the other hand, parts of eastern Serbia feature considerably larger precipitation
amounts (right maps for February and October in Figure 3). However, the rainiest regions of
Serbia are located in the west and southwest, which is obvious from most of the maps since
those areas are coloured with the brightest colour. Even the relatively bright area that points
to a great possibility of a precipitation amount at that location which exceeds a threshold
equal to the third quartile (the biggest threshold value used) is present in every map on the
right. Considerably higher precipitation amounts in the western part of the country are
caused by a cold front and showers brought by cold air masses coming from the Atlantic and
western Europe (UnkaSevi¢ and Tosi¢, 2011). It is the reason why the western parts of the
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country receive more precipitation than the eastern ones, although they are located at the
same latitude. The maps for February and October also suggest larger precipitation amounts

in the central parts of Serbia.

February

June

August

October

Figure 3. Maps of the estimated probabilities of the occurrence of a certain precipitation amount on the
territory of the Republic of Serbia for February, June, August and October 2009
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Although the southwestern parts of Serbia generally tend to receive more
precipitation, there are some areas like the PeSter plateau that feature unfavourable
conditions for precipitation formation (left map and map in the middle for February in
Figure 3). Anticyclones with cold and stable weather prevail in this region in winter,
whereas descending air currents are common in summer. That is the reason why weather
stations at Pester receive less precipitation (700-800 mm) considering the elevation at which
they are located.

Conclusion

Precipitation, as one of the most important climate variables, varies in space (and
time). Simple mathematical functions cannot adequately describe those irregular variations
and therefore more complex methods, including geostatistical interpolation methods, are
required. These methods provide stochastic surfaces as a result and are used for that
purpose. Within this paper, indicator kriging was used for describing spatial variations of
precipitation on the territory of the Republic of Serbia, i.e. for their prediction.

The result of indicator kriging is a map of probabilities that depict variable values
at observed locations. These variable values do not exceed a set boundary value given in
advance, which was as such used during the transformation of the original data.

Maps of the probabilities of the occurrence of certain cumulative monthly
precipitation amounts on the territory of the Republic of Serbia in February, June, August
and October 2009 were created within the paper. Three maps were created for each month,
using different threshold values (the first quartile, the median and the third quartile) for
transformation of the original data values into indicators. The obtained maps correspond to
the spatial distribution of precipitation in Serbia, thereby identifying the northern parts of
the country, the Morava valley and Metohija as regions in which the occurrence of a smaller
precipitation amount (the amount within the limits of the defined threshold) is more likely to
happen. The western parts of Serbia feature greater probabilities of abundant precipitation
occurrence, i.e. precipitation which by amount exceeds the limits defined when conducting
prediction using the method of indicator kriging.

Maps of probabilities of precipitation occurrence have certain advantages over
standard isohyetal maps because they point to the potential of the occurrence of a certain
precipitation amount at some location for a given time period. They can be used in
agrotechnical projects, especially in countries like Serbia, where yields depend on external
meteorological conditions and are primarily limited to precipitation amounts in particular
months. These maps are also used as an input for creating spatial risk models (floods,
landslides, etc.)
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KAPTUPAILE BEPOBATHORA IIOJABE KUIITHUX TAJTABUHA HA
TEPUTOPUIU PEITYBJIUKE CPBUJE METOJOM UHINKATOPCKOI'
KPUT'MHT'A

JENEHA TTAHUIME?, BPAHUCJIAB BAJAT', JEJIEHA JIVKOBUR?

'Yuueepsumem y beoepady — I'pahesuncku gaxynmem, Odcex 3a 2eode3ujy u 2eoungopmamuxy, Byresap xpama
Anexcanopa 73, 11000 beoepao
?Vuusepsumem y Beozpady — [eozpaghcru paxynimem, Cmydenmcku mpe 3/3, 11000 Beozpad

AmnctpakT: Y paly je AaT IpHKa3 IpUMEHe I'e0CTaTHCTHIKE METO/Ie MHANKATOPCKOr KPUIHHTa 3a IoTpebe n3paae
KapaTta BepoBaTHONA MMOjaBe KUIIHMX MajaBUHA Ha TepuTopuju PemyOmuke CpOuje 3a KapakTepUCTHYHE Mecele Y
ToKy 2009. romune. Paznmuka m3mely oBakBor mpHCTyma KapTuUpamy M CTaHIApJHUX H30XUjeTHHX Kapara Koje
OINCYjy MHTEH3UTET IIaJlaBHHA je y TOMe INTO OBaj NMPUCTYI yKa3yje Ha MOTEHLUjal IojaBe oapeleHe koianduHe
MaJlaBMHA Ha HEKOj JIOKAIM)H 32 IaTH BPEMEHCKU MHTEPBAIL.

K/byuHe peun: HHANKaTOPCKH KPUTHHT, TTalaBUHE, KapTUpambe BepoBaTHOha

YBoa

IIpocTopHe BapwujaIije HEKOT HEMPEKUIHOT 00eexkja, OUIo aa ce paaud O KOHICHTPALHUjH
opeheHOr XeMUjCKOT eJIEMEHTa y 3eMJBHIITY, KOJIMYMHU aflaBUHA WK HedeM TpeheM, Cy y OCHOBH
BapujabuiHe MOjaBe 3a 4HWje ONHCHBambe HHje Moryhe KOPHCTHTH jeJHOCTaBHE MaTeMaTHYKe
¢yukuuje. 360r Tora ce Te BapHjalHje OIMKCYjy CTOXaCTUYKUM MOBPLIMMA KOje Cy CYLITHHA IPUMEHE
TeoCTaTHCTUUKUX MeToja uHTepnonanuje (Burrough and McDonnell, 2006).

Hup reocraTHcTHKe je yOpaBO TpemuKIMja Moryhe mpocTopHe pacmojene Heke
npomensbrBe. IToMeHyTa npeaukuuja Hajueinhie ersuctupa y (GopMH KpewpaHe KapTe WM HH3a
kapaTa. JaBjpa ce y /iBa OCHOBHA OOJMKa: Kao OIeHa M Kao cuMmynanuja (Zhang, 2011). Pesynrar
IpYMeHe KpUI'MHTA je Hajoosba JMHeapHa HermoMmepeHa oreHa (ener. Best Linear Unbiased Estimate -
BLUE) BpennocTH mpoMeHJbHBE Ha oapeljeHoj mokauju. OBa olieHa ce 6a3upa Kako Ha JOCTYITHOM
y30pKy Iojaraka, Tako H Ha MOJeNy BapHorpama KOju HajBEepHHje OIHCYje HMPOCTOPHY KOpEeIalujy
MOMEHYTHX MOJaTaka. 3a pa3iuKy Of OL[CHE, CHMYyJallija Kao pe3yiTaT Aaje Beuku Opoj (Hajueurhe
CTOTHHAK) KapaTa jeZJHaKO BEpOBaTHE pacmoielic MPOMEHJbUBE, HA OCHOBY KOjUX je Moryhe yTBpIUTH
W HECUTYPHOCT o1eHe onpeleHe mpomeHsprBe Ha onpeheHoj mokauuju (Pejovié et al., 2012).

3a onMcHBamke MPOCTOPHHUX BapHjalldja MajaBHHA, Kao jeJHOr O HajBOKHU]UX KIMMATCKHX
eJieMeHaTa, HOTOAHO je KOPHCTUTH IOMEHYTE IeOCTaTUCTHYKE METOJEC MHTEPIIOJalfje, Tj. KPUTHHT
(Bajat et al., 2013). Iluss pana 6uo je 1a ce, MPUMEHOM METOJIC WHAWKATOPCKOT KPUTHHTA, U3BPIIH
NpeArKIMja BepoBaTHONA mojaBe ojapeleHe KOMMUMHE MajiaBuHa Ha Teputopuju Penyonuke Cpouje y
KapaKTepUCTUYHUM MeceliMa Ha OcHOBY mozaaraka u3 2009. rogune, unMme Ou ce mOTBpAWia (Win
ONOBpIVIA) JIOCAJallllba Ca3Hamba O MPOCTOPHO] pAacHo/eNM KHIIHUX IIaJaBHHA Ha IOMEHYTOj
Teputopuju. Ilopen NpHMeHEe HHAMKATOPCKOI KPUTMHra y Wby onpehuBama BepoBaTHOhe Heke
mojase, Moryhe je reHepucati Kapte BepoBatHoha u MeTonoM Monte Kapino cumymnamnmja (Joksi¢ and
Bajat, 2005).

Tepuropujy Pemy6muke CpOuje omimkyjy IBa pexuMma IaJlaBUHA: KOHTHHEHTATHU H
Mmeautepancku. Behu neo CpOuje mpumaza KOHTHHEHTATHOM DPEXHMY, KOjH MOJApasyMeBa I0jaBy
HajBehe KOJMMUYWHE KHITHHUX TaJaBHHA y Majy W jyHY, a HajMame y ¢pebpyapy u oktodpy. C apyre
CTpaHe, MEUTEPAHCKH PEXUM MaJaBUHa KOJUM Ce OJUTHKYje jyrosamannu neo Cpbuje mompasymena
KUILIOBUTHjH NIEPHO]] Y HOBeMOpY, AeleMOpy U jaHyapy, a CylmHuju y aBrycry meceiy (RHMS, 2013).
VY oxBHpY paja, IPUMEHOM METOJe MHANKATOPCKOT KPUI'HHIA, U3BPILICHA j€ PEIHKIMja BepoBaTHOha

2 jelenapandzic@gmail.com
Pan mpencrasipa pesynTare HCTpaKHBama y OkBHpY npojekara MU 47014, TP 36009 1 UMM43007 koje
(uHaHCMpa MUHUCTapCTBO IPOCBETE, HAYKE M TEXHOJIOUIKOT pa3Boja Pemybnuke CpOuje
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nojase oapeljeHe KONIMYMHE MalaBiHa Ha TepuTopuju Peny6nuke Cpbuje y dhebpyapy, jyHy, aBrycry u
okTobpy 2009. rogune.

MeTtonoJioruja

MareMaTH4KO ONUCHBam:E IPOCTOPHE BapHjalyje OMI0 Koje IPOMEHIBHBE BEIUIUHE, KOje je
CYWITHHA ITIPUMEHEe KPUTWHIa, BpmiM ce momohy cyme Tpu riaBHe KommoneHte (Burrough and
McDonnell, 2006):

Z(x)=m(x)+&'(x)+&" (1)
e je:
VA (x ) - BPEIHOCT city4ajHe QyHKIHje,
m(x ) - JIeTepMUHHCTHYKA (QyHKIMja KOja OMHUCYje T3B. CTPYKTYPHY KOMIIOHEHTY, Tj. TPEHI,

1 . . .
& (X) - CTOXaCTH4YKa (cnyanHa) KOMIIOHCHTa KOjJa J€ HNPOCTOPHO KOpECiInCaHa U IpeacTaBJba

OCTaTaK CTPyKTypHE KOMIIOHEHTE, II03HaTa ¥ Ka0 PETHOHAIN30BaHA IPOMEHJbUBA,
"

& - peliKa OCTaTKa, Tj. MPOCTOPHO HEKOPEIUCAHH CIy4ajHU LIyM.

VY 3aBHCHOCTH Of NpPUCTYyNa TPETUpAmy IOjeIMHUX KOMIIOHEHTH INPOCTOPHE Bapwujauuje
NPOMEHJbHBE, IPBEHCTBEHO TPEHIA, Kao ¥ OJ] TOra Ja JIM ce HeKa JoAaTHa (JOIyHCKa) NPOMEHIbHBA
KOPUCTH TOKOM HpEIMKIHUje, Pa3liKyjy Ce BapHjaHTe KPHIMHIA: NPOCTH, OOMYHH, yHUBEpP3aJHH,
PErpecuoHH, WHAMKATOPCKU KPUTHHT, KOKPUTHHT, UTA. CBM IIOMEHYTHM THIOBH KPHUTHHIA H3Y3CB
HHJMKaTOPCKOT 32 Pe3yJTaT UMajy MPOLECHEHE BPEAHOCTH OCMATPaHe IPOMEHIBUBE, Tj. TPOCTOPHOT
arpubyTa Ha HEKOM mpocTopy. HacympoT ToMe, MHIMKAaTOPCKH KPUIHMHT HE NpyXxa MHQOopMaimjy o
KOHKPETHO], OLCHEHO] BPEJHOCTH IIPOMEHJPMBE Ha HEKOj Jokanwju, Beh o BepoBarHohm ma Ta
BPEIHOCT Ha ITOCMATPaHO] JIOKAIMjU (HE) Mpesa3sy HeKy yHampeJ 3amaTy BPEAHOCT, Tj. Ipar (eHen.
threshold).

HNnankaTopcKkn KpUTHHT

On tpenyTka kana je XXypuen (¢p. Journel) 1983. ronune yBeo WHAWKATOPCKUA KPUTHHT y
00J1aCT re0CTaTUCTHKE MHOTH HAYYHMIIM, CTPYYHH-alM, CHTY3HjaCTH PaJiii Cy Ha pa3Bojy ajrOpUTMa
HHJIMKaTOPCKOT KPUTHHTa M METOJa HMPOHMCTEKINX M3 mera. Mako je MpBEHCTBEHO KopuiufieH 3a
MPOLICHY MHUHEPAIHHUX pecypca, Kao U 3a HoTpebe KapTupama MHOTHMX APYTHX HPHPOJHHUX pecypca,
MH/IMKATOPCKH KPUTHHT C€ K0 TEXHHKA y JAHAIIBEe BPEME YCHEIIHO KOPUCTH U y 00JacTH MpOLCHEe
kBanureta Boga (Tolosana-Delgado, 2007), kaptupama nagasuHa (Atkinson and Lloyd, 1998; Sun et
al., 2003), anu U 3a JOHOLICHE 3aKJbyyaka O PACHPOCTPAICHOCTH IOjEAMHHX O000JbEHha, MOIMYT
mrcro3omujase (zam. schistosomiasis) koja je jeaHa o Hajuemhnx napasuTcKUX OOJECTH JbYIH
(Guimarées et al., 2012).

VIHAMKATOPCKM KPUTHHT je 3ampaBo OOMYHM KPUTHHI HPHMEHEH HaJ OWHApH30BaHUM
nojauMMa, T3B. HHAWKaropuma. CylITHHA HWHAMKATOPCKOT KpUTHHIa je Ja ce ongabpaHa
(KOHTHHYyaJlHa) NPOMEHJbMBA TpaHchopmuiie y OWHApHY HPOMCHJBHBY, INIPH 4YEeMy CE CBaka
OpUIMHAJIHA BPEJHOCT NPOMEHJbHBE 3aMerbyje BpenHouthy | wian 0, y 3aBHCHOCTH OJ] TOra Jia Ju ce
mocMaTpaHa BPEIHOCT Hajla3u MCHoA win u3Han aedunucanor npara (Isaaks and Srivastava, 1989).
MaTtemMaTH4KH, OBa HEJTMHEeapHa TpaHCcopMalija ce MOKe MPEACTaBUTH GopMyIioM:

) 1, z(x)<z,
i(x,z,)= @
0, z(x)>z
> k
rze je:
z (x ) - MEpEHA BPEAHOCT IPOMEHJBHUBE y TAUKH X ,
Z, - FpaHUYHA BPEIHOCT, Tj. Ipar,
i(x, z k) - TpaHcopMuCcaHa BPEJHOCT MPOMEHJbUBE (MHAMKATOP) Y TaukH X , 3a 3aary

BPEHOCT mpara Z; .



36

Wmajyhu y Buny na ce y MOCTYNKy TpaHchopMaluje BpeIHOCTHMA HPOMEHJbHBE KOje CY
3Ha4ajHO Behe of mpara Jojesbyje MCTH WHAWKATOP Kao M OHMMA Koje Cy TeK HemTo Behe o1 mcTor
npara, MHAWKATOPCKH KPUTHHT je eduKacaH HauMH 3a OrpaHHYaBamkhe yTHI@ja BEOMa BEIUKHX
BpenHoctn Ha pesynrare npenukiuje (Glacken and Blackney, 1998). Mcxox cmpoBexeHor
WH/MKaTOPCKOT KPUTHHTa jecTe YCJIOBHA KyMyJaTHBHa (YyHKIMja pacrojene IocMaTpaHe
npomensbuBe (enen. conditional cumulative distribution function - ccdf), Tj. orena mnporeHTa
BPEIHOCTH y OKOJIMHU CBAaKEe MOCMATpaHe Tauke Koje (He) mpesia3e BpeIHOCT NPETXOAHO Ae(hHHICAHOT
npara. Jpyrum pednMa, 3a pasiMKy OJ OCTAIMX OOJMKAa KPUTHHIA, Kao MOCIENHLA H3BPIICHE
TpaHcdopmManuje, pesyiraT HMHAMKATOPCKOI KPUIMHIA HHUCY KOHKPETHE BPEIHOCTH MOJIa3HE
npomenseuBe (HIp. 5.2 mg, 106 mm u cn.) y mocMaTpaHuM Tadkama, Beh BepoBaTHohe ca KojoMm
BPE/THOCTH MOJIa3HE NMPOMEHJBUBE Y THM Taukama (He) mpeia3e BPEAHOCT HPETXOMHO Ne()HHHCAHOT
npara.

Mopenupame Bapuorpama

Tpancdopmarnyja OpUrHHaIHUX BPEIHOCTH IPOMEHJBUBE y HHIMKATOPE CaMo je TIPBH KOpaK
y HOCTYNKY NPEAUKLHje NMPUMEHOM HHIMKATOPCKOr KpUruHra. OHO IWITO CIEI je MOJEIUpame
Bapuorpama. Haume, ykoiuko ce y3me y 003up yTHUIIaj CTPYKTypHE KOMIOHEHTe (TpeH/a), mpeocTae
BapHjalyje MPOMEHJbHBE MOCTajy XOMOTEHE, Tj. Pa3lHKe BPEIHOCTH MPOMEHJBHBE HAa Pa3IMIUTUM
JIOKaljamMa Cy yIiIlaBHOM y (YHKIHjU pacTojama uaMely tux mnokammja (Burrough and McDonnell,
2006). OBa ummeHHIla oMoryhaBa (opMHpame eKCIIepUMEHTAIHOT BapHorpama KOjU je 3aIlpaBo
rpaduUky TpHUKa3 3aBHCHOCTH IIOJIyBapHjaHCe pa3inka MEpPEeHHX BpEIHOCTH IPOMEHJBHBE Y
Pa3IMYUTHM TayKama oJi pacTojama. [loyBapujanca ce padyHa Kao:

0= 3, D [e(x)==(x + o

rze je 1 Opoj mapoBa Tayaka y KOjuUMa je MepeHa IPOMEHJbHBA Z , a Koje ce Hanasze Ha MehycoOHOM

pactojamy /. OBako HOGUjCH CKCICPUMCHTAIHH BAPHOTPAM MOZCIHpPA CC HEKOM MATEMATHIKOM
¢yHKuujoM, Tj. ampokcuMupa ce (ewen. fit) TEOpHjcKMM MOZIETIOM KOjU INTO je Moryhe BepHHje
OIUCYje IPOCTOPHY BapHjaljy IPOMEHIBHUBE H Ka0 TAKaB C€ KOPUCTH Y OCTYNKY IPEIUKIIH]E.

Hajuemrthe kopumrhenn Mmonenu BapuorpamMa cy chepHH, €KCIOHEHIMjaldHH, [aycoB H
nuHeapHu. [IpBa Tpu Mojena Mo3HATa Cy Kao TPaH3UTHBHU BapHOTPAaMH jep Ce HBHXOBa MPOCTOPHA
KOpeNalroHa CTPYKTypa Mema ca pacrojareM. JIMHeapHH MOJEN je HETPaH3HTHBHH BapUOTpaM C
ob3upom na Hema mpar (ewen. sill) yHyTap moapydja y kojeM moctoje mepema (Burrough and
McDonnell, 2006).

VKOIMKO ce eKCIIepUMEHTaJlHOM Bapuorpamy Hajoosbe mpuiarohasa I'aycoB mopen, To
yKa3dyje Ha Onmaro BapujabHiHE MojaTKe, JOK chEepHH MOZAET MMa U3pPaKeHy Mpea3Hy Tauky, LITO
ynyhyje Ha TO Ja je TOMHWHAaHTaH jedaH Mojen Bapuorpama. Omadup eKCIIOHEHIMjaTHOT MOJeTa 3a
aTnpOKCHUMAIINjy eKCIIEPUMEHTATHOT BaproTrpaMa CyTepHIle 1a Bapujalrje MoKa3yjy MMOCTeleH npenas
y OKBHpY JJOMETa WIIH Jia je MOJIe]l BapHorpama CJI0oXeH, ,,lpynucan’ (exer. nested), Tj. 1a mpencraBiba
JIMHEeapHy KOMOWHAIM]y BUIle OCHOBHUX Mojena (Burrough and McDonnell, 2006).

(An)m3oTponuja Bapujanuja je Takohe Hemro o yemy Tpeba BOIUTH padyHa IPHIMKOM
MoJIenuparma Bapuorpama. Y ciiydajy Ja ce BapuorpaM padyHa UTHOPHIIYhH IpaBal y KojeM ce Tpaxe
MapoBH Tayaka, Tj. YKOJHKO je MOApydYje MpeTpakuBama IyH Kpyr, pe3yiryjyhu Bapuorpam, T3B.
M30TPONTHU BapHoOrpaM, IIPEJCTaB/ba OCPEIEHH BapuorpaM IO CBUM InpaBuuma. Mebhyrum,
MIPOCTOPHE BapHjamyje ce MOTY MEHAaTH Ca MPaBIEM MPOCTUpPaka, IITO je HIIp. Cliydaj ca 3arahemeM
Ba3yxa Koje mokasyje Behr KOHTHHYUTET y TpaBIy y KOjeM IIPETEXHO IyBajy BETPOBH, HETO Y
npaBlly KOjU je yIpaBaH Ha IPETXOJHO IIOMEHYTH. Y TaKBUM CHUTyaldjamMa C€ padyHa BHILE
BapHorpama, o pa3jiM4dTHM [paBlHUMa, a pe3yiryjylin Bapuorpamu, Koju MMajy pasiMddT mpar u
JIOMET, Ha3WMBajy C€ aHW30TPOIHUM. Y 3aBHCHOCTH Ja JIM Hpar WIH JOMET OCTajy KOHCTaHTHH,
pas3iuKyje ce reoMeTpujcka u 3oHaHa aHu3oTponuja (Isaaks and Srivastava, 1989). HapasHo, uecto
ce MOXKE JISCUTH []a Cy HCTOBPEMEHO NMPHUCYTHa 00a BHa aHU30TPOIHjE IPOCTOPHUX BapHjalija.

I'pemike y nocTynKy npeauKnuje NpuMeHOM HHINKATOPCKOI KPUTHHTA
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Nmajyhu y Buy paHHuje NOMEHYTY UMICHMILY 1a je pe3yJraT MHJIMKATOPCKOT KPUI'MHIa
yCIIOBHA KyMyJlaTHBHA (DYHKLMja pactoede, Tj. OlemheHe BepoBaTHOhe ca KOjoM BPEIHOCTH IOJIa3He
MPOMEHJBHBE y TMOCMaTpaHUM Taukama (He) Ipenia3e BPEAHOCT MPETXOAHO Ie(PHHUCAHOT Tpara, cBe
olemeHe BpeAHOCTH Tpebane O6u 6utn y maTepBany [0,1]. Takohe, onemeHe BpeqHOCTH NTOOHjEHE U3
HMHJIMKaTOPCKOT KPHUTHHTA CIPOBEACHOr Ca BHIIE PA3IMYUTUX TPAaHUYHUX BPETHOCTH, Tj. IParosa,
Mopaie OM YyBaTH MOpEAaK caMUX THX IHparoBa (HIp. YKOJHKO je y CBAaKOj HapeIHO] IPeTuKINjH
xopuirheHa Beha BpeHOCT Tpara, ¥ OICHeHEe BPEHOCTH Y CBaKOj IOCMATPaHOj TauyKH Mopaje Ou ce
nporpecuBHO moBehaBaTu). MeljyTum, 300r rpemaka A0 KOjUX HEU30CKHO ONa3H y MOCTYIKY
npenuKiuje, Jelasajy ce u ,,Hemoryhe™ curyamuje: mojaBibyjy ce HeraTHBHE BepoBaTHOhe, TBpaH ce
na ce Hemro poraha ca BepoBatHohoM Behom ox 100%, mojaBibyjy ce HEJIOTMYHOCTH Y MOPETKY
BepoBaTHOha. CBe TO ce jemHHMM MMEHOM Ha3WBa KpHIewmeM moperka (ewen. order relation violations)
KoOje U3UCKyje yBoheme oapeleHnx monpaBKu.

HajjennocTaBHnju HaumH Ja ce moOpojaHe HENOTMYHOCTH IpeBaszul)y jecte aa ce cBe
HeTaTUBHE BPEAHOCTH BepoBaTHONA 3aMeHe HyJIOM, a cBe BpexHocTH Behe ox 1 jenununom. Tume 6u
ce 00e30eqmIo0 1a ce CBe OIEeHe BPEAHOCTH Hajlase y Jo3BoJheHoM uHTepBaiy [0,1]. IlTo ce True
qyBama MOPETKa OLICHEHHX BPEJAHOCTH JNOOMjeHUX NpeIvKIHjaMa MPUWIMKOM KOjUX Cy KopuinheHe
pa3nM4KTe TPaHMYHE BPEJHOCTH (3a MOTpede TpaHc(opMaliyje OpUrHHATHEX BPEAHOCTH TPOMEHIEUBE
y HMHIMKaTOpe), OHO ce Hajuenthe o6e36elyje mpoctum ocpeamasameM. To 3HA4YM Ja ce BPEAHOCTH Y
MOCMAaTPaHO] Ta4yku A0OHjeHe MPEeIUKINjoM HM3BpLIeHOM KopumhemeMm 1Ba (MO0 MOPETKY) CyceqHa
mpara, a y YdjeM CiIy4ajy HHje 3aJ0BOJBCH MPETXOMHH YCIIOB, 3aMEHYjy HBHUXOBOM IPOCTOM
aputMetnakoM cpeauHoM (Isaaks and Srivastava, 1989).

HUcnutuBame pacnojaesie NpoMEeH/bUBE

Nako MHAMKATOPCKM KPHI'MHI HE 3aXTeBa [a CE€ OPUTMHAJIHE BPEIHOCTH IIPOMEHJbUBE
MOKOpaBajy HOPMAJHOj pAaclofeN YNpPAaBO M3 pasjora INTO CE HHUXOBUM OHWHApH30BabEM
(TpanchopmanujoM y HHAUKATOPE) TyOH Ta 3aBUCHOCT o1 HopManHocTu (Atkinson and Lloyd, 1998),
KOPHCHO je HeKaJ Mpe caMe NpeAuKIHje UCIHUTATH JOCTYIHH y30paK IojaTaka, Kako OW ce CTEKao
YBHJ y BETOBE 0COOMHE. Y TOM CMHCITy, MOXE Ce HCIHTHBATH paclofieNa HeKe IIPOMEHJbHBE, HheHa
(HE)KOpENHCaHOCT ca JPYTroM IPOMEHJBHBOM H CIL.

Wsrnen xuctorpama (KMCKOIIEHOCT, OCTOjabe EKCTPEMHUX BPXOBA, Tj. ,,[TMKOBA“ M CIL.) je
HajjeIHOCTaBHMjY HaYMH UCIIUTHBAma pacrojeie Heke npomensbruBe. QQ-plot-oBu mopeae kBaHTHIIE
pacrozienie mocMaTpaHe IMPOMEHJbHBE Ca KBAHTHIINMA XKeJbeHe pacrozene (Hajuenthe HopMmaiHe), pu
4yeMy Cy KOOpAMHATE Tayaka Ha rpaMImMMa HUIITA Apyro a0 oxarosapajyhm xBantwiau. [a 6u ce 3a
HEKy NMpOMEHJbHBY Morio pehu nma je HopmamHo pacnopehena, Tauke Ha oarosapajyhem qq-plot-y
MOpajy JIeKaTH Ha jeHO] IPaBOj.

[peauknuja BepoBaTHOha MojaBe KULIHUX MATABHHA HA TEPUTOPHUjH
Peny6uuke Cpouje

V okBupy paza H3BpLICHA je NpeauKiHja BepoBaTHoha mojaBe oppeljeHe KOMMUYHMHE
najaBuHa Ha Teputopuju PemyOmuke CpbOuje y kapaktepuctuuHuM Mecenuma 2009. ronune
MPUMEHOM METOJle HMHAMKATOPCKOT KpurmHra. Mwmajyhm y Bunmy na nHajsehm geo CpOmje uma
KOHTHHEHTAIHU PEXHM TaJIaBUHA KOjU MOJIpa3yMeBa HajBehy KOMMUYNHY KUIIHUX MaJaBUHA Y Majy U
JjyHy, a HajMamy y (ebpyapy u okrodpy (RHMS, 2013), ynpaso je mpeauknuja BpiieHa 3a ¢edpyap,
jyH n oktobap. Takohe, mpexuKnHja je BpIIEHA U 3a aBIyCT KOjH MOJpa3yMeBa MUHUMAIHY KOJIHIHHY
MajaBiHa y MOJAPYYjUMa Ca MEJUTEPAHCKHM PEKMMOM MaJaBHHA, LITO je CIydaj ca jyrosaraJHuM
nenoM Tepuroprje Pemyomuke Cpouje.

MMomanu

Kao ynasHum mnonauy KopuInlieHM Cy TMOJAlM ca METEOPOJIOMIKUX CTaHHIA PETaTHBHO
paBHOMepHO pacmopeljeHnx Ha 1enoj Teputopuju PemyOmmke CpOuje. 3a cBaky craHHIy Ouie cy
Mo3HaTe HheHe reorpa)cke KOOpAWHATE, HaJMOpPCKa BHCHHA, KAa0 M 30MpHa MeceYHa KOJIMYMHA
nmajaBuHa y Qebpyapy, jyHy, aBrycTy M OokToOpy Meceryy 2009. rommne Ha Toj cranunu. Ha
pacroinarawmy je M3BOpHO Owino 197 craHuma, anum cy 300r youeHHMX Trpellaka y MojaluMa 3a
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npeaukuyjy kopuirhenn mnomauu ca 191 crammme. OcuM MOMEHYTHX Tojaraka, KopuiiheH je u
JUTHTATHU Mojen BucuHa Pemy6nuke Cpouje pesonynuje 1 km x 1 km (oueHna je BpuieHa y Taukama
rpuza).

Mako je paHMje yKa3aHO Ha YMEbCHHUIY Jla Yy Clydajy NPUMEHE HHANKATOPCKOT KPUTHHTa
HHj€ HEOIIXO/IHO JIa C€ OPUTHHAIIHE BPEAHOCTH IIPOMEHJBHBE MOKOPaBajy HOPMAJIHO] PacIo/Iei, PaIu
CTHUIIaa yBU/IA y TIPUPOY HOJlaTaKka UCIIUTaHA je pacIiofiesia IPOMEHIBHUBHX. 3a oTpebe HCIUTHBAbA
xopuntheHa je komOuHaiMja xucrorpama, qq-plot-osa u Illanupo-Buix tecroBa. YTBpheHo je na ce
HU 32 jelHy MPOMCHJbUBY (KOJIMYMHA TaaBuHa Y (hebpyapy, jyHy, aBrycTy, OJHOCHO OKToOpy 2009.
rojIiHe) He MOXKE TBPMTH JIa je HOPMaJHO pacropeljeHa.

I'enepainno, mocMmarpajyhn xuctorpame cyme nagaBuna 3a detupu mecena 2009. roauHe
(Cimmka 1) Moke ce youHuTHu Jia Cy CBH NMO3UTHBHO MCKOLIEHU (eHen. positively skewed), mTo yka3syje
Ha TO J]a Cy U3Pa3nuTO BHCOKE CyMe MmagaBuHa y CpOuju MpUCyTHE Ha PETATUBHO MaJIOM IIPOCTOPY.

Ciuka 1. XucTorpamu KoIH4YHHA NaaBuHA 32 (edpyap, jyH, aBryct u okrodap 2009. ronune
Pe3yaTatu u quckycuja

Panmje y panmy je HaBeieHO na je 3a NMPHUMEHY WHAWKATOPCKOT KPUTHHTa HEOIXOIHO
OpUTHHAJIHE BPEIHOCTH IPOMCHJbMBE OWHAPU30BATH, Tj. TpaHCGOPMHUCATH HX y HHAHUKATOpE -
Bpequoctr 1 m 0. Kao rpanmune BpemHocTH Koje cy KopuinheHe NPHIMKOM TpaHchopManuje
ona0paHu cy KBaHTWIM pacrojene ojrosapajyhe mpoMmensbuBe. 3a CBAaKH OJ] YETHPU IIOCMATpaHa
mecena 2009. roaune aeuHUCaHA CYy MO TPU KBAHTWIIA, HA OCHOBY KOjUX je BpIIIEHA TpaHChopMaIimja
U, KacHHWje, MpeAuKirja. Y NPBOM CIyd4ajy je KopuinheH HpBH KBAaHTHJI pPacrojeiie IocMaTpaHe
NPOMEHJbMBE, y O3HAIM (s (BPEIHOCT HCNOJ Koje ce Hamasu 25% BpEeIHOCTH TPOMEHJbHUBE,
KOHKPETHO, KOJIMYMHE najgaBuHa y (eOpyapy, jyHy, aBrycTy WM OKTOOpY), y ApPyroM MeaujaHa y
O3HaIHU (s (BpemHOCT HCHOA Koje ce Hamasu 50% BpemHocTH MpoMeHJbHBE), a y Tpehem ciydajy
Tpehu KBaHTHII y 03HAIN (75 (BPEAHOCT UCTIOJ Koje ce Hanmasu 75% BpeaHocTn npomeHsbuse) (Tabena
1).

Cpaka npeaukuuja je Owiia HE3aBHCHA, Y CMHCIy Ja je CBakd IyT W3HOBa MOJEIHMpPaH
BapuorpaMm Koju je Omo HajOosbe mpmiiaroleH eKcrepuMEHTAHOM BapHorpamy. bupano ce msmely
cepHOr, eKCIIOHEHIMjATHOT U ['aycoBOr Mojena, MpH YeMy je KOHauyaH M300p BpLIEH Ha OCHOBY
pesynrara Kkpoc-Banupaandje. Kpoc-Bamugandja je MNOCTymak KOjU MHOApasyMeBa IMPEAUKIH]Y
BPEIHOCTH NPOMEHJBMBE Yy TadkamMa y KOjUMa IIOCTOje Mepema. Y KOHKPETHOM Ciy4ajy, Kpoc-
BaJMJaNHdja je MOCIYXWJIa 3a NoOHMjale HYMEpHMYKHX IOKa3zaTesba (HE)ONpaBOaHOCTH KOpHUIIhema
onpeheHor Mozena BapuorpaMa y mocTynky npeankiuje. Kao mapamerap Ha OCHOBY KOjeT je H3BpILICH
n36op xopuniheH je KopeH cpenme kBanpatHe rpemke (ewen. Root Mean Squared Error - RMSE)
(Bajat and Strbac, 2003).

Tao6eaa 1. Pacnonn BPEAHOCTH MaJaBHHA HA CTAHUIIaMa 32 CBAKH O pasMaTpaHuX Mecelll 1 BPEIHOCTH
nmparoBa nmo KBaHTUWJIMMa

VY Tabenu 2 nat je cymMapHH IpHKa3 ogabpaHHX MOZENa BaprorpaMa 3a I0jeInHe CIIydajeBe
NIpeINKIIKje, a CBe Ha OCHOBY MHHHMAJIHE BPEJAHOCTH KOPEHA CPEAI-e KBAJIpPaTHE I'PEIIKe OLCHEHNX
BPEIHOCTH.

Ta6ena 2. Onaépanu MojieJiu Bapuorpama

Ha Canm 2 npuxaszaHu Cy eKCHepHMEHTAIHU BapHOTPaMH 3a CBE BpIICHE IPEIUKINje ca
onrosapajyhnm (ogabpannm) Mozpenuma Bapuorpama. OHO IITO je €BHICHTHO jeCTe Ja jé y TOTOBO
CBUM EKCIIEpUMEHTAIHIM BapHOTpaMHMa HpHCyTaH T3B. edekaT myrubnHe (ewen. hole effect) koju
yKa3yje Ha HeKH OOJIMK MePHOIMYHOCTH Y TI0/IalluMa.

Cimka 2. EkcriepuMeHTAIHH BapHOTPaMu ca 0adpaHuM Mo/le/IMMa Bapuorpama 3a gedpyap, jyH, aBrycr u
okTodap 2009. roqune

BakHO je HaOMEHyYTH Jia je UCIMTaHa U (aH)H30TPOIHKja Bapyjalyja, Tako LITO Cy padyHaTH
BapuorpamMu 1o oxpeheHum npaBiuMa (ceBep-jyr, HCTOK-3amajl, CEBEPOMCTOK-jyrosamajn u
CeBepo3ana/i-jyroucTok). YBUAOM y NOOWjeHe eKClepUMEHTallHe BapuorpaMe yTBpheHo je na He
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HOCTOjU  pealHa ONPaBAAHOCT 3a KOpHIINeme pasIMuuTHX Bapuorpama 3a  pasjIdyuTe
KapaKTepUCTHYHE MpaBlie, Bel Cy yMecTo Tora MOJENM Bapuorpama IpuilaroaBaHd OCpPeHEeHUM
EKCIICPIMEHTATHUM BapHOTpaMUMa CpadyHaTUM He y3uMajyhu y o03up mapaMerap mpaBLa y KojeM ce
Tpake MapOBHU Tadaka (MOIpy4je MPETPAKUBAKA OMIIO je ITyH KPYT).

OnabpaHu Mozieny BapHorpama KOpHIINeHH Cy y TOCTYIKY HMPEIUKIUje IPUMEHOM METO/Ie
MHJIMKaTOPCKOT KpuruHra. Kao mro ce Moxke 3ak/byYHTH M3 CBEra J0 Caja M3JI0XKEHOT, pe3yJrar
IpUMEHE OBE METO/Ie HUCY KpeHupaHe KapTe KOJIMYMHA T1aJaBHHA Ha Teputopuju Pemybmuke Cpouje,
Beh kapTe BepoBaTHOha mojaBe oxpeleHe KONMMYMHE MajaBuHa Ha Teputopuju Pemybnuke Cpbuje, y
¢bebpyapy, jyHy, aBrycty u okroopy Mmeceiy 2009. rogune. Kan ce y moctynky npenukuuje He Ou
jaBJpajie rpelike, CBe Olielkh-eHe BepoBaTHOhe Hanasuie Ou ce y unrepsaiy [0,1] u uyBane Ou mopenak
MparoBa KOju ¢y KOpuIIheHH TOKOM mpeauknuje. MehyTum, rpemke ce HEM30CTaBHO jaBJbajy, Ma cy
OLIEK-CHE BEpOBaTHONE KOPUTOBAaHE Yy CKJIagy ca paHHje O0jalImeHHM IMocTynkoMm. Hajmpe cy cBe
HeraTHBHE BPEIHOCTH BepoBaTHONA 3aMemeHE HyJIOM, a cBe BpexHocTH Behe on 1 jenununom. Tume
je obe3beheno ma ce cBe onemeHe BPEIHOCTH Halaze y 103BoJbeHoM mHTepBary [0,1]. IllTo ce Tuue
OYyBara MopeTka BepoBaTHONA, BPIICHO je MPOCTO OCPEe/haBamke 0AroBapajyfinx BpeHOCTH: HIIp. y
clly4yajeBMMa TJIe je 3a MCTH Mecel] y I0CMaTpaHo] TaukH OllelheHa BepoBaTHoOha M3 mpenuknuje y
K0joj je kopuirheH NpBU KBaHTHI (qps) Onia Beha ox ounemeHe BepoBaTHONe U3 NPEIMKIHje Y KO0joj je
kopuirtheHa Meaujana (gsg), 00¢ BpEIHOCTH 3aMEH-CHE Cy IbHXOBOM CPEIOM BpeAHOIINY.

CBa pauyHamwa, Ka0 U MPUIPEeMa KOHAYHUX TPaUUKUX MPUIIOTa, Tj. KapaTa, U3BpIICHA CY Yy
OKBHPY R open source mnporpamckor OKpykKemwa. R HpPOrpaMCKO pellele MNOTCHIMjaTHUM
KOPHCHHIIMMA HYIH BEUKH OpOj CTaTHCTHYKUX U IpadHUKUX ajara y OoKBUpy mocrtojehnx R makera
(enen. packages), y3 MoryhHOCT npommprBama U npuiarohaBama OKpyKemba COICTBEHUM MoTpebama
IyTeM KpeHpama HOBHX ITaKeTa.

Ha Cmumm 3 npukasaHe cy Kapre oOlelmeHHMX BepoBaTHoha IojaBe onpeljeHe konuduHe
najaBrHa Ha Teputopuju Peny6irke Cpouje y kapakrepucTiaHuM Mecenuma 2009. roauHe.

3a cBakM Mecell JaTe Cy TpU KapTe: JieBa y ClIy4ajy Koje je y MOCTYIKYy OlLieHe KopuinheH
onroeapajyhn mpBH KBaHTHII, Cpefiba 3a Kojy je kopumiheHa MeAujaHa W JIeCHA y 4YHjeM Cilydajy je
xopumther Tpehn kBanTmi. TamuocmBa 060ja koja oxrosapa muTepBanmy [0.8,1], Tj. [80%,100%],
yKa3yje Ha BEJIHMKY BepoBaTHONY Ja Ha MOCMAaTpaHOM IIOJPYYjy KOJIMYHMHA MaJaBUHA Ha MECCYHOM
HHMBOY HE MpeNasy IpaHuYHy BpeIHOCT (IPBHM KBaHTWI, MeAWjaHy win Tpehu kBanTmi). Hacympor
Tome, Oenma Ooja koja oxarosapa uaTepBany [0,0.2] ykasyje Ha Malxy BepoBaTHONWy sa je IPETXOIHO
MIOMEHYTO CIIy4aj, IPYTMM pedynma, ynyhyje Ha BeJIuKy BepoBaTHONY Ja Ha IIOCMAaTpaHOM HOAPYYjY
KOJIMYMHA IIaJiaBMHA INpenia3u rpaHuuHy BpenHoctT. Ilopenehu Tpu kapre 3a Omio koju Mecer,
€BHUJICHTHO je ja ce uayhu HagecHo nosehasa moBpuinHa o6ojena TamuujuM 6ojama. To 3Haun fa ce
ca nosehameM BpemHocTH mpara (on mpsor ao Tpeher kBanTmina) mosehaBa m BepoBaTHOha nma ce
KOJIMYMHA [aJlaBHHa Ha TOCMATPaHOM IO/IPYYjy HalasH y rpaHHIiaMa J103BOJbEHE BPEAHOCTH.

Jobujene kapre onromapajy pacropeny nagasuHa y CpOWju y aHaIM3HPaHUM MeCEIMa.
O6acTy ca penaTHBHO HUCKOM KOJIMYHMHOM IaJjaBHHA Hajla3e Cce Ha CEeBepy 3eMJbe, Y JOJIMHI Mopase
u Ha oapy4jy Meroxuje (Duci¢ and Radovanovi¢, 2005), mro je u norBpheno Ha Cruru 3 (kapra y
cpenunu 3a (eOpyap, necHe kapte 3a jyH u oktobap). CeBepHe genoBe CpOuje TeHepaiiHO
KapakTepuily Majie KonuuuHe manaBuHa. Ca npyre crpaHe, JenoBu ucroune CpOuje ce OIIHKYjy
3HaTHO BehoM konmumHOM mnajaBuHa (necHe kapte 3a ¢ebpyap u okrodap Ha Cnuim 3). Mehytum,
HajkuioBuTHje obmactu CpOHje Hajase ce Ha 3amajy W jyrosamaiy, MITO je eBHACHTHO Ha BehuHH
kapara Oynyhu ma cy oBe obmactu 000jeHe HajcBeTIHjoM OojoM. Yak ce Ha CBakoj AECHO] KapTH
3apXKajio TO PEIATHBHO CBETIIO MOAPYYje Koje yKa3yje Ha MOCTOjare BeUKe BepoBaTHohe na y Toj
00JaCTH KOJNMYKMHA [1aJlaBUHA IIpelia3d TPaHWYHY BPEIHOCT Koja je jenHaka tpehem KBaHTHIY
(najehoj xopunthenoj BpexHOCTH mpara). 3HATHO BHINIA KOJIMYHMHA N1a/IaBHHA y 3aIlaJJHOM JIeITy 3eMJbE
y3pOKOBaHa je XJIagHUM (POHTOM M IJbYCKOBHMA KOje JOHOCE XJIaJHE Ba3jayIliHe Mace nonasehu ca
ATtnanTtrka u u3 3anagHe Espomne (UnkaSevi¢ and Tosi¢, 2011). To je pasnor 300r kojer 3amagHu
JIeTIOBH 3eMJbe MPUMajy BHIIE Tauora oJf UCTOYHUX, MaKO Ce Hajla3e Ha MCTOj reorpadckoj IUPHHH.
Kapre 3a debpyap u oktobap takohe yka3yjy Ha Behy Konu4uHy MajaBuHa y HEHTPAJIHUM JIEOBUMA
Cpbuje.

Ciuka 3. Kapre onemennx BepoBaTHoha nojase oapehene koJnynHe NaJjaBuHA HA TEPUTOPHjU
Peny6.inke Cpouje 3a pedpyap, jyH, aBryct u okroéap 2009. ronune
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Haxo jyrozamaguu nenoBu CpOHje reHepalHO MPUMajy BHILE MaJaBHHA, [IOCTOje 00JIacTH
KOje ce O/UINKYjy HEMOBOJFHHM YCIOBMMa 3a oOpasoBame MajaBWHa, kao mrto je IlemTepcka
BHCOpaBaH (JieBa KapTa W KapTra y cpenuad 3a ¢ebpyap Ha Cmmmu 3). 3uMu y oBoj obmactu
npeoBnalyjy aHTHIMKIOHHM Ca XJIaAHUM M CTaOWJIHHUM BPEMEHOM, JOK Cy JIETH 4YecTa CHJIa3Ha
Ba3IyIIHA CTpyjama. To je pasior 30or kojer cranune Ha Ilemrepy npumajy Mame maxasuHa (700-
800 mm) ¢ 063upoM Ha HaAMOPCKY BHCHHY Ha K0jOj Ce Hajiase.

3akiby4yak

KuirHe nagaBune, Kao jelaH of HajBaXKHHjUX KIIMMATCKUX €JIeMEHaTa, Bapupajy y npocTopy
(u BpemeHy). JeqHOCTaBHE MaTeMaTHUKe (PyHKIHMjE€ HE MOTY Ha aJcKBaTaH HAYMH OMKICATH OMEHYTE
BapHjalyje Koje cy HEMpaBWIHOT OOJIMKA, Ia CE Y Ty CBPXY KOPHCTE KOMIUIEKCHHjE METOJE, MOy T
reOCTaTUCTHYKUX METOAa MHTEepIojaluje Koje 3a pe3yirar Jajy CTOXacTHYKE MOBPIIH. Y OKBHPY
OBOT pajia, 3a ONHCHBahe IPOCTOPHUX BapHjallyja najlaBuHa Ha Tepuropuju Pemyomuke Cpbuje, 1j. 3a
MPEUKIN]Y, IPHMEHHCH je HHANKATOPCKU KPUTHHT.

Pesynrar WHIMKAaTOPCKOT KpPUTHHIAa je KapTa BepoBaTHoha ca KOjOM BPEJHOCTH

NPOMEHJBMBE Yy IIOCMAaTpaHMM Tadykama (He) mpenase yHampen AeGHHHCaHy TpaHUYHY BpPEIHOCT
KopuiheHy NpHWINKOM TpaHchopMaluje OpUTHHATHUX [TOJaTaKa.
VY pany cy kpeupaHe kapre BepoBaTHoha mojaBe ozpeljeHe 30upHE MeceuHe KOIMYMHE MaJaBUHA Ha
teputopuju Pemydnuke Cpouje y dpebpyapy, jyHy, aBrycty u oktoopy 2009. rogune. 3a cBaku Mecel]
KpeupaHe cy 1o TpH KapTe, KopucTehu pa3inuuTe rpaHUYHE BPEIHOCTH (IIPBU KBAHTWII, MEIMjaHy H
Tpehu KBaHTWII) NPHIMKOM TpaHc(OpMalMje OPUIMHAIHHUX BPEIHOCTH IOJaTaka y WHIUKATOpE.
Jlobujene kapre oaroBapajy IIpOCTOpHOM pacnopeny mhagaBuHa y CpOuju, m3aBajajyhm ceBepHe
JienoBe 3eMibe, 1oiaMHy Mopase 1 MeToxujy kao o0JacTH y KOjUMa je BEpOBATHHja I10jaBa Mambe
KOJMYMHE TMajaBHHa (KOJMYMHE y TpaHMIaMa JaeduHHcaHor mpara). 3amamuu zaenosu CpOuje
OJUTHKY]jy Ce BeJIMKOM BepOBaTHONOM 3a mojaBe OOMIHMjHUX MaJaBUHA, Tj. TJIaBHHA KOje MO KOJIUYHHU
npesase TpaHUYHE BPEJHOCTH JAeUHUCAHE NPHIMKOM crpoBohema MpequKIuje MPUMEHOM METOJe
HH/IMKaTOPCKOT KPUTUHTA.

Kapre BepoBarHoha mojaBe mamaBWHa HMajy MPEOHOCTH Yy OAHOCY Ha CTaHIApIHE
H30XMjeTHe KapTe jep yKa3dyjy Ha IOTeHIMjal IojaBe ozxpeleHe KONMUYMHE IagaBUHA Ha HEKOj
JIOKAIMjH 3a JaTH BPEMEHCKH HHTepBal. Mory ce NpHUMEHUBATH y arpOTeXHHYKHM IIPOjEKTHMA,
noceOHO y 3eMJbama kao mro je CpOuja, rae NpHHOCH 3aBHCE O]l CIIOJBHUX METEOPOJIONIKHX YCIIOBa,
npe cBera ol KOoJIM4YMHE majaBuHa y oxpehennm mecenmma. OBe KapTe ce Takohe mpumemyjy Kao
yJIa3HH MOJALM Y U3paJy IIPOCTOPHUX MOJIeNIa pH3HKa (TOIIaBe, KIM3HUIITA, HT]L.)

Jlurepartypa

Jlutepatypy Buzietu Ha 33 cTpaHH.
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