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THUIIOBHU U ITPOMJEHE ITIOBPIIMHCKE BJIA’KHOCTHU Y PEIIYBJIMIUA CPIICKOJ
ITPEMA WATER AND WETNESS BA3U IIOJATAKA

Bpaunucaas Apamkosuh’”

"Vuusepauter y Ucrounom Capajesy, [losbonpuspennu dakynrert, Microuno CapajeBo, Peny6nuka Cpricka

Caxerak: Y pajy cy IpHKa3aHe IpomjeHe y BnakHocTH mia 'y Permyomuiu Cprickoj (PC), koje cy ce moropwmiie y nepuoay
2015-2018. Taxohe, nar je pacrope] BIOXHUX MOJApYyYja MO MPUPOIHHUM IjjeJMHAMa U BUCUHCKUM 30Hama. Kopuire-
Ha je Copernicus Water and Wetness (WaW) 6a3a nonaraka, 6asupana Ha )OTOMHTEPIIPETALMjU CAaTCIIUTCKUX CHUMAaKa
Sentinel-1 u Sentinel-2, pezonynuje 10 m u 20 m. Bnaxna nozapydja cy noaujesbeHa y UeTHPH KaTeropyje, Ha OCHOBY
PErUCTPOBAHOT MPOLEHTYAJIHOT IIPUCYCTBA BOJE M BJIare y TOKY T'OJMHE M TOAMIIBUX J100a: CTajHa BOJA, OBPEMEHA
BOJIa, CTAJHO BJIAYKHO TOJPYyYje ¥ NPUBPEMEHO BIAXHO Mojpydje. PesyaraTn nucrpaxkuparma 1okasyjy J1a IpuBpeMeHe 1
cranHe Boje 3ay3umajy 0.48 % teputopuje PC, cranno Biaxna nozapydja 0.03 %, nok Hajsehy Tepuropujy oOyxsarajy
MIPUBPEMEHO BJIaXKHA MOApYYja Koja 3ay3umajy 1.81 % (Bnaxnoct ox 25 % no 75 %). /IBa Hajeeha nmoapydyja Ha Kojuma
ce BIXHOCT II0jaBJbyje, a Koja ce Pa3jIMKyjy M IO reorpad)ckoMm Mosoxkajy ¥ 1o IOpHjeKITy BIaXHOCTH, cy: [locaBuHa u
CemOepuja Ha cjeBepy U Cpeibe BUCOKa M BUCOKa Kpalllka 110Jba Ha jyTy, y peruju XepuerosuHa. [IpoMjene y BinaxHocTi
TJIa Koje cy peructpoBane y neprony 2015-2018. mpeBacxoHO ¢y aHTPOIIOTEHOT MTOPHjeKiIa H OJHOCE CE Ha HCYIINBAbE
MOYBapHUX Mofipyyja u pudmaka. Hajro3naruju ciryyaj je pezepsar bapnava rije je Behuna o Hekagammux 11 pubmaka
IIPETBOPEHA TOKOM IT0CJBE/IbE JICLICHH]E Y ITOJbONIPUBPEAHO 3eMibuinTe. Jl0 cana Huje OnIno ay>KUX ocMarpama BIaKHOC-
TH 3eMJbHIITA YHYTap Teputopuje PC, na ce niaBHM JONPHHOC Paja OBJIje MOXKE TPAKUTH.

Kibyune pujeun: Tunosu, npomjene, BIaxHoCT, 110, Perryonuka Cpricka, Copernicus, Water and Wetness.
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Abstract: The paper presents the changes in soil moisture in the Republic of Srpska (RS), which occurred in the period
2015-2018. Also, the distribution of wetlands by natural units and altitude zones is given. The Copernicus Water and
Wetness (WaW) database has been used, based on the photointerpretation of satellite images Sentinel-1 and Sentinel-2,
in resolutions 10 m and 20 m. Wetlands are divided into four categories, based on the registered percentage of water
and moisture during the year and seasons: permanent water, intermittent water, permanent wetland and temporary
wetland. The results of the research show that temporary and permanent waters occupy 0.48 % of the territory of the RS,
permanently wet areas 0.03 %, while the largest territory includes temporarily wet areas which occupy 1.81 % (areas with
wetness from 25 % to 75 %). The two largest areas where humidity occurs, and which differ in geographical position and
origin of humidity, are: Posavina and Semberija in the north and medium and high karst fields in the south, in the region
of Herzegovina. Changes in soil moisture registered in the period 20152018 are primarily of anthropogenic origin and
relate to the drainage of wetlands and ponds. The most famous case is the Bardaca reserve, where most of the former 11
fishponds have been turned into agricultural land over the last decade. There has not been any long-term monitoring of soil
moisture at the entire territory of the RS, so the main contribution of this paper can be seen in that aspect.
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YBOA

BnakxHOCT 3eMJpHUINTA UTPA KIbYUHY YJIOTY
y AMHAMHIM BereTaluje, ¢ 003MpoM Ha TO Ja je
JOCTYITHOCT BOJE y 3€MJBHILTY OTrpaHny4aBajyhu
¢axTop 3a portocunresy o6mibaka (Proietti et al.,
2019). C Tum y Be3M, KapTe BIAKHOCTH 36MJBUIITA
NpY>kajy HEMPOLjEHHB pecype 3a KBAHTU(DUKALH]Y
edekara HeJJOCTaTKa MalaBUHA HA 3eMJBHILTE T10-
kpuBeHo BereranjoM (Cammalleri et al., 2015).
WHrepakuyja BIaXHOCTH 3eMJBUILTA U aTMOc(epe
Cy KJbYYHHU €JIEMEHTH PErHOHATHOT KJIMMATCKOT
cucrema (Leutwyler et al., 2021). Bnaxxna nog-
pydja ¥ MOUYBape Cy MOCeOHO KOPHCHE Y YCIOBUMA
EKCTPEeMHHX CyIla 300T BUXOBE CIIOCOOHOCTH
7a 3a/ip>ke BOIY, CMame OTULAme, PUITpupajy
ceauMeHTe u 06e30jene npouunnrhaBame Boja.
Hajsehu ytumaj Ha MmouBape uMajy npomjeHe Xu-
JPpOJOMIKKUX pekuma. OTuname je uiIeHTU(HUKO-
BaHO Ka0 KJbYYHM XUIPOJIOLIKU Mapamerap Koju
yTuue Ha (yHkimjy mousapa (Hartig et al., 1997).
[pocjeuan koeduimjeHT otrama y bocuu u Xep-
nieropunu (buX) m3nocu 0.57 (Avdic et al., 2013).
[Tpema WaW 2018 6a3u nonaraka, noapydja
YHyTap KaTeropuje crajHa U MOBpEeMeHa Boja,
obyxsBarajy 33257 ha (0.64 %) u 1464 ha (0.03 %),
o je ykyrHo 0.67 % tepuropuje buX (nomynapa
ce ca CORINE Land Cover 2018 noganuma).
[TpuBpeMeHo BiaXkHE 30He TOKpHBajy 128680
ha (1286.8 km?) wiu 2.5 %, a cTamHO BIa)XHE
nokpuBajy 5222 ha (52.22 km?) wiu 0.1 % Tepu-
topuje apxkaBe. CORINE Land Cover (CLC) 6a3a
rojlaTaka Mokasyje Ja YHyTpallbhe MouBape Io-
KpHBajy 5242 ha, a rpeceruiura 697 ha, na npema
TOMe, BlIakHa nozpyyja y buX nokpusajy ykymHo
5939 ha (59.39 km?) (Draskovi¢ et al., 2021).
Hajsehe 30He BnaxxHux noBpmmuHa y buX
HaJla3e ce y KpallkuM Mojbuma 3anajaHe bocHe u
Ha JyTy y peruony Xepierosuse. /[pa cy pasnora
3a TO: BUCOKa KOJIMYMHA NaiaBuHa (Buiie o1 1500
mm TOAWIIE) M TEOJOMIKH CI0jeBU KO/ KOJUX
JOMUHHPAjJy Kpeumauke CTHjeHE, KOjU HEe MOTyY
MIPUMHTH CBY BOJY Y MO/3EMHE IMyKOTHHE TOKOM
kunHor nepuona. On ocranux peruja ca sehum
MPUBPEMEHO BIKHUM 30HaMa UCTUYE CE CjeBEPHH
o, peruje [TocaBuna u Cembepuja. Y oBoMm ciy-
Yajy OCHOBHHU Pa3JIor I0jaBe BIAYKHOCTHU BE3aH je
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INTRODUCTION

Soil moisture plays a pivotal role in veg-
etation dynamics, considering that soil water
availability is a crucial limiting factor for plant
photosynthesis (Proietti et al., 2019). Conse-
quently, soil moisture maps provide an invalu-
able resource to quantify the effects of rainfall
deficits on vegetated lands (Cammalleri et al.,
2015). Soil moisture-atmosphere interactions
are key elements of the regional climate system
(Leutwyler et al., 2021). Wetlands are especially
beneficial under extreme drought or flood con-
ditions for their ability to retain water, reduce
runoff, filter sediments, and provide water pu-
rification. The greatest impact to wetlands are
from changes to hydrologic regimes. Runoff
is identified as a key hydrological parameter
affecting wetland function (Hartig et al., 1997).
The average runoff coefficient in Bosnia and
Herzegovina (B&H) is 0.57 (Avdi¢ et al., 2013).

According to the WaW 2018 database, the
areas under the category of permanent and tem-
porary water occupy 33257 ha (0.64 %) and
1464 ha (0.03 %), which is a total of 0.67 %
of the territory of B&H (matches the CORINE
Land Cover 2018 data).

The temporary wet areas cover 128680 ha
(1286.8 km?) or 2.5 % and permanent wet cover
5222 ha (52.22 km?) or 0.1 % of the country’s
territory. The CORINE Land Cover (CLC) da-
tabase shows that inland marshes cover 5242 ha
and peatbogs 697 ha. On the basis of that, it can
be said that the area of wetland in B&H covers
5939 ha (59.39 km?) (Draskovic et al., 2021).

The largest temporary wet zones within
B&H are karst fields on the west Bosnia, and
on the south in the region of Herzegovina. There
are two main reasons: a large amount of pre-
cipitation (more than 1500 mm annually) and
geological layers in which limestone rocks pre-
dominate that cannot accept all the water during
rainy period. Of the other regions with larger
temporarily wet zones, the northern part stands
out, the regions of Posavina and Semberija. In
this case, the main reason for the appearance
of humidity is related to the relatively frequent
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3a PeNaTUBHO YecTa U3JIMBamba BEJIUKUX PHjeKa U
HbUXOBUX MIPUTOKA M3 KOPUTA Y AITyBHUjAJTHE PAaBHH
(Draskovi¢ & Gutalj, 2021).

[TpoMjeHe y BIaXHOCTH 3eMJBHILTA Y OTHOCY
Ha BUIIECTOIUIIHE MPOCjeKe MOTY OUTH y3POKO-
BaHE aHTPONOT€HUM aKTMBHOCTUMA (HCYILIHBAHE
MOYBapa, U3rpajiba BjeIITAaYKUX aKyMyJaluja,
UT/.) WIA TPUPOJHUM MPOLIECHMA Kao IITO CY
KJIMMaTcke npomjene. [lopen oBUX 3Ha4ajHUjHX,
CTaJIHE POMjEHE BIIAKHOCTH TJ1a KOje Ce JCIIaBajy
OKO PHjEYHUX TOKOBa Cy yoOU4ajeHe 1 He CIIaiajy
y KpyITHE NPOMjeHe Koje OMTHO HapyIIaBajy eKo-
cucreM. C nipyre cTpaHe, BapHjalyje y KOJTUUNHHA
aJIaBUHA, OJJHOCHO TUTYBUOMETPH]CKOM PEXUMY
U TeMIieparypaMa Ba3tyxa, MOry OUTHO yTHIIATH
Ha TUIOBE U ITPOMjEHE BIAYKHOCTHU 3eMJBHUILTA.

3a cTeneH BIAXHOCTH Tja BeOMa je BaxkaH
OJIHOC TMajaBuHe/ucnapasame. [Ipema nogarm-
Ma PenyOnuykor XuIpoMeTeoposIoIKOT 3aBOA Y
neproxy 2000-2018. HekonMKo roanHa je 3a0usbe-
XKeH neuIuT Biare y JbeTmeM nepuoay (2000,
2003, 2012, 2013, 2015. u 2017.). Ha npumjep,
TokoM JbeTa 2003. ronuHe 3a01ibesxeHa je Hajpeha
pasznuka: 525 mm ucnapasame, 135 mm nasaBuHe.

PazymujeBame MHTEpakiyje u3mely Brax-
HOCTH 3e€MJBUIITA W MaJaBUHA JUMHTHPAHO je
MambKOM JUPEKTHUX OcMarpama y pasmjepama
Ha KOjUMa Ce jaBJbajy MoBpaTHe MH(popmanuje
(Taylor & Ellis, 2006). Mako cy cyiie y 0OCHOBA
y3pOKOBaHE HEIOBOJbHUM KOJIMYMHAMA [1a/IaBHHA,
eBoITyIIHja eHUIMTa BOJIE OJf MTaIaBHHA 10 BIIAre y
3eMJBUIIITY U BOJIOTOLIMMA HUje TPEHYTHA U O/IBUja
ce y CIIOKeHUM (PU3MIKMM MexaHn3muMma (Maity et
al., 2013). V jyroucrounoj EBporu BogHu pecypcu
CY Y IMPEKTHO] 3aBUCHOCTH OJ KITMMATCKOT PeXKH-
Mma (Nistor, 2019). [Ipema pe3ynraruma npojexta
CC-WARE ouexkyje ce na he 1o 2050. romuse Tem-
neparypa Ba3ayxa y PerHoHy MOpacTH, a mro he
npema Cheval et al. (2017) yTumaru Ha apuaHOCT
TEpUTOpH]E.

VY nepuomy 2003—-2013. 3a0usbekeHO je meT
TOJIMHA Ka/1a je JOILIO J0 MOjaBe jJaKUX HJIH eKC-
TpeMHux cyma (2003, 2007, 2008, 2011. u 2012.)
(Trbic¢ et al., 2014). Hajseha noBehama Temmepary-
pa Ba3ryxa 3a0UJBEIKEHA Cy Y CjeBEpO3aaJHOM U
cjeBepoucrounoM aujeny PC, rije cy BpujeaHocTH
Behe u 10 2 °C Ha roquimeM HUBOY. Ha moapydjy

overflows of large rivers and their tributaries
from their beds into the alluvial plains (DraSkov-
i¢ & Gutalj, 2021).

The changes in soil moisture, if compared
to multi-year averages, can be caused by anthro-
pogenic activities (wetland drainage, construc-
tion of artificial reservoirs, etc.) or by natural
processes such as climate change. In addition to
these significant ones, the constant changes in soil
moisture that occur around rivers are common
and do not disrupt the ecosystem significantly.
On the other hand, the variations in the amount
of precipitation or pluviometric regime and air
temperatures can significantly affect the types and
changes of surface wetness.

The precipitation/evaporation ratio is very
important for the degree of soil moisture. Accord-
ing to the Republic Hydrometeorological Institute
data in the period 2000-2018, the moisture deficit
in the summer period was being recorded for
several years (2000, 2003, 2012, 2013, 2015 and
2017). For example, during the summer of 2003,
the largest difference was recorded: 525 mm of
evaporation, 135 mm of precipitation.

Understanding of interactions between soil
moisture and precipitation is limited by a lack
of direct observations at spatial scales on which
feedbacks occur (Taylor & Ellis, 2006). Though
droughts are fundamentally triggered by insuffi-
cient precipitation, the evolution of water defi-
cits from precipitation to soil moisture and to
streamflows is not instantaneous and is controlled
by complex physical mechanisms (Maity et al.,
2013). In the South East Europe, the water re-
sources are directly depending to climate regime
(Nistor, 2019). According to the results of the
CC-WARE project, it is expected that by 2050
the air temperature in the region will rise, which
according to Cheval et al. (2017) affect the aridity
of the territory.

Over the period 20032013, there were five
years characterized with extreme droughts (2003,
2007, 2008, 2011 and 2012) (Trbi¢ et al., 2014).
The greatest increase in temperature was mea-
sured in the northwest and northeast part of RS,
where values were up to 2 °C higher per year.
In the area of lowland Herzegovina there was a
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HHCKe XepleroBuHe MpUcyTHO je Oi1aro nosehame
temmneparypa a0 1 °C Ha roquimem HuBoy (Bajic
& Trbi¢, 2011). Y Cembepuju TemriepaTypa Ba3my-
Xa MMa TeHCHIM]Y pacTa TOKOM IiWjelie TOHHE,
JIOK CY TPEHIIOBH I13/IaBIHA CE30HCKH TIPOM]jCHIbH-
BU (HAQjU3paKEHU)U Cy HETAaTUBAH TPEH] y CE30HU
JHETO M MO3UTHBAH Y jeceH). HeratuBuu TpeHI0BH
XUIPOTEPMHUYKOT KOe(DHIIMjeHTa U MHJIEKCA CYIIIe
y CE30HM JbETO yKa3yjy Ha moBehame apHuaHO-
ctu kiume (Popov & Deli¢, 2019). ITosehame
Y4ECTaJOCTH T10jaBe €KCTPEMHO TOIUIUX Mjece-
II1 U CMabEHhE YUECTAIOCTH M0jaBe eKCTPEMHO
XJIQIHUX MjeCeIH yKa3yjy Ha TCH/ICHIIU]Y 3arpHja-
Bama Ha TEPUTOPHjH MCTOYHE XeprieroBuHe. Ha
CBUM cTaHuLama y nepuoay 1991-2016. roqune
CMameH je Op0oj eKCTPEMHO BIOKHUX MjECell, a
Ha TIOJIOBHHM CTaHHIIA MOBehaH Opoj eKCTPEMHO
cymaux Mjeceru (Popov et al., 2019).

Taxkole, Beoma cy 4ecTe ToniHe ca BEITMKHAM JI0
karacTpodarauM nortaama (2001, 2002, 2009,
2010, 2014.). Y anputy u Majy 2014. 3a0usbexeHe
Cy pekopaHe KuiHe cepuje (mpeko 420 mm) y
CjeBepHOM Jjely 3eMJbe, KOje Cy YCIOBHIIE KaTa-
crpocaiHe ToIIaBe y CIIMBHOM Nopy4jy BpOaca
u bocue, Te Ha moapyyjy Cembepuje (Oprasic et
al., 2016). 3paxeHa mpoMjeHa TOMIIHET PacIio-
pena magaBuHa y3 moBehame TeMrieparype jesiaH je
OJ1 KJbYYHHX (haKTOpa 3a MojaBy CyIlla U MOTUIaBa
Ha teputopuju buX (Avdi¢ et al., 2013).

Toxom nepuoaa 1961-2015. yuraBy tepuro-
pujy buX kapaxrepuiie u3paxeHo u 3Ha4ajHO (P
<0.01) rogumime 3arpujaBame. [ onuimyu nopact
Temmneparype 6uo je y pacnony ox 0.2-0.5 °C
no neunenuju (Trbi¢ et al., 2017). Houwto je mo
nosehama CyIIHUX U BIQKHHUX T'OJMHA, OJHOCHO
noBehama exctpemuoctu. Y nepuoay 1961-2010.
jacHo ce m3nBajajy aekazae 1981-1990. ca najpehrm
6pojem cymraux 1 2001-2010. ca najsehum 6pojem
BiakHuX roguna (Duci€ et al., 2014).

Hajyrpoxkenuje moapydje je JT0aMHa pUjeKe
BocHe ca cpenbe BUCOKUM YKYITHUM BOIIHUM PH-
3UKOM (YKYyIHH BOJAHHM PU3MK MjepU CBE PHU3U-
K€ Be3aHe 3a BOAY, CKyIUbAaeM CBHUX O1a0paHuX
MHJMKATOpa U3 Kareropuja: (pu3nyka KoJIMYKHa,
KBAJIUTET, PETYJIATOPHU M PEIyTAllMOHH PH3UK)
(Hofste et al., 2019).

C 003upoM Ha HelOCTaTaK MPETXOAHUX HC-
TpakuBama y 0BOj 00JIacTH, pax MOXKE UMaTH
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slight increase in temperature up to 1 °C per year
(Baji¢ & Trbi¢, 2011). Semberija region record-
ed increasing temperature tendency throughout
the year, whereas the precipitation trends were
seasonally variable (the most prominent were
a negative trend in summer season and a pos-
itive trend in autumn). Negative trends in the
hydrothermal coefficient and drought index in
the summer season indicate an increase in climate
aridity (Popov & Deli¢, 2019). Increase in the
annual occurrence of extremely warm months and
decrease in frequency of extremely cold ones in-
dicate that a warming tendency is present over the
east Herzegovina region. In the period 1991-2016
at all stations number of extremely wet months
was reduced and at half of the stations number
of extremely dry months increased (Popov et al.,
2019).

In addition, years with large to disastrous
floods are very common (2001, 2002, 2009, 2010,
2014). April and May 2014 saw the record of rain
series (over 420 mm) in the northern part of the
country, which caused disastrous flooding in the
catchment area of the Vrbas and Bosna rivers,
as well as in the area of Semberija (Oprasic et
al., 2016). Pronounced variability in the annual
rainfall regime and temperature increases are
key factor in the occurrence of more frequent
and intense drought in B&H (Avdi¢ et al., 2013).

During the observed 1961-2015 periods, the
entire territory of B&H is characterized by prom-
inent and significant (p < 0.01) annual warming.
The annual temperature increase was in the range
of 0.2-0.5 °C per decade (Trbi¢ et al., 2017).
There was an increase in dry and wet years, i.e.
an increase in extremes. During the period 1961—
2010 the 1981-1990 decade had most dry and
2001-2010 decade had most humid years (Duci¢
etal., 2014).

The most endangered area is the valley of the
river Bosna with a medium-high overall water
risk (overall water risk measures all water-related
risks, by aggregating all selected indicators from
the Physical Quantity, Quality and Regulatory &
Reputational Risk categories) (Hofste et al., 2019).

Given the lack of previous research in this
area, the paper may have a significant role in
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3HaYyajHy YJIOTY Y MHBEHTapU3alllju, MOHUTOPHUH-
Ty U ynpaBibamy Biraxxkuux noapydja PC. To ce
oceOHO OJJTHOCH Ha U3a30BE KOjU Cy Tpel Hama y
TIOTVIE/Ty Mjepa 3aIlITHTE O KIIMMATCKUX ITPOMjeHa
Koje ce mpeMa OpOjHUM CLICHapHUjuMa HajaBJbY]y.

[{nb ucTpakuBama je Mpelu3Ho yTBphHBame
MOBPILKHE KOj€ 3ay3UMajy pa3InYUTH THIIOBH
BIIQXXHOCTH Ha Teputopuju PC, kao u nepunucame
30Ha WJIK Pervja y KOjuMa je BIaKHOCT 3eMJbHUILTA
HajupucyTHHja. Takolhe, aHaTM30M JIOKaJIUTETA
HajBehuX mpoMjeHa BIayKHOCTHU 1O PUHIIUITY CTY-
nuje ciaydaja 6uhe yrBphenu Moryhu paznosu 300r
KOJUX je JOILIO 0 MPOMjeHa.

[Moapyyje uctpaxuBarma

PemryGnuka Cpricka je IpyKaBHU EHTUTET YHY-
tap bocHe 1 Xepiierosune, Koju rpema nojganuma
PenyOnmukor 3aBona 3a cratuctuky PC n3 2012.
rofiMHe, MMa NOBpIIKMHY o 24641 km? u nomy:a-
1ujy ox oko 1.14 munmuona craHoBHUKA. Hamasu
ce Ha KOHTAKTy TPHU BEJIMKE MPUPOJIHE peruje:
[TanoHcke HU3Mje Ha cjeBepy, JuHapckux mia-
HUHA Yy IICHTPAJIHOM JMjelTy U JaJpaHCKOT Mopa
Ha jyry. C TUM y Be3H ce U KJIMMa MOXe IOJIHje-
JUTH Ha TPH THUIIA: YMjEepEHO-KOHTHHEHTAIHY Ha
cjeBepy, IIAHUHCKO-KOTIUHCKY Y IEHTPATHOM
JMjelTy U U3MjEeHy MEIUTepaHcKy Ha jyry. Haj-
Mamba KOJIMYHMHA Ma/IaBUHA U3JTY4H C€ Ha KPajiheM
cjeBepouctoky buX (oko 750 mm), 10K mozxpy4je
UCTOYHE XepLIErOBUHE MPHMA HajBUIIIE I1aaBUHA
TokoM romure (10 2000 mm). Hag octamim, Behim
nwjerioM 3embe, u3imyun ce 850 1o 1500 mm (Baji¢
& Trbi¢, 2016). Pesbed je yrmaBHOM OpaoBUT U
ruianuHCKU. HagMopcke Bucune mmely 500—1500
m 3ay3umajy 51.9 % tepuropuje.

I'enepanno, BnaxkHocT 3emspuiita 'y PC 3a-
BUCH O] TUTA KJIMME, IIPUje CBEra Of1 NaJJaBHUHA 1
TeMIIepaTypa Ba3ayXa, ajli U O BJeTPa, BIAKHOCTH
Ba3JyXa, TUIA 3eMJBUILTA, T€OJIOIKE MOIOTe UT/.
KnmMarcku rojaceBu ce OTIPUITHKE MOAyAapajy ca
reoMop¢oiomkuM nojacesuma: cjesepuum (Ilo-
CaBHHA), HEHTPAIHUM (TJIAHUHCKO-KOTIIMHCKHM )
U Jy’)KHUM (30Ha BHCOKOT Kapcra). Takohe, xere-
POTEHOCT BEreTalMjCKuX MojaceBa MOCIhEeIHIIA je
yIpaBO KOMIUIEKCA YTHIIaja HaBEJCHUX aOUOTHY-
KuX (haKTopa.

the inventory, monitoring and management of
wetlands in the RS. This is especially true of the
challenges we face in terms of climate change
protection measures that are being announced
under a number of scenarios.

The aim of the research is to precisely de-
termine the areas occupied by different types of
humidity in the territory of the RS, as well as to
define the zones or regions where soil moisture
is most present. Also, the analysis of the loca-
tion of the largest changes in humidity using the
case studies will determine the reasons for the
changes.

Study area

The Republic of Srpska is a state entity with-
in Bosnia and Herzegovina, which, according to
the data of the Republic Institute for Statistics of
the RS from 2012, has an area of 24641 km? and
a population of about 1.14 million inhabitants.
It is in contact with three major natural regions:
the Pannonian Plain in the north, the Dinaric
Mountains in the central part and the Adriatic
Sea in the south. Regarding relation to this, the
climate can be divided into three types: temper-
ate-continental in the north, mountain-valley
in the central part and altered Mediterranean in
the south. The lowest amount of precipitation
occurs in the extreme northeast of B&H (about
750 mm), while the area of eastern Herzegovina
receives the most precipitation during the year
(up to 2000 mm). Above the rest of the country,
precipitation ranges from 850 to 1500 mm (Baji¢
& Trbi¢, 2016). The relief is mostly hilly and
mountainous. Altitudes between 500—-1500 m
occupy 51.9 % of the territory.

In general, soil humidity in the RS changes
depending on the type of climate, primarily on
precipitation and air temperature, but also on
wind, air humidity, soil type, geological base,
etc. The climatic zones roughly coincide with the
geomorphological zones: northern (Posavina),
central (mountain-valley) and southern (zone
of high karst terrain). Also, the heterogeneity
of vegetation is a consequence of the complex
influence of the mentioned abiotic factors.
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Tpu Ouoreorpadceka peruona y PC, mpema
aKTyesHoM npoctopHoM Iutany PC, cy: 1. koHTH-
HEHTaJIHU OMoreorpad)cku peruoH — MpoCcTHpe ce
y CJEeBEpPHOM JIHjey, ca HU3MjaMa 1 Opexysbliuma
U ca BUCOKMM yTuiiajeM [laHoHCKe HU3Mje; 2. ant-
CKH Ororeorpad)cku peruoH — HOKpUBA LEHTPATHH
o buX u PC ca Bucokum mianunama JluHapc-
KOT' TIOZIpy4ja; 3. MEITUTEPaHCKU Ororeorpadcku
PETHOH — MPOCTUPE CE Y JYKHOM AMjery, TAje ce
ocjeha 3Ha4yajaH yTUIA] MEAUTEPAHCKE KIHME.
Kontunenranuu 6noreorpadcku peruon oOyxsara
noBpuuay ox 11211.3 km? teputopuje PC (45.5
%), anrcku (mianuackn) 10100.2 km? (40.1 %), a
memutepancku 3329.8 km? (13.5 %). OBa mofjena
he OuTH KopuCHa 3a aHaJIM3y BIAXHOCTHU TJIA IO
M0jeIMHUM PETHOHHMMA, C IIUJbeM YTBphHBama
yTullaja MojeAuHux (pakropa Ha 1ojaBy Biare Ha
MOBPILINHH.

[Tpema CLC 2018 6a3u nogaraka BogHa THjea
y PC nmokpusajy 167.10 km?, a Bnaxkxna mozapyudja
16.67 km?. V nepuoay 2000-2018. oBe kiace cy
nosehase nmpocropau 00yxaar 3a 26.04 %, onHoc-
HO 5.57 % (Draskovi¢ et al., 2020).

MATEPUJAJIA U METO/IE

MeTtoze Mjepera BIaKHOCTH 3eMJBHIITA MOTY
ce MOJUjeIUTU Y ABHjE TpyIe: JUPEKTHE U UH-
IUpeKTHE. JIMPEeKTHOM METOIOM C€ HEMOCPEIHO
MjepH KOJIMYHMHA BOJIC Y 3eMJBHIITY, 3 UHUPEKTHE
MeTojie o/ipel)yjy BIaKHOCT 3eMJBHUINTA Ha OC-
HOBY mpoMjeHe oapehennx pu3mukux ocobuHa
3eMJBHILTA KOj€ 3aBHCE O]l FEerOBE BIAKHOCTH
(Otorepec, 1991).

JIMpeKTHE MeToJie BIaKHOCTH 3eMJBUIITA Y
PC o cana cy yraBHOM Ouite 6a3upane Ha in situ
UCTpaKMBambUMa ME10JI0Ta, arpoHOMa, XUIPO-
Jora, Xuaporeosora u cil. TakBa UCTpakuBamba
OZTHOCWJIA Cy C€ Ha MOjeJMHAYHE JIOKAIUTETE U
Ha OrpaHUYEHe BpEeMEHCKe Meproie, pHje CBera
300T 3aXTjeBHOCTH pecypca KOju Cy MOTpeOHH.
HcroBpeMeHOo, MHIMPEKTHA UCTPAKUBAHA BIIAXK-
HOCTH T1a Ha Teputopuju PC MetonoM nasbHHCKe
JeTeKIHje cy 110 caa Omna pujerka. MehyTtum, ca
110jaBOM HEKOMEPILMjATHUX CaTeIUTa PasInuuTH
MOAIM Cy TMOCTaNN JOCTYIHU 0€3 OrpaHnyerba.
Taxko je EBporicka cBemupcka arennyja (European
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The three biogeographical regions in RS,
according to the current spatial plan of RS, are:
1. continental biogeographical region — it covers
the northern part, with lowlands and hills and
with a high influence of the Pannonian lowlands;
2. Alpine biogeographical region — covers the
central part of B&H and the RS with the high
mountains of the Dinaric area; 3. Mediterrancan
biogeographical region — covers the southern part,
with the significant influence of the Mediterra-
nean climate. The continental biogeographical
region covers the area of 11211.3 km? of the ter-
ritory of the RS (45.5 %), alpine (mountainous)
10100.2 km? (40.1 %), and Mediterranean 3329.8
km? (13.5 %). This division will be useful for the
analysis of soil moisture by individual regions, in
order to determine the influence of individual fac-
tors on the occurrence of moisture on the surface.

According to CLC 2018, water bodies cover
167.10 km? and wetlands 16.67 km? in the RS.
In the period 2000-2018 these classes increased
their areas with 26.04 % and 5.57 % respectively
(Draskovi¢ et al., 2020).

MATERIALS AND METHODS

Soil moisture measurement methods can
be divided into two groups: direct and indi-
rect. The direct method measures the amount
of water directly in the soil and indirect meth-
ods determine the soil moisture on the basis of
changes in certain physical properties of the
soil that depend on its humidity (Otorepec,
1991).

So far, direct soil moisture methods in
the RS have been mainly based on in situ
research by pedologists, agronomists, hydrol-
ogists, hydrogeologists, etc. Such research
was related to individual sites and limited
time periods, primarily due to the complexity
of the required resources. At the same time,
indirect studies of soil moisture in the terri-
tory of RS by remote sensing have been rare
by now. However, due to the launching of
non-commercial satellites, various data have
become available without restriction. Thus,
the European Space Agency (ESA) launched
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Space Agency — ESA) nancupana Sentinel-1 u
Sentinel-2 carenute, Koju omoryhaBajy cHUMKE
BHCOKE PE30JyLHje, MyTeM KOjuX ce MOry Ipa-
TUTU OpOjHU reoU3NuKy napameTpu. EBporncku
nporpam Copernicus Land Monitoring System
(CLMS) omoryhaBa undopmarnuje u3 10MeHa
npahema cTama 1 MpoMjeHa y )KUBOTHO] CpeIMHH
Y Bb€HUM KOMITIOHEHTaMa.

Ha oCHOBY caTeIMTCKHUX CHHMAakKa BHCO-
ke pesonyuuje (High Resolution — HR) no Be-
oma Bucoke pezonyuuje (Very High Resolution
— VHR), yxmyuyjyhu ESA carenure, ypaheno
j€ axypHpame 1 KapTHpame IpoMjeHa Ha BUCO-
kopezonynujckuM ciojesuma (High Resolution
Layers — HRL) “Imperviousness” u “Forest”, kao
U KapTupame ciojena, “Grassland and Grassland
Changes” u “Water and Wetness” 3a 39 npxaBa
wianuna EBporicke areHnuje 3a )UBOTHY cpe-
muny (European Environment Agency, EEA-39)
(Copernicus Land Monitoring Service, 2020).

HRL WaW ca pedepentnom rogunom 2018.
Jje MOTIyHO Mpou3Be/eH y npojekuujama ETRS89
(European Terrestrial Reference System 1989) u
LAEA (Lambert Azimuthal Equal Area) ox ctpane
KOH30PIIHMjyMa eTabIpaHnX eBPOIICKHX IPOBajIe-
pa ycayra. Cacroju ce ox nmpousona WaW 2018
y IyHO]j MPOCTOPHOj pe3omyruju o 10 m x 10 m
(ymjecro opurnnanse pesonynuje 20 m x 20 m
npoaykuuje WaW 2015). ['maBau nmpousBof je
KJIacU(UKOBAHU CJI0j, KOJH CalpH AeduHICcaHe
KJIace CTaJIHUX BOJA, IPUBPEMEHHX BOJA, CTAITHO
BIIQKHHX, IPUBPEMEHO BIQKHHUX U CYBHX ITOBPIIIH-
Ha, 100MjeHUX MpeMa IM0jaBu MPUCYTHOCTU BOJE
U BIaxHocTu y nepuony 2012-2018. JlomymeH je
MHJIEKCOM BjepoBaTHOhe BOJIE U BIIAKHOCTH, IIPO-
M3BOJIOM KOJH j€ yITIaBHOM HAMH]EH-EH EKCIIepTHMa
(Copernicus Land Monitoring Service, 2020).

Wunexke BjepoBaTHOhe BO/E M BIAXKHOCTH
(Water and Wetness Probability Index — WWPI)
CJI0j je TOJaTHU MPOU3BOJ 32 EKCIIEPTE U YKazyje
Ha T10jaBy BOJIE W/WJIM BIIQYKHUX MOBPIIMHA (ca 3a-
cuheHnM casipkajeM Biare y 3eMJbHIITY) y Behem
JMjeny TOlMHE, TOKOM Hu3a rofauHa. MHuekc je
W3BEJIEH U3 CJI0jeBa MOAPIIKE JOOUjeHUX U3 Ce-
30HCKHX KOMITO3UTA y KOjUMa je CBAKU MUKCEN Yy
JIaTOM CJI0jy KJIacH(PUKOBaH Kao ,,CyBO*, ,,BIaKHO
W1 ,,(oTBOpeHa) Boga“. Ha oCHOBY UCTHX C€30H-

Sentinel-1 and Sentinel-2 satellites, which
enable high-resolution images, through which
various geophysical parameters can be mon-
itored. The European program Copernicus
Land Monitoring System (CLMS) provides
information in the field of monitoring the
state and changes in the environment and its
components.

Based on High-Resolution (HR) to Very
High Resolution (VHR) satellite imagery,
including ESA’s satellites an update and
change mapping of the High Resolution Lay-
ers (HRL) “Imperviousness” and “Forest”, as
well as a mapping of “Grassland and Grass-
land Change”, and “Water and Wetness” for
the EEA—-39 countries has been be done (Co-
pernicus Land Monitoring Service, 2020).

The HRL WaW with reference year 2018
has been fully produced in the ETRS89 (Euro-
pean Terrestrial Reference System 1989) and
in LAEA (Lambert Azimuthal Equal Area)
projection by a consortium of well-established
European service providers. It comprises the
WAW product for 2018 in full spatial resolu-
tion of 10 m x 10 m (instead of the original 20
m x 20 m resolution of the WAW 2015 produc-
tion). The main product is a classified layer,
which contains defined classes of permanent
water, temporary water, permanent wet, tem-
porary wet, and dry areas, derived from water
and wetness occurrences in the period 2012—
2018. It is complemented by the Water and
Wetness Probability Index (WWPI), a product
mainly dedicated to expert users (Copernicus
Land Monitoring Service, 2020).

The Water and Wetness Probability Index
(WWPI) layer is an additional product for
expert users and indicates the occurrence of
water and/or wet areas (with saturated soil
moisture content) during a prolonged part of
the year over a number of years. The index is
derived from support layers calculated from
seasonal composites in which each pixel in
a given layer is classified as “dry”, “wet” or
“(open) water”. Based on the same seasonal
composites as applied for the classification
of water and wetness, the WWPI is derived
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CKUX KOMIIO3UTa KOJU C€ NPUM]jerYjy 3a KJIacH-

¢uxauujy Boae u BnaxkHoct, WWPI je usBenen

3a CBaKy ,,KoJ0HY" nukcena y Huzy. WWPI ce
m3pauyHaa rpema 6pojy BOJA u BJIAXXHOCT

TojaBa, TOCJBEHH Ca TEKUHCKAM (PaKTOPOM O

0.75 (oBa BpHjeqHOCT je TOTBp)eHa HAKOH aHAIIN3E

pe3yInrara parpioHalIu3aImje), MoAujeJbeH ca yKy-

THUM OpojeM BaJIMIHUX 3anaxarma (30up BOJIA,

BJIA’KHO u CYBO mnojage). [lo6ujenu mpou3Bos

Craja 1MojaBy BOJE M BIAKHOCTH KaO MHJAEKC Ha

ckaim m3mehy 0 (camo cyBo) mo 100 (camo Boza)

(Langanke, 2016). Ha taj Haunn moryhe je nooutu

nperiea U JMHAMUKY BapHjaOMITHOCTH T10jaBe BOJa

Y BJIQXKHUX MOBPIIMHA YHYTAp jeJHE TOAWHE UIH

TOAUIIEBHX 100a. KOMITO3UTHY CHUMIIM TOUIITEBUX

no06a cy n3Be/IeHH U3 CHUMaKa Koje IOKpUBajy Bpe-

MEHCKH MEepHOJL OJ] TPH Mjecela, JOK CY FOUIIH

KOMITO3UTHU CHMMIIM M3BEJEHU U3 CHUMaKa 3a

CBaKoO TONUIIIHE 100a yHyTap oapehene roguune.

[Tpema YmytcTBy 3a kopuniheme WaW 6aze
nonaraka (Copernicus Land Monitoring Service,

2020) nedununyje NOjeIUHUX KJlaca BIaKHOCTH

cy:

— Cysa noBpumHa (yBHjeK CyBO WM YIIIABHOM
CYBO Ca MaJIUM CaJp’kajeM BIaXXKHOCTU WIH
BoJIe, HIp. < 25 % Bnare): nujecak, OETOH U
acaur, ctujeHe, UTi.;

— Cranna Boja (Hajehu omHOC BOJA/YKYITHH
canpxaj > 85 % Boxe, KI1acu(pUKOBAHO KaO
CTaJiHa BOJHA MOBPIIKHA): PUPOIHA je3epa,
BjelITauKe akymylnamuje (pubmarm, pe3epBo-
apu), IpUpoOHE aKyMmyJaluje (cTajaHe BOIHE
HNOBPIIMHE YHYTpALIbUX WIM NPUOOATHUX
BJIQ)KHUX 3€MJBUIIITA), pUjEKE, KAHAIIH, UT/.;

— IlpuBpemena Bona (omHoc usmehy 25-85 %
BOJIC, Ca BapupajyhnM CTENeHOM BIIaYKHOCTH):
MoZIpydja ca MPUBPEMEHOM BOJIOM Koja Cy Y Be-
31 ca CTaJHUM BOJHUM THjeTMMa, IPUBpEMEHa
NPUPOJHA U BjelITa4yKa je3epa, NepuogudHe
pujeke, IIaBHa Mmoapyyja, UTi.;

— Cranno BnaxHa nospmwuHa (> 75% Bnare):
TPCTHUIIM, TPECETHUILTA, YHYTPALIHE MOUBape,
uTIL.;

— IlpuBpemeno BnaxxHa nospuuHa (25-75 %
BJIare): 3eMJBbUIITA KOja MH]EHa]y BIIAXKHOCT,
MIOBPEMEHE MOYBape, UT/.

for each “column” of pixels in the stack. The
WWPI is calculated according to the number
of WATER and WET occurrences, the latter
with a weighting factor of 0.75 (this value was
confirmed after the analysis of the stream-
lining results), divided by the total number
of valid observations (sum of WATER, WET
and DRY occurrences). The resulting product
assembles the water and wet occurrence as
an index on a scale between 0 (only dry ob-
servations) to 100 (only water observations)
(Langanke, 2016). In this way, it is possible
to get an overview and dynamics or variabil-
ity of the occurrence of water and wetlands
within one year or seasons. Composite images
of the seasons are derived from images that
cover a period of three months, while annual
composite images are derived from images for
each season within a given year.

According to WaW User Manual (Coper-
nicus Land Monitoring Service, 2020) defini-
tion of water and wetness classes are:

— Dry (always dry or mostly dry with minor
instances of wet or water, i.e. < 25 %):
sand, bedrock, sealed surfaces, etc.;

— Always water (the highest ratio of the wa-
ter/total instance, > 85 %, are classified
as permanent water surfaces): permanent
inland lakes (natural), artificial ponds (per-
manent fishponds, reservoir), natural ponds
(permanent open water surfaces of inland
or coastal wetlands), rivers, channels, etc.;

— Temporary water surfaces (ratio between
25 % to 85 %, water/total instances, with
varying degrees of wetness): temporary
water surfaces associated to permanent
water bodies, temporary natural lakes and
temporary artificial lakes, intermittent riv-
ers, flood areas, etc.;

— Always wet surfaces (areas with > 75 %
wet/total instances): reeds, peat land, in-
land wetlands, etc.;

— Temporary wet surfaces (areas with 25 % to
75 % wet/total instances and minor instanc-
es of water): including areas of changing
soil moisture, Intermittent wetlands, etc.
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[TaH-eBpOIICKM CIIOjEBU BHCOKE PE30ITyILHje
omoryhasajy uHpopmarje o CrielipuIHIM Kapax-
TepUCTHKaMa THIIOBA MOBPIIUHCKE MOKPOBHOCTH
Y KOMIUIEMEHTAPHU Cy ca KapTHpameM IOKPOB-
HOCTH M HaMjeHOM moBpurHa kao mto je CLC
6a3a moxaraka (D’amico & Corsini, 2019). OnTuy-
Ka KJIacu(uKaiyja je mpuMHjemheHa Ha KOMIIO3H-
Te 3a cBaku EEA muo xopumrhemeM JUHAMAYKOT
Ha Tpary 3acHoBaHOr' kiacudukaropa. Crora je
HEKOJIMKO CIIEKTPAIIHUX WHAEKCA W3pavyyHaTo U
y0aueHo 3a cBakM KOMIIO3HT. 3a JETEKIIH]y BOJIE
KOpuIINeH! Cy CIEKTPaIHM UHAEKCH Kao IITO CY
NDWI (Normalized Difference Water Index) u
werora MoaudukoBana Bepsrja mNDWI (Modified
Normalized Difference Water Index), kao u NDVI
(Normalized Difference Vegetation Index). 3a u3-
JIBajarbe M0jaBe BIAKHOCTH N3a0paHu Cy TMHAMUY-
KU TI0jeAMHAYH MHJIEKCH U TIParoBU U3 KiacuQu-
Karopa 3a cBaKy Jiokaryjy. CBU TEMaTCcKH CJIOjeBH
3a 2018. noOujeHn cy U3 MyITUTEMIIOPATHUX MO~
naraka Sentinel-2 careauTckux cHumaka oxg ESA
U TIpy’Kajy HaMjeHCKe MH(pOpMaLFje O aKTyeITHUM
YCJIOBMMa KHUBOTHE CPEIMHE U TPEHI0BUMA TIPOM)e-
Ha, y IPOCTOpHO] pe3onytuju ox 10 m, 20 m u 100
m (Copernicus Land Monitoring Service, 2020).

WAWCSL (WaW Consistency Support Layer)
J€ pacTepCcKu CI0j MOAPIIIKE KOH3UCTEHTHOCTH KOjH
MIPUKA3yje BPHjEIHOCTHU pa3imke umely pedepeHt-
Hux crojeBa u3 2015. u 2018. roguHe y poCTOPHO]
pesomymuju ox 10 m (Ci. 1). OBaj cioj omoryhummi
Cy IPOBAjIepH yCiIyra Kao JONATHH CJI0j MOApII-
Ke 3a nH(popMHUCame KOPUCHUKA O Pa3IuKaMa u3-
Mmely nBa crarycHa cnoja u3 2015. u 2018. roqune
T0/1 YTHIIajeM TIoBehaHOT KBaMTETa M PE30IYIH]je
yna3Hux nozjaraka. Ctora je pa3BHjeHa HaMjeHCKa
NpoLIe/Typa Koja paszaBaja ,,TEXHHMUKE pa3imke* (300r
npoMjeHe mpocTopHe pezonyuje ca 20 m Ha 10
m) usmehy npumapuux HRL npoussona Water
and Wetness 2015. u 2018. u cTBapHHMX MpoMjeHa
y KJ1acama Bofa M BIaxHOCT. CI10j MofpIIKe KOH-
3MCTEHTHOCTH j€ 3aCHOBaH Ha MyHO] Sentinel-2
BpeMeHcKkoj cepuju. Crora je u3BpIlIeHa JTMHEapHa
perpecuja Ha komnozutuma 2018. 1 2015. mNDWI
WHJIEKCA KOjJU HA HUBOY TIMKCEJIa TOKa3yjy J1a JIU Cy
(eHono1ke KpuBe Ha oapel)eHo]j ToKaluju CTabuI-
HE WK UMIUTILMPA]jy OUITo KaKaB TpeH, Aajyhu Ha
Taj HAYMH UHIMKAIM]y (TIpar) je JIM youeHa pazinkKa

Pan-European high-resolution layers pro-
vide information on specific land cover char-
acteristics and are complementary to land
cover/land use mapping such as in the CLC
datasets (D’amico & Corsini, 2019). The op-
tical classification was applied on the com-
posites for each EEA tile using a dynamical
threshold-based classifier. Therefore, several
spectral indices were computed and stacked
for each composite. For water detection, spec-
tral indices such as the Normalised Difference
Water Index (NDWTI) and its modified version
Modified Normalized Difference Water Index
(mNDWTI), as well as the Normalised Differ-
ence Vegetation Index (NDVI) were used. For
wetness extraction, individual indices and
thresholds were chosen dynamically from the
classifier for each site. All thematic layers for
2018 are derived from multi-temporal Senti-
nel-2 satellite data from the ESA and provide
dedicated information on current environmen-
tal conditions and change trends in 10 m, 20
m and 100 m spatial resolution (Copernicus
Land Monitoring Service, 2020).

The WAWCSL (WaW Consistency Sup-
port Layer) is a raster displaying a measure
of difference between the 2015 and 2018 ref-
erence layers in 10 m spatial resolution (Fig.
1). This layer was provided by the Service
Providers as an additional support layer to in-
form users where the differences between the
two status layers of 2015 and 2018 are influ-
enced by the increased quality and resolution
of input data. Thus, a dedicated workflow has
been developed that separates “technical dif-
ferences” (due to the shift in spatial resolution
from 20 m to 10 m) between the primary HRL
Water and Wetness products 2015 and 2018
and actual changes in class of water and wet-
ness. The Consistency Support Layer is based
on the full Sentinel-2 time series. Therefore, a
linear regression was performed on the mND-
WI composites 2018 and 2015, which indicate
on pixel-level whether the phenology curves
at a particular location are stable or imply
any trend, thereby providing an indication
(threshold) if an observed difference is like-
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CTBapHa WJIH je HacTaJia 300T POMjeHE PEe30ITyIIHje
(Copernicus Land Monitoring Service, 2020).

ly to be real or due to the resolution change
(Copernicus Land Monitoring Service, 2020).

Cn. 1. T'ope mujeBo — WaW 2015, rope necao — WaW 2018, nomne — cj10j moapIike KOH3UCTEHTHOCTH
(Copernicus Land Monitoring Service, 2020)
Fig. 1. Upper left — WaW 2015, upper right — WaW 2018, down — consistency support layer
(Copernicus Land Monitoring Service, 2020)

Jla 6u ce aHanM3MUpao yTHIA] HAAMOPCKE BHU-
CHHE Ha pacrope]] BIaKHUX MOApyYja KOPUIITEH
je eBporicku qurutaiau mozaen Bucuaa (EU DEM
v1.1.) pe3onynuje 25 m. Moxen je mpeyser ca
3BannyHe crpanuie Copernicus Land Monitoring
Service (moctymHo Ha https://land.copernicus.eu/).
Teputopuja PC je monujesbeHa Ha 4 BUCHHCKE 30-
nge: 0-500 m, 500-1000 m, 1000-1500 m u u3Hay
1500 m, 3aTuM cy n3padyHare BilaKHE TOBPLIMHE
YHYyTap CBaKe OJf bHX.

[Topen Tora, o6pahenu cy momarm u3 CLC 6a-
3€ Mo/IaTaKa, Koja iMa HElITO CIa0H]jy pe30TyIHjy
(25 ha) 1 He py>ka Tako npenu3He nHpopmanuje,
anu uMma Tyxku Hu3 ocMarpama. CLC nedunu-
me xkonmHeHe mouBape (mudpa 4.1) (European
Environment Agency, 2019) kao noapydja nor-
JaBJbEHA WITH MOJJIOKHA TTOTIIIaBaMa TOKOM Beher
Jjeria TOOUHE CIIaTKOM, 004aToM mim crajahom
BOJIOM Ca CTeM()UIHOM BETETAIN]OM KOja Ce cac-
TOJU Ol HUCKUX >KOYHOBA, TIOIYAPBEHACTHX HIIH
3eJbaCTHX BpCTa. YKIbydyje O0OIHY BEreTanujy
jesepa, pujeka, eyTpoHIX MOYBapa, BEreTaIldjy
TPaH3ULMOHUX Kajbyra U Tpecehux Omatuiira u
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Digital elevation model (EU-DEM v1.1.)
with a spatial resolution of 25 m has been used
for distribution of wetness areas by altitude
zones. The model was downloaded from the
official Copernicus Land Monitoring Service
web site (available at https://land.copernicus.
eu/). The territory of the RS is divided into
four altitude zones: 0-500 m, 500-1000 m,
1000-1500 m and over 1500 m, and then the
wet areas inside each of them were calculated.

In addition, a CLC database will be pro-
cessed, which has a slightly lower resolution
(25 ha) and does not provide such accurate in-
formation, but has a longer time series of ob-
servations. CLC defines inland wetlands (code
4.1) (European Environment Agency, 2019)
as areas flooded or liable to flooding during
the great part of the year by fresh, brackish
or standing water with specific vegetation
coverage made of low shrub, semi-ligneous
or herbaceous species. Includes water-fringe
vegetation of lakes, rivers, and brooks and
of fens and eutrophic marshes, vegetation of
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M3BOpPA, BUCOKO OJIUTOTPOQHE U JaKO KUCEIE 3aje/I-
HUIIE KOj€ C€ YITIaBHOM cacToje ofl charuyma Koju
pacrte Ha TpeceTy M J00uja Biary u3 TpaBHATHUX
WM TIOKPUBEHUX OJIaTHINTA.

I'maBHu (hakTOpU KOjU yTHUY Ha Kiacu(uKa-
[I1je 3eMJBHIITHOT TOKPHBa4ya Ha HUBOY MUKCEa
Cy IPEIM3HOCT U KaumoOpaluja ceH3opa, TaYHOCT
reoJiokaiyje, armocgepcku nopemehaju, CIMIHA
CIEKTPAJIHU NPUKa3H pa3InuuTHX 00jeKara, KBa-
AUTET pedepeHTHUX MoaaTaka u neppopmance
anroputMa yommTe. CBaku MPOU3BOJL 3€MIBHIII-
HOT MOKpUBa4a MOIpa3yMHujeBa MOCIbEUILY OBUX
HEMPEIM3HOCTH ¥ HAYMHA Ha KOjU C€ OHE IIMpe
IyX JlaHia obpaje, MTo KOHAYHO YTHYEe Ha T0-
y3naHocT pesyatupajyhe kinacudukanuje. Heus-
BJECHOCTH KOje MPOU3MIIa3e U3 yIa3HUX MoJaTaKa
U Kako OBE HEMPEIM3HOCTH YTUUY Ha pe3yaTar
Kiacudukaiyje oOMYHO je TEIIKO U CKYIO Mpo-
LUJEHUTH, TOITO OM TO 3axTjeBano mpaheme
IpeIIKe JETEKTOpa Kpo3 CBE MpOIEaype Koje ce
npumjeryjy Ha nonarke. Crora ce 3aHeMapyjy y
JlaJboj MPOIjeHn HeusBjecHOCTH. CII0j MoBjeperma
KOJU C€ MCIOpyYyje ca MPOU3BOIOM KOMOMHYje
BUIIIE NTapaMeTapa KBaJIUTETa U 00pajie v CaapKu
uH(popmarmje Koje nokasyjy HHICKC MOBjeperba 1o
nUKcely npu pezonyuurju ox 10 m. 3a npopauyH,
CII0j TIOBjepema KOpUcTH BjepoBarHohy Boze (1)
Y BIQXKHOCTH (MUHUMAITHO 3) o neremOpa 2015.
no nenem6pa 2018. rogune (Copernicus Land
Monitoring System, 2020).

PE3VIITATU

[Tpema WaW 2018 6a3u noparaka 30He Koje
NpUIaJajy KaTeropuju cTajHa U MoBpeMeHa BoJa
oOyxBarajy 11295 ha (0.46 %) u 534 ha (0.02 %),
mrro je ykymHo 0.48 % tepuropuje PC. [TpuBpeme-
HO BIIaJKHA NozIpy4ja 3ay3umajy 44546 ha (445.46
km?) nnm 1.81 % 10K cTajHO BiaKHA MOAPYYja
oOyxBarajy 768 ha (7.68 km?) wiu 0.03 % Tepu-
topuje PC (Tab. 1, Ca. 2).

transition mires and quaking bogs and springs,
highly oligotrophic and strongly acidic commu-
nities composed mainly of sphagnum growing
on peat and deriving moistures of raised bogs
and blanket bogs.

The main influencing factors to impact land
cover classifications on a pixel level are the sen-
sor precision and calibration, geolocation accu-
racy, atmospheric disturbances, similar spectral
signatures of different objects, quality of the
reference data and the algorithm performance in
general. Any land cover product is a function of
these imprecisions and how they are propagated
along the processing chain finally impacting the
reliability of the resulting classification. The un-
certainties arising from the input data and how
these imprecisions affect the classification result
is usually difficult and costly to assess, since this
would require tracing the detector error through
all procedures applied to the data. We there-
fore neglect these from the further estimation
of uncertainties. The confidence layer provid-
ed with the product combines multiple quality
and processing-based parameters and contain
information showing the per-pixel confidence
index at 10 m pixel resolution. For the calcu-
lation, the confidence layer uses the water (1)
and wetness (minimum of 3) probabilities from
December 2015 to December 2018. (Copernicus
Land Monitoring System, 2020).

RESULTS

According to the Water and Wetness 2018
(WaW 2018) database, the zones of permanent
and temporary water cover 11295 ha (0.46 %)
and 534 ha (0.02 %), which is a total of 0.48 %
of the RS territory. Temporary wetlands cover
44546 ha (445.46 km?) or 1.81 %, while perma-
nent wetlands cover 768 ha (7.68 km?) or 0.03%
of the RS territory (Tab. 1, Fig. 2).
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Cn. 2. TIpocTopHa muctpuOyiyja BiaxHux noapydjay PC
Fig. 2. Spatial distribution of wetlands in the RS

Mano mame npenusHa 6a3a nogaraka WaW
2015 npukasyje 1a MpuBpEeMEHO BIIAXKHA MTOIPYYja
3ay3uMajy 3.32 %, a cranHo Brnaxksa 0.02 % tepu-
topuje PC. CrayiHe 1 moBpeMeHe Bojie 00yxBarajy
0.42 % u 0.13 % wnm ykynso 0.55 % teputopuje
PC (Tab6. 1). Pagu nmoBehama nmpocTopHe pe3oiry-
nuje ca 20 m Ha 10 m U cMamemha MUHHUMAJTHE
kaptorpadcke jenunuiie ca 1 ha y 2015. na 0.03
ha y 2018. oBe nBuje 6a3e mojaraka HUCY IOT-
IIyHO YNOpPEAMBE M MOAALM MOTY 3HauajHO Jia ce
Pa3IuKYyjy.
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A little bit less accurate WaW 2015 data-
base shows that temporarily wet areas occupy
3.32 % and permanent wet 0.02 % of the RS
territory. Permanent and temporarily water
cover 0.42 % and 0.13 % or a total of 0.55
% of the RS territory (Tab. 1). In order to in-
crease the spatial resolution from 20 m to 10
m and reduce the minimum cartographic unit
from 1 hain 2015 to 0.03 ha in 2018 these two
databases are not completely comparable, and
the data may differ significantly.
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Ta6. 1. TunmoBu WaW knaca y PC 3a 2015. u 2018. roquny
Tab. 1. Types of WaW classes in the RS for 2015 and 2018

Cranna Boga/ | [lpuBpemena Bona | CtaiaHO BiaaxHO / Hpuepene-
Cyso / Dry HO BJI&XHO /
Permanent water |/ Temporary water | Permanent wet
Temporary wet
2018 P (km?) 24042.63 123.81 5.57 8.31 451.66
P (%) 97.61 0.50 0.02 0.03 1.83
5015 P (km?) 23689.81 103.18 31.68 5.27 818.41
P (%) 96.11 0.42 0.13 0.02 3.32

Paznuke y pe3onyuuju msmehy WaW 2015 u
WaW 2018 noBose 110 1BUje BPCTE pErMCTPOBAHUX
MPOMjeHa: TEXHHYKUX U peasHuX. TeXHUUKe ce
OJTHOCE Ha ITPOMjeHe 300T MpeJiacka ca pe3oiTyImje
on 20 m Ha pe3onyuunjy on 10 m, 1ok cy peaiHe
MPOMjEHE OHE KOje Cy C€ CTBApHO JOTOAUIIE, OfI-
HOCHO KOj€ HUCY HacTajie Kao pe3yJaTaT TEeXHHUIKe
oOpajie mojaraka.

Peanne npomMjeHe BIaXXHOCTH Ha TEPUTOPUJU
PC usnoce 37.9 km?, a rexauuke 745.3 km?. Ha
Teputopuju nujene buX peanne nmpomjeHe U3HO-
ce 58.9 km?, a texumnuke 1087.9 km?. IIpomjene
KOje Cy ce JOToAMIIe Ha KOHKPETHUM JIOKaIhjama
3a0nbexeHe cy yraBHoM y [locaBuHu: MouBapa
bapnaga, nonpydja pubmaka Cannuanu, Cuje-
KoBarl, puOmak kox [IpmaBopa, MoJbOIPUBpETHE
MOBPIIUHE jy>KHO 071 ['pamuiike M HUCKA TEpEeHH
OKO pHjeyHuX TokoBa. Of BIaKHUX 30Ha y Xep-
[IETOBUHHU, TIPOMjeHa CKOPO Aa Huje omino. Bpio
Majie IpoMjeHe Cy 3a0uJbeKeHe Ha TEPUTOPUJU
l'aTaukor moJka WJIM OKO BOJAHHX aKyMyJalyja,
IITO C€ MOJKE CMaTpaTh HOPMATHOM (ITyKTyalijoM
BIT&YKHOCTH 3€MJBHINTA Y 3aBHCHOCTH O] BapHja-
1Mja MIyBUOMETpHjCKOT pexnma. Takohe, manux
MIPOMjeHa y BIa)KHOCTH OUJIO je Ha ['BO3HOM Mosby
kon KannnoBuka, [TTacHHAuKOM KpallkoM MOJbY
ko1 Cokoria Kao 1 Iy 1 OKO TOKa pujeke JpuHe.
Oxo 71 % cBUX pealHuX MpOMjeHa JTOTOHJIE CY Ce
y cjeBepHOM Onoreorpad)cKoM peruony.

I[Ipema WWPI 6a3u momaraka oko 67 %
10jaBJbHBaba BIAKHOCTH MPHUIIATA MAmkO] Bje-
poBaruohu oz 11-30 %, mrTo 3Haun ga he ce y 10
ronuHa 6ap 1-3 ronuHe MojaBUTH BOAA UITH BIIaXK-
Ha nospinHa (Tao. 2). To cy 30He KpalIKux nosba
ucroune Xepuerosune, Cem0epuja, [locaBuna
oxo bapnaue u ymtha bocue o rpanuie ca bpuko

Differences in resolution between WaW 2015
and WaW 2018 lead to two types of registered
changes: technical and real. Technical changes refer
to changes registered due to the transition from there
solution of 20 m to the resolution of 10 m, while real
changes are those that actually occurred, i.e. which
did not occur as a result of technical data processing.

Real changes in surface wetness on the ter-
ritory of the RS are 37.9 km?, and technical ones
are 745.3 km?. On the territory of the entire B&H,
real changes amount to 58.9 km?, and technical
changes to 1087.9 km?. Changes that have occurred
at specific locations have been recorded mainly in
the region of Posavina: the Bardaca swamp, the
areas of the SaniCani pond, Sijekovac, the pond
near Prnjavor, agricultural areas south of Gradiska
and low lands around the river courses. Among the
wetlands in Herzegovina, there has been almost no
change. Very small changes have been recorded
at the territory of Gatacko field or around water
accumulations, which can be considered a normal
fluctuation of soil moisture depending on variations
in the pluviometric regime. Also, there have been
minor changes in humidity on Gvozno field near
Kalinovik, Glasinac karst field near Sokolac, as well
as along and around the Drina River. Around 71 %
of all real changes have occurred in the northern
biogeographical region.

According to the WWPI database, about 67 %
of the occurrence of wetness belongs to a lower
probability of 11-30 % which means that in 10
years at least 1-3 years, water or a wet surface
will appear (Tab. 2). These are the zones of the
karst fields of Eastern Herzegovina, Semberija,
Posavina around Bardaca and the mouth of Bos-
nia to the border with the Br¢ko District, Podrasko
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Huctpuxtom, Ilogpamko nmosbe kox Mpromuh
I'pana, mro Kymnpernixor nospa (onmtuHa PHOHKK),
I'macunauko moJbe, UTxH.

polje near the municipality of Mrkonji¢ Grad,
part of Kupresko field (municipality of Ribnik),
Glasinacko field, etc.

Ta6. 2. BjepoBaraoha nojase Bnaxuocta y PC
Tab. 2. Wetness probability in the RS

WWPL% | 1-10 | 1120 | 21-30 | 31-40 | 4150 | 51-60 | 61-70 | 71-80 | 81-90 | 91-100 SZI‘TY(E{’
Pkm?) | 087 |217.67 | 17735 | 42.65 | 1274 | 999 | 1071 | 12.08 | 147 | 9031 | 589.07
P%) | 015 | 3695 | 3011 | 724 | 216 1.7 182 | 205 | 249 | 1533 | 100.00

Kana je pujed 0 BepTHKaIHO] 30HAIHOCTH,
WaW 2018 noka3syje 1a ce IpUBPEMEHO BIIayKHA
TNOJIpyYja HajBUILIE 110jaBIbyjy yYHyTap 30He 0-500 m
(61.6 %) kojoj npunanajy amysujaiHe paBuu Case 1
Hpune, 3atuMm yHyTap 30He 500-1000 m (33.8 %),
1ok ce ox 1000—1500 m nojaBsbyjy maio (3.8 %), a
m3Haz 1500 m ckopo Hukako (0.8 %). C npyre ctpa-
He, CTaJIHO BIIaYKHA [O/IpyYja Ce HajBHILIE TI0jaBIbY]y
y 30U 500-1000 m, npuje cera 3axBajbyjyhu
Cpelh¢ BUCOKMM U BUCOKHUM KPAILIKHM IOJbUMA:
I'arauko, HeBecumcko u ap. (Tao. 3).

When it comes to vertical zoning, WaW
2018 shows that temporarily wetlands occur
mostly within the zone 0-500 m (61.6 %)
along to alluvial plains of the Sava and Drina,
then within the zone 500-1000 m (33.8 %),
while from 1000—-1500 m appear little (3.8 %)
and above 1500 m almost none (0.8 %). On
the other hand, permanent wet areas mostly
appear in the zone of 500—-1000 m, primarily
due to medium-high and high karst fields:
Gatacko, Nevesinjsko and others (Tab. 3).

Ta6. 3. Beprukanna 30HaIHOCT BlIaxHUX nojapyydjay PC
Tab. 3. Vertical zonation of wet classes in the RS

0-500 m 500-1000 m 1000-1500 m > 1500 m
Brnaxna monpydja / Wet areas
P P P P P P P (k) P
km?) [ (%) [ Gm?) | (%) [ (km?) | (%) (%)
[Tpuspemeno Bnakna / Temporary wet | 274.8 61.6 150.5 33.8 17.1 3.8 3.7 0.8
CramHo BrakHa / Permanent wet 3.6 46.8 3.7 48.6 0.3 4.4 0.0 0.0

AHanmza BIaXHOCTH 110 Ouoreorpadckum pe-
ruonnMa (Tab. 4) mokasyje 1a HajMambe BIAKHUX
nojpyYja UMa IEHTPAJHUA AJINCKA PETHUOH TIje
[IpUBpPEMEHA BIIaKHA moapyyja 3ay3umajy 0.7 %,
CIIMjE€IN CJeBEPHU KOHTUHEHTAJIHH KOjU 3ay3UMa
2.09 % Tepuropuje, 10K HajBHILIE BIaXKHOCTU UMa
JYKHU MEIUTEPAHCKH PETHOH TJje TPUBPEMEHO
BJI)KHA Hozpyyja 3ay3umajy 4.2 % teputopuje.
Tome HajBHIIIE JONPUHOCE Kpalllka MoJba Koja y
KHIITHOM TIEPUOTY TOAWHE HE MOTY MPHUMHUTH CBY
BOJIy Y MOAI3EMHE KaHaJIe Ma J0JIa3u J0 N3JIHBakbha
Bojie Ha MoBpIIMHU. CjeBepHH KOHTHHEHTAIHH pe-
THOH MMa HeIlTo Behy BIaKHOCT OKO aTyBHjaJTHUX
paBHH pujeka, mocebHo y [Tocauau u Cembepuju.
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Analysis of wetness by biogeographical
regions (Tab. 4) shows that there is the least
amount of wetlands in the central alpine region,
where temporarily wet areas occupy 0.7 % of the
territory, followed by the northern continental
with 2.09 %, while the southern Mediterranean
region is the most humid one, with 4.2 %. The
karst fields contribute the most to this, as they
cannot receive all the water in the underground
channels during the rainy period of the year,
so water spills on the surface. The northern
continental region has slightly higher humidity
around the alluvial plains of rivers, especially
in Posavina and Semberija. In the central alpine
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Y LIeHTpaJTHOM AJITICKOM PETHOHY, KOjH j€ U ,,Haj3e-
JeHUjU" ¥ KOju MMa HajBehe Harube TepeHa, Biara
ce BPJIO MaJIo I0jaBJbyje Ha MOBPIIMHU. 3HAYajaH
MIPOIIEHAT BJIare c€ yTPOIIM HA TPAHCIHPALHU]y.
[Tpema Otoropec (1991), y mrymu ce oxo jenHa
4YeTBpTUHA BOAE (MIaZlaBUHA) 3aApKHU Y KPYHHU U
Ha rpaHaMa JO0K TPH YETBPTUHE JIOCIH]eBajy Yy
3eMJBHIUTE. Y 3aBUCHOCTHU O] BPCTE IIyMe 3aJp-
»KaBame (MHTEPIIEIIIN]a) TIaJJaBUHA U3HOCH: JeIOBE
uryme 32 %, mujemnane 27 %, mmpoxomnucte 20 %,
6opoge myme 15 %.

region, which is also the “greenest” and has the
highest slopes, very little moisture appears and
retains on the surface. Significant percentage of
the moisture is used for transpiration. According
to Otorepec (1991), about one quarter of the
water (precipitation) in a forest is retained in the
crown and on the branches while three quarters
reach the soil. Depending on the type of forest,
the interception of precipitation is: fir forest 32
%, mixed forest 27 %, deciduous forest 20 %,
pine forest 15 %.

Ta6. 4. WaW knace npema 6uoreorpagdckum pernonnma PC
Tab. 4. WaW classes by biogeographical regions in the RS

Peruos / Regions S Contmenat | A | Medemanean
Hasug knace / Class name P (km?) P (%) P (km?) P (%) P (km?) P (%)
Cyso / Dry 10793.09 97.38 9885.26 99.07 3124.87 95.12
CramHa Boma / Permanent water 52.97 0.48 20.41 0.20 19.11 0.58
[TpuBpemena Boxa / Temporary water 4.03 0.04 0.25 0.00 0.68 0.02
CramHo BrakHo / Permanent wet 241 0.02 2.52 0.03 2.68 0.08
[puspemeno Braxuo / Temporary wet | 231.15 2.09 69.44 0.70 137.96 4.20

[Ipema CLC 6a3u monaraka o mpoMjeHama,
y nepuoay ox 2000. no 2018. ronune, BIaxkHa
nozpyyja (4.1) cy cmamuina nospuuHy 3a 395 ha
(3.95 km?). Mehy wuma, yHyTpallmbhe/KOTHEHE
MouBape (4.1.1) Oune cy HajyrpoKeHH]€ o1 IPYTUX
THITOBA 3eMJBHMITHOT TTOKPHBAYa, MPHje CBEra OfI
BoaHUX THjena (5.1.2) ca 208 ha, HeHaBOIH-aBaHUX
opanuua (2.1.1) ca 156 ha u Tpan3unujcke uryme/
mmkape (3.2.4) ca 17 ha. Ha nogpyyjuma ca Behom
KOJIMYMHOM TaJIABIHA BOJIE Cy CE M3ITUBAJIE TIPEKO
MOYBApHUX Ipefjena, 0K je 110 MouBapa IpeT-
BOPEH y TIOJONIPUBPEIHO 3EMIBHIIITE.

WNuTtepnperanujom oBUX MpOMjeHa, KOje Cy
kaprorpadcku norsphene nmyrem WaW 0Gase mo-
JaTaKa U JPyruX CaTeTUTCKAX CHUMaka U CIIeK-
TPaJHUX UHJIEKCA, MOXKE CE 3aKJbYUUTH JIa j€ IO
MOYBapa MPETBOPEH y pUdH-aKe, a Mo y 00painuBo
3emubHINTe. Pa3zno3um 3a mpeHaMmjeHy mpocTopa
JeKe y TeKEbH 32 BehoM MpOoIyKTUBHOIIINY U eKO-
HOMCKHM TPO(QUTOM.

According to the CLC Change database,
in the period from 2000 to 2018 the area of
wetlands (4.1) was reduced for 395 ha (3.95
km?). Among them, inland marshes (4.1.1)
were most endangered by other land cover
types, primarily with water bodies (5.1.2) with
208 ha, non-irrigated arable land (2.1.1) with
156 ha and transitional woodland/shrub (3.2.4)
with 17 ha. In areas with higher rainfall, water
spilled over wetlands, while part of the wet-
land was converted to agricultural land.

By interpreting these conversions, which
are cartographically confirmed through the
WaW database and other satellite images and
spectral indices, it can be concluded that a
part of the wetland has been turned into fish-
ponds and another part into arable land. The
reasons for the new purpose of this areas lie
in the pursuit of higher productivity and eco-
nomic profit.
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[Tpumjep mpomjeHa BIaXKHOCTH:
Crynuje cimyvaja bapnaua
n Cannvanu

Kao nmoapyuje raje cy 3abusbexeHe HajBehe
MIPOMjEHE OJHOCHO T'YOWIM BIQXHUX MOBPIIUHA
y PC, y3er je npumjep 3amtuhenor noapydja bap-
naga. ,, To je cnernuguyan akBaIHA KOMIUIEKC KOJH
KapakTepHIle IUTUTKA U3aH, Koja je y TUPEKTHO]
3aBHCHOCTH O] KOJIMUMHE TaJlaBUHA U BOIOCTaja
Cage, Bpbaca 1 lbUXOBHX IIPUTOKA, TE MH]jCHha aK-
BAJIHE KapaKTEPUCTUKE U YTHYE Ha YKYITHY IpOC-
TopHO-(QYyHKIIMOHAIHY opranuzanujy* (Mandic,
2011, ctp. 73).

MouBapuu komrieke bapmaga je 2007. ro-
JTUHE mpomiameH Pamcapckum noapydjem Opoj
1658. Cacroju ce ox 11 jesepa cMjemITeHUX HU3-
Mmehy pujexa Case u BpOac, cjeBeponucTodHo o
bamanyke y 6nusunu mjecra Cpban. bapnaua
MpeicTaBJba jeIMHCTBEHO MPUPOAHO OOraTcTBO 3a
PC. YkynnHa noBpmuHa pesepBara bapnada je 670
ha 1 3HauajHa je NPBEHCTBEHO KA0 CTaHMIITE 3a
npexo 170 pa3nuyuTux BpCcTa NTHLIA, O KOJUX CY
HeKe eHyieMcku npumjepuu (JaBHa ycranosa Bone
Cpricke, 2017). IIpema akTyeaTHOM IPOCTOPHOM
wiany PC nonpydje bapaade obyxsara 3500 ha.

CLC 6a3a nonaraka o ImpoMjeHama Mokasyje
Ja Cy TyOuIy moceOHO 3a0UIbEKEHN TOKOM Tie-
puona 2006—-2012. roauHe Kaja je oko pe3eppara
bapnaua u3BpieHna KoHBep3uja JAujena BOJHUX
NoZIpydja y HEHaBOEhaBaHy 00paIMBy MOBPIIHHY
(2.1.1) y m3HOCy 071 418 ha.

Ha tepurtopuju pezepsara bapnaua 6a3a mona-
taka o mpomjeHama (WAWCSL) perucrposaina je
y nepuony 2015-2018. rogunHe peaaHe mpomjeHe
y m3Hocy o7 321 ha u texamuke 237 ha (Ci. 3 u
Cn. 4). IlpomjeHe cy y Be3H ca CMambEeHEM BIIaXK-
HUX MOApYyYja KOHBEP3UJOM Y MOJHONPUBPEIHO
3eMJbUIITE. Y HCTOM NEepUOIy Ha IIUPOj TepH-
TOpHUjU OKO pruOmaka CaHW4YaHW 3a0MIBEIKEHO j€
494 ha peannux npomjeHa u 230 ha TeXHUIKUX
npoMjeHa.

Example of wetness changes:
Case Studies Bardaca
and Sanicani

The example of the Bardaca protected
area was taken as the area where the greatest
changes or losses of wetlands were recorded
in the RS. “It is a specific water complex
characterized by a shallow outlet, which is
directly dependent on the amount of precipi-
tation and the water level of the Sava, Vrbas
and their tributaries, and it changes the char-
acteristics of the water and affects the over-
all spatial-functional organization” (Mandi¢,
2011, pp. 73).

The Bardaca wetland complex was de-
clared Ramsar site number 1658 in 2007. It
consists of 11 lakes located between the Sava
and Vrbas rivers, northeast of Banja Luka
near Srbac. Bardaca is a unique natural re-
source for RS. The total area of the Bardaca
reserve is 670 ha and is important primarily as
a habitat for over 170 different bird species,
some of which are endemic (JaBHa Ycranona
Bone Cprcke, 2017). According to the current
spatial plan of the the RS the Bardaca area
covers 3500 ha.

The CLC Change database shows that
losses were particularly recorded during the
period 2006-2012. when a part of water areas
around the Bardaca reserve was converted
into non-irrigated arable land (2.1.1) in the
amount of 418 ha.

At the territory of the Bardaca protected
area, the database on changes (WAWCSL)
registered real changes in the period of 2015—
2018 in the amount of 321 ha and technical
changes in the amount of 237 ha (Fig. 3 and
Fig. 4). The changes are related to the reduc-
tion of wetlands that have been converted into
agricultural land. In the same period, 494 ha
of real changes and 230 ha of technical chang-
es were recorded in the wider area around the
Sanicani fishpond.
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Ci. 3. 3ona oko bapnadye npema WaW 2015.
Fig. 3. Bardaca area according to WaW 2015.

Ci. 4. 3ona oko bapnadye npema WaW 2018.
Fig. 4. Bardaca area according to WaW 2018.

,,O03UpOM 11a je merpajarrja OBOT MpoCTopa
Op>ka of peann3alyje TUITAHUPAHUX aKTUBHOCTH
3aIITUTE U Pa3Boja, HEOMXOHO j€ cariie/laBambe
MOTEHIMjalla, OTpaHuYeha, akTepa U MOTyhux
KOpaKa y IUJbY TIOCTH3amka Pa3BOjHE PaBHOTEKE
y3 aKTHUBHO YKJbYUHMBAHE JIOKAITHE 3ajeaHUIE"
(Mandi¢, 2011, ctp. 89).

Oxo 60 km jyrozanamno on bapmaue Hanmazu
ce pubmak Cannyany, ca 35 jezepa 1 MOBPIIMHOM
ox 1300 ha jenan je on HajBehux M HajcTapHjUX
pubmaka y PC ca npexo 100 roguHa mocTojama.

,,Considering that the degradation of the area is
faster than the implementation of planned activities
of protection and development, it is necessary to
view the potentials, constraints, active participants
and possible steps in order to achieve the develop-
ment balance along with the active involvement of
local communities” (Mandi¢, 2011, pp. 89).

About 60 km southwest of Bardaca, there is a
fishpond Sanicani. With its 35 lakes, it covers about
1300 hectares and is one of the largest fishponds
in RS, and also one of the oldest, because it is
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3a paznuky on bapnaue, orje ce npomjeHe oqaoce  over 100 years old. Unlike Bardaca, these are the
Ha IpeJia3ak U3 jeJHOT TUIA BIaXKHOCTH y ctanHo  changes from one type of humidity to a permanent
BOJIHO TH]€JIO. water surface.

Cx. 5. Pubmwak Cannvanu npema NDVI nmpomjenama
Fig. 5. Fishpond Sani¢ani by NDVI changes

Cn. 6. Pubmak Cannvanu npema WaWCSL npomjenama
Fig. 6. Fishpond Sani¢ani by WaWCSL changes

Ha Cx. 5 npukasan je NDVI cniektpannu us- Fig. 5 shows the NDVI spectral index
JIeKC T00MjeH ca CaTeIMTCKOT CHHMKa u3 Maja  obtained from the satellite image from May
2016. ronune (moctymHo Ha https://earthexplorer. 2016 (available at https://earthexplorer.usgs.
usgs.gov/), nok cy Ha Cn. 6 mpukazane texunuke  gov/), while Fig. 6 shows the technical and
U CTBapHE NpoMjeHe Ha pubmaxky Canmuanu 3a  real changes at fishpond Sanicani for the peri-
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nepuoa 2015-2018. ronqune. 13 cnuka ce Buau aa
Cy MPOMjeHE HacTaje Kao pe3yirar IpOoLIHpeHha
Karamurera puomaka.

JIICKYCHJA

Kao mTo pesynraru ucTpakuBama 1oKasyjy,
MIPUBPEMEHO BJIaYKHA TIOZIpyYja 3ay31UMajy 3HaTHO
Behy TepuUTOpHjy Y OAHOCY Ha CTAJTHO BIIAXKHA.
Oxo 4 % Ttepuropuje y MEIUTEPAHCKOM OHOTeo-
rpa()ckoM pPErHoHy 3ay3uMajy BIIaKHa MOAPYyYja,
y KOHTUHEHTAJHOM OKO 2 %, a y aJllICKOM PEru-
ony 0.7 %. Imajyhu y BUIYy y3pOKe MOjaBHOCTH
BIIYKHOCTH, MOXKE C€ 3aKJbYUHUTH JIa C€ Y UCTOYHO]
XepIreroBUHH BIAXHO TIIO, TOPE BUCOKE KOJTUYH-
HE TaJaBHHAa, YIJIABHOM T0jaBibyje 3axBajbyjyhu
T'€OJIOIIKO] MOJIO3H U pebedy KpallKuX MoJba
KOja TIPEJICTaBIbajy Aenpecuje 6e3 MoryhHOCTH
Beher MoBpIIMHCKOT oTHIaka. Ha paBHIUapckoM
cjeBepy Haj3HauajHUjU (PaKTOPH T10jaBe BIAKHOCTH
cy OnM3MHA BEJTMKHX PUjeKa U HU3aK HUBO M3JaHH.
LleHTpanHu MIAHUHCKO-KOTIMHCKH PETMOH MMa
Mame BIKHHUX HOzpydja 300r pesbeda, BUCOKOT
Koe(uIMjeHTa OTHLIamha U OyjHE BereTalmje.

[Tpomjene y BraxuHocTu uznoce 8.4 % y on-
Hocy Ha BiaxHa noxpydja PC. Mehytum, unre-
PECaHTHO je aHaJIM3UpaTu reorpadCKu MoJIoXkKaj
IpoOMjeHa U C TUM Yy Be3W HauyuMHe Kopuihema
pocTOpa Kao y3pouyHUKe npomjeHa. Jlakie,
HajBehe mpoMjeHe TOTO/IIIe Cy Ce Ha CjeBepy, Y pe-
ruony [locasune (71 %), raje cy y3pouu npomjeHa
BJI&KHOCTHU TJa OMJIE aHTPONOTeHE aKTMBHOCTH
Kao IITO Cy MCYIIMBAEh¢ MOUYBApa Pajiy CTBaparbha
o0pauBOr 3eMJbHUINTA, (popMUpame pudHaka u
IpoMjeHe TOoKa paBHHUYapckux pujeka. C apyre
CTpaHe, BPJIO MaJIo IPOMjeHa BIaKHOCTH OMJIO je
YHyTap KpalIKuX M0Jba UCTOUHE XEepLErOBUHE.
To HaBoAM Ha 3aKJbydak Jia 3a MPOMjEHE KOje Cy
HacTaje Kao MOCJbeAMIIa KIMMATCKUX IpoMje-
Ha He MOCToje jacHu Jaokasu. Mako je moapyudje
XepueroBuse y 1ujesnoj buX Hajuiie u3noxeHo
KJIMMAaTCKUM IpoMjeHama (roBeharse Temiieparypa
10 20 % u cmameme nanaBuHa 10 20 %) (Oprasi¢
et al., 2016) To ce HUje OaPA3UIIO HA EBEHTYAIIHO
CMabEHE BIAKHUX MOAPYY)ja.

HNaxo je nmpeHamjeHOM ynoTpeOe MOYBApHUX
noapydja mopehana mpuBpenHa aKTUBHOCT, Ha

od 2015-2018. It can be seen from the figures
that the changes are the result of expanding
the capacity of the pond.

DISCUSSION

As it is shown by the results of the research,
temporarily wet areas occupy a much larger ter-
ritory compared to permanently wet ones. About
4 % of the territory in the Mediterranean biogeo-
graphic region is occupied by wetlands, in the
continental region about 2 %, and in the Alpine
region 0.7 %. Having in mind the causes of sur-
face wetness, it can be concluded that, in eastern
Herzegovina, moist soil, in addition to high rain-
fall, occurs mostly due to the geological layers
and relief of karst fields that are depressions with-
out the possibility of high runoff value. In the flat
northern region, the most significant factors in the
occurrence of humidity are the proximity of large
rivers and the low level of groundwater. The cen-
tral mountain-valley region has less humid areas
due to the relief and high coefficient of runoft and
lush vegetation.

The changes in humidity is 8.4 % of the total
wet areas of RS. However, it is interesting to anal-
yse the geographical location of change and relat-
ed land use as a cause of change. Thus, the largest
changes occurred in the north, in the Posavina
region (71 %), where these moisture changes
were caused by anthropogenic activities such as
draining wetlands to create arable land, forming
ponds and changing the course of lowland rivers.
On the other hand, very few changes in humidity
occurred within the karst fields of eastern Her-
zegovina. This leads to the conclusion that there
is no clear evidence that this kind of changes is
the result of climate change. Although the area of
Herzegovina is the region of B&H which is most
exposed to climate change (increasing tempera-
tures by up to 20 % and reducing precipitation
by up to 20 %) (Oprasic¢ et al., 2016), this did not
affect the possible reduction of wet areas.

Although the conversion of wetlands has
increased economic activity, thus endangering
the biodiversity of wetlands and pond vegetation
(reeds, rushes, water nuts, water lilies) is endan-
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Taj HAYMH j€ YTPOXKCH OMOAMBEP3UTET MOUBApHE
u OGapcke Bereranuje (Tpcka, poros, BOIECHH Opa-
IaK, J0ToY, JIOKBam). Takole, yrpoxanajy ce
OPHHUTOJIOIIKA CTAHMIITA 332 OPOjHE BPCTE MTHULIA.
Bonnu exocrcTeMu NoCTajy pambUBHU U OCjeTIHUBH
Ha pa3IUuUTe TUIIOBE 3aral)ema, jep Cy u3ryounsim
Bereraiujcku ouogpuntep. Bona nocraje nenoron-
Ha 3a muhe, moBehasa ce mporec eyTpodusarmje
U TI0jaBa ,,l(BjeTama Boae” 300T MPHUCYCTBA aJrH.
Tu mporecu HEMMHOBHO JIOTIPUHOCE CMAbECHY
€KOJIOILIKOT KararyTeTa BIakHUX rnoapydja. C Tum
y BE3H YIporkaBa ce KOHLIETIT OJIpKHUBOT pa3Boja jep
ce 10 IMjeHy JAerpajanuje 3amrruhene npupoaHe
CpenuHe TIOKyIIaBa OCTBAPUTH JOAATHU MPOQHUT.

3AKJbYYHAK

[Tpema WaW 6azu nmongaraka 3a 2018. ronuny,
yayTtap PC 3abussexeno je 0.46 % Ttepuropuje
KaTeropusoBaHe kao cranHa Boaa u 0.02 % xao
npuBpemMeHa Boja. [IpuBpemMeHo Bia)kHa MOJ-
pydja obyxsarajy 1.81 % tepuropuje PC, a ctanno
Braxkna 0.03 %. Y ognocy Ha 2015. roguny ocum
CTaJIHUX BOJIa, CBE OCTaJle Kareropuje 3abusbe-
KHJIE Cy CMambehe, OCEOHO MPUBPEMEHO BIIaXK-
Ha MozpyyYja Koja o0yxBarajy CKOpO JBOCTPYKO
Mamy TeputopHjy (ca 3.32 % na 1.83 % PC). Oge
MIPOMjeHe MOTy OUTH TEXHHYKe, 300T MpoMjeHe
pesonynuje auje 0ase moxaraka (mpenasak ca 20
m Ha 10 m) u peagHe IpoMjeHe KOje Cy YIIIaBHOM
aHTpOIOreHor nopujexia. Ja ce paau o mpomje-
HaMa Koje Cy y3pOKOBaHe JbYJICKUM aKTUBHOCTUMA
TOBOpPE U HUXOBHU JIOKAJIUTETH U HaMjeHa: pe3ep-
Bar bapnaua kon Cpmua, pubmanu CaHn4anw,
Cujexoari, pubmak ko [Ipujenopa u ap. Ocrane
MPOMjEHE OJTHOCE CE Ha Marba MOZIPYYja OKO JOHUX
tokoBa Case, /pune, Bpbaca, bocue u apyrux
pHjeka 300r MOBPEMEHOT U3JIMBaba U MHUjCHAbha
IpaBIa TOKa.

Kana je pujeu o 6buoreorpad)ckum pernoHnmMa
OZIHOCHO JOMHUHAHTHHUM MPUPOJAHUM U PETHOHATI-
HUM LIjelIMHaMa, HajBUILE BIAKHUX MOAPYYja 3a-
OMJBbEKEHO je Y peruju XepleroBiaa, moceOHo Ha
MOZIPYY]jy CPEAbe BUCOKHX U BHCOKHX KpAIIKUX
10Jba. Y KUIIIHOM MEPUOY T'€OJIOIIKH CJIOjEBH HE
MOT'Y IPUMHTH CBY BOJIy T1a C€ OHa I10jaBJbyje Ha
NOBpIIMHU. [Ipyru pernoH Oorar BIaKHUM TOJI-
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gered. Ornithological habitats for many bird spe-
cies are endangered as well. In this way, aquatic
ecosystems become vulnerable and sensitive to
different types of pollution, because they have lost
their vegetation biofilter. Water becomes unfit for
drinking, the process of eutrophication increases
and the appearance of “water blooms” due to
the presence of algae. These processes inevita-
bly contribute to the reduction of the ecological
capacity of wet areas. In this regard, the concept
of sustainable development is being jeopardized
because at the cost of degrading the protected
natural environment, attempts are being made to
make additional profits.

CONCLUSION

According to the WaW for 2018, within
the RS, 0.46 % of the territory categorized
as permanent water and 0.02 % as temporary
water was recorded. Temporarily wet areas
cover 1.81 % of the RS territory, and perma-
nent wet ones 0.03 %. Compared to 2015,
except for permanent water, a decrease was
recorded in all other categories, especially the
temporarily wet areas that cover almost twice
the size of the territory (from 3.32 % to 1.83
% RS). These changes can be technical, due
to changes in the resolution of two databases
(transition from 20 m to 10 m) and real ones
that are mostly of anthropogenic origin. The
fact that these changes were caused by human
activities is also indicated by their localities
and purpose: the Bardaca reserve near Srbac,
the Sanicani fishponds, Sijekovac, the fish-
pond near Prijedor and others. Other changes
are related to smaller areas around the lower
reaches of the Sava, Drina, Vrbas, Bosna and
other rivers due to occasional overflows and
changes in flow direction.

When it comes to biogeographical regions
or dominant natural and regional units, the
most wetlands were recorded in the region
of Herzegovina, especially in the area of me-
dium-high and high karst fields. During the
rainy season, the geological layers cannot
receive all the water, so it appears on the sur-
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py4juma je cjeBepHH, U ogHOCH ce Ha [locaBuny u
CembOepujy. Y 0BOM ciydajy pam ce 0 alxyBHjaj-
HHUM paBHUMA pHjeKa U HUCKO] W3/1aHU, 14 CE BIIAXK-
Ha TI0ZIpyYja M0jaBJbyjy Ha PaBHUYAPCKOM TEPEHY
Ha BHIIe Mjecta. HajMame BlIaXHUX MOZIpyYja uMa
LEHTPATHU TUITAHUHCKO-KOTJIMHCKU OTHOCHO aJIl-
CKu Omoreorpad)cku peruoH, MpeBacXoaHo 300T
CTpMHX Haruba TepeHa, BUCOKOT Koe(duIiujeHTa
oTHLamka U OyjHe Bereraryje. Biaxna noapyyja ce
TI0jaBJbYjy CaMo CHOPAIMYHO, HA PABHOM TEPEHY,
YHyTap KOTJIMHA M JIeTPecrja MambUX KPaLIKUX
10Jba.

face. Another region rich in wetlands is the
north, and refers to the regions of Posavina
and Semberija. In this case, it is the alluvial
plains of rivers and low level of groundwater,
so wetlands appear on the plains in several
places. The central mountain-valley region
i.e. Alpine biogeographical region has the
least wetlands, primarily due to the steep
slopes of the terrain, high coefficient of run-
off and lush vegetation. Wetlands appear only
sporadically, on flat terrain, within valleys
and depressions of small karst fields.
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