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I'nC BASUPAHA ITPOCTOPHO-BPEMEHCKA AHAJIM3A ITPOAYKIIUJE
BUOMACE HA TIOAPYYJY PEIIYBJIMKE CPIICKE

Hasopuu bajuh', Iparyrun Auuh' u Pagocnas /lekuh!
Tpupomuo-maremarndku Gakynret, YauBep3utet y bamoj Jlyim, Pemy6muka Cpricka

Caskerak: Y 0BOM pafy W3BpILIEHA j€ MPOCTOPHO-BPEMEHCKA aHalN3a MPOAyKIHje 6nomace Ha moapydjy PemyGmuke
Cprcke, kopuIhemeM MpoayKaTa JajbHHCKE IETeKIHje U TeorpadcKuX HHPOPMAIIHOHIX TeXHOIorHja. OCHOBHHU yla3HU
mapaMeTpy, Ha OCHOBY KOjHX j€ M3BpIIEHA aHaIW3a, cy OpyTo mpumMapHa mnpoxyktuBHocT (GPP) m mero mpmmapna
mponykiuja (NPP). Ha ocnoBy GPP u NPP, xao Mjepa mpoaykuuje W aKyMmynaiyje yrjbeHHKa Yy eKOCHCTEMHMa, Ha
WHAMPEKTaH HAYMH M3BPIICHO je Mjepere MpoayKiuje bnomace. Kopumrhern cy carennTcKu CHUMIIN KOju ce 6a3upajy
Ha MODIS (enr. Moderate Resolution Imaging Spectroradiometer) MOD17 mpou3Bomy, KOju y OCMOIHEBHHM W
ronummuM naTepBannMa reaepuiie GPP u NPP mapametpe, y Buay I'MC pactepckux ciojeBa. AHaM3a je U3BpIICHA 32
necertorogunismy epuox ox 2005. mo 2014. roqune, kopumthemem Google Earth Engine BEB TUC amnukanuje u QGIS
neckron ' MIC ammmkanuje. Pesynratn ananmse npoaykiuje Ouomace Ha noapy4djy Pemyonmke Cpricke, y mocMaTpaHoM
IIepHoAy, YKasyjy Ha oapeheHa oicTymama W kosnebarma y MPOCTOPHHM W BPEMEHCKHM OKBHPHMMA, 3aBHCHO O] THIIA
eKOCHCTEeMa, T€ Y 3aBUCHOCTH Ol METEOPOJIOIIKUX YCIIOBAa Y MOjeIMHUM TOIMHAMA IT0CMaTpamba.

Kibyune pujeun: ['MIC, Ouomaca, HeTO-puMapHa MPOAYKIHja, OPyTO-pUMapHa MPOAYKIHja, TaJbUHCKA IETEeKIIH]ja,
Peny6muka Cpricka.
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Abstract: The paper addresses a spatial-temporal analysis of the biomass production in the Republic of Srpska territory
by using products of remote sensing and geographic information technologies. The basic input parameters on which the
analysis is based are Gross Primary Production (GPP) and Net Primary Production (NPP). Based on GPP and NPP as
measures of carbon production and accumulation in ecosystems, the biomass production was measured indirectly. MODIS
(Moderate Resolution Imaging Spectroradiometer) MOD17 product-based satellite footage was used as it generates eight-
day and yearly intervals of GPP and NPP parameters as GIS raster layers. The analysis was performed for the 2005-2014
ten-year period by using Google Earth Engine web GIS application and QGIS desktop GIS application. Results of the
biomass production analysis in the Republic of Srpska territory during the target period indicate specific deviations and
oscillations within spatial and temporal frameworks, depending on the ecosystem type and weather conditions during
some of the observed years.
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1. YBO/J,

Mjepa e(hpuKacHOCTH EKOCHCTEMA je BETMIUHA
IErOBE OpraHcke mnpoaykuuje. M3paxkasa ce
KOJTMYMHOM OpraHCKe Marepuje CHUHTETHCaHe
y JEIUHUIM BpEeMEHAa Ha jeMHUIIU TOBPIIHHE/
sanpemune (Ilemuh, 2011). Konnena npumapna
nponaykmuja 06e30jelyje eHeprujy 3a onpkaBame
CTPYKType U (yHKIHMjE EKOCUCTEMa, UCIIOpYyUyje
pecypce: XpaHy, IpBO, TOpHBa U BIaKHA HETIXO/IHE
3a JbY/ACKO JIPYIITBO.

[Tponykuuja GuoMace MOXKE c€ MOCPETHO
onpehuBaTy Ha BHIE HAuyMHA, Kao IUTO CY:
Mjeperme KOJIMYMHE 0ciI000l)eHOr KHCeOHHKa,
Mjepere KOJTMYUHE YTPOIICHOT YIIbeH-THOKCHIA
WIH MjepemeM NpPOTOKAa YIJbeHUKA. Y OBOM
paxy aHanmM3a MpoayKiuje Ouomace W3BpIICHa je
MjepemeM MPOTOKa U aKyMyJnalfje yribeHUKa y
exocucremuma. /la 61 ce pacBHjeTVIMO OCHOBHH
MEXaHM3aM Mjepema MpoAyKIHje Ouomace y
HACTaBKY j€ J1aT Mpernies U Je(uHHIINja OCHOBHUX
MI0jMOBa, T€ OCBPT Ha JIUTEPaTypy y KojuMa cy TH
MOJMOBH JIe(PUHHCAHH.

[TpumapHa mpoayKiuja MpeacTaBba CTOMY
collapHE €HEepruje NpeTBOpeHe y Oumomacy
npouecoM (GOTOCHHTE3E WM XOMEOCHHTE3E.
VYKynHa MpeTBOpeHa eHepruja (OTOCHHTE30M
Ha3uBa ce OpyTo npumapha npoxykuuja (GPP).
Hero npumapna npoxykuuja (NPP) pesynrar je
pasnuke u3zmel)y OpyTo mpuMapHe MpOLyKIIHje
U TIOTPOILIEHE EHepruje y Mpolecy Aucama
(Campbell, 1990). Hero npumapHa mnpoxykimja
MOCMarpa ce ¥ Ka0 HETO KOJMYMHA YCKIIaJUIIITEHOT
yribenuka (C) y Ouspkama, aKkyMyJIHpaHOT Kao
Ouomaca.

NPP = GPP - Pecniupanuja

Mjepeme HETO HpUMapHe NPOAYKIIHje
no0Mja Ha 3Ha4yajy Kajga ce MpOTOK €Hepruje y
EKOCHCTEMY MOXKE M3MjEpPHUTH, HAKOH Yera ce Ha
OCHOBY pe3yJiTaTa Mjepermha MOKE OIMCATH CTabe
€KOCHCTEeMa, Te TMPEABU/IjETH OITOBOP HA IPOMjeHe
u nopemehaje y ucrom (Whitten, et al., 1996).
HcrpaxkuBame HETO IPUMapHE MPOAYKIMje UMa
BEJIMKH 3Ha4aj, jep MPeACTaBIba KIbYYHHU MPOLIEC Y
KPY)KeHY YIJbeHHKA U TUPEKTHO MjepU KOJTHUHHY
MPOU3BOIE Y ekocuctemy (Zhao and Running,
2008). Hero nmpumMapHa mpoaykipja Kao ajar 3a
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1. INTRODUCTION

The measure of an ecosystem efficiency
is the size of its organic production. It is
expressed with the amount of organic matter
synthesized in a unit of time over the unit
of surface/volume (Pesi¢, 2011). The land
primary production provides energy for the
maintenance of an ecosystem’s structure
and function and delivers resources such as
food, wood, fuel and fibres crucial for human
society.

The biomass production may be indirectly
determined in several different manners
such as follows: measuring the quantity of
released oxigen, measuring the quantity of
used carbon dioxide, or measuring the carbon
flow. The paper performs the analysis of
biomass production by measuring the carbon
flow and accumulation within ecosystems. In
order to detect the primary mechanism for the
biomass production measurement, we provide
an outline and definition of primary terms and
the bibliography in which these terms are
defined.

The primary production is the rate
of solar energy converted into biomass
by the processes of photosynthesis or
homeosynthesis. The total energy converted
by photosynthesis is called gross primary
production (GPP). The net primary production
is a result of difference between the gross
primary production and the energy spent
during the breathing process (Campbell,
1990). The net primary production is regarded
as a net amount of carbon (C) stored in plants
and accumulated as biomass.

NPP = GPP - Respiration

Measurement of the net primary
production is crucial once the energy flow
within an ecosystem can be measured, after
which it is possible to provide a description
of the ecosystem condition and predict a
response to changes and deviation based
on the measurement results (Whitten, et
al., 1996). The reasearch on net primary
production is pertinent as it is a key process
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Mjepeme MPOAYKIMje U yTBphUBama KOJIHMYUHE
aKyMYJIMPaHOT YIJb€HHKA, MOXKE C€ KOPHCTUTH
3a TPOIjeHy yTHIlaja MPUPOAHUX Mopemehaja
Kao M BjEIITAYKH M3a3BaHUX (JOBjeK) nmopemehaja
KOJU yTUYY Ha MPOJIYKTUBHOCT y E€KOCHUCTEMY.
Ha mo6GanHoM HHMBOY KOIIHEHA HETO MpUMapHa
MPOAYKIIMja, jelaH je Ol HajBUIIIEe MOJEIOBAHUX
EKOJIOILIKMX Tlapamerapa, ca MoJeluMa Koju ce
3HAYajHO PA3JIMKY]Y Y IPUCTYILY ¥ KOMILIEKCHOCTH,
yecTo najyhu cnmune ynopeause npoigjene (Field
et al., 1995).

PazymjeBame onHOoca u3Mel)y HeTo npumapHe
NPOAYKIMjE U KPYXKeHmha YIJbeHHKA, KIbYYHO je 3a
npenBuhame 1 yornaxaBame HEraTUBHUX IIPOMjeHa
KMBOTHE CpEJIMHE.

Toguisu NPP nnm yeknaauiresa KommaruHa
YIJbEHHKA, MOJKE C€ KOPUCTUTH 3a MPOIL[jeHy pacTa
ousbaka To ject obuomace (Jihye, et al., 2011).

[Topen unmenuIe 1a HUje Moryhe U3BpIIUTH
JTUPEKTHA Mjepera, MOCTOJH MHOTO MOjelna
3aCHOBAHMX Ha (U3HOJOIIKUM HPHUHIUITIMA
u mobannoj 3emspuHoj auHamuim (Cramer et
al. 1999). OBu mozmenu ycBajajy jemHy oI Tpu
MeToponoruje: 1) mpoToK yrijbeHHKa Oa3zupaH
Ha onpeheHoj CTPYKTYpH Beretauuje, 2) IpoToK
YIJbEHHKA U CTPYKTypa BereTanuja, 3) caTeIMTCKH
MOJAIN TAJBIHHCKE JICTEKITH]e.

I[Ipoujena pasmjene yribenauokcuaa (CO,)
u3mely 6nocepe u armocdepe, Kao 1 MPOAyKIIHUja
BereTalyje Ha PeruoHaJIHOM, KOHTUHEHTAJIHOM
U T1I00aJTHOM HHBOY, MOXE€ ce NOoCTHhH
KOMOMHOBAH-EM JTAJBUHCKE JieTeKiuje (eHr. Remote
sensing) ca nH(opMaIrjama o MpoIecy KpyKema
yribeHuka. Heto mpumapHa mpoaykuuja yzuma
y 003up komuko CO, y3uMa BereTaluja TOKOM
dorocunrese u kommko ce CO, emMutyje TOKOM
JIMCamba, IITO MPEICTaBIba MPOLEC Yy KOjeM OUIbKe
kopucte mehepe 3a mponsBoamwy eHepruje. Hero
xomurHa CO, y3eTa 01 CTpaHe BEreTaluje, MOKe
ce PETBOPHUTH y CyBy Marepujy - ouomacy (FAO,
2015).

NPP omnucyje HETO KOJUYMHY YIJbEHHKA
KOjer je Beretamnuja arcopOoBajia Kao pe3ynrar
acuMmtanyje (yHyTap) ¥ pecrupaiyje (u3BaH).
Komnuunna C uspaskaBe ce Kpo3 Macy MO jeTUHULH
nospiune (C kg/m2). CO, npencrassba U3BOP
yIJbEHUKA y OMILNTO] peakuuju (OTOCHHTE3E Y

in carbon circulation and it directly measures
the production within an ecosystem (Zhao and
Running, 2008). As a tool for measurement
of production and amount of accumulated
carbon, the net primary production may be
used for the evaluation of impact of natural
and artificial (human) divergence on the
productivity within an ecosystem. Globally,
the land net primary production is one of the
mostly modelled ecological parameters with
models that largely differ in their approach
and complexity, often providing similar
comparative evaluation (Field et al., 1995).

It is crucial to uderstand the relation
between the net primary production and
carbon circulation in order to predict and
assuage negative environmental changes.

The annual NPP or the accumulated
amount of carbon assimilated by biomass may
be used for the estimation of plant growth, i.e.
biomass (Jihye, et al., 2011).

Apart from the fact that it is not possible
to perform direct measurements, there
are many models based on physiological
principles and global Earth dynamics (Cramer
et al. 1999). These models adopt one of the
three methodologies: 1) carbon flow based on
a specific vegetation structure, 2) carbon flow
and vegetation structure, and 3) satellite data
collected from remote sensing.

The estimation of carbon-dioxide (CO,)
exchange between biosphere and atmosphere
as well as vegetation production on regional,
continental and global levels may be achieved
by combining remote sensing and the
information on the carbon circulation process.
The net primary production considers how
much CO, is absorbed by vegetation during
photosynthesis and how much CO, is emitted
during breathing, which is a process of plants
consuming sugar for energy production. The
net amount of CO, absorbed by vegetation
may be converted into dry matter - biomass
(FAO, 2015).

NPP refers to the net amount of
carbon absorbed by vegetation as a result
of assimilation (inward) and respiration
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OuspKaMa y K0joj Ce YIJbEHHUK MPEBOAU Y YIJbEHE
xunpare (CH20), yunehn kJbydHH eneMeHar
cyBe wmarepuje Beretanmje. C o03upoM Ha
CTEXHMOMETPH]CKHU OTHOC MOJeKysckux maca CH20
(xao mpousBona) u C (kao moja3He marepuje y
peakiyju) Moryhe je m3padyHaTH NPOAYKLHU]Y
cyBe marepuje (CH20), onHOCHO TPOXYKIHUjY
cyBe buomace (FAO, 2015). ¥ nocrynky ananmse
npoaykiuje OmoMace MOCeOHO Cy KOPHUCHH
CaTEeJIUTCKU M3BEACHHM IMOJALHU, jep Mpyxajy
MeXaHu3Me 3a IpoljjeHe, npaheme u eBatyanujy
MIPOCTOPHE U BPEMEHCKE BapHjalHje MPOIyKIIHje
yHyTap KonmHeHux exocucrema (Crabtree et al.
2009). Y oBoMm pay, 3a porijeny NPP, kopuithenu
cy MODIS carenurcku npoussonu: MOD17A3H
(MODIS/Terra Net Primary Production Yearly L4
Global 500 m SIN Grid V006)! u MYD17A2H
(MODIS/Aqua Gross Primary Productivity 8-Day
L4 Global 500 m SIN Grid V006)*.

Ha ocHOBy neduHHMCAHUX CaATETUTCKUX
MpOyKaTa U3BPIICHO j€ TeHEPUCAhE MTOKa3aTesha
NPP na romumimeM HUBOY, 32 CBaKy TOJAMHY
noceOHO Yy IMOCMaTpaHOM JI€CETOrOAUIIEbEM
nepuony 2005-2014. roguna, y Buny I'MC
pactepckux Mmama. 'enepucane mare Ouie cy
OCHOBA, yJa3HH IO/AIH, 32 MOJEN MPOCTOPHO-
BpPEMEHCKE aHaju3e NpoayKuuje Onomace.
Iopen reneprcaHnx Mara, Ha TOIUIIELEM HUBOY,
TEHEPHCAHU CYy U TaOeIapHH MTOJAIH KOJH CaPKe
BpeMeHCKy nucTpuOyimjy NPP Ha ocMonHeBHOM
HUBOY, YHYTap jeIHE TO/IMHE.

[Ipey3umame HaBeIEHUX CaATEIUTCKHUX
MpoJyKaTa U HBUX0Ba 00pasia M mpuiarolaBame
3a Jajby aHanmm3y u3BpiieHo je y ['yrmoBom
npousBoay Google Earth Engine (GEE)?, koja
oMmoryhaBa mpuctyn M aHanusy Beher Opoja
CKYIOBa POCTOPHUX MOAATAKA.

GEE je penaTuBHO HOBa TEXHOJIOTHja
Koja TpencraBjba BeO Oasupany miaThopmy
HaMHjeweHy mnpahewy M Mjepemy MNpoMjeHa
Ha 3eMsbMHO] moBpmuHU. Ilnardopma Hynm
MoryhHoCT OecruiaTHOT MPUCTYyNa KaTajlory
rmojaraka, TO jeCT OrPOMHOj 0a3u TojaTaka

1 https://Ipdaac.usgs.gov/dataset discovery/modis/modis_
products_table/mod17a3h_v006

2 https://Ipdaac.usgs.gov/dataset _discovery/modis/modis_
products_table/myd17a2h_v006

3 https://earthengine.google.com/
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(outward). The amount of C is expressed as
the mass per surface unit (C kg/m2). The
CO, flow is a source of carbon within plants
and the general photosynthesis equation
determines if the carbon converts into carbon-
hydrates (CH,0), which makes it a ket element
of the vegetation dry matter. Depending on
the molecular mass, C mass may convert into
the production of dry matter (CH,O) or the
production of dry biomass (FAO, 2015).

The analysis of biomass production
capitalizes on the satellite data as they provide
mechanisms for the assessment, monitoring
and evaluation of spatial and temporal
production within land ecosystems (Crabtree
et al. 2009). For the evaluation of NPP, our
study uses the following MODIS satellite
products: MOD17A3H (MODIS/Terra Net
Primary Production Yearly L4 Global 500 m
SIN Grid V006)' and MYD17A2H (MODIS/
Aqua Gross Primary Productivity 8-Day L4
Global 500 m SIN Grid V006)2.

Based on the defined satellite products,
we generated annual NPP indicators as GIS
raster maps, separately for each year during
the target 2005-2014 ten-year period. These
generated maps were the basis, i.e. input
information, for the model of spatial-temporal
analysis of biomass production. Apart from
the maps, we generated annual tables with
information on temporal NPP distribution on
the 8-day level within one year.

The collection, processing and adjustment
of the satellite products were performed via
Google Earth Engine (GEE)?, which enables
access and analysis of a large number of sets
of spatial data.

GEE is a recent technology which
represents a web-based platform intended
to monitor and measure changes in Earth’s
surface. The platform offers free access to
an extensive data catalogue resulting from
years of Earth observation. GEE calculations

1 https://Ipdaac.usgs.gov/dataset _discovery/modis/modis_
products_table/mod17a3h_v006

2 https://Ipdaac.usgs.gov/dataset _discovery/modis/modis_
products_table/myd17a2h_v006

3 https://earthengine.google.com/
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HacTallo] OJ BHUIICTOJUIIBET OcMaTpama
(oncepnarmje) 3emsbe. Pauynama y GEE u3Bone
ce nomohy I'yrmoBe mupactpykrype, raje cy
aHaJU3€ ayTOMAaTCKH Iapajelu3upaHe Tako
Ja TapajelHO MOTy OWTH YKJbYYEHH MHOTH
KOMITjyTEpPCKH TPOLIECOPH MPUIMKOM ojjpeheHor
pauyHama. Karamor mnomaraka GEE cmaja
nerabajTHe MOAATKE OCMaTpama 3eMJbe U caMy
alyIMKaIMjy 4YuMe ce elMMUHHIIE morpeda 3a
Ipey3uMameM U yIpaBJbambeM MoJalma Ha
J0KaiHOj MH(PpacTpyKTypH. OBO je 01 U3y3eTHOT
3Hayaja HApOYMTO 32 OOMMHE M 3axXTjeBHE
reonpocropHe aHanm3e. GEE ckimaauimi u3BopHe
TIOJIaTKe y CBOjOj OPUTMHAIHO] IPOjeKIIMjU Ca CBUM
OPUTHHAJIMHHY MofialiiMa 1 MeTaroyarima. [lomarm
n3 apyrux u3sopa mMory ce kopuctuta 1 GEE, Te ce
MOT'Y PEIPOjeKTOBATH aKO j€ TO HEOIXOIHO.

Karanor nonaraka caap:xu CKOpO KOMILIETaH
cer nojaraka ox Jlanacar 4, 5, 7 u 8 carenura,
npeysetux ca “USGS Earth Resources Observation
and Science** apxuBe, MODIS’ carenutcke
ckymoBe nonaraka, Centunen (Satellite Sentinel
Project)® carenutcke mojarke, 3aTUM BEIUKH Opoj
JUTUTATHUX Mojena pesbeda, arMochepcKux
TI0/1aTaKa, METEOPOJIOIIKMX MO/IaTaka M HU3 IPYTHX
CKyTIOBa Tojiaraka’.

[TocTnponecunr mpeysetux u oOpaheHux
nojaTaka y OOJMKY NPOCTOPHO-BPEMEHCKHUX
ananmusza u3BpiieH je y QGIS neckron I'MC
aIUTKALIA) 1.

2. IIOJALU U METOJIE
2.1 Kopumthenu noparm

Kopuuthenu nofaiu y oBoM pajy 6a3upanu cy
Ha Hacunum (enr. NASA) npoaykTuMa JaJbUHCKE
nerekuyje, nooujenn ca Tepa Monuc (enr. TERRA
MODIS) u AxBa Moauc (ear. AQUA MODIS)
censopa. Hacun mpojekar MOD17 06e30jehyje
koHTHHYHpaHe nonarke o GPP u NPP 3a nujeny
3eMibHHY NOBpIIMHY, TIoueB o1 2004. rogune. b

4 https://www.usgs.gov/

5 https://modis.gsfc.nasa.gov/

6 https://sentinel.esa.int/web/sentinel/home
7 https://earthengine.google.com/datasets/

are performed via Google infrastructure, in
which analyses are automatically parallelized
so that specific calculations may parallelly
cover multiple computer processors. The
GEE data catalogue comprises 5-bit data on
Earth observations and the application itself,
so as a result, we elliminate data download
and management on a local infrastructure.
It is crucial for extensive and demanding
geospatial analyses. GEE stores source data in
its original projections along with all original
information and metadata. Data from other
sources may also be used and reprojected in
GEE if necessary.

The data catalogue contains a complete
set of data: Landsat 4, 5, 7 and 8 downloaded
from “USGS Earth Resources Observation
and Science“* archive, MODIS® satellite
data sets, Satellite Sentinel Project® data,
many digital relief models, atmosphere data,
weather information, and other data sets’.

Post-processing of downloaded and
processed data in form of spatial-temporal
analyses was performed in QGIS desktop GIS
application.

2. DATA AND METHODS
2.1 Used data

The data used in this paper are based on
NASA remote sensing products downloaded
from TERRA MODIS and AQUA MODIS
sensors. NASA’s MOD17 project has been
providing continuous information on GPP
and NPP for the whole Earth surface, starting
with 2004. The objective of MOD17 is to

4 https://www.usgs.gov/

5 https://modis.gsfc.nasa.gov/

6 https://sentinel.esa.int/web/sentinel/home
7 https://earthengine.google.com/datasets/
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MOD17 npojexra je 1a ce n3BpILIM KOHTHHYHpaHa
npoljeHa OpyTO/HETO NpHUMapHE MPOAYKIIH]je
BETeTalMje 3a ujerny 3eMJbUHY MOBpIIHHY. M3na3u
MOD17 npojekta KOpPUCHH Cy 3a yIpaBibambe
3EMJBHIIITEM, TIPUPOTHUM PECYpCHMa, TII00ATHY
aHaJIM3y KpyXKeHha YIJbCHHKA, MOHHTOPUHTA
MpOMjeHa JKMBOTHE CPEIMHE M TPOI[jeHy cTaryca
exocucrema. MOD17% je auo Hacunor cuctema
3a ocMarpame 3emibe (eHr. EOS-Earth Observing
System) 1 TIpBU je CaTeNMUTCKU N3BEJICH CUCTEM 32
npaheme MpoayKIHje BereTanyje Ha I00aaTHOM

HUBOY.
3a pauyHame€ W aHAJIU3y TPEHJI0BA HETO
NpUMapHe TMPOAYKLIHje KOPUCTHIU CMO

MODIS npousBozae: roguilikbu KyMyJaTUBHU
NPP MODI17A3H, 3arum MODIS npousBozg
(MYDI17A2H) koju npeacraBiba KyMYJIaTHBHH
nokasaresb OpyTo npumapse npoaykuuje (GPP)
3a cBakux 8§ mana. O6a mpou3Boja Cy MPOCTOPHE
pesomytwje ox 500 m.

Hctpaxusauka nabopatopuja NTSG (eHr.
Numerical Terradynamic Simulation Group)
Ha YHuBep3urery Montana y Mucymu (CA/J),
006e30jehyje y koutunyurety npoijene GPP u NPP
Ha ocHoBy MODIS nonaraka (Zhao et al., 2005;
Zhao and Running, 2010).

OBu noganu pesynrar cy MOD17 anroputma
KOjU Ce 3acHMBAa HAa OPUTMHAIHO] JIOTHIIH
MounTteunt-a (Monteith, 1972) o edukacnocTu
ynotpebe paaujamuje. OH cyrepumie aa je
roAulikha MNPOAYKIMja ycCjeBa y YCIOBHMA
n00pe HaBOAKHEHOCTH M TNPHUXPAKHEHOCTH,
JMHEApHO Be3aHa ca KOJMYUHOM arcopOoBaHe
CYHYEBE EHepruje kojy Ousbke arncopOyjy TOKOM
BereTaroHor nepuona. OBa Joruka KOMOUHYje
MIPOCTOpHA OTpaHUuCHa (PaCIIOIOKUBA CyHUCBA
CBJeTJIOCT KOja Jjonupe 10 oxpeleHe moBpiInHe
WM MjecTa) ca €KOJIOIIKAM OTpaHHYeHhUMa Koje
C€ OJJHOCHM Ha TIOBPIIMHY JIUCTA KOjHU arcopoyje
cyHueBy eHeprujy (eHr. Leaf area index), onHocHO
KOJIMYMHY aricopOoBaHe (POTOCHHTETHYKE aKTHBHE
pamujanmje (enr. Absorbed Photosynthetically
Active Radiation-APAR).

3a pauynawe NPP, MODI17 mnpomjemyje
Ha JHEBHOM HHBOY pecnupanuju (R Ir), 3atum
roauimky pecnupanujy npupacta (R g) u

8 http://www.ntsg.umt.edu/project/mod17
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continuously evaluate gross/net primary
productions of the entire Earth vegetation.
The outputs of MOD17 are usefull for the
management of land and natural resources,
the global analysis of carbon circulation,
monitoring of environment changes, and
assessment of ecosystem status. MOD17®
jis a part of NASA Earth Observing System
(EOS) and it is the first satellite system for
monitoring global vegetation production.

We used the following MODIS products
for calculating and analyzing the net
primary production: annual cumulative NPP
MOD17A3H, and MODIS-based MYD17A2H
product which represents a cumulative
indicator of gross primary production (GPP)
for each eight days. Both these products have
the spatial resolution of 500 m.

The NTSG (Numerical Terradynamic
Simulation Group) research laboratory at
the University of Missoula, Montana (USA)
provides continuous assessment of GPP and
NPP based on MODIS data (Zhao et al.,2005;
Zhao and Running, 2010).

These data are a result of the MOD17
algorithm based on the original Monteith
logic (Monteith, 1972) on the efficiency of
radiation usage. The algorithm suggests that
the annual production of crops, under the
conditions of rich irrigation and nutrition,
is linearly related to the amount of absorbed
Sun energy captivated by plants during
vegetation period. This logic combines spatial
limitations (the available sunlight piercing
through to the specific surface of location)
with the ecological limitations related to
leaf area absorbing the sunlight energy (Leaf
area index), i.e. the amount of Absorbed
Photosynthetically Active Radiation-APAR.

For the calculation of NPP, MOD17
evaluates the daily respiration (R _Ir), the
annual growth respiration (R_g) and annual
respiration of live cells within the plant tissue
(R_m).

By measuring the Absorbed
Photosynthetically Active Radiation (APAR),

8 http://www.ntsg.umt.edu/project/mod17
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TOIUILbY PECHUpaIHjy KUBHX henuja y TKUBY
ownbaka (R _m).

MjepemeM arcopOoBaHe (POTOCHHTETHYKE
aktuBHe panujauuje (APAR), mnTerpume ce
reorpad)cka U Ce30HCKa BapujabMIIHOCT JyKUHE
JlaHa ca MOTEHIIMjaJTHUM OMETambuMa 3pauckha, Kao
IITO je THEBHA O0IaYHOCT M MPUTYIIIEHOCT CYHUYEBE
cejemioctu (aepoconu). Ilopen Tora APAR
MMIUTMIMTHO KBaHTU(HKY]E JIUCHY IOBPILUHY KOja
aricopOyje paaujauujy (esr. Leaf area index).

ArncopboBaHa (OTOCHHTETHYKA aKTHBHA
pagujanuja ce TpaHC(OpPMUILE Y MPOIjeHy
MPOYKTUBHOCTH IIPEKO MapameTapa e(hrUKaCHOCTH
KOHBEp3Hje.

Edukacnoct xopumhema CBjeTIOCTH - €
(enr. Light use efficency), pasnukyje ce on Tuma
BEreTaluje U KIMMAaTCKUX ycjoBa. AITOpHTaM

yKJbyUyje pa3iMKe Yy MakCUMaiHoj € wu3mely
THIIOBA BETETAIlMj€ U CHIDKAaBa Ce O]l YCIOBUMA
HenocTaTtka Boje (ScaleWater Stress) Wi HUCKHX
temneparypa (ScaleTemp)’.

Edukacnoct kousepsuje €, nmpeBoau APAR (y
SHEPreTCKe jeMHUIIE) Ka KOHAYHOM PACTy TKHBA
niu NPP.

3a nobujame GPP u NPP xibyunu ynazuu
nogait MOD17 anroputma cy:

JIno (OTOCHHTETUYKOT AaKTUBHOT 3payerha
(FPAR), e unaexc nmucue nospiae (LAI) koju
cy canpxanu 'y Moxauc npoussony MOD15 LAI/
FPAR.

Temnieparypa, Haonazehe CyHUeBO 3paderhe U
Je(UIUT IPUTHCKA BOZICHE Mape KOjU Cy U3BEICHH
13 METEOPOJIOUIKUX TojaTaKa. MeTeopOIOmKH
CKYTIOBH TI0/IaTaKa KOje KOPUCTE Pa3INIHTe BEp3uje
MODI17 anroput™ma, OAHOCE C€ Ha IPOU3BOAE
Hacune kaHuenapuje 3a mio0aiHO MOJIETIOBAE
n acumunanujy (NASA Global Modeling and
Assimilation Office and the NCEP/NCAR
Reanalysis II).

[Momanu knacudukanuje 3eMIbUHOT
nokpuBayda-npoussog Moauc MCD12Q1

Tabena 3a nmpeTpakuBame napamerapa buoma
(BPLUT) koja caznpku BpUjEeIHOCTH € max 3a
pa3uyuTe THUIOBE BEreTaluje, T€ HU3 JIPYTUx
OonoM-crienupUIHUX (PU3NOIOMIKUX MapameTapa

9 http://www.ntsg.umt.edu/project/mod17

we integrate geographical and seasonal
variabilities of day duration with the
potential radiation disturbances, such as daily
cloudiness and sunlight smother (aerosols). In
addition, APAR implicitly quantifies the leaf
area index.

The Absorbed Photosynthetically Active
Radiation transforms into the assessment
of productivity via the light use efficiency
parameters.

The Light use efficency — g, varies
depending on the vegetation type and weather
conditions. The algorithm includes disparity
in maximum ¢ among different vegetation
types and decreases under the conditions of
water shortage (ScaleWater Stress) or low
temperatures (ScaleTemp)’.

The Light use efficency — ¢, transforms
APAR (into energy units) towards the final
tissue growth or NPP.

For obtaining GPP and NPP, the key input
data of MOD17 algorithm are as follows:

Fraction of photosythetically active
radiation (FPAR) and Leaf area index (LAI)
both which are parts of MODI15 LAI/FPAR
Modis product.

Temperature, sun radiation, and water-
steam pressure deficit drawn from weather
data. Weather data sets that use different
versions of MOD17 algorithm refer to
products of NASA Global Modeling and
Assimilation Office and the NCEP/NCAR
Reanalysis II.

Information on Earth Cover Classification
- MCD12Q1 Modis product

The Biome Property Look-Up Table
(BPLUT) that contains &€ max values for
different vegetation types, and a whole
range of other biome-specific physiological
parameters crucial for respiration calculations.

A detailed insight into MOD17 algorithm
is provided in the “Daily GPP and annual
NPP” handbook (Zhao and Running, 2015).

The main output data of MOD17 product
are as follows: 8-day GPP (GPP = ¢ max *
Temperature Scalar * Water Stress Scalar *

9 http://www.ntsg.umt.edu/project/mod17
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HEOIXOHUX 34 U3pauyHaBambe PECIHpaLHje.

Herasuu yBua y MOD17 anropuram nar je y
KOPHUCHUYKOM YITyTCTBY ,,JIHeBHU GPP 1 ronuimsu
NPP “ (Zhao and Running, 2015).

I'maBuu u3naznu nogar MOD17 npoussona
noapazymujeBajy: 8-nana GPP (GPP = ¢ max
* Temperature Scalar * Water Stress Scalar
* APAR), 8-mana uero Qorocunresa - Net
Photosynthesis (PSNet = GPP - R_Ir), ronummsu
NPP - Annual NPP (NPP = PSNet Sum - R g -
R m).

2.2 Metone

VY GEE u3zaBojenu cy U3 Karajora rnojaraxka
nsa MODIS npouszsona: MOD17A3H (roguiissu
NPP) u MYDI17A2H (GPP xymynatuBuu 3a 8
JlaHa) 3a yHarpujen onpehen nepron ocmarpama
(2005-2014). Kako 6u aHanu3upaiu KpeTame
BpujeqHoctu NPP Tokom roaune, TauHuje
cBakux 8 maHa, uzpauyHar je NPP 3a cBakux
8 nana. Kymynarusau NPP 3a 8 nana y3uma y
003Up oapKaBae, pacT U JTUCABHE OMIbaka TOKOM
TO/IMHE W HACTao je U3 CKyla Iojaraka rnpema
Bpujennoctuma GPP 3a cBakux 8 nana u cymom
cux Bpujennoctu GPP y Toky rogune (GPP
roquisy). Pauyname NPP 8 uzspmeno je y GEE
npeMa Gpopmyu:

NPP8 = ( GPP8/ GPPgod) x NPPgod

Bpujennoctu NPP8 TokOM roaumne,
u3Besene cy u3 GEE y ekcen gpopmary y koM cy
MIPE3eHTOBAHE Y BUY JWjarpama.

NPP omnucyje nHero yribenuk (C) xojer
je Berertammja amncopOoBaia Kao pe3yarar
acuMmuianuje (yHyTap) U pecnupanyje (u3BaH).
Konnunna C wu3paxkaBe ce Kpo3 Macy IO
jenununu nopmuHe (kg/m?). C o063upom Ha
CTEXHMOMETPHUJCKHA OJTHOC MOJIEKYJICKHX Maca
CH20 (xao mpousBona) u C (kao monasHe
Marepuje y peakliyju) u3padyHara je IpoayKIuja
cyBe marepuje (CH20), onHOCHO mpoayKiyja
cyBe Ouomace mpema cibenehoj dopmynu
(KoMMYMHA aKyMYJIMPAHOT YIJbEHHUKA CE MHOXH
ca OTHOCOM MOJIEKYJICKHX Maca YIJbeHHX XUIpaTa
u yribenuka) (FAO, 2015):

buomaca = NPP x 30/12

Bpujennoctu nponykimje Ornomace upaxeHe

APAR), 8-day Net Photosynthesis (PSNet =
GPP - R _Ir), Annual NPP (NPP =PSNet Sum
-R g-R m).

2.2 Methods

In GEE, two MODIS products were extracted
from the data catalogue: MOD17A3H (annual NPP)
and MYD17A2H (GPP cumulative for 8-day period)
for a predetermined observation period (2005-2014).
In order to analyse the annual shift of NPP values,
each 8 days more precisely, we calculated NPP for
each 8 days. The cumulative NPP for 8 days takes
into consideration the maintenance, growth, and
breathing of plants during a year and it it covers
the data set in line with GPP values for each 8 days
and the sum of all GPP values during a year (annual
GPP). Calculation of NPP 8 was performed in line
with the following formula:

NPP 8=( GPP8/ GPPgod) x NPPgod

NPP8 values during a year were extracted from
GEE in Excel format, in which they are presented in
forms of diagrams.

NPP describes the net amount of carbon (C)
absorbed by vegetation as a result of assimilation
(inward) and respiration (outward). The amount of
Cis described as mass per surface unit (kg/m?2). The
carbon-dioxide (CO2) flow is the plant carbon source,
and the general photosythesis equation determines if
the carbon converts into carbon-hydrates (CH20),
thus being the key element of the vegetation dry
matter. Considering its molecular weight, C weigth
may convert into dry matter production (CH20) or
biomass production (FAO, 2015).

Conversion of carbon into dry matter or dry
biomass was performed in line with the following
formula (the amount of accumulated carbon
multiplies with the molecular mass of carbon-
hydrates) (FAO, 2015):
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cy y kg/m? cyBe Gromace u reHepucaHe y BUILY
pactepckux I'MC cnojeBa y GEE anmnukaruju.
Panu nasee 06paje ci10jeBu Cy eKcropToBanu y .tif
¢dopmar. Komrieran U3BOpHU KOJI 3a IPEy3HMAamhe
u obpany noxataka y GEE ammkanuju nar je y
npuiory 1.

Hakon mTo cy mpey3eru, oOpahenu u
ekcriopToBaHu mnojauu, kopuimhemem GEE
arukanuje, uctu cy ysesenu y QGIS neckromn
I'NC annukanmjy, y yemMy je U3BpLICHA aHAIHU3a
MIPOCTOPHO-BPEMEHCKHX OOMIbEXKja MPOAYKIHje
6uomace Ha noapyyjy Penmy6nuke Cpricke.

3. PESVIITATHU NCTPA’KUBAIHA

Ha aujarpamy 1 mpukazaHa je mpocjedHa
TONIUIIIHA MPOAYKIIMja CyBe OnoMace, U3paxeHa
y kg/m? na monmpydjy PenyOmuke Cprcke, y
MIOCMaTpaHOM JleceToroauimeM nepuoay. Ca
JMjarpaMa ce MOJKe yOUHTH J1a j€ Y IIOCMaTpaHOM
Nepuoy Mpoaykiuja buomace Bapupana of 1,48
1o 1,98 kg/m?. O63upom 1a npoaykiuja duomace
JMPEKTHO 3aBUCH O KIIMMATCKUX YCJIOBA, MOXE
ce MPETHOCTAaBUTH Ja je y CYUIHWJUM rofiMHaMa
(romrHaMa ca MamOM KOJMYHWHOM IaJ[aBHHA)
NpoxyKIMja 6uomace Omiia Ha HUKEM HUBOY. Y
TOM moriery noceono ce ucruay 2011. u 2012.
TOJIMHA.

Biomass=NPP x 30/12

Values of biomass production are expressed
in kg/m? of dry biomass and generated as raster
GIS layers in GEE application. Due to a thorough
processing, the layers were exported in .tif format.
The whole source code for downloading and
processing of data in the GEE application is provided
in Appendix 1.

Once they were downloaded, processed and
exported by using GEE application, the data were
entered in the QGIS desktop GIS application and
the analysis of spatial-temporal features of biomass
production in the Republic of Srpska was performed.

3. RESEARCH RESULTS

Diagram 1 displays the average annual dry
biomass production in the Republic of Srpska
expressed in kg/m? during the observed ten-
year period. The diagram shows that the
biomass production during the observed
period varied from 1,48 to 1,98 kg/m?. Since
the biomass production directly depends on
climate conditions, we may assume that in
the dry years (years with poor precipitation),
the biomass production was lower. Hence, the
years of 2011 and 2012 are specific.
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Hujaepam 1 - Ilpocjeuna coouwrsa npodykyuja cyee buomace na noopyyjy Penyonuxe Cpncke (2005-2014)
Diagram [ — Average annual dry biomass production in the Republic of Srpska (2005-2014)
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Ha xaptu | mnpukazaHa je HpocCTOpHA
pacmnojjena MpocjedyHe TOAUIIEbE MPOAYKIIHje
cyBe Omomace Ha noapyyjy PemyOnuke Cprcke,
y TMOCMAaTpaHOM JI€CETOTOJUIIHEM MEPUOTY.
[IpoctopHa pacnoxjena mnpoaykiuje Ounomace
3aBUCH Of1 BHIIIE (paKTOpa, HAJBAKHHUJU Cy HAUMHU
Kopuirhema 3eMJbUINTA U KITUMATCKH ycinoBH. Ca
KapTe ce MOXKe YOUHTH J1a j€ MPOMyKIlrja Ouomace
U3paXkeHHja y IIYMCKHM MOJPYYjuMa, HApOUUTO Y
30HaMa JINCTOMAHUX IIyMa. YeTuHapcke 1yme,
300r cBoje (U3MONIOTHjE, UMAjy HEIITO Mamby
MPOAYKIMjy Ouomace. Y moapydjuma Koja Cy
MIPUBEACHA UHTEH3UBHO] arpapHoj MPOU3BOIHLH
youaBa Cc€ CHWKEHH O0OMM TpoIyKiuje Ouomace.
OBo 3anaxame ce MOKe 00JaCHUTH YHEHECHUIIOM
Jla c€ y MPHUPOIAHUM €KOCHCTEMHMMA MPOAYKIHja
OJIBHja TOKOM IIMj€JIOT BETe€TAllMOHOT MIePUOa, JTOK
Ce y BjelITa4YKNM €KOCUCTEMUMA (TIOJbOTIPUBPETHE
MOBPIIMHE) MPOAYKIIKja OJIBHja CAMO Yy jEIHOM
JIMjeTy BETeTalMOHOT eproa (0] Caambe/Chjama
1o Opama/KeTBe).

Ha nujarpamy 2 mpukasaHa je BpeMEHCKa
pacrozjena npoayKiuje cyBe Ouomace yHyTap
MOjeIMHUX TOCMAaTpaHUX ToAMHA. JacHO ce
MOXK€ 3aKJbYYHUTH Ja C€ MHTEH3UBHA MPOIYKLHja
ouomace Ha noapyyjy Pemyonuke Cpricke onBuja
y BEreTalrioHOM Nepuoay (MapT-okrodap), IITo
j€ IUPEeKTHO ofpeheHO KIMMATCKUM YCIOBHMA
(TemmepaTypHUM YCIIOBUMa). YHYTap MOjeJUHUX
ronuHa BHIE ce onapeheHa oncrynama, 3HATHA
CHIDKEHA TNPOAYKIHMjE y JbeTHUM Mjecelnma,
IITO j€ MJUPEKTHO YCIOBJBEHO PEKUMOM
nagaBuHa. Takole, MOXke ce YOUMTH NEPHOA
MOYeTKa WHTCH3UBHE MPOIYKIIHje. 3aBUCHO O]
TEMIEPAaTypHUX yciioBa y mpoJbehe, mouerak
WHTEH3UBHE MPOAYyKIMje Kpehe ce of moyeTka
MapTa, J10 Kpaja anpuia.

Ha kaptu 2 npukazana cy oACTyIama FOAUIIELE
MIPOIYKITHj€ CyBe OMOMAce OJ1 IPOC)EUHE TOAUIITHE
MPOAYKIHje Y MOCMAaTPaHOM JI€CETOTOAMIIHEM
MIEpUO/TY, 32 CBAKy MOCMATpaHy TOJJMHY MOCEOHO.
Ha xaptu cy mnpuxazana mno3utuBHa (Beha
MIPOIYKIIHja Y OJJHOCY Ha IMPOCjeuHY) U HeraTHBHA
(Mama MpoAyKIHMja y OZHOCY Ha MPOCjeUuHY)
ofcTymama. M3 mpuiora ce MOXe jacHO
YOUUTH BPEMEHCKA M MPOCTOPHA AUCTPHOYIHja
nedunucanux oncrynama. [loceOHO ce u3aBajajy
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Map 1 displays the spatial distribution of
average annual dry biomass production in the
Republic of Srpska during our target ten-year
period. The spatial distribution of biomass
production depends on several factors, and
the most pertinent ones are land use and
climate conditions. The map indicates that
biomass production is more pronounced in
forest areas, especially in zones of deciduous
woods. Due to their physiology, conifer
woods produce somewhat less biomass. In
zones of intensive agrarian production, there
is a low biomass production. This observation
may be accounted for by the fact that, in
natural ecosystems, the production takes place
during the whole vegetation period, whereas
in artificial ecosystems (arable land) the
production takes place only during a part of
vegetation period (from sieving until harvest).

Diagram 2 displays a temporal
distribution of dry biomass production during
specific observed years. We may clearly
infer that the intensive biomass production
in the Republic of Srpska takes place during
vegetation period (March-October),which is
directly conditioned by weather conditions
(temperatures). During specific years, we
observe slight deviations in production in
summer season, which is directly affected by
precipitation regime. Furthermore, we may
clearly conclude about the start of intensive
production. Depending on the temperature in
spring, the intensive production starts in early
March/late April.

Map 2 displays deviations of annual
dry biomass production from the average
annual production during the observed ten-
year period, for each year individually.
The map shows positive (production larger
than average) and negative (production
smaller than average) deviations. Hence,
we may clearly see the temporal and spatial
distribution of the defined deviations. Years
2010 and 2014 are the years of the above
average biomass production in the Republic
of Srpska. On the other hand, year 2012 is the
year of the below average biomass production
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2010. u 2014. ronuHa, Kao TOJUHE Y KOjUMa ja
Ha noapyyjy uujene PemyOnuke Cprcke Omna
W3HAIpOCcjeuHa Mmpoaykiuja 6uomace. [lok ce
2012. ronuHa O[UTHKYje, Ha I1]jEJIOM ITOCMATPaHOM
MOZIPYYjy, UCHIOANpOcjedHoM npoaykuuje. Y 2011.
TOJMHH CHIKEHOM TPOAYKIIHjOM OJJIUKYje Cce
cjeBepuu auo PemyOmuke Cprcke, 1ok je y 2008.
TOJIMHY CUTYyaruja Ouna oOpHyTa, Jy)KHH JHUO Ce
OJIITUKOBA0 CMAFCHOM IPOILYKIIH]jOM.

in the whole target territory. In addition,
2011 was the year of low production in north
Republic of Srpska and 2008 was the year of
low production in south of the territory.

0 25 50 75 100 km

] T T T 1

Kapma 1 - IIlpocmopua pacnodjena npocjeutne 2oouuiive npooyKyuje cyge buomace Ha noOpyyjy
Penybnuxe Cpncke (2005-2014)
Map 1 — Spatial distribution of average annual dry biomass production in the Republic of Srpska
(2005-2014)



JABOPHH BAJUR, [IPATYTUH ALIMH U PAJIOCJIAB JIEKUR
DAVORIN BAJIC, DRAGUTIN ADZIC AND RADOSLAV DEKIC

2005 2006
0.14 0.12
0.12 A 0.1 B
ood; A 0.08 ﬁb‘—%\i
] f - \ 0.06 A
0.06
0.04 /7~ ~\ 0.04 J/ "’ \'I\\
0.02 ,-/A"/ A 0.02
o — S 0 —
«Q% d@ ’\,@ «& ® 09% &,0" $ $ “@ \yg; C@ Q}Qb @% ’\Db «Qb \Qco (\Qb e ® & Qpb S
@ @ L& L Q> N0 R & O W@ B L @R DS Y N S W
S \;@ NG \;@ NS NV AN & \;b K \;@ N ,\;@ WY (B FER S \,,b
2007 2008
0.12 0.12
0.1 0.1 P o\
0.08 A\ 0.08 ﬁVMA@ﬁ
0.06 ﬁ«lh% 0.06 V
0.04 / \C 0.04 /_J \\ /A\
0.02 0.02 ~ V=
0 = R 0 ~
S &S S o\,@ %@ Q,o’\ NN S LS é\,o‘*’ & &,0“’ oéo‘*’ Q,o“’ ‘yoq’ S &
B @ &KL N0 R & O W RRT LN fN0 2 S W
S ,\,,K \/@ \,;b \/@ S N \,;a N ,\/,o \,,o \/6 o ,\/,\ \;@ N,'b \/& NN ,\,;z» NN \/,o ,\,,6
2009 2010
0.12 0.14

008 A VA WA 01 AN
0.06 0.08
0.04 / V'\ g:gi —fd—vgh

0.02 /v \ 0.02 ./ \
O 9 PO OO IO O OOO DD O O O OO OO OO S
NN N N N NN N N IR ININESEENS SN NN IR I S S NSRS
I Y &L S E U AR IR MR A AN
& L RSN RO O R A I A N RN
S ,\l,‘x \;@ NG «;& NS NN P & ,\/,b N \,& \;@ NG \/@ N NN P & ,\/,b
2011 2012
0.12 0.12
0.1 0.1
0.08 *HQ—VA\— 0.08 /\\/\A
0.06 0.06 ~
/[ \VaVal 4 A A
0.04 0.04 1 VV'\A
e —— I !
0 - o e T
S T T T N VN T VR A DD DD D O DD
N RN R R N Y N Ry Ry Ny NN N N S NN NN N NN
& & @"} & @7’\ SIS AN o°¢ N & &L @"} ~ @7’\ S K F o°\\ ¥
NYONT RS NN NTNTONT NN NYNT NS NN NTONTONT NY N
2013 2014
0.12 0.14
0.1 AA 0.12
0.08 IVV\ 0.1 A A

0.06 ,ﬁ% 882 —fb%

0.04 ’ N N\

0.02 / v o o0n H
0 0

> D G N S T S S S S )
P : NN NI NI NN
FuE F @ TN W O & S TG 8
N NS NN N RTINS NY R E RTRS N N R TR T

Jujacpam 2 - Bpemencka pacnodjena npocjeune npoodykyuje cyge buomace no 200uHama y
nocmamparom nepuoody (kg/m?)
Diagram 2 — Temporal distribution of average dry biomass production per years during the
observed period (kg/m2)
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Kapma 2 - [losumusna u necamusna o0cmynarsa 200uuiree npoodyKyuje buomace y 00HOCy Ha
npOCjeyHy npoOyKyujy y 0ecemozooutirbem nepuooy
Map 2 — Positive and negative deviations of the annual biomass production in contrast with the
average ten-year production
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3. 3AKJbYYULIU

[IpocTopHO-BpeMEHCKa HCTpaXUBamba
npoayKuuje Ouomace MMajy BEIHMKH 3Hada] W
NPUMjEHY Y Pa3IMYUTHM acleKTHMa JbYICKOT
JjenoBama, Kao INTO Cy: npaheme cTama
exocucrema, npaheme KIMMATCKUX MPOMjEHa,
npaheme yTHlaja KIUMATCKUX MpPOMjeHa Ha
MOIU(UKAIIN]y eKOCUCTEMA, JTOHOIICHE OITyKa
o mpumiarohaBalkby Ha KIMMaTCKe IPOMjEHeE,
ylpaBjbalkhy EKOCHCTEMHMa, IUIAaHUPaABhY
uckopuirhaBama eKOCHUCTEMA U CII.

CaBpemene uH(pOpPMAIIOHE TEXHOJIOTHjE
oMmoryhaBajy edukacan IpUCTyl y CIpOBOhemY
MIPOCTOPHO-BPEMEHCKUX aHajlu3a MpPOAYKIH]je
omomace, raje ce nmoceOHO ucTHuy reorpadcke
nHpOpMAIMOHE TEXHOJIOTHje M JaJbUHCKa
JETEeKIMja, Y CMHUCITY TNPUKYIJbalkha U aHAJIN3e
ojIaTaKa.

Y oBOM pany je Aar mperieq U OMHCaH
MOCTYIaK Tpey3uMama U o0pajae IMpoaykara
JaJbUHCKE JIETEKIMje, KOjU Cy KOopuIIheHu 3a
UICHTU(HKALM]Y ¥ aHAIN3Y MPOIYKIHje Oromace
Ha nofpy4jy Perry6mrke Cpricke, Te Cy IpUKa3aHH
PE3yATaTH UCTPAKHUBAIbA.

VY mocMarpaHOM J1€CETOTOUIIBEM MPUOTY
YOUEHO je Ja mocrtoje onapehena mpocropHa u
BpPEMEHCKa OJICTYTamka y PACIO/jeliu MPOAYKIIUje
cyBe Omomace Ha mnoapydjy Pemybnuke
Cprcke. Oxacrynama ce MOTY JOBECTH Y Be3y
ca KJIMMAaTCKUM YCJIOBHMMA (TeMIIEpaTypHUM H
MaJIaBUCHUK PEeKMMHUMA), HAYMHIMA KOpHIThema
3€MJBUINTA, TE€ 3APAaBCTBEHUM OHIaHCOM
M0jeIMHUX €KOCHCTEMA.

[TpumjermeHa METOAOJIOTHja Y OBOM paiy
U TpPUKA3aHU PE3YITaTh MOTY TMOCITYXKUTH Y
TEOPETCKE M MPAKTUYHE CBpXE, y 0OJacTHMa:
€KOJIOTHje, 3alITHUTE JKUBOTHE CpEIUHE,
KJIMMAToJIOTHje, arpapa, IIyMapcTBa, POCTOPHOT
TUIAaHUPamba U CII.

3. CONCLUSION

Spatial-temporal research on the biomass
production are highly pertinent and applicable
in different aspects of human actions such
as the ecosystem condition monitoring,
climate change monitoring, tracking the
impact of climate changes on the ecosystem
modification, decision making on the
adjustment to climate changes, ecosystem
management, ecosystem usage planning, etc.

Modern information technologies enable
an efficient access to performing spatial-
temporal analyses on biomass production,
especially geographical information
technologies and remote sensing that are
crucial for data collection and analysis.

The paper outlined and described the
procedure of downloading and processing of
remote sensing products, which were used to
identify and analyze biomass production in
the Republic of Srpska and finally, displayed
the reasearch results.

The observed ten-year period showed
specific spatial and temporal deviations in
distribution of dry biomass production in the
Republic of Srpska territory. These deviations
may be connected with climate conditions
(temperatures and precipitation), land use,
and health ballance of specific ecyststems.

The methodology applied in the paper
and the results displayed may be of both
theoretical and practical use within the
fields of ecology, environment protection,
climatology, agrarian production, forestry,
spatial planning, etc.
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JABOPHH BAJUR, [IPATYTUH ALIMH U PAJIOCJIAB JIEKUR
DAVORIN BAJIC, DRAGUTIN ADZIC AND RADOSLAV DEKIC

I[MPUJIOT 1 - U3BopHU KOJ 3a mpey3uMarse 1 00paay nonaraka y GEE
APPENDIX 1 - Source code for download and processing of data in GEE

// import the sub basins as a fusion table

=

. var RS = ee.FeatureCollection('ft:1D0zPOEjQis7THjO2gwEOXa-
RAZRWStqi3WKCBOMi').geometry();

// set location and zoom level
Map.centerObject(RS,6);

// add the layer
Map.addLayer(RS,false, "Republika Srpska");

10. // Define period
11.var startdate = ee.Date.fromYMD(2005,1,1);
12.var enddate = ee.Date.fromYMD(2005,12,31);

14.// filter npp
15. var nppCollection = npp.filterDate(startdate, enddate)
16. .filterBounds(RS)

17. .select("Npp");

18.// filter gpp

19. var gppCollection

gpp.filterDate(startdate, enddate)

20. .filterBounds(RS)
21. .select("Gpp");
22.

23.

24.// calculate the npp8
25.var myNpp = function(myimg){

26. // get date

27. var d = ee.Date(myimg.get('system:time_start'))

28. // get year

29. var y = d.get('year').toInt();

30.

31. // filter for year for GPP and NPP

32. var GPPy = ee.Image(gppCollection.filter(ee.Filter.calendarRange(y, v,
‘year')).sum());

33. var NPPy = ee.Image(nppCollection.filter(ee.Filter.calendarRange(y, VY,
‘year')).mean());

34, var npp8 = myimg.expression('(GGP8 / GPPy) * NPPy',

35. {

36. GGP8: myimg,

37. GPPy: GPPy,

38. NPPy: NPPy

39. 1)

40.

41. // multiply with scale factor

42. npp8 = npp8.multiply(0.0001);

43,

44.. return npp8.copyProperties(myimg,['system:time_start'])

45.}

46.

47. var npp8Collection = ee.ImageCollection(gppCollection.map(myNpp));

48.

49. // calculate the Biomass

50.

51.var Biomass
52.var biomass

function(myimg){
myimg.multiply(2.5);
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53.
54.
55.
56.
57.
58.
59.

60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
.print(biomassCollection)
73.
74.
75.
76.
77.
78.
79.
80.

72

81.
82.
83.
. // Export the image, specifying scale and region.
85.
86.
87.
88.
89.
90.

84

return biomass.copyProperties(myimg,['system:time_start']);
¥

// map biomass production

var biomassCollection = npp8Collection.map(Biomass);

// create vizualtion settings
var biomass_viz = {min:300.0, max:800, palette:"b27c00,ffff33,58ff33,146003

TP

// add the image
Map.addLayer(biomassCollection.sum().clip(RS),biomass_viz,"npp RS")

// Predefine the chart titles.

var title = {
title: 'Produkcija biomase u Republici Srpskoj‘,
hAxis: {title: 'Time'},
vAxis: {title: 'Biomasa (kg/m2)'},

s

// create chart
var biomassChartRS = ui.Chart.image.seriesByRegion(biomassCollection,

RS,
ee.Reducer.mean(),
‘Gpp ',
500,
'system:time_start').setOptions(
title);
// plot chart

print(biomassChartRS)

var suma = biomassCollection.sum().clip(RS);
Export.image.toDrive({

image: suma,

description: '2005',

scale: 500,
1)



