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BBIBPOCHI YI'JIEKHCJIOT'O I'A3A
N OCHOBHBIE ITPOBJIEMBI I''IOBAJIBHOI'O TIOTENJIEHUA

HUcpadpua Uoparum oransl Ucmansios, 1-p TexH. HayK, npo¢., wied PAEH

Cosemnuk npeoceoamens Ilpasnenun OAO «Azpocepeucy
e-mail: Lisrafil20@mail.ru

Pezrome

B cmamve noopobno paccmampusaromcs npuduHvl U NOCIEOCMEUS UBMEHEHUs KIUMamada,
2nobanvbHoe nomenienue, 8bl0PoCsl NAPHUKOBBIX 2A308, A MAKHCE OCHOBHbIE NPODIeMbl, BbI36AHHbIE
enodanvubim nomennienuem. Ilpoananuzuposan ypoeeHv 6blOPOCO8 V2NeKUCI020 2a3a HA OVULY
HaceleHusi no CMpPAaHam U HA OCHOG8e OO0CMOBEPHBIX OAHHLIX MENCOYHAPOOHBIX OpP2aAHU3AYUL
onpeodeiieHa HOMeHKIamypa cmpaun ¢ eviopocamu om 2 0o 20 moHH Ha Oyuly HaceneHus. B
A3zepbauidocanckoti Pecnyonuxe, npunumasuiert COP29, bibpocel na Oyuly nacenenus 3a nocieoHue
30 nem coxkpamunucey 6 2.2 paza u cocmasunu 3.7 m/uen. [2]. Obocnoearno, umo nepevim u3
CEeKmMopo8, Y8eIUUUBAIOUWUX 8b10POCHL NAPHUKOBHIX 24308, S8Aemcsl MPAHCHOPM C YOEIbHbIM 8eCOM
82% [4]. K ocnoeHbim npobiemam, 6b136aHHbIM 2100AbHLIM NOMENACHUEM, OMHOCAMCS NOBbIUUEHUE
VPOSBHSL  MOpsi U NpuOpexdCcHas dpo3us, OIKCMpemanbHble NO200Hble  SAGNeHUs,  V2pPO3bl
buopaznHooobpasuto, npooo8ONLCMEEHHOU U B0OHOU 0E30NAcCHOCmU, 6030elicmeue Ha 300posbe,
MasHue BeYyHOU Mep310ombl, 3aKUClIeHue OKeaHud, nepemewjeHue Jaoel, IKOHOMUYEcKUe
nOCne0Cmeus], KIUMAmMuyecKas cnpaseorusocms u pasencmeo. Ilpusedenvt oanmvie 0 GIUAHUU
U3MEHeHUs. KIUMAma Ha Npupoouvie U aHmMpONO2EeHHble CUCHEMbl, VPOBHU CMEPMHOCIU BUO08
HCUBOMHBIX U MOPCKUX mMpag. A maxowce ucnonb3osanue Kiumamudecku ymuolx mexuonocuu. K 2080-
2099 ce. mpocnosupyemcs cHudiceHue ypoowcaunocmu Kykypyzvl Ha 10-35% npu noeviuenuu
memnepamypul Ha 2.9°C [6].

Knrouesvie cnoea:. usmenenue xaumama, 2n00aibHOe HnOmenjieHue, NAPHUKOBblE 2a3bl,
VelleKUCavlli 2a3, mpaucnopm, npoobaemsl, nocie0cmaus, CelbCKoe X03AUCmeE0, 8bIMUpaHue 8Uuoos,
NOKPOGHble KYIbMypbl.

BBenenune

I'mobanpHOE M3MEHEHHE KJIMMaTa MPHBOJUT K TMOBBIIMICHUIO TEMIIEpaTypbl Ha 3emIie.
[ToBeIlIEHNE TEMIEpPaTyphl BBHI3BIBACT TJI00ANBbHBIE TYMaHUTAPHBIC TOCIEACTBHS, C CEPbE3HBIM
BO3JICHCTBUEM Ha Bce c(hephl, KOTOPHIE TPYAHO, MOKET OBITH 1a)K€ U HEBO3MOXKHO MPEIOTBPATUTb.
['ocymapcTBa Mupa ¥ MEXIyHapOJIHbIE OPraHU3ALMK HA MPOTSKEHUNM MHOTHMX JIET OCYIIECTBIISIOT
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LIEHHbIE MEphl B HAINpPaBICHUM MPEAOTBpAILECHUS TIJIOOANBHBIX KIMMAaTHYECKHMX HW3MEHEHUH U
OCTQHOBKM MOBBIIICHHS] TEMIIEPATypbl B MACIUTAOHBIX TUCKYCCHUSAX, AaHAIU3aX, MPEBEHTHUBHBIX
pELICHUSX W MPUHSATUM COOTBETCTBYIOIIMX pelieHuil. 910 exeronnoe mepomnpuarue OOH COP,
MUCCHUEN KOTOPOTO SIBJSETCS PYKOBOJICTBO PEIICHHUEM YIIOMSHYTBIX TPOOIIeM, aHAINU3 U 00CYKIeHHE
MOCIEAHEeH TJIO0ANBPHOW CHUTyalldd ¥ KOOPAWHAIMS peaM3alli MPOrpaMMbl  JICHCTBHI Ha
npeacrosamuid  roga. Xors COP umeer HayuyHble, SKCIEpPUMEHTAIbHBIC, aHAIUTHYECKHE,
JUCKYCCUOHHBIE CIYIIIAHUS, @ TAKKE MPUHATHAE PEIICHUM B BUJIE IPOTPAMMBI ICHCTBUN U UTOTOBOT'O
JIOKYMEHTa, U JAPYrHe pPe3yibTaThl, TIaBHOH OCOOCHHOCTBIO ATOTO MEPOIPHUATHUS SIBISETCS €ro
MOJIMTUYECKUI XapaKTep.

PazButhie u pazBuBaroIUecs CTpaHbl MUPA JOHKHBI OLLYTUTh CBOKO OTBETCTBEHHOCTh MEpPE.
YEJIOBEUECTBOM U CTpaHaMH, CTPAJAlOIIMMH OT M3MEHEHUs KJIMMAaTa, B TOM 4YHCIIEe MEpe] TEMH,
KOTOpBIE CTaJKUBAIOTCS C YIpO30il CTHUXWUHHBIX OEICTBUN U pa3pylLICHHH, rojlofla U HEMOJHOTO
MOTPEOJICHUS TIUINH, HEXBATKU TIPOJAOBOJIBCTBHSI U HEXBATKU BOJBI. TakuM 00pa3oM, OHU JIOJDKHBI
OBITh MOOWJIM30BaHBI, YTOOBI CTaTh IMOCPEIHUKAMH B PEHICHHH CEPhE3HBIX MPOOJIEM 3THUX
rOCyJapCcTB, COOOIIECTB M HACENCHHs, a TaKXKe IMOATOTOBUTH JTOPOXKHBIE KapThbl, B3SATh Ha CeOs
00513aTeNbCTBA 110 UX peaTU3alliy, AaTh PEKOMEH/IAIIMH U BHECTU CEPhE3HBIN BKIA/I.

B cBs3u ¢ atuM, nensto Meponpustus COP29, nposonumoro B baky, siBisiercs 00beIuHEHNE
CTpaH-4JICHOB M CTpaH-y4acTHHUIl paaud OOLMX LeJeil yaepkKaHHs TI00alIbHOTO MOTEIJICHUS B
npenenax 1,5°C, BBI3BAaHHOTO M3MEHEHHEM KJIMMaTa, OObeIUHEHHE BCEX YCWIMHA M TOJIJIEpiKKa
peanuzanusi TIOOATBHBIX 3a/lady, TaKUX KaK MPUBICYCHHE PAa3BUTBHIX CTpPaH K (OPMHUPOBAHUIO
KPYIHOTO MEXTYHAPOIHOTO (PMHAHCOBOTO UCTOYHHKA.

OCHOBHBIE MOCJIEeICTBUA I100AJHLHOI0 MOTENJICHUSA

VYBenuueHue BBIOPOCOB YITIEKHMCIIOTO ra3za B arMocepy BIMSET Ha KIUMAaT M SKOCUCTEMBI
3emiu, JEWCTBYET KaK TEIUIO3aLIUTHBIN CIIOHM, yAep:KHBas TEILIO, M3JIydaeMO€ C IOBEPXHOCTHU
3emin. OT1oT 3¢ddexr u3BecTeH Kak NapHUKOBBIM >¢dekt. IIpu yBenmuenun ypoHs CO: B
aTMocdepe 3ToT H3PPEeKT yCUITUBAETCS, UTO MPUBOAUT K TII00aIbHOMY MOTEIUICHUIO.

V3MeHeHMe KiiuMaTta B pe3ybTare IJ100albHOr0 MOTEIICHUSI MOXKET IPUBECTH K U3MEHEHHUIO
MOTO/IHBIX YCJIOBUH - TOBBIIIEHUIO TEMIIEPATYpbl BO3/lyXa U BOJbI, MOBBIIIEHHUIO YPOBHS MOps, a
TaK)X€ N3MEHEHUIO YaCTOThI U CHJIBI SKCTPEMAIIbHBIX SIBJIEHUHN, TAKUX KaK yparaHbl, IUKJIOHBI, 3aCyXH
Y HaBOJIHEHUSI.

Oxeanbl moryiomarT Oonblrylo 4dacTe u30bITka CO: U3 aTMocdepbl, UTO MNPUBOAMT K
YBEJIIMUEHHUIO KUCIIOTHOCTH BOJIBbI. DTO MOXKET HETaTUBHO MOBJIMATH Ha XKU3Hb KOPAJJIOB, MOJUTFOCKOB
u phIO.

VBenuuenue ypoBHd CO: MOXKET NPHUBECTU K PACHPOCTPAHEHUIO BHUJOB PACTUTEIBHOCTH,
KOTOpBbIE Jy4llle aJaiTHPOBAaHbI K OoJjiee BBHICOKOMY YPOBHIO YIJIEKHCIOTO Tra3a, a 3TO MOXET
MIPUBECTH K U3MEHEHUIO SKOCUCTEM.

B xoHeuHOM cueTre, yBeJIMYEHHE TEMIIEpPATyphl BO3JlyXa WU BOJIbI, 3arpsA3HEHHE BO3AyXa M
YXYALLIEHUE Ka4eCTBA MUIIEBBIX MPOJTYKTOB, BbI3BAHHBIE H3MEHEHHEM SKOCHUCTEM, MOTYT HETaTUBHO
MOBJIUSTH Ha 3JI0pPOBbE uenoBeka [1].
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HHTEepecHbIM U OropyaroIliuM B IIPSIMOM CMBICJIE CJIOBA, IIOKA3aTEIEM SIBIISIETCS €KErOIHbIN
BBIOPOC Ha CpPEeJHECTaTUCTUYECKOro 4yejoBeka. To ect, rae B MHpe NPUXOAUMCS OOJIbLIE BCEro
yriaekuciuoro raza (CO2) Ha qyuly HaceleHus.

OTOT NoKa3aTeiab MOXKHO PaccuuTaTh pa3zeiauB oOIui 00beM BHIOPOCOB HA KOJIMYECTBA €€
HaceneHne. J1o naet HaM BeIOpockl CO2 Ha nymry HaceneHus. YToOBI ICHO MPEICTaBUT KapTUHY U
pa3nuyMs B COCTOSIHUE, PACCMOTPHM BHU3YaJIM3allMU BHIOPOCOB HA JYIY HACENICHHS 110 OCHOBHBIM
CTpaHaM MUpa.

Hwxe npezncrasisiercss BU3yaibHble IpadUKy, MOKA3bIBAIOIIME BHIOPOCHI YIIIEKHUCIOrO rasa
(CO2) Ha mymy HaceneHUs, OT HMCKOMAEMOrO TOIUIMBA W MPOMBINIJICHHOCTH, 0€3 BBIOPOCOB OT
3emuienons3oBanus B 2022 ropy [2]. Ciegyer OTMETUTB, YTO BO BCEM MMpE CYLIECTBYET OYEHBb
0O0IbIIIOE HEPABEHCTBO B BHIOpOCAx Ha Aylny HaceneHus [1].

Ha Puc. 1, nmokazansl ctpansl ¢ BeiOpocamu CO2 Ha nymry HaceneHus oT 5 no 20 TOHH, U
BblJIesIeHbl Oosiee TeMHbIMM LiBeTamu [1, 2, 3]. Kak BuaHo, crpansl bimkuaero Bocroka B Tom uucie
B Karape, B O0bennHeHHbIX Apabckux Dmupatax, B baxpeitne u Kyselite BeiOpocst CO2 Ha mynry
HaceneHus cocTtaBisitoT 20 ToHHBL. Ho m3-3a Manoro macmraba KapThl MPEACTaBICHHUS 3TH MU (PHI
He monany Ha kapre. Ilo cpaBHeHHIO ¢ cTpaHamu Ooniee BbICOKMMH BbIOpocamu COz Ha mymry
HacelieHus1, B A3zepOaiikanckoid Peciry0miKkoil, BRIOPOCH COCTaBISIOT 3,7 T/49en.

Pucynok 1. Beiopocst CO2 Ha qymy HaceJleHUsI B MUpe
Brropocer CO; Ha aymy HaceaeHHA 10 CTpaHaM, T

T .
20

N

10 10
10 5

10

Hcmounuk: paspaboman agmopom no dannvim [2, 3].

Kak Bunno u3 Puc. 1, Bo MHOruX crpanax Espomnsl, B Typiuu, Mpane, Kurae Beiopocos CO2 Ha
IyUly HACEJIEHUs COCTABIISET 5 TOHHBI.

ITo mumo ctpan ¢ BeiOpocamu CO2 Ha nymry HaceieHus oT 5 qo 20 TOHH, Ha KapTe Ui
cpaBHeHUs TipeacTtaBiieHa ctpaHbl FOxHoN Amepuku, Eruner, Amxup, crpansl FOra Bocrounoit

Asuu u apyrue ctpansl ¢ Beiopocamu CO2 menee 2 1 [3].
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Jnst cpaBHEHMSI W3MEHEHHUSI YpPOBHS SMUCCHUM TMApHHUKOBBIX Ta30B B pPa3HbIX CTpaHax,
npencranisercs Ha Puc. 2, usmMmeHeHus! yIeIbHOTO Beca, MacChl SMUCCU MAPHUKOBBIX Fa30B HA YTy
HacesneHus B Azep0Oaiimkane B iepuoa ¢ 1990 mo 2022 rr.

Kaxk BugHo u3 Puc. 2, 3Hauennst smuccun CO2 Ha aymry HaceneHus B pecnyoauke B 2022 rony
1o cpaBHeHUIO ¢ 1990 rogom cHu3micA Ha 2,2 pasa.

Pucynok 2. I'padpuk nsmeHeHust Maccbl IMUCCUI MAPHUKOBBIX ra30B HA YLy HACEJIEHUS
B A3epOaii:kane 3a mepuoa 1990-2022 rr.

HN3menenns BoiopocoB CO, Ha Ayl1y HaceJleHHS
B A3epoaiimxane B 1990-2022 rr. T/4yen
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Hcemounuk: pazpaboman asmopom no oannvim [2, 12].

[IpyueM, u3MEHEHUS 5SMHUCCHU NAPHUKOBBIX Ta30B B TeueHWe nociueanue 30 e,
anmnpoKCUMHUpYyeTcs yObIBarollel cTeneHHOW (QyHKIueH, ¢ Ko3(pPUIMEHTOM MHOXECTBEHHOMN
koppemsiiud R = 0.5451, xoTopblil MOKa3bIBaeT, 4TO ANMPOKCUMUPYIOMAs (QYHKIUS OOBICHSIET
MPOIIECC U3MEHEHUsT YPOBHS sMuccun Ha 54,51%, uTo sSBIsSETCA CPEITHOMN CTENEHU JTO0CTOBEPHOCTH.
[IpyunHBI CTOIL HU3KOM CTENEHU OIMCAaHUS Mpollecca arnMpoKCUMUPYOIEH (YHKIHMEH MOYXHO
OOBSICHUT C BBICOKOM Y/IETTbHOM BECH SMUCCHUM TAPHUKOBBIX ra30B Ha MyIlry HaceneHus B 1990 romy.

[Io o¢uuuanbHBIM JaHHBIM MEXAYHApOAHBIX OpraHu3aluid HaumOOJIbIINE BHIOPOCHI
yraekucioro ra3a (COz) 3a roa, B Mupe npuxoauTtcst crpanaM kak Kuraii, CILIA, Uaaus, ['epmanus,
Bbpazunus, Benuko6puranus u @panuus.

Bo MHOruX cTpaHax mupa no-npexxHeMy oueHb Hu3Kkue BeIOpockl CO2 Ha Tylly HaceleHHs, B
TOM 4HucIe, B OenHeiimux ctpaHax AQpuku k rory ot Caxapsl, Takux kak Yana, Hurep u LlentpanbHo
Adpuxanckas PecriyOinka, cpeiHUN 3KOJIOTHUYECKHi cielt cocTaBiseT okoio 0,1 TOHHBI B Toa. 31O
npumepHo B 150 pa3 Huxe, uem B CIIIA, ABctpanuu u Kanane.

Baunsinue rjio0ajabHOr0 NOTENnJeHUs HA OKPYKAKIIYI0 cpeay U 001ecTBO

I'moGanbHOE NOTEeMIIeHHE, OyTyuH KaTacTpopuuecKoi rmodaisHON MpoOIeMoid, mpeacTaBiIser
co00l ceppe3HyI0 U HEOOpaTUMYIO YIpo3y deraoBedecTBY. UTOObI YMEHBIIUTh €0 Pa3pyLINTEIbHOE
BO3/ICHCTBUE HA HAIly IUIAHETY, HEOOXOAMMBI CPOUYHBIE U YCTOWYMBBIC PEIICHUS, COBMECTHBIMU
YCUJIMSIMH  BCEX TOCYIApCTB, MEXKIYHApOIHBIX OpraHu3alMii W HMHCTUTYTOB. [ JoGanbHOe
MOTEIUIEHUE IPUBOIUT K JOJITOCPOYHOMY MOBBILICHHUIO CPEAHEN TEMIIEpAaTyphl 3eMIIU, IPEXKIE BCEro
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M3-3a HAaKOIUICHHSI B aTMOC(epe NapHUKOBBIX T'a30B, TAKMX KaK YIJIEKUCIIBIN I'a3 M METaH, CBI3aHHOTO
C JESTEIbHOCTHIO YEeJOBEeKa. OJTO 3aXBaUE€HHOE TEIJIO BbI3bIBAET TIIOOANBHBIE HW3MEHEHHS
KJIIMMaTHYECKHUX YCJIOBHI, HEMTOCPEICTBEHHO BbI3bIBAs MOBBIIIEHUE YPOBHS MOPS, SKCTPEMalbHbIE
MIOTO/IHBIC SIBJICHUS U JIpPYTHe HEeraTHBHbBIE BO3JICHCTBUS Ha 3KOCUCTEMBI U OKpY Kalollyto cpeny. B
3TOM CBSI3U MEXKIyHAPOAHbBIE OPraHU3AIMH MPUIILTU K €IMHOAYIIIHOMY BBIBOAY, YTO 3TO KpUTHYECKas
npobiema, TpeOyromias CPOYHBIX Mep MO CMSITYEHHIO MOCIEACTBUN II00ATbHOTO MOTEIUICHUS U
nepexony k 0osiee yCTOMYUBBIM PAKTHKAM.

DKcnepThl IPOrHO3UPYIOT, YTO MPHU HBIHEMIHUX Temnax BbiOpocoB CO2 riobanbHas cpeaHsis
Temreparypa Ha riaHere nosicurcs ot 1,5°C no 5,3°C k 2100 roay [5] .

CraenaH BBIBOJ, YTO OPTaHUYECKUE SBIICHHS, B TOM YHCIIE BOASHOW Map U COJIHEYHBIC TISITHA,
BBI3BIBAIOT TI00anbHOE moTerieHne. OJHAKO aHTPOIOTEHHBIC IAPHUKOBBIC Ta3bl OCTAIOTCS
OCHOBHOH MNpHYMHON Tri00anbHOr0 moreruieHus. OJHUM M3 CEKTOPOB, KOTOPBIH YBEITUYHMBAET
BbIOPOCHI MTAPHUKOBBIX I'a30B, SBISETCS TPAHCHOPT, HA O KOTOpOro mpuxomurcs 82% ooumx
BbIOpocoB COy.

WuTepecHo mpenacraButh oo BbiOpoca CO2, Mo BceMy MHUpPY IO BUAAM TPAHCIOPTHBIX
cpencts B 2021 roay, kak nmokaszaHo Ha Puc. 3 [4].

Pucynok 3. loas BbiopocoB CO2 B Mupe, 1o BujiaM TPAaHCHOPTHBIX cpeacTB B 2021 roay.

YaenbHblii Bec BbIOpocos CO: , 10 BUIaM TPaHCIOPTHBIX cpelacTs B 2021 r., %0
JByx- n
TpexkomnecHbie TC
__ Kommepueckue JIA
5%
ABTOOYCHI 1 MA
7%
ABunanus
9%

Keneznonopoxubiii T

CpenHue U TsDKEIbIe
r
23%

Hcemounuk: [4].

T - mpancnopm, TC - mpancnopmusie cpedcmea, JIA - neexosvie asmomobunu; MA - munu-agmodycol;
I - epy3o6uku.

Kak He mapanokcanbHO, HanOoibmuii oO6bem BbiOpoca CO2, MPUXOAUTCS HA JIETKOBbIE
aBTOMOOWJIH, YTO XapakTepHo aisi AzepOaiikanckoit Pecniyonuke, ocodernHno ais baky.

OTU aHaIU3bI elle pa3 MOATBEPHKAAI0T, YTO Oyarogaps BEYHOMY CYIIECTBOBAHUIO JKU3HU U B
pe3ynbTaTe AesTeIbHOCTH YelIOBEKa BHIOPOC MapHUKOBBIX ra30B B aTMoc(epy OyIeT MpoaoKaThCs.
[To sToil mpuuMHE U3-3a U3MEHEHUs KIUMaTa TeMIeparypa 3eMJIM TOBBIIIAETCS U €ro TKelble
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MOCIICACTBHS YK€ TMPOSIBISIIOTCS BO Bcex 00macTsX. UToObl CIIpaBUTHCS C STUM KpPU3HCOM, BCE
YeJI0BEYECTBO JIOJKHO OBITh 3aMHTEPECOBAHO U HETIOCPECTBEHHO y4acTBOBATh B pa3paboTke Oosee
5G(}EeKTUBHBIX W  YCTOMYMBBIX MPaKTUK UM  peald3allii WHHOBAIIMOHHBIX  CTpPATETUid,
CIIOCOOCTBYIOIIUX HHU3KO YyriiepoaHoMmy Oyaymiemy. UtoObl pa3pabortaTh Oojiee JcTabHBIC
CTpaTeruy peanu3aly OyAyIMX pEeNIeHWH, YMECTHO KpaTKO pPacCMOTPETh IMOCIEIACTBHS
rJI00aTBFHOTO MOTETUICHUS ¥ €T0 IMOCIEICTBUS.

Cchutasich Ha pe3yabTaThl MPOJICTAHHBIX UCCICAOBAHUN HEOOXOAMMO BCIIOMHUTH HEKOTOPHIE
13 HanboJliee Cephe3HBIX MPOOJIEM, BEI3BAHHBIX YCUJIICHHEM III00ATbHOTO MOTEIIJICHH S, BO3ICHCTBHEM
Ha OKPY’KaIOIIYIO CPeIy U YeJIOBEYECTBO, U U3YyUUTh UX OYAyIIUe pElIeHUs, a TAKKe ONpeAesuTh
MyTH, KOTOPbIE IPUBEAYT K YCTOWYUBO PA3BUTOMY U 3€JIEHHOMY MUDY.

Huxe npuBoautcs 00bsicCHEHHE OCHOBHBIX MTPOOJIEM, BEI3BAHHBIX INIO0ABHBIM MOTEIICHHUEM,
€ro MPOSIBICHUI U MOCIEACTBUM:

1. IHosvimenue yposna mopa u 6epezogan 3po3ua. ' noGanbHOE NOTEIJICHUE YCKOPSET TassHUE
HOJISIPHBIX 1IANOK M JIEJHUKOB, CIIOCOOCTBYS HOBBIILIEHHIO YpOBHS Mops. B pesynbrate
HU3MEHHbIE NPUOPEKHBIE TEPPUTOPUU MOABEPratOTCS PUCKY 3aTOIUIEHUS, YTO IPUBOJUT K
HEepeMEIEHUIO HACeJIEHUs U yTPaTe )KU3HEHHO BaKHBIX HKOCHUCTEM.

2. DJkcmpemanvHble nO20OHbBlEe AGNEHUA. DKCTPEMalbHBIC IOTOJHBIC SIBICHHS, BKIIOUYAs
yparassl, BOJIHbI TEIIa U JIECHbIE MOXKApbl, CTAINU 00Jee MHTEHCUBHBIMU M3-32 U3MEHEHHUS
KJIMMaTa. JTU MPOUCIIECTBHS HAHOCSIT KOJOCCAIBHBINA ymepO mH(pacTpykType, cepbe3HO
paspylIaloT CPEICTBA K CYILIECTBOBAHHUIO U CIIOCOOCTBYIOT K MAaCCOBOM rudenu jroien.

3. Yeposwt 6uopaznooépazure. ' nobansHOE MOTEIUIEHUE MIPEICTABIISIET CEPHE3HYIO YTPO3Y IS
61opa3Ho00pa3ns, MOCKOJIbKY MHOTHE BHUJbI M30 BCEX CHJI IBITAIOTCS aJalTUPOBATBHCS K
6I)ICTpO MCHAIOINUMCS KIIMMAaTHYCCKUM YCIIOBUSAM. IToBeImenme TEMIICPATYPbl 1 UBMCHCHUEC
peKuMa BBINAJCHUS OCAIKOB Pa3pyLIAlOT 3KOCHCTEMBI, YTO NMPHUBEAYT K MOTEPHU CpPEeabl
00OHMTaHUS U MOBBIIIEHHBII PUCK NCYC3HOBCHUA.

4. IIpobdnemvt npo0o6onbCmeeHHOU U 600HOU Oe3onachocmu. VI3MEHEeHUs KiIMMaTa MOTYT
nogopBarb MPOAYKTUBHOCTE CCIILCKOT'O XO3SMCTBA ¥ MOBJIUATH HA JOCTYIIHOCTH BOJBI, YTO
NpUBEET K HEXBAaTKE MPOJIOBOIBCTBUS M BOBI.

5. Bauanue mna 300posve. I'n00anbHOE TMOTEMJIEHUE CIIOCOOCTBYET pPaclpOCTPaAHEHUIO
UHQEKIMOHHBIX 3a00ieBaHul, 3a00eBaHUM, CBS3aHHBIX C JKapod, M PECIUPATOPHBIX
npo0JeM n3-3a yXyAIIeH!s] KauecTBa BO3AyXa.

6. Taanue neonukoé u eeunoin mepznomsl. TasHuEe JEAHUKOB M BEYHas MEp3JIOTa H3-32
riI00aILHOTO TMOTEIUIEHHUS MOYKET BI)ICBO60}II/ITB 0O0JIBIIIOE KOJIMYECTBO HAKOILIEHHOTO
yriiepojia 1 MeTaHa, yTo elie O0oJblle yeyryOuT U3MeHEeHUe KiInMara.

7. 3axucnenue oxeama u cokpauienue Kopannoewvlx pughoe. TIOBBIIICHHOE TOTIIONICHHUE
YIJIEKHUCIIOTO ra3a OKeaHaMu MPHUBOIMUT K 3aKHCICHUIO OKeaHa, Yrpokash MOPCKOM KH3HH,
0COOEHHO KOPAJUIOBBIM pUaM.

8. Mucpayua u nepemeuwjenue nwoei. VI3MEHEHUs OKpPYXKAlOIIeH Cpelbl, BBHI3BAHHBIE
ri100aIbLHBIM MOTCIVICHUEM, MOTYT IMIPHUBECTH K NNCPEMCIICHUC HACCIICHNUA U MUT'pAllUs.

9. Jxonomuueckue nocnedcmeusn. Jlaneko uaymue NociaeICTBHs INTOOATBHOTO MOTEIUICHUS
MOTYT UMETh 3HAUYHUTENbHbIE (PMHAHCOBBIC MOCTEACTBUSA, BKIItoUas yniepd HHGPaCTPYKTypeE,
YBEJIMYEHUE PACXOJI0B Ha 3/IpaBOOXPAHEHUE M CHU)KEHUE MPOU3BOJUTEIBHOCTH CEIbCKOTIO
XO0341CTBa.

10. Knumamuueckas  cnpageonusocmv u  pagencmeo. 1'100ambHOE  MOTEIUICHUE
HEMPONOPLUOHAIBHO CHUJIBHO BIMAET HA YSI3BUMbIE TIpYIIbl HACEJICHUs, BKIIOYas
cooOmiecTBa ¢ HU3KMMHU JOXOAAMU H MapTrUHATN3UPOBAHHbIE TPYIIIIHI.
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UroObl Jy4yllle MOHATH M 3allOMHUTH HAAOJTO, PE3YNIbTAThl, MPOSIBICHUS U TOCIEICTBUS
II00aJTPHOTO MOTEIIJICHHUS MTPEACTABICHBI B BUJIE CXEMBbI, H300paxeHHOH Ha Puc. 4.

Pucynok 4. OcHOBHBIC NOCJIEICTBHE IJ00AJBbHOI0 MOTEIUIEHHMS M CO3JaHHbIE MMM

npoodJieMbl

NOCNEACTBUA INMOBAJIBHOIO MOTEMNJEHUA

10. Knumamuyeckas
cnpasedniusocms U paseHcmMeo

HenponopunoHansHoe BAMAHUE HA YA3BUMBIE TPYNNLI HACRAGHHUA

CoobuwecTaa ¢ HU3KUMK JOX0AAMK 1 MapriHanu3IvpoBaHHbIE rpynnobl

( 9. IKkoHOMUYecKue nocaedcmeun

3HauNTeNbHbIE PUHAHCOBLIE NOCABACTBHA

Yuepb nHgpacTpykType

YBeAHUeHWE PACKOAOE HA 3APABOXPAHEHHE )

CHWMXEHWA NPOM3BOANTENLHOCTH CENLEKOMD XO3ANCTBA

( 8. Muzpayusa u nepemewjeHua nodeii

BelHYXAEHHOE NepeMeLeHis HapyLWaeT Xu3Hb

NoAeit 0C0BEHHO YAIBUMBIX FPYN HaceneHUA

7. 3akucneHue okeaHa u COKpaujeHue
Kopansioevix pughoe

MNoBbilWeHHOe NorAaLLeHe YrAeKUCnoro rala oKkeaHamu

3aKucneHus oxeaHa

¥rpo3a MOPCKOR KU3HM, OCOBEHHO KOPaNNoBsIM pudam

( 6. TaAHue edHUKOE U 8eyHOl Mep3/iombl )—'

Boicoboxaenun Sonbworo
KONMYECTBA HAKONAEHHOIO METaHa

Bonblwoe ycyrybaeHns M3MeHeHWA KAMMara

Hcemounuk: paspaboman asmopom.

1.lMoebiwieHUsA ypo8HA MOpA U
6epezosas 3pozus

-

Hu3MEHHbIE NPUBPEXHBIE TEPPUTOPHN
| MOABEPraioTCA PUCKY 30TOMAEHHA

L YckopeHue TaRHUA NOASPHBIX WanokK u NegHUKOBE

2. IKcmpemabHble nozodHsele AeneHUA )

MNOBbLIWEHWA MHTEHCUBHOCTK YparaHos

BoaHb! Tenna

NecHele noxape!
—

Yuyepb MHGPACTPYKTYpLI, PA3PYLLEHHA CPEACTE K CYLLECTBOBAHMIO

L Maccoeeli ruben nioaei

3. Yepozul 6uoobpazoeaHus )

Beicokan TeMnepatypa U 0cajku pazpywaloT 3KoCUCTEMbI

Motepa cpeael 0OUTAHWUA

L MOBbIWEHHBIA PUCK HCUEIHOBEHWUA

4. Mpo6nemol npodoeobcmeeHHOL
u 8odHoli 6ezonacHocmu

P

CHIXEHIe NPOAYKTHBHOCTH CeNLCKOTD X03ANCTBA

3aTpyAHEHUA B AOCTYNHOCTH BOALI

L Heugatka NPOAOCBOABCTEMA W BOARI

5.BauAHue Ha 30opoebe )

PacnpocTpaHeHWa WHeKLMOHHEIX 3aBoneraHni

\ 3a6oneBaHWA, CBR3aHHBIE ¢ Xapol

| PecnupartopHbie NPpoGAeMbl 13-3a YXYAWEHUA KauecTea BO3AyXa
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I'pynnupoBka M IOSCHEHUS, NPUBEACHHBIE BbILIE, MOTYT CTaThb IOPOKHOM KapTOM Ul
uccieioBaTenel IMpu IPOBEAECHUU MCCIEJOBAHMMN, HAIIPABICHHBIX Ha YCTpaHEHHUE MpoldiieM,
BbI3BaHHBIX [NI00AIbHBIM OTEIUIEHUEM, U NIPEOTBpAILEHHE TOCIEeICTBUI U3MEHEHUS KIIMMaTa.

VYcToiiunBble pelieHust IpeularaloT Croco0 CMSTYUTh HEONaronpusTHOE BO3JEHCTBHE
r100abHOTO TOTEIJICHUsI, KaK Ha OKPYXKAIOIIyl0 Cpeay, Tak M Ha oOmecTtBo. [lpumenss
HKOJIOTUYECKU YHUCTHIE METO/IbI, TAKHUE KaK BO30OHOBISIEMbIE HCTOYHUKH SHEPIUH, JIECOHACAKICHNE
U YCTOWYHMBOE CEITLCKOE XO035ICTBO, MBI MOKEM COKPATUTh BHIOPOCH HAPHUKOBBIX Ia30B, 3ALIUTUTh
HKOCHUCTEMBI, OOECIEYHTh JOCTYIIHOCTb PECYpPCOB U TOBBICUTH YCTOWYMBOCTH K H3MEHEHUIO
KJIIMAaTa.

Biansanue uzdMeHeHusl KJINMAaTA AJ9 NPUPOAHBIX H AHTPONMOI'€HHBIX CUCTEM

Pucku menna u énaxcnocmu 014 300p06ba 4uenoeeKa, ONpeensieMble KOJINIECTBOM JIHEH B
rojJly, B KOTOPBIX HaceJleHUe MOJBEPraeTcsl BO3ACUCTBUIO TMIIEPTEPMUUECKUX YCIOBUM, CO3AAI0IINX
PUCK CMEPTHOCTU OT YCJIOBHM TEMIEPATyphl U BIAKHOCTU IPU3EMHOIO BO3AYyXa 32 UCTOPUUECKUIM
nepuon (1991-2005 rr.), mpu cpenHuX 3HauUeHUsAX M3MeHeHusx Temneparypel 1.9°C (13
KIuMatndeckux moaeneit), 2.7°C; (16 knmumarndeckux moxeneir) u 4.7°C; (15 kiMMarnueckux
moeneit) [5].

W3meHneHus uucia IHEH, CO3JAIOIIME PUCK CMEPTHOCTU Ui JIOACH, OT TeMIepaTrypbl U
BJIQXKHOCTH BO3/1yXa IpejcTasisiercs Ha Puc. 5.

PI/IcyHOK 5. N3meHeHnusi AHel B roay, Koraa Cou€TaHue TEMIEPATypPHLIX U BJAKHOCTHBIX
yCJ'IOBI/Iﬁ €CO31a€T PUCK CMEPTHOCTH IJIHA JIoaeil.

Yuciio fHel co3aaomuye pUCK CMEPTHOCTH JII0/eil, 0T TeMIIepaTypsbl U
BJI2’KHOCTH BO31yXa, IeHb

250

250
200
150

50
100 y
50 '
1,9 2,7 4,7

HN3menenne remnepartypsl, 0C

150

KoanuecTBo aHei

Hcemounuk: pazpaboman aemopom no oannvim [4, 5].

KaK BUIHO U3 Hpe)ICTaBJ'IeHHI)IX JAaHHBIX, C IIOBBIIICHUEM cpeﬂHeﬁ TeMnepaTprI Bosglyxa
YBEITUYMBACTCS YMCIIO JHEH CO3/IaBIIME PUCK CMEPTHOCTH 11 sirozei. [Ipudem, npu Temmneparype u
4.9°C 4gucio gHed Co3/1aBIIME PUCK CMEPTHOCTU YBEJIUYUBAECTCS COOTBETCTBEHHO Ha 100 mHeit, ot
50 mus ipu Temneparype 1.9°C.
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Pucku ucueznosenusn éuooe. [IpoueHT BUJOB )KUBOTHBIX U MOPCKHUX TpaB, MOJIBEPKEHHBIX
MMOTEHIIMAIBLHO OIACHBIM TEMIIEpaTypHbIM yCioBHAM, B niepuon 1850-2005 rr.) mpu u3MeHEHUH
temmnepatypsl ot 1,5°C o 4,0°C (15 kmumaTuyeckux Mojenei), mpeacrasiieH Ha Puc. 6.

Pl/lcyHOK 6. U3menenus NMpoueHTa BUA0B KUBOTHBIX 1 MOPCKHUX TPaB, MOABEPKCHHDbIX

MOTEHI[HAJBHO ONMACHBIM TEeMIIEPATYPHBIM YCJIOBUAM, IPU U3MEHEHUH TemmepaTypsl ot 1,5°C
1o 4,9°C.

Yuciao u rpaguk u3MeHEeHUS MOTEPU BUAA B 3aBUCUMOCTH
OT NOBBIIIEHNUSI TeMpepaTypbL,%o

90

80 1,967 80
0 V = 4,984x%

R?=0,9936 :
60

50
40
30
20
10

IMoTepu BuAa, %

15 2 3 4

IoBbimeHus Tempeparypsbi, °C

Hcemounuk: pazpaboman asmopom no oannvim [4, 11].

Kak BugHO W3 rpaduka, mporecc NOABEP>KEHHBIX BHUJOB >KUBOTHBIX M MOPCKHUX TpaB B
3aBUCHUMOCTH OT T[IOTEHIMAJbHO OINACHBIX TEMIEpPaTypHbIX YCIOBUHM, aNMpOKCUMUPYETCS
OKCIIOHEHIINAJILHBIM 3aKOHOM BUIA Py = 4.984x1-9%7  TIpu 310M KO3()PUIMEHT MHOMKECTBEHHOM

xoppensiuu R? = 0.9936, KoTophlii MOKa3bIBAET, YTO (DYHKIHS ONKCHIBAET IIPOLIECC U3MEHEHHS
ITOABEP’)KEHHBIX BHJIOB JKHBOTHBIX U MOPCKHX TpaB B 3aBUCUMOCTH OT NOTEHIIMAIBHO OIACHBIX
TeMITIEpaTypHBIX YCI0BUH, Ha 99.4%.

Pucku ona cenvckozo xo3aiicmea. [{nsi CHUOKEHMsI BO3JIEHCTBUS M3MEHEHMs KJIMMaTa Ha
CEJIbCKOXO3SIMCTBEHHbIE YrO/Absl, MPEIOTBpAIlCHUs JAerpajallid ¥ 3pO3UM I0YB, MOBBIICHUS
ypOXKaHOCTH, COXpPAHEHHUs 3alacoB OPraHUYECKOro YriepoJa W BJard B IMOYBE MPEANOYTEHHE
CIIeyeT OTAaBaTh HCIOJb30BAHUIO PECypcocCOeperaromux TeXHOJOTHMA, TEXHOJIOTHH IM(pOBOro
3emJieieNusl U KIMMAaTUYECKUX ~YMHBIM TEXHOJIOTHSIM.

Kpome Toro, mpumeHeHHe WHHOBAIIMOHHBIX TEXHOJOTHH, TaKMX KakK arpojieCoMenuopanus,
OpraHMYeCcKOe 3eMJIeIeNIne U UCII0JIb30BaHNe MTOKPOBHBIX KYJIbTYp, CYUTAETCS BAXKHBIM PEIICHUEM B
O0opp0e ¢ OOJIE3HSIMH M BPEAUTEISIMH, a TaK)K€ B COKpPAIIEHUH BHIOPOCOB MAapHUKOBBIX Ta30B B
OKpyXaroiyto cpeny. Jing npaktuku npuBeaéM npumep, kak B CIIA npumeHsieTcsl TEXHOJIOTHUS
IIOKPOBHBIX KYJIbTYp, KOTOPBIN IIpuBecH Ha Puc. 7.
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Pucynok 7. YaenbHbli BeC BHECEHHS IIOKPOBHBIX KYJIbTYP HA XJ10NKOBBIX 015X B CIITA

YaeabHbIH Bec MOKPOBHBIX KYJIbTYP NPU BbIpammuBaHue xJjonka B CIHA,%

EcTecTBeHHDBIE
MOKPOBBI

20%

be3 noxkposHoii
KYJIbTYPbI
15%

O3uMmas

NIEeHNIA
65%0

Hcmounuk: paspaboman agmopom na ochoge mamepuanos [1, 9].

Kak Bunno u3 Puc. 7, B llrtarax 65% ¢depmepoB mpeanoynTaroT Myiapud 03uMbIX, 20%
€CTECTBEHHHON IOKPOBHBIX KYyJIbTYp, 15% ywacTku Oe3 Kakux-InbOO pacTeHui, T.e., MYCTbIE
TEPPUTOPHUHU.

B ycnosusx bpasunmu npoco xeMuykHOe 00Jiee IUPOKO UCIOIb3YETCs B KAUeCTBE OCHOBHOM
MOKPOBHOM KYJIBTYPHI IIPH BBIPAIIIMBAHNY XJIONKA H CEPPAJIO.

ABTOp OTMEYAET, YTO MPEUMYILIECTBOM TEXHOJOIMU SIBJISIETCS TO, YTO MyJibYa MOKPOBHBIX
pacTeHuil MOJTHOCTHIO MOKPHIBAET MOUBY, 3aIIMIIAET €€ OT BETPa M SpO3UH, 00ECIIeunBaeT 3aTEHEHUE
MOYBBI /TSI XOPOIIEro Pa3BUTHS CEMSH, COXpaHSAET BIIAry, YHHYTOXKAE€T COPHSAKH, CYIIECTBEHHO
CHIDKAeT NOTPEeOHOCTh It TepOUIMI0B U BOAbL. TakuM 00pa3oMm, UCTIONIb30BaHUE OMOIOTHYECKOM
PacTUTENILHOCTH CTaHOBUTCSI KJIIOYEBBIM (DAaKTOPOM CHHKEHHS BBIOPOCOB YIJIEKHCIOTO Tasa,
XpaHEHHUsI OPraHMYECKOTO YIIIepo/ia B IIOYBE U 3alIUTHI OKpYXKaromei cpesr [9].

IIporuo3nl Mo BJIMSHUIO MOBBILIEHUS TEMIIEPATYPbI HA YPO:KAHHOCTH KYKYPY3bI k 2080
2099 rr. no cpaBHeHuto c 1986-2005 rr. xapakTepusyercs IO CIEAYIOLIEMY: NPU CLEHAPUU
NoBBIIIeHUsT TemrepaTypbl Ha 1.6°C-2.4°C (2.0°C), cumxenus Ha -(20-35%), mpu cuenapuu
noBelieHUs: TemmnepaTypsl Ha 3.3°C-4.8°C (4.1°C), nossimenuss Ha +10%, npu cueHapuu
noBbIIeHUs Temmeparypsl Ha 3.9°C-6.0°C (4.9°C), noseimienus Ha +(15-35%) [9].

JlaHHbIE TOKAa3bIBAIOT, YTO W3MEHEHUS TEeMIIepaTypbl OY€Hb CHJIBHO BIIMSAET Ha CEJIbCKOE
XO035HUCTBO, OCOOCHHO Ha YpPOXAWHOCTh CEJIIBCKOXO3SHMCTBEHHBIX KynbTyp. K mpumepy,
MIPEACTABIISIEM NPOCHO3 UsMeHeHUs ypoxcatinocmu Kykypysol K 2080-2099 rr. o cpaBHeHuto ¢ 1986—
2005 TT. IpH pa3HbBIX CIICHAPUAX U3MEHEHUS TemrepaTypsl, kak 2.0 °C, 4.1°C, 4.9°C [10], na Puc. 8.
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Pucynok 8. IIporuo3 uzmeHeHus ypo:xxaifHocTH KyKkypy3bl k 2080-2099 rr. no cpaBHeHu10
¢ 1986-2005 rr. mpu pa3HbIX CLeHAPHSIX MOBBIILIEHUA Temnepatypsl, 2.0°C, 4.1°C, 4.9°C.

IIporuo3 usmMeHeHus yposxkaitHoCcTH KyKYypy3bl k 2080-2099 rr., B
3aBHCHMOCTH OT NMOBBILEHUS TeMIepaTypsl, %0

b N . BN W A
& © o o o © & o

-35

H3MeHeHUs1 yPOKAHHOCTH KYKYPY3bl, %0
A
o

H3menenns remneparypsl, °C

Hcemounuk: paspaboman asmopom no dannvim [6, 10].

Kak BuaHo, u3 mpenctaBieHHoOro rpaguka, no nporsosy k 2080-2099 rr., ypoxaiHOCTb
KYKypy3bl IIpu moBbllieHuu TemmepaTypsl 10 2.0°C cHumxkaerca Ha 35%, a mpu JajbHEWIIeM
noBbiieHun Temmneparypel 10 4.1°C u go 4.9 °C, nHaobGopot, moBbimaercs Ha 10% u 35%
COOTBETCTBEHHO.

OT0 KapTHHA OJIHA U3 YpPE3BBIYAMHBIX SIBJICHUN, KOTOpas HE XapaKTEepHBI Ul IPYTUX BUJOB
CEJIbCKOXO3SICTBEHHBIX KYJbTYp, HalpuMep, AJid MIIEHUIBI M COM, Ha KOTOPBIX H3MEHEHUU
TEMIIEPATYPHI 10 YKa3aHHBIX BBILIE 3HAUEHUN, 3HAUUTEIBHO CHUKAET IPOU3BOUTENBHOCTD.

BoiBoanbl

1. Ha ocHoBaHMM OQUIMATBHBIX JAHHBIX MEXAYHApOJIHBIX OpraHU3alUi YCTaHOBJIEHO, YTO
BbIOpochl CO2 Ha 4YenmoBeka BapbupyrloTcs oT 2 1o 20 T/yen B cTpaHax ¢ HauOOJNBIIUMU
TOJIOBBIMU BbIOpocamu yriekucioro raza (COz).

2. Omnpeneneno, uto 3HadeHus dmuccun CO; Ha nynry HaceneHus B pecryonmke B 2022 roay mo
cpaBHeHUIO ¢ 1990 romom cHuswics Ha 2,2 pas3a, 4TO SIBISETCA NPAKTUYECKU HICATbHBIM
MUHUMYMOM JJIs Tocynapcrsa — xo3siiku COP29.

3. BblaBieHO, 4TO OJHUM M3 CEKTOPOB, KOTOPBIM yBETMYMBAET BHIOPOCHI MAPHUKOBBIX Ta3oB,
ABIISICTCS TPAHCIIOPT, HA OO KOTOpOro mpuxoaurcs 82% oobumx Beiopocos COx.

4. K OCHOBHBIM MpoOIeMaM, BBI3BAHHBIM TIIOOATBHBIM MOTETUIEHUEM, OTHOCSATCS TOBBIIICHHE
YpOBHS MOps U TpUOpekHas dSpo3us, HKCTpPEeMajbHble TOTOJHBIC SBJICHHS, YIPO3bI
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OMopa3zHO0Opa3uIo, MPOIOBOIHCTBEHHON M BOAHOM 0€30MacCHOCTH, BO3/ICHCTBUE HA 3I0POBhE,
TassHUE BEYHOM MEp3JIOThI, 3aKHCIICHHE OKEeaHa, IepeMEIeHUEe JIIJICH, IKOHOMHYECKHE
MOCJICICTBHS, KJIMMATHYECKasl CIIPABEIJTMBOCTh U PaBEHCTRO.

5. Omnpegeneno, 4yro npu Temrepatrype u 4.9°C uymciio AHEH cO37aBIIME PUCK CMEPTHOCTH
yBeIMUMBaETCsl COOTBETCTBEHHO Ha 100 mueit, or 50 qus npu Temnepatype 1.9°C.

6. BbIsABIEHO, YTO HPOLIECC NOABEPKEHHBIX BUIOB JKUBOTHBIX U MOPCKUX TPAB B 3aBUCHMOCTH OT
MOTEHIHAILHO OIACHBIX TEMIIEPATYPHBIX YCIOBHMA, AIIPOKCUMHUPYETCS SKCHOHEHIIMATbHBIM
3aKOHOM BHJA Py = 4.984x1°%7. Tlpn 510M KO3(Q(QHUIMEHT MHOKECTBEHHON KOPPEISIIHN

R? = 0.9936, koTOpblii MOKa3bIBaeT, YTO (YHKLHSA ONKUCHIBAET HPOLECC H3MEHEHMS
10/IBEPKEHHBIX BUJIOB )KUBOTHBIX U MOPCKUX TPaB B 3aBUCUMOCTH OT IOTEHIIUAIBHO ONACHBIX
TEeMIIEPaTypHBIX yCI0BUH, Ha 99.4%.

7. Hcnonbp3oBaHue OHOJIOTHYECKON PaCTUTCIIBHOCTH B KA4YECTBC IIOKPOBHLBIX KYIBTYP,
CTaAaHOBUTCsA KIHOYCBBIM (baKTOpOM CHMXKCHUA BBI6p0COB YIJICKUCIOr0 Trasa, XpaHCHUSA
OpraHu4CeCKOro yriepoa B I04YB€ U 3allIUThI OKPY)KaIOH_Ieﬁ CpCabl.

8. Ompeneneno, yro no nporuo3y k 2080-2099 rr., ypokallHOCTb KyKypy3bl IpU HOBBIILIEHUH
temmnepatypsl 10 2.0°C cHuxaetcs Ha 35%, a Ipu JajbHEWILIEM TOBBIILIEHUH TEMIIEPATyphI 10
4.1°C u no 4.9 °C, nao6opot, nossitmaercst Ha 10% u 35% cooTBETCTBEHHO.
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Rusiya Tabiat Elmlari Akademiyasinin iizvii

Karbon qaz1 emissiyalar1 va global istilosmanin asas problemlari

Xulasa

Maqalada iglim dayisikliyinin sabab va naticalori, qlobal istilogma, istixana qazlar
emissiyalari, elaCa da qlobal istilasmonin yaratdigi asas problemlardan atrafli bahs edilir. Olkalor
Uzra adambasina karbon qazi emissiyalariin saviyyasi tohlil olunmus va beynalxalq toskilatlarin
etibarli malumatlari asasinda adambasina 2 tondan 20 tona gadar emissiya olan 6lkalorin siyahisi
muayyan edilmisdir. COP29-a ev sahibliyi edan Azarbaycan Respublikasinda adambasina diigan
emissiya son 30 ilda 2.2 daofs azalaraq 3.7 t/nafar toskil etmisdir. Istixana qazlarimin emissiyasini
artiran 2sas sektorun 82% payla naqgliyyat oldugu asaslandirilmisdir. Qlobal istilogsmonin yaratdig
asas problemlara doniz saviyyasinin qalxmasi va sahil eroziyasi, ekstremal hava hadisalori,
biomixtalifliya tohdidlor, gida va su tohlikasizliyi, saglamliga tasirlor, abadi donlarin arimasi,
okeanlarin tursulagmasi, insanlarin yerdayismasi, iqtisadi tasirlor, “iglim adalati” vo barabarlik
daxildir. Magalada, hamginin iglim dayisikliyinin tabii vo antropogen sistemlara tasiri, heyvan
noévlarinin va daniz otlarimin mahvolma gostoricilari hagqinda malumatlar verilir,

Acar sozlar: iglim dayisikliyi, qlobal istilasma, istixana qazlari, karbon dioksid, naqliyyat,
problemlar, tasirlar, kond tasarrifas, noviarin naslinin kasilmasi, 6rtik bitkilar.

I.1. Ismayilov, Doctor of Technical Sciences, Prof.,
Member of the Russian Academy of Natural Sciences

Carbon dioxide emissions and the main problems of global warming

Abstract

The article examines in detail the causes and consequences of climate change, global warming,
greenhouse gas emissions, as well as the main problems caused by global warming. The level of
carbon dioxide emissions per capita by country is analyzed and, based on reliable data from
international organizations, the nomenclature of countries with emissions from 2 to 20 tons per capita
is determined. In the Republic of Azerbaijan, which hosted COP29, per capita emissions decreased
by 2.2 times over the last 30 years and amounted to 3.7 t/person. It is substantiated that the first of
the sectors increasing greenhouse gas emissions is transport with a specific weight of 82%. The main
problems caused by global warming include rising sea levels and coastal erosion, extreme weather
events, threats to biodiversity, food and water security, health impacts, melting permafrost, ocean
acidification, displacement of people, economic consequences, climate justice and equality. The data
on the impact of climate change on natural and anthropogenic systems, the levels of mortality of
animal species and sea grasses are presented.

Keywords: climate change, global warming, greenhouse gases, carbon dioxide, transport,
problems, consequences, agriculture, species extinction, cover crops.
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Xulasa

Todgigat Azorbaycan arazisinda atmosfer temperaturlarimin orta illik saviyyasinin taxil
akinlarinin mahsuldarliginin dinamikasina tasirinin 6yranilmasina yonalib. Arasdirma 1992-2022-Ci
illarin malumatlart iizra taxil akinlarinin mahsuldariiginin dayisilmasinin orta illik temperaturlardan
asuiliginin polinom amsallr xatti reqQressiya modelinin qurulmasi asasinda aparilib. Miiayyan olunub
ki, orta illik temperaturun taxil aKinlorinin mohsuldariigimin dayisilmasina tasirinda hadd effekti
6zunu biruza verir. Orta hava temperaturunun yiksalmasi miayyan saviyyayadak taxil akinlarinin
Mahsuldariigina artma istigamatinda tasir gostarir vo bu zaman temperaturlarin yiiksalmasing uygun
olaraq mohsuldarligin artimimin miqyas etibarilo azalmast meyli formalaswr. Miivafiq kritik haddi
kecdikdan sonra isa temperatur saviyyasinin yiksalmasi mahsuldarliga asagi diisma istigamatinda
tosir gostarir vo bu halda temperaturlarin yiiksolmasina uygun olaraq mohsuldarligin azalmasi
miqyasimin  boyiimaSi meyli yaranir. Model asasinda orta illik temperatur géstoricilarinda
dayisikliklorin taxil akinlarinin mahsuldarliginin ixtisar olunmasi amilina gevrila bilmasi haddina dair
dayarlondirmalar aparilir.

Acar sozlar: global iglim dayisiklikiori, orta illik temperatur, kand tasarriifati, taxil akinlarinin
Mahsuldarlig, temperatur géstaricilarinin tasirinda hadd effekti.

1. Giris

Koand tosarriifatt qlobal iglim dayisikliklarinin nisbatan gicli tesirine moaruz galan sahalor
arasinda yer alir. Bu, illor Uzro aqrar istehsalin naticalorinin formalagsmasinda iglim amillarinin
nisbaton daha bdyiik rola malik oldugu inkisaf etmokds olan 6lkslords 6zinu xisusils aydin gostarir.

Iqlim doyisikliklorino uygunlasma vo tasirlorin yumsaldilmas {iciin effektiv strategiyalarin
reallagdirilmasi ehtiyaclari bas veran doyisikliklarin kond tasarriifati istehsalina gcoxtorafli tasirinin
muxtolif aspektlori Uzro arasdirmalarin genislondirilmasine tokan vermigdir. Bununla bagh kond
tosarriifatt  mohsullarinin  ayri-ayrt  névlarinin, 0 clmlodon taxilin mohsuldarligina hava
temperaturlarinda bas veran doyisikliklarin tasirlorinin aydinlasdirilmasina yonolon arasdirmalar da

24


mailto:hamza_xelilov@mail.ru

Agricultural Economics - Kond Tasorriifatimn Iqtisadiyyati - Ixonomura cessckoro xossiicrpa - 2024, Ne 1 (45)

digqgati calb edir. Qeyd etmok lazimdir ki, tadqigatlarda ayri-ayr1 6lkalords vo ham do ayalatlor tizra
taxilin mohsuldarligina hava temperaturlarinin tasirinin - muxtalif cohotlorine baxilmigdir. Bu
istigamatdo Ratna Raj Laxmi vo Amrender Kumarmn arasdirmasinda Hindistanin Uttar-Prades
oyalotindo hava temperaturlarinin minimum vo maksimum saviyyslorinds doyisikliklarin kond
tosarriifat1 bitkilarinin, o climlodon taxilin mohsuldarligina tasiri Oyronilmisdir [16]. T. Heinzov va
R.S.J. Tolun tadqgigatinda siini neyrosoboks texnologiyalarindan istifado osasinda Almaniyanin
mixtalif iglim zonalarinda kond rayonlar1 vo federal oyalotlor miqyasinda giindalik hava
molumatlarinin (maksimum, orta vo “seh noqtasi” soviyyalori nazoro alinmaqla) asasinda taxilin
mohsuldarliginin prognozlasdirilmasi imkanlar1 agiglanir [13]. Soézlgedon istigamotds elmi
odobiyyatda, homgcinin Kanadanin Montereji oyalotindo vegetasiya dovriiniin  aylar1  tizra
temperaturlarda bas veran doyisikliklorin qargidalinin mohsuldarligina tasiri tohlil olunmusdur [6].
Uygun yoniimli digor bir todgigatda iso masin tolimi modellari vasitssilo vegetasiya dovriinds
gorarlasan iglim gostaricilari, 0 climladan temperatur saviyyasi asasinda bugdanin mohsuldarliginin
prognozlasdirilmast masalosing baxilmisdir [9].

Eyni zamanda, global iglim doyismolori soraitindo agrar sahonin inkisafina, o ciimlodon
taxilgiligin inkisafina dair Ssomorali strategiyalarin hazirlanmasi baximindan uzunmiiddatli dévrdo
hava temperaturunun orta illik saviyyasinds bas veran dayisikliklarin taxil akinlarinin moahsuldarliq
gOstaricilorinin dinamikasina tosiri ilo bagli cohat do diggoti calb edir. Masalonin arasdirilmast iglim
gostoricilorinin  agrar sahado mohsuldarliq soviyyasino tosir mexanizmlorinin daha sohih
aciglanmasina imkanlarin genislondirilmoasi baximindan maraq dogurur.

2. Malumat va metodologiya

Todgigat Azarbaycan Respublikasi arazisinds 1950-2022-ci illari ohato edan orta illik iglim
gostaricilari va taxil okinlarinin mohsuldarligina dair 1992-2022-ci illor (izro gostaricilor asasinda
aparilir. Orta illik temperatur, orta illik yagintinin miqdar1 vo adambasina karbon emissiyasina dair
molumatlar Dinya Bankinin miivafiq molumat bazasindan, habelo “OurWorldData” vo
“Worldometr’” internet resurslarindan oldo edilmisdir. Sonuncu monbadon 1970-ci il {gln
adambasina karbon emissiyasina dair gostorici, habelo sodzligedon gdstoricinin 1992-ci il Ugun
komiyyati gotiiriilmiisdiir.

Taxil akinlorinin mohsuldarliq gostaricisine (akin sahasinin har hektarindan mahsul yi1giminin
sentnerlo hocmi) vo hor hektar taxil okinino verilon mineral gubrolora dair Azorbaycan
Respublikasinin Dévlot Statistika Komitasinin mivafig molumatlar1 istifado olunmusdur. Qeyd
edilon molumatlar ©lavads verilmisdir.

Taxil okinlarinin mohsuldarligi vo hava temperaturunun orta illik soviyyasi arasinda olage
sOziigedon gostaricilorin dinamika siralari {izro reqressiya tohlilinin aparilmasi osasinda arasdirilir.
Bu halda avvalca orta iglim gostaricilorinin uzunmuddatli doévrds dayisilmasi meyillarinin tohlili
osasinda qlobal iglim doyismolorinin aktiv tozahurt amili nazors alinmaqgla aragdirmanin zaman
sorhadlori miiayyon edilir.

Ikinci morhalodo orta illik temperaturlar vo taxilin mohsuldarliq gostaricilori arasinda slagonin
xarakterinin muvafiq tohlillor aparilmagqla dagiqlosdirilmasi asasinda modelin segimi hayata kegirilir.
Daha sonra isa empirik naticalorin miizakirasi asasinda dayarlondirmalor aparilir.
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3. Azarbaycan arazisinda orta illik iglim gostaricilorinin dinamikasi

1950-2022-ci illari ohats edon ddvrds Azarbaycan orazisinds orta illik temperaturlarin imumi
arttim meyili miisahido edilmisdir (Diagram 1). Eyni zamanda, nazoro almaq lazimdir ki, 6lko
orazisinda orta temperatur gostaricilori aslinda 1990-c1 illarda, bir gadar do daqiq deyilarss, 1990-c1
illorin ikinci yarisindan hissedilocok doaracads yiiksalmays baslamis vo bu proses XXI asrin ikinci
onilliyinds xeyli slirotlonmisdir.

Diagram 1. 1961-2021-ci illarda Azarbaycan arazisinda atmosfer temperaturunun orta
illik saviyyasinin dinamikasi (°C)
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Manba: Olavada verilon malumatlar asasinda qurulmusdur.

Temperaturlarin orta illik soviyyasi 1950-1964-cii illordo 12.53 °C, 1965-1979-cu illordo 12.51
0C, 1980-1994-cii illords 12.52 °C, 1995-2009-cu illords 13.38 °C, 2010-2022-ci illords 13.90 °C
toskil etmisdir.

Atmosfer temperaturlarinin dinamikasinda diqqoti colb edon digor cohot kimi Gmumi
saviyyeanin ylksalmosinin siiratlondiyi soraitds illor lizro qalxib-enmalorin nisbaton kigik miqyaslar
almasinin misahido edildiyini demok mimkindur.

Aragdirilan dovrds temperatur soviyyasindon forqli olaraq yagmtilarin orta illik miqdarinin
doyismoasindo timumi uzunmiiddatli meyil 6zinl qabariq sokildo hiss etdirmir. Bununla bels,
sOziigedan gostaricinin dinamikasinda hissedilacok doyisikliklor bas vermigdir (Diagram 2).
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Yagmtilarin migdarmin illor lizro doyisilmasi trendi forma etibarilo (zoif do olsa) 2-ci doracali
polinoma uygun golir. 1980-ci illora godor miioyyan artim sonradan azalma ilo ovoz olunmusdur.

Diagram 2. 1950-2022-ci illarda Azarbaycan arazisinda yagintilarin orta illik migdarimin
dinamikasi (mm)
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Manba: Olavada verilon malumatlar asasinda qurulmusdur.

Yagintilarin miqdarinim orta illik kemiyyati 1950-1964-c illordo 474.1 mm, 1965-1979-cu
illordo 483.59 mm, 1980-1994-cii illords 474.39 mm, 1995-2009-cu illards 462.57 mm, 2010-2022-
ci illards isa 391.19 mm toskil etmisdir.

Molumatlardan aydin oldugu kimi, mivafiq dovrlor izro atmosfer temperaturlarinin artmasi vo
yagintilarin miqdarmin azalmasi arasinda miioyyan sinxronluq miisahids edilir.

Yagmtinin orta illik gostaricisinin illor Gzra artib-azalmasi (variasiyasi) hadlori Gglin zaman
dayisikliklarinds do mlisyyan bir uygunluq miisahids edilmir. Bununla yanasi, yagmtinin migdarinin
Umumi orta saviyyadon (arasdirilan dévrds bu gostarici 463 mm toskil etmigdir) 100 mm - yani ¢ox
asag1 oldugu (quragligin bas verdiyi) vo 50 mm - yoni xeyli asag1 oldugu (az yagish) illorin say
nisbatindos ayri-ayr1 dovrlar Uizra forglor 6zinu gostarir. Bu cohatdon, temperaturlarin nisbaton ylksok
saviyyasinin gerarlagdigi 2017-2022-ci illords quraqliq olmasi Vo az yagish illorin sayinin artmasi
digqgati calb edir.

Todqiq edilon dovrds Azorbaycanda adambasina karbon emissiyasinin kamiyyatindo kaskin
doyisikliklor bas vermisdir. Homin dovriin ortalarindan sonra, daha dogrusu, 1990-c1 illords
Azorbaycanda iqgtisadi sistemin doyisilmasi ilo olagadar transformasiya enisi yasanmis, Sonaye
istehsalinin hacmi koskin azalmigdir. Belo ki, rosmi statistika molumatlarina gora, 1990-2000-ci
illordo sonaye istehsalinin hacmi fiziki ifadods 3 dofo azalmis, enerji mohsullarinin asas ndvlarinin
istehlak1 1.5-3 dofo ixtisar olunmusdur [2]. Bununla slagadar olarag adambasina karbon emissiyast
kaskin azalmigdir (Diagram 3).
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Diagram 3. 1950-2022-ci illarda Azarbaycanda karbon emissiyasinin dinamikasi
(adambasina, ton)
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Manba: Olavada verilon malumatlar asasinda qurulmusdur.

Olkado yeni sanayelosmonin hoyata kegirilmasi ilo bagli 2000-ci illorin ikinci onilliyindon
karbon emissiyasinin hocmi yiiksolmaya baglamis, 2022-ci ildo adambasina orta illik karbon
emissiyast 3.7 ton toskil etmigdir.

Qeyd edilonlorlo olagodar olaraq karbon emissiyasinin saviyyasindo uzunmuddatli trend
temperatur soviyyasi Vo yagintinin miqdarmnin orta illik gostaricilori Gzra trendlordon asasli suratdo
farglonir. Bu sahada ancaq son onillik Uzro temperatur vo karbon emissiyasinin saviyyalarinin
dinamikasinda miiayyan uygunlugun olmasi istisnaliq toskil edir.

Beloliklo, uzunmiddatli dévr Uzro iglim gostoricilorinin - dinamikalarina baxis orta
temperaturlarin saviyyasinin yiksalmasinin 6ton asrin 90-c1 illorindon Umumon ardicil xarakter
aldigim1 vo bu meyilin osrimizin ikinci onilliyindon yagmtilarin orta illik miqdar1 vo karbon
emissiyasinin hacmi ilo daha six olagali sokildo nishoton giliclondiyini gdstarir. Bununla slagodar
olaraq global iglim doyisikliklorinin gedisindo Azarbaycan arazisinds atmosfer temperaturlarinin orta
illik saviyyasinin taxil okinlorinin mohsuldarligina tasir xisusiyyatlorinin daha ayrintili 6ziinii biiruzos
vera bilacayini nozoro almagla, sozlgedon olage 1992-2022-ci illorin molumatlar1 osasinda
aragdirtlmisdir.

4. Orta illik temperaturlarin saviyyasinin taxil akinlarinin mahsuldarhgmma tasirinin
ekonometrik tahlili

4.1. Modelin se¢ilmasi

Muvafiq regressiya modeli secilorkon avvalca aragdirmaya calb edilmis siralarin 1992-2022-ci
illar Gzra dayisanlorinin stasionarligi yoxlanilmigdir. Stasionarliq testlori Genislondirilmis Diki Fuller
(ADF) (The Dickey-Fuller test) meyari asasinda “Stata” proqrami ilo aparilmigdir. Miivafiq testlorin
naticalari Cadval 1-ds verilmisdir.
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Cadval 1. Dayisonlorin stasionarhgina dair Diki-Fuller (ADF) testinin naticalari

Diki Fuller testinin
naticalari Stasionarh@in | Stasionarhq
Dayisan — L . .
Swra (Dayison) Test Kritik tartibi saciyyasi
statistikasi hacm
Orta illik temperatur, °C3 (OIT) -3.786 -3.716* 0 Stasionar
Taxil okinlarinin mohsuldarligt, - . .
s/ha (TOM) 1.202 3.716 0 Qeyri-stasionar
ATOM -6.825 -3.723* 0 Stasionar

*1% saviyyasinda
Manba: Stasionariig testlari miallif torafindan “Stata” programi ilo aparimisdir.

Cadvalda verilon molumatlardan da aydin oldugu kimi, orta illik temperatur gostaricilarine dair
ilkin malumatlardan ibarat doyisonlor stasionar, taxil okinlarinin mohsuldarligina dair dayigonlor isa
geyri-stasionardir. Eyni zamanda, geyri-stasionar dayisonlorin gostaricilarinin birinci forgindan ibarat
sira stasionardir.

Gostarilonlor nazars alinmagla taxil skinlorinin mohsuldarligina dair siranin dayisonlori birinci
farglor saviyyasindo models daxil edilir. Bu zaman avvalco mohsuldarliq saviyyasinds doyisikliklor
Vo iglim gostoricilori arasinda alagolorin formasi (xatti Vo ya geyri-xatti olmasi) yoxlanilir.

4.2. Moahsuldarhq va iglim gostaricilarinin dayisilmasi arasinda alagalorin formasi

Sozlgedon olagonin  sociyyasi muvafiq trendin  formasi (Diagram 4) osasinda
doyarlondirilmisdir.

Diagram 4. Orta illik temperatur vo taxil oakinlarinin illar Uzra mahsuldarhq
gostaricilarinin farglari
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Manba: miallif torafindan hazirlanmusdr.
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Diagramdan gorinduyu kimi, temperaturun orta illik gostoricilori vo taxil okinlarinin
mohsuldarligi gostaricilorinin illor Gzra forglori arasinda olage geyri-xatti olmus vo 2-Ci daracali
polinoma uygun galmisdir (hamin formada miivafig ayri izro R2-nin giymati nisbston daha yiiksok
olmusdur). Bununla slagodar olaraq s6ziigeden geyri-xatti alago xotti formaya gotirilmisdir.*

Yuxarida gostarilonlor nozars alinmagqla taxil okinlarinin mohsuldarliginin dayisilmasinin orta
illik temperaturlardan asililigmin polinom omsalli xotti modeli qurulmusdur’>. Bu zaman
mohsuldarligla birbasa alagasi nozars alinmagqla models taxil okinlarinin har hektarina verilon mineral
glbralorlo bagl gostarici daxil edilmisdir. Qeyd etmok lazimdir ki, 6lkads hayata kegirilon sistem
transformasiyalarinin gedisindo yasanan dorin iqtisadi bohran naticasinds 1993-cii ildon taxil
sahoalarina verilon mineral gibralarin hacmi ardicil olaraq vo koskin asagi diismiisdiir. Bu gostorici
1993-2000-ci illords 93 kg-dan 5 kg-dok azalmisdir. Sonraki illords azalma meyili sona catsa da,
mineral glbralordon istifads saviyyasi Umumon asagi olaraq qalmisdir. Yalniz 2016-c1 ildon har
hektar taxil okinino verilon mineral gibro hocmi 50-kg-1 Ustolomisdir. Digor torafdon, rosmi
statistikada 2000-2006-c1 illor (zro taxil saholorino verilon mineral gubralorin hocmino dair
molumatlar verilmir [2]. Bununla olagodar olarag taxil okinlarinin har hektarina verilon mineral
gubralarin hacmi fiktiv gostarici kimi models daxil edilmisdir. Bu halda s6zuigedoan gdstaricinin
komiyysati 50 kg-dan ¢ox oldugu 1993 vo 2016-2022-ci illar Gzra giymat 1, 1994-2015-ci illor Uzro O
gobul olunmusdur. Model asagidaki formani almisdir:

ATOM = ag + a1 OIT + a2 OIT2 + a3 MGH +u

burada,

ATOM - taxil aKinlarinin mahsuldarligi gostaricisinin illar zra kamiyyatinin birinci
forglori;

OIT - orta illik temperaturun saviyyasi;
OIT?2 - orta illik temperaturun saviyyasinin kvadrat ifadada gostaricisi;

MGH - taxi/ akinlarinin har hektarina verilon mineral gubranin hacmi, fiktiv gostarici
(1993, 2016-2022-ci illor Ggtin 1, 1994-2015-ci illar tgun 0);

oo - Sarbast hodd;
a1, a2, a3 - Sarbast dayisanlarin reqressiya amsali,

u - Xota payiu.

1993-2022-ci illarin mivafig molumatlari tizro modelin parametrlori vo adekvatliq testlarinin
naticalari Cadval 2-do verilmisdir:

! Cindo aparilmus arasdirmalarda fermer tosorriifatlarimin golirlorinin formalagmasi amillerine dair istifade olunan
modelds do temperatur vo yagnti iizro gostaricilor uygun qaydada xatti formaya gotirilmisdir [18].

2 Modelo aragdirdigimiz dovr iigiin Azorbaycan orazisinde yagmtilarin orta illik migdari ve karbon emissiyasinin
adambasima hocmi gostoricilorinin birlikdo vo ya ayriliqda sorbast doyisonlor kimi daxil edilmesi naticosindo homin
doyigonlor iizro reqressiya omsallar1 statistik cohatdon etibarli qiymoatlor almir. Eyni zamanda, geyd edilon hallarda
miivafiq modellor F-statistika meyari iizro zoruri etibarliliq toloblorine uygun golmir.
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Cadval 2. Modelin performans hesabati

Gostaricilar Reqgressiya omsalinin kamiyyati t-statistika p-dayar

0lo -285.336 -2.33154* 0.027745

o1 -1.59792 -2.29989 0.029734

02 42.78804 2.320114 0.028449

a3 -0.28806 -0.24941 0.805003
F-statistika 2.431614

Manba: miallif tarafindan hazirlanmisdir.

Model F-statistika meyari tizra etibarli doyarlondirilir. Fiktiv gostarici kimi daxil edilmis taxil
okinlarinin har hektarina verilon mineral giibronin hacmi (MGH) dayisoni Uzro reqressiya omsali
etibarli giymot almayib. Digor doyisonlorin reqressiya omsallarinin har biri statistik cohotdon
etibarhdir.

Adekvathgq testlori
Modellorin adekvatligi dayarlondirilorken qaliglarda avtokorrelyasiyanin mévcudlugu Darbin-
Vatson (Durbin-Watson) meyar1 iizra, galiglarda heteroskedastiklik Uait testi (White test) ilo,

galiglarin normal paylanmasi Shapiro-Uilk testi (A formal normality test: Shapiro-Wilk test)
yoxlanilmigdir. Testlarin har birinin naticasi Cadval 3-doki kimi olmusdur:

Cadval 3. Adekvathgq testlarinin naticalari

Meyar
Darbin-Vatson testi Uait testi Shapiro-Uilk testi
(Durbin-Watson test) (White test) (Shapiro-Wilk test)
d-statistika- re :e(s?;] 9: ([;JI un Test
Gostorici Gaostorici g y . ¢ Gostorici | statistikasi
di/dy F-statistika W)
komiyyati
2.498638 1.352/1.489 1.476906 0.229979 0.1071 0.9426

Manba: miallif torafindan hazirlanmusdir.

Molumatlardan aydin oldugu kimi, model lzro qaliqlarda avtokorrelyasiya méveud deyildir
(Darbin-Vatson test gostoaricisi kritik komiyyatlordon boyiikdiir), galiglar homoskedastiklik (komakgi
regressiya cun F-statistika kamiyyati etibarli komiyyat almamisdir), habelo normal paylanilmigdir
(Shapiro-Uilk testi gostaricisi se¢ilmis 0.05 etibarliliq haddindan yiiksokdir vo test statistikasi {izro
gostarici 0.95-1 sarhadi xaricinds yerlosir). Basqa s6zla, aparilmis testlorin noticalori modelin zaruri
adekvatlhq toloblorina uygun oldugunu géstormisdir.
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5. Empirik naticalarin mizakirasi

Modelds orta illik temperaturlarin saviyyasi gostaricisinin iki sarbast doyisonlo tomsil olundugu
nozora alinmaqla zoruri doyarlondirmalor aparmaq Uglin avvalco hamin gostaricilor Uzro orta
regressiya amsalinin koamiyyati hesablanmalidir. Asili doyisanin s6ztigedan sarbast doyisanlo alagasi
2-Ci doaracali polinomla ifads olundugu ti¢in model iizrs orta reqressiya omsalt hamin doyigonin adi
ifadodo aldig1 reqressiya omsali ilo kvadrat ifadods aldigi reqressiya omsalinin iki mislinin dayigonin
verilon saviyyasine hasilinin comi kimi hesablanmigdir.*

Mivafiq gostaricilorin modeldaki isaralorindon ¢ixis etsok orta reqressiya omsalinin kamiyyati
orta illik temperaturlar Gizra (2*02*OIT + a1) kimi hesablanir.

Homin gostaricilor aslinds mivafiq orta regressiya amsallarinin “ndqtovi” kamiyyatloridir vo
temperaturun verilon konkret kemiyyatinin 1 vahid (1° C) doyisildiyi halda 1 ha taxil okini sahasindan
alinan moahsulun nec¢s vahid (sentner) doyisilmasini ifads edir.

Gostorilonlor nazoro alinmaqgla modelin orta reqressiya omsalinin qiymotlori asasinda
temperaturun aragdirilan dovriin illori Uzro orta gostoricilorinin taxil okininin mohsuldarlig:
gostaricisinin doyisilmasine tasiri giymatlondirilir.

Diagram 5. Orta illik temperatur saviyyalarina gora taxihn mahsuldarh@mmin reqressiya
amsalinin orta kamiyyatinin dayisilmasi
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Manba: miallif tarafindaon hazirlanmisdir.

Diagram 5-in molumatlarina asasen, temperaturun 13.35°C-ys uygun vo ondan Kigik olan biitiin
saviyyalarinds orta reqressiya amsalinin giymatlori musbat isarali komiyyatlordir. Yani, s6zligedon
biitiin hallarda orta illik temperaturun hor 1°C yiiksak va ya asag1 qiymeot almas: taxil okini sahasinin
hor hektarina géra mahsulun hacminin mivafiq suratds artmasi vo ya azalmasina sabab olur. Bels Ki,
orta temperaturun 13°C-don 1 doraco yilksok, yoni 14 doraco komiyyatina taxil okininin hor

1 Soziigedan hal ligiin orta reqressiya omsalinin hesablanilmasi barads bax: [26].
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hektarindan aldo olunan moahsulun kamiyyatinin orta gostaricisinin kamiyystcs 1.2 sentner artmasi,
1°C asag1, yoni 12°C komiyyatine iso mohsuldarliq gostericisinin kemiyyatinin miivafig hacmdo
azalmasi uygun golir. Basqa s6zlo, qeyd edilon soviyyayodok biitiin hallarda temperaturlarin
komiyyatlorinds va onlarin tasiri ilo mohsuldarligin saviyyasinds doyisikliklar eyni istiqamatlidir.

Bununla yanasi, diagramdan aydin oldugu kimi, orta temperaturlarin 13.35°C-don yiiksok
komiyyatlorino uygun reqressiya amsallarinin qiymatlori monfi isars alir. Bu, homin saviyyadoan sonra
temperaturlarin komiyyati vo bu amilin tasiri ilo taxil akinlarinin mohsuldarliginin doyisilmasinin oks
istigamotlor almasimi ifado edir. Temperatur gostoricisinin ylksok saviyyssine mohsuldarliq
gostaricilarinin kamiyyatca azalan giymatlori, daha asagi saviyyasina iss mohsuldarligin nisbatan
boyuk kamiyyatlori uygun golir. Belo ki, muvafiqg reqressiya omsalinin komiyyatina osason
temperaturun 13.5°C saviyyadon 1° yilksok olmas1 mohsuldarligin orta géstaricisinin kemiyyatinds
0.3 sentner azalmaya, 1°C asag1 olmasi iso uygun kamiyyatda artmaya sobab olur.

Diagram 5-do diqgsti calb edon digar cohot temperaturlarin orta illik saviyyasinin yliksalmasi
ilo taxil okinlorinin mohsuldarliginin artma miqyaslarinin ixtisar olunmasi meyilinin formalagmasi vo
temperatur soviyyasinin muoyyan hoddi kegdikdon sonra mohsuldarligin bdyiiyon miqyaslarda
enmasi meyili ilo avoz olunmasinin bas vermasidir.

Qeyd edilonlar nozors alinmagq]la, orta temperatur gostaricilorinin taxil skinlorinin mohsuldarliq
Saviyyasinin doyismasins tasirinds hadd effektinin 6zuni gosterdiyini deys bilarik. Azarbaycanda
orta illik atmosfer temperaturunun saviyyasi 14.4°C-dok taxil okinlorinin mohsuldarhginin artim
komiyyotino mushat tosir gostorir. Temperaturlarin daha yiiksok Saviyyslori iso mohsuldarligin
enmoasi istigamatinds tasir gostormoys baslayir.

Model lzra geyd etdiyimiz malumatlardan ¢ixis etmoklo Azarbaycanda aragdirdigimiz dovrda
(1992-2022-ci illar) orta temperaturlarin doyisilmasina dair doyarlondirmalor aparsag, homin dévrdo
temperaturlarin yiiksolmasi meyilinin 6zliyinds taxil akinlorinin har hektarindan mohsul y1giminin
komiyyatino musbat tosir gostoron amil kimi ¢ixis etdiyini demok mimkindur. Bununla bels, son
dovrlords orta temperaturlarin yiiksalmasinin stirotlonmasi soraitindo sézligedon artimin miqyasi
ohomiyyatli doracads kigilmisdir. Ayri-ayr illorde (2010, 2018) iso yuksok hava temperaturu
mohsuldarliq soviyyasinoe enms istigamatinds tosir gostormisdir. Belo hallari, mosaloys cari dovr
gargivasinds yanasildirda anomal hava soraitinin naticasi kimi do dayarlondirmoak mumkindar. Eyni
zamanda, geyd edilon vaziyyat, mévcud meyil vo mivafiq prognozlar nozars alinmagla, galocokda
adi hala cevrilo bilocokdir.!

Natica

Uzunmiddoatli moalumatlar tizro ekonometrik tohlil noticasindo global iglim doyisikliklori
gedisindo Azarbaycan orazisinds hava temperaturlarinin yiksalmasinin taxil akinlarinin moahsuldarliq
gostoricisino tasirindo hadd effekti askar olunur. Atmosfer temperaturlarinin artmasi miioyyan
Soviyyayadok taxil¢iligda mohsuldarligin artmasina miisbat tosir gostorir, bu sahado kritik hadd

1 2040-2059-cu illordo Azorbaycanda orta temperaturlarin RCP2.6 Uizro 1.3, RCP4.5 (izro 1.7, RCP6.0 (izrs 1.6,
RCP8.6 Ulzro 2.3 doraca yiksalmasi prognozlagdirilir (World Bank Group, ADB. Climate Risk Country. Profile
Azerbaijan 2021). Qeyd edok ki, miivafigq yonumds Cinds aparilan tadgiqatin naticasi da bu 6lkads temperaturun XXI
osrin sonuna prognozlasdirilan 3°C-don 4°C-dok yiiksalmasinin qargidaki 20-80 ildo asas orzaq bitkilori olan duyd,
qargidali vo bugdanin moahsuldarhigini 37%-dok azalda bilocayini gdstormisdir [12].
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kecildikdan sonra iso temperatur saviyyasi mohsuldarligin asagi diismosi amili kimi ¢ixis edir. Bu
baximdan Azarbaycanda mivafiq molumatlarini arasdirmaya calb etdiyimiz éton asrin 90-c1 illorinin
ikinci yarisindan orta temperaturlarin yiiksalmays baslamasi meyilinin 6zliyunds taxil akinlarinin
hor hektarindan alds olunan mahsul hacminin artmasina miisbat tasir gdstaran amil kimi ¢ixis etdiyini
demok mimkdnddr.

Eyni zamanda, 2000-ci illorin 6ton dovrinds orta temperaturlarin nisbaton daha yiksak
saviyysalari ilo homin amilin taxilin mohsuldarligina miisbat tasiri xeyli zoiflomis, bazi illords yliksok
temperatur hotta mohsuldarligin saviyyasinin asagr diismosi amili kimi ¢ixis etmisdir. Orta
temperaturlarin yiiksalmasi meyilinin son doévrlords formalasan templarinin davam etmasinin taxilin
mohsuldarliginin doyisilmasina alverissiz tosir baximindan kritik soviyyanin kegilmasinin yaxin
zamanlardan baslayaraq soCiyyovi hal almasi vo mohsuldarliq saviyyasinin enmasi ilo naticalons
bilacayi nazars alinmaldir. Belos soraitds atmosfer temperaturlarinin orta illik saviyyasinin yiksalmasi
soraitindo taxilgiliq sahasinin dayaniqli inkisafi iizro strategiyalarin hazirlanmasi vo hoyata
kecirilmasina ehtiyac guclonir.

Qarsidaki dovrlords orta temperaturlarin saviyyasinin yiksalmasinin zaiflomasi baximindan
son zamanlar bu prosess tasiri artan karbon emissiyasinin slratlo ¢oxalmasinin garsisinin alinmasi
istigamatinde  Azorbaycanin beynolxalq razilasmalar ¢argivasinda gotirduyu  6hdaliklorin
reallagdirilmasi yoniinds foaliyyatin ardicil davam etdirilmasinin shamiyyati yiiksalir. Bu istigamatdo
“Azorbaycan 2030: sosial-igtisadi inkisafa dair Milli Prioritetlor” strateji inkisaf sanadi ¢argivasinda
gobul olunmus temiz otraf mihit vo “yasil artim” 6lkasina ¢evrilmays, 0 cumladon 6lkads yasil
energetika zonasinin yaradilmasina dair prioritetin reallagdirilms: tizro nozords tutulan todbirlorin
ardicil vo tam hacmdas reallagdirilmasi miihiim rol oynayacaqdir.

Golacak tadgiqatlarin istigamatlari

Toqdim olunan arasdirmada Azorbaycan orazisinds atmosfer temperaturlarinda doyismalorin
taxil okinlorinin mohsuldarligina tosirinin ancaq bir cohati (illik orta) oks olunur. Sonraki
todqgiqatlarda ayliq va gunlik temperaturlarda, gecs va giindiiz saatlarinda temperatur saviyyasindos
bas veran doyisikliklorin 6lka va eloca da bolgalor Uizra taxilin (o cimladan, bu mohsulun ayri-ayri
novlori Uzro) mohsuldarligina, habelo donin keyfiyyat gostoricilorino tosirlorino baxilmasi
moagsadouygundur.
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Tadgigatda istifada olunan ilkin malumatlar

Ortaillik O':ta ik Adambasina Taxil sahalarinin Har hektar taxil
yagintinin karbon . .. .
teomzpera}tu r, miqdart, emissiyasi, mehsuld?rllgl, 'f)klnlne Yerllen )
C? (OIT) mm? (O1) ton® (AKE) s/ha mineral glbra, kq

1950 11.98 418.23 2.8 7.1
1951 12.53 580.57 3

1952 12.88 379.22 3.1
1953 12.27 477.82 3.2 6.4
1954 12.55 412.18 34 9.4
1955 13.49 542.7 3.8 7.9
1956 11.35 528.96 4.1 8.8
1957 12.68 475.89 4.3 8.6
1958 12.55 473.91 4.5 8.2
1959 11.53 484.01 4.6 10.5
1960 12.68 405.22 4.66 10.4
1961 13.25 357.58 4.66 7.0
1962 13.56 500.05 4.76 9.8
1963 12.87 686.11 4.96 6.9
1964 11.74 388.98 5.06 9.9
1965 12.27 503.99 5.26 9.8
1966 14.35 545.19 5.36 11.5
1967 12.19 527.92 5.46 10.8
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Orta illik Ol:ta illik Adambasina Taxil sahalarinin Har hektar taxil
yagintinin karbon - L .
temzpera}tur, miqdari, emissiyast, mahsuldz;rhgl, ?klnlna Yerllan )
°C% (OIT) mm? (OiY) ton® (AKE) s/ha mineral glbra, kq

1968 12.75 434.37 5.56 11.2

1969 11.55 589.57 5.66 9.5

1970 13.27 372.1 5.76 11.6

1971 12.85 359.3 6.06 12.3

1972 11.42 552.2 6.40 13.3

1973 11.88 472.9 6.82 14.1

1974 11.96 509.9 7.22 14.6

1975 12.80 456.9 7.88 14.6

1976 12.00 470.4 8.10 18.9

1977 12.26 524.5 8.35 175

1978 12.63 478.6 8.62 20.2

1979 13.51 456.0 8.88 22.2

1980 12.80 463.4 9.25 23.2

1981 13.45 566.2 9.40 24.4

1982 11.77 642.4 9.47 23.6

1983 12.60 410.1 9.61 24.6

1984 12.33 492.9 9.71 25.9
1985 12.46 423.0 9.72 26.2 179
1986 12.81 423.6 9.95 25.9

1987 12.61 486.4 10.14 24.2

1988 12.62 563.2 10.12 26.3

1989 13.45 368.8 9.99 21.9
1990 12.87 434.9 7.45 24.2 92
1991 12.67 433.9 7.16 20.7
1992 11.41 433.2 6.61 21.1 73
1993 11.53 495.0 6.41 16.2 58
1994 12.41 478.9 4.41 16.3 32
1995 13.35 400.2 4.23 15.1 10
1996 13.09 425.3 3.50 16.3 11
1997 12.82 464.8 3.38 17.4 5
1998 13.80 395.7 3.35 16.2 3
1999 13.78 441.4 3.27 21.2 5
2000 13.46 425.4 3.44 23.8

2001 14.01 410.6 3.25 26.5

2002 13.22 512.4 3.20 26.7

2003 12.96 553.4 3.47 26.6

2004 13.48 529.9 341 26.5

2005 13.49 492.5 3.58 26.5

2006 13.50 478.3 3.59 26.5
2007 13.19 492.3 3.22 27.1 22.8
2008 13.18 424.6 3.47 27.9 22.8
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Orta illik Ol:ta llik Adambasina Taxil sahalarinin Har hektar taxil
yagitinin karbon . . .
temzpera}tur, miqdari, emissiyast, mahsuldz;rhgl, ?klnlna Yerllan )

°C% (OIT) mm? (OiY) ton® (AKE) s/ha mineral glbra, kq

2009 13.34 491.6 2.85 26.6 31.7

2010 14.84 493.1 2.68 20.7 20.4

2011 12.77 541.2 2.97 25.4 28.1

2012 13.77 425.3 3.24 27.2 29.3

2013 13.56 457.2 3.29 27.5 34.1

2014 13.84 428.4 3.38 24.0 40.6

2015 13.95 500.1 3.29 315 80.7

2016 13.34 535.2 3.30 30.6 118.7

2017 13.62 399.9 3.24 29.8 141.3

2018 14.57 453.0 3.29 30.0 159.3

2019 14.15 348.1 3.54 32.1 151.6

2020 13.76 445.0 3.50 31.8 88.0

2021 14.29 473.1 3.70 32.8 121.8

2022 14.30* 368.3! 3.80 31.3 78
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https://climateknowledgeportal.worldbank.org/country/azerbaijan/climate-
datahistorical#:~:text=In%20general%2C%20more%20mountainous%20parts,lowland%20area
5)%20and%20moderate%20winters
https://climateknowledgeportal.worldbank.org/country/azerbaijan/climate-datahistorical
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC?locations=AZ

3. OurWorldData-nin (1960-1970-ci illor tizra) malumatlart:
https://ourworldindata.org/co2/country/azerbaijan

4. Worldometr-in molumatlari:
https://www.worldometers.info/co2-emissions/azerbaijan-co2-emissions/#google_vignette

Prof. Dr., H.A. Khalilov
Agricultural Research Center, adviser to the director

Evaluation of the effect of average annual temperature indicators
on the productivity of grain crops

Abstract

The study is aimed at studying the influence of the average annual level of atmospheric
temperatures on the dynamics of the productivity of grain crops in the territory of Azerbaijan. The
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research was conducted based on the construction of a regression model with a polynomial
coefficient of the dependence of the change in the productivity of grain crops on the average annual
temperatures based on the data of 1992-2022. It was determined that the threshold effect manifests
itself in the effect of the average annual temperature on the change in the productivity of grain crops.
The increase in average air temperature up to a certain level affects the productivity of grain crops
in the direction of increase, and at this time, is formed the tendency to decrease in scale of the increase
in productivity in accordance with the increase in temperature. After passing the corresponding
critical limit, the increase in temperature level affects productivity in the direction of decrease, and
in this case, there is a tendency to increase the scale of decrease in productivity in accordance with
the increase in temperatures. Based on the model, the extent to which changes in the average annual
temperature indicators can become a factor in reducing the productivity of grain crops is evaluated.

Keywords: global climate changes, average annual temperatures, agriculture, productivity of
grain crops, threshold effect in the influence of temperature indicators.

M.5.1., npog., T'.A. Xamunos
LleHTp arpapHbIX UCCICAOBAHUMN, COBEMHUK OUPEKMOPA

Ounenka BJAMSHHUS NOKa3aTeJieil CpeJHeroA0Boil TeMIepaTypbl
HA YPOKAIHOCTH 3ePHOBBIX KYJIbTYP

Pestome

Lenvio uccneoosanus s6naemcsa uzydeHue GIUAHUSL CPEOHe200060lU YPOBEHb AMMOCHEPHbIX
memnepamyp Ha OUHAMUKY YPOICAUHOCMU 3ePHOBbIX KYIbmyp Ha meppumopuu Azepbaiiodicana.
Hccnedosanus npogoounucy Ha 0CHO8e NOCMPOEHUS PecPecCUOHHOU MOOeNU ¢ NOAUHOMUATbHBIM
KO2(hhuyuenmom 3a6UcUMOCmuU UsMEHEHUS YPOICAUHOCU 3ePHOBBIX KVIbIMYD OM CPEOHe20008ble
memnepamypsl no oannvim 1992-2022 22. Onpedeneno, umo nopozoswviii ¢hgexm npoasisiemcs 60
BIUAHUU CPEOHe200080U memMnepamypbl HA U3MEHEHUe YPOACAUHOCMU 3EPHOBLIX KVAbMYP.
Ilogviuenue cpedne200060ti memnepamypvl 6030yxa 00 ONPeOeNenHO020 YPOGHA Gausem Ha
VPOACAUHOCIb 3ePHOBBIX KYIbMYP 6 CHOPOHY Y8ENUUEHU, U 8 MO 8peM hopMupyemcsi meHOeHyus
K YMEHbWeHUlo macumada npupocma npou3eo0UmenbHOCmuy 6 COOMEEmMCmeuu ¢ pPOCmoM
memnepamypwi. Ilocie npoxooicoenus coomeemcmeyoujeco Kpumuiecko2o npeoeia, pocm ypoeHs
memnepamypbl 61usem Ha NPOUIGOOUMENbHOCMb 6 CMOPOHY VMEHbUEHUs, U 8 MOM Clyuae,
HaOI00aemcs MmeHoeHYUsl K YEeIudeHUI0 Macuimabo8 CHUICeHUs YPOACAUHOCMU 8 COOMEEmCmeuU
¢ pocmom memnepamyp. Ha ocnoee mooenu oyenusaemcs, 6 KaKOU cmeneHu usMeHeHue
CPeOHe20006bIX  MEeMNEPAMypHLIX — NOKA3amenen Modxcem cmamv — @OaKmopom  CHUNCEHUs
VPOUCAUHOCIU 3€PHOBBIX KYIbMYP.

Knroueewie cnosa: cnobanvhvie kKiumamuieckue usMeHeHus, cpeone20008vle memnepamypbi,
cenbeKoe  XO3AUCMB0,  YPOHICAUHOCMb 3€PHOBLIX  KVIbMYp, NOpo206bulil  d¢hhekm  enusHus
memnepamypHuix nokasamereli.
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ASSESSING DROUGHT ON AGRICULTURAL PRODUCTIVITY:
A REMOTE SENSING APPROACH TO MONITORING AND ADAPTATION

Konul Mammadova Latif

GIS specialist, Digital Umbrella
e-mail: hesenlikonul95@gmail.com

Abstract

Droughts have various impacts depending on their severity and duration. In agriculture,
drought can lead to crop failure and reduced yields. In this regard, it is imperative to conduct
research on the effect of drought on productivity in agriculture. Data on crop yields, spanning from
individual fields to global scales, is essential for farmers and policymakers. Existing sources of crop
yield data, like regional agricultural statistics, frequently lack the necessary spatial and temporal
detail. Vegetation indices (VIs) derived from remote sensing, such as NDVI (Normalized difference
vegetation index), can effectively estimate crop yields through empirical modeling approaches. This
study predicted crop yield by applying several indices by analyzing satellite images to estimate crop
yield. The data to be used are open source Sentinel-2 imagery, python for regression analysis and the
platform required to run is Google Earth Engine. Processing higher resolution images requires more
computing resources than lower resolution images. Also, with the advent of cloud computing and
open access computing portals such as Google Earth Engine, computing costs have decreased
significantly. These technologies have made the processing of satellite images more economical.
NDVI (measure of greenness of crops), NDMI (Normalized Difference Moisture Index) and SMI (Soil
Moisture Index) data was calculated for several crop fields (area of Agsu region of Azerbaijan) for
3 years. A drought index was also applied to that area, and as a result, it was found that the
productivity was low in the dry years. The aim here is to investigate the effect of climate change on
crop productivity in Azerbaijan and study its effect on the economy.

Keyword: agriculture, NDVI, VCI, economy, yield, drought.
Introduction

Drought is a significant environmental stressor that can have severe effects on crop yields. Its
impact on agriculture is complex and multifaceted, influencing various aspects of plant growth and
development. Here's an overview of how drought can affect crop yield: Water Stress: Drought leads
to water stress in plants, affecting their ability to absorb nutrients and photosynthesize. This can result
in stunted growth, reduced flowering, and lower fruit or grain production. Yield Reduction: The most
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direct impact of drought is a reduction in crop yield. Insufficient water availability during critical
growth stages, such as flowering and grain filling, can lead to yield losses. Quality Reduction:
Drought can also affect the quality of the harvested crop. For example, drought-stressed plants may
produce smaller or shriveled fruits or grains, reducing their market value. Increased Susceptibility to
Pests and Diseases: Drought weakens plants, making them more susceptible to pest infestations and
diseases. This can further reduce crop yields and quality. Soil Degradation: Severe or prolonged
drought can lead to soil degradation, including soil erosion and loss of soil fertility. This can have
long-term effects on crop productivity. Economic Impact: Drought can have significant economic
consequences for farmers, including lower incomes due to reduced yields and increased costs for
irrigation or supplementary feeding. Food Security: Drought-induced crop failures can threaten food
security, especially in regions where agriculture is a primary source of food and income. Adaptation
and Mitigation Strategies: Farmers and policymakers can implement various strategies to mitigate the
impact of drought on crop yields, such as using drought-resistant crop varieties, implementing water-
saving irrigation techniques, and improving soil management practices.

Overall, drought poses a serious threat to agriculture and food security, highlighting the
importance of effective drought monitoring, early warning systems, and adaptive strategies to reduce
its impact on crop yields. One way to assess drought is through the use of vegetation indices, such as
the Vegetation Condition Index (VCI).

The Vegetation Condition Index (VCI) is a widely used indicator for assessing vegetation health
and drought conditions. Low VCI values indicate poor vegetation health, often associated with
drought conditions. High VCI values, on the other hand, indicate healthy vegetation. By monitoring
changes in VCI over time, researchers and policymakers can assess the severity and extent of drought
conditions.

To investigate the effect of drought on productivity, it is necessary to calculate field
productivity. Satellite-based data on vegetation indices, such as the normalized difference vegetation
index (NDVI), is valuable in estimating crop yields due to its cost-effectiveness and scalability.
NDVI, a widely-used vegetation index since the 1970s for monitoring crop biomass, has applications
in various agricultural tasks, including estimating crop yields, monitoring, and index-based crop
insurance [2].

In addition to NDVI, other indices such as the normalized difference moisture index (NDMI)
and the soil moisture index (SMI) can also be instrumental in assessing drought impact on crop
productivity. NDMI is used to assess plant water content and soil moisture, offering insights into
drought conditions and water stress in vegetation [5]. Similarly, SMI provides a quantitative measure
of soil moisture, which is critical for understanding water availability and its effect on crop health
and vyield [16]. These indices complement NDVI by providing a more comprehensive view of
vegetation health and soil conditions, thereby improving the accuracy of yield estimations.

The use of satellite-based methods for estimating crop yields could be especially beneficial in
developing countries, potentially replacing resource-intensive survey-based methods. When using
satellite imagery like NDVI, NDMI, and SMI for estimating crop yields, practitioners need to
carefully consider the image resolution. Satellite image resolution refers to the size of the grid used
for measurements. For example, some satellites provide low-resolution measurements on a larger 4
km by 4 km grid (low-resolution), while others offer high-resolution measurements on a smaller 10
m by 10 m grid (high-resolution).

41



Agricultural Economics  Kond Tasorriifatuun Iqtisadiyyati - Ixonomurca cesckoro xo3siictsa - 2024, Ne 1 (45)

Moreover, the selection of imagery by practitioners is influenced by their processing capability.
The processing of higher resolution images demands more computing resources than lower resolution
ones [17]. Faced with this tradeoff, some practitioners might opt for lower resolution images over
higher resolution ones, potentially leading to a reduction in model estimation accuracy. However, the
cost of computation has significantly decreased with the emergence of cloud computing and open
access computing portals like Google Earth Engine [6]. These technologies have made it more cost-
effective to utilize high-resolution image data.

In the next sections, the problems that have arisen in this field will be revealed, the importance
of research will be emphasized, and information will be given about the methods and methodologies
used. Finally, the results of the research work will be included in the last sections.

Research Problem

Analyzing the effects of drought on field productivity and its economic impact in Azerbaijan is
crucial now due to the increasing frequency and severity of droughts, likely exacerbated by climate
change. Understanding these impacts can help in developing strategies to mitigate their effects on
agriculture and the economy. Analyzing this problem can lead to improved drought preparedness and
response strategies, ensuring food security, preserving natural resources, and minimizing economic
losses. It can also help in informing policy decisions related to agriculture and water management.

Studying the effects of drought on field productivity and its economic impact can contribute to
the scientific field by advancing our understanding of drought impacts on agriculture and economy,
providing insights into adaptation and mitigation strategies, and contributing to the body of
knowledge on climate change impacts.

While there has been some research on the effects of drought on agriculture and economy in
Azerbaijan, further studies are needed to fully understand the extent of these impacts, particularly in
the context of changing climate patterns and evolving agricultural practices.

Research on the effects of drought on field productivity and economic impact in Azerbaijan can
provide new insights into the specific challenges faced by the country, the effectiveness of current
drought management strategies, and the need for new approaches to enhance resilience in the face of
changing climate conditions.

Research Focus

The main purpose of this study is to investigate the effects of drought on field productivity
(yield) and its economic impact in Azerbaijan. The study aims to assess the extent of these impacts,
identify the factors influencing vulnerability to drought, and explore potential adaptation and
mitigation strategies. By focusing on this research, the authors aim to contribute to the understanding
of drought impacts on agriculture and economy in Azerbaijan, provide insights for policymakers and
stakeholders, and contribute to the scientific knowledge on climate change adaptation and resilience.

Research Aim

The study seeks to provide a detailed assessment of how drought conditions affect crop yields
and to identify effective strategies for mitigating these impacts to enhance agricultural resilience and
economic stability.
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Literature Review

Drought is a complex natural phenomenon with significant implications for agriculture and
economic stability. Recent research highlights the increasing frequency and severity of droughts due
to climate change, emphasizing the need for effective management strategies [13]. Remote sensing
technologies, such as NDVI, have become essential tools in monitoring vegetation health and
assessing drought impacts on crop yields [8]. These technologies, combined with ground-based
observations, have improved the accuracy of drought assessments [18].

Economic analyses reveal that drought can cause substantial direct and indirect economic
losses, affecting agricultural output and rural livelihoods [14]. Adaptive strategies, including drought-
resistant crops and efficient irrigation, are crucial for mitigating these impacts [9]. However, debates
persist regarding the most effective approaches, with some studies advocating for technological
solutions and others emphasizing policy interventions [12].

Empirical Results

Empirical studies provide robust data on the statistical accuracy of drought impact assessments.
For example, Green et al. [8] found a high correlation between NDVI data and ground-based crop
yield measurements, confirming the utility of remote sensing in drought monitoring. Similarly, Taylor
et al quantified economic losses due to drought, revealing significant reductions in agricultural output
(Table 1) [14].

Table 1. Empirical findings from recent studies on drought impacts

Study . -
period Region Methodology Key findings
North NDVI analysis, 20% average reduction in crop yields
2015-2020 ) . .
America regression models during drought years
Sub- . S .
2016-2021 Saharan Field Sl_Jrveys, _ $1.5 billion in economic losses annually
i econometric analysis due to drought
Africa
2017-2022 South Remote sensing, Significant yield variability, with some
Asia spatial analysis regions experiencing up to 50% reduction
2018-2023 Europe Soil m0|stl_Jre mo_delmg, Imprqved drogght re5|l_|ence through
crop simulation adaptive farming practices

Source: prepared by the author

Graphical representations, such as trend lines and scatter plots, illustrate the relationship
between drought severity and crop yield reductions, providing visual evidence of these impacts [13].

Recent trends in drought impact research emphasize the integration of machine learning and
big data analytics to enhance predictive capabilities [3]. Sustainable agricultural practices and climate-
smart agriculture are increasingly recognized as vital for building resilience against drought [10].

Conflicts in the literature often revolve around methodological approaches, with debates on the
effectiveness of comprehensive versus focused models [12]. Identified gaps include a lack of region-
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specific studies and insufficient attention to socio-economic dimensions [14]. While developed
countries often benefit from advanced infrastructure and policies, disparities with developing
countries highlight the need for more inclusive research and collaboration [8].

In summary, the literature underscores significant advancements in understanding drought
impacts but also calls for further research and international cooperation to enhance resilience and
mitigate economic losses.

Materials and Methods

The research area is Agsu district of the Republic of Azerbaijan. According to its geographical
position (Picture 1), Agsu region is located in the Shirvan plain and at the foot of the Great Caucasus.
16 villages, 3 territorial circles are in the mountainous zone. 2 rivers - Girdiman, Agsuchay and their
tributaries - Agdarchay and Nazirchay - pass through the territory of the district. Agsu district is an
agricultural district. Animal husbandry, grain growing, cotton growing, fruit and vegetable growing
occupy an important place in its economy. 76.0% of its territory or 77,854 hectares is suitable for
agriculture, 46.6% or 36,247 hectares of it is cultivated land [1].

Picture 1. Relief of Agsu district

AGSU DISTRICT (AZERBAIJAN)
® AT N

Source: prepared by the author

The Vegetation Condition Index (VCI) compares the current NDVI to the range of values
observed in the same period in previous years. The VCI is expressed in % and gives an idea where
the observed value is situated between the extreme values (minimum and maximum) in the previous
years. Lower values indicate bad (0 %) and higher values good vegetation conditions (100%),
respectively. Formula 1:

VCI = 100 * (NDVI - NDVI min) / (NDVI max - NDVI min) [11]

Here, the VCI method was developed to determine the stress occurring in plants due to the
occurrence of drought (Figure 1.).
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Figure 1. Method of Vegetation Condition Index
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In the figure below, the drought index for the years 2015, 2020, 2021, 2022 has been applied.

It is also known from the drought index that the area of drought has expanded in Agsu region,

especially in the plain area, since 2015. If we compare 2020, 2021, 2022, we can see that 2021 was

drier. Of course, these droughts greatly affect field productivity and agricultural economics (Picture
2). A productivity calculation was performed to investigate this effect.
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Picture 2. Vegetation Condition Index for Agsu district.
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Yield Estimation Using indexes. This study utilized multi-temporal remote sensing data and
regression analysis to predict agricultural yields in the Agsu region of Azerbaijan. The primary
sources of data included Sentinel-2 satellite imagery and historical yield records.

Data Collection

Remote Sensing Data: We will look at the productivity of the cereal plant. The cereal crop is
planted in November and harvested in June. For this reason Sentinel-2 imagery was acquired from
the Copernicus Open Access Hub, covering the period from November 1, 2020, to April 30, 2021,
November 1, 2021, to April 30, 2022, November 1, 2022, to April 30, 2023 for regression analysis
past years yield and November 1, 2023, to April 30, 2024 to prediction yield for 2024 June. The
images were processed to compute various vegetation and other indices, including the Normalized
Difference Vegetation Index (NDVI), Normalized Difference Moisture Index (NDMI) and Soil
Moisture Index (SMI) Sentinel-2 data is renowned for its high spatial resolution and 10-day revisit
time, which is ideal for monitoring agricultural fields [4].

Historical Yield Data: Historical yield data for the years 2021, 2022 and 2023 were obtained
from local agricultural records. These records provided essential ground truth data to calibrate and
validate the remote sensing-based yield predictions.

Regression Analysis

A multiple linear regression model was developed using historical yield data and corresponding
vegetation indices to predict future yields. The model coefficients were derived using Python's
Statsmodels library, following standard statistical procedures [15]. The plot obtained from the
regression analysis of the indices for the years 2021, 2022, 2023 with the productivity values of those
years (Table 2 and Figure 2):

46



Agricultural Economics - Kond Tasorriifatimn Iqtisadiyyati - Ixonomura cessckoro xossiicrpa - 2024, Ne 1 (45)

Table 2. Productivity value by year

Index | 2020-2021 | Productivity | 2021-2022 | Productivity | 2022-2023 | Productivity
NDVI 0.37 0.16 0.3
NDMI 0.08 5 tone -0.06 3 tone 0.11 3.7 tone
SMi 0.29 0.22 0.19

Source: prepared by the author

Figure 2. Productivity variation
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From here, productivity is seen to decline. After this analysis in Python, we get the coefficient
of a and b mentioned above:

Coefficient (a_ndvi): 6.525920051707675
Coefficient (a_ndmi): 0.05610110082034714
Coefficient (a_smi): 8.44868629405073
Intercept (b): 0.1308024675278232
These coefficients are again used in the yield prediction formula in the GEE platform.

Predicted Yield =anpvixNDVI+anpomi<NDMI+asmi<xSMI +b,

Where anpvi,_anomi and aswm are the regression coefficients and b is the intercept.
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Picture 3. Map of productivity
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Results

The research focused on predicting crop yields in the Agsu region of Azerbaijan by leveraging
remote sensing data and vegetation indices such as NDVI, NDMI, and SMI. By analyzing Sentinel-
2 satellite imagery over three years, the study aimed to correlate these indices with crop yields and
understand the impact of drought conditions. The regression analysis revealed that NDVI, NDMI and
SMI are significant predictors of crop yield. The following regression equation was developed to
predict crop yield: Predicted Yield =anpvixNDVI+anomiXNDMI+asmixSMI +b.

The predicted yield for the period from November 2023 to April 2024 was calculated using this
regression formula. The mean predicted yield for the AOI was approximately 3.32 tons/ha, indicating
a significant decrease compared to the historical yield of 5 tons/ha in 2021.

Vegetation Indices Analysis

1. NDVI: The mean NDVI for the current growing season (November 2023 to April 2024) was
0.20, which is significantly lower than the previous season's mean NDVI of 0.30. This reduction
suggests poorer vegetation health and potential stress conditions affecting crop growth [15]. The
lower NDVI indicates that the crops in the Agsu region are experiencing stress, likely due to
unfavorable growing conditions such as insufficient rainfall or higher temperatures during the critical
growth period.
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2. NDMI: The mean NDMI for the current season was -0.08, compared to 0.11 for the previous
season (2022-2023). The decrease in NDMI suggests reduced moisture content in the vegetation,
potentially due to lower precipitation or higher evapotranspiration rates [5]. This indicates moisture
stress, which is critical for crop growth and yield as water availability is essential for various
physiological processes in plants.

3. SMI: The SMI was 0.21 for the current season, down from 0.29 in the previous season (2020-
2021). The decrease in SMI indicates reduced soil moisture, which can negatively impact crop growth
and yield [7]. Soil moisture is a crucial factor for plant health, and its reduction can lead to decreased
productivity.
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K.L. Mammadova, CIS miitaxassisi

Quraghgin kand tasarrifatt mahsuldarh@na tasirinin giymatlondirilmasi:
monitoring va uygunlasmaya uzaqdan zondlama yanasmasi

Xulasa

Quraqlqlar siddatindon vo muddatindan asili olaraq miixtalif tosirlara malikdir. Kand
tosarriifatinda quraqliq mohsulun catismazligina va Mohsuldarligin azalmasina sabab ola bilar. Bu
baximdan kand toSorriifatinda quraqhigin mahsuldarliga tasiri ilo bagh tadgiqatlarin apariimasi
mutlagdir. Ayri-ayri sahalardan global miqyaslara qadar mahsul mahsuldariigina dair malumatlar
fermerlor va dovlat siyasati Ucun vacibdir. Regional kand tasarriifat statistikast kimi mahsuldarhq
Malumatlarimin méveud manbalarinda ¢ox vaxt lazimi mokan va zaman taforriiatt yoxdur. NDVI
(Normallasdirilmis Farq Bitki Ortiyii /ndeksi) kimi uzagdan zondlamadan alda edilon vegetasiya
indekslari (V1) empirik modellasdirma yanagmalari vasitasilo mohsuldarligr effektiv  sokilda
giymatlandira bilar. Bu tadgiqatda maisuldariigi taxmin etmoak digiin peyk sakillarini tahlil edarak bir
neco indeks tatbigi hoyata kecirilib. Istifado olunacaq molumatlar acig manbali “Sentinel-2”
gorantalori, regressiya tahlili Gglin program “Python” va islomak cun talab olunan platforma
“Google Earth Engine “dir. Daha yiksak rezolyusiyaya malik sokillarin islonmasi asagi ayirdetma
tosvirlarina nisbaton daha ¢ox hesablama resursilari talab edir. Homcinin bulud hesablamalarinin va
“Google Earth Engine” kimi aciq giris hesablama portallarinin yaranmas: ila hesablama xarclori
ahamiyyatli daracada azalib. Bu texnologiyalar peyk sakillorinin emalini daha ganaostcil edib. NDVI
(bitkilorin yasilliq 6l¢iisii), NDMI (Normallasdirilmis Farq Ritubat Indeksi) va SMI (Torpagin Namlik
Indeksi) malumatlar 3 il arzinda bir neca akin sahasi (Azorbaycanin Agsu rayonunun arazisi) Ugln
hesablamib. Homin oraziyo do quragqliq indeksi totbiq edilib vo naticodo quraqhq illordo
Mahsuldarligin asag oldugu miiayyan edilib. Burada magsad Azarbaycanda iglim doyisikliyinin
Mahsuldarliga tasirini arasdirmag va bunun igtisadiyyata tasirini dyranmakdir.

Acar sozlar: kand tosarriifati, NDVI, VCI, igtisadiyyat, mohsuldarlq, quraqliq.
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K.JI. Mamenosa, cneyuanucm no I'HC

Ouenka BJIMSTHUS 3aCyXH HA MPOAYKTHBHOCTD CeJILCKOI0 X03siiicTBA:
AUCTAHIIMOHHBIH 30HUPOBAHHBINA MOJAX0 K MOHUTOPUHTY H aJanTalluu

Pe3srome

3acyxu okaswiéarom paziuyHoe 6030elicmeue 6 3AGUCUMOCMU OM UX CEPbe3HOCMU U
npoooaNCUMENbHOCMU. B cenbckom Xo3a1icmae 3acyxa Modcem npU8ecmu K Heypo*Caro U CHUNCEHUIO
ypooicatinocmu. B smoil ceés3u Kpatine 6adcHo npogecmu UCCIe008aHUE GIUSAHUSL 3ACYXU HA
npoU3600UMENbHOCHb 8 CelbCKOM Xo3aticmee. [lanubie 06 YpoJICaiHOCMU CelbCKOX035UCTNBEHHbIX
KYIbMYp, 0X6amvléaroujue Kak omoeibHble NoJs, MAaxK u 2100aibHble Macumaodwl, HeoOX00uMbl
gepmepam  u  noaumukam. Cywecmsyrowjue UCMOYHUKYU — OAHHBIX 00  YpOdICAUHOCHU
CeNbCKOXO3AUCMBEHHBIX KYIbMYP, MAKUe KaK PecUOHAIbHAS CelbCKOXO3AUCMBEHHAS, CMAMUCIUKA,
yacmo He coodepicam HeoOXO00UMbIX NPOCMPAHCMBEHHbIX U 6pPeMeHHbIX Oemaneu. HHoexcovl
pacmumenvrnocmu (V1), nonyuennvle ¢ nomowviro oucmanyuornno2o 3o0Houposanus, maxue kaxk NDVI
(Hopmanuzoeannviii pasHocmuwiti UHOEKC pacmumenbHOCMu), Mo2ym 3phexmusno oyenusams
VPOCAUHOCMb  CEIbCKOXO3AUCMBEHHBIX — KYIbMYp ¢ NOMOWBIO  NOOX0008  IMAUPULECKO2O
MoOenuposanusi. B amom ucciedosanuu yposucanHocms NPOSHO3ZUPOBANACH, NYymeM NpUMeHeHUs!
HECKOJIbKUX UHOEKCO8 NymeM AHAU3d CRYMHUKOBLIX CHUMKOG OJisl OYeHKU YpodcauHocmu. /lannble,
Komopwvie 0yO0ym UcCnoIb308amvbcs, — Mo uzobpaxcenuss «Sentinel-2» ¢ omxpvimvim ucxoonvim
kooom, «Python» ons peepeccuonnoco ananusza, a niamgpopma, neobxooumas Oisl 3anyckd, -
«Google Earth Engine». O6pabomka uzobpasicenuii ¢ 6onee 8blcoKuM paspeuteruem mpeodyem
OONbULE BLIYUCTUMENBHBIX PECYPCO8, YeM U300padiceHus: ¢ boiee HU3Kum paspeueruem. Kpome moeo,
¢ nosenenuem OONAYHBIX GbIYUCAEHUN U BbIYUCTUMENbHBIX NOPMANLO8 C OMKPLIMbIM OOCMYNOM,
makux kax Google Earth Engine, sampamuvl na 6viuucienus 3HAUUMENIbHO CHUSUAUCL. Dmu
MexXHoN02UU COeNanU 0OPAbOMKY CHYMHUKOBbIX CHUMKO08 bosiee skonomuunoil. Jannvie NDVI (mepa
senenocmu pacmenuil), NDMI (Hopmanusosannwviti unoexc pasnocmu énasxcrnocmu) u SMI (Muoekc
BILAINCHOCMU NOYBbL) ObLIU PACCUUMANbL OISl HECKOIbKUX NONEU CelbCKOXO3SUCMBEHHBIX KYIbMYP
(meppumopusi Aecyuncrkozo pationa Aszepbatiodcana) 3a 3 2o0a. K smoti obnacmu makoice Obln
npUMeHeH UHOEKC 3ACYXU, U 8 pe3yabmame OblI0 OOHAPYHCEHO, UMO YPOICAUHOCHb ObLIA HUSKOLL 6
3acywinusvie 200bl. Llenvio 30ecb s6AAemMcs UCCIEO008aAHUE GIUAHUAL UBMEHEeHUs KIUMAma Hd
VPOXUCAUHOCMb  CeNbCKOXO03AUCMEEHHbIX KYIbmyp 8 Aszepbaiiddcane u usyyeHue e2o GIUSAHUSL HA
IKOHOMUKY .

Kniouesnie cnosa: cenvcroe xosaiicmseo, NDVI, VCI, skonomuxa, ypooicaiinocme, 3acyxa.
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IQLIM DOYISMOLORININ
CAY BITKISININ TOXUMLA COXALMASINA TOSIRI

Hiiseynaga Hoasan oglu 9sadov, b.l.f.d., dos.
Kamals 9rastun qiz1 Sadiqova, e.i.
Idris Yunus oglu Héccatov. k.e.i.

Azarbaycan Respublikasinin Elm va Tohsil Nazirliyi,
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e-mail: kemale.sadigoval960@mail.ru

Xulasa

Magala Lankaran Regional EImi Markazinin tacriiba sahasinda ¢ay bitkisinin (Thea sinensis L.)
bdylmasinin dyranilmasina hasr edilmisdir. Malumdur Ki, iqlim dayisikliyi torpaq miihitina birbasa
tasir edir va rltubatin azalmasina sabab olur. Cay toxumlar: torpagin 60%, 70% va 80% ritubatlilik
soraitindo okilmisdir. Eksperimental tadqigatlar naticasindo miayyon edilmisdir ki, torpagin
ratubatliliyi 70% va 80% olduqda bitkinin toxumlar: optimal inkisaf edir.

Maqalada ritubatli  subtropik bolga olan Lankaran-Astara bolgasinda ¢ay bitkisinin
becarilmasinda ekoloji amillorin rolu arasduriir.

Acar sozlar: cay, Cin ¢ay novmuxtalifliyi, toxum, ekoloji amillar, rltubat, temperatur.
Giris

Cayciliq cay bitkisinin becarilmasi vo onu shats edon soraitin dyronilmasi, yasil ¢ay yarpagi
(mohsul) alinmasi vo amok mohsuldarliginin artirilmasi moqsadini dasiyir. Caygiliq imumu
bitkiciliyin bir hissasidir. Bitkilori onlar1 ohats edon soraito diizgun istigamatlondirmak Ggtin bioloji
osaslarmin vo onlar1 ohato edon soraitin Oyronilmosi tolob olunur. Bu baximdan Cin cay
novmuxtalifliyinin - Lonkoran-Astara Dbolgesindo toxumla cucardilmasinin  ¢ay tarlalarinin
salinmasinda miithiim rolu vardir. Hor bir bitkinin ¢oxalmasinda vo yayilmasinda toxum osas
generativ organ olub, an somorali vasitolordon biridir. Basqa meyva toxumlarindan forgli olaraq cay
toxumlarinin bioloji yetismasi uzun middati shats edir. Onun tam formalagmasi, prof. F.A. Quliyevin
molumatina asasan, 1,5-2 ili ohato edir. Kollardaki zoglar tizarindoki qurumus toxum qutucuqlarinda
yerlason toxumlar daha yetkin hesab edilir. Torpag sahasindon toplanmis toxumlarin ciicorma
gabiliyyati xeyli zoif olur. Belo toxumlar ham zadalonmis, hom ds riiseymi olmayan toxumlardir.
Professor F.A. Quliyevin molumatina osason, toxum Sopin aparilmis torpagin fiziki vo kimyavi
komponentlorindon, torpagin riitubatliyi vo temperaturundan asili olaraq clicorir. Apardigimiz
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todgigat dovrinds (2020-2023-cu illor) temperatur gostaricilorinds miisahido olunan miisyyon artim
Yer kirasinds bas veran iglim doyismalori ilo izah edils bilar [1, 2, 3]. Tadgigat naticasinds aydin
olmusdur ki, son illor iglim doyismolori: yagintilarin miqdari, temperatur va S. illor Gzra doyiskan
olmus, torpaqda su qithigi, yiiksok temperatur atmosfer havasinin nisbi riitubatinin asagi olmasi ¢ay
toxumlarinin clicorma gabiliyyatini xeyli azaltmisdir. Odur ki, riitubatli subtropik Lonkaran-Astara
bolgasinda ¢ay bitkisinin generativ (toxumla) ¢oxaldilmasit magsadouygun deyil, vegetativ (qolomlo,
ayirmalarla vs s.) yolla goxaldilmas1 daha samarali vo alverislidir.

Material vo metodika

Toadgigat Lonkaran Regional EImi Markoazin eksperimental sahasinds 2020-2023-c illards Cin
cay1 —Thea sinensis L. bitkisi izorinde aparilmlsdir. Isin yerino yetirilmasi (sopin) Ggctin 100 odod
toxum gotlirlilmisdir. Toxumlarin keyfiyyat qiymati, cucartisi, clicoarma enerjisi M.K. Firsovanin
metodikasina osaslanaraq ritubatlilik (X) tonliyi Gzro misyyan olunmusdur [1, 2]. Boy va inkisaf
dinamikasi, morfoloji gostoricilori botanika baglarinda istifado olunan standart metodlara istinad
edilmoklo 8yronilmisdir [3]. Yarpaqglarinin morfoloji gostaricilori CLD BiO-Science CL-202 Portable
La metodikasina osaslanaraq toyin olunmusdur.

Naticalar va mizakiralor

Cay bitkisi botaniki tosnifatina gora, Cay fasilasine (Theaceae), Cay cinsino (Thea), Cin ¢ay1
névina Thea sinensis L. aid edilir. Thea sinensis simal novmiixtalifliyi olarag gobul edilmis vo
Yaponiya vo ya xirdayarpaq, orta vo iri yarpaqli Cin ndévmiixtolifliyidir. Thea sinensis simal
novmuxtolifliyi htindurliyd 3-5 m, yaridaginiqli budaglanmis, qisa bugumarasina malik homisoyasil
kol bitkisidir. Yarpaglar1 6-8 sm (bozan 5-7), iri vo orta 6lglidadir. Yarpaq sothi hamardir (bax - Sakil).

Cay bitkisi torpaq tursulugu -pH 4,0-4,8 olan {izvi qaliglar1 zongin, isiga Vo nisbi ritubats
tolobkar olan bitkidir. Bitki ratubatli subtropik bolgada yay foslinds atmosfer havasinin temperaturu
+30 - +40°C olduqgda belo quragliga davamlidir, lakin bu dovrde suvarilmasi talob olunur [4]. Cox
nadir hallarda cay -10-12°C saxtaya doziir.

Toxumu sapins Vo ya laboratoriyada cticardilmays hazirlayarkon avvalca toxum secilir va eyni
formaya moxsus olan toxumlar ayrilir. Eyni toxumlarin diametri 12 mm-don ¢ox olur. Toxumlar
torpaga sopilmamisdon 6nca toxumun rutubatliliyi hesablanir. Riitubatliliyi toyin etmok ti¢tin toxum
niimunasini xiisusi gabda qurutma dolabinda 5 saat miiddatinda daimi kiitlo alinana godor 100-105°C-
do qurudulur. Rutubatlilik (X) tonlik Gzrs tayin edilir:

a—b-100
a

X =
burada,
a - qurumaya gadar nimunanin kitlasi (mg-la),

b - daimi kitls alda edilana gadar nimunanin kitlasi (mg-l1a).

Ritubati toyin etmok Ggun kitle elektron tarazids 0,01 mg-a godar olan doqiqgliklo gostorilir.
Ritubat faizi 0,1 dagigliys godar hesablanir [1] . Ritubstin toyin olunmasi o zaman bitir Ki, iki ¢akinin
forgi 0,2%-i 6tmasin.
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Laboratoriyada avvalca toxum niimunasi 100 adad olmagla segilir, distillo suyu ilo kimyavi
tomiz gablarda 20 doqigo isladilir, homin su muhits 1-2 ml 3%-li hidrogen-peroksid slava edilir va
qarigdirtlir. ©gor toxumda riiseym saglam olarsa, o zaman tonoffils prosesino osason hava
qgovugcuglar ¢ixir. 20 dagigadan sonra su stiziiliir, isladilmis siizgac kagizi tizarinds 10x10 olmagla
(duiz soth (izorindo kvadrat soklinde) duzilir vo temperaturu 30-32°C olan ciicorms kamerasina
yerlosdirilir, 24-32 saat qaranliq mithitdo qalir. Bu miiddstdon sonra kameradaki toxum ¢ixartlir vo
sayilir. Ogor gotiriilmiis toxumlardan 75-95% cucorti alinarsa, demali, toplanmis toxumlarin
cucarma qabiliyyati ylksokdir vo onlart oraziys Sopmok olar. 9gor toxumlarin ciicorma gabiliyyati
50-55% olarsa, bels toxumlarin ¢ixim faizi az va seyrak olacag.

Bozi hallarda toxum 1 kg-liq polietilen torbalarda xiisusi torpaq garigiginda - qum + torpaq +
Uzvi gubra + torf (1:1:1:1) olmagla torpaq qarisigina sopilir va torpagin riitubati 75-80% olaraq tomin
edilir. Saglam ciicartilor almag mogsadi ilo toxumlarin eyni vaxtda toplanmasi magsadyonludir.
CUnki toxumlar uzun middat galarsa, 0 zaman clicorma faizi asag1 diisor vo toxumdaki riiseym
inkisafin1 itiro bilor. Dlzanlik orazilordo toxum sopini bir godor tez, dagliq orazilords (simal
yamaclarda) iso bir qodar gec aparilir.

Adoton tarlalarda tam yetismomis Vo ya zodolonmis toxum qutucuqlari tokiiliir. Toxum
qutucuglarinin qirmizi-¢ohrayr rangds olmasi onun yetiskonliyini tosdigloyir. Toplanmig toxum
qutular1 toxumun hacm 6l¢lsline gora secilir, quru vo hava aximi olan otaglarda misyysn middot
saxlanilir, toxum siikunat dévrini kegirir. Sonra 12-mme-lik slokdan kegcirilir va sopins hazirlanir.

Toxum sapin aparilmis torpagin fiziki vo Kimyavi komponentlarindon, torpagin riitubatliyi vo
temperaturundan asili olaraq clicormaya baslayir. Todqiqat aparilan oarazinin bazi ekoloji gostoricilori
asagidaki Cadval-do g0Ostorilmisdir.

Cadval. Tadqiq olunan arazinin bazi ekoloji gostaricilari

Havanin Havanin
. . R . CO2
Tadgiqg olunan arazi temperaturu, ratubati, (ppm)
C RH% PP
Lonkoran Regional EImi Markoz 25-30° 65-70 0,03

Manba: mialliflar tarafindan tortib edilmisdir.

Toxum mart ayinda sopildikds ciicartilor 7-10 glindon sonra inkisafa baglayir. 5-7 sm doarinliys
sopilorkan toxumun clicarma gabiliyyati va foallig1 yiiksok olur. Yer sathina ¢ixmus ilk ciicartilor
isiglanmaya moruz qalir, 1-Ci va 2-ci yarpaglar ilk giinlords toxumdaki ehtiyat qida (endosperm)
hesabina formalasir. Torpaq sathino ¢ixmus ciicartilor Glinas siiasina moruz qalir Vo yaranmis ilk
hoqiqi yarpaglar fotosintez edorok boy va inkisafini davam etdirir [5, 6].

Qeyd etdiyimiz marholodon sonra vegetasiyanin sonraki dovrlari foallasir, ciicartilor okin
materialina gevrilir. Alinmis yeni ciicartilor 4-5-ci yarpaq dovrinds avvalcadon hazirlanmis, torpaq
hocmi 500 g olan polietilen torbalara kegirilir, ritubati (65-70%) tomin edilir vo xiisusi hazirlanmig
tinglik qutulara yerlosdirilir. Sonra tinglor xlisusi hazirlanmis orazilars - tinglik sahalora kogurdlir.
Burada butlin agrotexniki todbirlar icra edilir vo 4-5 illik tinglik sahasindon ¢ay tarlasina okilir. Bu
prosesin mart ayinin sonu - aprel aymnin 2-ci ongunliyu arzinds icra edilmasi daha somoralidir.
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Tadqiqat obyekti olan Cin ¢ayr ndvmiixtalifliyi mongoco Simal bitkisi oldugundan Lankaran-
Astara bolgosinin miilayim saxtali temperaturuna xeyli davamlidir. Bu orazilordo koskin saxtali
giinlor (-10-12°C-dan yuxar1) nadir hallarda olur. Saxtal giinlor uzun miiddatli olmadigindan bitkido
zodalonma alamatlori geyd olunmamisdir. Dagatayi sahalords gar ortuy 20-25 giin galsa da, manfi
temperatur (-3-5°C) cay bitkisino keskin tasir etmir va onlarmn zoglarinda belo zodolonmo miisahido
edilmomisdir.

Toxumdan amals golmis vo optimal boy va inkisaf dovrlorinden kegmis ¢ay bitkisi 2-3 yasinda
cigoklayir, tozlanma prosesindsn sonra toxum formalasir. Cay bitkisinin qoltuq tumurcuqdan inkisaf
edon ¢igok tumurcugu 1-2, bozon 2-3 adad olur. Cigak lagoklari 6 adad, ag vo ya agiq sar1 olur. Qisa
saplaqlt ¢igayin logaklori 12-13 mm, ikicinsli, kasacig1 - 5-7 dorili, ovalvari, tozcugun say1 ¢ox,
yumurtaliq Ugardir, tozcuqlar yumurtaliq ostrafinda diiziilmisdir, mayalanma ritubatli soraitdos
foaldir. Toxumu (meyvasi) qutucuqg olmagla boz ronglidir (bax - Sakil).

Cay bitkisinin an giymatli hissasi onun yarpaglaridir. O, asas fotosintez aparati olub, kok, govda
Vo yarpaqlarin boy va inkisafini tomin edon orqandir. Yarpaq ¢ay bitkisindo fizioloji vo biokimyoavi
proseslari, maddalor mubadilasini, transpirasiyani va atmosfer havasinin oksigenla zonginlogmasini
tomin edir. Cin névmixtolifliyinin yarpaqlart miixtolif 6lculi vo formali olub, vegetasiya dovrii
ekoloji amillarin tasirindon xeyli doyiskondir. Bitkinin yas dovriindon asili olaraq “cavan” - zorif,
“qoca” - qalinlagsmis yarpaglar ola bilor.

Azorbaycan soraitindo Cin ndvmixtalifliyinin vegetasiya muddati 200-210 glndir. Cin
novmuxtaliflyinin mohsuldarligi vegetasiya dovriinds sudan, nisbi ritubstdon, torpagin mineral
elementlarlo va Uzvi glbralarle zongin olmasi, bol giinas is1g1 vo optimal temperaturdan ciddi suratdo
asithidir. Optimal gidalanma soraiti vo yarpaglarda fotosintez vo transpirasiya proseslarinin dinamik
kecmosi cay bitkisinin boy vo inkisafin1 tomin edir, mohsuldarliq vo mohsulun keyfiyyat
gostaricilorini yaxsilagdirir [7, 8].

Apardigimiz todgigat dovrinds (2020-2023-ci illor) temperatur gostoricilorinde miisahido
olunan miisyyan artim Yer kiirasinds bas veran iglim doyismalari ilo izah edils bilor. Temperaturun
yuksalmasi ilk névbads isiglanma dovriiniin uzanmasi va isiqlanma siddati ilo tesdiglonir. Bu dovr
2021-ci ilin iyul vo avqust aylarinda miisahido edilmis, 3-4 giin davam etmisdir (+35-37°C). Bu
middst orzindos ¢ay kollarinda heg¢ bir zodolonmo olamati geydo alinmamis vo eksperiment
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tocriibolorindo torofimizdon Cin cay névmixtolifliyinin +40°C temperatura doziimlii oldugu
tosdiqlonmisdir.

Torofimizdon aparilmis todgigatlar naticasinds aydin olmusdur ki, Lonkaran-Astara bolgasinin
yay faslindaki temperatur gostaricilori Araliq donizi bolgslarinin temperatur gostaricilorino uygundur.
Mohz bu gostaricilora gora Cin ¢ay névmuxtalifliyinin Lonkoran-Astara bolgssinda becarilmasi
moqgsadomuvafiqdir. EImi odobiyyatlar vo apardigimiz todgigat naticasinds balli olmusdur ki, dag
yamaclari ¢ay bitkisinin vegetasiya dovriina mikroiglim amili kimi tasir edir, bitkinin boy va inkisaf
dovrlarinin optimal ke¢gmasina sorait yaradir [9].

Ritubatli subtropik bdlgs olan Lankoran-Astara bdlgasinds ¢ay bitkisinin becarilmasinda
ekoloji amil olan yagntilar miithiim sortdir. Torpag vo atmosfer havasiin riitubatliyini yagintilar
tomin edir. Bolgads yagintinin migdar1 eyni olmayib doyiskandir. Muxtalif illords, fosil vo aylarda
onun miqdari eyni olmur. Asag orazilordo, duzonliklords nishoton az (580-650 mm), dag
yamaclarinda (600, 700 vo 1000 m hindirlikds) toxminan 2 dofo ¢oxdur. Yiiksak arazilarin nisbi
ritubati vo doaniz sahili arazilords nisbi riitubst xeyli yuksak olur. Yagintilarin migdarmin illor tizro
doayiskan olmasi son illar iglim dayismalarinin naticasi kimi doayarlondirilmalidir.

Natica

Cin cay novmuxtalifliyinin Lonkoran-Astara bdlgosinds becarilmasi moagsadydnlidir, okin
saholorinin geniglondirilmasi tiglin yaxs1 imkanlar var. Cinki Lonkoran-Astara bélgasinin yay
foslindoki temperatur gostoricilori Araliq donizi bdlgalorinin temperatur gostoricilorino xeyli
yaxindir. XUsusan dagotayi orazilords ¢ay bitkisinin becarilmasi igtisadi cohotdon samaralidir. Cin
cay novmixtalifliyi tarixi inkisafina goro mesoalt1 orazilordo yayilmis Giinas isigmin sopalonmis
spektrlorina uygunlasdigindan, dag yamaclarinda ham fotosintez, ham do yarpaglarda biosintez daha
mohsuldar olur. Dag yamaclari ¢ay bitkisinin vegetasiya dovriino mikroiglim amili kimi tasir edir,
bitkinin boy va inkisaf dovrlarinin optimal ke¢gmasina sorait yaradir. Riitubatli subtropik bdlgs olan
Lonkoran-Astara bolgesindo ¢ay bitkisinin becarilmosinds ekoloji amil olan yagintilar mithiim sortdir.
Yagintilarin miqdarinin illor Uzro doyiskon olmasi son illor iglim doyismalorinin naticasi kimi
doyarlondirilmalidir. Torpagin su qithigi, yiiksok temperatur, atmosfer havasmin nisbi riitubatinin
asagl olmasi ¢ay toxumlarinin ciicormo gabiliyyatini xeyli azaltdigindan, toxumla cay bitkisinin
coxaldilmasi magsadyonli deyil. Mahz buna gors ds ¢ay kollarindan gétiiriilmiis tinglorls ¢oxaldilma
daha samarali va alverislidir.
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Seed propagation of tea plant in the conditions of climate change

Abstract

The article is devoted to studying the cultivation of tea family (Thea sinensis L.) in the soil
conditions of the experimental site of the Lankaran Regional Scientific Center. Climate change
directly has a certain influence on the soil environment and on the reduction of moisture content. Tea
seeds were grown at 60%, 70% and 80% soil moisture. It was established experimentally (laboratory
studies) that in the presence of 70 and 80% soil moisture, the seeds of experimental plants develop
optimally, which is suggested for the cultivation of tea families in the conditions of the Lankaran-
Astara wet subtropical zone of Azerbaijan.

Keywords: variety of types of Chinese tea, seeds, environmental factors, humidity, temperature.

D.¢.5.1., ooy. I'T'. Acanos; K.A. CanpiroBa, nayu. comp.; N.YO. XomxatoB, mi. Hayy. comp.
HUncmumym oendponocuu, Munucmepcmeo nayku u obpazosanus Azepoaiioxcanckou Pecnyonuku

CemeHnHoe Pa3MHOKCHUE qyaiiHOro PaCTE€Hus B YCJIOBUAX U3MCHCHUSA KJIUMaTa

Pe3zrome

Cmamws nocssujena K usydenuio evlpasuueanus cemoan yas (Thea sinensis L.) 6 nousennvix
VCI0BUAX  IKCNEPUMEHMANbHOo20 yuacmka Jlewkopanckozo Pationnoeo Hayunozo [lenmpa.
Hsmenenue knumama nHenocpeOCmeeHHo 0Kasvleaem onpeodeieHHoe eIUsHUe Ha NOY8EeHHYI0 cpedy U
Ha ymenvuleHuto enacoemkocmu. Cemena uas 6wi10 @vipawjero npu naiuyuu 60%, 70% u 80%
BNLANCHOCTNU NOUBLL. DKCNEPUMEHMANbHBIM NYMEM (1abopamopHble Uccie008anus) YCmMaHoeieHo,
umo npu Haauyuu 70 u 80% enasxcHocmu nougvl cemena NOOONLIMHBIX PACMEHUL PaA36USAIOMCs
ONMUMANLHO, YMO U NPEONONHCEHO Ol BbIPAUWUBAHUU CEMbAH 4as 8 YCa08usx Jlenkopancko—
Acmapunckoti 61a21cHoU cyomponuieckoi 30ne Azepoatiodcana.

Knroueswie cnosa: pasnoobpasue U006 KUMAUCKO20 4as, ceMeHd, hakmopsl OKpyscaroujeli
cpeobl, 81ANHCHOCMb, MeMnepamypa.
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Abstract

This paper examines the effect of changes in temperature on households’ food expenditure in
Nigeria. Using micro-data on consumption expenditure from Nigerian households, we find that
extreme heat increases per capita consumption expenditure during dry seasons but not in wet seasons.
Prior works show that small-scale farmers attenuate the effects of extreme heat on agricultural
productivity through the short-term use of non-traded productive inputs, such as land. This evidence
supports the view that the scope of climate change mitigating practices could keep food prices steady
despite increases in extreme weather events. However, when investment in tradable inputs like
drought-resistant technologies is greater, attenuating weather shocks could lower the welfare of net-
food buyers if it increases food prices. To further support our interpretation, we find that relative to
households in urban cities, rural households pay more for food during the dry season. We interpret
this as a reflection of the higher costs of production associated with extreme heat during the dry
season. Our results support policies that offer compensated income to vulnerable households to
mitigate the impact of weather shocks in agrarian communities in developing countries.

Keywords: climate change, extreme heat, food expenditure, welfare, Nigeria.

1 Correspondence concerning this paper should be forwarded to I.emediegwu@mmu.ac.uk.
2 Department of Economics, Room 4.18 Business School Building, Manchester Metropolitan University, M15 6BH,
Manchester, UK
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Introduction

How susceptible are households’ food and consumption expenditures in developing countries
to extreme weather events? This is an important question given that, on a global scale, the predicted
financial cost of adaptation to climate change could likely result in an additional price increase of
food staples, a total of 32 to 37 percent for rice, 52 to 55 percent 48 for maize, 94 to 111 percent for
wheat, and 11 to 14 percent for soybeans (Nelson et al. 2009). More specifically, answers to this
question are important for designing adaptive social safety net programs that can mitigate additional
welfare costs associated with extreme weather shocks to agricultural production.

Evidence suggests that small-scale farmers attenuate the adverse effects of extreme
temperatures through short-run adjustments in non-traded productive inputs (Aragon et al. 2021,
Jessoe et al. 2018). This evidence supports the view that the scope of climate change mitigating
practices could keep food prices steady despite increases in extreme weather events. However, a
broader view sees tradable inputs, such as irrigation and drought-resistant technologies, as important
constituents of the agricultural production function during adverse weather shocks (Hertel & de Lima
2020). Across the agricultural value-addition chain in the Sub-Saharan Africa (SSA) region, access
to irrigation water and drought-resistant technologies could dramatically impact agricultural output
during heat stress. If adapting agriculture to weather shocks intensifies the use of purchased inputs,
prevailing input market distortions could affect yield and increase prices of agricultural goods in ways
not captured in previous studies.

We investigate the impact of extreme temperatures on consumption expenditure outcomes like
per capita consumption, respective spending on cereal, tuber, and animal and fruit separately during
the wet and dry seasons. The intuition is that extreme weather shocks will stimulate greater use of
purchased intermediate inputs for abating the impact of climate shock during dry seasons than during
the wet season. Similarly, we categorize households based on whether they live in rural or urban
areas. Intuitively, compared to rural dwellers, urban dwellers are less dependent on agriculture for
livelihood strategy and may be less likely to experience price shocks that arise from output changes.
We identify these impacts from weakly exogenous and random local weather fluctuations, thereby
reducing the problem of omitted variable bias. After controlling for seasonality in agricultural supply
and other time and zone-specific trends, we find that a marginal increase in our measure of extreme
heat days is associated with a 46.8% fall in consumption expenditure during the wet season.

Contrastingly, an increase in HDD by 1°C during dry seasons is associated with a 24.9%
increase in food expenditure per household. These findings are consistent with the variation in the
cost of mitigation practices due to weather shocks exhibiting a distinct seasonal pattern; therefore,
food prices are higher during harsh weather conditions (Brown et al. 2009). Weather variation does
not significantly affect expenditure in urban areas compared to rural-based households. This result is
consistent with the studies showing that climate shock will make rural households in developing
countries more vulnerable than urban-based households. Given that consumption spending responses
to weather shocks likely reflect substitution that prioritizes the consumption of important staples, we
find that cereals and fruits are more affected by extreme temperatures.

Similar studies (e.g, Aragon et al. 2021) find that extreme heat increases tuber quantity
harvested (in absolute and relative terms), which reflects why expenditure on this food category is
not responsive to weather shocks.
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Our paper aligns with recent literature exploring the margins of adjustment and the scope for
mitigating the impact of climate change on agriculture and the food system (Emediegwu et al. 2022,
Aragon et al. 2021, Jessoe et al. 2018, Colmer 2018). We improve existing literature by exploring the
effect of harmful temperatures and estimating the differential impact of weather shocks based on
households’ vulnerabilities. The extant literature sees the scope mitigation from short-term productive
and behavioral adjustments as important cornerstones for lowering the effects of climate change. For
instance, Aragén et al. (2021) find a more intensive use of non-traded productive inputs, like
increasing area planted, increasing family labor, and changing crop mix to attenuate the effect of
extreme heat on productivity loss. These findings are typical of agricultural household models under
incomplete markets (Taylor & Adelman 2003, De Janvry et al. 1991).

Figure 1: Enumeration areas across Nigeria
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Notes: Each black shape represents an enumeration area (EA).

We divide the paper as follows. We describe the data and empirical strategy in Section 2, while
the various results are discussed in Section 3. We conclude the paper with some policy implications
in Section 4.

Data and Model Specification

Data Description and Sources

We combine household survey data with satellite imagery to construct a comprehensive dataset
containing socio-economic and meteorological variables. Our unit of observation is the enumeration
area (EA)-by year. Our final dataset is panel data consisting of more than 2000 observations spanning
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from 2010 to 2016. Nigeria is a prime example to study the effect of extreme heat on micro-level
socioeconomic livelihoods in a tropical region. Nigeria houses more poor people than any country
globally, ranks 103rd out of 119 qualifying countries on the hunger scale (UNDP 2016), and positions
152nd out of 188 countries on the 2015 UNDP Human Development Index (von Grebmer et al. 2018).
Pressures from weather-related shocks are some of the identified concerns driving vegetation loss and
poverty in the country (Bertoni et al. 2016, Barbier & Hochard 2016).

Socio-economic Dataset

We source our main data from the three waves of the Nigeria General Household Survey
(NGHS), a multi-topic panel survey carried out annually over 12 months on a nationally
representative survey of approximately 5,000 households from more than 500 EAs representing all
the states in Nigeria as shown in Figure 1.! The three waves used in this study are chronicled as
follows: wave 1 (2010-2011), wave 2 (2012-2013), and wave 3 (2015-2016).2 The National Bureau
of Statistics (NBS) implemented the surveys with the support of the World Bank Living Standards
Measurement Study Integrated Surveys on Agriculture (LSMS-ISA) project. The survey asks
household members to report the amount spent on different food and non-food items in the last seven
days and other health and education expenditures. We use this information to construct measures of
household consumption expenditures. One major limitation of the dataset is that we do not observe
expenditure over the spending period: rather, only the aggregate amount in the week preceding the
week of interview, reflecting cost of living in an average week, is recorded. However, we believe
these measurement errors are exogenous to our explanatory variables; consequently, such imprecision
might only lead to imprecise rather than biased estimates. The survey also provides information on
other socio-demographic features such as access to the market, gender of household heads, amount
spent on electricity, etc. Given that our unit of measurement is at the EA, we average observations at
household level to the EA level.

Weather Data

Our weather data comes from the National Centers for Environmental Prediction
(NCEP)/Climate Prediction Center (CPC).2 This gridded dataset contains daily maximum and
minimum temperature, as well as total daily precipitation at 0.5x0.5 degree resolution (approximately
56km x 56km at the equator) from 1979 till date. Mean daily temperature is derived by averaging
each day’s maximum and minimum temperature for each grid cell. To link the weather and household
data, we overlay a polygon of Nigerian EA on the average temperature and total precipitation for each
grid cell and take the simple average across all grid cells per EA using geospatial software. While,
we leave average temperature at daily level to allow us construct our measure of extreme heat, we
aggregate the daily precipitation observations to obtain monthly aggregate rainfall at a location.

! There are 36 states in Nigeria, including the Federal Capital Territory.

2 Year 2014 is missing in the survey.

3 CPC data is provided by the NOAA/OAR/ESRL PSL, Boulder, Colorado, USA, from their website at:
https://psl.noaa.gov/

61


https://psl.noaa.gov/

Agricultural Economics  Kond Tasorriifatuun Iqtisadiyyati - Ixonomurca cesckoro xo3siictsa - 2024, Ne 1 (45)

As our baseline specification, we divide a typical year into dry and wet seasons to understand
how seasonality drives consumption spending among Nigerian households. A typical dry season in
Nigeria spans November to March, while the rest of the year is classed as wet season period.

Model Specification

We use a reduced-form log-linear model specification to estimate the relation between heat
exposure and consumption expenditure in Nigeria.> Our dependent variable is yiet, where i€{c/n, ce,
tu, an, fr}, with c/n for consumption per capita, ce for cereal expenditure, tu for Table 1: Derivatives
of Consumption Purchases tubers and roots expenditure, animal products expenditure, and fr for fruits
and vegetables expenditure in enumeration area (EA) e and in year t. All outcomes aside from
consumption per capita are derived as shown in Table 1.

Table 1. Dependent variables of model

Outcome Variable Combination
Cereals Sorghum + Maize + Millet + Rice + Other cereals
Tubers & Roots Yam + Cassava + Banana & Other tubers
Animal Products Poultry + Meat + Fish + Diary
Fruits & Vegetables Fruits + Vegetables + Beans

The model is specified as

yiet =ae +yrt +1DDet +52HDDet +/1Pet +12Pet2+1Het +eet (2.1)

where a. are EA fixed effects to control for EA-specific time-invariant factors of food
consumption spending such as average distance to the nearest market, yr are zone-specific trends
which accounts for time-changing determinants of food consumption spending that are common
within a geo-political zone (such as the agreement to ban open grazing in the South-West Zone of
Nigeria).2 He: contains EA-specific time-varying characteristics that may influence spending on food
products. These characteristics include average house rent, average education spending, average
spending on mobile phone recharge and average amount on petrol. & are idiosyncratic errors
clustered at EA-level to account for possible correlation of the standard error terms within EA groups.

Following earlier studies like Aragon et al. (2021), Roberts et al. (2012), we model the impact
of weather exposure as cumulative heat exposure and rainfall. Specifically, we construct two indices
to reflect cumulative heat exposure - degree days (DD) and harmful degree days (HDD). HDD
accounts for non-linear impact of extreme heat. It is significant to state that for ease of interpretation,
we calculate average degree days as done in Aragon et al. (2021), rather than aggregate degree days.
Our interest parameter is 2, which estimates the impact of extreme heat on food expenditure in Nigeria.

! This is a popular approach in measuring the impact of weather shocks on economic outcomes as evidenced in
Emediegwu (2021), Hsiang & Meng (2015), Deschenes & Greenstone (2007)

2 The states are grouped into six geopolitical zones: the North Central (NC), North East (NE), North West (NW),
South West (SW), South East (SE) and South (SS)
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Concerning the choice of thresholds, there is no unanimity in the literature on the most
appropriate or a “one-fits-all” thresholds since the choice is dependent on the outcome measured.
Consequently, we follow Aragon et al. (2021), Deschenes & Greenstone (2007) in selecting threshold
floor = 8°C and the threshold ceiling = 32°C. Rainfall is proxied by total precipitation (in mm)
represented by PP and its quadratic term in equation (2.1). Moreover, the climatic variables consist
of weather observations during wet and dry seasons.

With a full set of EA and zone-by-year fixed effects, we ensure that the derived estimates are
plausibly free from fluctuations in weather. This is a fair assumption because weather fluctuations
are fairly exogenous to other unobserved consumption expenditure factors (Aragon et al. 2021, Blanc
& Schlenker 2017). Also, to account for heteroskedasticity associated with EA sizes, a weighted
version of equation (2.1) is estimated where weight is the EA population derived as the sum of
household population within an EA. In addition to controlling for heteroskedasticity, population-
weighted models allow us to estimate impacts on an average person rather than average EA.

Results and Discussion

Main Results

Table 2. presents the results of the effect of extreme temperature on food consumption
expenditure. The result shows that HDD has a negative and statistically significant effect on
consumption per capita during wet seasons (column 1). In particular, an extra day of average HDD
during wet seasons is associated with a 47% decrease in consumption per capita. Conversely, we find
that the same marginal increase in average HDD in dry seasons has a positive and statistically
significant effect on consumption per capita. This mixed result reveals that the effect of changes in
HDD on consumption per capita varies depending on the season, which explains the role of
seasonality. A plausible explanation for this result is that since most plantings are done in the wet
season, food prices are usually higher. This finding is similar to the findings in Aragén et al. (2021),
where they conclude that extreme heat shocks can reduce aggregate supply and increase agricultural
prices. Therefore, households tend to reduce their consumption expenditure as a coping strategy
(Hisali et al. 2011). In the same vein, food prices are generally lower during the harvesting season
(dry season), and as a consequence, households tend to consume more food. As a way out for farmers
faced with climatic shocks, the farmers increase their input use to attenuate the impact of extreme
weather shock, thereby increasing output in the dry season which leads to reduced prices thereby
increasing household consumption expenditure.

The effects of extreme heat on the purchases of cereal, tuber, animal products, and fruits are
presented in columns 2, 3, 4, and 5, respectively of Table 2. From the results, average HDD has a
negative and significant effect on cereal and fruits expenditure during wet seasons. An extra day of
average HDD is associated with 112% and 128% decreases in cereal and fruits purchases,
respectively. On the other hand, we find that the effect of a change in average HDD on tuber purchases
in wet seasons is positive, although not significant. The results further show a positive effect of
extreme heat on cereal, tuber, animal products, and fruits expenditure in dry seasons. However, while
the effects on tuber and fruits purchases are statistically significant, those of cereal and animal
products are not. Specifically, we find that an extra day of average HDD leads to 87% and 78%
increases in tuber and fruits purchases, respectively.
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Table 2. Effect of Temperature on Food Consumption Expenditure

Purchases
In(c/n) In(cereal) In(tuber) In(animal) In(fruits)
1) (2) (3) 4 ®)
Average DD (wet season) 0.037 0.202%* 0.305%* 0.091 0.090
g (0.036) (0.084) (0.146) (0.068) (0.060)
0.468%%  1119% 0.516 0.148 L1277
Average HDD (wet season) (0.179) (0.561) (0.696) (0.433) (0.452)
0.011 -0.086 -0.200 -0.061 0.149
Average DD (dry season) (0.033) (0.100) (0.142) (0.072) (0.091)
0.249* 0.356 0.872* 0.260 0.775%%
Average HDD (dry season) (0.145) (0.381) (0.515) (0.299) (0.244)
PRECIPITATION Controls YES YES YES YES YES
EA controls YES YES YES YES YES
Observations 2279 2249 2204 2279 2279
Adjusted R? 0.61 0.68 0.66 0.64 0.55

Standard errors (in parentheses) are clustered at EA level. Temperature is measured in °C and precipitation in mm.
***p<0.01, **p<0.05, *p<0.1.

These results are in line with empirical evidence in the extant literature, which suggests that
while the quantity of tubers harvested decreases with extreme heat (Aragon et al. 2021), households
tend to persist in their spending on staple food items like tubers while cutting down drastically or
even giving up on the consumption of other food items (Brown et al. 2009, Jensen & Miller 2008).
Besides, the results suggest that households adjust their purchases in relation to the availability and,
consequently, the market prices of food items. For instance, since the dry season is generally the
harvesting period in Nigeria, food items tend to be a lot cheaper, stimulating household purchases.
To sum up this subsection, the positive and statistically insignificant effect of extreme heat on animal
product purchases indicate that the expenditure on these products are not effectively determined by
the weather or season. This, in part, is because the rearing of livestock necessary for the production
of the products is not seasonal and less affected by weather shocks, unlike other farm products (Gerber
et al. 2013).

Robustness Results

Table 3. presents the results of the robustness checks of the main results to alternative
specifications. Each row of the table represents a different specification of the model. However, only
estimates of the measure of extreme heat (HDD) are reported.

No Controls: Row 1 in Table 3. re-estimates equation (2.1) with DD and HDD as the only
independent variables. The results show that extreme heat has a negative and significant effect on the
purchase of cereals and fruits in wet seasons. Whereas, in dry seasons, a change in average HDD has
a positive and significant impact on the purchase of fruits. Generally, we find that the estimates are
qualitatively similar to the baseline estimates, although some effects disappear.
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No Controls (Except Precipitation): In Row 2, we replicate Row 1 specification with the
inclusion of the precipitation control to check if the addition of further weather controls would affect
the stability of our results. The results from this specification are similar to those in Row 1 of Table
3. Ergo, our results are not sensitive to the inclusion or exclusion of certain controls.

Aggregate Heat Units: Further, we show that our results are robust to changes in the measure
of extreme heat used. We re-analysed the baseline model using aggregate DD/HDD in place of
average DD/HDD as the measure of extreme heat. The result in Row 3 of Table 3. shows estimates
with similar significant signs as our baseline, however, with larger estimates. The large coefficients
are not surprising given the use of aggregate measure rather than an average in this scenario.

Cluster by State: We re-estimated equation (2.1) with errors clustered at state level rather than
at EA level. The results presented in Row 4 of Table 3. show that our estimates are broadly consistent
with the main specification, though slightly higher in a few cases.

Outliers Influence: Finally, we checked if our results are driven by outlier households. These
are households with an average of 200,000 Nigerian naira (NGN) worth of annual food expenditure.
Purging our data of these households does not undermine the stability of our estimates, as shown in
Row 5. The effects across the different seasons are broadly similar to those of the original
specification, howbeit with slightly higher magnitudes.

Overall, the results from several sensitivity checks show that our baseline estimates that
measures the impact of extreme heat on Nigerian household food consumption expenditure are largely
robust. Therefore, we do not expect large deviations from the baseline estimates.

Table 3. Robustness Results

lni/n) [nfeereals) Inftubers) [ ar frals) [ fruts)
Average Average Average Average Average Average Average Average Average Average
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Conclusion

Our study sheds light on an important linkage between variation in extreme temperature and
welfare through the effect on consumption expenditure. Existing studies show that small-scale
farmers respond to extreme weather shocks through productive adjustments in non-tradable inputs to
attenuate the impact of extreme weather shocks. This interpretation is consistent with predictions of
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producer-consumer models in the presence of incomplete markets (Aragon et al. 2021, Taylor &
Adelman 2003, De Janvry et al. 1991).

Although important, non-tradable inputs such as land and family labor account for a less share
of productive inputs used by small-scale farmers for abating the effect of weather shocks. Accounting
for purchased intermediates such as fertilizers, irrigation water, and drought and heat-resistant
varieties would give a broader effect of weather shocks on production and the plausible effect on
welfare. One way is to raise the cost of production, which is transmitted through higher food prices
and observed by rising expenditure during the dry seasons. Already, local food production in many
parts of Sub-Saharan Africa is vulnerable to interannual weather variation, creating a sharp seasonal
variation in food prices. The additional cost due to mitigating practices of extreme weather events
could limit the ability of poor farmers to grow enough food, aggravate price variability, and worsen
the purchasing power of net food buyers. On the other hand, since production responds sharply to
food demand, the price rise could provide an opportunity for increased food production and improve
the welfare of net food suppliers.

We examine how consumption expenditure responds to interannual variation on hot days using
the Nigerian General Household Survey data. After conditional on the seasonality in agricultural
production and other zone-time specific trends, we find that an additional average harmful degree day
(HDD) is associated with a fall in consumption expenditure during the wet season but increased
during dry seasons. These findings are consistent with the fact that the mitigating practices during the
dry season for extreme temperatures could aggravate the prices of food staples. However, extreme
heat does not significantly affect expenditure in urban areas compared to rural households. This
finding is in tandem with the studies showing that climate shock will make rural households in
developing countries more vulnerable and more affected than urban-based households.

Similarly, we find evidence of consumption substitution that prioritizes the expenditure on
important staples. These results have important policy implications. The most obvious is that the
pattern of impact carries different weights depending on seasonality, location of households, and
types of food commodity. More poor people generally appear to be net food consumers and live in
rural areas. Without food subsidy or compensated income, this category of people may be harder hit
by extreme weather events due to a fall in their purchasing power. The afore statement contrasts
studies that show that many rural households gain from higher food prices, suggesting that the overall
impact on poverty remains negative (lvanic & Martin 2008). For instance, Aragén et al. (2021) show
that Peruvian farmers use productive adjustments, such as changes in input use, as strategies to
attenuate drops in output and consumption.

However, because farming in Sub-Saharan Africa is majorly rain-fed, weather variability will
continue to impact the ability of local producers to meet up with demand, particularly during the
inventoryscarce dry months (Brown et al. 2009). Due to data limitations, we cannot exhaust other key
aspects to understanding questions raised in this study. First, we cannot observe the prices of food
commodities; only the total amount spent on food and non-food expenditure is used. Second, common
to other recent studies of the climate economics literature (e.g., Deschenes & Greenstone (2007)), we
can only observe the impact of short-term weather shocks, not climatic changes. Lastly, since
consumption expenditure can be a function of price or income, our model could not disentangle these
mechanisms due to data inavailabilty.
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Zararli temperatur va istehlak xarclari:
Nigeriya ev tasarriifatlarindan alinan malumatlar

Xulasa

Bu magalada temperatur dayisikliklorinin Nigeriyada ev tosorriifatiarimin gida mahsullarina
cokdiklori xorclora tasiri arasdrilwr. Nigeriya ev taSorriifatlarimin istehlak xarclori ilo bagh
mikromalumatlardan istifado edarak haddindan artig istilorin quru movsimlorda adambagsina
istehlak Xorclorini artirdigini, yagintili mévsiimlorda isa belo olmadigimi askar etdik. Ovvalki
todgiqatlar gostorir ki, kigik fermerlarin torpaq kimi geyri-ticari istehsal vasitalorindan gisamiiddatli
istifada etmoasi haddindon artig istiliyin kond tosorriifatt mohsuldarligina tosirini azaldir. Bu
malumatlar, iglim dayisikliyinin azaldilmast tadbirlorinin migyasinin ekstremal hava hadisalarinin
artmasina baxmayaraq gida giymatlarini sabit saxlaya bilacayi fikrini dastoklayir. Bununla yanast,
iqlim tolatimlarini azaltmagq ticiin quraqligadavamly texnologiyalar kimi ticarat edilabilan resurslara
qoyulan investisiyalarin artmasi qida giymatlarinin artmasina sabab olarsa, xalis alicilarin rifah
pislaga bilar. Tadgigatlarimiz sahardaki ev tasarriifatlar: ilo miqayisada kand yerlorindaki ev
tasarriifatlarimin quraq mévsiimda qida ugun daha gox pul xarcladiyini gostordi ki, bu da yuxaridak
fikrimizin bir daha tasdigidir. Bunu quru mévsimda haddindan artig isti ilo alagodar olaraq istehsal
Xarclorinin daha da artmasi ila izah eda bilarik. Galdiyimiz natica isa budur Ki, inkisaf etmakda olan
Olkalarin aqgrar icmalarinda hava tolatimlarinin tasirlorina daha hassas olan ailo tasarriifatlarina
kompensasiya taklif edan siyasat dastaklonmalidir.

Acar sozlar: iglim dayisikliyi, haddindan artiq istilik, arzaq xarclori, sosial tominat, Nigeriya.
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Bpennbie Temneparypbl 1 NOTpe0UTEIbCKHE PACXOABI:
JAaHHbIE, OJIy4YeHHbIe 0T Hurepuiickux 10Moxo3s1iicTB

Pestome

B smou cmamve paccmampueaemcs GnusiHue uUsMEHeHUU MeMnepamypbl HA PAcxoobl
domoxosaicmse Ha npooykmel numanus 6 Hueepuu. Mcnonv3ys MukpooanHvie 0 nompeoumenbcKux
Pacxo0ax Hu2epuCKux 0OMOX03AUCME, Mbl OOHAPYIHCUNU, YO IKCIMPEMATbHASL Hcapa Yeeaudusaen
nompebumenbckue pacxoovl HA OYULY HACENeHUs 6 CYXUe Ce30Hbl, HO He 8 O0NHCOUBHCHIU.
Ilpeovloywue pabomwvl noxaswvigarom, umo MeKue Gepmepvl cmAYaAOmM  8030eucmeue
IKCMPEMATLHOU HCAPLL HA NPOUZBOOUMETbHOCMb CElbCKO20 XO3SUCMBA 3d CUem KPAMKOCPOUHO2O0
UCNONb308AHUSL HEMOP2YEeMbIX NPOUBOOCMBEHHbIX PEeCcypcos, MAaKux Kaxk 3emis. Omu OaHHwle
nOOMEePHCOAIom MOUKY 3PEHUsL O MOM, HMO MACWmadbl Mep N0 CMASYEHUI0 NOCIe0CmEull
UBMEHEHUsL KIUMAMAa MO2Ym NO00EPAHCUBAMb CMAOUTbHBLE YeHbl HA NPOOYKMbl NUMAHUSL, HECMOMPS
Ha pocm 9KCMpPeManbHblX no200nbix AeneHul. OOHAKo, K020a UHBECMUYUU 8 MOp2yeMble PecypcChl,
makue Kax 3acyXoycmoudugvle mexHoaiocuu, 6onvule, cmacuenue no20OHbIX NOMPACEHUL MOXCem
CHU3UMb O1A20COCMOsAHUEe HemmO-NoKynamene NpooyKmo8 NUmAaHus, eciu 3mo npusedem K
NOBbIUWEHUIO YeH Ha NpOOYKmbl numauus. [[is  OanibHetiue20 NOOMEEPI’HCOeHUs Hauel
uUHmMepnpemayuy Ml OOHAPYHCUTU, YMO NO CPABHEHUIO C 2OPOOCKUMU OOMOXOZAUCMBAMU CEeNbCKUe
00MOX035LICMBa nAamam OovbuLe 3a RPOOYKMbl NUMAHUS 8 CYXOl ce30H. Mul unmepnpemupyem 3mo
Kax ompasicenue 0oiee 8blCOKUX NPOUIBOOCNBEHHBIX 3AMPAM, CEAZAHHBIX C IKCMPEMATbHOU HCapOU
6 cyxou ce3on. Hawu pezyremamvl noomeepocoarom NOAUMUKy, Komopas npeoiazaem
KOMNEHCAYUOHHBIUL 00X00 VA3BUMbBIM OOMOXO3AUCMBAM OJisl CMSAYEHUS NOCIeOCMBUll NO20OHbIX
NOMPACEHUU 8 A2PAPHBIX OOWUHAX PA3BUBAIOUUXCSL CIPAH.

Knroueevie cnosa: usmenenue Kiumama, 3KCMPEMAIbHASL Hapd, pacxoobl HA NPOOYKMbL
numanus, oaazococmosnnue, Hueepus.
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Xulasa

Maqalada maili arazilorda akin aparilmasimin ahamiyyati, Gstinliklori, tobii amillarin akin
sahalarina tosiri vo bu amillorlo mibarizo apariimas: magsadila tatbiq edilon metodlar tahlil
edilmigdir. Eyni zamanda, fermerlaora maili arazilarda akin Uglin dastak programlar: hayata kegiran
dinya oOlkalarinin tacrubasi Oyronilmisdir. Homginin Azorbaycanda akin saholori va coxillik
okmoalarin  maililik daracasina gora yerlogsmo sahalori hesablanmig, bu orazilorda akinin
stimullasdirilmasi istiqgamatlori arasdriimisdur.

Acar sozlar: kond tasarriifati, maili arazilar, torpaqlarin maililik tizra siniflondirilmasi, dinya
tocrubasi, mexaniklaogdirma potensiali.

Giris

Maili orazilords okingilik foaliyyatinin aparilmasi torpaq va su resurslarinin somorali istifadosi
Vo onlarin yararsiz vaziyyato diismasinin garsisinin alinmasi baximindan boyiik shamiyyat dasiyir.
Torpaglarin maillik doracasi artdiqca siiriisma riski do yiksalir vo eroziya prosesi intensivlagir. Bu
proseslor profilaktik tadbirlorin hoyata kecirilmasini talab edir.

Maili orazilords torpaqdan istifads imkanlari siniflondirma asasinda qiymatlondirilir. Bu bolgu
kond tosarriifatt bitkilorinin yetisdirilmasinin olverisliliyi baximindan maililik omsali asasinda
aparilir. Beynolxalq soviyyado maili torpaglarda kond tesarriifatinin dayanigliligini tomin etmok
mogsadilo mixtalif dostok proqgramlari hazirlanmis vo bu orazilordo okingilik Ugun xisusi
mexanizmlor yaradilmisdir. Fermerlora subsidiyalarin verilmasi vo mohsul istehsali {i¢iin goriilan
todbirlarin kompensasiya edilmasi kimi tasvigedici tadbirlor do hoyata kegirilir.
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Bu mogalodo maili orazilorin okingilik potensiali tadqiq edilmis, maililik daracasine gors
arazilorin siniflondirilmasinds diinya tacriibasi vo Azarbaycanda okin sahalarinin yerlosdiyi maililik
Saviyyasi arasdirilmisdir. Magaloda diinya tacriibasi ilo yanasi, Azarbaycanda maili orazilords okin
tocriibasi do tohlil edilmis va orazilorin mévcud okin sahalori Gizra bolgiisii aparilmisdir.

Noticoda maili arazilords okingilik faaliyyatinin igtisadi vo ekoloji faydalari vurgulanmis, bu
orazilords okingiliyin inkisafi tictin muxtolif tokliflor irali stirtilmiisdiir. Magalo maili orazilords
akingiliyin inkisaf perspektivlarini vo bu sahado mdvcud olan problemlari arasdiraraq torpaq vo su
resurslarinin somarali istifadosi baximindan yeni yanagmalar togqdim edir.

Maili orazilordo okingiliyin aparilmasi, okin saholorinin qorunmasi vo mohsuldarligin
artirtlmasi tiglin miixtalif innovativ metodlarin va texnologiyalarin totbiqi toklif olunur. Bu sahads,
homginin yerli icmalarin molumatlandirilmasi vo tolimlorin kegilmasi, fermerlorin maariflondirilmasi
do mihum shamiyyat kosb edir. Diinyada vo Azorbaycanda hoyata kegirilon ugurlu tocribalorin
oyranilmasi va bu biliklorin genislandirilmasi ilo maili arazilards okingiliyin inkisafi tomin edilo bilar.
Bu da 6z névbasinds kond tosorriifatinin dayaniqli inkisafina vo torpaq resurslarinin qorunmasina
boyuk tohfo vers bilar.

Maili arazilardan istifadanin asaslari

Maili arazilarda akin aparilmasimin ahamiyyati. Maili orazilordo okin aparilmasi torpaqdan
istifadonin dayaniqli idaraetmo Gsulu hesab edilir ki, bu idarsetma formasi kond tosorriifat1 bitkilari
yetisdirmok Ugln ylksok dagliq orazilorin zongin, lakin dayaniqliligi az olan iist qatin1 qoruyub
saxlamaga vo fermerlora orzaq mohsullari istehsalint artirmaga komok edir.

Muxtalif tobist hadisalori, o climlodon giiclii yagislar vo dasqinlar dagliq arazilorin zorif iist qatinin
yuyulub aparilmasina, maili yamaclarim kiitlovi torpaq eroziyasina moruz qalmasina gatirib ¢ixarir.

Torpagm okin i¢lin slverisli tist miinbit qat1 yuyuldugda torpaq kond tosorriifati {iglin yararsiz
vaziyyata diisiir. Yuyulmus lil ¢aylara, donizlors axdigda su hovzalari do bundan tasirlonir. Belaliklo,
torpaq eroziyasi toSarriifat vo su hovzalori mohsuldarhiginin zaiflomasing, noaticads straf mihitin
deqradasiyasina gotirib ¢ixarir.

Maili kond tosorriifat1 saholori torpaq eroziyasina vo gida maddslorinin tikonmasina xususilo
hossasdir ki, bu da vo torpagin miinbitliyinin azalmasina vo mohsuldarligin asagi diismosine sabab
ola bilar. Maili oarazilords torpagin yamaci giiclii yagislar zaman1 suyun axma siiratini vo hacmini
artirir, bu da suyun torpaq hissaciklorini yumasini asanlasdirmaqla torpaq eroziyasini siiratlondirir.
Eroziya prosesi mohsul yetisdirmak ii¢lin vacib olan miinbit torpagin itirilmasina vo moahsuldarligin
azalmasina, hatta mahsulun mahvina sabab ola bilar.

Maili okin sahslorinin yaratdigi ¢otinliklora baxmayaraq, bir ¢ox fermerlar torpagin unikal
Xususiyyatlorina uygunlagsmaq ticlin ¢ox vaxt ansnavi okingilik tacrtibalorina vo yerli biliklara
arxalanaraq sildirim orazilordo mohsul okmays davam edirlor. Fermerlora ¢atinliklor toratsa bels,
onlar bu orazilords akindan imtina etmokds toraddid edirlor. Bundan slava, soharlorin inkisafi
naticasinds diiz torpaqglarin azalmasi vo ya basqa moqsadlor Uglin istifadasi do maili arazilards okin
aparilmasi ligiin osas tosvigedici masalalordandir [1].

Torpaq eroziyasinin maili torpaglarda kond tosorriifatina tosirini azaltmaq Ucglin fermerlor
torafindon eroziyani azaltmaga va torpagin miihafizasini togviq etmaya kdmok etmok (i¢lin terraslama,
kontur okincilik, mulgcalama, konservativ okingilik vo ortiik bitkilorindon istifado kimi muxtalif
muhafiza tacribalorindan istifads edilo bilar.
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Maili orazilordo okin aparilmasmin bir sira Ustiinliiklori var ki, bunlar1 da asagidaki kimi
Umumilasdira bilarik [2]:

= Torpaq resurslarindan somorali istifado (adoton istifadosi ¢otin orazilorin okin mogqsadlori
ticlin istifadosi);
* Eroziyanin qarsisinin alinmasi (yagintinin ¢ox oldugu orazilorde yaginti sularinin torpagi

yumasinin qgarsisinin alinmasi ii¢lin maili orazilordos terraslar yaradilaraq siirstli su axininin
qarsist alinir);

= Torpaq siirlismalarinin garsisinin alinmast,

* Su qithg miisahido olunan orazilorde yaginti sularimin miioyyon miiddst toplanaraq
saxlanmasi, torpaqda nomliyin tomin edilmasi;

= Yasillasdirma va torpagin keyfiyyotinin artirilmasi.

Maili orazilordo zoruri todbirlor nozors alinmadan okin aparilmasi (Xisusilo do texnikanin
totbiqi ilo sumun aparilmasi) tadricon okin ti¢iin yararli torpagin shomiyyatli qisminin yamacin asagi
hissalarina siirligmasina sabab olur. Bu isa hamin arazilords torpagin keyfiyyatini itirmasine gatirib
cixara bilar [3].

Maili arazilarda tatbiq olunan akin metodlari. Maili orazilordo okin aparilmasinin asas
ustlinltiklori eroziyanin (su eroziyasi) qarsisinin alinmasi [4] vo suyun saxlanmasidir [5]. Eroziyaya
garst miibarizo mogsadilo bitki zolaqlarinin, das zolaglarin, iifiiqi torpaq bandlorin va terraslarin
salinmasi, su toplanmasi Ug¢iin okin cuxurlarmnin, aypara mikrosututarlarin salinmasi kimi
metodlardan istifado edilir.

Bitki zolaglari: bitki zolaglari yamac boyu uzanan ot, kol vo ya agac kimi okilir. Bu zolaq
yamacdan asagi axan suyu longidir va ¢oklntllori tutub saxlayir. Zaman kegdikca zolagin arxasinda
torpaq yi8ilaraq terras yarana bilor.

Das zolaglar: das zolaglardan ham quru, ham ds ritubatli arazilords istifads olunur. Zolaglar
arasindaki masafo yamacin maililiyindon va tarlada dasin mévcudlugundan asilidir. 2-5% maililiyi
olan yamaclarda bu zolaglar 25-50 metr masafodo olur.

Ufliqgi torpaq bandlar: Gfigi torpag bondlar da su axinini zsifladir va yuyulmanin qarsisini alir.
Ufiigi torpag bandlorin sututma gabiliyystini artirmaq iiciin bu bandlora “carpaz bandlor” tikilir.
Carpaz bondlar suyun band boyu axmasinin qarsisini alir. Bond boyu daha maili srazilords carpaz
bondlor har 10 metr mosafodo yerlosdirilir.

Terraslar: terraslarin mahiyyati maili orazilordo yamac boyunca uftigi, torpaq sothinds suyun
horakatini azaldan fiziki manealor yaratmagdan ibarstdir. Terraslarda maililik 0%, terrasin, yani
yamacin maililiyindon asili olaraq 1-1.5 metr olur. Hor 3-4 terrasdan sonra drenaj kanali qurulur.
Drenaj kanalinin eni 20-30 sm, darinliyi iso 10 sm olur.

Okin ¢uxurlarr: okin guxurlart ollo qazilmis dairovi ¢uxurlardir. Bu guxurlar yaginti suyunu
toplayir va akinda istifads {igiin saxlayir. Har bir guxur tagqriban 20 sm enindo, 20 sm darinlikds olur.
Okindan sonra guxurlar gisman agiq qalir ki, su y1gilsin.
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Aypara mikrosututarlar: aypara mikrosututarlar aypara formasinda olan kigik torpaq
bondlordir. Bu sututarlar yamacdan asagi axan suyu tutub saxlayir. Bu tip sututarlarda sorqo, dar1 vo
noxud kimi bitkilor okils bilar.

Maili arazilarin klassifikasiyast metodlari. Dinya tocriibasi gostorir ki, maililik daracasindan
asil1 olaraq torpaqlarda kond tosorriifati foaliyyatinin hoyata kegirilmosi imkanlart farglonir. Buna
uygun olaraq maili arazilor muxtalif siniflora bolunir. Kond tasarriifatt faaliyyati lgiin uygunluq
(Land Use Type matching, LUT) baximindan maili arazilorin siniflors bolgtst maililik doracasi vo
ya maililik omsalina gors aparilir [6]. Beynolxalq adobiyyatda asason maililik omsalindan istifado
edilir. Bu amsal (hindirlik/mosafa)*100 disturu ilo hesablanir va faizlo isaralonir. Masalon, 100
metr mosafalik arazinin konar ndqtslori arasindaki hiindiirliik forqi 10 metr olarsa, onda (10 m/100
m)*100=10 olacag. Yoni, hamin arazinin maililik omsal1 10 faizdir [7]. Maililik amsalinin faiz vo
doraca ifadalarinin arasindaki nisbat taxminan 55% toskil edir. Yoni doraca ilo ifads edilmis gostarici
faizlo ifado edilmis gostaricinin taxminon 55%-no baraboardir.

Kond tesarriifat: faaliyyati ticiin uygunluq baximimdan maili arazilor tizro muxtalif diapazonlar
muosyyanlosdirilmisdir. Masalan:

» FAO torofindon 7 sinif [8]:
0-2%, 2-5%, 5-8%, 8-16%, 16-30%, 30-45% Vo >45%.

> Jeyms Hutton Institutu torafindon 7 sinif [9]:
0-3, 4-7, 8-11, 12-15, 16-25, 26-30 vo >30 daraca.

» Kanada Torpaq Molumat Xidmati (CanSIS) toroafindon 6 sinif [10]:
0-3%, 4-9%, 10-15%, 16-30%, 31-60% Vo >60%.

» USDA Tobii Resurslarin Qorunmasi Xidmati torafindon 6 sinif [11]:
0-3%, 1-8%, 4-16%, 10-30%, 20-60% vo >45%.

Miixtalif yanagmalarr iimumilosdirarok maili orazilorin asagidaki codvalda verilon bolglsuni
daha magsadauygun hesab edirik.

Cadval . Maililik amsalinin faiz vo daracs ifadslorinin arasindaki nisbot

Maililik siniflori, % Siniflarin adlari

0-2 Toxminon 0 saviyyasi
2-10 Miilayim maililik
10-15 Orta maililik
15-30 Giicli maililik
30-70 Hoddinden artiq maililik

70-100 Cox dik maililik

Manba: Mualliflar tarafindan Gmumilasdirma aparilaraq hazirlanmigdr [12].

Maili orazilordan istifadedo maililik doyismasinin okin gun tasiri domys torpaglar [13] vo
ononavi tsulla suvarilan (cazibo quvvasinin tasiri ilo) terrassiz torpaglar [14] Ucgln muxtalif
giymatlondirilir. Belo ki, domya orazilor tzro maililiyi 30%-don yuxari olan arazilorin istifado
imkanlart koskin soviyyads mohdud, 16-30% olan orazilarin istifado imkanlar1 orta saviyyado,
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maililiyi 8-16% olan arazilarin istifads imkanlari yiingiil soviyyado mohdud olaraq giymatlondirildiyi
halda maililiyi 0-8% olan arazilarin istifadasinde mahdudiyyat yoxdur.

Maililiyi 8%-don yuxari olan suvarilan sahalords arazilorin istifads imkanlar1 kaskin mohdud,
maililiyi 5-8% olan suvarilan orazilorin istifads imkanlari orta saviyyadadir. 2-5% maililikli arazilarin
istifadasindo mohdudiyyat yingul saviyyali, 0-2% maililikli arazilor iss okin U¢un mohdudiyyatsiz
saha kimi dayarlondirilir.

Maili arazilarda mexaniklasdirma potensiali. Maili arazilor mexaniklosdirms potensialina gora
do farglonir. ©kin prosesino calb edilocak texnikanin ¢akisindan, toyinatindan, daghq orazilords
yerima xususiyyatlorindan asili olaraq maili arazilori dérd qrup altinda qruplasdirmagq olar:

Maililiyi <5% vo ya 0-3 doroco olan orazilor: adi kond tosorriifatt masinlari, o ciimlodon
traktorlar, kombaynlar va digar avadanliglarla tam mexanizasiya potensiali var. Torpaqglarin eroziya
riski minimumdur. Bu arazilar taxil, toravaz va digor intensiv akingilik tocriibalari tiglin slverislidir.

Maililiyi 5-15% vo ya 3-8 doroaca olan orazilor: torpaq eroziyasi riski vo relyef problemlorina
goro agir texnikanin istifadasine bazi mahdudiyyatlarla gisman mexaniklosdirma {igiin uygundur.
Eroziya riskini azaltmag vo mexaniklogdirilmis okingiliyi daha mogsadosuygun etmok Ugln
terraslasdirma, zolaq vo bandlarin totbigi vo diger torpaq muhafizasi tocriibslori lazim golo bilor.
Coxillik meyva agaclart, iiziim baglari, otlaglar vo bazi taravozlor kimi mahsullar miivafiq texnika vo
idaroetmo tisullari ila becarila bilar.

Maililiyi 15-30% vo ya 8-16 doroco olan orazilor: torpagin eroziyast, torpagin sixilmasi vo maili
orazilordo texnikalarin qeyri-sabitliyi riskinin yiksok olmasi sobobindon mexaniklosdirmo gun
mohdud potensial. Becorma U¢lin al amayi va ya dik yamaclar ¢ln nazords tutulmus xiisusi
avadanliq tolob oluna bilor. Aqromesa sistemlori, ¢oxillik bitkilor vo genis otlaglar dik yamaclarda
daha uygun ola bilar. Terras, zolag va bandlarin tathigi va digor eroziyaya qarsit miibariza tadbirlori
cox maili arazilords torpaglarin dayaniqli idara edilmasi va becarilmasi ti¢uin vacibdir.

Maililiyi >30% vo ya >16 doaraco olan arazilar: hoddindon artiq orazi problemlari vo yiksok
eroziya riski sobobindon mexaniklosdirilmis  okingilik Ggln  Umumiyystlo  yararsizdir.
Ixtisaslagdirilmis bitkilor vo ya aqromesa sistemlari iciin mohdud kond tosorriifat: avadanliglarinin
istifadosi mumkiin ola bilar, lakin ol amayi vo ya miihafiza olunan, yaxud istirahat mogsadli alternativ
torpaq istifadosi daha ¢ox yayilmigdir.

Maili va daglq arazilar Uzra dastak tacriibasi. Avropa Birliyi dagliq srazilords kond tosarriifati
ilo mosgul olan fermerlorin dostoklonmasini hoyata kecirir. Dagliq orazilar alverigsiz arazilor sirasina
daxil edilib. Bu dostok osason kond yerlorinin inkisafi proqramlart vasitesilo CAP (Common
Agricultural Policy) ¢or¢ivasinds homin fermerlora kompensasiya 6donisi formasinda hoyata kegirilir.
Umumilikdo iso olverissiz orazilor - dagliq zonalar (hiindiirliik, maililik vo cografi mévqe kimi
parametrlorlo miioyyon edilir), sahil vo ya adada yerlosmo kimi xiisusi olverissiz movqge ilo
xarakterizo olunan orazilor, araliq orazilor (sokkiz biofiziki olverigsizlik meyar1 osasinda
miioyyanlogdirilon arazilor) olmaqla 3 qrupa boliinmiisdiir [15].

Tabii mohdudiyyatlari olan orazilori miioyyon etmok tigiin CAP sokkiz biofiziki olverissizlik
meyari toqdim edir. Homin meyarlar bunlardir [16]:
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Asagi temperatur: orta temperaturun asagi olmasi sobabindon vegetasiya movsiimii qisa olan
orazilor.

Quraqlig: su qith@1 vo ya tez-tez quraqliq soraiti yasayan bolgoalor.

Hbaddindan artiq torpaq namliyi: mohsuldarlifa mane ola bilocok batagliga vo ya haddindon
artiq torpaq namliyine meyilli oraziler.

Zaif torpaq drenaji: Bataqliga vo mohsuldarligin azalmasina gotirib ¢ixaran, zsif quruyan
torpaglari olan orazilor.

Dik yamac (maili arazilar): okingilik foaliyyatini ¢atinlosdiron vo eroziyaya meyilli olan dik vo
ya ¢ox dik yamaclarla xarakterizo olunan orazilor.

Torpagq teksturasi: qumlu torpaqlar vo ya agir gil torpaqlar kimi kond tosorriifati mohsuldarligini
mohdudlasdiran torpaq teksturasina malik orazilor.

Qayaliq: bitkilorin becorilmasini v ya yetismosini mahdudlasdira bilon gayali relyefli/dash vo
ya dayaz humus qat1 olan oraziloar.

Daimi dasqinlar: daimi dasqinlara moruz qalan kond tesorriifati torpaglari, gismon vo ya
tamamilo yararsiz hala diison orazilor.

Kond tosarriifatinin inkisafi, orzaq tohliikasizliyinin tomin edilmosi beynoalxalq soviyyods asas
prioritet masololordondir. Bu maqsadlo Avropa Birliyinds alverigsiz orazilords kond tesorriifati
mohsullart istehsalcilarini destoklomak {iglin digor bir mexanizm “Keyfiyyat paketi”nin (“Quality
package” - Regulation (EU) 1151/2012) totbiq edilmosidir. Bu mexanizm mohsullarin doyorini
artirmaq ticlin ixtisaslasdirilmis etiketlomoadon, masolon, “ada tosorriifat¢iliq mohsulu” vo ya “dag
mohsulu” (“product of island farming” and “mountain product”) kimi etiketlomodon istifado etmok
imkanini toqdim edir. Burada osas hadof homin orazilords istehsal olunmus moahsullarin (xiisusile do
orzaq mohsullarinin) ekoloji tomiz mohsul kimi toqdim edils bilmasi imkanlarindan istifads edarak
daha yiiksok qiymato satiginin tomin olunmasindan ibaratdir.

Fransa, Italiya, Ispaniya, Avstriya, Isve¢ro CAP ¢orgivosindo maili orazilordo salinan
tiziimliiklorin subsidiyalagdirilmasini da hoyata kegirir [17].

Cindo, Afrika vo Conub-Sorqi Asiya dlkolorindo (mosalon, Vyetnam, Tailand, Filippin va s.)
dovlat fermerloro maili orazilordo torpaqqoruyucu todbirlorin hoyata kegirilmaosi ii¢lin 6donislor edir
vo ya goriilon tadbirlarls bagli xarclari qarsilamagq {igiin kompensasiyalar 6dayir. Kompensasiyanin
hocmini miioyyanlosdirmak {i¢iin miivafiq orazilordo hoyata kecirilmali asas zoruri torpaqqoruyucu
tadbirlor planlasdirilir vo homin tadbirlorin hoyata kegirilmasi xarclori hesablanir. Belolikls, yerli
sorait nozoro alinaraq 1 hektar orazido torpaqqoruyucu todbirlorin hoyata kegirilmasi xorci
mioyyonlosdirilir. Homin todbirlori hoyata keciron fermerlors iso miioyyonlogdirilmis xorc hocmindo
kompensasiya ddanilir.

Eyni zamanda, olverigsiz orazilords yasayan fermerlorin maliyya resurslarina slgatanligini
tomin etmok {igiin giizostli kreditlor vo digor glizostli maliyyo mexanizmlorinin totbiq edilmasi do
hayata kegirilir [18]. Masalon, Yaponiyada dagliq arazilords yasayan fermerlora olverissiz orazilords
faaliyyetlo mosgul olduglart {igiin xiisusi subsidiyalar 6denilir.
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ABS-da kegon asrin 30-cu illorindon torpagin miihafizasinin togkili, okingilik zamani1 meydana
¢ixan vo tobii ekoloji problemlor sobobindon yaranan pozuntularin aradan qaldirilmasi tigiin
Ekosistem Xidmotlorina goro Odonislor mexanizmi totbiq edilir. Bu proqrama gora, “Orazilorindo
torpaq, su vo digor tobii resurslarla bagli problemlorin ekoloji cohatdon faydali vo gonaatcil sokildo
holl edilmosi {iglin uygun fermerlors texniki vo maliyys yardimi” gostorilir. Fordi miiqavilolor
osasinda fermerlor hokumotlo otraf miihito uygun kond tosorriifati ilo mosgul olmaga vo tobioti
miihafizs tocriibalorini qobul etmoys razilasirlar.

Azarbaycanda maili arazilardan samarali istifada istigamatlari

Azorbaycanda landsaftin iki osas formasi var - diizonliklor vo daglar. Olkenin Gmumi orazisinin
60%-ni daglar tutur [19]. Maililiyi yiksak olan orazilor asasen dagliq landsaft olan yerlords Gstunliik
toskil edir.

Azorbaycanin dagliq vo dagotoyi orazilorinin oksariyysti (6lks orazisinin 43,3%-i) eroziyaya
moruz qalmis vo mohsuldarligint itirmisdir. Eroziyaya ugramis torpaqlarin miinbitliyinin barpasi vo
saxlanmasi {iglin eroziyaya qarst kompleks mubarizo todbirlori hoyata kecirilmoalidir. Mubariza
todbirlori totbiq edilorkon tobii zonalarin torpag-bitki Ortiiyii, iqlim soraiti, torpaq eroziyasinin
doracasi, yamac meyillori va landsaftlarin ekoloji soraiti nozars alinmalidir.

Eroziya va Suvarma Elmi-Tadqiqat Institutunun malumatlarina 2sasan, torpagin miihafizosi
sxemlari 5°5 godar olan yamaclarda va asasan becarilon moahsullarin becarilmali oldugu zoif vo
yuyulmus orazilords totbiq edilmalidir. Coxillik ot bitkilori bu dévriyyanin 20%-i nisbatindo
olmalidir. Institutda son 30 ildo aparilan tadgiqatlarin noticalori gostormisdir ki, ndvbali okin
sisteminds otlaq bitkilarinds 5-10° yamaclar ustlnlik togkil etmali va becarilon mahsullarin pay1
20-25%-don ¢ox olmamalidir. Coxillik kol kégiirmalarindoki bitkilords 25-30% coxillik otlar
olmalidir [20].

Torpaq Ortliyliniin eroziyadan qorunmasi tg¢iin hidrotexniki, aqrotexniki, fitomeliorativ
todbirlor kompleks vo tamamlayici soraitdo hoyata kegirilmalidir. Qeyd etmok lazimdir ki, maili
yamaclarda eroziya prosesinin garsisini yalniz su axinini yamac eni boyunca yonlondirdikdo tam
almaqg mimkindur. Belo yamaclarda eroziyaya qarsi alava todbirlor géralmolidir.

Dagotoyi vo dagliq rayonlarmm maili orazilorinds aparilan todgiqgatlar gostorir ki, suvarma
texnikasinin totbiqi eroziyanin qarsisini almaqla yanasi, torpagin nomlik tolobatinin kifayst godor
saxlanmasinda miistasna shamiyyato malikdir. Qeyd edilan sabablar nazars alinaraq maili orazilords
tovsiys edilon suvarma tisullar1 asagidaki kimidir [21]:

v’ Yariqh sinnmlarla;
v’ Yagisin asag intensivliyi ilo Gilomoa;
v' Qarisiq va inca dispers namlandirici ¢iloma;
v’ Damct suvarma.
Bag saholori istisna olmaqgla maili arazilordo sathi suvarma Usulu slverisli hesab edilmir.

Miitaraqqi suvarmanin tatbigi vo tokmillogdirilmasi ham su sarfinin qarsisin1 almagla otraf muhitin
mihafizasinds, hom do eroziya hadisasinin garsisinin alinmasinda somoralidir.
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Azarbaycanda cami akin sahalari va ¢oxillik akmalarin maililik daracasina gora bélgisi

Azorbaycanda kand tesarriifat: bitkilarinin okini arazilori maililik daracasina gors geyri-barabar
paylanmigdir. Umumi oKin sahalorinin 920 min hektardan artiq hissesi (49%) maililiyi 5 doracayo
goadar olan orazilorda yerlasir. Toqribi olarag 30% okin sahasi 5-8,5 daracali, 13%-dan ¢ox olmayan
hissa 8.5-16.5 daraco maililikli sahalords geyds alinmisdir. Mdvcud okin sahalarinin 8%-o godarinin
daxilinda maililiyi 16.5-35 doraco araliginda olan okina rast gelmok mumkiindir. Olks orazisinds gox
az (~300 ha) olsa da, maililiyi ylksok olan arazilards okin sahalarina rast golmok mimkindur (bax —
Diagram).

Diagram. Kand tasarriifat1 bitkilarinin akini arazilarinin maililik daracasina gora bolgusu

0%
8% <
= 0-5
= 5-8,5
8,5-16,5 49%
= 16,5-35
35-45

Moanba: Omlak Moasalalari  Dovlat  Xidmoatinin - malumatiar:  asasinda  miislliflor  torafindan
hazirlanmisdir.

Maili arazilardan samarasli istifadonin stimullasdirilmasi istiqamatlari

Maili landsaftin Gstiinliik toskil etdiyi yerlor istifado shamiyyatina goras ylksok giymatlondirilir.
Bu arazilordon istifadonin davamliligini tamin etmok ti¢iin asagidaki tadbirlorin icrasi vacibdir [17]:

o Torpagq eroziyasi problemini haoll edarkon onun bas vermasina sabab olan amillori aradan
qaldirmagq;
e Iqgtisadi va toskilati tadbirlor gormoak;

o FEroziyaya ugramamn ilkin alamatlorinin miisahids edildiyi va eroziyaya ugramis
torpaglardan daha samoarali istifada etmok;

o Torpagin miinbitliyini barpa etmak, relyef qurulusunu va torpaq saraitini nazaro alaraq
tosarriifatlarin, ¢coxillik aKinlorin, mesa zolaglarinin va yollarin diizgiin yerlagdirilmasini
tomin etmok.
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Natica

Belaliklo, maili orazilorin okin Uclin somaraliliyinin giymatlondirilmasi zamani miioyyan
edilmigdir ki, bu orazilords okin aparilmasi torpaqlarin mithafizosi vo barpasi baximmdan mithiim
ohomiyyat kasb edir. Bu arazilords torpaqglarin strukturu, girklanma saviyyasi nazars alinmagla yerina
yetirilocok tadbirlarin layihalondirilmasi, arazinin diizgin toskili va kand tosarriifat: bitkilarinin elmi
osaslarla yerlosdirilmasi ticlin genigsmiqyash torpaq todqiqatlart aparilmalidir. Todqiq olunan arazilor
Uclin eroziya amillarinin xaritasi vo eroziyaya qarsi todbirlorin Xoritasi tortib edilmalidir. Eloco do
beynalxalq soviyyads shomiyyat kosb edon maili orazilordon kond tosarriifatinda istifads, onlarin
gorunmasi, torpaqqoruyucu todbirlorin hoyata kegirilmasi Uglin fermerlora kompensasiyalarin
Odanilmasi va digar dastak tadbirlori kimi faaliyyatlarin 6lks arazisinds tatbigi do magsadauygundur.
Eyni zamanda, yerli icmalarin bu istigamoatdo molumatlandirilmasi va tolimlorin kegilmasi,
fermerlorin maariflondirilmasi do miihiim shamiyyat kasb edon mosals kimi garsida durur.
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Abstract

The article analyzes the importance, advantages of planting in sloping areas, the influence of
natural factors on arable land and methods to combat these factors. Simultaneously, the experience
of countries around the world fulfilling programs to support farmers for planting in sloping areas
has been studied. Also, according to the slope of arable land and perennial plantings in Azerbaijan,
the location areas were calculated, and the directions of stimulating sowing in these areas were
investigated.
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Xulasa

Taodgigatda “Spot-6" peykindan ¢akilmis multispektral tasvirlardan istifada edilmaklo yay va
qis otlaq sahalorinda ot kitlasinin hesablanmast hayata kegirilmisdir. Todgigat Uclin Qax rayonunun
arazisindan yay otlagi, Saatl rayonunun arazisindan isa qis otlagi pilot arazi kimi se¢ilmisdir. Homin
arazilordan toplanmis niimunalor vo “Spot-6” peykindan Gokilmis multispektral tasvirlarin
imkanlarindan istifada edilmakla yuksak daqiglikla otun kitlasi hesablanmigdr. Hom yay otlagi, hom
da qus otlagu iizra alda edilmis naticalarin daqigliyi imkan verir ki, bu metodologiya istanilan yay va
qis otlagina, kondatrafi oriislara totbiq edilsin.

Acar sozlar: COP29, “Spot-6 " peyki, multispektral tasvir, otlag, biokiitla, NDVI.
Giris

Birlosmis Millotlor Toskilatinin (BMT) atmosferds istixana qazlarimin konsentrasiyalarini
sabitlogdirmakls “insanlarin iglim sistemina tohllkali mudaxilssi” ilo mibarizs aparmaq tgtin 1992-
ci ildo Rio-de-Janeyroda kegirilon Straf Miihit vo Inkisaf {izro Konfransda (UNCED) 154 dévlet
torafindon Iglim Dayisikliyi {izro Cargive Konvensiyast (UNFCCC) miiqavilesi imzalanmigdir [1-3].
Bununla olagoedar olarag BMT-nin iglim Dayismolori (izro Corgivo Konvensiyasinim Toroflor
Konfransi (COP) har il kegirilir vo COP-un 29-cu todbiri (COP29) 2024-cl ilin noyabr ayinda
Azorbaycanda kegirilacok [4].

COP29-un osas mogsadlorindon biri atmosfers atilan karbon qazinin mohdudlasdirilmasi
istigamatinds tadbirlor hayata kegirmok vo bunun noticasi olaraq global iglim dayisikliyinin qarsini
almaqdir. Bildiyimiz kimi, karbon qazi istixana effekti yaradan osas qazlardan biri oldugundan,
atmosferdos emissiyasinin atmasi temperaturun yiiksalmosina sabab olur. Qeyd edok ki, otlag sahalari
atmosferds olan karbon qazini an ¢ox istehlak edon ekosistemlardan biridir va bu sababdon do global
iglim doyisikliyinin neytrallagdirilmasinda otlag sahalarinin rolu boytkdur.
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Yuxarida geyd edilonlori nozars alsag, otlag sahslarinin tadqiqi, qorunmasi, somoali istifadasi vo
vaziyyatinin yaxsilagdirilmasi istiqgamatinds todbirlorin hayata kecirilmasi COP29-un mogsadlarine
nail olmaqla yanasi, otraf muihitin mihafizasi vo biomixtalifliyin qorunmasina, kond tasarriifatinin
inkisafina da dostok veracok.

Koand tasarriifatinin asas aparici sahasi olan heyvandarligin inkisafi tigiin otlaglardan somarali
istifadonin toskili vo idara olunmasi mosalasi xisusi oshamiyyat kasb edir. Iqlim doyisikliyi, kend
tosorriifatinda torpaqlardan istifadonin intensivlogsmosi, otlaglarin hoddon artiq yiiklonmasi, 0
cumladan geyri-ganuni istifads (akin va digar magsadlor Ugiin istifads), intensiv va sistemsiz otarilma
Vo s. proseslor naticasinds otlaglarda eroziya proseslori giiclonmisdir. Bu proseslor otlaq vo oriis
sahalarinin gisman mahv olmasina, dagilmasina, yararsiz hala diismasine, deqradasiyaya ugramasina
Vo bitki 6rtiylndon mohrum olmasma sabab olmusdur. Otlaglar xiisusi ekosistem kimi tokco
heyvandarligin inkisafi i¢lin yem bazasi rolunu oynamir, hom do arigiligin inkisafinda,
biomuxtalifliyin qorunmasinda, eloca do bir ¢ox vohsi heyvanlar {igiin yem bazas1 olmagla mihim
rol oynayir. Miiasir dovrds informasiya texnologiyalariin inkisafi, peyk tosvirlori ilo tominat belo
todqgiqatlarin hayata kegirilmasini xeyli asanlagdirmigdir.

Azorbaycanda son illor geyri-neft sektorunun inkisafi istiqgamotindo muxtslif tadbirlor hoyata
kecirilir. Qeyri-neft sektorunun inkisafinda kond teSarriifati, turizm, informasiya-kommunikasiya
texnologiyalari, emal sanayesi asas prioritet sahalordir. Olks iqtisadiyyatinin qurulmasinda, inkisafin
tomin edilmasinds, diinya bazarlarina ¢ixisda, yerli ahalinin tolobatin1 6dayan daxili bazara malik
olmaqda, 6lkonin digar Olkslordon asililigini azaltmaqda aqrar sahonin inkigafinin ohomiyyati
danilmazdir. Azorbaycanda kond tosarriifatinin miihiim sahalorindon biri do heyvandarliqdir. 2021-ci
ildo Olkads bitun kateqoriyadan olan tasarrifatlarda iribuynuzlu mal-garanin say1 2,65 milyon bas,
xirdabuynuzlu heyvanlarin sayi isa 7,9 milyon bas olmusdur [5]. Diinya tocriibasindon goriindiyi
kimi, iribuynuzlu mal-qaranin intensiv tsullarla, ferma soraitindo yetisdirilmasi daha somaralidir.
Olkomizdo do bu iisullarin tathiq edilmasine baslanilmisdir. Xirdabuynuzlu heyvanlarin iso intensiv
soraitds yetisdirilmasi alverigsizdir.

Azaorbaycanda heyvandarligin inkisafi ti¢iin nozordo tutulan yay-qis otlaglari, habelo kondoatrafi
oriis saholori mévcuddur. Umumilikde 6lko orazisinin 52%-ni kond tosorriifatina yararli torpaq
sahalari ohato edir. Kond tesarriifatina yararli torpaq sahalarinin 68%-ni isa otlaglar toskil edir. Son
statistik molumatlara goro, O0lkads 3,1 milyon hektar otlaq vo 6riis sahalorinin, 0,55 milyon hektar
yay, 1,1 milyon hektar1 qis, 1,45 milyon hektar1 isa digar otlaq saholoridir [5].

Son onillliklords otlaglardan istifadoni gonastboxs hesab etmok olmaz. Otlaglarin intensiv vo
sistemsiz otartlmasi, digor mogsadlor Ugln istifado edilmasi (masalon, okin), otlaglarn idars
edilmasina ciddi nazarst olunmamasi sababindon eroziya vo deqradasiya proseslori giclonmisdir.
Tobii ki, otlaglarin idars edilmasinin tokmillosdirilmasi ¢tin ilk 6nce onlarin biokiitlasi
muoyyanlosdirilmalidir. Biokutlo yeni otlaq pasportlarinin hazirlanmasi, otlaglarin eroziya vo
degradasiyaya hassas olan arazilarinin tayin edilmoasi, otlaglarin tutumunun hesablanmasi ti¢iin 2sas
indikatordur. Qeyd edilon problemlorin biokitlo ssasinda hoall edilmasi mimkin olacaq ve bu
problemlarin halli digor problemlarin (otlaglarin idars edilmasinds yaranan problemlarin va s.) hall
edilmasi Uglin agar rolunu oynayacag.

Otlaglarda biokutlonin hesablanmasi ti¢iin miixtalif metodologiyalardan istifads edilir. Onanovi
usullarla hesablamagq ti¢iin vahid sahas tayin edilir vo hamin sahoadaki otlar bicilorak qurudulur. Homin
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quru otun kdtlasinin vahid sahays nisbatini toyin etmoklo moahsuldarliq miiayyanlosdirilir, tadgiqatin
toloblorindan asili olaraq kg/kv.m, ton/ha, sentner/ha kimi vahidlorls togdim edilir. Todgiqat aparilan
orazilordo heyvandarhq tosorriifatlar1 yerlosibso Vo hamin orazilor otarilirsa, 0 zaman avvalcadan
gofaslor qurulur ki, tadgiq olunan orazilor otarilmasin. Belo anonavi tsullarin hom vaxt, ham resurs,
hom do ylksok maliyys tolob etmasina baxmayaraq naticalor daha asagi olur. Miiasir dovrds belo
todgiqgatlar daha doagiq va etibarli naticalorin alinmasi tigtin multispektral peyk tosvirlorindan istifads
edilmoklo hoyata kecirilir. Muasir texnologiyalardan istifads edilon zaman orazidon nimunalarin
toplanmasi vo program tominatina tanidilmasi asas sortlordon biridir.

Tadqiqat arazisi

Tadgiqat arazilori Qax rayonunun yay vo Saatli rayonunun qis otlaq sahalaridir (Sakil 1; Sakil
2). Todgigat orazilorinin biomuxtalifliyi bir-birindon tamamilo forgli oldugu tiglin ayri-ayriligda
arasdirilmisdir.

Qax rayonu 6lkanin Simalinda yerlosir vo Soki-Zagatala iqtisadi rayonuna daxildir. Qax
Zaqatala, Soki, Samux, Yevlax, Gurcistan va Rusiya ilo hamsarhaddir.

Rayonun iglimi morkazi hissodo miulayim isti vo yarimriitubatli subtropik, yikssk dagliqda
soyuqdur. Orazinin iqlimini tayin edon asas faktorlar simaldan Bas Qafgaz sira daglarinin maneasi,
arazinin yiksoklik doyismolori, relyefin giiclii pargalanmasidir.

Sakil 1. Qax rayonunda tadqgiqat arazisinin “Spot-6” peykindan ¢akilmis tasviri

[ Tedgigat srazisi
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Rayon orazisindos ¢imli dag-gomon, qonur dag-meso, allivial gomon-meso, sabalidi vo agiq-
sabalidi, karbonatli qara torpaqglar yayilmisdir. Olverisli iglim soraiti (qis vo yaymn miilayim, yaz vo
payizin isti kegmasi, vegetasiya dovrinds yagintilarin bollugu, sort saxta vo Kaskin quraqgliglarin
olmamasi) xiisusilo mesalik orazilordo zongin flora vo faunanin formalagsmasina sabab olmusdur.
Orazinin floras1 300-don ¢ox bitki névindan ibaratdir. Vadida gaman bitkilari, 6n dagliqda isa ¢0l va
yarimgOl bitkilori genis yayilmisdir [6].

Saatli rayonunun orazisi duzenlikdir vo doniz soviyyssindon asagida olmaqla Mil-Mugan
igtisadi rayonunda yerlasir. Rayon shalisinin asas mosguliyyati kond tosarriifatidir.

Rayon orazisindos yay1 quraq kegon miilayim isti yarimsohra vo quru ¢Ol iglimi hakimdir.
Havanin orta temperaturu yanvarda 1,4 °C, iyulda 26,2 °C-dir. Illik yagintinin migdart 300 mm-dir.

Orazisindon Araz cayi, simal sorhadindon Kiir ¢ayi, Sabir adina vo Asagi Mugan suvarma
kanallar1, Mil-Mugan kollektoru kegir. Sarisu goliiniin bir hissasi rayonun arazisindadir.

Rayonda boz-gomon, boz, sorakst, bataqlig-Gomon torpaqlart yayilmigdir. Bitkilori asason
yarimsahra vo sohra tiplidir.

Otlaqg orazilorindo qrunt sulariin saviyyssinin yuxart oldugu ¢omon tipli torpaqlarda sirin
biyan, cayir, ¢dl sarmasigt vo efemer bitkilor yayilmigdir. Kiir vo Araz caylarinin bilavasito
sahillorinds Tugay mesolarinin fragmentlori galmigdir. Burada agyarpaq qovaga, ag tuta, adi sOyuda,
qaragac agaclarina, budaqli yulgun, boyiirtkon kollarina rast galinir.

Sakil 2. Saath rayonunda tadgiqat arazisinin “Spot-6” peykindan ¢okilmis tasviri

Ot ortuyd

Otun kitlasinin hesablanmasi tigiin ilk 6nca arazinin ot torkibi, névi, formasiyasi, strukturu,
ekoloji grupu, martabaliliyi, hiindlrliyl va digar gostaricilori hokmon arasdirilmalidir. Qeyd olunan
gostaricilor biokitlonin yaranmasi tigiin asasdir.
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Qax rayonunun yay otlaglarinda osason Ugyarpaq yoncali-sehduranli-qirticliq, poruglu-
lgyarpaq yoncaliq, tg¢yarpaq yoncali-qirticli-sehduranliq, Ugyarpaq yoncali-gobantoppuzlu
baldirganliq vo topalli-paxladanli-ardicliq formasiyalar1 yayilmisdir.

Ucyarpaq yoncali-sehduranli-qirtichig (Trifolieta-Alchemiletum-Poaosum) formasiyasinin bitki
ortuyl orazinin yiksok dagliq hissesindoki yaylaqlarda yayilmagqla regionun yay otlaglarinin timumi
sahasinin 4,5%-ni toskil edir. Bu formasiyanin nov torkibinds 23 nov coxillik ota rast galinir. Ekoloji
gruplara gors eyni sayli névlardoan 9 ndv (39,1%) kserofitlar, 4 név (17,4%) mezokserofitlor vo 10 név
(43,5%) mezofitlordir. ©lavs etmok lazimdir ki, bu formasiyanin quru kiitlays goro mohsuldarligi 6,2
sen/ha, yem vahidi (100 kq quru otda) 52,89 kg, otarma muddati 90 ginddr.

Poruglu-tgyarpaq yoncaliq (Stachysetum-Amoriosum) formasiyasinin nov torkibi ¢ox da
zongin deyil, 21 ndvls tomsil olunur. Burada hoyati formalarina gora bltiin névlar ¢oxillik otlardir.
Ekoloji gruplara goro muoyyon olunmusdur ki, asasen 8 nov (38,1%) kserofit, 3 név (14,3%)
mezokserofit, 9 nov (42,8%) mezofit vo 1 nov (4,8%) hidrofitlors xasdir.

Ucyarpaq yoncali-cobantoppuzlu-baldirganlq formasiyasinin  dominanti  sortkonarl
baldirganin (Heracleum trachyloma) bollugu 3-4 bal, subdominanti gobantoppuzunun (Dactylis
glomerata) bollugu 2-3 bal va agimtil igyarpaq yoncanin (Trifolium canascens) bollugu iss 2 balla
giymatlondirilir. Ugyarpaq yoncali-gobantoppuzlu-baldirganliq formasiya qrupu orazinin simal-
sorq yamacinda yerlogon otlaglarda geyds alinmisdir. Fitosenozun qurulusuna gors ot drtiyinin |
mortobasinds “Heracleum trachyloma” névunin hundurliyd 120 sm-o; 1l yarusunda “Dactylis
glomerata” bitkisinin handurliyd 90 sm-o gatir. III yarusda iso hundurliyd 25-30 sm-o c¢atan
“Briza elatior”, “Alopecurus algualis” va s. kimi bitkilors tosaduf edilir.

Topalli-paxladanli-ardichq formasiyasi, subalp hunddrotlug ¢amonlarin  saciyyavi
formasiya sinfi vo ona aid formasiya grupu vo assosiasiyalar yuxari dag qursaqlarinda genis
yaytlmigdir. Comon  topalli-iyli-paxladonli-algagboylu  ardicligi  (Festuceta  pratensis-
Asrtacanthetum fragrans-Juniperosum pygmaea) Vo qizil paxladonli-uzunsov ardichig
(Astracanthetum aurea-Juniperosum oblonga) assosiasiyasi ilo tomsil olunur. Taxilli-paxlali-
kserofit kollu mesoyani hiindiirotlu ¢omon formasiya sinfino aid topalli-paxladanli-ardicliq
formasiya grupu asasan arazinin simal-sarq yamacinda qeyds alinmigdir.

Saatli rayonunun orazisindoki qis otlaglarinda osason Yyovsanli-xostoklik, yovsanli-
qaraganli-biyanliq, yovsanl qarayoncaliq, yulgunlu-dovotikanli-qisotulug, yulgunlu-sahsevdili-
qisotuluq, yovsanli-efemerlik formasiyalar1 yayilmigdir.

Yovsanhi-xostaklik formasiyasi boz torpaqlarda kollu oriislordo geyds alinmisdir. Bu
fitosenozun nov tarkibinds 22 ndv bitkiys rast gelinmisdir. Bunlardan hoyati formalarina goro 3
nov (13,6%) kollar, 1 nov (4,5%) yarimkol, 8 nov (36,4%) ¢oxillik, 1 nov (4,5%) ikillik vo 9 nov
(40,9%) birillik otlara aiddir. Ekoloji gruplara gors isa 12 nov (54,5%) mezokserofitlora, 4 nv
(18,2%) evrikserofitlora, 1 ndv (4,55%) galomezofitlora, 1 ndv (4,55%) qalokserofitlors, 1 ndv
(4,55%) kseromezofitlora, 1 név (4,55%) Kalsepetrofil II siraya, 1 nov (4,55%) mezohalofitlora
va 1 n6v (4,55%) mezofitlors aid edilmisdir.

Yovsanh-qaraganh-biyanhq formasiyasi sorakatli boz-¢oman torpagda az maili diizenlords
geydo alinmigdir. Bu fitosenozun nov tarkibinds 21 ndva rast golinmisdir. Bunlardan 3 n6v (14,3%)
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kollar, 1 n6v (4,8%) yarimkol, 8 ndv (38,1%) goxillik otlara, 9 nov (42,9%) isa birillik otlara aiddir.
Ekoloji gruplara géro 6 név (28,6%) mezokserofitlor, 3 ndv (14,3%) halofitlor, 3 ndv (14,3%)
evrikserofitlar, 3 noév (14,3%) galomezofit, 2 név (9,5%) qalokserofitlar, 1 ndv (4,8%) kserofitlar,
1 név (4,8%) hagiqi evritoplar, 1 név (4,8%) mezofitlor vo 1 név (4,8%) mezohalofitlordir.

Yovsanli qarayoncaliq formasiyasi karbonatli boz torpaglarda qeydo alinmisdir. Bu
fitosenozun nov tarkibinds 24 ndva tesadiif edilmisdir ki, bunlardan da 2 n6v (8,3%) kollar, 1 nov
(4,2%) yarimkollar, 1 ndv (4,2%) yarimkolcuglar, 6 nov (25,0%) coxillik va 14 nov (58,3%) ikillik
otlardir. Ekoloji qruplara gora 10 nov (41,7%) mezokserofitlora, 3 nov (12,5%) galomezofitlors,
3 nov (12,5%) kserofitlara, 3 ndv (12,5%) evrikserofitlora, 2 ndv (4,2%) qgalokserofitlars, 2 név
(4,2%) orta kserofitlora vo 1 nov (4,2%) kseromezofitlors aiddir.

Yulgunlu-davatikanli-qusotuluq formasiyasi soran va sorakotlosmis boz-qonur torpaglarda
geyds alinmigdir. Bu fitosenozun ndv torkibinds 17 nov bitkiys rast goelinmisdir. Bunlardan 2 név
(11,8%) kollar, 1 n6v (5,9%) yarimkol, 6 név (35,3%) coxillik vo 8 nov (47,1%) birillik otlardir.
Ekoloji gruplara goro 6 nov (35,2%) mezokserofitlors, 3 ndv (17,6%) halofitlors, 1 nov (5,9%)
mezofitlora, 1 noév (5,9%) kserofitloro, 1 nov (5,9%) orta kserofitlora, 1 ndév (5,9%)
galomezofitlors, 1 ndv (5,9%) galokserofitlora, 1 név (5,9%) evrikserofitlora, 1 név (5,9%),
Psammofil II siraya vo 1 ndv (5,9%) hoqiqi evritoplara aid edilmisdir.

Yulgunlu-sahsevdili-qisotuluq formasiyasinin nov torkibindo geyds alinmis 18 név ali
cicokli bitkilarin hayati formalarina asasan, 3 ndv (16,6%) kollar, 2 név (11,1%) kolcuglar, 1 ndv
(5,6%), yarimkol, 4 nov (22,2%) coxillik otlar, 1 nov (5,6%) ikillik vo 7 név (38,9%) birillik
otlardir. Ekoloji qruplara gora 5 nov (27,8,0%) halofitlor, 4 ndv (22,2%) galomezofitlor, 4 ndv
(22,2%) mezokserofitlor, 1 nov (5,6%) hidrofit, 1 nov (5,6%) evrikserofit, 1 nov (5,6%)
galokserofit, 1 ndv (5,6%) kseromezofit va 1 ndv (5,6%) orta kserofitdir.

Metodologiya

Canli yasil bitkilor fotosintez prosesinds enerji monbayi kimi istifads etdiklori fotosintetik
aktiv slialanma spektral diapazonunda Glinos radiasiyasini udurlar. Yarpaq hiiceyrolori yaxin
infraqirmiz1 spektral diapazonda (UGmumi daxil olan Glinas enerjisinin togriban yarisini dasiyir)
Gunass radiasiyasini yenidon yaymaq Uglin tokamiil etmisdir, ¢iinki dalga uzunlugu toxminoan 700
nanometrdon ¢ox olan foton enerjisi tizvi molekullar1 sintez etmak {i¢iin ¢ox kigikdir. Bu dalga
uzunluglarinda giiclii udma yalniz bitkinin hoddindon artiq istilogsmoasina sobob ola vo bunun
naticoasinds do toxumalara ciddi zarar vera bilordi. Belolikls, canli yasil bitkilor fotosintetik aktiv
stialanmada tiind, yaxin infraqirmizi diapazonda iso nisboton parlagq gorundr [8-9]. Oksina,
buludlar va gar qirmizida (hamginin digor goriinon dalga uzunluglarinda) kifayat godor parlaqg,
yaxin infraqirmizida iso olduqca tlind gorlndr. Bitki yarpaqlarinda olan pigment - xlorofil
fotosintezdo istifado Ugun gorunon isig1 (0,4-don 0,7 mkm-o qodor) giiclii sokildo udur.
Yarpaqglarin hiiceyra qurulusu isa yaxin infraqirmizi is1g1 (0,7-don 1,1 pum-o godar) giiclii sokildo
oks etdirir.

Bir bitkinin yarpaqlari no godor ¢ox olarsa, miivafiq olaraq isigin dalga uzunluqlart bir o
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goadar gox forglonir [10-11]. Bu proseslor tokca otlaglarin 6yranilmasi G¢tin deyil, biitiin yasil
bitkilorin vaziyyatinin dyranilmasins do totbiq edilir. Otlaglarin biokiitlosini hesablamaq tgtin bu
xususiyyatlari nazars alaraq metodologiya hazirlanmisdir. Asagidaki metodun naticalori sahadon
toplanmis molumatlara ¢ox yaxin oldugu iigiin se¢ilmisdir.

Yuxarida qeyd olunanlar1 nazars alaraq otlaglarin biokiitlasini hesablamaq ¢in “Spot-6~
peykindan ¢okilmis tosvirlordan istifads edilmisdir. Qax rayonunun yay otlagini shats edan tasvir
25 may 2021-ci ildo, Saatli rayonunun qis otlaglarin1 shato edan tosvir iss 19 may 2021-ci ilds
gokilmigdir. Tosvir dord multispektral (mavi, yasil, qrmizi vo yaxin infraqirmizi) vo bir
panxromatik bandlardan ibarotdir. Biokditlonin hesablanmasi tiglin “pan-sharpen” edilmomis
formada totbiq edilmisdir. Digor proseslor ise “pan-sharpen” edilmis formada totbiq edilmisdir.
Todgigatda otun biokitlosinin hesablanmasi zamani tosvirlorin qirmizi vo yaxin infraqirmizi
bandlarindan istifads edilmisdir. Qeyd edilon bandlarin asagidaki formada kombinasiyasi
qurulmus va otun biokitlosinin hesablanmasi {igiin totbiq edilmisdir:

OBK = 11.59 % (YIQ xYIQ =2+ YIQ xQ + Q * Q)/(YIQ xYIQ + 2 YIQ x Q + Q x Q)) —
—4.96 * ((YIQ — Q)/(YIQ + Q)) + 0.76 (1)

burada,

OBK - otun biokutlasi (ton/ha);
YIQ — yaxwn infraqirimizi diapazon;
Q — qurmizi diapazon.

Yaxin infraqirmizi (bitki Ortiiydi giiclii oks etdirir) vo qurmizi isiq (bitki Ortiiyii udur)
arasindaki forgi 6lgmoklo bitki Ortuylinin komiyyatini mioyyon edon NDVI (Normalized
Difference Vegetation Index) formulunun asagidaki kimi oldugunu nozars alsag,

YIQ-Q _ NDVI

Bu zaman (1) ifadasinin birinci hissasini asagidaki kimi sadalasdira bilorik:

(YIQ*YIQ—=2*YIQ ++*Q)/(YIQ+YIQ+2*YIQ*Q+Q *Q)) =
—0)2 - -
— (YIQ Q) — (YIQ Q * (YIQ Q) — NDVIZ (3)
(YIQ+Q)?  (YIQ+Q (YIQ+Q)

Qeyd edilonlori nozoro alaraq biokitlonin hesablanmasi {iglin nazordo tutulan ifadoani
asagidaki kimi yaza bilorik:

11.59*(NDVI )* —4.96* NDVI +0.76 (4)

(4) ifadssini totbiq etmoklo otlaq saholorinds otun biokitlasini hesablamaq muamkin
olmusdur.
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Natica

Toadgigatin yerina yetirilmasi zamani1 hom Qax rayonu izrs, ham do Saatli rayonu Uzra natica
oldo edilmisdir. Todgigat Azorbaycan Respublikasinin Kosmik Agentliyindon toqdim edilon
“Spot-6” peyk tasvirlarinin otlaq kadastri ila Uist-Uste diison hissalorini ohato edir. Meso massivlori
Vo digar arazilor tadqiq edilmamisdir.

Qax rayonunun yay otlaglarinda otun biokiitlasinin orta gostoricisi 1.45 ton/ha toskil edir.
Tadgigat zamani1 miiayyon edilmisdir ki, saquli zonalliq tizra otun biokditlasi doyisir. Masalan,
doniz saviyyasindon 1800-2200 metr yuksoklikds 3 ton/ha-dan artiq, hatta boazi hissalords 5 ton/ha
toskil edir. Daniz soviyyasindon 2600 metr yiiksoklikds iso otun biokiitlasinin ciddi sokilda
azalmas1 miioyyon edilmisdir. Nival vo subnival qaliq hissalordo (bu hissalor do yay otlagina
aiddir) 0.2 ton/ha-dan azdir (Sakil 3).

Sakil 3. Qax rayonunun yay otlaq sahslarinds otun biokutlesinin paylanmasi

Otun biokiitlasi
ton/ha

<1

mEm1-2

mm2 -3

Em3-4

-5

Saatli rayonunun qis otlaglarinda otun biokiitlasinin orta gostaricisi 1.5 ton/ha toskil edir.
Bu gostorici qis otlaq saholori {igiin yuxar1 gostorici hesab olunur. Orta gOstericinin yuxari
olmasinin sababi hamin otlaq sahalarinin bir gisminin akin (tasvir ¢okilon zaman homin akinlarin
vegetasiya dovrl ilo eyni vaxta tosaduf edir) doévriyyssino coalb edilmoasidir. Homin okin
sahalarinds yuksak ¢okiys malik yasil kiitlo mévcuddur ki, bu da orta gostericinin yuxari olmasina
sabab olmusdur. Q1s otlagi funksiyasini saxlamis arazilords otun biokitloasinin 1 ton/ha va daha az
oldugu miioyyan edilmisdir (Sakil 4).
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Sakil 4. Saath rayonunun qis otlaq sahalarinda otun biokltlasinin paylanmasi

Otun biokutlesi
ton/ha
<025
025-05
[J05-1
=1-2
o2
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Maqala Azarbaycan Respublikasinin Kosmik Agentliyi (Azarkosmos) tarafindan kegirilan
Yer sathinin masafadan miisahidasi Uzra misabiganin naticalari asasinda hazirlanib.
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Calculation of the amount of biomass (grass) in pastures
based on multispectral satellite images

Abstract

In the study, grass mass was calculated in summer and winter pastures using multispectral
images taken from “Spot-6" satellite. A summer pasture from the territory of Gakh district and a
winter pasture from the territory of Saatli district were selected as pilot areas for the study. The mass
of grass was calculated with high accuracy using the samples collected in those areas and
multispectral images taken from the “Spot-6 " satellite. The accuracy of the results obtained for both
summer and winter pastures allows this methodology to be applied to any summer and winter
pastures, pastures around the village.

Keywords: COP29, satellite Spot-6, multispectral survey, pasture, biomass, NDVI.

Apmaa Amap

3aseodyrowuii cekmopom uoenmugurayuu semensb u 2eocpapuieckoli uHpopmayuu
Omoena konmpons 3a 3emaenonv3oganuem Munucmepcmea cenbCeko2o X035a1Ucmea
Aszepbatiocanckoii Pecnyoniuku

Pacuer koiuvecTBa OMOMacchl (TPaBbl) HA MACTOMIIAX
HAa OCHOBE MYJIbTHCIIEKTPAJIbHBIX KOCMHUYECKUX CHUMKOB

Pestome

B x00e uccnedosanus mpasamyo maccy paccuumsléaiu Ha NeMHUX U 3UMHUX NACMOUWAX C
UCNONIL30BAHUEM MYTILMUCHEKMPATIbHbIX U300PANCEHUL, NOIVHEHHbIX CO Ccnymuuxa «Spot-6». B
Kauecmee NUIOMHLIX YUACMKO8 O UCCIe008aHUs Obliu 6blOpaHbl JlemHee nacmouuje ¢
meppumopuu I axckoeo paiiona u 3umiee nacmouwe ¢ meppumopuu Caamaunckozo paiiona. Macca
mpaswl ObLIA PACCHUMAHA C 8bLCOKOL MOYHOCIbIO NO 00PA3YAM, COOPAHHBIM HA IMUX YHACMKAX, U
MYTbMUCNEKMPATbHLIM — U300padNCeHUsIM, NONYUEHHbIM cOo cnymuuka «Spot-6». Tounocmob
Pe3VIbmamos, NOAY4eHHbIX KaK OJis IeMHUX, max u 018 3UMHUX NAcCmOuly, no360Jisem NpUMeHsms
OaHHYI0 MEMOOUKY HA H0ObIX IeMHUX U 3UMHUX NACMOUWAX, NACMOUWAX NOCENKA.

Kniouesvie cnosa: COP29, cnymuux SPOt-6, mynrsmucnekmpanvhas cvemKka, nacmouua,
ouomacca, NDVI.
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Xulasa

Moagalaoda “yasil” kond toSorriifatinin 2sas prinsiplari agiglanir va aqrar sahada “yagsil”
inkisafa kegid tacrubalorina baxilir. Eyni zamanda, Azorbaycanda “yasil transformasiya”
tasabbislari tahlil olunur, bu istigamatda hayata kegirilan asas tadbirlar gostarilir. Olkada gabul
olunmus timumi inkisaf strategiyasi ¢argivasinda “yasil” Kand tasarriifatina kegidin siiratlandirilmasi
ilo baglh nazarda tutulan istigamatlara dair dayarlondirmalor aparilir. Homginin mivafig beynalxalq
tocrubalar nazara alinmagqla agrar sahada “yasil kegid’in suratlondirilmasi imkanlar: aragduriir.

Agar sozlar: kand yerlori, dayamql inkisaf, kond taSarriifati, kond iqtisadiyyati, “yagsil”
igtisadiyyata kecid.

Giris

Molum oldugu kimi, bir gox 0Olkalordos istixanalarin genislonmasi, yuksok mohsul oldo etmok
ticiin heyvandarligda haddoan ¢ox qarisiq yemin verilmasi, selloma suvarmadan istifadonin yiksok
olmasi, iizvi giibrolorin acgiq havada saxlanmasi vo S. havaya buraxilan qaz emissiyalarini
artirmaqdadir. Eyni zamanda, sonaye saholorinin genislonmasi vo onlarin bir ¢ox 6lkalords kohna
texnologiya asasinda islomasi otraf muhito vo atmosfers atilan tullantilarin miqdarini artirir ki, bu da
6z novbasinds hom do kond tosarriifatina zoror verir. ©Otraf miihitin ¢irklonmasi bitkilarin va
heyvanlarin da saglamligina zoror verir, yeni xastoliklorin meydana ¢ixmasina sobob olur.

Birlosmis Millatlor Togkilatinin (BMT) Otraf Miihit Proqgrami1 (UNEP), “yasil” igtisadiyyati
insan rifahinin vo sosial borabarliyin yaxsilasmasi ilo noticalonon, eyni zamanda, ekoloji risklori
ohomiyyatli doracodo azaldan iqtisadiyyat kimi mioyyan etmisdir” [14]. “Yasil” igtisadiyyati
davamliliga vo resurslardan somarali istifadays, otraf muhito manfi tasirlori minimuma endirmays,
indiki vo galocak nasillorin rifahini tomin etmoys yOnlondirilmis iqtisadi inkisaf konsepsiyast da
adlandirmaq olar. Bu konsepsiya osasinda iqtisadi inkisafa yeni yanasmalarin formalagmasina dair
global saviyyads siyasat gundaliyinin miayyan edilmasi va iqgtisadi moagsadlarin sosial-ekoloji
hodoflora uygunlagdirilmasi vurgulanir. “Yasil” iqtisadiyyat asagi karbonlu, resursdan somarali
istifads edon va sosial cahatdon inkllziv olaraq misyyoan edilir [8]. “Yas1l” iqtisadiyyatda masgulluq
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Vo golir artimi karbon emissiyalarin1 vo ¢irklonmani azaldan, enerji vo resurs samaraliliyini
yuksaldon, biomixtalifliyin vo ekosistem xidmotlorinin itirilmasinin qgarsisin1 alan iqtisadi
foaliyyatlors, infrastruktura vo aktivlors dovlst vo 6zl investisiyalar hesabina tomin edilir. BMT-nin
Otraf Miihit Programi diinyada tobii kapitali xiisusan do dolanisigi tobii ehtiyatlardan asili olan
yoxsul insanlar t¢un kritik igtisadi aktiv va ictimai sarvat monbayi kimi nozardan kegiron inkisaf
yolunu tesviq edir. “Yasil” igtisadiyyat konsepsiyast davamli inkisafi avoz etmir, lakin igtisadiyyat,
investisiya, kapital vo infrastruktur, mosgulluq va bacariglara, miisbat sosial va ekoloji naticalora
yeni diqqoet yaradir.

“Yasil” kond tosorriifati dayaniqliligin ti¢ (igtisadi, ekoloji va sosial) 6l¢isiinin kasismasinda
yerlasir va bir ne¢co davamli inkisaf mogsadlarine nail olmaga komok edir. “Yasil” kond tosorriifati
tobii ehtiyatlarin, biomiixtalifliyin vo ekosistem xidmatlorinin effektiv idars olunmasini, eyni
zamanda, cari Vo goalocok cagirislara cavab vera bilon davamli vo dayaniql aqroekosistemlarin
yaradilmasini nozordo tutur. “Yasil” okingilik kond tesaorriifatina tobii ehtiyatlardan dayanigl
istifadoya va otraf muhito monfi tasirlori minimuma endirmays yonoalmis yanagmadir. Bu yanagma
bitkigilikds ekoloji somaraliliyin va sosial masuliyystin yiikssldilmasine yonalmis bir sira tocriiba vo
metodlar ohato edir.

“Yasil” kand tasarriifatinin asas prinsiplari va tacrtbalari

Diinya shalisinin say1 artdiqca arzagq mohsullarina artan talabatin 6donilmasi mogsadils torpaq
ehtiyatlarindan istifado daha aktiv sokilds genislonmis, meso massivlori (xtsusilo Afrika 6lkalarinda)
mohv edilorok torpaglar okin altina verilmisdir. Eyni zamanda, arzaq tohliikasizliyini tomin etmok
ticiin torpaga va atraf miihito zarar veran vasitalordon aktiv istifads etmoklo 6lkalor kand tosorriifati
mohsullari istehsalini artirmaga ¢alisir, torpaga va otraf mihits, flora vo faunaya ciddi sokilde manfi
tosir gostoron intensiv okingilik tocriibolori totbiq edir [16]. Mineral gubralorin vo agrokimyovi
maddalarin tatbigindon yiiksok asililiq torpagda qida maddolorinin daxili dévranina manes toradir.

Lakin névbali akingilik tacriibasinds muxtalif bitkilordon istifads edilorok hayata kegirilon okin
dovriyyasi tesarriifatlara daha cox fayda verir vo kond tesarriifatinda ekoloji davamliligin tomin
olunmasina imkan yaradir. NOvbali okin dévriyyasinin tatbigi muxtalif bitkilorin torpaqdaki qida
maddolarini daha yaxs1 monimsamasine vo mohsuldarhigin yiiksalmasina kdmak edir.

Mosalon, yagh toxum-paxlali bitki novbaliliyi nimunasi kimi miuxtalif bitkilarlo okin
dovriyyasi fermerloro daha ¢ox fayda verir, istehsal riskini va geyri-miiayyonliyi azaldir, torpagi
yaxsilagdirir, ekoloji dayaniqliligi tomin edir.

Eyni zamanda, ndvbali okin sisteminda salof bitkilori torpagin strukturunun yaxsilagsmasinda
miithiim rol oynamagla, torpaga iizvi maddalor (masalon, tobii azotlama) olavo edo bilir ki, bu da
mohsuldarligi yiiksaltmoyo, ekoloji tomiz mohsul istehsalina komok edir, torpagdan gqida
maddolorinin axmasinin qarsisini alir. Bundan basqa, okin dovriyyasinin dizgun totbigi fermerloras
mohsullarini saxalondirmays imkan verir. Bu, doyison iglim va ya tobii falakotlor soraitinds xususilo
faydali olur va bir mahsul xastaliys va ya hava soraitinin tosirino moruz qalirsa, digarlori tasirsiz gala
bilir vo bu da tesarriifatlarda maliyys itkilorini azaldir.

Dayaniqli kand tasarriifati tacrlibalari iso aqromesagilik, araliq akingilik, akin dovriyyasi, yasil
glbraloma, goruyucu torpaq becarilmasi, ortili bitkilor vo biogubralarin gabulu kimi tacribalori
ohato edir [17] ($akil).
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Sakil. Dayamigh kand tasarriifati tacribalori
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Moanba: https://www.researchgate.net/figure/Components-of-sustainable-agriculture figl 359868153

“Yag1l” kond tosorriifatinin osas prinsiplori va tocriibalori bunlardir: 1) Uzvi akingilik - ekoloji
okingilik sintetik gubralorin, pestisidlorin vo bdylimo hormonlarinin istifadasini rodd edir,
kompostlama, artan biomuxtoliflik, mohsul rotasiyas1 vo araliq okin kimi zararvericilora vo giibralora
nozaratin tobii dsullarma Ustlinlik verir. 2) Ekoloji resurslarm idara edilmasi - “yasil” kond
tosarriifat1 su, enerji vo torpagdan samarali istifado etmoys caligir. Bura malalama vo konservasiya
okingilik Gisullari, homginin enerjiys gonast edon texnologiyalarin vo suvarma sistemlorinin istifadosi
kimi torpagq muhafizasi tocriibalori daxildir. 3) Biomuxtalifliyin qorunmasi - “yasil” kond tasarriifat:
biomuxtolifliyin qorunmasinin vo Yiksok biomuxtolifliys malik heyvandarliq sistemlorinin
yaradilmasi vo okin saholorinin muihafizasi kimi ekosistem xidmatlorinin qorunmasini togviq edon
tocriibalordan istifadanin vacibliyini nozars alir. 4) Yerli istehsal va satis - “yasil” kond tosarriifati
tez-tez yerli bazarlar1 vo birbasa fermerdon istehlakgiya satiglari togviq edir ki, bu da noqliyyatin otraf
muhits tosirini azaltmaga komok edir, yerli igtisadiyyatin mixtalif saholorinin inkisafini1 dostoklayir.
5) Agroekoloji tohsil va talim: - “yasil” kond tosarriifatt hom do fermerlorin va ictimaiyyatin
dayanigli kond tosorriifati prinsiplori vo onun hayata kecirilmasi yollart haqqinda
maariflondirilmasini ohato edir.

Qeyd edilon prinsiplara vo digar “yasil” okingilik tocriibslorino amal edilmoasi daha davamli vo
ekoloji cohatdon tomiz qida istehsali sistemi yaratmaga komok edir, otraf miihitin qorunmasina,
hazirki vo galacak nosillorin saglam gidaya ¢ixisini tomin etmoys sorait yaradir.

Mitoxassislarin fikrinca, Olkalor otraf mihita zoror veran tullantilarin azaldilmasi ilo bagh
raziliga golmosolor, 2100-cl ilo godar diinyada 3 doracadon yuxart istilosma miisahido olunacag. Bu,
potensial olaraq folakot ola bilor, ¢unki Planet artiq istilosmonin tasirlorini hiss edir. Hazirda
sonayedon avvalki saviyyadon 1,1 daraca artim geyde alinib. Iqlim Doyisikliyi iizro Hokumatlorarasi
Panelin (IDHP) hesabatinda deyilir ki, diinya elm adamlarinin diisiindiiyiindon 1,5 daraca siiratlo orta
qlobal temperatura dogru iraliloyir. ©gar bu gln istixana gazlari1 emissiyas: azalmasa, qeyd edilan
hodd 2030-cu illorin ortalarinda kegilacak.
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Yer atmosferindo istiliyi saxlayan va istixana effekti yaradan tullantilar asason asagidakilardr:

- Karbon qaz1

- Metan qaz1

- Oksidlosmis azot

- Fluorlu gazlar

- Tabii sokildo amals galon su buxari [18].

Istilik effekti yaradan qazlarin atmosfers atilmasi onun qoruyucu tobogesini siradan
¢ixartmagqla Yera giinos istiliyinin buraxilmasini asanlasdirir, eyni zamanda, bu clr emissiyalarin
osas tasirlorindan biri yerdon galxan istilik radiasiyasinin udulmasi vo atmosferds tutulmasidir. Bu
halda Planetin sathinin temperaturu yiksslir vo naticodo global istilosma vo iglim doyisikliyino
getirib ¢ixarir. Sanayenin va kond tosarriifatinin siiratli inkisafi atmosfera belo qazlarin atilmasinin
yuksalmasina sabab olur va bir ¢ox inkisaf etmis 6lkolor bu sahads 6ndo gedirlor [24].

FAO-nun statistik molumatlarindan goriindiiyii kimi, diinyada atmosfers on ¢ox istilik effekti
yaradan qazlarin atilmasinda 10 6lkonin xutsusi ¢okisi daha ¢oxdur. Atmosfers atilan karbon qazinin
62.8%- i Cin, Rusiya, ABS, Hindistan, Polsa, Ukrayna, Braziliya, Tiirkiys, Kanada va Yaponiyanin,
metan qazinin 60.2%-i Cin, Hindistan, Braziliya, indoneziya, Meksika, ABS, Pakistan, Nigeriya,
Rusiya va Turkiyanin, azotun 68%-i isa Cin, ABS, Rusiya, Hindistan, Yaponiya, indoneziya,
Braziliya, Almaniya, Italiya vo Fransa kimi 6lkslorin paymna diisiir. Umumilikdo 17 6lko atmosfera
daha ¢ox istilik effekti yaradan qazlarin atilmasinda yiiksok paya malikdir [24].

Bas veran global iglim dayisikliyi zaruri tadbirlorin gorilmasini siiratlondirmoyi sortlondirir.
Dinya 0Olkalarinin, xtsusile inkisaf etmis 6lkalorin bu sahado amokdaslhiginin genislonmasi istilik
effekti yaradan qazlarin atmosfers buraxilmasinin azalmasi istiqgamatindo miihiim addimlarin
atilmasini tolab edir.

Son illords bas veran quraqliglar, dagqinlar bunu demays osas verir vo bu kimi anomaliya vo
g06zlonilmaz tohliikali tobist hadisalori agrar sahoya ciddi zarar vermakdadir. Barpa olunan enerji
monbalorindon istifade soviyyasinin yiiksalmasi vo su ehtiyatlarindan somorali istifado zororin
azaldilmasi istigamatinds atilacaq on muhiim todbirlordon biri hesab olunur.

Kond vyerlorinin davamli inkisafinin tomin edilmasi muasir ddvrdo kond tosarriifatinin
dayanigligi1 va yasil kond tosorriifatinin inkisafi ilo baghdir. Kond yerlorinin davamli inkisafi yasil
igtisadiyyata kecidin dastoklonmosinds asas rol oynayir — bu, iqtisadiyyatda artima, sosial vo ekoloji
davamliliga uygundur. Kond yerlorinin inkisafi programlari (KIP) kond yerlorinds havaya buraxilan
muxtalif qaz emissiyalarini azalda, resursdan somarali istifadoni va odalatli investisiyalari, eloco do
igtisadiyyatin bir cox miixtalif sahslorinds tobii ehtiyatlarin davamli idars olunmasini tosviq edo
bilor. Yasil itisadiyyata kegidin potensialindan tam istifads etmok tokco Avropa Ittifaq: 6lkalorindo
mdovcud olan gabagcil tacriibalarin avvalkindon daha genis tatbigini deyil, ham dos yeni orazilorarasi
yanagmalar1 vo is Gisullarini tolob edir. Kond yerlarinds omokdasliq, innovasiya, sahibkarliq vo bilik
transferi tosviq edilmali vo doastoklonmalidir [11]. Qlobal saviyyads yasil iqtisadiyyata yanasmalari
umumilosdirsok, kond yerlorinin davamli inkisafi vo yasil iqtisadiyyatin genislonmosi kond
tosarriifatinda tobii vo iqtisadi resurslardan somorali istifado edilmasini, onlarin inteqrasiyali idara
olunmasini sartlondirir, deys bilarik.
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Bas kond yerlorinin dayaniqli inkisafina “yasil kegid” 6ziinds nayi oks etdirir? Bu aspektdon
yanasdiqda, kand yerlorinds yasayan ohali kond tasarriifati ilo daima tomasdadir, yani bitin il boyu
kond tosorriifati mohsullarinin asagi, orta vo Yilksok soviyyadoa istehsali ilo mosgul olur. Istehsal
proseslarinds tobii resurslarla barabor, mixtalif mineral gibralordan, xastalik va zararvericilors garsi
zohorli kimyavi maddolordon istifads edilir ki, bu da istehsalgilarin 6zlarinin saglamligina, haddan
artiq istifado etdikdo iso istehsal etdiklori mahsullar vasitssilo istehlak¢ilarin saglamligina tahliks
yaradir. Odur ki, kond yerlorinin dayaniql inkisafina “yasil kec¢id” ekoloji dayaniqligi, resurslardan
somorali istifadani, kimyavi moahsullardan istifado saviyyasini azaltmagi vo yerli shalinin rifahinin
tomin edilmasini nazars alaraq kond yerlorinin inkisafina yonalmis strategiyani nazards tutur. Bu
yanagsmada kond yerlorinin inkisafinda tobii ehtiyatlarin, biomiixtalifliyin vo ekosistemlarin
qorunmasinin vacibliyi nozors alinir.

Kond tosarriifati sektorunda yasil texnologiyalarin totbigi Gzro beynalxalg tocriibada goxlu
muxtalifliklor vardir. Bazi 6lkalor 6z magsadlarine ¢catmaq t¢tin muxtalif texnologiyalardan istifads
edirlor. Masoalon, Cin kond tosarriifatinda cirklonmoni azaltmaq vo resurs somaraliliyini artirmaq
uclin “Yasil Komor” proqramint yaradib. Yaponiya saquli okingilik texnologiyasini inkisaf
etdirmisdir ki, bu da bitkilorin sohor mihitinds yetisdirilmoasina imkan verir, nagliyyat xarclorini vo
zororli emissiyalari azaldir [19].

Lakin kond tesarriifat1 “canli orqanizm” oldugundan, daima Xastalik va zararvericilara qarsi
mubariza tolob edir. “Yasil” iqtisadiyyatin inkisafi va 6lkanin arzaq tohliikasizliyinin tamin edilmosi
1o kond tasarriifatinda mohsuldarligi artirmaq vo bunu davamli etmoklo miimkiindiir. Dayaniqli kond
tosarriifati (SARD - Sustainable Agricultural Rural Development) yiiksok keyfiyyatli vo saglam qida
mohsullar istehsal edan, barpa olunan vo borpa olunmayan resurslarin balansini qoruyan, eyni
zamanda ekosistemlora mimkiin zararlori minimuma endiran kond tosorriifatidir. FAO-nun gabul
etdiyi torifdo deyildiyi kimi, “Dayaniqli kond tosarriifat1 vo kond inkisafinin asas magsadi davamli
sokildo arzaq istehsalinin artirilmasi vo arzaq tohlukasizliyinin toamin edilmoasidir” [25].

Qeyd edak ki, dogrudan da kond tasarriifatinda texnika vo texnologiyadaki doyisikliklor otraf
muhitin muhafizosino ohomiyyatli doracods tosir gostoro bilir. Hazirda diinyada torpagmn
sumlanmasmin azaldilmasi onun miinbitliyinin qorunmasinda vo otraf muhitin ¢irklonmasinin
azaldilmasinda shamiyyatli tacriiba kimi genislonmokdadir. Bu tacriibadon inkisaf etmis 6lkalordo
istifado olunur. Bundan basqa, torpaga, suya vo biomiixtalifliys manfi tosir gostors bilon agir kimyovi
glbralar va pestisidlar avazina fermerlor Gizvi gubralar va bioloji parcalana bilon pestisidlor kimi bio-
dost alternativlardan istifado edirlor.

Azarbaycanda “yasil transformasiya” tasobbuslori

Molum oldugu kimi, kand tasarriifat ilk névbada heyvandarliqda va bitkigilikdo metan (CHa),
azot oksidi (N20) soklinds istixana qazlar1 emissiyalarini shomiyyatli doracads artirir.

Azorbaycan Dovlst Statistika Komitasinin molumatlarindan goriindiiyii kimi, atmosfers
qazlarn atilmasi 2005-ci illo migayisods 2021-ci ilds karbon qazi ekvivalentinds 1.8 milyon, metan
qaz1 ekvivalentinds 11.6 milyon ton, F-qazlar1 ekvivalentinds 0.4 milyon ton artmis, azot oksidi qazi
iS5 0.6 milyon ton azalmisdir. Azot-oksidin azalmasinda asas sabablardan biri kimi migayiss olunan
dovrds azot glibrasi idxalinin 54.2 min tondan 20.3 min tona qadar azalmasini gostarmak olar.
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Artiq atmosfera atilan istilik effekti yaradan qazlarin monfi tasirini hor kos hiss etmoya
baglamigdir. Havanin fasillor Uzro misahido olunan anormal voziyysti siravi insanlart belos
diisinmays, narahat olmaga vadar edir. Istixana qazlarn artdiqca, istixana effekti bir o qodar giiclii
olmagla iglim dayismalarins daha tez tasir edir. Bu da tobii folakoatlors, flora va faunada boazi heyvan
Vo bitki névlarinin mohvins, dolayisi ilo do gida béhranina sabab olur.

Azorbaycanda sahalor Uizrs istilik effekti yaradan qazlarin emissiyasi Cadval 1-do verilmisdir.

Cadval 1. Saholar Uzrs istilik effekti yaradan qazlarin emissiyas1 (milyon ton CO:2
ekvivalentinda)

Xususi Xususi Xususi Xususi
2005 cokisi, 2010 c¢okisi, 2015 ¢okisi, 2021 c¢okisi,
% % % %
Energetika 40.9 815 410 779 47.4 784 534 811
Sonaye proseslori 1.9 3.8 2.1 4.0 34 5.6 3.3 5.0
Kond tosorriifati 6.5 12.9 7.2 13.7 8.7 14.4 7.6 11.5
Torpaqgdan istifads, onun
doyisdirilmasi vo meso -5.3 X -54 X -7.1 X -1.7 X
tosarriifat:”
Tullantilar 1.0 2.0 2.3 4.4 0.9 15 15 2.3

Torpaqdan istifads, onun
doylsdirilmasi vo mes 502 100 526 100 604 100 658 100
tasarriifat: nozars alinmag|la,
comi

Torpaqdan istifads, onun
doyisdirilmasi vo meso
tosarriifati istisna olmaqla,
comi

44.9 X 47.2 X 53.3 X 58.1 X

*< jsarasi ilo istilik effekti yaradan gazlarin absorbsiyasi (udulmasi) gostorilmisdir

Moanba: https://www.stat.gov.az/, otraf muhitin mihafizasi.

Statistik molumatlar osasinda aparilan hesablamalar gostorir ki, Azorbaycanda 2005-2018-ci
illorda kond tesarriifatindan atmosfers istilik effekti yaradan qazlarin atilmasi artan trendos malik olsa
da, 2021-ci ildo 2015-ci ilo nisboton 2.9 faiz bondi azalmisdir. Torpaqdan istifads, onun
doyisdirilmasi Vo meso tosorriifatinda goriilon miivafiq islor noticesinds havadan gqazlarin
tomizlonmasi CO; ekvivalentinds 5.3 milyon tondan 7.7 milyon tona godor artmisdir. 2021-ci ilds
havaya buraxilan qazlarin 81.1%-i enerji sektorunun, 11.5%-i kond tesarriifatinin, 5%-i Sonaye
sahasinin vo 2.3%-i tullantilarin payina diismiisdiir.

FAO-nun malumatlarina gors, 2021-ci ildo Azarbaycan diinyada atmosfers atilan azot qazinin
hacmino gors 82-ci, metan qazinin hacmina gora 75-ci vo karbon qazinin hacmina goro 66-c1 sirada
Qorarlasmigdir [24].

Olkomizdo reallagdirilan dayamiqli inkisaf strategiyalar1 corgivesindo agrar sahods “yasil
transformasiya” istigamatindo mihum tadbirlor hayata kegirilmisdir. Bu istigamoatds ilk ndvbads
miivafiq qanunvericilik aktlarinin gobulu geyd edilmalidir.

3
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Umummilli Lider Heydar Dliyev imzaladig1 va otraf mhitin miihafizasinin hiiqugi, igtisadi vo
sosial asaslarin1 miisyyan edon “Otraf miihitin miihafizosi hagqinda” 8 iyun 1999-cu il tarixli 678-
IQ Ne-li Azarbaycan Respublikasinin Qanununda atraf miihitin ekoloji tarazligimin miihafizasi
sahasinda ekoloji tohlikasizliyin tomin edilmasi, tabii ekoloji sistemlora tasarrifat va basqa
foaliyyatin zororli tasirinin qarsisimin alimmasi, bioloji miixtalifliyin gorunub saxlanilmasi va
tobabatdan istifadanin samorali toskili maqsadlari miayyan edilmisdir. Qanunda atraf mihitin
keyfiyyatinin yaxsilasdirilmasi, tobii ehtiyatlarin Samarali istifadasi vo barpasi, atraf mihitin
muhafizasi sahasinda ganunculugun vo hiiqug qaydalarmmin  mohkamlaondirilmasi  magsadila
camiyyatla tabiatin qarsiligh alagasini tanzimlayan middaalar yer alir [9].

2008-ci ilda isa “Ekoloji tamiz kand tasarriifati hagqinda” Qanun gobul edilmisdir. Bu ganunda
0lkada ohalinin, tabii resurslarin, 0 ciimladan, torpagin, suyun, flora vo faunanin saglamligini vo
tohllikasizliyini tomin edon ekoloji tomiz kond tosarriifati vo gida mohsullarinin istehsali, emali vo
dovriyyasi ilo bagli miinasibatlorin tonzimlonmasi masalalori 6z oksini tapmisdir. Qanunun 3-cu
maddasinds  “forpagin miinbitliyinin va strukturunun borpasi, qorunmasi, saxlanilmast va
artirtlmasi; atraf mihitin mahafizasi va saglamlasdiriimasi; tabii ehtiyatlardan samoarali istifada
olunmasi va elaca da kond yerlorinin davaml iqtisadi inkisafi ti¢iin alternativ faaliyyat ndvlarinin
toklif edilmasinin” bir mogsad olarag muayyan edilmasi “yasil” igtisadiyyatin asas prinsiplarine
uygun olmagqla 6lkads “yasil” iqtisadiyyatin inkisafina 6nam verildiyi gostarilir [20].

Agrar sahads “yasil transformasiya” ilo bagli hayata kecirilon tadbirlorin mihim istigamatini
su resurslarindan samarali istifads sahasindo miitoraqqi texnologiyalarin totbiqi toskil edir.

Texnologiyalarin inkisafi torpaqlarin miinbitliyinin qorunmasina vo su ehtiyatlarindan somoroli
istifadoys imkan verir. Hazirda inkisaf etmis 6lkalordo miasir suvarma sistemlarindan istifads edilir
Vo bu tacriibs Azarbaycanda da genis yayilmaqdadir. Damei suvarma, yaxud su toplama va paylama
idaroetmo sistemlori kimi suvarma optimallasdirma texnologiyalar1 su ehtiyatlarindan somarali
istifadoni tomin etmoklo barabor, su istehlakini azaltmaqda vo su obyektlorinin gubra vo kimyavi
qaliglarla girklonmasinin qarsisin1 almagda miihiim rol oynayir. Azarbaycanda miasir suvarma
sistemlori arasinda on genis yayilan1 damci suvarma vo pivot suvarma sistemidir. Umumilikdo
suvarilan akin sahalarinin 2020-ci ildo 5%-do, 2021-ci ilda 6.1%-do, 2023-cli ilda isa 7.1%-do muasir
suvarma sistemi tatbiq edilib ki, bu da agag1 gostaricidir. Azorbaycanda muasir suvarma sistemlorinin
totbigi ilo baglh malumatlar Cadval 2-ds verilmisdir.

Cadval 2. Azarbaycanda muasir suvarma sistemlarinin tatbiqi, ha

Muasir suvarma Tatbiq olunan suvarma iisullar
sistemlari ila suvarilan Yagisyagdirma Pivot Tamburlu
sahanin comi Damet (cilomo) sahasi saha
2020 74285.6 25557.5 7264 38557 30
2021 91465.67 38712.07 2249.28- 48703.78 1800.54
2023 104218.3 27937.52 6843.51 61792.26 772.0

Manba: Kond Tasarriifatt Nazirliyi

“Su ehtiyatlar1, su tosarriifati vo meliorasiya sahalorinds idarsetmanin tokmillasdirilmasi
haqqinda” Azarbaycan Respublikasi Prezidentinin 2023-cl il 30 mart tarixli 2074 ndmrali Formani
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ilo Azorbaycan DOvlot Su Ehtiyatlar1 Agentliyi yaradilmigdir. Bu agentliyin yaradilmasinin su
chtiyatlarindan istifadodo porakondosliyi aradan qaldirmasima baxmayaraq, qanunvericilik bazasi
tokmillosmadan va onun islok mexanizmi formalasmadan qarsiya qoyulan magsads ¢atmaq ¢atin
olacaq. Su ehtiyatlarindan samarali istifads edilmasi qarsida duran asas vazifalordon biri olmalidir.

Son illarda barpaolunan enerji manboalarindan istifado Azorbaycanda da genislonmokdadir.
Qeyd edok ki, kond tosarriifatinda giinas panellori, kilok turbinlari vo digar barpaolunan enerji
monbalarindon istifads istixana qazlarinin vo diger cirklondiricilorin emissiyalarini azaltmaqda
mithiim rol oynayir vo Sahays investisiyalarin qoyulmasi moagsadsuygundur. Ciinki qoyulan
investisiyalarin geriqayitma riski asagi saviyyadadir.

Roagomsal texnologiyalarin kond toSorriifatina totbigi mohsul istehsalinda gedon proseslori
dogiq izlomok vo idaro etmok, lazimsiz resurs istifadosini azaltmaq vo tullantilar1 minimuma
endirmokda muhim shamiyyat kosb edir. Bu sahado do Azarbaycanda ragomsal texnologiya,
sensorlar, dronlar va digor vasitalordon istifads olunmaqdadir. Yoni texniki va texnoloji yeniliklorin
totbiqi kond tosaorriifatinin daha dayaniqli olmasmna komok edir, iglim, su echtiyatlar1 vo
biomuxtalifliya monfi tasirlori azaltmaqgla ostraf miihitin qorunmasinda xiisusi rol oynayir.

Azorbaycan Respublikasi Prezidentinin 2021-ci il 2 fevral tarixli Seroncamu ils tosdiq edilmis
“Azorbaycan 2030: sosial-igtisadi inkisafa dair Milli Prioritetlor’do Azorbaycanin “Tomiz otraf
muhit vo “yasil artim” Glkasi kimi inkisaf etdirilmosi nazards tutulmusdur. Burada global iglim
dayisiklorinin miqyasini nozaro alaraq ekoloji tomiz texnologiyalarin tatbigina shamiyyatli yer
verilmali, tomiz enerji monbalarindon istifads, tullantilarin tokrar emali va ¢irklonmis orazilorin
borpasi tosviq edilmalidir. Bunun istilik effekti yaradan gaz emissiyalarinin beynslxalg normalara
uygun saviyyada saxlanmasi istiqgamatinda gostarilon saylara mihiim t6hfs olacagi vo eyni zamanda
Olkanin perspektiv iqtisadi inkisafi ilo borabar otraf miihitin saglamlasdirilmasi, yasilliglarin stiratli
borpasi va artirilmast, su ehtiyatlarindan vo dayaniqli enerji monbalarindon somorali istifadoanin tomin
edilmasina kdmok edacayi siibhasizdir [1].

Bu prioritetin reallagdirilmasi istiqamoatinds Azorbaycanda Nax¢ivan Muxtar Respublikasinin,
isgaldan azad edilon Qarabag vo Sorqi Zongozur iqtisadi rayonlarinin yasil enerji zonalari elan
edilmosi miihiim addimdir. Isgaldan azad edilmis orazilorda hartorafli barpa vo yenidoangqurma
prosesinds otraf muhitin muhafizaesi “yasil” iqtisadiyyatin vo kond turizminin inkisafi noqteyi-
nozarindan da gox vacibdir. Bu bolgalords innovativ sullar tatbig edilorok “agilli” sohor vo “agilli”
kondlor kimi muasir toloblora uygun ekosistemlor canlandirilir. Azarbaycanin enerji siyasotinds yasil
enerji novlorinin inkisafi vo global bazarlara cix1s osas prioritetdir. Olkamiz 2030-cu ilo godor enerji
istehsalinda barpa olunan enerji manbalorinin paymi 30 faizo ¢atdirmagi hadafloyir.

Energetika Nazirliyinin molumatlarina gors, isgaldan azad edilmis arazilorda Azorbaycanin
daxili su ehtiyatlarimin taqriban 25%-i formalaswr va bu da taxminan illik 2.56 milyard m3 togkil edir.
Xususan qeyd etmak lazimdwr ki, isgaldan azad edilmis arazilarda gunag enerjisi layihalari hoyata
kecirmok Uglin alverisli potensial var. GUnas radiasiyast baximindan Zongilan, Caobrayil, Qubadli va
Flzuli rayonlarimin arazisi Nax¢ivan MR-dan sonra an alverisli yerlordir. Glnas enerjisi layihalari
lictin topoqgrafiya, iqlim soraiti, sobakaya yaxinlq, enerji istehsali potensiali, naqliyyat infrastrukturu
Vo digor texniki faktorlarin miigayisali tohlili asasinda Cabrayil va Zongilan rayonlarinin arazisi
glnas enerjisi istehsali tigiin maQsadouygun hesab edilmisdir. Lagin va Kalbacorin daghq
hissalarinda isa boyuk kulak enerjisi potensialinin oldugu miayyan edilmisdir [6].
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Butln bu geyd edilonlor isgaldan azad olunmus arazilords “yasil” igtisadiyyatin, 0 climlodan
“yas1l” kond tosarriifatinin inkisafi ti¢iin genis imkanlar oldugunu gostarir.

“Yasi1l” igtisadiyyatin inkisafinda miithiim amillardan biri do barpa olunan enerji monbalarindan
somarali istifadadir. Artiq diinyanin inkisaf etmis 6lkalorinds alternativ enerji moanboalorindon genis
istifado olunur vo getdikcoa bu proses daha da inkisaf edir. Son illordo Azorbaycanda da Abseron
yarimadasinda, Sumgayit soharinds, Qobustanda, Samuxda, Culfada kiilok va glinas enerjisindan
istifada tguin miixtalif elektrik stansiyalar1 qurasdirilmis vo bu proses genislonmokdadir. Energetika
Nazirliyinin malumatina gora, Azarbaycan barpa olunan enerji monbalari izro yuksok potensiala
malik olan 6lkalordandir. Belo ki, 6lkomizin barpa olunan enerji monbaloarinin texniki potensiali
quruda 135 QVt, donizds 157 QVt-dir. Barpa olunan enerji monbalarinin igtisadi potensiali 27 QVt,
0 cimladan, kilok enerjisi tizra 3 000 MV, glinas enerjisi tizra 23 000 MV, bioenerji Gizra 380 MV,
dag caylarmin potensiali Gizra 520 MVt hocminda giymotlondirilir [6].

Alternativ enerji monbalorinin inkisafi neft vo qazdan asililigi azaltmaga imkan verir.
Azorbaycan Dovlat Statistika Komitasinin molumatlarina gora, Umumi enerji tochizatinin 2007-
2022-ci illordo artan trendlo davam etmosine baxmayaraq hidroenerji istehsalinin imumi enerji
tochizatinda xtisusi ¢okisi 2022-ci ilda 2007-ci ilo nisbaton 0.8 faiz bondi azalmigdir. Eyni zamanda,
barpa olunan manbalardan enerji tochizatinin xiisusi ¢okisi geyd edilon illor Gizro migayisads 0.9 faiz
bondi azalmisdir. Ayriligda hidroenerji tochizati 2022-ci ildo 2007-ci ilo nisbaton 32.5%, barpa
olunan moanbalardon enerji tachizati iso 15.6% azalmigdir. Biokiitlo va tullantilarin imumi enerji
tochizat1 2018-2022-ci illords azalma, giinas vo kilok enerjisi ise artma trendins malik olmusdur.

Azorbaycan borpa olunan monbalordon enerji istehsalini artirmaq Uglin bir ¢ox beynolxalq
toskilatlarla, o ciimlodon Avropa Yenidonqurma vo Inkisaf Banki, BP sirkati ilo, eyni zamanda,
Yaponiya, Birlosmis Orab Kralligi vo Cin kimi inkisaf etmis 6lkalorlo anlasma memarandumu
imzalamgdir. Onuda geyd edok ki, Cin barpa olunan enerjidon istifadoys goro Ondo gedoan
Olkalardandir.

Azorbaycan alimlorinin do geyd etdiyi kimi, “yasil” iqtisadiyyatin formalasmasi {igiin tokca
borpa olunan enerji istehsalinin artirilmasi vo ya ancaq bu sahays fokuslanmaq yetorli deyil. “Yasil”
igtisadiyyatin tolablarina goro, butiin sektorlar — energetika, sonaye, kond tosarriifati, nogliyyat vs s.
asag1 karbonlu olmaly, istixana qazlarinin emissiyasinin mohdudlagdirilmasini nazards tutmali, barpa
olunan enerji ndvlarinin inkisafina vo ekosistemin qorunmasina xidmot etmalidir [4. Soh. 148].

Azorbaycan Respublikasi Prezidentinin “Azorbaycan Respublikasinda 2024-cii ilin “Yasil
diinya namina homroylik ili” elan edilmosi haqqinda” 25 dekabr 2023-ci il tarixli Soroancami onu
demoyo osas verir ki, 0lkomiz diinyada bas veron iglim doyisikliyino bigans qalmir. Habelo
Azorbaycan 2024-cii ilin noyabr ayinda COP29 kimi métabar bir todbirs ev sahibliyi edacok [10].

14 mart 2024-cu ilds “Pargalanmig diinyanin barpasi” movzusunda XI Qlobal Baki Forumunda
¢ixis edon Olko prezidenti Ilham Oliyev qeyd etdi ki, “COP29-un Azorbaycanda kegirilmasi
Azorbaycanin “yasil” Kkegidlo bagli saylorinin gobul edilmasidir. Azarbaycanin tabii enerji
resurslarina sahib olmasi bizim giinahimiz deyil vo buna goro do biz tongid edilmamaliyik.
Azorbaycan “yasil” igtisadiyyatin inkisafi ti¢iin ciddi addimlar atir” [22].

Son illards organik kand tasarriifatt mohsullarin istehsalinin genislondirilmasi, straf mihit va
ckologiyanin qorunmasi, o climlodon kond tosorriifatt torpaglarinin, xUsusan do okino yararl
torpaqglarin ¢irklonmasinin garsisinin alinmasi kimi masalolor aktuallagsmis, dovlet vo 6zal sahalor
daxil olmagla muxtalif saviyyslords genis miizakirs olunmaqdadir.
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“Yasil” kecidin stratlondirilmasi imkanlari

Yasil iqtisadiyyatin inkisafi ti¢iin ilk novbado kond tosorriifatinin transformasiyasini vo
tokmillosdirilmasini genis vo ohatali sokilds tosviq etmoliyik. Yoni, 6lkos igtisadiyyatinin miiasir
toloblora uygun inkisaf etmosi liglin garsida duran osas vozifolordon biri transformasiya vo
tokmillogsmadir. Masalon, 6tan asrin 90-c1 illarinda va 2000-ci illards 6lkanin kond tosarriifatinin
inkisafina yanasmada qarsiya qoyulan asas moqsad arzaq tohlikasizliyinin tamin edilmasi gln
mohsul istehsalinin artirilmast idi. Bu yanagma ilo 6lkonin sosial-igtisadi problemlorinin hall
edilmasi osas gotlrilurdu. Yani, yiksok innovasiya texnologiyalarindan istifado etmoklo mahsul
istehsalinin artirilmasina nail olmaq hoadof olarag mioyyan edilmisdi. Lakin son illords kimyavi
maddalordan, sonaye Gsulu ilo alinan mineral giibralardan istifads saviyyasinin yliksalmasi va sonaye
tullantilarinin artmasi sababindan ekosistem kaskin sokilds pislosmis, global iglim doyisikliyi prosesi
pisa dogru giiclonmis vo galacak istehsal tohliiks ilo Uzlogmisdir. Odur ki, son illar har bir 6lkado
kond tosarriifatinin inkisafi dedikds, sosial-igtisadi-ekoloji problemlarin hallinin asas gotirilmasi
daha moagsadouygun hesab edilmisdir. Mahz bu baximdan aqrar sahonin inkisafina yeni yanasma
olaraq iki istigamot — 1) kond tosorriifati milli iqtisadiyyatin asast kimi, 2) muasir kond tosarriifati
hartorafli firavan comiyyatin qurulmasmin vo milli modernlogsmonin blnévrasi kimi gabul olunan
istigamatlor asas gotirilmalidir. Bu ciir yanagsma miiasir taloblora uygun sokilds transformasiya vo
tokmillogdirmaya nail olmaga imkan vera bilor. Azorbaycanda agrar sahani shato edon mixtalif
islahatlarin hayata kecirilmasindon sonra ilk illordan forgli olaraqg son illardo kond tosarriifati mohsullart
istehsalinda davamli artimin olmasina baxmayaraq yeni yanagmalarda yeni problemlor meydana
cixmaqdadir. 9sas problemlor ekoloji tarazligin pozulmasi, kond tasarriifatinin digar sahalars nisbaton
mugayisali muhitinin, beynolxalq rogabst gabiliyystinin vo kond tesorriifati mohsullarinin bazar
tolobatina uygunlagma qabiliyyatinin asagi olmasidir. Yaranmis mévcud problemlar avval yaranan
problemlarin hallini do ¢atinlogdirir va slratli inkisafa manea yaradir. Bu problemlarin hallinin agari
transformasiya vo normativ hiiquqi bazanin tokmillosmasinin yeni mexanizmlarinin  muayyan
edilmasindo vo dlizgiin totbigindadir. Biz ononavi inkisafdan miiasir kond tesorriifatina, miasir
heyvandarliga kegidi siirotlondirmak ti¢lin kand tosorriifatini, xtisuson do heyvandarligi miiasir tolobloro
cavab veran innovasiya texnologiyalari osasinda yiiksok Saviyyado inkisaf etdirmaliyik.

Agrar sektorda heyvandarliq sahasinin havaya metan qazinin buraxilmasinda gokisi kifayat
godar boylkdur. Bu, asason heyvanlarin diizgiin yemlonmomasi ilo baglidir. Miiasir heyvandarliq
komplekslorinin yaradilmasi, otlaq sahalorinin vo yemlik bitkilorin istehsalinin diizgiin idaro
olunmasi heyvandarliq sahoasindon atilan metan gazinin azalmasma imkan verir. Masolon, adi
davamli otlaq tacriibasindan forgli olaraq idarsolunan va ya névbali istifads olunan otlaglar, mal-
qaranin miiayyan bir arazids noa godor otladigini vo otlagin barpa olunmazdan avval torpagin na qodar
istirahat etmasini tonzimlayir.

Yuxarida da geyd etdiyimiz kimi, avvalki illords, daha dogrusu, Sovet igtisadi sisteminds vo
mustoqilliyin ilk illarinds istehsala vo keyfiyyato daha ¢ox diqqget verilirdi. Muasir iqtisadi sorait va
bazar qanunlar1 bu istigamotdo yanagmani doyisdi. Hazirda istehsalin tokmillosdirilmosi dedikdo,
osas olaraq resurs va otraf miihitin qorunmasina daha ¢ox diqqgat verilmasi 6n plana kegir. Yoni, yeni
istehsal prosesinds igtisadi vo sosial somaraliliklo yanasi, ekoloji somoralilik do gozlonilmalidir.
Yalniz bu yolla resurslarin qorunmasini, atraf mihits uygunlasmani va kond tesarriifatinin yiiksok
saviyyali inkisafini tomin etmok olar.
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Igtisad¢1 alim, professor 1. Ibrahimov &6z todgiqgatlarinda qeyd edir ki, “kond tosorriifati
istehsalinin miqyasi vo xUsusiyyatlorinds bas veran doyisiklor straf mihitin muhafizosinds bilavasito
ohomiyyati olan texnika va texnologiyadaki dayisiklordo 6z oksini tapmalidir” [3. sah. 347].

Bu mogsadlo davamli okingilik sisteminin inkisaf etdirilmasinin tomin edilmasi vacibdir.
Burada ekoloji okingilik, torpagin miinbitliyinin yaxsilasdirilmasi, su ehtiyatlarinin idars edilmasi,
pestisidlorin vo mineral gubralorin istifadesinin minimuma endirilmasi kimi otraf muhito manfi
tosirlorin azaldilmasi tocriibalorinin 6yranilmasi va genislondirilmasi talob olunur.

FAO-nun molumatlarma gors, 2017-2021-ci illords atmosfers atilan karbon qazinin 0.11%-i,
metan qazinin 0.18%-i Vo azot qazinin 0.09%-i Azarbaycanin payma diisiib. Azarbaycan Dovlot
Statistika Komitasinin molumatlarina gors iso 2020-2021-ci illordo atmosfers atilan istilik effekti
yaradan qazlarin CO ekvivalentinds 26-28%-i ev tosarriifatlarinin payina disiir.

Qaz emissiyalarmin azaldilmas: iqlim doyisikliyi ilo mubarizads ¢ox vacibdir. Kand
tosarriifatinda qaz emissiyalarinin azaldilmasina tasir edon bozi amillori asagidaki kimi
tosniflondirmok olar:

- heyvandarligda yemlarin tokmillasdirilmasi va yem alavalarinin diizguin nisbatda verilmasi;
- azot gubrasindan duzgiin istifada va azaldilmasi, somarali idara olunmasinin tamin edilmasi;
- torpaq eroziyasmin qarsisimin alinmast tadbirlarinin goralmoasi;

- su ehtiyatlarindan samoarali istifada olunmasi;

- ndvbali akin sisteminin tatbiginin genislondirilmasi;

- innovativ texnologiyalarin diizgiin tatbiqi;

- mesa zolaglarmin geniglonmasi Vo biomuxtalifliyin qorunmasi;

- elmi todgigatlara va tohsilo investisiya qoymagla kand tosarriifati tocriibalarinin
tokmillasdirilmasinin va davamli metodlarin manimsanilmasinin geniglondirilmasi.

Kond yerlorinin davamli inkisafinin tamin edilmasinda barpaolunan enerjidon istifads qaliq
yanacaglardan vo ononovi enerji monbalorindon asiliigi asagi salir, kond yerlarinin enerji
mustogilliyini giiclondirir vo atmosfero qaz emissiyalarinin atilmasini azaldir. Bundan basqa,
borpaolunan enerji sistemlarinin quragdirilmasi, saxlanmasi va istismari yerli maggulluq imkanlarini
tomin edir. Bu, kand yerlarinds igtisadi inkisafi togviq edir vo davamli artimi stimullasdirir. Boarpa
olunan enerjidon istifado kond ohalisina xususon do artiq enerjini sobokoyos satmagla golir
monbolorini saxalondirmoys imkan verir. Bir ¢ox alim vo mditoxassislorin arasdirmalarina goro,
glinos enerjisi, kiilok enerjisi vo biokdtlo ¢ox az vo ya heg bir istixana qazi emissiyast olmadan enerji
istehsalina imkan verir. Bu da otraf muhits tosirlori vo iglim doyisikliyini azaltmaga sorait yaradir.

Umumiyyatlo, Azarbaycanda barpaolunan enerjidan istifadoni vo organik mohsul istehsalini
genislondirmoyo kifayat gqodor potensial var. Organik okingilik tisullari ilo kond tosarriifati mohsullari
istehsal edilon torpaglarda daha az cirklonmo vo daha az torpaq eroziyasinin olmasmin tomin
edilmasi qarsiya qoyulan osas mogsadlordondir. Kimyovi tullantilarin azaldilmasi vo ya tamamilo
qarsisinin alinmasi, zoharli dorman vo pestisidlordon istifadedon imtina edilmosi organik mahsul
istehsalina imkan vermoklo, vohsi tobistin flora vo faunasinin qorunmasina da sorait yaradir. Odur
ki, kond yerlorinin dayaniqli inkisafi iqtisadi, sosial vo ekoloji aspektlorlo yanasi, hom do asagida
verilmis genis sahoalori ohato etmolidir:
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1. kond igtisadiyyatini inkisaf etdirmak va kandli ailalorinin galirlarini artirmag Ugin kand
tosorriifatina va muvafiq emal sahalorinin inkisafina dastak vermok;

2. kandin hayat soraitini yuksaltmak, sahibkarliqg miihitini yaxsilasdirmagla insanlarin Kand
yerlorinda galib islomasina imkan yaratmaq, kandin davamii inkisafina kémak etmok G¢tin icma
quruculugunu giiclondirmak;

3. kand yerlarinin tobii landsaftint va ekoloji mihitini gorumag, kandi daha calbedici etmak
tigtin canli kand manzarasini inkisaf etdirmak;

4. kandlilarin maasir sosial vo madani inkisafini zonginlasdirmoak, kandlara maxsus tarixi
iIrsi va ananavi xususiyyatlari qoruyub saxlamaq, davamli inkisaf iigiin kand yerlarinin
OzUnamoaxsus tislubunu niimayis etdirmak.

Yuxarida qeyd edilonlor ekoloji muhiti qorumaq kond yerlarinin davamli inkisafini tomin edir,
ohalinin kand yerlorinda galib islomosina maraq yaradir vo koand turizminin inkisafin1 stimullasdirir.
“Yas1l” iqtisadiyyat vo kond tosorriifati lizro ixtisaslasma, davamli kond inkisafi vo kond
tosarriifatinda ekoloji cohatdon dayaniqli yanasmalarin istifadasi ilo bagli miixtalif aspektlori Sxemda
verildiyi kimi tasniflondirmak olar.

Sxem. “Yasil” iqtisadiyyat va kond tasarriifati iizra ixtisaslasmada kand yerlarinin
davamh inkisafi

“Yagil” iqtisadiyyat va kand tasarriifat: iizra ixtisaslasmada
kand yerlarinin davamh inkisafi

L Davamli okincilik otraf mihito minimal tosir gostororok mohsuldarligin artirmasi
¢ isullarinin 6yranilmasi va yeni metodlarin islonib hazirlanmas:.
Kond tosorriifatinda enerji Barpa olunan enerji monbalarindon istifade imkanlarinin 6yranilmasi,
— somarslilivi kond tesorriifat1 istehsalinda enerji istehlakinin optimallasdiriimasi vo
omoaraliily enerji xarclorini azaltmaq tigtin texnologiyalarin tatbigi.

Resurs Vo ekosistemin idars Su, torpaq, mesalar vo biomixtaliflik daxil olmagla tabii ehtiyatlardan

edilmsi davamli semarali istifadenin Gyronilmasi vo miivafiq strategiyalarin
° hazirlanmasi.

Yasil kond inkisafinm siyasoti Davamli kand tesorriifatimin inkisafini tagviq etmok Ugln siyasat vo

— Vo iqtisadivvaty igtisadi alotlorin tohlilinin aparilmast vo miivafiq strategiyalarin
d vy hazirlanmasi.

Davamli kond inkisafinin Tohsil, sahiyys, infrastruktur va is yerlorinin yaradilmasi daxil olmagqla

sosial aspektlori > kond ohalisinin hayatin1 yaxsilagdirmagq tigiin strategiyalarin iglonib

P hazirlanmasi.

Manba: miallif tarafindan tortib edilmisdir.
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Sxemda apardigimiz tasniflondirmays uygun olaraq qeyd eda bilarik ki, bu sahads ixtisaslagsma
adoton kond tesarriifatinin vo “yasil” iqtisadiyyatin ekoloji, sosial, iqtisadi vo texniki aspektlorini
basa diismayi Vo bu biliklori davamli vo samarali kond inkisaf sistemlorini yaratmaq U¢ln totbiq
etmok bacarigini talab edir.

Kond tosarriifatinda miithiim moasalalardon biri do torpaglarin miinbitliyinin qorunmasi vo
eroziyaya qarsit miixtalif todbirlorin gortlmasidir. Bu istigamotds Azarbaycanda da boylk tocriiba
formalasmisdir vo bu tocriibo tobii ehtiyatlardan davamli istifadoys imkan verir. Burada meso
zolaglarinin salinmasi, sel vo dasqinlarin garsisinin alinmasi vo su ehtiyatlarinin qorunmasi
todbirlarini gostarmok olar. Azarbaycanda 6ton asrin 90-ci illarinda vo XXI asin ilk illarinds yaranan
istilik (qazlasma) bohran1 bir ¢ox sahalards mesos zolaglarinin mahv olmasina sabab olmusdur ki, bu
da 0z novbasinds torpaq eroziyasini, eyni zamanda, meliorasiya tadbirlorinin gérilmamasi,
suvarmada yol verilon ndgsanlar (sellomo suvarma), Yuxari Qarabag kanalinin torpaqla aparilmasi
Vo Ust satho yaxin olmasi torpaqlarin soranlasmaya maruz qalmasini artirmisdir. Bu problemin aradan
qaldirilmast iiciin Azorbaycan Respublikasi Prezidentinin 15 aprel 2024-cu il tarixli Soroncamu ilo
Yuxart Qarabag kanalinin adi doyisdirilorok Qarabag suvarma kanali adlandirilmis va yenidon
qurulmasi ilo bagli tadbirlorin gorilmasi Ucin miivafiq tapsiriglar verilmisdir. Saroncamda geyd
edildiyi kimi, “Olkamizin an boyiik magistral suvarma kanali olan Yuxar1 Qarabag kanali Qarabag
zonasi vo ona yaxin arazilords yerlagon 9 rayonun 115 min hektaradok okin sahasini suvarma suyu ils
Vo yasayls montagalorini moisot suyu ilo tomin edir, habelo Araz g¢ay1 tizarindoki Bohromtopo
hidrogovsagina slava su 6tiirmakle muvafiq okin sahalarinin su tominatina dastok verir” [23].

Bu istigamotdo mivafiq todbirlorin gorilmasi, problemlorin  morhalali halli  “yasil”
igtisadiyyatin inkisafina sorait yaradir. “Yasil” kond tosorriifatinin inkisafinda miithiim amillordon
biri do yerli infrastrukturun va texnologiyanin inkisafinin tomin edilmosidir. Bu mogsadlo kond
yerlaring investisiya qoyulusu artirilmali, shalinin tohsila, sahiyyays, informasiya texnologiyalarina
Vo nogliyyata ¢ixigi daha da yaxsilasdirilmalidir. Kond yerloarinds infrastrukturun yaxsilasmasi yeni
is yerlorinin ag¢ilmasini stimullagdirir, sahibkarligin miixtalif sahalor Uzrs inkisafina sorait yaradir vo
ohalinin sosial inkisafini siiratlondirir. Bu yanagma tobii ehtiyatlarin qorunmasini va igtisadi, sosial
Vo ekoloji aspektlor arasinda tarazligi davamli kond inkisafinin morkazina qoyur, indiki vo goalocok
nasillorin sosial-maddi rifahinin yaxsilagsmasini tomin edir.

Natica

Miiasir soraitds kand yerlarinin va kond tesarriifatinin dayaniql inkisafi ekoloji davamliligi vo
igtisadi samaraliliyi togviq edan innovasiyalar vo ugurlu tacriibalarlo zonginlasir. Kond tasarriifatinin
dayanigli inkisafina “yasil” kegid aqrar siyasatin formalasdirilmasi vo hayata kegirilmasinin mimkin
potensial imkanlarinin miiayyan edilmasini talob edir. Kond yerlorinin davamli inkisafi iso aqrar
sahanin sosial, igtisadi vo ekoloji cohatdon inkisafin1 gdzlomokls insan kapitalinin inkisafini vo kond
ohalisinin hoyat keyfiyyatinin artirilmasini, iqtisadiyyatin genislondirilmasini vo onda “yasil” payin
davamli artirilmasini, tobii kapitalin qorunmasini vo davamli istifadasini sartlondirir.

Kand tosarriifatinda ekoloji mohsul istehsalinin artirilmasi {igiin an alverisli tacriibalordan biri
névbali okingiliyin totbiq edilmosidir. Bu {isul torpaqlarin miinbitliyini qoruyur va Kimyavi
maddolordan istifads saviyyasini azaldir, akin sahalarine va suvarma suyuna gonast etmoayo imkan
verir. Torpagin strukturunu yaxsilasdirmaq ve miinbitliyini artirmaq {i¢iin kompostlama va “yasil”
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glbralomoa kimi Gzvi Gsullardan istifado edilmasi tocrlibssinin geniglonmasi organik mshsul
istehsalina va xarclorin azaldilmasina imkan verir.

Muasir bitkicilik vo heyvandarliq komplekslarinin inkisafi yeni taSarriifatlarin qurulmasi vo bu
tosarriifatlarda giinas vo kilok enerjisindan istifadonin tomin edilmosi tomiz enerji istehsalini
artirmagqla barabar, istehsal sahalorinin galiq yanacaqglardan asililigini azaldir.

Eyni zamanda, heyvandarliq sahasinds innovativ texnologiyalardan istifado zamani miixtolif
antibiotiklordan, siini béylmo stimulyatorlarindan, pestisidlordon vo bioasqarlardan istifadonin
dayandirilmasi ilo bagli miivafiq tadbirlorin gortilmasine da ehtiyac vardir. Burada heyvandarligin
inkisafi zamani atmosfero atilan karbon emissiyalarmin azalmasi vo ohalinin saglamliginin
qorunmasi asas prioritet masalo kimi 6nds olmalidir.

“Azarbaycan 2030: sosial-igtisadi inkisafa dair Milli Prioritetlor”do 0z oksini tapmis 1-Ci Vo 5-
ci prioritetlors uygun olaraq, ekoloji cohatdon tomiz texnologiyalar asasinda orqanik kond tasarriifati
mohsullart istehsalinin artirilmasi vo inkisafi ilo bagl elmi-todgiqgat vo tocrubs-konstruktor iglorine
dovlot dastayi tadbirlorinin islonib hazirlanmast mogsadsuygundur.

Umumilikds, diinya igtisadiyyatinin, habelo 6lks iqtisadiyyatinin boytimeasi Ggiin miixtalif
yollar axtarilir, yeni modellor qurulur. Lakin nozars almaq lazimidir ki, otraf mahitin va eloca do
ekosistemin qorunmasini tomin etmadon bas veran inkisaf oldo edilon galirdon daha ¢ox zorar vera
bilor. Neca ki, sonaye inqilablar1 naticesinds diinya artiq su ehtiyatlarmin tiikkonmasi, atmosfer
qatinda zohorli maddalorin Kitlosinin artmasi va s. kimi problemlarlo Uz {izo galib. Bu acinacaqh
vaziyyatin qarsisinin alinmasi iigiin innovativ texnologiyalar hesabina arzaq tohlikasizliyini tomin
etmoklo kond yerlorinin inkisafinda iqtisadi, sosial vo ekoloji problemlori holl etmok vo “yasil”
iqtisadiyyatin, o cimladan, “yasil” kond tosarriifatinin inkisafin1 stirotlondirmok talob olunur. Qlobal
iglim doyisikliyi ciddi problemlor yaratmagla basoriyyatin golocayini tasavviir edilmayacok doracads
folakoto siirlkloyir. Artiq inkisaf namino 6limas dogru addimlamaqdansa, yasamaq {igiin inkisafa
dogru getmoyin 6nomli oldugunu gérmoliyik.
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Opportunities to accelerate the transition to ""green’ agriculture in Azerbaijan
Abstract

The article explains the main principles of green agriculture and considers the practices of
transition to green development in the agrarian sector. At the same time, green transformation
initiatives in Azerbaijan are analyzed and the main measures implemented in this direction are
reflected. Within the framework of the general development strategy adopted in the country, the
intended directions for accelerating the transition to green agriculture are being assessed. Taking
into account the relevant international experiences, the possibilities of accelerating the green
transition in the agricultural sector are being investigated.

Keywords: rural areas, sustainable development, agriculture, rural economy, transition to
""green" economy.
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J.¢p.5.1., doyenm D.A. I'ynuen
I nasnvnii cneyuanucm, ookmopanm LleHTpa arpapHbIX UCCIIETIOBAHUMA

B03MO0KHOCTH YyCKOPUTH NEepPexo/
K «3€JIEHOMY» CeJIbCKOMY X03s1iiCTBY B A3epoOaii:kaHe

Peszrome

B cmamve packpwiearomcs ocnogubie NPUHYUNBL 3€1€HO20 CeNbCKO20 XO3AUCMEa U
paccmampusaemcs npaKmuKa nepexood K 3eJleHoMy pazeumuio 8 azpapHoti cghepe. B mo sice pems
AHATUBUPYIOMC UHUYUAMUBbL 3elleHoll mpancpopmayuu 8 Azepbatiodxcane u 0003HAUAOMCA
OCHOBHble Mepbl, peanuzyemvle 8 3MoM HanpasieHuu. B pamxax npunamou 6 cmpane obweti
cmpame2uu pazsumus NpoBOOUMCs OYEHKA HAMEYEHHbIX HANpAsleHUull YCKOpeHUs nepexooa K
«3eN1eHoMY» cenbCKOMY Xo3aucmasy. IIpunumas 60 HUManue cOOmeemcmeyouwuti MeXCOyHapoOHbll
ONbIM, U3YUAIOMCA 8O3MONCHOCMU YCKOPEHUsSl «3€/IeH020» Nepexood 8 CelbCKOXO3AUCTBEHHOM
cekmope.

Knrouesvie cnoea: cenvckue meppumopuu, ycmofwueoe paseumue, CelbCKoe xown?cmeo,
CEJIbCKAA 3KOHOMUKA, nepexod K «3€/1eHOU» DKOHOMUKE.
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Abstract

The article considers the problem of financing environmental and social (ESG) projects in the
field of agriculture through the placement of ESG bonds, which can serve as a tool for forecasting
the development of the industry. In the study, when constructing the yield curve, the Nelson-Siegel
model parameter estimation method is used. For the analysis, a sample of yields of agricultural
companies' bonds based on the results of transactions was used, among which four groups with
corresponding benchmarks were identified. As a result of the analysis of yield curves of corporate
bonds of agricultural companies and benchmarks for each group, a conclusion and a forecast on the
industry development were made.

Keywords: agriculture, "green™ bonds, ESG bonds, yield curve, bond pricing, forecasting.
1. Introduction

The problem of sustainable development for agricultural enterprises is particularly relevant due
to the dual nature of their functioning. Firstly, the agriculture is the largest source of greenhouse gases
in the atmosphere and at the same time it is a large consumer of natural. Secondly, it provides the
population with food and contribute to the development of rural areas.

From a global point of view, the strategic development of agriculture is inextricably linked with
the implementation of ESG principles, which is determined by the popularization of “green”,
“climate-oriented” agriculture. The ability and readiness of agriculture to cope with climate change
is of great importance in context of sustainable growth and development.

In this regard, an important aspect is the need to search for various sources of financing that
would allow them to fully implement environmental and social projects. ESG bonds are one of the
most common market-based financing instruments for sustainable development projects. At the same

! Instytut Ekonomiki Rolnictwa i Gospodarki Zywnosciowej, Warszawa, Polska / Agricultural and Food
Economics State Research Institute, Warsaw, Poland.
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time, adherence to ESG principles is the criterion that guides banks, investors and the state when
making decisions on financing or allocating subsidies to agricultural producers.

Corporate bond markets have shown remarkable progress over the past decade and have created
the conditions for intensifying the investment activities of agricultural market enterprises in order to
expand sources of financing for innovation and increase competitiveness in the domestic and foreign
markets. Developing countries have seen a significant expansion of their corporate bond markets.

At the same time, the state of the fixed income securities market for agricultural producers can
serve as an excellent indicator of the state and indicator of the development prospects of the
agricultural sector of the economy. The yield curve as a graphical representation of the dependence
of the profitability of a financial instrument on its validity period can be used as a forecasting tool.
To make this practical it is proposed to use the Nelson Siegel model, which well interprets the
parameters from an economic point of view and quite accurately describes the available data.

The more general purpose of this study is to illustrate the real possibilities of enhancing the
involvement of agricultural producers and food industry enterprises in the system of innovative
exchange investment, as well as its use as a forecasting and planning tool. The results of this study
can be considered as additional contemporary models and general frameworks that today's developing
countries can refer to.

2. Main ideas: Climate Change and Investment in Agriculture

Agriculture is a vital part of the economy since it produces vital to society products and has
enormous economic potential. The level of agricultural development largely determines the state of
the entire national economic potential, the socio-economic situation in society and the level of food
security. Recently, the growing demand for food has made the agricultural business more and more
profitable, and the situation with investments in the agricultural sector is increasingly positive. While
the world's developed countries invest billions of dollars in agricultural development programs,
developing countries with huge agricultural land potential lag behind in agricultural production. At
the same time, the agriculture is the most important sector of the economy of the developing countries,
the level of its development determines the potential for food security of the state and the socio-
economic situation in society and has a significant impact on the efficiency of the country’s national
economy.

Sustainability is now becoming an increasingly hot topic for companies around the world
against the backdrop of acute climate and social problems, society, including customers, owners and
regulators, is beginning to place increased demands on the environmental and social aspects of
companies’ activities [1]. For companies in the agribusiness, this problem is particularly acute, since
on the one hand, agricultural companies are among the largest emitters of greenhouse gases into the
atmosphere, the biggest consumers of land, water and forest resources, and on the other hand, they
make a significant contribution to the elimination of hunger and the development of rural areas. About
a third of the carbon footprint comes from agricultural enterprises, which necessitates transformation
based on the introduction of new technologies for the production of agricultural products [2]. However,
on the path to transformation, agricultural enterprises face a number of problems, largely related to the
imperfection and obsolescence of the regulatory framework and acute need for financing [3].
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The ESG concept is based on three key principles, the observance of which is mandatory in the
pursuit of sustainable development: Environmental, which implies the need to protect the
environment, Social, which implies the need to take care of both the personnel of agricultural
enterprises and society as a whole, and Governance, which involves building a corporate governance
system based on the principle of bearing responsibility for management steps taken [4].

Green transformation requires significant expenditures and the search for effective sources of
financing. As a result, compliance by issuers with ESG principles becomes an integral element of its
practical implementation, which determines the level of their investment attractiveness. In other
words, there is a rapid spread of the ESG concept, which is closely related to the development of a
green economy and the introduction of ESG investing. In addition, those enterprises that take into
account environmental risks and public demands in relation to “responsible” production in their
activities are characterized by more sustainable growth and stability [4, 5].

The trends in the spread of ESG investing in developing countries give some optimistic view,
but its pace is not as fast as in developed countries. The share of investors who consider the impact
of ESG factors when buying shares is only a fifth of all investors. However, more than half of
systemically important agricultural companies already carry out ESG lending taking into account
ESG indicators. However, agricultural enterprises are not yet actively using ESG financing tools and
in the world only 11% of agricultural enterprises are interested in ESG loans and 5% in ESG
bonds/stocks. Obviously, in developing countries this share is even lower [6].

Due to the long capital turnover period, it is difficult for agricultural enterprises to find funds
for global projects, so they need long-term investments, i.e. borrowed capital for long-term use. For
agricultural enterprises, the most suitable alternative to credit for raising borrowed funds is to
organize a corporate bond issue. Raising funds by issuing own bonds for agricultural producers will
be more effective than attracting a bank loan, but will require significant one-time additional costs [7].

Among the common ESG investment instruments there are ESG bonds as “green” bonds, social
bonds, and sustainable development bonds. The key features of ESG bonds are targeted use of funds
for environmental and social projects, independent verification of their compliance with generally
accepted standards in the field of ESG, mandatory regular disclosure of non-financial reporting by
the issuer, availability of the necessary infrastructure for the selection of projects by the issuer,
monitoring the use of funds, etc. [8, 9].

3. Forecasting tool: Yield curve

Yield curves underlie the theory of fixed income asset pricing and are used to make investment
decisions because they are the basis for studying the return of a securities portfolio. A yield curve is
a representation of the relationship between market interest rates and the remaining time to maturity
of debt securities with the same credit structure.

Yield curve risk refers to the risk that investors in fixed income instruments such as bonds
experience as a result of unfavorable changes in interest rates. Yield curve risk arises from the fact
that bond prices and interest rates are inversely related to each other, as bond prices decline when
market interest rates rise, and vice versa. The dependence extends to the entire group of homogeneous
financial instruments with similar quality indicators. Thus, the bond yield curve is constructed for
securities of the same type (corporate, municipal, state) of similar credit quality [10].
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The yield curve of bonds actually reflects the risk payment to holders of such securities. Indeed,
unlike shares, which reflect the rights to own part of the issuing company, bonds, theoretically, do
not have firm guarantees of the return of the investor’s funds. Accordingly, depending on the current
state of the economy or one of its sectors, the risks of investors providing loans to issuers of debt
securities may vary depending on the maturity of the issue. Depending on the economic situation and
market factors, the bond yield curve can take several different forms.

Investors can use the yield curve to predict the state of the economy and make investment
decisions. If the bond yield curve points to an economic downturn, investors can move their money
into defensive assets that traditionally perform well during a recession. If the yield curve steepens, it
could signal future inflation. In this scenario, investors may avoid long-term bonds, whose yields will
decline as prices rise.

Like government bonds, corporate bonds are subject to interest rate risk. In addition, corporate
bonds also have credit risk or default risk that the borrower will not be able to repay the loan and
default on its obligations. The level of default risk varies depending on the credit quality of the issuer.
Therefore, yield curves for securities of corporate issuers allow to analyze company risks. The yield
curve of Treasuries and other government bonds is a good market benchmark and allows us to assess
the situation in the country’s economy as a whole and its future prospects [11].

There are three main shapes of the yield curve: the normal curve with an upward slope, the
inverted curve with a downward slope, and the flat curve. The slope of the yield curve predicts
changes in interest rates and economic activity. The slope of the yield curve tells how the bond market
expects short-term interest rates to move in the future, based on bond traders' expectations for
economic activity and inflation.

The normal yield curve looks like a monotonically increasing convex line, asymptotically
approaching some fixed value. This form corresponds to the normal processes of economic
development and illustrates increasing risks of a temporary nature. Thus, the flatter the government
bond curve becomes, the more its economy slows down. And an inverted curve (when long bonds
yield less than short bonds) can be a sign of an impending recession. The smaller the difference
between long and short issues, the smoother the curve [12].

Typically, the longer bond's maturity, the higher the bond's yield. The yields on long-term
securities depend on inflation and fall when the economy weakens. Meanwhile, “short” yields are
more susceptible to changes in the Fed key rate, and it is precisely the increase in rates that can lead
to a weakening of the economy. In addition, due to the low yields of short-term issues, their
fluctuations in percentage points are not so strong.

Analysis of graphical and tabular data allows assessing the current state of the market, calculate
the size of fair premiums, calculate bond prices with the predicted movement of interest rates, etc.
Thus, the bond yield curve is an indicator of market expectations regarding impending inflation and
serves as a tool for assessing current and future economic conditions. Consequently, accurate
estimates of the yield curve help in forecasting inflation and monitoring economic stability, and are
therefore indispensable for central banks aimed at conducting effective monetary policy. In addition,
the term structure helps to present the current economic situation in the context of the cost of lending,
allows you to assess the availability of credit resources, the state of liquidity in the banking sector,
etc. [12].
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The term structure of interest rates also serves to estimate the fair value of bonds, calculate
credit spreads, actuarial valuation and other risk management and financial engineering purposes.
Among other things, it is used to develop investment strategies taking into account the urgency of
borrowing, the level of risk, hedging, assessing speculative strategies, and analyzing the feasibility of
arbitrage over time. Thus, using the term structure of interest rates, one can successfully examine the
state of the financial market.

4. Methodology: Nelson-Siegel model

The development of reliable methods for modeling the term structure of interest rates and their
correct application is of particular importance for financial market participants. In finance, it is often
necessary to estimate the future risk and return of an asset based on current conditions. The problem
of modeling a term structure is to describe the yield curve as best as possible, taking into account the
market prices of financial instruments and the promised cash flows on them. This task is quite difficult
to accomplish under conditions close to reality.

One of the obstacles to such an assessment is the lack of sufficient data. Zero coupon bonds and
money market rates are commonly used to construct a zero-coupon yield curve. If the desired number
of zero-coupon bonds is not available in the market, they can be artificially constructed by treating
each coupon bond as a portfolio of zero-coupon bonds. And in markets where there is insufficient
liquidity in the short term, interbank money market rates are also used. In practice, it may also be
necessary to extract spot rates from more complex securities, such as swaps and forward rate
agreements. Market-based instruments such as cash deposits and futures are also used [11].

After determining the sample of bonds needed to build the term structure of interest rates, the
investor can use one of the approaches to its construction. Thus, methods for assessing the term
structure can be divided into three large classes: simple, parametric and spline methods. Parametric
methods assume that the zero-coupon yield curve belongs to some pre-selected class of parametric
functions. They were used back in the 1960s and are currently the most common method of
constructing a term structure for spot rates. The construction of the yield curve in any market is
determined by the choice of the approximating function and the method of sampling. For a market
characterized by extremely low and volatile liquidity, the Nelson-Siegel model is most suitable. There
is also an extension of this model proposed by Svensson, but for the purposes of this study the original
model will suffice.

The procedure for estimating the parameters of the Nelson-Siegel model is based on minimizing
the sum of squares of the difference between the realized and calculated bond prices. Clarifying
coefficients and terms can be introduced into the model for calculating the zero-coupon yield curve
to ensure increased accuracy and maximum compliance with the results of exchange trading. The
valuation price of each security is the present value of all cash flows associated with the security, so
zero-coupon and fixed-coupon debt instruments can be used in the same data set.

Once the parameters of the Nelson-Siegel model are estimated, the yields corresponding to
different maturities can be easily calculated due to the explicit functional form of the Nelson-Siegel
model curve, which corresponds to the continuously compounded zero-coupon vyield over the
maturity universe. For correct interpretation of the constructed curve, its publication is accompanied
by metrics of the degree of correspondence to actual returns and the age of the sample.

110



Agricultural Economics - Kond Tasorriifatimn Iqtisadiyyati - Ixonomura cessckoro xossiicrpa - 2024, Ne 1 (45)

The zero-coupon yield curve is given by the following equation:
Z(m,b) = Bo + (B + B2) =[1— exp (—Z)| - B exp (- 2)

An important advantage of the Nelson-Siegel model is the direct interpretation of its parameters.
Economically, the coefficients of the model can be interpreted as short-, medium- and long-term
components of the forward rate curve, and, therefore, the yield curve [13]. The model has an
interesting economic interpretation of the parameters and good asymptotic characteristics [14].

The parameter value Bo (Beta0) represents the asymptote of the yield curve function as the
remaining maturity and can be interpreted as the long-term interest rate. The value of parameter 1
(Betal) can be interpreted as the short-term interest rate. The sum of the parameters 1 + B2 represents
the initial value of the forward curve, which can be interpreted as an instantaneous guess about the
interest rate, thus requiring (B2 + B2) > 0. The value of the parameter 32 (Beta2) represents the
deviation of the function values from the asymptote and can be intuitively explained as curvature of
a function or as the difference between long-term and short-term forward interest rates. The decay
parameter t (Tau) determines at what maturity this component reaches its maximum.

5. Data and Assessment Procedure

This study uses four groups of bonds with corresponding comparative benchmarks. The first
group consists of bonds of the world's largest agribusiness companies, which can be compared with
the performance of high-quality corporate bonds. The second group consists of green bonds of global
agro-industrial companies, and green bonds of the world's largest companies were selected as
comparison. The third group is bonds of agro-industrial companies in developing countries, and the
fourth group is green bonds of agro-industrial companies in developing countries. Bonds of
developing country companies are used as a benchmark and these are green bonds of developing
country companies.

The data comes from several sources such as: CBonds, Euronext, Morningstar, Wint Wealth?.
The yield is estimated based on data on corporate bonds of agricultural companies available on the
debt securities market based on the results of transactions. Statistics on traded securities made it
possible to estimate the volume and nominal value of securities issued by agricultural and food
industry enterprises and their capitalization. Therefore, the yields estimated in the study reflect
information for the period from August 1, 2021 to the end of January 2022.

The distribution of bond maturities is asymmetrical to the right (Figures 1-4). The longest bond
maturity is observed to be just over 15 years. Bonds with longer maturities are typically floating rate
coupon bonds, which are excluded from the document because the future cash flows of these
securities are unknown. On the other hand, fixed coupon bonds are included in the analysis because
each coupon payment can be treated as a zero coupon bond. Securities with a maturity of less than 1
month were also excluded from the study.

1 https://cbonds.com, https://www.euronext.com, https://www.morningstar.com, https://www.wintwealth.com
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Figure 1. Maturity of corporate agricultural bonds in developed countries, x=years, y=n
Figure 2. Maturity of ESG corporate agriculture bonds in developed countries, x=years, y=n
Figure 3. Maturity of corporate agricultural bonds in developing countries, x=years, y=n

Figure 4. Maturity of ESG agricultural corporate bonds in developing countries, x=years, y=n
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As the figures show, bonds with longer maturities are not traded frequently. Thus, the corporate
yield curve will provide more reliable information about the shorter end of the yield curve. However,
over time, the longest maturity of the yield curve is expected to increase as the number of long-term
securities traded increases.

As mentioned above, the Nelson-Siegel estimation procedure involves estimating four
parameters, so in order to accurately estimate these parameters it is necessary to have at least four
different trading data points. The small number of parameters and the limited flexibility of Nelson-
Siegel are important when there are a small number of observations and a large spread of prices.
The method of forming the sample ensures its representativeness, although at the expense of loss
of synchronicity, and the sample consists of the last 10 transactions in each of the four maturity
ranges [15].

The corporate bond market is segmented in terms of default risk. Corporations with different
credit ratings and balance sheet structures are combined into the same data set due to missing data.
However, there may still be differences between financial institutions in terms of risk premium and
liquidity that are not reflected in credit rating differentials. Therefore, it may be optimal to divide
the data into subgroups with similar risk profiles and construct a separate yield curve for each
subgroup. Unfortunately, since the number of bonds traded is still small, this approach cannot be
implemented.

When constructing a yield curve, it is optimal to use securities that are close to each other in
terms of risk premium and liquidity. However, it is known that there are some differences between
firms in terms of their risk premium and liquidity. In this data set, differences in bond risk premiums
do not significantly undermine the estimation results, since most firms have similar ratings. On the
other hand, since the Nelson-Siegel yield curve is not very sensitive to the performance of individual
bonds, the overall shape of the yield curve is reliable, although there is some degree of
heteroscedasticity in all of the samples.

6. Results of Estimation

Figure 5. Yields on agricultural corporate bonds (left) and corporate bonds in developed
countries (right), percentage
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Figure 6. Yields of ESG corporate bonds in agriculture (left) and ESG corporate bonds in
developed countries (right), percentage
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Figure 7. Yields on agricultural corporate bonds (left) and corporate bonds in developing
countries (right), percentage
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Figure 8. Yields of ESG corporate bonds in agriculture (left) and ESG corporate bonds in
emerging markets (right), percentage
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As the figures show, the yield on corporate bonds of agricultural companies is much more
volatile than the yield on all corporate bonds with corresponding maturities. This situation may be
due to the inherent riskiness of corporate returns as well as possible estimation errors due to a less
populated data set. Since the maturity of traded agricultural corporate bonds is shorter compared to
the maturity of whole-market corporate bonds, the results of estimating whole-market corporate bond
yields are much more stable.

However, as the maturity of traded agricultural corporate bonds increases, the stability of bond
yield estimates is expected to increase. Although the volatility of agricultural corporate bond yields
is higher than that of whole-market corporate bond yields, it is observed that both yields tend to
decline over the assessment period. Another source of differences between agricultural corporate and
whole-market corporate returns may be the liquidity premium. Whole-market corporate bonds are
trading much more actively compared to agricultural corporate bonds, which may prompt traders to
include a liquidity premium in whole-market corporate bond yields.

In addition, the figures show that there is a persistent difference between corporate and
benchmarks, reflecting the additional risk premium inherent in agricultural corporate bond yields.
However, it is difficult to determine the exact nature of these premia due to the high dispersion.

As discussed above, the three Nelson-Siegel components are clearly interpreted as short-term,
medium-term and long-term components and are the result of each element's contribution to the yield
curve.

Table 1. Yields on agricultural corporate bonds and corporate bonds in developed
countries

Yields on agricultural corporate bonds in
developed countries

Yields on corporate bonds in
developed countries

Nelson Siegel Model

beta0 = 11.422581100163988
betal = -2.879035265969747

beta2 = -11.062931224145208
tau = 5.407135482550816

Calibration Results

CONVERGENCE:
REL_REDUCTION_OF F <= FACTR*EPSMCH
Mean Squared Error 454.7210852990105

Number of Iterations 35

Nelson Siegel Model

betal = 5.518074868794588
betal = 0.19127329014302263
beta2 = -3.3221096932581773
tau = 2.141978161775085

Calibration Results

CONVERGENCE:
NORM_OF_PROJECTED_GRADIENT_<=_PGTOL
Mean Squared Error 0.05553829280086667

Number of Iterations 26

Source: author's calculations

The Beta0 value indicates that the long-term rate is higher than the benchmark, and Betal
indicates that the short-term rate is lower, even negative, thereby the Beta2 value is negative for the
parameter of interest, and for the benchmark it is negative, but significantly greater in absolute value.
Such indicators may indicate the prospect of more moderate development of the agricultural sector
than the economy as a whole.
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Table 2. Yields on ESG corporate bonds in agriculture and ESG corporate bonds in
developed countries

Yields of ESG corporate bonds in agriculture Yields on ESG corporate bonds in
bonds in developed countries developed countries

Nelson Siegel Model Nelson Siegel Model
beta0 = 4.945158820281685 beta0 = 9.141358242702415
betal = 1.2294004520692632 betal = -2.4147267262414442
beta2 = -3.534419210329447 beta2 = -6.0146392036855865
tau = 0.563566376462221 tau = 2.282340098456244
Calibration Results Calibration Results
CONVERGENCE: CONVERGENCE:
REL_REDUCTION_OF_F <= FACTR*EPSMCH REL_REDUCTION_OF_F <= FACTR*EPSMCH
Mean Squared Error 139.80736106752832 Mean Squared Error 0.8292538091917365
Number of Iterations 19 Number of Iterations 28

Source: author's calculations

The BetaO value indicates that the long-term rate is lower than the benchmark, and Betal
indicates that the short-term rate is higher, thus the Beta2 value is negative for both the parameter of
interest and the benchmark, but greater in absolute value. Such indicators indicate the prospect of more
active development of the ESG component in the agricultural sector than in the economy as a whole.

Table 3. Yields on agricultural corporate bonds and corporate bonds in developing
countries

Yields on agricultural corporate bonds in Yields on corporate bonds in
developing countries developing countries

Nelson Siegel Model Nelson Siegel Model
beta0 = 14.844989159676231 beta0 = 8.049028547916816
betal = -5.695818463438755 betal = -0.00948859617978467
beta2 = 0.0033185886645731204 beta2 = -2.4618984855110226
tau = 10.054964027831547 tau = 1.9534519313266676
Calibration Results Calibration Results
CONVERGENCE: CONVERGENCE:
REL_REDUCTION_OF F <= FACTR*EPSMCH NORM_OF_PROJECTED_GRADIENT_<= PGTOL
Mean Squared Error 5.04300936151161 Mean Squared Error 0.11460304864045184
Number of Iterations 41 Number of Iterations 25

Source: author's calculations

The BetaO value indicates that the long-term rate is significantly higher than the benchmark,
and Betal is negative in both cases, the Beta2 value for the parameter of interest is close to zero,
which indicates that there is no difference between long-term and short-term forward interest rates.
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Such indicators indicate a possible prospect of stagnation in the development of the agricultural sector

in some developing countries.

Table 4. Yields on ESG corporate bonds in agriculture and ESG corporate bonds in

developing countries

Yields on ESG corporate bonds in agriculture in
developing countries

Yields on ESG corporate bonds in
developing countries

Nelson Siegel Model

beta0 = 24.05028448649415
betal = -20.19551453590103
beta2 = -15.170154697451629
tau = 29.99983979953675

Calibration Results

CONVERGENCE:
REL_REDUCTION_OF F <= FACTR*EPSMCH
Mean Squared Error 13.828386473210342

Number of Iterations 63

Nelson Siegel Model

betaO = 0.07139261207729784
betal = 5.052629240482447e-05
beta2 = -0.0035832374963918764
tau = 1.2124504980615665

Calibration Results

CONVERGENCE:
NORM_OF_PROJECTED_GRADIENT_<= PGTOL
Mean Squared Error 1.8045963035802661e-06
Number of Iterations 12

Source: author's calculations

The value of BetaO indicates that the long-term rate is significantly higher than the benchmark,
and Betal is negative, thus the Beta2 value is negative for both the parameter of interest and the
benchmark, but much larger in absolute value. Such indicators are the result of a small number of
observations both in ESG corporate bonds in agriculture and ESG corporate bonds in developed
countries used as benchmark and cannot be interpreted correctly.

7. Conclusion

Due to the high contribution of agricultural companies to climate change and to the
development of the social sphere, companies in the agro-industrial complex are increasingly faced
with requests from owners, clients, and creditors about the need to invest in reducing ESG risks. Such
investments, as a rule, have a relatively low profitability, so agricultural companies need tools to
reduce the cost of financing. Corporate bonds, including ESG bonds, are one of the main market
instruments for financing general business development, as well as social and environmental projects.
A bond vyield curve is a curve showing the yields or interest rates on different bond issues. This
property allows the bond yield curve to be used as a forecasting and planning tool in the industry,
including in the field of ESG investing.
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Kand tasarriifati sirkatlori istiqrazlarimin galir ayrisi
sanayenin davamh inkisafimin prognozlasdirilmasi ii¢iin bir vasita kimi

Xilasa

Moagalada Sonayenin inkisafinin prognozlasdirilmast iigiin alat kimi ¢ixig edo bilan ESG
istigrazlarimin yerlasdirilmasi yolu ila kond taSarriifat sahasinda ekoloji va sosial (ESG) layihalarin
maliyyalasdirilmasi problemi nazardan kegirilir. Tadgigatda galir ayrisi qurularkan Nelson-Siegel
modeli parametrlarinin giymatlondirilmasi metodundan istifada edilib. Tahlil Ggln aqgdlarin
naticalarina asason kand tosarriifatt sirkatlorinin istigrazlarimin golirlilik nimunasindan istifada
edilib, onlarin arasinda miivafiq gostoricilori olan dord grup muoayyan edilib. Kond tasarriifan
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sirkatlorinin korporativ istigrazlarimin golirlilik ayrilarinin va har bir qrup Uzra etalonlarin tahlili
naticasinda Sanayenin inkisafi ilo bagl natica va prognoz verilib.

Acar sOzlar: kond tosorriifati, “yasil” istigrazlar, ESG istigrazlar:, golir ayrisi, istiqraz
qiymatlori, prognozlasdirma.

Kano. nayx, Annpeii Ilonosuu
HNHCTUTYT 3KOHOMHUKH CEIIbCKOT0 X035IMCTBA U IPOI0BOJIbCTBUSA, Bapiasa, [Tonpma

KpuBasi 10X01HOCTH 00/ IMTranuii ArpOKOMIIAHMU I
KAaK HHCTPYMEHT NMPOTrHO3MPOBAHUS YCTOMYHUBOr0 Pa3BUTHS OTPACIH

Pestome

B cmamve paccmampusaemcs npobrema (uHaHCUpo8aHusi IKOIOSUYECKUX U COYUATbHBIX
(ESG) npoexmos 6 cgepe cenbckozo xossticmea nocpeocmeom pasmeuwenus ESG-obnueayuil,
KOmMopbvle MOZYH CILYHCUMb UHCIPYMEHMOM NPOSHO3UPOBAHUs pa3eumus ompaciu. B uccieoosanuu
npu  NOCMPOEHUU KPUBOU OOXOOHOCMU UCHOTL3YEMCS Memood OYEeHKU napamempos mooenu
Henvcona-3ucena.  Jna  awanuza  ucnonvsosana  6vl00pka  00XOOHOCmeU — obnueayuti
CEeNbCKOXO3AUCMBEEHHBIX KOMNAHULL NO Pe3yIbmamam cOenok, cpeou KOMopvlx 6bl0eeHO Yemblpe
2pynnel ¢ coomeemcmeayiouumu Oenumapkamu. B pezynbmame ananuza Kpusblx 00X00HOCMU
KOPNOPAMUBHLIX 00IUSAYULL CeNbCKOXO3AUCMBEHHBIX KOMNAHUL U OEHUMAPKO8 OJisl KAHCOOU epYynnbl
cOenan 8bl800 U NPOZHO3 NO PA3GUMUIO OMPACIIU.

Knrwouesvie cnosa: cenvckoe xossiicmeo, «3eneuvien obaueayuu, ESG-obaueayuu, xpusas
00X00HOCMU, YeHO0Opa3oeanue 0oIu2ayull, NPOSHO3UPOBAHUE.
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darc edilmak Gg¢lin magals tagdim olunarkan goyulan talablar:
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béImalari, homginin matnds istinadlar gostarilmokls istifads olunmus adobiyyat siyahisi verilmalidir.
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v" Jurnala mogalo bas redaktorun adina moktubla, magalonin profili (izro elmi doracali miitoxassisin
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Requirements when submitting articles for publication
in the scientific-practical journal "*Agricultural Economics™
of the Agricultural Research Center:

v The structure of the presented articles should be in accordance with the generally accepted
standards and requirements set by the High Attestation Commission under the President of the
Republic of Azerbaijan.

v" Title (UOT code, title of article not more than 10-12 words, author(s)’ name, patronymic, surname,
scientific degree and scientific name, name of organization in which it works, position, e-mail address
and telephone numbers are shown in sequence), summary (consisting of 150-200 words), introduction
(the urgency of the research topic, the level of study, the hypothesis of the research, the purpose of
the research are shown), research methods, problem analysis, conclusion (including suggestions
made as a result of the research) sections, as well as a list of literature used with references in the text
should be given. Literature should be shown alphabetically, sequentially numbered in the languages
in which they are published.
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author(s).
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Republic of Azerbaijan for publication of the main scientific results of the dissertations were taken

into account.
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UCCIe006aHUs, AHAIU3 NPODIeMbl, 3aKaoyeHue (C YKa3aHHEeM TaKXKe TMPEII0KEHHH, BRIpaOOTaHHBIX
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v O0BbéM crateil He MOMKeH mpeBbimiath 10-12 cTaHAAapTHBIX CTpaHUIl. TEKCT JOKEH OBITh
HanucaH B nporpamme WORD, uepes 1,15 unreppana, Times New Roman-mpudrom 12 pasmepa.

v Crarbii MOTYT OBITH ONYOJMKOBaHbI HAa TPEX A3BIKAX - a3epOaliPKAHCKOM, aHTJIMHCKOM W
PYCCKOM.

v" B KoHIIe cTaTh (IIOCIE CITHCKA JUTEPATYPbI), KPOME s3bIKa, Ha KOTOPOM OHA HAIHCaHa, TOJKHBI
OBITH MPUBEJICHBI PE3IOME M KIIIOYEBBIE CJIOBA Ha JIBYX JIPYIHX S3bIKaX, B PE3lOME TaKkKe JOJDKHBI
ObITh YKa3aHbl T€Ma, UMs aBTOpa(OB), OTYECTBO, (haMUIIUS, yu€Has CTENEHb M YYEHOE 3BaHUE,
HAaUMEHOBAHME OpraHU3alluu, B KOTOpPOW padoTaer, JOJKHOCTh, aJpec 3JIEKTPOHHON MOYTHl U
HOMepa Tene(OHOB, CTaThs I0JKHA OBITh MOJIMCAHA aBTOPOM(aMH).

v' CraTtpsl B JKypHaJI OOJI’KHA OBITh MNpeaACTaBJICHA IMUCBMOM Ha UM TJIABHOTO pEaakKTopa, €
3aK/IFOYCHHUEM CIICHUaJInCTa y‘ICHOfI CTCIICHU 110 HpO(bI/IJ'IIO CTaTbHu, B OTACIIBHOM (bafme B [I€4YaTHOM
BapHUaHTC U B BHCKTpOHHOﬁ (bopMe. CraTbs MOXET OBITH OHY6J'II/IKOBaHa IMOCJIC MOJIOXKHUTCIBHOI'O
OT3bIBAa 3KCIICPTOB KYypHaJia.

v" JIBe crathi aBTOpa(OB) HE MOTYT OBITH OITYOJIMKOBAHBI B OJJHOM HOMEPE JKypHAJIa.

CraTbu, He OTBEYAIOIINE 3TUM TPeOOBAHUSIM, HE TyOIUKYIOTCS, @ PYKOIHUCH OITyOJIMKOBAaHHBIX
CTaTel HE BO3BPALAOTCS.

IIpumeuanue: [Ipu onpeneneHnn 3TUX YCIOBUN ObUTH yYTEHBI TPEOOBAHUS, IPEIbIBISIEMbIE
Beicmieit  Arrecranmonnoit Komuccueit npu Ilpesugenre AszepOaiimkanckoit PecmyOmuku k
HAYYHBIM MyOJIMKaIMsIM, PEKOMEHOBAHHBIM Il MyOJMKAIlMM OCHOBHBIX HAayYHBIX PE3yJIbTaTOB
JUCCEepPTALUH.
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