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ITpoGnema cTanoro po3BUTKY MICT IIPUBEPTAE IIMPOKY yBary B KpaiHax BCbOI'O
CBITY, OCKIJIbKM BOHA TiCHO IIOB’s13aHA 13 SIKICTIO XKUTTS CyCHUIBCTBA. 3pOCTAHHSA
IUTOI MiCBKHX TEPUTOPIH 9acTO € HEMpOMOPIIHHUM BiTHOCHO TEMIIiB 3pOCTaH-
HS HaceJIeHHS B KpaiHaX, IO PO3BHBAIOTECS, 1 TOMY IF0 PO30DKHICTH HE MOXKHA
KOHTPOJIFOBATH 32 JIOTIOMOT'0I0 CTaTHCTHUKH. Y Lill cTaTTi 3MiHCHEHO TOCTIKeH-
HS HA OCHOBI JIaHHMX JMCTAHIIITHOTO 30HTyBaHHS 3eMIIi Ta CTATUCTUYHUX JaHUX.
3anponoHOBaHi B JaHiil CTaTTi METOU JO3BOJSIOTH MOPIBHATH IIOOATBHHUN Ka-
prorpadiunuii map moncekux mocenenb (Global Human Settlement Layer —
GHSL), o mictuts B c00i iH(opmMariro npo 3a0yaoBy, 3 BIACHOK KapTOIO 3¢-
MHOT'O TIOKPHBY, a TAaKOK pO3paxyBaTH 1HAUKATOP Liji ctanoro po3BuTky (LICP)
11.3.1 «CriBBinHOLIEHHS PiBHA 3eMJIEKOPUCTYBAHHS IO PiBHS 3pOCTAaHHS Hace-
JICHHSI» 13 BUKOPUCTaHHIM CYITyTHHKOBHX Ta T€ONPOCTOPOBUX JTAHUX, SIKi TAIOTh
MOXJIMBICTh PO3paxyBaTH PiBEHb 3eMJICKOPUCTYBAHHS, a TAKOXK 3AIHCHUTH HOTO
BaJIi/IAII0, CIUPAIOYKCh HA Ti00anbHI HMpomaykTh. OOUYHCICHHS TEMITB 3pOC-
TaHHs HACEJICHHs € OLTBII MPOCTUM 1 JOCTYITHUM, TOJi SIK PIBEHb CIIOKHBAHHS
3eMJI € JIeI0 CKJIaJHUM i BUMarae BUKOPHUCTaHHS HOBHX MeToAiB. OIiHIOIOYN
piBEHb CIOKHBaHHS 3eMJli, HEOOXiIHO BU3HAYMTH, L0 TaKe «CIOXHMBAHHSI 3EM-
J1i», OCKUIBKH 1€ MOYKE OXOILTIOBATH ACMEKTH «CIIOKHUBAHOI», «30epexkeHoi» abo
JOCTYITHOT JUISl «OCBOEHHS» 3eMIIi JUISl TAKUX BUIIAJKIB, K 3eMJIs, 3aiHATA BOJI-
HO-00moTHUMH yrigaaMu. KpiM Toro, Hemae )OZHOTO OJHO3HAYHOTO MOKAa3HH-
Ka, 94U € 3eMJId, sIKa 3a0yIOBYEThCS, CIpaBli «HOB03a0yJI0BaHOIO» (200 BiJib-
HOIO), Y¥ BOHA IPHHAWMHI YaCTKOBO «IIepeIluIaHOBaHay». SIK HACIiJIOK BiJCOTOK
3araibHOI MiChKOT 3eMIi, sika OyJia HeloAaBHO 3a0yHoBaHa (CIIOXKHTA), BUKOPH-
CTOBYBAaTHUMEThCS SIK Mipa CIOKUBaHHS 3eMii. [IoBHICTIO 3a0ym0OBaHy TEPUTO-
Pif0 TakoX iHOAI HA3UBAIOTH 3a0YAOBAHOK. Y 3B 53Ky 3 LUM pPO3POOJICHO IBa
MAXOIH I 00paxyHKy HaBeIECHOTO IHAUKATOpa: OAWH 3 HUX — I PiBHA Kpa-
THH, JUI YOTO BUKOPHUCTOBYIOTHCS TIIOOABHI MPOIYKTH, a iHIIUI — IS perio-
HAJIBHOTO PiBHSA, JJIsl YOTO BUKOPHCTOBYIOTBCS MiCLIeBi KapTu Kiacudikamii, po-
3po0JIeH] Ta CTBOPEHI 3a BJIACHOIO MeToJoJIoTiel0. Pe3ynpraTi maHoOro mocii-
JOKEHHS IEMOHCTPYIOTh, 1m0 naHi GHSL MaroTh BHCOKY TOYHICTh JJIsI OLIHKH
innukatopa L{CP Ha piBHI kpaiHu abo perioHy, MpOTe UL PO3PaxyHKY I[OTO
IHIMKaTOpa Ha piBHI MicTa Kpallle BUKOPUCTOBYBATH MiCLeBi KapTH Kiacupika-
mii. Po3pobiena meronomoria kinacudikarii 3eMHOTO TIOKPUBY B XMapHil 1miat-
¢dopmi Google Earth Engine neMoHCTpye Xopomi pe3yinbTaT 3 BHCOKHM IIPOC-
TOPOBUM pO3pi3HEHHAM 10 M 1 MOYKe BUKOPHCTOBYBATHUCS ISl aHAII3Y 3a0ymo-
BaHUX TEPUTOPIH PI3HUX MICT 32 CYITyTHUKOBUMH JTAaHUMH.

KorouoBi cioBa: cynmyTHHKOBI jaHi, GoTOiHTepIpeTalis, KapTd 3eMHOT0 IO-
KpHBY, IHANKATOp, OPTOTpaHChOpMallisi, XMapHa ratdopma.

Beryn

Ominka iHaukatopiB minei cramoro po3Butky (LICP) € nmyxe BakimBuM 3aBIaH-
HSIM JUISL CyYacHUX CBITOBMX HayKOBUX cHUIBHOT [1]. JlaHi qUCTaHIIHHOTO 30HyBaHHS
BUKOPHCTOBYBAJIMCS [UIsl BUPIIIEHHsS 0arathbox nmpoOisieM y mporeci 3a0e3neueHHs 3eM-
JICKOPUCTYBAHHS Ta YIPaBIiHHS MicToM [2—4]. OXHUM i3 TaKUX NPUKJIAIB € OLIHKA 1H-
mukaropa LICP 11.3.1: «CrhiBBigHOIIEHHS PiBHS 3eMJICKOPUCTYBAHHS JO PIBHS 3pOC-
TaHHs HaceneHHs». Le innukarop apyroro piBas po3poOku (Tier 2), sikuit Mae METOI0-
JIOT110 TS PO3PaxXyHKY, aJie JUKepena JaHUX IS OLIHKHU BCE 1€ HeY3TOJKEHI.

VY naniif podOTI NPOMOHYETHCS PO3paxyHOK iHAMKaTopa 11.3.1 3 BUKOpUCTaHHAM
CYNYTHUKOBHX Ta I€ONPOCTOPOBHX JAHUX, SIKI JO3BOJISIIOTH PO3PaxXyBaTH CIIOKHBAHHS
3emMIi [5, 6], BUKOPUCTOBYIOUHM KapTH 3a0yA0BaHUX TEPUTOPiil, Ta IPOIEMOHCTPYBATH,
SIK ISl METOJIOJIOTISl TIPALIOE ISl IHIIMX MICT. Y Pe3yJbTaTi, CTBOPIOIOYN BHCOKOSIKICHI
MicreBi abo Ti00anpHI KapTH IPYHTOBOTO MOKPHBY Ha PETYISPHIH OCHOBi, MOXKHA
PO3B’s3aTH 3aBaHHs TOYHOI OIliHKH iHauKaropa 11.3.1 [7].

Jns ingukatopa 11.3.1 3anporoHoBaHO s1Ba criocoOu pospaxyHky [8]. Ilepmmii
BUKOPHCTOBYETHCS HA PiBHI KpaiHu. J{ist mporo iHauKaTop Kpaie OyayBaTn Ha SKICHHX
CBITOBHX HPOIYKTAX, TAKHUX SK TI00aTBHUNA KapTorpadidHuil map JIF0JCHKIX ITOCEICHb
(Global Human Settlement Layer — GHSL). pyruii — aj1s MiceBOro piBHs; y LbOMY
BUIAJKy Kpallle BAKOPUCTOBYBAaTH MICIEBI J1aHi, SIKi € NPUIATHUMH JJISI X TPOMa.
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Xwmapna miatdopma Google Earth Engine (GEE) Hanae Benuki MOMXIJIMBOCTI JUIst
BHpIIICHHS IHOTO 3aBIAHHSI, a CaMe — MOXKJIMBICTh BHKOPHCTAHHS BEIHKHX HaOOpiB
CYITyTHAKOBUX NAHUX i3 peaji3oBaHuMH migxomamu kiacudikamii [9, 10] ta Bmposa-
JDKEHHST MICLIEBHX JaHHUX. Y pamkax npoekty Horizon-2020 SMURBS InctutyT KOCMi-
ganx nociimkersb HAH VYkpaian ta IKA Ykpainu po3po6us minxin [11, 12] ams mo-
OymoBu Kaptu Kimacudikamii 3 10-MeTpoBHM MPOCTOPOBHUM PO3PI3HEHHAM [UIS OIiHKH
3poctanHs Tepuropii mict [13] y xmapsiii mnardopmi GEE, sikuit Mo>kHa BUKOPHCTOBY-
BaTH JJIsI KOKHOTO MicTa cBity [14, 15].

Jani

CynytHukoBi 1ani. Yacosi psaau pamapHux cymyTHUKOBUX maHuX SAR Sentinel-1,
orpumani 3 01.04.2016 no 25.10.2016 [16, 17], Ta 6e3xMapHi 300pakeHHSI ONTUYIHOTO
cynytHuka Sentinel-2 [18] BukopucToBYyBanucs Uil NOOYAOBH KapT HACEJICHUX paio-
HiB micta KueBa y 2016 pomi, a 6e3xmapHi 300paxkeHHs cymyTHHKiB Landsat-5, 7 —
y 2000 pori. 3oxpema, mus Kuea y 2016 pori Oyno mocTymHo BiciM 3HIMKIB Sentinel-2

Ta BiciM 3HiIMKIB Landsat-5,7 BiAmoBiaHo, siKi mpejcTaBicHi B Ta0. 1.
Ta6muns 1

Sentinel-2 (2016) Landsat-5 (2000) Landsat-7 (2000)

Jlatu 3ioMKH
CYIYTHHKOBHUX
300paxeHb

28.04; 17.06; 17.07; 06.08;
09.08; 26.08; 29.08; 08.09

06.05; 07.06; 14.06;

28.04; 24.07; 09.08 25.07: 17.08

Jns manmx cynyTHHKa Sentinel-1 BHKOPHCTOBYIOTBCSI HACTYITHI €Tamd HOIEpea-
HBOI 00pOOKH: 3acTOCYBaHHS (ailry opOiTH, BUAAICHHS TPAHNYHOTO IITyMY, BUAAJICHHS
TEIJIOBOTO LIyMY, PaliOMETpUYHE KaliOpyBaHHs, OpTOTpaHcdopMais Ta (inbTparis 3
BikHOM 3 x 3. JInst CTBOPEHHSI KOMITO3UTIB 0YJIO BUKOPHCTAHO JIaHi ONTHYHOTO JIATYHKa
L1C cynyrauka Sentinel-2. s peamizamnii anroputmy Random Forest (RF) Bukopuc-
TOByBajacs Oe3komToBHa xmMapHa miardgopma Google Earth Engine. Yci HeoOXiaHi cy-
IyTHUKOBI J]aHi IOCTYITHI y XMapHiit ratdopmi.

Hapuanshni Ta TecToBi Aani. HaBuanpHi Ta TecToBi JaHi OyII0 CTBOPEHO MIISIXOM
¢doroinreprperarnii [19] 3 BUKOpHCTaHHSIM ONTHYHUX MaHWX Sentinel-2 3a 2016 pik i
Landast-5, 7 3a 2000 pik. [Ity4ni 06’€KTH € OCHOBHHM THIIOM 3EMHOTO TIOKPHBY, SKHiA
HeoOxiaHo inenTudikysaru [20], TOMy HaBYaIbHI Ta TECTOBI AaHi MICTSTh JBA KJIACH, SIKI
HpencTaBiIeHo B Tadl. 2.

Tabmauis 2
2000 pix 2016 pix
Hapuanoui gani TecToBi nani Hapuannui gani Tecrosi mani

ITy4Hi 06’ €KTH 30 29 57 57

He wrysni 95 9 160 161
00’ eKTH

3arazbia 125 125 217 218
KUIBKIiCTh

Jonarkosi gani. Sk nonarkosuii HaOip nannx BukopucroByBascs GHSL s mo-
piBusHHS poaykTiB i Global Forest Change — st ix mepesipku.

Metoaun

ITepeBipka rj100a1bHOr0 MIAPY HaceJIEeHMX NMYHKTIB Ta NMOPiBHAHHSA 3 Micie-
BOI0 KapTOI0 3¢eMHOT0 MOKpHBY. [ Bajianii KapTu MTyYHUX 00’ €KTIB 3aIPONOHO-
BaHO BUKOPHCTOBYBaTH JBa minxoau [21, 22]. [epuuii motpedye po3paxyHKy MaTpHIL
HEBIJIMOBIAHOCTI /I KOKHOTO 13 33J]aHUX POKIB i3 BUKOPUCTAHHIM HE3aJIEKHUX TECTO-
BUX JIaHMX 1, TAKUM YHHOM, JO3BOJII€ OL[IHUTH 3arajbHy TOYHICTH INTYYHUX 00 €KTIB.
Hpyruit minxing nependadae BUKOPUCTAHHS JIOJaTKOBOTO HE3AIEKHOTO LIAPY 3EJIEHHX
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HACAJ[KCHB JJIs1 OLIHKHU IITYYHUX 00’ €KTIB, SIKi 3 HUM MIEPETUHAIOTHCS, TA BUMIPIOBaHHS
moxuboK Ha maHomy erami. Takum HesanexxHuM miapom € map Global Forest Change,
cTBOpeHHH B YHiBepcuteTi Mepineray. Y pe3ynpTaTi po3paxoBaHO MEPEeTHH MTYIHHX i
3€JICHUX HACAI[KCHB Ta OIIHCHO TXHE BIJICOTKOBE BIHOIICHHS JI0 3arajbHOT IO JIiCy.

Ouinka ingukaropa 11.3.1. Ha pruc. 1 moka3zaHO METOJOJIOTIIO PO3PaXyHKY 1HIU-
karopa LICP 11.3.1 3 1BoMa BKIIIOYCHUMH CYOIHIUKATOPaMHU.

Puc. 1

[Mepium cyOIHIUKATOPOM € IBUIKICTH 3pOCTaHHs HACEJCHHS, 1 UIsl 11 OLIHKH I10-
TpiOHa HamiifHa iHpOpMALis OA0 YUCETBHOCTI HAIBHOTO HACETCHHS. 3 IIi€l MpHIuHI
HaWKpalmM JHKEpPEJIoM JaHUX € CTaTHCTHKA, SIKY HaJaloTh JIepKaBHI MICbKI aaMiHICT-
pauii. J[ns ouwiHKM iHAMKAaTOpa Ha PiBHI KpalHW MOKHA BUKOPUCTOBYBATH CTATHCTHKY
OOH [23] i rmobaneHi poaykTH, 30kpema GHSL.

Temn npupocty HaceneHns1 (PGR) € morapudmom qBopiuHOT YMCENFHOCTI HACCIICHHS:

In Popt+n

P
PGR=— P/,
y

Jie Pop, — HACEJCHHS 32 pik t, Popy,,, — HACEJICHH 3a pik t+n, a y — KUIbKICTB po-
KiB MK BUMipamH.

Ouinka HopMmu Bukopuctanus 3emui (Land Consumption Rate — LCR) [17] e
GibII CKIAIHOIO, TOMY NOTPiOHA KapTa 3a0y0BaHOi TepuTopii. [i MoKHA OTpUMAaTH 3
KapT kiacudikauii 3eMeNbHOrO MOKpUBY abo KapT mTyuHux o0’ekriB. Halikparmit
cnoci6 ouinut LCR st maciitady micra — noOyayBaTH KapTy 3eMHOT'O IOKPHBY 3
BUKOPHCTaHHIM HAa3eMHMX JaHHX Ta JOCTYITHHX OE3KOIITOBHHX YaCOBUX PSIIB CYIyT-
HUKOBHX JaHuX Sentinel-2 ta Sentinel-1. Ha piBHi kpainu abo perioHy MO>XHa BUKOPH-
CTOBYBATH TJI00aNbHI MPOAYKTH, Taki SK piBeHb 3a0ymoBaHoi Teputopii GHSL. Po3pa-
xyHok LCR moni6nuii no pospaxynky PGR. LCR nopiBHioe norapumy BigHOIICHHS
TUTONII 320Y/I0BH 32 JIBa POKU:

|n Urb[+n

Ur
LCR:—b‘,
y

ae Urb, — 3a0y0BaHa IUIOIIA 32 PiK t, Urby 3a0y0BaHa 1uIoIIa 3a pik t+n,ay —
KiJIBKICTh POKIB MK BUMipIOBaHHSIMHU.
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Tapukarop IICP 11.3.1 abo crniBBiAHOIICHHS HOPMHU 3¢MJICKOPUCTYBAHHS Ta TCM-
miB 3poctanHs HaceneHHs (LCRPGR) moxna po3paxysatu 3a popMyIior

LCRPGR = £
PGR
Pe3yabTaTn

IlepeBipka Ta mopiBHAHHA KapTH 3eMHOro nmokpusBy Ta GHSL. MicTo mocriii-
HO PO3MIMPIOETHCS BITHOCHO CBOiX O(DiliHHUX MeX, TOMY KapTy Oylo moOYyI0BaHO 3
Oytepom HaBKoOJIO MicTa (Ha puC. 2 BiH IMO3HAYEHUH 3elIeHnM KombopoMm). Ha puc. 2, a
MPEICTaBICHO KapTy INTYyYHHX OO0’€KTiB (KapTa IHCTHTYTYy KOCMIYHHX IOCIiIKEHb
(IKA) HAH VYxkpainn ta KA VYkpainu), CTBOpEeHY Ha OCHOBI HaBYAIbHHUX JAHUX Yy
GEE, 3 Bukopucranusam anroputMy Random Forest (RF) [18]. JIns Baminarii ctBopeHoi
KapTH pO3pax0BaHO MATPHIIO HEBIIMOBITHOCTI HA OCHOBI HE3aJIeKHOI TECTOBOI BHOIp-
Kd. 3arajpHa TOYHICTH cTaHOBUTH 85,2 %. IIpogykt GHSL Ha ocHoBi manux SAR
Sentinel-1 i3 mpoctopoBuM po3pisaeHHsM 20 M BUKOPHCTOBYBABCS IS HIIIOTO CIIOCO-
Oy mepeBipku kaptu Kinacudikarii. Lleit mpoaykT MicTUTh IITYYHI 00’ €KTH U1 BCHOTO
cBiTy 3a 2016 pik. Ha puc. 2, 6 npeacrasneno gyacturny GHSL nnst Kuesa. 3aransha to-
YHICTh Ha OCHOBI HE3aJIC)KHUX TECTOBUX JAHUX CTAHOBHUTH 72,6 %, 11O € XOPOIIUM pe-
3yJIBTATOM IS TJI00AJILHOTO MPOAYKTY 3 MPOCTOPOBHM po3pizHeHHsM 10 20 M. OcHOB-
HOIO MPOOJIEMOI0 IIFOTO MPOAYKTY € HASBHICTH 1HIMTUX 00’ €KTIB, SKi MOTPAIUIIIOTH Y Ma-
cKy. 30KkpeMa, e MOXYTb OyTH JIICOCMYTH, JepeBa, JICH, TapKH, CaJd TOIIO.
[Tpu4nHOIO 1BOTO € MPOCTOPOBE PO3PI3HEHHS, IO BUKJIUKAE e(EKT 3MIIIaHUX MiKCEiB.
BpaxoBytroun, 110 BCi MicTa CBiTY OOy J0BaHi 3a OIHIEI0 MOAECIUTIO Ta MAalOTh CXOXI Xa-
PaKTEePUCTHKH, BUKOPUCTAHHS L[bOTO TI00aIBHOTO HA00PY NaHHUX € HAWKPAIIUM CIIOCO-
060M OIIiHKH r100aapHOro iHauKaTopa 11.3.1.

a [

Puc. 2

[Mix yac exkcnepumenty Oyno BupiieHo Bukopucratu map Global Forest Change
(cTBOpeHmii YHiBepcuTeTOM MepineHay) A MOAANBIIOT EPEBIPKH OTPUMAHUX IPOIYK-
TiB. JIJI1 IbOTO BUKOPHCTOBYBAIM JaHI TPaHyJ 3 BEPXHIM JIIBUM KyToM Ha 60° mH. mI.,
30° cx. n. niast Kuea. Ha ocHoBi 1mapy treecover2000 BUKoHaHO omniepariii Jjisi OTpUMaHHs
Macku Jicy 3a 2016 pik (3 ypaxyBanssm mapis lossyear 60N _030E1 ta gain_60N_030E1).
BpaxoBytoun, 1110 3HaU€HHS JIicy OyJn 3aK0JI0BaHi y BIICOTKax Ha MiKCEIb BUXIIHOI ci-
TKH B Aianazoni 0—100, micis opMyBaHHS OCTaTOYHOTO JIICOBOTO MOKPHUBY Oyi10 oOpa-
HO TOpIr 3HauYeHb, 1110 nepeBuinye 30, OCKUIBKY 32 Bi3yalbHOIO OILIHKOI Ha OCHOBI CY-
ITyTHUKOBHUX JIaHUX BHCOKOT'O MPOCTOPOBOTO PO3PI3HEHHS Takuil mopir 3abesrneuye
HalKpalle HOKPUTTS 3eJIeHO1 IIOBEpXHi 3 Jicamu. Pe3ynprar npeacrasieHo Ha puc. 3.
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[ I MicroKuie I TnoGansmuii sic (Yaisep

3 —

cuTeT Mepinenay), 2016

Puc. 3

3a Z0IOMOTO0I0 OTPUMAHOTO APy 3AIHCHEHO MepeTHH JlicoBoi macku 3 Forest
Mask nns Kuesa y 2016 porii (Ha ocHOBI kapTH YHiBepcuteTy Mepinenny) (puc. 4,
a, 6). Cipuii xonip BKasye Ha MEPETHH INApy JICy 3 OTPUMAHHM Pe3yJIbTATOM, 3a-
cHoBanuM Ha migxoni SMURBS, temuo-cipuii konip — 3 GHSL, a cBiTio-cipuit —
3 IBOMa KapTaMu pa3oM. SIk moka3aHo Ha puc. 4, 6, OUIBIIICTh MIKCEIIB TEMHO-CIpi.
Macky mryunux 06’ektiB GHSL i RF npencrasieno Ha puc. 4, g, 2.

B 1liryuni 06 exTH  TnoGanbhuii nic (VriBepcuter Mepinenny)

Puc. 4

OTpuMaHy IUIOLLY MEPETHHY 3eJICHUX HACA/KEHb i3 MITYYHUMHU 00’ €KTaMH Mpe.-
cTaBJieHO B Ta0u. 3. BiATiHKY Ciporo B Hii BiIIOBIIAIOTH BiITIHKaM Ciporo Ha puc. 4, a.
[0 o6sacTh MOXKHA IHTEPIPETYBATH SIK IUIOLLY JIICOBOI'O MOKPHBY, sIKa IOMHJIKOBO OY-
Ja KiacudikoBaHa sIK ITY4YHI 00 €KTH Ha 000X KapTax.
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Ta6uuus 3

Llap neperuny IMnoma, ra Bincotok BinHOCHO Jicy, %
SRI 58,93 0,75
GHSL 582,61 741
SRIta GHSL 165,26 2,10

OTpuMaHi pe3ysibTaTh MiATBEPMKYIOTh TOYHICTh MOOYNOBAaHMX KapT IUTYYHUX
00’extiB KueBa. Haiikpamii pe3ynpTaTé OTpHMaHO Ha OCHOBI KapT Kiacudikarmii 3
10-MeTpoBHM IPOCTOPOBHM PO3Pi3HEHHIM i3 BUKOpUCTaHHAM MeToxy RF y xmapwiii
wiatdopmi GEE. Y nopanpiiomMy miaHyeTbesi CTBOPEHHS OHOTHUITHUX KapT 13 BUCOKUM
MIPOCTOPOBUM PO3PI3HEHHSIM 1 MOAajiblie X BUKOPHCTaHHS B paMKax IpOrpaMu
HORIZON 2020, 30xkpema nmpoektry SMURBS / ERA-PLANET [24, 25].

IlopiBusinus ingukaTopa LICP 11.3.1 Ha ocHOBI perioHanbHUX i r100aJIBHUX
npanux. Kapry 3 mryuynumu o6’exkramu s Kuesa 2000 poky Oynio moOymoBaHo 3 BU-
KOPHCTaHHSAM HaBYAIBHUX NaHUX [26] Ta cymyTHHKOBUX HaHuX Landsat-5 ta Landsat-7
3 TouHicTio 83,4 %. Llg KapTa BUKOPHCTOBYETHCS IS MOYATKOBOTO PO3PAXYHKY ILIOMIL
3abynoBu st LCR. Inst oninky miomi 3a0ynoBu 3a 2016 pik 0yiio BUKOPUCTAHO KapTy
3eMHOTO TOKPUBY 3 MMPOCTOPOBUM po3pizHeHHsIM 10 M. Kaptu Toro x poky Oymo obpa-
Ho 3 GHSL, i Ha 0cHOBI 000X /DKEpeN JaHUX PO3PaXOBAHO HOPMY BUKOPHCTAHHS 3€MIIi.
J1Jis1 OLIIHKK TEMITIB MPUPOCTY HACEIICHHS BUKOPHCTOBYBAIMCS JJaHI MICIICBOi CTATUCTH-
KM, HaJaHi MiChKOI CTaTUCTUYHOIO CIyx0010. Y Tabi. 4 mpencTaBicHO pe3yibTaTH
MIPOBEICHOTO EKCIICPUMEHTY: piBeHh BUKOPHUCTaHHS 3eMiti Ta mokazHuku LICP 11.3.1 Ha
ocHOBI perionamsHUX KapT SRI ta GHSL. SIk mokazaHo, pi3HHIS CHIIBHO BIUTHBAE HA
PiBEeHb BUKOPUCTAHHS 3€MJIi, 1 Y BUIIaJKaX IS OLIIHKY ITOKa3HHWKa Ha PiBHI MiCTa Kpalie
BHKOPHCTOBYBATH MICIIEBi JJaHi.

Tabmuus 4
KoedinieHnT crioxxuBaHHs 3eMii 3a Kaproto SRI 0,074
Koedinient cnoxxuanns 3emii 3a GHSL 0,044
SDG 11.3.1 3a kaptoro SRI 4,758
SDG 11.3.1 3a GHSL 2,845

BucnoBok

PesynbraTy JOCHTIHKEHHS TOKa3yioTh, 1110 GHSL Mae BUCOKY TOYHICTh JJIsI OI[IHKH
innukatopa LICP Ha piBHI kpaiHu a00 perioHy. 3aBASKH IIbOMY ITOKa3HUK iH()OpPMATHB-
HUI 1 KOPUCHUI Y BEIMKOMY MacmrTadi. ¥ Macmrabi MicTa Kpaile BUKOPHUCTOBYBATH
MICIIeBI JaHI Ta CYIMyTHUKOBI JaHi 3 OUIBIIOK MPOCTOPOBOI PO3ALIHHOI 3IaTHICTIO.
Le Moke MIIBHIIMTH TOYHICTh PO3pPaxXyHKy iHmmkaTopa. [ligxix mo kmacudikarii 3em-
Horo nokpuBy B GEE, po3po6ienuii y npoekti SMURBS, 3a6e3mnedye xopori pe3yib-
TaTu 3 MPOCTOPOBUM PO3pi3HEHHsIM 10 M 1 MOKe BUKOPHCTOBYBATHCS ISl TOOYIOBH MO~
JIOHMX KapT 3a0y/I0BaHUX TEPUTOPIH PI3ZHUX MICT i3 3aCTOCYBaHHSAM MICLIEBHX JaHHX.
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The problem of sustainable development of cities attracts wide attention in coun-
tries around the world, as it is closely related to the quality of life of society. The
growth of urban areas is often disproportionate to population growth in develop-
ing countries. Therefore, this discrepancy cannot be controlled using statistics.
In this article, research is carried out based on remote sensing of the earth and
statistical data. The methods proposed in this article make it possible to compare
the Global Human Settlement Layer (GHSL), which contains information about
buildings, with the own land cover map, as well as calculate the Sustainable De-
velopment Goals (SDG) indicator 11.3.1 «Ratio of the level of land consumption
to the rate of population growth» with the use of satellite and geospatial data,
which make it possible to calculate land consumption, as well as to carry out its
validation based on global products. Calculating the rate of population growth is
simpler and more accessible, while the level of land consumption is somewhat
complicated and requires the use of new methods. When assessing the level of
land consumption, it is necessary to define what is «consumption» of land, as
this may include aspects of «consumed» or «conserved» or available for «devel-
opmenty for cases such as land occupied by wetlands. Second, there is no clear-
cut indicator of whether the land being developed is truly 'newly developed' (or
vacant) land, or whether it is at least partially 'redeveloped'. As a result, the per-
centage of total urban land that has been recently developed (consumed) will be
used as a measure of land consumption. A fully built-up area is also sometimes
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called a built-up area. In this regard, two approaches have been developed to
calculate the given indicator, one of them for the country level, for which global
products are used, and the other for the regional level, for which local classifica-
tion maps, developed and created according to our own methodology, are used.
The results of this study demonstrate that GHSL data are highly accurate for es-
timating the SDG indicator at the country or regional level, but when calculating
the indicator at the city level, it is better to use local classification maps. The de-
veloped land cover classification methodology in the Google Earth Engine cloud
platform shows good results with a high spatial resolution of 10 m and can be
used for various cities to analyze built-up areas from satellite data.

Keywords: satellite data, photointerpretation, land cover maps, indicator,
orthotransformation, cloud platform.
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