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AHomauyia. Mema cmammi — ouiHumu AouisnbHicmbs 8UKOpPUC- b2 IHCTUTYT BigHOBAIOBaHOI eHepreTnku HAH
maHHA HelipoHHOI mepexci Prophet ma okpemux 6ibniomek Ykpai, m. Kuis, Ykpaira

MO8U rpozpamy8aHHsA Python 0517 8UKOHAHHA KopenAauii i cepedHbOCMPOKOB8020 NMPO2HO3Y8AHHSA 8iMPOB0O20 M0o-
meHuyiany 8 lpua3o8CbKOMY Pe2ioHi, @ MAKOMHC MOPIBHAMU OMPUMAHI MPO2HO3U 3 pe3yabmamamu, Wo ompu-
MQHI pi3HUMU Memodamu niHiliHOI peapecii. ¥ mexcax cmammi npogedeHo Kopesayito 8UMIPAHUX 3HAYeHb WeU-
0Kocmi simpy 3 memeowioznu 3 daHUMU peaHanisy ERA5 Ha eucomi 100 M ma su3Ha4yeHo KoegiyieHmu Haxusy i
8inbHUl YneH niHiliHoi pezpecii. CuHmemu4Hi yacosi paou, chopMoBaHi Ha OCHosi OaHUX peaHanisy 3a 2009-2019
POKU, BUKOPUCMGAHO AK pezpecopu 015 HelipoHHOI mepexci. Ha ocHosi npo2HO3HUX M0200UHHUX 3HAYEHb WEUOd-
Kocmi simpy Ha nepiod 2020-2022 pokis, ompuMaHUx Ha 8uUxo0i HelipOHHOI Mepeti, PO3paxo8aHo cepedHi Weu-
OKocmi simpy, napamempu ¢popmu ma macuimaby po3nodisy Belibynsia, a MaKox#« 8UZHAYEHO MUMOMY Wiflb-
Hicme nomyxcHocmi Ha sucomi 100 M. OmpumaHuli cepedHboCMpPoKosuli NPo2HO3 Ha 1—-2 PoKu 3icmassieHo 3
pesyansmamamu suMiptosaHes Ha Opyeili MemeoponoeivHili wjoeni, uwo poamawosaHa nobausy. [na doszocmpo-
KOB020 Mpo2HO3Y MOPIBHAHO Pe3ysbmamu 3 OUiHKOI 8iMpo8o20 MOMEHUiasy, BUKOHAHOIO Yy MPo2pamMmHOMY 3a-
6esnevyeHHi WindPRO.

Knrouoei cnosa: 8i0H0O811080HA eHepeemuKa, BUMIPHOBAHHA Napamempis 8imposo2o NomMokKy, eHepaemu4yHuli
rnomeHuyian, cepedHs weudkicme eimpy, MCP, HelipoHa mepexca Prophet, npo2HO3y8aHHSA, WinbHicme nomy-
HCHOCMI 8iMpo80o20 MOMOKY.

BVIKOpVICTaHi NO3HAa4YeHHA Ta CKOPOYEeHHA

BEC — BiTpOBa eleKTpmYHa CTaHu, i MHK — meToa, HameHLWMUX KBagpaTis (aHanor aHra. OLS —

. Ordinary Least Squares)
BEY — BiTpoeHepreTMyHa ycTaHOBKaA

CAIMKC — ce30HHa aBTOperpecuMBHa iHTerpoBaHa moaenb
KOB3HOro cepefHboro (aHanor aHra. SARIMA — Seasonal
Autoregressive Integrated Moving Average)

MCP — measure-correlate-predict (BumiptoBaHHA — Koppensa-
Lia — nporHos)

LLIMBMN — winbHicTb NOTY}KHOCTI BITPOBOro MOTOKY (aHanor
aHrn. WPD — wind power density )

Bctyn BMPI3HAIOTLCA cepes, iHLWNX LOBLUOIO Ta AOPOXKYOI NpoLie-
[ypOI0 PO3BUTKY NPOEKTY BifZ, MOYATKY A0 OTPUMaHHA HeOb-
XigHUX [,03BOAIB (4€BENONMEHTY NPOEKTY), @ B nofajb-
WOMY BiAHOCHO TpWBANMM npouecom byaiBHMLUTBA Ta
BBEAEHHA B eKcniyaTauito. TepmiHM peanisauii NpoekTiB
BEC Big, nowyKy micua po3TawyBaHHA A0 NO4YaTKy onepa-
LiMHOT AianbHOCTI MOXYTb caratm 5—7 pokie. Came Tomy
KPUTUYHO BaXK/IMBUM €TaNOM PO3BUTKY MPOEKTY € nonepe-
[OHi aHani3 BITPOBOro Ta eHepreTMYHOro NoTeHuiany pan-
OHY po3milteHHA BEC, sKnit 30e6inbloro BUKOHYETLCA Ha
CamoMy NoYaTKy npouecy AesenonmeHTy. Hapasi icHye Ki-
IbKa IHCTPYMEHTIB 414 TaKOi OLLiHKM:

HeBiaBOpPOTHICTb PO3BUTKY YKPAIHCbKOI eHepreTUYHOI ranysi
B HaNPAMIi 30iNbLUEHHS YAaCTKM BifHOBMOBAHUX AKepen eHe-
prii B 3aranbHOMy eHepreTMyHomMmy HanaHci KpaiHu BU3Ha-
YyeHo EHepreTunyHoto cTpaTerieto YKpaiHu go 2050 poky [1] Ta
HeogHOpPa3oBo Oyno  NiATBEPAKEHO NpeAcTaBHUKaMMU
B/laAn Ta KepiBHMLTBOM MiHicTepcTBa eHepreTMkn YKpaiHu
1 onepaTopa cuctemu nepegadi. NMpobnematnka nepexomy
[0 «3e/1eHOT» eHepreTMKn obroBoproBanack Ha YUCNEHHMX
dopymax i KoHbepeHLiax, a NpPoBigHI ekcnepTy HaraTo pasis
bOKycyBanm cBOIO yBary Ha Pi3HNX acneKTax PO3BUTKY KO-
HOrO 3 HanpAMIB BiZAHOB/1IOBAHOI EHEPreTUKM.

. . — aTnacu — AK iIHTePaKTUBHI, TaK i TpaaUL,inHi;
He 6yae nepebinblueHHAM CcKas3atW, WO BiTpOBa eHepre-

TUKa Nocigae okpeme Mmicle cepes iHWKx Hanpamis BAE i nonepeaHa OLiHKA MOTeHuiasy B creuianizoBaHoMy
Ma€e uMmano ocobnmsocTeit. MPOEKTU BITPOBMX CTaHLLM nporpamMHoMy 3abe3neyeHHi.
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O6buasa cnocobu makTb CBOI HeAO/iKM Ta nepesaru. Ha-
npuKNaa, ANa nonepesHboi OLIHKM MOXKe ByTn BUKOpUC-
TaHO 3arasibHOAOCTYMHI AxKepena [2, 3], npoTe TaKi OLiHKK
333BMYaN 3HAYHO NEPEBULLYIOTb pPeasbHi MOKa3HMKKN cepe-
OHbOI WBWAKOCTI BITPY, OTPUMAHI B pasi peanbHUX BUMiI-
piB — B OKpemMux BunagKax 4o 0,8—0,9 m/c, ocKinbKu nig vac
CTBOPEHHA aTnacis BUKopucToByeTbes downscaling (moge-
JIIOBaHHA WBUAKOCTEW Ta HAaNPAMKIB BITPY Bif, BE/IMKMX Ma-
cwrabis, 20-200 km, Ao manux, 0,1-1,0 km), aaHi ERA 5 3a
2008-2017 poku [2]. Taka noxmbKa CNOTBOPIOE pe3ynbTaTn
€HepreTMYHOro noTeHuiany Ta Aa€ 3aHaATO ONTUMICTMYHI
€KOHOMIYHi OLiHKM NpoeKTy. ATnac [4] cdoKycoBaHUM Ha
noTeHUiani 4OCUTb BEIMKUX perioHiB — obacTen, Teputopi-
aNbHUX rpomMag Towo, Toai Ak BEC po3TalloBaHa Ha MeHLWil
TepuTopii M BUMarae MeHLWoro macwrtaby Ana OLiHKK.

HalinonynapHiwmnm cnoco6om oLiHKK BITPOBOro Ta eHepre-
TUYHOrO NOTEeHLUiaNy B NPAKTUYHIA AifNbHOCTI KOMNaHil,
LLLO PO3BMBAlOTb Ta Peani3yroTb MPOEKTM BITPOBUX CTAHLMN,
€ BUKOHAHHA nonepeaHboi OLHKM crnewianisaoBaHMMM KOM-
naHiAMM y BigNOBIAHOMY nporpamHomy 3abesnevyeHHi
(WindPRO, WaSP Ta iHWwe), ane gns AKiCHOI OLiHKM NoTpi-
6HO BU3HAYMTUN OAHY UM KiNlbKa Mmoaenen BiTpoBuX TypbiH i
BMKOHATW MIKPOCAMNTIHT naowanoK. Ha etani Bigbopy Taki
niAroToBYi po60TM BUMaraTMMyTb MEBHOIO Yacy 1 maTepia-
JIbHUX BUTPAT, WO MOXKe byTM HezopeyHUm 0cobamnBo ann
HeBenMKux NPoeKTiB. Kpim Toro, nepesakHa binbLuicTb Ta-
KMX MPOrpam Ta KOMMNaHin BUKOHABLIB € 3aKOPAOHHUMM,
LLLO pOBUTb YKpaTHCbKY BITpOEHEPreTUKY 3a71eXKHOI0 Bif, 30-
BHiLLHiX 06CTaBuWH.

OTKe, ONA BUPILLEHHA BKa3aHOi Npobsemn BU3HAYEHHSA
eHepreTMYHOro NOoTeHLiaNy NPONOHYETLCA A0CNiANTH ede-
KTUBHICTb NPOrHO3yBaHHA WBUAKOCTI BiTPY Ta BUKOHATW poO-
3PaxXyHOK MUTOMOI LWiNbHOCTI MOTYXKHOCTI ANA OINAHKM B
MpnasoscbKoMy perioHi Ha nepioan 1-2 poku Ta 16 pokis.
JocnigXeHHA BUKOHYBAaTUMETbCA Ha OCHOBI AaHWUX peaHa-
nisy ERA 5, peanbHux BUMIpiB (3 meTeowornn abo meteoc-
TaHUi) 3 BUKOPUCTAHHAM HelpoHHOI mepexKi Prophet i 3a-
ranbHOAOCTYNHUX  6ibnioTeK  BMCOKOPIBHEBOI  MOBMU
nporpamysaHHs Python, sk-ot NumPy, Pandas, SciPy Tow,o,
Ta 3acToCcyBaHHAM meTtoay MCP.

BapTo 3a3HaunTK, WO BUKOPUCTAHHA Prophet onncaHo B Ki-
NIbKOX AOCAIAXKEHHAX WOA0 KOPOTKOCTPOKOBOrO [5] Ta f0B-
roCTPOKOBOro [6] NPOrHO3yBaHHsA i MOKA3YE, W0 MAE MeHLWi
NOXMOKM, HiXK Oinblw TpaguuUiMHi mopeni, HanpuKknag,
CAIMKC (SARIMA). YKpaiHCbKi AOCNIAHVKN TaKOX BUKOPU-
CTOBYIOTb MepeKy Prophet gnsa nporHosysaHHA BAE, ane
OCHOBHUW POKYC Yy [OCNIAKEHHAX 3pO6NEHO Ha COHAYHIMN
eHepreTuL,i, To4i AK ANA Linen BiTPOEHEPreTMKN BOHA Lie
He 3aCcToCcoBYyBanach.

Mera i 3aBgaHHA

MeTa poboTh — BM3HAUUTU MOMKNUBICTb Ta ePEeKTUBHICTb
BMKOPWUCTaHHA HEMPOHHOI MepeXKi Prophet ana ouiHKuK BiT-
pOBOro NOTOKY B cepesHbOCTPOKOBOMY (411 ujiei poboTn 1—-

2 POKM) 1 AOBroCTPpOKoBOMY (16 pOKiB) ropM30OHTaX NPOrHO-
3yBaHHA i3 3acTocyBaHHAM meToay MCP;Ha ocHOBI oTpuma-
HUX CUHTETUYHUX NPOTrHO3HUX PALIB BUSHAYNTM NapameTpum
po3noginy mmosipHoCTi Belibynna, po3paxyBaTv nutomy
LWiNbHICTb NOTYXKHOCTI BiTpoBOro notoky (WPD) Ta nopis-
HATK X 3 HafABHUMMU GAKTUYHUMM pe3ynbTaTaMn BUMIpHO-
BaHb METeoWOrMn M AaHuX, OTPUMMAHUX 3 MPOrPaMHOro
komnnekcy WindPro.

BuKnap 0CHOBHOro maTtepiany
Onuc AocniaXKyBaHoro paiioHy

MoTeHujan eHeprii BiTpy O6yB 34aBHa BiAOMMUI Ta BUKOPUC-
TOBYBaBCA Ha TepuTopii YKpaiHi. Bxe y 1917 poui noTyx-
HICTb BITPOBMX ABUIYHIB ANA BUTOTOB/IEHHA HOpOLWHa Ta ne-
pekauyyBaHHA Boau cTtaHoBuna 1400 MBT [4, c. 65], wo
L,i/IKOM CMiBCTaBHE i3 Cy4aCHMM CTaHOM BiTPOEHEPreTUKN B
KpaiHi, Ae Ha KiHeub 2024 poKy BCTaHOB/AEHA NOTYKHICTb
BITPOBUX €NEKTPUYHUX CTaHLih cTaHoBMAa 1921,4 MBT (3a
BMHATKOM BEC, WO po3TaloBaHi Ha TepUTOpii TMMYacoBO
oKynosaHoi AP Kpum) [7]. I3 po3BUTKOM TexHonorii — 36i-
JIbLUEHHA BUCOTW BEXi Ta AiameTpa poTopa BiTPOBOI Typ-
6iHW — MalixKe oA BCiX perioHiB KpaiHW cTatoTb NpuBaban-
BUMM Ta EKOHOMIYHO [JOLINBHUMWU MPOEKTU BENKMUX
npomucnosux BEC, a 3arafibHUIA eHepreTMYHMN NoTeHLian
ANA oHwopHux BEC Ha TepuTopii YKpaiHW OLHIOETbCA B
407 BT [3, c. 15]. OgH1Mm 3 HaliuiKaBiwKnx perioHis € Mpua-
308’A, AKe 6yN0 04HMM i3 NepLnX perioHiB y AeprKasi, ae
6yn1 nobypoBaHi NepLli BE/IMKI BITPOBI @1€KTPUYHI CTaHLT,
AK-oT BEC BitpoeHperonpom (poku 6yaisHMuTBa 1998—
2013, noTykHicTb 30,53 MBT), HoBoasoscbKa BEC (poku by-
AisHnutea 2010-2012, noTykHicTb 57,5 MBT), BoTieBCbKa
BEC (poku byaisHmuTtBa 2011-2014,n0TyKHicTb 200 MBT)
Towo. OTKe, BE/IMKA 3aLLiKaBNEHICTb, XOPOLINI BITPOBUIA
NoTEeHLiaN Ta HAABHICTb pe3y/bTaTiB ALOBrOCTPOKOBUX CNOC-
TepexeHb pobnaatb [loHeubke [puasos’s  UikaBUM
06’eKTOM AnA focnigKeHHs.

Ons pocnigreHHs 6yno BubpaHo ainaHky 10 x 40 Km, LWo
nokasaHa Ha puc. 1, Ha niBaeHHoMy 3axoai [loHeubKoi 06-
nacTi Ha TepuTopii MaHryLwcbKoi CeNNLHOT TepUTopianbHOI
rpomaam, MapiynonbCbKOi MiCbKOi TepuTOpiaibHOI rpo-
mazgmn, HikonbCKoi cennHoi TepmutopianbHoi rpomagm Ma-
piynonbcKoro parioHy [loHeubKoi 06.1acTi Ta YacTkoBo Ocu-
MEHbKIBCbKOI  CE/IMWHOI  TepuTopianbHOi  rpomagu
BbepasHcbKoro paoHy 3anopisbkoi obaacri.

JocnipxyBaHa 061acTb po3TalloBaHa HA Mexi NprasoBcb-
KOi HM30BWHU Ta Mpna3oBCbKOi BUCOYMHU. Penbed nnac-
KW abo c1aboxBUAACTUN, Y LLEHTPI Ta Ha NiBAHI 3 BUCOTaMM
70-100 m, a Ha niBHoui (y 4YacTuHi MpunasoBcbKoi BUCO-
ynHM) — 100-300 m [9, c. 75-76]. Y Tabn. 1 nokasaHO Koop-
AWHATU 1 BMCOTW PO3TallyBaHHA METEOLLOM — «daKTny-
HUX», oA AKMX Oy/no nNpoBeAeHO 3amipu napameTpis
BITPOBOro NOTOKY (ToYkM 1 i 2) Ta «BipTyaNibHUX» (TOUKK 4 i
5) 3 aaHMmM peaHanisy ERA 5. lo4aTKOBO NoKa3aHo po3Ta-
LWyBaHHA MeTeocTaHLii «MapiynonbcbKa» (Touka 3).
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Puc. 1. Kapma patlioHy docnidxceHHA: 1 — Memeouwjoena «MaHeyw»; 2 — Memeouwoana «Komuwysame»; 3 — Memeo-
cmaHyia «Mapiynonsceka»; 4 — ERA 5T, moyka 1; 5 — ERA 5T, mouka 2

Ta6auua 1. KoopAanHaTH Ta BUCOTU TOUOK BUMIPIOBaHHA NapameTpis BITPOBOro NOTOKY

Ne HaiimeHyBaHHA Tun gaHux Lupota Aosrota Bucora,
M

1 MeTteowworna « MaHryw» BMMIPIOBAHHA 47.0742 37.3043 76

2 MeTteoworna «KomuwysaTte» BUMIpIOBAHHA 47.074828 37.177834 69

3 MeTeocTtaHuia «MapiynonbcbKka» BUMIpIOBAHHA 47.0425 37.4844 62

4 ERA 5T, Touka 1 peaHanis 47.04 37.1 77

5 ERA 5T, Touka 2 peaHanis 47.04 37.35 49

BignoBigHO 4,0 MeTeopoIoriYHNX NOKA3HWUKIB, WO bynn Bu-
MipAHi Ha MmeTeocTaHUji «Mapiynonbcbka» 3a nepiog 3
01.02.2005 no 31.07.2025 cepepHbopiyHa TemnepaTypa B
[ocniarKyBaHoMy perioHi ctaHoBMTb 11,09 °C i3 ce30HHMMMU
MiHIMyMamMK B FpyaHi — NIOTOMY Ta MaKCMMyMamu B n-
nHi — cepnHi. CepeaHA WBMAKICTb BITPY Ha BUCOTI 10-12 m
nopiBHIoe 4,6 m/c i3 cepeaHiM MaKCMMYMOM Yy SHOTOMY —
6epesHi— 5,22-5,11 m/c Ta miHimymom y aunHi — 3,9 m/c.
Micue gocnigKeHb XxapaKTepU3yEeTbCA NepPeBarkatouMm Ha-
NPAMKOM BiTPY 3 NiBAEHHOrO CX0A4Y, AK MOKa3aHO Ha puc. 2.

OTpumaHi aaHi gobpe KopentoTbea 3 4aHUMU 33 NepeBa-
KarunMmmn Hanpamkamu BiTpy [3, 4] Ta [10, c. 18]. MopisHsA-
BLUM Pe3y/abTaTh aHani3y MeTeopooriYHMx YyMOB MeTeoc-
TaHUii 3 JaHWMMK peaHanisy Ta GaKTUYHOro BMPOOHWULTBA
icHytoumx BEC no iHWKMX AinAaHKax perioHy, MOXKHa cTBep-
[O)KYBaTK, WO BiTpoBa 06CTaHOBKA B PO3rnsaayBaHOMY pait-
OHi penpeseHTaTUBHa Ans Mpuasos’s.

onuc BXigHNX AaHUX

MifAroToBKa BXigHUX AaHUX — BaXKNMBUIA eTan gasa TOYHOro
MPOrHO3yBaHHA, @ B pa3i BUKOPUCTAHHA HEMPOHHUX Mme-
pex, 30kpema Prophet, AaHi He MmatoTb MICTUTV NPONYCKIB,
Pi3Hi YMCnoBi pAAM MatoTb OYTU CUHXPOHI3OBAHMMU Ta

MaTW O4HaKOBY PO3MIpHICTb. Y MeKax pob0oTU BUKOPUCTaHI
noroguHHi gaxi [9] a nig, yac nigrotToBKM AaHux 3pobseHo
TaKi NPUNYLLEHHA Ta CMPOLLEHHA:

® nepioayM NPOrHo3yBaHHA: AN «BiPTYa/IbHUX» METEOLLOT/T
niZroToBNeHO Ta 3aBaHTaXKeHO Habopw AaHKX 3a nepios 3
01.01.2009 no 31.07.2025, BimiptoBaHHA NapameTpiB Ha
«aAKTUYHUX» METEOLLLOrNaX BITPOBOro NOTOKY NPOBEeAEHO
3 »k0BTHA 2019 ao ntotoro 2022, oTkKe, Nepiog, WO nepe-
TMHAETbLCA, CTAHOBUTL A8a pokn — 2020 Ta 2021;

® Mif Yac po3paxyHKiB He BPaXx0OBYETLCA HAMPAMOK BiTpY;

e [ 3MeHLWeHHs obcAry po3paxyHKiB BUKOPWUCTAHO
NnLe ABi TOYKM peaHanisy;

e focnigyKyBaHul nepiog obmexkeHo nepiogom o 2035
POKy, LLO CTAHOBUTb Bif Nepiogy HaBY4aHHA HEMPOHHOI
mepexi 15 pokis.

e BMOPaAHO TaKi FOPU30OHTM NPOrHO3yBaHHA:

O cepefHbOCTpOKOBE — 1-2 poKuM (aKTyasbHO A/ one-
pauiiHOI AiANbHOCTI BXe iCHYlYMX BiTPOBMX Nap-
KiB);

o [AoBroctpokose — 17-20 pokKiB (415 OUiHKM BiTpO-
BOr0O Ta eHepreTMYHOro MOTeHLUjiany Ha eTani aese-
NIONMEHTY NPOEKTIB BiTPOBUX CTaHLl).
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Po3a BiTpiB (Y4aCcToTa 3a WBUAOKICTIO, M/C)

180°

LWesuakicTe BiTPY
H 0-1 m/c
B 1-2 m/c
N 2-3 m/c
I 3-4 m/c
= 4-5 m/c
[ 5-10 m/c
1 10-15 m/c
[ 15-20 w/c

Puc. 2. Po3a simpis y pezioHi docnidmceHHs 3a nepiod 3 01.02.2005 no 01.08.2025 Ha sucomi 10-12 m

NigrotoBKa gaHuX BUMIpiB (gaHi 3 naowaakm)

Y Uit pob0Ti BUKOPUCTOBYHOTLCA PE3YAbTATU BITPOBUMIpIO-
Ba/IbHOi KOMMAHii, LLLO NPOBOANAACH Y AOC/iAXKYBaHOMY pe-
rioHi npotarom 2019-2022 pokiB 3a BUMOrammn CTaHAapTIiB
Measnet [11], oTpumaHux 3 ABox meTeoworn. OTpumaHi
10-xBMAMHHI 3aMipy Ha BucoTi 100 m 6yno ycepeaHeHo 4o
NOroAUHHUX 3HAYeHb Ta BMKOPUCTAHO OKPEMMUMMU YUCNIO-
BMMU PAAAMM ONA KOXKHOI 3 meTeow,orn. MoroanHHiI AaHHI
3 meTeowornn «MaHryLw» BUKOPUCTAHO ANA Kopenauii aa-
HUX 3 NAoWaaKM 3 saHnmm ERA 5 Ta noganblioro perpecii-
HOro aHanisy. A Bumipw 3i wornmn «KomuwysaTte» BUKOPUC-

TaHO A1 OLHKM pe3ynbTaTiB cepeaHbOCTPOKOBOro Mpo-
rHO3yBaHHA.

AIK eTaNoHHI AaHi 6yno BMKOPWUCTAHO AaHi N'ATOro Moko-
NiHHA €BPONENCbKOro LEHTPY CepenHbOCTPOKOBUX MpPO-
rHosis norogn — ECMWF-peaHanisy rnobanbHoro knimaty
Ta noroan — ERA 5 [15] AnA BU3Ha4eHOI NoKau,i.

[ns oTpumaHux pagis 6ynun pospaxoBaHi BignosigHocTi Ya-
coBux paais Ta Byna BMKOHaHA nepesipKa Kopenauii mix
OaHWUMUM peaHanisy Ta BUMIpIOBaHb, pe3ynbTaTh AKOI HaBe-
AeHo B Tabn. 2.

Ta6nuua 2. KoediuieHTn Kopenauii aaHnx ERA 5 3 pakTMuHUMM BUMipIOBAaHHAMM Ha BUcoTi 100 m

Ne . - . KoediuieHT Kopenauii
n/n Mapu TOYOK BUMipIOBaHHA KoediuieHT MipcoHa CnipmaHa

1 ERA 5T, Touka 1 — MeTteoworna « MaHryw» 0,87278768 0,866967697

2 ERA 5T, Touka 2 —MeTteoworna «MaHryw» 0,8767909 0,870051131

NiHiiHa perpecia € oA4HUM 3 NOWMPEHNX METOLIB KOPUTY-
BaHHA AOBroCTPOKOBUX AaHUX. 1A BpaxyBaHHA IOKaNbHUX
ocobnmBocTen 6yno BMKOHAHO perpecinHnin aHanis ans
[L,BOX NOrOAMHHUX PAAIB WBWAKOCTI BITPY 32 AaHumm ERA 5
Ta BUMIiptoBaHb meTeowornm « MaHryw»; ana paais ERA 5
6yn10 po3paxoBaHO KoedilieHTN 32 GOPMYI00 MHOMKUHHOT
NiHinHOI perpecii (Multiple Linear Regression) gnsa mogeni 3
ABOMa npeguKkTopamu [18]:

Y = Bo + BoX1 + B2X3,
ne
J — MPOrHO3HE 3HaYeHHS;

B0 — BiNbHWUI uneH;

81, 82 — KoedilLiEHTU HaxMAy NPKU O3HaKAX;
X1, X2 — 3Ha4YeHHs perpecopis (4aHi peaHanisy)

Ak 6yN0 3a3HaYeHO BULLLE, NNiHiliHA perpecia Yepes cBoto Npo-
CTOTY € OAHUM 3 HAWMOLIMPEHILLIMX METOZAiB YTOYHEHHA LOB-
FOCTPOKOBUWX AAHUX, MPOTE i HAUMEHL TOYHUM. [/1A OLLIHKK
TOYHOCTI KopensaLii 6ynn po3paxoBaHi KoedilieHTM Ta Binb-
HWI uneH perpecii metogamu LinearRegression (OLS) Ta cTiit-
Kiwi go BuKMaie pobacTHi metogm HuberRegressor,
TheilSenRegressor 6i6niotekn sklearn.linear_model mosu
nporpamysaHHA Python, pe3ynbTaTi po3paxyHKiB HaBegeHO
B Tab. 3. TaKoXK, 1A NepeBipKK BipHOCTI po3paxyHKiB, 6yno
BMKOHAHO nepeBipoYHi obumcneHHs B MATLAB, 3a skumu
OTPUMaHIi pe3ynbTati 36iratoTbcs 3 oTpuMaHumm 8 Phyton.
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Ta6nuua 3. OTpumaHi KoedilieHTM MHOXMHHOI NiHIHOI perpecii anA pisHUX meTopgis

Mertogp, 6o 6: 6:
oLs 1,222217217 0,100022609 0,786130727
Huber 1,17773909 0,132754806 0,758885996
TheilSen 1,117664267 0,640234739 0,270355927

Pe3ynbTaTom 3acTocyBaHHA GOPMYIN MHOMKUHHOI NiHiAHOT
perpecii € CUHTETUYHUI PASA, WO MICTUTb 06MABI TOYKM 3 Aa-
HUMM peaHanisy 3 ypaxyBaHHAM GaKTUYHUX 3aMipiB Ha me-
Teoworni. OTpumaHun pag Habnuxkae aaHi ERA 5 go ymos
KOHKPETHOro perioHy 3 Moro yHikasnbHoto oporpadieto Ta
po30t0 BIiTPIB. K BXe 3a3HayanoChb BULLE, HAbOPU AaHUX
MatoTb 6yTM HOpMmanisoBaHMMmM 6e3 BUKMAIB Ta 6e3 po3pu-
BiB, a npodinb pedpepeHTHUX aaHnx ERA 5 mae byTn fAKo-
mora 61mxKunMm 4o 3amipis.

[Ons BM3HAYEHHA TOYHOCTI Kopenauii BignosigHo no [12]
BUKOPUCTOBYIOTbCA YNCENbHI METPUKN:

KoediujieHT aeTepminauii R? (meTog r2_score 6i6aiotekn
sklearn.metrics) — npeacrasnne 4acTky aucnepcii, aAka byna
NnoACHeHa He3aneXXHUMM 3MIHHUMW B MOAENI, LLLO NMOKA3YE,
HaCKiNbKM J06pe mogenb nepeabayaTMme HOBI, HEBIAOMI
3pasku;

RMSE — KopeHeBa cepegHbOoKBagpaTUYHa noxnbka (KCKM),
meTog mean_squared_error 6ibniotekun sklearn.metrics, —
NOKAa3ye CepeaHIo Pi3HULIO MiXK NPOrHO3HUMM Ta GaKTUY-
HUMW JaHUMU;

MAE - cepeagHs abcontotHa noxmbka (CAM), metopm
mean_absolute_error 6i6niotekn sklearn.metrics — gna
OLiHKM CepeHbOro POo3mipy NOXMOKM B MPOrHO3i;

CepepHe cniBBiAHOWEHHA NOKa3ye, HaCKiNbKM 36iratoTbcs
cepeHi WBMAKOCTI BITPY B €Ta/IOHHI BMGOPLi 3 NPOrHos-
HOlO.

TakMm YMHOM, nepes NoAayeto AaHUX Ha BXid HEMPOHHOI
MepeXKi byayTb Bigomi nonepeaHi o4iKyBaHHA LWLOAO TOYHO-
CTi NobyA0BaHOro NPOrHo3y.

[0/I0BHUI IHCTPYMEHT NPOrHo3yBaHHA B il poboTi — Hen-
poHHa mepeka Prophet, aKka € 6ibnioTeKko Aas NPorHosy-
BaHHA 4acoBWx pAaais, po3pobneHol KopropaLieo
Facebook i 6a3yeTbca Ha aAUTMBHIK Mogeni, Ae HeniHilHi
TPEHAM AEMOHCTPYIOTb PiYHi, TMXKHEBI, AEHHI Ta CBATKOBI
edpeKTU. BoHa npautoe AKHaMKpalle 3 YacCOBUMU pAtamMu,
AKi MaloTb BUPAXKeHi Ce30HHI epeKTH i geKinbKa pokis crno-
cTeperkeHb. Prophet cTilikunit 40 BiACYTHIX AaHWUX Ta 3MiH Te-
HAEHL,M i 3a3BMYall rapHO onpaLboBye BUKMAW. Kpim Toro,
BapTO BiA3HAYUTM, WO AKICTb MPOTrHO3y 3HAYHO 3POCTAE Y
pasi nogauyi Ha BXig, meperKi ONOPHUX TOYOK, OTPMMAHUX MO
baKTMUYHKNX 3aMipax (Yepe3 0cobAMBICTb BUXIAHUX AaHUX Y
Ui poboTi TaKa MOXKIUBICTb HE BUKOPUCTOBYBaach, NpoTe
ONf NPOrHo3yBaHHA poboTK Ha Aajtovii BEC BbavaeTbea sK
BKpalt nepcnekTtueHa). Mig yac nobygosn mogeni Ta npo-
rHo3y Prophet gae MOXNUBICTb 40AaTU TaK 3BaHi Npeauk-
Topu. AIK 3a3HauvaeTbcA aBTopamu Prophet, npeguKkropm

MatoTb 6YTM BUIHAYEHUMMU AK 1A HAABHWX, TaK i NPOrHo3-
HUX gaHux. Le mae 6yt gelwo, Wwo Bigomo Hanepes, Ha-
NPWKNaA CBATA YX MNOroAHI NporHo3u. Ak npeankTopu 6yau
BUKOPMCTaHi peTpocneKTuBHi gaHi ERA 53 aBOX noKalili 3a
2009-2025 poku, 06’egHaHHI B OANH CUHTETUYHWI pAa, Ni-
CNA perpeciiHoro aHanisy. BMKOPWUCTaAHHS nNpeaunkTopis
Aano 3mory HagaTv NPOrHo3y no4vacosoi BapiabenbHOCTI,
BOZHOYAC 3i 30epeKeHHAM YCiX TPeHAiB LWoAo cepeaHix
3Ha4eHb BiAMNOBIAHO A0 CE30HHMX PaKTOpIB.

Ha Buxogi HeMpPOHHOI MepeKi OTPMMAHO MPOTrHO3HWIA MNo-
roA4MHHUN YNCNOBUIN PAL 3HaUYEHb WBWAKOCTI BITPY ANA ce-
pesHbOCTPOKOBOro nepiogy Ha 2020-2021 poku Ta JoBro-
cTpokoBoro— Ha 2021-2035 poku. [Ona OTpUMaAHMX
HabopiB AaHWx 6ynu po3paxoBaHi 3HAYEHHA cepeaHbol
WBMAKOCTI BITPY Ta MapameTpu PO3MOAiNYy WMMOBIPHOCTI
Beibynna A Ta k. OTpuMaHi pe3ynbTaTh NOPIBHAHO 3 dakK-
TUYHUMU L@HUMKU BUMIipiB meTeowtornm « KomuwysaTe» Ta
BM3HauYeHi BigXW/JEeHHA, nNpoaHanizoBaHO daKTopu, wWo
BMN/IMBAKOTb HA BIAMIHHICTb pe3ynbTaTis.

Bu3HayeHHA OCHOBHWX MapameTpiB NOTeHLiany BiTPOBOro
NMOTOKY € BaXK/IMBMM, a/1e HEA0CTAaTHIM €Tanom OL,iHKM nep-
CMEeKTUBHOCTI NaowWwaaKkn ana postawysaHHA BEC. Tomy 3
ornAagy Ha HEBM3HAYEHICTb WOA0 TMNY, NOTYXKHOCTI Ta Aia-
MeTpa poTopa BiTPOBOI TypbiHN BYN0 NPUINHATO pillEeHHS
BMKOHATW OLLiHKY eHepreTM4yHoro noteHuiany AinAHKKU Ye-
pe3 NUTOMY LLJIbHICTb MOTYXKHOCTi BITPOBOrO NOTOKY 3a BU-
pasom [19].

WPD = pA3T(1+2),

ae

p — MMTOMa ryCTMHa NOBITPA NpUitHATa 3a 1,225 Kr/m?> 3a
HOPMaNbHUX aTMOCHEPHUX YMOB;

A — napameTp maclwTaby posnoginy Beiitbynna;

k —napameTp dopmu posnoginy Beinbynna;

I — ramma-¢pyHKuia Einnepa.

OTpuMaHi pesynbTaTM MOPIBHIOOTHCA 3 PO3PAaXOBaHUMMU
O4YiKyBaHMMM 3HAYEHHAMM B NporpamHoMy 3abesneyeHHi
WindPRO ansa 20 pokis.

OTpuMaHi pesynbtatu

[aHi, aki 6ynn oTpuMaHi NpoTArom BiTPOBMMIpHOBaIbHOT
KOMNaHii Ha meTeoworni «Komuwysate» 3a Ci4eHb—Tpy-
AeHb 2021 poky, BUOpaHO eTasioHOM AnA NepeBipKu pe-
3y/bTaTiB perpeciiHoOro aHanisy Ta cepeaHbOCTPOKOBOrO
nporHo3sy, wo 6ys 3pobaeHnit Prophet. Y Tabn. 4 HaBeaeHo
pPO3paxoBaHi METPUKN NOrOAUHHUX PALIB LUBUAKOCTI BITPY,
CMHTE30BaHMUX A/19 KOXKHOIO 3 BUBPaHNX METOAIB NiHINHOT
perpecii Ta nporHo3y Prophet.
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Tabnunua 4. MeTpUKM ANA CUHTETUUYHUX PALIB Ta CepeaHbOCTPOKOBOro NporHo3y Prophet y nopiBHAHHI i3 3amipamu Ha

worni «kKomuwysare»

Mertoga R? RMSE MAE cepe"':f;“"'j:“i“”“
oLS 0,76 1,5269 1,1953 1,0334
Huber 0,7602 1,5362 1,1934 1,0333
Theil Sen 0,7588 1,5407 1,1942 1,0350
Prophet 2020-2021 -0,7621 4,038 3,2356 1,0809
wind_forecast_2020-2030 -0,9619 4,2609 3,4513 1,1216

OTpuMaHi pe3ynbTaTu CBifYaTb, LLO MOAENb LLIIKOM NpaLe-
3/aTHa, ane i bpaKye ToUuHOCTI. 3a3BMYait Aobpe nigibpaHi
Habopu gaHMX nepeBaXHO MatoTb KoedilieHT geTepmiHa-
uii R? — AKMi1 Nokasye piBeHb KOpPeaALi Mi>k MPOrHO3HUMM
(cMHTETUYHMMU) Ta PaKTMUHMMKU AaHumu [12], —noHag,
0,8-0,9. A npu KoediuieHTi 0,76 MM MAaEMO cepeHili piBeHb
Kopensauii ana oTpumaHux pagis. CepegHbOKBaAPATUYHA
noxnbka RMSE mae A0CTaTHbO Be/IKe 3HAYEHHS, L0 MOXKe
BKa3yBaTW Ha NeBHi BUKMAM B faHux [12], AK i BenumKa abco-
NoTHa noxmbka MAE, W0 BKa3ye Ha BiAXUNEHHA CUHTETUY-

HUX OAHWUX Big, PaKTUYHMX 3HAyYeHb. A 3HayeHHA Cepea-
HbOTO cniBBigHOWEHHSA, 6113bKi A0 1,0, NOKa3ytoTb, LLO ce-
peaHa eTanoHHa WBUAKICTb BiTpy 3a 2021 pik 61mn3bKa Ao
NPOrHO3HMX 3HAYEHb.

OKpemo byna BMKOHAHa arperawis norogMHHUX WBUAKOC-
Tel BiTPy ANA oTpMmaHoro metogom OLS CMHTEeTMYHOro
pAfy Ta NporHosHoro pagy Prophet, Ha go6oBomy Ta TUXK-
HEBOMY 4YacoBMX iHTepBanax. OTpUMaHi MeTPUKKN BIiAHOCHO
€TaNIOHHOro pAAy BMMIpiB 3 meTeollornm «Komuiwysate»
HaBegeHo B Tab. 5.

Tabnuua 5. MeTpuKK, OTPMMAHHI 3a arperoBaHMMM 4aHUMM 33 A060BMMM Ta TUPKHEBUMM iHTEpPBalaMM LUBUMAKOCTI BITPY

Meron J RMSE MAE crissigmauensa
NoroauHHi pagu gaHux

MeTtog OLS 0,744802 1,536731 1,192204 1,027137

MporHos Prophet -0,76207 4,038046 3,235561 1,080891
[aHi, arperoBaHi 3a ;060BUMM iHTepBanamm

MeTtog OLS 0,898523 0,730919 0,58615 1,027745

MporHos Prophet -0,98665 3,234042 2,564595 1,079914
[aHi, arperoBaHi 3a TMXKHEBMMMU iHTepBaNammn

MeTog OLS 0,913951 0,391592 0,309646 1,029046

MporHos Prophet -1,36125 2,051308 1,636997 1,080462

Niacymosytoum, BignosigHo o [15] HelipoHHa mepeka no-
Ka3ye AOCTAaTHbO TOYHI KOPOTKOYACHI MPOrHO3M (3 rOpU30H-
TOM Yy AleKiNbKa roauH) nopisHAHO i3 SARIMA, ane Bxe npu
NporHo3yBaHHi 406u Haneped abo TUKAEHb Hanepes Bia-
XWUNEeHHA cTaHoBUTbL 42 Ta 44 %, BignosigHo [16, c. 27].
OTKe, HeObXiAHO BiAMITUTK, LLO YMM AOBLIMM € Yac Npo-
rHO3Yy, TMM BiNblUa HAKOMNYYETLCA NOXMOKA, AKA CMOTBOPIOE
pe3y/abTaTM NPOrHO3yBaHHA Ta, AK HACNIAOK, diHAaNbHUI
po3nogin. [1o TOro K HaBiTb arperawia 4na 3rnagKyBaHHA

YMCIOBUX PAAIB He A03BONAE HEMPOHHI Mepexki «Bfo-
BUTU» CE30HHY Ta J,060BY 3MiHY WBWUAKOCTEN BITPY.

3BepTae Ha cebe yBary Toi, dakT, Wo meTpuka CepeaHe
CNiBBiAHOLWEHHA, WO OMNWCYE BiAHOLWEHHA MPOrHO3HOro
3HAYEHHA [0 eTa/IOHHOI0 3HAaYEHHA, @ TAKOX eKCTPEMAbHi
Ta cepefHi 3HaYeHHs, LiIKOM BiANoBiAaloTb AiCHOCTI, a Bi-
OXUNEHHSA MPOrHO3HUX AaHMX HEMPOHHOI MepesKi Bif, BUMi-
piB cTaHOBUTb 61M3bKo 0,54 m/c, abo 6amn3bko 7 %.

Tabnuua 6. 3icTaBNeHHA eKCTPeManbHUX Ta cepeaHiX 3HaueHb LWBUAKOCTI BITPY ANA OTPMMAHUX NPOrHO3iB Ta AAHUX

BMMIPIOBaHHA WBUAKOCTI BiTPY

MeTop MIN, m/c CepepgHe 3a nepiog, m/c MAX, m/c
MoroauHHI pagu paHnx

LWorna «Komuwysate» 0,430095 6,726601 18,96468

MeTtog OLS 1,327605 6,909138 16,44631

MporHos Prophet 1,149804 7,270723 16,95865
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Mertop, MIN, m/c ‘ CepepHe 3a nepiog, m/c MAX, m/c
[aHi, arperoBaHi 3a go6oBumu iHTepBanammu
LWorna «Komuwiysate» 2,249139 6,718009 13,76989
Metog OLS 2,850237 6,904399 13,46845
MporHos Prophet 2,009516 7,254872 16,12467
[aHi, arperosaHi 3a TU’}KHEBMMMU iHTepBanamu
LWorna «Komuwiysate» 4,537066 6,720017 12,02513
MeTog OLS 4,617804 6,915208 12,1621
MporHos Prophet 4,449635 7,26072 12,0272

CuTyauito, Wo cKnanaca 3 NPorH03om, BiAnosiaHO 40 pe3y/ib-
TaTiB NOKa3aHUX B TabAMUAX 5 Ta 6, LiJIKOM MOMKHA NOACHUTM
HECUHXPOHHICTIO 3MiHW LUIBMAKOCTI BIiTPY 3a YMOBM BignNoOBIA-
HOCTI XapaKTepPHMX ANA A0CNIAXKYBAHOI TePUTOPIT MOKA3HMKIB
WBMAKOCTI BITPY Ha 3afaHii BucoTi. [na niaTBeparKeHHs
LbOro npunyLLeHHA 6yno po3paxoBaHo KoedilieHTH Kopens-
uji NMipcoHa Ta CnipmeHa, Lo ctaHoBAATbL Anwe 0,04-0,11 (i He
3a/1eXaTb Bif arperauii) Ha BiAMIHY Bifi, CUHTETUYHOrO pAAY,
KoediuieHTn ana akoro 3pocTatoTb Big 0,86 Ao 0,97 3aneXHO

Big, piBHA arperauii. Jani, 3HayHe — 3 nornA4y NoAanbLLNX Po-
3paxyHKiB EHepreTMYHOro MoTeHLjany AiNAHKKW, HANpUKNag,
piuHOro BUPOBITKY eHeprii — BiAXWUNEHHS cepeaHiX 3HauYeHb Lii-
JIKOM MOACHIOETBCA AAHMMM, Ha AKUX MEPEXKY HaBYaM (cepe-
[OHA WBMAKICTb BiTpY a5 2019-2020 pokis TpOXM BULLLE cepe-
[OHiX 3HayeHb [A0BrOCTPOKOBUX CMOCTEPENKEHb i CTAHOBUTL
7,37 m/c, wo suwe Ha 0,49 m/c Big NPUAHATOrO eTanoHa), Ta
BiZICYTHICTIO KOperyBaHHA MPOrHO3y 4Yepe3 OMOpHi Npeauk-
TOPUW HA MPOrHO3HOMY MPOMIXKKY.

Ta6nuua 7. NopiBHAHHA NapameTpiB po3noainy Beilbynna pna cepeaHbOCTPOKOBOro NPOrHo3y WBUAKOCTI BITpY

Cepepnn | [lapameTpu posnoainy | craugaprue

TouKa BuMipy Nepioa WBMAKICTL Beiibynna BiAXWUNEHHS,
BiTPY, m/c A k m/c
MeTeomauta «Komunwysate» | CiveHb 2021 —rpygeHb 2021 7,28 8,28 2,28 3,10
Pesynbtatit nporHosy Prophet | CiyeHb 2021 — rpyaeHb2021 7,52 8,44 2,84 3,17

HYacToTHWIA po3noain WwenakocTen BiTpy — 2021 pik
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Ha piarpamax Ha puc. 3 Ta no gaHux B Tabaunuax 7 Ta 8 MoxKHa
nobauntn, Wwo oakTMyHo (rictorpama «BumipaHuii») Ginb-
LWiCTb Yacy BiTpoBi TypbiHM NpaLLlOBaTUMYTb Y Aiana3oHi WBK-
[OKOCTeN BITPY Bif 3 40 6 M/C — 3 MOTYXHICTIO 3HAYHO MEHLLOO
Bif, HOMiHanbHOI AnA 6araTbox TUNIB NpomucnoBux BEY

MeraBaTHOro Knacy. BogHouac Prophet nporHosye 6inbLue ro-
AWH 3i WBenakicTio BiTpy 7,5-11 m/c, TOBTO 3 NOTYXKHicTIO, 6aK-
3bKOK A0 HOMiHaNbHOI abo HOMiIHaNbHOI NOTY*KHOCTI BEY.
BianoBigHO, NPOrHO3 i3 TAaKMM PO3MOAIJIOM 3aBULLYE OCTAaTOY-
HWIA piBeHb BUPOBHMLTBA €NeKTPUYHOI eHeprii BEY.

Ta6auua 8. MopisHAHHA NapameTpiB po3noainy Beitbynna Ta cepegHbOT LUBMAKOCTI BITPY ANA A0BrOCTPOKOBOrO NPOrHO3Y

CepepgHsa NapameTpu posnoginy Beitbynna
Touka Bumipy MNepiog WBUAKICTb
BiTPY, m/c A k
Aani WindPRO . _
Wlorna «MaHryw» CiyeHb 2019 — rpygeHb 2035 7,37 8,3 2,34
Aani WindPRO . _
Llorna «KomuLiysate» CiueHb 2021 — rpyaeHb 2035 6,85 7,7 2,29
OuiHKa No HopmanisoBaHMX .
naHux ERA-5 CiveHb 2020-TpyaeHb 2035 7,41 7,71 3,17
Pe3ynbtaTtn
[OBroCTPOKOBOro NPOrHo3y CiyeHb 2020-TpyaeHb 2035 739 8,28 2,77
Prophet ¢

OKpeMnm Bax/IMBUM MapameTpomM ANA nonepeaHboi oui-
HKW eHepreTMyHoro noteHuiany BEC €, Ak 3a3Havanocb
BMLLE, MMTOMA LLZIbHICTb NOTY>KHOCTI BITPOBOrO NMOTOKY. Y

Tabn. 9 ysaranbHEHO QAaHi WOAO MNPOrHosiB cepeaHbOl
LWiNbHOCTI NOTYXHOCTi BiTPOBOro NOTOKY Ha nepiog 16 po-
KiB 32020 no 2035 pik.

Ta6aunua 9. Y3aranbHeHi AaHi Wo40 NPOrHO3HOI LWiIbHOCTI BITPOBOro NoToky, Br/m?

MporHo3sHa WinbHicTb

Touka sumipy Mepioa BITPOBOro NOTOKY, BT/m?
[JaHi WindPRO. Worna «MaHryw» CiyeHb 2019 — rpyaeHb 2035 404
JaHi WindPRO. LWorna «Komuwysate» CiyeHb 2021 — rpyaeHb 2035 328
OujiHKa no HopmanizoBaHMx AaHnx ERA-5 CiueHb 2020 — rpyaeHb 2035 286
Pe3ynbTaTy A0OBrocTPOKOBOro NporHosy Prophet CiyeHb 2020 — rpyaeHb 2035 377

OTpuMaHi pe3ynbTaTn MOKasyloTb, WO AAA nonepegHbol
OLiHKM BUKOPUCTaHHA HeMpPOHHOI mepeki Prophet He € ao-
LiNbHMM Yepes BeNMKi NOXMOKM Ta HEBU3HAYEHOCTI, AKi 3a-
BULLYIOTb MOKA3HWUKW WBMAKOCTI BITPY 1 nuTomy LLIMBIM i, Ak
HaCNi4OK, 4al0Tb 3aHAATO ONTUMICTUYHI OUiIHKKU. Lle nes-
HOIO MipOtO CynepeynTb pesysbTaTam, OTpMmaHum B [5],
asie MPUYNHA MOXKe NONAMATU B aHUX, O BUKOPUCTOBYBa-
NINCb ANA HaBYaHHA mepexi— binblWw rnagki cnoctepe-
YeHHA 3a 16 pokis y poboTi [5] Ta dakTUuHi 11 6inbl Hepis-
HOMIpHi. TakoX y Ui poboTi He aocniaKyBaBcs BNAUB
iHLUMX MEeTeopPONOriYHUX NMOKA3HUKIB, AK-OT TemnepaTypa,
BOJIOTiCTb, aTMOCHEPHMIN TUCK Ta HANPAMOK BiTpY.

MpoTe HeobXxigHO 3a3HAYNTU, WO B ropu3oHTi 1-2 pokis
(HanpuKknag, ANA NNaHyBaHHA onepaLinHOI AiANbHOCTI BXKe
icHytouoi BEC) nporHosyBaHHs 3a gonomorot Prophet
Mmoxke 6yTn nepcnekTmBHMM, 0cob1MBO 32 YMOBM BifCyTHO-
CTi HeobXxigHOCTI B TOYHINM BignoBiAHOCTI po3noainy noro-
OVHHUX «BUMIpiB» i 3@ NOCTIMHOro KoperyBaHHA Mepexi
yepes ONOpPHi TOUKK.

BucHoBKM

Ha ocHOBi fgocniaKeHb BU3HAYeHO, WO HeMpoHa Mepexka
Prophet mosxe BukopucToByBaTUCH ANA NONepeaHbOi ouj-
HKM BiTPOBOTrO NOTEHLaNy ivwe ANA BUSHAYEHHA CepeaHix
NOKa3HWKIB LWBUAKOCTI BiTPY Ta 3ara/ibHOi OLLiHKM LWiNbHOCTI
NOTYKHOCTI BITPOBOro NOTOKY. TaK, BiaXxnaeHHA cepeaHboi
WBMAKOCTI BITPY 32 nepiog 1 pik ctaHoBUTbL nnwe 0,27 %
NnopiBHAHO 3 pe3yabTatamu WindPRO, BogHo4Yac MoOKHa
CnocTepiratM 3HayHi BiAXWAEHHA MapameTpiB po3noainy
MmoBipHocTel Beinbynna. MPorHo3HMI napameTp macul-
Taby A binble Ha 1,9 % 33 PpaKTUYHI 3amipu, a napameTp
dopmMU K (AKMIA Mae BNIMB Ha pO3paxyHKN BUPOBITKY) — Ha
19,72 %. CxoxKa cuTyauia i Ans AOBroCTPOKOBOro aHanisy:
[0 7 % ananapameTtpa macwraby ta 15,52-17,33 % gns na-
pameTpa popmun. OCKiNbKKN A1a PO3PaXyHKY MUTOMOT LWisb-
HOCTi BiTPOBOro MOTOKY BMKOPMCTOBYBA/ZIMCb MapameTpu
po3nogainy Beitbynna, oTpumaHi pesynbTaTi TaKOXK MatloTb
3HaYHi BiAXWNEHHA Bif, eTaIOHHUX 3HAYEeHb.

MepeBaramm BMKOPUCTAHHA HEMPOHHOI Mepexi € 3MeH-
WweHHA obcary pobiT 3 NigroToBKM YMCNOBUX pPAAIB Ta 3ara-
JIbHe 3MeHLUEHHA BUTPAYeHOro Yacy Ha BUKOHAHHA OLLiHKM,
MOPIBHAHO 3 PO3MAHYTUMWU METOAaMMU PErpeciitHoro aHa-
nisy.
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Pe3ynbtaTti Uiei pob0TH NiATBEPAXKYIOTH, LLO B PO3rAsAayBa-
HOMY perioHi — lpnasoBcbKka HU30BMHA — AaHi peaHanisy
MOXYTb 6YTV BUKOPUCTaHI ANA nonepesHbOi OLiHKM BiTPO-
BOrO Ta EHEepPreTMYHOro NoTeHLiany TepuTopii ANA Po3mi-
weHHA BEC 3a ymoBu Hopmanisauii 4OBroCTPOKOBMX CNOC-
TepexeHb (30Kkpema y3aranbHeHux, Hanpuknag ERA 5 abo
iHWMX) Ta BPaxyBaHHA AEAKOro 3aBULLEHHS NOKA3HUKIB Bi-

TPY.
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Abstract. The aim of this article is to assess the feasibility of =~ “? Institute of renewable energy, NAS of

using the Prophet neural network together with selected Py- ~ Ukraine, Kyiv, Ukraine

thon libraries for the correlation analysis and mid-term forecasting of wind potential in the Azov region, as well as
to compare the obtained results with several linear regression methods. In this study, wind-speed measurements
from meteorological masts were correlated with ERA5 reanalysis data at an altitude of 100 m, and the corre-
sponding slope coefficients and intercepts were determined. Synthetic time series were generated from the rea-
nalysis data for the 2009-2019 period and used as regressors in training the neural network. Based on these series,
the neural network produced hourly wind-speed forecasts for 2020-2022, from which the mean wind speeds,
Weibull distribution shape and scale parameters, and wind-power density at 100 m were calculated. The mid-term
forecasts (1-2 years ahead) were validated against measurements from a second meteorological mast located
nearby. For the long-term forecast, the results were compared with wind-potential assessments obtained using
the WindPRO software.

Keywords: renewable energy, measurement of wind flow parameters, wind energy potential, mean wind speed,
MCP approach, Prophet neural network, forecasting, and wind power density.

Designations and abbreviations used WPD — wind power density

WPP —wind power plant OLS — Ordinary Least Squares

WTG —wind turbine SARIMA — Seasonal Autoregressive Integrated Moving

MCP — measure-correlate-predict Average

Introduction start of operational activity—may reach 5-7 years. For this
reason, the preliminary assessment of the wind and energy
potential of the proposed WPP location is a critically im-
portant stage, and it is usually carried out at the very begin-
ning of the development process. Currently, several tools are
available for such an assessment, including:

The inevitability of the development of Ukraine’s energy sec-
tor toward increasing the share of renewable energy sources
in the country’s overall energy mix is defined by the Energy
Strategy of Ukraine until 2050 [1] and has been repeatedly
affirmed by the government officials, the leadership of the
Ministry of Energy of Ukraine, and the transmission system
operator. The issues related to the transition to “green” en-
ergy have been discussed at numerous forums and confer-
ences, while leading experts have repeatedly focused their
attention on various aspects of the development of each
technology within the renewable energy sector. Both approaches have their own advantages and limita-
tions. For example, publicly available sources can be used
for preliminary assessment [2, 3], but the resulting esti-
mates generally tend to significantly exceed the actual av-

e wind atlases, both interactive and traditional;

e preliminary potential assessment using specialized soft-
ware.

It would not be an overstatement to say that wind energy
holds a distinct position among other areas of renewable en-
ergy and has a considerable number of specific characteris-
tics. Wind power projects differ from others due to their ©rage wind speed values obtained from real measure-
longer and more expensive development process—from the ~Ments—by up to 0.8-0.9 m/s in some cases. This
initial stage to obtaining all necessary permits (project devel- ~ discrepancy arises because the development of wind at-
opment)—and, later, the relatively extended period of con- lases relies on downscaling (modelling wind speeds and di-
struction and commissioning. The timeline for implementing ~ rections from large spatial scales of 20-200 km down to
a wind power plant (WPP)—from identifying the site to the =~ smaller scales of 0.1-1.0 km), as well as ERA5 data for the
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years 2008-2017 [2]. Such an error distorts the assessment
of energy potential and leads to overly optimistic economic
projections of the project. The atlas presented in [4] is fo-
cused on the potential of rather large regions—such as ob-
lasts or territorial communities—whereas a wind power
plant occupies a much smaller area and therefore requires
a finer spatial scale for accurate assessment.

The most common approach to assessing wind and energy
potential in the practical activities of companies that de-
velop and implement wind power projects is to carry out a
preliminary evaluation performed by specialized firms us-
ing dedicated software (such as WindPRO, WAsP, and oth-
ers). However, obtaining a reliable assessment requires se-
lecting one or several wind turbine models and conducting
micrositing of the proposed locations. At the initial screen-
ing stage, such preparatory procedures may require consid-
erable time and financial resources, which may be imprac-
tical, particularly for small-scale projects. In addition, the
overwhelming majority of these software tools and service
providers are foreign, which makes the Ukrainian wind en-
ergy sector dependent on external conditions.

Therefore, to address the outlined challenge of determin-
ing the energy potential, it is proposed to examine the ef-
fectiveness of wind-speed forecasting and to calculate the
wind-power density for a site in the Azov Sea region over
periods of 1-2 years and 16 years. The study will be con-
ducted using ERA5 reanalysis data, real measurements
(from a met mast or meteorological station), the Prophet
neural network, and publicly available libraries of the high-
level programming language Python, such as NumPy, Pan-
das, SciPy, and others, along with the application of the
MCP (Measure—Correlate—Predict) method.

It is worth noting that the use of Prophet has been de-
scribed in several studies on short-term [5] and long-term
[6] forecasting, demonstrating lower errors compared to
more traditional models such as SARIMA. Ukrainian re-
searchers also apply the Prophet network for forecasting in
the field of renewable energy, although their primary focus
has been on solar energy, whereas its application to wind-
energy analysis has not yet been explored.

Purpose and Objectives

The purpose of this study is to determine the feasibility and
effectiveness of using the Prophet neural network for as-
sessing wind flow over medium-term (1-2 years for this
work) and long-term (16 years) forecasting horizons, in
combination with the MCP method. Based on the resulting
synthetic forecast time series, the study aims to estimate
the parameters of the Weibull probability distribution, cal-
culate the wind power density (WPD), and compare these
results with the available actual measurements from the
meteorological mast as well as with data obtained from the
WindPRO software package.

Main Material
Description of the Study Area

The wind-energy potential of Ukraine has been known and
utilized for centuries. As early as 1917, the total installed
capacity of windmills and water pumping reached 1,400
MW [4, p. 65], a figure that is quite comparable to the cur-
rent state of wind energy in the country, where by the end
of 2024, the installed capacity of wind power plants
amounted to 1,921.4 MW (excluding WPPs located in the
temporarily occupied Autonomous Republic of Crimea) [7].
With technological advancements—particularly increases
in turbine tower height and rotor diameter—large-scale in-
dustrial wind farm projects have become attractive and
economically viable in almost all regions of Ukraine, and the
overall onshore wind-energy potential of the country is es-
timated at 407 GW [3, p. 15].

One of the most promising regions is the Azov Sea area,
which was among the first in Ukraine to host large wind
power plants, including the Vitroenerhoprom WPP (con-
structed in 1998-2013, 30.53 MW), the Novoazovsk WPP
(constructed in 2010-2012, 57.5 MW), and the Botievo
WPP (constructed in 2011-2014, 200 MW), among others.
Consequently, the strong interest in the region, its favour-
able wind potential, and the availability of long-term meas-
urement data make the Donetsk Azov area a compelling
and relevant subject for this research.

For the purposes of this study, a 10 x 40 km area shown in
Fig. 1 was selected in the southwestern part of Donetsk Ob-
last, encompassing the territories of the Mangush Settle-
ment Territorial Community, the Mariupol City Territorial
Community, and the Nikolske Settlement Territorial Com-
munity of the Mariupol District, as well as a portion of the
Osypenko Settlement Territorial Community of the Ber-
diansk District in Zaporizhzhia Oblast.

The study area is located at the boundary between the Azov
Lowland and the Azov Upland. The relief can be character-
ized as flat or gently undulating in the central and southern
parts, with elevations ranging from 70 to 100 m, and rising
to 100—300 m in the northern section, corresponding to the
Azov Upland [9, pp. 75-76]. Table 1 presents the coordi-
nates and elevations of the meteorological masts used in
the study —“actual” sites (Points 1 and 2), where wind-flow
parameters were directly measured, and “virtual” sites
(Points 4 and 5), based on ERAS reanalysis data. Addition-
ally, the location of the “Mariupol” meteorological station
(Point 3) is also shown.

According to the meteorological observations recorded at
the “Mariupol” meteorological station for the period from
01.02.2005 to 31.07.2025, the mean annual air tempera-
ture in the study region is 11.09 °C, with seasonal minima
occurring in December—February and maxima in July—Au-
gust. The average wind speed at a height of 10-12 m is 4.6
m/s, with monthly averages peaking in February—March
(5.22-5.11 m/s) and reaching a minimum in July (3.9 m/s).
The study area is characterized by a prevailing wind direc-
tion from the southeast, as illustrated in Fig. 2.
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Fig. 1. Map of the study area: 1 — “Mangush” meteorological mast; 2 — “Komyshuvate” meteorological mast;
3 — “Mariupol” meteorological station; 4 — ERA5T Point 1; 5 — ERA5T Point 2

Table 1. Coordinates and Elevations of the Wind-Flow Measurement Points

N Name Data type Latitude Longitude Elevation,
o m
1 “Mangush” meteorological mast measurements 47.0742 37.3043 76
2 “Komyshuvate” meteorological mast measurements 47.074828 37.177834 69
3 “Mariupol” meteorological station measurements 47.0425 37.4844 62
4 ERAST Point 1 reanalysis 47.04 37.1 77
5 ERAST Point 2 reanalysis 47.04 37.35 49
Wind rose with wind speed frequency
0
Wind speed
I 0-1 m/s
Bl 1-2m/s
I 2-3m/s
Bl 3-4m/s
[ 4-5mfs
=3 5-10 m/s
3 10-15m/s
3 15-20 m/s

180°

Fig. 2. Wind rose for the study region for the period from 01.02.2005 to 01.08.2025 at a height of 10-12 m
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The obtained data correlate well with the prevailing wind-
direction patterns reported in [3, 4] and [10, p. 18]. When
comparing the results of the meteorological analysis from
the station with reanalysis data and with the actual energy
production of existing wind farms in other parts of the re-
gion, it can be concluded that the wind conditions in the
area under consideration are representative of the broader
Azov Sea region.

Description of the Input Data

Preparing the input data is a critical stage for achieving ac-
curate forecasting, and in the case of neural networks—
particularly Prophet—the dataset must be free of missing
values, while all numerical series must be synchronized and
have identical dimensionality. In this study, hourly data [9]
were used, and the following assumptions and simplifica-
tions were applied during data preparation:

|Il

e Forecasting periods: for the “virtual” meteorological
masts, datasets were prepared and uploaded for the pe-
riod from 01.01.2009 to 31.07.2025; measurements from
the “actual” meteorological masts were collected from
October 2019 to February 2022. Therefore, the overlap-
ping period spans two full years—2020 and 2021.

e Wind direction was not considered in the calculations.

e Only two reanalysis points were used to reduce compu-
tational load.

e The study period was limited to the years up to 2035,
corresponding to a 15-year horizon from the neural net-
work training period.

e Two forecasting horizons were selected:

o medium-term: 1-2 years (relevant for operational
planning of existing wind farms),

o long-term: 17-20 years (for evaluating wind and en-
ergy potential at the project development stage of
wind power plants).

Preparation of Measurement Data (On-site Data)

This study uses the results of a wind-measurement campaign
conducted in the study region during 2019—-2022 in accord-
ance with Measnet standards [11], based on data obtained
from two meteorological masts. The 10-minute measure-
ments recorded at a height of 100 m were averaged to hourly
values and used as separate numerical series for each mast.
The hourly data from the “Mangush” mast were used to cor-
relate the on-site measurements with the ERA5 data and to
perform subsequent regression analysis. The measurements
from the “Komyshuvate” mast were used to evaluate the
outcomes of the medium-term forecasting.

As reference data, the study employed the fifth-generation
reanalysis dataset of the European Centre for Medium-
Range Weather Forecasts—ECMWF global climate and
weather reanalysis ERA5 [15]—for the defined locations.

For the obtained time series, temporal alignment was per-
formed, and the correlation between the reanalysis data
and the measured data was assessed. The results of this
correlation analysis are presented in Table 2.

Table 2. Correlation Coefficients Between ERA5 Data and Actual Measurements at 100 m Height

No Pair of Measurement Points Pearson Coefficient Spearman Correlation Coefficient
1 | ERAST Point 1 - “Mangush” meteorological mast 0.87278768 0.866967697
2 | ERAST Point 2 — “Mangush” meteorological mast 0.8767909 0.870051131

Linear regression is one of the commonly used methods for
adjusting long-term datasets. To account for local charac-
teristics, a regression analysis was performed using two
hourly wind-speed time series: the ERA5 dataset and the
measurements from the “Mangush” meteorological mast.
For the ERAS series, the coefficients were calculated using
the formula of multiple linear regression for a model with
two predictors [18]:

¥ = Bo + PoX1 + B2X2,
where
y — predicted value;
B0 — intercept term;

81, 82 — slope coefficients for the predictors;

X1, X2 — values of the regressors (reanalysis data).

As noted above, linear regression—due to its simplicity—is
one of the most widely used methods for refining long-term
datasets, yet it is also among the least accurate. To assess
the accuracy of the correlation, the regression coefficients
and intercept were calculated using the LinearRegression
(OLS) method, as well as more outlier-resistant robust
methods such as HuberRegressor and TheilSenRegressor
from the sklearn.linear_model library of the Python pro-
gramming language. The calculation results are presented
in Table 3. Additionally, to verify the correctness of the
computations, validation calculations were performed in
MATLAB, and the obtained results were found to be con-
sistent with those produced in Python.

Table 3. Obtained Multiple Linear Regression Coefficients for Different Methods

Method 6o 6: 6
oLs 1,222217217 0,100022609 0,786130727
Huber 1,17773909 0,132754806 0,758885996
TheilSen 1,117664267 0,640234739 0,270355927
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The application of the multiple linear regression formula re-
sults in a synthetic time series that incorporates both rea-
nalysis data points while accounting for the actual meas-
urements recorded at the meteorological mast. The
resulting series adjusts the ERAS data to better reflect the
conditions of the specific region, including its unique orog-
raphy and wind-rose characteristics. As noted earlier, the
datasets must be normalized, free of outliers and gaps,
while the profile of the ERAS reference data must be as
close as possible to the measured values.

To assess the accuracy of the correlation, numerical metrics
recommended in [12] were applied:

e Coefficient of determination (R?), calculated using the
r2_score method from the sklearn.metrics library, which
represents the proportion of variance explained by the in-
dependent variables in the model and indicates how well
the model is expected to predict new, unseen samples.

e RMSE - Root Mean Square Error, computed using the
mean_squared_error method from sklearn.metrics,
which reflects the average deviation between the pre-
dicted and actual values.

e MAE - Mean Absolute Error, calculated using the
mean_absolute_error method from sklearn.metrics, which
evaluates the average magnitude of prediction errors.

e Ratio mean, which indicates the degree of agreement
between the average wind speeds in the reference da-
taset and those in the predicted series.

Thus, prior to feeding the data into the neural network, pre-
liminary expectations regarding the accuracy of the con-
structed forecast can be established.

The principal forecasting tool used in this study is the
Prophet neural network, a time-series forecasting library de-
veloped by Facebook. Prophet is based on an additive model
in which nonlinear trends capture yearly, weekly, daily, and
holiday effects. It performs particularly well with time series
that exhibit pronounced seasonal patterns and span several
years of observations. Prophet is robust to missing data and
trend shifts and generally handles outliers effectively.

Moreover, it should be noted that forecast quality im-
proves substantially when the model is provided with an-
chor points derived from actual on-site measurements. Alt-
hough this option was not applied in the present study due
to the specific structure of the input data, it appears highly
promising for forecasting operational performance at exist-
ing wind farms.

During model construction and forecasting, Prophet enables
the inclusion of additional so-called predictors. As stated by
the authors of Prophet, predictors must be defined for both
historical and future periods and should represent variables
known in advance, such as holidays or weather forecasts. In
this study, the predictors consisted of retrospective ERA5
data from two locations for the period 2009-2025, com-
bined into a single synthetic series following the regression
analysis. The use of predictors made it possible to incorpo-
rate hourly variability into the forecast while preserving all
seasonal and long-term trends in mean wind speeds.

At the output, the neural network produced an hourly fore-
cast time series of wind speed for the medium-term period
(2020-2021) and the long-term period (2021-2035). For
the resulting datasets, mean wind speed values and the pa-
rameters A and k of the Weibull probability distribution
were calculated. The obtained results were compared with
the actual measurements from the “Komyshuvate” mete-
orological mast, deviations were quantified, and the factors
influencing discrepancies were analyzed.

Determining the key parameters of the wind-flow potential is
an important but insufficient step in assessing how promising
asite is for the installation of a wind power plant (WPP). There-
fore, given the uncertainty regarding the turbine type, rated
capacity, and rotor diameter, it was decided to evaluate the
energy potential of the site using the wind power density, cal-
culated according to the expression provided in [19].

WPD =~ pA T (1+7)
where
p — air density, assumed to be 1.225 kg/m?3 under standard
atmospheric conditions;
A — scale parameter of the Weibull distribution;
k —shape parameter of the Weibull distribution;
I — Euler gamma function.
The obtained results are compared with the expected values
calculated in the WindPRO software for a 20-year period.

Results Obtained

The data collected during the wind-measurement cam-
paign at the “Komyshuvate” meteorological mast for Janu-
ary—December 2021 were selected as the reference bench-
mark for validating both the regression analysis results and
the medium-term forecast generated by Prophet. Table 4
presents the calculated metrics for the hourly wind-speed
time series synthesized using each of the selected linear re-
gression methods, as well as those obtained from the
Prophet forecast.

Table 4. Metrics for Synthetic Time Series and the Medium-Term Prophet Forecast Compared with Measurements from

the “Komyshuvate” Mast

Method R? RMSE MAE Ratio mean
oLS 0.76 1.5269 1.1953 1.0334
Huber 0.7602 1.5362 1.1934 1.0333
Theil Sen 0.7588 1.5407 1.1942 1.0350
Prophet 2020-2021 -0.7621 4.038 3.2356 1.0809
wind_forecast_2020-2030 -0.9619 4.2609 3.4513 1.1216
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The obtained results indicate that the model is fully opera-
tional, yet it lacks the desired level of accuracy. Typically,
well-selected datasets demonstrate a coefficient of deter-
mination (R?)—which reflects the strength of the correla-
tion between the predicted (synthetic) and actual data
[12]—above 0.8-0.9. With an R? value of 0.76, the synthe-
sized series exhibit only a moderate level of correlation.

The root mean square error (RMSE) is relatively high, which
may suggest the presence of outliers in the data [12], while
the large mean absolute error (MAE) also indicates

deviations of the synthetic series from the actual measure-
ments. At the same time, the Ratio Mean values close to
1.0 suggest that the average reference wind speed over the
analyzed period is similar to the predicted values.

Additionally, hourly wind-speed values from the synthetic se-
ries generated using the OLS method and from the Prophet
forecast were aggregated into daily and weekly intervals. The
metrics obtained for these aggregated datasets—relative to
the reference measurements from the “Komyshuvate” me-
teorological mast—are presented in Table 5.

Table 5. Metrics Obtained for Aggregated Daily and Weekly Wind-Speed Data

Method R? RMSE MAE Ratio Mean
Hourly time series
OLS Method 0.744802 1.536731 1.192204 1.027137
Prophet Forecast -0.76207 4.038046 3.235561 1.080891
Data aggregated by daily intervals
OLS Method 0.898523 0.730919 0.58615 1.027745
Prophet Forecast -0.98665 3.234042 2.564595 1.079914
Data aggregated by weekly intervals
OLS Method 0.913951 0.391592 0.309646 1.029046
Prophet Forecast -1.36125 2.051308 1.636997 1.080462

In summary, according to [15], the neural network demon-
strates sufficiently accurate short-term forecasts (with a
horizon of several hours) compared with SARIMA. How-
ever, when forecasting one day ahead or one week ahead,
the deviations reach 42% and 44%, respectively [16, p. 27].
Therefore, it should be noted that the longer the forecast-
ing horizon, the greater the accumulated error becomes,
which distorts the forecasting results and, consequently,
the final distribution. Furthermore, even aggregation
aimed at smoothing the numerical series does not enable
the neural network to adequately capture the seasonal and
diurnal variability of wind speeds.

It is also noteworthy that the Ratio Mean metric—describ-
ing the relationship between the predicted value and the
reference value—as well as the extreme and average

values, correspond well to reality. The deviation between
the neural network’s forecasted data and the measured
values is approximately 0.54 m/s, or about 7%.

The situation observed with the forecast, according to
the results presented in Tables 5 and 6, can be fully ex-
plained by the lack of synchrony in wind-speed fluctua-
tions, despite the fact that the characteristic wind-speed
values at the specified height correspond well to those
typical of the study area. To confirm this assumption,
Pearson and Spearman correlation coefficients were cal-
culated, yielding values of only 0.04-0.11 (and remaining
unchanged regardless of aggregation). This contrasts
sharply with the synthetic series, for which the coeffi-
cients increase from 0.86 to 0.97 depending on the level
of aggregation.

Table 6. Comparison of Extreme and Mean Wind-Speed Values for Forecasted Series and Measured Wind-Speed Data

Method Min, m/s Mean over Period, m/s Max, m/s
Hourly time series
“Komyshuvate” mast 0.430095 6.726601 18.96468
OLS Method 1.327605 6.909138 16.44631
Prophet Forecast 1.149804 7.270723 16.95865
Data aggregated by daily intervals
“Komyshuvate” mast 2.249139 6.718009 13.76989
OLS Method 2.850237 6.904399 13.46845
Prophet Forecast 2.009516 7.254872 16.12467
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Method Min, m/s ‘ Mean over Period, m/s Max, m/s
Data aggregated by weekly intervals
“Komyshuvate” mast 4.537066 6.720017 12.02513
OLS Method 4.617804 6.915208 12.1621
Prophet Forecast 4.449635 7.26072 12.0272

Furthermore, the substantial deviation in mean values—which
is significant for subsequent calculations of the site’s energy po-
tential, such as annual energy production—is fully accounted for
by the properties of the training dataset (the average wind

speed for 2019-2020 is slightly higher than the long-term aver-
age, reaching 7.37 m/s, which exceeds the reference value by
0.49 m/s), as well as by the absence of forecast adjustment us-
ing anchor predictors over the forecasting interval.

Table 7. Comparison of Weibull Distribution Parameters for the Medium-Term Wind-Speed Forecast

Mean Wind Weibull Standard
Measurement Point Period Parameters Deviation,
Speed, m/s
A k m/s
“Komyshuvate” meteorological mast | January 2021 — December 2021 7.28 8.28 2.28 3.10
Prophet Forecast Results January 2021 — December 2021 7.52 8.44 2.84 3.17
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Fig. 3. Wind-speed frequency distribution for the period from 01.01.2021 to 31.12.2021

From the charts in Fig. 3, , as well as the data in Tables 7
and 8, it can be observed that, in reality (the “Measured”
histogram), wind turbines would operate most of the time
within the wind-speed range of 3—-6 m/s—corresponding
to power output significantly below the nominal rating for
many types of industrial, megawatt-class wind turbines. In

contrast, Prophet predicts a larger number of hours with
wind speeds in the range of 7.5-11 m/s, i.e., at power lev-
els close to or at the turbine’s nominal capacity. Conse-
quently, a forecast with such a distribution overestimates
the final level of electrical energy production of the wind
turbine.
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Table 8. Comparison of Weibull Distribution Parameters and Mean Wind Speed for the Long-Term Forecast

Mean Weibull
Measurement Point Period Wind Parameters
Speed, m/s A P
WindPRO Data. “Mangush” mast January 2019 — December 2035 7.37 8.3 2.34
WindPRO Data. “Komyshuvate” mast January 2021 — December 2035 6.85 7.7 2.29
Assessment based on normalized ERA-5 data January 2020 — December 2035 7.41 7.71 3.17
Prophet long-term forecast results January 2020 — December 2035 7.39 8.28 2.77

An additional important parameter for the prelimi-
nary assessment of a wind farm’s energy potential is
the wind power density, as noted earlier. Table 9

Table 9. Summary of Forecasted Wind Power Density, W/m?

summarizes the forecasted values of the mean wind
power density for a 16-year period—from 2020 to
2035.

Measurement Point Period Fore?:;(:ngw;’r:f wer
WindPRO Data. “Mangush” mast January 2019 — December 2035 404
WindPRO Data. “Komyshuvate” mast January 2021 — December 2035 328
Assessment based on normalized ERA-5 data January 2020 — December 2035 286
Prophet long-term forecast results January 2020 — December 2035 377

The obtained results demonstrate that using the Prophet
neural network for a preliminary assessment is not advisa-
ble due to substantial errors and uncertainties, leading to
overestimation of wind-speed values and wind power den-
sity. Consequently, the resulting assessments appear overly
optimistic. This partially contradicts the findings reported
in [5], yet the discrepancy may arise from differences in the
datasets used for model training—smoother, long-term
(16-year) observations in [5] versus actual, more irregular
measurements in the present study. Furthermore, this
study did not examine the influence of additional meteoro-
logical parameters such as temperature, humidity, atmos-
pheric pressure, or wind direction.

Nevertheless, it should be emphasized that over a 1-2-year
horizon (e.g., for planning the operational activities of the
operating wind farm), forecasting with Prophet may be
promising, especially when precise reproduction of hourly
“measurement-like” distributions is not required and when
continuous adjustment of the model with anchor points is
possible.

Conclusions

Based on the conducted analysis, it has been determined
that the Prophet neural network can be used for a prelimi-
nary assessment of wind potential only for estimating aver-
age wind-speed values and for obtaining a general approx-
imation of wind power density. For example, the deviation
in mean annual wind speed is only 0.27% compared with
WindPRO results. At the same time, significant discrepan-
cies are observed in the Weibull probability distribution pa-
rameters: the forecasted scale parameter A is 1.9% higher

than measured, while the shape parameter k—which
strongly affects energy-yield calculations—differs by
19.72%. A similar situation is observed for long-term analy-
sis: deviations reach up to 7% for the scale parameter and
15.52-17.33% for the shape parameter. Since the Weibull
parameters were used to calculate wind power density, the
resulting estimates also exhibit substantial deviations from
the reference values.

The advantages of using a neural network include a re-
duced workload for preparing numerical series and a gen-
eral reduction in the time required to perform the assess-
ment compared with the regression-based methods
reviewed in this study.

The findings of this work confirm that, in the region under
consideration—the Azov Lowland—reanalysis data can be
applied for preliminary assessment of the wind and energy
potential of areas selected for wind-farm development,
provided that long-term observations (including general-
ized datasets such as ERAS or equivalent sources) are nor-
malized and that a certain degree of overestimation inher-
ent in the reanalysis data is taken into account.
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