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T Txu Maii ®bionr, Tel Txiou Anb, /Ilunb Txu Txans bunb
®AKTOPHI JET'PAJIAIIMN OKPYKAIOIIEN CPEJIbI U
3KOHOMHMNYECKOI'O POCTA BO BBETHAME: POJIb THHOBAIINI™

AHnHoTauus. Llenpio nccnenoBanus SIBASETCA 3MIMPHUECKOE M3YUYECHHE B3aUMOCBSI3M WHHOBALWH,
MOTpeOJICHUs] SHEPTOPECYPCOB, OTKPHITOCTH TOPTOBJIH, YpOaHU3AINH, SKOHOMHUUECKOTO POCTa U BHIOPOCOB
yriaekucioro rasa Bo Boername B mepuoa 1986-2020 rr. B crathe aHa OlLleHKa paHee HE HM3YUYEHHOTO
BO3JICMCTBHUSI TEXHOJIOTUYECKMX WHHOBAIIMA Ha BEIOPOCHI YIIIEKHUCIOTO ra3a Bo BwerHame. CaemaHo
HECKOJBKO BaXHBIX BBIBOJOB. Bo-nepebzx, BbIABJICHA OTPULATCIIbHAA CBA3b MEKAY TCXHOJOTHYCCKHUMU
WHHOBAllMAMHU U BBIOpOCAMH YIJIEKHUCIOro ra3a Bo BreTHame. Bo-6mopwix, NpUBEACHBI J0KA3aTEIbCTBA
TUIIOTE3bI O «3arpsA3HEHHON raBaHW», MOATBEPXKJAIOIIUE, YTO OTKPHITOCTH TOPTOBIIH MPHUBETA K YXYIIICHUIO
COCTOSIHHA OKpYXarllell cpenbl Bo BbeTHame. B-mpembux, NepecMOTpEHa TUIIOTE3a, OCHOBAHHAas Ha
sKojorndyeckoil kpueo KysHena, v 1oka3aHo, 4TO 1O MEpe S3KOHOMUYECKOIO pocTa BO BreTHame KauecTBO
OKpYy’Karolllel cpelbl HAUWHAeT yJydllaTtbes. B-uemeepmuix, NMPHU3HAHO, YTO JETPAJAllMI0 OKpPY)Karolei
Cpeabl yCHIMBaeT NOTpedsIeHHE 3HEPropecypcoB, B TO BpeMsl Kak ypOaHH3aLuI0, TOX0XKE, HE CTOUT B 3TOM
BUHUTS. [Ipu pazpaboTke MOIUTHKY 110 CHUKEHUIO JIerpaslaliii OKpyXKarolleil cpeasl Bo BbeTHame, HoMUMO
YBCIMYCHUA TOCYyAapCTBECHHBIX I/IHBGCTI/IHI/Iﬁ B HMHHOBalMY, aBTOp Hpe€ajara€t Y4YWUTbIBATbL YPOBCHL
OTKPBITOCTH TOPI'OBJIH M IOTPEOJICHNS SJHEPTOPECYPCOB B CTPaHE, a He ypOaHU3aLUIO U SKOHOMHUYECKHH POCT.

KaroueBrble ciioBa: BEIOPOCH! YIIIEKHCIOTO T'a3a, HHHOBAIIUK, TOProBasi OTKPHITOCTh, ypOaHU3aIHs,
SKOHOMMUYECKHI pOCT
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JeTpajalid OKPY)KaIOIIeH cpelbl U SKOHOMHYECKOTO pocTta BO BbheTHame: posib WHHOBammi //
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BBenenune

B nocnennue roapl BAMSHUE SKOHOMUYECKOM 1eATETbHOCTH Ha BBIOPOCHI YIIIEKHCIIOro ra3a
BBI3BIBAET PACTYILYIO 03a004eHHOCTh. Ha MexIyHapo1HOM ypOBHE 3Ta 03a00UE€HHOCTH MPOSBUIACH
B [IPOBEJCHUU IKOJIoTHUecKuX KoH(pepeHuuit B Crokronsme B 1979 r., Puo-ne-Kaneiipo B 1992 r.,
Hoxannec6ypre B 2002 r., Konenrarene B 2009 . u Jlyp6ane B gexa6pe 2011 r. Muorue crpaHs,
BKJItouasi BbeTHaM, CTanKuBalOTCs ¢ cepbE3HON MpoOIEeMOii, KOTOpasi BbI3BaHa MHOTOBEKTOPHBIMU
CBA3SIMM MEXAY SKOHOMHUYECKHUMH, COIHAIbHBIMM W 3KOJIOTMYECKUMH AaCMEeKTaMHU pPa3BUTHSL.
BretHam BmecTe ¢ Takumu opraHm3anusMu, kak Oprasmsanus OOwbeauHEHHBIX Harmuii u

* D10 uccnenoBanue ObLIO MOJUIEPKAHO IPAHTOM MUHHUCTEPCTBA 06pa3oBaHus U MOAroToBKU Kanpos CPB B
pamkax npoekta B2020 NTH-01 «BnusiHue TeXHOIOTHi 1 MHHOBAaMi Ha 3aHATOCTh HA MPEANIPUATHAX 00pabaThiBaromiei
IIPOMBIIIIEHHOCTU BreTHamay.
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BceemupHslii 3koHOMUYECKUH (OPYM, TPEANPHHSIT HEKOTOPHIE MOMBITKH YMEHBIIUTh HETaTHBHOE
BO3/ICHCTBUE HA SKOHOMUKY TTI00aTLHOTO MOTEIUICHUS U M3MEHEHUs KiinMarta. B nensx cokparienus
BBIOPOCOB MAPHUKOBBIX Ta30B B 1997 r. 6pu1 npunsaT KHOTCKMI TPOTOKOI K PaMOYHOM KOHBEHIIMH
OOH 06 u3menenuu kaumara. OH npegycMaTpuBall OrpaHUYeHHE BHIOPOCOB MapHUKOBBIX T'a30B C
2008 1o 2012 r. Ha 5,2 % 1o cpaBHeHuto ¢ ypoBHeM 1990 r. Beernam noanucan Kuorckuii npoToko,
OJIHAKO HKOJIOTHYECKHE MPOOIJIEMbI, YUUTHIBAsI €r0 SKOHOMUYECKUN POCT, BCE €lIE CYIIECTBYIOT. 3a
MocJeIHUE JBa ACCATWICTHS CTpaHa CTajlla CaMbIM OBICTPOPACTYIIMM HCTOYHHUKOM BBIOPOCOB
[IAPHUKOBBIX Ia30B HA AYIIY HACEJIEHUS B MUPE C UX €XKETOAHBIM YBEIMYEHUEM NpUMEpHO Ha 5%
[World Bank 2021].

Bo Brername, kak ¥ BO BCEM MHpE, CPEId BaXKHBIX JBIKYIIUX CHJI pocTa BbIOpoca
[IAPHUKOBBIX Ta30B JOMHUHUpPYET sHeprernueckuil cexrop. llo manHeiM HMHcTUTyTa MHPOBBIX
pecypcoB (2020), Ha CETrOAHSIIHWN JI€Hb NMPU TOTPEOJICHHUH SHEPrOpecypCcoB IPOU3BOAATCS
gyynosuiinabie 73 % stux razo [World Resources Institute 2020]. C mpyroii CTOpOHBI, B TEYCHHUE
MOCJIEAHUX HECKOJIbKUX AECATUIIETHI B COLMAIIbHO-DKOHOMUYECKOM pa3BUTUU BbeTHama 3Heprus
urpajga Ba)XHYIO pOJIb HE TOJIbKO KaK TOIUIMBO, HEOOXOIUMOE JUIsl pOCTa SKOHOMMKH, HO M Kak
OCHOBHOM MCTOYHHMK 3KCHOPTHBIX J0X0I0B cTpanbl, BBII, a Takxke n0X0Q0B rocyaapCTBEHHOIO
Oroxera. HecMOTpst Ha 3HAYMTEIHHBIN BKIIA/1 B 9)KOHOMHUKY BbheTHama, sHepreTrka ¢ €€ yCKOpEHHOMH
JKCIUTyaTalMed MPUPOJHBIX PECYPCOB CO3JAET CEPhE3HBIE PUCKU JIJIS UX JAJIbHEUILIEr0 COXpaHEHUs
U, COOTBETCTBEHHO, YCTOMYMBOIO SKOHOMHYECKOIO PAa3BUTHS M B OINPEACIEHHON CTENEHU
MPENsATCTBYET MHHOBAIMSAM M MHBECTHUIMSAM, HANPABJICHHBIM Ha CO3/1aHHE HOBBIX BO3MOXKHOCTEU
B3aMEH 3aBUCUMOCTH OT IOJIE3HBIX UCKOIAEMBbIX.

[Tomumo moTpebiieHus: IHEPropecypcoB, Ha BEIOPOCHI YIVIEKHCIOTO ra3a BIUAIOT U IpyTrue
JBUKYIIME CUJIa IKOHOMUYECKOT0 pocTa — ypOaHU3alus, OTKPbITOCT, TOPrOBIM M MHHOBauuu. B
HacTosimee BpeMsi BbeTHaMm mMepeKMBaeT OAMH U3 CaMbIX OBICTPBIX B MHUpPE ITAllOB Pa3BHTHUS
ypOaHu3aiuu. BeICTPEIi pOCT TOPOIOB CEPHEIHO MOBIHUSIT Ha KAYECTBO OKPYIKAIOIIEH Cpeibl U HaHEC
BpeJ1 3/J0pOBBIO HaceneHusl. YTo KacaeTcst OTKPBITOCTU TOProBIIM, TO €€ auldepanu3anys npuBesa K
Oosiee BBICOKOMY YpPOBHIO HMHBECTHLHH, HO NpH 3ToM Oombiuas yacte [IMW mo-npexnemy
COCpeZIOTOYeHA B c(epe NeATeIbHOCTH, CBI3aHHONH ¢ MHTECHCHBHBIM 3arpsi3HEHHEM OKpPY)KaoLIeH
CpElpbl.

B osnoxy nu@poBBIX TEXHONOIWH TEXHOJOTMYECKHE WHHOBALMU CTHUMYJIUPYIOT POCT
9HEprodpPEeKTUBHOCTH UM  TNPOU3BOAUTEIBHOCTH, IO3TOMY OHM  CYHMTAIOTCS  pEIIEHUEM
skojornueckux Tmpobiem [Balsalobre et al. 2018; Samargandi 2017]. CnenmoarensHo,
TEXHOJIOTUYECKHE WHHOBALIMM, HECOMHEHHO, UIPAlOT BaXKHYIO pOJIb B COKpAIlEHHWU BBIOPOCOB
yraekucioro raza. OJIHako SMIUpPHUYECKas CBSI3b MEKy HHHOBaUAMHU U BeIOpocamu CO2 oka3anach
HE Be3/Ie OJJMHAKOBOM. DTOT 3P PeKT OTIMYaeTCsl B pa3HbIX CTpaHaX U PETMOHAX B 3aBUCUMOCTH OT
MECTHBIX 0COOCHHOCTEH, TOTUTHKH, HHPPACTPYKTYPHI M XapaKTepa CaMUX WHHOBAITHIA.

Takum 00pa3om, IENBI0 MCCIEOBAHUS SABISETCS SMIIMPUUYECKOE HM3YYE€HUE B3aMMOCBSI3U
MEXJy WHHOBAIUSMH, MOTPEOJICHUEM SHEPropecypcoB, OTKPHITOCTbIO TOPIOBIM, ypOaHU3aAIUEH,
HKOHOMHYECKUM POCTOM U BBIOpOCaMH YTIIEKUCIIOTOo Taza Bo BeetHame B mepuon 1986—-2020 1r., a
Takxe (OpMyJIMPOBAHUE MTPAKTUUECKUX BBIBOJIOB /111 BheTHaMa B OTHOILIEHUU 3€1EHOTO PA3BUTHSL.

O0630p uTEPATYPHI M OTUYET 00 UCCJIEIOBAHUU

CBs3b MEXJly MOTPEOJICHUEM 3HEPropecypcoB, HHHOBAIMSIMU, SKOHOMHUYECKHM POCTOM H
BBIOpOCAaMHU YIIIEKUCIIOTO ra3a paHee H3yvaiach B SKOHOMUUECKUX pabotax Aswm u coaBTopoB [Ali et
al. 2017, 2018a), Kymapa u Manaru [Kumar, Managi 2009], Xennmana [Helpman 1998], 111a6aza u
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coaBTopoB [Shabaz et al. 2012], Ozttopka u Anymamu [Ozturk, Alumami 2011]. TTo kaxxgomy u3
ornpenesAonmx (HakTopoB B JIMTEPAType MOJIYYEHbl ONpEeAEIEHHbIE SMIUPUYECKUE PE3YIbTaThl.
UccnenoBanus [Shabaz et al. 2012; Ali et al. 2018] nmoka3zanu, 4ro moTpebIeHHE SHEPTOPECYPCOB
IIOJIOKUTEIBHO BIIMSET Ha BBIOPOCHI YIVIEKUCIOIO Tras3a, IOCKOJIbKY BBICOKOTEMIIepaTypHas
0o0paboTka B Hpolecce MPOU3BOJACTBA M IMOTPEOJEHUsS SHEPrUM BBI3BIBAET BBIOPOC OO0JIBIIOrO
KOJIMYECTBA JABYOKHMCH yriepoaa. Uto xacaercs BO3ACUCTBUS MHHOBALMW, PE3YJbTAThl JOBOJIBHO
HeoHo3Ha4YHBI. DaH u coaBTopsl [Fan et al. 2006] oTMeTHIM, YTO TEXHOJIOTHYECKAE HHHOBAIIUU U
CO2 cBsi3aHbl, HO B Pa3HBIX CTPaHaX 3Ta CBA3b UMEET cBoM ocobeHHocTH. Kymap u Manaru [Kumar
and Managi 2009] noka3zaiu, 4T0 TeXHOJIOTMYECKUE HHHOBAIIMU COKPAILAIOT BBIOPOCHI YTIIEKUCIOTO
ras3a B pa3BUTBIX CTPaHaX, HO YBEJIMYMBAIOT €r0 BIOPOCHI B Pa3BUBAIOIINUXCS CTPaHaXx.

Yro ke KacaeTcsi TMIIOTE3bl O «3arpsA3HEHHON raBaHW», TO 0’)KUIAEMOE BIUSHHE OTKPHITOCTH
TOoproBiu Ha BbIOpockl CO2 B SKOHOMHUYECKOM JIUTEpaType MMEET HEOJHO3HAYHYIO OLIEHKY. B To
BpeMs kak Hacup u Pexman [Nasir and Rehman 2001], a Taxke Xamumkuoriy [Haliciouglu 2009]
MOJIICP)KUBAIOT TUTIOTE3Y O «3arpsSA3HEHHON TaBaHW», TO €CTh CYUTAIOT, YTO MEXKIY OTKPBITOCTHIO
Toprosiu U Beiopocamu CO2 cymecTByeT mojoKuTeNbHas B3auMOCBs3b, XenmnMad [Helpman 1998],
[ITa6a3 u coaBtopel [Shabaz et al. 2012] nmpeamonararor obpatHoe. Bnusiaue ypOanuzauuu Ha
BEIOpOCH CO2 Takke olleHuBaeTcs HeoqHo3HauHO. Hampumep, Ban u coaBropsel [Wang et al. 2016],
a taoke [lyran u Typkekyn [Dugan, Turkekul 2016] cuuratot, 4To CyliecTByeT akTUBHOE BIHSIHUE,
a Mopxk u coasropsl [York et al. 2003], Cro u Usxan [Xu, Zhang 2016], a Taxkxe A u coastops! [Ali
et al. 2017] mpuaep>KUBAOTCSI MHEHHUS, YTO B3aUMOCBSI3b OTPUIIATEIIbHAS.

Kpome TOro, BiusHHME 3KOHOMHUYECKOro pocta Ha BbIOpochl CO2 CBHIETENBCTBYET O
peanbHOCTH 3KoJIornueckoi kpuBoit Ky3nena. BeIOpoch! yriieknucnoro ra3a yBeamuuBaroTCs 0 Mepe
pasBUTHs SKOHOMUKH B paHHHHA Mepuoa e€ MoabeMa H3-3a SKCTEHCHBHOTO POCTa TKEIOH
npoMbIuieHHOCTH. OIHAaKO 1O Mepe TOBBIMICHHUS HAIMOHAIBHOTO J0X0Ja IPOH3BOJICTBO
MPEINPUATHHA TSHKETON MPOMBIIIJICHHOCTH MOCTETIEHHO COKpaIaeTcs 0aroiaps TEXHOJIOTHIECKIM
JTOCTIDKEHHMSIM ¥ TIEpEXOJly Ha CEpPBHCHOE OOCITY)KMBAaHHE, YTO BEIAET K OOpaTHOW 3aBHCHMOCTH
MEXJYy pa3BUTHEM M KauecTBOM OKpyxkaromei cpensl. I[lostomy, cormacHo XalumKuority
[Halicioglu 2009], ITao u Lait [Pao, Tsai 2011], a Takxe O3tiopky u Anymamu [Ozturk, Alumami
2011], oxunaercs, 4To B JOIATOCPOYHOM MEPCIEKTUBE 3TO BO3/IeiiCTBHE OyIeT OTpULIATEIbHBIM.

Yro kacaercs uccienoBanuii no Beernamy, Tanr u coasropsl [Tang et al. 2016], Hryen u Jle
[Nguyen, Le 2018] paccMoTpenu B3auMOCBSI3b MEXIY 3KOHOMHUYECKHMM POCTOM M BBIOpOCaMu
yraekucioro rasa, a Jlunae u Jlun [Linh, Lin 2014] usyyanu B3auMocCBsI3b MEXAY MOTpeOIeHHEM
JHEPropecypcoB, SKOHOMHUYECKHM POCTOM U MPSMBIMH MHOCTPAaHHBIMH WHBECTHHUsSMH. Twl [TU
2021] nmobGaBuna emé OAHY XapaKTEPUCTUKY, OTMETUB, 4YTO KOPIOpPAaTUBHAs HKOJIOTMYECKas
OTBETCTBEHHOCTh MMEET OTJIMYMS y KOMIIAHMHM pa3HbIX CEeKTOpoB (Hampumep, B cektope [IMNU,
roCy/1lapCTBEHHOM M HETOCYAApCTBEHHOM), B TO BpeMs kak Kao [Cao 2017] noka3an HeOqHO3HAUHOE
BJIMSIHME OTKPBITOCTH Ha OKpyxarouryto cpeny. Jle [Le 2021] uccnenoBan BIOPOCH! YIIEKHCIOTO
rasa B X0/i€ 3eMJICTIOJIb30BaHUs, N3MEHEHUI! B JIECHOM X034HCTBE HA MaTEPUKOBON YacTH BbreTHama.
DButabuie [Avitabile et al. 2016] mpoanamu3upoBas BEIOPOCH YIICKKCIOTO Ta3a, BOSHHUKIIUE B
pe3yibrate u3mMeHeHnus mous B LienTpansHnoM BreTHame.

HecmoTpss Ha mpoBeA¢HHBIE OOMIMpHBIE WCCICIOBAHUSA, B KOTOPBIX H3yYalliCh
ompenenstone GpaxTopsl BEIOpocoB CO2, M MX MPAKTHYECKYIO 3HAYUMOCTH, HBIHE MO MHOTHUM
MPUYMHAM CYIIECTBYET OOJbIIas HEOOXOIUMOCTh B JaTbHEUIIIEM U3YUYEHUH PAa3JINYHBIX acleKTOB,
ocoOeHHO Bo BreTHame. Bo-nepguvix, Bce €lié He TPOBOIMWINCH UCCIEI0OBAaHMS BIMSHUS HHHOBALIUN
Ha BbIOpockl yriekucioro raza B CPB. Bo-emopwvix, sMIHpHUYEcKUE WCCIEIOBAHUS JlAld
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HEOJIHO3HAYHBIE PE3YNbTAThl, 3aTPYAHSIONINE Pa3padOTKy MOIUTHKU. B CBS3M C ITUM BaKHO
BCECTOPOHHE ITPOAHATIM3UPOBATH (haKTOPHI, BIHUSIONINE Ha BEIOPOCHI YIIICKHUCIIOTO ra3a BO BeeTHame,
BKJIFOYAsl TEXHOJIOTMYECKHE WHHOBANMU. HacTosimasi ctaThss BOCIONHSET 3TOT Ba)KHBIM IpoOes B
JIMTEeparype.

Hacrosiiiee uccnenoBanre BHOCHT BKJIaJ B M3Y4YEHUE JAHHOM TEMATUKU MO HECKOJbKUM
HampaBJICHUsAM. Bo-nepsvix, B HEM ompeneneHsl GakTopsl, Bausiomme Ha BbIOpocsl CO2, myTém
M3Yy4YEHUs POJIU TEXHOJIOTMYECKUX MHHOBAIIMI, YEMY B MPOILLIBIX MUCCIECIOBAHUIX YIEISIOCH MAJIO
BHUMaHUS. Bo-6mopwvix, NaH aHAIW3 TUIIOTE3bl O «3arpsA3HEHHOW TraBaHW» IPUMEHUTEIBHO K
BreTHamy uepes o1ieHKY BO3/I€HCTBUS OTKPBITOCTU TOPTOBIHU. B-mpemuux, nepecMOTpeHa TUIoTe3a
sKoJiorndeckoi kpuBoil Ky3Hena ¢ yuétoMm npuMeHEeHHUsI HHHOBaLM BO BbeTHaMe: HaXOIUTCS JIU OH
MO-TIPEKHEMY B «INIOXOM» CErMEHTE KPUBOM WJIM HAYMHAET MEPEXOJIUTh B «XOPOIIUI) CETMEHT. B-
yemeépmolx, W3y4YCHO BIMSHUE TOTPEOJICHHS SHEPropecypcoB W YypOaHU3allMM Ha BBIOPOCHI
YIJIEKUCIIOTO ra3a Bo BreTHame.

MeTtoaojorus
Mooenv u dannvie

B crarpe s u3ydeHus pakToOpoB JErpaialliil OKPYKAIOIMIEH CpeJlbl HCIIOIb3YeTCsS MOJEITh
STIRPAT:

InCO, = a; + a, InENCy + a3 InINNOV; + a4, InTRO; + a5 In UBN; + agIn GDP; + ey,
rae CO2 o3HauaeT BBIOPOCHI AMOKCHJA YIJIEKUCIOTO rasza, U3MepsieMble B TOHHAX Ha AyILy
HaceseHuss; ENC o3HauaeT noTpebiieHHe 3HEpropecypcoB Ha AYIIY HAcelIeHMs] B KHJIOTpamMmax
HedTsiHOTO SKBHBajeHTa; INNOV o3Hauaer MHHOBaMH, BhIpakeHHbIE pacxogamu Ha HMOKP B
npoueHTtax ot BBII; TRO npencrasisier co00il OTKPBITOCTh TOPTrOBIIM — CYMMY AKCIIOPTA U UMIIOPTA
TOBAapOB U YCIIYT, BeIpakeHHYI0 Kak 1oy BBII; UBN — romgoBoii npupocT ropoicKOro HaceJleHus,
nokaszaTenab ypOaHM3allMM, OTHOCALIMKCA K MPOXKHUBAIOLUIMM B TOPOJCKUX palOHAaX IIIOJIIM U
u3MepeHHsbli B nponenTtax; GDP — peansubiit BBII va nymy nacenenus (nosut. CLIA B nienax 2010
T.).

B nccnenoBanuyu UCNONB3YIOTCS TOJOBbIE BPEMEHHBIE PsAbl AJAHHBIX 3a nepuof ¢ 1986 mo
2020 r. /Tannsie no BBII Ha nymy Hacenenus, Beiopocax COz, sHepronoTpeOieHnd, HUHHOBALUAX U
ypOanuzanuu ObuIM B3AThl M3 cOopHuka World Development Indicators BcemupHoro Oanka
(data.worldbank.org), naHHBIE 110 OTKPHITOCTH TOPTOBJIM MOJy4YeHbl U3 MaTepuanoB Kondepenuun
Opranmzanuu O0benuuénHbix Haruii mo toprosie u pa3Butuio (unctadstat.unctad.org). UtoOsr
3aIyCTUTh MOJEJIb, BCE MIEPEMEHHBIE IPE0OPA3YIOTCS B HATYpaJIbHbIE JIOTapU(PMBI.

B 3TOM wHccnenoBaHuM Uil OLIEHKH JOJTOCPOYHOIO M KPATKOCPOYHOIO BO3JIEHCTBUS
TEXHOJIOTUYECKUX WHHOBAIMM, OJKOHOMMYECKOTO pPAa3BUTHUSA, pPOCTAa TOPOJCKOTO HaceleHus,
noTpeOIeHNsl PHEPrUM U OTKPBITOCTU TOPTOBIM HAa BBIOPOCHI YIJIEKUCIIOTO ra3a MCIOJb3yeTcs
aBTOpErpeCCHOHHAas Mojenb c pachpenenéHupiM arom (ARDL). Merogq ARDL umeer MHOTO
MPEUMYIIECTB 110 CPAaBHEHHUIO C JPYrUMH METOJaMU KOUHTErpanuuu. Bo-nepevix, €ro TriaBHOE
MPEUMYILIECTBO TEpe] TPATULMOHHBIMU METOJIAMH KOMHTEIrpaluu COCTOMT B TOoM, uTo ARDL
MOJIXOJIUT, JaXKe €CJIM MOPSAOK MHTETpalluy MEepeMEeHHBIX IpeacTaBiser coboit coueranue 1(0) u
I(1). Bo-émopwix, B citydae HEOONBIIOrO pa3Mepa BBIOOPKHU Hcmojb3oBanne ARDL craructnyeckn
Golee 3HAUMMO JIs TECTHPOBAHHUS KOMHTETPAIUH, YeM METOJl KOMHTErpauuy Moxancena, KOTophlit
TpeOyeT OOJBIIOro pa3Mepa BBIOOPKU Ul JOCTHXKEHUS HAAEKHOCTU. B-mpemvux, B OTINYHUE OT
TpaJMLINOHHBIX METO/I0B ITOMCKA JI0JITOCPOUYHBIX B3aUMOCBS3EH MTPHU HCIIoNIb30BaHUM MeTona ARDL
OLICHMBAETCSl HE CUCTEMA YPaBHEHMI, a TOJIBKO OHO ypaBHEHUE. B-uemsepmuix, ucnonb3yd ARDL,
MOXXHO 3((QEKTUBHO CKOPPEKTUPOBATh HHAOTCHHYIO NPOOJEeMy HE3aBHUCHUMBIX IE€PEMEHHBIX.
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Hakonern, MO’KHO OJTHOBPEMEHHO OLIEHUBATh KPATKOCPOUHYIO IMHAMUYECKYIO B3aUMOCBSA3b MEXKIY
MEPEMEHHBIMU U J0JIFOCPOYHYIO B3aUMOCBS3b B MOJIENIM KOMHTETPALIUU.

IMIMpPUYECKHe Pe3y/ibTaThl
Kpumepuii edunuunwix xopretu

Hcnonp3zoBanne moaenn ARDL He TpeOyeT, uToObI Bce epeMeHHbIE ObUTH CTallMOHAPHBIMU
MEPEeMEHHBIMH OJIHOTO TMOPSAJIKA, OJHAKO WPEkKAEC 4YeM NpPUMEHATh TecT mnpeaenoB ARDL,
HE00X0TMMO TIOJITBEPIUTh, YTO HH OJIHA U3 TIEPEMEHHBIX HE SBJSICTCS CTAIIMOHAPHON MEePEeMEHHON
BTOpOro nopsjaka. [loatomy ucnons3yercs pacimpeHHbid Meroq Jduku — Oymepa ¢ pe3ynbTaTami,
npuBeA¢HHBIME B Ta0i. 1. Pesynbrar Tecra moarsepami, yro LnCO2, LNnENC, LnINNOV, LnTRO,
LnGDP sBnsroTcs cranuonapubiMu nepeMeHHbiMA I(1), a LnURN sBnsercs cranuoHapHOU
nepemenHoit 1(0) u I(1). Cornacno Ilecapany u lluny [2001], ecau nmepeMeHHbIE HAXOAATCS HE HA
onHoM ypoBHe B3aumojeictBus (1) mmm 1(0), To mpumenenue npoueaypsl ARDL sBnsercs
HauboJsee MPUEMIIEMBIM.

Tabauya 1. CBOAKA 10 KPUTEPHIO eAUHUYHBIX KOPHeH

Ilepemennbie Pacummpennbiii kpurepui JIukn — dysuiepa
1(0) I(1)

LnCO:2 0,161 -3,797
LnENC -0,062 -5,147
LnINNOV -2,57 -8,208
LnTRO -2,15 -5,517
LnURN -3,56 -3,96
LnGDP -0,704 -4,319
Kpurnyeckue nokasaresm recra

yposerwv 1% -3,65

yposeHv 5% -2,957

ypogenwv 10% -2,617

Hcmounuk: pacy€Thl aBTOPOB
TI'panuunoe mecmuposanue (The Bound test)

[TocKONIbKY KOJTHMYECTBO HAOIIOJIEHUH B 3TOM HCCIICIOBAaHUM HEBEIHMKO, TO HCIOJB3YIOTCS
kputepuu BeiOopa nara AIC. HaiineHsl onTuManbHble 3HAUEHUS JIaroB Ui EPEMEHHBIX BEIOPOCOB
CO2, mnoTpebieHHUs D>HEPrOpecypcoB, HHHOBALMN, OTKPBITOCTH TOPrOBIM, YypOaHU3AIMH U
skoHoMuueckoro pocra (1,0,1,0,0,1). Takum obpasom, BeiOpannas mozaeinr — ARDL (1,0,1,0,0,1).
Pe3ynbrarhl Tecta rpaHwil, MOJYYEHHBIE TOCIE BBIOOpAa COOTBETCTBYIOIIETO Jiara, MPUBEACHHI B
tabin. 2. Tlockonbky F-kputepuit mpenena 3nauum mnpu 1 %, HyneBas THIOTe3a 00 OTCYTCTBHH
KOWHTETPAIlMN OTKJIOHSETCS, YTO YKa3blBaeT Ha HAJIMYHE JIOJTOCPOYHON KOWHTETPAITUU MEXTY
BeiOpocamu  CO2, MOTpeOIICHHEM SHEPropecypcoB, WHHOBAIMSIMH, OTKPBITOCTBIO TOPTOBJIH,
ypOaHu3anuel 1 SKOHOMHYECKUM POCTOM.

Tabnuya 2. PesyabTaThl rpaHu4YHOro Tecta ARDL

Mopgens: LnCo, = f(LnECN, LnINNOV, LnTRO, LnURN,
LnGDP)

F-craTucTrka Tecra mpeaenos 4,245*

3HAYNMMOCTh 1%
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Hwxuuit nmpenen 1(0) 2,26

Bepxuuii npenen I(1) 3,35

Ilpumeuanue: * yxa3plBaeT Ha ypOBEHb 3HAUUMOCTHU TIpH 1%. Hcmounuk: pacaérsr aBTOpOB

Pezynomamut oyenku no ARDL

Pe3ynbTar OLIEHKH OJrOCPOYHOr0 U KPATKOCPOYHOI'O PABHOBECHOTO COOTHOIIEHHUS MEXIY
nepeMeHHBIMH, K KOTopbIM npumensiercst ARDL (1,0,1,0,0,1), npeacrasien B Tabnuue 3.

Tabnauya 3. 1oarocpoyHasi 1 KpaTKOCPOYHAsi OLEeHKH

Hoarocpounas (manejb A) ‘ Kparkocpounas (nanesn B)
3aseucumasn nepemennan: LnCO;
LnECN 1,058*** AINENC 1,0896***
(0,135) (0,027)
LnINNOV -0,211** AInINNOV -0,0157**
(0,102) (0,007)
LnTRO 0,431** AInTRO -0,0635**
(0,204) (0,026)
LnURN -0,053** AInURN 0,031
(0,022) (0,151)
LnGDP -0,673*** AInGDP 0,0517
(0,141) (0,823)
C -6,112*** ECT(-1) -0,701***
(1,901) (0,131)
JAnarnocTuyeckui TecT
F-craTtucruxa 3HaueHue p
RESET-tect 0,629 0,428
LM-tect Bpoiimia — ['oadpu Ha aBTOKOppeNLuio 0,862 0,353
Tect bpoitma — [1arana — l'oadpu Ha 0,016 0,899
reTepOCKeaCTUIHOCTD
Ilpumeuanue: *** u ** o03HayaeT CTaTUCTUYECKYIO 3HAYMMOCTh Ha ypoBHEe 1 % u 5 %

cooTBeTcTBeHHO. [{udpsl B ckoOkax o003HavaroT crangapTHyto ommoky. ECT — koppektupyromuii

KOMITOHEHT. Mcmounuk: pacdéThl aBTOPOB

Crout oT™MeTuTh, uTO K03 punneHt koppekrupyrouiero komnonenra (ECT) orpunarenen u
3HauyuM Ha ypoBHe 1%. OtpunarensHbiii kodpduunent ECT yka3piBaeT Ha >KM3HECTIOCOOHOCTH
nocTuxeHus: goarocpoynoro paBHoBecHs. Koag¢uuument ECT mokassiBaeT cKOpOCTh BO3BpaTa K
JOJITOCPOYHOMY paBHOBECHOMY NyTH. OCHOBBIBAasCh Ha OIEHKaX, MOXHO CKa3aTh, YTO, KOI/a
HSKOHOMHKA OTKJIOHSIETCS OT CBOETO0 PAaBHOBECHOTO IyTH, BbIOpockl CO2 MOryT BepHYTbCS K
nonrocpoynoMy paBHoBecuro. Koadoumument ECT 0,701 moxka3biBaeT, 4TO B TEYEHHE Troja
npoucxoauT 70,1 % KOppeKTUPOBOK.

Kpowme Toro, anst mpoBepku 00111eii moAroHKH Moaenu Mbl ucronb3oBanu RESET-tect, LM-
tecT U TecT bpoiima — [larana — I'ondpu. Heznauutenshsie pesynbrarel RESET-Tecra ykaspiBaoT
Ha TO, YTO O0IlNas MOJArOHKa MOJenu mnpuemsema. s ompeneneHus cepuiHOM KOppensuuud B
OLICHMBAaeMON Mojenu Mbl ucnonb3oBanu LM-tect bpoitma — Tondpu. HesnauurtenbHble
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pesynabtatel LM-tecta bpoiima —oadpu moaTrBepaunn OTCYTCTBUE CEpPUHHONW KOPPEISIHU.
Hakonen, rerepockemactuuHocTh bpoitmra — Ilarana — ['oadpu, paBHas HyJ0, HE SBIACTCS
reTepOCKEeIaCTUYHOCTBIO. B 11€710M MOKHO KOHCTaTUPOBATh, YTO MOJIENb ONPEACIICHA HAIIEKAILUM
00pa3oM U pe3yabTaTbl MOTYT OBITh MCIOJIB30BAHBI JIJIsl BBIPAOOTKM KOHKPETHBIX MEp.

BbiBobI M MX HHTEPIIPETALMSI

Pesynbrarel nonarocpouHoit oueHku (tabn. 3, maHenb A) MPOJMBAIOT CBET HA Pa3jiUvHbIC
acreKTbl. BUIHO, YTO B3aUMOCBS3b MEXAY WHHOBaUUsAMU U BbiOpocamu CO2 CTaTHCTUYECKU
3HaynMa Ha ypoBHE 5 %. OTpuumarenbHblii K03((UIMEHT yKa3bIBaeT Ha TO, 4TO OoJiee BBICOKHIA
YPOBEHb MHHOBAIMHA MPUBEAET K CHUXKEHHUIO BBIOPOCOB. DTOT BBIBOJ OOHAIEXHUBAET, MOCKOIBKY
BretHam moaTBepXKIAeT, UYTO HWHHOBAIMU SIBISIOTCA HOBOM W BaXHOM JBIDKYIIEH CHIIOW
HSKOHOMMYECKOTO Pa3BUTHS, KPOME TOTO, B IMOCIEIHHUE T'OJbl OBICTPO POCIO BHUMAHHE K 3TOMY
BOIIPOCY, a TAaK)K€ MHBECTULIMM B MHHOBALIMM U TEXHOJOTWU. [IpaBUTENHCTBO Aa)ke ONpPEAeTHiIo
nesuzoM 2021 r. cnenyromuid 103yHr: «CoJIuIapHOCTb, JUCUUIIIIMHA, THHOBAIIUHU, BJOXHOBEHUE —
JUIS pa3BUTHs». MUHUCTEPCTBO IUaHupoBanus W uHBecTrimii (MIIN) Opictpo paspabotaiio u
3aIlyCTUIIO TIPOTpaMMy MOJACPKKH Lu(poBoil TpaHchopmanuu Ha nepuon 2021-2025 rr. Llens
COCTOHUT B TOM, 4TOOBI K 2025 T. TOBECTH OCBEIOMIIEHHOCTH 0 M poBoii Tpancopmaruu 1o 100 %
NPEINPUATHA U 0Ka3aTh TEXHUYECKYIO MOMJICPKKY A HU(POBOM TpaHCPOPMALIUU KAaK MUHUMYM
100 TeIcsiuaM npeanpustuii. B 3T0# cTaThe mpuBeeHbI J0Ka3aTeIbCTBA TOTO, YTO BO BheTHaMe npu
Hanuuuu OoJiee pa3BUTON MHHOBALIMOHHON 9KOCUCTEMBI MOKHO 0XKUJIATh YIYUILIEHUS OKPYKatoIen
cpensl. Ham pe3ynbTaT moaTBEpKIaeTCsl TEOPUEH SHIOTEHHOTO POCTa, B KOTOPOH OTMEUaeTcsi, 4TO
TEXHUYECKHUI MPOTrpecc yIydIllaeT BO3MOXHOCTH HAIIMM 3aMEHSAThH 3arps3HSIONINE OKPYKAIOIIYIO
Cpeny pecypchl ApYTMMHU, SKOJIOTMUYECKH YHCTBHIMHU pecypcamu. Haiu pe3yiabTaTsl COTacyroTcst ¢
uccienoBanmsimMu DepHaneca u ero coaBTopo [Fernandez et al. 2018].

Kpome TOro, BiausiHME OTKPBITOCTH TOProBid Ha BbIOpockl CO2 cuuTaeTcss NMpsIMBIM U
CTaTUCTUYECKM 3HAYMMbIM Ha ypoBHe 5 %, U TakuM oOpa3oM Bo BneTHame moaTBepknaercs
peaIbHOCTh TUIIOTE3BI O «3arpsi3HEHHOM raBaHu». [lo mepe pocta oTkpbITOcTH BheTHaM ucHbITaN
pacTyliee JaBJICHHUE B CBSI3U C YXYIIIEHUEM COCTOSHUS OKPYKAIOIIEH CPelNbl U NMPHIIOKHUI MHOTO
yCUIMM A ocnabieHus 3TOro HeraTMBHOTO 3¢¢exta OTKphITOCTUH. OXHIAeTcs, YTO B CTpaHe
HBIHEIIHUH MPOEKT 3aKOHa 00 0XpaHe OKpY’Karollel cpebl (¢ mornpaBkamMu) OyAeT CriocoOCTBOBATh
IIPOBEPKE M MPENOTBPALEHUIO pEANN3AlMA HMHOCTPAHHBIX WHBECTUIMOHHBIX IIPOEKTOB C
YCTapeBUIMMHM TEXHOJOTHSMH, a TaKK€ CO3JacT 3/eCh OJarompuUsTHYIO IMPABOBYIO Cpery IS
MPUCOCIMHEHHS K coriameHusMm o cBooogHoi Toprosie (CCT) HOBOro mOKOJEHHS, KOTOPHIE
TpeOYIOT MPUHSATHS OYEHb CTPOTUX IKOJIOTMUECKUX 0053aTeNIbCTB, Kak 3TO cenaHo B CoriameHnn
o cBoOogHOM ToproBie Mexay Beernamom u EC (EVFTA). IlomyueHHble HaMu pe3yibTaThl,
MOATBEPAMB, 4YTO OTKPBITOCTh JO CHX IOp YCHUJIMBAET JETPaJallii0 OKPYXKaroIleW Cpensl,
[peyCMaTpUBAIOT IPUHATHE NTPABUTEIHCTBOM 00JIee PELIMTEIbHBIX MEP MO ATOMY BOIIPOCY.

Pe3ynbraThl Takke MOKa3bIBAIOT, YTO MNOTpelieHue sHepropecypcoB M BbiOpockl CO2
HaXOJATCS B NMPSIMOM 3aBUCHMOCTH M UX B3aUMOCBS3b SIBJISETCS 3Ha4YMMOMN Ha ypoBHE 1 %, To ecTb
pOCT MOTPeOJICHHUsI DHEPropecypcoB MPUBENET K yBenndeHUto BBIOpocoB COz. dakThuecku 3a
MOCNIEHUE JIECSTh JIET 00l1ee MoTpedieHrne 3JIeKTPOIHEPrun Bo BbeTHaMe yTpousiock, U mpoiecc
3TOT UAET OBICTPEE, YEM MIPUPOCT FEHEPUPYIOLINX MOIIHOCTEHN. B cBsI3U ¢ pacTyIieil 3aBUCUMOCTBIO
OT HCKOIIAeMOTro TOIUIMBA Ha JOJI0 JHEPreTHYecKoro cekropa BbeTHama B HacTosiee Bpems
MPUXOAUTCS MOYTH ABE TPETH OOLIMX BHIOPOCOB MapHUKOBBIX razoB B ctpane [World Bank 2021].
MOXHO CKa3aTh, YTO OCHOBHOW NpHYMHON yBenuueHHus BbIOpocoB CO2 Bo BreTHame siBistercs
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notpelieHne >HepropecypcoB. Hamr BeIBOA, MO CYTH, yKa3blBaeT Ha OCTPYI0 HEOOXOIUMOCTh
YCKOPHTb NIEPEXO0J] B CTPAHE Ha YUCTYIO SHEPTHUIO.

Yro kacaercss ypOaHU3alMHU, TO PE3yJIbTaThl UCCIEAOBAHMS MOKA3bIBAIOT €€ 3HAUYUTENIbHOE
OTPULIATENILHOE BO3JIEHICTBHE HA BHIOPOCH! YIVIEKUCIIOTO ra3a, 03Ha4yaollee, YTO pa3BUTHE FOPOIOB
HEe SBIISIETCS NPENATCTBMEM Ui YJydlIeHUs KadecTBa OKpyxkarwlueil cpeabl. Bo3snelictBue
ypOaHM3alMK Ha OKPYXKAIOIIYIO Cpely He sBIseTcs oJuHakoBbIM. OHO, CKOpee, OYECHb CIIOKHOE U
UAET yepe3 MHOYKECTBO Pa3HbIX, aXKe MPOTUBOPEYAIMX APYT IpYry KaHajloB. BeposTHas nmpuunHa
noJIoKUTEIbHOrO d(dekra ypOaHU3AIMM 3aKITIOYAOTCS B TOM, YTO ypOaHHW3aIUsi BBITCCHSET
3arpsI3HAOLIME OTPACIM U3 FOpOJa, pa3BUBasi TOPrOBIIIO M YCIYTH, YTO MOYKET IEPEKphIBAaTh BCE
orpunaresnbHble 3G ¢eKkTel. Pe3ynpTaThl HCCIEI0BaHMS AaBTOPOB IIOKA3bIBAIOT H3HAYAIbHYIO
3¢ GEKTUBHOCTh NPOBOJMMON NOJIUTUKU. BbeTHam JBUXKETCS B IPaBUIBHOM HAaIPABICHUH;
NOJUTHKA ypOaHW3alMM JOJDKHA OBITh HAIpaBiIeHAa B CTOPOHY 3€NEHBIX TOpPOJOB, YTOOBI
BOCIIOJIB30BaThCsl ITUM MOJOXKHUTENbHBIM 3P dexToM. Takum oOpa3zoM, ypOaHHM3alMIO HE ClexyeT
paccMaTpuBaTh KaK MPEIMSATCTBHE MPH (HOPMUPOBAHHMU TIOJUTUKH, HAIPABICHHOW HAa CHUKCHHE
Jerpaaliuy OKPYKaroIIeh Cpeabl.

CBs13p MeX/ly SKOHOMHYECKUM pocToM U BbiOpocamu CO2 oTpunaTesibHa U CTaTUCTUUYECKH
3HayuMma npu 1 %. D10 mokasbiBaeT, yTo BreTHaM TOCTUT OBOPOTHOM TOYKHM Ha 3KOJOTHYECKON
kpuBoil KysHeuna no yposHio noxonoB. Crpana onoOpuna HanmoHanbHyt0 cTpaTtervro 3es1E€HOro
pocta (VGGS) na nepuog 2011-2020 rr. u Ha nepcnektuBy a0 2050 r. ¢ ynmopoM Ha pa3BUTHE C
HU3KUM YPOBHEM BBIOPOCOB, COKpAILEHHE BHIOPOCOB MAPHUKOBBIX ra3oB, 3eJEHOE MPOU3BOJICTBO,
3en€HbI 00pa3 kKHU3HM M ycToWuuBoe mnoTpebneHue. [locne moutu JecsaTu JeT BHEAPEHUs 3Ta
CTpaTerusi oMorja MOBBICUTh OCBEJOMJIEHHOCTb OOIIECTBEHHOCTH O 3HAYEHUH 3€JIEHOr0 pocTa.
bbuiM MoBCEMECTHO MPUHATHI MEPHI 110 COKPAIIEHUIO BHIOPOCOB MAPHUKOBBIX Ia30B, B PE3yNbTaTe
4ero WX ypoBeHb CHM3WICA Ha 12,9 % 1o cpaBHEHMIO CO ClieHapHeM OOBIYHOTO pa3BUTHs. B
YaCTHOCTH, HENOTalleHHble KpeOuThl Ha (puHaHcupoBaHHEe 3ei€Horo pocta k 2018 r. cocraBuin
noutu 238 TpiH BheTHaMCKHX MOHTOB (10,36 Mapa moi.), uyto Ha 235 % OGomnbire, yem B 2015 T.
[New green growth strategy: 18.05.2021].

Cratbs npenocTaBiseT JOKa3aTelnbCTBa TOT0, YTO pa3BUTHE BheTHaMa CHMXKAET Aerpalaliio
OKpY’KaloIllel Cpelpl, a 3TO, B CBOK OYEpElb, NMOATBEPKAAET ycnex Tekyumed HamuronansHON
crpateru 3enéHoro pocra Ha mnepuon 2021-2030 rr., paszpabatsiBaemoit MIIM ¢ TBEpABIM
HaMEepeHHEM KaK MOKHO CKopee MpeBpaTuTh BbeTHaM B yriepoaHo HelTpaabHyo 5KOHOMUKY [MPI
2021].

Mogenp wucnpaBieHUs OMIMOOK C HCmodb30BaHueM mnoaxona ARDL npumenena st
U3MEpEeHUs] KPaTKOCPOUHOM TMHAMUYECKON B3aMMOCBA3M MeXIy BbiOpocamu CO2, moTpelieHreM
HHEPropecypcoB, HHHOBALUSAMH, OTKPHITOCTbIO TOPTOBIHM, ypOaHU3alMed M 3KOHOMUYECKUM
poctoM. Pesynbprarel mpuBeneHsl B Tabn. 3, maHenb B. UYro kacaeTcs WHHOBaUMH H
HHEPronoTpedsIeH s, TO KpaTKOCPOYHOE U JIOJITOCPOYHOE BO3/ICHCTBUE aHAJIOTMYHBL. B oTHOMIEHUN
BIMSIHUA YpOaHU3aLUU U SKOHOMHUYECKOT0 pocTa Ha BbIOpockl CO2 B KpaTKOCPOUHOI MEPCIEKTHBRE
MOJIeTIb HE TpeasiaraeT CTaTUCTUYECKHX JI0Ka3aTelIbCTB TAaKOro B3auMojeicTBus. UTo kacaercs
OTKPBITOCTH TOPTOBJIM, TO OHAa OKa3blBa€T HEraTuBHOE Bo3jaelcTBUe Ha BbIOpockl CO2, U B
KpaTKOCPOYHON NEpPCIEKTUBE CTAaTUCTUYECKH 3HAuMMa Ha ypoBHE 5 %, a B JIOJITOCPOYHON —
MIpeiroJiaraeT MoJIoKUTEIbHOE BO3/IeCTBHIE. DTOT pe3ybTaT MOKa3bIBaeT, uTo BreTHaM mpuiaraer
YCUJINS A7 YMEHBIIEHUS BO3JEHCTBHS OTKPBITOCTH TOProBiid Ha BbIOpockl CO2 B KpaTKOCPOUHOM
NEPCIEKTUBE; OJJHAKO OHOM pa3paboTKH M pealu3aluu MOJUTHKH HEJTOCTaTOYHO [T COXpaHEHUs
TaHHOTO 3¢ ¢deKTa B JOIr0CPOUHOI nepcrnekTuse. Takoi pe3ynbTaT TpeOyeT BHECEHUS U3MEHEHHI B
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3akoH 00 oOXpaHe OKpyXarolled cpensl B HampaBlieHHH Oojee 3(PQPEKTHBHOTO YIpPaBICHUS
MEKIYHAPOAHOW MHTETPALIMOHHOM JICSITEIbHOCTHIO B OTHOIICHUH 3aIIUTHI OKPY>KaIOIIEH Cperbl.
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Abstract: The purpose of the study is to empirically examine the interaction between innovation,
energy consumption, trade openness, urbanization, economic growth and the emission of carbon dioxide in
Vietnam during 1986-2020. The article contributes to the assessment of impact of technological innovation on
carbon emission in Vietnam that has not yet been examined. Firstly, the article shows the negative interrelation
between technological innovation and carbon emission in Vietnam. Secondly, this research evidences the
existence of the pollution haven hypothesis having shown that trade openness has led to the environmental
deterioration in Vietnam. Thirdly, the author revisits the environmental Kuznets curve hypothesis and provides
evidence that economic growth in Vietnam starts to enhance the environmental quality. Fourthly, energy
consumption increases the environmental deterioration while urbanization seems not to be blamed. Besides
increasing government investment in innovation, policy makers should consider the country’s level of trade
openness and energy consumption instead of urbanization and economic growth when formulating policies to
reduce environmental deterioration in Vietnam.
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Introduction

Recently, the effects of economic activities on carbon emissions have aroused growing concern,
This concern manifested itself worldwide through the organization of environmental conferences in
Stockholm (1979), Rio de Janeiro (1992), Johannesburg (2002), Copenhagen (2009) and Durban
(December 2011). Many countries including Vietnam are facing a major challenge, namely, the multi-
directional links between economic, social and environmental aspects of development. Vietnam jointly
with world organizations, such as the United Nations or the World Economic Forum, have made some
attempts to reduce the adverse impacts of global warming and climate change on the economy. As an
effort to mitigate greenhouse gas emissions, the Kyoto protocol to the United Nations Framework
Convention on Climate Change was introduced. The objective of the 1997 Kyoto protocol was to
reduce greenhouse gases by 5.2% compared to the level in 1990 (for the period from 2008 to 2012).
Though Vietnam signed the Kyoto protocol to curb emission levels, there still exist environmental
concerns due to the country’s recent economic growth. Over the past two decades, Vietnam has
emerged as the fastest-growing greenhouse gas emitter (per capita) in the world — with an increase of
about 5% annually [World Bank 2021].

Among important driving forces of economic growth, the energy sector dominates as a
greenhouse gas emitter both in Vietnam and in the world. According to the World Resources Institute
(2020), energy consumption is by far the biggest source of human-caused greenhouse gas emissions,

“This research was supported by a grant from the Ministry of Education and Training (Vietnam) under the project
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Vietnam”.
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responsible for a whopping 73% worldwide. On the other hand, in the process of socio-economic
development of Vietnam over the last few decades, energy has played an important role not only as
fuel for economic growth, but also as a principal contributor to the country’s export earnings, GDP and
government revenues in Vietnam. Despite a significant contribution to Vietnam’s economy, energy
with its accelerated exploitation of natural resources is posing serious risks to preservation and
sustainable development of natural resources and is somewhat discouraging innovation and investment
to build up new capacities instead of relying on natural endowments.

Besides energy consumption, carbon emissions are also generated by other driving forces of
economic growth, namely, urbanization, trade openness and innovation. In terms of urbanization,
Vietnam is undergoing one of the fastest urban transitions in the world. The rapid urban expansion has
seriously affected the environment quality and created harm to public health. With regard to the trade
openness, trade liberalization has led to a higher level of investment; however, foreign investment
mostly concentrates in pollution-intensive activities, so far.

The digital era, with its technological innovation triggers energy efficiency and productivity,
requires the response to the environmental challenge [Balsalobre et al. 2018; Samargandi 2017]. Hence,
technological innovation plays an undoubtedly important role in mitigating carbon emission. However,
the empirical nexus between innovation and CO, emissions is not monotonic. This effect can differ
across countries and regions, due to the regional properties, policies, infrastructures and nature of
innovation itself.

Therefore, the purpose of the study is to empirically examine the interaction between
innovation, energy consumption, trade openness, urbanization, economic growth and the emission of
carbon dioxide in Vietnam in 1986-2020, and to withdraw policy implications on Vietnam’s way
towards green development.

This article is organized as follows: Section 2 reviews the literature; Section 3 presents the
research methods; Section 4 provides findings and discussions; Section 5 is the conclusion.

Literature review and research statement

The linkages between energy consumption, innovation, economic growth and carbon emissions
have been examined in economic literature [Ali et al. 2017, 2018], Kumar and Managi [2009], Helpman
[1998] and Shabax et al. [2012], Ozturk and Alumami [2011]. For each of the determinants, some
empirical results have been found in the literature: Shabaz et al. [2013] and Ali et al. [2018] showed
that the impacts of energy consumption on carbon emission are positive since high-temperature
treatment in the production process resulting from energy consumption causes the emission of large
amounts of carbon dioxide. As far as the impacts of innovation are concerned, the results are rather
mixed. Fan et al. (2006) have indicated that technological innovation and CO; are interconnected but
they are different across the countries. Kumar and Managi [2009] showed that technological innovation
mitigates carbon emission in developed countries, but it increases CO2 emission in developing
economies.

Meanwhile, regarding the pollution haven hypothesis, the expected impacts of trade openness
on CO2 emission is found mixed in economic literature. While Nasir and Rehman [2001] and
Haliciouglu [2009] support the pollution haven hypothesis i.e., a positive relationship between trade
openness and carbon emissions, Helpman [1998] and Shabaz et al. [2012]suggest the opposite. Also,
the impact of urbanization on CO2 emission was found ambiguous in the past research. While Wang et
al. [2016], Dugan and Turkekul [2016] suggested a positive impact, York et al. [2003], Xu and Zhang
[2016] and Ali et al. [2017] supported the negative one.
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Furthermore, the impact of economic growth on CO2 emission provides evidence regarding the
environmental Kuznets curve. The carbon emissions increase as the economy grows at the early period
of development of a country due to the extensive industrial-heavy production. However, as the national
income becomes higher, the industrial-heavy production is phased out in favor of a technological
advances and service-centralized production leading to a negative relationship between growth and
environmental quality. This effect is therefore expected to be negative in the long-term according to
Halicioglu [2009], Pao and Tsai [2011] as well as Ozturk and Alumami [2011].

As for the studies on Vietnam, Tang et al. (2016) and Nguyen and Le [2018] investigated
relationships between economic growth and carbon emissions while Linh and Lin [2014] examined the
linkages between energy consumption, economic growth and foreign direct investment. Tu [2021] has
added another dimension by indicating that corporate environmental responsibility differs across
company types (e.g., FDI, state or nonstate) while Cao [2017] showed an ambiguous impact of
openness on environment. Le [2021] has investigated carbon emissions in the field of land use, land
use change, and forestry in Vietnam mainland. Avitabile [2016] analyzed carbon emissions from land
cover change in Central Vietnam.

Despite the voluminous previous research that has explored the determinants of CO2 emission
with practical implications, further research from various aspects especially on Vietnam is of great
need due to many reasons. Firstly, a research examining impacts of innovation on carbon emission in
Vietnam is missing, so far. Secondly, empirical investigations have shown mixed results that hamper
policy making process; hence, a comprehensive research of factors affecting carbon emission in
Vietnam including technological innovation is important. This article fills in this gap.

Therefore, the present study contributes to the literature in several ways. Firstly, this study
examines the effect of factors affecting CO. emission by exploring the role of technological innovation,
which recently has attracted little attention. Secondly, with the existence of innovation, this research
investigates the pollution haven hypothesis in Vietnam by estimating impacts of trade openness.
Thirdly, this study revisits the environmental Kuznets curve hypothesis with the existence of
innovation in Vietnam: whether Vietnam is still on the “bad” side of the curve or the country starts to
move to its “good” side. Fourthly, this research examines impacts of energy consumption and
urbanization on carbon emission in the existence of innovation in Vietnam.

Methodology
Model and data

This paper adopts the STIRPAT model to examine determinants of environmental deterioration
as follows:
InCOy = ay + a; IMENCy + a3 InINNOV; + a4 InTRO; + a5 InUBN; + agInGDP, + e;, Where
CO: denotes the carbon dioxide emissions measured in metrics tons per capita; ENC indicates the
energy consumption per capita measured in kilograms of oil equivalent per capita; INNOV represents
the innovation proxied by the R&D spending as percentage of GDP; TRO represents the trade openness
- the sum of exports and imports of goods and services measured as a share of GDP; UBN (unsatisfied
basic needs) means the annual urban population growth, a proxy for urbanization referring to people
living in urban areas measured in percentage; GDP is the real GDP per capita (constant 2010 US
dollars).

The study employs annual time-series data covering the period between 1986 and 2020. The
data for GDP per capita, CO2 emissions, energy consumption, innovation and urbanization have been
received from the World Development Indicators of the World Bank (data.worldbank.org), while the
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source for trade openness data was the United Nations Conference on Trade and Development
(unctadstat.unctad.org). All the variables have been transformed into their natural logarithms to run the
model.

In order to estimate the long-run and short-run effects of technological innovation, economic
growth, urban population growth, energy consumption and trade openness on carbon emissions, this
research uses the autoregressive distributed lag model (ARDL). The ARDL method has many
advantages over the other co-integration methods. Firstly, its main advantage over traditional co-
integration techniques is that ARDL is appropriate even when the order of integration of the variables
is a mix of 1(0) and 1(1). Secondly, in a case of small sample size, ARDL approach is statistically more
significant to test co-integration than the Johansen’s co-integration technique that requires large sample
size to achieve reliability. Thirdly, in contrast to conventional methods for finding long-run
relationships, the ARDL method does not estimate a system of equations. Instead, it only estimates a
single equation. Fourthly, it can effectively correct the endogenous problem of explanatory variables.
Last, it has the ability to estimate the short-term dynamic and long-term co-integration relationship
between variables simultaneously.

Empirical results
Unit Root Test

The application of ARDL model does not require all the variables to be single ordered
stationary, however it must be confirmed that none of the variable is a second order stationary before
applying ARDL bound testing approach. Therefore, the Augmented Dickey-Fuller (ADF) is used with
results in Table 1. The test result confirms that LnCO,, LnENC, LnINNOV, LnTRO, LnGDP are
stationary I(1) and LnURN is stationary at 1(0) and I(1). According to Pesaran and Shin (2001, variables
are not at the same level of association 1(1) or 1(0), then applying ARDL is the most relevant procedure.

Table 1. Summary of Unit Root Testing

Variables Augmented Dickey-Fuller
1(0) I(1)
LnCO; 0.161 -3.797
LnENC -0.062 -5.147
LnINNOV -2.57 -8.208
LnTRO -2.15 -5.517
LnURN -3.56 -3.96
LnGDP -0.704 -4.319
Test critical values
1% level -3.65
5% level -2.957
10% level -2.617

Source: Authors’ calculations
The Bound Test

As the number of observations in this research is small, it uses the AIC lag selection criteria.
The optimum lag lengths of the variables CO. emissions, energy consumption, innovation, trade
openness, urbanization and economic growth are found (1,0,1,0,0,1). Therefore, the selected model is
ARDL (1,0,1,0,0,1). After having selected the relevant lag, the results from the Bound test are shown
in Table 2. Since the Bond F test is significant at 1%, the null-hypothesis of no-co-integration is rejected
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indicating that there is a long-run co-integration between CO. emissions, energy consumption,
innovation, trade openness, urbanization and economic growth.

Table 2. Results of ARDL Bounding Test

Model: LnCoz = f(LnECN, LnINNOV, LnTRO, LnURN, LnGDP)
Bond test F-statistic 4.245*
Significance 1%
Lower 1(0) Bound 2.26
Upper 1(1) Bound 3.35

Note: * indicate the significance level at 1%. Source: Authors’ calculations
ARDL estimation results
The result of the long and short run equilibrium relationship between the variables applying the
ARDL (1,0,1,0,0,1) is summarized in Table 3.
Table 3. Long and short run estimations

Long run (Panel A) | Short run (Panel B)
Dependent variable: LnCO;
LnECN 1.058*** AINENC 1.0896***
(0.135) (0.027)
LnINNOV -0.211** AInINNOV -0.0157**
(0.102) (0.007)
LnTRO 0.431** AInTRO -0.0635**
(0.204) (0.026)
LnURN -0.053** AInURN 0.031
(0.022) (0.151)
LnGDP -0.673*** AInGDP 0.0517
(0.141) (0.823)
C -6.112%** ECT(-1) -0.701%**
(1.901) (0.131)
Diagnostic test
F-statistic p-value
RESET test 0.629 0.428
Breusch-Godfrey Serial Correlation LM test 0.862 0.353
Breusch —Pagan —Godfrey heterokedasticity test 0.016 0.899

Note: *** and ** denotes significant at 1% and 5% significance level, respectively. The standard errors in
parentheses. ECT is error correction term. Source: Authors’ calculations

It is noteworthy that coefficient of error correction term (ECT) is negative and significant at 1%
level. A negative coefficient of error correction term (ECT) indicates the viability to achieve long-term
equilibrium. The coefficient of ECT shows the rate of adjustment back to long-run equilibrium path.
The estimations allow to conclude that when economy fluctuates from its equilibrium path, CO-
emissions can return to a long-run equilibrium. The ECT coefficient 0.701 shows that 70.1%
adjustments occur during a year.

Besides, to check the overall fitting of the model we use RESET test, LM test and Breusch-
Pagan-Godfrey. The insignificant results of RESET test indicate that the overall fitting of the model is
relevant. To determine the serial correlation in the estimated model, we employ Breusch-Godfrey LM
test. The insignificant results of Breusch-Godfrey LM test have confirmed that there is no serial
correlation. Finally, Breusch-Pagan-Godfrey heteroscedasticity null is no heteroscedasticity. Overall,
it can be stated that model is appropriately specified and the results can be used for policy formulation.
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Findings and discussion

Results of the long run estimation (Table 3-Panel A) shed lights on various aspects. It is seen
that the relationship between innovation and CO2 emission is significant at 5% level. The negative
coefficient indicates that the higher the rate of innovation the lower CO, emissions are. This finding is
encouraging since in Vietnam innovation is a new and important driving force of economic
development, and the attention to and investment in innovation and technology have been rapidly
increasing in current Vietnam. The Government has even set “Solidarity, discipline, innovation,
inspiration for development” as the motto for 2021. The Ministry of Planning and Investment has
actively developed and implemented the program to support digital transformation in 2021-2025. The
goal suggests that by 2025, 100% of businesses should have their awareness of digital transformation
increased and at least 100,000 businesses should receive technical support for digital transformation.
This article provides evidence to expect the environment upgrading in Vietnam will result in a more
developed innovation ecosystem. Our result is supported by the endogenous growth theory indicating
that technological progress improves the capability of a nation to replace the polluting resources with
other environmentally friendly resources. Our results are in line with the studies of Fernandez et al.
[2018].

Furthermore, the effect of trade openness on CO2 emissions is found positive and significant at
5% level that confirms the existence of “pollution haven hypothesis” in Vietnam. Along with the
process of opening up, Vietnam has been under a lot of pressure on environmental deterioration, and
has put much effort on reducing this negative effect of openness. Virtually, the ongoing draft Law on
Environmental Protection (amended) is expected to prevent and screen projects with outdated
technology for foreign investment in Vietnam, and creates a favorable legal environment for Vietnam
to join new- Free Trade Agreements (FTAS) generation that requires very strict environmental
commitments such as the Vietnam—EU FTA (EVFTA). Our finding reaffirms that openness increases
the environmental deterioration in Vietnam, suggests that the government should take more drastic
action on this issue.

The result also shows that the relationship between energy consumption and CO2 emission is
positive and significant at 1% level that indicates that the higher the energy consumption the higher
the COz emissions result is. Virtually, total electricity consumption in Vietnam has tripled in the past
ten years, faster than electricity production. With an increasing reliance on fossil fuels, the energy
sector in Vietnam currently emits nearly two-thirds of the country's total greenhouse gas emissions
[World Bank, 2021]. It can be stated that the main culprit behind increasing CO2 emissions in Vietnam
is energy consumption. Our finding really sets an urgent need to accelerate the transition to clean
energy in Vietnam.

Turning to urbanization, the finding reveals a negative and significant impact of urbanization
on carbon emissions in Vietnam, which means that urban development is not an obstacle to the
improvement of environmental quality. The impact of urbanization on the environment is not
monotonic, but very complex via many different, sometimes contradictory, channels. The likely reason
is that the positive effect of urbanization that push the polluting industries away from the city, setting
up the commercial and service sectors instead may dominate all the negative effects. Our finding shows
the initial effectiveness of urbanization policy in Vietnam. Vietnam moves in the right direction; the
urbanization policy should be forced towards green cities to take advantage of this positive effect.
Hence, urbanization should not be considered an obstacle when initiating policies that will be used to
reduce environmental deterioration in Vietnam.
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The relationship between economic growth and CO> emissions is negative and significant at
1%. It shows that Vietnam has reached the environmental Kuznets curve turning point of income level.
Virtually, Vietnam approved the National Green Growth Strategy (VGGS) for the period 2011-2020
with a vision to 2050 with a focus on low-emission development, reduced GHG emission, green
production, green lifestyle and sustainable consumption. After almost ten years of implementation, it
helped raise public awareness about the significance of green growth. Measures to cut greenhouse gas
emissions were carried out widely, resulting in such emissions falling 12.9 per cent compared to the
normal development scenario. In particular, outstanding loans funding green growth stood at nearly
VND238 trillion (USD10.36 billion) by 2018, or 235 per cent higher than in 2015 [New Green Growth
Strategy: 18.05.2021].

This article shows evidence that Vietnam’s growth reduces the environmental deterioration
which can prove the success of the current VGGS. The finding also supports a new national strategy
on green growth for 2021-30 being drafted by the MPI with a stronger commitment to make Vietnam
a carbon-neutral economy as soon as possible [MP1 2021].

The error correction model employing ARDL approach to measure the short-run dynamic
relationship between CO2 emissions, energy consumption, innovation, trade openness, urbanization
and economic growth. The results are shown in Table 3-Panel B. With regards to innovation and energy
consumption, the impacts in short run and long run reveal to be like. Turning to the effects of
urbanization and economic growth on CO2 emissions in the short-run, the model suggests no statistical
evidence for this interaction. The only attention is paid on the impact of trade openness. Trade openness
has negative impact on CO emissions, and it is significant at 5% level in the short run, while it is
positive and significant in the long run. This result shows that Vietnam puts efforts to reduce the impact
of trade openness on CO. emissions in the short-run; however, the policy formulation and
implementation is not good enough for that effect to persist in the long run. This result insists that
policy makers should amend the Law on Environmental Protection, as far as better management of
international integration activities related to environmental protection is concerned.
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