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IEVADS

Promocijas darba témas izvéles motivacija un pamatojums

Masdienas daudzas pasaules valstis ir akceptgjusas ilgtsp&jigas attistibas
pamatprincipus, veidojot aizvien cie$akas saites starp dabas, ekonomikas un
socialajam paradibam. Tomér So procesu analize ir paradijusi, no vienas puses,
datu nepietiekamibu un to salidzinaSanas iesp€jas un, no otras puses, attiecibu
trikumu starp objektivajiem dabas likumiem (invariantiem) un sabiedribas
ilgtspgjigas attistibas principu. Jaatzist, ka sociali ekonomisko sisteému
parvaldiba joprojam nepastav konsekventi izmérama forma izteiktas sisteémiskas
saiknes ar dabas, ekonomiskajiem un socialajiem procesiem, kas savukart var
novest pie nepareiziem vert€jumiem un pat izraisit krizes. Ja dabas likumi ir
formuléti analitiska forma un izméramu lielumu izteiksmé, tad socialas attistibas
likumi parasti tiek definéti, izmantojot tadus raditajus, kas nav saistiti ar dabas
procesiem un tadgjadi apgriitina petijumu veikSanu, lai noteiktu to savstarpgjas
attiecibas.

Dabaszinatnu likumi, kas ir universali empiriski visparinajumi, joprojam
netiek pietiekami piemeroti sociali ekonomisko procesu analizei, jo, neskatoties
uz dazadam iestradném, pasaul€ Iidz $§im nav radita atbilstosa sisteéma, un veikti
nepiecieSsamie fundamentalie un starpdisciplinarie pétijumi. Turklat, no
kontroles teorijas ir zinams, ka kontroles process ir objektivs, ja sisteéma ieklauj
kontrol&ta objekta kustibas principu — likumu, tas ir, saglabasanas un izmainu
likumi. Sadi likumi ir jebkurai sociali ekonomiskajai sistémai. Ja globala vai
lokala limeni darbojas tikai subjektivi likumi, tas neizb&gami nonak pretruna ar
objektiviem likumiem (dabas likumiem) un rada negativas socialas, ekonomiskas
un vides sekas. Tapéc nepiecieSams izstradat teor&tiskus un metodologiskus
nosactjumus, kas biitu balstiti uz izm&ramiem liclumiem (raditajiem), kas atbilstu
dabas sist€ému raksturosanai un vienlaikus biitu piemérojami sociali ekonomisko
procesu novértéianai. Saja konteksta var formulét vairakas problémas.

1. llgtsp€jigas attistibas procesu analizes neatbilstiba sistémiskai pieejai:
dalfjums tris atseviskas sistémas (ekonomika, ekologija un sabiedriba) un to
atsevisks vértgjums (indikacija) nevar dot pilnvertigu prieksstatu un izpratni
par sociali ekonomiskas sistémas darbibas rezultatiem un attistibas
perspektivam. MEginajumi kapitala teorijas ietvaros izveidot un summeét
dabas un socialo kapitalu monetaro vértibu, lai ietekmé&tu makroekonomikas
politikas I[émumus, ir metodologiski sarezgiti un gruti parbaudami. Zalas
gramatvedibas princips, kas darbojas péc vajas ilgtsp&jibas noteikumiem,
negarant€ ilgtspgjigu attistibu (Blignaut, De Wit, 2000). lligtsp&jiga attistiba
ir vairak neka tikai vides, ekonomikas un socialas kulttras ilgtsp&jibas
komponentu summa. Pat ja tiek sasniegta ekonomiska, vides un sociala
ilgtspgjiba, definicija nenozimé, ka tiek sasniegta ilgtsp&jiga attistiba. Ir
nepiecieSama visaptveroSa pieeja, kas ietver visus galvenos ilgtsp&jigas
attTstibas principus (Hediger, 1997).
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2. Pasaulg joprojam nav vienotas pieejas kvantitativo ilgtsp&jigas attistibas
kriteriju definicijai un noteikSanai — raditaji tiek iegtiti ar dazadam metodém
un dazadas mérvienibas, kas nav pietiekami, lai pilnvertigi izprastu un
atbilstosi noveértétu procesus, kas nepiecieSami procesu kvalitativai
uzraudzibai (monitoringam). Metodologiska limeni Bosela (Bossel. 2002),
Rokstroma (Rockstrom et al.,2016), Bolsakova (Bolshakov et al., 2019)
pieejas un modeli liecina, ka jamekle vairakas iesp&jas, ka apvienot sociali
ekonomisko darbibas modeli ar ekologisko modeli, kas izriet no ictekmes uz
globalo sistemu.

3. Misdienu izaicinajumi liek pariet no pasreizgja lineara ekonomikas modela
uz nelineariem modeliem, kas dabu uztver ka dzivibas atbalsta sistému
socialajai labklajibai un reagé uz atgriezeniskas saites efektiem. Sie
apgalvojumi ir analizéti vairaku zinatnieku darbos, kas pamato misdienu
ekonomikas un ilgtspé&jibas atfistibas teorijas (Capra et.al., 2017; Thurner,
2018; Riznichenko et al., 2009; Odum, 2007).

4. Taka esosa sociali ekonomiskas sisteémas ilgtsp&jigas attistibas mervienibu
sisttma naudas izteiksmé ir mainiga un nestabila, tad ir javeido jauna —
invariantu koordinatu sistéma ar atbilsto$am mérvienibam. Sodijs (Soddy,
1933) savos darbos izteica apgalvojumu, ka ekonomistu uzmanibas centra
jabut energijas plasmai jeb jaudai. Odums un Deilijs (Daly, 1993; Odum,
1968) deva jaunu impulsu pé&tijumiem, apgalvojot, ka jauda ir primarais,
universalakais visu cilvéku darbibas veidu mérs daba. Energijas plismas
pamatlikumi ir attiecinami gan uz visiem cilvéka dzives procesiem, gan ari
uz dabu, taja skaita sabiedribu, ekonomiku, ekologiju, kultiiru un estétiku.
Kostanza (Costanza, 2004) atzimé&ja, ka pieejama energija ir vieniga
fundamentala vértiba un vienigais ierobeZojosais razoSanas faktors, kas
atbilst raZzoSanas teorijas krit€rijiem un spgj izskaidrot apmainas vertibas.

Pamatojoties uz iepriek§ min&to, promocijas darba pé&tjjuma aktualitati
nosaka nepiecie$amiba turpinat pilnveidot ilgtsp&jigas attistibas teoriju un
noveértéSanas metodes, izmantojot nemonetaru dabaszinatnu procesu
atspogulojumu starpdisciplinara pétijjuma, nemot vera ekonomikas,
matematikas, fizikas un vides likumsakaribas. Tatad ir svarigi izveidot
sistemisku pieeju ilgtsp&jigas attistibas procesu noveértéSanai un monitoringam,
kas ietver sistémanalizi un vadibas lémumu pienemsanu.

Pétijuma hipoteze: ilgtsp&jigas attistibas planoSanas un monitoringa modelis

lauj novertet dazadu sociali ekonomisko sistému (valstu) attistibu.

P&tijuma objekts: ilgtsp€jiga attistiba.

Pétfjuma priekSmets: sociali ekonomisko sistému ilgtsp&jigas attistibas procesu

sistémanalize.

Promocijas darba merkis: analizgt ilgtsp&jigas attistibas procesus, balstoties uz

sisttmisku pieeju, lai raditu ilgtsp&jigas attisttbas monitoringa modeli un

izstradatu priekslikumus Latvijas ilgtsp&jigas attistibas strategisko méerku
planosanai.
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Meérka sasniegSanai risinatie darba uzdevumi.

1. Izpéetit ilgtsp&jigas attistibas teoretiskos aspektus, koncepcijas un modelus
pasaulg.

2. Salidzinat un veikt sisttmanalizi dazadu sociali ekonomisko sistému (valstu)
attistibas raditajiem naudas izteiksme un energovienibas.

3. Izstradat ilgtspEjigas attistibas novértéSanas metodologiju un ilgtsp&jigas
attisttbas monitoringa modeli, izmantojot jaudas izmainu sisteémanalizes
pieeju un invariantu koordinatu sisteému.

4. Analizet sistemiskas pieejas ietvaros Latvijas ilgtsp€jigas attistibas
strategisko mérka raditajus un prognozet tos invariantu koordinatu sistéma
energovienibas 1idz 2030. un 2060. gadam.

Izmantotas pétijjumu metodes: zinatniskas: kontentanalize; monografiska

metode; analizes un sintézes metode; indukcijas metode; dedukcijas metode;

logiski konstruktiva metode. Statistiskas analizes: apraksto$a statistikas metode;
matematiskas datu analize metode; laika rindu analize. Citas: Greindzera metode,
c€lonsakaribas tests; Pirsona korelacijas tests; Durbina-Vatsona tests.

Promocijas darba informacijas avoti

Pétijuma izstradei izmantoti Latvijas un FEiropas Savienibas normativie

dokumenti, zinatniska literatira no Scopus, EBSCO, Science Direct u.c.

datubazém, Latvijas Republikas Ministru kabineta un ministriju majas lapas

pieejama informacija, Latvijas Oficialas statistikas portals, Regionalas attistibas
raditaju modela dati, ka ar citi publiski pieejamie informacijas avoti: Apvienoto

Naciju organizacijas, Pasaules Bankas un Starptautiskas Energétikas asociacijas

datu bazes.

Pétijjuma teorétiska baze balstdis uz ekonomikas virzienu “attistibas

monitoringa sistémas nozime regionalds ilgtsp€jibas un socialekonomiska

izaugsm&”. Sociali ekonomisko sistému (valstu) ilgtsp&jiga attistiba izskatita
kompleksas sist€émas teorijas un ekologiskas ekonomikas koncepcijas ietvaros.

Ilgtsp&jigas attistibas monitoringa uzdevumu formaliz€$anai izmantota

ilgtspgjigas attistibas vadiSsanas metodologija un atvérto nelidzsvaroto socialo

ekonomisko sistému jaudas (energoplismu) dinamikas sistémanalizes pieeja.

Darba izmantotas petniecibas metodes ir balstitas uz daudzu arvalstu un Latvijas

zinatnieku darbiem, kas mingti izmantoto informacijas avotu saraksta.

Promocijas darba zinatniskas novitates: starpdisciplinara pétijjuma izstradata
sociali ekonomisko sistemu (valstu) ilgtsp€jigas attistibas raditaju novertésanas
metodologija, izmantojot dabaszinatnu procesus un sasaistot ekonomikas,
matematikas, fizikas un vides likumsakaribas. Izveidots ilgtsp&jigas attistibas
monitoringa modelis. Pirmo reizi Latvija noformuléti ilgtsp&jigas attistibas
raditaji energovienibas. Analiz€ti Latvijas un vairaku citu valstu sociali
ekonomiskie raditaji ilgtspejigas attistibas konteksta, ka arT prognozeti Latvijas
iesp&jamie ilgtspgjigas attistibas scenariji [1dz 2030. un 2060. gadam.
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Tautsaimnieciska nozime: p&tijuma rezultatus var izmantot valsts un
pasvaldibu institiicijas ilgtsp&jigas attistibas raditaju planosanas, noverté§anas un
monitoringa procesa, augstakas izglitibas iestazu studiju procesa par ilgtsp&jigas
attistibas jautajumiem.

Aizstavamas tézes.

1. teze: ilgtspg€jigas attistibas teor€tisko aspektu izp€te ir pamats esosSo
koncepciju un metozu trikumu izvertéSanai un talakai pilnveidosanai.

2. teze: ilgtspgjigas attistibas principu formalizacija energovienibas, izmantojot
invariantu koordinatu sisttmu un jaudas izmainu sisttmanalizes piecju, lauyj
noteikt jebkuras sociali ekonomiskas sist€mas (valsts) esosa stavokla un mérka
raditajus, noradot problémas un prognozgjot attistibas scenarijus.

3. téze: Latvijas ilgtspEjigas attistibas plano$anas un monitoringa modelis
invariantu koordinatu sistéma energovienibas lauj prognozget iespgjamos valsts
attistibas scenarijus.

Pétijuma ierobeZojumi: pétijuma izveletas, analiz€tas un vertetas 15
pasaules valstis. P&tijuma periods aptver 30 gadus — no 1990. lidz 2019., ar
atseviskiem izn€mumiem attistito valstu ASV, Japanas, Francijas, Vacijas un
Italijas datiem, kur analize veikta par laiku no 1960. lidz 2019. gadam. Darba 3.
nodala analizeti Latvijas attistibas planotie raditaji lidz 2030. un 2060. gadam,
ietverot ar1 2021. gada faktiskos datus.

Promocijas darba apjoms (Ph.D.) zinatniska grada iegiSanai socialajas zinatnés
ir 148 lapas. Darba ir 66 tabulas, 49 attéli, 18 pielikumi (uz 55 lapam), izmantoti
257 informacijas avoti, t.sk. 231 avots — anglu valoda.

1. ILGTSPEJIGAS ATTISTIBAS NOVERTESANAS UN
MONITORINGA SISTEMAS TEORETISKIE ASPEKTI

Promocijas darba 1. nodala analizgti ilgtsp&jigas attistibas koncepcijas
veidoSanas priek$noteikumi un vesturiskie aspekti, analiz€ti stipras un vajas
ilgtspgjibas modeli, kapitala teorijas pieejas koncepcija. Lai pamatotu darba
nakosajas nodalas izmantotas metodes un veiktu aprékinus, pétita dabaszinatnu
pieejas izmantoSana ekonomika un aprakstita ilgtsp&jigas attistibas koncepcija
energovienibas, ka arT sociali ekonomiskas sistémas jaudas jeb energijas plasmu
modelis.

1.1. Ilgtspejigas attistibas jedziena vesturiskie aspekti un teoretiskais
pamatojums

Sabiedribas attistiba un globalas ekonomikas parveidosana uz ilgtspg&jigiem
pamatiem ir viens no miisdienu nozimigakajiem izaicinajumiem visas pasaules
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meéroga. Tas prasa fundamentalas izmainas gan cilvéku apzina, gan darbiba, tas
prasa jaunu redz&jumu un jaunas pieejas, lai veidotu jaunu realitati. [lgtsp&jigas
attistibas koncepcijas ka pasaules organiz&Sanas principa izveides galvenais
merkis jau pirmsakuma ir bijis veicinat labi funkciongjosu mijiedarbibu starp
cilvékiem, sabiedribu, ekonomiku un plangtas dzivibu uzturo$o ekosistemu
atjaunoSanas spgju. ST izlidzinaSana ir Tpa$s dinamiska Iidzsvara veids
mijiedarbiba starp populaciju un tas vides nestspgju. Ilgtspejigas attistibas
jédziens ir kluvis par etalonu vides zinatniskajiem pétijjumiem un ir ieguvis
attistibas paradigmas raksturu (Alvarado-Herrera et al., 2017; Gore, 2015) kop$
ta paradisanas 1987. gada ANO organizétas Pasaules vides un attistibas
komisijas sagatavotaja zinojuma, kas veélak tika nosaukts komisijas vaditajas,
Norvégijas premjerministres Bruntlandes varda (Brundtland, 1987). Liclaka dala
pasaules valstu pienéma llgtsp&jigas attistibas pamatprincipu, saskana ar kuru
pilsoniska sabiedriba un valsts ir atbildigas par visaptveroSas droSibas
nodro§inasanu un sp&ju apmierinat gan pasreizgjas, gan nakotnes paaudzu
vajadzibas. P&c Zemes samita Riodezaneiro 1992. gada §1 koncepcija kluva par
domingjoso un tika ieklauta daudzu pasaules valstu starptautiskajos ligumos,
nacionalajas konstitticijas un likumos (Redclift, 2005). Romas kluba (Meadows
et al., 1972) darba rezultata ir radusies ilgtsp&jigas attistibas interpretacija, ko
meédz deévet par “tris vienigo ilgtspEjigas attistibas jedzienu”, uzsverot tris
ilgtsp&jigas attistibas pilaru savstarpgjo atkaribu: vides, socialo un ekonomisko.
Ilgtsp&jiga attistiba klust sasniedzama tikai tad, kad veidojas stabilitate katra no
ilgtspgjigas attistibas koncepcijas izstradi un lava formaliz€t mérkus, tacu
jaatzimé, ka, péc promocijas darba autores domam, vélak §is defingjums saka
bremzet sist€émisko skatijumu uz ilgtsp€jibu un ilgtsp&jigu attistibu. Apvienoto
Naciju organizacijas Ekonomikas komisija norada, ka ilgtsp&jiga attistiba ir
attistiba, kas var ilgt “mazigi” vai vismaz loti ilgi, vairakas paaudzes (UN, 2007).
Nemot véra labklajibas jédzienu, ilgtsp&jigu attistibu var formulét ka labklajibas
picaugumu loti ilga laika perioda. V&l fundamentalaka definicija vargtu bat:
ilgtspjiga attistiba ir pat€rinpa pieaugums ta plasakaja ekonomiskaja
interpretacija loti ilgd laika perioda, t.i., ilgtspgjigas attistibas mérkis ir
nodrosinat gan Sodien dzivojoso labklajibu, gan nakamo paaudzu labklajibas
potencialu.

Vajas un stipras ilgtspéjibas koncepcijas

Vajas ilgtspgjibas koncepcija tika noformuléta 20. gadsimta 70. gados ka
neoklasicisma ekonomiskas izaugsmes teorijas paplasinajums, uzskatot
neatjaunojamos dabas resursus par razosSanas faktoru. Ta kluva par galveno
virzienu 90. gados ilgtsp€jigas attistibas diskursa un kapitala teorijas konteksta.
Neoklasicisma ekonomika pienem, ka energija un matérija (preces) cirkulé
praktiski slégta neierobezotu resursu (izejvielu) un bezgaligu parstrades iesp&ju
(izejas) sisttma, ko ekonomika sauc par negativam argjam sekam. Lai gan
resursi ir ierobezoti, daba tiek uzskatita par neizsikstoSu resursu piegadataju
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razosanai, un lidzigs skatfjums tiek attiecinats uz dabas sp&u asimilet
piesarnojumu. Ir svarigi atzimét, ka vajas ilgtsp&jibas apstaklos ir pielaujama
beznosacTjumu aizstasana starp dazadiem kapitala veidiem. Tas nozimé, ka dabas
resursi var samazinaties tik ilgi, kameér palielinas cilveka raditais kapitals.

Atskiriba no neoklasicisma teorijas, ekologija nevar uzskatit cilvéka
ekonomiku atseviski no dabas, bet, gluzi pretgji, par dalu no SES, kas apmainas
ar vielu, energiju un informaciju ar vidi un uzskata tas sastavdalas par vairak
neka tikai precém un tirgotiem pakalpojumiem. Sis arguments liela mera ir
nodro$inajis teor&tisko bazi, uz kuru balstas stipras ilgtsp&jibas koncepcija,
pienemot, ka dazus dabas elementus nevar aizstat ar maksligo kapitalu un ar SES
saistitas nenoteiktibas pakapes del “piesardzibas principam” vajadz&tu dominét
par neoklasicisma teorijas ekonomisko logiku (Cozar, 2005; Kriebel et al.,
2001). Atskiriba no vajas ilgtspgjibas, stipra ilgtsp&jiba uzsver vides mérogu,
nevis ekonomiskos ieguvumus. Tas nozimé, ka dabai ir tiesibas pastavét — ka ta
eksiste, un ta ir janodod no paaudzes paaudzeé nemainita sakotnéja forma.

Vides ekonomika un ekologiska ekonomika

Vides ekonomika ir balstita uz neoklasicisma ekonomikas modeli, kas lielaku
uzsvaru liek uz negativam ar&am sekam, piem&ram, piesarnojumu un
ekosistému zudumu. Neoklasicisma ekonomika ir plasa teorija, kas koncentrgjas
uz piedavajumu un pieprasijumu ka ekonomiskas aktivitates virzitajspekiem.
Vides un ekologiska ekonomika ir ekonomiskas domas apak$nozares, kas péta
mijiedarbibu starp cilvéka darbibu un dabisko vidi. AtSkiriba ir tada, ka vides
ekonomika pé&ta attiecibas starp vidi un ekonomiku, savukart ekologiska
ekonomika uzskata ekonomiku par plasakas ekosistémas apakssisttmu. Vides
ekonomika balstita uz vajas ilgtsp&jigas attistibas principiem.

Ropke (2004) formulgja ekologisko ekonomiku ka dabas un ekonomisko
procesu mijiedarbibu cilvéka iedarbibas rezultata. Dabiskie procesi tada nozimé,
ka tos var uzskatit par biologiskiem, fizikaliem un kimiskiem procesiem un
parvertibam. Tapéc ekonomika ir japéta ne tikai ka dabas objekts, bet
ekonomiskos procesus nepiecieSams konceptualizgt terminos, ko parasti lieto
dabas procesu raksturo$anai. Cilvéka darbibu var raksturot ar energijas un vielas
plismam, tapéc, sakot ar 20. gadsimta 80.-90. gadiem ekologijas specialisti
palielingja savu interesi par eckonomikas jautajumiem (Costanza, 1989;
Georgescu-Roegen, 1986). Ja ekonomiskas un ekologiskas sist€émas tiek
konceptualizétas viena un taja pasa energijas un matérijas plismu “valoda”, ir
dabiski apgalvot, ka cilvéka ekonomika ir “iestradata” zemes geobiosfera.

Nemot véra ieprieks aprakstitos dazados viedoklus par ilgtsp&jigas attistibas
iespgjamam perspektivam, hegemonisku poziciju ienéma vajas ilgtsp&jibas
koncepcija (1.1. att.) un vides ekonomikas modeli un instrumenti.
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Avots: autores veidots péc Ruggerio (2021)
1.1. att. Ilgtsp€jibas un ilgtspéjigas attistibas struktiira

Vides ekonomikas ideja atstat pamatkapitalu vismaz nemainigu ir plasi
izplatita, bet rodas jautajums, vai vienu kapitala veidu var aizstat ar citu. Tas ir
diskusiju centra starp “vaju” un “stipru” ilgtsp&jibu un to, ka panakt paaudzu
vienlidzibu.

1.2. Ilgtspejigas attistibas formalizacija un raditaji

Ilgtspgjiga attistiba ir saistita ar cilvéka attisttbas mérku sasniegSanas
principu, vienlaikus saglabajot dabas sistému sp&ju nodrosinat dabas resursus un
ekosistému pakalpojumus ekonomiskas un socialas attistibas konteksta (Cerin,
2006). Jaunakie no Siem izaicinajumiem ir TukstoSgades attistibas mérki (TAM)
un llgtspgjigas attistibas mérki (IAM), kas tika formuléti 2015. gada.
TikstoSgades attistibas mérki iezim&ja vesturisku globalu mobilizaciju, lai
sasniegtu svarigu socialo prioritasu kopumu visa pasaulé (Breuer et al., 2019).
IAM istenosana turpinajas ar ANO programmu Agenda 2030 — rezoliiciju “Miisu
pasaules parveidoSana: ilgtspgjigas attistibas programma 2030. gadam jeb
Dienaskartiba 2030” (neoficials biedribas LAPAS tulkojums no anglu valodas
Agenda 2030), ko 2015. gada pienéma ANO Generalaja asambleja (LAPAS,
2015). Programma Agenda 2030 ir ieklautas piecas t€mas, kas pazistamas ka
pieci Ps (anglu val.): cilvéki (people), planéta (planet), labklajiba (prosperity),
miers (peace) un partneriba (partnership). Nosauktas piecas témas aptver 17
méerkus un 169 apakS$meérkus ar 263 raditajiem (Hylton, 2019) un nozimé —
Cinities ar nabadzibu, aptverot tadas jomas ka veseliba, izglitiba, energéetika,
ekonomiska izaugsme, riipnieciba, inovacijas, klimata parmainas, dabas resursi
un citas. Dilemma starp tiek§anos péc stingras nostajas galvenajos jautajumos un
plasas politiskas atzinibas iegiiSanu, ka ari ilgtsp&jibas vairaku dimensiju
atbalstiSanu un izpratni, ka arT pasakumu, krit€riju un principu izstradi ir bijis
galvenais izaicinajums cela uz ilgtsp&jibas ieviesanu, kop$ tika pienemti IAM
(Lele, 1991). Zinatnieks Kenijs (Kenny, 2015) formulgjis piecas galvenas IAM
kritikas:
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1) mérki nenem véra nevienlidzibu starptautiskaja sistéma;

2) mérki tiek izvirziti no augsas uz leju un birokratiski ignor€ vietgjo kontekstu;

3) IAM ir centieni, nevis mérki un nav saistiti ar SMART (Specific,
Measurable, Achivable, relevant, Time-based) koncepciju;

4) mérki nav obligati sasnieg$anai, kas nozimg, ka valstis netiek “soditas™ par
to neieverosanu;

5) informacijas un datu trikums.

Pogge (Pogge, Sengupta, 2015) ir uzsvéris, ka IAM ir centienu pazinojums,
bet mérku formul&jumam ir jasniedz skaidrs priekS$stats par soliem, kas
nepiecieSami mérku sasniegSanai, ka arT janodroSina neatkariga uzraudzibas
organizacija. Sveins (Swain, 2018) noverteja, ka ambiciozos IAM ir griiti izmérit,
Istenot un uzraudzit — pastav iesp&jama neatbilstiba starp IA mérkiem, jo Tpasi
starp sociali ekonomisko attistibu un vides ilgtsp&jibas mérkiem. Kritika arT rada
jautajumus par plasi formulétu IAM izm&ramibu un uzraudzibu. Kopgjie mérki
nav saisto$i, un katrai valstij ir jaizstrada savi nacionalie vai regionalie plani.

Péc promocijas darba autores domam, iepriek§ minétie autori parak
vienkarSoti kritiz€ apstiprinatos un pienemtos dokumentus, neuzsverot un
neformulgjot galvenas problémas, piemeram, cik no ilgtsp&jigas attistibas
mérkiem, uzdevumiem un raditajiem tiks sasniegti [idz 2030. gadam, un kads biis
kopgjais rezultats. Lielaka uzmaniba IAM sasniegSanai un papildu ekonomiska
izaugsme $0 secindgjumu nemaina — ir vajadzigas transformacijas parmainas un,
iespgjams, pat paradigmas maina. Metodologiska limeni Bosela (Bossel, 2002),
Rokstroma (Rockstrom et al.,2016), Bolsakova (Bolshakov et al., 2019; Dart,
2022) pieejas un modeli liecina, ka ir iespgjams apvienot sociali ekonomisko
darbibas modeli ar ekologisko modeli, kas izriet no ietekmes uz globalo sistému.
Radito globalas sistémas modeli varétu izmantot, lai prognoz&tu turpmako
ilgtspgjigas attistibas mérku sasniegSanu un samazinatu spiedienu uz dabu.

Ilgtsp€jas raditaju veidosana

Pirma visaptverosa ilgtsp&jigas attistibas raditaju sisteémas izstrade bija ANO
Ilgtsp&jigas attistibas komisijas darbs, kas tika prezentéts 1996. gada (UN, 1996).
Jaatzime arT Pasaules Bankas piedavatie raditaji ikgadgja zinojuma “Pasaules
attistibas raditaji” (World Bank) ietvaros. Ekonomiskas sadarbibas un attistibas
organizacijas (OECD) vides raditaju sisteéma ir izstradata, pamatojoties uz
struktiiru “spiediens — stavoklis — reakcija”, un tas modifikacijas ir guvusas plasu
atzinibu pasaul€ un atseviskas valstis. Otra pieeja ilgtsp€jigas attistibas raditaju
veidoSanai ietver apkopota (integrala) raditaja izstradi, kas vispilnigak tiek
istenota ANO (UN) un Pasaules Bankas (World Bank) p&tijumos.

Kapitala teorijas koncepcija un raditaji

Ilgtspgjigas attistibas definicija paredz, ka ir nepiecieSams taisnigs resursu un
aktivu sadalijums starp paaudzém, tapéc ir vajadziga koncepcija, kas lauj
novertet, vai tiek panakta paaudzu vienlidziba. Pirmie darbi un kapitala pieejas
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jédziena definicijas, kas ir kluvuSas par fundamentalam ilgtsp&jigas attistibas
izp&te, paradijas 20. gs. 80. gadu beigas Pirsa publikacijas (Pearce et al., 1989).
Uz kapitalu vai bagatibu balstita pieeja ir izradijusies noderiga ilgtspgjibas
pamatjédzienu izstrade un balstas senas ekonomiskas domasanas tradicijas par
izaugsmi un attistibu. Bagatiba tiek uzskatita ka visu tautsaimniecibas aktivu
vertiba, kas ir nakotnes labklajibas pamats, un pasreizgjam parmainam bagatiba
ir jaietekm@ ar nakotnes bagatiba. Kapitala teorijas ietvaros ilgtsp&jigu attistibu
var definét ka bagatibas méru uz vienu iedzivotaju, kas laika gaita nesamazinas
(UN, 2007). Kapitala teorijas pieejas pamata eso$ajos teorctiskajos modelos
parasti tiek pienemta Koba-Duglasa (Cobb-Douglas) razo$anas funkcija bez
iedzivotaju skaita pieauguma un bez tehnologiskam izmainam. Daudzi
ekonomisti, tai skaitd promocijas darba autore, atzist, ka kapitala teorijas pieeja
ir noderigs instruments ilgtsp&jigas attistibas problému risinasanai. ST pieeja
piedava salidzinosi vienkarsus ilgtsp&jibas noteikumus un raditajus. Faktiski var
atzit, ka popularakie socialas labklajibas indeksi — nacionalais kopprodukts
(NKP) uz vienu iedzivotaju un ANO Attistibas programmas Tautas attistibas
indekss biitiba ir pasreiz€jas (konkétaja laika perioda esosas) labklajibas raditaji.

ANO un Pasaules Bankas ilgtspejigas attistibas nacionalo kontu sistema

un raditaji

Pasaules Bankas Nacionalo kontu sistéma (NKS) ir sakumpunkts uz kapitalu
balstitu ilgtsp€jigas attistibas raditdju mériSanas sist€émas izstradei. Ta ir
starptautisks standarta ieteikumu kopums par to, ka apkopot ekonomiskas
aktivitates raditajus. NKS apraksta saskanotu, konsekventu un integrétu
makroekonomisko kontu kopumu starptautiski saskanotu jédzienu, definiciju,
klasifikaciju un gramatvedibas noteikumu konteksta, tai skaita:

1. NKS ir finan$u un sarazota pamatkapitala uzskaites sisteéma;

2. pastav dabas kapitala mérjjumu sistéma, kas atbilst SNA (Apvienoto Naciju
organizacijas vides un ekonomikas kontu sistéma) (UN, 2008);

3. daudzi dati, kas vajadzigi cilvéku kapitala aplésu sagatavosanai, ir pieejami
SNA.

Pasaules Bankas darbs pie valstu kopgjas bagatibas mérisanas ir bijis
visaptveros$s nacionalas bagatibas uzskaites veido$anas process (World Bank,
2006). Galvenais raditajs ir korigéta neto jeb 1sta ietaupijuma likme, ko méra ka
(realas) bagatibas izmainas.

Fiziskas energijas plismu kontu koncepcija un metodika

Eiropas statistikas sistéma 2009. gada uzsaka Vides ekonomiskas uzskaites
sistémas (SEEA) energijas kontu izstradi, un tika panakta vieno$anas sakt ar
fiziskas energijas plasmas kontiem (PEFA). Fiziskas energijas pluasmas konti
(PEFA) tika izstradati saskana ar Vides un ekonomiskas uzskaites sistémas —
Centrala ietvara (SEEA-CF) struktiiram un uzskaites principiem. Vides un
ekonomikas gramatvedibas sist€ma satur starptautiski saskanotus standarta
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jédzienus, definicijas, klasifikacijas, gramatvedibas noteikumus un tabulas
starptautiski salidzinamas statistikas veidoSanai par vidi un tas saistibu ar
ekonomiku. SEEA struktuira atbilst uzskaites struktiirai, kas ir lidziga nacionalo
kontu sisttmai (NKS) un izmanto jédzienus, definicijas un klasifikacijas, kas
atbilst nacionalo kontu sisttmam, lai veicinatu vides un ekonomikas statistikas
integraciju.

Uz kapitala teorijas balstiti ilgtsp€jigas attistibas raditaju veidoSanas principi,
Pasaules bankas nacionalo kontu un fizisko energiju plasmu kontu koncepcija
un metodika kluva par pamatu sociali ekonomisko sist€mu (valstu) ilgtsp&jigas
attistibas miisdienu monitoringa modela veidosanai.

1.3. Dabaszinatnu pieeja ekonomika, dzivas sistémas un energopliismas

Dabaszinatnu pieeja ekonomika ir balstita uz koncepciju, ka sociala,
ekonomiska un vides zinatne ir dzivibas zinatnes neatnemamas sastavdalas, kas
darbojas sistéma: sabiedriba — vide — cilvéks. Socialie, ekonomiskie un vides
procesi ir balstiti uz energijas, matérijas un informacijas plismu
transformacijam, kas ir visu dabas un socialo procesu pamata. Neko nav
iespgjams sarazot, netérgjot energijas plismas jeb jaudu (Odum, 2007). Tadgjadi
energijas, matérijas un informacijas plismu transformacijas ir sabiedribas,
ekologijas un ekonomikas pamata, un tas ir paklautas saglabasanas un parmainu
pamatlikumiem. Sie likumi veido socialo, ekonomisko un vides procesu
fundamentalu ierobezojumu kopu un zinatnisko pamatu apsverumiem par sociali
ekonomiskas aktivitates mijiedarbibu ar dabas procesiem, pamatojoties uz
noteiktiem likumiem. Tomér materialas, energijas un informacijas savstarpgjas
saiknes starp socidlajiem, ekonomiskajiem un vides procesiem nhetika
atspogulotas un analiz&tas tradicionalajas sociali ekonomiskajas teorijas.

Energijas plismas

Jebkura sistéma nevar pastavet bez mijiedarbibas ar tas apkartgjo dabisko vidi
un apvieno divus saistitus procesus: (1) aktivo vides ietekmes plasmu, kas nosaka
sisteémas iespgjas; (2) $Ts ietekmes rezultata iegilito resursu plismas izmantoSanu
sabiedribas materialo un nematerialo vajadzibu apmierinasanai. Socialo,
ekonomisko un ekologisko procesu pamata ir energijas, mat€rijas un
informacijas pliismu transformacija. Nav iesp&jams sarazot nevienu produktu/
pakalpojumu, netérgjot laiku un energijas plasmu, t.i., jaudu. Ta ka energijas,
vielu un informacijas plismu transformacijas ir sabiedribas, ekologijas un
ekonomikas pamata, tas ir paklautas gan saglabasanads, gan arT izmainu
pamatlikumiem. Sie likumi veido sociilo, ekonomisko un ekologisko procesu
fundamentalu ierobeZojumu kopumu un zinatnisku pamatu sociali ekonomisko
aktivitasu izskatiSanai mijiedarbiba ar dabas procesiem, pamatojoties uz
dabaszinatnu likumiem. Viens no pirmajiem pétniekiem 20. gadsimta, kur§
izstradaja dabaszinatnu pieeju ekonomikai, izmantojot termodinamikas likumus,
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bija Sodijs (Soddy, 1923). Vins noradija, ka sabiedribas bagatiba ir ienakumi, kas
ir dzivibas mérkiem pieejama jauda. Ja tas ir pieejams pietickama daudzuma un
izmantoSanai €rta veida noteikta zina§anu attistibas ITmeni, var iegut Vvisu, kas
nepiecieSams sabiedribas dzivei. 1933. gada Sodijs izteica apgalvojumu, ka
ekonomistu uzmanibas centra jabut energijas plismai jeb jaudai. Odums (Odum)
un Deilijs (Daly) deva jaunu impulsu pétijumiem, apgalvojot, ka jauda ir
primarais, universalakais visu cilvéku darbibas veidu mérs daba. Energijas
plusmas pamatlikumi ir attiecinami uz visiem cilvéka procesiem un art uz dabu,
taja skaita uz sabiedribu, ekonomiku, ekologiju, kultiiru un estétiku (Daly, 1993;
Odum, 1968). Jautajumi par energétiskas vertibas teorijas izveidi, lai papildinatu
vai aizstatu tradicionalo neoklasicisma subjektivas vertibas teoriju, kas balstita
uz lietderibu, ir analiz&ta Stalinga zinatniskajos darbos (Stallinga, 2020).
Tradicionalie ekonomisti atzina, ka, ja vini var€tu noteikt galveno
ieguldjumu razoSanas procesa, vini vargtu izskaidrot apmainas vértibas
razoSanas attiecibu izteiksmé (Kennedy, 2020). Probléma bija ta, ka tradicionalie
primarie faktori faktiski ir razo$anas starpposma faktori. Kostanza (Costanza,
2004) uzsvéra energijas ipaSibas, kas atbilst primaro faktoru kritérijiem, tai
skaita, ka energija ir visur esoSa, visu ekonomiskajas un ekologiskajas sistemas
razoto precu Ipasiba. Vin$ arl atziméja, ka energija ir svarigs ieguldijums visos
razo$anas procesos Un energijas pamatipaSiba (sp€ja stradat) nav aizvietojama.
Kostanza (Costanza) atzimé&ja, ka pieejama energija ir vieniga fundamentala
vertiba un vienigais ierobezojoSais razoSanas faktors, kas atbilst razoSanas
teorijas krit€rijiem un sp€j izskaidrot apmainas vértibas. Tada veida uz pieejamas
energijas izmanto$anu razoSana var veidot vertibas teoriju, kas lauj izvairities no
problémam, ar kuram saskaras klasiska ekonomiska teorija, méginot izskaidrot
apmainas vertibu ekonomiskajas sistémas. Izmantojot energétisko apmainas
vértibu koncepcijas pieeju, iesp&jams noteikt izmaksas neatkarigi no patérétaju
velmém. No vienas puses, ta ir kritika, bet, no otras puses, energoietilpigas
pieejas galvenais mérkis bija tiesi atrast objektivas pieejas, kas pilniba nenosaka
individualas vélmes (Costanza, 2004). Tirgus ekonomika nauda cirkulg slégtos
lokos, savukart jauda ienak no arpuses, parvietojas pa sisteémas ieksgjas
struktiiras ITmeniem un atstaj sisttmu. Odums attistija So koncepciju ar merki
nodrosinat dabaszinatnisku pamatu naudai un pienémumam, ka lietderiga jauda
ir dabiskais vertibas pamats, ja ieguldijums sist€émas attistiba ir galvenais vertibas
kritérijs. Tatad, ja naudas pliismas attieciba pret energijas plasmu (jeb jaudu) ir
nemainiga, tad nauda var&tu klut par faktu, kas apliecina jaudas esamibu.

Energijas plusmas dzivas nelidzsvara sistémas

Viens no pirmajiem autoriem, kas izmantoja dabaszinatnisku pieeju,
analizgjot dzivas sociali ekonomiskas sistemas, bija Podolinskis (Podolinsky),
noradot, ka cilvéks ka vienigais zinatnei zinamais dabas speks ar noteiktiem
gribas aktiem spgj palielinat uz Zemes virsmas uzkratas saules energijas dalu un
samazinat uz Zemes izkliedétas energijas daudzumu pasaules telpa. Sabiedribas
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un dabas sistéma apvieno divus saistitus procesus: aktivu ietekmi uz vidi un §is
ietekmes rezultata ieglito resursu pliismas izmantoSanu sabiedriba — Sos procesus
vieno dzives procesa jeb darba procesa jédziens (Podolinsky, 1881). Attistiba
notiek, ja 1idz ar nesamazinosu dabas resursu patérina pieaugumu nesamazinas
arT sabiedribas iesp&ju izmantosanas efektivitate. Mijiedarbiba ar vidi nodrosina
jebkuras dzivas sistémas nelidzsvarotibu. Tas nozimé, ka materialu un energijas
pluismas no vides iepliist sisttma un izplast ara — starp dzivo sistému un vidi
notick materialu un energijas apmaina. llgtspgjiga attistiba ir sabiedribas
lidzsvara mijiedarbiba ar vidi, kas nodroSina dabas sistemu attistibas likumam
atbilstosu attistibas (paplaSinatas atrazoSanas) saglabasanos. Pastav saistiba starp
socialas sisteémas iesp&jam un tas vajadzibam:

- iesp&u méers ir jauda noteiktam laikam;

- vajadzibas mérs ir jaudas palielinasana, kuras sistémai $obrid nav, bet kas

nepiecieSama, lai nodro$inatu pareju uz ilgtsp&jigu attistibu.

1.4. Sociali ekonomisko sisttmu jaudas izmainas sisttmanalizes
metodologija

Ilgtspé€jigas attistibas koncepcija energijas vienibas

Pamatojoties uz stabila nelidzsvara principu, dzivas sist€mas cirkulg&joso
energijas plismu galvena ipasiba ir to sp&ja veikt ar&ju lietderigo darbu jeb darba
sp&jas — lietderiga jauda. Dzivo atvérto sociali ekonomisko sist€ému ilgtsp&jigas
attistibas koncepcija energijas vienibas ir balstita uz:
- sociali ekonomiskas sistémas definicijas, kas nosaka, ka sociali ekonomiskas
sistémas ir lielas uz cilvéku balstitas sist€émas, tostarp socialas, ekonomiskas,
tehnologiskas, vides un citas apak$sistémas. Sociali ekonomiskas sistémas ir
sarezgitas adaptivas sistémas, kas ir atvértas, dinamiskas, nelinearas un dzivas
sisttmas neatnemama sastavdala. Sistéma ir nelidzsvarota un attalinas no
lidzsvara ar tas attistibas paatrinajumu, bet tuvojas Iidzsvaram, sistémai
degradgjoties.
- pieciem galvenajiem likumiem (invariantiem):
1) sociali ekonomiskas sistémas jaudas (jeb energoplismu) neziidamibas

likums;
2) sociali ekonomiskas sist€mas attistibas saglabasanas likums;
3) ilgtspgjigas attistibas likums (energijas vienibas);
4) ilgtspéjibas cikliskas attistibas likums (energijas vienibas);
5) sociali ekonomiskas Sist€émas energijas un naudas plismu konvertacijas
likums.

1. Sistémas jaudas (jeb energijas plismu) nezadamibas likums.
Sistémas jaudas (energoplismu) neziidamibas likums (Kuznecov, 2015; Odum,
2007) nosaka, ka sociali ekonomiskas sisteémas (ka dzivas atvertas sist€mas)
attistibas procesa, ienakosa energijas plusma (kopé&ja jauda) N(t) laika perioda t
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ir vienada ar izejosas lietderigas energijas plusmas (jaudas) P(t) un jaudas
zudumu G(t) summu (formula 1.1.):

N (@) =P (t) +G (1), (1.1)

2. Siste€mas attistibas saglabasanas likums.

Sistémas ekonomiskas sistémas attistibas saglabasanas likums (Podolinsky,
1881; Vernadsky, 2006; Odum, 2007) nosaka, ka attistiba tick saglabata noteikta
laika perioda pie nosacijumiem, ka saglabajas sisteémas kvalitate telpiska un laika
dimensija, ka ar1 saglabajas nepartraukts pilnas jaudas izmantoSanas

(transformacijas) efektivitates F(t) pieaugums atbilstosi formulai 1.2.:
dF (t
AF () = d—i) At >0, (1.2)
kur F(t) — tehnologiskas izcilibas (ekselences), efektivitates raditajs.
Tehnologiskas izcilibas raditajs F(t) raksturo sociali ekonomiskas sistémas pilnas
jaudas izmanto$anas (transformacijas) efektivitates nepartrauktu pieaugumu
saskana ar formulu 1.3.:

P(t)
F(t) = NGO (1.3)

Oduma (Odum, 2007) formulgjuma likums nosaka, ka doming tas sociali
ekonomiskas sisteémas, kas maksimali palielina kopgjo lietderigo jaudu no visiem
avotiem un elastigi ar maksimalo efektivitati sadala So speku tam vajadzibam,
kas ietekm& izaugsmi un atfistibu. Tehnologiskas efektivitates raditajs F(t)
raksturo koncentré$anos uz zinatniski ietilpigu “augsto tehnologiju” attistibu un
pielictojumu, ka ari gatavibu parejai uz nakamo tehnologisko posmu
energoresursu sadala, ko nosaka $adi faktori:

- elektribas patérina Tpatsvars gala patérina un $is dalas pieauguma temps, kas
nosaka razoSanas nepartraukto procesu un digitalizacijas attistibas Iimeni
(Trusina, Jermolajeva, 2022);

- elektribas razo$anas industrijas attistibas Iimeni, ko nosaka energoresursu dala
ar augstako energijas blivumu energonesgjos, pirmkart kodolenergija
(Weissbach et al., 2013; Stern et al., 2017).

Pilnas jaudas tehnologiskas (transformacijas) efektivitates raditajs F(t)
raksturo sociali ekonomiskas sist€mas iek$gjo struktiiru, un ta vertibu nosaka
tehnologiskas paradigmas, parvaldes paradigmas un cilvéka attistibas
paradigmas noteikumi.

3. llgtspéjigas attistibas likums (energijas vienibas).

Ilgtsp€jigas attistibas likums (energijas vienibas) (Bolshakovs et al., 2019;
Trusina, Jermolajeva, 2022; Odum, 2007) nosaka, ka ilgtsp€jiga attistiba ir
nepartraukts brivas lietderigas jaudas veidoSanas process ar meérki palielinat
sistémas iesp€jas apmierinat eso$as pastavigas vajadzibas, palielinot sist€mas
pilnas jaudas efektivitati, samazinot zudumus un nepalielinot patérina jaudu,
negativas argjas un ieksgjas ietekmes un ierobezoto resursu apstaklos. Ilgtspgjiga
attistiba tiek atbalstita ilgtermina, ievérojot nosacijumus invariantu koordinatu
sistéma energijas vienibas.
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Balstoties uz likuma formalizaciju un sist€mas ilgtsp&jigas attistibas
nepiecieSamajiem un pietiekamajiem noteikumiem promocijas darba autore
formulé galvenas sociali ekonomiskas sistémas attistibas tendences (1.1.tabula).

1.1. tabula
Sociali ekonomisko sistému attistibas tendences atkariba no sistémas
jaudas raditaju izmainu virziena

Nr. Sistemas Sistemas jaudas raditaju izmainas

p.k. tendence AtraZoSana | dN(t) dP(t) dG(t) | dF(t)
1. lzaugsme paplasinata >0 >0 >0 =0
2. | Attistiba paplasinata >0 dP>dN>0 >0 >0
3 ;‘%;:g_gg g2 paplasinata 20 >0 <0 >0
4, Neaugsme vienkarsa =0 =0 >0 =0
5. Kritums samazinata <0 <0 >0 =0
6. Degradacija samazinata =0 <0 >0 <0
7. | Sabrukums samazinata =0 =0 =0 =0

Avots: autores veidota

1. lzaugsme — kopgjas lietderigas jaudas (sarazotas produkcijas) pieaugums,
galvenokart pateicoties resursu paterina picaugumam, nevis to izmantoSanas
efektivitates pieaugumam.

2. Attistiba — kopgjas lietderigas jaudas (saraZotas produkcijas) piecaugums,
galvenokart pateicoties resursu izmantoSanas efektivitates paaugstinasanai, nevis
patérina pieaugumam.

3. Ilgtsp€jiga attistiba — inovativas attistibas reproducésana ilgtermina, ievieSot
progresivas tehnologijas un lietderigas jaudas pieauguma tempa palielinasanu
ilgtermina.

4. Neaugsme (nulles izaugsme) jeb stagnacija — kopgjas lietderigas jaudas
(sarazotas produkcijas) pieauguma neesamiba noteikta laika perioda.

5. Kritums — kopgjas lietderigas jaudas (sarazotas produkcijas) kritums,
galvenokart sakara ar resursu patérina kritumu bez tehnologiskas efektivitates
pazeminasanas.

6. Degradacija — kopgjas lietderigas jaudas (sarazotas produkcijas) kritums ar
tehnologiskas efektivitates pazeminasanu; sisttma nevar nodro§inat savu
funkciju izpildu, tiek kaveta attistiba.

7. Sist€mas sabrukums — sist€mas pastavesanas izbeigSanas process.

Lai izveidotu jaunu pieeju un metodologiju sociali ekonomiskas sistemas
raditaju novert€Sanai energovienibas, promocijas darba autore So likuma ietvaros
formul€ nepiecieSamos terminus:

Lietderiga jauda P(t) ir sociali ekonomiskas sisteémas darbibas rezultata
izveidota lietderiga jauda, kas tiek virzita un izmantota sist€mas sp&ju
palielinasanai apmierinat eso$as un nakamas pastavigas vajadzibas. Lietderiga
jauda ir sisteémas tehnologiskas attistibas limena un energijas patrina struktiiras
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funkcija un nosaka sociali ekonomiskas sistémas intelektualo spg&ju attistities un
tehnologisko inovaciju limeni. Formulétas metodologijas ietvaros P(t) izmainu
tendences analize ir pamats universalo ilgtspgjigas attistibas un uzraudzibas
raditaju noteikSanas pamatstrukttiras veidoSanai.

Produktivitate PHPE(t) ir sociali ekonomiskas sisteémas darbibas rezultata
izveidota lietderiga jauda uz vienu nodarbinato iedzivotaju LM(t), kas tiek
izmantota sist€mas sp&ju palielinasanai apmierinat esosas un nakamas pastavigas
vajadzibas.

Dzives kvalitate QOLE(t) ka mérka funkcija energijas vienibas tiek defincta
ka cilvéka vajadzibu apmierinasanai nepiecieSama jauda uz vienu iedzivotaju
M(t) ar mérki realizét arvien liclakas iesp&jas, nemot véra vides kvalitati un
tehnologiju attistibas Iimeni. Jo augstaka ir dzives kvalitate, jo lielaks potencials
nodro§inat sociali ekonomiskas sistémas attistibu, izmantojot inovativas
ekonomikas prieksrocibas un instrumentus, lai uzlabotu dzives telpas kvalitati
tagad&jam un nakamajam paaudzém.

4. Tlgtspgjibas cikliskas attistibas likums (energijas vienibas).

Sociali ekonomiskas sisteémas ilgtspgjigas cilkiskas attistibas likums (Kuznecov,
2015; Odum, 2007) nosaka, ka sociali ekonomiskas sist€émas attistibas
tendencém un virzieniem ir periodisks raksturs, kas ieklaujas sist€mas dzives
cikla trijos posmos — augsana, briedums un kritums. Saskana ar Kuznpecova
(Kuznecov, 2015) ilgtspgjigas attistibas periodiskuma modeli un Oduma (Odum,
2007) attistibas cikla modeli, sistémas posmi tiek raksturotu sadi:

- aug8anas posms, kura pastav iesp&jas paliclinat ieejosas un izejosas energijas
plismas, ir raksturigs ar lielu izaugsmes atrumu, vienlaikus ar ievérojamiem
jaudas zudumiem. AugSanas posma Vveidojas vienkarSas struktaras un produkti,
konkurence minimala. NepiecieSamais noteikums — neierobezoti materialie,
informacijas un energijas resursi;

- brieduma posms, kura, izmantojot iepriek$€ja perioda visus pieejamos avotus
un uzkrato potencialu, sistéma ilgtermina nodrosina lidzsvara stavokli ar augstu
un ilgtsp&jigu struktiiras daudzveidibu un sarezgitibu. Augsta dzives kvalitate un
taisniga sadalfjuma princips ir ciesak saistits ar ilgtspgjigu brieduma stavokli
neka ar izaugsmes periodu. Brieduma posmam ir raksturigi materialo,
informacijas un energijas resursu ierobezojumi, maksimala efektivitate un
minimali zudumi;

- péc brieduma posma sakas kritums un talaka sistémas iesp&jama parveidoSanas

_____

virziena (degradacija un sabrukSana) vai restrukturizacijas un jaunas izaugsmes
virziena. Izaugsmes un attistibas procesa uzvar un domin€ tas sist€mas, kas
maksimali palielina kopgjo lietderigo jaudu no visiem avotiem un elastigi pardala
tam vajadzibam, kas ietekm@ turpmako izaugsmi.

5. Sistémas energijas un naudas plismu konvertacijas likums.
Sistémas energijas un jaudas plismu konvertacijas likums (Odum, 2007) noska,
ka naudas un energijas aprite sociali ekonomiskajas sistémas ir pasas sabiedribas

25



ieksgjas organiz€Sanas mehanisms, lai sasniegtu maksimalas iespgjas, kas palidz
uzturét lidzsvaru starp resursu un produktu plismam, kuras notick pretcja
virziena. Lietderigas energijas plisma (jauda) ir realas bagatibas mérs. [zmainas
lietderigas jaudas izmanto$ana vai naudas aprité maina lietderigas jaudas/ naudas
attiecibu. Kad apgroziba ir vairak naudas, bet realas bagatibas piedavajums
nepalielinas, pirktsp&ja samazinas un otradi. Jaudas/ naudas attieciba norada
apgroziba esos$as naudas vienibas realo bagatibas ekvivalentu. Attistito valstu
nacionalajam val@itam ir augsts jaudas/ naudas koeficients, kas pieskir naudai
lielaku pirktsp&ju salidzinajuma ar attistibas valstim, kuras 1 attieciba ir mazaka.
Noformulétas ilgtsp&jigas attistibas koncepcijas (energovienibas) ietvaros ir
iespéjama jaudas (energijas pliismu) jédziena ievieSana ilgtspéjigas attistibas
definicija; attistibas invariantu koordinatu sistémas ievie§ana energijas
mérvienibas; sociali ekonomiskds sistémas attisttbas un monitoringa
formalizacijas procesa ievieSana, izmantojot energoplismu modeli.

Sociali ekonomiskas sistemas ilgtsp€jigas attistibas monitoringa modelis

energovienibas

Sociali ekonomiskas sistémas ilgtsp€jigas attistibas monitoringa modeli
ir izveidojusi promocijas darba autore saskana ar ilgtsp&jigas attistibas

koncepciju energijas vienibas un noformulétajiem ilgtsp&jigas attistibas
nepiecieSamajiem un pietiekamajiem noteikumiem. Sociali ekonomiskas
sistemas (SES) ilgtsp&jigas attistibas analiz€ ka modelis (energovienibas) tiek
pienemts sist€émas gala paterina energoplismu modelis (1.2. att.). Ta ietvaros
gala patrina pilna jauda (energijas pliisma) N1(t), ko sanem sociali ekonomiska
sisttma noteikta teritorija, ir vienada ar plismu summu — no dabas sist€émas
N1ns(t) un argja importa Nljwp(t) plismu uz attiecigo teritoriju. Darbibas
rezultata SES zaudg€ dalu jaudas G1(t) un rada lietderigo jaudu (energopliismu)
P1(t).

Pilna gala patérina jauda N1(t) sociali ekonomiskas sisteémas ietvaros tiek
izmantota, transformé&ta un parveidota par pilnu lietderigo jaudu P1(t). Lietderiga
jauda P1(t) (darba mers) nozime iesp&jas jeb sarazoto kopproduktu, kas varétu
bit izmantojams sistémas jaudas palielinaSanai Plsgs(t) vai iedarbibai uz
apkartgjo vidi Plps(t), lai pec laika dt sabiedriba sava riciba varétu sanemt
dazadas resursu pliismas, ko méra ar veértibu N1(t+dt) — kopgja izdalita pateréta
primara energoresursu jauda. N1(t) veértiba ir daudzkart lielaka par P1(t) vertibu.
P&c N1(t) jaudas parveidoSanas un transformacijas sisttma zaudé jaudas dalu
G1(t) — zaudetas iesp€jas. Sist€émas riciba eso$as jaudas apjoms ir sist€émas
iespgjamas ietekmes mers uz vidi. Pieprasijums ir sist€mas nepiecieSamas
iesp&jas (jauda), kas Sobrid (konkréta laika) nav pieejamas, bet kuram ir jabiit,
lai saglabatu attistibu nakotné.
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,. ________________________
SES TERITORIJA
L\EPORTS EXPORTS

P1ses(t) ‘ |
+ SOCIALI EKON;)EI\gISKA SISTEMA .
Nlump(t) N1(t) w Pi(t) | Plec(t)

|

| |

| DABAS SISTEMA |

| !

: N1os(t) Plos(t) \

|_________________________

Avots: autores veidots
1.2. att. Sociali ekonomisko sistému energijas jaudas (energijas plismu)
shema

Pienemta modela ietvaros sociali ekonomiskas sistémas (SES) gala patérina
pilna jauda N1(t) summari sastav no fosilas energijas patérétas jaudas (masinas,
mehanismi un tehnologiskie procesi) N1-T(t), elektroenergijas patérina jaudas
N1-E(t), ka arT partikas un baribas patérina jaudas N1-F(t). Katra no $im
atsevisSkajam plismam veido lietderigo jaudu (P1-E, P1-T, P1-F), kas summari
dod pilnu lietderigo jaudu P1(t). Sisteémas jaudas zudumi G1(t) veidojas pec ta
pasa principa.

Atbilstosi Klarka-FiSera strukturalo izmainu teorijai (Trusina et al., 2023),
pilnu gala patérina jaudu N1(t), lietderigo jaudu P1(t) un jaudu zudumus G(t)
iespgjams sadaltt tris pliismas pa nozarém — industrialas nozares plisma (IND),
lauksaimniecibas ieguves un meZzsaimniecibas nozares plisma (AG) un visa
veida pakalpojumu plisma (ST). Savukart katras nozares energijas plisma
summari sastav no fosilas patérétas energijas jaudas (masinas, mehanismi un
tehnologiskie procesi) N1-T(t), elektroenergijas patérina jaudas NI1-E(t) un
partikas un baribas patérina jaudas N1-F(t).

Sisteémas patéréta energijas pliisma jeb gala patérina pilna jauda N1(t) ietver
visu veidu energoresursus, kas nepiecieSami dzivibas, razo$anas, tehnologisko
un citu procesu nodro§inasanai saskana ar 1.4. formulu:

N1(t) = N1-T(t) + N1-E(t) + N1-F(1), (1.4))
kur:

N1(t) — gala patérina pilna jauda;

N1-T(t) — fosila pateréta jauda (maSinas, mehanismi un tehnologiskie

procesi);

N1-E(t) — elektribas patérina jauda;

N1-F(t) — partikas un baribas patérina jauda.

Galapat@rina energijas plismu summa nosaka sabiedribas vajadzibas un
potencialu, ekonomikas apjomu (Podolinsky, 1881; Bauer, 2002; Shamaeva,
2019). Saskana ar dzivo sistému jaudas saglabasanas likumu (Kuznecov, 2015),
galvenais sociali ekonomisko sisttmu attistibas mérkis ir darbibas rezultata
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palielinat lietderigas jaudas P(t) apjomu un samazinat zaudgéjumus G1(t). IAMM
ietvaros sistemas lietderiga jauda P1(t) aprékinama saskana ar formulu 1.5.:
P1(t)=N1-T(t) x J1 + N1-E(t) x Jg + N1-F(t) x JF, (1.5))
kur:

J — energijas parveidoSanas raditaji konkrétiem resursiem. 2019. gada dati:
fosilai degvielai Jr = 0.25; partikai Jr = 0.05 (UNSC, 1974; Lindeman, 1942);
elektribai Je = 0.80 + EA x 0.20, kur EA — elektribas dala, kas sanemta no
kodolenergijas avotiem.

Jaudas zudumi G1(t) ir starpiba starp sisteémas pilnu jaudu un lietderigo jaudu,
kas izteikta vatos (W), ko aprékina saskana ar 1.6. formulu:

G1(t) = N1 (t)—-P1(t) (1.6.)

Promocijas darba autore ilgtsp&jigas attistibas monitoringa modela raditaju
minimalas kopas aprékinam izmanto raditajus no oficialam datu bazém un 15
izvéleto analiz€jamo valstu energijas bilancém (EuroStat, IEA, World Bank).
IAMM ietvaros, un saskana ar iepriek§ aprakstitajiem ilgtsp&jigas attistibas
likumiem, definéta ilgtspé&jigas attistibas raditaju minimala kopa (1.2. tabula).

1.2. tabula
Ilgtspejigas attistibas monitoringa modela (IAMM) raditaju minimala
kopa
[’)\IL Raditajs Apzim.| Meérv. Formula
1 Pll_na gala patérma jauda, sisteémas N1 W Formula 1.4.
apjoms, vajadzibas
p, | Lietderiga jauda, sistemas P1 W Formula 1.5.
iesp€jas, inovaciju limenis
Gala patérina jaudas zudumi,
3. | sistémas zaudétas iespgjas, Gl w Formula 1.6.
ietekme uz vidi
4 Tehnologiska efektivitate F1 % F1=P1/N1
5 Vides kvalitate Q1 % Q1= G1(t-1) / G1(¢)
6. Elektrlbfls. gala pat€rina dala no E1 % E1=N1-E /N1
gala pat€rina
7 Ekologiska peda FOOT w FOOT =G1/S
8 Gala patérina jauda uz 1 iedz. D1 W D1=N1/M
9 El_ektrjbas_gala patérina jauda uz D1-E W D1-E = N1-E/ M
1 iedzivotaju
10. | Lietderiga jauda uz 1 iedzivotaju U1 w Ul=P1/M
11. | Produktivitate uz 1 nodarbinato PHPE W PHPE = P1/LMxM
_ . . QOLE =U1x QX
12. | Dzives kvalitate uz 1 iedzivotaju | QOLE \W TAN/100

Avots: autores veidota
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Ilgtspgjigas attistibas modelis ietver raditajus energovienibas un ari integrétos
raditajus uz vienu iedzivotaju, tai skaita gala paterina jaudu uz vienu iedzivotaju
D1; elektroenergijas gala patérina jaudu uz vienu iedzivotaju D1-E; dzives
standartu ka gala patérina lietderigo jaudu uz vienu iedzivotaju U1; produktivitati
energovienibas ka gala patérina lietderigo jaudu uz vienu nodarbinato PHPE;
dzives kvalitati energijas vienibas uz vienu iedzivotaju QoLE.

1.5. Sociali ekonomiskas sistémas novértésanas metodologija

Ilgtsp&jigas attistibas koncepcijas energovienibas konteksta un IAMM
ietvaros, novértésanas Objekts ir telpiski ierobezota sistémas daba—sabiedriba—
cilvéks dala (apakssistéma), kura ir dabas resursi, apdzivotiba un saimnieko$anas
sistéma, kas veic vadibas darbibas dzivibas uzturé$anai un attistibai. Promocijas
darba ietvaros tiek identific&ti sesi sociali ekonomisko vértgjamo Objektu limeni
sisttma daba—sabiedriba—cilveks: 1. Pasaule. 2. Regions. 3. Valsts. 4.
Pasvaldiba. 5. Pilséta. 6. Sabiedriba. To var definét ka ligzdotu sistému
(Bolshakov et.al, 2019; Bossel, 2002). Katrs no Objekta seSiem Iimeniem var tikt
izskatits ka Veértejamais Objekts. Katram Veérte§jamam Objektam (1. limenis) ir
areja vide (3. Iimenis) un iek$gja vide (2. limenis). Visos Itmenos notiek
mijiedarbiba arT ar apkartgjo vidi.

Vertgjama Objekta ka sociali ekonomiskas sisteémas esoSa stavokla
novertésana notiek $ada seciba pa limeniem:

1. limenis. Vértéjamais objekts kopuma (tiek vertets 3 posmos).
1.posms. Objekta vértéjums naudas izteiksmée.

Saskana ar Starptautiska Valatas fonda (SVF) rekomendacijam, 1.3. tabula ir
apkopoti raditaji, ka ari papildus raditaji, kas raksturo Veértéjamo Objektu
kopuma. Ilgtspg€jigas attistibas izstrades procesa katra valsts papildus izvélas
sociali ekonomiskos raditajus.

2.posms. Objekta vertéjums energijas vienibas.

Saskana ar ilgtsp&jigas attistibas monitoringa modeli, sistémas energopliismu
modeli un jaudas izmainu sisteémanalizi, tiek aprékinati Veértgjama Objekta
ilgtsp&jigas attistibas raditaji analiz€jama perioda.

Izveidota ilgtsp€jigas attistibas modela integréto raditaju minimala kopa varetu
noteikt soaicali ekonomiskas sistémas potencialu ilgtspgjigai attistibai. Saja
posma péc pilnas gala paterina jaudas N1(t) un elektribas gala patérina jaudas
N1-E(t) laika rindu analizes tiek identificéti kritiskie punkti, sisteémas izaugsmes,
attistibas vai neaugsmes un krituma intervali. Intervalos tiek analiz&ta
energoresursu ieejosas plismas, lietderigas jaudas P1(t), produktivitates PHPE(t)
un dzives kvalitates QoLE(t) izmainas. Sociali ekonomiskas sisteémas lietderigas
jaudas P1(t) izmainas nosaka aug8anas, brieduma un krituma posmus.
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1.3. tabula
Sociali ekonomiskas sistémas (valsts) attistibas raditaju minimala kopa

g‘l'; Raditajs Apzim. Merv.

1. | IekSzemes kopprodukts péc pirktspgjas paritates IKP PPP ASV dolari

2. Iekéz'eme_s ko_pprodukts péc pirktspgjas paritates PPX ASV dolari
uz 1 iedzivotaju

3. | ledzivotaji M skaits

4. | Precu un pakalpojumu eksports, % no IKP EXP %

5. | Neto energijas importa dala, % no energijas
patérina . b ’ . IMPE %

6. | Korigétie neto ietaupijumi uz 1 iedzivotaju ANS ASV dolari

7. | Nodarbinatie iedzivotaji, % no iedzivotaja skaita LM %

8. | Ripniecibas (ieskaitot biivniecibu) pievienota IN %
vértiba, % no IKP

9. Lauksaimniecibas, mezsaimniecibas un AG %
zivsaimniecibas pievienota vertiba, % no IKP

10. | Pakalpojumu (ieskaitot transporta) pievienota ST %
veértiba, % no IKP

11. | Teritorija S km?

12. | Cilveka dzives ilgums TAN gadi

Avots: autores apkopotie dati no Pasaules Bankas, EuroStat, ANO UNDATA datu bazém

3.posms. Objekta naudas un energijas plismu mijiedarbibas un konvertacijas
vertgjums.

Naudas plismu un energijas plismu konvertacijas novértéjums

Vert&jamo sociali ekonomisko sistému (valstu) naudas un energijas plismu
sabalansétibas noltika tika aprékinats naudas/ jaudas konvertacijas koeficients
laika posma no 1990. lidz 2019. gadam. Saskana ar aprékinatajiem datiem, 2007.
gada pasaules vidgja naudas/ jaudas attieciba bija 21 ASV dolars par vienu vatu
(1.3. att). ST raditaja vértiba pasaulé pieauga, kas nozim&ja pirktspgjas
pieaugumu (5. likums). Konvertacijas koeficienta PW vid&jas pasaules vertibas
izmainas grafika ekstrapolacija parada (1.3. att.), ka 1971. un 1972. gada
koeficienta vertiba bija PW=1, kas nozimé 1W=1$ jeb sabalans&tu izaugsmi un
attistibu. Konvertacijas koeficienta PW veértibu noteika gada var aprékinat pec
formulas 1.7.:

PW = 0.5863 (gadskaitlis) - 1156 1.7.)
Pétijuma ietvaros tika aprékinatas un izmantotas sadas WP koeficienta veértibas:

Gads | 1990. | 2000. | 2010. | 2020. | 2030. | 2040. | 2050. | 2060.
PW | 11 | 17 | 22 | 28 | 34 | 40 | 46 | 52

Iekszemes kopproduktu p&c pirktsp&jas paritates uz vienu iedzivotaju PPXE
(pec jaudas analizes metodes) un at$kiribu ar PPX (p&c IKP PPP analizes
metodes), kas apziméts ar SK(t), var aprékinat p&c formulam 1.8. un 1.9.:
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PPXE(t) = UL(t) x PW (t) (1.8.)

SK(t)= PPX(t) — PPXE(Y), (1.9.)

Pasaules vidéjo naudas/ jaudas konvertacijas koeficientu PW promocijas

darba ietvaros aautore izmanto naudas pliismas noteikSanai, kas ir nodro§inata ar
lietderigas jaudas (energijas plismu) apjomu.

60
PW
—@— Pasaule-vidgjais -~ -
2 40 — — Linear (Pasaule-vidgjais) - -
g ~
g - y=0.5863x - 1 156
2 y R2=1.0000
2 20 _ y 2
-~ gadi
0 ~
1960 1980 2000 2020 2040 2060 2080

Avots: autores aprékini
1.3. att. Naudas/ jaudas konvertacijas raditaja PW izmainas 1990.-2019.
gada

Naudas plismas un energijas pliismas célonsakaribas analize

Valstu IKP PPP un jaudas patérina korelacijas novertgjums tika veikts,
izmantojot Pirsona koeficientu, Grendzera c€lonsakaribas testu un Durbina-
Vatsona testu. Parbaudé tika izmantots linearas daudzregresijas modelis, lai
parbauditu attiecibas starp vienu atkarigo mainigo (endogéno) un vairakiem
neatkarigiem (eksogéniem) mainigajiem. IzvElétie mainigie: gala energoresursu
patérina jauda N1(t); elektribas patérina jauda N1-E(t); lietderiga jauda P1(t);
elektribas dala kopg€ja gala patérina E(t). Papildus iegiitajiem datiem tika veikts
Durbina-Vatsona tests.

2. Iimenis. Objekta ieks€ja vide.

Sociali ekonomiskas sistemas (valsts) jaudu un naudas plismu analize

pec Kaldora sektorala modela

Otraja limenT analizéta Objekta ekonomikas sektorala struktiira, izmantojot
raditajus naudas vienibas un energovienibas. 1.4. tabula ieklauti raditaji, kas
atspogulo Objekta IKP PPP scktoralo struktiru. Raditdji izveidoti Kaldora
ekonomikas sektorald modela formalizacijas rezultata, un AG apzimé
lauksaimniecibas, mezsaimniecibas un zivsaimniecibas patsvaru IKP, bet IN -
ripniecibas (ieskaitot biivniecibu) Ipatsvars IKP. Atbilstos§i STINA raditaja
vertibai, kas raksturo IKP razoSanas un nerazoSanas dalu Ipatsvaru attiecibu,
promocijas darba autore izveidoja sociali ekonomisko sistému (valstu)
ekonomiku klasifikaciju (1.5. tabula).
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1.4. tabula

Sociali ekonomiskas sistemas sektoralie raditaji

F’)\llr( Raditajs Apzim. Formula

1. Industrializacijas faktors, STINA = (100-IN-AG) / (IN+AG)
naudas vienibas

2. Lauksaimniecibas faktors, I-STINA =IN /AG
naudas vienibas

3. Industrializacijas nodarbinatibas EMINA = (100-LMn—LMag) /
faktors, naudas vienibas (LMin+LMpe)

4, Lauksaimniecibas nodarbinatibas | EMISA = LM/ LMac
faktors

5. Industrializacijas faktors, STINA-E = (100-(N1in)—~(N1ag)) /
energovienibas ((N1n)+(N1ac))

6. Lauksaimniecibas faktors, ISTINA-E = (N1i) / (N1lag)
energovienibas

7. Industrializacijas faktors naudas STINA-R = STINA/STINA-E
vienibas attieciba pret faktoru
energovienibas

8. Lauksaimniecibas faktors naudas | ISTINA-R | =ISTINA/ISTINA-E
vienibas attieciba pret faktoru
energovienibas

Avots: autores veidota

Izveidota klasifikacija tika aprobgta, aprékinot raditajus vairak ka 30 pasaules
valstim, un dati salidzinati ar Starptautiska valtitas fonda klasifikaciju.

1.5. tabula
Sektoralo raditaju klasifikacija
_ STINA Ekonomikas un sabiedribas cpslm e
Apzim. vértiba apraksts péc autores klasifikacijas SVF Klasifikacija
IS 40< Postmd_us.t.nala ekp rl?mlka . Attistita ekonomika
Informacijas un zinasanu sabiedriba
PE 3.1-3.9 | Parejas ekonomika Attistita ekonomika
HT 2.1 -3.0 | Augsto tehnologiju ekonomika Attistita ekonomika
IN 1.0-2.0 | Industriala ekonomika Attistibas ekonomika
AG <1.0 IIztfius.trlala un agrara ekonomika, Attistibas ekonomika
vaja infrastruktiira

Avots: autores veidota

Klasifikacija sakas no postindustrialas sabiedribas un ekonomikas ar augstu
IKP Itmeni uz vienu iedzivotaju un lielu servisa dalu (IS grupa) lidz valstim ar
industrialo un agraro ekonomiku ar zemu servisa un infrastruktiiras limeni (AG

grupa).
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3. limenis. Objekta mijiedarbiba areja vidé, pozicionéSana un

konkuretspeja pasaule.

Objekta novertesanai argja vide tiek ieviesti integralie raditaji valsts pozicijas
novertejumam pasaules méroga (1.6. tabula).

1.6. tabula
Sociali ekonomiskas sistemas raditaji valsts novertéjumam pasaules limeni
:: L Raditajs Apzim. \'::irg\%lté;
1. | Valsts iedzivotaju dala pasaulé mi mi = Mi / Mw
2. | Valsts IKP Ipatsvars pasaules IKP ikpi | ikpi= IKPi/ IKPw
3. | Valsts elektribas patérina jaudas dala pasaulé ei ei =N1-Ei/ N1-Ew
4. | Valsts gala patérina jaudas dala pasaulé ni ni= N1/ Nlw
5. | Valsts lietderigas jaudas dalas vértiba pasaulé pi pi = Pi/ Pw
6. | VALSTS GLOBALA KONKURETSPEJA —
valsts relativais svars pec lietderigas jaudas WM; | WM = pi / mi

P(t) un iedzivotaju skaita M(t)

7. | VALSTS TEHNOLOGISKA
KONKURETSPEJA — valsts relativais svars
péc elektribas gala patérina jaudas E(t) un
iekszemes kopprodukta IKP(t)

WE;i | WEi =e; /ikpi

8. | VALSTS ILGTSPEJIBAS POTENCIALS —
valsts relativais svars péc lietderigas jaudas WPi | WPi(t)= pi(t)/ikpi(t)
P(t) un iek§zemes kopprodukta IKP(t)

Avots: autores veidota

Valstu mijiedarbibas integralie raditaji

Vertgjamo valstu mijiedarbibas un savstarpgjas ietekmes analizei izmantota
raditaju matrica attiecigaja gada — valstis/ valstu ilgtspg&jigas attistibas radita;ji
energijas vienibas Vjj (1.7. tabula).

1.7. tabula
Vertéjamo valstu raditaju matrica attieciga gada
Valsts 1. raditajs | 2. raditajs 12. raditajs
1. valsts V11 V112
N. valsts VN1 VN12

Avots: autores veidota

Izmantojot korelacijas funkciju, aprékinata un izveidota mijiedarbibas
korelacijas matrica. Apréekinatais korelacijas koeficients ilgtsp&jigas attistibas
monitoringa modela (IAMM) ietvaros raksturo valstu mijiedarbibas [imeni.

Sistemas stavokla defingé$ana invariantu koordinatu sistéma
No ilgtsp&jigas attistibas koncepcijas energijas vienibas izriet, ka attistiba ir

ilgtsp&jiga, ja ir izpilditi §adi noteikumi:
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NEPIECIESAMAIS NOTEIKUMS ir sistémas lietderigas jaudas izmainas
AP1(t) pozitiva dinamika.

PIETIEKAMIE NOTEIKUMI ir:

- tehnologiskas efektivitates izmainas AF(t) pozitiva dinamika;

- jaudas zudumu izmainas AG(t) negativa dinamika.

Galvenie raditaji sist€mas iesp&jamo stavoklu un mérku formuléSanai
apkopoti 1.8. tabula.

1.8. tabula
Galvenie raditaji potencialo mérku veidoSanai
Nr. . . Izmainu Izma.ir,lu
Raditajs Apzim. | Izmainas - ’ paatrina-
p.k. atrums :
jums
L. | Lictderiga jauda P1 dp1 d?P1 &P1
2 Pilna gala pat€rina jauda N1 dN1 d’N1 d®N1
3. | Elektribas patérina jauda N1-E | dN1-E d?N1-E d®N1-E
4. | Jaudas zudumi Gl dG1 d’G1 dG1
5 Tehnologiska ekselence F1 dF1 d°F1 dF1
6 Elektribas patérina dala El dE1 d’El d°El
7. Produktivitate PHPE | dPHPE d?PHPE d*PHPE
8. | Dzives kvalitate QoLE | dQoLE d’QoLE d®QoLE

Avots: autores veidota

Analize sakas no izaugsmes, neaugsmes vai attistibas krituma identifikacijas,
kas vargtu ilgt ka minimums tris gadus. Talak — ne mazak ka devinu gadu
nepartraukta perioda laika tiek analizéti iesp€jamie attistibas varianti, un
nakamais analiz€jamais periods ir ne mazak ka 27 gadi jeb ilgtsp&jiga attistiba.
Lidziga veida izmainas tiek sadalitas visos ilgtsp&jigas attistibas raditdjos.
legitas raditaja vértibas lauj identificét mérka stavokli un péc tam aprekinat
valsts ka vértg§jama Objekta nepiecieSsamo nakotnes stavokli un vajadzibas.
Dazadi attistibas scenariji atspoguloti 1.9. tabula.

1.9. tabula
Objekta attistibas tendences formalizacijas apraksta pieméri

2,
F’)\'L Tendence [dM |dP |dN [ dG | dF | 9 [an | ap [
1. Izaugsme >0 [>0 | >0 >0 (>0 >0 | >0 =0 =0
2. | Attistiba >0 >0 | >0 >0 [>0 >0 | >0 >0 >0
3 [Hstspjiga | o o |50 | <0 |50 | >0 | >0 |>0 |>0
attistiba
4. | Neaugsme <0 |=0 | = <0 (=0 | =0 | = =0 =0
5. Kritums <0 |<0 | <0 >0 =0 <0 | >0 >0 >0
6. | Degradacija | <0 |<0 | <0 >0 (<0 | <0 | <0 <0 <0

Avots: autores veidota
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Katrs merkis atbilst noteiktam sociali ekonomiskas sistémas stavoklim. Lai
noteiktu atbilstibu starp mérka tipu un Objekta pasreizgjo stavokli, ir jaaprekina
mérka raditaju vertibas noteiktam laikam, un ieglitais rezultats jasaista ar
iespgjamo mérka. Rezultata var sanemt atbildi uz jautajumu: kada veida merki
atbilst Objekta esosajam stavoklim.

Nakamais posms ir sociali ekonomiskas sistémas attistibas strateégiskas
vizijas, mérku un raditaju formuléSana. Balstoties uz ilgtsp&jigas attistibas
koncepcijas galveniem defingjumiem, sociali ekonomiskas sistéma (valsts) ir
sarezgita nelineara sist€ma, tapéc nevar izmantot linedaras prognozésanas
metodes, tai skaita ekstrapolacijas, linearas regresijas un citas. Ilgtsp&jigas
attistibas prognozes modeli promocijas darba ietvaros tiek veidoti ilgtspgjigas
attistibas monitoringa modela (IAMM) ietvaros, izmantojot scenariju pieeju un
formulgjot scenariju modelus. Galvenie scenariju izstrades modeléSanas
nosacijumi ietver:

- sist€mas vizijas veidosanu, kas ir vélamas nakotnes veidosana, kuru iesp&jams
stenot vislabvéligakajos apstaklos. Vizija ietver misijas un mérku defingsanu.

- Prognozésanu, kas ietver nakotnes attistibas prognozés$anu, pamatojoties uz
pasreizgjo notikumu un tendencu analizi, izmantojot statistikas vai ekonomiskas
metodes. Prognoze ir versta uz kvantitativiem raksturlielumiem un nenem véra
visus riskus. Iesp€jamiem notikumiem ir jabiit ar augstu varbiitibas Iimeni, ka tie
notiks.

- Scenariju veidosanu, kas ir iespgjamo notikumu attistibas apraksts nakotng, kas
balstas uz noteiktiem nosacijjumiem un pien€mumiem.

Planojot scenarijus, vizijas un prognozes tiek izmantotas ka ievade, bet
scenariji darbojas ka procesa gala rezultats. Visu veidu mérkus var izmantot ka
analizes iesp&jas saskana ar procediiram IAMM modelas ietvaros. Iesp&jamos
meérka raditajus var izmantot ka sakotn&jos uzstadijumus: populacija (iedzivotaju
skaits), kas nesamazinas; razoSanas dubultoSana; iedzivotaju dzives limena
dubultosana; dzives kvalitates uzlaboSana.

Sistemas ilgtspéjigas attistibas monitoringa koncepcija un integretie

raditaji

Raditaju sist€émas izstradi nosaka monitoringa objekts, prieckSmets, mérkis
un uzdevumi, ka ari izveidota metodiska baze. Turklat ir nepieciesams noteikt
pétama Objekta (valsts ka sociali ekonomiskas sistémas — SES) butiskakas
ipasibas gan kopuma, gan atseviskiem elementiem. Raditajiem jaatbilst
vairakiem nosacljumiem: izm&ramiba, pieejamiba, uzticamiba, salidzinamiba,
periodiskums. Sociali ekonomiskas sisttmas monitoringa struktira ietver
vairakus elementus (1.4. att.).
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MONITORINGS

A 4

ESOSA STRATEGISKIE PLANOTA
SITUACIJA MERKI SITUACIJA

A

Avots: autores veidots

1.4. att. Monitoringa sistémas struktiira

SES uzraudzibas sist€mas darbibas organizacija ietver vairakus secigus
posmus: (1) uzraugama objekta eso$a stavokla nepartraukta uzraudziba; (2)
informacijas bazes veidoSana par objektu dinamika; (3) objekta stavokli un
attistibu ietekméjoso faktoru izpéte; (4) kontrole par objektu izmainu raksturu;
(5) novirzu un to c€lonu novertgjums, pamatojoties uz krit€riju (raditaju) sisteému.

2. DAZADU SOCIALI EKONOMISKO SISTEMU
(VALSTU) ATTISTIBAS RADITAJU IZMAINU ANALIZE
NAUDAS IZTEIKSME UN ENERGOVIENIBAS

Lai aprob&tu promocijas darba autores izveidoto ilgtsp€jigas attistibas
monitoringa modeli (IAMM), 2. nodala analizétas dazadas sociali ekonomiskas
sistémas (valstis) (2.1. tabula) saskana ar darba aprakstito teoriju (1.4., 1.5.
apaks$nodala) un salidzinot valstu raditajus p&c divam metodém: (1) IKP naudas
izteiksmg; (2) attistibas raditajiem invariantu koordinatu sisttma energovienibas,
pamatojoties uz promocijas darba autores metodi, kas balstas uz Kuznecova un
Oduma modeliem. Tadgjadi ieguti atSkirigi analiz€jamo sociali ekonomisko
sistému ilgtsp€jigas attistibas novertésanas rezultati, un izskaidrota to nozime ne
tikai valsts eso$as (konkrétas) situacijas novertéSana, bet it Ipasi turpmakas
attistibas prognozgsana un monitorésana.

Promocijas darba ievaros tika izv€letas, analiz€tas un novertétas 15 sociali
ekonomiskas sistémas (valstis) tris grupas (2.1.tabula):

1) piecas attistitas valstis — ASV, Japana, Italija Francija, Vacija;
2) piecas attistibas valstis — Brazilija, Dienvidafrika, Indonézija, Kina, Turcija;
3) piecas ES jaunas valstis — Horvatija, lgaunija, Latvija, Lietuva un Ungarija.

Saskana ar Starptautiska Valiitas fonda lietoto terminologiju, attistitas
ekonomikas ir termins, ar kuru apzimé pasaules attistitakas valstis (SVF
zinojums, 2020). SVF 2020. gada klasificgja 39 valstis ka valstis ar attistitu
ekonomiku, un septinas no tam ir postindustrialas valstis, kas veido zinasanu
sabiedribu: ASV, Kanada, Japana, Lielbritanija, Vacija, Francija, Italija.
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Promocijas pétijuma 1. grupa tika izveletas ASV, Japana un tris ES valstis —
Francija, Vacija, Italija — ka ES lielakas ekonomikas.

2.1.tabula
Visu vértéjamo valstu raksturojums 2019. gada
- - o SVF. Specifiskie
Grupa Valsts Apzim. | PPX S kl_.’:lS.ITI- faktori
kacija
ASV us 57.4 3796
1. grupa Vicija DE 505 | 357 Attistitas | Liclakas
Attistitas | Francija FR | 651 | 633 | valstis | 2mtas
valstis Italij IT 45.8 302 ekonor:mkas
Ja : pasaulé
Japana JP 42.3 378
Brazilija BR 15.3 8516 Jaunas
2.grupa |Dienvidafrika ZA 144 1221 | Attistibas | industrializetas
Attistibas Kina CN 16.6 9597 valstis ekonomikas
valstis Turcija TR 27.7 784 (NIC)
Indonézija 1D 124 1905
Latvija LV 329 65 .
3.grupa Lietuva LT 39.9 65 Attistitas Ekqnom'kas un
S = . sabiedribas
ES jaunas Igaunija EE 39.0 45 valstis transformacija
valstis Ungarija HU 34.6 93
Horvatija HR 31.6 49
* tikstosi ASV dolaru

** valsts teritorija 2019. gada (10° km?
Avots: autores veidota pec Pasaules Bankas datiem

Promocijas darba ietvaros tika analiz€tas piecas attistibas valstis — Brazilija,
Indonézija, Kina, Turcija un Dienvidafrika (2. grupa), kas, péc ekspertu viedokla,
tiek definétas ka jaunas industrializétas valstis (SVF zinojums, 2016). 2020. gada
SVF Kklasificgja §Ts valstis ka attistibas ekonomikas jeb jaunas ekonomikas.

Promocijas pétijuma tre$aja valstu grupa tika izvélétas un analizétas piecas
ES jaunas valstis, kuras péc 1991. gada bija strauja ekonomikas un sabiedribas
transformacija — Latvija, Lietuva, Igaunija, Ungarija un Horvatija. Pé&c SVF
klasifikacijas, tas ka ES dalibvalstis ir pieskaitamas pie attistitam valstim.

2.1. Vertejamo sociali ekonomisko sistéemu attistibas raditaju izmainu
analize naudas un energijas vienibas

Vertéjamo attistito valstu IKP raditaju analize naudas izteiksme

Amerikas Savienoto valstu iek§zemes kopprodukta péc pirkspgjas paritates
IKP PPP no 1960. Iidz 2019. gadam, bet Francijas, Vacijas, Italijas un Japanas
raditaju no 1990. 1idz 2019. gadam izmainu grafikam ir linears raksturs (2.1. att.
un 2.2. att.). Kritiskais punkts bija 1990. gada, bet péc tam Iidz 2019. gadam IKP
PPP pieauguma atrums palielinajas vairak ka divas reizes pret ieprieksgjo
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periodu. Sis periods raksturojas ar Padomju Savienibas sabrukumu un ASV (US)
pazinojumu par postindustrialas sabiedribas izveidosanu. Laika perioda no 1990.
lidz 2019. gadam tika analizéta Japana (JP) un izveletas tris Eiropas Savienibas
attistitas valstis — Vacija (GE), Italija (IT) un Francija (FR).

30
KP PPP
= Us-1 us-2
g 20 US-3  eeeeeeens Linear (US-1) -
% --------- Linear (US-2)  —-————- Linear (US-3)
< R2=0.9916
=
210 R2=0.9828
E -
R2= 0.9805‘-/ -
0 N

1950 1960 1970 1980 1990 2000 2010 2020 2030
Avots: autores veidots un aprékini péc Pasaules Bankas datiem

2.1. att. Vertejamas Amerikas Savienoto Valstu (US) IKP PPP izmainas
1960.-2019. gada

Vacijas, Japanas, Italijas un Francijas iek§zemes kopprodukta péc pirktspgjas
paritates IKP PPP(t) izmainu grafikam (2.2. att.) ir linears raksturs ar augstu
determinacijas koeficienta R? vértibu no 0.96-0.99.

101 kpprp DE P

= FR IT

- Linear (DE) —— Linear (JP) R?=0.9595

SO Linear (FR) -~ Linear (IT)

= TEE e

S rR=09897 e —R2=0.9817

= _

2 = ‘ Com

I I ———

- = - R*=0.9853
0 gadi
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Avots: autores veidots un aprékini pec Pasaules Bankas datiem
2.2. att. Vertéjamo Cetru attistito valstu (DE, FR, IT, JP) IKP PPP
izmainas 1990.-2019. gada

Atbilstosi Kaldora ekonomikas sektoralajam modelim, visas vert€jamas
attistitajas valstis laika perioda no 1990. lidz 2019. gadam turpinaja pieaugt
pakalpojumu (ieskaitot transporta) ekonomikas sektora ST(t) pievienota vertiba
ka IKP PPP dala. Saskana ar promocijas darba autores Kaldora modela
formalizaciju un 1.15. tabula definétajiem raditajiem, vértéjamam valstim tika
aprekinati raditaji 2019. gada (2.2. tabula).
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2.2. tabula
Vertejamo attistito valstu sektoralie raditaji un ekonomikas klasifikacija

2019. gada
1- SVF Klasifi Autores piedavata
Valsts | STINA| grya | EMISAIEMINAL = o iia | ekonomikas klasifikacija
Us 4.3 22 4 12 Attistita IS | Postindustriala
FR 4.3 11 3 8 Attistita IS | Postindustriala
IT 33 11 4 9 Attistita PE | Parejas
DE 2.6 35 2 23 Attistita HT | Augsto tehnologiju
JP 2.4 28 3 21 Attistita HT | Augsto tehnologiju

Avots: autores veidota

Neskatoties uz to, ka SVF defingjis analiz€jamas valstis ka attistitas, péc
promocijas darba autores piedavatas valstu ekonomikas klasifikacijas, $im
piecam attistitajam valstim ir atSkirigs STINA raditajs, kas savukart raksturo
atskirigu industrializacijas Iimeni.

Vértéjamo attistibas valstu IKP PPP raditaju analize naudas izteiksmé

Brazilija (BR), Indongzija (IN), Kina (CN), Turcija (TR) un Dienvidafrika
(ZA) iekszemes kopprodukta péc pirktspgjas paritates IKP PPP(t) izmainu
grafikam 1990.-2019. gada ir linears raksturs (2.3. att. un 2.4. att.).
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Avots: autores veidots un aprékini pec Pasaules Bankas datiem
2.3. att. Veértéjamas Kinas (CN) IKP PPP izmainas 1990.-2019. gada

Kina IKP PPP p&c 2000. gada strauji pieauga un saglabaja pieauguma tempus
lidz 2019. gadam. Turcija, Brazilija, Indonézija un Dienvidafrika IKP PPP
pieauguma tempi bija daudz zemaki neka Kina. Brazilija péc 2015. gada
vérojama IKP PPP lejupslide.
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Avots: autores veidots un aprékini pec Pasaules Bankas datiem
2.4. att. Veértejamo attistibas valstu (BR, ID, ZA, TR) IKP PPP izmainas
1990.-2019. gada

Péc SVF definicijas, §1s veértgjamas sociali ekonomiskas sistémas tiek
uzskatitas ka attistibas valstis. Atbilstosi promocijas darba autores klasifikacijai,
kas formul&ta saskana ar Kaldora sektoralo modeli, var secinat (2.3. tabula):

- Kina, Turcija un Indongzija ir attistibas industrialas valstis (STINA zem
2.0), kas atrodas augSanas perioda;

- Dienvidafrika ir lielaks servisa un transporta sektors (STINA=2.9) un
salidzino$i zema lauksaimniecibas pievienotas vértibas dala (I-STINA=12)
no IKP PPP;

- Brazilija atrodas brieduma stadija (augSana bremzgjas) ka parejas
ekonomika (STINA=3.3) virziena uz postindustrialas sist€émas veido$anu ar
salidzino$i lielu servisa un transporta pievienotas vértibas dalu IKP PPP.

2.3. tabula
Vertéjamo attistibas valstu sektoralie raditaji un ekonomikas klasifikacija
2019. gada
I- SVF Autores piedavata
Valsts | STINA STINA | EMISAIEMINA klasifi- |ekonomikas Klasifikacija
kacija
BR 3.4 5 2 2 Attistibas | PE Parejas
ZA 2.9 12 2 1 Attistibas | HT | Augsto tehnologiju
TR 1.8 5 1 2 Attistibas IN Industriala
CN 12 5 1 1 Attistibas IN Industriala
ID 1.0 3 1 1 Attistibas IN Industriala

Avots: autores veidota

Kopuma var secinat, ka visam vert€jamam attistibas valstim no 2000. gada
verojama IKP PPP strauja picauguma dinamika ar dazadu pieauguma atrumu.
Péc Kaldora sektorala modela, valstis atrodas dazados ekonomikas attistibas
limenos — no industrialas ekonomikas 1idz parejai uz postindustrialo ekonomiku.
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Vertejamo ES jauno valstu IKP PPP raditaju analize naudas izteiksme

Vertgjamo valstu — Latvijas (LV), Lietuvas (LT), lgaunijas (EE), Horvatijas
(HR) un Ungarijas (HU) iek§zemes kopprodukta p&c pirktsp&jas paritates IKP
PPP(t) izmainu grafikam laika perioda no 1990. Iidz 2019. gadam ir linears
raksturs (2.5. att.).
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IKP PPP LT HR R2=0.9723
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=) 0 g
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Avots: autores veidots un aprékini pec Pasaules Bankas un EuroStat datiem
2.5. att. Vertejamo ES jauno valstu (EE, HR, HU, LT, LV) IKP PPP
izmainas 1990.-2019. gada

P&c SVF sisteémas, vertejamas ES jaunas valstis pec iestasanas ES un NATO
tika klasificetas ka attistitas valstis. AtbilstoSi promocijas darba autores
klasifikacijai un saskana ar Kaldora sektoralo modeli, Lietuva, Igaunija un
Ungarija atrodas augSanas stadija un KklasificEjas ka augsti tehnologiskas
ekonomikas (2.4. tabula).

Horvatija un Latvija ir iestajies brieduma periods, un tas klasificejas ka
parejas ekonomikas ar augstu servisa (pakalpojumu) un transporta pievienotas
vertibas dalu IKP PPP.

2.4. tabula
Vertejamo ES jauno valstu sektoralie raditaji ekonomikas klasifikacija
2019. gada
I- SVF Autores piedavata
Valsts STINA | <rina | EMISA | EMINA kl_as_[fl ekor.lom_lk.a.ls
kacija klasifikacija
HR 3.4 7 2.1 5 Attistitas | PE Parejas
LV 3.3 5 2.2 3 Attistitas | PE Parejas
LT 2.9 8 2.1 4 Attistitas | HT | Augsto tehnologiju
EE 2.5 12 2.1 9 Attistitas | HT | Augsto tehnologiju
HU 2.6 7 1.7 7 Attistitas | HT | Augsto tehnologiju

Avots: autores veidota

Saskana ar IKP analizi naudas izteiksmg, izveletas valstis tiek strukturétas
péc Kaldora modela sektorala raditaja STINA, ka ari IKP PPP uz vienu
iedzivotaju PPX(t) lieluma (2.5. tabula).
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2.5. tabula
Vertejamas valstis Kaldora matrica 2019. gada pec IKP raditaju
analizes naudas izteiksmeé

STINA Autores piedavata PPX, tiikst. eiro
intervals klasifikacija 50 < 40 < 30< 20 < 10<
4.0un Postindustriala /~US N\
vairak ekonomika FR '
3.0-3.9 | Parejas ekonomika LV
IT HR BR
2.0-2.9 | Augsto tehnologiju EE
ekonomika DE JP HU ZA
—1 || LT
1.0-1.9 | Industridla ekonomika TR CN
<10 Industriala ekonomika ID
Vaja infrastruktiira e

Avots: autores veidota

Lielaka dala no vértgjamam valstim (US, FR, IT, EE, HU, LT, TR, ID)
izvietojas pa diagonali, kas nozimé ekonomikas strukttiras un PPX atbilstibu
2019. gada. Pargjas valstis:

- Vacija (DE) un Japana (JP) ir zem diagonales, kas nozim& ekonomikas
struktiiras neatbilstibu PPX;

- Latvija (LV), Horvatija (HR), Dienvidafrika (ZA) un Brazilija (BR) ir virs
diagonales, kas nozimé PPX neatbilstibu ekonomikas strukttrai.

Iegtitie aprekinu rezultati tiek nemti vera valstu talakas analizes procesa
invariantu koordinatu sist€ma energovienibas.

Vertéjamo attistito valstu raditaji invariantu koordinatu sistema

Attistito valstu raditaji invariantu koordinatu sisttéma energovienibas verteti
ilgtspgjigas attistibas monitoringa modela (IAMM) ietvaros, izmantojot integréto
raditaju minimalo kopu. ASV lietderigas jaudas P1(t) izmainas 1960.-2019. gada
redzamas 2.6. attéla.

Attela identificéti Cetri intervali ar kritiskiem sakuma un beigu punktiem, kas
korelgjas ar politiskajiem notikumiem ASV: (1) P1-A-1 (1960.-1973.-1979.); (2)
P1-C (1980.-1983.); (3) P1-A-2 (1984.-1990.-2000.); (4) P1-B (2001.-2019.).

Vacija, Francija, Italija un Japana lietderigas jaudas P1(t) izmainas (2.7. att.)
analizétas 1960.-2019. gada un salidzinatas ar ASV datiem attiecigaja laika
posma. Vacija lietderigas jaudas P1(t) izmainu grafika no 1960. Iidz 1980. gadam
vérojams pieaugums augSanas posma, bet péc 1980. gada — neaugsme vai
kritums. Japana (JP) lietderigas jaudas P1(t) picaugums turpinajas lidz 2001.
gadam, sasniedzot salidzinosi augstu Itmeni (178 GW), péc kura sakas neaugsme
un ekonomikas kritums brieduma perioda ietvaros.

42




800

600
=
o

400 P1-A-1 P1-C

- P1-A-2 P1-B
0| T Linear (P1-A-1) —--——- Linear (P1-A-2)
————— Linear (P1-B)
adi
0 9

1950 1960 1970 1980 1990 2000 2010 2020 2030

Avots: autores veidots un aprékini pec Pasaules Bankas datiem

2.6. att. ASV lietderigas jaudas P1 izmainas 1960.-2019. gada

Francija un Italija identific€ts augSanas kritiskais punkts ap 2005. gadu, pec
kura sakas neaugsme un ekonomikas kritums brieduma perioda ietvaros. Péc
2000. gada vertejamas attistitas valstis nonaca I€nas attistibas posma — brieduma
stadija. Katra vért€jama valsts 1idz autores analiz&jamam periodam ir bijusi ar
atskirigu attistibu un raditajiem.
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IT-A IT-B — — = Linear (FR-B)
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Avots: autores veidots un aprékini péc Pasaules Bankas datiem
2.7. att. Lietderigas jaudas P1 izmainas vértéjamas attistitajas valstis (FR,
DE, IT, JP) 1960.-2019. gada

Vertgjamo attistito valstu ilgtsp&jigas attistibas monitoringa modela — |AMM
raditaji 2019. gada apkopoti 2.6. tabula. Var secinat, ka visas analiz€jamas
attistitas valstis raksturo augsts tehnologiskas efektivitates F1 Iimenis (40-36) un
liela patérétas elektribas jaudas dala, kuras avots ir kodolenergijas raZo$ana.
Visas vértéjamas valstis ir augsts produktivitates Iimenis, tai skaita viens no
augstakajiem - ASV (PHPE=4.9). ASV 2019.gada bija viens no
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visaugstakajiem dzives kvalitates Itmeniem (1.9 kW) starp vértgjamam
attistitajam valstim.
2.6. tabula
Vertejamo attistito valstu IAMM raditaju minimala kopa 2019. gada

Valsts dM |N1 |N1-E |P1 |Gl |F1 |[E1 |[EA |FOOT |Ul |PHPE |QoLE

% |[GW |[GW GW |[GW |% |% | % kW kW | kW kw
ASV 32 P150 [435 |767 1383 |36 (21 |17 | 141 2.3 | 4.9 1.9
Japana* |0 |371 |105 146 |225 |41 |30 | 27* | 562 |12 | 21 1.1
Francija |16 |215 |49 |79 (129 (37 |24 |78 |203 (1.2 | 3.0 1.0
Vacija |5 [290 |57 102 |188 |36 (19 |16 |528 |1.2 | 25 1.0
Italija 6 159 |33 |58 (101 |36 |21 |00 [335 [1.0 | 2.2 0.9
*Japanas raditaji 2010. gada
Avots: autores veidota un aprékini péc Pasaules bankas datu bazes

Vertejamo attistito valstu dzives kvalitates QoLE raditaju energovienibas var
uzskatit ka potencialu sist€mas talakai attistibai (industrializacija, modernizacija
utt.), un tas ir atspogulots 2.8. att€la no 1960. Iidz 2019. gadam. ASV dzives
kvalitates raditajs QoLE 2001.gada bija viens no augstakajiem un péc tam sakas
kritums, bet Vacija §1 raditaja izaugsme beidzas 1989. gada un lidz 2019. gadam
bija gandriz bez izmainam. Visam vert€jamam attistitajam valstim p&c 2005.
gada brieduma posma ietvaros vérojama dzives kvalitates QoLE kritums.

2.50
QoLE —
1.50
2
4
1.00
0.50
gadi
0.00
1950 1960 1970 1980 1990 2000 2010 2020 2030
FR DE us JP
IT- — - — Linear (FR) — - - — Linear (DE) — — - Linear (US)
- - - - Linear JP) =------- Linear (IT-)

Avots: autores veidots un aprékini Pasaules bankas datu bazes
2.8. att. Vertéjamo attistito valstu dzives kvalitates QoLE izmainas un
tendences 1960.-2019. gada

Promocijas darba autore uzskata, ka, saskana ar ilgtspéjigas attistibas
pamatprincipu, dzives kvalitates raditajiem ari brieduma posma vajadzétu
paaugstinaties, iespejams, ar mazaku atrumu. Tap&c dzives kvalitates (QoLE)
pazeminasanos (kritumu) varétu izskaidrot ka valsts neefektivu adaptaciju pret
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argjiem faktoriem vai neefektivu transformaciju ieksgjo faktoru ietekme. Svarigi
— vai sociali ekonomiska sist€ma ir gatava adaptacijai, ja mainas argjie apstakli.

Vertgjamo attistito valstu rezultatu Tss apkopojums:

Amerikas Savienotajas Valstis (US) ir postindustriala ekonomika ar
deindustrializacijas Itmeni STINA=4.3. ASV raksturo augsts dzives kvalitates
(QoLE=1.9) un produktivitates (PHPE=4.9) limenis starp vert¢jamam valstim un
pasaulg, kas bija sasniegts augSanas perioda lidz 2000. gadam. No otras puses,
Saja perioda nebija sasniegti augsti tehnologiskas efektivitates raditaji (F=36).
Elektribas gala paterina dala kopé&ja patérina 2019. gada bija 21 % ka zemakais
starp vert€§jamam attistitajam valstim. Elektribas dala, kas sarazota atomstacijas,
ar1 bija zema (EA=17%). Savukart ietekme uz vidi (FOOT=141) diezgan augsta.
Brieduma perioda no 2000. gada vérojama dzives kvalitates QoLE raditaja
samazinasanas.

Francija (FR) ir postindustriala eckonomika ar vienu no lielako
deindustrializacijas ltmeni (STINA=4.3) starp ES valstim. AugSanas perioda
nebija sasniegti pietiekosi augsti PHPE un QoLE raditaji — gandriz divas reizes
zemaki neka ASV. Augsti tehnologiska elektribas razosana (78 % no
kodolreaktoriem) netika pietiekoS$i izmantota attistibai. Savukart ietekme uz vidi
(FOOT=203) bija augsta.

Vacija (DE) ir augstu tehnologiju ekonomika. Salidzino§i zems
tehnologiskais limenis (F1=36), bet ietekme uz vidi (FOOT=203) pietiekosi
augsta. Tai pasa laika — industrializ&ta valsts (STINA=2.6) ar potencialu turpinat
moderno industrializaciju un digitalizaciju.

Japana (JP) ir augstu tehnologiju ekonomika. Valsti raksturo augsts
tehnologiskas efektivitates (F1=41) un produktivitates (PHPE=5.6) limenis starp
vertejamam valstim, kas ir ASV Iimen1. Deindustrializacijas limenis neparsniedz
3.0 (STINA=2.4), kas dod papildus stabilitati ekonomikai, bet, acimredzot,
netika pilnveértigi izmantots, jo péc 2010. gada vérojams QoLE samazinajums —
sakas krituma posms. Péc 2010. gada ka vajo vietu Japana var uzskatit atkaribu
no argjiem resursiem un atomenergetikas demontaza.

Italija (IT) ir parejas ekonomika. Augsti dzives kvalitates QoLE un PHPE
raditaji, bet attistibas perioda netika sasniegti PHPE raditaji, piem&ram, Japanas
Itmen1. Zemaki produktivitates un dzives kvalitates raditaji salidzinajuma ar
Japanu, kas, iesp€jams, saistiti ar straujaku iedzivotaju skaita picaugumu un
augstaku darba nemeéju TIpatsvaru ar nepietickami augstu kvalifikaciju.
Deindustrializacijas Itmenis parsniedza 3.0 (STINA=3.3), kas arT ietekmgja
PHPE limeni.

Veértéjamo attistibas valstu raditaju analize invariantu koordinatu

sistema

Attistibas valstu raditaji invariantu koordinatu sistéma energovienibas tiek
verteti ilgtsp&jigas attistibas monitoringa modela (IAMM) integréto raditaju
minimalas kopas ietvaros. Atbilstosi autores izstradatajai metodikai ir aprékinati
raditaji laika perioda no 1990. 1idz 2019. gadam. Pasaules lielakas ekonomikas —
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Kinas lietderigas jaudas P(t) izmainas 1990.-2019. gada redzama 2.9. attela.
Sakot no 2001. gada, Kina vérojams strauj$ lietderigas jaudas picaugums ar
linearu raksturu, kas turpinajas 1idz 2019. gadam.

1500
P(t)
1000 CN - Linear (CN)
=
o y =41.835x - 83336
500 R2=10.9956
0 gadi

1985 1990 1995 2000 2005 2010 2015 2020 2025
Avots: autores veidots un aprékini pec Pasaules Bankas datiem

2.9. att. Lietderigas jaudas P izmainas Kina (CN), 1990.-2019. gada

Lietderigas jaudas P(t) pieaugumam Turcija visu periodu no 1990. 1idz 2019.
gadam un Brazilija [idz 2014. gadam ir linears raksturs (2.10. att.), bet pec 2015.
gada Brazilija sakas krituma posms. Dienvidafrika lietderiga jauda pieaugums
visu analiz€jamo periodu bija salidzino$i zems. Dienvidafrika un Turcija visu
vertéjamo periodu bija 1€nas augsanas stadija, bet viena no pasaules liclakajam
ekonomikam — Kina p&c 2001. gada — straujas ekonomiskas aug$anas posms.
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P1 BR ZA
TR ID R2=0.9778
————— Linear (BR) —-—-—-- Linear (ZA) -

> —— Linear (TR) - Linear (ID) =
3 _

- = R2=0.92

0 gadi
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Avots: autores veidots un aprékini pec Pasaules Bankas datiem
2.10. att. Lietderigas jaudas P1 izmainas vertéjamas attistibas valstis (BR,
TR, ID, ZA) 1990.-2019. gada

Vertgjamo attistibas valstu ilgtsp&jigas attistibas monitoringa modela
(TAMM) raditaji 2019. gada ir apkopoti 2.7. tabula. Valstis raksturo gandriz
vienads tehnologiskas efektivitates (F1) Iimenis un mazu patérétas elektribas
dalu, kuras razo$anas avots ir kodolenergija (EA).
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Kina vertéSanas perioda paaugstinajas tehnologiskais Itmenis (F1) par 9
punktiem un sasniedza vid€jo pasaules ltmeni (F1=37). Brazilija izaugsmes
posma lidz 2014. gadam paaugstingjas tehnologiskais limenis par 2 punktiem un
arT sasniedza pasaules Itmeni. Indongzija 2019. gada pietrika 3 punktu lidz
pasaules vidgjam tehnologiskajam limenim (F1=34). Dienvidafrika no 1990.
gada bija brieduma stadija, parsniedzot 2019. gada pasaules tehnologisko limeni
par 2 punktiem (F1=39).

2.7. tabula
Vertejamo attistibas valstu IAMM raditaju minimala kopa 2019. gada
dM | N1 |N1-E |P1 |Gl |F1 |E1|EA FOOT [Ul PHPE QoLE

% |GW |[GW |[GW |GW |% |% |% | kW kKW | kW kW
CN 24 3033 | 719 (113 1920 |37 |25 200 |10 | 14 0.6
ZA 40 | 90 22 35 |55 (39 |29 46 106 | 14 0.4
TR 28 132 |29 |49 |83 |[37 |22 106 |06 | 1.3 0.4
BR 46 268 | 59 |110 [158 |37 |19 198 105 | 1.0 0.4
1D 40 |216 | 33 73 |143 |34 |16 38 |03 ] 04 0.2
Avots: autores aprékini

Valsts

olwlo(on

Vertgjamo attistibas valstu dzives kvalitates QoLE raditajam energovienibas,
ka potencialam sist€mas talakai attistibai (industrializacija, modernizacija utt.),
2.11. attela ir linears izaugsmes raksturs Kina, bet Brazilija, Dienvidafrika un
Turcija vérojama paléninata izaugsme ar zemaku pieauguma atrumu.

Vertéjamas attistibas valstis IAMM ietvaros, un izmantojot sistémas jaudas
izmainu sistémanalizes metodologiju salidzindgjuma ar IKP analizes metodi,
attistibai bija linears raksturs gan naudas izteiksmé, gan energovienibas.

Vertesanas rezultatu 1ss kopsavilkums:

Kina (CN) ir industriala ekonomika ar industrializacijas raditaju STINA=1.2,
augsanas perioda ar lietderigas jaudas P1(t) pozitivu tendenci. Dzives kvalitates
raditajs (QoLE=0.7) nebija sasniedzis pietiekosi augstu limeni salidzinajuma ar
attistitam valstim (ASV QoLE=1.9). Valsti nav moderni elektroenergijas avoti
(EA=2%), un turpmak tas var ietekmét attistibas tempus. letekme uz vidi
(FOOT=200) salidzinosi augsta un atbilsto$a augsanas posmam. GrendZera tests
parada c€lonsakaribu starp energijas plismu un IKP PPP. Biitu nepiecieSama
ekonomikas modernizacija.

Indonézija (ID) ir industriala ekonomika ar zemu infrastruktiiras attistibas
Iimeni, industrializacijas raditaju STINA=0.9, augSanas perioda ar lietderigas
jaudas P1 pozitivu tendenci. Visi raditaji zemaki ka Kina. NepiecieSama
turpmaka industrializacija un modernizacija. GrendZera tests parada
celonsakaribu starp energijas plismu un IKP PPP.
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Avots: autores veidots un aprékini péc Pasaules Bankas datiem
2.11. att. Vertéjamo attistibas valstu dzives kvalitates QoLE izmainas
1990.-2019. gada

Brazilija (BR) ir parejas ekonomika ar industrializacijas raditaju
STINA=3.4, kas parada mazu razo$anas sektoru. Brieduma posma sakums — p&c
autores sektoralas klasifikacijas un attistibas cikla modela. Augsanas posma nav
sasniegti pietieko$i augsti produktivitates (PHPE=1.0) un dzives kvalitates
(QoLE=0.4) raditaji. Liela ietekme uz vidi (FOOT=198). GrendZzera tests p&c
2014.gada neparada c€lonsakaribu, kas nozimé valsts attistibas potenciala
nepalielina§anos vai samazinajumu.

Turcija (TR) ir industriala ekonomika ar industrializacijas raditaju
STINA=1.8. Augsanas perioda ar lietderigas jaudas P1(t) pozitivu tendenci, bet
visi raditaji zemaki neka Kina. Biitu nepiecieSama turpmaka industrializacija un
modernizacija. Grendzera tests parada c€lonsakaribu starp elektroenergijas
plismu un IKP PPP.

Dienvidafrika (ZA) ir augsti tehnologiska ekonomika ar industrializacijas
raditaju STINA=2.9 un augstu tehnologisko efektivitati (F1=39), bet neatbilstoss
produktivitates (PHPE=1.4) un dzives kvalitates Iimenis (QoLE=0.4).
Salidzinosi — Francija pie tehnologiskas efektivitates F1=37, attiecigie raditaji
PHPE=3.0 un QoLE=1.0. GrendZera tests neparada c€lonsakaribu, kas nozZimé
valsts attistibas potenciala nepalielinasanas.

Latvijas un citu ES jauno valstu raditaju analize invariantu koordinatu

sistema

ES jauno valstu raditaji invariantu koordinatu sistéma energovienibas tiek
verteti ilgtspejigas attistibas monitoringa modela integréto raditaju minimalas
kopas ietvaros. AtbilstoSi promocijas darba autores izstradatajai metodikai, ir
aprekinati raditaji perioda no 1990. lidz 2019. gadam. Latvija (LV), Lietuva
(LT), Igaunija (EE), Horvatija (HR) un Ungarija (HU) lietderigas jaudas P1
izmainas (2.12.att. un 2.13. att.) analizétas laika perioda no 1990. lidz 2019.
gadam. Latvija, Lietuva un Igaunija 1990.-1999. gada un Horvatija, Ungarija
1990.-1994. gada ir raksturigs lietderigas jaudas P1(t) strauj$ samazinajums, kas
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izskaidrojams ar sociali ekonomiskas sistémas transformaciju. Datu analizes
rezultata var secinat, ka 2019. gada lietderigas jaudas limenis neviena Nno
vertgjamam ES jaunajam dalibvalstim nebija sasniedzis 1990. gada limeni.
Latvija p&c sakotngja jaudas samazinajuma lidz 2000. gadam bija vErojams
pieaugums, bet, sakot no 2007.-2008. gada, iestajas nemainigas lietderigas
jaudas periods Iidz 2019. gadam.

50 P1 LV-1 LV-2 — | /-3
= LT-1 — | T-2 e=——EE-1
—=—— EE-2 — -3 — -+ —- Linear (LV-3)
— — — - Linear (LT-2) =--=------- Linear (EE-3)

; —— -
L \ o
0.0 gadi
1985 1990 1995 2000 2005 2010 2015 2020 2025
Avots: autores veidots un aprékini péc Pasaules Bankas un Eurostat datiem

2.12. att. Lietderigas jaudas P1 izmainas Latvija (LV), Lietuva (LT) un
Igaunija (EE) 1990.-2019. gada

Horvatija un Ungarija (2.13. att.) lietderigas jaudas P1(t) izmainu grafika
vérojams kritums laika perioda no 1990. un Iidz 1995. gadam. Péc 1993. gada
Horvatija sakas lietderigas jaudas pieaugums — lidz 2008. gadam. Lidz 2005.
gadam Ungarija verojams izaugsmes periods, tad kritums lidz 2014. gadam un
pieaugums no 2015. gada. Lietderigas jaudas izmainu tendence 1995.-2019. gada
Ungarija kopuma bija pozitiva (2.13. att.).

10.0
> P -
- HR HU
5.0 —--—- Linear (HR-2) — — —- Linear (I_-lug)
0.0 gadi

1985 1990 1995 2000 2005 2010 2015 2020
Avots: autores veidots un aprékini péc Pasaules Bankas un EuroStat datiem
2.13. att. Lietderigas jaudas P1 izmainas Horvatija (HR) un Ungarija (HU)
1990.-2019. gada

P&c 2001. gada valstis nonaca lénas attistibas posma — brieduma stadija, un
tam visam bija vérojams tehnologiskas efektivitates koeficienta F(t) pieaugums,
tomér 2019. gada neviena no tam nebija sasniegusi pasaules vidéjo tehnologisko
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limeni. Veért&jamo ES jauno valstu ilgtspgjigas attistibas monitoringa modela —
IAMM raditaji 2019. gada ir apkopoti 2.8. tabula.
2.8. tabula
Vertéjamo ES jauno valstu IAMM raditaju minimala kopa 2019. gada
dM | N1 |N1-E | P1 Gl |F1 |E1l [EA [FOOT |Ul |PHPE |QoLE
% GW |GW |GW [ GW | % | % | % | kW KW | kW kW
EE -18 | 4 1 1 2 40 |22 |00 | 55 |1.0 |22 0.8
LV -28 | 5 1 4 33 [15 |00 | 58 109 | 2.0 0.7
LT -28 | 7 1 5 32 |17 |00 | 25 109 |18 0.7
HU -7 | 24 5 16 |35 |19 |53 | 167 (0.9 | 1.0 0.7

HR -16 | 9 2 6 36 |21 |00 | 100 [0.8 |17 0.6
Avots: autores veidota un aprékini

Valsts

wloN(N

Analizétaja perioda visas vért€jamas ES jaunajas valstis raksturigs
ieveérojams iedzivotaju skaita samazinajums, zems tehnologiskas attistibas
raditajs F1(t), iznemot Igauniju (F1=40), ka arT produktivitates PHPE(t) Iimenis
zemaks ka attistitajas valstis (ASV PHPE=4.9). Vért&jamo jauno ES attistito
valstu dzives kvalitates QoLE raditajs energovienibas ka potencials sist€émas
talakai attistibai (industrializacija, modernizacija utt.) paradits 2.14. attela. Var
secinat, ka 2019. gada valstu raditaji nebija sasniegus$i 1990. gada Iimeni.
Augstakais dzives kvalitates limenis energovienibas 2019. gada bija Igaunija.
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Avots: autores veidots un aprékini pec Pasaules Bankas un Eurostat datiem
2.14. att. Dzives kvalitates QoLE izmainas vértéjamas ES jaunajas valstis
1990.-2019. gada

Kopuma var secinat, ka TAMM ietvaros, un izmantojot sistémas jaudas
izmainu sistémanalizes metodologiju, salidzinajuma ar IKP analizes metodi
naudas izteiksmé, ES jaunajas valstis ir bijusi sarezgita attistiba laika posma no
1990. Iidz 2019. gadam. IAMM modelis ir palidzg&jis identificét ilgstosu
neaugsmes posmu §Tm valstim p&c 2000. gada.

Vertejamo ES jauno valstu rezultatu iss kopsavilkums:
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Lietuva (LT) — augstu tehnologiju ekonomika ar industrializacijas raditaja
vertibu STINA=2.9. Vislielakais ekonomikas kritums 1990.-1995. gada starp
vertgjamam valstim. Zems tehnologiskas efektivitates raditajs (F1=32). Jaunam
industrializacijas posmam nav modernu elektroenergijas avotu (EA=0), ari
kopéja gala patérina zema elektribas dala (E1=17), kas raksturo mazu realo
industrialo sektoru. Dzives kvalitates Iimenis atbilstoS§s visam pargjam
vertejamam valstim (QoLE=0.7). Vieniga no valstim, kura bija lietderigas jaudas
nepartraukts pieaugums 2000.-2019. gada, ko apstiprina Grendzera tests.

lgaunija (EE) — augstu tehnologiju ekonomika ar industrializacijas raditaja
vertibu STINA=2.5. Starp Baltijas valstim augstakais tehnologiskais (F1=40),
produktivitates (PHPE=2.2) un dzives kvalitates (QoLE=0.8) Iimenis. Nav
modernu elektroenergijas avotu (EA=0). P&c 2010. gada lietderigas jaudas P1(t)
pieaugums apstajas, lai gan IKP izaugsme turpinajas.

Horvatija (HR) — parejas ekonomika ar industrializacijas raditaja veértibu
STINA=3.4. Zems tehnologiskas efektivitates raditajs (F1=36). Valstij nav
moderna elektribas avota (EA=00), un elektribas dala kopgja gala patérina
augstaka (E1=22) starp veértéjamam valstim, kas raksturo salidzinosi lieclaku realo
industrialo sektoru. Dzives kvalitates Itmenis atbilsto$i visam vert§jamam ES
jaunajam valstim (QoLE=0.6).

Ungarija (HU) — augstu tehnologiju ekonomika ar industrializacijas raditaja
vertibu STINA=2.6. Zems tehnologiskas efektivitates raditajs (F1=35). Jaunam
industrializacijas posmam ir moderns elektroenergijas avots (EA=53). Elektribas
dala kopgja gala paterina zema (E1=19), kas raksturo mazu realo industrialo
sektoru. Dzives kvalitates limenis atbilstosi visam veértg§jamam ES jaunajam
valstim (QoLE=0.7).

Latvija (LV) ir parejas ekonomika, zems tehnologiskas efektivitates
raditajs (F1=33). Jaunam industrializacijas posmam nav modernu
elektroenergijas avotu (EA=0), ari elektribas dala kopéja gala patérina ir
zema (E1=15), kas raksturo mazu realo industrialo sektoru. Dzives
kvalitates limenis atbilstoSi citam vértéjamam ES jaunajam valstim
(QoLE=0.7).

2.2. Sociali ekonomisko sistému (valstu) mijiedarbiba un pozicionésana
pasaules IiTmeni

Promocijas darba visu vert€§jamo valstu savstarp&jas ietekmes analizei
izmantota mijiedarbibas matrica valstis/ IAMM raditaji (2.9. tabula).
Pamatojoties uz autores veikto aprékinu rezultatiem, un nemot véra korelacijas
koeficientu virs 0.9, var sagrupét $adus valstu klasterus: (1) Latvija, Lietuva,
Igaunija un Horvatija (zila krasa); (2) Indon&zija, Brazilija un Dienvidafrika (zala
krasa); (3) Vacija, Italija, Francija un Japana (sarkana krasa); (4) ASV, Kina un
Indonézija (peleka krasa); (5) Francija, Vacija, Japana, Turcija un Brazilija
(oranza krasa); (6) Ungarija un Horvatija (dzeltena krasa). Katrs klasteris
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apvieno valstis ar integréta IAMM raditaja korelaciju virs 0.9, kas aprekinats
2019. gada (2.9. tabula). Integrétais IAMM raditajs veidots no katras valsts
ilgtspgjigas attistibas raditaju minimalas kopas konkrétaja gada.

2.9. tabula
Visu vértéjamo valstu mijiedarbibas korelacijas matrica IAMM konteksta
2019. gada
CN KA BR [TR |ID EE |LV LT |HR|HU US [FR E [JP T
CN |1
ZA Jos |1
BR | 08 09 | 1
TR o8 o9 [10 |1
ID |10 |09 [09 [os |1
EE | -02 02 | 03 [ 04 | -01 1
LV [ 01 [o2 o3 o4 o0 201
LT | oo 02 | 02 [ 03 | 00 09 [ 09 |1
HR | 01 |03 [ 04 [ 05 [00 o909 [o08 |1
HU | 01 |02 |04 [05 [00 |08 |08 |06 |o09]1
us 1.0 0.8 0.8 0.8 1.0 -0.2| -0.1 0.0 -01) 01| 1
FR [ 07 |08 |09 [09 [07 [o04|o05 [03[o05]06 [07 |1
DE 0.4 0.6 0.9 0.9 0.5 0.6 0.7 0.4 08| 0.8 0.4 0.9 1
JP |05 o7 [09 [0s o6 [o05[06 |04 |o07]08 |05 [09 [10]1
IT 0.4 0.6 0.8 0.8 0.4 0.7 0.7 0.5 08| 0.8 0.4 0.9 1.0 1.0 1

Avots: autores veidota un aprékini

Saskana ar promocijas darba autores veiktas analizes rezultatiem invariantu
koordinatu sistéma, Kaldora matrica tika parveidota energijas vienibas saskana
ar IKP analizi naudas izteiksmé (2.10. tabula). Tabula veidota, nemot véra valstu
klasifikaciju péc STINA koeficienta vertibas un lietderigas jaudas uz vienu
iedzivotaju Ul(t). Galvenie secinajumi:

- parejai uz postindustrialo sabiedribu un zinasanu ekonomiku ir nepieciesams
lietderigas jaudas limenis uz vienu iedzivotaju U1 vairak neka 4.0 kW. ASV (US)
un Francijas (FR) Iimenis ir nepietiekams, kas izpauzas ka dzives kvalitates
QoLE pazeminasanas;

- valstis virs attistibas diagonales (DE, IT, JP, TR, BR, ZA, LV, LT, EE, HU,
HR) — neatbilstiba starp ekonomikas struktiiru (STINA) un lietderigas jaudas
Itmeni U1 ir iemesls attistibas tempu paléninajumam,;

- valstis zem attistibas diagonales (tadu starp novértétajam nav) — uzkrats
pietickams lietderigas jaudas Ul limenis un nepiecie$ams aktivizet turpmako
ekonomikas un sabiedribas attistibu;

- valstis attistibas diagonalé (CN, ID) — lidzsvarota attistiba, nepiecieSams
pienemt stratégiskus [émumus talakai attistibas virzibai.
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2.10. tabula

Vértéjamas valstis Kaldora matrica IAMM konteksta 2019. gada

STINA Autores piedavata Lietderiga jauda uz 1 iedz. U1, kW
intervals Klasifikacija 40< | 30| 20 L0- 1.0>
) 3.9 2.9 1.9 )
40< Postlndl}strlala us FR
ekonomika
3.0-3.9 | Parejas ekonomika IT HR
. . ¢jas ekono LV BR
20-29 Augsto tehnologiju DE HU
) ' ekonomika EE JP LT ZA
1.0-1.9 | Industriala ekonomika CN TR
Industriala ekonomika
<10 Vaja infrastruktiira ID

Avots: autores veidota

Vertéjamo sociali ekonomisko sistému (valstu) pozicionésana pasaulé
Valsts konkurétspgjas raditajs WM pasaulé péc lietderigas jaudas (P)
normalizéts ar iedzivotaju skaitu (M)

Vertgjamo valstu relativa svara raditajs WM péc lietderigas jaudas P1(t), kas
normalizgts ar iedzivotaju skaitu M(t), nosaka attiecigas valsts konkur&tsp&ju
pasaules limeni. Valstis sakartotas péc 2019. gada raditaja un 2.15. attéla
redzams, ka viena no augstakajam konkurétsp&jas WM vértibam 2019. gada bija
ASV (4.3). Relativi augsts raditdjs bija ES jaunajam valstim 1990. gada, bet
Indonézijas, Italijas un Brazilijas ikviena iedzivotaja ieguldijums pasaules
lietderigas jaudas veidoSana bija loti zems.

5.0

WM
4.0
3.0
2.0
a1
0.0

‘ 01990 m2007 m2019
A
NI

SFITFTIIIIToFTTLISF O
Q‘b

Avots: autores veidots un aprékini

2.15.att. Vértéjamo valstu globalas konkurétspéjas raditaji (WM)

TIAMM konteksta

No Baltijas valstim augstakais WM raditajs bija Igaunija 1990., 2007. un ar1
2019. gada, talak sekoja Latvija un Lietuva.
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Valsts ilgtspejibas potenciala jeb naudas/ jaudas plismu lidzsvara
raditajs WP péc lietderigas jaudas (P) un pasaules iekSzemes
kopprodukta (IKP)

Valsts relativais svars péc lietderigas jaudas un ick$zemes kopprodukta WP
raksturo valsts ilgtsp€jibas potencialu jeb naudas/ jaudas plasmu sabalansétibas
dinamiku (2.16. att.). Valstis sakartotas péc 2019. gada datiem, laika perioda no
1990. 11dz 2019. gadam raditaja vertiba pakapeniski izlidzinajas virziba uz vidgjo
pasaules vertibu WP=1. No Baltijas valstim augstakais tas bija Latvija (WP=0.8).

3.0
WP 01990 m2007 m2019

2.0

1.0

““ FLELILTYITYY

CETHFFS S I FFISTF STy
Q‘b-
Avots: autores veidots un aprékini
2.16. att. Vértejamo valstu ilgtspejibas lidzsvara raditaji (WP) IAMM
konteksta

Valstu tehnologiskas konkurétspéjas raditajs WE

Valsts relativais svars péc elektribas gala patérina jaudas un iekSzemes
kopprodukta WE raksturo valsts tehnologisko konkurétsp&ju pasaules Iiment
(2.17. att.).
25

WE 01990 w2007 w2019

2.0
15 A
1.0
ST AT
1101
ST IEIFEITFESSTEIIFSI TN

Q‘b
Avots: autores veidots un aprékini
2.17. att. Vértéjamo valstu globalas tehnologiskas konkurétspéjas radrtaji
WE TAMM konteksta

54



Valstis sakartotas pec 2019. gada datiem, un augstakais tehnologiskais
raditajs 2019. gada virs pasaules limena bija Kina (1l.vieta), Dienvidafrika
(2.vieta) un ASV (3.vieta).

Vértéjamo sociali ekonomisko sistému (valstu) naudas un energijas

plismu konvertacija

Veértéjamo valstu naudas un energijas plasmu sabalansétibai tika aprekinats
naudas/ jaudas konvertacijas koeficients 1990.-2019. gada. Saskana ar
aprekinatajiem datiem, 2007. gada pasaules vidgjais naudas/ jaudas koeficients
PW ($/W) bija 21 ASV dolars par vienu vatu (2.18. att.). ST vértiba attiecas uz
visam 15 vertetajam valstim, tai skaita uz lielakajam pasaules ekonomikam —
ASV un Kinu. Péc 2008. gada PW vértiba attistitajas valstis, t.sk. ES jaunajas,
saka pieaugt straujak neka vid&ji pasaulg, kas nozime pirktsp&jas pieaugumu.
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Attistibas-vidgjais
ESjaunas-vidgjais
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PW

ASV dolari/W

y =0.5863x - 1155.8

0 P

1960 1970 1980 1990 2000 2010 2020 ° 2030
Avots: autores veidots un aprekini
2.18. att. Verteéjamo valstu konvertacijas raditaja PW nauda/ jauda
izmainas 1990.-2019. gada

Attistibas valstis raditaja PW vertiba pieauga 1€nak neka vidgji pasaule,
pirktsp&ja samazinajas. Konvertacijas koeficienta PW vidgjas pasaules vertibas
izmainas grafika ekstrapolacija (2.19. att.) parada, ka ap 1973. gadu koeficienta
vertiba bija PW=1, kas nozimé 1W=1$ jeb sabalansétu izaugsmi un attistibu.
Vert&jamo valstu naudas/ jaudas konvertacijas koeficienta PW vértiba aprékinata
2019. gada (2.11. tabula).

Valstis ir sakartotas péc SK (formula 1.9.) lieluma, kas raksturo atskiribu
starp iekszemes kopproduktu péc pirktsp&jas paritati uz vienu iedzivotaju PPXE
péc jaudas analizes metodes un starp iek$zemes kopproduktu péc pirktsp&jas
paritati uz vienu iedzivotaju PPX p&c IKP PPP analizes metodes.
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2.11. tabula
Vértéjamo valstu ar dazadam metodém apréekinato PPX salidzinajums

2019. gada
PPX Ul PPXE SK PW
Valsts ASV ASV ASV

dolari/103 kw dolari/108 dolari/103 $w

Vacija 57.3 1.2 33.6 23.7 48
Lietuva 39.9 0.7 19.6 20.3 57
Italija 45.8 1.0 28.0 17.8 46
Francija 50.5 1.2 33.6 16.9 42
lgaunija 39 0.8 22.4 16.6 49
Ungarija 34.6 0.7 19.6 15.0 49
Horvatija 31.6 0.6 16.8 14.8 53
Latvija 32.9 0.7 19.6 13.3 47
Turcija 27.7 0.6 16.8 10.9 46
Japana 42.3 1.2 33.6 8.7 35
Indonézija 124 0.3 8.4 4.0 41
Brazilija 15.3 0.5 14.0 1.3 31
ASV 65.1 2.3 64.4 0.7 28
Pasaule 17.6 0.6 17.6 0.0 28
Dienvidafrika 14.4 0.6 16.8 -2.4 24
Kina 16.6 0.8 22.4 -5.8 21

Avots: autores veidota un aprékini

Viena no lielakam atskiribam ir Vacija (SK=48), bet Kina un Dienvidafrika
PPXE vértiba ir zem pasaules Itmena, un atskiriba SK ir ar “minus” zimi.

3. LATVIJAS ILGTSPEJIGAS ATTISTIBAS RADITAJU
PLANOSANA, NOVERTESANA UN MONITORINGS

Promocijas darba 3. nodala analizéta Latvijas ilgtspgjigas attistibas
planosanas un uzraudzibas sisteéma, ka ar prognozeti Cetri iesp&jamie Latvijas
attistibas scenariji lidz 2030. un 2060. gadam, izmantojot promocijas darba
autores izveidoto ilgtsp&jigas attistibas monitoringa modeli (IAMM).

3.1. Latvijas ilgtspejigas attistibas tiesiskie un institucionalie aspekti

Ikvienas sociali ekonomiskas sisteémas attistibas planoSanas merkis ir sekmét
valsts ilgtsp€jigu un stabilu attisttbu, ka arT iedzivotaju dzives kvalitates
uzlaboSanu. Apkopojot dazados materialos pieejamo informaciju, autore
izveidojusi ilgtspgjigas attistibas likumdosanas ietvaru (3.1. att.), kura noraditi
vairaku ITmenu svarigakie politiskie dokumenti.
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Globalais Iimenis ANO
PASAULE Agenda 21
Agenda 2030 (2015)
EIROPAS SAVIENIBA ES 2030 (2019)
ES 6 prioritates 2019-2024
Stratégiskais plans 2020-2024

BALTIJAS JURAS ES Stratégija Baltijas jiiras regionam
REGIONS

Latvija 2030 (2010)
LATVIJA Nacionalais attistibas plans 2021-2027
Nacionalas izaugsmes stratégija (2005)

Vietéjais Itmenis

Regionalas politikas pamatnostadnes 2021 -
2027

Regionalas attistibas likums (2002)

Avots: autores veidots
3.1. att. Ilgtsp€jigas attistibas likumdoSanas ietvars 2021. gada

Ilgtsp&jigas attistibas planoSana Latvija aizsakas 20. gadsimta 90. gadu
sakuma péc neatkaribas atgiSanas. Latvija [lgtsp&jigas attistibas politiku ieviesa
2002. gada, pamatojoties uz 1992. gada Riodezaneiro deklaraciju (UN, 1992).
2010. gada tika apstiprinats Latvijas svarigakais ilgtermina planoSanas
dokuments — Latvijas ilgtsp&jigas attistibas stratégija lidz 2030. gadam jeb
Latvija 2030. Latvijas planoSanas sisttma ir decentraliz€ta un atbilst
subsidiaritates principam. Attistibas planosanas dokumenti tiek izstradati
ilgterminam (Iidz 25 gadiem), videéjam terminam (Iidz 7 gadiem) un Tsterminam
(Iidz 3 gadiem).

Svarigakie valsts ilgtspgjigas attistibas mérki dokumenta Latvija 2030 tiek
stenoti ar septinu gadu valsts attistibas planiem, pieméram, Latvijas Nacionalo
attistibas planu 2021.-2027. gadam (NAP2027), nozaru politikam un planiem,
kas sasaista politikas mérkus ar valsts budzetu, izmantojot raditaju kopumu.
Valsts attistibas planoSanai un novértéSanai Latvijas Republikas Ministru
prezidents izveido un vada Nacionalas attistibas padomi. Ta ir kolegiala
institlicija, kuru veido ministri un Saeimas, Valsts prezidenta, ka ar1 valdibas
socialo partneru parstavji. Padomes sastavs ir noteikts Attistibas planosanas
sistémas likuma (Attistibas planoSanas sistema, 2009.). Valsts kanceleja
(iepriek§ — Parresoru koordinacijas centrs) izstrada hierarhiski augstakos
nacionala Itmena attistibas planoSanas dokumentus un koording€ to TstenoSanu,
organiz€ un Tsteno nozaru politiku savstarpgjo koordinaciju un parresoru
uzraudzibu, ka arT izstrada priekslikumus valsts reformu 1stenoSanai un resursu
pardalei atbilstosi valsts attistibas prioritateém (Valsts parvaldes iekartas likums,
2002). Vides aizsardzibas un regionalas attistibas ministrija ir vadosa institicija
valsts regionalas politikas izstradé un Tsteno$ana, ka ari regionalas attistibas
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valsts atbalsta pasakumu TstenoSanas koordiné$ana. Galvenie dokumenti

ilgtspgjigai attistibai Latvija:

- Latvija 2030 jeb Latvijas ilgtsp&jigas attistibas stratégija Iidz 2030. gadam ;

- valsts attistibas plans septiniem gadiem ka vidgja termina planoSanas
dokuments;

- valdibas deklaracija un ricibas plans nosaka valdibas prioritaros mérkus, kas
kopuma atbilst IAM mérkiem,;

- citi dokumenti - nozaru politikas un plani ar tiek saskanoti ar IAM;

- Latvija 2030 stratégijas uzraudzibas zinojumi;

- Latvijas zinojumi ANO par Ilgtspgjigas attistibas mérku ievieSsanu (LAPAS
NVO zinjums, 2022).

Parskatos par Latvijas ilgtsp&jigas attistibas strat€gijas ievieSanu (Latvija
2030) ir septini strategiskie raditaji (3.1. tabula). Atbilstosi raditaju vertibas
izmainam (pieaugums vai samazindjums, tuvoSanas vai novirzisanas no
planotajam vertibam) ir griti izveidot vienotu kopainu par Latvijas virzibu uz
ilgtsp&jigu attistibu.

3.1. tabula
Latvija 2030 strategiskas attisttbas mérki radrtaji 2009., 2019., 2021. un
2030. gada
Nr. Strategiskais Mar 2009.| 2019. | 2021. | 2030. Avots
p.k. raditajs v fakts| fakts | fakts | plans
1. | Iedzivotdju skaits milj. 2.26 191 | 188 | >2.02 CSP
2. | Dzini indekss X 37 35 34 <30 | Eurostat
3. |IKP Uz vienu | ceiro | 14 | 16 | 18 | >27 |Eurostat
iedzivotaju
4 Tautas attistibas V|eta_ M 39 39 <30 |UNDATA
indekss pasaulé
IKP uz 1 iedz.
5. | regionalas % 43 41 41 <30 | Eurostat
atSkiribas
Ekologiskas
6. | pedas ha uz 3. 64 | 77 | <25 | GFN
- 1 iedz.
nospiedums
Globalas vieta
7. | konkurétsp&jas _ 68 67 67 <40 WEF
. pasaulé
indekss

Avots: autores veidota

Samazinas darbspgjigo iedzivotaju skaits un valsts budZzeta iespé&jas
nodrosinat publisko pakalpojumu pieejamibu un infrastruktiiras kvalitati. Tap&c
par galvenajiem ricibas virzieniem tautsaimniecibas izaugsmes saglabasanai
ilgtermina tika uzsveérta demografiska politika un ekonomiska politika (Latvija
2030 et al. zinojums, 2015). Ka redzams 3.2. attéla, tad Latvijas iedzivotaju skaits
pakapeniski ir samazinadjies visa analiz&jama laika perioda par 28 %, un skaitliska
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izteiksm@ tas ir bijis par vairak ka 500 takstosiem cilvéku (Pasaules bankas datu

baze).
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Avots: autores veidots péc Pasaules bankas datiem
3.2. att. Latvijas iedzivotaju skaits 1990.-2022. gada

Vairaki zinatnieki Latvija ir noradijusi uz iedzivotaju skaita samazinasanas
tendenci, pieméram, jau 2007. gada tika secinats, ka valsts ir dzilas
demografiskas krizes situacija, un, lai gan gimene un veseliba ir dzives kvalitates
prioritarie aspekti, kas ieklauti valsts izstradatajos attistibas dokumentos, tome&r
butiskas parmainas ne tuvakaja, ne vidgji tala perspektiva nevar gaidit (Zvidrins,
2007).

3.2. Latvijas ilgtspejigas attistibas analize 1990.-2019. gada IAMM modela
ietvaros

Promocijas darba 2. nodala tika verteta Latvijas ilgtsp€jigas attistibas
dinamika 1990.-2019. gada. Latvijas nakotnes ilgtsp&jigas attistibas scenarija
formulésanai IAMM ietvaros nepiecieSamie mérku raditaju minimala kopa ar 12
raditajiem apkopota 3.2. tabula.

3.2. tabula
Latvijas IAMM raditaju minimala kopa 2019. gada

dM | N1 |N1-E | P1 Gl |F1 |E1l |[EA (Ul |FOOT |PHPE |QoLE

% | GW | GW | GW | GW | % | % | % [KW | kW kW kw

-28 |55 083 |1.75 |38 |33 |15 |00 |0.9 58 1.6 0.7

Avots: autores veidota un aprékini

Saskana ar aprekiniem, var secinat, ka Latvija attistijas 1997.-2008. gada,
palielinot lietderigo jaudu, tehnologisko efektivitati un ilgtsp€jigas attistibas
potencialu (3.3. att.). Péc 2008. gada lietderigas jaudas pieaugums apstajas,
nesasniedzot 1990. gada [imeni. Peéc 2007. gada IKP PPP turpinaja palielinaties,
mainot raditaja jauda/ nauda attiecibas.
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OOO ......... Linear (LV_3) Gadi

1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
Avots: autores veidots un aprékini péc Pasaules Bankas un Eurostat datiem
3.3. att. Lietderigas jaudas P1 izmainas Latvija (LV) 1990.-2019. gada un
tendence l1dz 2030. gadam

Aprekinatie dati liecina, ka Latvijas iedzivotaju dzives kvalitate QOLE
(energijas vienibas) batiski samazinajas péc 1990. gada (3.4. att.), kas
izskaidrojams ar sociali ekonomiskas sist€émas transformaciju. Zemakais punkts
bija 1999. gada, pec kura sakas augSupeja, lai gan 2019. gada 1990. gada limenis
nebija sasniegts.

1.00
QoLE(t)
y =0.0218x - 43.155 P
2 050 “/ y = 0.0083x - 16.158

LV-1 LV-2
LV-3 Linear (LV-2)
Linear (LV-3)

0.00 gadi

1985 1990 1995 2000 2005 2010 2015 2020 2025
Avots: autores veidots un aprékini
3.4. att. Latvijas iedzivotaju dzives kvalitates QOLE izmainas energijas
vienibas 1990.-2019. gada

Balstoties uz promocijas darba 1. nodala aprakstito metodiku un 2. nodala
veiktajiem aprékiniem, var pozicionét, ka Latvija ir parejas ekonomika uz
postindustrialo sistému ar lielu pakalpojuma un transporta sektoru pievienotas
vertibas dalu no IKP PPP (STINA=3.3). Péc 2019. gada datiem var secinat, ka
Latvijai ir zems tehnologiskas efektivitates raditajs (F1=33) un jaunam
industrializacijas posmam nav modernu elektroenergijas avotu (EA=0). Arl
elektribas dala kopgja gala patérina ir zema (E=15), kas raksturo mazu realo
industrialo (rlipniecibas) sektoru. Latvija 2008. gada, nesasniedzot 1990. gada
Itmeni visos IAMM raditajos, sakas brieduma posms ar neaugsmes un pat
stagnacijas tendenci (3.3. tabula).
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3.3. tabula
Latvijas attistibas tendences 1990.-2019. gada

Nr.

p.K Tendence Periods dM | dP | dN | dG | dQ | dF | d®N | d?P
1. |Kritums 1990.-1996. <0 | <0 | <0 ] <0]|>0]=0] <0 <0
2. |lzaugsme 1997.-2008. <0 | >0 | >0 | >0 | >0 | >0 | >0 >0
3. Neaugsme 2009.-20109. <0 | =0 | =0 | <0 | >0 | = = =

Avots: autores veidota un aprékini

Iegtitas mérka vértibas 3.4. tabula 2009.-2019. gada lauj identificét Latvijas
situaciju ka neilgtsp&jigu attistibu, t.i., saglabajas attistibas iespgja, bet nakotng
var paatrinaties recesija, notikt pat€rina samazinasanas un dzives kvalitates
pasliktinasanas, neskatoties uz 3.4. attéla atspoguloto pozitivo tendenci.

Ja Latvijas attistiba turpinasies lidzigi ka péc 2008.-2019. gada tendences
stagndcija - neaugsme, tas var nozimét ilgstoSu stagnaciju un pat talaku
degradaciju. Diemzgl pirmie nopietnie signali iedzivotaju skaita samazinaSanas
veida jau ir notikusi (3.3. att.).

Promocijas darba autores iegltie rezultati un secinajumi par Latvijas
ekonomiku apliecina, ka situacija diemz€l nav batiski uzlabojusies, salidzinot,
pieméram, ar 2007. gada publicéta p&tijjuma datiem, kura noradits, ka valsti ir
ekonomikas augsme, bet nav ekonomiskas attistibas. Tiek minéts ari fakts, ka
Latvijas tautsaimnieciba nepaklaujas planotajam strukttrpolitikas nostadném,
kas paredzgja riipniecibas attistibu, ka ar1 noraditi vairaki valsts attistibu
kavgjosie argjie un ieksgjie riska faktori (Karnite, 2007).

3.3. Latvijas ilgtspejigas attistibas mérki Irdz 2030. un 2060. gadam un
iespejamie ilgtspéjigas attistibas scenariji

Promocijas darba 2. dalas analizes rezultati tiek izmantoti, lai formul&tu
Latvijas ilgtsp€jigas attistibas scenarijus lidz 2030. un 2060. gadam.
Salidzinajumam tiek izvéletas divas attistitas valstis brieduma stadija (ASV un
Japana) un viena attistibas valsts izaugsmes stadija (Kina) 2019. gada (3.4.
tabula):

- ASV ka valsts ar postindustrialo ekonomiku (STINA=4.3) un augstu
konkurétsp€jas ITmeni pasaule (WM=4.3);

- Japana ka valsts ar HT ekonomiku (STINA=2.4) un augstako tehnologisko
efektivitati;

-  Kina ka valsts ar industrialo ekonomiku (STINA=1.2) un augstu
tehnologisko konkurétspgjas limeni pasaule (WE=1.5).

SalidzinoSie dati no izvél&to valstu analizes ir apkopoti 3.4. tabula un iekrasoti

peleka krasa.

ASV 2019. gada bija viena no valstim ar augstako dzives kvalitates [imeni
(QoLE=1.9), ka arT uzkrato lietderigo jaudu vienam iedzivotajam (U1=2.3) un
darba raziguma potencialu (PHPE=4.9). Sie ASV raditaji tiek pienemti ka
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ieteikumi Latvijas ilgtsp&jigas attistibas scenarija veidoSanas stratégiskajiem
mérkiem (3.4.tabula).

Japana ir viena no augsto tehnologiju un inovativakajam valstim pasaulg, un
to apliecina arT dati promocijas darba 2. nodala — tehnologiju koeficients
F1(t)=41, elektroenergijas Tipatsvars E(t)=30%. Lidz 2010. gadam
atomelektrostacijas sarazotas elektroenergijas ipatsvars EA(t) vidgji bija 25%.
Japanas tehnologiju koeficients (F1=41) un dzives kvalitates raditajs
(QoLE=1.1) tiek pienemti ka ieteikumi Latvijas inovativas attistibas
strategiskajiem mérkiem.

3.4. tabula
Latvijas attistibas scenariju izstradei izveléto valsts raditaji 2019. gada
\Valsts | dM | F1 | E1 EA Ul | FOOT | PHPE | QoLE | WM | WE
% | % | % % kw kw kW kW X X
LV -28 | 33 | 15 00 0.9 58 1.6 0.7 14 | 06
JP 0 [41] 30 00 1.2 562 2.1 1.1 19 | 09
uUs 32 136 | 21 17 2.3 141 4.9 1.9 4.3 1.0
CN 24 |37 | 25 2 1.0 200 1.4 0.6 12 |1 15
Avots: autores aprékini

Kina ir viena no jaunas industrializacijas valstim, un 20 gadus (2002.-2019.)
valsts ekonomika attistfjas atra tempa, sasniedzot labus rezultatus. Sakot ar
2012. gadu, Kina saka apsteigt ASV kopgjas neto jaudas zina. Kinas gala
patérina jaudas, elektroenergijas patérina jaudas un tiras jaudas pieauguma tempa
raditaji tiek pienemti ka ieteikumi Latvijas ilgtspgjigas attistibas scenarija
veidoSanas stratégiskajiem mérkiem.

Izveidota IAMM ietvaros, nemot véra noformulétas ilgtspgjigas attistibas
nepiecieSamos un pietiekamos noteikumus, ka arT Latvijas valsts attistibas
raditaju vértéSanas rezultatus, promocijas darba autore formul€ un analizé Cetrus
iesp&jamos Latvijas ilgtsp€jigas attistibas scenarijus vispirms lidz 2060. gadam
un péc tam ari lidz 2030. gadam (3.5. tabula) ar nosacitiem nosaukumiem:

1. Latvijas Vienséta (apzim&jums — LV);
2. Latvija 2000 (apzim&jums — LV20);
3. Baltijas Cel$ (apzim&jums — BC);

4. Skandinavu Tilts (apzim&ums — ST).

Katrs no Cetriem iesp&amajiem prognozetajiem scenarijiem Latvijai tiek
raksturots ar ieprieks izveleto un analiz€jamo valstu — Japanas, Kinas un ASV
labakajiem sasniegumiem, uz kuriem batu jatiecas.

Latvijas attistibas scenariju raditaju izmainas [1dz 2060. gadam redzamas 3.6.
tabula, ka ar1 v€lamie sasniedzamie rezultati ik p&c 10 gadiem (autores
piedavatais kontroles periods).

62



3.5. tabula

Latvijas attistibas scenariji lidz 2060. gadam

Nr. Scenarijs Attistibas scenariji un tendences lidz 2060. gadam
p.k.
1 Latvijas Latvijas 2019. gada eso$a stavokla nepasliktinaSanas 1idz
vienséta (LV) | 2060. gadam
Latvija 2000 Latvijas pareja uz industrialo atfistibu 1idz 2060. gadam,
2. (Lv20) nodroSinot Latvijas industrialas ekonomikas paplasinatu
atrazoSanu un Kinas industrializacijas tempus 2000.-2019.
gada
Baltijas cels Latvijas pareja uz inovativu HT attistibu 1idz 2060. gadam,
3. (BC) sasniedzot attistito HT industrialo valstu (Japana) 2019.
gada dzives kvalitati (QoLE=1.1) un tehnologisko
efektivitati (F1=41)
Skandinavu Latvijas pareja uz ilgtspejigu attistibu 1idz 2060. gadam,
4, tilts (ST) sasniedzot pasaules attistito valstu (ASV) 2019. gada dzives

kvalitates limeni (QoLE=1.9) un jaudas zudumu negativo
dinamiku

Avots: autores veidota un aprékini

Atbilstosi 3.5. un 3.6. tabulas datiem, katram scenarijam aprekinatie raditaji
tiek novertéti, un noteikta to atbilstiba nepiecieSamajiem un pietieckamajiem
ilgtsp&jigas attistibas noteikumiem.

3.6. tabula
Latvijas attistibas scenariju raditaju izmainas Iidz 2060. gadam
Nr. Raditaju izmainas ik péc 10 gadiem AtraZoSanas
p. | Scena- N1 N1-E El dM IKP veids
k. | rijs % % % % X X
1. | LV >0 >0 > +0 +0.00 pozitiva X
2. LV20 >+15 >+30 >+10 +5.00 pozitiva paplasinata
3. BC >+5 >+20 >+15 + 0.00 pozitiva inovativa
4. | ST >+10 >+50 >+ 30 +7.00 pozitiva inovativa un
paplasinata

Avots: autores veidota un aprékini

Latvijas ilgtspéjigas attistibas scenariji Iidz 2060. gadam

1. Attistibas scenarija Latvijas Vienseta (LV) raditaji aprékinati saskana ar
promocijas darba izstradato metodologiju IAMM ietvaros un doti 3.7. tabula.
Tabula ar dzelteno krasu apzimétas sistéma ienako$as energijas plasmas — pilna
patérina jauda N1 un elektribas paterina jauda N1-E.
Ar zalo krasu apziméti raditaji, kas nosaka nepiecieSamos un pietickamos
ilgtspgjigas attistibas noteikumus — lietderiga jauda P1, jaudas zudumi G1 un
tehnologiska efektivitate F1. Scenarija Latvijas Vienséta gala paterina jauda
N1(t) Iidz 2060. gadam palielinas statistiskas kliidas ietvaros ne vairak ka 3%,
nav nepiecieSami papildus energijas resursi.
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3.7. tabula
Attistibas scenarija Latvijas Vienseta (LV) raditaji 1990.-2060. gada

Nr. | Radr- | 11990[2000[2010 | 2019 | 2030 [2040 | 2050]2060| 2030-2060
p.k. tajs ‘| Vertesanas periods Plano$anas periods izmainas
1| N1 6w [91]50] 55] 55| 55[55[55][55] =0
2. [NIE | 6w [09]|05] 08| 08| 08[08[08[08] =0
3. |P1 GW [27 15[ 17| 17| 18[18[18[18] =0
4. | G1 GW |64 (35| 37| 37| 37[37[37[37| =0
5. | FL % | 31]31] 33| 33| 33]33[ 3] 3] =0
7. |PHPE | kw [18[13] 17| 16| 16161616 =0
8. | QOLE | kw [0.7 04| 06| 07| 07]07|07][07 =0

Avots: autores veidota un aprékini

Scenarijs nesekmé valsts jaudas un potenciala palielina$anu turpmakai
attistibai (3.5. att.).
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2 \._,c —C ® ° < 2
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Avots: autores veidots un aprékini
3.5. att. Attistibas scenarija Latvijas Vienséta (LV) raditaju izmainas 1990.-
2060. gada

Scenarija Latvijas Vienséta dinamika no 2019. gada parada, ka dzives
kvalitates QoLE izmainas ir nelielas — apm&ram 3-4% lidz 2060. gadam.

Var secinat, ka sociali ekonomiskas sistémas ilgtsp&jigas attistibas
nepiecieSamie un pietickosSie noteikumi nav izpilditi. Tatad scenarija Latvijas
Vienséta raditaju izmainas lidz 2060. gadam neatbilst ilgtsp€jigas attistibas
nepiecieSamajiem un pietickamajiem noteikumiem.

2. Attistibas scenarijs Latvija 2000 (LV20) raditaju N1(t) un N1-E(t)
aprekiniem izmantoti Kinas industrializacijas raditaji 2000.-2019. gada (3.8.
tabula). Scenarija Latvija 2000 raditaji apkopoti 3.9. tabula (apzim&jumi atbilst
ieprieks aprakstitajam 3.7. tabula).
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3.8. tabula
Kians un Latvijas attistibas scenarija Latvija 2000 (LV20) raditaju
izmainas b koeficienti

Valsts Periods P1 izmainas N1 izmainas N1-E izmainas
koeficients b,W | koeficients b,W | koeficients b, W

Latvija | 1997.-2008. 0.04 X X

Kina 2000.-2019. 0.04 0.10 0.03

Avots: autores veidota un aprékini

Jauzsver, ka scenarija LV20 realizacijai nepiecieSams iedzivotaju skaita
palielinajums vismaz 5% ik péc 10 gadiem, un ta rezultata 2060. gada Latvijas
iedzivotaju skaits varétu sasniegt 2.3 milj. cilvéku.

3.9. tabula
Attistibas scenarija Latvija 2000 (LV20) raditaji 1990.-2060. gada
Nr. | o .. | [1990[2000]2007][2019]2030[2040] 2050 [2060]2030-2060
Radrtaji | Merv. S : . .
p.k. VerteSanas periods | PlanoSanas periods
1. N1 GW | 9.1] 50| 55[ 55| 6.6] 75| 92[103 >0
2. | N1-E GW | 09] 05| 0.8] 08| 1.0[ 1.3] 18] 2.2 >0
3. P1 GW | 2.7] 15| 1.7[ 1.7] 2.0[ 24| 30] 35 >0
4. Gl GW | 6.4 35| 3.7] 37| 46| 56| 62| 6.8 >0
5 F1 % | 31| 31] 33| 33] 34| 36 37 | 38 >0
7. | PHPE kw | 1.8| 13| 1.7 16| 19| 22| 28| 32 >0
8. | QoLE kw | 0.7] 04] 06] 07] 0.7] 0.8] 09 ] 1.0 >0

Avots: autores veidota un aprékini

Paplasinata atrazo$ana LV20 scenarija paredz pilnas energijas patérina un
elektribas patérina jaudas ievérojamu palielinaSanu, un 3.6. att€la redzams, ka
$aja gadijuma lietderigas jaudas P1 limenis 2060. gada parsniegtu 1990. gada
limeni.

15
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Avots: autores veidots un aprékini
3.6. att. Attistibas scenarija Latvija 2000 (LV20) raditaju izmainas 1990.-
2060. gada

GW
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Scenarijs Latvija 2000 ir Latvijas attistibas augSanas posma sakums, kas
pielauj vides piesarnojuma pielielinasanu (skatit G1 un FOOT dinamiku) ar
nelielu dzives kvalitates QoLE pieauguma atrumu.

Var secinat, ka sociali ekonomiskas sistémas ilgtsp&jigas attistibas
nepiecieSamie un pietickamie noteikumi netiek izpilditi. Tatad scenarija Latvija
2000 raditaju izmainas lidz 2060. gadam neatbilst ilgtsp&jigas attistibas
nepiecieSamajiem un pietickamajiem noteikumiem.

3. Scenarija Baltijas Cel$ (BC) raditaji aprekinati un apkopoti 3.10. tabula.

Scenarija Baltijas Cels ietvaros paliclinatos valsts tehnologiska efektivitate
(F1=37), bet ietekme uz vidi paliktu nemainiga, ko parada jaudas zudumu G1
un ekologiskas pedas (energovienibas) FOOT dinamika (3.10. tabula, 3.10. att.).
Galvenais attistibas scenarija Baltijas Cels akcents ir likts uz industrijas un
servisa tehnologiska Iimena paaugstinasanu lidz F1=42, t.sk. jauno tehnologiju
un inovaciju ieviesanu. Tas atspogulo elektribas gala patérina dalas palielinasanu
kopgja paterina no 15% 2019. gada Iidz 27% un vairak 2060. gada

3.10. tabula
Attistibas scenarija Baltijas Ce/§ (BC) raditaji 1990.-2060. gada
Nr.p. [Radi _ 11990 [2000| 2010| 2019 | 2030| 2040| 2050| 2060 2030-
k. |eajs | M- — . — . __2060
VerteSanas periods PlanoSanas periods | izmainas
1. | N1 GW |91 |50 |55 |55 [59 |62 |65 |67 >0
2. |N1-E Gw |09 |05]08 |08 |11 |14 |16 |18 >0
3. P1 GW |27 |15 |17 |17 |22 |25 |28 |3.0 >0
4. F1 % 31 |31 | 33 33 | 35 | 39 | 40 | 42 >0
5 |Gl GW |64 |35 |37 |37 |37 |37 |37 |37 =0
6. QoLE kw |07 |04 |06 |07 |08 |10 |11 |12 >0
7. PHPE kw |18 |13 |17 |16 |19 |23 |25 |28 >0

Avots: autores veidota un aprékini

Pie scenarija Baltijas Cels nosacTjumiem Latvijai iespgama pozitiva
attistibas tendence, jo paaugstinatos iedzivotaju dzives kvalitate. Tai pat laika,
var secinat, ka Latvija 2060. gada netiktu sasniegts valsts 1990. gada limenis
(3.7. att.).

Dzives kvalitates pieaugums péc ST scenarija tiek planots divas reizes lielaks
neka scenarija Latvija 2000 ietvaros. Scenarija Baltijas Cels raditaju izmainas
lidz 2060. gadam atbilst ilgtsp€jigas attistibas nepiecieSamajiem noteikumiem un
dalgji arT pietiekamajiem noteikumiem attieciba uz tehnologiskas efektifitates
palielinasanu.
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Avots: autores veidots un aprekini
3.7.att. Attistibas scenarija Baltijas Cel§ (BC) raditaju izmainas 1990.-2060.
gada

Jaudas zudumu izmaina, ka pietickamais parametrs, laika perioda no 2040.
lidz 2060. gadam ar1 planots ka nemainigs ar iesp€jamo negativo tendenci
turpmak. Var secinat, ka sociali ekonomiskas sisteémas ilgtspgjigas attistibas
nepiecieSamie un pietieckamie noteikumi tiek izpilditi. Tatad scenarija Baltijas
Cels raditaju izmainas lidz 2060. gadam atbilst ilgtsp&jigas attistibas
nepiecieSamajiem un pietickamajiem noteikumiem.

4. Scenarijs Skandinavu Tilts (ST) nosacijumi var nodor§inat Latvijai
pozitivu attistibas tendenci, paaugstinoties dzives kvalitatei un 2060. gada
sasniedzot ASV 2019. gada limeni (QoLE=1.9). Scenarija realizacija paredz lidz
2060. gadam ievérojamu tehnologiskas efektivitates paaugstinasanu (F1=55) un
elektribas patérina jaudas palielinasanu vairak ka Cetras reizes. Viens no
svarigakajiem noteikumiem §1 scenarija gadijuma ir moderno elektribas
razoSanas avotu izmanto$ana, piem&ram, atomenerggtika. Ari iedzivotaju skaita
palielinajums ir viens no svarigiem ilgtsp&jigas attistibas nosacijumiem.

3.11. tabula
Attistibas scenarija Skandinavu Tilts (ST) raditaji 1990.-2060. gada
Nr.| Radi [, [1990[20002010]2019 P030 P040 [2050] 2060] 2030-2060
= Meérv. — . . - .
p.k| tajs VerteSanas periods | PlanoSanas periods| Izmainas
1. N1 GW | 91|50|55|55|62|69]|78]87 >0
2. | NI-E | GW | 09]05]08 08|13 ]21]|3.0]40 >0
3. P1 GW | 2715 |17 |17 (24133 |44 56 >0
4. F1 % 31|31 | 33 |33 |38 |44 |49 |55 >0
5. Gl GW | 6435|3737 (3736|3431 <0
7. | QoLE kw | 0.7]04]06|07[09]12]15]19 >0
8. | PHPE kw | 1813|1716 |22]31]41]|52 >0
9. Ul kw | 1.0]06]08(09|12]15]19|23 >0

Avots: autores veidota un aprékini
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Var secinat, ka scenarija Skandinavu Tilts 2060. gada Latvija tiktu parsniegts
1990. gada valsts attistibas Iimenis (3.8. att.), tomér tas prasitu vismaz 36 gadus,

rékinot no 2024. gada.
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Avots: autores veidots un aprékini
3.8. att. Attistibas scenarija Skandinavu tilts (ST) raditaju izmainas 1990.-

2060. gada

Dzives kvalitates QoLE pieaugums $1 scenarija ietvaros ir vislielakais, nemot
veéra ietekmes uz vidi G1 samazinajumu. llgtsp&jigas attistibas scenarija
Skandinavu Tilts realizacija butu iesp&ama pie ievérojamas tehnologiskas
efektivitates palielinasanas (lidz F1=55) un elektribas patérina jaudas dalas
palielinasanas kopgja paterina Iidz 46%.

Var secinat, ka sociali ekonomiskas sistémas ilgtsp&jigas attistibas
nepiecieSamie un pietickamie noteikumi tiek izpilditi. Tatad scenarija Baltijas
cels raditaju izmainas lidz 2060. gadam atbilst ilgtsp&jigas attistibas

nepiecieSamajiem un pietickamajiem noteikumiem.
Latvijas attistibas IKP PPPE(t) izmainas aprékinatas katram scenarijam

(3.12. tabula), izmantojot PW vértibas noteiktaja gada.

3.12. tabula
Latvijas attistibas scenariju IKP PPPE izmainas 1990.-2060. gada

Scena |Radi Mer [1990 | 2000 [ 2007 | 2019 [ 20302040 [ 2050] 2060

rijs tajs vien. Vertésanas periods Planosanas periods

Latvija IIDIIEIF; 5 19 40 63 X X X X
LV :SIJV 5 19 40 63 87 99 | 110 122
BC | IKP dolaru 5 19 40 63 94 124 | 158 182
ST | PPPE 5 19 40 63 104 | 165 | 243 | 334

LV20 5 19 40 63 125 212 | 309 | 435

Avots: autores veidota un aprékini

Latvijas iesp&jamo ilgtsp&jigas attistibas scenariju IKP PPPE izmainas 1990.-
2060. gada vizuali redzamas 3.9. attela.
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Avots: autores veidots un aprekini
3.9. att. Latvijas iespéjamo ilgtspéjigas attistibas scenariju IKP PPPE
izmainas 1990.-2060. gada

Nepieciesamie resursi Latvijas attistibas scenariju realizacijai energijas un
naudas vienibas ir aprékinati (provizoriski), izmantojot jaudas/ naudas
konvertacijas koeficientu PW (3.13. tabula).

3.13. tabula
Nepieciesamie resursi Latvijas ilgtsp€jigas attistibas scenariju realizacijai
Iidz 2060. gadam

NepiecieSamie papildu Nepieciesamie papildu

Scenarijs resursi energijas finansu resursi naudas
vienibas, gada vienibas (dolaros), gada
1. Latvijas Vienséta (LV) N1=0 0.0 mird. $
2. Latvija 2000 (L\V20) 311; 123?5'\,’\'/'\’\\,’\/ 6.4 mird. $
3. Baltijas Cel§ (BC) N 2oV 21 mird. $
4. Skandinavu Tilts (ST) HfE iogo'\:/lv\\,’\’/ 5.5 mird. $

Avots: autores veidota un aprékini

Latvijas ilgtsp&jigas attistibas scenariju raditaju kopsavilkums atspogulots
3.14. tabula. Prognozetie iesp&jamie Latvijas ilgtsp&jigas attistibas scenariji
Latvija 2000, Baltijas Cels un Skandinavu Tilts nodroSina lietderigas jaudas P(t)
pozitivu tendenci, kas, savukart, var palielinat potencialu turpmakai attistibai.
Atbilstosi formulétajam 3. likumam (23.-24. lpp.), Latvija biitu nepiecieSams
uzsakt augSanas posmu, pazeminot STINA vértibu no 3.3 lidz vismaz 2.4
(Japanas piemérs), kas nozimé razoSanas sektora palielinasanu. AugSanas posmu
var nodro$inat lielaki finanSu un energijas resursi, kas galvenokart ir politisku
lémumu rezultats. lespgjamie Latvijas ilgtspgjigas attistibas scenariji LV2000,
BC un ST nodrosina lietderigas jaudas P(t) pozitivu tendenci, kas, savukart, var
palielinat valsts potencialu turpmakai attistibai.
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Ja IKP PPP naudas plisma tiek nodroSinata ar energijas plismas
(lietderigas jaudas) palielinajumu, tad valsts jauda var pieaugt. Latvijas
attistibas scenarijs Latvijas Vienséta ka eso$as situacijas turpinajums neatbilst
ilgtspgjigas attistibas prasibam, jo starpiba starp nodrosinatu un nenodrosinatu
IKP PPP vértibu pieaugtu ar katru gadu, kas var novest pie nestabilas
ekonomiskas situacijas un argjas vides ietekmes palielinasanas.

Promocijas darba 1. nodala autore norada, ka ilgtspgjigas attistibas
koncepcija pasaulé tika veidota un attistijas industrialas ekonomikas modela
ietvaros, kas faktiski paredz tikai valsts ekonomikas izaugsmes, neaugsmes vai
krituma posmus. Brieduma periods, kura no 2000. gada atrodas pasaules attistitas
valstis, tai skaita Latvija, prasa Tpasus attistibas scenarijus ar mérki uzsakt/ ieiet
izaugsmes posma un palielinat valsts lietderigo jaudu un potencialu turpmakai
attTstibai.

3.14. tabula
Latvijas ilgtspéjigas attistibas scenariju 2060.9. raditaju kopsavilkums
Nr. Raditajs Mer- Scenariji
p.k. vien.

LV LV20 BC ST

1. | SESIKP PPP dinamika x |7

2. SES lietderigas jaudas Pl X
dinamika

3. SES tehnologiskas X —
efektivitates F1 dinamika ‘

JLILL
L]

4. SES jaudas zudumu G1 X — [ —
dinamika

5. Dzives kvalitate QoLE kw 0.7 1.0 1.2 1.9

6. Dzives kvalitates QOLE | Wit 0 6 12 31
pieauguma atrums

7. Tehnologiska efektivitate F1 % 33 38 42 55

8. Elektribas patérina dala E1 % 15 21 27 46

9. Scenarija raksturojums X ne-1A | ne-1A 1A 1A

Apzimejumi: 14 — ilgtspéjiga attistiba; ne-1A — neilgstpejiga attistiba
Avots: autores veidota un aprékini

Ilgtspejigas attistibas saglabasana nozimé $adu noteikumu izpildiSanu:
- lietderigas jaudas P1 pozitivu izmainu tendence, kas ir nepiecieSama un obligata
valsts jaudas un potenciala palielinasanai (skat. 3. likumu 23.-24. Ipp.);
-paru linearo regresiju starp lietderigo jaudu P1(t) un iek§zemes kopproduktu p&c
pirktsp&jas paritates IKP PPP(t) (skat. 5. likumu 25.-26. Ipp.).
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Autore uzskata, ka Latvijas ilgtsp€jigas attistibas nodroSinasanai lidz
2060. gadam par AMBICIOZAKO var uzskatit scenariju Skandinavu Tilts,
bet par REALAKO - scenariju Baltijas Cels, jo ta realizacijas procesa Latvija
uzlabotos mérka raditaji pec ilgstosas neaugsmes un stagnacijas. 3.13. tabula
redzams, ka tam ik gadu bitu nepiecieSami energijas resursi N1(t)=180 MW,
N1-E(t)=60 MW un finan$u resursi 5 mljrd. dolari.

Iespéjamais Latvijas ilgtspéjigas attistibas scenarijs Iidz 2030. gadam
Ka jau ieprieks tika uzsverts, tad promocijas darba iegiitie dati var biit par pamatu
Latvijas ilgtsp&jigas attistibas stratégijas izstrades un monitoringa procesiem.

3.15. tabula
llgtspejigas attistibas strategiskie raditaji — Latvija 2030 un autores
piedavatie IAMM ietvaros 2019. un 2030. gada

2 lr< ﬁgtzci)rrr‘laés Raditajs Mervie- | 2019. (plzﬁojsavai
: niba fakts .
jums scenarijs)

Latvija 2030

1. M Tedzivotaju skaits milj. 1.91 >2.02

2. GINI Dzini indekss X 35 <30

3. P vieta

HDI Tautas attistibas indekss _ 39 <30
pasaulé

4. Footprint Ekolf)glskas pedas ha 6.4 <25

nospiedums

5. Gel _Globélés konkurétspéjas Vieta_ 67 <40

indekss pasaulé

6. PX IKP uz 1 iedzivotaju giro 10° 16 >27

7. IKP IKP giro 10° 31 >54

Raditaji IAMM ietvaros (fakts un scenarijs Baltijas Cels)

8. N1 Pilna gala pat€rina jauda GW 5.5 5.9

9. N1-E Elektribas gala patérina jauda GW 0.8 1.1

10. P1 Lietderiga jauda GW 1.7 2.2

11. Ul Lietderiga jauda uz 1 iedz. kW 0.9 1.1

12. PHPE Produktivitate kw 1.6 2.0

13. QoLE Dzives kvalitate kw 0.7 0.9

14. FOOT Ekologiska peda kW 58 59

15. F1l Tehnologiska efektivitate % 33 36

16. El Elektribas gala patérina dala % 15 19

17. WM Globala konkurétspgja X 14 X

18. WE Tehnologiska konkurétsp&ja X 0.6 X

Avots: autores veidota

Lai izvertetu valsts iesp&jamo attistibu 11dz 2030. gadam, par pamatu tiek
nemts autores izstradatais Latvijas ilgstpgjigas attistibas scenarijs Iidz 2060.
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gadam Baltijas Cels — ka realakais izpildamais. Septinu ilgtsp&jigas attistibas
strategisko raditaju izlase no dokumenta Latvija 2030 salidzinata ar 2019. gada
faktiskajiem datiem (3.15. tabula).

Nakamie 11 (no 8. lidz 18.) ir autores izstradata IAMM modela ietvaros
apréekinatie raditaji 2019. un p&c scenarija Baltijas Cels 2030. gada. Tabulas dati
parada, ka praktiski visas Latvija 2030 ilgtsp&jigas attistibas analiz€jamo
strategisko raditaju faktiskas vertibas 2019. gada diezgan butiski atpalick no
planotajiem raditajiem, kas rada pamatotas Saubas par to sasniedzmibu 2030.
gada. Tai pat laika jauzsver, ka promocijas darba izstradasanas nobeiguma
procesa (lidz 2024. gada aprilim) nebija pieejami visi jaunakie dati, tapéc
pilnvertigi pamatotu secindjumu izdariSanai biitu nepiecieSams turpinat
petijumus. Latvijas ilgstpgjigas attistibas raditaji IAMM ietvaros lauj
kvalitativak izvertét valsts sociali ekonomisko situaciju un planot valsts attistibu
starpdisciplinara skatijuma.

Var secinat, ka gadijuma, ja Latvijas attistibas tempi pieaugtu péc 2019.
gada atbilstoSi promocijas darba autores aprékiniem, tad ilgstpéjigas
attistibas scenarijs Baltijas Cel§ biitu reali sasniedzams ne tikai lidz 2060.
gadam, bet jau Iidz 2030. gadam.

GALVENIE SECINAJUMI

Promocijas darba izvirzita pétijuma hipoteze — ilgtspejigas attistibas
planoSanas un monitoringa modelis lauj novertet daZadu sociali ekonomisko
sistemu (valstu) atfistibu — ir apstiprinajusies.

1. Mausdienu izaicinajums visas plangtas meéroga prasa fundamentalas izmainas
gan cilvéku apzina, gan darbiba, tas prasa jaunu redz&jumu un jaunas
pieejas, lai veidotu jaunu realitati. Ilgtsp&jigas attistibas planosSanas un
monitoringa teorétisko aspektu izpete ir pamats esoso sist€mu trakumu
izvertéSanai un talakai pilnveidoSanai.

2. Vajas ilgtspgjibas koncepcija tika noformuléta 20. gadsimta 70. gados ka
neoklasicisma ekonomiskas izaugsmes teorijas paplaSinagjums, uzskatot
neatjaunojamos dabas resursus par razosanas faktoru. Ta kluva par galveno
virzienu 90. gados ilgtsp€jigas attistibas diskursa un kapitala teorijas
konteksta. Neoklasicisma ekonomika pienem, ka energija un materija
(preces) cirkulé praktiski slégta neierobezotu resursu (izejvielu) un
bezgaligu parstrades iesp&u (izejas) sisttma, ko ekonomika sauc par
negativam argjam sekam.

3. Atskiriba no neoklasicisma teorijas, ekologija nevar uzskatit cilvéka
ekonomiku atseviski no dabas, bet, gluzi pretgji, to uzskata par dalu no
sociali ekonomiskas sistémas, kas apmainas ar vielu, energiju un
informaciju ar vidi, un uzskata tas sastavdalas par vairak neka tikai precém
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un pakalpojumiem. Uz §is teorétiskas bazes balstas stipras ilgtsp&jibas
koncepcija.

ligtspéjigas attistibas definicija paredz, ka ir nepiecieSams taisnigs resursu
un aktivu sadalfjums starp paaudzém, tap&c ir nepieciesama koncepcija, kas
lauj novertet, vai tiek panakta paaudzu vienlidziba. Klasiska attistibas teorija
lielu uzsvaru liek uz investicijam un kapitalu ka galvenajiem attistibu
noteicos$ajiem faktoriem, kas tradicionali aprobezojas ar ekonomikas
attistibas izpratni, paplainot tirgus un palielinot antropogéno kapitalu. S
teorija tiek paplasinata, lai risinatu arT jautajumu par to, ka panakt ilgtsp&jigu
attistibu.

Sakumpunkts uz kapitalu teorijas balstitas ilgtspgjigas attistibas raditaju
mérisanas sistémas izstradei kluva Pasaules bankas Nacionalo kontu
sistéma, kas apraksta konsekventu un integrétu makroekonomisko kontu
kopumu starptautiski saskanotu jédzienu, definiciju, klasifikaciju un
gramatvedibas noteikumu kopuma konteksta. No 2009. gada sakas vides
ekonomiskas uzskaites sistémas energijas kontu izstrade Eiropas statistikas
sisteéma.

Dabaszinatnu pieeja ekonomika ir balstita uz koncepciju, ka socialie,
ekonomiskie un vides procesi ir energijas, materijas un informacijas plismu
transformacija, kas ir visu dabas un socialo procesu pamata. Dabaszinatnes
likumi veido socialo, ekonomisko un vides procesu fundamentalo
ierobezojumu kopu un zinatnisko pamatu apsvérumiem sociali ekonomiskas
aktivitates mijiedarbiba ar dabas procesiem. Pastavos§as materialas, energijas
un informacijas savstarp€jas saiknes starp socialajiem, ekonomiskajiem un
vides procesiem netika atspogulotas un analiz&tas tradicionalajas socialajas
un ekonomiskajas teorijas.

P&c Kuznecova attistibas modela, ilgtspéjiga attistiba ir nepartraukts brivas
lietderigas jaudas veido$anas process ar mérki palielinat sist€émas iespgjas
apmierinat eso$as un nakamas pastavigas vajadzibas, palielinot sist€émas
pilnas jaudas efektivitati, samazinot zudumus un nepalielinot patérina jaudu
negativas aréjas un ieksgjas ietekmes un ierobezotu resursu apstaklos.

Peéc Oduma cikliska modela, sociali ekonomiskas sisteémas attistibas
tendences un virzieni ieklaujas sistémas dzives cikla — augSana, briedums un
kritums. P&c brieduma perioda sistémas talaka attistiba var notikt
jaunas izaugsmes virziena. IzaugsSmes un attistibas procesa doming tas
sistémas, kas maksimali palielina kopgjo lietderigo jaudu no visiem avotiem
un elastigi pardala tam vajadzibam, kas ietekme turpmako efektivitati un
izaugsmes procesu.

Promocijas darba izveidota sociali ekonomiskas sistémas noveértéSanas
metodologija un ilgtspgjigas attistibas monitoringa modelis (IAMM),
ieklaujot trTs metodiskos uzdevumus:
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10.

11.

12.

13.

14.

15.

a) jaudas (energijas plismu) jedziena ievieSana ilgtsp&jigas attistibas
definicija;

b) invariantu koordinatu sistémas ievieSana energijas mérvienibas;

c) formalizacijas procesa ievie$ana, izmantojot sist€mas energoplismu
modeli, Kaldora IKP sektoralo modeli un jaudas izmainu sistémanalizes
metodologiju.

Metodisko uzdevumu risingjums dod iesp&ju veikt: integralo kritériju un
raditaju izveli; sisteémisku esosa stavokla izverteSanu; dazadu risinajumu
vidgja un ilgtermina seku novertgjumu; objektu parametriskas dinamikas
novertejumus; vidéja un ilgtermina stratégiju izstradi izvirzito ilgtsp&jigas
attistibas mérku sasniegSanai.
Lai aprob&tu promocijas darba izveidoto ilgtsp&jigas attistibas monitoringa
modeli (IAMM), tika analizétas dazadas valstis péc divam metodém: (1) IKP
analize naudas izteiksmg; (2) attistibas raditaju analize invariantu koordinatu
sisttma energovienibas, pamatojoties uz promocijas darba autores metodi,
kas balstas uz Kuzpecova un Oduma moduliem. Analizes rezultata tika
ieghti atskirfgi analiz€jamo sociali ekonomisko sistému ilgtspgjigas
attistibas noverteéSanas rezultati un izskaidrota to nozime ne tikai valsts
€s0sas situdcijas novertésana, bet art turpmakas attistibas prognozesana un
monitorgsana.
Promocijas darba ievaros tika izvel&tas, analizEtas un novertetas 15 sociali
ekonomiskas sisteémas (valstis) tr1s grupas: 1) piecas attistitas valstis — ASV,
Francija, Vacija, Italija un Japana; 2) piecas attistibas valstis — Brazilija,
Indonézija, Kina, Turcija un Dienvidafrika; 3) piecas ES jaunas attistitas
valstis — Latvija, Lietuva, Igaunija, Ungarija un Horvatija.
Saskana ar IKP PPP analizi naudas izteiksmg, visam vért§jamam valstim
laika perioda no 1990. lidz 2019. gadam bija pozitiva augSanas tendence ar
dazadu augSanas atrumu un paatringjumu. Visatrak auga vért€jamas
attTstibas valstis, pieméram, Kina augSanas posma, bet vislénak — attistitas
valstis — ASV un Francija brieduma posma.
IAMM ietvaros un izmantojot sisttmas jaudas izmainu sist€manalizes
metodologiju, var secinat, ka péc 2001. gada vértéjamas attistitas valstis
nonaca l€nas attistibas posma — brieduma stadija, kas ir nepiecie$ama, lai
veiktu sociali ekonomiskaja sistémas (valsts) kvalitativas izmainas un
sagatavotos nakamajam attistibas posmam. Taja pasa laika jauzsver, ka katra
analizgta valsts 11dz autores analiz€jamam periodam (1990. gadam) ir bijusi
ar atSkirigu attistibu un raditajiem.

Vertgjamo attistibas valstu lietderigas jaudas un dzives kvalitates raditaji

energovienibas ka potencials sisteémas talakai attistibai (industrializacija,

modernizacija utt.) ir augSanas perioda. Vert§jamam valsttim dzives
kvalitates pieaugums ir ar dazadu pieauguma atrumu, tomer visi raditaji ir
zemaki neka attistitajam valstim.
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16.

17.

18.

19.

20.

21.

Visam veértejamam ES jaunajam valstim 1990.-1999. gada ir raksturigs
lietderigas jaudas strauj§ samazinajums, kas izskaidrojams ar sociali
ekonomiskas sistémas izmainam, un 2019. gada jaudas Iimenis neviena
valstl nebija sasniedzis 1990. gada Itmeni. P&c 2001. gada vertejamas valstis
nonaca lénas attistibas posma — brieduma stadija, un tam vérojams
tehnologiskas efektivitates koeficienta pieaugums, tomér 2019. gada tas
nebija sasniegusas pasaules vidgjo tehnologisko limeni. Visas $ajas valstis
bija ievérojams iedzivotaju skaita samazinajums, zems tehnologiskas
attistibas raditajs, zema produktivitate un dzives kvalitate. Kopuma var
secinat, ka vertgjamas ES jaunajas valstis ir bijusi sareZgita attistiba 1990.-
2019. gada. IAMM modelis palidzgja identificét ilgstoSu neaugsmes periodu
vertéjamam valstim p&c 2000. gada.

P&c promocijas darba autores domam, saskana ar ilgtspgjigas attistibas
koncepciju, dzives kvalitates raditajiem ari brieduma perioda vajadzetu
paaugstinaties, iesp&jams, ar zemaku atrumu. Tapéc dzives kvalitates
kritumu varétu izskaidrot ka valsts neefektivu adaptaciju pret argjiem
faktoriem vai neefektivu transformaciju ieksgjo faktoru ietekmé&. Svarigi —
vai sociali ekonomiska struktiira gatava adaptacijai, ja mainas argjie apstakli.
Ilgtsp&jigas attistibas principu formalizacija energovienibas, izmantojot
invariantu koordinatu sist€mu un jaudas izmanu analizes pieeju, lauj noteikt
jebkuras sociali ekonomiskas sisteémas (valsts) eso$a un mérka stavokla
raditajus, problémas un prognozg€jamos attistibas scenarijus.

Iegtitas merka vertibas 1990.-2019. gada lauj identificet Latvijas situaciju ka
neilgtsp&jigu attistibu, t.i., saglabajas attistibas iesp&ja, bet nakotné var
paatrinaties recesija, notikt patérina samazinasanas un dzives kvalitates
pasliktinasanas, neskatoties uz dzives kvalitates pozitivo tendenci. Latvija ir
parejas ekonomika ar zemu tehnologiskas efektivitates raditaju (F1=33).
Jaunam industrializacijas posmam nav pieejami moderni elektroenergijas
avoti (EA=0), ka ari elektribas dala kop&ja gala patérina ir viena no
zemakajam (E=15) starp veért§jamam valstim — tatad mazs realais
industrialais sektors. Dzives kvalitates limenis atbilstosi citam vért€jamam
ES jaunajam valstim (QoLE=0.7). Ja Latvijas attistiba ar1 turpmak biis tada,
ka péc 2019. gada, tas var nozimét ilgstoSu stagnaciju un pat talaku
degradaciju.

IAMM ietvaros péc Latvijas attistibas veértéSanas rezultatiem autore formule
un analiz€ Cetrus iesp&jamos ilgstsp&jigas attistibas scenarijus ar dazadiem
mérkiem un ar nosacitiem nosaukumiem: 1) Latvijas Vienseta (LV); 2)
Latvija 2000 (LV20); 3) Baltijas Cels (BC); 4) Skandinavu Tilts (ST).
Scenariji LV20, BC un ST nodro§ina lietderigas jaudas P(t) pozitivu
tendenci, kas, savukart, var palielinat valsts potencialu turpmakai attistibai.
Autore secina, ka Latvijas ilgtsp€jigas attistibas mérku sasniegS$anai
realakais scenarijs buitu Baltijas Ce/§, bet ambiciozakais scenarijs —
Skandinavu Tilts.
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22.

23.

24.

Latvijas ilgtsp&jigas attistibas planoSanas un monitoringa modelis invariantu
koordinatu sisttma energovienibas, izmantojot jaudas izmainas un
ekonomikas strukturalos modelus, lauj novertét valsts ilgtsp&jigu attistibu
nevis tikai ar raditajiem naudas izteiksmég, bet ari ar citu — IAMM metodi.
IAMM izmantoSana var palidzet valsts ilgtsp&jigas attistibas strat€gisko
mérku sasnieg8ana, un izveidotie raditaji var blt par pamatu esoSo
strategisko mérku raditaju planosanai, uzraudzibai un parskatiSanai, lai
uzlabotu Latvijas ilgtsp&jigas attistibas stratégijas izstrades izstrades un
monitoringa procesus.

Esosa sociali ekonomiskas sist€mas ilgtsp&jigas attistibas meérvienibu
sistéma naudas izteiksme ir mainiga un nestabila, kas Latvijas un arT citu
valstu attistiba uzrada galvenokart pozitivas attistibas tendences un tadgjadi
dazkart sniedz pat maldigu priekSstatu par attistibas procesiem. Tapéc
promocijas darba pilnveidota ilgtsp&jigas attistibas teorija un novértésanas
metodes, izmantojot nemonetaru dabaszinatnu procesus starpdisciplinara
petijuma, nemot vera ekonomikas, matematikas, fizikas un vides
likumsakaribas, kas veido sistémisku pieeju ilgtspgjigas attistibas procesu
novertéSanai un monitoringam.

PROBLEMAS UN TO RISINAJUMI

Pirma probléma.
Latvija lidz $§im nav bijusi fundamentalie un lietiskie p&tfjumi par valsts

ilgtspgjigu attistibu, izmantojot starpdisciplinaru pieeju un sistémas jaudas
izmainu sistémanalizi invariantu koordinatu sistéma. [zp&tot Latvijas zinatnieku
publiski pieejamos rakstus, var konstatét, ka tajos praktiski netiek izmantoti un
analiz€ti misdienu pasaules zinatnieku starpdisciplinaro petijumu rezultati,
kuros aizvien plasak tiek pielietota dabaszinatnu pieeja ekonomisko procesu
izvertesana.

Iesp&jamie risinajumi:

1.

lepazistinat plasaku zinatnisko auditoriju (konferenc€s, seminaros,
publikacijas u.tml.) ar starpdisciplinaro pieeju valsts stratégiskas ilgstsp&jigas
attistibas planoSanai un monitoréSanai un autores izstradato IAMM, kas
balstas uz sisttmas jaudas izmainu Sist€émanalizes pieeju un invariantu
koordinatu sistému. Tas lauj prognozet attistibas mérka raditajus invariantu
koordinatu sistéma energovienibas, lai nodroSinatu musdienigu un
starpdisciplinaru pieeju valsts attistibas krit€rijiem.

Latvijas zinatniekiem aktivak iesaistities starpdisciplinaros pétjjumus gan
nacionala, gan starptautiska ItmenT un izstradat atbilstoSas publikacijas, lai
ieklautos miisdienu pasaules zinatnes telpa.
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3. leteikt Latvijas Zinatnu akadémijai organizet plasakas diskusijas, seminarus
un citus pasakumus starpdisciplinaro pétjjumu popularizé$anai Latvijas
zinatniskaja vide.

4. Universitasu un citu augstakas izglitibas iestazu studiju programmas plasak
izmantot starpdisciplinarus studiju kursus, lai tadgjadi izglitotu un informé&tu
par pasaules jaunakajam zinatnes tendencém, ka arT audzinatu jaunos
zinatniekus atbilstosi misdienu prasibam.

Otra problema.

Publiski pieejamie statistikas dati par energoresursu gala patérinu valsts,
sektoru un ieguves avotu griezuma ir nepilnigi un fragmenteti, turklat dazadas
datu bazes izmanto atSkirigas metodikas raditaju aprékinaSanai — Latvijas
statistiskie dati atskiras dazadas datu bazes. Lielaka probléma darba gaita bija
atrast vesturiskos datus pirms 1990. gada un identificet aprékinasanas metodiku.
Sadu datu sadalfjuma pa valsts regioniem nav vispar, kas tadgjadi nedod iesp&ju
veikt regionalos pétijumus par energoresursu ieguvi, patérinu, ka ari citiem
raditajiem, kas nepiecieSami IAMM regionu ITmen.

Iespgjamie risinajumi:

1. Latvijas Oficialas statistikas portala pilnveidot datu bazi par energoresursu
gala patérinu valstT kopuma un atsevisSkos sektoros, ka arT energoresursu
ieguves avotiem.

2. Veidot statistiku par energoresursu gala patérinu, ka ari to energoresursu
avotiem Latvijas regionos.

3. VARAM sadarbiba ar Oficialo statistikas portalu pilnveidot Regionalas
attistibas raditaju moduli (RAIM) ar datiem par ilgtsp&jigu attistibu, lai
kompleksi varétu novertét valsts un atsevisku regionu ilgtsp&jigu attistibu.

Tresa probléma.

Péc interneta publiski pieejamas informacijas var secinat, ka Latvijas
ilgtspgjigas attistibas novertéSanas un Latvija 2030 raditaju uzraudzibas dati
netiek regulari publiskoti, kas nerada parliecibu par nepiecieSsamas uzmanibas
pieveérSanu $im procesam, un kas galarezultata var novest pie planoto rezultatu
neizpildes un stratégisko mérka raditaju nesasniegSanas 2030. gada. Nav
izveidota kompleksa, starpdisciplinara planoto raditaju uzraudzibas sistéma gan
valsti kopuma, gan pa regioniem.

Iesp&jamie risinajumi:
1. Valsts kancelejai, kas parnémusi Parresoru koordinacijas centra funkcijas
nacionala Itmena attistibas planoSanas dokumentu uzraudziba:

- uzlabot sadarbibas koordinaciju starp ministrijam, lai nepiecieSamibas

gadijuma varétu savlaicigak reagét un ieteikt veikt izmainas wvalsts

strategiskas attistibas mérka raditajos;
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- aktivak sadarbotiem ar dazadiem socialajiem partneriem, t.sk. NVO, kas var
sniegt biitisku ieguldijumu sabiedribas plasaka iesaisté ilgstsp&jigas attistibas
meérku sasniegSana;

- regulari publiskot iegiitos rezultatus, tadgjadi inform&jot sabiedribu par
ilgtspgjigas attistibas raditajiem un iesaistot Latvija 2030 merku sasniegSana
tikpat aktivi, ka tas bija sakotn&ji dokumenta izstrades procesa.

2. Latvijas ilgtsp&jigas attistibas procesa planosana, noveértésana un uzraudziba
izmantot promocijas darba autores izveidoto IAMM un prognozet raditajus
invariantu koordinatu sisttma energovienibas, lai nodrosinatu miisdienigu un
starpdisciplinaru pieeju valsts attistibas raditajiem.

3. Latvijas planoSanas regioniem aktivak iesaistities ilgtsp&jigas attistibas
raditaju planosana, novertésana un uzraudziba, lai tadgjadi pieverstu lielaku
uzmanibu, pamatotu un uzsvertu visu valsts regionu lidzsvarotu attistibu un
katra iedzivotaja tiesibas uz labklajibu un augstu dzives kvalitati.

4. Piemeérot izstradato IAMM Latvijas regionu ilgstp&jigas attistibas noveértésana
(ar statistikajiem datiem regionu limeni).

INTRODUCTION

Nowadays, many countries of the world have accepted the basic principles of
sustainable development, creating ever closer links between natural, economic
and social phenomena. However, the analysis of these processes has shown, on
the one hand, the insufficiency of data and the possibilities of their comparison,
and, on the other hand, the lack of relationships between the objective laws of
nature (invariants) and the principle of sustainable development of society. It
must be recognized that in the management of socio-economic systems, there are
still no systemic connections expressed in a consistently measurable form with
natural, economic and social processes, which in turn can lead to wrong
assessments and even cause crises. If the laws of nature are formulated in an
analytical form and in terms of measurable quantities, then the laws of social
development are usually defined using indicators that are not related to natural
processes and thus make it difficult to conduct research to determine their
interrelationships. The laws of natural sciences, which are universal empirical
generalizations, are still not sufficiently applied to the analysis of socio-
economic processes, because, despite various developments, an appropriate
system has not yet been created in the world, and the necessary fundamental and
interdisciplinary researches have not been carried out. In addition, it is known
from control theory that the control process is objective if the system includes
the principle of movement of the controlled object — laws, that is, laws of
conservation and change. Such laws exist for any socio-economic system. If only
subjective laws operate at the global or local level, it inevitably conflicts with
objective laws (laws of nature) and creates negative social, economic and
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environmental consequences. Therefore, it is necessary to develop theoretical
and methodological conditions that would be based on measurable quantities
(indicators) that would correspond to the characterization of natural systems and
at the same time would be applicable to the evaluation of socio-economic
processes. Several problems can be formulated in this context:

1. Inadequacy of sustainable development to a systemic approach: division into
three separate systems (economy, ecology and society) and their separate
evaluation (indication) cannot give a full picture and understanding of the
performance results and development prospects of the socio-economic system.
Attempts within the framework of capital theory to create and sum up the
monetary value of natural and social capital to influence macroeconomic policy
decisions are methodologically complex and difficult to test. The principle of
green accounting, which operates according to the rules of weak sustainability,
does not guarantee sustainable development (Blignaut, De Wit, 2000Sustainable
development is more than the sum of environmental, economic and socio-
cultural sustainability components. Even if economic, environmental and social
sustainability is achieved, the definition does not mean that sustainable
development is achieved. A comprehensive approach that includes all the main
principles of sustainable development is needed (Hediger, 1997).

2. There is still no unified approach to the definition and determination of
quantitative criteria of sustainable development in the world - the indicators are
obtained by different methods and in different measurement units, which are not
sufficient to fully understand and adequately evaluate the processes necessary
for quality monitoring of the processes. At the methodological level, the
approaches and models of Bossel (Bossel. 2002), Rockstrom (Rockstrom et al.,
2016), Bolshakov (Bolshakov et al., 2019) show that several options must be
sought to combine the socio-economic operating model with the ecological
model resulting from the impact on the global system.

3. Today's challenges require a shift from the current linear economic model to
non-linear models that perceive nature as a life support system for social well-
being and respond to feedback effects. These claims have been analyzed in the
works of several scholars, which underpin modern theories of economic and
sustainable development (Capra et.al., 2017; Thurner, 2018; Riznichenko et al.,
2009; Odum, 2007).

4. Since the existing system of units of measurement of the sustainable
development of the socio-economic system in terms of money is variable and
unstable, a new one must be created — in an invariant coordinate system with
appropriate units of measurement. Soddy (1933) stated in his works that the focus
of attention of economists should be energy flow or power. Odum and Daly
(Daly, 1993; Odum, 1968) gave new impetus to research by arguing that power
is the primary, most universal measure of all forms of human activity in nature.
The basic laws of energy flow are applicable to all processes of human life, as
well as to nature, including society, economy, ecology, culture and aesthetics.
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Costanza (2004) noted that available energy is the only fundamental value and
the only limiting factor of production that meets the criteria of the theory of
production and is capable of explaining exchange values.

Based on the above, the relevance of the research of the doctoral thesis is
determined by the need to continue improving the theory of sustainable
development and evaluation methods, using the reflection of non-monetary
processes of natural sciences in interdisciplinary research, taking into account
the regularities of economics, mathematics, physics and the environment.
Therefore, it is important to create a systemic approach to the evaluation and
monitoring of sustainable development processes.

Research hypothesis: sustainable development planning and monitoring model
allows to assess the development of various socio-economic systems (countries).
Research object: sustainable development.

Research subject: system analysis of sustainable development processes of
socio-economic systems.

The aim of the doctoral thesis: to analyze sustainable development processes,
based on a systemic approach, in order to create a sustainable development
monitoring model and develop proposals for planning the strategic goals of
Latvia’s sustainable development.

Tasks solved to achieve the goal:

1. To study the theoretical aspects, concepts and models of sustainable
development in the world.

2. To compare and analyze the development indicators of different socio-
economic systems (countries) in terms of money and energy units.

3. To develop sustainable development assessment methodology and SDMM,
using system capacity change analysis approach and invariant coordinate system.
4. To analyze the indicators of sustainable development of Latvia and forecast
them in the invariant coordinate system in energy units 2030 and 2060.
Research methods used: scientific: content analysis; monographic method;
method of analysis and synthesis; induction method; deduction method; the
logically constructive method. Statistical analyses: descriptive statistical method;
mathematical data analysis method; time series analysis. Other: Granger method,
causality test; Pearson correlation test; Durbin-Watson test.

Sources of information for the thesis: regulatory documents of Latvia and the
European Union, scientific literature from Scopus, EBSCO, Science Direct, etc.
were used for the development of the research. databases, information available
on the websites of the Cabinet of Ministers and ministries of the Republic of
Latvia, the Official Statistics Portal of Latvia, Regional Development Indicators
model data, as well as other publicly available sources of information: United
Nations, World Bank and International Energy Association databases.

The theoretical basis of the study is based on the direction of economics “the
importance of the development monitoring system in regional sustainability and
socio-economic growth”. The sustainable development of socio-economic
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systems (countries) is examined within the framework of the theory of the
complex system and the concept of ecological economy. To formalize the tasks
of sustainable development monitoring, the sustainable development
management methodology and the system analysis approach of the dynamics of
power (energy flows) of open unbalanced social economic systems are used. The
research methods used in the work are based on the works of many foreign and
Latvian scientists, which are mentioned in the list of used information sources.
The main scientific novelties of the doctoral thesis: in this interdisciplinary
study, the methodology for evaluating indicators of sustainable development of
socio-economic systems (countries) has been developed, using natural science
processes and connecting the regularities of economics, mathematics, physics
and the environment. The sustainable development monitoring model has been
created. Sustainable development indicators in energy units have been
formulated for the first time in Latvia. The socio-economic indicators of Latvia
and several other countries are analyzed in the context of sustainable
development, as well as the possible scenarios of sustainable development of
Latvia until 2030 and 2060 are modeled.

Economic significance: the results of the study can be used in the process of
planning, evaluation and monitoring of sustainable development indicators of
state and local government institutions, in the study process of higher education
institutions on sustainable development issues.

Theses to be defended.

Thesis 1: the study of the theoretical aspects of sustainable development is the
basis for evaluating the shortcomings of existing concepts and methods and for
further improvement.

Thesis 2: the formalization of the principles of sustainable development in
energy units, using the invariant coordinate system and the power change
analysis approach, allows determining the current state and target indicators of
any socio-economic system (country), indicating problems and predicting
development scenarios.

Thesis 3: The sustainable development planning and monitoring model of Latvia
in the invariant coordinate system in energy units allows to predict the possible
scenarios of the country's development.

Research limitations: the study selected, analyzed and evaluated 15 countries
of the world. The research period covers 30 years - from 1990 to 2019, with some
exceptions for the data of the developed countries USA, Japan, France, Germany
and Italy, where the analysis was carried out for the period from 1960 to 2019.
Chapter 3 of the paper analyzes the planned indicators of Latvia's development
until 2030 and 2060, including actual data for 2021.

The length of the docotral thesis (Ph.D.) for obtaining a scientific degree in
social sciences is 148 pages. The work contains 66 tables, 49 images, 18 annexes
(on 55 pages), 257 sources of information are used, incl. 231 sources — in English.
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1. THEORETICAL ASPECTS OF THE ASSESSMENT AND
MONITORING SYSTEM OF SUSTAINABLE
DEVELOPMENT

Chapter 1 of the doctoral thesis analyzes the prerequisites and historical
aspects of the formation of the sustainable development concept, analyzes the
strong and weak sustainability models, the concept of the capital theory
approach. In order to justify the methods and calculations used in the following
chapters of the work, the use of the natural science approach in the economy is
studied and the concept of sustainable development in energy units is described,
as well as the model of the capacity or energy flows of the socio-economic
system.

1.1. Historical aspects and theoretical basis of the concept of sustainable
development

The development of society and transformation of the global economy on a
sustainable basis is one of today's most important challenges on a global scale. It
requires fundamental changes in both people’'s consciousness and actions, it
requires a new vision and new approaches to create a new reality. The main goal
of the concept of sustainable development, as a world organizing principle, has
been to promote well-functioning interaction between people, society, economy
and the regenerative power of the planet's life-sustaining ecosystems. This
leveling off is a special type of dynamic balance in the interaction between a
population and the carrying power of its environment. The concept of sustainable
development has become a benchmark for environmental scientific research and
has acquired the character of a development paradigm (Alvarado-Herrera et al.,
2017; Gore, 2015) since its appearance in 1987 in a report prepared by the World
Commission on Environment and Development organized by the UN, which was
later named the Commission on behalf of the leader, Prime Minister of Norway
Brundtland (Brundtland, 1987). Most of the world's countries adopted the basic
principle of Sustainable Development, according to which civil society and the
state are responsible for ensuring comprehensive security and the ability to meet
the needs of both present and future generations. After the Earth Summit in Rio
de Janeiro in 1992, this concept became dominant and was incorporated into
international treaties, national constitutions and laws of many countries around
the world (Redclift, 2005).

The work of the Club of Rome (Meadows et al., 1972) has resulted in an
interpretation of sustainable development that is often referred to as the "triple
concept of sustainable development”, emphasizing the interdependence of the
three pillars of sustainable development: environmental, social and economic.
Sustainable development becomes achievable only when stability is established
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in each of the three listed components. Initially, this formulation had a positive
impact on the development of the concept of sustainable development and
allowed for the formalization of the goals, but it should be noted that, according
to the author of the doctoral thesis, this definition later started to slow down the
systemic view of sustainability and sustainable development.

The Economic Commission of the United Nations states that sustainable
development is development that can last “forever” or at least for a very long
time, several generations (UN, 2007). Taking into account the concept of well-
being, sustainable development can be formulated as an increase in well-being
over a very long period of time. An even more fundamental definition could be:
sustainable development is an increase in consumption in its broadest economic
interpretation over a very long period of time, i.e. the goal of sustainable
development is to ensure both the well-being of those living today and the well-
being potential of future generations.

Weak and strong concepts of sustainability

The concept of weak sustainability was formulated in the 1970s as an
extension of the neoclassical theory of economic growth, considering non-
renewable natural resources as a factor of production. It became mainstream in
the 1990s in the context of sustainable development discourse and capital theory.
Neoclassical economics assumes that energy and matter (goods) circulate in a
virtually closed system of unlimited resources (raw materials) and infinite
processing possibilities (outputs), which in economics are called negative
externalities. Although resources are limited, nature is seen as an inexhaustible
supplier of resources for production, and a similar view is applied to nature's
ability to assimilate pollution. It is important to note that under conditions of
weak sustainability, unconditional substitution between different types of capital
is permissible. This means that natural resources can decrease as long as man-
made capital increases. Unlike neoclassical theory, ecology cannot consider the
human economy separately from nature, but, on the contrary, as part of a socio-
economic system that exchanges matter, energy and information with the
environment and considers its components as more than just goods and traded
services. This argument has largely provided the theoretical basis on which the
concept of strong sustainability rests, assuming that some elements of nature
cannot be replaced by artificial capital and that, due to the degree of uncertainty
associated with the socio-economic system, the “precautionary principle” should
prevail over the economic logic of neoclassical theory (Cézar, 2005, Kriebel et
al., 2001). Unlike weak sustainability, strong sustainability emphasizes
environmental rather than economic benefits. This means that nature has the right
to exist — that it exists and must be passed down from generation to generation
in its original form.

Environmental economic and ecological economic

Environmental economics is based on a neoclassical economic model that
places greater emphasis on negative externalities such as pollution and ecosystem

83



loss. Neoclassical economics is a broad theory that focuses on supply and
demand as the driving forces of economic activity. Environmental and ecological
economics are subfields of economic thought that study the interaction between
human activity and the natural environment. The difference is that environmental
economics studies the relationship between the environment and the economy,
while ecological economics views the economy as a subsystem of a larger
ecosystem. Environmental economics is based on weak principles of sustainable
development. Ropke (Ropke, 2004) formulated the ecological economy as the
interaction of natural and economic processes as a result of human influence.
Natural processes in the sense that they can be considered as biological, physical
and chemical processes and transformations. Therefore, the economy should be
studied not only as a natural object, but economic processes should be
conceptualized in terms that are usually used to describe natural processes.
Starting from the 80s-90s of the 20th century, ecological specialists increased
their interest in economic issues (Costanza, 1989; Georgescu-Roegen, 1986) and
assumed that human activity can be characterized by flows of energy and matter.
If economic and ecological systems are conceptualized in the same “language”
of energy and matter flows, it can be argued that the human economy is
“embedded” in the earth's geobiosphere. The idea of keeping the share capital at
least constant is widespread, but the question arises whether one form of capital
can be replaced by another. It is at the heart of the debate between ‘weak' and
'strong’ sustainability and how to achieve intergenerational equity. According to
the concept of intergenerational justice, each succeeding generation has at least
as much capital as the previous generation. It is also important to note that strong
sustainability does not coincide with the concept of substitutability.

Taking into account the previously described different views on the possible
perspectives of sustainable development, the hegemonic position was occupied
by the concept of weak sustainability (Fig. 1.1 and environmental economic
models and tools.

SUSTAINABILITY and SUSTAINABLE DEVELOPMENT

WEAK SUSTAINABILITY

SUSTAINABLE

reen economic o
DEVELOPMENT 9 hegemanic

paradigm
circular economy

STRONG SUSTAINABILITY

degrowth emerging

ENVIRONMENTAL SCIENCE AND
MANAGEMENT

SUSTAINABILITY

buen vivir

Source: created by the author by Ruggerio (2021)
Fig.1.1. Structure of sustainability and sustainable development
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The environmental economics idea of leaving fixed capital at least unchanged
is widespread, but the question arises whether one form of capital can be replaced
by another.

1.2. Formalization and indicators of sustainable development

Sustainable development is related to the principle of achieving human
development goals while maintaining the ability of natural systems to provide
natural resources and ecosystem services in the context of economic and social
development (Cerin, 2006). The most recent of these challenges are the
Millennium Development Goals (MDGs) and the Sustainable Development
Goals (SDGs), which were formulated in 2015. The Millennium Development
Goals marked a historic global mobilization to achieve a set of important social
priorities around the world (Breuer et al., 2019). The implementation of the
SDGs continued with the UN program Agenda 2030 — the resolution
"Transforming our world: sustainable development program for 2030 or Agenda
2030" (unofficial translation of the LAPAS association from English Agenda
2030), which was adopted by the UN General Assembly in 2015 (LAPAS, 2015).
Agenda 2030 includes five themes known as the five Ps: people, planet,
prosperity, peace and partnership. The named five themes cover 17 goals and
169 sub-goals with 263 indicators (Hylton, 2019) and are meant to fight poverty,
covering areas such as health, education, energy, economic growth, industry,
innovation, climate change, natural resources and others. The dilemma between
striving for strong positions on key issues and gaining broad political acceptance,
as well as supporting and understanding the multiple dimensions of
sustainability, as well as developing measures, criteria and principles, has been a
major challenge on the road to implementing sustainability since the adoption of
the SDGs (Lele, 1991).The scientist Kenny (Kenny, 2015) formulated five main
criticisms of the SDGs:

1) the goals do not take into account inequality in the international system;

2) goals are set from the top down and bureaucratically ignore the local context;

3) 1AMs are efforts, not goals, and are not related to the SMART (Specific,
Measurable, Achievable, relevant, Time-based) concept;

4) the goals are not mandatory, which means that countries are not penalized
for not meeting them;

5) lack of information and data.

Pogge (Pogge, Sengupta, 2015) has emphasized that the SDGs are a
statement of aspirations, but the formulation of the goals should provide a clear
picture of the steps needed to achieve the goals, as well as ensure an independent
monitoring organization. Swain (Swain, 2018) assessed that ambitious SDGs are
difficult to measure, implement and monitor — there is a possible mismatch
between 1A goals, especially between socio-economic development and
environmental sustainability goals. Criticism also raises questions about the
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measurability and monitoring of broadly worded SDGs. The common targets are
not binding and each country must develop its own national or regional plans.
According to the author of the doctoral thesis, the above-mentioned authors
overly simplistically criticize the approved and accepted documents, without
emphasizing and formulating the main problems, for example, how many of the
goals, tasks and indicators of sustainable development will be achieved by 2030,
and what will be the overall result? Greater focus on achieving the SDGs and
additional economic growth does not change this conclusion — transformational
change and perhaps even a paradigm shift is needed. At the methodological level,
the approaches and models of Bossel (Bossel, 2002), Rockstrom (Rockstrom et
al., 2016), Bolshakov (Bolshakov et al., 2019; Dart, 2022) show that it is possible
to combine the socio-economic activity model with the ecological model, which
results from the impact on the global system. The resulting model of the global
system could be used to predict future achievement of sustainable development
goals and reduce pressure on nature. The first comprehensive development of a
system of sustainable development indicators was the work of the UN
Commission on Sustainable Development, which was presented in 1996 (UN,
1996). It should also be noted the indicators proposed by the World Bank within
the framework of the annual report "World Development Indicators” (World
Bank). The Organization for Economic Co-operation and Development (OECD)
system of environmental indicators is developed on the basis of the "pressure-
state-response” structure, and its modifications have gained wide acceptance in
the world and in individual countries. The second approach to the creation of
sustainable development indicators includes the development of an aggregated
(integral) indicator, which is most fully implemented in the studies of the UN
(UN) and the World Bank (World Bank).

Capital theory concept and indicators

The definition of sustainable development presupposes the need for a fair
distribution of resources and assets between generations, so a concept is needed
to assess whether intergenerational equity is being achieved. The first works and
definitions of the concept of the capital approach, which have become
fundamental in the study of sustainable development, appeared in the late 1980s
in the publications of Pearce (Pearce et al., 1989). The capital or wealth-based
approach has proven useful in developing the basic concepts of sustainability and
is rooted in a long tradition of economic thinking about growth and development.
Wealth is seen as the value of all assets in the economy, which is the basis of
future prosperity, and current changes in wealth must affect future wealth. Within
the framework of capital theory, sustainable development can be defined as a
measure of wealth per capita that does not decrease over time (UN, 2007). The
theoretical models underlying the capital theory approach generally assume a
Cobb-Douglas production function with no population growth and no
technological change. Many economists, including the author of the doctoral
thesis, recognize that the capital theory approach is a useful tool for solving
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sustainable development problems. This approach offers relatively simple

sustainability rules and indicators. In fact, it can be recognized that the most

popular indices of social well-being —the gross national product (GNP) per capita
and the Human Development Index of the United Nations Development Program
are essentially indicators of current (existing in the specified time period) well-
being.

The system of national accounts and indicators for sustainable

development of the UN and the World Bank

The World Bank's System of National Accounts (SNA) is the starting point
for developing a system for measuring capital-based sustainable development
indicators. It is an international set of standard recommendations on how to
collect indicators of economic activity. SNA describes a coherent, consistent and
integrated set of macroeconomic accounts in the context of internationally agreed
concepts, definitions, classifications and accounting rules, including:

1) SNA s a financial and produced fixed capital accounting system;

2) there is a natural capital measurement system that complies with the SNA
(United Nations System of Environmental and Economic Accounts) (UN,
2008);

3) many data needed for the preparation of human capital estimates are
available in SNA.

The World Bank's work on measuring the total wealth of countries has been a

comprehensive process of creating national wealth accounts (World Bank, 2006).

The main indicator is the adjusted net or real saving rate, measured as the change

in (real) wealth.

Concept and methodology of physical energy flow accounts

In 2009, the European Statistical System started the development of System

of Environmental Economic Accounting (SEEA) energy accounts, and it was
agreed to start with Physical Energy Flow Accounts (PEFA). Physical Energy
Flow Accounts (PEFA) were developed in accordance with the structures and
accounting principles of the System of Environmental and Economic Accounting
— Central Framework (SEEA-CF). The environmental and economic accounting
system contains internationally agreed standard concepts, definitions,
classifications, accounting rules and tables for creating internationally
comparable statistics on the environment and its relationship with the economy.
The structure of the SEEA follows an accounting structure similar to the System
of National Accounts (SNA) and uses concepts, definitions and classifications
consistent with the systems of national accounts to facilitate the integration of
environmental and economic statistics. The principles of creating sustainable
development indicators based on capital theory, the concept and methodology of
the World Bank's national accounts and accounts of physical energy flows
became the basis for creating a modern monitoring model of the sustainable
development of socio-economic systems (countries).
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1.3. Natural science approach to economy, living systems and energy flows

The approach of natural sciences in economics is based on the concept that
social, economic and environmental science are integral components of life
science, operating in the system: society - environment - man. Social, economic
and environmental processes are based on transformations of energy, matter and
information flows, which are the basis of all natural and social processes. It is
impossible to produce anything without spending energy flows or power (Odum,
2007). Thus, transformations of energy, matter and information flows underlie
society, ecology and economy and are subject to fundamental laws of
conservation and change. These laws form a set of fundamental limitations of
social, economic and environmental processes and the scientific basis for
considerations of the interaction of socio-economic activity with natural
processes based on certain laws. However, the material, energy and information
interconnections between social, economic and environmental processes were
not reflected and analyzed in traditional socio-economic theories.

Energy flows

Any system cannot exist without interaction with its surrounding natural
environment and combines two related processes: (1) the active flow of
environmental influences that determine the capabilities of the system; (2) the
use of the flow of resources obtained as a result of this influence to satisfy the
material and non-material needs of society. Social, economic and ecological
processes are based on the transformation of energy, matter and information
flows. It is impossible to produce any product/service without spending time and
energy flow, i.e. power. Since the transformations of energy, substance and
information flows are the basis of society, ecology and economy, they are subject
to the fundamental laws of both conservation and change. These laws form a set
of fundamental limitations of social, economic and ecological processes and a
scientific basis for examining socio-economic activities in interaction with
natural processes based on the laws of natural sciences. One of the first
researchers in the 20th century who developed a natural science approach to
economics using the laws of thermodynamics was Soddy (Soddy, 1923). He
pointed out that the wealth of society is income, which is the power available for
the purposes of life. If it is available in sufficient quantity and in a convenient
way for use at a certain level of development of knowledge, everything necessary
for the life of society can be obtained. In 1933, Soddy made the claim that the
focus of economists' attention should be energy flow, or power.

Odum and Daly gave new impetus to research by arguing that power is the
primary, most universal measure of all human activity in nature. The basic laws
of energy flow are applicable to all human processes and also to nature, including
society, economy, ecology, culture and aesthetics (Daly, 1993; Odum, 1968).
Questions about the creation of a theory of energetic value to supplement or
replace the traditional neoclassical theory of subjective value based on utility
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have been analyzed in Stalling's scientific works (Stallinga, 2020). Traditional
economists recognized that if they could identify the key inputs to the production
process, they could explain exchange values in terms of production relations
(Kennedy, 2020).

The problem was that traditional primary factors are actually intermediate
factors of production. Costanza (2004) emphasized the properties of energy that
meet the criteria of primary factors, including that energy is ubiquitous, a
property of all goods produced in economic and ecological systems. He also
noted that energy is an important input in all production processes and the basic
property of energy (the ability to do work) is irreplaceable. Costanza noted that
available energy is the only fundamental value and the only limiting factor of
production that meets the criteria of production theory and is able to explain
exchange values. In this way, a theory of value can be built on the use of available
energy in production, which avoids the problems that classical economic theory
encountered when trying to explain exchange value in economic systems. Using
the energy exchange value concept approach, it is possible to determine costs
independently of consumer preferences. On the one hand, this is a criticism, but
on the other hand, the main goal of the energy-intensive approach was precisely
to find objective approaches that do not completely determine individual
preferences (Costanza, 2004). In a market economy, money circulates in closed
loops, while power enters from outside, moves through the levels of the system's
internal structure, and leaves the system. Odums developed this concept with the
aim of providing a natural scientific basis for money and the assumption that
useful power is the natural basis of value, if investment in the development of
the system is the main criterion of value. So, if the ratio of money flow to energy
flow (or power) is constant, then money could become a fact that confirms the
existence of power.

Energy flows in living non-equilibrium systems

Podolinsky was one of the first authors who used a natural scientific approach
when analyzing living socio-economic systems. He pointed out that man is the
only force of nature known to science, which, by certain acts of will, is able to
increase the share of solar energy accumulated on the Earth's surface and reduce
the amount of energy scattered on the Earth in the space of the world. The system
of society and nature combines two related processes: active influence on the
environment and the use of the flow of resources obtained as a result of this
influence in society - these processes are united by the concept of life process or
work process (Podolinsky, 1881). Development takes place when the efficiency
of using society's opportunities does not decrease along with an unabated
increase in the consumption of natural resources. Interaction with the
environment ensures imbalance in any living system. This means that material
and energy flows from the environment flow into the system and flow out — there
is an exchange of materials and energy between the living system and the
environment. Sustainable development is a balanced interaction of society with
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the environment, which ensures the preservation of development (expanded
reproduction) in accordance with the law of development of natural systems.
There is a relationship between the possibilities of the social system and its
needs:

- the measure of possibilities is power for a certain time;

- the measure of need is the increase of power, which the system does not
currently have, but which is necessary to ensure the transition to sustainable
development

1.4. Socio-economic systems power changes systemanalysis methodology

The concept of sustainable development in energy units
Based on the principle of stable disequilibrium, the main characteristic of
energy flows circulating in living systems is their ability to perform external
useful work, or work capacity — useful power. The concept of sustainable
development of living open socio-economic system in energy units is based on:
-_definition of socio-economic system: socio-economic systems are large
human-based systems including social, economic, technological, environmental
and other subsystems. Socio-economic systems are complex adaptive systems
that are open, dynamic, non-linear and an integral part of a living system. The
system is non-equilibrium and moves away from equilibrium as its development
accelerates, but approaches equilibrium as the system degrades.
- _the five main laws (invariants):
. law of power (or energy flows) conservation for social-economic system;
. law of development conservation for social-economic system;
. law of sustainable development (in energy units);
. law of sustainability ciclical development (in energy units);
. law of socio-economic system energy and money flows conversion.
. Law of power (or energy flows) conservation for social-economic system
Law of power (or energy flows) conservation (Kuznecov, 2015; Odum, 2007)
states that in the process of development of a socio-economic system (as a living
open system), the incoming energy flow (total power) N(t) during the period t is
equal to the outgoing useful energy flow (power) P(t) and the power loss G(t) )
amount (formula 1.1.):
N(t)=P(t) + G (1), (1.1)
2. Law of development conservation for social-economic system
Law of development conservation (Podolinsky, 1881; Vernadsky, 2006;
Odum, 2007) states, that the development of the socio-economic system is
maintained over a period of time under the conditions that the quality of the
system is maintained in the spatial and temporal dimensions, as well as a
continuous increase in the full power transformation efficiency F(t) - according
to the formula 1.2.:

P ol N -

AF (1) = dii—f) At >0, (1.2)
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where F(t) — indicator of technological excellence, technological efficiency.

The technological efficiency indicator F(t) characterizes the continuous
increase in the efficiency of the full power utilization (transformation) of the
socio-economic system according to the formula 1.3.:

P1(t)
Ft) = N1 (1.3)

In Odum's formulation (Odum, 2007), the law states that those socio-
economic systems that maximize the total useful power from all sources and
flexibly distribute this power with maximum efficiency to those needs that affect
growth and development are dominant. The indicator of technological efficiency
F(t) characterizes the focus on the development and application of scientifically
intensive "high technologies", as well as readiness for the transition to the next
technological stage in the energy resources section, which is determined by the
following factors:

- the share of electricity consumption in final consumption and the growth rate
of this share, which determines the continuous production process and the level
of digitalization development (Trusina, Jermolajeva, 2022);

- the level of development of the electricity production industry, which is
determined by the share of energy resources with the highest energy density in
energy carriers, primarily nuclear energy (Weissbach et al., 2013; Stern et al.,
2017).

The indicator of full power technological efficiency F(t) characterizes the
internal structure of the socio-economic system, and its value is determined by
the rules of the technological paradigm, management paradigm and human
development paradigm.

3. Law of sustainable development (in energy units)

Law of sustainable development (in energy units) (Bolsakovs et al., 2019;
Trusina, Jermolajeva, 2022) states, that sustainable development is a continuous
process of creating free useful power with the aim of increasing the system's
ability to meet the ongoing needs of the current and future generations, increasing
the efficiency of the system's full power, reducing losses and not increasing
consumption, in conditions of negative external and internal impact and limited
resources. Sustainable development is supported in the long term by observing
conditions in an invariant coordinate system in energy units.

Based on the formalization of the law and the necessary and sufficient rules
for the sustainable development of the system, the author of the doctoral thesis
formulates the main development trends of the socio-economic system (Table
1.1):

1. growth — an increase in total useful power (produced output), mainly due to an
increase in the consumption of resources, rather than an increase in the efficiency
of their use;
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2. development — an increase in the total useful power (produced output), mainly
due to an increase in the efficiency of resource use, rather than an increase in
consumption;

3. sustainable development — reproduction of innovative development in the long
term by introducing advanced technologies and increasing the growth rate of
useful power in the long term;

4. degrowth (zero growth) or stagnation — the absence of growth in total useful
power (produced output) in a certain period of time;

5. decline — a decline in total useful power (produced output), mainly due to a
decline in resource consumption without a decrease in technological efficiency;
6. degradation — a drop in total useful power (produced output) with a decrease
in technological efficiency; the system cannot ensure the performance of its
functions, development is hindered;

7. collapce — the process of the end of the system's existence.

Table 1.1
Development trends of socio-economic systems depending on the direction
of system power indicators changes
Sistems power indicators

Nr. Sistems

trends Reproduction | dN(t) dpP(t) dG(t) dr(t)
1 Growth expanded >0 >0 >0 =0
2 Development expanded >0 dP>dN>0 >0 >0
3 Sustainable >0 >0 <0 >0

development expanded

4 Degrowth simple =0 =0 >0 =0
5 Decline reduced <0 <0 >0 =0
6 Degradation reduced =0 <0 >0 0
7 Collapse reduced =0 =0 =0 =0

Source: created by the author

Designation for Table 1.1:
t — time period,;
dN(t) — changes in incoming energy flow (total power), determines the type of
reproduction;
dP(t) — changes in the outgoing useful energy flow (power), determine the
necessary rules;
dG(t) — changes in power losses, determine the sufficient rules;
dF(t) — changes in the technological excellence indicator of the system.

In order to create a new approach and methodology for evaluating indicators
of the socio-economic system in energy units, the author of the doctoral thesis
formulates the necessary terms within the framework of this law.

Useful power P(t) is the power created as a result of the operation of the
socio-economic system, which is directed and used to increase the system's
capabilities to meet current and future permanent needs. The useful power is a
function of the level of technological development of the system and the structure
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of energy consumption and determines the intellectual capacity of the socio-
economic system to develop and the level of technological innovation. Within
the framework of the formulated methodology, the analysis of the change trend
of P(t) is the basis for the creation of the basic structure for determining universal
sustainable development and monitoring indicators.

Productivity in energy units PHPE(t) is the useful power created as a result
of the operation of the socio-economic system per one employed person LM(t),
which is used to increase the system's ability to meet current and future
permanent needs.

Quality of life in energy units QoLE(t) as a target function in energy units
is defined as the power required to satisfy human needs per inhabitant M(t) with
the aim of realizing ever greater opportunities, taking into account the quality of
the environment and the level of technological development. The higher the
quality of life, the greater the potential to ensure the development of the socio-
economic system using the advantages and tools of the innovative economy to
improve the quality of living space for current and future generations.

4. Law of sustainability ciclical development (in energy units)

The law of sustainability ciclical development of socio-economic systém
(Kuznetsov, 2015; Odum, 2007) states that the trends and directions of the socio-
economic system development have a periodic character, which is included in
the life cycle of the system in three stages - growth, maturity and decline.
According to Kuznecov's (Kuznecov, 2015) periodicity model of sustainable
development and Odum's (2007) development cycle model, the stages of the
system are characterized as follows:

- growth — the stage in which there are opportunities to increase the incoming
and outgoing energy flows, is characterized by a high growth rate, at the same
time with significant power losses. In the growth stage, simple structures and
products are formed, competition is minimal. The necessary rule — unlimited
material, information and energy resources.

- maturity — the stage in which, using all available sources and accumulated
potential in the previous period, the system ensures a long-term equilibrium state
with high and sustainable structural diversity and complexity. A high quality of
life and the principle of fair distribution are more closely related to a sustainable
state of maturity than to a period of growth. The maturity stage is characterized
by limitations of material, information and energy resources, maximum
efficiency and minimum losses.

- after the maturity stage, the decline and further possible transformation of the
system begins. The socio-economic system can further develop in the direction
of weakening (degradation and collapse) or in the direction of restructuring and
new growth. In the process of growth and development, those systems that
maximize the total useful power from all sources and flexibly redistribute it to
those needs that affect future growth win and dominate.
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5. Law of socio-economic system energy and money flows conversion

The law of conversion of system energy and power flows (Odum, 2007) states
that the circulation of money and energy in socio-economic systems is a
mechanism of the internal organization of society itself to achieve maximum
opportunities, which helps to maintain a balance between resource and product
flows that occur in the opposite direction. The flow of useful energy (power) is
a measure of real wealth. Changes in the use of useful power or in the circulation
of money change the useful power/money ratio. When there is more money in
circulation but the supply of real wealth does not increase, purchasing power
decreases and vice versa. The power/money ratio indicates the real wealth
equivalent of a unit of money in circulation. The national currencies of developed
countries have a high power/money ratio, which gives money more purchasing
power compared to developing countries where this ratio is lower.

Within the framework of the formulated concept of sustainable development
(in energy units), it is possible to introduce the concept of capacity (energy flows)
into the definition of sustainable development; implementation of development
invariant coordinate system in energy measurement units; implementation of the
process of formalization of the development and monitoring of the socio-
economic system using the energy flow model.

Sustainable development monitoring model of socio-economic system in

energy units

The socio-economic system sustainable development monitoring model
(SDMM) was created by the author of the doctoral thesis in accordance with the
concept of sustainable development in energy units and the formulated five laws.
In the analysis of the sustainable development of the socio-economic system
(SES), the model (in energy units) of the system's final consumption energy
flows (Fig. 1.2) is adopted. Within the framework of the model, the full power
of final consumption (energy flow) N1(t) received by the socio-economic system
in a certain territory is equal to the sum of flows - from the natural system N1ns(t)
and the flow of external imports N1upe(t) to the respective territory. As a result
of the operation, the SES loses part of the power G1(t) and produces a useful
power (energy flow) P1(t). Full final consumption power N1(t) within the socio-
economic system is used, converted and transformed into full useful power P1(t).
The useful power P1(t) (measure of work) means the possibilities, or the
produced total product, which could be used for increasing the system power
P1ses(t) or for the impact on the surrounding environment P1ya(t), so that after
time dt society can receive various resource flows at its disposal, which is
measured by the value N1(t+dt) — the total distributed and consumed power of
primary energy resources. The value of N1(t) is many times greater than the value
of P1(t). After converting and transforming power N1(t), the system loses a part
of power G1(t) — lost opportunities.
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Fig.1.2. Scheme of socio-economic systems energy flows (power)

The amount of power available to a system is a measure of the system's
potential impact on the environment. Demand is the necessary capabilities
(power) of the system, which are not available at the moment (at a specific time),
but which must be available to maintain development in the future. Within the
framework of the adopted model, the full power of final consumption of the
socio-economic system N1(t) consists of fossil energy consumption power
(machines, mechanisms and technological processes) NZ1-T(t), electricity
consumption power N1-E(t), as also food and feed consumption power N1-F(t).
Each of these separate flows forms the useful power (P1-E, P1-T, P1-F), which
in sum gives the full useful power P1(t). System power losses G1(t) are formed
according to the same principle. According to the Clark-Fisher theory of
structural changes (Trusina et al., 2023), the full final consumption power N1(t),
useful power P1(t) and power losses G(t) can be divided into three flows by
sector - the flow of the industrial sector (IND ), in the agricultural, mining and
forestry sector flow (AG) and in the all types service flow (ST). On the other
hand, the energy flow of each industry consists of the fossil energy consumption
power (machines, mechanisms and technological processes) N1-T(t), electricity
consumption power N1-E(t) and food and feed consumption power N1-F(t). The
energy flow consumed by the system, or the full power of final consumption
N1(t), includes all types of energy resources necessary to ensure life, production,
technological and other processes in accordance with 1.4. formula:

N1(t) = N1-T(t) + N1-E(t) + N1-F(t), 1.4)

The sum of end-use energy flows determines the needs and potential of
society, the size of the economy (Podolinsky, 1881; Bauer, 2002; Shamaeva,
2019). According to the law of power conservation for living systems (Kuznecov,
2015), the main goal of socio-economic systems development is to increase the
amount of useful power P(t) and reduce losses G1(t) as a result of operation.
Within the framework of SDMM, the useful power of the system P1(t) can be
calculated according to formula 1.5:

P1(t)=N1-T(t) x J1 + N1-E(t) x Je + N1-F(t) x J§, (1.5)
where:
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J — energy conversion rates for specific resources, 2019 data: for fosil
resources Jr = 0.25; for food Jr = 0.05 (UNSC, 1974; Lindeman, 1942); for
electricity Je = 0.80 + EA x 0.20, where EA — the share of electricity received
from nuclear power sources.

Power loss G1(t) is the difference between the system's full power N1(t) and
the useful power P1(t), expressed in watts (W), calculated according to 1.6.
formula:

G1(t) =N1 (t) -P1(t) (1.6,

The author of the doctoral thesis uses indicators from official databases and
the energy balances of the 15 selected analyzed countries to calculate the
minimum set of indicators of the sustainable development monitoring model.
(EuroStat, IEA, World Bank). Within the framework of SDMM, in accordance
with the above-described laws of sustainable development, a minimum set of
sustainable development indicators is defined (Table 1.2).

Table 1.2
The minimal set of the sustainable development monitoring model
(SDMM) indicators

Nr. Indicators units | Desig. Formulae
1 F_uII final consumption power, system W N1 Formula 1.4.
size, needs
2 Usgful power, system capabilities, level W P1 Formula 1.5.
of innovation
3 Final consumption power Iosses,_ lost W Gl Formula 1.6.
opportunities, impact on the environment
4 | Technological efficiency % F1 =P1/N1
5 | Environmental quality % Q1 = G1(t-1) / G1(t)
6 F_|nal electrlcny consumption share of % E1 —NL-E/N1
final consumption
7 | Ecological footprint W |FOOT| =G1/S
8 | Final consumption power per capita W D1 =N1/M
9 !Electr_lcny final consumption power per W | pLE | =N1E/M
inhabitant
10 | Useful power per capita W U1l =P1/M
11 | Productivity W | PHPE | =P1/LMxM
12| Quality of life W | QoLE | =U1xQx TAN/100

Source: created by the author

The sustainable development model includes indicators in energy units, as
well as integrated indicators per inhabitant, including: final consumption power
per capita D1, final consumption of electricity power per capita D1-E; standard
of living as useful power of final consumption per capita U1; productivity in
energy units as useful power of final consumption per PHPE employed; quality
of life in energy units per capita QoLE.
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1.5. Socio-economic system evaluation methodology

In the context of the concept of sustainable development in energy units and
within the framework of SDMM, the object of assessment is a spatially limited
part (subsystem) of the system nature — society — man, which contains natural
resources, population and the management system, which performs management
activities for the maintenance and development of life. Within the framework of
the doctoral thesis, six levels of socio-economically evaluated objects are
identified in the system nature — society — man: 1. World. 2. Region. 3. State. 4.
Municipality. 5. The city. 6. Society. It can be defined as a nested system
(Bolshakov et.al, 2019; Bossel, 2002). Each of the Object's six levels can be
considered as an Evaluable Object. Each Evaluable Object (level 1) has an
external environment (level 3) and an internal environment (level 2). At all levels
there is also interaction with the surrounding environment.

The evaluation of the existing state of the evaluated Object as a socio-economic
system is carried out in the following order:

Level 1: The Evaluated Object as a whole (assessed in 3 stages)
1st stage. Evaluation of the object in monetary terms.
According to the recommendations of the International Monetary Fund (IMF),
Table 1.3 summarizes the indicators, as well as additional indicators, which
characterize the Evaluated Object as a whole. In the process of developing
sustainable development, each country additionally selects socio-economic
indicators.

Table 1.3
The minimum set of socio-economic system development indicators
Nr. Indicators Design. units
1 | Gross domestic product at purchasing power parity | GDP PPP | USA doll.
2 | GDP PPP per capita PPX USA doll.
3 | Population M capita
4 | Export of goods and services, % of GDP EXP %
5 | Share of net energy import, % of energy use IMPE %
6 | Adjusted net savings per capita ANS USA doll.
7 | Employed population, % of population LM %
8 | Added value of industry , % of GDP IN %
9 | Added value of agriculture, % of GDP AG %
10 | Added value of services (including transport), % of ST %
GDP
11 | Territory S km2
12 | Life expectancy of people TAN years

Source: created by the author using World Bank, EuroStat, ANO UNDATA data
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2nd stage. Object evaluated in energy units.

According to the sustainable development monitoring model (Table 1.2), the
system energy flow model and the analysis of power changes, the sustainable
development indicators of the Evaluated Object are calculated in the analyzed
period. The minimum set of integrated indicators, within the framework of the
created sustainable development monitoring model, could determine the
potential of the socio-economic system for sustainable development. At this
stage, critical points, intervals of system growth, development or non-growth and
decline are identified after the analysis of the time series of the full final
consumption power N1(t) and final electricity consumption power N1-E(t).
Changes in the incoming flow of energy resources, useful power P1(t),
productivity PHPE(t) and quality of life QoLE(t) are analyzed at intervals.
Changes in the useful power P1(t) of the socio-economic system determine the
stages of growth, maturity and decline.

3rd stage. Evaluation of the interaction and conversion of cash and energy flows

of the object.

Evaluation of the conversion of cash flows and energy flows

In order to balance the money and energy flows of the evaluated socio-
economic systems (countries), the money/power conversion coefficient was
calculated in the period from 1990 to 2019. According to the calculated data, in
2007 the world average money/power ratio was 21 US dollars per watt (Fig. 1.3).
The value of this indicator increased in the world, which meant an increase in
purchasing power (Law 5).
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0
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Source: calculated by the author
Fig.1.3. Changes in the money/power conversion indicators PW in 1990-
2019
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The extrapolation of the graph of changes in the average world value of the
conversion coefficient PW shows (Fig. 1.3) that in 1971 and 1972 the value of
the coefficient was PW=1, which means 1W=1$, or balanced growth and
development. The value of the conversion factor PW in the rule per year can be
calculated according to formula 1.7:

PW = 0.5863 (the year) - 1156 (1.7)
The following WP coefficient values were calculated and used in the study:

Years | 1990. | 2000. | 2010. | 2020. | 2030. | 2040. | 2050. | 2060.
PW | 11 | 17 | 22 | 28 | 34 | 40 | 46 | 52

The difference between PPXE (according to the power analysis method) and
PPX (according to the GDP PPP analysis method) of the gross domestic product
according to purchasing power parity per capita, denoted by SK(t), can be
calculated according to formulas 1.8 and 1.9:

PPXE(t) = U1(t) x PW (t) (1.8)
SK(t)= PPX(t) — PPXE(t) (1.9.)
where:

PW(t) — world average money/power conversion factor;

U1(t) — full consumption power N1(t) per capita.

Causal analysis of cash flow and energy flow

The assessment of the correlation between GDP PPP and power consumption
of countries was carried out using Pearson coefficient calculation, Granger
causality test and Durbin-Watson test. The test used a linear multiple regression
model to test the relationship between one dependent variable (endogenous), that
is GDP PPP, and several independent (exogenous) variables. Selected variables:
consumption power of final energy resources N1(t); electricity consumption
power N1-E(t); useful power P1(t); share of electricity in total final consumption
E1(t). A Durbin-Watson test was performed on the obtained data.

Level 2: The internal environment of the object

Analysis of power and cash flows of the socio-economic system (state)

according to Kaldor's sectoral model

At the second level, the sectoral structure of the Object's economy is analyzed
using indicators in monetary units and energy units. Table 1.4 includes indicators
that reflect the sectoral structure of the Object's GDP PPP. The indicators were
created as a result of the formalization of the Kaldor sectoral model of the
economy, and AG denotes the share of agriculture, forestry and fisheries in GDP,
and IN - the share of industry (including construction) in GDP.
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Table 1.4

The socio-economic systems sectoral indicators

monetary units relative to the factor
in energy units

Nr. Indicators Design. Formula
1 | Industrialization factor in monetary STINA | = (100-IN-AG) / (IN+AG)
units
2 | Agricultural factor in monetary I-STINA | =IN / AG
units
3 | Industrialization employment EMINA | = (100-LMin—LMag) /
factor (LMin+LMag)
4 | Agricultural employment factor EMISA | =LMin/LMac
5 | Industrialization factor in energy STINA-E | = (100—(N1in)—(N1ag))/
units ((NLin)*+(N1ag))
6 | Agricultural factor in energy units  |ISTINA-E| = (N1in) / (Nlag)
7 | The industrialization factor in STINA-R | = STINA/STINA-E

8 | Agricultural factor in monetary ISTINA-R| = ISTINA/ ISTINA-E
units relative factor in energy units

Source: created by the author

According to the value of the STINA indicator, which characterizes the ratio
of the share of the production and non-production parts of GDP, the author of the
doctoral thesis created a classification of economies of socio-economic systems
(states) (Table 1.5). Classification start from post-industrial society and
economies with a high level of GDP per capita and a large share of services (IS
group) to countries with industrial and agrarian economies with low level of
service and infrastructure (AG group).

Table 1.5
The sectoral indicators and economy classification
Author’s STINA IMF
classification Description of economy and society Economy
- - value : :
designation classification
IS 40< Post-lndL_JstrlaI economy Developed
Information and science society
PE 3.1-3.9 | Economy in transition Developed
HT 2.1-3.0 | HT economy Developed
IN 1.0—-2.0 | Industrial economy Developing
AG <10 Industrial and_ agrarian economy. Developing
Low level of infrastructure

Source: created by the author
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Level 3: Interaction of the object in the external environment,

positioning and competitiveness in the world

For the assessment of the object in the external environment, integral
indicators for the assessment of the country's position on the world scale are
introduced (Table 1.6).

Table 1.6
Indicators of the socio-economic system for evaluation at the world level
Nr. Indicators Design. Formula/
source

1 | Energy import, % of total energy consumption | EIMP | World Bank

2 | Country population share in the world mi mi = Mi / Mw

3 | The share of national GDP in world GDP ikpi | ikpi= IKPi/ IKPw

4 | Share of national electricity consumption o ei = N1-Ei/ N1-

power in the world ' Ew
5 | Share of national final consumption of full i ni = NLi / Ny

power in the world
Share of national useful power in the world pi pi =Pi/Pw
7 | GLOBAL COMPETITIVENESS
Relative national weight by useful power P(t) WM; | WMi=pi /m;
and population M(t)

8 | TECHNOLOGICAL COMPETITIVENESS
Relative national weight by final electricity WE; WEi =ei / ikpi
consumption power share E(t) and GDP(t)
9 | SUSTAINABILITY POTENTIAL WPi(t)= pi(t) /
Relative national weight by useful power P(t) WP ikp-l(t) '
and GDP(t) '

Source: created by the author

(o)}

Integral indicators of the interaction of countries
An interaction matric was used to analyze the interaction and mutual
influence of the evaluated socio-economic systems (countries) — countries/
minimal set of indicators of sustainable development of countries within the
framework of SDMM (Table 1.7) in the corresponding year.
Table 1.7
Interaction matrix of the evaluated objects

Indicator 1 Indicator 2 Indicator 12

1st country

N country

Source: created by the author
Using the correlation function, a correlation matrix is calculated and created.

The calculated correlation coefficient within the Sustainable Development
Monitoring Model (SDMM) characterizes interaction level between countries.
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Defining the state of the system in an invariant coordinate system. From
the concept of sustainable development in energy units, REQUIRED RULE:
Positive dynamics of useful power change AP1(t) and SUFFICIENT RULES: (1)
positive dynamics of changes in technological efficiency AF(t); (2) negative
dynamics of power loss changes AG(t). In Table 1.8 the main indicators for
formulating possible states and goals of the system are summarized.

Table 1.8
Key indicators for building of potential targets
Nr. Indicators Design. |Changes Speed of | Acceleration
changes of change

1 | Useful power P1 dP1 d?P1 d®P1

2 | Full final consumption N1 dN1 d?N1 d®N1
power

3 | Final electricity N1-E dN1-E | d®N1-E d®N1-E
consumption power

4 | Power losses G1 dG1 d’G1 d®G1

5. | Technological efficiency F1 dFl d?F1 d®F1

6 | Electricity funal El dEl d’El d®El
consumption share

7 | Productivity PHPE dPHPE | d’PHPE d*PHPE

8 | Quality of Life QoLE dQoLE | d’QoLE d®QoLE

Source: created by the author

The analysis starts from the identification of growth, non-growth or decline
in development, which could last for a minimum of three years. Next, possible
development variants are analyzed during a continuous period of no less than
nine years, and the next period to be analyzed is no less than 27 years, or
sustainable development. In a similar way, changes are distributed across all
indicators of sustainable development. The obtained indicator values allow to
identify the target state and then to calculate the necessary future state and needs
of the country as the evaluated Object. A description of the different development
scenarios is shown in Table 1.9.

Table 1.9
Exaples of formalized description of systems different development trends
2
Nr. Trend  |dm [dP |dN [dG | dF - [aen [ae |TH
1 Growth >0 |>0 (>0 |>0 [>0 | >0 >0 =0 =0
2 Development >0 [>0 |>0 |>0 |>0 | >0 >0 >0 >0
g | Sustainable o6 1og 150 [<0 [0 |50 [0 |[s0 | >0
development
4 Degrowth <0 |=0 |[=0 |<0 [=0 | =0 = =0 =0
5 Decline <0 |<0 |<0 [>0 [=0 | <0 >0 >0 >0
6 Degradation <0 |<0 [<0 |>0 [<0 | <0 <0 <0 <0

Source: created by the author
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Each goal corresponds to a certain state of the socio-economic system. In
order to determine the correspondence between the target type and the current
state of the Object, it is necessary to calculate the values of the target indicators
for a certain time and associate the obtained result with the possible target. As a
result, you can get an answer to the question: in what way do the goals correspond
to the current state of the Object.

The next stage is the formulation of the strategic vision, goals and indicators
for the development of the socio-economic system. Based on the main definitions
of the concept of sustainable development, the socio-economic system (state) is
a complex non-linear system, so linear forecasting methods, including
extrapolations, linear regressions and others, cannot be used. Sustainable
development forecast models are created within the framework of the sustainable
development monitoring model (IAMM) as part of the doctoral thesis, using the
scenario approach and formulating scenario models. The main modeling
conditions for scenario development include: (1) creating a system vision; (2)
forecasting; (3) creating scenarios.

In scenario planning, visions and forecasts are used as input, while scenarios
act as the end result of the process. All types of targets can be used as analysis
options according to the procedures within the IAMM model.

System sustainable development monitoring concept and integrated

indicators

The development of the indicator system is determined by the monitoring
object, subject, goal and tasks, as well as the created methodological base. In
addition, it is necessary to determine the essential characteristics of the evaluated
Obiject (the country as a socio-economic system - SES) both in general and for
individual elements. Indicators must meet several conditions: measurability,
availability, reliability, comparability, periodicity. The monitoring structure of
the socio-economic system includes several elements (Fig. 1.4).

$»| MONITORINGS

‘ h 4
ESOSA STRATEGISKIE PLANOTA
SITUACIJA MERKI SITUACIJA

A

PLANOSANA

Source: created by the author
Fig. 1.4. The structure of monitoring system
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The operational organization of the SES monitoring system includes several
stages: (1) continuous monitoring of the existing condition of the evaluated
object; (2) creating an information base about the object in dynamics; (3)
research of the factors influencing the condition and development of the object;
(4) control over the nature of object changes; (5) assessment of deviations and
their causes based on the system of criteria (indicators).

2. ANALYSIS OF CHANGES IN THE DEVELOPMENT
INDICATORS OF DIFFERENT SOCIO-ECONOMIC
SYSTEMS (COUNTRIES) IN MONEY AND ENERGY
UNITS

In order to approve the sustainable development monitoring model (SDMM)
created by the author of the thesis, chapter 2 analyzes various socio-economic
systems (countries) (Table 2.1.) in accordance with the theory described in
subsections 1.4 and 1.5 and compares country indicators according to two
methods: (1) GDP in monetary terms; (2) development indicators in the invariant
coordinate system in energy units, based on the author of the thesis method,
which is based on the models of Kuznecov and Odum. Thus, different results of
the evaluation of the sustainable development of the analyzed socio-economic
systems were obtained, and their significance was explained not only in the
evaluation of the current (concrete) situation of the country, but especially in the
forecasting and monitoring of future developmen. Within the framework of the
thesis, 15 socio-economic systems (countries) in three groups were selected,
analyzed and evaluated (Table 2.1).

It is follow countries:

1) five developed countries — USA, Japan, Italy France and Germany;
2) five developing countries — Brazil, South Afrika, Indonezia, China and

Turkey;

3) five EU new countries — Croatia, Estonia, Latvia, Lithiania un Hungary.

According to the terminology used by the International Monetary Fund,
advanced economies are the term used to describe the world's most developed
countries (IMF Report, 2020). In 2020, the IMF classified 39 countries as
developed economies, and seven of them are post-industrial countries that form
a scientific society: USA, Canada, Japan, Great Britain, Germany, France, Italy.
The USA, Japan and three EU countries — France, Germany, Italy — were chosen
as the EU's largest economies in group 1 of the doctoral thesis.

The author analyzed five developing countries — Brazil, Indonesia, China,
Turkey and South Africa (group 2), which, according to experts, are defined as
newly industrialized countries (IMF report, 2016). In 2020, the IMF classified
these countries as developing economies, or emerging economies.
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Table 2.1
Characteristics of the valuated countries in 2019

. Desi SV'.:. Specific
Countries PPX*| S** classifi-
Group gn. - faktors
cation
1. USA Us 57.4 | 3796
Developed | Germany DE | 505 | 357 The largest
countries  ["France FR | 651 | 633 |Developed | developed
— countries | economies in
Italy IT 458 302 the World
Japan JP 42.3 378
2. Brazil BR 15.3 | 8516 New
Developing | South Afrika | ZA | 144 | 1221 . industrialized
countries | China CN 1 166 | 9507 |PeveloPINg | oconomies
Turkey TR | 27.7 | 784 | UM | (Nic)
Indonezia ID 12.4 | 1905
3. Latvia LV | 329 65 Economic and
ES new Lithiania LT | 399 65 social
countries | Estonia EE | 390 | 45 Develcip.ed transformation
Hungary HU | 346 | 93 | SoUntnes
Croatia HR | 316 49

* thousand US dollars
** national territory in 2019 (10% km?)
Source: calculated by the author using World Bank data

In the doctoral thesis, the third group of countries selected and analyzed five
new countries of the EU, in which there was a rapid transformation of economy
and society after 1991 — Latvia, Lithuania, Estonia, Hungary and Croatia.
According to the IMF's classification, they, as EU members, are among
developed countries.

2.1. Analysis of changes in the development indicators of evalueted
socioeconomic systems in monetary and energy units

Analysis of the GDP indicators of the evaluated developed countries in

monetary terms

The graphs of the changes in the gross domestic product at purchasing power
parity GDP PPP from 1960 to 2019 for the United States and for France,
Germany, Italy and Japan from 1990 to 2019 are linear in nature (Fig. 2.1, 2.2).
In the US, the critical point was in 1990, but then until 2019, the GDP PPP growth
rate more than doubled compared to the previous period.
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Fig. 2.1. The GDP PPP changes of the evaluated USA in 1960-2019

This period is characterized by the collapse of the Soviet Union and United
States (US) statement on the creation of a post-industrial society. In the time
period from 1990 to 2019, Japan (JP) was analyzed and three developed countries
of the European Union were selected — Germany (DE), Italy (IT) and France
(FR).

The graph of changes in the gross domestic product by purchasing power
parity GDP PPP(t) of Germany, Japan, Italy and France (Fig. 2.2) has a linear
character with a high value of the coefficient of determination R? of 0.96-0.99.
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Source: calculated by the author using World Bank data
Fig. 2.2. The GDP PPP changes of the evaluated developed countries (DE,
FR, IT, JP) in 1990-2019

According to Kaldor's sectoral model of the economy, in all evaluated
developed countries, in the period from 1990 to 2019, the added value of the
service (including transport) economic sector ST(t) continued to increase as a
share of GDP PPP. According to the formalization of Kaldor's model, the author
of the doctoral thesis, structural indicators were calculated for the evaluated
countries in 2019 (Table 2.2).

106



Table 2.2
Sectoral indicators and national economic classification of the evaluated
developed countries in 2019

Coun- I- SVF Author’s proposed
. STINA EMISA | EMINA classify economy classification
tries STINA cation
uUs 4.3 22 4 12 Developed IS | Postindustrial
FR 43 11 3 Developed IS | Postindustrial
IT 33 11 4 9 Developed | PE| Transition
DE 2.6 35 2 23 Developed | HT| HT technology
JP 24 28 3 21 Developed | HT| HT tecgnology

Source: calculated and created by the author

Despite the fact that the IMF defined the analyzed countries as developed,
according to the economic classification of the countries proposed by the author
of the thesis, these evaluated developed countries have a different STINA
indicator, which characterizes a different level of industrialization and,
accordingly, the level of development.

Analysis of the GDP indicators of the evaluated developing countries in

monetary terms

In Brazil (BR), Indonesia (IN), China (CN), Turkey (TR) and South Africa
(ZA), the graph of changes in gross domestic product at purchasing power parity
GDP PPP(t) in 1990-2019 has a linear character (Fig. 2.3 and 2.4).

%01 Gppppp
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trilj. USA doll.

Rz=0.989

years

1985 1990 1995 2000 2005 2010 2015 2020 2025
Source: calculated by the author using World Bank data

Fig.2.3. The GDP PPP changes of the evaluated developing countries in
1990-2019

In China, GDP PPP increased rapidly after 2000 and maintained growth rates
until 2019. Turkey, Brazil, Indonesia and South Africa had much lower GDP
PPP growth rates than China. In Brazil, after 2015, there is a decline in GDP
PPP.
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Fig. 2.4. The GDP PPP changes of the evaluated developing countries (ZA,
BR, TR, ID) in 1990-2019

According to the IMF definition, these evaluated socio-economic systems are
considered as developing countries. According to the classification of the
doctoral thesis author, formulated according to Kaldor's sectoral model, it can be
concluded (table 2.3):

- China, Turkey and Indonesia are developing industrial countries (STINA below
2.0) in a period of growth;
- South Africa has a larger service and transport sector (STINA=2.9) and
relatively low value added share of agriculture (I-STINA=12) of GDP PPP;
- Brazil is in the maturity stage (growth slows down) as a transitional economy
(STINA=3.3) towards the creation of a post-industrial system with a relatively
large added value share of service and transport in GDP PPP.

Table 2.3

Sectoral indicators and national economic classification of the evaluated
developing countries in 2019

Count- 1- IMF Author’s proposed
ries STINA| s7ina|EMISA | EMINA classification |economy classification

BR 34 5 2 2 Developing | PE | Transition

ZA 2.9 12 2 1 Developing | HT | HT technology

TR 18 5 1 2 Developing | IN | Industrial

CN 12 5 1 1 Developing | IN | Industrial

ID 1.0 3 1 1 Developing | IN | Industrial

Source: calculated and created by the author

In general, it can be concluded that all developing countries under evaluation
have seen rapid growth dynamics of GDP PPP with different growth rates since
2000. According to Kaldor's sectoral model, countries are at different levels of
economic development — from an industrial econo my to the transition to a post-
industrial economy.
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Analysis of the GDP indicators of the evaluated new EU countries in

monetary terms

The graph of changes in the gross domestic product by purchasing power
parity GDP PPP(t) of the evaluated countries — Latvia (LV), Lithuania (LT),
Estonia (EE), Croatia (HR) and Hungary (HU) in the period from 1990 to 2019
have a linear character (Fig. 2.5).
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HU —--—- Linear (LV)
—-—--Linear (LT)  ----- Linear (HR) ...
............. Linear (HU)
R>=0.951
RZ=0.9155
' years

1985 1990 1995 2000 2005 2010 2015 2020 2025
Source: calculated by the author using World Bank and EiroStat data

Fig. 2.5.

The GDP PPP changes of the evaluated new EU countries (EE,
HR, HU, LT, LV) in 1990-2019

According to the IMF system, the new countries of the EU to be evaluated
after joining the EU and NATO were classified as developed countries.
According to the classification of the author of the thesis and according to
Kaldor's sectoral model, Lithuania, Estonia and Hungary are in the growth stage
and are classified as high-tech economies (Table 2.4). Croatia and Latvia have
entered a period of maturity, and they are classified as transition economies with
a high value added share of services and transport in GDP PPP.

Table 2.4

Sectoral indicators and national economy classification of the evaluated

new EU countries in 2019

. 1- SV.F Author’s proposed

Countries| STINA| o1\ A|EMISA EMINA | classify- economy classificati
cation y classification

Croatia 34 7 2.1 5 Developed PE Transition

Latvia 3.3 5 2.2 3 Developed PE Transition
Lithiania| 2.9 8 2.1 4 Developed HT HT technology
Estonia 2.5 12 2.1 9 Developed HT HT technology
Hungary | 2.6 7 1.7 7 Developed HT HT technology

Source: calculated and created by the author

According to the analysis of GDP PPP in monetary terms, the evaluated
countries are structured according to the Kaldor model sectoral indicator STINA
and the size of GDP PPP per capita PPX(t) (Table 2.5). Most of the evaluated
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countries (US, FR, IT, EE, HU, LT, TR, ID) are located diagonally, which means
the compliance of the economic structure and PPX in 2019. Other countries:

- Germany (DE) and Japan (JP) are below the diagonal, which means that the
structure of the economy does not correspond to the PPX;

- Latvia (LV), Croatia (HR), South Africa (ZA) and Brazil (BR) are above the
diagonal, which means that PPX does not correspond to the structure of the
economy.

Table 2.5
Evaluated countries in Kaldor matrix by PPX analysis in monetary units,
2019
STINA | Author’s proposed economy PPX, euro x 10°
interval classification 50< | 40< | 30< [ 50< | 10<
4.0 and | Postindustrial economy ( US N\ )
more FR T
3.0-3.9 | Transition economy LV
IT HR BR
2.0-2.9 | HT economy EE
DE HU ZA
\_ JP /U LT )
1.0-1.9 | Industrial economy TR | CN
<1.0 Industrial economy
Low level of infrastructure \. 1D _/

Avots: created by the author

The obtained calculation results are taken into account in the process of
further analysis of countries in the invariant coordinate system in energy units.

Indicators of the evaluated developed countries in the invariant coordinate
system

The indicators of developed countries in the invariant coordinate system in
energy units are evaluated within the framework of the sustainable development
monitoring model (SDMM) using the minimum set of integrated indicators.
Changes in the US useful power P1(t) in 1960-2019 can be seen in Fig. 2.6. The
figure identifies four intervals with critical start and end points that correlate with
political events in the US: (1) P1-A-1 (1960-1973-1979); (2) P1-C (1980-1983);
(3) P1-A-2 (1984-1990-2000); (4) P1-B (2001-2019).

In Germany (DE), France (FR), Italy (IT) and Japan (JP), the changes in
useful power P1(t) (Fig. 2.7) have been evaluated for the years 1960-2019 and
compared with the US data for the corresponding period. In Germany, the graph
of changes in useful power P1(t) from 1960 to 1980 shows an increase in the
growth phase, but after 1981 — no increase or decrease.
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Fig. 2.6. The changes of the useful power P1 of the United States (US) in
1960-2019

In Japan, the growth of useful power P1(t) continued until 2001, reaching a
relatively high level (178 GW), after which stagnation and economic decline
began within the maturity period.
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Source: calculated by the author
Fig. 2.7. The changes of the useful power P1 of the evaluated developed
countries (DE, IT, JP, FR) in 1960-2019

In France and Italy, a critical point of growth has been identified around 2005,
after which non-growth and economic decline within the maturity period began.
After the year 2000, the evaluated developed countries entered the stage of slow
development — the stage of maturity. Each evaluated country has had different
development and indicators until the period analyzed by the author. The
indicators of the evaluated developed countries — SDMM in 2019 are
summarized in Table 2.6.
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Table 2.6.

Minimal set of SDMM indicators of the evaluated developed countries in
2019

Count- [dM |N1 NI1-E | P1 |Gl |F1 E1 |EA FOOT |Ul PHPE QRoLE

ries |% |GW |[GW [GW |GW (% (% | % kKW kW | KW | kW

us 32 150 [ 435 [767 |1383 [36 [21 [ 17 | 141 |23 | 49 | 19

JP* 0 |371 | 105 (146 |225 |41 (30 | 27* | 562 1.2 2.1 11
FR 16 |215 | 49 79 |129 |37 |24 | 78 203 1.2 3.0 1.0
DE 5 290 | 57 [102 |188 |36 (19 | 16 528 1.2 2.5 1.0
IT 6 [159 | 33 58 (101 (36 (21 | OO 335 1.0 2.2 0.9

*Japan indicators in 2010
Source: calculated by the author

It can be concluded that all the evaluated developed countries are
characterized by a high level of technological efficiency F1 (40-36) and a large
share of the consumed electricity power, the source of which is nuclear energy
production. All evaluated countries have a high level of productivity, incl. one of
the highest — USA (PHPE=4.9). In 2019, the USA had one of the highest levels
of quality of life (1.9 kW) among the evaluated developed countries.

The indicators of the quality of life (QoLE) of the evaluated developed
countries as a potential for further development of the system, including
industrialization, modernization, etc., are reflected in Fig.28 from 1960 to 2019.
The US indicator was one of the highest in 2001 and then began to decline, while
in Germany its growth ended in 1989. After 2005, the quality of life (QOLE)
decreased for all developed countries under evaluation.

QoLE —
2.00 e s -
=
4
1.00
0.00 years
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FR DE us JP
IT- — - — Linear (FR) — - - — Linear (DE) — — - Linear (US)
- - - - Linear JP) =------- Linear (IT-)

Source: calculated by the author
Flg. 2.8. The changes and trends of the quality of life QoLE of the
evaluated developed countries (US, DE, FR, JP, IT) in 1960-2019
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The author of the thesis believes that, according to the concept of sustainable
development, indicators of the quality of life should increase during the maturity
stage, possibly at a slower rate. Therefore, the decrease (decline) in the quality
of life (QoLE) could be explained as ineffective adaptation of the country to
external factors or ineffective transformation under the influence of internal
factors. At this stage, it is important whether the socio-economic system is ready
to adapt if the external conditions change.

A brief summary of the of the developed countries evaluation results;

In the United States (US) — a post-industrial economy with a level of
deindustrialization (STINA=4.3). The USA is characterized by a high level of
quality of life (QoLE=1.9) and productivity (PHPE=4.9) among the evaluated
countries and in the world, which was achieved during the growth period until
2000. On the other hand, high technological efficiency indicators were not
achieved during this period (F=36). The share of the final consumption of
electricity in the total consumption in 2019 was (E1=21%) the lowest among the
evaluated developed countries. The share of electricity produced in nuclear
plants was also low (EA=17%). On the other hand, the impact on the
environment (FOOT=141) is quite high. In the period of maturity, from 2000, a
decrease in the quality of life (QoLE) indicator can be observed.

France (FR) is a post-industrial economy with one of the highest levels of
deindustrialization (STINA=4.3) among EU countries. During the growth period,
the indicators of productivity (PHPE) and quality of life (QoLE) were not
sufficiently high - almost two times lower than in the USA. High-tech electricity
production (78% from nuclear reactors) was not sufficiently used for
development. On the other hand, the impact on the environment (FOOT=203)
was high.

In Germany (DE) — high-tech economy. Relatively low technological level
(F1=36), but the impact on the environment (FOOT=203) is sufficiently high. At
the same time — an industrialized country (STINA=2.6) with the potential to
continue modern industrialization and digitization.

In Japan (JP) —a high-tech economy. The country is characterized by a high
level of technological efficiency (F1=41) and productivity (PHPE=5.6) among
the evaluated countries, which is at the level of the USA. The level of
industrialization does not exceed 3.0 (STINA=2.4), which gives additional
stability to the economy, but, apparently, was not fully used, because after 2010
a decrease in the quality of life (QoLE) was observed - the decline phase began.
After 2010, dependence on external resources and the dismantling of nuclear
energy can be considered as a weak point in Japan.

In Italy (IT) — a transitional economy. High quality of life (QoLE) and
productivity (PHPE) indicators, but during the development period the values
were not reached, for example, at the level of Japan. This is probably related to
faster population growth and a higher proportion of workers with insufficiently
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high qualifications. The level of industrialization exceeded 3.0 (STINA=3.3),
which also affected the level of productivity (PHPE).

Evaluating the indicators of developing countries in the invariant
coordinate system in energy units are evaluated within the Sustainable
Development Monitoring Model (SDMM) using the minimum set of integrated
indicators.According to the methodology developed by the author, indicators
have been calculated for the period from 1990 to 2019. The changes in the useful
power P(t) of the world's largest economy — China in 1990-2019 can be seen in
Fig. 2.9. Starting from 2001, China has seen a rapid increase in useful power with
a linear character, which continued until 2019.
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Fig. 2.9. Changes of the useful power P1 of the evaluated developing
countries (BR, CN, ID, TR, ZA) in 1990-2019

The growth of useful power P(t) in Turkey for the entire evaluation period
from 1990 to 2019 and in Brazil until 2014 has a linear character (Fig. 2.10),
after 2015 in Brazil, a period of decline began. In South Africa, the growth of
useful power was linear throughout the evaluated period, but relatively slow.
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Fig. 2.10. Changes of the useful power P1 of evaluated developing
countries (BR, TR, ID, ZA) in 1990-2019
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South Africa and Turkey were in the stage of slow growth during the entire
period under review, but one of the world's largest economies — China after 2001
— was in the stage of rapid economic growth. In China, the technological level
(F1) increased by 9 points during the evaluation period and reached the world
average level (F1=37). In Brazil, during the growth stage until 2014, the
technological level increased by 2 points and also reached the world level. In
2019, Indonesia was 3 points short of the world’s average technological level
(F1=34). South Africa was in the maturity stage from 1990, exceeding the world
technological level by 2 points in 2019 (F1=39). The indicators of the sustainable
development monitoring model (SDMM) of the evaluated developing countries
in 2019 are summarized in Table 2.7.

Table 2.7
Minimal set of SDMM indicators of the evaluated developing countries in
2019

Countries @M | N1 [N1-E [ P1[G1 [F1 E1 EA [FOOT[UL |PHPE|QoLE
% [GW [GW [GW [6W [% % |% | kw [kw | kw | kw

China 24 B033 | 719 [1113 [1920 [37 o5 |2 [ 200 [1.0 | 1.4 0.6
South Afrika [40 |90 [ 22 [35 [55 (39 po [6 | 46 [06 | 14 0.4
Turkey 28 [132 | 29 |49 |83 [37 p2 [0 [106 |06 | 1.3 0.4
Brazil 46 [268 | 59 [110 [158 [37 [19 [3 [ 198 |05 | 1.0 0.4
Indonezia |40 [216 | 33 [73 [143 [34 [16 [0 | 38 |03 | 04 0.2

Source: calculated by the author

The countries are characterized by almost the same level of technological
efficiency (F1) and a small share of consumed electricity, the source of which is
nuclear energy (EA).The quality of life (QoLE) indicator of the evaluated
developing countries in energy units, as a potential further development of the
system (industrialization, modernization, etc.) in Fig. 2.11, has a linear growth
character.
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Fig. 2.11. The changes of the quality of life QoLE of the evaluated
developing countries (BR, CN, ID, ZA, TR) in 1990-2019
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Brazil, South Africa and Turkey are experiencing slower growth with lower
growth rates than China. In the evaluated developing countries within the
framework of SDMM, and using the system power change analysis method
compared to the GDP analysis method, the development had a linear character
both in monetary terms and in energy units.

A brief summary of the of the developing countries evaluation results:

In China (CN) — an industrial economy with an industrialization index
STINA=1.2, in the growth period with a positive trend of useful power P1(t). The
quality of life indicator (QoLE=0.7) had not reached a sufficiently high level
compared to developed countries (US QoLE=1.9). The country does not have
modern sources of electricity (EA=2%), and this may affect development rates
in the future. Environmental impact (FOOT=200) relatively high and appropriate
for the growth stage. The Granger test shows the causal relationship between
energy flow and GDP in PPP. Modernization of the economy would be
necessary.

In Indonesia (ID) — an industrial economy with a low level of infrastructure
development, industrialization index STINA=0.9, in the growth period with a
positive trend of useful power P1. All indicators are lower than in China. Further
industrialization and modernization is needed. The Granger test shows the causal
relationship between energy flow and GDP PPP.

In Brazil (BR) — a transition economy with an industrialization index of
STINA=3.4, which shows a small manufacturing sector. The beginning of the
maturity stage — according to the author's sectoral classification and development
cycle model. Sufficiently high indicators of productivity (PHPE=1.0) and quality
of life (QoLE=0.4) have not been achieved during the growth stage. High
environmental impact (FOOT=198). The Granger test after 2014 does not show
a causal relationship, which means no increase or decrease in the country's
development potential.

In Turkey (TR) — an industrial economy with an industrialization indicator
STINA=1.8. During the growth period, with a positive trend of useful power
P1(t), but all indicators are lower than in China. Further industrialization and
modernization would be necessary. The Granger test shows the causal
relationship between electricity flow and GDP PPP.

In South Africa (ZA) - a highly technological economy with an
industrialization indicator STINA=2.9 and high technological efficiency
(F1=39), but an inadequate level of productivity (PHPE=1.4) and quality of life
(QoLE=0.4). Comparatively — in France, at technological efficiency F1=37, the
corresponding indicators PHPE=3.0 and QoLE=1.0. The Granger test does not
show a causal relationship, which means no increase in the country's
development potential.

Evaluating the indicators of EU new countries, incl. Latvia in the
invariant coordinate system
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The indicators of the EU new countries in the invariant coordinate system in
energy units are evaluated within the framework of the sustainable development
monitoring model, using the minimum set of integrated indicators. In accordance
with the methodology developed by the author of the thesis, indicators have been
calculated for the period from 1990 to 2019. Changes in useful power P1(t) in
Latvia (LV), Lithuania (LT), Estonia (EE), Croatia (HR) and Hungary (HU) (Fig.
2.12 and 2.13) were evaluated in the period from 1990 to 2019.
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Fig. 2.12. The changes of of the useful power P1 of Latvia (LV), Lithuania
(LT) and Estonia (EE) in 1990-2019

In Latvia, Lithuania and Estonia in 1990-1999, and in Croatia, Hungary in
1990-1994, there was a sharp decrease in useful power P1(t), which can be
explained by the transformation of the socio-economic system. As a result of the
analysis, it can be concluded that in 2019 the level of useful power P1(t) in none
of the evaluated new EU member states had reached the level of 1990. In Latvia,
after the initial reduction of power until 2000, there was an increase, but starting
from 2007-2008, a period of constant useful power P1(t) began until 2019.

In Croatia and Hungary (Fig. 2.13), the graph of changes in useful power
P1(t) shows a decline in the time period from 1990 to 1995.
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Fig. 2.13. The changes of the useful power P1 of Croatia (HR), Hungary
(HU) in 1990-2019
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After 1993, the increase of useful power began in Croatia - until 2008. Until
2005, there was a period of growth in Hungary, then a decline until 2014 and an
increase from 2015. The trend of changes in useful power in 1995-2019 in
Hungary was generally positive (Fig. 2.13). After 2001, the countries entered the
stage of slow development — the stage of maturity, and all countries showed an
increase in the technological efficiency coefficient F(t), however, in 2019, none
of the evaluated countries had reached the world's average technological level

The indicators of the Sustainable Development Monitoring Model (SDMM)
of the EU new countries to be evaluated in 2019 are summarized in Table 2.8.

Table 2.8

Minimal set of SDMM indicators of the evaluated new EU countries in
2019

dM [N1 [N1-E | P1 | G1 |[F1 [E1 [EA [FOOT [ul |PHPE [QoLE
% |[gw | ow (W [eW [% [ % | % [ kw  kw | kw | kw
Estonia |-18 | 4 1 1 2 |40 {22 foo | 55 |10 | 2.2 08
Latvia -28 5 1 4 |33 [15 |00 | 58 0.9 | 20 0.7
Lithuania |-28 | 7 1 5 [32 |17 oo | 25 0.9 | 18 0.7
Hungary |-7 | 24 5 16 |35 |19 [53 | 167 [0.9 | 1.0 0.7
Croatia |-16 | 9 2 6 |36 (21 [0o0 | 100 [08 | 1.7 0.6
Source: calculated by the author

Countries

W|OIN[ N

During the evaluation period, all the evaluated new EU countries had a
significant population decrease, a low technological efficiency F1(t), except
Estonia (F1=40), as well as a lower level of productivity (PHPE) than in
developed countries (US PHPE=4.9).

The quality of life (QOLE) indicators of the evaluated new EU developed
countries, as a potential for further development of the system (industrialization,
modernization, etc.) is shown in Fig. 2.14. It can be concluded that in 2019 the
national indicators did not reach the level of 1990. The highest level of quality
of life (QOLE) in energy units in 2019 was in Estonia.
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Fig. 2.14. The changes of the quality of life QOLE in the evaluated EU
new countries (EE, HR, HU, LT, LV) in 1991-2019
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Within the framework of SDMM, using the system power change analysis
method, compared to the GDP analysis method in monetary terms, it can be
concluded that the new countries of the EU have had a complex development in
the period from 1990 to 2019. The SDMM model has helped to identify a long
period of non-growth for these countries after 2000.

A brief summary of the of the new EU countries evaluation results:

In Lithuania (LT) — a high-tech economy with an industrialization indicator
STINA=29. The biggest economic decline in the year 1990-1995 among the
evaluated countries. Low technological efficiency (F1=32). There are no modern
sources of electricity (EA=0) for a new stage of industrialization, also a low share
of electricity in the total final consumption (E1=17), which characterizes a small
real industrial sector. The level of quality of life (QOLE) corresponds to all other
evaluated countries (QoLE=0.7). The only one of the countries where there was
a continuous increase of the useful power in the year 2000-2019, which is
confirmed by the Granger test.

In Estonia (EE) — a high-tech economy with an industrialization indicator
STINA=25. The highest of technological efficiency (F1=40), productivity
(PHPE=2.2) and quality of life (QoLE=0.8) level among the Baltic States. No
modern sources of electricity (EA=0). After 2010, growth in useful power P1(t)
stopped, although GDP growth continued.

In Croatia (HR) — transition economy with industrialization index value
STINA=34. Low technological efficiency indicator (F1=36). The country does
not have a modern source of electricity (EA=00), and the share of electricity in
the total final consumption is the highest (E1=22) among the evaluated countries,
which characterizes a relatively larger real industrial sector. The level of quality
of life (QoLE) according to all evaluated new EU countries (QoLE=0.6).

In Hungary (HU) — a high-tech economy with an industrialization indicator
STINA=26. Low technological efficiency (F1=35). A new stage of
industrialization has a modern source of electricity (EA=53). The share of
electricity in the total final consumption is low (E1=19), which characterizes a
small real industrial sector. The level of quality of life (QoLE) according to all
evaluated new EU countries (QoLE=0.7).

In Latvia (LV) — a transitional economy. Low technological efficiency
indicator (F1=33). A new stage of industrialization has no modern sources of
electricity (EA=0), also the share of electricity in the total final consumption is
low (E1=15), which characterizes a small real industrial sector. The level of
quality of life (QoLE) in accordance with other evaluated EU new countries
(QOLE=0.7).

2.2. Interaction and positioning of the evaluated soci-oeconomic systems
(countries) at the world level

The doctoral thesis uses the interaction matrix countries/ SDMM indicators for
the analysis of the interection of all evaluated countries (Table 2.9).
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Table 2.9

The interaction matrix of the evaluated countries in the context of SDMM
in 2019

CN[ZA [BR[TR [ ID |EE [LV LT [HR [HU Jus [FR [DE | JP [IT
CN |1
ZA 0.8 1
BR 08 | 09 |1
TR 0.8 0.9 1.0 1

1D 10 | 09 |09 |08 |1

EE - -
02 |02 |03 o4 |, (1

LV | o, |02 o3 |04 o0 [10 |1

LT |00 |02 [o02 |03 |00 |09 |09 |1

HR | -~ | o3 |04 |05 |00 09 [09 [08 |1

HU 01 |02 |04 |05 |00 |08 |08 |06 |09 |1

us e N
10 (08 [08 |08 |10 | o, | oq |90 |0y |os |2

FR 0.7 0.8 0.9 0.9 0.7 0.4 0.5 0.3 0.5 0.6 0.7 1
DE 0.4 0.6 0.9 0.9 0.5 0.6 0.7 0.4 0.8 0.8 0.4 0.9 1
JP 0.5 0.7 0.9 0.9 0.6 0.5 0.6 0.4 0.7 0.8 0.5 0.9 1.0 1
IT 0.4 0.6 0.8 0.8 0.4 0.7 0.7 0.5 0.8 0.8 0.4 0.9 1.0 1.0 1

Source: calculated and constructed by the author

Based on the results of the author's calculations, the following clusters of
countries can be grouped: (1) Latvia, Lithuania, Estonia and Croatia (blue color);
(2) Indonesia, Brazil and South Africa (green color); (3) Germany, Italy, France
and Japan (red color); (4) USA, China and Indonesia (gray color); (5) France,
Germany, Japan, Turkey and Brazil (orange color); (6) Hungary and Croatia
(yellow color). Each cluster combines countries with a correlation of the
integrated SDMM indicator above 0.9 calculated in 2019. The integrated
indicator is formed from the SDMM minimum set of each country in a given
year.

According to the evaluation results of the author of the thesis in the invariant
coordinate system, the Kaldor matrice was transformed using energy units
(Table. 2.10). Taking into account the classification of countries according to the
STINA coefficient value and useful power per capita U1(t), Table. 25 was
modified and table 2.10 was created. Main conclusions:
1.the transition to a post-industrial society and a knowledge economy requires a
level of useful power per capita (U1) of more than 4.0 kW. The level in the
United States (US) and France (FR) is insufficient, which is manifested in a
decrease in the quality of life (QOLE); 2.in countries above the development
diagonal (DE, IT,JP, TR, BR, ZA, LV, LT, EE, HU, HR) — discrepancy between
the structure of the economy (STINA) and the level of useful power U1 is the
reason for the slowdown in development rates.
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Table 2.10
The Kaldor’s matrix of the evaluated countries in the context of SDMM in

2019
STINA Author’s proposed Useful power per capita U1, KW
interval economy classification |4.0< | 3.0- | 2.0- 1.0- 1.0>
3.9 2.9 1.9
40< Postindustrial economy us FR
HR
3.0-3.9 | Transition economy IT LV BR
DE JP | HU ZA
2.0-2.9 | HT economy EE LT
1.0-1.9 | Industrial economy CN TR
<10 Industrial economy D
low level of infrustructure

Source: calculated and created by the author

- in countries below the development diagonal (there are none among those
assessed) — a sufficient level of useful power (U1) has been accumulated and it
is necessary to activate the further development of the economy and society;

- in countries on the development diagonal (CN, ID) — balanced development, it
is necessary to make strategic decisions for further development.

Positioning of evaluated socio-economic systems (countries) in the world

Global competitiveness indicator (WM) of the country in the world by

useful power (P1) normalized by population (M)

The relative weight indicator (WM) of the evaluated countries according to
the useful power P1(t), normalized by the population M(t), determines the global
competitiveness of the respective country at the world level (Fig. 2.15).
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Source: calculated and created by the author
Fig. 2.15. Global Competitiveness indicators of the evaluated countries
WM in context of SDMM
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The countries are arranged according to the 2019 indicator and Fig. 215
shows that one of the highest competitiveness (WM) values in 2019 was the USA
(4.3). The new EU countries had a relatively high rate in 1990, but the
contribution of each inhabitant of Indonesia, Italy and Brazil to the formation of
the world's useful power P1 was very low. Among the Baltic States, the highest
(WM) indicator was in Estonia in 1990, 2007 and also in 2019, followed by
Latvia and Lithuania.

Country sustainability potential or balance of money/power flows (WP)

by useful power (P1) and world gross domestic product (GDP)

The country's relative weight in terms of useful power P1 and gross domestic
product GDP ( WP ) characterizes the country's sustainability potential, or the
balance of money/power flows (Fig. 2.16).
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Source: calculated by the author
Fig. 2.16. Sustainability potential indicators WP of the evaluated countries
in context of SDMM

The countries are arranged according to the data of 2019 and it can be seen
that in the period from 1990 to 2019 the value of the indicator gradually leveled
off towards the average world value (WP=1). Among the Baltic States, it was the
highest in Latvia (WP=0.8).

Global indicator of technological competitiveness (WE) of countries
The country's relative weight in terms of final electricity consumption power
(N1-E) and gross domestic product (GDP) characterizes the country's global
technological competitiveness at the world level (Fig. 2.17).
The countries are arranged according to 2019 data, and the highest technological
index in 2019 above the world level was in China (1st place), South Africa (2nd
place) and the USA (3rd place).
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Fig. 2.17. Technological competitiveness indicator WE of the evaluated
countries in context of SDMM

Conversion of money and energy flows of socio-economic systems

(countries) to be evaluated

In order to balance the money and energy flows of the evaluated countries,
the money/power conversion factor was calculated for the year 1990-2019.
According to the calculated data, in 2007 the world average money/power ratio
PW ($/W) was 21 US dollars per watt (Fig. 2.18). This value applies to all 15
evaluated countries, including the world's largest economies - the USA and
China. After 2008, the value of PW in developed countries began to grow faster
than the world average, which means an increase in purchasing power.
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Source: calculated by the author
Fig. 2.18. The changes in the money/ power conversion indicators PW of
the evaluated countries 1990-2019

o

In developing countries, the PW value of the indicator grew more slowly than
the world average, purchasing power decreased. The extrapolation of the graph
of the change in the average world value of the conversion coefficient PW (Fig.
2.19) shows that around 1973 the value of the coefficient was PW=1, which
means 1W=1$, or balanced growth and development. The PW value of the
money/power conversion factor of the evaluated countries was calculated in 2019
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(table 2.11). The countries are arranged by the size of SK (formula 1.9), which
characterizes the difference between the gross domestic product at purchasing
power parity per capita PPXE according to the power analysis method and the
gross domestic product at purchasing power parity per capita PPX according to
the GDP PPP analysis method.

Table 2.11

Comparison of PPX calculated by different methods for the evaluated
countries in 2019

Countries PPX Ul PPXE SK PW
USA USA USA
dollji0e | KW doll/10° | doll/103 w
Germany 57.3 1.2 33.6 23.7 48
Lithuania 39.9 0.7 19.6 20.3 57
Italy 45.8 1.0 28.0 17.8 46
France 50.5 1.2 33.6 16.9 42
Estonia 39 0.8 22.4 16.6 49
Hungary 34.6 0.7 19.6 15.0 49
Croatia 31.6 0.6 16.8 14.8 53
Latvia 32.9 0.7 19.6 13.3 47
Turkey 27.7 0.6 16.8 10.9 46
Japan 42.3 1.2 33.6 8.7 35
Indonezia 12.4 0.3 8.4 4.0 41
Brazil 15.3 0.5 14.0 1.3 31
USA 65.1 2.3 64.4 0.7 28
World 17.6 0.6 17.6 0.0 28
South Afrika 14.4 0.6 16.8 -2.4 24
China 16.6 0.8 22.4 -5.8 21

Source: calculated by the author

One of the biggest differences is in Germany (SK=48), but in China and
South Africa the PPXE value is below the world level and the difference in SK
has a “minus” sign.

3. PLANNING, EVALUATION AND MONITORING OF
LATVIA’S SUSTAINABLE DEVELOPMENT
INDICATORS

In Chapter 3 of the doctoral thesis the autrhor analyzes the sustainable
development planning and monitoring system of Latvia, as well as predicts four
possible development scenarios of Latvia until 2030 and 2060, using the
sustainable development monitoring model (SDMM) created by the author.
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3.1. Legal and institutional aspects of sustainable development of Latvia

The purpose of planning the development of any socio-economic system is
to promote the sustainable and stable development of the country, as well as to
improve the quality of life of the population. By collecting the information
available in various materials, the author created a legislative framework for
sustainable development (Fig. 3.1), which indicates the most important political
documents of several levels. Sustainable development planning in Latvia began
in the early 90s of the 20th century after the regaining of independence, when the
country started creating appropriate policies with the intention of balancing
economic and social processes with environmental needs. In Latvia, the
Sustainable Development Policy was introduced in 2002, based on the 1992 Rio
Declaration (UN, 1992). After the revision of the Sustainable Development
Strategy of the European Union in 2006, a new sustainable development planning
process was started in Latvia, in which the citizens could also express their vision
for Latvia in 2030 in all dimensions of sustainability. In 2010, Latvia's most
important long-term planning document was approved - Latvia's sustainable
development strategy until 2030, or Latvia 2030. Latvia's planning system is
decentralized and complies with the principle of subsidiarity.

Global level UN
WORLD Agenda 21
Agenda 2030 (2015)
EU EU 2030 (2019)

EU 6 prioriTIES 2019-2024
Strategy plan 2020-2024

BSR EU Strategy for BSR

Sy National level

Local level

Regional policy guidelines 2021-2027
Law of regional development (2002)

Source: created by the author
Fig. 3.1. The legislative framework of the sustainable development in 2021

A specific action is initiated by the planning level closest to the relevant
problem to be solved. National government deals with issues that cannot best be
done at the local government, community or individual level. Development
planning documents are developed for the long term (up to 25 years), medium
term (up to 7 years) and short term (up to 3 years).

The most important national sustainable development goals in the document
Latvia 2030 are implemented through seven-year national development plans,
such as the National Development Plan of Latvia 2021-2027 (NAP2027),
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sectoral policies and plans that link policy goals with the national budget using a
set of indicators.

The Prime Minister of the Republic of Latvia establishes and directs the
National Development Council for the planning and evaluation of national
development. It is a collegial institution made up of ministers and representatives
of the Saeima, the President, as well as the government's social partners. The
composition of the Council is determined in the Development Planning System
Law (Development Planning System, 2009).

The State Chancellery (previously — Interdepartmental Coordination Center)
develops the hierarchically highest national-level development planning
documents and coordinates their implementation, organizes and implements the
mutual coordination of sectoral policies and interdepartmental supervision, as
well as develops proposals for the implementation of state reforms and
redistribution of resources in accordance with national development priorities
(State Administration equipment law, 2002).

The Ministry of Environmental Protection and Regional Development is the
leading institution in the development and implementation of national regional
policy, as well as in coordinating the implementation of state support measures
for regional development. The main documents for sustainable development in
Latvia:

- Latvia 2030, or Latvia's sustainable development strategy until 2030, is

Latvia's main long-term development planning document;

- State development plan for seven years as a medium-term planning

document, which includes the main policy outcome indicators for the seven-

year period, indicative additional funding needed to achieve the goals;

- the government's declaration and action plan define the government's

priority goals, which generally correspond to the goals of the SDGs;

- other documents — sectoral policies and plans are also coordinated with the

SDGs;

- Latvia 2030 strategy monitoring reports;

- Latvia’s reports to the UN on the implementation of the Sustainable

Development Goals, incl. NGO reports developed by LAPAS (LAPAS NGO

report, 2022).

The reports on the implementation of Latvia’s sustainable development
strategy (Latvija 2030) have seven strategic indicators (Table 3.1).

According to changes in the value of the indicators (increase or decrease,
approaching or deviating from the planned values), it is difficult to create a
unified picture of Latvia's progress towards sustainable development.
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Table 3.1
Indicators of strategic development goals of Latvia 2030 in 2009, 2019,
2021 and 2030

Nr. | Strategical Units | 2000* | 2019 |2021 | 2% | source
indicators
1 | Population millions 2.26 191 | 1.88| >2.02 CSP
2 | Gini index X 37 35 34 <30 Eurostat
3 | GDP per capita 103 euro 14 16 18 >27 Eurostat
4 Human ranking 41 39 | 39 <30 | UNDATA
Development Index
Regional % 43 41 41 <30 Eurostat
5 | differences in GDP
per capita
6 Ecological footprint ha per 3.5%** | 6.4 7.7 | <25 GFN
capita
Global ranking 68 67 67 <40 WEF
7 | Competitiveness
Index

* Data of the monitoring report on the implementation of Latvia sustainable development strategy
2030 (2012)

** Data of Latvia sustainable development strategy 2030 (2010)

*** 2008. year

Source: created by the author

Monitoring procedures are provided for the implementation and monitoring
of Latvia 2030, where it is stipulated that once every two years - in the first and
third year after the Saeima elections - the Cabinet of Ministers submits a Report
on the sustainable development of the country and the progress of the
implementation of the strategy to the Saeima for consideration. Based on the
report, the Saeima can decide on individual changes in the strategic settings
(Latvija 2030). Monitoring reports of Latvia's sustainable development strategy
until 2030 are published on the website of the Cabinet of Ministers, and there
have been four such reports until 2024: 2012, 2015, 2017 and 2022 (Latvija 2030
monitoring). However, it should be noted that the 2022 report only analyzes the
results of Latvia 2020, but there is no data on the progress of Latvia 2030. The
final report on the implementation of the National Development Plan for 2014-
2020 analyzes only the results of the NAP2020 implementation, but does not
reflect the progress of Latvia 2030.

In 2015, the Latvia 2030 monitoring report emphasized that the population of
Latvia will continue to decrease, especially the number of able-bodied and
employed population, as a result of the still negative migration balance and the
decrease in the number of young people. Therefore, the number of able-bodied
population will also decrease, which in turn will weaken the state budget's ability
to ensure the availability of public services and the quality of infrastructure.
Therefore, demographic policy and economic policy were emphasized as the
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main directions of action for maintaining economic growth in the long term
(Latvija 2030 et al. report, 2015). As can be seen in Fig. 3.2, the population of
Latvia has gradually decreased by 28% throughout the analyzed time period, and
in numerical terms it has been by more than 500 thousand people (World Bank
database).

My

* \
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min. capita

05 years
1985 1990 1995 2000 2005 2010 2015 2020 2025
Source: World Bank data
Fig. 3.2. Population of Latvia in 1990-2022

3.2. Analysis of Latvia sustainable development in 1990-2019 within the
SDMM model

Several scientists in Latvia have pointed out the tendency of the population
to decrease, for example, already in 2007 it was concluded that the country is in
a situation of a deep demographic crisis, and although family and health are
priority aspects of the quality of life included in the development documents
developed by the country, significant changes neither in the near nor in the long
term can we expect (Zvidrins, 2007).

Chapter 2 of the doctoral thesis evaluated the sustainable development
dynamics of Latvia in 1990-2019. The minimum set of target indicators with 12
indicators required for the formulation of the future sustainable development
scenario of Latvia within the framework of SDMM is summarized in Table 3.2.

Table 3.2

The minimal set of SDMM indicators of Latvia in 2019
dM | N1 [N1-E P1 G1 F1 [E1 |EA |Ul [FOOT |PHPE |QoLE
% GW | GW | GW | GW | % | % % |kW kW kW kW

-28 |55 ]083 [175 |38 |33 |15 |00 |0.9 58 1.6 0.7
Source: calculated by the author

According to the calculations, it can be concluded that Latvia developed in
1997-2008, increasing the useful power, technological efficiency and sustainable
development potential (Fig. 3.3). After 2008, the growth of useful power stopped,
not reaching the level of 1990. After 2007, GDP PPP continued to increase,
changing the power/money ratio of the indicator.
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Flg. 3.3. Changes of the useful power P1 in Latvia (LV) in 1990-2019 and
trend till 2030

The calculated data show that the quality of life (QoLE) of Latvian residents
in energy units significantly decreased after 1990 (Fig. 3.4), which can be
explained by the transformation of the socio-economic system. The lowest point
was in 1999, after which the rise began, although in 2019 the level of 1990 had
not been reached.
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Fig. 3.4. Changes in the quality of life QoLE of Latvian residents in 1990-
2019 in energy units

Based on the methodology described in chapter 1 of the thesis and the
calculations made in chapter 2, it can be positioned that Latvia has a transitional
economy towards a post-industrial system with a large share of the added value
of the service and transport sectors in GDP PPP (STINA=3.3). According to the
data of 2019, it can be concluded that Latvia has a low technological efficiency
index (F1=33) and there are no modern sources of electricity for a new stage of
industrialization (EA=0). The share of electricity in the total final consumption
is also low (E=15), which characterizes a small real industrial sector. In Latvia,
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in 2008, not reaching the level of 1990 in all SDMM indicators, a stage of
maturity began with a trend of non-growth and even stagnation (Table 3.3).
Table 3.3
Development trends of Latvia in 1990 — 2019

Nr. | Trend Period | years | dM [ dP | dN | dG | dQ | dF | d®N | d’P

1. |Decline |1990.-1996 7 <0 | <0 | <0 | <0 | >0 | =0 <0 <0

2. |Growth [1997.-2008,| 12 <0 [ >0 | >0 ] >0 | >0 >0 | >0 | >0

3. Pegrowth |2009.-2019, 11 <0 | =0 | =0 ] <0 | >0 | =0 | =0 | =0

Source: calculated by the author

The obtained target values in Table 3.3 for the year 2009-2019 make it
possible to identify Latvia's situation as unsustainable development, that is, the
possibility of development remains, but in the future the recession may
accelerate, consumption may decrease and the quality of life may deteriorate,
despite the positive trend reflected in Flg. 34. If the development of Latvia
continues in the same way as in the period 2008-2019 with a trend of no growth,
this may mean long-term stagnation and even further degradation. Unfortunately,
the first serious signals in the form of population decline have already occurred
(Fig. 3.3).

The results and conclusions of the author of the doctoral thesis about the
economy of Latvia confirm that the situation, unfortunately, has not significantly
improved compared to, for example, the data of the study published in 2007,
which states that there is economic growth in the country, but no economic
development. The fact that the Latvian national economy does not comply with
the planned structural policy guidelines, which provided for the development of
industry, is also mentioned, as well as several external and internal risk factors
hindering the development of the country are indicated (Karnite, 2007).

3.3. Latvia’s sustainable development goals until 2030 and 2060 and
possible sustainable development scenarios

The results of the analysis of part 2 of the doctoral thesis are used to formulate
sustainable development scenarios of Latvia until 2030 and 2060. For
comparison, two developed countries in the stage of maturity (USA and Japan)
and one developing country in the stage of growth (China) are selected in 2019
(Table 3.5):

- USA as a country with a post-industrial economy (STINA=4.3) and a high
level of competitiveness in the world (WM=4.3);

- Japan as a country with HT economy (STINA=2.4) and the highest
technological efficiency;

- China as a country with an industrial economy (STINA=1.2) and one of the
highest levels of technological competitiveness in the world (WE=1.5).
Comparative data from the assessment of selected countries is summarized in 3.4

tables and colored.
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In 2019, the USA was one of the countries with the highest level of quality
of life (QoLE=1.9), as well as accumulated useful power per capita (U1=2.3) and
labor productivity potential (PHPE=4.9). These US indicators are accepted as
recommendations for the strategic goals of creating the Latvian sustainable
development scenario (Table 3.4).

Japan is one of the most high-tech and innovative countries in the world, and
this is also confirmed by the data in chapter 2 of the doctoral thesis -
technological efficiency coefficient F1(t)=41, share of electricity E(t)=30%.
Until 2010, the share of electricity produced in nuclear power plants (EA) was
on average 25%. Japan's technological efficiency coefficient (F1) and quality of
life index (QoLE=1.1) are accepted as recommendations for the strategic goals
of innovative development of Latvia.

China is one of the newly industrialized countries, and for 20 years (2002-
2019), the country's economy developed at a fast pace, achieving good results.
Beginning in 2012, China began to overtake the United States in total net power.
The growth rates of China's final consumption power (N1), electricity
consumption power (N1-E) and useful power(P1) are accepted as
recommendations for the strategic goals of creating the sustainable development
scenario of Latvia.

Table 3.4
Indicators in 2019 of the countries selected for creation of Latvian
development scenarios
Country | dM | F1 | E1 EA Ul | FOOT | PHPE | QoLE | WM | WE
% | % | % % kw kw kw kw X X
LV -28 | 33 | 15 00 0.9 58 1.6 0.7 14 | 06
JP 0 41 | 30 00 1.2 562 2.1 1.1 1.9 0.9
UsS 32 |36 | 21 17 2.3 141 4.9 1.9 4.3 1.0
CH 24 | 37 | 25 2 1.0 200 14 0.6 1.2 15
Source: calculated by the author

Within the framework of the created SDMM, taking into account the
formulated necessary requirements and the results of the assessment of the
development indicators of the Latvian state, the author of the doctoral thesis
formulates and analyzes four possible scenarios for the development of Latvia
with conditional names — first until 2060 and then until 2030 (Table 3.5):

1. Latvian Homestead (designation — LV);
2. Latvia 2000 (designation — LV20);

3. Baltic Way (designation — BC);

4. Scandinavian Bridge (designation — ST).

Each of the four possible scenarios for Latvia is characterized by the best

achievements of the previously selected and analyzed countries — Japan, China
and the USA, which should be pursued.
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Table 3.5

Development scenarios of Latvia until 2060

Nr. | Scenarios

Development scenarios and trends until 2060

1 Latvian Preservation of Latvia’s current situation in 2019 and non-
Homestead deterioration until 2060
(LV)
Latvia 2000 Latvia’s transition to industrial development until 2060,
2 (LV20) ensuring expanded reproduction of Latvia’s industrial
economy and China's industrialization rates in 2000-2019
Baltic Way Latvia’s transition to innovative HT development by 2060,
3 (BC) reaching the 2019 quality of life (QoLE=1.1) and

technological efficiency (F1=41) of developed HT industrial
countries (Japan)

Scandinavian Latvia’s transition to sustainable development by 2060,
4 Bridge reaching the 2019 quality of life level of the world’s
(ST) developed countries (USA) (QoLE=1.9) and the negative
dynamics of power losses

Source: created by the author

Changes in indicators of Latvia’s development scenarios until 2060 can be
seen in Table 3.6, as well as desired achievable results every 10 years (proposed
control period). According to the data in Tables 3.5 and 3.6, the indicators
calculated for each scenario are evaluated and their compliance with the
necessary and sufficient rules of sustainable development is determined.

Table 3.6
Latvia's development scenarios indicators changes until 2060
Nr. Changes and trends in indicators every 10 Reproduction
Scena- years
rios N1 N1-E El dM GDP PPP
% % % % X X
1 | LV >0 >0 > +0 | +0.00 positive X
2 | LV20 >+15 | >+30 | >+10 | +5.00 positive expanded
3 | BC >+5 | >+20 | >+15 | +0.00 positive innvovative
4 | ST >+10 | >+50 | >+30 | +7.00 positive innvovative un
expanded

Source: calculated by the author

Latvia sustainable devlopment scenarios until 2060

1. The indicators of the development scenario of Latvian Homestead (LV)
are calculated in accordance with the methodology developed in the doctoral
thesis within the framework of SDMM and are given in table 3.7.

Within the framework of the scenario, in table 3.7., the energy flows entering
the system are marked with yellow color — full consumption power (N1) and
electricity consumption power (N1-E).
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Table 3.7
Indicators of Latvian Homestead (LV) development scenario in 1990-2060

NI, Indi- units 1990 P000 {2010 | 2019 | 2030 2040 P050 P0O6O | 2030-2060
cators Evaluated period Planing period changes

1 N1 GW | 9.1]|50]| 55 5.5 55 | 55| 55|55 =0

2 N1-E GW | 09]05]| 0.8 0.8 08 | 08] 08| 0.8 =0

3 P1 GW | 27|15| 1.7 1.7 18 (18| 18| 1.8 =0

4 Gl GW | 6.4 | 35| 3.7 3.7 3.7 | 37| 3.7 | 3.7 =0

5 F1 % 31 | 31 ] 33 33 33 33 | 33 | 33 =0

6 PHPE kw | 18| 13| 1.7 1.6 16 | 16| 16|16 =0

7 QoLE kW | 07] 04| 0.6 0.7 0.7 | 0.7] 07| 0.7 =0

Source: calculated by the author

Indicators that determine the necessary and sufficient rules of sustainable
development are marked with green color — useful power (P1), power losses (G1)
and technological efficiency (F1). Scenario the final consumption power (N1) of
the Latvian Homestead will increase within the statistical error by no more than
3% by 2060, no additional energy resources are needed. The scenario does not
contribute to increasing the country's power and potential for further
development (Fig. 3.5).
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Fig. 3.5. Changes of Latvian Homestead (LV) development scenario
indicators in 1990-2060

years

The scenario of Latvian Homestad from 2019 shows that the changes in the
quality of life (QoLE) are small — about 3-4% until 2060.

It can be concluded that the necessary and sufficient conditions for the
sustainable development of the socio-economic system have not been met: the
changes in the indicators of the Latvian Homestead until 2060 do not meet the
necessary and sufficient conditions for sustainable development.

2.Development scenario Latvia 2000 (LV20) indicators (N1) and (N1-E)
were calculated using China's industrialization indicators for 2000-2019 (Table
3.8).
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Table 3.8
Latvia's development scenarios Latvia 2000 (LV20) indicators change
coefficients

Countries Period b of P(), W | bof N1(t), W |b of N1-E(t), W
Latvia 1997-2008 0.04 X X
China 2000-2019 0.04 0.10 0.03

Source: calculated by the author

Scenario Latvia 2000 indicators are summarized in Table 3.9 (designation
correspond to the above described table 3.7). It should be emphasized that the
realization of this scenario requires a population increase of at least 5% every 10
years, and as a result, the population of Latvia could reach 2.3 million people in
2060. Expanded production within the framework of the LV20 scenario
envisages a significant increase in the power of full energy consumption (N1)
and electricity consumption (N1-E).

Table 3.9
Indicators of development scenarios Latvija 2000 (LV20) in 1990-2060
Indica . [1990[2000]2007]2019]2030]2040] 2050 |2060] 2030-2060
Nr. units - - -

-tors Evaluated period Planing period changes
1 | N1 GW | 9.1| 5.0] 55| 55| 6.6/ 75| 9.2 | 10.3 >0
2 | N1-E GW 0.9] 05| 08| 08] 1.0 1.3] 18| 2.2 >0
3 P1 GW | 27| 15| 17| 1.7 2.0| 24| 3.0 | 35 >0
4 Gl GW 6.4| 35| 3.7] 3.7| 46| 56| 6.2 | 6.8 >0
5 F1 % 31| 31| 33| 33| 34| 36 37 | 38 >0
6 | PHPE kw | 1.8] 13| 17| 16| 1.9] 22| 28] 3.2 >0
7 | QoLE kw | 0.7] 0.4] 06| 0.7/ 07 0.8] 09| 1.0 >0

Source: calculated by the author

Fig. 3.6 shows that in this case the level of useful power (P1) in 2060 would
exceed the level of 1990.
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Fig. 3.6. Changes of indicators of Latvia 2000 (LV20) development scenario
in 1990-2060
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Scenario Latvia 2000 is the beginning of the growth stage of Latvia's
development, which allows the increase of environmental pollution (see G1 and
FOOT dynamics) with a small growth rate of the quality of life (QOLE).

It can be concluded that the necessary and sufficient rules for the sustainable
development of the socio-economic system are not fulfilled. Scenario Latvia
2000 indicator changes until 2060 do not meet the necessary and sufficient rules
of sustainable development.

3. The indicators of the scenario Baltic Way (BC) are calculated and
summarized in table 3.11.

Within the Baltic Way scenario, the country's technological efficiency will
increase (F1=37), but the impact on the environment would remain without
changes, as shown by the dynamics of power loss (G1) and ecological footprint
in energy units (FOOT) (Table 3.10, Fig. 3.7).

Table 3.10
Indicators of development scenarios the Baltic Way (BC) in 1990-2060
. 2030-
Nr. I(?:tl- units. 1990 [2000 | 2010| 2019 | 2030| 2040| 2050{ 2060 2060
' Evaluated period Planing period changes

N1 GW |91 |50 (|55 |55 [59 |62 |65 |67 >0
N1-E GW |09 |05(08 |08 |11 |14 |16 |18 >0

P1 GW |27 |15 |17 | 17 |22 |25 |28 |30 >0

F1 % 31 |31 | 33 33 35 | 39 | 40 | 42 >0

Gl GW |64 [35 |37 |37 |37 |37 |37 |37 =0
QoLE kw |07 {0406 [07 |08 |10 |11 |12 >0
7 PHPE kw |18 |13 |17 |16 |19 |23 |25 |28 >0
Source: calculated by the author

OB (WIN(-

The main emphasis of the Baltic Way development scenario is on raising the
technological efficiency level of industry and service to F1=42, including the
introduction of new technologies and innovations. This reflects an increase in the
share of final consumption of electricity in total consumption from 15% in 2019
to 27% and more in 2060.

Under the conditions of the Baltic Way scenario, a positive development trend
is possible for Latvia, as the quality of life (QoLE) would increase. At the same
time, it can be concluded that in 2060 Latvia would not reach the national level
of 1990 (Fig. 3.7).
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Fig. 3.7. Changes of development scenario Baltic Way (BC) indicators in
1990-2060

The increase in the quality of life (QoLE) according to this scenario is
planned to be twice as large as in the framework of the Latvia 2000 scenario. The
scenario of changes in the indicators of the Baltic Way until 2060 corresponds to
the necessary rules of sustainable development and partially also to the sufficient
rules regarding the increase of technological effectiveness.

The change in power losses (G1), as a sufficient parameter, in the time period
from 2040 to 2060 is also planned as constant with a possible negative trend in
the future. It can be concluded that the necessary and sufficient rules for the
sustainable development of the socio-economic system are fulfilled. Therefore,
the changes in the indicators of the Baltic Way scenario until 2060 correspond to
the necessary and sufficient rules of sustainable development.

4. Under the conditions of the Scandinavian Bridges (ST) scenario, a
positive development trend is possible for Latvia, as the quality of life increases
and in 2060 it reaches the level of the USA in 2019 (QoLE=1.9). The realization
of the scenario envisages a significant increase in technological efficiency
(F1=55) and an increase in electricity consumption power by more than four
times by 2060 (Table 3.11).

Table 3.11

Development scenarios Scandinavian Bridge (ST) indicators in 1990-2060

. 2030-
NI I:;jtp units 1990 |2000{2010 P019 P0O30 | 2040 {2050 |2060 2060

' Evaluated period Planing period changes
1 N1 GW | 91 [50| 55 |55]|62| 69 |[78]87 >0
2 [NI-E| GW | 09 (05| 08 |08 ]13] 21 [3.0]40 >0
3 P1 GW | 27 |15 17 |17 24| 33 |44 |56 >0
4 F1 % 31 | 31 33 33 |38 | 44 | 49 | 55 >0
5 Gl GW | 64 |35 37 |37 37| 36 |34]31 <0
6 |QoLE| kW | 07 |04 ] 06 |07 |09 ] 12 |15]19 >0
7 |PHPE| kw | 1.8 |13 | 17 |16 |22 | 31 [41]|52 >0

8 Ul kwW 10 |06] 08 |09 12| 15 |19]|23 >0
Source: calculated by the author

136



One of the most important provisions in this scenario is the use of modern
sources of electricity generation, such as nuclear power. Population growth is
also one of the important conditions for sustainable development. It can be
concluded that in the Scandinavian Bridge 2060 scenario, the level of national
development of 1990 would be exceeded in Latvia (Fig. 3.8), but this would
require at least 36 years, starting from 2024. The increase in the quality of life
(QoLE) within this scenario is the largest, taking into account the reduction of
environmental impact (G1). The realization of the sustainable development
scenario Scandinavian Bridge would be possible with a significant increase in
technological efficiency (up to F1=55) and an increase in the share of electricity
consumption in the total consumption to 46%. It can be concluded that the
necessary and sufficient rules for the sustainable development of the socio-
economic system are fulfilled. Therefore, the changes in the indicators of the
scenario until 2060 correspond to the necessary and sufficient rules of sustainable

development.
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Fig. 3.8. The changes of development scenario Scandinavian Bridge (ST)
indicators in 1990-2060

Changes in Latvia's development GDP PPPE(t) were calculated for each
scenario (Table 3.12) using PW values in the specified year.

Table 3.12
Changes of the GDP PPPE of Latvia’s development scenarios in 1990-
2060
Scena- || . _|1990 | 2000 | 2007 | 2019 | 2030|2040 | 2050| 2060
; ndicat. | Units . - -
rios Evaluated period Planning period
Latvia II3|I<3E _ 5 19 40 63 X X X X
LV tSJs 5 19 40 63 87 |99 | 110 122
BC | IKP dollars 3 19 40 63 94 |124 | 158 | 182
ST | PPPE 5 19 40 63 |104 |165 | 243 | 334
LV20 5 19 40 63 125 | 212 | 309 | 435

Source: calculated by the author
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Changes in the GDP PPPE of the possible sustainable development scenarios
of Latvia in 1990-2060 can be seen visually in Fig. 3.13.
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Fig. 3.13. The changes of the GDP PPPE of Latvia’s possible sustainable
development scenarios in 1990-2060

2050 2060 2070

The necessary resources for the realization of Latvia's development scenarios
in energy and money units have been calculated (provisionally) using the
power/money conversion factor (PW) in Table 3.13.

Table 3.13
Necessary resources for the realization of Latvia’s possible sustainable
development scenarios until 2060

. Required financial
N Required resources :
r. . . - resources in
Scenarios in energy units (W), .
er year monetary units
P (dollars), per year
1 Latvian Homestead (LV) N1= 140 MW 1bin. $
. N1 =322 MW, N1-
2 Latvia 2000 (LV20) E1 = 100 MW 4bin. $
. N1 =180 MW, N1-
3 Baltic Way (BC) E1 = 60 MW 5bin. $
L . N1=210 MW, N1-
4 Scandinavian Bridge (ST) E1 = 105 MW 6 bin. $

Source: calculated by the author

The summary of indicators of sustainable development scenarios of Latvia is
reflected in Table 3.14. The predicted possible scenarios of Latvia's sustainable
development Latvia 2000, Baltic Way and Skandinavian Bridge ensure a positive
trend of useful power (P1), which, in turn, can increase the potential for further
development. According to the formulated Law 3 (on pages 23-24), it would be
necessary to start a growth phase in Latvia by lowering the value of the
industrialization indicator (STINA) from 33 to at least 24 (example of Japan),
which means increasing the production sector. The growth phase can be provided
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by greater financial and energy resources, which are mainly the result of political
decisions. The possible sustainable development scenarios of Latvia— LV20, BC
and ST ensure a positive trend of useful power (P1), which, in turn, can increase
the country's potential for further development.

If the GDP PPP cash flow is ensured by an increase in energy flow (useful
power), then the country's power can increase. Latvia's development scenario
Latvian Homestead as a continuation of the existing situation, does not meet the
requirements of sustainable development, because the difference between the
secured and unsecured GDP PPP value would increase every year, which can
lead to an unstable economic situation and an increase in the impact of the
external environment.

Table 3.14
Summary of indicators of Latvia’s sustainable development scenarios in
2060
Scenarios
NI Indicators Unit
LV LV20 BC ST
1 | SESGDP PPP trend e ar e =
SES useful power P1 - - |
2 trend X ‘
SES technological ‘ ] - |
3 efficiency F1 trend X |== f
4 tSrEnSd power losses G1 | | ==—o ‘— — -
5 Quality of life QoLE kw 0.7 1.0 1.2 1.9
The rate of increase in
6 QOLE Wit 0 6 12 31
Technological o
! efficiency F1 % 33 38 42 5
g | Electricity % 15 21 27 46
consumption part E1
9 Description  of the x non- non- SD SD
scenario SD SD

Designation: SD — sustainable development; non-SD — unsustainable development
Source: calculated and created by the author

As it was pointed out in chapter 1 of the doctoral thesis, the concept of
sustainable development in the world was created and developed within the
framework of the industrial economy model, which actually foresees only stages

139



of growth, non-growth or decline of the national economy. The period of
maturity, in which the world's developed countries, including Latvia, have been
since 2000, requires special development scenarios with the aim of
starting/entering the growth phase and increasing the country's useful power and
potential for further development. Maintaining sustainable development means
fulfilling the following rules:

- the trend of positive changes in useful power (P1), which is necessary and
mandatory for increasing the state's power and potential (see Law 3);

- pairwise linear regression between useful power (P1) and gross domestic
product at purchasing power parity (GDP PPP) (see Law 5 on pages 25-26).

The author believes that to ensure the sustainable development of Latvia
until 2060, the Skandinavian Bridge scenario can be considered the MOST
AMBITIOUS, and the Baltic Way scenario — as the MOST REALISTIC,
because in the process of its implementation, the target indicators in Latvia would
improve after a long period of lack of growth and stagnation. Table 3.15 shows
that it would require energy resources N1(t)=180 MW, N1-E(t)=60 MW and
financial resources 5 billion dollars annually.

The possible scenario of sustainable development of Latvia until 2030

As it was emphasized earlier, the data obtained in the thesis can be the basis
for the development and monitoring processes of Latvia's sustainable
development strategy — planning, monitoring and revision of new indicators. In
order to evaluate the possible development of the country until 2030, the Baltic
Way, the scenario of sustainable development of Latvia until 2060 developed by
the author, is taken as the most realistic one. A selection of seven strategic
indicators of sustainable development from the document Latvia 2030 is
compared with the actual data of 2019 (Table 3.15).

The following 11 are the indicators calculated within the framework of the
SDMM model developed by the author in 2019 and according to the Baltic Way
2030 scenario. The data in the table show that practically all the actual values of
the analyzed strategic indicators of the sustainable development of Latvia 2030
in 2019 are quite significantly behind the planned indicators, which raises
reasonable doubts about their achievement in 2030. At the same time, it should
be emphasized that in the final process of developing the doctoral thesis (until
April 2024), not all the latest data were available, so further research would be
necessary to draw fully justified conclusions. Indicators of Latvia's sustainable
development within the framework of the SDMM allow for a more qualitative
evaluation of the country's socio-economic situation and to plan the country's
development from an interdisciplinary perspective.
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Table 3.15

Strategic indicators of sustainable development — Latvia 2030 and

proposed by the author within the framework of SDMM in 2019 and 2030
Nr. | Author’s 2019 2030
designa- Indicators Units P (plan or
. act .
tion scenarios)
Latvia 2030

1 M Population millions | 1.91 >2.02

2 | GINI Gini index X 35 <30

3 HDI Human Development Index ranking 39 <30

4 Footprint | Ecological footprint ha 6.4 <25

5 GCI Global Competitiveness Index ranking 67 <40

6 | PX GDP per capita euro 10° | 16 >27

7 IKP GDP euro 10° | 31 >54

SDMM indicators (fact and scenario Baltic Way)
8 N1 Full final consumption power GW 5.5 5.9
9 N1-E Final electricity consumption GW 0.8 11
power

10 | P1 Useful power GW 1.7 2.2

11 | Ul Useful power per capita kw 0.9 1.1

12 | PHPE Productivity kw 1.6 2.0

13 | QoLE Quality of life kw 0.7 0.9

14 | FOOT Ecological footprint kW 58 59

15 | F1 Technological efficiency % 33 36

16 E1 Part of ele_ctricity final % 15 19

consumption
17 | wMm Global competitiveness X 1.4 X
18 | WE Technological competitiveness X 0.6 X

Source: created by the author

It can be concluded that if Latvia's pace of development increases after 2019
according to the calculations of the author of the doctoral thesis, then the
sustainable development scenario Baltic Way would be realistically achievable
not only until 2060, but already until 2030.

MAIN CONCLUSIONS

The specific tasks of the research have been fulfilled and the goal of the
research has been achieved. The research hypothesis put forward in the
doctoral thesis — the model of sustainable development planning and
monitoring allows to assess the development of various socio-economic
systems (countries) — has been confirmed.
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1. The modern challenge on the scale of the entire planet requires
fundamental changes in both people's consciousness and actions, it requires a
new vision and new approaches to create a new reality. The study of the
theoretical aspects of sustainable development planning and monitoring is the
basis for evaluating the shortcomings of the existing systems and for further
improvement.

2. The concept of weak sustainability was formulated in the 1970s as an
extension of the neoclassical theory of economic growth, considering non-
renewable natural resources as a factor of production. It became mainstream in
the 1990s in the context of sustainable development discourse and capital theory.
Neoclassical economics assumes that energy and matter (goods) circulate in a
virtually closed system of unlimited resources (raw materials) and infinite
processing possibilities (outputs), which in economics are called negative
externalities.

3. Unlike the neoclassical theory, ecology cannot consider the human
economy separately from nature, but, on the contrary, considers it as part of a
socio-economic system that exchanges matter, energy and information with the
environment, and considers its components as more than just goods and services.
The concept of strong sustainability is based on this theoretical foundation.

4. The definition of sustainable development presupposes that a fair
distribution of resources and assets between generations is necessary, SO a
concept is needed that allows to assess whether generational equality is achieved.
Classical development theory places great emphasis on investment and capital as
the main determinants of development, which is traditionally limited to
understanding economic development by expanding markets and increasing
anthropogenic capital. This theory is extended to also address the question of
how to achieve sustainable development.

5. The World Bank System of National Accounts, which describes a
consistent and integrated set of macroeconomic accounts in the context of a set
of internationally agreed concepts, definitions, classifications and accounting
rules, became the starting point for the development of a system for measuring
sustainable development indicators based on the theory of capital. From 2009,
the development of energy accounts of the environmental economic accounting
system in the European statistical system began.

6. The approach of natural sciences in economics is based on the concept that
social, economic and environmental processes are in the transformation of
energy, matter and information flows, which are the basis of all natural and social
processes. The laws of natural science form a set of fundamental limitations of
social, economic and environmental processes and the scientific basis for
consideration of socio-economic activity in interaction with natural processes.
Existing material, energy and information interconnections between social,
economic and environmental processes were not reflected and analyzed in
traditional social and economic theories.
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7. According to Kuznetsov's development model, sustainable development is
a continuous process of formation of free useful power with the aim of increasing
the system's ability to meet current and future permanent needs by increasing the
efficiency of the system's full power, reducing losses and not increasing
consumption power in conditions of negative external and internal influences and
limited resources.

8. According to Odum's cyclical model, the development trends and
directions of the socio-economic system are included in the life cycle of the
system — growth, maturity and decline. After the maturity period, the further
development of the system can take place in the direction of weakening
(degradation and collapse) or in the direction of restructuring and new growth.
The growth and development process is dominated by those systems that
maximize the total useful power from all sources and flexibly redistribute it to
those needs that affect the future efficiency and growth process.

9. The socio-economic system assessment methodology and sustainable
development monitoring model (SDMM) were created in the doctoral thesis,
including three methodological tasks:

- introduction of the concept of power (energy flows) in the definition of
sustainable development;

- implementation of the invariant coordinate system in energy units;

- implementation of the formalization process using the system energy flow
model, the Kaldor GDP sectoral model and the power change analysis
methodology.

10. The solution of methodological tasks gives the opportunity to perform:
selection of integral criteria and indicators; systemic evaluation of the existing
situation; assessment of medium and long-term consequences of different
solutions; assessments of parametric dynamics of objects; development of
medium and long-term strategies for achieving the set sustainable development
goals.

11. In order to approve the sustainable development monitoring model
(SDMM) created in the thesis, different countries were analyzed according to
two methods: (1) GDP analysis method in monetary terms; (2) analysis of
development indicators in the invariant coordinate system in energy units, based
on the method of the author of the doctoral thesis, which is based on Kuznetsov
and Odum modules. As a result of the analysis, different results of the assessment
of the sustainable development of the analyzed socio-economic systems were
obtained and their importance was explained not only in the assessment of the
current situation of the country, but also in the forecasting and monitoring of
future development.

12. Within the framework of the thesis, 15 socio-economic systems
(countries) were selected, analyzed and evaluated in three groups: 1) five
developed countries — USA, France, Germany, Italy and Japan; 2) five
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developing countries — Brazil, Indonesia, China, Turkey and South Africa; 3) the
five EU new countries — Latvia, Lithuania, Estonia, Hungary and Croatia.

13. According to the GDP PPP analysis method in monetary terms, all
evaluated countries had a positive growth trend in the period from 1990 to 2019
with different growth rates and acceleration. The developing countries under
evaluation, such as China in the growth stage, grew the fastest, while the
developed countries — USA and France — in the maturity stage grew the slowest.

14. Within the framework of the SDMM and using the system power change
analysis method, it can be concluded that after 2001, the developed countries
being evaluated entered a stage of slow development — a stage of maturity, which
is necessary to make qualitative changes in the socio-economic system (state)
and prepare for the next stage of development. At the same time, it should be
emphasized that each analyzed country had a different development and
indicators until the period analyzed by the author (1990).

15. The indicators of useful power and quality of life in energy units of the
evaluated developing countries as a potential for further development of the
system (industrialization, modernization, etc.) are in a period of growth. The
growth of the quality of life in the evaluated countries has different growth rates,
however, all indicators are lower than in developed countries.

16. All evaluated new EU countries in 1990-1999 are characterized by a rapid
decrease in useful power, which can be explained by changes in the socio-
economic system, and in 2019, the power level in no country had reached the
level of 1990. After 2001, the evaluated countries entered the stage of slow
development - the stage of maturity, and an increase in the technological
efficiency coefficient can be observed for them, however, in 2019 they had not
reached the world's average technological level. All of these countries had
significant population declines, low rates of technological development, low
productivity, and low quality of life. In general, it can be concluded that there
was a complex development in the new countries of the EU under evaluation in
1990-2019. The SDMM model helped to identify a long period of non-growth
for the evaluated countries after 2000.

17. According to the author of the doctoral thesis, according to the concept
of sustainable development, quality of life indicators should also increase during
the maturity period, possibly at a lower speed. Therefore, the decline in the
quality of life could be explained as ineffective adaptation of the country to
external factors or ineffective transformation under the influence of internal
factors. What is important is whether the socio-economic structure is ready for
adaptation if the external conditions change.

18. The formalization of the principles of sustainable development in energy
units, using the invariant coordinate system and the power change analysis
approach, allows determining the indicators of the current and target state of any
socio-economic system (country), problems and predictable development
scenarios.
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19. The obtained target values for 1990-2019 make it possible to identify
Latvia's situation as an unsustainable development, i.e. the possibility of
development remains, but in the future the recession may accelerate,
consumption may decrease and the quality of life may deteriorate, despite the
positive trend of the quality of life. Latvia has a transition economy with a low
technological efficiency index (F1=33). Modern sources of electricity are not
available for a new stage of industrialization (EA=0), as well as the share of
electricity in the total final consumption is one of the lowest (E=15) among the
evaluated countries — thus a small real industrial sector. Level of quality of life
in accordance with other evaluated new EU countries (QoLE=0.7). If Latvia's
development continues to be as it was after 2019, it may mean long-term
stagnation and even further degradation.

20. Within the framework of the SDMM, following the results of the
assessment of Latvia's development, the author formulates and analyzes four
possible sustainable development scenarios with different goals: (1) Latvian
Homestead (LV); (2) Latvia 2000 (LV20); (3) Baltic Way (BC); (4) Scandinavian
Bridge (ST). Scenarios LV20, BC and ST ensure a positive trend of useful power
P(t), which, in turn, can increase the country's potential for further development.

21. The author concludes that the Baltic Way would be the most realistic
scenario for achieving Latvia's sustainable development goals, while the
Scandinavian Bridge — the most ambitious scenario.

22. The sustainable development planning and monitoring model of Latvia in
the invariant coordinate system in energy units, using power changes and
structural models of the economy, allows to assess the country's sustainable
development not only with indicators in monetary terms, but also with another
method — the SDMM method.

23. The use of SDMM can help in achieving the strategic goals of the
country's sustainable development, and the created indicators can be the basis for
planning, monitoring and revising the indicators of the existing strategic goals in
order to improve the development and monitoring processes of the development
of Latvia's sustainable development strategy.

24. The existing system of measuring units of the sustainable development of
the socio-economic system in terms of money is variable and unstable, which in
the development of Latvia and other countries shows mainly positive
development trends and thus sometimes even gives a false impression of the
development processes. Therefore, the theory of sustainable development and
evaluation methods have been improved in the thesis, using the processes of non-
monetary natural sciences in an interdisciplinary study, taking into account the
regularities of economics, mathematics, physics and the environment, which
form a systemic approach to the evaluation and monitoring of sustainable
development processes.
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PROBLEMS AND THEIR SOLUTIONS

The first problem.

Until now, there have been no fundamental and applied studies on the
sustainable development of the country using an interdisciplinary approach and
the power changes system analysis in the invariant coordinate system. Examining
the publicly available articles of Latvian scientists, it can be established that they
practically do not use and analyze the results of interdisciplinary studies of
modern world scientists, in which the approach of natural sciences is increasingly
used in the evaluation of economic processes.

Possible solutions:

1. To introduce a wider scientific audience (in conferences, seminars,
publications, etc.) to the interdisciplinary approach to the planning and
monitoring of the country’s strategic sustainable development and the SDMM
developed by the author, which is based on the power change system analysis
approach and invariant coordinate system. It allows forecasting the development
target indicators in the invariant coordinate system in energy units, in order to
ensure a modern and interdisciplinary approach to the national development
criteria.

2. Latvian scientists should be more actively involved in interdisciplinary
research both at the national and international level and to develop appropriate
publications in order to be included in the space of modern world science.

3. Recommend to the Latvian Academy of Sciences to organize wider
discussions, seminars and other events for the promotion of interdisciplinary
research in the scientific environment of Latvia.

4. In the study programs of universities and other higher education institutions,
to use interdisciplinary study courses more widely, in order to educate and inform
about the latest scientific trends in the world, as well as to educate young
scientists according to modern requirements.

The second problem.

The publicly available statistical data on the final consumption of energy
resources by country, sector and sources of extraction are incomplete and
fragmented, moreover, different databases use different methodologies to
calculate the indicators — Latvian statistical data differ from database to database.
The biggest problem during the work was to find historical data before 1990 and
to identify the calculation methodology. There is no such data in the distribution
by regions of the country at all, which does not give the opportunity to conduct
regional studies on energy resource extraction, consumption, as well as other
indicators that are necessary at the level of SDMM regions.

Possible solutions:

1. Improve the database on the final consumption of energy resources in the
country as a whole and in individual sectors, as well as the sources of energy
resources, on the Latvian Official Statistics portal.
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2. Create statistics on the final consumption of energy resources, as well as
sources of energy resources in Latvian regions.

3. VARAM (Ministry of Smart Administration and Regional Development) in
cooperation with the Official Statistics Portal, can improve the Regional
Development Indicators Module (RAIM) with data on sustainable development,
S0 that the complexes can assess the sustainable development of the country and
individual regions.

The third problem.

According to the publicly available information on the Internet, it can be
concluded that the Latvia’s sustainable development assessment and monitoring
data for Latvia 2030 indicators are not regularly made public, which does not
create confidence in paying the necessary attention to this process, and which in
the final result can lead to non-fulfiliment of planned results and non-
achievement of strategic target indicators for 2030. year. A complex,
interdisciplinary monitoring system of planned indicators has not been
established, both in the country as a whole and by region.

Possible solutions:

1. For the State Chancellery, which has taken over the functions of the
Interdepartmental Coordination Center in the supervision of national level
development planning documents:

- to improve the coordination of cooperation between the ministries, so that,
in case of need, it is possible to react more promptly and recommend changes in
the target indicators of the state's strategic development;

- more active cooperation with various social partners, including NGOs,
which can make a significant contribution to the broader involvement of society
in achieving the goals of sustainable development;

- to regularly publish the obtained results, thereby informing the public about
ROl indicators and involving Latvia 2030 in achieving the goals as actively as it
was initially in the process of developing the document.

2. To use the SDMM created by the author of the thesis in the planning,
evaluation and monitoring of Latvia's sustainable development process and to
forecast indicators in the invariant coordinate system in energy units in order to
ensure a modern and interdisciplinary approach to the country's development
indicators.

3. Latvia's planning regions should be more actively involved in the planning,
assessment and monitoring of sustainable development indicators, in order to pay
more attention to, justify and emphasize the balanced development of all regions
of the country and the right of every resident to well-being and a high quality of
life.

4. Apply the developed SDMM in the assessment of sustainable development of
Latvian regions (with statistical data at the regional level).
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