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IEVADS

Misdienu tirgus ekonomikas apstaklos valsts ekonomisko attistibu, tai
skaita ari lauksaimniecibu un laukus, ietekmé virkne faktoru un dazadu tirgus
dalibnieku intereses. Ir jamekl€ risinajums: ka nodrosinat partiku pieaugosajam
iedzivotaju skaitam; ka mazinat fosilo resursu izmantoSanu; ka palielinat
atjaunojamo resursu izmantoSanu; ka ierobezot ekonomiskas aktivitates radito
negativo ietekmi uz ekonomisko, socialo un dabas vidi.

Latvijas teritorija fosilie resursi (nafta, gaze) ir pieejami tikai teorétiski,
tomér valsts geografiskais novietojums un klimats par ipaSi vertigiem padara
tas teritorija esoSos zemes resursus dazadas produkcijas razoSanai. P&c Latvijas
Centralas statistikas parvaldes datiem (CSP, 2015) lauksaimnieciskajai
razoSanai ir pieejami 2.2 milj. ha lauksaimnieciba izmantojamas zemes (LIZ),
un 2015. gada péc Lauku atbalsta dienesta (LAD) datiem lauksaimnieciskas
produkcijas razoSanai tika izmantoti tikai 1.8 milj. ha LIZ. Latvijas ekonomikas
izaugsmes nodro§inasanai ir svarigi izmantot visas pieejamas LIZ platibas. So
resursu izmantoSanas iesp&jas lauksaimniecibas nozaru ekonomiskas izaugsmes
konteksta ir plasi pétitas Latvijas zinatnieku darbos (Boruks A., 1982; Spogis
K., 2007; Strikis V., 2013; Dobele A., 2005; Auzins A., 2013; Pilvere 1., 2015;
Nipers A., 2015). Savukart vairaki strateégiskie dokumenti un pamatnostadnes



uzsver resursu ilgtsp&u vai arl to izmantoSanu ilgtsp&jigas ekonomikas
merkim.

Latvijas ilgtsp&jigas attistibas stratégija lidz 2030. gadam (Latvijas
ilgtspgjigas..., 2010) atzits, ka Latvijas dabas kapitals ir salidzinosSi laba
stavokl, tomér nepietickami izmantots un apsaimniekots. Latvijas valsts
Nacionala attistibas plana (NAP, 2012) viens no indikativajiem mérkiem ir
panakt, lai 2020. gada lauksaimnieciskas produkcijas razoS$anai tiktu izmantoti
vismaz 2 milj. ha LIZ. Lidzigs indikativais merkis ir iestradats Latvijas Lauku
attistibas programma 2014. — 2020. gadam (LAP, 2014). KLP finansé$anas
fondu lidzeklu izlietojuma ekonomisko novertgjumu Latvija ir petijusi vairaki
autori (Pilvere 1., 2012; Miglavs A.,Véveris A., 2011; Upite L., 2012; Tetere V.,
2012). Vertgjot problematiskos aspektus un butiskos izaicinajumus
lauksaimniecibas ilgtspgjai vides, socialo un ekonomisko faktoru sabalansétiba,
bitisks pagrieziena punkts procesu attistibai Latvijas lauksaimnieciba un laukos
ir 2012. gada pienemta ES stratégija ,,Inovacijas ilgtspgjigai izaugsmei: Eiropas
bioekonomika”. Lai ievérotu galvenos bioekonomikas principus, ir
nepiecieSama inovativa, konkurétsp&jiga, resursu efektiva razoSana, kas spgj
nodrosinat pieprasijumu p&c partikas un atjaunojamajiem bioresursiem, neradot
papildu ietekmi uz ekonomisko, socialo un dabas vidi (Inovacijas ilgtsp&jigai
izaugsmei..., 2012). Strat€gijas principu realizéSanai ir jameklé lidzsvars starp
razoSanas procesu intensifikaciju un ilgtspgjas principu ieveroSanu.
Lauksaimnieciskds  razoSanas  attistibas pamata  jabiit  ilgtspgjigas
intensifikacijas principiem. Lauksaimniecibas ilgtsp&jigas intensifikacijas
attistibas problematika ir pétita citu valstu zinatnieku (Pretty J., 1997; David S.,
1989; Webster P., 1999; van Calker K., 2007) darbos. Latvijas
lauksaimniecibas konteksta atseviski zinatnieki (Dzene S., 2014) ir pievérsusies
ilgtspgjas jautdjumu pétjjumiem, kas ne vienmér nozimé lauksaimnieciskas
razoSanas pieaugumu. Viens no sarezgitakajiem uzdevumiem tuvakaja nakotné
lauksaimniekiem un zinatniekiem ir atrast konverggjoSas jeb Iidzsvarotas
dabas, ekonomiskas un socialas vides attistibas iesp€jas lauksaimnieciskas
razoSanas intensivas izaugsmes situacija, pieaugot siltumnicefekta gazu (SEG)
ietekmei uz dabas vidi. Vesturiski — objektivu iemeslu d&] samazinoties
lauksaimnieciskajai razoSanai péc 1990. gada, ari SEG emisijas
lauksaimnieciba samazinajas par 74% un 2005. gada tas bija 2175 Gg CO; eq
(Latvian’s National, 2015). Tomer situacija strauji mainisies p&c 2020. gada, jo
saskana ar jauno indikativo mérki Latvija (Decision No 406, 2009) Iidz 2030.
gadam ir japanak SEG emisiju samazinajums sektoros (tai skaita
lauksaimnieciba), kuri neietilpst ES emisiju tirdzniecibas sist€émas (ne-ETS)
sektoros, lai tas neparsniegtu 2005. gada Iimeni (2014. gada emisijas
lauksaimnieciba — 2424 Gg CO, eq.) (Decision No 406, 2009).

Tapéc LIZ platibu palielinasana Latvija un noteikta SEG samazinasanas
mérka sasniegSana ne-ETS sektoros, ka ari SEG emisiju pieaugums no
lauksaimnieciskas darbibas aktivitattm un starptautiski uznemtas saistibas ir



aktualizEjuSas nepiecieSamibu mekl&t So procesu Iidzsvarotas attistibas

iespgjas, nodrosinot:

» razoSana izmantoto LIZ platibu pieaugumu - atklat iespgjas, ka
lauksaimniekiem apstradajamo zemju platibu palielinasanu izmantot tikai
konkur&tspgjigas produkcijas razosanai;

» SEG emisiju ierobezoSanu — izstradat lauksaimnieciskas razoSanas
tehnologiskos procesus un ieviest SEG emisiju ierobeZo$anas un
samazinasanas pasakumus, kuri nodro§inas lauksaimniecibas uzp@mumu
ekonomisko ilgtsp&ju;

> starptautiski uzpemto saistibu izpildi — SEG emisiju samazinaSana no
lauksaimnieciskas darbibas nedrikst samazinat ekonomisko aktivitati un Iidz
ar to arT ekonomikas attistibu lauku teritorijas Latvija.

ES un pasaules zinatnieku darbos (Moran D., 2011; Eory V., 2015; Schulte
R., 2012; Pellerin S., 2013) ir plasi pétita lauksaimniecibas un vides ilgtspgja
caur emisiju samazino$o pasakumu istenoSanu, izvertjot to ietekmi gan uz
dabas un socialo vidi, gan razoSanas ekonomiskajiem raditajiem. Latvija $adu
pétijumu ir maz, un tapec darba autors izvelgjas So t&€mu, lai veiktu padzilinatu
novertéjumu  lidzsvarotas  attistibas  jeb  konvergences  iesp&jam
lauksaimnieciskas razoSanas izaugsmei un augkopibas ietekmes uz dabas vidi
samazinasanai Latvija.

Sads situacijas izvértéjums lava autoram izvirzit zinatniska darba hipotézi —
augkopibas ilgtsp€jigas intensifikacijas rezultata tiek samazinatas SEG emisijas
un nodroSinata lauksaimniecibas attistiba. PE&tfjuma, ieverojot ta noteiktas
robezas, ka pétijjuma objekts ir lauksaimniecibas attistiba Latvija, bet
pétijuma priekSmets ir augkopibas radito SEG emisiju samazina$ana.

Balstoties uz definéto zinatniska darba hipotézi, pétijuma objektu un
priekSmetu, tika izvirzits pétijuma mérkis — izpétit lauksaimniecibas
ilgtsp€jigas attistibas iesp&jas Latvija, ievieSot iesp&jamos SEG emisiju
samazino§os pasakumus augkopiba.

Izvirzita merka sasnieg8anai ir definéti atbilstosi darba uzdevumi:

» izpétit lauksaimniecibas ilgtsp&jigas attistibas teorétiskos aspektus;

» izanalizét lauksaimniecibas un dabas vides politiku, tiesisko reguléjumu un
institucionalo vidi;

» izvertet lauksaimnieciskas razoSanas attistibas raditajus un to ietekmi uz
dabas vidi;

> izstradat lauksaimniecibas ilgtsp€jigas intensifikacijas aprékinasanas
metodologiju un veikt augkopibas attistibas novertéjumu;

» novertét augkopibas SEG samazino$o pasakumu ietekmi uz dabas un
ekonomisko vidi Latvija.

Nemot vera, ka ekonomika ir reala, empiriska zinatnes nozare, kas balstita
uz faktiem, datu iegtiSanai tika izmantota statistiska informacija no publiski
pieejamam datu bazem, kura tika apstradata ar atbilstosam datu un informacijas
apstrades metodém. Katram risinamajam darba uzdevumam tika pielietotas
vairakas pétijumu metodes, izmantojot atbilstosi nodala p&tamajai problémai:
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» lauksaimnieciskas razo$anas ekonomiskas attistibas un izaugsmes teorctisko
aspektu un lauksaimnieciskas razoSanas radito ar&jo efektu (externality)
mazinaSanas politiskas, tiesiskas un institucionalas vides analizei tika
izmantotas visparzinamas pétjjumu metodes — analize un sintéze,
monografiska jeb aprakstosa, indukcija un dedukcija;

» lauksaimnieciskas razoSanas attisttbas un tas radito SEG emisiju
raksturojoso raditaju ietekmgjoSo faktoru noskaidroSanai izmantotas
analizes un sint€zes metodes un matematiskas petjjumu metodes —
statistisko raditaju aprékinasana, datu visparinasana, laikrindu, korelacijas
un regresijas analize;

» lauksaimnieciskas razoSanas ilgtsp&jigas intensifikacijas indikatoru izmainu
tendenCu analiz€8anai izmantotas statistiskas analizes (statistisko raditaju
aprékinasana, grupésana, sakaribu analize), ka arT datu analizes un sintgzes
metodes;

» izstradajot augkopibas SEG samazinasanas pasakumu ietekmes ekonomisko
un dabas vides novertg§jumu, tika izmantotas visparzinatniskas pétijjumu
metodes — analize, sintéze, indukcija un dedukcija, ekspertu metode
(kvalitativa un kvantitativa) un hierarhijas analizes metode.

Petijuma merka sasniegSanai un izvirzito uzdevumu risinasanai tika izmantoti

informacijas materiali:

> starptautiskie dokumenti, ES, EK un Latvijas Republikas (LR) tiesiski
normativie akti, stratégiskie un politikas plano$anas dokumenti;

> Eurostat, LR Centralas statistikas parvaldes (turpmak teksta — CSP) un citas
datubazgs publicétie dati un informacija;

» speciala zinatniska literatiira, aktualie p&tijumi un publikacijas zinatniskajas
datubazgs par promocijas darba t€ému;

» ekspertu novertgjuma rezultati.

Pétijuma ierobeZojums
Ekonomiska aktivitate lauku regionos ir batisks faktors ekonomikas

izaugsmei valstt. Lauksaimnieciskas razoSanas izaugsmi ietekmé tadi nozimigi
faktori ka produktu pieprasijums un piedavajums, resursu pieejamiba, cenas,
izmantotas tehnologijas un lauksaimniecibas raditie argjie negativie efekti
emisiju veida. Promocijas darba visu $o faktoru ietekmes novertgjumu nav
iespgjams ietvert, tade] lauksaimnieciskas razoSanas izaugsmes aspekti tiek
pétiti augkopibas radito siltumnicefekta gazu negativo efektu konteksta. Sadu
izv€li noteica tris biutiski apsverumi: augkopiba tiek sarazots lielakais
lauksaimnieciskas produkcijas apjoms Latvija un taja izmanto galveno Latvijas
dabas bagatibu — zemi; p&c 2020. gada bitiski jasamazina SEG emisijas
lauksaimnieciba; Iidz 2020. gadam japalielina platibas, kuras tiek razota
lauksaimniecibas produkcija.

Péetijuma novitates un zinatniskais nozimigums

» teorétisko un empirisko p&tijumu rezultata daudzpusigi izvertéta augkopibas
ekonomiskas vides, socialas vides, dabas vides un tehnologiju ilgtsp&ja
Latvija;

11



» pieverSoties starpdisciplinariem pétfjumiem par augkopibas Iidzsvarotu
attistibu, noskaidrotas galvenas lauksaimniecibas attistibas tendences;

» veikts aktuals pétfjums par Latvija salidzino$i maz pétitu agraras
ckonomikas problemu — augkopibas izaugsmi ilgtsp€jigas intensifikacijas
apstaklos — un izstradata ilgtsp&jigas intensifikacijas novertgjuma
metodologija;

» veikts augkopibas SEG emisiju samazinaSanas pasakumu izmaksu un
ieguvumu aprékins.

Pétijuma tautsaimnieciska nozime

» pétijums batiski papildina augkopibas attistibas teorétisko bazi ilgtsp&jigas
intensifikacijas apstaklos;

» pétljuma rezultatus varés praktiski izmantot augkopibas attistibas
programmas izstradei, ka arT tie blis noderigi lauku saimniecibam 1€mumu
pienemsanai.

Aizstavamas tezes

1. Lauksaimniecibas attistibu nodro$ina lidzsvarots cilvéku, dabas, finan$u un
razo$anas kapitala picaugums.

2. Lauksaimniecibas ilgtspg€jigu attistibu nodrosSina lauksaimniecibas un vides
politikas sinergija, kuras isteno$ana balstas uz pienemtajiem normativajiem
aktiem un izveidotu institucionalo sistemu.

3. Latvijas lauksaimnieciba, it TpaSi augkopiba, dinamiski attistds un veicina
SEG emisiju veidoSanos.

4. Augkopibas ilgtsp&jiga intensifikacija samazina negativo ietekmi uz vidi,
nodro§inot lidzsvarotu ekonomiskas, socialas un dabas vides attistibu.

5. SEG samazino$o pasakumu ievie$ana augkopiba nodroSinas dabas vides
saglabasanu un ekonomiskos ieguvumus lauksaimniecibas ilgtsp&jigai
attistibai.

1. LAUKSAIMNIECIBAS ILGTSPEJIGAS ATTISTIBAS
TEORETISKIE ASPEKTI

Nodalas saturs darba veidots no 27 lpp., kuras ietilpst 3 tabulas un 9 atteli.
Nodala izversta diskusija par jédziena ,ilgtsp&iga lauksaimnieciba”
skaidrojumu. Pilnveidots lauksaimniecibas ilgtsp€jigas attistibas defingjums.
Raksturota bioekonomikas vieta un loma lauksaimniecibas ilgtsp&jiga attistiba.
Nodala izvirzita téze: Lauksaimniecibas attistibu nodrosina lidzsvarots cilveku,
dabas, finansu un razoSanas kapitala pieaugums.

1.1.Ekonomikas attistibas un izaugsmes jédzienu teorétiskais skaidrojums

Ekonomiskas izaugsmes teorijas attisttbas posmi, kas atstajusi butisku
ietekmi uz lauksaimniecibas izaugsmi un attistibu, ir $adi:
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Klasiska jeb ekonomiska liberalisma izaugsmes teorija (18. un 19. gs.) —
par $is teorijas pamatlicgjiem tiek uzskatiti A. Smits, D. Rikardo, A. Marsals,
A. C. Pigu u.c., kuri uzskatija, ka ekonomika vislabak darbojas pati par sevi,
ekonomiskos procesus veido tirgus ,,neredzama roka” un valstij ekonomiskajos
procesos nav jaiejaucas. So ekonomistu idejas bija popularas lidz pat
20.gadsimta trisdesmitajiem gadiem (Treisijs M., 1996).

Keinsianisma ekonomiskas izaugsmes teorija (20. gs. 30. gadi) —
pamatlic€js Dz. M. Keinss. Teorija balstas uz atzinumu, ka valsts Tstermina
iejaukSanas ekonomiskajos procesos ar investicijam, pardomati regulgjot
kopgjo pieprasijumu, nodrosina ekonomikas izaugsmi ekonomisko krizu laika.
Ka redzamakais $adas teorijas rezultats bija Eiropas Kopgjas lauksaimniecibas
politikas izveide. ST teorija veiksmigi tika realizéta ar Latvija pirmas brivvalsts
laika (Bérzins-Valdess R. u.c., 1938). Velakaja laika posma teoriju talak
attistija neokeinsianisma parstavji F. Modiljani, DZ. Tobins un G. Menkji.

Monetarisma (neoliberalisma) ekonomiskas izaugsmes teorija (20. gs.
60. gadi) — teorijas aizsacgjs M. Fridmens uzskatija, ka valsts loma ekonomika
ir jasamazina. Domingja uzskats, ka ekonomikas izaugsme ir atkariga no
stingras monetaras politikas realizé$anas. STs ekonomiskas izaugsmes teorijas
rezultata pasaulé aizsakas globalizacijas procesi un neierobezota kapitala
plisma, kas tika uzskatita par galveno ekonomiskas izaugsmes faktoru,
veicindja arl straujaku lauksaimniecibas nozares attistibu. Tomer galveno
uzdevumu — vienlidzigu labklajibu visos pasaules regionos — sasniegt nav
izdevies.

Neoliberalisma ekonomiskas izaugsmes teorgtiki 20. gadsimta vidi
sadalijas divos virzienos, un tie$i Vacijas jeb Freiburgas skolas parstavji V.
Euckens, F. Bohms un V. Ropke izveidoja ordoliberalisma novirzienu, kas
veélak nozimigi ietekméja lauksaimniecibas attistibu Eiropa (Eise S., 2012).

Saja perioda tika izstradati arT pirmie ekonomiskas attistibas modeli, par
pamatu nemot C.V. Koba un P. H. Duglasa izstradato Koba — Duglasa
razoSanas funkciju, kuru talak attistija Nobela prémijas laureats Roberts Solovs.
Gan keinsianisma, gan monetarisma teorijas attistiba tiek uzskatita par
eksogénu, jo teorija paredz argjas ietekmes nepiecieSamibu, piemeram,
piesaisttto investiciju veida.

Endogéna ekonomiskas izaugsmes teorija (20. gs. 90. gadi). Autori
M. Todoro, K. Arous, P. Romers u.c. izstradaja teoriju un pieradija, ka ir
iesp&jama ilgtermina pieauguma attistiba pie stacionara stavokla ekonomika, ja
tiks izmantoti tehniska progresa, pieaugoSas raZoSanas atdeves un
cilvékkapitala attistibas faktori.

Meklgjot risinajumus eksog€nas un endog€nas izaugsmes teoriju
pielietoSanas lidzsvaram realaja tautsaimnieciba, un, lai noveérstu nepilnibas
ekonomiskaja attistiba, tiek attistita konvergences koncepcija.

Alternativas ekonomiskas izaugsmes teorija (20. gs. 70. gadi). Izstradajot
alternativus ekonomiskas izaugsmes scenarijus, ir izveidojusies divi pret&ji
viedokli. Zinatnieki (Georgescu-Roegen N., 1971; Meadows D.H., 1972)
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formulgja domu, ka picaugosa (razoSanas un patérina) ekonomiska aktivitate

rada nepiecieSsamibu péc papildu resursu patérina, kas rada lielakus razoSanas

blakusproduktus atkritumu veida, un ta rezultata veidojas vides piesarnojums,
mazinot iedzivotaju dzives kvalitati un labklajibu (Daly H., 1991). Romas
kluba zinatnieku publictaja darba ,Izaugsmes robezas” (Limits to Growth,

1972) tiek pieradits, ka ticksme uz ekonomisko izaugsmi ir japartrauc, lai

saglabatu saimniecisko darbibu vispar, jo resursu un vides noplicinaSanas

rezultata ta neizb&gami samazinasies. P&c autora domam, $ada pieeja vel vairak
saasinatu lauku teritorijas attistibas problémas. Alternativas ekonomiskas
izaugsmes teorijas attistitaji savos modelos izmanto S. Kuzneta izvirzito
hipotézi, ka sakotngja ekonomikas attistibas fazg ietekme uz vidi ievérojami
pieaugs, bet, pieaugot iedzivotaju labklajibai lidz noteiktam Itmenim, ietekme
uz vidi samazinasies (Rothmans S., 1998). Darba autors uzskata, ka dabas,
ckonomiskas un socialas vides uzlaboSanas pasakumi, kurus ievie§
lauksaimniecibas produkcijas razoSanas sisttma, nodroSina picaugoSu
razoSanas faktoru produktivitati un veicina lauksaimniecibas nozares izaugsmi
un attistibu ietekmes uz vidi konteksta. Ir pieradits, ka ekonomiskie ieguvumi
no SEG emisiju samazinasanas ir lielaki par izmaksam to samazinasanai

(Dudek D., 2002).

Zinatniskaja literatira, analizgjot ekonomiskos procesus, autori lieto
jédzienus ,ekonomikas attistitba” un ,ekonomikas augsme/izaugsme”.
Terminus lieto, lai apzim&tu dazadas, atSkirigas izmainas ekonomika. Svarigi ir
izprast atSkiribas starp Siem jedzieniem. Jédziena ,.ekonomikas attistiba”
skaidrojums ekonomikas vardnica (Rutherford D. et al., 2002) ir formul&ts
divgjadi:

» ckonomikas virziba no lauksaimnieciskas razosanas, kas pielieto vienkar$u
tehnologiju, uz rupniecisko razoSanu un plasu pakalpojumu klastu,
pielietojot modernu tehnologiju;

» kumulativs (uzkrajoss) ienakuma pieaugums uz vienu iedzivotdju, ko
pavada strukturalas un institucionalas izmainas.

Pamatojoties uz ekonomiskas domas attistibas izp&ti, promocijas darba tiek
piedavata lauksaimniecibas ilgtspgjigas attistibas definicija.

ligtspejiga lauksaimniecibas attistiba ir virziba uz konvergences lidzsvara
stavokli, kas realizéjas ka — lidzsvarota dabas, ekonomiskas un socialas vides
attistiba, kuru nosaka dabas kapitala, finansu kapitala, razosanas kapitala un
cilveékkapitala vertibas pieaugums lauksaimnieciba.

Darba autors, analiz§jot ekonomiskas izaugsmes attistibas teoriju, secinaja,
ka, pastavot vienlaikus vairakiem konkur&joSiem attisttbas modeliem, ir kopiga
pazime tajos ietvert argjos negativos efektus, kuri paradas dabas vidi
raksturojosu kvalitativo raditaju veida. Izstradajot lauksaimnieciskas razosanas
ekonomiskas attistibas modelus, nozimigi ir izprast procesa iesaistito subjektu
darbibas izvirzita meérka sasniegSanai. Ideala gadijuma iespg&amiba, kad
nereguléts brivais tirgus (taja skaita lauksaimnieciba) sp@s atrisinat visas
pretrunas, kadas pastav tirgus ekonomika, ir tikai teorétiska. Tas nozimé, ka ir
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jaattista Latvijas lauksaimniecibas endogénas izaugsmes teorétiskais modelis,
kura svariga ir konvergences jeb lidzsvarotas attistibas iesp&ju defing$ana
lauksaimnieciskas razoSanas izaugsmei un ietekmes uz dabas vidi
samazinasanai.

1.2.Dabas kapitala izmantoSana ekonomikas attistibas nodrosinasanai

Darba autors, pamatojoties uz ekonomiskas attistibas teorijas izpé&ti, secina,
ka ir mainfjusies izpratne makroekonomikas (globala) ltmeni par razoSanas
procesos izmantojamajiem resursiem. Raksturojot ekonomiku ka zinatnes
nozari, autori ir izmantoju$i terminu ,ierobezoti resursi’. Tuvakas nakotnes
uzdevums ir novertet dabas kapitala (dabas un vides resursu) vertibu un ieklaut
to vienotaja tirgus sistéma. Zinatnieki I. Sundars (2012), J. Pretijs (2011),
G. Akerlofs (1970), N. Georgesku-Roegens (1971) un citi ir vienoti viedokli,
ka dabas kapitala vertibas atjaunoSana ir pamats ilgtsp&jigai ekonomikas
attistibai un cilvéku labklajibas izaugsmei.

[ Ekonomiskais
H process
1
1
1

Finansu

investicijas

Razosanas Cilveku Nemainiga
tehnologijas zinasanas dabas vide

Avots: autora konstrukcija
1. att. Kapitala mijiedarbiba ekonomiskajos procesos.

Attela 1 ir atspogulota razo$anas procesa izmantota kapitala mijiedarbiba.
Cilveka raditais un uzkratais finansu kapitals (Kr), razosanas kapitals (Kr) un
cilveku kapitals (Kc), ka arT dabas (Kp) kapitals tiek izmantots ekonomiskajos
procesos, lai veicinatu cilvéku labklajibas pieaugumu, razojot preces un
sniedzot pakalpojumus. Lauksaimnieciskaja razoSana dabas kapitala
izmantoSana ir razoSanas procesa neatnemama sastavdala. RazoSanai tiek
izmantots dabas kapitals, kas ir razoSanas resursu avots (LIZ) un neapSaubami
svarigakais razoSanas faktors. No LIZ izmantoSanas tieSi bis atkarigs
ekonomiska procesa rezultats. Tomér vienlaikus §is razoSanas resurss ir dabas
kapitala dala, kurai ir janodroSina ekosisttmu pakalpojumi. Ir janoverte
lauksaimnieciskas razoSanas procesa radita ietekme uz dabas kapitalu un
ekosistémas spgja nodrodinat ta atjaunosanos. Sada konteksta ir svarigi
nodrosinat optimalu baribas vielu apriti lauksaimnieciba izmantotajas agro-
ekosistemas, kas tiesi var ietekmét klimata izmainas. RazoSanas procesa
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lauksaimnieciba veidojas piesarnojosas emisijas apkart&ja vide, un tas samazina
dabas kapitala vertibu, kas vienlaikus samazina cilveku dzives kvalitati,
tadgjadi bremzgjot ekonomisko attistibu, jo labumu no S$ada ekonomiska
procesa neiegiist katrs sabiedribas loceklis. Dabas kapitala novértéSanu veic,
nosakot kadas ekonomiskas vértibas preces un pakalpojumus var sarazot
ekosistéma, izmantojot esoSo dabas kapitalu (Bartelmus P., 2008). Pamatojoties
uz dabas kapitala ekologiskajam un ekonomiskajam funkcijam, tiek noteikti
ekosistémas sniegtie pakalpojumi, kurus iedala 6 grupas (Common
International Classification of Ecosystem Services — CICES) (European
Environment..., 2011):

> attiriSana un filtracija — nodro$ina gaisa, Gdens un augsnes attirisanu;

» aprites procesi — baribas vielu aprite, slapekla fiksacija, oglekla
piesaistiSana, augsnes veido$anas;
» regulésana un stabilizacija — kaiteklu un slimibu kontrole, klimata

regul€Sana, vétras un plidi, erozijas kontrole, nokrisni un Gdens apgade;
> biotopi — patvérums dzivniekiem un augiem, genétiska materiala glabatava;
> apgade un razoSana — biomasas razoSana izejvielam wun partikai,

apputeksnéSana un seklu izplatiba;
> informacija un kultira — estetiska, atpiitas, kultliras un gariga nozime,

izglitiba un petnieciba.

Lauksaimnieciska razoSana biitiba ir dala no kopg&jas ekosist€mas un var
batiski ietekm@t taja notiekoSos procesus. Izmantojot ekosisteémas pakalpojumu
novertéSanas ekonomiskas metodes, tiek noteikta lauksaimniecibas agro-
ekosistémas sniegta kop&ja ekonomiska vértiba (KEV). Galveno raditaju
izmainas ir biitiskas [émumu pienemsana par LIZ lietojuma mainu vai attieciba
uz darbibam, kas ietekm& agro-ekosistému stavokli un to sniegtos
pakalpojumus. Agro-ckosistémas pakalpojuma KEV veidojas, nosakot gan ar ta
izmanto$anu saistito vertibu, gan vértibu, kas netiesi giita no tas izmantoSanas.

Tie$a izmantoSanas vértiba ir cilvéka mijiedarbiba ar ekosistému, kas dod
pelnu produktu veida (biomasa, derigie izrakteni, iidens) vai pakalpojuma veida
(atptta, izglitiba).

NetieSa izmantoSanas veértiba ir ckosist€émas paSsaglabasanas spgjas,
baribas vielu aprite, klimata stabilizacija, oglskabas gazes piesaiste, uzkrasana,
ka arT pievilciga ainava un cilvéka neizmainita dabas vide.

NelietoSanas vertiba — nosaka ieguvumus, ko sniedz ekosistému
pastavésana, saglabasana un iesp&jama izmantoSana negtistot materialo labumu.

Novertgjot  agro-ekosistémas pakalpojumu KEV  lauksaimnieciba,
aprékinata labuma guvéji ir jasadala intereSu grupas. ES tiek izdaliti trTs labuma
guvéju limeni: lokalais (pagasts/novads), regionalais (Latvija) un
pasaules/globalais mérogs. Noveértejot lauksaimniecibas sektora agro-
ekosisttmas KEV, galvenais raditajs ir LIZ, proti, augsnes izmantoSanas
kvalitativie raditaji. Lauksaimnieciskajai razoSanai Latvija tiek izmantotas ar1
organiskas augsnes (kiidraina augsne), kas ir bitisks SEG emisiju avots Latvija.
Apstradajot aramzemi, kas atrodas augsnés ar augstu organisko vielu saturu
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(organisko vielu slanis ir biezaks par 10 cm), notiek aktiva uzglabata oglekla
izdali$anas nitrifikacijas procesu rezultata. Sie procesi veicina klimata
parmainas globalaja Iiment.

Lauksaimniecibas sektora agro-ekosistémas KEV noteikSana organiskajam
augsném dod iesp&ju novertét iespgjamos ieguvumus klimata parmainu
mazinaSanai, ka ar1 iesp&amos zaudgjumus lauksaimnickam ar zemes
lietoSanas veida mainu no aramzemes uz zalajiem, kas bez finansiala atbalsta
nav iespgjams.

Pie noteikta lauksaimniecibas zemes izmantoSanas veida var panakt SEG
emisiju samazinasanu lauksaimnieciba.

1.3. Lauksaimnieciba ekonomiskas attistibas konteksta

Dazados véstures posmos zemes resursu izmanto$anas efektivitate, kas ir
galvena dabas kapitala dala, ir bijusi atskiriga. Statistikas dati rada, ka 2015.
gada lauksaimniecibas nozares Ipatsvars ES attistito valstu kopgja iekSzemes
kopprodukta (IKP) struktiira ir robezas no 1.1% lidz 4% (Agriculture in the...,
2016). Raditaji atteloti 2. attela.
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Avots: autora konstrukcija péc Eurostat, 2015

2. att. Bruto nacionalais ienakums un iegiitais no lauksaimniecibas uz

vienu cilvéku Eiropas valstis 2015. gada, EUR gads™.

Profesors K. Spogis (2007) ir noradijis, ka... .Jauksaimniecibas un
mezsaimniecibas loma Latvijas tautsaimnieciba ir organisko vielu razosana un
energijas uzkrasana, partikas razosana, izejvielu avots riapnieciskajai
parstradei un lauku, meZu apvidi dzivojamai un atpitas telpai”. Butiba
profesors netiesi ir noradijis, ka lauksaimnieciba kopa ar mezsaimniecibu ir
Latvijas bioekonomikas pamats.

Straujas izmainas lauksaimnieciba ir ieviesusi pasaules ekonomikas
globalizacija. ES 28 valstis laika posma no 2005. gada Iidz 2015. gadam pilna
laika nodarbinato skaits lauksaimnieciba samazinajies par 25%. Lielakais pilna
laika nodarbinato skaita samazinajums ir konstatéts Bulgarija 60%, Rumanija
50%, Latvija un Igaunija 45% (Agricultural Labour..., 2015).
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Apkopojot informaciju un konstrugjot lauksaimniecibas attistibas posmus
darba autors secina, ka lauksaimniecibas razoSanas attistiba tas klasiskaja
perioda galvenokart notika ekstensivi, palielinot apstradajamo zemju platibas.
Tika veikti atseviski méginajumi lauksaimnieciba sarazotas izejvielas izmantot
nepartikas produktu razoSanai. Nakamaja attistibas posma, no 1960. gada Iidz
1999. gadam, lauksaimnieciska razoSana un lauku teritorijas kopuma piedzivoja
ievérojamas ekonomiskas izmainas. Pasaules ekonomiski attistitakas valstis,
t.sk. ES, meklgjot risinajumus lauksaimnieciskas produkcijas apjomu
kapinasanai, izve€lgjas razosanas intensifikaciju. P&c 2000. gada pasaules
attistitajas valstis un ES lauksaimnieciskajai razoSanai tiek mekl&ti jauni
ekonomiskas attistibas veidi. Noteikti var prognozét tehnologiju turpmaku
attistibu, jo pastav ievérojama atSkiriba Eiropas valstu lauksaimnieciskas
razo$anas produktivitates raditajos péc ES paplasinasanas 2004. gada. Lai gan
Latvija lauksaimnieciskaja razo$ana ir viens no straujakajiem produktivitates
picaugumiem ES, tomér produktivitate lauksaimnieciba 2015. gada joprojam ir
16 reizes zemaka ka Niderlandé un 5 reizes atpalick no ES valstu vidgja
raditaja.

Lai noteiktu, cik cieSa ir saistiba starp valsts ekonomikas attistibu, kuru
raksturo bruto nacionalais ienakums wuz vienu cilveku gada, un
lauksaimniecibas attistibu, kuru raksturo sarazota produkcija vertibas izteiksmé
uz vienu lauksaimnieciba nodarbinato, tika veikta So raditaju korelacijas
analize. Kopgjie Eiropas valstu lauksaimniecibas produktivitates raditaji 2015.
gada ir apkopoti 3. attela.
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3. att. Korelacija starp Eiropas valstu lauksaimniecibas produktivitates un
bruto nacionalo ienakumu uz 1 cilveku 2015. gada, EUR.
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Ir novérojama vidgji ciesa (R?=0.5) sakariba starp produktivitates raditajiem
lauksaimnieciba un bruto nacionalo ienakumu uz vienu cilvéku Eiropas valstis.
Péc autora domam var prognozet, ka ekonomikas attistibai investicijas
lauksaimniecibas modernizacija ar1 Latvija turpinasies Iidzigi ka citas
attistitajas valstls un, nodarbinato skaitam samazinoties, augs produktivitate.
Tomer produktivitates pieaugums ir saistits ar razoS$ana izmantoto resursu
apjoma piecaugumu. Tap&c augkopibas nozaré produktivitates pieaugumam ir
javeicina LIZ ilgtsp&jiga izmantoSana, kas nozimetu LIZ izmantoSanu ar mérki
radit iesp&jami mazako kait€jumu dabas videi piesarnojoso emisiju veida.

Izvertejot lauksaimniecibas attistibas posmus Latvija un pasaul€, iezimgjas
tas loma ekonomikas attistiba, bet miisdienas palielinds nepiecieSamiba péc
ilgtsp€jigas attistibas principu ievéroSanas un nodro§inaSanas. Ilgtsp&jas ka
jédziena un katra individa atbilstosa riciba ir cieSi saistita ar ekonomikas
attistibu (Sarma V., 2012).

Ilgtspéjiga attistiba ir tada attistiba, kur Sodienas vajadzibu apmierinasana
neapdraud nakamo paaudZu iespjas apmierinat savgjas. Ilgtsp&jiba
(sustainability) ir jédziens, kur§ eksisté kop$ 1955. gada, un Rasela-EinSteina
manifestd (The Russell Einstein..., 1955) pirmo reizi apzinati tika runats par
tadas atticksmes nepiecieSamibu, kas sptu nodroSinat politisko atbildibu
nakotnes paaudzu prieksa.

Ilgtsp&jigai attistibai ir tris dimensijas — ekonomiska, sociala un dabas
vides.

Tas nozimé, ka ekonomiska attistiba notiek, saudzigi rikojoties ar visiem
pieejamajiem resursiem un ripgjoties, lai pieaugtu dabas kapitala, sociala
kapitala, finanSu kapitala un razoSanas kapitala vertiba. Visu kapitala veidu
vertibas pieaugums nodro$inas ilgtsp&jigu attistibu §1 jédziena visplasakaja
nozimé, un veicinas sabiedribas kopgjo labklajibu sniedzot ikvienam cilvékam
iesp€ju dzivot ilgtspgjiga vide apmierinot savas vélmes un vajadzibas.

Ilgtsp€jigas attistibas termina definicija un skaidrojums atrodams ANO
Generalas Asamblejas 1982. gada apstiprinataja ,,Pasaules dabas harta” (World
Charter for...,1982). Veésturiski par ilgtspgjigas attistibas koncepcijas
pirmsakumu tiek uzskatits ANO Vides un attistibas komisijas jeb Bruntlandes
komisijas 1987. gada izstradatais zinojums ,,Misu kopiga nakotne”, pazistams
ar1 ka Bruntlandes zinojums (The World Commision..., 1987).

Pagrieziena punkts ilgtsp€jigas attistibas koncepcijas veidoSanas procesa
Earth..., 1992). Klimata parmainu konvencijas ievieSanai 1997. gada nogalé
tika pienemts Kioto protokols, kuru LR Saeima ratificgja 2002. gada. Virzoties
uz ilgtsp&jigu lauksaimniecibu, ES 1991. gada pienéma Nitratu direktivu, kas ir
viens no pirmajiem ES tiesibu aktiem par piesarnojuma kontroléSanu un Gdens
kvalitates uzlaboSanu un ilgtsp&jigu dabas resursu izmantoSanu (Direktiva...,
1991). Nakosais svarigais posms virzibai uz ilgtsp&jigu attistibu Eiropa ir ES
pienemta stratégija ,,Eiropa 2020: stratégija gudrai, ilgtsp&jigai un ieklaujosai
izaugsmei” (Eiropa 2020).
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Ilgtsp&jiga ekonomiska attistiba notiek, saudzigi rikojoties ar pieejamajiem
resursiem un ripg&joties par to, lai uz Zemes tiktu saglabata biologiska
daudzveidiba. Ilgtsp€jiga attistiba veicina sabiedribas kop&jo labklajibu un
sniedz ikvienam cilvékam iesp&ju dzivot labi saglabata dabas vide, realizgjot
savas velmes un vajadzibas. Konvencijas par biologisko daudzveidibu 2.
punkta ir dots termina ,,ilgtsp&jiga izmantoSana” skaidrojums, nosakot, ka tas
»hozimé biologiskas daudzveidibas sastavdalu izmantoSanu tada veida un tados
daudzumos, kas nenoved pie biologiskdas daudzveidibas samazinasands
perspektiva, tadejadi uzturot tds iespéjas apmierinat musdienu un nakamo
paaudzu vajadzibas un centienus”.

Péc 2000. gada, zemei ka razoSanas resursam veidojas alternativas
izmantosanas iesp&jas. Lauksaimnieciba izmantojamo zemi saka izmantot
nepartikas produktu razo$anai. Aktuala kluva diskusija par to, vai, izmantojot
zemi nepartikas produktu razoSanai, pasaule sp€s nodrosinat ar partiku
picaugoso iedzivotaju skaitu uz zemeslodes (WWE, 2010).

Latvijas geografiskais novietojums un tas teritorija pieejamie resursi péc
autora domam ir uzskatami par salidzino$am prieksrocibam, lai veiksmigi
konkurg€tu ar citam valstim globalas ekonomikas apstaklos. Analizgjot galvenos
lauksaimniecibas ekonomiskas attistibas raditajus Eiropas valstis, var secinat,
ka razoSanas izaugsmei Latvija ir objektivs pamats. Btiska nozime, izstradajot
nakotnes attistibas strateégiju, ir bioekonomikai. Tas meérkis ir izveidot inovativu
ekonomiku, kas rada zemas CO, emisijas un veido lidzsvaru starp tadiem
faktoriem ka ilgtspgjiga lauksaimnieciba, mezsaimnieciba, zivsaimnieciba
nodro§inatiba ar partiku un atjaunojamo biologisko resursu izmantoSana
ripnieciba, taja pasa laika veicinot biologisko daudzveidibu un saudzgjot vidi.

Bioekonomika ir progresiva starpdisciplinara zinatnes nozare, kas censas
integrét ekonomikas zinatnes disciplinu un biologiju ar vienigo mérki — radit
labaku teoriju, izskaidrojot ekonomikas procesus, izmantojot biotehnologijas
zinatnisko pamatu. Bioekonomika ir paradigmu maina ekonomikas attistibai un
ieklauj vienota sisttma dabas resursu ekonomiku, vides ekonomiku un
ekologijas ekonomiku (Akerlof G., 1970).

Bioekonomika tiecas integrét biomasas plismu no dazadam nozarém tada
veida, ka vienas industrijas atkritumi vai blakusprodukti klust par citas
razodanas nozares izejvielu. ST pieeja ir lidzeklis, lai izveidotu efektivas
materialu plismas kaskades un vienlaikus novérstu klimata parmainu un
resursu noplicinasanas problémas (OECD, 2010; EuropaBio, 2010).

Bioekonomikas attistiba balstds uz biotehnologiju zinatnisku izpéti.
Nepieciesama ir nevis vienkarsa fosilo resursu nomainisana ar atjaunojamajiem
resursiem, bet gan paradigmas maina ekonomiskaja domasana (KBBE, 2010).

Bioekonomikas un biotehnologiju attistiba nodro§inas uz zinaganam balstitu
bioproduktu izstradi, attisttbu un augo$u pieprasijumu. Sada pieeja
lauksaimniecibas nozaré sarazoto bioresursu parstradé ieviesis tehnologiskas
izmainas un augosu resursu atdevi (Reinert E., 2007).
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1.4. Ilgtspéjiga un intensificéta lauksaimnieciba

Darba autoram pétot lauksaimniecibas attistibas vesturiskos procesus,
skaidri iezimgjas kopsakariba starp lauku vides attisttbu un izmainam
ekonomiskaja domasana. Lauksaimnieciba ar tas specifisko razoSanas veidu ir
unikala kopgjas ekonomiskas, vides un socialas sisttmas dala. Galvenais
lauksaimniecibas uzdevums un meérkis ir sarazot partiku iedzivotajiem.
Analizgjot T mérka izpildi globala konteksta, darba autoram ir jaatzist, ka
situacija dazados pasaules regionos ir at$kiriga. PEc zinatnieku veiktajiem
aprékiniem 7 miljardu iedzivotaju nodrosinaSanai ar partiku ir nepieciesams
izmantot: 1/3 no sauszemes agro-ekosisttmam; aptuveni 1/2 no saldiidens
krajumiem, ka arT dubultot slapekla un fosfora pieejamo daudzumu vide
(Vitousek P.M., 1997). Veicinot globalas ekonomikas izaugsmi,
lauksaimnieciba ir nonakusi sarezgita atfistibas cikla sakuma, jo saraZotas
produkcijas pieprasijuma pieaugums ir janodro$ina, izmantojot ilgtspgjas
principu ievérosanu, sakot no produkcijas razo$anas, talak to parstradajot un
piegadajot galapaterétajiem (Charles H., 2010).

Darba autors izvirza Cetrus galvenos kritérijus ilgtsp&jigas un intensificétas
lauksaimniecibas raksturojosajiem raditajiem: 1) raditajs identific€, noverte un
raksturo sist€émas stavokli; 2) raditajs lauj prognozet sisteémas attistibu un mérka
sasniegSanu; 3) raditdjs sniedz informaciju par veiktas darbibas efektivitati;
4) raditajs nodrosina informaciju sisteéma iesaistitajam sabiedribas socialajam
grupam.

Ekstensiva lauksaimniecibas attistiba globala méroga vienkar$i vairs nav
iespéjama, jo nav pieejamas piemérotas zemes lauksaimniecibai, un
pieaugosais partikas pieprasijums janodrosina, intensific€jot razoSanu. Savukart
lauksaimniecibas razoSanas intensifikacija ir radijusi pieaugosu tas ietekmi uz
klimata izmainam, kas savukart, ir pretruna ar ilgtsp&jigas attistibas principiem.
Lauksaimniecibas attistibas definicija tiek ietverti divi neatdalami atslégas
vardi ,,ilgtsp€jiga” un ,intensificéta” attistiba, un tas mérisanai tiek noteikti
Cetri galvenie virzieni: 1) paaugstinat katra izmantota zemes nogabala
efektivitati; 2) saglabat un paaugstinat katra izmantota zemes gabala vertibu; 3)
samazinat razoSana izmantoto resursu apjomu; 4) paaugstinat ekosistemu
sniegto pakalpojumu vertibu.

Autors piedava lauksaimniecibas ilgtspéjigas intensifikacijas definiciju:
ilgtspéjiga intensifikacija ir lauksaimnieciba izmantotd razosanas sistéma, kad
produkcijas razosanas apjomu pieaugumu pandak esoSajas lauksaimniecibd
izmantotajas zemes platibas, nesamazinot dabas kapitala agro-ekosistemas
esoso vertibu.

Sistema, kuras ievieSanu ir atzinusi Latvijas valsts, ratificgjot Kioto
protokolu, paredz, ka globali sasniedzamais klimata izmainu samazinaSanas
merkis ir japarnes un japiemero arT zemakos Itmenos, sadalot to pa ne-ETS
sektoriem. Katram sektoram tiek noteikti SEG emisiju raditaji.
Lauksaimniecibas uznémumiem ir jabuit gataviem sp€t novertét razoSanas
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ietekmi uz dabas vidi, jo ES Iiment tiek veikti pétijumi par SEG emisiju kvotu
tirdzniecibas vai SEG sertifikatu ievieSanas sistému ne-ETS sektoros (Lenerts
A., 2015). Tomer augstak, autoraprat, ir vert€jami zinatniskie pé&tijumi, kas
aptver visu ilgtspgjas kategoriju riipigu mijiedarbibas izpéti, lai atrastu zemes
resursu izmantoSanas risinajumus, kuri Iidzsvaro sociali ekonomisko un
ekosistemas pakalpojumu sniegsanu (Pretty J., 2011; Foley J., 2011; Geraldo
M.B., 2012).

P&c autora veiktas izpetes ir secinams, ka nesaskanas par ilgtspgjigas
intensifikacijas noveértgjumu vel nav atrisinatas (Pretty J., 2014). Ilgtspgjas
novertéSanas metozu salidzinajums ir apkopots 1. tabula.

1. tabula
Vajas un stingras ilgtsp€jas novérteéSanas at§kiribas
Ilgtspéjas mérkis Vaja ilgtsp€ja Stingra ilgtspéja
Ekonomikas Kvantitativo raditaju Limit&ts kvantitativo raditaju
izaugsme pieaugums pieaugums

Kapitala uzturé$ana

Kopgja kapitala izmantoSanas
summa ir konstanta

Kopgja un dabas kapitala
summa ir konstanta

Var tikt aizvietots ar citu

Nevar tikt aizvietots ar citu

Dabas kapitala . . .
~apt kapitala formu kapitala formu, jo ir
saglabasana . N
ierobezots
Razo$anas faktoru Izaugsmes ierobezoSana;
Ilgtspgjas izmantoSanas efektivitates meérktiecigas politikas
sasniegSana pieaugums (tehnologija, ievieSana efektivitates

izaugsme, tirgus)

sasniegSanai

Nakotnes attistiba

Ekonomikas sist€ma (dabas
kapitala efektiva izmantoSana)

Vides agro-ekosistéma
(dabas kapitala vertibas
pieaugums)

Vides stavokla
novertgjums

RazosSanas faktoru avots
cilvéku labklajibas

Pamats cilvéku izdzivoSanai
un eksistencei

nodroS§inasanai

Avots: autora konstrukcija péc Kaphengst T., 2014

Lauksaimnieciskaja razoSana ilgtsp&jas jédzienu raksturo tris savstarpgji
saistitas dimensijas: lauku vides saglabasana, ekonomiski pamatota lauku
saimniecibu darbiba un nodarbinatiba laukos.

Izvirzot mérki radit ilgtsp€jigu lauksaimnieciskas razoSanas ekonomiskas
attistibas modeli, ir nepiecieSams novertet ilgtsp&jas dimensijas raksturigako
raditaju izmainu dinamiku. Sos raditajus izmanto, lai noteiktu, kadus argjos
efektus rada ekonomiska modela maina.

Lai realizétu pienemto ilgtsp&jigas attistibas stratégiju merkus samazinat
SEG emisiju no lauksaimniecibas Eiropas valstls (Decision..., 2009), janem
vera iespgjama sabiedribas individu riciba resursu izmantoSanas, parvaldiSanas,
taupiSanas un saglabasanas politikas realizéSana. Izmantojot Kramera Dz.
(Cramer J., 2007) izstradato metodiku, darba autors izv€lgjas katras ilgtspgjas
dimensijas raksturigakos raditajus un novertgja Latvijas lauksaimnieciskas
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razoSanas attistibu. Ilgtsp&jigu vides dimensiju raksturo razoSana izmantoto
resursu picaugums, kuriem ir lielaka ietekme wuz vides piesarnojumu.
Lauksaimnieciba tie ir fosilas izcelsmes mineralmésli un to raditas CO»
emisijas. [lgtsp&jigu ekonomisko dimensiju raksturo sarazotas lauksaimniecibas
produkcijas fizisko raditaju izmainas augkopiba un lopkopiba. Ilgtsp€jigu
socialo dimensiju noverté, izmantojot nodarbinatibas raditdja izmainas
lauksaimnieciba. Aprékinato attistibas indikatoru mijiedarbiba att€lota 4. attela.
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=—&— SEG emisijas lauksaimnieciba CO: eq

—&— [ auksaimniecibas produkcija tikst. EUR

—®— Nodarbinatiba lauksaimnieciba, mezsaimnieciba, zivsaimnieciba tiikst. cilv.
Avots: autora konstrukcija, izmantojot CSP datus, 2015
4. att. Lauksaimniecibas attistibu raksturojosie izmainu indeksi (2004=100)

Latvija 2004. — 2015. gada.

Latvijas lauksaimniecibas attistibas indikatori norada uz problematisku
ilgtspgjigas ekonomiskas attistibas meérku sasniegSanu. P&tamaja perioda
izmantoto mineralméslu daudzums palielinajas par 10 tiikst. t., bet nodarbinato
skaits samazinas par 2.7 tiikst. cilveéku ik gadu. Lai arT kops iestasanas ES 2004.
gada ir sasniegta lauksaimnieciskas produkcijas izlaides izaugsme, ir pieaugusi
ar1 ietekme uz vidi (SEG emisijas no lauksaimnieciskas darbibas). RazoSanas
intensificé$anai augkopiba ir izmantoti fosilie resursi (mineralmesli). Biitiski ir
samazinajusies nodarbinatiba, radot sociala rakstura riskus lauku teritorijas.
Lauksaimnieciskas razoSanas izaugsme ir radijusi argjos efektus, kuri
ilgtermina  apdraud  ilgtsp€jigas  attistibas  principu  iev@roSanu.
Lauksaimnieciskas razoSanas izaugsmi nevar uzskatit par ekonomisko attistibu,
jo ta nav nodro$indjusi labklajibas pieaugumu ikvienam sabiedribas loceklim
Latvijas valst1.

Autoraprat, lauksaimniecibas nozares sp&ja pielagoties jaunajai klimata
izmainu politikai, kura no rekomendgjosas ir kluvusi par saistoSu, var biitiski
ietekmét attistibu Latvija. Lielako ietekmi uz lauksaimnieciskas razo$anas
attistibu veido emisiju samazinaSanas pasakumi.
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2.LAUKSAIMNIECIBAS UN VIDES POLITIKAS
ATTISTIBA, TIESISKAIS REGULEJUMS UN
INSTITUCIONALA VIDE

Nodalas saturs darba veidots no 17 Ipp., kuras ietilpst 1 tabula un 6 attéli.

Nodala izversta analize par lauksaimniecibas un dabas vides politikas attistibas

sinergiju. Veikta lauksaimniecibu un dabas vidi reglamentgjoso tiesibu aktu

analize. Raksturota institucionala sistéma lauksaimniecibas ietekmes uz vidi

noverétésanai.

Nodala izvirzita teze: Lauksaimniecibas ilgtspejigu attistibu nodrosina

lauksaimniecibas un vides politikas sinergija, kuras istenoSana balstds uz

pienemtajiem normativajiem aktiem un izveidotu institucionalo sistemu.

Lauksaimnieciba, péckara Rietumeiropa, praksé tika ieviests jauns tirgus
ckonomikas modelis (Eise S., 2012). Viena tirgus ekonomikas modeli tika
apvienoti divi Skietami pretrunigi faktori: brivais un valsts reguléts tirgus, tika
radita sociala tirgus ekonomika (Joerges C., 2004). Sada ekonomikas modela
funkciongSana balstas uz T1pasas politikas pienemsanu. Patlaban ES ir
uzn€musies vadoSo lomu lauksaimniecibas ilgtsp&jigas attistibas politikas
veidosana. 2001. gada Géteborga tika izstradata un 2006. gada papildinata ES
Ilgtsp&jigas attistibas stratégija. 2006. gada Eiropas Komisija naca klaja ar
nozimigu dokumentu energgtikas joma — Zalo gramatu (European Commission,
2006).

2016. gada lauksaimnieciskas raZoSanas jautajumi ir ietverti kop&ja ES
attistibas stratégija ,,Eiropa 20207, un tapéc nozaré saisto$as ir iniciativas
»lnovacijas savieniba” un ,Resursu zina efektiva Eiropa” izvirzito mérku
sasnieg8ana. Klimata izmainu mazinaanas un energétikas mérkis (20/20/20)
ieklauj SEG emisiju samazingjumu 2020. gada par 20% salidzingjuma ar
1990. gadu, 20% energijas ieglisanu no atjaunojamiem energoresursiem, ka ari
energoefektivitates paaugstinasanu par 20%, kas tieSi attiecas armT uz
lauksaimniecibu (Direktiva, 2009). Atbilstosi kop&jam ES merkim tiek noteikti
katras dalibvalsts meérki ar fiks€tiem rezultativajiem raditajiem (Decision,
2009).

ES iniciativas ,,Resursu zina efektiva Eiropa” izvirzito mérku sasnieg$ana
balstita uz Klimata un energijas politikas mainu. Politika balstds uz &etriem
pilariem, un katram no tiem ir izstradats atbilsto$s normativais regul&ums:

» ES Emisiju tirdzniecibas sistémas (ETS) stiprinasana un paplasinasana, kas
ir galvenais riks emisiju samazinaSanai ekonomiski izdeviga veida.
Paredzets, ka 2020. gada ETS aptverto sektoru emisijas tiks samazinatas par
21%, salidzinot ar 2005. gada Iimeni. ETS tiks izveidots vienots ietvars ES,
un emisiju kvotu pieskirSana bez maksas I1dz 2020. gadam pamazam tiks
aizstata ar kvotu izsoli,

» emisijas no sektoriem, kuri nav ieklauti ES ETS, - transports,
majsaimniecibas, lauksaimnieciba un atkritumu apsaimniekosana (ne-ETS
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sektori) — lidz 2020. gadam tiks samazinatas par 10% salidzinajuma ar
2005. gada Itmeni. Katrai dalibvalstij saskana ar tas relativo labklajibas
Iimeni jauzstada nacionalo emisiju samazinasanas mérki diapazona no -
20% bagatakajam dalibvalstim [idz +20% nabadzigajam valstim, lai
sasniegtu kop&jo planoto emisiju samazinajumu;

» saisto§i mérki atjaunojamo energoresursu (AER) patérinam kopgja
energoresursu galapatérina struktiira. Vidgji ES §1 dala ir noteikta 20%
2020.gada (vairak neka divkar$s no AER raZotas energijas dalas pieaugums
galapatérina, salidzinot ar 2006. gadu, kad AER dala bija 9.2%). Katrai
valstij noteiktie saistoSie mérki ir atSkirigi un svarstas no 10% AER dalai
galapatérina Maltai l1dz 49% Zviedrijai;

» planots izveidot oglekla uztverSanas un uzglabasanas staciju tiklu Iidz
2020. gadam.

Izvirzito SEG emisiju samazinagjuma mérku sasnieg$ana ir problematiska

Trija, Austrija, Somija, Belgija un Spanija, bet Latvija ir to valstu grupa, kuram

jaizstrada papildu pasakumi samazinajuma mérka sasniegSanai.

2.1. Lauksaimniecibas un vides politikas sinergijas attistiba

Dabas kapitala izmantoSana lauksaimnieciskajai razosanai, ievieSot socialo
tirgus ekonomikas modeli, tiek reguléta, istenojot KLP. Dabas kapitala
izmantoSana lauksaimniecibas attistibas nodroSinasanai labi atspogulojas KLP
vesturiskajos attistibas posmos.

KLP un vides politikas vésturisko attistibas posmu sinergija ir apkopota
5. attela.

KLP reforma: zalinasana; kvotu atcelSana; pé&ttjumi; inovacijas — 2013 o
KLP veselibas parbaude: reformu pastiprinasana; risku izvértéSana — 2008 q)
KLP reforma: lauku attistiba; vienkar§o3ana; tirgus orientacija — 2003 CF
KLP reforma Programma (Agenda) 2000: lauku konkurétsp&ja — 2000
KLP reforma: uzkrajumu, ienakumu stabiliz&Sana; vide —1992
1970 I1dz 1980 — KLP krize: parprodukcija; cs
augosi izdevumi; starptautiskas nesaskanas

1960 — KLP izweide: partikas
drogiba; produktivitate; tirgus
stabiliz&$ana; atbalsts produktiem

0\ ~ O\ N\
A4 A4 A4 A4 N
1960 1970 1980 1990 2Qoo 2010 2020
Razigums — Konkurétspsia — [Ilgtsp&ia — | Politikas efektivitate —
Prioritate

Avots: autora konstrukcija
5. att. ES lauksaimniecibas un vides politikas sinergijas attistiba
Iidz 2020. gadam.
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Lauksaimnieciba, realiz&jot KLP mérkus par konkurétspgjigu, ilgtsp&jigu un
vidi saudzgjosu attistibu, notika virziba uz lauksaimniecibas precu tirgus
liberalizaciju, mazinot valsts regulgjoso lomu taja. Ilgtsp&jigu un vidi
saudzgjosSu attistibu realiz€ja, izveidojot apjomigu atbalstu biodegvielas
razoSanai no lauksaimniecibas izejvielam (CO, kredits, atbalsts energijas
augiem). Latvijai iestajoties ES, ka viens no veicamajiem uzdevumiem bija
biodegvielas (bioetanola un biodizeldegvielas) razoSanas uzsaksana. Vélakajos
gados strauji attistijas biogazes razoSana no lauksaimniecibas izejvielam.

KLP reforma 2013. gada

Reforma, ko Tstenoja 2013. gada, bija jaunakais KLP pielagosanas procesa
posms, un tas joprojam nav pabeigts. Ta ieviesusi jaunu struktiiru tiesajos
maksajumos, mérktiecigaku, zalaku, drosibas tiklu veicino$u un pastiprinatu
lauku attisttbu (European Commission, 2013). ES KLP pamatnostadnes
laikposmam no 2014. gada lidz 2020. gadam attiecas uz faktoriem, ar kuriem
lauksaimnieciba un lauki sastopas ekonomiskas attistibas un izaugsmes cela.

Laika perioda no 2014. lidz 2020. gadam ES KLP tika noteikti savstarpg&jas
atbilstibas ieverosanas prieksSnosacTjumi saistiba ar maksajumu par klimatam un
videi labve€ligu lauksaimniecibas praksi jeb ,zalo komponenti” — tieSo
maksajumu obligata komponente, kam jaatvél 30% no tieSo maksajumu
kopgjas summas un kas tiek pieskirta ka papildu maksajums visiem vienota
platibu maksajuma sanemgéjiem, ja tie ieveros attiecigas prakses, kas verstas uz
klimata izmainu mazinasanu, biologiskas daudzveidibas nodro§inasanu, vides
aizsardzibu, CO, emisiju mazinaSanu un piesaisti. Ir iezZim&ti tris galvenie
virzieni: kultiiraugu daudzveidiba — noteiktas platibas aramzem¢é jas€j noteikts
skaits kulttiraugu sugu; ilggadigo zalaju saglabasana — tieSajiem maksajumiem
pieteiktajas platibas jasaglaba noteikts apjoms zalaju platibu; ekologiskas
nozimes teritoriju izveidoSana — janodroS$ina noteiktas dalas aramzemes
apsaimnieko$ana atbilsto$i ekologiskas nozimes teritorijas pamatprincipiem
(European Commission, 2013; Frelih-Larsen A., 2014).

2.2. Lauksaimniecibu reglamentgéjosie tiesibu akti Latvija

Svarigakais ES KLP mérku sasniegSana ir atbilstosi izstradata un
apstiprinata katras dalibvalsts tiesibu aktu sistéma, kura ir saskanota ar
atbilstosajiem starptautiskajiem un ES tiesibu aktiem.

Lauksaimnieciba, nemot vera tas specifiskos produkcijas razoSanas
apstaklus, ir regulétaka uznémeéjdarbibas nozare. Lauksaimniecibu dabas
kapitala izmantoSanas konteksta reglamenté dazados laika posmos pienemtie
dokumenti: konvencijas, starptautiskie ligumi, ES direktivas un regulas, LR
likumi, Ministru kabineta noteikumi, politikas planoSanas dokumenti un
programmas. Lai struktur€tu lauksaimniecibu ietekm&joSos, regul&joSos un
reglament&josos tiesibu aktus, autors ir izvirzijis tiTs tai saistoSas grupas. Pirmo
grupu veido vispargjie komercdarbibai saistosie likumi, kas attiecas uz
gramatvedibu un nodokliem, tiesiskajiem darfjumiem un komercdarbibu. Otro
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grupu veido lauksaimniecibu reglamentgjosas starptautiskas konvencijas, ES
regulas un LR likumi. Tresaja grupa ir apkopotas starptautiskas konvencijas,
ES regulas un LR likumi kas reglamentg vides (dabas kapitala) izmanto$anu un
aizsardzibu.

Analizgjot lauksaimniecibu reglamentgjoSos tiesibu aktus Latvija, par
pamatu tiek nemta speka eso$a Lauku attistibas programma 2014.—
2020. gadam. Izstradata Lauku attistibas programma ir reglamentgjoso tiesibu
aktu hierarhijas svarigakais dokuments, un tas ietver ES un starptautiski
pienemtos tiesibu aktus, kuri nosaka lauku un lauksaimniecibas attistibu
Latvija.

ANO Visparéja konvencija par klimata parmainam veido bitisku
ietekmi uz lauksaimniecibu Latvija. 1992. gada pienemta Konvencija un Kioto
protokols, kas ir ratificéts LR Saeima, uzliek par pienakumu samazinat SEG
emisijas, kuru dél notiek globala sasil$ana. Atbilstosi Kioto protokolam Latvijai
lidz 2020. gadam ir noteikti SEG emisiju samazinasanas mérki salidzinajuma ar
1990. gadu. Leémumu pienemsanas un reglamentgjoso tiesibu aktu izstrades
gaita, kas notiek saskanoti ar o rekomendaciju un attiecas uz lauksaimnieciba
radito SEG emisiju ierobezoSanu raksturota 6. attela.

Valstij saisto§a SEG samazinajuma mérku pienemsana — 2016 o
2015. gada 30. jinijs. SEG emisiju mérka rezultatu izvertgjums — 2015 o

2015. gada 15. marts. SEG emisiju merka izpilde (ESD) -2015 Q)

2015. gada 15. janvaris. Iesniegta SEG 2013. gada inventarizacija — 2015

SEG inventarizacijas sakotnéjais izvértéjums — 2014
ESD Nr. 406/2009/EK SEG samazinas: mérku pienemsana — 2009 ? ?
7~ ) O\ 7\ 7\ N o
A4 A4 4 A4 7 A4 7
1960 1970 1980 1990 2000 2010 2020

EK ekspertu parbaude —

v

EK ekspertu zinojums —

Avots: autora konstrukcija
6. att. SEG samazinas$anas mérku pienemsanas galvenie posmi
lauksaimnieciba.

Latvija notiek aktivs process SEG emisiju samazinasanas mérku noteik$anai
lauksaimnieciba. SEG samazinajuma mérku sasaiste ar lauksaimniecibas
attistibu, darba autora skattjuma, noteiks talako tas attistibas perspektivu.

Latvijas LAP 2014. — 2020. gadam programmas izstrades laika tika nemti
vera ES KLP reformu rezultata noteiktie merki un prioritates, kas 2014. —
2020. gada planoSanas periodam tika izstradati vienoti visam ES dalibvalstim,
tadgjadi iezimgjot jaunu pieeju, kas atSkiras no ieprieksgjas prakses, kad LAP
prioritasu noteikSana tika veikta individuali katras valsts konteksta. Izstradajot
Latvijas LAP 2014. — 2020. gadam, tika nemta v&ra ta saistiba ar valsts un ES
vides politikas planosanas dokumentiem.
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2.3. Institucionala sistéma lauksaimnieciskas ietekmes uz vidi novértésanai

Lai Latvija pilnvertigi pilditu savas starptautiskas saistibas klimata
parmainu joma, papildus SEG emisiju samazinasanai nepiecieSams nodro$inat
vairaku citu prasibu izpildi: izveidot nacionalo sisttmu SEG emisijas un CO,
piesaistes aprékiniem un ikgad€jo parskatu sagatavosanai, atbalstit zinatnisku
petijumu veikSanu klimata parmainu joma, ka ar1 informé&t sabiedribu par
jautajumiem, kas saistiti ar klimata parmainam. Ne-ETS sektoru, kura ietilpst
lauksaimnieciba, SEG emisiju samazinaSanai mérka izpildi koordin€ Latvijas
Republikas Vides un regionalas attistibas ministrija (VARAM). Klimata
parmainu samazinoSas politikas izveidi un TstenoSanu nodroSina un realizg
Zemkopibas ministrija (ZM), Ekonomikas ministrija (EM), Satiksmes
ministrija (SM) un Finam$u ministrija (FM). VARAM ir vadosa valsts
parvaldes institiicija vides aizsardzibas joma, kas ietver arT klimata parmainu
novérSanu un pielagosanos tai. Savukart MK noteikumi Nr. 962 no 2004. gada
30. novembra (Vides dienesta,... 2004) reglamenté Valsts vides dienesta
darbibu un lauksaimniecibas ietekmes uz vidi noveértéjumu, realizgjot likuma
wPar piesarnojumu” noteiktos uzdevumus saistiba ar vidi piesarnojosu (SEG
emisiju) atlauju izsnieg8anu piesarnojosas darbibas veikSanai. Dienests kontrolg
normativajos aktos par dabas resursu ieguvi un izmantoSanu, dabas aizsardzibu,
piesarnojoso vielu emisiju vidé, bistamo wun sadzives atkritumu
apsaimniekoS$anu, izlietota iepakojuma apsaimniekoSanu, darbibam ar
kimiskajam vielam un kimiskajiem produktiem noteikto prasibu ieveroSanu.

Nacionala sisttma SEG emisijas un CO:2 piesaistes aprékiniem

Saskana ar Konvencijas un Kioto protokola nosacijumiem, ikvienai
Konvencijas ligumslédz&ju pusei ik gadu ANO Konvencijas sekretariata
jaiesniedz parskats par antropogénajam SEG emisijam un to piesaisti nacionala
inventarizacijas zinojuma forma.

Ikgadgjo inventarizaciju par SEG emisijam un piesaisti un nacionalo
inventarizacijas zinojumu gatavo Latvijas Vides, geologijas un meteorologijas
centrs (LVGMC), kas ir VARAM padotiba esosa institiicija. Latvijas Vides,
geologijas un meteorologijas centrs atbilstosi MK 2012. gada 27. marta
noteikumiem Nr. 217 sagatavo SEG emisiju aprékinus. Inventarizacija tiek
gatavota, sadarbojoties ar CSP, EM, SM, ZM, ka ar1 $o ministriju paklautiba
esosajam institicijam. Lauksaimniecibas SEG emisiju aprékinasana ir iesaistiti
eksperti no LLU. Savukart inventarizacijas zinojuma atbilstibas noveért&jumu
veic pieaicinatie arzemju eksperti no privatam organizacijam, uzpémumiem un
atbilsto§am zinatnu nozarém.

SEG emisiju zinojuma ietvertie dati atspogulo rezultatu ar divu gadu nobidi.
Tape&c svariga un neatnemama ir klimata politikas un pasakumu dala, kas versta
uz SEG samazinasanas pasakumu nakotnes ietekmes novertgjumu un iespgjamo
CO, piesaistes palielinasanu. Kvalitativi prognozu dati un planoto un realiz&to
pasakumu ietekmes izvert§jums ir Kioto protokola progresa zinojumu,
nacionalo zinojumu Konvencijas ietvaros, ka arT ES normativo aktu prasibu
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izpildes pamata. SEG emisiju un CO; piesaistes prognozu aprékinos biitiska
loma ir LLU.

Latvija izstradatie lauksaimniecbu un dabas vides aizsardzibu
reglament8joSie tiesiski normativie akti un institucionala vide atbilst
starptautisko noligumu prasibam. Nakotn€ ir nepiecieSama aktivaka LLU
zinatnieku iesaiste SEG emisiju samazinasanas pasakumu izverté$ana, nemot
vera lauksaimniecibas sektora straujo attistibu Latvija.

3. LAUKSAIMNIECISKO RAZOSANU RAKSTUROJOSIE
RADITAJI UN TO IETEKME UZ DABAS VIDI LATVIJA

Nodalas saturs darba veidots no 24 Ipp., kuras ietilpst 14 tabulas un 8 atteli.
Nodala analizéti lauksaimniecibas zemes izmantos$anas, lauku saimniecibu
attistibas un SEG emisiju izmainu raditaji. Prognozets SEG emisiju pieaugums
lauksaimnieciba.

Nodala izvirzita téze: Latvijas lauksaimnieciba, it ipasi augkopiba, dinamiski
attistas un veicina SEG emisiju veidosanos.

Latvijas dabas kapitals ir tas teritorija, kuras pamats ir zeme. Saskana ar
A. Dobeles (2005) izvirzito defingjumu ,,zeme ir teritorija, kas raksturojas ar
noteiktam dabiskam ipasibam — reljefiem, klimatiskajiem apstakliem, augsném,
virszemes un dzilu bagatibam, ka ari konkretu atrasanas vietu un
izmantoSanu”.

Tatad jedziens zeme ietver dazadas tas funkcijas un tas izmantoSana ir
javerte  vides, ekonomikas un socialajas  kategorijas. Izmantojot
lauksaimniecibu raksturojoSos raditajus ekonomiskajas un vides kategorijas,
darba autors verté zemes ka resursa izmantosanas efektivitati lauksaimnieciba.
Darba autors secina, ka lauksaimniecibas zemes izmantoSanas efektivitate
Latvija turpmak biis atkariga no §1 resursa ilgtsp&jiga un funkcionali atbilstosa
izmantodanas veida. Sada skatfjuma lauksaimniecibas zemes resursu
izmantosanas efektivitate Latvija ir pétita maz. Sajos pétijumos netiek veikts
noveértéjums tam, ka sasniegt mérki no ekonomiska viedokla, izmantot visus
pieejamos zemes resursus lauksaimnieciba, vienlaikus nodro$inot zemes
resursu funkcionalu izmantoSanu saistiba ar vides jautajumiem, piesarnojuma
samazinasanu SEG emisiju veida.

3.1. Zemes izmantoSanas raksturojums lauksaimnieciba

Zemes izmantoSanai ir jabut racionalai, efektivai un ilgtsp&jigai. Ja zemi
nav iespgjams efektivi izmantot lauksaimnieciba, tad ekonomikas attistibas
nodro§inasanai ta jaizmanto meZzsaimnieciba, apbuvé vai citiem mérkiem,
gustot lielaku kop@jo ekonomisko, vides un socialo labumu iedzivotajiem.
2015. gada lauksaimnieciba un mezsaimnieciba izmantoja 88% Latvijas zemes
resursu un LIZ aizn@ma aptuveni 36.4%, bet meza zeme — 51.8% no valsts
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teritorijas. P&c Valsts zemes dienesta (VZD) datiem novados kopa pa visam
nekustama IpaSuma lietoSanas mérku grupam lauksaimnieciba izmantojama
zeme 01.01.2016. bija 2350.8 tukst. ha un meza zeme 3347.1 tukst ha.

Datu analize parada meza zemes platibu palielinasanas tendenci.
Lauksaimniecibas zemes platibas analizetaja laika perioda turpina samazinaties
un péc statistikas datiem 2015. gada tikai 1884.8 tokst. ha tiek izmantoti
lauksaimniecibas produkcijas razoSanai. Nepilni 20% no pieejama zemju
resursa lauksaimnieciba netiek izmantoti, jo ir aizaugusi vai nekopti. Zinama
meéra $ada situacija neveicina konkurenci, jo ta varétu biit pamats neefektivas
zemes izmantoSanas problémai Latvija. Zemes politikas attistibas scenariji
paredz, ka tuvako desmitu gadu laika augs pieprasijums péc lauksaimnieciba
izmantojamas zemes, ko izsauks pieaugoSais pieprasijums péc partikas
produktiem (Zemes politikas..., 2008).

Autora pétljuma zemes izmantoSanas efektivitates novertg§jums un
salidzinajums sarazotas produkcijas apjomiem un izlietotajiem resursiem tick
izvelets dinamikas laika rindu vértibam no 1990. gada. Sis ir atskaites gads
SEG emisiju inventarizacijas aprékiniem. Savukart zemes izmantoSanas
efektivitate vides kategorijas tiks noteikta, aprékinot radito emisiju apjomu uz
izmantoto resursu vienibu. Lauksaimniecibas zemes resursu kvantitativo
raditaju izmainas Latvija no 1990. gada lidz 2015. gadam p&c izmantoSanas
veida apkopotas 2. tabula.

2. tabula
Lauksaimniecibas zemes izmantoSanas veidi Latvija 1990. — 2015. gada,
tikst. ha
LIz Izmantota Ilggadigie Plavas, Neizmantota
Gads LIZ Aramzeme st%'x%iijuigni g;{nibas LIZ
takst. | tokst. % takst. % takst. % takst. % takst. o
ha ha ha ha ha ha

1990  [2567.0 | 2534.0 | 98.7 [1656.0 654 | 359 |14 | 847.7 |33.5 33 1.3
1995  2501.3 | 1832.1 | 73.2 |1002.3 [54.7 19.3 |1.1 | 800.5 |43.6 | 669.2 | 26.8
2000  [2484.9 | 1587.2 | 63.9 | 969.9 61.1 11.5 |0.5 | 605.7 [38.2 | 897.7 | 36.1
2005  [2474.4 | 1733.7 | 70.0 |1091.8 62.9 12.8 0.7 | 628.9 |36.2 | 740.7 | 30.0
2010  [2430.0 | 1815.5 | 74.7 |1173.4 [64.6 6.8 104 | 6252 |34.4 | 614.5 | 253
2015 |2350.8 | 1884.8 | 80.2 |1229.8 [65.2 6.7 103 | 648.3 [34.4 | 466.0 | 19.8
Bazes
izmainas, | -8.4 -25.6 [-185 | -25.7 |-0.2 | -81.3 | x | -23.5 [+0.9 |+1312 |+18.5

%
Avots: autora konstrukcija péc CSP, 2015

LIZ izmantosanas kvantitativo raditaju uzlabosanos ir veicinajusi objektivi
faktori:

» kops 2010. gada 13. jalija ir speka LR MK noteikumi Nr. 635 ,Kartiba,
kada apseko un nosaka neapstradatas lauksaimnieciba izmantojamas zemes
platibu un sniedz informaciju par to” (Kartiba, kada..., 2010);

» mno 2015. gada 10. marta LR MK noteikumos Nr. 126 ,,TieSo maksajumu
pieskirSanas kartiba lauksaimniekiem” ir veiktas izmainas atbalsta
pieskirSana par platibam lauksaimniecibas zemju 1pasniekiem no Eiropas
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Lauksaimniecibas garantiju fonda. Ir noteikti ierobezojumi Vienota platibu
maksdjuma (VPM) sanems$anai par lauksaimnieciba izmantoto zemi, ja
netiek izpilditi ar razoSanu saistitie nosacijumi par zemes izmantoSanu
(Tie$o maksajumu..., 2015).

LIZ platibu palielinasanas nedrikst biit par tas izmantoSanas efektivitates
raditaju. Lai novertétu zemes izmantoSanas efektivitati, svarigaki ir kvalitativie
raditaji. Lauksaimniecibas platibu palielinaSana iezimé lauksaimniecibas
attistibas ekstensivo celu, un $ada attistiba nozimé izaugsmi uz razoSanas
faktoru pieauguma rékina. Latvijas Lauksaimniecibas universitateé (LLU)
profesores 1. Pilveres vadiba veiktaja p&tijuma par LIZ efektivas izmantoSanas
iespgjam Latvija ir noskaidrots, ka lauksaimniecibas produkcija tiek razota
1459 tikst. ha (Pilvere 1. u.c., 2014). Latvija 2015. gada VPM tika apstiprinati
1660 tukst. ha LIZ. Lauksaimniecibas attistiba dazadas Latvijas teritorijas ir
atskiriga, un to var sadalit: 1) intensivas lauksaimniecibas teritorijas, kas aptver
valsts centralo dalu un atseviskus novadus arT no galvaspilsétas attalakajos
regionos un aiznem aptuveni 900 tikst. ha; 2) ekstensivas lauksaimniecibas
teritorijas, kuras produkcija netiek razota tirgum, bet paSpat€rinam un aiznem
aptuveni 535 tikst. ha (Saktina D., 2006).

Analizgjot lauksaimniecibu raksturojosSos kvantitativos datus, ir konstatéti
produkcijas razoSanas sektori, kuri veido bitiskako dalu kop&ja sarazotas
produkcijas vértibas struktiira. Sie sektori ir galvenie raZoSanas faktoru
izmantotdji un ietekmes wuz vidi veicinataji. Latvija 2015. gada
lauksaimniecibas produkcijas vertibu bazes cenas veido: graudi 33.1%, piens
17.7%, lopbaribas kultiras/kukurizal0%, rapsis 8%, ciikgala 5.1%, darzeni
4.9%, kartupeli 4.3%, liellopu gala 3.5%, putnu gala 3.5%, olas 3.4%, pargjie
lopkopibas produkti 3.2% un pargjie augkopibas produkti 3.2% (Latvijas
lauksaimnieciba, 2016).

Izmantojot zemes resursus, Latvija notick lauksaimniecibas attistiba, gan
intensificgjot razoSanu, gan attistoties ekstensivi. Graudkopiba ir galvenais
lauksaimniecibas darbibas sektors, kura gan razo partiku iedzivotajiem, gan
nodroSina ar lopbaribu piena un galas specializacijas saimniecibas.
Graudkopiba, piena lopkopiba, rapSu audzéSana un lopbaribas
kulttiras/kukuriiza kopa veido 70% no lauksimniecibas gala produktu vértibas
struktiiras Latvija 2015. gada. Lai noskaidrotu, cik efektivi attistibas procesa
tiek izmantoti zemes resursi, 3.2. apaks$nodala autors analizes lauksaimniecibas
zemes resursu izmantoSanu saistiba ar vides raditajiem, kas izteikti ka SEG
emisijas CO»eq vertiba.

3.2. Lauku saimniecibu raksturojums

Latvijas lauksaimnieciba, un 1pasi augkopiba, laika perioda no 2005. gada
lidz 2015. gadam ir notikusSi ekonomiskie procesi, kuri biitiski ietekm&jusi
razoSanas rezultativos raditajus. P&c autora domam, tiesi ekonomisko procesu
izmainas lauksaimnieciba nosaka attistibas trajektoriju nakotne.
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Zemes resursu izmantoSanu Latvijas lauku saimniecibas ietekmé atskirigi
vides faktori regionos. So atikirigo faktoru dél pastav noteikta
lauksaimnieciskas razoSanas regionala specializacija. Zemes resursu
izmanto$anas attistiba ir javerte péc zemes iesp&jami labaka funkcionala
pielietojuma (Schulte R., 2014). Darba autors pilniba piekrit §im viedoklim,
tomér uzskata, ka ekonomisko procesu virzisana Iidztekus ekonomiskajam
kategorijam papildus jaieklauj vides un socialas kategorijas, lai
lauksaimniecibas attisttba butu ilgtspgjiga. Darba autors lauksaimniecibas
ekonomisko procesu attistibas analizei Latvija izmantos lauku saimniecibu
sadaltjumu pe&c to ekonomiska lieluma, ko raksturo produkcijas standarta
izlaide (SI) un specializacija. SI ir no viena lauksaimniecibas hektara vai
lauksaimniecibas dzivnieku vienibas iegiitas produkcijas vertiba, noveértéta
attieciga regiona cenas un izteikta EUR. Kopgja SI raksturo saimniecibas
ekonomisko lielumu naudas izteiksmeé. Saimniecibu ekonomiska lieluma
noteikSanai CSP izmanto Latvijas Valsts agraras ekonomikas institiita (kop$
2016. gada — Agroresursu un ekonomikas institiita) aprékinato SI
lauksaimniecibas kultiru hektaram un lauksaimniecibas dzivnieku vienibai
(CSP, 2016). Sads sadalfjums izve€lets, lai noskaidrotu, kuras saimniecibu
grupas veido nozimigako ietekmi ekonomiskajos procesos, ka arT atstaj lielako
iespaidu uz lauksaimniecibas ilgtsp&jigu attisttbu. P&c lauku saimniecibu
apsekojuma datiem 2013. gada beigas Latvija bija 81796 (CSP, 2016) lauku
saimniecibas. Lauku saimniecibu raksturojoSo raditaju analizes rezultata darba
autors secina, ka lauksaimniecibas ilgtsp&jiga attistiba Latvija lielaka ietekme ir
laukkopibas specializacijas saimniecibam, jo $o saimniecibu produkcijas SI
veido 37% no kop&jas lauksaimniecibas produkcijas izlaides.Pargjas
nozimigakas saimniecibu specializacijas grupas ir: piena lopkopiba 28%, jaukta
augkopiba un lopkopiba 14%, ctikkopiba, putnkopiba 13% no kopgjas SI.

Lauku saimniecibu struktiiras izmainu aprékinu dati apkopoti 3. tabula.

3. tabula

Lauku saimniectbu struktiiras izmainas ekonomiska lieluma grupas

Latvija 2005. — 2013. gada, tikst. EUR

27w 2005 2010 2013 _ Abazes
'S 2 a izmainas, %
g a0 LIZ LIZ LIZ
E %I&; Skaits | tikst. | Skaits | tikst. | Skaits | tiikst. | Skaits | LIZ
A E* ha ha ha
Lidz 14.9 [ 131237 | 1204.7 | 76277 774.9 | 73603 683 -44 -43
15.0-99.9 1521 289.6 6002 441.5 6754 471.4 344 63
virs 100 247 210.9 1107 580 1439 723.3 483 129
Kopa 133005 | 1705.2 | 83386 | 1796.3 | 81796 | 1877.7 -39 10

Avots: autora konstrukcija péc CSP, 2016

Kopgjais lauku saimniecibu skaits Latvija 2013. gada salidzinajuma ar
2005. gadu ir samazinajies par 39%. Lauku saimniecibu strukturalas izmainas
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butiski ir ietekm&jusas eckonomiski mazas saimniecibas, kuru skaits ir
samazindjies strauji, — par 44%. Pieaudzis to saimniecibu skaits, kuru
lauksaimnieciskas produkcijas SI parsniedz 100 tikst. EUR, un 2013. gada
beigas Latvija bija 1439 Sadas saimniecibas jeb 5.8 reizes vairak, neka 2005.
gada. Latvija p&c 2005. gada lauksaimnieciba norisinas 11idzigi ekonomiskie
procesi ka pargja ES un pasaulé. Mazo lauku saimniecibu attistibai ir lielakais
apdraud@jums, jo skaidri iezZim&jas ekonomiska modela — lauksaimnieciba ka
bizness — attistiba.

3.3. Lauksaimnieciska raZoSana un tas raditas SEG emisijas

Lai biitu iesp&jams uzraudzit izvirzitos mérkus SEG emisiju samazinaSanai
ES un veikt to korekciju, ir nepiecieSama atbilstoSa indikativo raditaju
aprékinasanas un uzkrasanas sist€éma, kuru Latvija veic atbilstosi 2012. gada
27. marta pienemtajiem MK noteikumiem Nr.217 (Noteikumi par
siltumnicefekta..., 2012). Klimata izmainu mazinasanas mérkis, kuru apnémas
sasniegt ES dalibvalstis (Decision No 406/2009), paredz SEG emisiju
samazinajumu 2020. gada par 20% salidzinajuma ar 1990. gadu.

Lauksaimnieciba ir ieklauta starp SEG emisiju avotiem, kur nepastav kvotu
tirdzniecibas sistéma (ne-ETS). Tomer, lai sasniegtu stratégijas Eiropa 2020
mérkus SEG emisiju samazindjumam transportd, majsaimniecibas,
lauksaimnieciba un atkritumu apsaimniekoSana, katrai valstij ir jaaprékina un
jaiesniedz ANO valsts inventarizacijas zinojumi. Dokumenta apkopota
informacija ir: 1) valsts SEG emisiju inventarizacijas zinojums NIR (Latvian’s
National..., 2015); 2) valsts SEG emisiju inventarizacijas skaitliskie dati,
sakartoti atbilstosi standartiz€tam zinojuma formatam (Common Reporting
Format, 2015). Saistiba ar zemes izmanto$anu, zemes izmantoSanas mainu un
mezsaimniecibas sektoru tiek veidots atsevisks zinojums SEG emisiju
inventarizacijai, kas $aja darba netiek analiz&ts (Land Use, Land Use Change
and Forestry, 2015).

Atbilstosi Kioto protokolam Latvijai no 2008. Iidz 2012. gadam bija
japanak SEG emisiju samazinajums par 8%, salidzinot ar SEG emisiju apjomu
1990. gada. So uzdevumu Latvija sekmigi paveica.

Péc aprekinatajiem un NIR iesniegtajiem rezultatiem, lauksaimnieciba
2013. gada radija 2310 Gg CO eq SEG emisiju, kas bija otrs lielakais emisiju
avots Latvija, veidojot 22% no kop&am ne-ETS emisijam. 1990. gada
lauksaimnieciba radija 5559 Gg CO, eq SEG emisiju, kas veidoja 32% no
kopgjam ne-ETS emisijam, un prognozu rezultati par ekonomikas attistibu
Latvija apstiprina, ka 1idz 2030. gadam lauksaimniecibas SEG emisijas pieaugs,
sasniedzot 33% no kopg&am ne-ETS SEG emisijam, tomér nesasniedzot
1990. gada raditaju (SEG atlautas emisijas, 2014). Autoraprat, Sada
lauksaimniecibas nozares radito SEG emisiju dinamika Latvija liecina, ka bez
papildu ierobezojoSiem pasakumiem Latvija neizpildis starptautiski noteiktos
SEG emisiju samazinasanas mé&rkus.
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Pec Latvijas NIR inventarizacijas zinojuma apkopotajiem raditajiem,
pielietojot datu analizes statistiskas apstrades metodes, darba autors aprekinaja,
kuras no antropogénajam gazem (N,O, CH4 un CO,) ir veicinajusas SEG
emisiju pieaugumu lauksaimnieciba. Visu klimata izmainas veicinoso SEG
emisiju veidi lauksaimnieciba Latvija 2013. gada, salidzinot ar bazes gadu, ir
samazinajusies: N>O par 46%, CH4 par 66% un CO; par 95%, bet, sakot ar
2005. gadu, palielinajusies, kas saistits ar 3.1. nodala aprakstito un skaidroto
lauksaimniecibas izaugsmi. Lielakais pieaugums ir konstatéts N,O 2013. gada,
kad emisijas pieauga par 18% salidzinajuma ar 2005. gadu.

Raditaju laika rindu analizes rezultati apkopoti 4. tabula.

4. tabula
Lauksaimniecibas SEG emisiju veidi Latvija 1990. — 2013. gada,
Gg COz¢q
o . o Te} o 7o) o — o~ ) § E»
SEG emisiju veids S| 8| 8| 8| 2| 8| 32]| 3 |gES
— — I3V I3V I3V I3V N 3¢ o E

Slapekla oksids (N20O) 2489| 1097| 1016| 1148| 1253] 1256 1325| 1351 -46

A kéde % 0] -56 70 +13] 49| +0.2| 46| 42 X
Metans (CHas) 2690| 1155| 837| 863| 881| 885 909| 940 -66
A kéde % ol -57| -27| +3| +2| +0.5| 3| +3 X
Oglekla dioksids (CO2) 379 2 6 3 6 12| 16| 18 -95
A kéde % 0| -99| +200{ -50| +50| +100| +33| +13 X
Kopa 5559| 2256| 1860| 2015| 2141| 2155| 2251| 2310 -58
A kéde % 0| -59| -18| +8| +6| +0.7| +4| +3 X

Avots: autora konstrukcija péec NIR, 2015

Ta ka lielako Ipatsvaru Latvijas lauksaimniecibas SEG emisiju struktiira
veido lauksaimniecibas aug$nu izmantoSana, tad darba turpmakaja gaita un
noteikta p&tljuma mérka sasniegSanai ir nepiecieSams noskaidrot, kuri faktori
veicina SEG emisijas no §1 emisiju avota. Galvenie N,O tieSo emisiju avoti ir:
1) maksligie slapekla mineralmesli (N tirviela); 2) organiskais N meslojums
(piem@ram, kiitsmesli, komposts, notekiidenu diinas); 3) uz lauka ganibas vai
aplokos izdalitais N no dzivnieku mésliem; 4) augu atlieku uzkratais un
iestradatais N uz lauka (zalm@slojums, augu atliekas u.c.); 5) izmantotas
meliorétas organiskas augsnes (kiidraji).

Tiesas N,O emisijas no izmantotajam organiskajam augsném ir 54%, un
tiesas N>O emisijas no izmantotajiem N mineralmesliem ir 23% no kopgjas LIZ
izmantosanas. N izmantoSana ir bitiska, lai nodro§inatu augkopibas
produkcijas razosanu. Tacu, tieSsas N,O emisijas no N mineralméslu
izmantosanas laika posma no 2005. gada Iidz 2013. gadam ir pieaugusas par
83%, sasniedzot 326.7 Gg COxq gada.

Raditaji un to analizes rezultati apkopoti 5. tabula.

34



5. tabula
Lauksaimniecibas aug$nu N20 emisiju faktoru sadalijums un izmainu
dinamika Latvija 1990. — 2013. gada, Gg

Gads " @
0 S
Emisiju faktors = e = s S 2| 8€e
> > o o o o = £ ©
— — N N N N < IS
Organiskas augsnes 2.6 2.6 2.5 2.5 2.5 2.6 0
A kéde, % 0 0 -4 0 0 +4
Mineralméslu 210 02 04| 06| 09 1.1 47
lietoSana
A kede, % 0 90 | +100 | +50 | +50 +22 X
Organiska méslojuma 08| 04 03| 03] 03 0.3 -63
lietoSana
A kede, % 0| -50 25 0 0 0 x
Kitsméesli ganibas 0.5 0.2 0.1 0.1 0.1 0.2 -60
A kede, % 0| -60 -50 0 0] +100 X
Augu - atlickas  uz 06| 03 03| 04| 04 0.6 0
lauka
A kéde, % 0| -50 0| +33 0 +50 X

Avots: autora konstrukcija péc NIR, 2015

Regresijas analize ir pamats darba autora secinajumam, ka dzivnieku skaita
izmainam, produkcijas izlaidei un SEG emisiju pieaugumam lauksaimnieciba
nav novérojama cie$a sakariba, jo R? vértiba ir biitiski mazaka par 0.8, kas
norada, ka nav konstat€jama cieSa faktoru mijiedarbiba. Lauku saimniecibas,
attistot lopkopibu, ievéro kiitsméslu apsaimnieko$anas normativo regul&jumu.
Atbilstosu prasibu ievieSana saimniekoSanas sistéma nodroSina dabas videi
nekaitigu izaugsmes iesp&jamibu, samazinot SEG emisijas.

Analizgjot statistikas datus par lauksaimniecibas razoSanas attistibu un tas
radito ietekmi uz vidi SEG emisiju veida, darba autors izvirza secinajumu, ka
lielako ietekmi veido augkopibas produkcijas razoSana.

legttie aprékinu rezultati lauj secinat, ka lauksaimnieciba resursu
izmantoSana nav efektiva. Tam par iemeslu, péc autora domam, ir zemes ka
resursa neefektiva izmantoSana. Attistibai ir jaizvélas ilgtsp&jigas
intensifikacijas celS, atsaistot izmantoto razoSanas faktoru pieaugumu no
sarazotas produkcijas apjomu pieauguma.

3.4. Lauksaimniecibas SEG emisiju pieauguma prognoze Latvija
Iidz 2020. gadam

Latvija SEG emisijas lauksaimnieciba no 2005. gada Iidz 2015. gadam ir
palielinajusas par 20%, un tas ir otrs augstakais raditajs Eiropas valstis aiz
Igaunijas. Saskana ar LLU veikto detaliz€to pétfjumu par lauksaimniecibas
zemes izmantoSanu, ekonomiski pamatota ir papildu 275 tikst. ha LIZ
iesaistiSana lauksaimnieciskaja razosana (Pilvere I. u.c., 2014). Tapéc papildu
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LIZ iesaistiSana lauksaimnieciskas produkcijas razosanai palielinas emisiju
apjomu no lauksaimniecibas. Situacija biitiski mainisies péc 2020. gada, jo
saskana ar jauno Latvijas indikattvo merki 1idz 2030. gadam ir japanak SEG
emisiju samazinajums ne-ETS sektoros salidzinajuma ar 2005. gada ITmeni par
6% (Par mehanismu..., 2013), kas péc autora domam ir liels izaicinajums,
vertgjot Iidzsingjos rezultatus. Bitiba no 2020. gada Iidz 2030. gadam
pielaujamais emisiju pieaugums par 17% ne-ETS sektoros nebiis pielaujams, un
jau Sobrid japlano SEG emisiju samazinajums ar1 lauksaimnieciba. Darba
ieprieksgjas nodalas tika secinats, ka augkopibas nozares attistiba notiek,
intensificgjot LIZ izmantoSanu, 1pasi graudu audz€Sana. Balstoties uz
pienémumu, ka lidz §im neizmantotie 275 tukst. ha LIZ tiks izmantoti
augkopiba, turpinajuma tiks aprékinatas tiesas N>O emisijas, ko veidos papildu
N méslojuma izmantos$ana, augu atlickas un citi emisiju avoti.

Lai aprékinatu SEG emisiju pieaugumu, autors darba izmanto IPCC
aprékinu metodiku. Saskana ar IPCC vadlinijam ir iesp&jami tris aprékinu
limeni ar pieaugoSu sarezgitibas pakapi. Ta ka Latvija ir veikti salidzinos§i maz
zinatnisku pétijumu par SEG emisijam no lauksaimnieciskas razoSanas, tad ir
jaizmanto pirma Iimena aprékinu metodika (Tier 1). Metodologija paredz
izmantot viegli pieejamus statistikas datus un izmantot zinatniski pamatotus,
bet visparinatus emisiju faktorus. Atseviskiem SEG emisiju veidiem lopkopiba
Latvija tiek izmantota otra limena (Tier 2) aprékinu metodika, jo ir zinatniski
pamatotas regionalas emisijas faktoru atskiribas (Latvian’s National, 2015).

N>O tiesas emisijas no lauksaimnieciba izmantotas augsnes aprékina péc
1. formulas.

N2OsN pireet— N = [N2O—NN inputs] = [(FsntFamtFentFcr)*EF1]+(Fos*EF2), (1.)

kur: N2Osn pireet—N — tie§as emisijas no augkopiba izmantotajiem N mineralmésliem
kg N2O — N gada™,
FSN — augkopiba izmantotie N mineralmesli (tirviela) kg gada,
Fam — ikgadgjais ar dzivnieku kiatsmésliem uznestais slapekla oksida
ekvivalents,
Fen— slapekla apjoms, ko piesaistijusi slapekli fiksgjosie augi,
Fcr— slapekla apjoms, ko satur uz lauka paliekosas augu atliekas,
Fos— slapeklis no kultivétajam organiskajam augsném,
EF1 — N0 emisiju faktors izmantotajiem N mineralmésliem, kg N;O-N (kg N izm)'!,
EF, — emisiju faktors SEG emisijai no kultivétajam organiskajam augsném
kg N,O-N (kg N izm).

Aprekinata N>O — N emisija no izmantotajiem N mineralmésliem saskana
ar noteiktajam 2006. gada IPCC vadlmijam ir japarrekina N,O emisija,
izmantojot 2. sakaribu.

N0 = N,O-N * 44/28 (2)

Mainigas augkopibas SEG emisiju dalas sadalijums augkopibas kultiiraugu
grupas ir aprekinats, balstoties uz slapekla mineralméslu paterinu.
Aprekini ir veikti:

36



1) izmantojot datus par augkopibas kultiraugu koprazu un N mineralméslu
patérinu. Proporcionali koprazu atskiribam ir aprékinats aptuvenais slapekla
mineralmeslu paterins 2012. gada un prognozetais 2020. gada;

2) péc N mineralméslu sadalijuma augkopibas kultGraugu grupas, proporcionali
ir aprekinats SEG emisiju no augsném mainigas dalas sadalfjums pa
augkopibas kulttiraugu grupam.

No 275 tikst. ha papildus iesaistitam platibam varétu iegiit no 12% (graudi,
rapsi) Iidz pat 17% (kartupeli, plavu/ganibu zala masa) papildu produkciju no
attieciga kultiirauga koprazas salidzinajuma ar 2012. gadu (Pilvere 1., 2014).
Proporcionali razo$ana papildus iesaistitajam LIZ platibam atbilstosi tika
aprékinats nepiecieSamais mineralméslu daudzums un katras augkopibas
kulttras papildus raditas SEG emisijas. Rezultati apkopoti 6. tabula.

6. tabula
Augkopibas koprazas potenciala un SEG emisiju prognozes Latvija
2020. gada
. Papildus L1Z 3 . )
N S| 0 P % "g g,
= :g.'.g g g . S s |5
[ B 7] Q Y - T - © Q
SE|ESS| =z | B | 3|3z 82 |8
Kultiira S| Ol ol Ss | Z|NB| o g
SR Q88| 2 | 8| =5 |£E VO | 8
g s P = E S| & = =
= s | M <
Graudaugi 2124 | 737.56 | 87197 16394| 334| 2799 971.88| +32
Rapsi 303 | 212.24 | 17399| 3268| 46| 373| 260.84| +23
Kartupeli 538 | 11.59 6276| 1014| 146 881| 18.95| +63
Kukuriiza 553 | 42.46 3769| 563 | 131| 849| 65.11] +53
Zalbaribas/
skabbaribas kultiras| 721 | 12.86 | 61756| 117181292 898| 68.65| +533
Plavas, ganibas 167 1.34 | 98820 19098| 833| 478| 36.66/+2700
Darzeni 161 4.77 0 0| 0] 195 5.76| +120
Kopa X |1022.83 | 275217| 52055 x X |1427.85 | +39

Avots: autora konstrukcija péc Pilvere I. u. c., 2014

SEG emisiju mainigas dalas pieaugums, ja papildu lauksaimnieciskaja
razoSana iesaistts 275 tiikst. ha, augkopiba 2020. gada biis par 39% vairak
salidzinajuma ar 2012. gada [imeni. Pieaugums salidzinajuma ar p&tijjuma bazes
—2005. gadu var sasniegt pat 80%, ja augkopibas attistiba biis intensiva.

D. Dogertijs (1996) tehnologiju attistibas un inovaciju saistibu ir formulgjis
ka procesu vadibu, jo: ,,...inovacija nozimé radit jaunu koncepciju par produktu
vai pakalpojumu, ta attistibu, razoSanu un realizaciju, vienlaicigi nodrosinot
nepartrauktu procesa parvaldibu”, kas nozimé lauksaimnieciba precizu
sasniedzamo meérku noteikSanu un novértgjuma sistémas izveidoSanu mérka
sasniegSanas kontrolei SEG emisiju samazinasana.
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4. AUGKOPIBAS ILGTSPEJIGA INTENSIFIKACIJA
LAUKSAIMNIECIBAS ATTISTIBAI LATVIJA

Nodalas saturs darba veidots no 24 Ipp., kuras ietilpst 6 tabulas un 11 atteli.
Nodala izstradata augkopibas ilgtspgjigas intensifikacijas novertgjuma
metodologija. Veikts attistibas novertgjums Latvija.

Nodala izvirzita teze: Augkopibas ilgtspéjiga intensifikacija samazina negativo
ietekmi uz vidi, nodrosinot lidzsvarotu ekonomiskas, socialas un dabas vides
attistibu.

Darba autors uzskata, ka 1. Kaulina (2015) promocijas darba izstradata
teritorijas ilgtsp&jigas attistibas novert€Sanas metode ir izmantojama arl
lauksaimnieciba. P&c autora domam, ilgtspgjiga attistiba un tas noveértéSana
Latvijas tautsaimnieciba ir pétita salidzino$i daudz, tomér lauksaimniecibas
razoSanas attistibas ietekme uz lauku vidi ilgtsp&jas konteksta ir pétita
nepietiekami. P&c nodala ,,Lauksaimniecibas ilgtspgjigas attistibas teorétiskie
aspekti” veiktas analizes un darba otraja nodala novértétas normativo aktu
sisttmas darba autors secindja, ka, novértjot lauksaimniecibas attistibu,
nakotné ir jaizmanto raditaji, kas raksturo attistibu ekonomiskajas, vides un
socidlajas kategorijas vienlaicigi. Sadu attistibas novértésanu veic, izmantojot
kompleksu raditaju kopumu, aprékinot attistibu raksturojoSos indikatorus pec
atbilstoSas metodologijas.

Uzticamas lauksaimniecibas ilgtsp&jigas attistibas raditaju sist€mas
izveidoSana ir nepiecieSama lauksaimniecibas produkcijas raZotajiem,
iedzivotajiem un arT politikas veidotajiem.

4.1. llgtspéjigas intensifikacijas novértésana

likumsakarigs priekSnoteikums bija izstradat atbilstoSu lauksaimnieciskas
razo$anas ilgtsp€jigas attistibas novértéjuma modeli.

ES ilgtspgjigas attistibas novértgjums tiek veikts 10 attistibas mérkiem,
izmantojot 11 kombingtos raditajus (Eurostat, 2015). ES galvenie mérki
ilgtspgjigai lauksaimniecibas attistibai ir: razot droSu un veseligu partiku;
saglabat dabas resursus; nodrosinat lauku saimniecibu ekonomisko dzivotspgju;
uzlabot ekosisttmu pakalpojumu sniegSanu; attistit lauku vides parvaldibu;
uzlabot dzives kvalitati lauku apvidos; nodrosinat lauksaimniecibas dzivnieku
labturibu. Visplasak indikatoru sist€mas ir izstradatas un izmantotas ESAO
(OECD) valstu attistibas novertésanai.

Latvija ilgtspgjigas attistibas mérku sasniegSanai un rezultativo raditaju
noveérté$anai ir izstradata Latvijas ilgtsp&jigas attistibas stratégija lidz
2030. gadam, un noteikti attistibu raksturojoSie raditaji jeb indikatori, kuri ir
sadaliti septinos mérka attistibas virzienos, izcelot stratégiski svarigakos
raditajus. Lauksaimniecibas ilgtsp€jigas attistibas novert€Sanai izmantojami
raditaji, kas raksturo mérku ,,Inovativa un ekoefektiva ekonomika” un ,,Daba
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ka kapitals nakotnei” sasniegSanu. Tomér, péc autora domam, So raditaju
izmantoSana tiesa veida lauksaimniecibas ilgtsp€jigas intensifikacijas
novertéSanai nav iespjama, jo satur pretrunas. Lai novertStu dabas kapitala
ilgtspgjigu izmantoSanu, tiek izmantots raditajs — SEG emisijas, kura vertibai
2030. gada ir jabuit mazakai neka bazes gada. Savukart NAP indikatoram
Lauksaimniecibas zemju apsaimnieko$ana ir noradits picaugums pret bazes
gadu (Parresoru koordinacijas, 2015). Izvirzot merki panakt ilgtsp&jigu
augkopibas intensifikaciju lauksaimnieciba, ir janoverte attistibas raditas
izmainas ekonomiskajas, vides, socialajas un tehnologiskajas kategorijas lauku
vidé. Attistiba javeido sinergija, lai varStu sasniegt izvirzitos ilgtsp&jigas
attisttbas  mérkus. Valsts makroekonomikas Iimeni lauksaimniecibas
ilgtspgjigas intensifikacijas attistibas novert€Sanai ir jaizmanto kombinéts,
sintétisks raditajs jeb indikators, kurS vislabak raksturotu katra razoSana
izmantota kapitala izmainas. Saja pétijuma augkopibas ilgtspgjigas
intensifikacijas novertésanu autors veic, izmantojot Cetru solu metodiku, kuru
veido: (1) darbibas ce€lonu identifikacija un defingSana; (2) atbilstoSu
ilgtspjibas raditaju definéSana; (3) ilgtsp&jigas intensifikacijas indeksu
noteikSana; (4) ietekmes uz ilgtspEjigu attistibu novertéSana. Atbilstosi
lauksaimniecibas ilgtsp&jigas intensifikacijas definicijai darba autors pétis,
kadai ir jabut katra kapitala formu raksturojoSa raditaja izmainu dinamikai.
Ilgtsp&jigas intensifikacijas novertejums, kas parada sakaribas starp cilvéku
labklajibas pieaugumu, izlietoto resursu daudzumu un ietekmes uz vidi
samazinajumu, redzams 7. attela.

‘\Labklﬁija
Resursu atsaiste _/‘
. 7 iikonomiské aktivitate (IKP)

.

- .- R .

. - urs

‘/ -“’_ - esursi
—_

Laiks

ITetekme uz dabas vidi

Dabas vides ietekme

Avots: autora konstrukcija péc UNEP, 2011
7. att. Lauksaimniecibas ilgtspejigas intensifikacijas novértéjuma
grafiskais atspogulojums.

Kapitala vertibu izmainas raksturojosajiem raditajiem ir jabit: atbilstoSiem,
uzticamiem, preciziem, salidzinamiem, viegli interpret§jamiem un labas
kvalitates/ticamiem pamata datiem.

Indikatoru aprékinaSanai tiek izmantoti lauku saimniecibu aktivitates dati,
kuri raksturo hierarhijas zemako Iimeni dabas vides, ekonomiskas vides un
socialas vides kategorijas. Izv€loties raksturojoso raditaju, ir iesp&ams
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izmantot: tieSos datus (pieméram, SEG emisijas augkopiba); attiecibu vai
koeficientu (pieméram, SEG emisijas augkopiba no kopgjam lauksaimniecibas
emisijam); relativo raditaju (pieméram, SEG emisijas uz bruto pievienoto
vertibu augkopiba).

Raditaju atlases un aprekinasanas gaita, kas attiecas uz SEG emisijam dabas
vidg, apkopota 8. attcla.

Sintetiskais SEG un N emisiju indekss

Sintétiskss

9 \
s =) Tiesas SEG emisijas CO, eq. NUE

§% Vel N efektivitite

2% TV = oemmmmmmmmmmmmmm——ml )

Raditajs

________________________ N
Tiesas CO, emisijas Tiesas CH, Tiedas N,O emisijas Netiedas N,O
emisijas emisijas
il A U A el J
Fosia ||~ “Energijas L/s " Imanteta - H - Organiskas ™
degviela patérins dzivnieki LIZ augsnes
\)

Kombingsana

méslojums

Aktivitates

Avots: autora konstrukcija
8. att. Lauksaimniecibas ilgtspéjigu intensifikaciju raksturojoSo raditaju
apkoposanas seciba dabas vides novértésanai.

Izmantojot autora izveidoto raditaju atlases un aprékinasanas metodiku, tiek
atlastti raditaji, kuri visprecizak raksturo izmainas dabas, ekonomiskaja un
socialaja vidg, ka arl atspogulo galvenas darbibu celonsakaribas augkopiba,
kuram ir ietekme uz ilgtsp&jigu intensifikaciju.

Galvenas raditaju grupas ir:

» ckonomiska vide — rentabilitate, saimnieciskas darbibas diversifikacija,
finan$u un resursu autonomija, saimnieciskas darbibas stabilitate;

» sociala vide — darba un sadzives apstakli lauku saimnieciba, labas
saimnickoSanas prakses izmantoSana, sociali atbildiga produkcijas
razosana;

» dabas vide — izmantotie mésloSanas un augu aizsardzibas lidzekli,

lauksaimniecibas zemes apstrade, atjaunojamie energo  resursi,

lauksaimniecibas zemes kvalitates kontrole, biologiska daudzveidiba, SEG

emisijas;
> tehnologijas/inovacijas — tehnologisko procesu un iekartu nomaina,
produktu attistiba, zinasanu apguve.

Lauksaimniecibas intensifikacijas apstaklos svarigi ir noteikt ilgtsp&ju
saimniecibu Itment. Lauksaimniecibas produktus razojosas lauku saimniecibas
ir loti atSkirTgas péc to ekonomiska lieluma un razoSanas specializacijas
virziena. Izmantojot aprekinatos ilgtsp€jigas intensifikacijas indeksus, ir
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iesp&jams salidzinat dazado lauku saimniecibu socialas, ekonomiskas, vides un
arT tehnologisko/inovaciju ilgtspgjas raditajus.

4.2. llgtspéjigas lauksaimniecibas veidoSanas pieméri

Augkopibas izaugsmi un parstrukturé$anos tiesi ietekmé ES stratégija 2020.
Lauku saimniecibu strukturalas izmainas ir ietekm&jusi lauksaimniecibas
iesaistiSanas atjaunojamo bioresursu razoSana un bioekonomikas principos
balstita tautsaimniecibas modela veido$ana. Lauksaimniecibas izcelsmes
bioresursu izmantoSanas veicinaSana 1pasi aktiva bija 2007.-2013. gada,
izveidojoties Latvija principiali jaunai nozarei laukos, kura ka razoSanas resurss
tiek izmantota lauksaimnieciskas izcelsmes biomasa. Péc 2005. gada Latvija ir
attistita pirmas paaudzes bioetanola, biodizeldegvielas un biogazes razoSana.
Lauksaimniecibas produkcijas izmantoSanu partikas un nepartikas produktu
razoSanai raksturo 9. att€ls.

Lavksaimniecibas produkeija

> Proteini
l J > Partika
LS 1
Biodegviela

’ Bioenergija ‘ ’ Biorefinéiana ‘ ‘ Partika |

Parstrades process Kinuskas vielas

Lopbariba

Anaerobas parstrades process Biogaze

Y

L 2
Digestata parstrades/kaslkades posmi

Meslojums

v

Avots: autora konstrukcija
9. att. Ilgtspéjiga lauksaimnieciskas razZoSanas sistéma augkopibas
produkcijas izmantosanai.

Biogaze tiek razota: no sadzives atkritumiem — 7 biogazes stacijas; sadzives
notekiideniem — 1; partikas raZoSanas atlikumiem vai notekiideniem — 3 un
lauksaimniecibas produkcijas — 48 biogazes stacijas. Izveidojot biogazes
razotni, ir svarigi apzinaties, ka galvenais ir ilgtsp&jigas un konkur&tsp&jigas
lauksaimniecibas produkcijas razo$ana un tikai sekundara ir elektroenergijas
ieguve no AER.

Latvija ir noteikta obligata 5% bioetanola piejaukuma norma fosilajai
degvielai. No normativo aktu viedokla Latvijas situacija viss ir kartiba. Tomér
ar sarazotas biodegvielas realizaciju Latvijas tirgl ir problémas (Lenerts A.,
2013). Darba autors velas izdalit trTs galvenos secinajumus, kuri ir savstarpgji
ciesi saistti:
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1. biodegvielas razoSanas nozare latvija ir nepietickami saistita ar citiem
tautsaimniecibas sektoriem;

2. biodegvielu razotaji nesadarbojas ar latvijas rapsSu un graudu audzetajiem,
nepieciesamo izejvielu importgja;

3. neraugoties uz nozari veicinoSajiem pasakumiem, neviens latvijas
autotransporta uznémums nav izveidojis ar biodegvielu darbinamu
autoparku, ka tas ir citas es valsts.

Izvirzot merki attistit bioekonomikas sektoru un lauksaimniekiem razot
bioproduktus, no uznémegjdarbibas perspektivu skatupunkta raugoties, ir jarod
atbildes uz jautajumu — vai lauksaimnieki saskata iesp&jas mainit vinu riciba
esoso resursu (zeme, tehnika, darbaspéks, zinaSanas) izmantoSanas paradumus
un vai politisko mérku sasniegSanai atbalstitie produktu razo$anas procesi ir
ilgtspgjigi savstarpgji saistito faktoru mijiedarbibas rezultata. Lauksaimniekam
ir nepiecieSamas zinaSanas un spé&ja saprast un atzit jaunas iesp&jas (Cohen
W.M., 1990).

4.3. Augkopibas ilgtspéjigas intensifikacijas attistibas novértéjums Latvija

Ir nepiecieSsams veikt lauksaimnieciskas razoS$anas novértésanu ilgtsp&jas
kategorijas, lai pielagotu to ilgtspgjigai attistibai (Pope J., 2013). Augkopibas
ilgtsp@jigas intensifikacijas noveért§jumam tiek izmantoti dati par 2005. un
2015. gadu. Izmantojot izstradato novert€juma metodi, blis iespgjams secinat,
kadi bus attistibas raditaji peéc SEG emisiju samazino$o pasakumu ievieSanas
lauksaimnieciba salidzinajuma ar situaciju, ja $adi pasakumi netiek ieviesti.

Darba autors, nosakot raditajus, defingja seSas galvenas obligatas
ilgtsp&jigas attistibas pazimes:

attistibas dinamikai ir jabat pozitivai uz ilgtsp&jigu nakotni;

» ir novertéti visi ilgtspgjigas intensifikacijas attistibas galvenie faktori un
analizEta to savstarp&ja saistiba;

» novertéta ekonomisko, socialo, vides un tehnologiju/inovaciju faktoru
savstarpgja saistiba;

» kompromisi starp faktoriem ir samazinati [idz minimumam,;

» faktoru efektivitates novertejums tiek veikts, ieverojot cilvéku vajadzibas
pec ilgtspgjas;

» noverte§juma metodika ir vienkarSa un saprotama visiem sist€ma
iesaistitajiem dalibniekiem.

Ttika izveidots kopgjais, Latvijas apstakliem atbilstoss, raksturigako
raditaju saraksts. Novertgjot raditaja piemerotibu, tika nemta veéra metodika,
kuru darba ,Sustainability Indicators: Measuring the Immeasurable?”
izstradajusi S. Bells un S. Morsi (Bell S., 2008), ka ar1 veiktais pétijums ES
valstts par iesp&jam ilgtsp&jas noverte€Sanai izmantot Saimniecibu uzskaites
datu tikla (SUDAT) raditajus (Diazabakana A., 2016).

Izmantojot raditaju novert§juma Iimenu sist€mu, par sakuma punktu tiek
pienemts lauksaimniecibas agro-ekosistémas sniegto pakalpojumu un precu
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vertibas raditas visu kapitala formu vertibu izmainas. Katrai kapitala formas
izmainai nakamaja Itmeni tiek noteikti funkciju ietekm&josSie krit€riji, no
kuriem tiek iegiiti raksturojoSie raditaji. Izvirzitais darba merkis ir noteikt
ilgtspgjigas intensifikacijas attistibu mikroekonomikas jeb saimniecibu Iimenf,
un nakoSaja raditaju atlases soll veikta iesp&jamas datu bazes novértesana.
Saraksta tika ieklauti 44 raditaji, kuri atbilst ilgtsp&jas kriteriju novertesanai.
Dati ilgtsp&jas raditajiem analizéti SUDAT datubazeé noteiktajam augkopibas
saimniecibu (n=347) ekonomiska lieluma grupam un raksturo ekonomisko
faktoru c€lonsakaribu. Novertjuma limenos seciba att€lota 7. tabula.

7. tabula
Lauksaimniecibas ilgtspéjas novértéjuma limeni
Sz | SEsc.S
s2|2257% - :
= g = g hv Kriterijs Radrtajs
] ]
S| ¥SE2
L i . Ienakumi no
'S Lauku saimniecibu ienakumi; lauksaimniccibas
- z2.8 Samazinata atkariba no atbalsta "
3 g8 . S produkcijas;
2 S % maksajumiem; Samazinati S -
o £g S Lauksaimniecibas Ipatsvars
2 S & lauksaimnieciskas razoSanas IKP: Apdroginata LIZ
= = riski. > 2P
B platiba.
E < Darba apstaklu uzlabosana; Nodarbinatiba
= ‘5 Darbavietu nodro§inasana lauku | lauksaimnieciba; Risks
g =
% E apvidos; Paaudzu atteikties no
3 o nepartrauktiba lauku lauksaimnieciskas darbibas;
oy I saimniecibas; Lauku Ekonomiska atkariba no
g é saimniecibu ien@mumi no primaras lauksaimnieciskas
[ nelauksaimnieciskas darbibas. razoSanas.
»n . ' - .
2 Biologiskas daudzveidibas
= = saglabasana; Augsnes kvalitates | Lauku saimniecibas
é E) uzturéSana; Emisiju specializacija; LIZ augseka;
= E samazinaSana apkartgjat vide; N izmantoSanas bilance:
@ 2 Fosilo energijas nesgju Augu aizsardzibas lidzekli;
@ 3 izmantoSanas optimizacija; Izmantotas energijas
E > Biotopu daudzveidibas bilance.
£ uzturésana.
]
= 3 :% « | Razota lauksaimniecibas Investicijas jaunas tehnikas
5 9 9 ,§:’ produkcija; [zmantota razoSanas | iegadei; Taurinziezu
2 é £ | tehnologija; Jaunu zinaSanu platibas; Lauksaimniecibas
=8 % | apguve. produkcijas parstrade.

Avots: autora konstrukcija péc van Cauwenbergh N. et al., 2007

Izmantojot korelacijas analizi tika atlasititi ekonomisko, socialo, dabas
vides un inovaciju/tehnologiju funkciju c€lonsakaribu raksturojosie raditaji.
P&c novertejuma tika izveidots galigais ilgtsp&jigas intensifikacijas faktoru
raksturojoso raditaju saraksts. Tas sastdv no: pieciem ekonomiskos faktorus
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raksturojosiem; pieciem socialos faktorus raksturojosiem; pieciem dabas vides
faktorus raksturojosiem; pieciem tehnologiska/inovaciju faktoru raksturojosiem
raditajiem.

Izveidotaja matrica horizontali un vertikali sagrupéti faktoru ilgtsp&ju
raksturojosie raditaji. Katrs raditajs secigi tiek salidzinats ar par€jiem.
Izmantojot 3. formulu, tiek aprékinats katra raditaja biitiskums jeb svars.

S _ pmax B pi +1 (3)

. _— 9
i 13
i Pi

kur: Si— i-ta raditaja svars, (i=1,2,...,13),
pi— i-ta raditaja prieksrocibu skaits.

8. tabula. Katra raditaja priekSrocibu skaita Tpatsvars parada izmantota
raditaja ietekmes relativo svaru diapazona no 0 lidz 1. Péc tam, izmantojot 3.
formulu, tiek novertéts katra faktora ietekmes svarigums. Augkopibas
ilgtsp@jigu intensifikaciju raksturojoso raditaju nozimigums (aprékinatie svari)
apkopots

8. tabula
Ilgtspéjas faktorus raksturojoso raditaju svari laukkopibas saimniecibam
Latvija 2005. — 2015. gada

Raditaja ~ yepns Raditaja aprekinatie
ko dsJ Raditajs gvarli) Si
EK 4 LIZ produktivitate 0.08
EK 7 Saimnieciskas darbibas diversifikacija 0.06
EK 9 Darbaspéka produktivitate 0.07
EK 10 Uznémuma finansu stabilitate 0.08
SO5 Darbavietu saglabasana laukos 0.06
SO 6 Darbavietu radiSana laukos 0.03
SO 9 Uzneémuma sociala atbildiba 0.10
VI1 Emisiju intensitate agro - ekosistéma 0.10
VI 10 Biologiskas daudzveidibas saglabasana 0.10
VIi6 Videi draudziga saimniekoS$anas sist€ma 0.04
TI 1 Augkopibas produktu attistiba 0.10
TI3 Inovacijas produktu razo$anas tehnologija 0.10
TI 4 Inovacijas produktu raZoSanas sist€éma 0.08
Kopa: >=1

Avots: autora konstrukcija

Nakamaja soli tiek veikta raditaju normalizacija, kuras galvenais uzdevums
ir nodroSinat vertibu salidzinasanu. Darba autors vertibu izlidzinasanai
izmantos min-max normalizaciju, jo tai konkrétaja gadijjuma ir vairakas
prieksrocibas. Ar So metodi panak pozitivas raditaju vertibas un saimniecibu
grupas tiek salidzinatas pret augstakajiem un zemakajiem raditajiem, ka arT tiek
saglabata esos$a attieciba starp vertibam un dati viegli uztverami. Normalizaciju
veic, izmantojot 4. formulu.
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rmin (4)

>

rmax -
kur: Ri— normalizeta i-ta raditaja vertiba, (i=1,2,...,13),
ri— i-ta raditaja faktiska vertiba, (i=1,2....,13),
Imin— i-ta raditaja minimala faktiska veértiba,
Imax— i-ta raditaja maksimala faktiska vertiba.

Augkopibas ilgtspgjigas intensifikacijas raksturojoSo raditaju normalizetas
vertibas apkopotas par 2005. un 2015. gadu. Normalizétas augkopibas
ilgtspgjigas intensifikacijas faktoru raksturojoSo raditaju veértibas R; tiek
aprékinatas 6 dazadam ekonomiska lieluma grupu saimniecibam 2005. un
2015. gada, un tas reprezente 347 lauku saimniecibas, kuras ir specializ&jusas
laukkopiba. 9. tabula atspoguloti 2015. gada normalizgtie raditaji.

9. tabula
Ilgtspéjas faktorus raksturojosie normalizétie vidéjie raditaji laukkopibas
saimniecibam Latvija 2015. gada

< s £
- 2 | 5S4 g4 g
£3 g | 8| 228 | 54
=L Raditajs z 2 5= | Z5s g 2
= g | => == SE
z 2
EK 4 |LIZ produktivitate EURha'! 378.15 964.32 0.56
K 7 [Saimnieciskas darbibas % 25.7 71.32|  0.80
diversifikacija
EK 9 |Darbaspeka produktivitate | EURcilv’' | 15077.09| 353360.58 0.09
EK 10 |U70émuma finansu % 27.96 6724 026
stabilitate
305 Darbavietu saglabasana C11V1|00ha' 027 251 057
laukos
SO 6 |Darbavietu radiSana laukos % 0.03 16.86 0.05
SO 9 |Uznémuma sociala atbildiba| EURcilv! 26.67 59.09 0.13
yi1  [Emisiuintensitdte agro- | prypy 47.97 199.84|  0.72
ekosistema
viio |Plologiskas daudzveidibas | pyjpp 1 28,44 1123|  0.57
saglabasana
vie |Videidraudziga % 0 27.82| 026
saimnieko$anas sisteéma
r1  |[Augkopibas produktu % 0.56 105|042
attistiba
Tr3 |Mmovacijas produktu % 235.67 540.13| 075
razoSanas tehnologija
Tr4 |Inovacijas produkiu EURha-! 0.3 1.03| 046
razo$anas sistéma

Avots: autora konstrukcija péc SUDAT, 2015
Izmantojot 5. formulu talak, tika aprékinats ilgtsp&jigas intensifikacijas
attistibas  indikators |A, kura vertiba uzrada saimniecibu izmainas
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ekonomiskaja, socialaja, vides un inovaciju/tehnologiju attistiba 2005. un 2015.
gada. Tiek izmantoti ieprieks aprékinatie katra ilgtsp€jas faktora raditaja svari
un raksturojosa raditaja normalizéta vertiba. Lai var€tu veikt salidzinajumu,
attistibas indikators tiek aprékinats saimniecibu ekonomiska lieluma grupas,
izmantojot datus par 2005. un 2015. gadu.

. 13
IA; = Zm SiRy-
kur : 1Aj — ilgtsp&jigas intensifikacijas indikators j — tai saimniecibu grupai (j=1,2....,6),
Si —ilgtsp&jas i — ta raditaja svars, (i=1,2,...,13),
Rij —normaliz&ta i — ta raditaja vertiba saimniecibu j grupai.

Izmantojot 5. formulu, aprékinos ietver raditaju standartizétas vertibas un
svarus, ar kadiem §is veértibas tiek ieklautas ilgtspgjigas intensifikacijas attistibas
indikatora aprékinasana. Veiktajos attistibas indikatora IA aprekinos raditajus
summé atbilstosi definétajai trajektorijai. Ja raditajs atspogulo izaugsmi,
pieméram, kiitsméslu daudzuma pieaugumu uz 1 ha LIZ, tick izmantota plus (+)
zime, So raditdju vertibam pieaugot, |A paliclinas. Savukart, ja jabit
samazinajumam, piem&ram, izmantoto augu aizsardzibas lidzeklu daudzums uz 1
ha LIZ, tiek lietota minus (-) zZime un, So raditaju verttbam pieaugot, IA
samazinas. Apréekinatie |A raditaji apkopoti 10. tabula.

)

10. tabula
IA raksturojoSo indikatoru raditaji dazada ekonomiska lieluma
laukkopibas SUDAT saimniecibam (n=347) Latvija 2005. un 2015. gada

EKkonomiskas Socialas Vides Il‘lOVﬂCl“].lf/
Ekonomiska ilgtsp&jas ilgtsp&jas ilgtsp@jas t?hnOl?.glJu
lieluma grupa, indekss indekss indekss ilgtspejas
tikst. EUR indekss
2005 2015 2005 | 2015 | 2005 | 2015 | 2005 2015
Videja 20.18 | -0.12 | 0.16 | 0.14 | 0.00 | -0.25 | 038 | 0.46
saimnieciba
4<15 -0.22 -0.30 0.44 0.38 024 | 0.24 0.56 0.00
15<25 -0.26 -0.20 0.21 0.38 0.19 | -0.03 0.43 0.19
25 <50 -0.15 -0.31 0.31 024 | 0.11 -002 0.33 0.46
50<100 -0.24 -0.17 0.03 0.11 0.13 | -0.08 0.34 0.40
100 < 500 -0.12 -0.06 0.12 0.05 | -0.11 | -0.36 0.35 0.55
> 500 0.30 0.30 0.02 0.00 | -0.48 | -0.48 0.27 0.55

Avots: autora konstrukcija péc SUDAT, 2005.,2015.

Analizétie dati uzrada atskiribas attistiba starp dazadam ekonomiska
lieluma saimniecibu grupam. Lielas saimniecibas ir intensific&jusas
lauksaimniecibas razoSanas procesu, tomér vienlaikus ir pieaugusi ietekme uz
vidi. Turpinoties ekonomiskajiem procesiem laukos, kuru rezultata pieaug
saimniecibu fiziskais (apsaimniekotas LIZ platibas) un ekonomiskais lielums,
pieaugs negativa ietekme uz lauku vidi, kura ir pretruna ar ilgtsp&jigas attistibas
principiem. Turpmakaja darba gaita, lai precizak novertétu lauku saimniecibu
attistibu, darba autors péc izstradatas metodologijas veiks novertgjumu
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attistibai 2005. gada. legitie attistibas indeksi tiks salidzinati ar 2015. gada
aprékinu rezultatiem, un to izmainu raksturs precizi noradis uz attistibas
tendenci.

Lauksaimniecibas razoS$anas picaugoSo ietekmi uz vidi apstiprina darba
autora analizgtie statistikas dati lauksaimnieciba Latvija. Aprekini apstiprina un
pamato vides ilgtsp&jas indikatora samazindjuma c&loni, proti, pieaugosu
mineralméslu izmantoSanu.

Augkopibas nozares attistibas indeksu izmainas att€lotas 10. attela.
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el Nineralmésh izmantoSana tikst. t. et Graudaugu platibas tikst.ha Gads

et Graudu kopraza tikst t = = = =] inear (Augsnes SEG CO: eq)
Avots: autora konstrukcija pec CSB, 2015
10. att. Augkopibas nozari raksturojoSo raditaju izmainu indeksi
(2005=100) Latvija 2005. — 2015. gada.

y=3.19x-5.78

1 1 PZl—ﬁﬂQ

Indeksu vértibas izmainas

Augkopibas nozares galvenas produkcijas graudu un rapSa raZoSanas
intensifikacija Latvija notiek, palielinot sintétisko mineralméslu izlietojumu.
SEG emisiju pieaugums augkopibas nozarg€ ir palielinajies par 27% 2015. gada
salidzinajuma ar bazes gadu. IzvEléta razosanas attistiba neatbilst ilgtsp&jigas
intensifikacijas principiem, jo, péc autora aprékiniem, SEG emisiju intensitate
lielaka ir ekonomiski lielo saimniecibu grupa, bet ta samazinas ekonomiski
mazo saimniecibu grupas (Lenerts A., 2015).

Biitiskakais pieaugums ar mineralmésliem apstradatajam plattbam 2009. —
2014. gada ir graudaugiem, 29.7%. Vel butiskaks ir faktors, ka 1.2 reizes ir
palielinajusies mineralméslu izmantosanas intensitate katram graudaugu
s€§jumu ha, kas veicinas SEG emisiju pieaugumu no lauksaimnieciskas
darbibas, un netiks sasniegts emisiju ierobezosanai izvirzitais merkis.

Parrekinot N mineralméslu N,O emisiju 1.78 kg ha! graudaugu séjumiem
uz CO; eq, tas veido 530.44 kg ha!. Pie vidgjas graudaugu razibas 4.03 t ha"!
SEG emisijas uz sarazotas produkcijas vienu tonnu ir 131.62 kg CO; eq. Lai
noteiktu, vai $ads raditajs atbilst v€lamajam SEG emisiju optimumam,
nakamaja darba nodala tiks apkopoti ES zinatnieku iegiitie dati un veikta
salidzinosa analize.
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Izmantojot ilgtermina lauksaimnieciskas razoSanas attistibas planus, ir
javeicina intensivas piena lopkopibas saimniecibu veidoSanas. Tadgjadi tiks
nodrosinats papildu organiskais méslojums pieaugosajam LIZ platibam,
aizvietojot mineralméslus (Lenerts A. 2015). Tapec izvairities no emisijam
dabas vidg pilniba nebis iespgjams. Tomér ir iesp&jams sekot 11dzi un panakt N
mineralméslu izmantoSanas efektivitates paaugstinasanu, kas vienlaicigi
samazinas razoSanas faktoru izmaksas, ka arT samazinas SEG emisiju intensitati
uz sarazotas produkcijas vienibu un izmantoto LIZ ha (Lenerts A., 2016).

5. SEG EMISIJU SAMAZINASANAS PASAKUMI
AUGKOPIBA UN TO IETEKMES UZ DABAS UN
EKONOMISKO VIDI IZVERTEJUMS

Nodalas saturs darba veidots no 23 Ipp., kuras ietilpst 7 tabulas un 14 atteli.
Nodala veikta SEG emisiju robezsamazinajuma izmaksu analize. Noteikti
Latvijas apstakliem pieméroti SEG emisiju samazinaSanas pasakumi
augkopiba. Veikta SEG emisiju samazinajuma prognoze.

Nodala izvirzita teze: SEG samazinoso pasakumu ieviesana augkopiba
nodrosinds  dabas vides saglabasanu un  ekonomiskos  ieguvumus
lauksaimniecibas ilgtspéjigai attistibai.

P&c autora veiktajiem aprekiniem darba treSaja nodala, papildu LIZ
iesaistiSana produkcijas razo$ana pie eso$ajam raZoSanas tehnologijam un
sarazotas produkcijas sortimenta ieveérojami parsniegs Latvijai atlauto (Parizes
vienos$anas) SEG emisiju apjomu no lauksaimniecibas. SEG emisiju faktiskais
picaugums lidz 2015. gadam un prognozes pieaugumam vai samazinajumam
lidz 2020. gadam raksturotas 11. attéla.
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Avots: autora konstrukcija
11. att. Lauksaimniecibas SEG emisijas Latvija 2005. — 2015. gada un
izmainu prognoze lidz 2030. gadam.
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Lai noteiktu augkopibas SEG emisiju samazinasanas iesp&jas, autors veica
alternativa SEG samazinajuma scenarija aprékinasanu (A uz D 11. attela).
Identificjot Latvijas augkopibai piemérotus SEG samazinaSanas pasakumus,
tiks noteikts samazinajuma potencials 2020. gada. Tatad pétijjuma galvenais
mérkis ir meklet iespgjas veidot lauksaimniecibas attistibu Latvija, vienlaikus
nodro§inot ekonomisko intere$u konvergenci ar ietekmi uz vidi. Darba ceturtaja
nodala veikta ilgtsp€jigas intensifikacijas novert€juma rezultati norada uz
augkopibas saimniecibu attistibu, kad vienlaicigi ar ekonomisko izaugsmi tiek
palielinata negativa ietekme uz dabas un socialo vidi, kas ir pretruna ar
ilgtspgjas principiem. Saja darba nodala autors veicis aprekinus célonsakaribu
konstatgsanai un iespgjamo pasakumu noteiksanai, lai augkopibas saimniecibas
Latvija varétu nodro$inat ekonomiskas izaugsmes un dabas vides saglabasanas
simbiozi. Mérka sasniegSanai izvirziti atbilstosi 5. nodalas darba uzdevumi:
izskaidrot SEG emisiju robezsamazinajuma izmaksu analizes metodi; veikt
iespgjamo SEG mazinoSo pasakumu teorétisko noveértéjumu augkopibai
Latvija; izmantojot daudzdimensiju hierarhijas faktoranalizi, noteikt ievieSamos
pasakumus; aprékinat SEG emisiju samazindgjumu un ekonomiskos
ieguvumus/izdevumus pé&c pasakumu ievieSanas, izmantojot McKinsei
(McKinsey.. 2010) izstradato metodologiju, un veidot samazinasanas pasakumu
izmaksu un ieguvumu likni (Marginal Abatement Cost Curve, MACC).

5.1. SEG emisiju robeZsamazinajuma izmaksu analize

Robezsamazinajuma izmaksu analizes metode pirmo reizi tika izstradata 20.
gs. 70. gados.

Robezsamazinajuma izmaksu analizes metode MACC (Marginal
Abatement Cost Curve) lauksaimnieciba plasi tiek izmantota, lai noteiktu sp&ju
pielagoties klimata izmainu mazinasanai (Wreford A., 2010).

Konstrugtas robezsamazinajuma izmaksu Itknes informacija:

» lauj novértet atsevisku SEG samazinoSo pasakumu ekonomisko
izdevigumu, kas nozimé samazinat emisijas un ietaupit finansu resursus, ka
arl sniedz informaciju, kadu pasakumu ievieSana ir iespgjama pie
noteiktiem nosacfjumiem. Izmaksu izdevigiem pasakumiem ir ,,negativas
izmaksas”, un tie att€loti zem horizontalas ass kreisaja puse. [zmaksu dalgji
izdevigie un neizdevigie pasakumi att€loti virs horizontalas ass grafika
labaja pusg;

» vizualizé SEG emisiju samazinagjuma potenciala lieclumu katram
pasakumam, kas noradits ka attieciga grafiska att€la platums.

Pasakumu izv€les un ievieSanas novert§jumu apgriitina esoso saimniecibu
finanSu iespgjas, kas ir cieSi saistitas ar to ekonomisko lielumu. Ekonomiski
lielajas saimniecibas (p&c darba ceturtaja nodala veikta noveért€juma) ir lielaki
ieguldijumi tehnikas, iekartu un tehnologiju mainai, tapéc $o saimniecibu
potencials samazinat emisijas un vienlaicigi paaugstinat sarazotas produkcijas
apjomu, péc autora domam, ir augstaks.
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Augkopibas SEG emisiju samazina$anas pasakumu ievieSanas izmaksas
tiek noteiktas, izmantojot produkcijas razoSanas bruto seguma izmainas
(izteiktas ka EUR ha'), un aprékinatas, izmantojot 6. formulu. Izmantojot
MAC liknes konstrugSanas pieeju ,,no apaksas uz augsu”, tiek veikts katra
ievieSama pasakuma bruto seguma novertjums, kurs$ tiek salidzinats ar bazes
scenarija (LLKC bruto seguma dati) izmaksam. SEG samazinajuma pasakumu
izmaksu un ieguvumu Iiknes aprékina modelis att€lots 12. attela.

N:0 CH:+ N zudumi

Analize: samazingjuma Samazinasanas
SEG samaz potencials (t. CO2 eq. ha™) potencials(MtCO; eq.)

potencials

[ Samazindtanas pasikumi ] ) SEG samazinajuma
izmaksu likne (MACC)

Ekonomiskais
potencials Ieviesanas izmaksas Izmaksu efektivitate
(EUR ha™) (EUR t.COzeq.™")

Meslojums Darbs Tehnika Melioracija  Platiba
Avots: autora konstrukcija
12. att. SEG emisiju samazinasanas pasakumu izmaksu un ieguvumu
Itknes aprékina modelis augkopibai Latvija.

Sada pieeja nodrosina iespgjas salidzinat augkopibas saimnieciba izmantoto
razoSanas faktoru atdevi, ka arl sarazoto produkciju pirms un pé&c SEG
samazinajuma pasakumu ievieSanas, izmantojot 6. formulu.

5 6)
ABS pc. — Z(RC *Cc *RI p.c4)_ M c | p.c. _ZpAc, - BSC ’
t=1

kur: ABSpc— bruto seguma izmainas péc SEG emisiju samazinaSanas pasakuma
ievieSanas,
T— pasakuma realiz&Sanas laiks p&c ieviesanas, (t=1,2,...,5),
Rc—augkopibas produkcijas ¢ vidgja raziba,
Cc— augkopibas produkcijas € vidgja realizacijas cena,
Rlp.c— augkopibas produkcijas ¢ vidgjas razibas picaugums %, ievieSot pasakumu p,
Mc— razo$anas mainigas izmaksas produkcijai C pirms pasakuma ievieSanas,
Ip.c— pasakuma p ievieSanas izmaksas augkopibas produkcijai C,
Zp.c— augkopibas produkcijas € iepémumu samazinajums, ieviesot pasakumu p,
BSc— bruto segums produkcijai € pirms pasakuma ievieSanas.
Augkopibas SEG emisiju samazindjuma pasakumu izmaksu efektivitati I[E aprékina
péc 7. sakaribas.

ABSpc
E.=—— (7))
P*ASEG,

>
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kur: 1Epc— SEG emisiju samazinajuma pasakuma p izmaksu efektivitate produktam c,
ABSp.c— bruto seguma izmainas produktam c, ievieSot pasakumu p,
ASEGp—SEG samazinajums, ievie$ot pasakumu p.

5.2. Augkopibas SEG emisiju samazinasanas pasakumu nepiecieSamiba

Lai konstatétu, vai Latvija ekonomiska piecauguma raditaji apsteidz
ietekmes uz vidi palielindjumu, izmantojot razosanas faktorus, darba autors
noteica SEG emisiju intensitati uz sarazotas produkcijas vienibu 2009. — 2014.
gada.

Pétfjuma turpinajuma ka atskaites punkts tiek izmantota ekonomika labi
zinama razo$anas faktoru funkcija 8. sakariba.

P =f (x4, X2..., Xn,), 8.
kur: P — produkcijas izlaide,
X1, X2,... Xn — izmantotie razoSanas faktori.

St funkcija parada, ka un cik atri resursi tiek parvérsti gala produkta, pieméram,
cik vienibu attieciga N mineralméslojuma ir jalieto, lai ieglitu planoto razu vai
iegiitu maksimalo teorétiski iesp&jamo produkcijas daudzumu, pamatojoties uz
racionalu izmaksu — ieguvumu analizi un pamatotu izvéli. N mineralméslu
izmanto$anas un sarazotas ziemas kvieSu produkcijas kopsakaribas
atspogulotas 13. attela.

10 y=-037+39Ix-1.55 60
9 R2=0.909 -
P 50 &
E s &
= S s
g7 40 g%
B
z 0 sz
=5 30 2 2
%, g2
= =
£ 0E3
g3 z&
£ > £°
g 10
1 z
0 0
0 48 96 144 192 240 288
N mineralméslu izkliedes norma kg ha™
N izkliede kg ha™t A NUE A Razibatha? Poly. (Raziba t ha™*)

Avots: autora konstrukcija pec Hawkesford J. M., 2014
13. att. Kvie$u raziba un mineralmeéslu izmantoSanas efektivitate.

Kamér nav veikti zinatniski pamatoti pétfjumi par SEG emisijam no
augsnes Latvijas apstaklos, aprékinos ir jaizmanto IPCC noteiktas vadlinijas.
SEG emisiju veidosanas ir atkariga no audzgjama kultirauga. Tap&c 1€mumu
pienemsSanas procesa, izvéloties konkréto kulttraugu, svarigi saprast, kadiem
mérkiem izaudz&ta produkcija tiks izmantota. Latvijas augkopibas saimniecibu
s€jumu struktiira parliecinosi doming kulttraugi ar augstako SEG emisiju uz
sarazotas produkcijas vienibu. Darba tre$as nodalas atspogulotie dati uzrada, ka
2015. gada 35.7% no kopgjas s€jumu struktliras aiznéma graudaugi, kuru
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audzesana ir ar augstu SEG emisiju veidoSanas intensitati. P&c autora domam
KLP nakotng bis jaievie$ korigg€josi pasakumi sEjumu struktiiras mainai, jo
pretgja gadijuma naksies samazinat razoSanas apjomus radito SEG emisiju d&l,
kas vienlaicigi kaves lauksaimniecibas attistibu. Autoraprat, nemot véra, ka
speku ir zaudgjis ierobezojums cukura razosanai Latvija, blitu nepiccieSamiba
atgriezties pie nopietna izvert€juma sgjumu struktiira ieklaut cukurbietes, jo to
audz&Sanas SEG emisiju intensitate ir viszemaka uz produkcijas vienibu.

Nakamaja novert€juma soli darba autors veica SEG emisiju intensitates
novert§jumu Latvijas augkopibas saimniecibas sarazotajiem ziemas kvieSiem.
Aprekiniem tika izmantoti CSP nepubliceti dati, kurus p&c darba autora liguma
sagatavoja parvaldes specialisti. Emisiju intensitate tika aprékinata, izmantojot
dzives cikla analizes metodi (LCA), lai iegutie dati butu salidzinami,
analiz€jami un interpret€jami ar citas valstis veiktajiem aprékiniem.
Salidzinajumam izveleti pec identiskas metodes aprékinatie raditaji ziemas
kviesu audzgsana raditajam SEG emisijam Apvienotaja Karaliste (Berry P. M.,
2010) un Polija (Wojcik-Gront E., 2016). KvieSu audzgsanas raksturojoso SEG
emisijas faktoru raditaji aprékinati, rezultatu izsakot kg CO» eq vienam
sarazotas produkcijas kg.

SEG emisiju aprékinasana kviesu s€jumu ha veikta p&c P. M. Berrija (2010)
aprakstitas metodikas. Izmantojot izveidoto aprékinu modeli un iegtitos datus,
tika noverteta augkopiba audzeto ziemas kviesu SEG emisiju intensitate Latvija
2009. — 2014. gada. Tegiitie rezultati atspoguloti 14. attela.
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Avots: autora konstrukcija
14. att. SEG emisiju intensitate ziemas kvieSu séjumos Latvija
2009. — 2014. gada, kg CO, eq t1.

legiitie rezultati apstiprina darba autora pienémumu, ka attistibai bez
papildu pasakumiem SEG emisiju samazinasana talakas lauksaimniecibas
attistibas iesp&jas nepastav. SEG emisiju intensitate ir pieaugusi par 250%,
sasniedzot 450 kg CO; eq ha™!. Savukart graudaugu razibas vidgjais pieaugums
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ir 0.01 t. ha'. Latvija ka viena no ES dalibvalstim ir apnémusies reagét uz

klimata izmainam un samazinat SEG emisijas. Pasaulé veiktie pétfjumi

(Repetto R. et al., 2010) apliecina, ka, izmantojot jau esosas tehnologijas, 1idz

2050. gadam SEG emisijas var tikt samazinatas par 80%, bitiski neietekmgjot

ekonomisko izaugsmi.

P&tijumos konstatétas galvenas atzinas:
> svarigi izmantot ta saucamos ,ierobezot un tirgoties” (cap and trade)

rezZimus, kas veicina tirgus iespg&jas ,,atgiit” lidzsvaru, nosakot, kur un kad

samazinat emisijas;

> strat€giskas investicijas infrastruktira un institucionalas izmainas batiski
veicina zemu oglekla tehnologiju attistibu;

» svarigi radit priekSrocibas zemu izmaksu oglekla piesaistes pasakumiem,
izmantojot nacionalas un starptautiskas atbalsta programmas.

ES lauksaimnieciba ietilpst ne-ETS sektora, tapéc pirma minéta atzina, kas
paredz tirgus mehanismu ievieSanu, tie$a veida nav izmantojama. Atlikusie divi
ieteikumi ir butiski, Tpasi attiectba uz oglekla piesaistes pasakumiem. Saistiba
ar SEG emisiju samazinaSanu lauksaimnieciba arzemju pé&tnieki (Smith P. et
al., 2008) saredz tris darbibas virzienus:
> emisiju samazinasana — $is mehanisms saistams ar efektivu SEG emisijas

samazinas$anas metozu izmantoSanu;

> oglekla piesaistes uzlaboSana — §is mehanisms saistams ar augsnes
organiskaja dala uzkrata oglekla zudumu samazinasanu. Tie ir zemes
apsaimnieko$anas risinajumi, kas palielina fotosint€zes procesa uznemto
oglekli un novers uzkrata oglekla nokltisanu atmosfera;

» emisiju radosu lauksaimniecibas prakSu aizvietoSana vai papildinasana ar
klimatam draudzigakam praksém — §is meha@nisms saistdas ar augu un
lauksaimniecibas atlikumu izmanto$anu atjaunojamas energijas, pieméram,
biogazes, bioetanola vai biodizela, razoSanai.

Darba autors veica SEG emisiju mazinasanas pasakumu salidzinoSo izpéti,
izmantojot jau ieprieks veiktos petfjumus citds valstis un ieverojot autora
definétus pasakumu atlases kriterijus:

» pasakuma ievieSana biitiski nemainis lauksaimnieciskas razoSanas sisteému
saimniecibas;

» péc pasakuma ievieSanas ir iespgjams novertet ievieSanas izmaksas un SEG
samazinajumu saimnieciba;

> iegiitos datus ir iespgjams visparinat un attiecinat uz lauksaimniecibu
kopuma.

Identificgjot pasakumus, kuri var samazinat SEG emisijas no
lauksaimnieciskas razoSanas, bija svarigi atlasit tadus pasakumus, kuru
ievieSana bitiski ietekmétu SEG emisiju aprékinaSana izmantotos raditajus.
SEG mazinaSanas pasakumam ir jabit ietekmei uz NIR un jaatbilst noteiktiem
kriterijiem:

» pasakuma efektivitate ir pieradita un zinatniski pamatota (public&ti p&tijumi
zinatnisko rakstu krajumos);
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» pasakuma samazinajuma efektu var izmantot SEG aprekinu metodika, kuru
izmanto NIR sagatavoSanai (piemeram, izmantotas kiudraju (histosols)
platibas augkopiba);

» ir noteikti raditaji/indikatori pasakuma TstenoSanas kontrolei (pieméram,
slapekla méslojuma izmantoSanas efektivitate, NUE);

» pasakuma ievieSana biitiski nemainis lauksaimnieciskas razoSanas sistému
lauku saimniecibas;

» ir iespgjams novertét ievieSanas izmaksas un SEG samazinajumu
saimnieciba péc pasakuma ievieSanas.

Situacijas izverte§jums SEG emisiju samazinaSanas pasakumu klasific€Sanas
joma lauj Latvija piemérot SEG pasakumu sadalijumu p&c diviem galvenajiem
prioritaras ietekmes virzieniem:

» augkopiba ievieSamie SEG emisiju samazinosie pasakumi;

» lopkopiba ieviesamie SEG emisiju samazinosie pasakumi.

Izpétes sakuma posma tika izveidots gar§ pasakumu saraksts, péc tam,
pamatojoties uz augkopibas un lopkopibas nozaru ekspertu vértejumu, ka
Latvijas apstakliem piemé&roti tika identificéti 19 SEG emisiju samazinosi
pasakumi, kas pielietojami laukkopiba (National Research..., 2016). Sos
pasakumus SEG emisiju samazinaSanas problémas risinasanai augkopiba darba
autors sadala piecas alternativas grupas. Pirmaja grupa ietilpstoSie samazinosie
pasakumi, kuri nodroSina slapekla aprites precizu vadibu. Otra SEG
samazinoSo pasakumu grupa ir saistita ar briva slapekla iesp&jamo piesaisti,
izmantojot, piemeram, taurinziezu s¢jumus. Tre§a samazinoSo pasakumu grupa
— oglekla uzglabasana augsng, kuru panak ar augsnes fizikali — kimisko pasibu
uzlaboSanu. SEG emisiju samazina$anas ceturta alternativa ir biologiskas
lauksaimniecibas intensiva attistiSana. Savukart piekta samazino$o pasakumu
grupa ir saistita ar lauksaimnieciskas razosSanas intensitates samazinasanu, kas
panakama ar ilggadigo zalaju ierikoSanu organiskajas augsnés un atraudzigo
koku sugu stadi$anu lauksaimniecibas zeme.

5.3. Latvijas apstakliem pieméroti SEG emisiju samazinasanas pasakumi
augkopibai

Petijuma ekspertu pieredze un zinaSanas tika izmantotas, lai p&c iesp&jas
vispusigi novertétu izvéleto SEG emisiju mazinasanas pasakumu iesp&jamos
ievieSanas SkerSlus lauksaimnieciba. Ekspertu aptauja iegiito datu apstradi
autors veica, izmantojot amerikanu matematika Saati T. hierarhiju analizes
metodi (AHP) (Saaty T.,1981).

Pielagojot hierarhiju analizes metodes algoritmu augkopibas sektora SEG
emisiju mazinasanas pasakumu novertéSanai Latvijas lauksaimnieciba, tika
izstradata hierarhijas piramida, kura sastav no Cetriem ltmeniem. Hierarhijas
pirmaja Itmeni tiek izvirzits mérkis — lauksaimniecibas SEG emisiju
samazinasanas pasakumu ievieSana augkopiba. Otraja Ilimeni eksperti
noveértéja mérka sasniegSanu ietekmé&josos ekonomiskos, socialos, vides un
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tehnologiskos faktorus. Hierarhijas tre$aja Iimeni eksperti noteica katra
faktora ietekmgjoSo kriteriju svarigumu saistiba ar sasniedzamo mérki.
Ekonomiskos faktorus eksperti vert€ja, izmantojot vairakus kriterijus:
pieejamais ES kopgjas lauksaimniecibas politikas atbalsta finansgjums;
darbavietu skaita izmainas lauku saimniecibas; lauku saimniecibu ekonomiska
ilgtspgja; lauku saimniecibu finansialas iespgjas un SEG mazinasanas
pasakumu ietekme uz sarazoto produkciju (15. att€ls).

Lauksaimniecibas SEG emisiju samazina$anas pasakumu
ievie$ana lauksaimnieciba

Ekonomiskas Socialas Dabas vides Tehnologiju
vides faktori vides faktori faktori faktori
4 Y4 R
KLP atbalsts; Lauku apdzivotiba; SEG samazinjums; Tehnologiju pieeja;
Darbavietu skaits; Koopericija; Augsnes kvalitate; Saimniecibu LIZ;
Ekonomiska ilgtspga; Sabiedribas attieksme; Udens kvalitate; Profesionalitate;
Finansu iespgjas; ZinaSanu pamese; Ekologiska ilgtspeja; Zinaanu apguve;
Tetekme uz razu. Nodoklu ien&mumi. Dzivie organismi. Esosa tehnologija.
r? AN ¥ N\ J
Alternativa F >¢ L ¢ ¢ * L ¢
R R
1. Slapekla 2. Slapekla 3. Oglekla 4. Biologiska 5. RazoSanas
aprites preciza piesaiste uzglabasana lauksaimnieciba intensitates
vadiba augsné samazinasana
J/

Avots: autora konstrukcija
15. att. SEG emisiju mazinasanas pasakumu novértéSanas hierarhijas
piramida.

Socialos faktorus vertgja, izmantojot krit€rijus: lauku vides apdzivotibas
izmainas; lauku saimniecibu savstarpgja sadarbiba kooper€joties; sabiedribas
un sabiedrisko organizaciju ietekme; lauku saimniecibu ipasnieku/vaditaju
zinasanu apguve un lauku saimniecibu iemaksatie nodokli pasvaldibu budzeta.

Dabas vides faktorus vertgja, izmantojot krit€rijus: SEG emisiju iespgjamais
samazindjums; augsnes kvalitativo raditaju uzlaboSanas; tdens kvalitativo
raditaju uzlaboSanas; lauksaimnieciskas raZoSanas ekologiska ilgtspgja un
dzivo organismu, sugu vairos$anas.

Tehnologiskos faktoru veértéja, izmantojot kritérijus: jauno tehnologiju
pieejamiba; saimniecibas apstradata lauksaimnieciba izmantotd zeme;
profesionalas zinasanas; eso$a tehnologija un zinaSanu ieguve. Hierarhijas
ceturtaja limeni ekspertiem tika piedavatas piecas alternativas problémas
atrisinasanai. Tas tika izstradatas, grupgjot SEG mazinaSanas pasakumus péc
pazimes, ka samazinajuma efekts panakams.

Pirma iesp&jama alternativa — slapekla aprites preciza vadiba, kuru panak
ar: precizu mineralméslu lietosanu; integrétas lauksaimniecibas ievieSanu; tieSu
mineralmeéslu iestradi augsng; nitrifikacijas inhibitoru pielietoSanu; méslosanas
planoSanu un augsnes kalkoSanu.
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Otra iesp&jama alternativa — slapekla piesaiste, kuru panak ar: taurinziezu
platibu palielinasanu; taurinziezu pas€ju (slapekla piesaiste); zalmeslojuma
augu séSanu melnaja papuve; biomasas produktivitates paaugstinasanu.

Tresa iesp&jama alternativa — oglekla uzglabasana augsng, kuru panak ar:
augsnes fizikali-ktmisko Tpasibu uzlabosanu; augu atlieku (salmu) ierobezotu
novaksanu no lauka; minimalu augsnes apstradi un melioracijas sistémas
uzturéSanu.

Ceturta iesp&jama alternativa — biologiskas lauksaimniecibas intensiva
attistiSana.

Piekta iesp&jama alternativa — razoSanas intensitates samazinaSana, kas
panakama ar: ilggadigo zalaju ierikoSanu organiskajas augsnés; atraudzigo
koku sugu stadiSanu lauksaimniecibas zeme.

P&tljuma meérka sasniegSanai svariga ir atbilstoSu, kompetentu ekspertu
izvéle.

Par ekonomiskas jomas ckspertiem tika pieaicinati:

1. Arnis Burmistrs — Latvijas Zemnieku sacimas valdes loceklis, z/s Vilcini

Tpasnieks,

2. Gatis Berzins — SIA Precision Farming, Agricon valdes priek§sedetajs.

Socialds jomas novertesanai tika uzaicinati eksperti:

3. Oskars Balodis — Latvijas Lauku konsultaciju centra (LLKC) augkopibas
nodalas vaditajs,

4. Agate Zalite — LAD Sabiedrisko attiecibu dalas sabiedrisko attiecibu

specialiste.

Vides jomas novertesanai tika uzaicinati eksperti:

Agita Gancone — LR VARAM vecékais referents,

6. Laima Be@rzina — Dr. sc.ing., LLU Vides un tidenssaimniecibas katedras
vadosa pétniece.

Savukart inovaciju/tehnologiju jomas noveértésanai tika uzaicinati eksperti:
7. Pé&teris Rivza — Dr. habil. sc. ing., LLU Datoru sistému katedras profesors,

vadosais pétnieks,

8. Dzidra KreiSmane — Dr. agr., LLU Agrobiotehnologijas institiits, asociéta
profesore, vadosa pétniece.

Visu ekspertu vert§jumus apkopo, aprékinot katra vert€juma aritméetisko
vidgjo un izkliedi. Izkliedi grafiskajos att€los parada, izmantojot amplitidu no
minimalam Iidz maksimalajam katra konkréta vert§juma skaitliskajam
vertibam. 16. attela atspogulotas dabas vides un ekonomiskas vides faktoru
grupas eksperti ir vert§jusi salidzinoS$i lidzigi, prioritati atdodot
ekonomiskajiem faktoriem (0.38). Tome@r pastav salidzinoSi liela izkliede
attieciba uz dabas vides faktoriem, kas norada, ka pastav ievérojama viedoklu
atSkiritba par to butiskumu. Vislielaka vienpratiba ekspertu vidd ir par
tehnologisko faktoru nozimi (0.14), ko pamato neliela rezultatu izkliede.
Vislielaka vienpratiba ekspertu vida ir par tehnologisko faktoru nozimi (0.14),
ko pamato neliela rezultatu izkliede. Rezultati apkopoti 16. attéla.

W
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Avots: autora konstrukcija
16. att. Lauksaimniecibas SEG emisiju samazinasanas pasakumu
ievieSanas socialas, ekonomiskas, dabas vides un tehnologisko faktoru
grupu ekspertu vertéjums.

Lai darba autors noteiktu, kuru no SEG samazinasanas pasakumu
alternativajam grupam péc ekspertu novertgjuma izmantot talakajos aprekinos,
tiek analiz&ti ekspertu vertgjuma rezultati p&c visiem 20 kriterijiem. SEG
samazinasanas alternativu grupu vertgjuma eckspertu vidi nepastav liela
vienpratiba par pasakumiem, kuru ievieSana saistita ar razoSanas intensitates
samazinasanu, biologiskas saimniekoSanas sist€émas ievieSanu, slapekla
piesaisti un CO; uzglabasanu augsné. Tas nozimé, ka ekspertiem ir bijusi
dazadi viedokli. Zemaks vértgjums ir treSajai mazinaSanas pasakumu grupai —
,»CO, uzglabasana augsné” (0.13). Otrs zemakais veért€§jums mazinasanas
pasakumu grupai ,slapekla piesaiste”. Ekspertu vidi augstako vert€jumu ir
sanémis pasdakums ,biologiskas lauksaimniecibas sistémas ievieSana”, tomér,
ka tas redzams 17. attéla, tas tiek vertéts vispretrunigak.
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Avots: autora konstrukcija
17. att. Lauksaimniecibas SEG emisiju samazinasanas alternativo
pasakumu ekspertu vértéjums.
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Ekspertu vertgjuma lielaka vienpratiba ir par pasakumu grupu ,slapekla
aprites preciza vadiba”. Autors vélas uzsvert, ka, vért€jot So pasakumu grupu,
ekspertu viedokli praktiski sakrit, un var apgalvot, ka pastav vienpratiba, kas
norada uz nepiecieSamibu attistit efektivu zemes resursu izmantosanas sisteému,
tai skaitd — mineralméslu izmantoSanu.

Ta ka péc ekspertu vertgjuma lielaka vienpratiba ir par nepiecieSamibu
nodroSinat precizu slapekla aprites vadibu, darba autors SEG samazinajuma
pasakumu izmaksu un ieguvumu aprékinu veiks Sai grupai. Ka nakoso SEG
samazinajuma izmaksu un ieguvumu aprékinu varétu veikt pasakumam
»biologiskas saimnickoSanas sistémas ievieSana” Latvija. Tomér, autoraprat,
sads attistibas virziens butiski ietekmétu ekonomiskas izaugsmes iesp€jas
lauksaimnieciba, jo biologiski sarazota produkcija ir ievérojami dargaka.
Biologiskas saimnicko$anas sisteémas intensivu ievieSanu Latvija varés realizet
tad, kad tiks precizi veikta LIZ kvalitativa novérté$ana un noteikts tas labakais
funkcionalais izmantoSanas veids.

5.4. Augkopibas SEG emisiju samazinasanas pasakuma ,,slapekla aprites
preciza vadiba” izmaksu un ieguvumu aprekins

Ieviesanas izmaksas (izteiktas ka EUR ha™' LIZ) ir aprékinatas, izmantojot
9. formulu, izvertgjot izraisitds izmainas: ieglitaja raza, razoSanas izmaksas
(meslojums, pesticidi, sekla u.c.), darbaspeka ieguldijuma, tehnikas izmaksas,
salidzinot augkopibas praksi saskana ar bazes scenariju jeb saimniekoSanu ,,pa
vecam” katram augkopiba izmantotajam zemes ha un kultiraugam. Izmantojot
pieeju ,,no apaksas uz augSu”, tiek pienemts, ka lauku saimniecibas, tiecoties
palielinat savus ienémumus vai pelnu, saskarsies ar noteiktiem ierobezojumiem
attistiba, un, izmantojot $o pieeju, var novertét izmainas razosanas procesos
pirms un péc lauku saimniecibas ieviestajiem SEG emisiju mazinasanas
pasakumiem. Tap&c razoSanas faktoru izmantoSanas izmainas tiek pienemtas ar
augSupejosu tendenci, nevis pienemot, ka ievie§ optimizaciju (samazinajumu)
méslojuma, augu aizsardzibas lidzeklu, darbaspeka, zemes un citiem faktoriem,
kadu parasti izmanto aprékinu metodei ,,no augsas uz apaksu”.

Lai novertetu katra ievieSama pasakuma izmaksas, tika izmantoti statistikas
dati, kuri atspogulo valsts vidgjos lauku saimniecibu izmaksu raditajus.
Aprekinos tiek ieklauti raditaji, kas attiecas tikai uz izmantoto raZoSanas
faktoru izmaksam, kurus izmanto saimnieciba. So raditaju aprékinasana tiek
izmantoti LLKC apkopotie katras laukkopibas kultiras audzé$ana izmantotie
bruto seguma raditaji un to skaitliskas vertibas (www.new.llkc.lv). Tas nozimé,
ka netiek izmantota LCA pieeja, kura aprekinos ietver, piem&ram,
mineralméslu razoSana raditas SEG emisijas. Tapat aprékinos netiek ieklautas
eko-agrosisteému sniegtas pakalpojumu izmaksas un ieguvumi. Darba autors
izmaksu — ieguvumu analizé neieklauj KLP izmantoto pasakumu ievieSanas
atbalsta mehanismu, kur§ paredz, pieméram, papildu maksajumus par katru
izmantoto LIZ ha zalinaSanas prasibu izpildei. Darba autors vadas no
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pienémuma, ka lauku saimnieciba pienemtie l€émumi par SEG mazinasanas
pasakuma ievieSanu bils saistiti ar pasa lauksaimnieka uzvedibas mainu, kas
saistiti ar razoSanas resursu efektivaku izmantoSanu. Katra ievieSanas
pasakuma efektivitate ir atkariga no darbibam, kuras veic SEG samazinasanas
mérku sasniegSanai. AtseviSku pasakumu ievieSana tikai vienai augkopibas
kultiraugu platibai nenodrosinas kopgja iespgjama samazinajuma potenciala
sasniegSanu. Tapec ir svarigi saprast atsevisko darbibu kopsakaribas. N, P un K
mineralméslojums ir bitiskakais faktors, kas nosaka iegiitas augkopibas razas
lielumu un kvalitati (Goulding K....2007).

Apkopojot iepriek§ analiz€tos SEG emisiju samazinaSanas pasakumus
slapekla aprites precizai vadibai, darba autors aprékinaja emisiju samazinasanas
potencialu Latvija audzgetajiem kultiiraugiem no viena LIZ ha, kas atspogulots
11. tabula.

11.tabula
SEG samazinajuma potencials kultiiraugu séjumiem gada, t CO2eq ha™

SEG samazinajuma potencials kultiiraugu séjumiem, t
- CO2zeq ha! =
g £
E =
5 Ef =| §| = | =
S S| B| 5| 2| 2| 2%| 3 2
g o & 2 z N =S| A S
SA1 035 | 045|025 | 0.40 0.35 0.35 | 0.50 0.41
SA 2 0.20 0.20 | 0.20 - - - 0.20 0.20
SA 3 0.07 - - - 0.07 0.07 - 0.07
SA 4 0.17 - 027 - - - | 0.36 0.27
SA5 0.12 0.12 | 0.12 0.12 0.12 0.12 | 0.12 0.12
SA 6 0.04 0.04 | 0.04 0.04 0.04 0.04 | 0.04 0.04
Platiba Kopa
2020. platiba
gada,
tikst. ha 759.6 | 1064 | 314 | 29.27 | 400.27 | 747.12 8.1 | 2082.16

Avots: autora aprékini pec Eory V., 2015; MacLeod M., 2015

Tie$i N nepiecieSamas normas izmanto$ana nodroSina atbilstosas razas
limena sasniegSanu, un, ka rada pétijjumi, ja lauku saimniectba netiek
nodro§inata N izmantoSanas preciza vadiba, pieaug SEG emisijas. Lietotas N
mésloSanas normas izmantoSanas efektivitati raksturo aprékinata N bilance un
slapekla izmantosanas efektivitate (NUE).

Potencialais SEG emisiju samazinajums ir sasniedzams, ja:

» tiek nodroSinata sabalanséta augu baribas vielu baze augsné;

» N mineralméslojums tiek izmantots atbilstosi faktiskajam kulttraugu
vajadzibam;

» N mineralméslu izmantoSanu veic atbilstosi fotosintézes procesiem augos,
ieverojot augsnes temperatiiras un mitruma raditajus.

59



Precizas N mineralméslojuma izmantosSanas bitiba ir noteikt p&c iesp€jas
objektivak nepiecieSamo méeslojuma devu katra lauka nogabala. Tas nozimé, ka
netiek izmantoti lauka vid&jie augsnes auglibas kvalitativie raditaji, bet noteikti
péc iespgjas mazakam kop&ja lauka augsnes nogabalam. Galvenas
prieksrocibas: 1) razas apjoma kapinajums, nodrosinot precizu nepiecieSamo
méslojuma devu; 2) materialo ieguldijumu samazindjums, neizmantojot
méslojumu lauka nogabalos ar pietickamu baribas bazi un neveicot méslojuma
izmantoSanu laika, kad augos nenotiek fotosint€zes procesi; 3) ekonomiskais
izdevigums — paaugstinas produkcijas razoSanas rentabilitate; 4)
vides/ekologiskie ieguvumi — lauka nogabali ar pietickamu baribas bazi netiek
parmésloti un no méslojuma, kuru augi nespgj uznemt, neveidojas N>O emisijas
vide.

Autora analizétajos pieméros MAC liknes konstrugSanai parasti izmanto
kumulativo pieeju samazinajuma potencidla noteikSana, izvertgjot atsevisko
pasakumu mijiedarbibas ietekmi. Sadu pieeju izmanto ari darba autors, lai
izvairitos no dubulta SEG iespgjama samazinajuma aprékinaSanas. Atsevisko
pasakumu mazinasanas mijiedarbibu izsaka ka koeficientu, kas raksturo
mijiedarbibas faktorus, un ta maksimala vertiba ir 1(viens). Divu pasakumu
mijiedarbiba iegtito kop&jo SEG samazinajumu aprékina pec 9. formulas.

SE; = (SE, + SE)* ME, ©)

kur: SEki— k-td un i-ta pasakuma kopgjais SEG emisiju samazinajums,

SEk — k-ta pasakuma SEG emisiju samazinajums, (k=1,2,...,6),

SEi — i-ta pasakuma SEG emisiju samazinajums, (i=1,2,...,6),

MEki — k-ta un i-ta pasakuma SEG emisiju samazinagjuma mijiedarbibas
koeficients.

Augkopibas sektoram piemérojamo samazinasanas pasakumu mijiedarbibas
koeficientu vértibas tiek pienemtas, vadoties péc Skotijas zinatnieces V. Eory
(2015) veiktajiem pieng@mumiem un aprékiniem. Samazinajuma pasakuma SA6
(augsnes kalkoSana) pielietosana SEG emisijas palielina, bet kalkoSana uzlabo
N izmantoSanas efektivitati. Aprekinos tiek izmantots savstarpgjas
mijiedarbibas koeficients, un att€la 18 atseviski SA6 samazinajuma efekts tiek
ieklauts pargjos samazinajuma pasakumos.

Kopgjais SEG emisiju samazinajuma potencials tiks sasniegts, ja slapekla
méslojuma izmantoSanas precizu vadibu pielietos visos pasakuma ievieSanas
etapos. Sakotngjie iegitie p&tljuma dati par augkopibas saimniecibam liecina,
ka svarigakais pasakums ir augsnes agrokimisko analizu veikSana. Optimali un
sabalanséti augsnes kvalitativie raditaji nodroSina labu augu attistibu, garantétu
baribas elementu uzpemSanu, razas stabilitdti un raZibas pieaugumu ar
mazakam slapekla mineralm@slojuma izmantoSanas normam. Svarigakais
kvalitates raditajs eksportsp&jigai kvieSu produkcijai ir proteina saturs. No
graudu kvalitativajiem raditajiem ir atkariga to cena (partikas kviesi vid. EUR
156.13 t un lopbaribas kviesi EUR 131.21 t, Latraps. 2015).
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Graudu audzgetajiem, kuri orientéti uz eksporta produkcijas razoSanu, jaspgj
sarazot kviesus ar proteina saturu 12 — 13.5%. Sadu proteina saturu var panakt,
izmantojot augstrazigas, intensiva tipa Skirnes un atbilstoSas slapekla
méslojuma normas. Svarigi ievérot rekomend€to augu rotaciju lauka, jo,
audzg€jot taurinziezus, mikroorganismi piesaista atmosferas N un parvers to
amonjaka. Uz taurinziezu sakném mitosas guminbaktérijas spgj piesaistit 100 —
300 kg N ha™! gada. Planojot iegiit ziemas kvieSu graudu razu 6 — 7 t ha™ ar
proteina saturu 12 — 13.5%, augiem nepiecieSams ap 180 — 220 kg N ha™. Ja
augsné organisko vielu saturs ir 2 — 3%, orient&joties uz vid€ji normalu
vegetacijas periodu, no augsnes ziemas kviesi izmantos 1idz 120 kg N. V&l 80 —
100 kg janodroSina ar mésloSanas lidzekliem. Slapekla izmantoS$anas
koeficients no mineralmésliem var biit vidgji 55 — 60%, augsné jaiestrada ap
150 — 170 kg N. Izmantojot precizu N mésloSanas iestrades vadibu ar GPS, N
izmanto$anas koeficientu var biitiski paaugstinat.

18. attels atspogulo kop&jo SEG emisiju samazindjuma potencialu un
izmaksas, ievieSot augkopiba pasakumus, kuri nodrosinas N aprites precizu
vadibu.
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SEG emisiju samazinajums augkopiba t CO: eq

SEG emisiju samaz

Preciza mineralmé&shu lietosana SA 1 Meslosanas planosana SA 5
m Obligata integrétas lanksaimniecibas ievie$ana SA 2 m Tie$a mineralmeéslu iestrade augsné SA 3
mNitrifikacijas inhibitoru pielietosana SA 4

Avots: autora konstrukcija
18.att. Slapekla aprites precizu vadibu augkopiba nodrosinoSo pasakumu
SEG emisiju samazinajuma potencials un izmaksas 2015. — 2020. gada.

SEG emisiju samazingjumu augkopiba un resursu izlietojuma
samazinajumu jeb izmaksu pozittvu ieguvumu saimniecibam nodrosina preciza
N mineralm@slu lietoSana, mineralméslu izkliedes planoSana un obligatas
integrétas lauksaimniecibas sist€mas ievieSana. Savukart tie$a mineralmeslu
iestrade augsn€ un nitrifikacijas inhibitoru lietoSanas pasakumi nodrosina SEG
emisiju samazinajumu augkopiba, tomer tie ir izmaksu negativi salidzinosi
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augsto ievieSanas izmaksu dgl, jo veido negativu bruto segumu. Latvija 2015. —
2020.gada, ieviesot slapekla aprites precizas vadibas pasakumus augkopiba, ir
iesp&jams samazinat SEG emisijas par 205 t CO; eq.

GALVENIE SECINAJUMI

1. Izmantoto dabas resursu (zemes) ilgtsp&jiga izmantoSana un ekonomiskas
izaugsmes un attistibas nodroSinasana ir iesp&jama, samazinot iespgjamo
negativo ietekmi uz ekonomisko, socialo un dabas vidi, novertgjot to ar
dabas kapitala, finanSu kapitala, razoSanas kapitala un -cilvekkapitala
vertibas kvantitativo un kvalitativo raditaju izmainam.

2. Latvija 2015. gada bija zemaka lauksaimnieciskas razosanas produktivitate
ES, 16.2 reizes atpaliekot no Niderlandes, un ta bija 5 reizes zemaka neka
ES vidgji. Bruto nacionalais ienakums lauksaimnieciba uz 1 cilvéku Latvija
ir 2.6 reizes zemaks neka Niderlandg€ un 1.5 reizes zemaks neka ES vidgji.

3. Lauksaimniecibas izaugsmi Eiropa un pasaule Iidz 1999. gadam ir
nodroSinajusi razo$anas intensifikacija, galvenokart picaugot mineralméslu
izmantoSanai, kas palielinaja ietekmi uz vidi, samazinot dabas kapitala
vertibu.

4. Lai noteiktu ekonomikas izaugsmes ietekmi uz dabas vidi, jaizmanto
kopgjas ekonomiskas vertibas (KEV) aprékinu metode, ar kuru iesp&jams
noteikt lauksaimnieciba izmantotas agro-ekosistémas jeb dabas kapitala
vertibas izmainas.

5. Sakot ar 2000. gadu, lauksaimniecibas izaugsme Eiropa un pasaulé
galvenokart tiek nodroSinata, ievérojot ilgtsp€jigas attistibas principus,
samazinot razoSana raditos ar&jos negativos efektus uz ekonomisko, socialo
un dabas vidi.

6. Bioekonomika ir lauksaimniecibas, mezsaimniecibas un akvakultiras
uzkrato bioresursu izmantoSana ar merki izveidot inovativu ekonomiku, kas
rada zemas CO, emisijas un veido lidzsvaru starp tadiem faktoriem ka
ilgtsp@jiga lauksaimnieciba un zivsaimnieciba, nodro§inatiba ar partiku un
atjaunojamo biologisko resursu izmantoSana riipnieciba, radot darbavietas,
taja pasa laika veicinot biologisko daudzveidibu un saudzgjot vidi.

7. Lauksaimnieciba ES ir politiski regulétaka tautsaimniecibas nozare, un ES
atfistibas stratégija Eiropa 2020 ir izvirzits mérkis samazinat SEG emisijas
par 20%, ka arT paaugstinat energijas iegiSanu no AER par 20% un
energoefektivitati par 20% salidzinagjuma ar 1990. gadu. So mérku
sasniegSana biitiska loma ir lauksaimniecibai.

8. ES KLP analize 1960. — 2016. gada rada, ka no produktivitates kapinasanas
(1960. gads) ta virzita uz konkurétspgjas (1980. gads), ilgtsp&jigas
lauksaimnieciskas razo$anas un vides saglabasanas sinergijas (1992. gads)
un lauku vides politikas efektivitates (2000. gads) paaugstinasanu.
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10.

11.

12.

13.

14.

15.

Atbilstosi konvencijai par klimata parmainam, kas ir pienemta 1992. gada, un
Kioto protokolam, kas ir ratificéts LR Saeima, Latvijai uzlikts par pienakumu
samazinat SEG emisijas ne-ETS sektoros Iidz 2030. gadam salidzinajuma ar
2005. gadu par 5% atbilstosi 2016. gada Parize panaktas vienoSanas mérkim.
Lauku saimniecibu ekonomisko procesu izmainas raksturo to specializacija
(samazinas jauktas specializacijas saimniecibu skaits), ekonomiska lieluma
(picaug  ekonomiski lielo  saimniecibu  skaits), apsaimniekotas
lauksaimniecibas zemes (pieaug aramzemes platibas) un saimniekoSanas
modela (pieaug biologiskas saimniekoSanas sistémas saimniecibu skaits)
strukturalas izmainas.

2014. gada Latvija bija nepilni 82 tikst. lauku saimniecibu. To skaits
salidzinajuma ar 2005. gadu samazinajas par 39%, bet salidzinajuma ar
1996. gadu par 54%. 2013. gada, vért€jot péc saimniecibu specializacijas
sarazotas produkcijas vértibas, bija: tikai augkopiba 51%, tikai lopkopiba
35% un jaukta specializacija (augkopiba un lopkopiba) — 14%. Vienas
lauku saimniecibas vidgja LIZ platiba 2013. gada pieaugusi par 48%
salidzinajuma ar 2005. gadu un sasniedza 24 ha. Ekonomiski efektivas
saimniecibas apsaimnieko vidgji 503 ha, bet mazas saimniecibas 9.3 ha
LIZ.

Lielaka ietekme uz SEG emisiju pieaugumu augkopiba Latvija ir N,O. Ta
avoti ir slapekla m&slojums (23%) un izmantotas organiskas augsnes (54%),
kas veido 77% SEG emisiju no kop&jam augsnes emisijam Latvija 2014.
gada. Sis emisijas no 2005. gada lidz 2014. gadam palielinajas par 83%,
atstajot ietekmi uz kop€jo SEG emisiju palielinajumu.

Slapekla mineralméslu izmantoSana ir bitiska, lai iesaistitu augkopibas
produkcijas razoSana lidz $im neizmantotas LIZ platibas. Autora veikta
regresijas analize apstiprina, ka slapekla mineralméslu izmantoSanas
picaugums ir ciesi saistits ar augkopibas produkcijas izlaidi, ka ari ar SEG
pieaugumu lauksaimnieciba, palielinot negativo ietekmi uz dabas vidi.

Lai nodro$inatu lauksaimniecibas ilgtsp&jigu attistibu, kas balstas ne tikai
uz izaugsmi, jaieveéro Cetri galvenie kriteriji, kurus raksturo raditaji, kas:
1) identific€, novert€ un raksturo sisteémas stavokli; 2) prognozgé sistemas
attisttbu un mérka sasniegSanu; 3) informé par veiktas darbibas efektivitati;
4) inform& sabiedribas socialas grupas. Augkopibas ilgtsp€jigas
intensifikacijas noverté€Sanu veic, izmantojot Cetru solu metodiku, kuru
veido: (1) darbibas c€lonu identifikacija un defingSana; (2) atbilstosu
ilgtsp&jibas raditaju definésana; (3) ilgtsp&jigas intensifikacijas indeksu
noteikSana; (4) ietekmes uz ilgtsp&jigu attistibu novertésana.

Augkopibas izaugsmes 2005. — 2015. gada un SEG emisiju indeksu
aprékini rada, ka analiz€tajos gados noticis augkopibas produkcijas
razoSanas ieveérojams pieaugums, tomér ta panakta, neieverojot augkopibas
ilgtsp&jas nosactjumus, seviski ekonomiski lielajas saimniecibas.
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16. Lauksaimniecibas SEG emisijas Latvija 2005. — 2015. gada un izmainu
prognoze lidz 2030. gadam uzrada pieauguma tempu, kur§ parsniedz ne-
ETS sektoram atlauto +17% palielinajumu par 39%.

17. Izmantojot MAC liknes konstru€Sanas pieeju “no apaksas uz augsu”, tiek
veikts katra ievieSama pasakuma bruto seguma novert€jums, kur§ tiek
salidzinats ar bazes scenarija (LLKC bruto seguma dati) izmaksam.
Savukart robezsamazinajuma izmaksu likne lauj novértet atsevisku SEG
samazinoSo pasakumu ekonomisko izdevigumu, sniedz informaciju, kuru
pasakumu ievie$ana ir iesp&jama pie noteiktiem nosacTjumiem.

18. SEG samazinajuma potencials kultiiraugu s€jumiem gada, ievieSot pasakumu
»slapekla aprites preciza vadiba”, ir 0.45 t CO, eq ha™. Izméginajuma
saimnieciba ar precizu N vadibu tiek sasniegta ziemas kvieSu raZiba
6.4 tha™, izmantojot 82 kg N ha™. Saimnieciba bez precizas N vadibas
ziemas kvieSu raziba 6.5 t. ha™, izmantojot 188 kg N ha™. TieSo un netieSo
emisiju samazinajums no N mineralméslojuma ietaupijuma ir 1696 kg CO»eq.
ha™.

19. SEG emisiju samazinasanas pasakumi tika verteti pec izmaksu un ieguvumu
aprekinu metodes. Latvija 2015. — 2020. gada, ievieSot slapekla aprites
precizas vadibas pasakumus augkopiba, ir iesp&jams samazinat SEG emisijas
par 205 t COz eq.

PROBLEMAS un PRIEKSLIKUMI to risinasanai

Latvijas lauksaimniecibas (augkopibas) ilgtsp&jigu attistibu kavé problémas,
kuru risinasanai autors ir izstradajis vairakus priekslikumus.

1. probléma. Praktiskos un teorétiskos ar lauksaimniecibas attistibu un
izaugsmi saistitos petfjumos plasi tiek lietots termins ,,ilgtsp&jiga attistiba”, tacu
nav precizi definéts termina ,lauksaimniecibas ilgtsp&jiga attistiba”
pielietojuma teoretiskais un praktiskais skaidrojums.

Priekslikumi

Turpmakajos praktiskajos un teorétiskajos pétjjumos lietderigi izmantot
promocijas darba autora definiciju: ,,lauksaimniecibas ilgtsp&jiga attistiba” ir
virziba uz konvergences lidzsvara stavokli, kas realiz€jas ka lidzsvarota dabas,
ekonomiskas un socialas vides attistiba, kuru nosaka dabas kapitala, finanSu
kapitala, razoSanas kapitdla un cilvekkapitala vertibas pieaugums
lauksaimnieciba.

2. probléema. Lauksaimniecibas ilgtspjigu attisttbu ES nodroSina
lauksaimniecibas un vides politikas sinergija, kuras istenoSana balstas uz
pienemtajiem normativajiem aktiem. Latvija ir nepiecieS$ama normativo aktu
pilnveidoSana, lai nodrosinatu ilgtsp&jigu lauksaimniecibas attistibu.

Priekslikumi

Lauksaimniecibas, vides un regionalas parvaldibas institucionalajam
struktiram, ka arT socialajiem partneriem ieteicams sekmé&t sadarbibas un
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sinergijas procesus starp visiem lauksaimniecibas razoSanas un vides
aizsardzibas sist€émas iesaistitajiem dalibniekiem. Latvijas ilgtsp&jigas attistibas
raditajos ieklaut lauksaimniecibas SEG emisiju intensitates novert€juma
indikatoru un Latvijas Lauku attistibas plana nakamajam planosanas periodam
paredzgt atbalstu pasakumu ievieSanai SEG emisiju intensitates samazinasanai.

3. probléma. Latvijas lauksaimniecibas (augkopibas) attistibai un
izaugsmei ir pieejami neizmantoti aptuveni 400 tikst. ha lauksaimnieciba
izmantojamas zemes, tacu So platibu iesaistiSana razoSana veicinas bitisku
SEG emisiju pieaugumu.

Priekslikumi

Latvijas Lauksaimniecibas universitatei

Izstradat ekonomiski un sociali pamatotu sistému, nosakot valsts
institlicijam veicamos uzdevumus, lai 1idz 2020. gadam 275 tikst. ha LIZ tiktu
ieklauta razosana.

LR Zemkopibas ministrijai

Sagatavot valsts programmu 2020. gadam, kura paredzét, ka
lauksaimnieciba izmantojama zeme pieaugs par 275 tikst. ha, nodrosinot vides
ilgtspg&jas merkus un SEG emisiju raditajus.

4. probléma. Augkopibas ilgtspgjiga intensifikacija samazina ietekmi uz
dabas, socialo un ekonomisko vidi, tomér pastav liela diference starp dazada
ekonomiska lieluma lauku saimniecibam.

Priekslikumi

Lauksaimniecibas parvaldibas institucionalajam struktiram sagatavot
rictbas programmu ilgtspgjigas intensifikacijas principu ievieSanai lauku
saimniecibas atbilsto§i to ekonomiskajam lielumam. Lauku saimniecibu
attistibas novértéSanai biitu lietderigi izmantot darba autora izstradato
ilgtsp&jigas intensifikacijas aprékinasanas metodologiju. Lauksaimniecibas
SUDAT datu bazi papildinat ar dabas kapitala izmainu raditajiem ilgtsp&jigas
intensifikacijas novertéjuma uzlabosanai.

5. probléma. SEG samazino$o pasakumu ievie$ana augkopiba nodrosinas
dabas vides saglabasanu un ekonomiskos ieguvumus lauku saimniecibam, bet
pasreizgja situacija ir nepietickama dabas kapitala izmainu sasaiste ar lauku
saimniecibu finansu kapitala izmainam.

Priekslikumi

Lauksaimniecibas parvaldibas institucionalajam struktiiram ieviest praktiska
izmanto$ana lauku saimniecibas SEG emisiju uzskaites, aprékinu un analizes
riku, kur§ sasaistits ar LAD sisttmu. Izvertgjot KLP atbalsta maksajumu
pieskirSanu lauku saimniecibam, taja ietvert SEG emisiju intensitati uz
sarazotas produkcijas vienibu.
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INTRODUCTION

Nowadays, under the market economy, the development of the national
economy, including the agricultural sector and rural areas as a whole, is
affected by a number of factors and the interests of various market actors. A
solution has to be found on: how to meet the growing demand for food; how to
reduce the use of fossil resources; how to increase the use of renewable
sources; how to limit the negative impacts of economic activity on the
economic, social and environmental environments.

Fossil resources in the territory of Latvia are available only theoretically,
yet the geographical location and climate of the country make land resources
available in the country particularly valuable for the production of diverse
products. According to the Central Statistical Bureau of Latvia (CSB) (CSB,
2015), totally 2.2 min. ha of agricultural land was available for agricultural
production, yet only 1.8 min. represented the utilised agricultural area (UAA)
in 2015, according to the Rural Support Service (RSS). It is important to
exploit the entire UAA in order to contribute to economic growth in Latvia.
Opportunities for the use of the mentioned resources in the context of economic
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growth in agricultural industries were extensively researched by a number of
Latvian scientists (Boruks A., 1982; Spogis K., 2007; Strikis V., 2013; Dobele
A., 2005; Auzin$ A., 2013; Pilvere 1., 2015; Nipers A., 2015). Besides, several
strategic policy documents and guidelines stress the sustainability of the
resources or the use of them for sustainable economic purposes.

The Sustainable Development Strategy of Latvia until 2030 (Latvijas
ilgtspgjigas..., 2010) states that the natural capital of Latvia is in relatively good
condition, yet it is exploited and managed insufficiently. The National
Development Plan of Latvia (NDP, 2012) has set an indicative target to exploit
at least 2 mln. ha of agricultural land for agricultural production by 2020. A
similar indicative target is set by the Rural Development Programme of Latvia
2014-2020 (RDP, 2014). The economic efficiency of CAP funding used in
Latvia was researched by a number of authors (Pilvere 1., 2012; Miglavs A.,
Veveris A., 2011; Upite 1., 2012; Tetere V., 2012). For an analysis of problems
in and challenges for agricultural sustainability in relation to a balance between
social and economic factors, an essential turning point in developmental
processes in the agriculture and rural areas of Latvia was the EU strategy
“Innovating for Sustainable Growth: a Bioeconomy for Europe” adopted in
2012. Innovative, competitive and resource-efficient production that can meet
the demand for food and renewable bioresources without making additional
impacts on the economic, social and natural environments is necessary to
follow the key principles of a bioeconomy (Inovacijas ilgtspgjigai izaugsmesi...,
2012). A balance between production intensification and meeting the principles
of sustainability has to be found in order to implement the strategy.
Agricultural production expansion has to be based on the principles of
sustainable intensification. The problems of sustainable agricultural
intensification have been researched by a number of foreign scientists (Pretty
J., 1997; David S., 1989; Webster P., 1999; van Calker K., 2007). Some
scientists (Dzene S., 2014) have focused on sustainability problems with regard
to Latvian agriculture, which does not always lead to an increase in agricultural
production. In the nearest future, one of the most complicated objectives for
farmers and scientists is to find convergent or balanced development
opportunities for the natural, economic and social environments in the situation
of growth of intensive agricultural production, as greenhouse gas (GHG)
impacts on the environment continue increasing. Historically, due to objective
reasons, with agricultural output decreasing after 1990, agricultural GHG
emissions also decreased by 74%, totalling 2175 Gg CO; eq in 2005 (Latvia’s
National, 2015). However, the situation is going to change radically after 2020
because in accordance with the new indicative target (Decision No. 406, 2009)
Latvia has to reduce its GHG emissions in the sectors (including agriculture)
that are not included in the EU emission trade system (non-ETS sectors) by
2030 so that the emissions do not exceed the 2005 level (agricultural emissions
in 2014 totalled 2424 Gg CO; eq) (Decision No. 406, 2009).
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For this reason, increasing the UAA in Latvia, achieving the GHG emission
reduction target in the non-ETS sectors as well as the increasing GHG
emissions from agricultural activity and the international commitments require
seeking opportunities to balance all these processes, while also ensuring:

an increase in the UAA — it is necessary to find ways how to use the

increased UAA only for the production of competitive agricultural products;

» a decrease in GHG emissions — to develop agricultural production
technologies and introduce GHG emission reduction measures that
contribute to the economic sustainability of agricultural enterprises;

» meeting the international commitments — to reduce GHG emissions from
agriculture — may not decrease economic activity and also economic
development in rural territories in Latvia.

Scientists in the EU and elsewhere (Moran D., 2011; Eory V., 2015; Schulte
R., 2012; Pellerin S., 2013) have extensively researched agricultural and
environmental sustainability through the implementation of emission reduction
measures, assessing their impacts on the natural and social environments and
the economic performance of agricultural enterprises. There are quite a few
such research investigations; for this reason, the author chose this topic in order
to perform a detailed assessment of balanced or convergent development
opportunities for agricultural growth and the reduction of crop production
impacts on the environment in Latvia.

Such an assessment allowed the author put forward a hypothesis —
sustainable intensification in crop farming results in GHG emissions and
contributes to agricultural development. Taking into account the research
limitations, the research object is agricultural development in Latvia, while the
research subject is the reduction of GHG emissions from crop production.

Based on the hypothesis, the research object and the research subject, the
following research aim was set — to examine opportunities for sustainable
agricultural development in Latvia if introducing potential GHG emission
reduction measures in crop production.

To achieve the aim, the following specific research tasks were set:

to examine the theoretical aspects of sustainable agricultural development;

to analyse the agricultural and environmental policies and the legal and

institutional framework for agriculture and the environment;

> to develop a methodology for sustainable intensification calculation and

perform an assessment of crop production development;

> to assess the impacts of GHG emission reduction measures on the natural
and economic environments in Latvia.

In view of the fact that economics is a real, empirical science based on
facts, the data were acquired from publicly available statistical databases and
processed by means of adequate data and information processing methods.
Several research methods were employed to perform each research task,
which were appropriate for researching each problem:

\ %
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» general research methods — analysis and synthesis, monographic,
descriptive, induction and deduction — were used to analyse the aspects of
economic development and agricultural growth and the policy, legal and
institutional frameworks aimed at reducing the externalities of agricultural
production;

» analysis and synthesis as well as statistical analysis — statistical processing,
data generalisation, time series, correlation and regression analysis — were
applied to identify the factors affecting agricultural production development
and related GHG emissions;

> statistical analysis (statistical processing, grouping, correlation analysis) as
well as analysis and synthesis were employed to analyse trends in
sustainable agricultural intensification;

» general research methods — analysis, synthesis, induction and deduction —,
expert evaluation (quantitative and qualitative) and hierarchy analysis were
applied to perform an economic and an environmental assessment of the
impacts of GHG emission reduction measures for crop farming.

To achieve the aim and perform the research tasks, the following information

sources were used:

> international documents, legal acts of the EU, the European Commission
and the Republic of Latvia (LV), national strategic and policy documents;

» Eurostat, the Central Statistical Bureau of Latvia (CSB) and other databases;

> specific scientific literature, relevant research studies and research papers in
scientific databases related to the topic of the dissertation;

» expert evaluation results.

Research limitations

Economic activity in rural areas is an essential factor for economic growth
in the country. Agricultural growth is affected by such significant factors as the
demand for and supply of agricultural products, availability of resources,
prices, technologies used, and negative externalities caused by farming in the
form of emissions. The dissertation cannot assess the effects of all the factors,
therefore it focuses on agricultural growth aspects in the context of negative

impacts created by greenhouse gas emissions from crop production. Such a

choice was determined by three essential considerations: crop farming produces

the largest quantity of agricultural products in Latvia and it exploits the key
natural resource of Latvia — land; after 2020, agricultural GHG emissions have
to be considerably reduced; before 2020, the area for agricultural production
has to be increased.

Research novelty and scientific relevance

> theoretical and empirical research resulted in a multifaceted assessment of
the sustainability of the economic, social and natural environments and
technologies for crop farming in Latvia;

» key trends in agricultural development were identified by focusing on
interdisciplinary research studies on balanced crop production development;
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a relevant research study was done on a little researched problem of

agricultural economics — crop production growth under sustainable

intensification —, and a methodology for assessment of sustainable
intensification was designed;

» cost-benefit analysis calculations were performed for GHG emission
reduction measures.

Economic significance of the research

> the present research contributes to the theoretical framework of agriculture
in relation to crop production under sustainable intensification;

» the research findings could be used for designing a crop production
development programme, as well as they are useful in decision-making for
agricultural holdings.

Theses to be defended

1. Agricultural development is ensured by a balanced increase in human,
natural, financial and manufactured capital.

2. Sustainable agricultural development is ensured by a synergy between
agricultural and environmental policies, the achievement of which is based
on the legal acts passed and the institutional system created;

3. Latvian agriculture, crop farming in particular, develops dynamically and
contributes to the production of GHG emissions.

4. Sustainable crop production intensification reduces negative impacts on the
environment, thereby ensuring balanced development of the economic,
social and natural environments.

5. The introduction of GHG emission reduction measures in crop farming

ensures the preservation of the natural environment and economic benefits

from sustainable agricultural development.

1. THEORETICAL ASPECTS OF AGRICULTURAL
SUSTAINABLE DEVELOPMENT

The chapter is 27 pages long and includes 3 tables and 9 figures.

The chapter discusses explanations of the concept of sustainable agriculture. It
gives an enhanced definition for sustainable agricultural development and
characterises the position and role of a bioeconomy in sustainable agricultural
development.

The chapter puts forward a thesis: agricultural development is ensured by a
balanced increase in human, natural, financial and manufactured capital.

1.1. Theoretical explanation of the terms economic development and growth

According to economic growth theory, the stages of development that have
made a considerable effect on agricultural growth and development are as
follows:
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The classical growth theory or economic liberalism (18" and 19%
centuries) — the founders of the theory were A.Smith, D.Ricardo, A.Marshal,
A.C.Pigou and others, who believed that an economy could function in the best
way on its own, and the economic processes were controlled by the “invisible
hand”, and government did not have to intervene. The ideas of the mentioned
economists were popular up to the 1930s (Treisijs M., 1996).

Keynesian economics or Keynesianism (1930s) — the founder was J.M.
Keynes. The theory was based on an idea that short-term interventions by the
government in economic processes through investments and prudent regulation
of aggregate demand foster growth during an economic crisis. The EU
Common Agricultural Policy is the most remarkable result of this theory. This
theory was successfully implemented during the first independence period of
Latvia (B@rzins-Valdess R. et al., 1938). Later on, the theory was enhanced by
representatives of neo-Keynesianism: F. Modigliani, J. Tobin and G. Mankiw.

Monetarism (neoliberalism) (1960s) — the founder was M. Friedman who
believed that the role of government had to be reduced. A dominant idea was
that economic growth depended on tight monetary policies. The result of this
theory was economic globalisation and an unlimited flow of financial capital,
which was considered to be the key factor of economic growth that contributed
to faster development of the agricultural industry. However, the key objective —
equal prosperity across all the regions of the world — was not achieved.

In the middle of the 20" century, neoliberalism theoreticians split into two
schools of economic thought, and particularly the representatives of the
German or Freiburg School, W. Eucken, F. Bohm and W. Ropke, established
the Ordo-liberal School that later influenced agricultural development in
Europe (Eise S., 2012).

The first economic growth models that were based on the Cobb-Douglas
production function proposed by C.W. Cobb and P.H. Douglas were developed
during this period; the function was later enhanced by Nobel Prize winner
Robert Solow. Both Keynesianism and monetarism view growth as exogenous,
as the theories refer to the necessity for external assistance, e.g. in the form of
investment attracted.

Endogenous growth theory (1990s). The authors of this theory were M.
Todoro, K. Arous, P. Romer and others who proved that long-term growth was
possible at a stationary situation in the economy if such factors as technological
progress, increasing returns and human capital development are employed.

The concept of convergence was developed in search of solutions to
balanced application of the exogenous and endogenous growth theories in a
real economy as well as to avoid imperfections in economic growth.

Alternative Economic Growth Theories (1970s). Two diverse viewpoints
emerged after developing alternative economic growth scenarios. Some
scientists (Georgescu-Roegen N., 1971; Meadows D.H., 1972) defined their
idea that increasing economic activity (production and consumption) results in
the consumption of more resources, which, in its turn, creates more by-products
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and waste and, consequently, environmental pollution is produced, thereby

decreasing the life quality and prosperity (Daly H., 1991). A work by Rome

Club scientists, Limits to Growth, proves that the inclination for economic

growth has to be stopped in order to maintain economic activity at all, as it is

going to unavoidably decrease because of the depletion of resources and the
environment. In the opinion of the author, such an approach would make
problems in rural areas more acute. In their models, the developers of
alternative growth theories used a hypothesis put forward by S. Kuznets — at the
initial stage of economic growth, the environmental impact is going to increase,
yet after the prosperity of the population has reached a certain level, the
environmental impact is going to decrease (Rothmans S., 1998). The author of
the dissertation believes that measures aimed at enhancing the natural,
economic and social environments, which are introduced in an agricultural
production system, lead to higher productivity of the factors of production and
foster agricultural growth and development in the context of environmental
impacts. It has been proved that the economic benefits from a GHG emission

reduction are larger than the costs of the reduction (Dudek D., 2002).

In the scientific literature, authors use the terms economic development and
economic growth. Both terms are used to refer to various and diverse changes
in the economy. It is important to understand differences between the terms. An
economic dictionary (Rutherford D. et al., 2002) gives two explanations to the
term economic development:

» economic transition from agricultural production that uses simple
technologies to industrial production and a broad assortment of services,
which involves the use of modern technologies;

» cumulative income increases per inhabitant, which is accompanied by
structural and institutional changes.

Based on the examination of economic thought, the dissertation suggests the
following sustainable agricultural development definition.

Sustainable agricultural development is convergence towards a balanced
situation that takes the form of balanced development of the natural, economic
and social environments, which is determined by increases in the value of
natural, financial, manufactured and human capital in agriculture.

After analysing the economic growth theories, the author of the dissertation
concludes that in a situation with several competing growth models, a common
feature of the models is to encompass negative externalities, which are
measured by means of qualitative indicators of the natural environment. In
designing economic development models for agricultural production, it is
important to comprehend the behaviours of all the actors engaged in this
process, which are aimed at achieving their goals. The probability of an ideal
situation, in which an unregulated free market (including agriculture) is able to
overcome all contradictions existing in the market economy, is only theoretical.
This means that an endogenous growth model for the agriculture of Latvia has
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to be developed; the model has to define options for convergence or balanced
development aimed at agricultural growth and reducing environmental impacts.

1.2. Exploitation of natural capital to ensure economic development

After examining the economic growth theories, the author of the
dissertation concludes that the perception of the resources used in production
has changed at macroeconomic (global) level. Authors use the term limited
resources when refer to economics as a science. An objective to be achieved in
the nearest future is to assess the value of natural capital (natural and
environmental resources) and integrate it into the unified market system.
Scientists I. Sundar (2012), J. Pretty (2011), G. Akerlof (1970), N. Georgescu-
Roegen (1971) and others share the opinion that an increase in the value of
natural capital is the basis for economic development and growth in the
prosperity of individuals.

Human
knowledge

Financial Production

investment

Unchanging
natural environment

technology

Source: author’s construction
Fig.1. Interaction of various types of capital in economic processes

Figure 1 presents the interaction of various types of capital. The financial
capital (Kr), manufactured capital (Kr) and human capital (K¢) created and
accumulated by humans as well as natural capital (Kp) are used in economic
processes to contribute to higher prosperity through producing goods and
services. The exploitation of natural capital is an integral component of
agricultural production. Natural capital is a source of inputs (UAA) for
agricultural production and, undoubtedly, the most important factor of
production. The outcome of economic activity directly depends on the way the
UAA is exploited. Nevertheless, this production resource is also part of natural
capital that has to produce ecosystem services. The impact of agricultural
production on natural capital and the capability of the ecosystem to regenerate
it have to be assessed. In this context, it is important to ensure optimum nutrient
cycling in agricultural ecosystems, which can directly affect climate change.
Agricultural production releases polluting emissions into the surrounding
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environment and reduces the value of natural capital, while also reducing the

quality of life for humans; this hinders economic development, as any member

of society does not benefit from this economic process. An evaluation of

natural capital is done by identifying what economic value goods and services

an ecosystem can produce using the available natural capital (Bartelmus P.,

2008). Services produced by an ecosystem are identified based on the

ecological and economic functions of natural capital; the services are classified

into six categories (Common International Classification of Ecosystem Services

— CICES) (European Environment..., 2011):

» purification and filtration — air, water and soil are purified;

» cycling — nutrient cycling, nitrogen fixation, carbon sequestration and soil
formation;

» regulation and stabilisation — pest and disease control, climate regulation,
storms and floods, erosion control, precipitation and water supply;

» Dbiotypes — a shelter for animals and plants, a genetic material bank;

» supply and production — biomass production for raw material and food,
pollination and seed spread;

» information and culture — aesthetic, recreational, cultural and mental
importance, education and research.

Agricultural production is actually part of the entire ecosystem and can
considerably affect the processes occurring in it. The total economic value
(TEV) of an agricultural ecosystem is identified employing economic methods
for evaluation of ecosystem services. Change in key indicators is essential in
making decisions on the change of agricultural land use or in relation to
activities that affect the condition of an agro-ecosystem and the services
produced by it. The TEV of an agro-ecosystem service encompasses both a
value related to the direct use of the service and a value arising from the
indirect use of the service.

A direct use value arises from the interaction of humans with the
ecosystem, which brings profits in the form of goods (biomass, mineral
deposits, water) or in the form of services (recreation, education).

An indirect use value represents the ecosystem’s capability of self-
preservation, nutrient cycling, climate stabilisation, carbon dioxide fixation and
accumulation, as well as an attractive landscape and a human-untouched
natural environment.

A non-use value relates to benefits from the existence, preservation and
potential use of ecosystems that do not involve financial gains.

In evaluating a TEV of an agro-ecosystem service in agriculture, potential
beneficiaries have to be divided into interest groups. The EU defines three
levels of beneficiaries: local (parish/municipality), regional (Latvia) and
world/global. In evaluating a TEV of an ecosystem of the agricultural sector,
the key indicator is the UAA, namely, qualitative indicators of land use. In
Latvia, organic soils (peat soil) are also used in agricultural production, which
is a significant source of GHG emissions in the country. Tilling arable land
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with soils having a high content of organic matter (the organic layer is more
than 10 cm in thickness) results in the release of stored carbon due to
nitrification. This process contributes to climate change on a global scale.

The identification of a TEV of an ecosystem of the agricultural sector for
organic soils allows assessing potential benefits from climate change reduction,
as well as potential losses for farmers if they change their land use from arable
land to grassland, which is impossible without financial assistance.

Agricultural GHG emissions could be reduced through a certain use of
agricultural land.

1.3. Agriculture in the context of economic development

The efficiency of land resources, which constitute the main part of natural
capital, has been different during various historical periods. In 2015, according
to statistical data, the share of the agricultural sector in the gross domestic
product (GDP) of developed EU Member States ranged from 1.1% to 4%
(Agriculture in the..., 2016). The data are presented in Figure 2.
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Fig.2. Gross national income and national income from agriculture per
capita in European countries in 2015, EUR year

Professor K. Spogis (2007) pointed out that “the role of agriculture and
forestry in the national economy of Latvia is associated with the production of
organic matter, energy accumulation and food production; it is a source of raw
material for industrial processing, and rural and forest areas represent a
residential and recreational space”. The professor actually has implicitly
pointed out that agriculture together with forestry are the basis of the
bioeconomy of Latvia.

Fast changes in agriculture were due to economic globalisation. In the
period 2005-2015 in the EU-28, the number of full-time employees in
agriculture declined by 25%. The largest decline in the number of full-time
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employees was reported in Bulgaria (60%), Romania (50%) and Latvia and
Estonia (45%) (Agricultural Labour..., 2015).

After aggregating information and constructing the agricultural
development stages, the author of the dissertation concludes that agriculture
developed mainly extensively during its classical period, i.e. the agricultural
area increased. There were some attempts to use agricultural commodities for
the production of non-food products. At the next stage, in the period 1960-
1999, agricultural production and rural areas as a whole underwent significant
economic changes. Seeking solutions to increasing agricultural output, the
world’s economically advanced countries, among them the EU, preferred
production intensification. New ways of economic development for agriculture
in the world’s advanced countries and in the EU were sought after the year
2000. One can certainly expect further technological advancement because
there are disparities in agricultural productivity among European countries after
the EU enlargement of 2004. Even though Latvia demonstrated one of the
fastest increases in agricultural productivity in the EU, the productivity in
Latvia was still 16 times lower than in the Netherlands and 5 times lower than
the EU average in 2015. The agricultural productivity of European countries in
2015 is shown in Figure 3.
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Fig.3. Correlation between agricultural productivity and gross national
income per capita in European countries in 2015, EUR

A correlation analysis was performed to identify how strongly the economic
development of the country, which is measured in gross national income per
capita a year, relates to agricultural development, which is measured in the
value of output per agricultural employee. There is a medium strong (R?=0.5)
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correlation between agricultural productivity and gross national income per
capita in European countries. In the opinion of the author, one can expect that
with investment in agricultural modernisation remaining at the same level as in
other advanced countries and the number of agricultural employees decreasing,
productivity is going to rise. However, an increase in productivity is associated
with an increase in the amount of resources used in production. For this reason,
an increase in productivity in crop farming has to contribute to the sustainable
use of the UAA, which means the use of the UAA has to be aimed at creating
as small damage, in the form of polluting emissions, to the environment as
possible.

An analysis of the agricultural development stages in Latvia and in the
world reveals the role of agriculture in economic development, yet today the
need for meeting and ensuring the principles of sustainable development
increases. Sustainability as a concept and an adequate behaviour of any
individual are strongly associated with economic development (Sarma V.,
2012).

Sustainable development is a kind of development that allows meeting
today’s needs without compromising the ability of future generations to meet
their own needs. Sustainability is a concept existing since 1955, and the Russell
Einstein manifest (The Russell Einstein..., 1955) deliberately discussed for the
first time the need for such an attitude that is able to ensure political
responsibility for future generations.

Sustainable development has three dimensions: economic, social and
environmental.

A definition and an explanation of the term sustainable development is
available in the World Charter for Nature adopted by the UN General
Assembly in 1982 (World Charter for...,1982). The historical beginning of the
concept of sustainable development is considered to be a 1987 report Our
Common Future by the UN World Commission on Environment and
Development or the Brundtland Commission, also known as the Brundtland
Report (The World Commision..., 1987).

A turning point in the formation of the concept of sustainable development
was a World Earth Summit held in Rio de Janeiro in June 1992 (World Earth...,
1992). At the end of 1997, the Kyoto Protocol, ratified by the Saeima of the
Republic of Latvia in 2002, was adopted to introduce the United Nations
Framework Convention on Climate Change.

To progress towards sustainable agriculture, the EU adopted the Nitrates
Directive in 1991, which is one of the EU legal acts on pollution control and
water quality enhancement as well as sustainable use of natural resources
(Direktiva..., 1991). The next important step towards sustainable development
in Europe is the EU strategy “Europe 2020: a Strategy for Smart, Sustainable
and Inclusive Growth” (Eiropa 2020).

Sustainable economic development occurs if prudently managing all
available resources and caring about biodiversity on the Earth. Sustainable
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development contributes to overall prosperity and gives any individual an
opportunity to live is a healthy environment, fulfilling his/her own wishes and
needs. Article 2 of the Convention on Biodiversity gives an explanation of the
term sustainable use, stating that it means “the use of components of biological
diversity in a way and at a rate that does not lead to the long-term decline of
biological diversity, thereby maintaining its potential to meet the needs and
aspirations of present and future generations”.

After 2020, alternative uses emerge for land as a production resource.
Agricultural land began to be used for the production of non-food products. It is
much discussed whether the world is capable of providing food to the growing
population on the planet if land is used for the production of non-food products
(WWF, 2010).

The geographical location of Latvia and the resources available, in the
author’s opinion, are considered to be comparative advantages to effectively
compete with other countries under globalisation. After analysing the key
agricultural economic development indicators in European countries, one can
find that output growth in Latvia is potentially possible. An essential role in
designing a future development strategy is played by the bioeconomy. The
purpose of it is to create an innovative economy with low CO» emissions and
maintain a balance among such factors as sustainable agriculture, forestry,
fisheries, food security and the use of renewable bioresources in industry, while
contributing to biodiversity and preserving the environment.

Bioeconomics is a progressive interdisciplinary science that seeks to
integrate economics and biology with the only purpose — to create a better
theory that explains economic processes based on scientific biotechnology
principles. Bioeconomics involves the change of paradigms for economic
development and integrates into a single system natural resource economics,
environmental economics and ecological economics (Akerlof G., 1970).

Bioeconomics seeks to integrate the biomass flow from various industries in
a way that the waste or by-products of one industry is an input for another
industry. This approach is a means for establishing effective material flow
cascades, while avoiding climate change and resource depletion problems
(OECD, 2010; EuropaBio, 2010).

The development of bioeconomics is based on scientific research into
biotechnologies. The change of a paradigm in economic thinking is necessary
rather than just simple replacement of fossil resources with renewable sources
(KBBE, 2010).

The development of bioeconomics and biotechnologies will ensure the
creation of knowledge-based bio-products, overall growth and a growing
demand. Such an approach to the processing of bioresources produced by the
agricultural industry will lead to technological change and increasing returns
from resources (Reinert E., 2007).
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1.4. Sustainable and intensified agriculture

Examining the historical agricultural development stages, a causal
association could be clearly seen between the development of the rural
environment and change in economic thinking. Agriculture with its specific
kind of production is a unique component of the entire economic,
environmental and social system. The key objective and task of agriculture is to
produce food for the population. Analysing the achievement of the objective in
global context, the author of the dissertation has to admit that the situation in
various world regions is diverse. According to estimates made by scientists, the
supply of food to seven billion people requires exploiting a third of dry land
agro-ecosystems and approximately a half of fresh water reserves, as well as
doubling the available amount of nitrogen and phosphorous in the environment
(Vitousek P.M., 1997). Contributing to global economic growth, agriculture has
ended up at the beginning of a complicated development cycle, as the
increasing demand for agricultural products has to be met by following the
principles of sustainability, beginning with the production of agricultural
products through to processing and supply to final consumers (Charles H.,
2010).

The author of the dissertation sets four key criteria for the indicators of
sustainability and intensified agriculture: 1) the indicator identifies, evaluates
and characterises the condition of the system; 2) the indicator allows projecting
the development of the system and achieving the objective; 3) the indicator
gives information on the efficiency of an activity done; 4) the indicator
provides information for the social groups involved in the system.

Extensive agriculture on a global scale is simply not possible anymore, as
there is no available appropriate land for agriculture, and the growing demand
for food has to be met by agricultural intensification, which, in its turn, results
in growing impacts on climate change. This is in contradiction to the principles
of sustainability. The definition of agricultural development encompasses two
inseparable keywords — “sustainable” and “intensified” development —, and the
measurement of it involves four key pathways: 1) increasing the efficiency of
every land parcel; 2) maintaining and raising the value of every land parcel; 3)
reducing the amount of resources used in production; 4) raising the value of
services produced by ecosystems.

The author suggests the following definition of sustainable agricultural
intensification: sustainable intensification is an agricultural production system
in which an increase in output is achieved in the existing utilised agricultural
area without reducing the existing value of agro-ecosystem natural capital.

The system, the introduction of which was recognised by the Republic of
Latvia by ratifying the Kyoto Protocol, envisages that the global climate change
reduction target has to be transferred to and imposed at lower levels,
distributing it among the non-ETS sectors. GHG emission indicators have to be
assigned to every sector. Agricultural enterprises have to be ready to be able to
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assess their effects on the natural environment, as research is done at EU level
on the system of GHG emission quota trading or GHG certificate introduction
in the non-ETS sectors (Lenerts A., 2015). However, in the author’s opinion,
research studies focusing on a detailed examination of interaction of all the
sustainability categories to find solutions to the land resource use that balances
the production of socio-economic and ecosystem services have to be rated
higher (Pretty J., 2011; Foley J., 2011; Geraldo M.B., 2012).

The examination done by the author allows concluding that disagreement
on assessment of sustainable intensification has not been solved (Pretty J.,
2014). A comparison of methods for assessment of sustainability is presented in

Table 1.

Table 1

Evaluation differences between weak and strong sustainability

Goal of sustainability

Weak sustainability

Strong sustainability

Economic growth

Increase in quantitative
indicator values

Limited increase in
quantitative indicator values

Maintenance of capital

The sum of values of all types
of capital is constant

The sum of values of natural
and the other types of capital
is constant

Natural capital
preservation

It could be replaced with
another type of capital

It could not be replaced with
another type of capital, as it
is limited

Achievement of
sustainability

Increase in the efficiency of the
factors of production
(technology, growth, market)

Growth limitation;
government policies aimed at
achieving higher efficiency

Future development

Economic system (efficient use
of natural capital)

Environmental agro-
ecosystem (increase in the
value of natural capital)

Assessment of the
condition of the
environment

A source of the factors of
production to provide

prosperity

The basis for human survival
and existence

Source: author’s construction based on Kaphengst T., 2014

In agricultural production, the concept of sustainability has three
interrelated dimensions: rural environment preservation, economically feasible
performance of agricultural holdings and employment in rural areas.

Setting a goal to create an economic development model for sustainable

agricultural production requires analysing changes in the values of the most
relevant indicators of the sustainability dimension. The indicators are used to
identify what externalities are created by the change of the economic model.
Making policies on the use, management, saving and preservation of
resources, the potential behaviour of individuals of a society have to be taken
into consideration to achieve the targets set in sustainable development
strategies in relation to the reduction of GHG emissions from agriculture in
European countries (Decision..., 2009). Based on a methodology developed by
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J. Cramer (Cramer J., 2007), the author selected the most relevant indicators for
each sustainability dimension and assessed the development of agricultural
production in Latvia. The environmental dimension of sustainable development
shows an increase in the amount of resources used in production, which, in its
turn, produces more environmental pollution. In agriculture, they are fossil
fertilisers and related CO, emissions. The economic dimension of sustainability
captures changes in the quantities of crop and livestock products. The social
dimension of sustainability assesses employment in agriculture.
The agricultural development indexes calculated are presented in Figure 4.
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Source: author’s construction based on the CSB, 2016
Fig.4. Agricultural development indexes (2004=100) in Latvia in the period
2004 - 2015

The indicators of agricultural development in Latvia show that it is
problematic to achieve the economic development targets. The amount of
mineral fertilizers used during the study period increased by 10 thou. t. but the
number of employed is decreasing by 2.7 thou. people every year. Even though
the output of agricultural products grew after joining the EU in 2004,
environmental impacts have also increased (GHG emissions from agricultural
activity). Intensification in crop farming requires more fossil resources
(fertilisers). Employment has considerably decreased, thereby creating social
risks in rural areas. Agricultural growth has caused externalities that make
meeting the principles of sustainability problematic in a long-term. Agricultural
growth may not be considered economic development if it has not contributed
to the prosperity of any member of society in Latvia.

In the author’s opinion, the capability of the agricultural sector to adapt to
the new climate change policy, which transformed from recommendatory to

84



being binding, could significantly affect agricultural development in Latvia.
The largest effect relates to emission reduction measures.

2. DEVELOPMENT OF AND THE LEGAL AND
INSTITUTIONAL FRAMEWORKS FOR AGRICULTURAL
AND ENVIRONMENTAL POLICIES

The chapter is 17 pages long and includes 1 table and 9 figures.

The chapter provides a detailed analysis of a synergy of agricultural and
environmental policies. It also analyses the legal framework regulating
agriculture and the natural environment and the chapter characterises the
institutional system for assessment of environmental impacts of agriculture.
The chapter puts forward a thesis: sustainable agricultural development is
ensured by a synergy between agricultural and environmental policies, the
achievement of which is based on the legal acts passed and the institutional
system created.

A new market economy model was introduced in practice in agriculture in
the post-war Europe (Eise S., 2012). The single market economy model unified
two seemingly contradictory factors: a free and a government-regulated market,
thus creating a social market economy (Joerges C., 2004). Such an economic
model could function based on specific government policies. At present, the
EU has assumed the leading role in making sustainable agricultural policies.
The EU Sustainable Development Strategy was designed and adopted in
Goteborg in 2001; it was enhanced in 2006. In 2006, the European Commission
came up with an important document in the field of energy — the Green Book
(European Commission, 2006).

In 2016, agricultural matters were integrated into the common EU
development strategy Europe 2020; for this reason, achieving the targets set by
the initiatives — the Innovation Union and the Resource-Efficient Europe — is
binding upon the agricultural sector. The climate change mitigation and energy
target (20/20/20) is aimed at reducing GHG emissions by 20% in 2020
compared with 1990, 20% energy produced from renewable sources as well as
20% higher energy efficiency, which directly relates to agriculture as well
(Direktiva, 2009). Every Member State’s targets and progress measurement
indicators are set based on the common EU targets (Decision, 2009).

The achievement of the targets set by the EU initiative Resource-Efficient
Europe is based on the change of the climate and energy policy. The policy is
based on four pillars, and each of them has an adequate legal framework:
> strengthening and extending the EU Emission Trading System (ETS),

which is the key tool for reducing the emissions in an economically

efficient way. It is projected that emissions from the ETS sectors will be
reduced by 21% by 2020 compared with the 2005 level. A single
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framework will be created for the ETS in the EU, and granting emission

quotas for free until 2020 will be replaced with quota auctions;

» emissions from the sectors that are not included in the EU ETS — transport,
households, agriculture and waste management (non-ETS sectors) — are
projected to be reduced by 10% by 2020 compared with the 2005 level.
Based on its relative prosperity level, every Member State has to set a
national emission reduction target in the range from -20% for the richest
Member States to +20% for the poorest Member States in order to achieve
the planned emission reduction in the entire EU,;

» binding targets for the share of renewable energy sources (RES) in gross
final energy consumption. The average share for the EU is set at 20% by
2020 (more than a two-fold increase compared with 2006 when the share of
RES was 9.2%). The binding targets for every Member State are different
and vary from 10% for Malta to 49% for Sweden;

» it is planned to establish a network of carbon capture and storage stations
until 2020.

Achieving the GHG emission reduction targets is problematic for Ireland,
Austria, Finland, Belgium and Spain, while Latvia is in the group of Member
States that has to design additional measures to achieve the emission reduction
target.

2.1. Synergy of agricultural and environmental policies

The use of natural capital for agricultural production after the social market
economy model has been introduced is regulated by means of the CAP. The use
of natural capital for agricultural development is well reflected in the CAP’s
historical stages.

Achieving the CAP targets with regard to competitive, sustainable and
environment-friendly development in agriculture, progress occurred towards
liberalising the market of agricultural goods through reducing the regulatory
role of government in it. Sustainable and environment-friendly development
was achieved by introducing considerable financial support for biofuel
production from agricultural commodities (CO loans, support for energy
Crops).

CAP reformin 2013

The reform that was implemented in 2013 was the newest CAP adaptation
process stage, and it is still not over. It introduced a new architecture of direct
payments and better targeted, more equitable and greener, an enhanced safety
net and strengthened rural development (European Commission, 2013). The
EU CAP framework for the period 2014-2020 focuses on the factors faced by
agriculture and rural areas on the way towards economic development and
growth

A synergy of the CAP and environmental policies in relation to their
historical stages is presented in Figure 5.
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CAP reform: greening; quota abolition; research; innovation — 2013 O
CAP health checks: reform strengthening; risk assessment — 2008
CAP reform: rural development; simplification; market orientation — 2003 O
CAP reform Agenda 2000: rural competitiveness — 2000
CAP reform: stabilisation of savings, incomes, environmgnt — 1992
1970-1980 — CAP crisis: overproduction;
growing expenditures; international disputes
1960 — CAP establishment: food
security; productivity; market
stabilisation; support for products

P\ 7\ N
A4 A4 A4 A4 A4
1960 1910 1980 1990 2doo 2010 2020
Productivity Competitiveness Bustainability| Policy effectiverpess —
>
Priority

Source: author’s construction
Fig.5. Synergy of EU agricultural and environmental policies for the
period up to 2020

After Latvia joined the EU, one of the tasks to be performed was the start-
up of biofuel (bioethanol and biodiesel fuel) production. Later on, biogas
production from agricultural raw material emerged and developed very fast.

In the period 2014-2020, there were set compliance prerequisites for the EU
CAP in relation to payments for climate- and environment-friendly agricultural
practices or the “green component” — the compulsory direct payment
component, which has to account for 30% of the total amount of direct
payments and which is granted as an extra payment to all recipients under the
Single Area Payment Scheme if they respect the practices aimed at climate
change reduction, biodiversity preservation, environmental protection, CO;
emission reduction and fixation. There are three major pathways: crop diversity
— a certain number of crop species has to be grown in a certain land area;
preservation of permanent grasses — a certain area under grasses has to be part
of the total area declared for direct payments; establishment of ecological focus
areas — a certain area of arable land has to be managed in accordance with the
basic principles set for ecological focus areas (European Commission, 2013;
Frelih-Larsen A., 2014).

2.2. Legal documents regulating agriculture in Latvia

An appropriate legal framework adopted in every Member State, which is
also harmonised with relevant international and EU legal documents, is the
most important aspect in achieving the EU CAP targets.

Agriculture, given its specifics with regard to production conditions, is the
most regulated field of business. In the context of use of natural capital,
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agriculture is regulated by legal documents passed in various periods:
conventions, international treaties, EU directives and regulations, laws of the
Republic of Latvia, Cabinet regulations, policy documents and programmes. To
structure the legal acts regulating and influencing agriculture, the author
suggests dividing them into three groups. The first group is comprised of
general laws binding on business that apply to accounting and taxes, legal
transactions and commercial activity. The second group consists of
international conventions, EU regulations and national laws applying to
agriculture. The third group includes international conventions, EU regulations
and national laws that regulate the use and protection of the environment
(natural capital).

An analysis of the legal acts regulating agriculture in Latvia was based on
the Rural Development Programme 2014-2020 (RDP). It is the most important
document in the hierarchy of regulatory legal acts that encompasses EU and
international legal documents and shapes rural and agricultural development in
Latvia.

The UN Framework Convention on Climate Change significantly
influences agriculture in Latvia.

The stages of decision-making and legal act adoption, which are
harmonised with the recommendations and relate to agricultural GHG emission
reduction, are presented in Figure 6.

Settina GHG reduction taraets bindina on Latvia - 2016 O
30 June 2015. An assessment of GHG reduction target achievement — 2015 o

15 March 2015. Effort Sharing Decision (ESD) — 2015 o

15 January 2015. The 2013 national GHG inventory report is submitted — 2015

Initial assessment of the GHG inventory — 2014
ESD No. 406/2009/EC. GHG reduction target adoption — 2009 ?
7~

P\ 7\ ) )
A4 A4 \ 4 A4
1960 1970 1980 1990 2000 2010 2020

EC expert inspection —

EC expert report —

Source: author’s construction
Fig.6. Key stages of the adoption of agricultural GHG emission reduction
targets

The Convention adopted in 1992 and the Kyoto Protocol, ratified by the
Saeima of the Republic of Latvia, impose an obligation on Latvia to reduce
GHG emissions causing global warming. In accordance with the Kyoto
Protocol, Latvia has set GHG emission reduction targets for 2020, considering
the 1990 emission level. An active process of setting GHG reduction targets for
agriculture takes place in Latvia. Coupling the GHG reduction targets with
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agricultural development, in the opinion of the author, is going to determine it
in the future.

The targets and priorities set by the EU CAP reform, which were unified for
all the EU Member States for the programming period 2014-2020, were taken
into consideration in developing the national RDP 2014-2020, thereby
highlighting a new approach that differed from earlier practices when the RDP
priorities were set individually within the context of every Member State. In
developing the national RDP 2014-2020, its association with the national and
EU environmental policy documents was taken into account as well.

2.3. Institutional system for assessing agricultural impacts on the
environment

In order that Latvia can effectively meet its international commitments in
the field of climate change, a reduction of additional GHG emissions requires
meeting a number of other requirements: to establish a national system for
calculating GHG emissions and CO, fixation and producing annual reports; to
support scientific research on climate change; as well as to inform the public on
matters related to the climate change. The Ministry of Environmental
Protection and Regional Development (MEPRD) of the Republic of Latvia
coordinates the achievement of the GHG reduction target for the non-ETS
sectors, including agriculture. The Ministry of Agriculture (MA), the Ministry
of Transport (MT) and the Ministry of Finance (MF) develop and implement
climate change mitigation policies. The MEPRD is the leading state
administrative institution in the field of environmental protection, which also
involves preventing climate change and adapting to it. Cabinet Regulation of 30
November 2004 No. 962 (Vides dienesta, 2004) regulates the functioning of the
State Environmental Service and prescribes assessments of environmental
impacts of agriculture, performing the tasks set in the law “On Pollution” in
relation to granting (GHG emission) permits to carry out a polluting economic
activity. The Service controls compliance with the requirements set in the laws
on the extraction and exploitation of natural resources, environmental
protection, the emission of polluting substances into the environment,
hazardous and household waste management, packaging recycling and
activities with chemicals and chemical products.

The national system for calculating GHG emissions and CO: fixation

In accordance with the Framework Convention and the Kyoto Protocol, any
party of the Convention has to annually submit a national inventory report on
anthropogenic GHG emissions and their fixation to the UN Convention
Secretariat.

An annual inventory of GHG emissions and their fixation and an annual
inventory report are prepared by the Latvian Environment, Geology and
Meteorology Centre, which is a governmental service subordinate to the
MEPRD. In accordance with Cabinet Regulation of 27 March 2012 No. 217,
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the Centre performs GHG emission calculations. An inventory is prepared in
cooperation with the CSB, the ME, the MT and the MA as well as the
subordinate institutions. Experts from LLU are involved in calculating
agricultural GHG emissions. An assessment of the accuracy of an inventory
report is done by foreign experts from private organisations, enterprises and
relevant scientific disciplines.

The data included in a report of GHG emissions reflect the achieved results
with a two-year lag. Therefore, the part of the climate policy and measures that
focuses on assessing the future impacts of GHG reduction measures and
increasing the potential CO» fixation is important and integral. Kyoto Protocol
progress reports, national reports under the Framework Convention as well as
reports on compliance with the EU legal documents are based on high-quality
forecast data and assessments of the impacts caused by the planned and
implemented measures. LLU plays an important role in producing GHG
emission and CO, fixation forecasts.

The national legal acts regulating agriculture and natural environment
protection and the institutional environment comply with the requirements set
by the international agreements. In the future, LLU scientists have to be
involved in assessing GHG reduction measures to a greater extent, given the
fast growth of the agricultural sector in Latvia.

3. INDICATORS OF AGRICULTURAL PRODUCTION
AND ITS IMPACTS ON THE NATURAL
ENVIRONMENT IN LATVIA

The chapter is 24 pages long and includes 14 tables and 8 figures.

The chapter analyses changes in the use of agricultural land, the development
of agricultural holdings and GHG emissions. It is projected that GHG
emissions from agriculture are going to increase.

The chapter puts forward a thesis: Latvian agriculture, crop farming in
particular, develops dynamically and contributes to the production of GHG
emissions.

The natural capital of Latvia is its land. According to a definition suggested
by A. Dobele (2005), “land is an area characterised by certain nature
properties — terrain, climatic conditions, soil, and aboveground and
underground resources as well as a particular geographical location and a
particular use”.

The term land encompasses its diverse functions, and the use of land has to
be viewed from the environmental, economic and social perspectives. The
author assessed the efficiency of use of land as a resource in agriculture by
employing the economic and environmental indicators of agriculture. The
author has concluded that the efficiency of use of agricultural land in Latvia in
the future will depend on whether the land is exploited in a sustainable and
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functionally appropriate way. From this perspective, the efficiency of use of
agricultural land resources has been little researched in Latvia. The research
studies do not focus on how to achieve the target from the economic
perspective by exploiting all the available agricultural land resources, while
also ensuring the functional use of land in relation to environmental problems,
pollution reduction in the form of GHG emissions.

3.1. Characteristics of land use in agriculture

Land use has to be rational, efficient and sustainable. If it is not possible to
use land for agriculture, it has to be used for forestry, construction or other
purposes in order to contribute to the economy, benefiting residents
economically, environmentally and socially.

In 2015, agriculture and forestry exploited 88% of the total land resources
of Latvia, and the UAA comprised 36.4% and the forestland area — 51.8% of
the total area of the country. As of 1 January 2016, according to State Land
Service (SLS) data on all real property uses, the total agricultural area (AA)
was equal to 2350.8 thou. ha and the total forestland area was 3347.1 thou. ha.

A data analysis shows that the forestland area tended to increase. In the
period of analysis, the agricultural area continued decreasing and, according to
the statistical data for 2015, only 1884.8 thou. ha were used for agricultural
production. Almost 20% of the available land resources are not used for
agriculture, as the land is overgrown or unfarmed.

Changes in the quantitative indicators of agricultural land resources in Latvia
for the period 1990-2015 broken down by land use are shown in Table 2.

Table 2
Types of agricultural land uses in Latvia in the period 1990-2015, thou. ha
AA Arable Permane Meadows, Unfarmed
UAA
Year land nt crops pastures area
thou. [ thou. thou. thou. thou. thou.
ha ha % ha % ha v ha & ha %

1990 [2567.0 | 2534.0 | 98.7 [1656.0 65.4 359 [1.4 | 847.7 |33.5 33 1.3
1995 [2501.3 | 1832.1 | 73.2 [1002.3 [54.7 19.3 |1.1 | 800.5 |43.6 | 669.2 | 26.8
2000 [2484.9 | 1587.2 163.9 | 969.9 bl1.1 11.5 10.5 | 605.7 |38.2 | 897.7 | 36.1
2005 [2474.4 | 1733.7 [ 70.0 [1091.8 62.9 12.8 10.7 | 628.9 [36.2 | 740.7 | 30.0
2010 [2430.0 | 1815.5 | 74.7 |1173.4 64.6 6.8 0.4 | 6252 |344 | 6145 | 253
2015 [2350.8 | 1884.8 | 80.2 [1229.8 5.2 6.7 0.3 | 648.3 [344 | 466.0 | 19.8
Change
from base| -8.4 -25.6 |-18.5 | -25.7 |-0.2 | -81.3 | x | -23.5 [+0.9 [+1312 |+18.5
year, %
Source: author’s construction based on the CSB, 2015

To some extent, such a situation does not contribute to competition, as it
could be an effective solution to the problem of inefficient use of land in
Latvia. Land policy scenarios envisage that the demand for agricultural land is
going to rise over the next decades because of the growing demand for food
(Zemes politikas..., 2008).
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The author used data for a period since 1990 for an assessment of land use
efficiency and a comparison of agricultural output and inputs. This is the
reference year for GHG emission inventory calculations. Land use efficiency
from the environmental perspective was identified by calculating the amount of
emissions produced per unit of inputs.

The enhancement of quantitative indicators of the UAA was due to the
following objective factors:

» Cabinet Regulation No. 635 “Procedures for Surveying and Identifying the
Unfarmed Utilised Agricultural Area and Providing Information thereon”
has been in force since 13 July 2010 (Kartiba, kada..., 2010);

» amendments were made to Cabinet Regulation No. 126 “Procedures for
Granting Direct Payments to Farmers”, changing the procedure of granting
support payments to agricultural land owners from the European
Agricultural Guarantee Fund, which have been in force since 10 March
2015. Restrictions were imposed on receiving payments under the Single
Area Payment Scheme (SAPS) for agricultural land if the terms related to
land use for production were not met (TieSo maksajumu..., 2015).

Increase in the UAA may not be an indicator of efficiency of its use.
Qualitative indicators are more important in assessing the efficiency of land
use. Increase in the UAA represents the extensive development path, and such
development means growth due to increases in the factors of production. A
research project on efficient UAA use under the guidance of professor I
Pilvere carried out at Latvia University of Agriculture (LLU) found that an area
of 1459 thou. ha was exploited for agricultural production (Pilvere I. et al.,
2014). In 2015 in Latvia, an area of 1660 thou. ha was declared for SAPS.
Agricultural development in various areas of Latvia is different, and the areas
could be classified as follows: 1) intensive agricultural areas that include the
central part of the country and some municipalities in the areas being remote
from the capital city (900 thou. ha); 2) extensive agricultural areas with
subsistence farming, where agricultural produce is not sold in the market but
used for self-consumption (535 thou. ha) (Saktina D., 2006).

An analysis of the quantitative data on agriculture has identified the key
agricultural production sectors that make up a considerable share of the total
value of output. The sectors are the key users of the factors of production and
contributors to environmental impacts. In 2015 in Latvia, total agricultural
production in constant prices consisted of: grain 33.1%, milk 17.7%, feed
crops/maize 10%, rapeseed 8%, pork 5.1%, vegetables 4.9%, potato 4.3%, beef
3.5%, poultry 3.5%, eggs 3.4%, other livestock products 3.2% and other crop
products 3.2% (Latvijas lauksaimnieciba, 2016).

In Latvia, agriculture develops, exploiting land resources, both through
intensification and extensive expansion. Grain production is the key
agricultural industry that supplies food to the population and feed to dairy and
meat livestock farms. Grain, milk, rapeseed and feed crop/maize production
accounted for 70% of the total value of final agricultural products in Latvia in
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2015. To identify the efficiency of use of land resources, the author analyses
the use of agricultural land resources in relation to environmental indicators
expressed as GHG emission CO; equivalent in Subchapter 3.2.

3.2. Characteristics of agricultural holdings

In the period 2005-2015, economic processes considerably affected the
performance of Latvian agriculture, especially crop farming. In the author’s
opinion, particularly changes in the economic processes in agriculture
determine the trajectory of its development in the future.

In Latvia, the use of land resources by agricultural holdings is affected by
diverse environmental factors in the regions. Some regional specialisation
exists because of the mentioned diverse factors. The use of land resources has
to be assessed in terms of the potentially best functional land use (Schulte R.,
2014).

The author fully agrees with this opinion, yet alongside economic
categories, also environmental and social categories have to be employed to
promote economic processes in order that agricultural development is
sustainable. The author used the distribution of farms by economic size, which
is characterised by the standard output (SO) of products and the farm type, for
an economic analysis of economic processes in Latvia. The standard output of
an agricultural product is the monetary value of the agricultural output at farm-
gate price in the region, in euro per hectare or per head of livestock. The total
SO of an agricultural holding represents the economic size of the holding in
terms of money. The CSB uses standard outputs per hectare of crops or per
head of livestock calculated by the Latvian State Institute of Agrarian
Economics (since 2016 — the Institute of Agricultural Resources and
Economics) to identify the economic size of holdings (CSB, 2016).

Such a distribution was chosen to identify the groups of farms that affect
economic processes as well as agricultural sustainable development the most.
According to farm survey data, there were 81796 agricultural holdings in
Latvia at the end of 2013 (CSB, 2016). An analysis of the indicators of
agricultural holdings reveals that field crop farms affected agricultural
sustainable development in Latvia the most, as the SO of the farms accounted
for 37% of the total output of agricultural products. The other most significant
types of farms were as follows: dairy with 28%, mixed crops and livestock with
14%, pigs and poultry with 13% of the total SO.

The total number of agricultural holdings decreased in Latvia by 39% in
2013 compared with 2005. The structural changes of agricultural holdings have
considerably affected holdings of small economic size, the number of which
decreased sharply — by 44%.

The calculation results for the structural changes of agricultural holdings is
presented in Table 3.
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Table 3
Changes in farm structure by economic size group in Latvia in the period
2005-2013, thou. EUR

o . 2005 2010 2013 A from base
Q= year, %
S5 O
£ UAA UAA UAA
20 3| Numb > | Numb > | Numb > | Numb | UA
En or thou. or thou. or thou. or A
g 2 ha ha ha
Leiitga“ 131237 | 1204.7 | 76277 | 774.9 | 73603 683 44 | 43
15.0-99.9 | 1521 | 289.6 | 6002 | 4415 | 6754 | 471.4 344 | 63
more
100 247 | 2109 | 1107 580 | 1439 | 7233 483 | 129
Total 133005 | 1705.2 | 83386 | 1796.3 | 81796 | 1877.7 39| 10

Source: author’s construction based on the CSB, 2016

The number of the farms with a SO of more than EUR 100 thou. increased,
and there were 1439 such farms at the end of 2013 or 5.8 times more than in
2005. After 2005 in Latvia, the same economic processes occur as in the EU
and the world. Small agricultural holdings are endangered the most, as the
economic pattern — farming as business — dominates.

3.3. Agricultural production and GHG emissions from it

In order to control and correct the GHG emission reduction targets set in the
EU, an appropriate system for calculating and accumulating indicative
indicators is necessary, which is done in Latvia in accordance with Cabinet
Regulation of 27 March 2012 No. 217 (Noteikumi par siltumnicefekta..., 2012).
The climate change mitigation targets set by EU Member States (Decision No
406/2009) aim to reduce GHG emissions by 20% in 2020 compared with 1990.

Agriculture is among the sources of emissions that are not included in the
quota trading system (non-ETS). However, to achieve the targets of the strategy
Europe 2020 in relation to the reduction of GHG emissions from transport,
households, agriculture and waste management, every country has to produce
and submit national inventory reports to the UN. A document provides the
following information: 1) a national GHG emission inventory (NIR) (Latvia’s
National..., 2015); 2) numerical data on national GHG emissions arranged
according to the Common Reporting Format (Common Reporting Format,
2015). Separate reports on GHG emissions are produced in relation to land use,
land use change and the forestry sector, which are not analysed in the
dissertation (Land Use, Land Use Change and Forestry, 2015).

According to the Kyoto Protocol, Latvia had to reduce its GHG emissions
by 8% in the period 2008-2012 compared with 1990. This commitment was
successfully fulfilled by Latvia.
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According to the calculations and the NIR, agriculture produced GHG
emissions of 2310 Gg CO; eq in 2013, which was the second largest source of
emissions in Latvia, accounting for 22% of the total non-ETS emissions. In
1990, agriculture produced GHG emissions of 5559 Gg CO, eq., which
represented 32% of the total non-ETS emissions. According to a projection of
economic development in Latvia, agricultural GHG emissions are going to
increase through 2030, reaching 33% of the total non-ETS emissions, yet the
1990 level is not expected to be reached (SEG atlautas emisijas, 2014). In the
author’s opinion, such changes in agricultural GHG emissions in Latvia
indicate that Latvia cannot reach its internationally set GHG reduction targets
without introducing additional measures.

Based on the NIR of Latvia and employing statistical analysis methods, the
author identified which anthropogenic gases (N,O, CH4 and CO>) contributed
to an increase in GHG emissions from agriculture. Compared with the
reference year, all the mentioned kinds of agricultural GHG emissions
contributing to climate change have decreased: N,O by 46%, CH4 by 66% and
CO; by 95%; however, starting with 2005 the emissions tended to increase
because of agricultural growth, see Subchapter 3.1. The largest increase was
reported for N,O in 2013 — an 18% increase from 2005.

The data on emissions are presented in Table 4.

Table 4
Agricultural GHG emissions by kind in Latvia in the period 1990-2013, Gg
CO2¢q
3
o [Te) o Yo} o — N o™ 8 O\o
Kind of GHG emissions S S S =] = P Py = £ =
<
Nitrous oxide (N20) 2489] 1097| 1016{ 1148| 1253 1256| 1325 1351 -46
annual A, % 0| -56 -7 +13 +9 +0.2| +6| +2 X
Methane (CH4) 2690| 1155| 837| 863| 881| 885 909 940 -66
annual A, % 0| -57| -27| +3 +2 +0.5 +3 +3 X
Carbon dioxide (CO») 379 2 6 3 6 12 16| 18 -95
annual A, % 0| -99| +200| -50| +50| +100| +33| +13 X
Total 5559] 2256| 1860| 2015| 2141| 2155| 2251 2310 -58
annual A, % 0 -59| -18| +8| +6| +0.7] +4| +3 X

Source: author’s construction based on the NIR, 2015

Since the use of agricultural soils contributes to the highest proportion in
the total agricultural GHG emissions in Latvia, achieving the research aim
requires identifying the factors that promote GHG emissions from this source.
The factors of emissions and related data are presented in Table 5.
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Table 5
Breakdown of the factors of N2O emissions from agricultural soils and
changes in the emissions in Latvia in the period 1990-2013, Gg

Year =
- €3
Factor of emissions o y) o s) o ™ S >¢
(o2} (o2} o o - - 4= @ O
(o)} (o)} o o o o (2]
— — « « « ~ < _g
Organic soils 2.6 2.6 2.5 2.5 2.5 2.6 0
annual A, % 0 0 -4 0 0 +4
Application of 21| 02 04| 06| 09 1.1 -47
fertilisers
annual A, % 0 -90 +100 | +50 | +50 +22 X
Application of organic 08| 04 03] 03| 03 0.3 -63
fertilisers
annual A, % 0 -50 -25 0 0 0 X
Manure in pastures 0.5 0.2 0.1 0.1 0.1 0.2 -60
annual A, % 0 -60 -50 0 0 +100 X
Crop residues in the 06| 03 03] 04| 04 0.6 0
field
annual A, % 0 -50 0 +33 0 +50 X

Source: author’s construction based on the NIR, 2015

The key sources of direct NoO emissions are as follows: 1) artificial
nitrogen fertilisers (N); 2) organic N fertilisers (e.g. manure, compost, sewage
sludge); 3) N accumulated in crop residues and incorporated into soil (green
manure, crop residues etc.); 5) ameliorated organic soils (peat soils).

Direct N,O emissions from organic soils make up 54% and those from N
fertilisers applied represent 23% of the total emissions from the UAA. The
application of N fertilisers is essential in crop production. However, direct N>O
emissions from the application of N fertilisers in the period 2005-2013 rose by
83%, reaching 326.7 Gg COyeqa year.

A regression analysis done by the authors allows concluding that the
number of livestock, output and GHG emissions do not strongly correlate, as
the value of R?> was considerably lower than 0.8, which indicates that the
variables did not strongly interact. Agricultural holdings engaged in livestock
production comply with the legal framework for manure management.
Adequate requirements imposed on farm management -contribute to
environment-friendly agricultural growth, thereby reducing GHG emissions.

An analysis of the statistical data on agricultural development and the
impacts on the environment in the form of GHG emissions done by the author
allows drawing a conclusion that crop production made the largest impact.

According to the calculations, the use of agricultural resources was not
efficient. The reason, in the opinion of the author, was the exploitation of land
as a resource in an inefficient way. A sustainable intensification path has to be
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chosen for development, decoupling increases in the factors of production from
an increase in agricultural output.

3.4. Projection of agricultural GHG emissions in Latvia for the period up
to 2020

In the period 2005-2015 in Latvia, agricultural GHG emissions rose by
20%, and it was the second highest rate among the EU Member States behind
Estonia. According to a detailed analysis of agricultural land use done by LLU,
it is economically feasible to reintroduce 275 thou. ha AA into agricultural
production (Pilvere 1. et al.,, 2014). Consequently, an additional AA
reintroduced into agricultural production is going to increase agricultural GHG
emissions. The situation might considerably change after 2020 because,
according to the new indicative target for Latvia, a 6% decrease in GHG
emissions from the non-ETS sectors has to be achieved until 2030 compared
with 2005 (Par mehanismu..., 2013), which, in the author’s opinion, is a major
challenge if taking into consideration the previous achievements. Actually, in
the period 2020-2030, the allowable 17% increase in GHG emissions from the
non-ETS sectors will not be permissible, and a reduction of emissions from
agriculture too has to be planned now. The previous chapters have found that
crop production expands through agricultural intensification, which is true for
grain production in particular. Based on an assumption that the unfarmed 275
thou. ha AA are used for crop production, the author calculates direct N,O
emissions from more N fertilisers applied, crop residues and other emission
sources.

To calculate an increase in GHG emissions, the author employed the IPCC
methodology. According to the IPCC guidelines, three calculation levels of
different complexity are possible. Since relatively few scientific research
investigations into GHG emissions from agriculture have been done in Latvia,
it is advised to employ the first level methodology (Tier 1). This methodology
uses easily available statistical data and scientifically justified but generalised
emission factors. In Latvia, the second level methodology (Tier 2) is employed
for some kinds of GHG emissions from livestock production because there are
scientifically justified regional emission factor differences (Latvia’s National,
2015). Direct N,O emissions from agricultural soils are calculated according to
Equation 1.

N20sN pirect— N = [N2O—Nn inputs] = [(FsntFamt+FentFer) *EF1] +(Fos*EF2), (1)

where: N2OsN pireet—N — direct emissions from the application of N fertilisers in crop
production kg N2O — N year™,
FSN — amount of N fertilisers applied in crop production (N amount), kg a year,
Fam— annual N20 equivalent incorporated by means of livestock manure,
Fpn— amount of nitrogen accumulated by nitrogen-fixing plants,
Fcr — amount of nitrogen contained by crop residues in the field,
Fos— nitrogen from tilled organic soils,
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EF1 —N20 emission factor for N fertilisers applied, kg N;O-N (kg N izm),
EF. — emission factor for GHG emissions from tilled organic soils
kg N,O-N (kg N izm).

The calculated N>O — N emissions from N fertilisers applied — have to be
recalculated in N>O emissions in accordance with the 2006 IPCC guidelines
according to Equation 2:

N0 =N,O-N * 44/28 )

The distribution of the variable component of GHG emissions by crop group is

calculated based on nitrogen fertiliser consumption.

The calculations were performed:

1) using data on the total output of crops and N fertiliser consumption. The
approximate consumption of nitrogen fertiliser consumption was estimated
for 2012 and 2020 based on proportional differences in total output;

2) distribution of the variable component of GHG emissions from soils by
crop group was proportionally calculated based on the distribution of N
fertilisers by crop group.

The reintroduced area of 275 thou. ha could additionally increase agricultural

output in the range from 12% (cereals, rapeseed) to 17% (potato,

meadow/pasture fresh biomass) of the total output of the respective crop in

2012 (Pilvere 1., 2014). The necessary quantity of fertilisers and the additional

amount of GHG emissions from every crop were calculated in proportion to the

reintroduced AA. The results are shown in Table 6.

Table 6
Potential total crop production and a GHG emission projection in Latvia
in 2020
c |e Reintroduced AA o S
e ST 18- 82| 8s
cop  |ZZ|E8C| = |, E |242% =0 Eg
sS|osd £ |ESEEB ST Q8 |2
Sk £ |TE |3%|F | B |<
FOO =
Cereals 2124 | 737.56 87197 16394| 334| 2799| 971.88| +32
Rapeseed 303 | 212.24 17399 3268| 46| 373| 260.84| +23
Potato 538 | 11.59 6276| 1014 146| 881| 18.95| +63
Maize 553 42.46 3769 563 | 131| 849 65.11| +53
Green forage/ silage
crops 721 12.86 | 61756 117181292 898 68.65| +533
Meadows, pastures 167 1.34 98820| 19098| 833| 478 36.66|+2700
Vegetables 161 4.77 0 0 0 195 5.76| +120
Total x |1022.83 | 275217| 52055 x X (1427.85 | +39

Source: author’s construction based on Pilvere |. et al., 2014
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In case the 275 thou. ha are reintroduced into agricultural production, the
variable component of GHG emissions from crop production increases by 39%
in 2020 compared with 2012. Compared with the base year of 2005, the
increase might reach even 80% if crop production is intensive.

D.Dougherty (1996) defines a connection between technological progress
and innovation as process management, as “...innovation means creating a new
concept of a product or service, its development, production and sale, while
ensuring continuous process governance”. This involves setting accurate
targets in agriculture and establishing an evaluation system to control the
achievement of a target regarding GHG emission reduction.

4. SUSTAINABLE INTENSIFICATION OF CROP
PRODUCTION FOR AGRICULTURAL DEVELOPMENT
IN LATVIA

The chapter is 24 pages long and includes 6 tables and 11 figures.

The chapter presents a methodology for sustainable intensification assessment
in crop production. The chapter assesses crop production development in
Latvia.

The chapter puts forward a thesis: sustainable crop production intensification
reduces negative impacts on the environment, thereby ensuring balanced
development of the economic, social and natural environments.

The author believes that a method for sustainable territorial development
assessment developed in the dissertation by I. Kaulins (2015) could be applied
to agriculture as well. In the author’s opinion, sustainable development and an
assessment of it in the national economy of Latvia has been relatively much
researched, yet the impact of agricultural production expansion on the rural
environment in the context of sustainability has been insufficiently researched.
After performing an analysis in the chapter “Theoretical aspects of agricultural
sustainable development” and an assessment of the legal act system in Chapter
2, the author has found that in the future, an assessment of agricultural
development requires employing indicators that indicate the development as a
combination of economic, social and environmental aspects. Such an
assessment of development is done by using a set of complex indicators that are
derived based on an adequate methodology. The development of a reliable
system of sustainable agricultural development indicators is needed for
agricultural producers, residents as well as policy makers.

4.1. Assessment of sustainable intensification

On 1 July 2016, Latvia became the 35" member country of the OECD. The
development of an adequate model for assessment of sustainable agricultural
development was a logical prerequisite for the membership. In the EU, an
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assessment of sustainable development is performed in relation to 10 goals,
employing 11 combined indicators (Eurostat, 2015). The key EU goals for
sustainable agricultural development are as follows: production of safe and
healthy food; preservation of natural resources; contribution to the economic
viability of agricultural holdings; enhancement of ecosystem services;
development of rural environment governance; improvement of life quality in
rural areas; and enhancement of welfare of agricultural animals. Indicator
systems are designed and employed the most for assessment of the OECD
countries. In Latvia, the Sustainable Development Strategy until 2030 has been
produced and indicators showing performance, which are divided into seven
categories, stressing the strategic ones, have been designed for achieving the
country’s sustainable development goals and assessing its performance. An
assessment of sustainable agricultural development could employ indicators
that show progress towards the goals “Innovative and eco-efficient economy”
and “Nature as capital for future”. However, in the author’s opinion, the use of
the indicators in a direct way for assessing sustainable agricultural
intensification is not possible because there are contradictions. To assess the
sustainable exploitation of natural capital, an indicator — GHG emissions — is
employed; the indicator value for 2030 has to be lower than for the base year.
However, the NDP indicator for agricultural land management envisages an
increase against the base year (Parresoru koordinacijas, 2015). Changes caused
by development in rural areas have to be assessed in economic, environmental,
social and technological terms if setting a goal to achieve sustainable crop
production intensification. An assessment of sustainable intensification that
shows causal associations between an increase in the standard of living, the
amounts of inputs and environmental impact reductions are presented in Figure
7.

. Prosperity

Resource

decounling

— +Resources

Time

Impacts of the environment Environmental

impacts

Source: author’s construction based on UNEP, 2011
Fig.7. Graphic representation of an assessment of sustainable agricultural
intensification
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Development has to result in synergy in order to achieve the sustainable
development goals set. At the macroeconomic level, sustainable agricultural
intensification has to be assessed by means of a combined, composite index
that can indicate changes in every kind of capital used in production in the best
way. In the present research, the author performed an assessment of sustainable
crop production intensification by means of a four-step methodology: (1)
identification and definition of causes of activity; (2) definition of appropriate
sustainability indicators; (3) identification of indexes for sustainable
intensification; (4) assessment of effects on sustainable development. Based on
the definition of sustainable agricultural intensification, the author is going to
identify what change dynamics the indicators of every type of capital have to
represent.

The indicators of changes in the value of capital have to be: appropriate,
reliable, accurate, comparable, easy to interpret and based on high-
quality/reliable data.

The calculation of indicators employs data on the economic activity of
agricultural holdings that indicate the lowest hierarchy level in environmental,
economic and social terms. Selecting an indicator, one can use: direct data (e.g.
GHG emissions from crop production); a ratio or a coefficient (e.g. GHG
emissions from crop production as a share of total agricultural emissions); a
relative indicator (e.g. GHG emissions per gross value added in crop
production).

The way of indicator selection and calculations in relation to GHG emissions
into the environment is presented in Figure 8.

2 3\

§_ Composite GHG and N emission index

E

- D— N ’
= Q / 3\

R Direct GHG emissions in CO, eq. N use efficiency

S .2

% v/ e (NUE)

o S

Indicator

—\ <\ N
Direct CO, Direct Hy Direct N,O emissions Indirect N,O
emissions emissions L emissions

———————— A === ---- )

Fossil ~|[ En—ergy Livestock T~ UAA- - -l - -Organic™ ~

fuel input soils

< Aggregation A Combination

Activity

fertilisers

Source: author’s construction
Fig.8. Sequence of the aggregation of sustainable agricultural
intensification indicators for assessing the natural environment
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The indicators that indicate changes in the natural, economic and social
environments in the most accurate way as well as reflect the key causal
associations regarding crop production activities that make the most significant
effects on sustainable intensification were selected based on the technique for
indicator selection and calculation developed by the author.

The key indicator groups are as follows:

» economic environment — profit margin, economic diversification, financial
and resource autonomy, economic activity stability;

» social environment — work and living conditions on an agricultural holding,
application of good management practices, production of socially
responsible products;

» natural environment — fertilisation and plant protection products used,
agricultural land tillage, renewable energy sources, agricultural land quality
control, biodiversity, GHG emissions;

» technologies/innovations — change of technological processes and
equipment, product development, learning.

Under agricultural intensification, it is important to identify sustainability at
the farm level. Agricultural holdings are very diverse in terms of economic size
and type. Based on the calculated sustainable intensification indexes, it is
possible to compare the performance of diverse agricultural holdings in terms
of their social, economic, environmental as well as technological/innovation
sustainability.

4.2. Examples of the emergence of sustainable agriculture

Growth and restructuring in crop production are directly affected by the EU
strategy Europe 2020. The structural change of agricultural holdings was
influenced by their engagement in the production of renewable biosources and
the establishment of an economic pattern based on bioeconomic principles. The
promotion of use of bioresources of agricultural origin was especially active in
the period 2007-2013, which lead to the formation of a principally new industry
in rural areas in Latvia, which used biomass of agricultural origin as an input.
Since 2005, Latvia has a developed industry for the production of first
generation bioethanol, biodiesel fuel and biogas.

Biogas is produced from: household waste — at seven biogas facilities,
household sewage — at one, food production waste or wastewater — at three and
agricultural commodities — at 48 biogas facilities. If considering constructing a
biogas facility, it is important to be aware that the primary goal is the
production of sustainable and competitive agricultural products and electricity
generation from RES is only the secondary goal.

The mandatory admixture of bioethanol to fossil fuels is set at 5% in Latvia.
From the perspective of legal acts, the situation in Latvia is normal. However,
there are problems with biofuel sales in the market of Latvia (Lenerts A.,
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2013). The use of agricultural commodities for the production of food and non-
food products is shown in Figure 9.

Agricultural commodities Proteins
l { > Food
T T T
1 1 .
| | Bioenergy Bio-refining Food ! Biofuel
1 1
: Processing process : Chemicals
L Feed
v
Anaerobic processing process > Biogas
L 2
Digestate processing /cascade stages > Fertilisers

Source: author’s construction
Fig.9. Sustainable agricultural production system for crops

The author wishes to draw three major conclusions that are strongly
interrelated:
1. In Latvia, the biofuel production industry is insufficiently associated with the
other sectors of the national economy;
2. Biofuel producers did not cooperate with national rapeseed and cereal
producers and imported the inputs;
3. Despite the support measures for the industry, not a single national road
transport enterprise has established a fleet of vehicles running on biofuel,
unlike it is in other EU Member States.

If setting a goal to develop the bioeconomy sector and produce bio-products
on farms, a question has to be answered from the perspective of prospects for
business — do farmers see an opportunity to change their pattern of exploitation
of their disposable resources (land, machinery, labour, knowledge) and is the
production of products, which are supported to achieve political objectives,
sustainable in the result of interaction of the related factors? Farmers need
knowledge and an ability to comprehend and recognise the new opportunities
(Cohen W.M., 1990).

4.3. Assessment of the development of sustainable intensification of crop
production in Latvia

It is necessary to perform an assessment of agricultural production in terms
of sustainability in order to adapt to sustainable development (Pope J., 2013).
The assessment of sustainable crop production intensification used data for
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2005 and 2015. By employing the assessment method developed, it is possible
to identify how agriculture performs after GHG emission reduction measures
have been introduced, compared with a situation if no measures have been
implemented.

Selecting the indicators, the author defined six key features of sustainable

development:

» changes in development have to be positive, oriented towards a sustainable
future;

> all the key factors of sustainable intensification are examined and
interrelations among them are analysed;

> interrelations among the economic, social, environmental and

technological/innovation factors are assessed;

compromises among the factors are decreased as much as possible;

an assessment of the factor efficiency is done taking into account human

needs for sustainability;

» the methodology for assessment is simple and understandable for everyone
involved in the system.

\ 4

The author created a unified list of indicators being typical of the conditions
in Latvia. In assessing the suitability of an indicator, a methodology developed
by S. Bell and S. Morsi (Bell S., 2008) in their work ,,Sustainability Indicators:
Measuring the Immeasurable?” as well as a study done in EU Member States
on opportunities to employ Farm Accountancy Data Network (FADN)
indicators for sustainability assessment were taken into consideration
(Diazabakana A., 2016).

Based on a system for assessment of indicator levels, change in the value
of any type of capital caused by the value of services and goods produced by
the agricultural ago-ecosystem is assumed to be the starting point. Criteria
influencing the function, based on which indicators are derived, are set for
every change in the type of capital at the next stage.

The research aim set is to identify opportunities for sustainable agricultural
development at the micro - or farm level, and the next stage of indicator
selection involves an assessment of the potential database.

The list included 44 indicators that met the criteria for sustainability
assessment. The data on farm sustainability, revealing causal associations
between economic factors, were analysed for the crop farms (n=347) available
in the FADN database broken down by economic size.

The indicators showing causal associations between the economic, social,
environmental and innovation/technological functions were selected by
performing a correlation analysis.

The sequence of steps for assessment is presented in Table 7.
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Table 7

Agricultural sustainability assessment levels
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Source: author’s construction based on van Cauwenbergh N. et al., 2007

The indicators showing causal associations between the economic, social,
environmental and innovation/technological functions were selected by
performing a correlation analysis.

The final list of indicators of sustainable intensification factors was created
after performing the assessment. It consists of five indicators for each factor
group: economic, social, environmental and innovation/technological.

The sustainability factors of the factors were grouped horizontally and
vertically in a matrix. Every indicator was sequentially compared with the
others. Every indicator’s significance or weigh was calculated according to
Equation 3.

pmax_ pi +1

3
i Pi

Si— weight of the i-th indicator, (n=1, 2,...,13),
Pi— number of advantages of the i-th indicator.

S_:

) 3)

where:
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The proportion of the number of every indicator’s advantages shows the
relative weight of the indicator in the range from 0 to 1. Afterwards, the
significance of every factor is calculated according to Equation 3. The
significance (weights) of sustainable intensification indicators is presented in
Table 8.

Table 8
Weights of sustainability factor indicators for crop farms in Latvia in the
period 2005-2015

Indicator Indicator Indicator weight Si
code
EK 4 UAA productivity 0.08
EK 7 Economic diversification 0.06
EK 9 Labour productivity 0.07
EK 10 Enterprise financial stability 0.08
SO5 Retention of jobs in rural areas 0.06
SO 6 Creation of jobs in rural areas 0.03
SO9 Enterprise social responsibility 0.10
Vi1 Emission intensity in the agro-ecosystem 0.10
VI 10 Preservation of biodiversity 0.10
VIi6 Environment-friendly farm management 0.04
TI1 Crop production expansion 0.10
TI3 Innovations in production technologies 0.10
TI 4 Innovations in production systems 0.08
Total: >=1

Source: author’s construction

At the next stage, the normalisation of indicators was performed, which was
aimed at making the indicator values comparable. The author employed min-
max normalisation, as it has a number of advantages in this particular case.
This method gives positive indicator values, and farm groups are compared
against the highest and lowest values, as well as the current ratio between the
values is retained and the data are easy to perceive. The normalisation was done
using Equation 4.

rmax - rmin (4)
where:  Ri—normalised value of the i-th indicator, (n=1, 2,...,13),
ri— real value of the i-th indicator, (n=1, 2,...,13),
I'min— minimum real value of the i-th indicator,
I'max— maximum real value of the i-th indicator.

The normalised values of indicators of sustainable crop production
intensification were calculated for 2005 and 2015. The normalised values, Rj,
were calculated for six farm groups of diverse economic sizes for 2005 and
2015, which totally represented 347 agricultural holdings engaged in crop
farming. Table 9 shows the normalised values for 2015.
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Table 9
Normalised average indicators of sustainability factors for crop farms in
Latvia in 2015

- ) 3 3 E

o > > »n 2

T ® c < 3 =

L3 Indicator Measure | > £ ZE £ o

g e ment unit ] ] S

= ) ) T

(14 4 zZ >
EK 4 |UAA productivity EUR ha! 378.15 964.32 0.56
EK 7 |Economic diversification % 25.7 71.32 0.80
EUR

EK9 Labour productivity indiv. ! 15077.09| 353360.58 0.09

EK 10 |Enterprise financial stability % 27.96 67.24 0.26

305 Retention of jobs in rural Indlv._IIOO 027 251 057
areas ha

306 Creation of jobs in rural o 0.03 16.86 0.05
areas

09 |Pnterprise. social| - EUR 26.67 5909 0.13
responsibility indiv.

vy |Pmission intensity in thel pip o 47.97 199.84|  0.72
agro-ecosystem

VI 10 |Preservation of biodiversity | EUR ha'! 28.44 112.3 0.57

V16 Environment-friendly farm o 0 2782 026
management

TI1 |Crop production expansion % 0.56 10.5 0.42

r3 |lnovations in production 235.67 540.13|  0.75
technologies

TI 4 Innovations in production EUR ha-! 03 103 046
systems

Source: author’s construction based on the FADN, 2015

Using Equation 5, the sustainable intensification indicator [A was
calculated; the value of the indicator shows change in the economic, social,
environmental and innovation/technological functions in 2005 and 2015. The
calculations employed the weight and normalised value of every sustainability
factor indicator. To make a comparison, an indicator is calculated for every
economic size farm group employing the data for 2005 and 2015.

: 13 (5)
1Az =2, SiRy:

where:  |Aj— sustainable intensification indicator for the i-th farm group, (j=1, 2,...,6),
Si— weight of the i-th sustainability indicator, (i=1,2,...13),
Rij— normalised value of the i-th indicator for the j group.

Using Equation 5, the calculations employed the standardised values and
weights that were used to calculate the sustainable intensification indicator. In
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calculating the TA indicator, the indicator values are summed up according to
the trajectory. If an indicator shows growth, e.g. an increase in the amount of
manure per ha UAA, the plus sigh (+) is used, as an increase results in a higher
IA value. However, if it is a decrease, e.g. a smaller amount of plant protection
products per ha UAA is applied, the minus sigh (-) is used, as a decrease results
in a lower IA value.

The analysed data indicate differences in development among farm groups
of diverse size groups. The large farms have intensified their production, while
increasing environmental impacts. With the current economic processes
continuing in rural areas that result in an increase in the physical size (UAA)
and the economic size of farms, negative effects on the rural environment rise,
which is in contradiction to the principles of sustainability. Further, to
accurately assess the development of farms, the author performs an assessment
based on the methodology developed. The development indexes obtained are
compared with the calculation results for 2015, and the nature of change has to
precisely indicate the trend. The calculated IA index values are presented in
Table 10.

Table 10
1A index values by size group of FADN crop farms (n=347) in Latvia in
2005 and 2015

. Economic Social Enwrg:wment tgﬁﬁg?g‘%
Economicsize | gystainability | sustainability R ologic
group, thou. index index sustglnablllty sustglnablllty
EUR index index
2005 | 2015 | 2005 | 2015 | 2005 | 2015 | 2005 | 2015
Average farm -0.18 | -0.12 | 0.16 | 0.14 | 0.00 | -0.25 | 0.38 | 0.46
4<15 -022 | -0.30 | 044 | 0.38 | 0.24 | 0.24 | 0.56 | 0.00
15<25 -0.26 | -0.20 | 0.21 | 0.38 | 0.19 | -0.03 | 043 | 0.19
25<50 -0.15 | -0.31 | 031 | 0.24 | 0.11 | -002 | 0.33 | 0.46
50<100 -024 | -0.17 | 0.03 | 0.11 | 0.13 | -0.08 | 0.34 | 0.40
100 <500 -0.12 -0.06 0.12 | 0.05 | -0.11 | -0.36 | 0.35 0.55
> 500 0.30 030 | 0.02 | 0.00 | -0.48 | -0.48 | 0.27 | 0.55

Source: author’s construction based on the FADN, 2005, 2015

The growing environmental impacts of agricultural activity are indicated by
the statistical data on agriculture in Latvia analysed by the author. The
calculations prove and reveal the cause of decrease in the value of the
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environmental sustainability indicator, namely, the growing consumption of
fertilisers.
Changes in the indexes for the crop industry are shown in Figure 10.
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Fig.10. Crop farming indexes (2005=100) in Latvia in the period
2005 - 2015

The intensification of production of key crops — cereals and rapeseed — in
Latvia occurs through the growing consumption of synthetic fertilisers. GHG
emissions from crop production increased by 27% in 2015 compared with the
base year. The pattern of agricultural growth does not meet the principles of
sustainable intensification because, according to the author’s calculations, the
intensity of GHG emissions is higher in the group of large farms, yet it
decreases in the group of small farms (Lenerts A., 2015).

The largest increase in the fertilised area in the period 2009-2014 was
reported for cereals — 29.7%. A more essential factor is that fertiliser
application intensity per ha under cereals rose 1.2-fold, which contributes to
GHG emissions from agricultural activity. This means that the emission
reduction target is not going to be achieved.

A recalculation of N fertiliser N,O emissions of 1.78 kg ha™! under cereals
into CO; eq shows that the emissions are 530.44 kg ha!. At the average cereal
yield of 4.03 t ha"!, GHG emissions per unit of output equal 131.62 kg CO; eq.
To identify whether this value corresponds to the optimum GHG emission
level, the next chapter aggregates EU scientist data and performs a comparative
analysis.

The formation of intensive dairy farms has to be promoted by means of
long-term agricultural production plans. In this way, more organic fertilisers are
supplied to the growing UAA, replacing synthetic fertilisers (Lenerts A. 2015).
For this reason, it is not possible to fully avoid emissions into the natural
environment. However, it is possible to control the situation and contribute to
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higher fertiliser application efficiency, while reducing the costs of the factors of
production as well as GHG emission intensity per unit of output and per ha
UAA (Lenerts A., 2016).

5. GHG EMISSION REDUCTION MEASURES IN CROP
PRODUCTION AND AN ASSESSMENT OF THEIR
EFFECTS ON THE NATURAL AND ECONOMIC
ENVIRONMENTS

The chapter is 23 pages long and includes 7 tables and 14 figures.

The chapter analyses marginal abatement costs for GHG emissions. The
chapter identifies GHG emission reduction measures for crop production that
are appropriate under the conditions in Latvia. It also gives a projection of
GHG emissions.

The chapter puts forward a thesis: the introduction of GHG emission reduction
measures in crop farming ensures the preservation of the natural environment
and economic benefits from sustainable agricultural development.

Based on the author’s calculations presented in Chapter 3, the
reintroduction of the AA into agricultural production at the current
technological level and assortment of products significantly exceeds the
allowable agricultural GHG emission level for Latvia (Paris Agreement). The
real GHG emission increase up to 2015 and a projection of GHG emissions
until 2020 is shown in Figure 11.
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Fig.11. Agricultural GHG emissions in Latvia in the period 2005 - 2015
and an emission projection for the period up to 2030

To identify GHG emission reduction opportunities, the author performed
calculations for an alternative GHG emission reduction scenario (from A to D
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as shown in Figure 11). By identifying GHG emission reduction measures
appropriate for crop production, the research is going to determine the emission
reduction potential in 2020. Thus, the key aim of the research is to seek
opportunities for agricultural development in Latvia, while also ensuring the
convergence of economic interest and environmental protection. The
sustainable intensification assessment done in Chapter 4 indicates crop
production growth, and economic growth simultaneously results in negative
impacts on the natural and social environments, which is in contradiction to the
principles of sustainability. In Chapter 5, the author performed calculations to
identify causal associations and potential emission reduction measures in order
that crop farms in Latvia can contribute to the symbiosis of economic growth
and natural environment preservation. To achieve the aim, the following
Chapter 5 research tasks were set: to explain the method of marginal abatement
cost analysis; to perform a theoretical assessment of the potential GHG
emission reduction measures for crop production in Latvia; to identify the
emission reduction measures to be introduced by employing hierarchical
(multidimensional) factor analysis; to calculate the GHG emission reduction
and economic benefits-costs after the measures are introduced by applying a
methodology developed by McKinsey (McKinsey..., 2010) and construct a
marginal abatement cost curve, (MACC).

5.1. Analysis of marginal abatement costs

The method of marginal abatement cost analysis was developed for the first
time in the 1970s.

Marginal abatement cost curves are widely used in agricultural analysis to

identify an ability to adapt to climate change abatement (Wreford A., 2010).

A marginal abatement cost curve allows:

> assessing the economic efficiency of some GHG emission reduction
measures, which means reducing emissions and saving financial resources,
as well as gives information on what measures might be introduced under
certain conditions. Cost-effective measures have “negative costs”, and the
measures are shown under the horizontal axis on the left. Relatively cost-
effective and cost-ineffective measures are shown above the horizontal
axis on the right;

» visually representing the GHG emission reduction potential for every
measure, which is represented by the width of the corresponding graphical
figure.

An assessment of the choice and introduction of the measures is hindered
by the financial possibilities of existing farms, which are strongly associated
with the economic size of the farms. Large economic size farms (according to
the assessment done in Chapter 4) have made larger investments in the change
of machinery, equipment and technologies, therefore the potential of the farms
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to reduce emissions and, at the same time, increase agricultural output, in the
author’s opinion, is higher.

The costs of introduction of GHG emission reduction measures for crop
production are identified based on change in contribution margins of the crops
(expressed as EUR ha'!) and calculated using Equation 6. Applying the
“bottom-up” MACC construction approach, a contribution margin of every
measure to be introduced is identified, which is compared with the cost of the
basic scenario (LLKC contribution margin data). A model for calculating the
costs and benefits of GHG emission reduction measures is shown in Figure 12.

Base year Measures
N;0  CH  Nlosses [ 2015 I 2020 ]
—
Analysis: reduction potential Reduction potential
- MtCO; eq.
GHG reduction (. CO2 eq. ha™) ( 260
potential
- . Marginal abatement
Emission reduction measures
cost curve (MACC)
Economic

potential Introduction costs Cost-effectiveness
(EUR ha™) (EUR t.CO2eq.7")

Fertilisers Work Machine Amelioratio Area

Source: author’s construction
Fig.12. Model for calculating a cost and benefit curve for GHG emission
reduction measures for the crop sector in Latvia

This approach ensures a possibility to compare returns of the factors of
production for crop production as well as output before and after GHG
emission reduction measures are introduced by using Equation 6.

5 (6)
ABS, . = Z(RC *C.*RIl,)-M -1, -2, —BS
t=1
where:  ABSp.c— change in the contribution margin after a GHG emission reduction
measure is introduced,
T— measure implementation period after the introduction of the measure,
(t=1,2,....,5),
Rc— average crop C yield,
Cc— average crop C sales price,
Rlpc— increase in the average crop C yield, %, if introducing the measure p,
Mc— variable production cost for the crop ¢ before the introduction of the measure,
Ip.c— cost of introduction of the measure p for the crop c,
Zp.c— decrease in revenue from the crop c if introducing the measure p,
BSc— contribution margin for the crop ¢ before the introduction of the measure.

C»

The cost effectiveness (CE) of GHG emission reduction measures for crop
production is calculated according to Equation 7.
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ABS
IE, =— b %)
P* ASEG,
where:  |Epc— cost effectiveness of the GHG emission reduction measure p for the
crop C,
ABSpc— change in the contribution margin for the crop ¢ if introducing the
measure p,
ASEGp— GHG emission reduction if introducing the measure p.

5.2. Necessity for GHG emission reduction measures in crop production

To identify whether economic growth in Latvia outpaces an increase in
environmental impacts, exploiting the factors of production, the author
calculated the intensity of GHG emissions per unit of output for the period
2009-2014.

Further in the research, the well-known production factor function — Equation
8 —is used as a reference point.
P =f(xi, X2..., Xn,), ®)
where: P — output,
X1, X2,... Xn — factors of production exploited.

The function shows how and how fast the resources are transformed into a
final product, e.g. how many units of the corresponding N fertiliser have to be
applied to acquire a planned crop yield or to maximise the theoretical output of
the crop based on a rational cost-benefit analysis and a feasible choice. A
causal association between the application of N fertilisers and the output of
winter wheat is shown in Figure 13.

. 10 y=-0372+3.91x- 1.55 60
© - g
2y R2=0.99 A a a - 50 ¢
> (=]
o} AR ©30 g%
© 4 -9
E F20 52
E 2 a r 10 g
- £
£ 0 - 02
2 0 48 96 144 192 240 288 z

N fertiliser application rate, kg ha™'

E=E N application rate ha ! A NUE
A Yieldtha! Poly. ( Yield t ha )
Source: author’s construction based on Hawkesford J. M., 2014
Fig.13. Wheat yields, and fertiliser use efficiency

As long as no research investigations into GHG emissions from soils under
the conditions in Latvia have been conducted, the calculations have to use the
IPCC guidelines. The production of GHG emissions depends on the crop
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grown. Therefore, when making a decision on the choice of a particular crop, it
is important to understand what purpose the crop grown is going to be used. In
Latvia, the cropping pattern of crop farms is dominated by crops producing the
highest GHG emissions per unit of output. The data included in Chapter 3 show
that in 2015, cereals occupied 35.7% of the total cropped area; the cereals
usually have high GHG emission intensity. In the author’s opinion, the CAP
will have to introduce corrective measures to change the cropping pattern;
otherwise, output will have to be reduced because of GHG emissions from the
crops, which is going to hinder agricultural development. In the author’s
opinion, in view of the fact that the limit of sugar production is no longer in
force in Latvia, it is necessary to return to a serious assessment of whether to
include sugar beet in the cropping pattern because GHG emission intensity for
sugar beet production per unit of output is the lowest.

At the next assessment stage, the author assessed GHG emission intensity
for crop farms producing winter wheat in Latvia. The calculations used
unpublished CSB data that were prepared by the CSB specialists on the
author’s request. The emission intensity was calculated employing the life
cycle analysis (LCA) method, so that the data acquired were comparable,
analysable and interpretable with the data for other countries. The indicators of
GHG emissions from winter wheat production, which were calculated based on
an identical methodology, for the United Kingdom (Berry P. M., 2010) and
Poland (Wojcik-Gront E., 2016) were selected for comparison. GHG emission
factors for wheat production were calculated in terms of CO, eq per kg of
output. The calculations of GHG emissions per ha of wheat area were done
based on a methodology developed by P.M. Berry (2010). Employing the
calculation model developed and the data acquired, GHG emission intensity
was identified for winter wheat production in Latvia in the period 2009-2014.
The results are presented in Figure 14.
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Fig.14. GHG emission intensity from the winter wheat area in Latvia in the
2009 — 2014, kg CO, eq t™*
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The results obtained prove the author’s assumption that there are no
opportunities for further agricultural development without additional GHG
emission reduction measures. GHG emissions have increased by 250%,
reaching 450 kg CO» eq ha’!. In turn, the average increase in cereal production
is 0.01 t. ha'!. Latvia as one of the EU Member States is committed to react on
climate change and reduce its GHG emissions. Research investigations done in
the world (Repetto R. et al., 2010) confirm that with the current technologies
being used, GHG emissions could be reduced by 80% through 2050, while
making no significant effect on economic growth.

The key findings of the research investigations are as follows:

» it is important to use the so-called cap and trade regimes that contribute to
market opportunities for “regaining” equilibrium, which determine where
and when to reduce the emissions;

» strategic investment in infrastructure and institutional change considerably
promote progress in low carbon technologies;

» it is important to create advantages for low-cost carbon-fixation measures
by using national and international support programmes.

The agriculture of the EU does not belong to the non-ETS sector, therefore
the first finding that envisages the introduction of a market mechanism could
not be used in a direct way. The remaining two findings are essential,
especially in relation to carbon fixation measures. With regard to agricultural
GHG emission reduction, foreign researchers (Smith P. et al., 2008) suggest
three priorities:

» emission reduction — this mechanism relates to the application of effective
GHG emission reduction techniques;

» carbon fixation enhancement — this mechanism involves the reduction of
loss of carbon accumulated in the organic part of soil. It represents land
management solutions that increase the amount of carbon assimilated
through photosynthesis and avoid the release of the accumulated carbon
into the atmosphere;

» replacement or supplementation of emission-producing agricultural
practices with climate-friendlier practices — this mechanism relates to the
use of plants and agricultural waste for renewable energy generation, e.g.
biogas, bioethanol or biodiesel fuel production.

The author performed a comparative analysis of GHG emission reduction

measures, using earlier research investigations done abroad and the measure

selection criteria defined by the author:

» introduction of a measure does not considerably change the agricultural
production system on farms;

» after the introduction of the measure, it is possible to identify the
introduction cost and the reduction of GHG emissions from the farm;

» data acquired could be generalised and attributed to the entire agricultural
sector.
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When identifying the measures that could reduce agricultural GHG emissions,

it is important to select those whose introduction considerably affects the

variables used in the GHG emission calculations. Any GHG emission measure
has to make a sufficient effect to be included in the NIR and meet the following
criteria:

» efficiency of the measure has to be proved and scientifically justified
(research papers published in scientific proceedings);

» reduction effect of the measure could be used in the GHG calculation
methodology employed to produce a NIR (e.g. peatland (histosol) areas for
crop production);

» indicators for the control of the measure have been defined (e.g. nitrogen
fertiliser use efficiency, NUE);

» introduction of the measure does not considerably change the agricultural
production system on farms;

» it is possible to identify the introduction cost and the reduction of GHG
emissions from the farm.

An examination of the situation with the classification of GHG emission

reduction measures allows dividing the GHG measures into two priority

categories in Latvia:

» GHG emission reduction measures to be introduced in crop production;

» GHG emission reduction measures to be introduced in livestock production.

At the initial stage of the examination, a long list of measures was created;

afterwards, based on an evaluation by experts in crop and livestock production
as well as taking into consideration the conditions in Latvia, 19 GHG emission
reduction measures to be implemented in field crop production were identified
(National Research..., 2016). The author divided these measures into five
alternative groups for the purpose of tackling the problem of GHG emission
reduction in crop production. Group 1 includes the measures that contribute to
precision nitrogen management. Group 2 relates to the potential fixation of
free nitrogen by means of, for example, growing papilionaceous plants. Group
3 measures contribute to carbon accumulation in soil through enhancing the
physical and chemical properties of soils. Group 4 measures involve intensive
development of organic farming. Group 5 measures, however, relate to
agricultural production intensity reduction that could be achieved by growing
permanent grasses in organic soils and planting fast-growing tree species in
agricultural land.

5.3. GHG emission reduction measures appropriate for the conditions in
Latvia in crop production

The research employed the experience and expertise of experts in order to
comprehensively assess potential barriers to the introduction of selected GHG
emission reduction measures in agriculture. The author processed the data
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acquired in the survey of experts by means of American mathematician T.
Saaty’s Analytic Hierarchy Process (AHP) (Saaty T., 1981).

A four-level hierarchy was designed to adjust the algorithm of the AHP
method to an assessment of GHG emission reduction measures for the crop
sector in the agriculture of Latvia. At the first level of the hierarchy, an overall
goal is set — the introduction of GHG emission reduction measures in crop
production. At the second level, the experts evaluated the economic, social,
environmental and technological factors affecting the achievement of the goal.
At the third level, the experts set the significance of criteria affecting every
factor in relation to the goal to be achieved. The experts evaluated the
economic factors based on a number of criteria: available total EU CAP support
funding; change in the number of jobs on farms; economic viability of
agricultural holdings; financial possibilities of agricultural holdings; and effects
of GHG emission reduction measures on agricultural output (Figure 15).

Goal Introduction of agricultural GHG emission reduction
measures in agriculture

Economic SOC.lﬂl Nat}xral Technological
Factors environment environment environment factors
factors factors factors
CAP support; Rural population density; GHG reduction; Available technologies;
Criteri Number of jobs Cooperation; Soil quality; UAA of farms;
riteria Economic sustainability{ | Public attitudes; Water quality; Professionalism;
Financial possibilities; Knowledge transfer; Ecological sustainabilit; Learning;
Effect on yields. Tax revenues. Live organisms. Current technology.
Alternative #> ¥ ¢ ¢ ¥ ¢
1. Precise 2. Nitrogen 3. Carbon 4. Organic 5. Production
nitrogen fixation storage in farming intensity
management soil reduction

Source: author’s construction
Fig.15. Hierarchy for assessing GHG emission reduction measures

The social factors were evaluated based on the following criteria: change in
population density in rural areas; cooperation among agricultural holdings;
influence of the society and public organisations on farm owner/manager
learning; and taxes paid by agricultural holdings into the local government’s
budget.

The environmental factors were evaluated based on the following criteria:
potential reduction of GHG emissions; increase in the values of soil qualitative
indicators; increase in the values of water qualitative indicators; ecological
sustainability of agricultural production; and reproduction of live organisms
and species.

The technological factors were evaluated based on the following criteria:
availability of the latest technologies; the utilised agricultural area of the farm;
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professional knowledge; current technology and learning. At the fourth level,
the experts were given five alternatives to how to solve the problem. The
alternatives were developed by grouping the GHG emission reduction measures
by an indication of how to achieve the reduction effect.

The first potential alternative — precision nitrogen management, which
could be achieved by: precision fertiliser application; introduction of integrated
farming practices; direct incorporation of fertilisers into soil; use of nitrification
inhibitors; fertilisation planning and soil liming. The second potential
alternative — nitrogen fixation that could be achieved by: increase in the area
under papilionaceous plants; growing papilionaceous intercrops (for nitrogen
fixation); growing green manure crops in bare fallows; increase in the
productivity of crops for fresh biomass. The third potential alternative — carbon
accumulation in soil that could be achieved by: enhancement of the physical
and chemical properties of soils; limited removal of crop residues (straw) from
the field; conservation tillage and the maintenance of amelioration systems.
The fourth potential alternative — intensive development of organic farming.
The fifth potential alternative — lower production intensity that could be
achieved by: growing permanent grasses in organic soils; planting fast-growing
tree species in agricultural land.

The achievement of the research aim requires choosing adequate and

competent experts. The following economic experts were involved:

1. Arnis Burmistrs — a member of the executive board of the Farmers
Parliament of Latvia, the owner of the farm Vilcini,

2. Gatis Berzin$ — chairman of the executive board of Precision Farming Ltd,
Agricon.

The experts in the social field were as follows:

3. Oskars Balodis — head of the Crop Farming Department, Latvian Rural
Advisory and Training Centre (LLKC).

4. Agate Zalite — a public relations specialist from the Public Relations
Department of the RSS.

The experts in the environmental field were as follows:

5. Agita Gancone — senior official, Ministry of Environmental Protection and
Regional Development of the Republic of Latvia.

6. Laima Berzina — Dr. sc.ing., a leading researcher at the Department of
Environmental Engineering and Water Management, LLU.

The experts in the innovation/technological field were as follows:

7. P&teris Rivza — Dr. habil. sc. ing., a professor and a leading researcher at the
Department of Computer Systems, LLU.

8. Dzidra KreiSmane — Dr. agr., an associate professor and a leading researcher
at the Institute of Agrobiotechnology, LLU.

All the experts’ ratings were aggregated, calculating the arithmetic mean
and dispersion. In a graphical representation, dispersion is shown as a range
from the maximum to the minimum for the numerical values of every particular
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evaluation. As shown in Figure 16, the experts representing the environmental
and economic fields gave quite similar ratings to the environmental factors,
prioritising the economic factors (0.38).
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Fig.16. Expert evaluation of natural, social, economic environment and
technological factors for the introduction of agricultural GHG emission
reduction measures

However, the relatively high dispersion with regard to the environmental
factors indicates that there was some disagreement in the expert opinions on the
significance of the factors. The highest agreement among the experts existed in
relation to the role of the technological factors (0.14), which is indicated by the
low dispersion of ratings.

To identify which alternative group of GHG emission reduction measures,
based on the experts’ ratings, has to be used in further calculations, the author
analysed the experts’ ratings according to all the 20 criteria.
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Fig.17. Expert evaluation of alternative agricultural GHG emission
reduction measures
As regards the alternative groups of GHG emission reduction measures, no
significant agreement existed among the experts on the measures, the
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introduction of which is associated with production intensity reduction, the
introduction of an organic farming system, nitrogen fixation and CO, storage in
soil. This means that the experts had different opinions. The lowest rating was
given to the third group of GHG emission reduction measures — CO> storage in
soil (0.13). The second lowest rating was given to the measure group “nitrogen
fixation”. The experts gave the highest rating to the measure “introduction of
an organic farming system”, yet its ratings were the most contradictive, as
shown in Figure 17.

The highest agreement among the experts was observed in relation to the
measure group “precision nitrogen management”. The author wants to stress
that the experts’ opinions on this measure group were almost the same, and one
can assert that there was unanimity, which indicates the need to develop an
efficient system for land resource use, including the application of fertilisers.

Since the highest agreement among the experts pertained to precision
nitrogen management, the author performed cost-benefit calculations for this
particular group of GHG emission reduction measures. The next group the
calculations were performed for was the measure “introduction of an organic
farming system” in Latvia. However, in the author’s opinion, this priority could
considerably affect economic growth opportunities for agriculture, as organic
produce is significantly more expensive. In Latvia, the intensive introduction of
an organic farming system could be implemented only after performing a
precise qualitative assessment of the UAA and identifying the best functional
use of the UAA.

5.4. Cost and benefit calculations for the GHG emission reduction measure
»Precision nitrogen management” in crop production

Measure introduction costs (expressed as EUR ha™ UAA) were calculated
using Equation 9 and based on the changes in: crop yields, production costs
(fertilisers, pesticides, seed etc.), labour input and machinery cost, comparing
the crop farming practice according to the basic scenario or the “old way” of
management for every land ha and crop used in crop production. By applying
the “bottom up” approach, it was assumed that agricultural holdings, seeking to
maximise their revenues and profits, are going to face certain constraints in
their development and, using this approach, one can assess the change in
production processes before and after introducing GHG emission reduction
measures on the agricultural holdings. For this reason, it is assumed that
changes in the exploitation of the factors of production tend to go up rather than
down in case optimisation (reduction) is performed for the inputs: fertilisers,
plant protection products, labour, land and other resources, which is usually
specific to the “top down” calculation method.

To identify the cost for every measure to be introduced, the author used
the statistical data that represented average costs for agricultural holdings in
Latvia. The calculations employed the indicators that pertain to only the
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exploitation cost of the factors of production that are used by farms. The
calculations of the indicators employed contribution margin data for every field
crop aggregated by LLKC (www.new.llkc.lv). It means that the LCA approach,
which takes into account GHG emissions from fertiliser production, was not
used by the present research. In addition, the calculations did not use the costs
and benefits of services produced by agro-ecosystems. The author did not
include the support mechanism for the introduction of measures used by the
CAP in the cost-benefit analysis, which involves, for example, additional
payments for every ha UAA used to comply with the greening requirements.
The author made an assumption that decisions made by agricultural holdings on
the introduction of GHG emission reduction measures are associated with
change in the behaviour of farmers themselves, which results in more efficient
use of production resources. The efficiency of every measure to be introduced
depends on activities done to achieve the GHG reduction target. The
introduction of some measures for the area under only one crop does not ensure
the achievement of total reduction potential. Therefore, it is important to
understand interrelations among individual activities. N, P and K fertilisers are
an essential factor that determines the harvest and quality of crops (Goulding
K....2007).

After aggregating the above-analysed GHG emission reduction measures
for precision nitrogen management, the author calculated the emission
reduction potential for the crops grown in Latvia per ha UAA, which is
presented in Table 11.

Table 11
Potential reduction of GHG emissions from the cropped area, t CO2 eq ha™
GHG reduction potential for cropped areas, t CO2eq ha™
[ ()
T2 2| % 2| & s8] 22 % d
°2 | 5| 8| B| 5| 55| BE|%Y =<
SA1 035 | 045 025| 040 0.35 0.35 | 0.50 0.41
SA2 0.20 | 0.20 | 0.20 - - -1 0.20 0.20
SA 3 0.07 - - - 0.07 0.07 - 0.07
SA 4 0.17 - | 027 - - - | 036 0.27
SAS 0.12 0.12 | 0.12 0.12 0.12 0.12 | 0.12 0.12
SA 6 0.04 0.04 | 0.04 0.04 0.04 0.04 | 0.04 0.04
Areain Total
2020, area
thou. ha 759.6 | 106.4 | 31.4 | 29.27 | 400.27 | 747.12 | 8.1 | 2082.16

Source: author’s construction based on Eory V., 2015; MacLeod M., 2015

The application of recommended rates of N fertiliser in particular does not
ensure adequate crop yields and, according to research studies, GHG emissions
increase if no precision N management is practised by farms. The efficiency of
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application of recommended rates of N fertiliser is characterised by the N
balance and nitrogen use efficiency (NUE).
The potential reduction of GHG emissions could be achieved if:
» nutrients are balanced in soil;
» N fertiliser is applied to meet the real needs of crops;
» N fertiliser is applied taking into consideration photosynthesis in plants, soil
temperature and moisture.

The basic purpose of precision N management is to identify the necessary
fertiliser rate for every parcel of a field as accurately as possible. This means
that no average qualitative indicators of soil fertility are used; instead, the
indicators are determined for as small parcel of a field as possible. The key
advantages of it are as follows: 1) increase in the output of a crop by means of
precision fertilisation; 2) decrease in inputs if not fertilising the parcels of a
field having enough nutrients and not applying fertilisers when no
photosynthesis occurs in plants; 3) economic benefits — higher profit margins;
4) environmental/ecological benefits — field parcels with enough nutrients are
not over-fertilised and there are no N,O emissions from the fertilisers plants
cannot absorb.

The cumulative approach was usually applied to the identification of
emission reduction potential in the construction of MAC curves in the
examples analysed by the author, assessing the effects of interaction of
individual measures. The author also employed such an approach to avoid the
double calculation of potential emission reduction. The effects of interaction of
individual measures are expressed as a factor that takes into account the factors
of interaction; the maximum value of it is 1 (one). The total GHG emission
reduction due to the interaction of two measures is calculated according to
Equation 9:

SE.; =(SE +SEi)*MEk—i’ )
where:  SEki— total GHG emission reduction due to the k-th and i-th measures;
SEk — GHG emission reduction due to the k-th measure, (k=1,2,...,6),
SEi — GHG emission reduction due to the i-th measure, (i=1,2,...,6),
MExk-i — emission factor showing GHG emission reduction due to the interaction
of the k-th and i-th measures.

The emission factors for the crop sector are assumed based on Scottish
scientist V. Eory’s assumptions and calculations. The application of the
reduction measure SA6 (soil liming) increases GHG emissions, but liming
improves the utilization efficiency of N. In the calculations, the interaction
coefficient is used, and in Figure 18, a separate SA6 reduction effect is not
depicted.

The total GHG emission reduction potential is achieved if precision
nitrogen management is practised at all stages of introduction of a measure.
The initial research data on crop farms indicate that the most important activity
to be done by the farms is agrochemical tests. Optimum and balanced
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qualitative characteristics of soil ensure fast plant growth, absorption of
nutrients, a stable harvest and increase in yields at lower nitrogen fertiliser
application rates. The most important quality characteristic of wheat intended
for exports is protein content. Grain prices depend on the quality characteristics
of grain (the average price of food-grade wheat was EUR 156.13 t and that of
feed-grade wheat was EUR 131.21 t, Latraps, 2015).

Grain producers who focus on grain exports have to produce wheat with a
protein content of 12-13.5%. Such a protein content could be achieved if
growing highly productive, intensive wheat varieties and applying adequate
nitrogen fertiliser rates. It is important to observe the recommended crop
rotation in a field, as papilionaceous plants and microorganisms fix
atmospheric N and turn it into ammonia. The rhizobia living on the roots of
papilionaceous plants can fix 100 — 300 kg N ha™ year. If planning a winter
wheat yield of 6 — 7 t ha™ with a protein content of 12-13.5%, the wheat plants
need 180-220 kg N ha™'. If the organic matter content of soil is 2-3%, assuming
there is a normal vegetation period, winter wheat plants are going to absorb up
to 120 kg N ha™ from soil. The additional amount of 80-100 kg N per ha have
to be supplied by means of fertilisers. A nitrogen assimilation rate for fertilisers
might be, on average, 55-60%; 150-170 kg N per ha have to be incorporated
into soil. Precision N fertiliser application controlled by the GPS allows
considerably raising the assimilation rate.

Figure 18 shows the total GHG emission reduction potential and the costs
of introduction of the emission reduction measures in crop production that
contribute to precision N fertiliser management.
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Reduction of GHG emissions from crop production t CO: eq

Precision fertiliser application SA 1 Fertilisation planning SA 5
= Compulsory introduction of integrated farming SA 2 ® Direct incorporation of fertilisers into soil SA 3
® Use of nitrification inhibitors SA 4
Source: author’s construction
Fig.18. Potential for and cost of GHG emission reduction measures under
precision nitrogen management in crop farming in the period 2015 — 2020
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The GHG emission reduction in crop production and a decrease in inputs or
cost savings for farms are ensured by precision N fertiliser management,
fertiliser application planning and the compulsory introduction of integrated
farming. The direct incorporation of fertilisers into soils and the use of
nitrification inhibitors also contribute to the reduction of GHG emissions from
crop production, yet the mentioned measures are cost negative due to relatively
high costs of introduction of the measures, as they make negative contribution
margins. In the period 2015-2020 in Latvia, it is possible to reduce GHG
emissions from crop production by 205 t CO; eq if introducing the precision N
fertiliser management measures in crop production.

MAIN CONCLUSIONS

1. The sustainable use of natural resources (land) and economic growth and
development could be achieved by reducing potential negative impacts on
the natural, social and economic environments, expressing it in terms of
change in the quantitative and qualitative indicators of natural, financial,
manufactured and human capital.

2. In 2015, agricultural productivity in Latvia was the lowest among the EU
Member States, lagging behind the Netherlands 16.2-fold and the EU
average 5-fold. Gross national income in agriculture per capita in Latvia
was 2.6-fold lower than that in the Netherlands and 1.5-fold lower than the
EU average.

3. Until 1999, agricultural growth in Europe and the world was promoted by
intensification, mainly by the growing application of fertilisers, which made
environmental impacts and reduced the value of natural capital.

4. The total economic value (TEV) method, which allows identifying change in
the value of an agro-ecosystem or natural capital, has to be employed to
identify the impact of economic growth on the natural environment.

5. Starting with the year 2000, agricultural growth occurred in Europe and the
world mainly based on the principles of sustainable development, reducing
the negative external impacts on the economic, social and natural
environments.

6. The bioeconomy represents the exploitation of bioresources accumulated by
agriculture, forestry and aquaculture aimed at shaping an innovative
economy that produces low CO, emissions and creates a balance among
such factors as sustainable agriculture and fisheries, the supply of food and
the use of renewable biological sources in manufacturing, thereby creating
new jobs, while contributing to biodiversity and environmental protection.

7. Agriculture in the EU is the most politically regulated industry, and the EU
strategy Europe 2020 has set a goal to reduce GHG emissions by 20% as
well as to increase the share of energy production from RES to 20% and to
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achieve a 20% increase in energy efficiency in comparison with the 1990
level. Agriculture plays an essential role in achieving the targets.

8. An analysis of the EU CAP for the period 1960-2016 shows that its focus has

shifted from increase in productivity (1960) to increase in competitiveness
(1980), a synergy between agricultural production and environmental
preservation (1992) and rural policy effectiveness (2000).

9. In accordance with the Convention on Climate Change, which was adopted

10.

in 1992, and the Kyoto protocol, which was ratified by the Saeima of the
Republic of Latvia, Latvia has assumed an obligation to reduce its GHG
emissions from the non-ETS sectors by 5% in 2030 compared with 2005
according to the target set by the Paris Agreement in 2016.

Change in the economic processes of agricultural holdings is characterised
by structural change in their type (the number of mixed farms declines),
their economic size (the number of large farms increases), their utilised
agricultural area (the arable land area increases) and their farming pattern
(the number of organic farms increases).

11.In 2014, there were almost 83 thou. agricultural holdings in Latvia; their

number decreased by 39% compared with 2005 and by 54% compared with
1996. In 2013, the breakdown of farms by type in terms of value of output
was as follows: 51% crops, 35% livestock and 14% mixed (crops and
livestock). The average UAA of an agricultural holding increased by 48%
in 2013 compared with 2005 and reached 24 ha. Economically efficient
farms are sized, on average, 503 ha, while small ones are, on average, 9.3
ha UAA in size.

12.The largest contribution to increase in GHG emissions from crop production

in Latvia is made by N»O. Its sources are nitrogen fertilisers (23%) and
organic soils (54%), accounting for 77% of total emissions in Latvia in
2014. The emissions increased by 83% in the period 2005-2014,
contributing to the total increase in GHG emissions.

13.The application of nitrogen fertilisers is essential to reintroduce the

14.

unfarmed agricultural area into agricultural production. The regression
analysis done by the author confirms that an increase in the application of
nitrogen fertilisers is strongly associated with the output of crop products as
well as an increase in agricultural GHG emissions, thereby increasing the
negative impact on the environment.

To contribute to sustainable agricultural development that is based not only
on growth, four main criteria have to be met: 1) the condition of the system
has to be identified, described and assessed; 2) the development of the
system and the achievement of the goal of it have to be projected; 3)
information on the efficiency of activities performed has to be disclosed; 4)
social groups have to be informed. An assessment of sustainable
intensification in crop production is done using a four-step methodology:
(1) identification and definition of causes of activity; (2) definition of
appropriate sustainability indicators; (3) identification of indexes for
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sustainable intensification; (4) assessment of effects on sustainable
development.

15.The calculations of crop production growth for the period 2005-2015 and
the GHG emission indexes show that a considerable increase in the output
of crops occurred in the period of analysis; however, it was achieved not
meeting the conditions of crop production sustainability, particularly by
economically large farms.

16.In the period 2005-2015 in Latvia, agricultural GHG emissions and a
projection of the emissions through 2030 indicate a growing trend, which
exceeds the allowable increase of 17% for the non-ETS sector by 39%.

17.Applying the “bottom-up” MACC construction approach, a contribution
margin of every measure to be introduced is identified and compared with
the cost of the basic scenario (LLKC contribution margin data). A MAC
curve allows assessing the economic feasibility of individual GHG emission
reduction measures and gives information on what measures might be
introduced under certain conditions.

18.The annual GHG emission reduction potential for the cropped area for the
measure “precision nitrogen management” is 0.45 t CO, eq ha™. On an
experimental farm, precision N management allows achieving a winter
wheat yield of 6.4t ha™ by applying 82 kg N ha™!. Achieving a winter
wheat yield of 6.5t .ha™ on a farm with no precision N management
requires applying 188 kg N ha™. A reduction of direct and indirect
emissions from N fertiliser savings is equal to 1696 kg COeq. ha™.

19.The GHG emission reduction measures were assessed based on the cost-
benefit analysis method. In the period 2015-2020 in Latvia, introducing
precision nitrogen management measures in crop production allows
reducing GHG emissions by 205 t COs eq.

PROBLEMS AND PROPOSALS FOR THEIR SOLUTION

The sustainable development of agriculture in Latvia is hindered by several
problems, and the author has developed a number of proposals for the tackling
of the problems.

Problem 1. Practical and theoretical research investigations into
agricultural development and growth extensively use the term sustainable
development, yet no accurate theoretical and practical explanations of the term
sustainable agricultural development are given.

Proposals

In future theoretical and practical research investigations, it is advised to use
the dissertation’s author’s definition: “sustainable agricultural development” is
convergence towards a balanced situation that takes the form of balanced
development of the natural, economic and social environments, which is
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determined by increases in the value of natural, financial, manufactured and
human capital in agriculture.

Problem 2. Sustainable agricultural development in the EU is ensured by a
synergy between agricultural and environmental policies, the achievement of
which is based on the legal acts passed. The legal acts of Latvia have to be
enhanced in order to contribute to sustainable agricultural development.
Proposals
National agricultural, environmental and regional administrative institutions as
well as social partners are advised to cooperate and to contribute to a synergy
among all the actors engaged in agricultural production and environmental
protection. An indicator of agricultural GHG emission intensity has to be
included in the indicators of sustainable development in Latvia, and the Rural
Development Plan of Latvia for the next programming period has to envisage
financial support for the introduction of measures aimed at reducing the GHG
emission intensity.

Problem 3. Approximately 400 thou. ha of agricultural land are available
for the development and growth of agriculture (crop farming) in Latvia, yet the
reintegration of this area into agricultural production contributes to a
considerable increase in GHG emissions.

Proposals

Latvia University of Life Sciences and Technologies has to:

develop an economically and socially feasible system, setting tasks to be
performed by responsible national institutions, in order to reintroduce an
agricultural area of 275 thou. ha into agricultural production until 2020.

The Ministry of Agriculture of the Republic of Latvia has to:

produce a national programme for 2020, which envisages that the agricultural
area increases by 275 thou. ha, while achieving environmental sustainability
targets and GHG emission reduction targets.

Problem 4. The sustainable intensification of crop production reduces
impacts on the natural, social and economic environments, yet there are
considerable differences among agricultural holdings of diverse economic
sizes.

Proposals

Agricultural governance institutional bodies have to produce an action
programme for introducing the principles of sustainable intensification on
agricultural holdings according to their economic size. It is useful to employ
the methodology for calculation of sustainable intensification developed by the
author to assess the development of agricultural holdings. The FADN database
has to be extended by indicators showing change in natural capital for the
purpose of enhancing sustainable intensification assessments.

Problem 5.

The introduction of GHG emission reduction measures in crop production
contributes to environmental preservation and makes economic benefits for
agricultural holdings, yet in the current situation, change in natural capital is
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insufficiently associated with change in the financial capital of agricultural
holdings.

Proposals

Institutional bodies responsible for agricultural governance have to introduce a
tool for accounting for, calculation and analysis of GHG emissions for practical
use on agricultural holdings, which is linked with the RSS system. An
assessment of granting SAP support payments to agricultural holdings has to
take into consideration GHG emission intensity per unit of agricultural output.
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