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IEVADS

Laika gaita cilvéce vienm@r ir centusies mazinat nenoteiktibas ietekmi,
meklgjot iesp€jas prognozet nakotnes notikumus, lai pienemtu pardomatakus un
pamatotakus lémumus. Tas savukart veicinaja dazadu prognoz&Sanas metozu
attisttbu — no vienkarSiem empiriskiem noverojumiem Iidz analitisko riku un
tehnologiju lieto$anai. Prognoz&sanas procesi sniedz iesp&ju gan individiem, gan
institicijam mazinat nenoteiktibas raditos riskus un pilnveidot savus resursus,
pielagojoties iespgjamam nakotnes izmainam (Jones et al, 2016; Makridakis &
Bakas, 2016). Prognoz&sanas nozime kliist Tpasi butiska tajas nozares, kuras
ietekmé daudzi argjie faktori, tostarp tadi, kurus nav iespgjams pilniba kontrol&t
vai prognozet, pieméram, klimatiskie apstakli. Lauksaimnieciba, kas aptver
augkopibu un lopkopibu, ir viena no $adam nozarém, un ta veido pamatu partikas
razosanai un ekonomiskajai attistibai (Knips, 2001).

Vesturiski piens ir bijis viens no galvenajiem partikas produktiem, kas
kalpojis ka biitisks uzturvielu avots un joprojam ienem svarigu vietu cilvéku
ikdienas uztura visa pasaulé (Popescu et al., 2019; Poczta et al., 2020).
Vienlaikus piena lopkopiba ir viena no visvairak regulétajam lauksaimniecibas
nozarém, kuras darbibu butiski ietekm€ gan ekonomiskie mehanismi, gan valsts
politikas instrumenti. ES liment piena lopkopiba darbojas stingri noteikta
regulativa vidg, kas ir ciesi saistita ar Kopgjo lauksaimniecibas politiku (KLP)
un tas merkiem. Tapat Latvijas piena lopkopiba ir ciesi integréta starptautiskaja
tirgli, un tas attistibu ievérojami ietekm& globalie ekonomiskie un politiskie
notikumi. P&dgjas desmitgad€s nozari ir skarusi vairaki butiski satricinajumi.
Viens no nozimigakajiem bija Krievijas noteiktais embargo, kas bitiski
ietekmgja visu lauksaimniecibas un partikas sektoru.

Ne mazak nozimiga ietekme bija Covid-19 pandémijai, kas radija globalu
piegades k&zu parravumu un butiski ietekm&ja piena lopkopibas darbibu visa
pasaulé. lerobezojumu del tika slégtas nozimigas razoSanas un parstrades
vienibas, pieprasijums samazinajas, kritds ien€mumi un razoSanas apjomi
(Sridhar et al., 2022). Pandémija izgaismoja piena lopkopibas strukturalas
nepilnibas, proti, atkaribu no fiziska darbaspeka klatbiitnes un ierobezotajam
iespgjam elastigi planot darbibu apstaklos, kad tirgus nakotne klust arvien
nenoteiktaka.

Viens no p&dgjiem globalajiem notikumiem, kas biitiski ietekmgja tostarp art
piena lopkopibu, ir Krievijas pilna méroga iebrukums Ukraina 2022. gada. Tas
izraisTja gazes un naftas cenu kapumus, ka ar1, nemot véra, ka Ukraina ir bijusi
viens no lielakajiem kvieSu, saulespuku ellas un arT mineralméslu un lopbaribas
piegadatajiem, pec kara sakuma Latvijas lauksaimnieki bija spiesti meklet citus
piegadatajus (Darmayadi & Megits, 2023; Ozili, 2022).

Nenemot véra argjo faktoru raditos izaicinajumus un stingro regul&jumu gan
ES, gan nacionalaja Itmeni, piena lopkopiba joprojam ir dinamiska un attistas,
pielagojoties jauniem izaicinagjumiem un mainigajai tirgus videi. Viens no
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butiskakajiem attistibas virzitajspekiem ir efektivaku saimniekosanas praksu un
tehnologisko inovaciju ievieSana, kas arvien vairak klast par neatnemamu
transformacijas elementu.

Pétijuma aktualitate un temata izvéles motivacija ir saistita ar to, ka piena
lopkopiba ir viena no strat€giski nozimigakajam lauksaimniecibas nozarém ES
un Latvija, sniedzot biitisku ieguldijumu tautsaimnieciba. Tapat piena lopkopiba
arvien vairak nonak politikas uzmanibas centra, Tpasi vides un klimata politikas
ietvaros. ES iniciativas, pieméram, Eiropas zalais kurss un stratégija “No lauka
lidz galdam”, nosaka pareju uz ilgtsp&jigaku razoSanu, tacu biezi vien to ietvaros
nav noteikti konkreti merkraditaji un regul&jums ir mainigs, kas savukart
apgriitina ilgtermina investiciju planoSanu. Investiciju piesaiste sp&j sekmét
tehnologiskas inovacijas, tacu to ievieSanas prasa ne tikai ievérojamus finansu
ieguldijumus, bet ar prognoz&jamu politisko vidi.

Sada situacija Tpasi nozimiga kliist prognozesanas modelu pielietosana, kas
lauj analiz&t iesp&jamos attistibas scenarijus dazadu politisko, ekonomisko un
tehnologisko nosacTjumu ietekmé. Tie$i Latvijas piena lopkopibas specifikai
pielagota prognozgsanas pieeja sniedz iesp&ju gan identificet riskus, gan atbalstit
lemumu pienemsSanu politikas veidotajiem un piena lopkopibas dalibniekiem.
Sada pieeja veicina politikas veidotaju sp&ju pienemt lémumus un sniedz atbalstu
nozares dalibnickiem, kas var pielagot savu stratégiju mainigajiem tirgus
apstakliem. Turklat prognozesanas modeli nodroSina iespgju izvertet dazadu
politikas pasakumu ietekmi, laujot izvertet to atbilstibu gan istermina, gan
ilgtermina, tadejadi stiprinot piena lopkopibas konkur&tspgju.

Pétijuma objekts ir Latvijas piena lopkopiba ka dala no valsts
lauksaimniecibas sist€mas.

Pétijuma priekSmets: Latvijas piena lopkopibas attistibas prognozésana,
izmantojot AGMEMOD modeli.

Pétijuma mérkis: izstradat Latvijas piena lopkopibas attistibas scenarijus,
izmantojot AGMEMOD modeli.

Pétnieciskie uzdevumi:

1. analizét prognozesanas modelu pielietojuma iesp&jas lauksaimniecibas
nozarg, 1pasi akcentgjot to piemerotibu nozarém, kuras raksturo augsta
argjas vides nenoteiktiba;

2. izveértet ES un Latvijas normativo regul&jumu, kas ietekme Latvijas piena
razoSanu, parstradi un tirgus organizaciju;

3. analizét piena lopkopibu ES, ka arT tas attistibas tendences Baltijas
valstTs;

4. pielagot un piemerot AGMEMOD prognozesanas modeli Latvijas piena
lopkopibas datiem, izmantojot aktualu ievaddatu kopumu;

5. izstradat un izvertet piena lopkopibas attistibas scenarijus, kas
pamatojas uz modernizacijas un politikas attistibas virzieniem.

Izvirzita hipotéze: Latvijas piena lopkopibas specifikai pielagota modela

izmantoSana lauj izstradat un izvertét iespgjamos nozares attistibas scenarijus,

10



kas atspogulo modernizacijas un politikas pasakumu ietekmi piena razoSanas
strukttira un produktivitate.

Promocijas darba izstradé izmantotas pétijjuma metodes:

1. visparzinatniskas metodes: bibliometriska analize (izmantota zinatniskas
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nozares attistibas konteksta); kontentanalize (pielietota teorétisko aspektu
analizei un zinatniskas diskusijas veidoSanai); sintézes un analizes metode
(pétijuma rezultatu apkoposanai, izverté€Sanai un interpretacijai); logiski
konstruktiva metode (p€tijjuma atzinu formul€Sanai, secinajumu un
priekslikumu izstradei, pamatojoties uz petijuma rezultatiem); grafiska
metode izmantota petijuma rezultatu vizualizacijai, nodro§inot analizes
rezultatu parskatamibu un salidzinamibu;

2. strategiskas analizes metodes: PEST analize izmantota faktoru
identificesanai, kas veicinajusi mazo saimniecibu strukturalas parmainas,
savukart PESTEL analize, balstoties uz ekspertu intervijam, makrovides
faktoru izvértéSanai Latvijas piena lopkopiba; AGMEMOD modelis
(“Baseline” scenarija izveértéSanai un jaunu scenariju izstradei); TOPSIS
metode izmantota scenariju salidzinajumam, balstoties uz daudzkriteriju
lemumu pienemsanas principiem;

3. kvalitativas datu analizes metodes: ekspertu intervijas metode (ekspertu
viedokla noskaidroSanai p&tamas problémas rakursa, lai padzilinati
izvertetu nozares attistibas perspektivas);

4. kvantitativas datu analizes metodes: aprakstosas statistikas metode
(izmantojot absoliitos, relativos un vidgjos liclumus, lai aprakstitu p&tamo
mainigo svarigakas TpaSibas); sezonalitates analize izmantota, lai
identificétu un novertétu sezonalo svarstibu klatblitni piena cenu
dinamika; laika rindu analize (bazes pieauguma tempu aprékins, kedes
pieauguma tempu aprékins); regresiju un korelaciju analize; faktoru
analize (lai identificétu pamatfaktoros ieklauto raditaju komplektus un
veidotu kompleksos faktorus klasteru analizei); klasteru analize
(savstarpgji visciesak saistito objektu apvienoSana grupas).

Autore izmantoja Latvijas Republikas un ES normativos dokumentus,
zinatnisko literatliru, kas ir pieejama atvertajas zinatniskajas datubazes un
SCOPUS datubaze, ka ari tika izmantoti publiski pieejamie informacijas avoti —
Lauksaimniecibas datu centra (LDC), Latvijas Centralas statistikas parvaldes
(CSP), “Statistics Estonia”, “Oficialiosios statistikos portalas”, EUROSTAT un
CLAL datubazes dati, ka arT citi publiski pieejami informacijas avoti.

Pétijuma ierobeZojumi

Autore izmantoja publiski pieejama datubaz€ esoSus datus, un pieejamie
statistikas dati dazkart ir ierobezoti laika vai atSkiriga detalizacijas [iment, ka ar1
petljuma izmantota prognozesanas modela AGMEMOD macibu versija var
ieklaut ierobezotu datu klastu, tadejadi ietekm&jot scenariju detalizacijas un
precizitates ITmeni.
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Zinatniskais nozimigums un pétijuma novitates:

1. tika veikta lauksaimnieciba izmantoto prognozé$anas modelu
klasifikacija un to novertesana;

2. tika veikta Baltijas valstu piena lopkopibas salidzinosa analize,
identificgjot atSkiribas raZzoSanas tendencgs;

3. pétfjuma veikta Latvijas piena lopkopibas poziciongsana ES tirgh, kas
lava identifict tas vietu starp lidzigam valstim p&c razosanas kapacitates,
tirgus dinamikas un attistibas potenciala;

4. tika parskatiti un pielagoti atseviskie AGMEMOD modela vienadojumi
Latvijas piena lopkopibai, nodro$inot to atbilstibu aktualajam tendenceém,;

5. pirmo reizi Latvijas konteksta izstradats saimniecibu modernizacijas
scenarijs piena lopkopibai Iidz 2032. gadam, nosakot ta iesp&jamo ietekmi
uz piena razo$anu, govju skaitu un izslaukuma Iimeni.

Petijuma tautsaimnieciskais nozimigums

Promocijas darba ieklautie rezultati ir izmantojami lauksaimniecibas
politikas  veidotaju, tostarp Zemkopibas ministrijas (ZM), ka ari
lauksaimniecibas pétniecibas institliciju un nozares parstavju darba, lai
pilnveidotu AGMEMOD modeli ar papilddatiem par citiem piena nozares
produktiem, paplasinot model&to raditaju klastu, un izvertetu dazadu politikas,
tirgus un atbalsta instrumentu ietekmi uz piena lopkopibas attistibu. Tapat, nemot
vera, ka petfjuma autore pétljuma gaitd cieSi sadarbojas ar Vageningenas
universitates Socialo un ekonomisko pétjumu centra Niderland€ un Tinena
institiita pé&tniekiem Vacija, Latvijai ir iespgja pievienoties AGMEMOD
konsorcijam un klit par oficialu partneri, kas nodrosinatu pieeju galvenajam
modelim (t. i., ne macibu versijai) un turpmaku ta izmantoSanu pétnieciba un
valsts politikas planosana.

Aizstavamas tezes:

1. Lauksaimnieciba izmantoto prognozéSanas modelu klasifikacija un
novertéjums nodrosina zinatnisku pamatu to pielicto$anai Latvijas piena
lopkopibas analiz€ un scenariju izstradg.

2. Latvijas piena lopkopiba darbojas stingri reguléta vide, kas biitiski spgj
ietekm@t tas attistibas iespgjas.

3. Latvijas piena lopkopiba saskaras ar strukturaliem un ekonomiskiem
izaicinajumiem, tacu tas produktivitates un konkurétsp€jas pieaugumu
iespgjams veicinat ar mérktiecigu tehnologiju ievieSanu un stabilu
atbalsta politiku.

4. Piena lopkopibas attistibas tendences Baltijas valstls norada uz to, ka,
neskatoties uz slaucamo govju skaita samazinasanos, produktivitates
pieaugums var kompens&t ganampulka samazinajumu.

5. AGMEMOD modela pielietoSana, pielagojot to Latvijas piena lopkopibas
specifikai, lauj izstradat ticamus attistibas scenarijus, sniedzot praktisku
atbalstu politikas veidoSanai un nozares strategiskajai planosanai.
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1. LAUKSAIMNIECIBAS PROGNOZESANAS
TEORETISKIE ASPEKTI

Nodalas saturs darba aiznem 23 Ipp., kuras ietilpst 5 tabulas un 8 attgli.

Pirmaja nodala analizgti lauksaimniecibas prognozesanas teorétiskie aspekti,
raksturojot prognozeé$anas attistibu, metodologiskos pamatus un to nozimi
lauksaimniecibas nozares lémumu pienemsana. Nodalas zinatniska diskusija
veidota par prognoze€Sanas vé&sturisko attistibu, prognoz€Sanas metozu
klasifikaciju un to praktisko pielietojumu, ka ari dazadu lauksaimniecibas
modelu savstarpgjam atskirtbam. Papildu uzmaniba veltita AGMEMOD modela
teorctiskajiem pamatiem un ta izmantoSanas prieksrocibas lauksaimniecibas
politikas analizé. Nodala ietver arT piena lopkopibas konceptualo raksturojumu
un kompleksu faktoru analizi, kas nosaka §is nozares attistibas dinamiku.

1.1. Lauksaimniecibas modeléSanas vésturiska attistiba

Nenoteiktiba ir viens no nemainigajiem faktoriem cilvéces veésturé, un
prognozesanas pirmsakumi mekl&jami jau agrinajas civilizacijas, kad cilveki
centas paredzet laikapstaklus (Makridakis & Bakas, 2016). Laika gaita
prognozeSanas pieejas ir biitiski mainijusas — no agriniem noveérojumiem lidz
misdienu metodém un tehnologijam. Attiecigi ir secinams, ka prognozéSana
vienm@r ir bijusi biitisks elements plano$ana un [emumu pienemsana, jo nakotnes
nenoteiktiba rada gan iesp&jas, gan ari izaicinajumus (Petropoulos et al., 2022).
ST attistiba nav tikai tehnologiska, ta ir arf konceptuala: jo sarezgitakas kluva
metodes, jo skaidrak pétnieki centas definét, kas tiesi ir prognoze un ka ta atskiras
no planosanas, lai nodrosinatu, ka iegiita informacija kalpo efektivai 1émumu
pienemsanai nenoteiktos apstaklos.

Saskana ar Deivida Forbsa Hendrija (David Forbes Hendry) un Neila
Eriksona (Neil Ericsson) sniegto definiciju prognoze ir novertéjums par nakotnes
attistibu un ta var biit gan Tstermina, gan ilgtermina (Hendry & Ericsson, 2003).
Savukart DZons Skots Armstrongs (John Scott Armstrong) uzsver, ka prognozes
lemumu pienémejiem ir nepiecieSamas tikai tad, ja pastav nenoteiktiba par
nakotni. Vin$ norada, ka prognozeSana paredz to, kas biis, savukart planosana
nosaka, ka vajadzétu biit, un $ada nosktruma dé| prognozes ir biitiskas racionalas
planosanas dala (Armstrong, 2001).

Prognozesanas procesi sniedz iesp&u gan individiem, gan organizacijam
mazinat nenoteiktibas riskus un pilnveidot savus resursus, pielagojoties
iespgjamam nakotnes izmainam. Sada pieeja ir Tpasi nozimiga nozarés, kuru
darbibu ietekmé daudzi argji faktori, tostarp tadi, kurus nav iesp&ams pilniba
kontrolét vai prognozeét, pieméram, klimatiskie apstakli. Viena no $adam
nozarém ir lauksaimnieciba.
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Lai prognozesana nozarés ar augstu aréjo nenoteiktibu, pieméram,
lauksaimnieciba, kalpotu ka uzticams instruments [lémumu pienemsanas procesa,
ir butiski balstit to uz skaidri strukturétu metodologiju. Saskana ar DZona Skota
Armstronga analizi ir bitiski ieverot noteiktus prognozeésanas posmus, kas lauj
nodrosinat prognozu precizitati. Sada pieeja ieklauj sistematisku un strukturétu
prognozeSanas procesu (Armstrong, 2001).

= - . Prognozésanas
D R i Disgai rezuli Progoozes
definéiana metozu izvéle veidofana validacija interpretacija

Avots: autores veidots péec Armstrong, 2001.
1.1.att. Prognozé$anas posmi

Saskana ar DZzona Skota Armstronga noteiktajiem prognozgSanas posmiem
pirmam kartam ir janosaka prognozé$anas mérkis un jasaprot ka prognoze tiks
izmantota 1@mumu pienemsana. Nakamais posms ir tadu datu ievaksana, kas
attiecas uz prognozgjamo mainigo un janodros$ina datu kvalitate un konsekvence.
P&c tam, kad dati ir ievakti, ir japieméro izvéléta metode un javeido prognozes,
javeic iegiito rezultatu validacija un, nepiecieSamibas gadijuma, japielago
metode, ja nepiecieSams uzlabot tas precizitati. P€d€jais posms ir prognozes
interpretacija un iegito rezultatu talaka izmatoSana, pieméram, politikas
veidosana.

Lai izprastu prognozesanas pieeju attistibu, butiski aplikot ekonometrikas
vesturisko attistibu. Mérija Stzanna Morgana (Mary Susanna Morgan) ir p&tijusi
un identific§jusi piecus galvenos prognozé$anas metoZzu posmus: agrinos
mégingjumus 19. gadsimta beigas skaidrot ekonomiskos ciklus ar dabas
paradibam, biznesa ciklu mérisanu 20. gadsimta 20. gados, matematisko metozu
ievieSsanu 1930. gados, makroekonometrisko modelu izstradi un varbitibas
teorijas nostiprinasanu ekonometrika (Morgan, 1991). Sie posmi veidoja pamatu
miisdienu prognozesanas pieejam, kas lauj precizak un elastigak analizet
ekonomiskos procesus.

Lai noteiktu piemérotako prognozéSanas metodi konkr€taja situacija, ir
butiski saprast, kadas prognozé$anas metodes pastav un ar ko tas atskiras. Ta
Kenets Holdens (Kenneth Holden), Deivids A. Pils (David A. Peel) un DZons L.
Tompsons (John L. Thompson) sniedza nozimigu ieguldijumu prognozeSanas
metozu strukturgSana (Holden et al., 1990). Attiecigi metodes tika sadalitas divas
grupas: subjektivas metodes un uz modeliem balstitas metodes. Un, ja uz
modeliem balstitas metodes bija iesp&jams sadalit vél citas metodes, subjektivas
metodes sadalit nebija iesp&jams, jo tas tiek balstitas uz pien€mumiem, intuicijas
un iepriekSgjas pieredzes (Holden et al., 1990).
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1.2.  Lauksaimniecibas modeli un AGMEMOD modela
pielietojums

Lauksaimniecibas nozare ir ekonomikas dala, kura tiek stingri regul@ta, tapec
pedgjas desmitgadés ir butiski pieaugusi ekonomisko modelu izmantoSana
lauksaimniecibas politikas jautajumos (Hamulczuk & Hertel, 2009).

Eiropas valstu valdibas butiski ietekm& un finansiali atbalsta
lauksaimniecibas nozari, un licla uzmaniba tiek pievérsta $o politikas pasakumu
kritiskai izveértéSanai. Saja konteksta biitisku lomu ienem lauksaimniecibas
sisttmu analitiskie modeli, kas lauj novertét politikas pasakumu efektivitati un
piem&rotibu situacijas, kuras vel nav pieejami empiriski dati. Tas 1pasi attiecas
uz jomam saistiba ar klimata parmainu ietekmes analizi, hipot&tisku politikas
parmainu scenariju izstradi vai nakotnes tirgus attistibas prognozésanu (Huber et
al., 2018). Politikas analizei, piem@ram, kvotu atcelSanas, tieSo maksajumu,
tirdzniecibas apstaklu utt., ietekmes analizei var biit dazadas pieejas (Zrakic,
2015).

Lauksaimniecibas ekonomikas konteksta simulacijas tiek plasi izmantotas,
lai modelétu individualu saimniecibu vai lémumu pienéméju ricibu (Berger,
2001). Modelesanas metodes izveli liela mera nosaka izpStes mérkis un
analiz&jamais jautajums.

Lauksaimniecibas modeléSanas pasaule ir radijusi vairakus modelus, kuru
mérkis ir analiz&t nozares reakciju uz dazam izmainam, galvenokart politikas
mainigajos (Adenauer, 2008).

MAGNET ir globals vispargjais Iidzsvara modelis, kas tika attistits,
pamatojoties uz politikas analiz€ plasi izmantoto LEITAP modeli. MAGNET
piedava lielaku elastibu datu apkoposana un vairak iesp&ju mainit modela
struktiiru; $aja modelt tiek izmantota GTAP (Global Trade Analysis Project)
datubaze (Pilvere, 2016; Zeverte-Rivza et al., 2017; Woltjer & Kuiper, 2014).

CAPRI izmanto nelinearos matematiskas programmgésanas instrumentus, lai
maksimali precizi novértétu KLP atbalsta instrumentu ietekmi uz atvértu
ekonomiku. CAPRI veido piegades un tirgus modulis, kuri mijiedarbojas
iterativi. Piegades modulis aptver apméram 50 kultiiraugu un dzivnieku kopas,
un optimizacijas modelus taja var uzskatit par reprezentativam saimniecibam,
kas maksimali palielina pelpu, izv€loties optimalu produkcijas un izejvielu
sastavu par konkrétam cenam (Witzke et al., 2009).

AGLINK ir visaptveross pasaules Iidzsvara modelis, ko izmanto, lai raditu
projektus daudzam ESAO un FAO valstim. Sis modelis ir svarigs instruments
iek§zemes un tirdzniecibas politikas analizei. AGLINK ir dala AGLINK-
COSIMO modela, un to sagatavoja ESAO Sekretariats sadarbiba ar ESAO
dalibvalstim un atseviskam valstim, kas nav ESAO dalibvalstis, aptverot
attistibas valstu dalu (Araujo Enciso et al., 2015).

GEM-ES3 ir vispargja lidzsvara modelis, kas vienlaikus att€lo visu pasaules
ekonomiku, tas nozimigakos regionus un 28 ES dalibvalstis. GEM-E3 ir
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dinamisks un rekursivs laika, un modeli tiek izmantotas GTAP un EUROSTAT
datubazes. GEM-E3 mérkis ir atspogulot ekonomikas, energijas sistemas un
vides savstarpgjas saiknes (Capros et al., 2013).

AGMEMOD ir ekonometrisks, dinamisks, dalgja lidzsvara modelis, ar kuru
ir iespgjams veikt simulacijas un izstradat prognozes, lai novertétu
lauksaimniecibas atbalsta instrumentus, programmas un politikas ES un arl
atsevisku dalibvalstu limen1 (AGMEMOD, 2013). Pamatojoties uz kopg&ju valsts
modela paraugu, ir izstradati valsts Iimena modeli ar specifiskam pazimém, lai
atspogulotu atseviskas valsts lauksaimniecibas situacijas un vélak apvienotu tos
AGMEMOD kombingtaja modeli. Si pieeja atspogulo visa ES pastavoso
lauksaimniecibas sisttmu neviendabigumu, vienlaikus saglabajot analitisku
konsekvenci visos valsts modelos (Sepp, 2011).

ESIM ir lauksaimniecibas produkcijas, pat€rina un razoSanas (ar nelielu
pirmas pakapes parstrades dalu atseviskiem produktiem) dalgja Iidzsvara
daudzvalstu modelis. Ar ESIM tiek modeléts tikai lauksaimniecibas sektors,
tapec tadi makroekonomikas mainigie ka ienémumi vai valiitas kurss ir eksogéni
(Grethe et al., 2012).

GLOBIOM-EU ir globals rekursivs dinamisks dalgja lidzsvara augSupgjs
modelis, kas integré lauksaimniecibas, bioenergijas un mezsaimniecibas nozares
(Frank et al., 2013). Modelis tiek izmantots, lai analiz€tu konkurences esibu
zemes izmanto$ana starp lauksaimniecibu, meZsaimniecibu un bioenergiju
(International Institute for Applied Systems Analysis, n.d.).

AgriPoliS ir agentu balstits modelis, kas modelg regionalas lauksaimniecibas
struktiiras izmainas. Modela pamata ir izpratne par regionalo lauksaimniecibas
struktiiru ka sarezgitu un attistiba esosu sistému (Happe et al., 2006). Modela
mérkis ir att€lot, ka mainas lauku saimniecibu struktira regiona saistiba ar
politikas izmainam, tostarp novértg§jot KLP ietekmi uz lauksaimniecibas
ainavam, biodaudzveidibu un ekosistému pakalpojumiem (AgriPoliS Project,
n.d.).

LASAM 2016. gada tika izstradats ka ekonometrisks modelis, lai veidotu
Latvijas lauksaimniecibas prognozi. Sis modelis ir izstradats specifiski mazam
atvertam ekonomikam, kuras tiek pienemts, ka izmainas piedavajuma liment
neietekme cenu veidoSanas mehanismus. LASAM modelis piedava vairakas
ievérojamas priekSrocibas: ta struktiira lauj veikt sikas prognozes dazados
apakSnozaru Itmenos, nodro$inot iesp&ju analiz€t lauksaimniecibas nozares
attistibu, nemot veéra dazadu lielumu saimniecibu specifiku (Pilvere et al., 2022).

Autore ir izvertgjusi dazadus modelus, kuri tiek izmantoti lauksaimniecibas
nozares prognoze€Sanai, un izvelgjusies atseviski savstarpgji salidzinat divus
modelus — ADMEMOD, kas visbiezak tiek izmantots ES ltmeni, lai veidotu
prognozes un nodroSinatu plaSu analizi par ES dalibvalstim un starptautisko
tirdzniecibu, un LASAM, kuram ir Sauraks mérogs (Latvija) un kurs ir pielagots
tiesi Latvijas lauksaimniecibas sektora prognozesanai un politikas izverteSanai.
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Autore izvelgjas salidzinat tieSi Sos modelus, jo abi modeli ir paredzeti
lauksaimniecibas nozares analizei, tomér tie atSkiras péc méroga, metodologijas
un lietojuma jomas.

LASAM modelis ir piemé&rots Latvijas lauksaimniecibas politikas analizei,
tomer autore uzskata, ka AGMEMOD ir efektivaks instruments piena lopkopibas
scenariju model&Sanai, jo tas sniedz plasaku ekonomisko un politisku kontekstu,
laujot prognozet, ka ES politikas 1émumi var ietekm@t Latvijas lauksaimniecibas
nozari (tostarp piena lopkopibu).

AGMEMOD modelis nodroSina tadu pieeju, kurd razoSanas, paterina,
importa un eksporta vienadojumi ir savstarpgji saistiti, veidojot sisteému, kas lauj
novertet lauksaimniecibas nozares reakciju uz ekonomiskajiem un politiskajiem
faktoriem. Modell izmantotie mainigie (pieméram, lauksaimniecibas cenas,
izmaksu indeksi un tirgus lidzsvara raditaji) nodro$ina iesp&ju analizét nozares
attistibu cie$a sasaisté ar ES kopgjo tirgu. ST struktiira lauj atspogulot realas tirgus
sakaribas, kuras butiski ietekmé& arT Latvijas piena lopkopibu, nemot véra tas
augsto atkaribu no globalajam tirgus tendencém. Savukart LASAM modelis
galvenokart fokus€jas uz nacionalas politikas un tendenéu novértjumu. Lai gan
$ads skatfjums ir nozimigs valsts Itmena plano$ana, tas nodroSina ierobezotaku
saikni ar starptautiskajiem tirgus procesiem.

Izveloties AGMEMOD modeli, tiek nodroSinata iesp&ja analizét Latvijas
piena lopkopibas attistibu ES vienota tirgus ietvaros. ST pieeja nodrosina pamatu
turpmakai analizei, kura var tikt aplikoti arT efektivitates un razoSanas
pielagosanas procesi, kas atspogulo nozares modernizacijas un strukturalas
attistibas virzienus ilgtermina.

Kopuma gan LASAM, gan AGMEMOD modelis nodrosina iesp&ju
prognozét lauksaimniecibas attistibas tendences un novértét dazadu politikas
lémumu ietekmi, tadgjadi tos ir iesp&jams izmantot politikas plano$anai. Tomér
no publiski pieejamajas informacijas nav konstatgjams, ka tiktu veikta $adu
prognoZu rezultatu integracija Latvijas politikas un stratégiskajos dokumentos.
Tas var liecinat par to, ka prognozeSanas instrumentu potencials netiek
pilnvertigi izmantots valsts politikas veidoSanas procesa.

Ka jau ieprieks tika mingts, viens no modeliem, kas tiek izmantots
lauksaimniecibas nozargé, ir AGMEMOD modelis. AGMEMOD partneribas
koncepta merkis ir izveidot un uzturét plasa meéroga dalgja lidzsvara model&sanas
sistému, kas aptver visas ES dalibvalstis, lai veiktu saskanotu lauksaimniecibas
politikas un tirgus analizi (Salamon, et al., 2008a).

AGMEMOD modelis ir radies, lai nodroSinatu integrétu model&Sanas pieeju,
kas nemtu veéra biitiskas atSkiribas starp dazadu dalibvalstu lauksaimniecibas
sisttmam (Salamon, et al., 2008a).

Modelis ir daudznacionals, dal&ja lidzsvara, tas ir paredz&ts lauksaimniecibas
un partikas tirgus prognozesanai ES. Modelis ne tikai sniedz iesp&ju izstradat
lauksaimniecibas tirgus attistibas scenarijus, bet arT lauj novértét politikas
pasakumu ietekmi uz nozari. Tas ieklauj tadus aspektus ka tieSmaksajumu

17



sisttmas ietekme uz lauksaimniecibas nozares struktiiru, tirdzniecibas
liberalizacijas sekas dazadam precu grupam, ka ar1 klimata parmainu ietekme uz
razoSanas potencialu (Salamon, et al., 2017). Modelis katrai valstij izmanto
atsevisku veidni, un tadgjadi tas lauj nodrosSinat analitisko konsekvenci visam
valstim. Valstu ITmeni modelis atspogulo lauksaimniecibas politiku, kas ir
modeléta, pamatojoties uz vésturiskiem laikrindu datiem (Nehrey et al., 2019).

Kopuma AGMEMOD modelis kalpo ka nozimigs riks lauksaimniecibas
politikas analize un stratégiskaja planosana, piedavajot siku un ar pieradijumiem
pamatotu analizi (Salamon, et al., 2017).

AGMEMOD modelis pamatojas uz kopigu valsts modela strukttru, kas ir
pielagota katras wvalsts specifiskajai lauksaimniecibas situacijai. Katrs
individualais precu modelis ieklauj uzvedibas vienadojumus un identitates, kas
izskaidro piedavajuma veidoSanos, pieprasijuma radiSanu un cenu veido$anos
(Banse et al, 2011). Lai labak izprastu AGMEMOD struktiru, dazadu
ekonomisko, politisko un tirgus faktoru ietekmi uz lauksaimniecibas nozarém, ir
jaskata 1.2. attgls.

Cena,
Izmaksas Makroekonomika
Kultiirangu platiba Slaucamas govis,
un aramzeme Piena izslaukums
. Lo . Svaigpiens, piena
Graudaugi, Liellopi, cikas, aitas i
Kultirangu un cukurbietes utt Lopkopibas un galas ﬁf:u keazas Piena un piena tauki un
baribas modelis i modelis produktu modelis |  olbaltumvielas
Avgu ella, Iﬂmllnpu gala, Dzem piens,
= ciikgala, aitas un siers, sviests. piena
saldinataji utt : I
kazas gala pulveris utt.

Avots: autores veidots, tulkots un adaptéts péc Laquai, 2023a; Salamon et al.,2008b.

1.2.att. Visparejas savstarpéjas sakaribas AGMEMOD modelt

1.2. attéla ir redzams, kadi lauksaimniecibas razoSanu un tirgu ietekmgjosi
faktori ir ieklauti modelt (pieméram, makroekonomiskie faktori cenu un izmaksu
dinamika). Tapat modelt ir ieklauti faktori, kas atspogulo, ka kultiiraugi un
lopkopiba mijiedarbojas, veidojot baribas un izejvielu plismu dazadas nozarés.
Piem&ram, graudaugi un cukurbietes tiek izmantoti gan partikas, gan lopbaribas
razoSana. Attels atspogulo savstarpgjas saiknes starp dazadam lauksaimniecibas
nozarém, kas lauj analiz&t politisko un ekonomisko 1émumu ietekmi uz partikas
razosanu un tirgus attistibu.

Modelt tiek izmantoti endog€nie un eksogénie dati, lai prognozétu
lauksaimniecibas nozares attistibu un analiz€tu politikas ietekmi uz tirgu.
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Endoggnie dati modeli tiek aprekinati, pamatojoties uz vesturiskajiem datiem un
citu mainigo lielumu ietekmi, savukart eksogénie dati tiek uzskatiti par aréjiem
faktoriem, kas netiek noteikti modela ietvaros, bet tick izmantoti ka ievaddati
lauksaimniecibas prognozém.

Vel viena biitiska nianse, ka modelt ES limena cena (“atslégas cena” jeb “key
price”) tiek definéta ka konkrétas preces cena nozimigaka nacionala tirgus ES
ietvaros. Valstu modeli ir izstradati, lai atspogulotu individualo wvalstu
lauksaimniecibas 1Ipatnibas, nemot ve€ra nacionalos tirgus faktorus un
ekonomiskos apstaklus. Sie modeli ir izveidoti, pamatojoties uz vienotu
struktiiru, tomér tos pielago katras valsts specifikai un p&c tam tie tiek integréti
vienota ES AGMEMOD modelt (Chantreuil, 2005; Banse et al., 2011).

1.3. Piena lopkopiba un tas attistibas dinamiku ietekmejoSie
kompleksie faktori

Govs piena razoSana tiek uzskatita par stratégiski svarigu ekonomisko
darbibu daudzas valstts, jo ta ne tikai veicina primaras lauksaimniecibas attistibu,
bet arm sniedz atbalstu parstrades nozares uzn€mumiem, kas nodroSina
nodarbinatibu dazadas saimnieciskas jomas. Piena razoSanas nozime parsniedz
primaro lauksaimniecibas sektoru, jo ta tieSi ietekmé partikas riipniecibu un
tirdzniecibu, sekmgjot ekonomisko izaugsmi un tirgus stabilitati (Betdycka-
Borawska et al., 2021).

Kopuma piena lopkopiba ir loti dinamiska. Tapat ir janem véra, ka $o nozari
veido sarezgita dazadu faktoru mijiedarbiba, kas kopuma nosaka tas ilgtsp&ju un
produktivitati (Wattiaux, 2023).

Piena lopkopibas attistibu nosaka komplekss savstarpgji saistitu faktoru
kopums, kas ieklauj politiskos, ekonomiskos, tehnologiskos, socialos un vides
aspektus. So faktoru savstarpéja mijiedarbiba nosaka piena lopkopibas attistibas
tendences un tas sp€ju pielagoties globalajiem ekonomiskajiem, vides un
sabiedriskajiem izaicinajumiem.
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Ekonomiskie faktori

Skimes un gengtiskais Piena iepirkuma cenas un to
potencials, veseliba un svarstigums, razoSanas
produktivais mizs, slaukanas izmaksas, ataudzéanas
biezums S izmaksas, lauksaimniecibas
S zemes cenas, darbinieku
faly) atalgojums, pieprasijuma cenas
elastiba

Tehnologiskie faktori

Planosanas dokumenti, ﬁ Slauksanas tehnologijas,
5ub§iduas un albalrsla baribas izédinasanas un
mehanismi, normativie automatizacijas tehnologijas,
ierobezojumi turésanas sistémas un kits

aprikojums, genétiskas un
reprodukcijas tehnologijas,
digitala saimniecibas vadiba

SEG emisijas, kitsméslu Darbaspéka pieejamiba,
apsaimniekogana, resursu patérétaju prasibas,
izmantoSanas efektivitate demografiskas izmainas

Avots: autores veidots
1.3.att. Piena lopkopibu ietekméjoSo faktoru grupas

Piena lopkopibas darbibas rezultatus ietekmé vairaku faktoru kopums, kuru
analize lauj precizak izprast nozares attistibas dinamiku un konkur€tspg&jas
nosacijumus (Naglova et al., 2017). Katru no 1.3. attéla redzamajam lielajam
faktoru grupam veido vairaki apaksfaktori, kas kopuma rada attieciga faktora
saturu.

Ekonomisko faktoru grupa ietver piena iepirkuma cenu un tas svarstigumu,
kas ir gan galvenais ienakumu avots saimniecibam, gan biitisks riska avots. Cenu
nepastaviba palielina nenoteiktibu par investiciju atmaksaSanos, tadgjadi
ietekmgjot saimniecibu sp&ju modernizeties (Pilvere et al., 2020; Schulte et al.,
2018). Nozimiga loma ir ari razo$anas izmaksam, ipas$i baribas, elektroenergijas
un degvielas cenam, kas butiski ietekm& piena paSizmaksu un saimniecibu
rentabilitati (Koutouzidou, 2022; O’Connor et al., 2014; Golas, 2017). Papildu
ekonomiskie faktori ir ataudzéSanas izmaksas, lauksaimniecibas zemes cenas un
darbaspéka atalgojums, kas nosaka gan konkurétsp&ju, gan jauno razotaju sp&ju
ienakt nozaré (Tozer & Heinrichs, 2001).

Tehnologiskie faktori, kuri ietver robotizétas slaukSanas sist€émas, digitalas
uzraudzibas rikus un Dbiometriskos sensorus, spg butiski paaugstinat
produktivitati, lauj savlaicigi identificét problémas ganampulka un optimizet
saimniecibas resursu izmantosanu (Naglova et al., 2017; Lovarelli, 2020). Sadas
tehnologijas samazina darbaspéka izmaksas, uzlabo dzivnieku veselibas
uzraudzibu un palielina izslaukuma stabilitati.

Pie socialiem faktoriem, kas biitiski ietekme piena lopkopibas attistibu, var
mingt lauku regionu demografiskas izmainas. EsoSie lauksaimnieki noveco,
savukart jaunajai paaudzei ir salldzinoSi zema interese par konvencionalo
lauksaimniecibu, kas izraisa darbaspéka mazinasanos lauku apvidos (Ryan,
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2023; Pilvere et al., 2020). Nenemot véra tehnologisko attistibu, kas layj
lauksaimniekiem nodarbinat mazaku darbinieku skaitu, pilniba iztikt bez
darbiniekiem saimniecibas tom&r nespg;j.

Vel viens biitisks socialais faktors piena lopkopiba ir pieaugosa sabiedribas
un patérétaju interese par dzivnieku labturibu, kas palielina prasibas péc
augstakiem labturibas standartiem un liek saimniecibam pielagoties stingrakam
prasibam (Grandin, 2014; Yeates, 2024). Vienlaikus globalais iedzivotaju skaita
picaugums palielina pieprasijumu peéc piena produktiem, veicinot piena
lopkopibas izaugsmi, bet ar1 pastiprinot slodzi uz vidi (Grout, 2020).

Pieaugosa sabiedribas interese par vides aizsardzibu biitiski ietekme piena
lopkopibas attistibas virzienus. Piena lopkopiba ir saistita ar ievérojamu
siltumnicefekta gazu emisiju apjomu, lielu idens un baribas resursu patérinu, ka
ari ar augsnes kvalitates un biologiskas daudzveidibas saglabasanas problémam.
Lidz ar to arvien vairak tiek uzsvérta ilgtsp&jigu risinajumu nozime, lai mazinatu
nozares radito ietekmi uz klimata parmainam. Arl piena parstrades procesi,
tostarp siera, sviesta un citu produktu raZos$ana, rada ievérojamu daudzumu
notekidenu un blakusproduktu, kuru apsaimniekosanai nepiecieSami novatoriski
tehnologiskie risinajumi, lai mazinatu noslodzi uz vidi (Castillo, 2018; Gerber et
al., 2013; Nardone et al., 2010).

Politiskie un regulativie faktori batiski ietekm& piena lopkopibas attistibu,
nosakot razo$anas un tirdzniecibas struktiru globala un regionala meéroga.
Vienlaikus vides un klimata izaicindjumu risinaSanai nepiecieSami skaidri
regul&jumi ar noteiktiem merkiem un sasniedzamiem raditajiem, ka ar1 finansiala
atbalsta mehanismi, kas palidz lauksaimniekiem pielagoties prasibam, ieviest
jaunas tehnologijas un attistit zinaSanas (Gerber et al., 2013; Eiropas Parlaments,
2024).

Ievérojot to, ka piena lopkopibas pamata ir produktivie dzivnieki, dzivnieku
biologiskie faktori spg&j bitiski ietekmét So nozari. Viens no apasfaktoriem ir
govs $kirne, kas nosaka izslaukuma potencialu, piena sastavu un govju ilgmiizibu
(Silina & Jonkus, 2023; Brito et al., 2021). V&l viens butisks faktors ir slaucamo
govju produktivais miizs, ka arT slaukSanas biezums, kas nosaka gan sarazota
piena apjomu, gan ta sastavu, gan ar1 dzivnieku veselibas stavokli (De Vries &
Marcondes, 2020; Cielava et al., 2016; Stockdale, 2006; Wall, 2011).

Analizgjot faktoru mijiedarbibu ir redzams, ka to mijiedarbiba ir ciesa un
daudzvirzienu: ekonomiskie faktori nosaka saimniecibu investiciju iesp&jas un
lidz ar to arT tehnologisko attistibu, savukart pietiekams finanséjums veicina
modernizaciju un inovacijas. Tehnologiskie faktori ietekmé biologiskos, jo,
piem&ram, uzraudzibas sisttmas samazina slimibu risku un paaugstina
produktivitati, tadejadi nelabvéligas izmainas viena dimensija ietekme arf citas.

Ieprieks aplukotie faktori veido nosacijumus, kas tiesi atspogulojas piena
lopkopibas darbibas rezultatos. Vidgjais piena izslaukums no vienas govs,
kopg@jais slaucamo govju skaits, sarazotais piena daudzums un kopgjais
lopkopibas saimniecibu skaits ir fundamentali raditaji, kas nosaka piena
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lopkopibas razosanas potencialu un konkurétspgjas Iimeni. Tie lauj objektivi
noverteét razoSanas jaudas attistibu, resursu izmantoSanas efektivitati un
tehnologisko progresu nozare.

Vidéjais izslaukums no vienas slaucamds govs ir visizplatitakais piena
lopkopibas produktivitates raditajs, kas nosaka razos$anas efektivitati neatkarigi
no ganampulka lieluma (Viira et al., 2015; Olini et al., 2020; Song et al., 2024).
Sis raditajs atspogulo saimnieciba lietotas stratégijas attieciba uz attistibu, ka ari
genédtiska potenciala izmanto$anu saimniecibas (Olini et al., 2020). Tapat
vidgjais izslaukums kalpo ka raditajs saimniecibu modernizacijas un
tehnologiska progresa limena novértéSanai. DaZzadu tehnologiju integrésana
saimniecibas, pieméram, automatiz&tas slaukSanas sistémas un precizas
lopkopibas risinajumi, spg pozitivi ietekmét vid€jo izslaukumu no govs,
nodro§inot biezaku un elastigaku slaukSanas ritmu, uzlabojot baribas un
veselibas vadibu, ka arT laujot laikus konstatét razibu ierobezojoSus faktorus
(Jacobs & Siegford, 2012; Bianchi et al., 2022; Trapanese et al., 2025).

Vél viens biitisks raditajs ir videjais slaucamo govju skaits, kur§ nosaka piena
razo$anas iesp&jas saimnieciba (Oleggini et al., 2001). Turklat saimniecibu sp&ja
ilgtsp@jigi razot pienu ir cieSi saistita ar slaucamo govju ilgmizibu, t.1i.,
produktiva miiza ilgumu (Dallago et al., 2021). Tas atspogulo dzivnieku
veselibu, labturibas apstaklus un selekcijas efektivitati. Jo ilgaks ir govju
produktivais miizs, jo mazaks ir nepiecie$amais aizstasanas apjoms un lidz ar to
arT mazaka vides noslodze.

Kopéjais sarazotd piena daudzums tiek rekinats ka slaucamo govju skaita un
vidgja izslaukuma no vienas govs reizinajums. Tadgl slaucamo govju skaits un
izslaukums ir pamatraditaji, bet kopg€jais sarazotais piena daudzums ir atvasinats,
bet tapat butisks raditajs, jo kopuma atspogulo nozares razosanas kapacitati.

VEl viens butisks raditajs ir kopéjais lopkopibas saimniecibu skaits, kas
raksturo piena lopkopibas struktiiru un tas attistibas tendences. Viena no piena
razosanas raksturigajam iezZimé&m ir méroga ekonomija, kas nosaka bitiskas
atkiribas starp dazadu lielumu saimniecibam. Sis ir iemesls, kadél mazas piena
lopkopibas saimniecibas ir mazak konkurétsp&jigas salidzinajuma ar liclakam
saimniecibam, jo to razoSanas izmaksas uz vienu produkcijas vienibu ir
augstakas, kas mazina to efektivitati un ilgtermina dzivotsp&ju tirgii. Vienlaikus
mazakam saimniecibam ir arT priekSrocibas, pieméram, iesp&ja pieverst lielaku
uzmanibu katram dzivniekam (Borawski et al., 2020b).

Apkopojot iepriekSming&to, ir secinams, ka tie ir savstarpgji saistiti raditaji,
kas kopuma raksturo piena lopkopibas razoSanas kapacitati, strukturalas
parmainas un ilgtsp&jas potencialu. Ar1 AGMEMOD modelis ieklauj Sos
raditajus piena nozares modula ietvaros, tadgjadi nodroSinot to izmantoSanu
scenariju izstrade un politikas ietekmes novertésana.
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2. PIENA LOPKOPIBAS POLITIKAS UN NORMATIVA
REGULEJUMA IETVARS

Nodalas saturs darba aiznem 20 Ipp., kuras ietilpst 6 tabulas un 3 attgli.

Otraja nodala analiz&ts piena lopkopibas politikas un normativais ietvars,
raksturojot Eiropas Savienibas (ES) un Latvijas tiesisko reguléjumu, kas nosaka
piena razoSanas, parstrades un tirgus organizacijas pamatprincipus. Nodalas
zinatniska diskusija veidota par ES lauksaimniecibas politikas pamatmerkiem,
dzivnieku labturibas, partikas droSibas un vides prasibu ievieSanu. Papildu
uzmaniba veltita ES ilgtsp&jas un klimata politikas dokumentiem, piemeram,
Eiropas zalajam kursam, ka ari Latvijas nacionalajai normativajai un
institucionalajai sisteémai, kas nodrosina $o prasibu ievieSanu. Tapat tika izvertets
starptautiska konteksta ictekme uz Latvijas piena lopkopibu.

2.1. ES politikas un normativa reguléjuma principi piena
lopkopiba

Lauksaimnieciba, tostarp piena lopkopiba, vesturiski ir paklauta bitiskam
svarstibam un tirgus nepilnibam, kas ierobezo tas ilgtsp&jigu attistibu bez ES un
tas dalibvalsts icjaukSanas dazadu politisku mehanismu veida (Bouamra et al.,
2007). Lai veicinatu piena lopkopibas ilgtsp&jigu attistibu un taisnigu
konkurenci, ir nepiecieSams atbilsto$s regul&jums, kas sp&j noveérst tirgus
kroplo$anu un nodrosinat adaptacijas mehanismus katras valsts piena lopkopibas
specifikai.

Piena lopkopiba ES jau ilgstosi ienem nozimigu lomu KLP, jo ta vienlaikus
ieklauj gan ekonomisko segmentu, gan pilda butiskas sabiedribas funkcijas,
piem@ram, lauku teritoriju saglabaSanu, nodrosSinajumu ar partiku un vides
ilgtsp&ju. ES politika piena lopkopiba nepamatojas tikai uz tirgus konkur€tspgjas
un attistibas veicinasanu, tas pamata ir arT nepiecieS§amiba nodrosinat vienlidzigu
attistibu visas ES dalibvalstis (Clay et al., n.d.).

Vienlaikus piena lopkopibas politika arvien ciesak tiek saistita ar ES vides un
klimata mérkiem. Kvotu atcelSanas rezultata pieauga razoSanas apjomi, kas
dazas valstis radija ievérojamu emisiju pieaugumu, un ES bija jareagé un
jaizstrada regul&jums, kas versts uz ES klimatneitralitati (Lapple et al., 2021).

Noteikto merku sasniegSanai ir izstradati vairaki nozimigi ES
lauksaimniecibas politikas planoSanas dokumenti, kas nosaka nozares attistibas
virzienus:

o “Eiropas zalais kurss” veérsts uz ilgtsp&igas ekonomikas izveidi,
klimata neitralitates sasniegSanu Iidz 2050. gadam un resursu efektivu
izmantoSanu (European Commission, n.d.-g).

o Strategijas “No lauka Iidz galdam” (F2F) mérkis ir veicinat integrétu
partikas politiku, kas aptver visus posmus no razosanas lidz patérinam,
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vienlaikus nodroSinot vides, veselibas un ekonomiskos ieguvumus
(Wesseler, 2022).

o FEiropas Klimata akts nosaka, ka ES valstis 1idz 2050. gadam ir japanak
klimatneitralitati (stavoklis, kura cilvéka darbiba rada “nulles” ietekmi uz
klimata sistemu), panakot, ka siltumnicefekta gazu neto emisijas ir nulles
Itmeni (Eiropas Parlaments un Padome, 2021; Ministru kabinets, 2020a).

e ES metana emisiju samazinaSanas stratégija (2021) paredz, ka ir
pieejamas dazadas mitigacijas tehnologijas, kam ir potencials nodro$inat
no razoSanas atsaistitus emisiju samazinajumus. Galvenokart tas ir
tehnologijas, kuras skar dzivnieku uztura uzlabo$anu, ganampulku
parvaldibu, kiitsmeslu apsaimniekoSanu, pieeju audzesanai, ganampulku
veselibu un dzivnieku labturibu. Viens no emisiju ietekmes mazinasanas
potencialgjiem risindjumiem piemit jaunam &dinasanas pieejam, kas ir
noradits tostarp ar stratégija “No lauka lidz galdam” (Eiropas Parlaments,
2021).

¢ Ricibas plans antimikrobialas rezistences (AMR) apkaroS$anai 2021.—
2025. gadam tika izstradats, lai risinatu pieaugo$o AMR draudu partikas
un lauksaimniecibas sektora. ST plana galvenie mérki ir samazinat AMR
izplatibu un paléninat rezistences veidoSanos partikas k&deé un visos
partikas un lauksaimniecibas sektoros, ka ari saglabat sp&ju arstet
infekcijas ar efektiviem un droSiem antimikrobialiem lidzekliem, lai
nodrosinatu partikas un lauksaimniecibas razo$anu (Food and Agriculture
Organization of the United Nations, n.d.).

Neskaitot visus iepriek§ min&tus planosanas dokumentus, ES ir pienemti
vairaki normativie akti, kas regulé lauksaimniecibas nozari kopuma, ka ari
attiecas uz Sauraku piena lopkopibu. Sie tiesibu akti tika pienemti, balstoties uz
ieprieck§ min&to planoSanas dokumentos izvirzito mérku sasniegSanas
nepiecieSamibu un nosaka vienotas prasibas un standartus, veidojot visaptverosu
tiesisko regul&jumu, kas nodroSina ilgtsp&jigu un kvalitativu lauksaimniecibas
nozares darbibu. 2.1. tabula ir apkopoti biitiskakie normativie akti, kas regule
lauksaimniecibas nozari, tostarp piena razoSanas un parstrades procesus ES.

2.1.tabula

ES piena razZoSanas nozares normativajos aktos noteiktie meérki

Dokuments Meérkis Ietekme
Regula (EK) Nosaka visparigos partikas Prasa izsekojamibu, nekaitiguma
Nr. 178/2002 likumdosanas principus; nodros§inasanu un dokumentésanu
izveido Eiropas Partikas visa piena razoSanas keéde
nekaitiguma iestadi
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2.1. tabulas turpinajums

Dokuments

Merkis

Ietekme

Regula (EK)
Nr. 852/2004

Defing partikas higiénas
prasibas

Prasa uzturét augstu higiénas Iimeni
slauksana, piena savaksana,
uzglabasana un pirmapstrade; nosaka
prasibas telpam, aprikojumam, tidens
kvalitatei un cilveékresursu higiénai

Regula (EK)
Nr. 853/2004

Nosaka Tpasus higiénas
noteikumus attieciba uz
dzivnieku izcelsmes partiku

Nosaka prasibas neapstradata piena
kvalitatei (SGinu un bakteriju skaits,
temperatiira)

Regula (EK)
Nr. 2017/625

Nosaka oficialas kontroles
partikas un dzivnieku
veselibas joma

Pastiprina valsts oficialo kontroli
partikas k&dg, tostarp dzivnieku
veselibas, veterinaras uzraudzibas,
partikas higi€nas, piena kvalitates un
baribas dro§uma jomas

Regula (EK)
Nr. 1308/2013

Nosaka lauksaimniecibas
produktu tirgus kopigo
organizaciju un ieklauj
prasibas piena un piena

produktu tirgus reguléSanai

Regulé ienakumu stabilizacijas
mehanismus, tirgus intervenci un
piena cenu atbalsta instrumentus

Regula (EK)
Nr. 1333/2008

Regulg partikas piedevu
lietoSanu un to dros$ibu

Nosaka atlautas piedevas, droSibas
krit€rijus un markeSanas prasibas

Avots: autores veidots péc Eiropas Parlaments un Padome, 2002, 2004a, 2004b, 2008a,
2013, 2017, Capla et al., 2023.

Regulu un direktivu izdoSana, ka arT saskanosana nodrosina to, ka visas

dalibvalstis tiek piemérotas vienadas prasibas attieciba uz piena un piena
produktu razoSanu, uzglabasanu un ievie$anu, ka ar nepielau; risku, ka piena un
piena produktos, kuri tiek ievesti ES teritorija, var parvadat infekcijas slimibas,
kas ir bistamas majlopiem vai cilvékiem.

Kopuma piena lopkopiba ES tiek reguléta vairakos virzienos — ilgtsp&jigas
resursu izmanto$anas nepiecieSamiba, klimata neitralitates merki, emisiju
samazinasana un sabiedribas veselibas aizsardziba.

2.2, Latvijas piena lopkopibas planosanas dokumenti un

normativais ietvars

Lidzigi ka visas ES valstls, arT Latvija ir vairaki nozimigakie valsts
planosanas dokumenti, kas tiesa veida ir saistiti ar piena lopkopibu.
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Viens no svarigakajiem planoSanas dokumentiem ir Latvijas KLP
strategiskais plans 2023.-2027. gadam (KLP 2023-2027). S1 plana mérkis ir
turpinat sniegt pietickamu atbalstu lauksaimniekiem, lai tie sp&tu nodroSinat
iedzivotajiem pieejamu Latvija razotu partiku, kas ir droSa, kvalitativa un par
pieejamu cenu. Sis stratégiskais plans ietekmé piena lopkopibu ka savstarpgji
sasaistitu instrumentu kopums. Tie$ie maksajumi (pieméram, saistito ienakumu
atbalsts par slaucamam govim un atbalsts jaunajiem lauksaimniekiem) nodrosina
naudas pliismas stabilitati, kas ir biitiski nozarg, kura tiek paklauta dazada veida
riskiem (Zemkopibas ministrija, 2024a).

V@l viens Latvijas planosanas dokuments ir Naciondalais energétikas un
klimata plans 2021.-2030. gadam, ar kuru tiek noteikti Latvijas mérki un to
izpildes pasakumi tadas nozarés un darbibas ka siltumnicefekta gazu emisiju
samazinajums un oglekla dioksida piesaistes palielindjums, atjaunojamo
energoresursu  ipatsvara palielinagjums, energoefektivitates uzlaboSana,
energétiskas drosibas nodroSinasana, energijas tirgu infrastruktiiras uzturéSana
un uzlaboSana, ka ari inovaciju, p&tniecibas un konkurétsp&jas uzlabosana.
Attieciba uz lopkopibu tie$a veida ir attiecinama kiatsméslu apsaimniekoSanas
sisttmas uzlabosana un dzivnieku &€dinasanas uzlabosana, kuras sasaucas gan ar
Latvijas stratégija klimatneitralitates sasnieg$anai lidz 2050. gadam, gan ar ES
normativo reguléjumu (Klimata un energétikas ministrija, 2025).

Uz piena lopkopibu tiesa veida var attiecinat arT tadu vidgja termina politikas
planosanas dokumentu ka “Guaisa piesarnojuma samazindsanas ricibas plans
2020.-2030. gadam”. Sis plans nosaka, ka lauksaimniecibas nozaré (ipasi
liellopu turé$ana) ir jamazina amonjaka emisijas. Plans ir siki izstradats un ir
noteikti konkr&ti apakSuzdevumi, darbibas to istenosanai, ka ar1 izpildes termini
(Ministru kabinets, 2020b).

Lai sasniegtu ka starptautiskajos, ta naciondlajos politikas planosanas
dokumentos noteiktos mérkus piena lopkopibas attistibai, ir nepiecieSama
sakartota tiesibu sistéma, kura veicina noteiktu pasakumu ievieSanu un
uzraudzibu izvirzitu mérku sasniegSanai. Lielai ietekmei uz Latvijas tiesibu
sistému ir ES, it Tpasi kops briza, kad 2004. gada 1. maija Latvija kluva par ES
dalibvalsti.

Latvija lauksaimniecibas nozari kopuma regulé 2004. gada 7. aprilt
pienemtais Lauksaimniecibas un lauku attistibas likums. Likuma mérkis ir
radit tiesisku pamatu lauksaimniecibas attisttbai un noteikt ilglaicigu
lauksaimniecibas un lauku attistibas politiku saskana ar Eiropas Savienibas
kopgjo lauksaimniecibas politiku un kop&jo zivsaimniecibas politiku. Sis likums
nosaka lauksaimniecibas un lauku attistibas politikas TstenoSanu, uzraudzibu un
novertésanu, lai sekmétu §1s politikas ilglaicigu attistibu (Saeima, 2004).

Veterinarmedicinas likums veido dzivnieku veselibas aizsardzibas ietvaru,
nosakot kartibu infekcijas slimibu profilaksei un apkarosanai, veterinarpraksei,
dzivnieku izcelsmes produktu apritei un importa/tranzita kontrolei, ka arT valsts,
pasvaldibu un personu tiesibas un pienakumus (Saeima, 2001). V&l viens
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nozimigs likums ir Dzivnieku audzé$anas un ciltsdarba likums, kura mérkis ir
nodros§inat lauksaimniecibas dzivnieku gengtisko potencialu. Attiecigais likums
nosaka Kkartibu, kada tiek veikta lauksaimniecibas dzivniecku selekcija,
parraudziba un ciltsdarbs, tostarp Skirnu saglabasana un attistiba (Saeima, 2018).
Savukart Dzivnieku aizsardzibas likums nosaka lauksaimniecibas dzivnieku
turéSanas un izmantoSanas kartibu, labturibas prasibas, ka art lauksaimniecibas
dzivnieka turgtaja tiesibas un pienakumus (Saeima, 1999).

Lauksaimniecibas nozares likumiskais reguléjums kalpojis par pamatu
Ministru kabineta noteikumu izstradei, kuri nosaka prasibas un kartibu piena
lopkopiba:

1. LR Ministru kabineta 2016. gada 6. septembra noteikumi Nr. 597
“Veterinaras, higiénas un nekaitiguma prasibas svaigpiena apritei”
nosaka higi€nas un nekaitiguma prasibas svaigpiena ieguveli,
uzglabasanai un transportgsanai.

2. LR Ministru kabineta 2019. gada 19. februara noteikumi Nr. 73 “Prasibas
govs un kazas svaigpiena apritei neliela apjoma” regulé neliela apjoma
ieglita piena realizacijas karttbu un higi€nas prasibas mazajam
saimniectbam.

3. LR Ministru kabineta 2008.gada 2. janvara noteikumi Nr. 5
“Lauksaimniecibas dzivnieku visparigas labturibas prasibas” nosaka
visparigas labturibas prasibas govju turé$anai un izmantoSanai.

4. LR Ministru kabineta 2019. gada 28. maija noteikumi Nr. 228 “Slaucamo
govju un slaucamo kazu parraudzibas un snieguma parbaudes kartiba”
regul@ slaucamo govju ciltsdarbu, snieguma parbaudi un datu registraciju.

5. LR Ministru kabineta 2025. gada 25. februara noteikumi Nr. 116
“Lauksaimniecibas dzivnieku un akvakultiiras dzivnieku, to ganampulku
un novietnu registréSanas kartiba un lauksaimniecibas dzivnieku
apziméSanas kartiba” nosaka dzivnieku, ganampulku un novietnu
registré$anas un apzimé$anas kartibu.

6. LR Ministru kabineta 2014. gada 23. decembra noteikumi Nr. 834
“Prasibas tidens, augsnes un gaisa aizsardzibai no lauksaimnieciskas
darbibas izraisita piesarnojuma” regulé tdens, augsnes un gaisa
aizsardzibu pret nitratiem un amonjaku.

7. LR Ministru kabineta 2014. gada 23. decembra noteikumi Nr. 829 “Ipasas
prasibas piesarnojoso darbibu veikSanai dzivnieku novietn&s” nosaka
Tpasas prasibas piesarnojoso darbibu veikSanai dzivnieku novietn@s.

Ir secinams, ka Latvijas normativais ietvars piena lopkopiba aptver virkni
Ministru kabineta noteikumu, kas regulé svaigpiena aprites higi€nas un
nekaitiguma prasibas, neliela apjoma iegiita piena realizacijas kartibu, dzivnieku
labturibu, slaucamo govju ciltsdarbu un snieguma parbaudi, lauksaimniecibas
dzivnieku registraciju un apzimésanu, ka ar7 piesarnojuma noveér$anu un vides
aizsardzibu dzivnieku novietnes.

27



2.3. Starptautiskais konteksts un ta ietekme uz Latvijas piena
lopkopibu

Latvijas piena lopkopiba ir saistita ar starptautisko tirgu un regulativo vidi,
kas bitiski ietekmé tas darbibu un atfistibu. ST iemesla dél ta ir paklauta
starptautisko notikumu norisei, kas ietekmg tirgus dinamiku un konkur&tsp&ju.

Viens no notikumiem, kas butiski ietekméja lauksaimniecibas nozari kopuma
ir Latvijas pievienosanas Eiropas Savienibai (2004), kas radija jaunas eksporta
iespgjas Latvijai, sniedzot piekluvi ES vienotajam tirgum, kas tostarp arT raisfja
konkurenci. Krievijas importa embargo (2014) licla mera ietekm&ja piena
lopkopibu visas ES valstts, tostarp Latviju. Aizliegums aptvera lielako dalu auglu
un darzenu, galas, zivju un piena produktu, kas bija veidoja tresdalu Krievijas
lauksaimniecibas partikas importa pirms aizlieguma (Chaptea & Caigne, 2018).
Lai gan piena kvotu atcelsana (2015) bija ES regulgjums, tam bija arl
geopolitiska ietekme, kas izraisija piena cenu strauju samazinasanos visa Eiropa,
tostarp Latvija. Piena kvotas bija maksimalais piena daudzums, ko lauksaimnieks
var€ja razot un tirgot bez nodokla piemérosanas (HM Revenue & Customs, n.d.;
Jongeneel & Gonzalez-Martinez, 2022). Brexit (2021) (Apvienotas Karalistes
izstasanas no ES) izraisija ES likumdoSanas parvaldibas partraukSanu, kas
ietekm&ja tostarp arl Latvijas piena tirgu. Jaunie normativie akti attieciba uz
tirdzniecibu starp abam valstim noteica sarezgitakus noteikumus, kas attiecigi
padarija eksportu dargaku un laikietilpigaku (attiecigi piegades k&des kluva
sarezgitas, un bija jaapliecina savas produkcijas izcelsme) (Brooks et al., 2021).
Vel viens notikums, kas bitiski ietekm&ja piena lopkopibu ne tikai Latvija, bet
visa pasaule, ir Covid-19 pandemija (2020-2021), kad nozare sastapas ar
pand€émijas izraisito krizi. Pasaulé noteiktie ierobezojumi izraisija nozaru
slegsanu visa pasaulg, kas ietekmgja kopgjo piegades kedi no lauksaimnieka lidz
patérétajam. Piegades k&Zu parravumu un pieprasijuma saruksanas rezultata
lauksaimnieku ienémumi samazinajas, razoSanas apjomi kritds un pieauga
sarazotas produkcijas krajumi (Sridhar et al., 2022). 2021. gada beigas un
2022. gada sakuma valdija ievérojams optimisms par ekonomikas izaugsmi péc
Covid-19 pandémijas, un daudzas valstis atsaka kontrolét Covid-19 izraisito
inflaciju un stimulét ekonomisko izaugsmi, tostarp lauksaimniecibas nozaré.
Tomér Krievijas pilna méroga iebrukums Ukraina 2022. gadd izraisija
geopolitisko spriedzi starp Rietumiem un Krieviju, radot neskaidribu par
globalas izaugsmes prognozém saistiba ar bazam par konflikta eskalacijas
ietekmi uz pasaules piegades kédem (Ozili, 2022).

Ir secinams, ka pedgjos desmit gados Latvijas piena lopkopiba ir piedzivojusi
bitiskas parmainas, kuras izraisija starptautiski notikumi. Sie notikumi ietekméja
tirgus pieprasijumu, razo$anas apstaklus un eksporta iespgjas, liekot meklet
risindjumus jauniem izaicinajumiem. Tomér, nenemot véra sakotngjas griitibas,
nozare ir sp&jusi pielagoties globalajam tendencém, piemeram, pieaugoSajam
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pieprasfjumam péc biologiskiem produktiem un ilgtspgjigas lauksaimniecibas
praksu ievieSanai saimniecibas.

3. LATVIJAS PIENA LOPKOPIBAS STRUKTURA UN
ATTISTIBAS TENDENCES BALTIJAS UN ES
KONTEKSTA

Nodalas saturs darba aiznem 26 lpp., kuras ietilpst 8 tabulas un 17 atteli.

TreS$aja nodala veikta Baltijas valstu piena lopkopibas salidzinosa analize,
izvert€jot nozari raksturojoSo raditaju dinamiku un strukturalas parmainas.
Nodalas zinatniska diskusija veidota par slaucamo govju skaita, vidgja
izslaukuma un piena razoSanas apjoma attistibas tendencém, ka ari par
saimniecibu struktiiras izmainam. Papildu uzmaniba pievérsta piena cenu
svarstibam, ka arT augu izcelsmes piena alternativu pieaugoSajai nozimei.
Savukart veikta klasteranalize sniedza iesp&ju klasificét ES valstis péc lidzibas
piena lopkopibas attistibas struktiira.

3.1. Piena lopkopibas attistibu raksturojoso raditaju analize

Veicot piena lopkopibas analizi Latvija, ir svarigi veikt ar1 visu Baltijas valstu
(Latvija, Lietuva un Igaunija) salidzinajumu, jo $is valstis ir savstarpgji integrétas
ekonomiski. So valstu piena lopkopibas darbojas lidziga geografiskaja atrasanas
vieta, klimata un regulg§juma vide, ka arT tirgu biezi ietekmé kopigi faktori,
pieméram, ES politika un globalas cenu tendences. Tapat, salidzinot piena
lopkopibu Baltijas méroga, ir iesp&ams noteikt un ari noveértét, cik
konkurétspgjiga ir Latvija salidzinajuma ar paréjam Baltijas valstim.

Piena lopkopibu raksturo vairaki raditaji: kopg€jais sarazota piena daudzums,
slaucamo govju skaits, vidgjais izslaukums no vienas govs un kopgjais
lopkopibas saimniecibu skaits.

Nemot vera, ka pedgjos gados visas Baltijas valstis tiek noverota slaucamo
govju skaita mazinasanas tendence, ir bitiski izvertet vai tas kopuma ietekmée
piena razosanas efektivitati (3.1.att.). STiemesla d&l ir japievérs uzmaniba vidgja
izslaukuma dinamikai, proti, vai slaucamo govju skaita samazinajums visas
Baltijas valstis ir bijis saistits arT ar kop&jo sarazotas produkcijas apjoma
mazinasanos. Ta ka kopgjais slaucamo govju skaits un vid&jais piena izslaukums
no vienas govs ir pamatraditaji, kuri sniedz visaptverosu priekSstatu par piena
lopkopibas efektivitati un produktivitati, So raditaju savstarpgja salidzinasana ir
butiska, lai saprastu tendence nozarg.
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3.1.att. Slaucamo govju skaits (takst.) un videjais izslaukums Baltijas
valstis (kg), 2004. -2023. gada

Saja attéla ir redzams, ka kopuma izslaukums ir picaudzis visas Baltijas
valstis laikposma no 2004. lidz 2023. gadam. No 2020. lidz 2023. gadam Latvija
kopgjais slaucamo govju skaits ir bitiski samazinajies, savukart vidgjais piena
izslaukums no vienas govs konsekventi picaug. Kop$ 2000. gada, kad vidgjais
piena izslaukums no vienas govs bija 3898 kg, $is raditajs ir bitiski pieaudzis,
sasniedzot 7748 kg 2023. gada

Lietuva ir novérojama lidziga tendence — kopgjais slaucamo govju skaits
mazinas, savukart vidgjais piena izslaukums no vienas govs kopuma pieaug.
Kopgjais slaucamo govju skaits visa aplikojamaja perioda Lietuva samazinajas
no 494 tukst. 2000. gada Iidz 224 tiikst. 2023. gada. Savukart vidgjais piena
izslaukums no vienas govs ievérojami pieauga, 2022. gada sasniedzot 6724 kg.

Igaunija tendence ir lidziga ka Latvija un Lietuva — kopgjais slaucamo govju
skaits mazinas, bet vid&jais piena izslaukums no vienas govs palielinas. Kop$
2020. gada, kad slaucamo govju skaits Igaunija bija 150 tikst., tas samazinajas,
2023. gada sasniedzot 82,5 tukst. Vienlaikus vidgjais piena izslaukums no vienas
govs pieauga — no 4660 kg 2020. gada lidz 10 608 kg 2023. gada. Kopuma visa
aplikojamaja perioda izslaukuma pieaugums bija stabils un mérens.

Ka vienu iemeslu $adai tendencei var minét struktiirfondu finansgjuma
pieejamibu, Baltijas valstim iestajoties ES. Lauksaimniekiem ir pieejami dazadi
atbalsta veidi, piem@ram, tieSie maksajumi lauksaimniekiem, investicijas
lauksaimnieciskaja razo$ana un parstrade, ka ar1 dazada veida apmacibas.
Izmantojot kads no ES finanséjuma veidiem, lauksaimniekiem ir iespgja
modernizét savas saimniecibas, ievieSot tajas jaunas un modernas tehnologijas
vai metodes, tada veida attistot savu saimniecibu (Svoboda et al., 2016; Czubak,
2021).
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Lidz ar jaunam finansialajam sp&jam lauksaimnieki saka precizak vadit
saimniecibas un atlasit govis ar augstako gené&tisko potencialu, kas laktacijas
perioda var sarazot vairak piena. Gengtiska selekcija ir veicinajusi ievérojamu
izslaukuma pieaugumu, kas savukart bija iemesls piena lopkopibas
produktivitates palielinasanai (Hansen, 2000; Berry et al., 2003).

Tapat vidgja piena izslaukuma palielinaSanu var saistit ar saimniecibu
struktliru mainu, proti, ar laiku arvien mazak paliek mazo saimniecibu ar mazaku
izslaukumu, 1idz ar to vid&jas un lielas saimniecibas ar tehnologiski attistitu un
intenstvu saimniecibas darbibas veidu palielinas vidgja produktivitate. Tiesi
lielakas saimniecibas, 1pasi pec KLP reformam, ir guvusas priekSrocibas atbalsta
sanemsana, kas lava attistit modernakas dzivnieku tur€Sanas sist€mas, uzlabot
baribas kvalitati un ieviest precizo lopkopibu (Bérawski et al., 2020a; European
Commission, n. d.-h).

Vel viens no raditajiem, kas kopuma norada uz nozares tendencém un
attistibas dinamiku ir saimniecibu skaits atbilstosi to grupam un slaucamo govju
skaitam. Attela 3.2. ir redzams saimniecibu skaits pa saimniecibu lieluma
grupam atbilstosi slaucamo govju skaitam Latvija.
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3.2.att. Saimniecibu skaits pa saimniecibu lieluma grupam atbilstosi
slaucamo govju skaitam un kopa Latvija 2002. -2023. gada

2002. Iidz 2023. gadam Latvija ir notikusi piena lopkopibas sektora
parstrukturéSana: kopuma Latvija ir butiski samazinajies kopgjais piena
lopkopibas saimniecibu skaits; — no 71,3 tukst. 2002. gada Iidz 8,5 tikst.
2023. gada, kas liecina par izmainam piena lopkopibas struktiira. Bitiskakais
samazinajums tika noveérots mazajas saimniecibas: saimniecibu skaits ar 1-2 un
3-5 govim no 2002. Iidz 2023. gadam samazinajies attiecigi par 93,28% un
87,01%. Mazo saimniecibu likvidaciju ir veicinajusi arT Latvijas iestasanas ES ar
no ta izrietoSo piena slaukSanas higi€nas, govju labturibas un katsméslu

31



apsaimniekoSanas prasibu ievieSanu Latvija, tam ir bijusi nepiecieSami
ieguldfjumi saimniecibu modernizacija, kam mazajam saimniecibam nepietiek
kapacitates. Lidz ar to piena razoSana ir koncentr&jusies vidgjas un lielas
saimniecibas, kas lauj uzlabot gan govju produktivitati, gan sarazota piena
kvalitati un atbilstibu higiénas prasibam.

Lietuva dati par saimniecibu skaitu ir pieejami fragmentari - par 2003., 2007.,
2010., 2013., 2020. un 2023. gadu, bet ar So informaciju pietiek, lai redzetu
kopgjas tendences valstt.

ArT Lietuva, l1dzigi ka Latvija, mazo un vid€jo saimniecibu skaits mazinajas,
savukart lielo saimniecibu skaits pieauga. Ta 2003. gada 190 tiikst. saimniecibu
ar 1-9 govim, savukart 2023. gada So saimniecibu skaits samazinajas Iidz
10 tukst., tadgjadi no 2002. gada Iidz 2023. gadam saimniecibas ar 1-9 govim
samazinajas par 94,74%.
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3.3. att. Saimniecibu skaits pa saimniecibu lieluma grupam atbilstosi
slaucamo govju skaitam Lietuva 2003., 2007., 2010., 2013., 2016., 2020. un
2023. gada

Atskiriga situacija tika nov€rota saimniecibas ar 30-49 govim un
saimniecibas, kur ir 50 un vairak govju. Sajas saimniecibas tika novérots
pieaugums, pieméram, no 197 tikst. 2003. gada Iidz 592 tukst. 2023. gada
pieauga saimniecibas ar 3049 govim.

Lai gan arT Igaunijas dati par saimniecibu skaitu pa saimniecibu lieluma
grupam atbilstosi slaucamo govju skaitam ir fragmentari un pieejami tikai par
2001.,2003., 2005.,2007., 2010.,2013.,2016., 2020. un 2023. gadu, tendenci ir
iesp&jams saskatit. Igaunija situacija ir bijusi Iidziga ka Latvija un Lietuva (skat.
3.5. att.).
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3.4.att. Saimniecibu skaits pa saimniecibu lieluma grupam atbilstosi
slaucamo govju skaitam Igaunija 2001., 2003., 2005., 2007., 2010., 2013.,
2016., 2020. un 2023. gada

Mazo saimniecibu skaits kops 2001. gada mazinajas, savukart izmainas
vidgjo un lielo saimniecibu skaita bija nestabilas, atseviskos gados bija gan
saimniecibu skaita pieaugumi, gan ar samazinajumi, bet kopuma, salidzinot
saimniecibu skaitu no 2001. gada lidz 2023. gadam, skaits ir samazinajies,
iznemot saimniecibas grupa ar 300 un vairak govim. Vislielakais samazinajums
no 2001. gada Iidz 2023. gadam tika novérots saimniecibas ar 1-2 govim
(samazinajas par 98,02%) un saimniecibas ar 3-9 govim (samazinajas par
95,63%). Savukart stabils pieaugums tika novérots tikai saimniecibas ar 300 un
vairak govim —no 76 tukst. 2001. gada lidz 84 tikst. 2023. gada.

Nemot vera mingtos apstaklus, ir butiski analizet, ka §1s strukturalas izmainas
atspogulojas kopg€ja piena razoSanas apjoma. 3.1. tabula ir noradits Latvija,
Lietuva un Igaunija sarazota piena daudzums (tikstoSos tonnu) no 2004. lidz
2023. gadam. Dati sniedz iesp&ju novertét razosanas apjomu attistibas virzienus
un salidzinat to starp valstim, ka ari identificét, vai pieaugosais izslaukums
kompens€ ganampulku samazinajumu un izmainas saimniecibu struktiira.

3.1.tabula
Piena raZoSanas apjoms un gada pieauguma tempi Baltijas valstis, tiikst.
tonnu

Gads Latvija lt):j:::sgl(l:/r: ;‘ Lietuva l:;f;lssgl(l:;: ;‘ Igaunija l:;f::;sgl(l:;: ;‘
2004 786,4 1848,7 652,4
2005 810,3 3,04 1861,6 0,69 670,4 2,75
2006 815,1 0,59 18913 1,59 691,7 3,17
2007 841,6 3,25 1936,6 2,39 6924 0,10

33




3.1.tabulas turpinajums

Gads Latvija It);:::;sgl(l;: ;‘ Lietuva I:;f::;sgl(l;: ;‘ Igaunija I:;f;‘;;gl(l;: ;‘
2008 835,5 -0,72 1883,7 -2,73 694,2 2,59
2009 831,5 -0,47 1791 -4,92 671 -3,34
2010 834,5 0,36 1736,5 -3,04 671 0,00
2011 845,2 1,28 1786,4 2,87 692.9 3,26
2012 873,8 3,38 1778,1 -0,46 721,2 4,08
2013 915,1 4,72 1723,1 -3,09 772 7,04
2014 971,8 6,19 1795,1 4,17 805,2 4,30
2015 978,1 0,64 1738,5 -3,15 783,2 -2,73
2016 986,2 0,82 1627,7 -6,37 783,1 -0,01
2017 1000,1 1,40 1570,7 -3,50 790,6 0,95
2018 982.,9 -1,71 1571,8 0,07 797,6 0,88
2019 978.9 -0,40 1551,1 -1,31 821,47 2,99
2020 988,2 0,95 1491,7 -3,82 848,06 3,23
2021 990,3 0,21 1476,9 -0,99 839,39 -1,02
2022 973,8 -1,66 1521,9 3,04 848,63 1,10
2023 9622 -1,19 14729 -3,21 894,71 5,42

Avots: autores veidots péc (CSP n.d.-d; Statistics Lithuania n.d; Statistics Estonia n.d.-
d datiem).

Latvija ir novérojams stabils piena raZzo$anas apjoms ar nelielu pieauguma
tendenci visa apliikojamaja perioda, sakot no 786 tiikst. tonnam 2004. gada.
2023. gada sarazota piena daudzums sasniedza 962 tukst. tonnu. 2007. gada tika
noverots augstakais sarazota piena apjoms (1000 tikst. tonnu), kas 2018. gada
samazinajas (1,83%), bet kopgjais apjoms tapat saglabajas augstaks neka
Igaunija.

Igaunija ir novérojama lidziga dinamika ka Latvija — salidzinosi stabils un
méreni pieaugoss piena razoSanas apjoms. 2004. gada Igaunijas piena razosanas
apjoms bija 652 tiikst. tonnu un 2023. gada tas pieaudzis lidz 895 tikst. tonnu,
kas ir tuvu Latvijas raditajam attiecigaja gada.

Salidzinot ar Latvijas un Igaunijas raditajiem, Lietuva domin& piena
razoSanas apjoma zina. Visa aplikojamaja perioda Lietuva ir nove€rojams
augstakais piena razosanas apjoms, kura tika novérotas lejupslides, tacu tapat
saglabajas butiski augstakais raditajs Baltijas valstis. 2004. gada Lietuva sarazoja
1849 tukst. tonnu piena, bet 2023. gada —1473 tukst. tonnu. Nepemot véra
meéreno samazinajumu, kop€jais sarazota piena apjoms joprojam ir biitiski lielaks
neka kaiminvalstTs.

Kopuma var secinat, ka, nenemot véra ganampulku apjoma, ka arT mazo
saimniecibu skaita samazinajumu, produktivitate nav mazinajusies un atseviskas
valstis ir pat pieaugusi.

34




Viens no bitiskiem faktoriem, kas ietekm& piena razoSanu, ir baribas
pieejamiba, tas kvalitate un cenas.
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3.5. att. Graudaugu cenu izmainas Baltijas valstis, 2020.-2024. gada

Attela ir redzamas graudaugu cenu izmainas Baltijas valstis ped€jos piecos
gados, atspogulojot tirgus dinamiku, kas ir nozimigi piena lopkopiba. 2022. gada
visas trijas valstis tika noveérots strauj§ cenu kapums, kad kvieSu cenas vidgji
sasniedza 30 EUR/100 kg, miezu 27,90 EUR/100 kg un auzu 25,85 EUR/100 kg.
Attiecigaja gada piena cenu kapums bija cieSi saistits ar globalajam
ekonomiskajam un geopolitiskajam norisem, jo ipasi Krievijas iebrukumu
Ukraina, energoresursu cenu strauju piecaugumu un piegades kezu trauc€jumiem.
2023.un 2024. gada vérojama cenu mazinasanas tendence, tam stabilizgjoties un
tuvojoties pirmskrizes [imenim. No graudaugiem augstaka cena visa perioda bija
kvieSiem, tad sekoja mieZi, savukart auzu cena bija zemaka.

3.2.Piena cenas Baltijas valstis: analize un tendences

Razo$anas apjomi un piena cenas ir savstarpgji saistiti faktori, kas atspogulo
tirgus piedavajuma un pieprasijuma mijiedarbibu. Piena cenas dazadas pasaules
valstTs ir atSkirigas, un to ietekmé vairaki ekonomiskie, socialie un vides, ka ar1
dazadi politiskie apstakli (Popescu et al., 2019). Piena razoSanas nozare ir saméera
nestabila nozare, kurai ir raksturigas ir straujas “krizes”, kad piena iepirkuma
cena samazinas zem piena razoSanas paSizmaksas, ka arT to ietekmeé dazadi
faktori, sakot ar laikapstakliem (ietekméjot baribas sagatavoSanu un dzivnieku
labbiitibu) Iidz globalajam izmainam pasaulé Augustynska-Grzymek et al.,
2017). Lidz ar to arT piena iepirkuma cena Latvija ir nestabila un biezi mainas, jo
piena iepirkuma cena Baltijas valstis ir cieSi saistita ar piena cenu pasaulé un ES.
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Avots: autores veidots péc EUROSTAT n.d.-a datiem.

3.6. att. Pasaules notikumu ietekme uz videju sverto piena iepirkuma cenu
EUR/100 kg Latvija, Lietuva, Igaunija un ES-27

ES piena tirgu skara piena krize, kad 2014.-2016. gada piena cena tika
registréta zemakaja limeni. ST cenu krize ietekm@ja ari cenas Baltijas valstis un
$aja perioda butiski samazinajas piena iepirkuma cena. So cenu samazinajumu
izraisija Krievijas valdibas noteiktais importa embargo ES lauksaimniecibas
produktiem, kas stajas speka 2014. gada 7. augusta, ka ar pasaules piena tirgus
nestabilitate un it Ipasi strauj$ pieprasijuma samazinajums Azijas tirgii, Ipasi
Kia 2014. gada beigas (Salois, 2016). Nemot véra, ka Kina ir viena no
lielakajam piena razotajam pasaulg, tas ietekme uz pasaules tirgu, tostarp Baltijas
valstim, ir véra nemama (Bai et al., 2018). Saja perioda Eiropas Komisija veica
noteiktus pasakumus, lai jau laikus noveérstu piena cenas krizes sekas, — tika
palielinatas investicijas piena saimniecibu modernizacija, lai neatpaliktu no
tehnologiska progresa, tika stimuléta augstas produktivitates govju audzesana,
lai varétu intensivi razot augstas kvalitates pienu (Popescu et al., 2019).

Tomér vislielakais cenu kapums tika novérots 2022. gada otraja pusé. So
straujo pieaugumu ietekméja Krievijas-Ukrainas kar§, kas izjauca razosanas un
piegades kédes, tadgjadi butiski pieauga meslojuma, graudu un energijas resursu
cenas, kas savukart sadardzinaja piena parstrades izmaksas, kuras atspogulojas
piena produktu cenu kapuma. Eksporta un importa ierobezojumi biitiski
ietekm@ja arT piena cenas, jo valstis bija spiestas parskatit savus tirdzniecibas
partnerus (Hassen & Bilali, 2022).

Vel janem véra, ka viens no faktoriem, kas ietekmé piena lopkopibu, ir govju
laktacijas periods un baribas pieejamiba (Paura & Arhipova, 2016). Tas nozimg,
ka vasara, pavasarl un rudeni (kad ir pieejama svaiga lopbariba ar augstaku
proteina saturu) un govis ir pec atnesanas palielinds piena razoSana, un Iidz ar to
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piena cena mazinas, bet ziema, kad piena razoSana mazinas jo ir caurmeéra
zemaka baribas kvalitate un govis ir cietstavosas, tirgii ir mazak piena, piena cena
palielinas. Darba autore ir izpétijusi sezonalitates ietekmi uz piena cenam
Baltijas valstis un ES-27.

Rezultata tika izsecinats, ka ziemas ménesos, kad sarazo mazak piena, piena
cenas ir augstakas neka piena iepirkuma vidgja cena (sezonalitates indekss ir
lieldks neka I). It 1pasi §1 tendence vérojama Latvija un analizg&jot kop&jo ES-27
raditaju. Savukart vasaras méneSos cenas ir zemakas neka vidgja cena
(sezonalitates indekss ir mazaks neka 1), kas var biit saistits ar to, ka vasara
perioda razoSana palielinas, veidojas piedavajuma parpalikumi un piena
iepirkuma cenas mazinas. Baltijas valstis cenu izmainas ir loti lidzigas, kas
norada uz I1dzigo sezonalitates ietekmes tendenci.

3.3. Augu izcelsmes piena alternativas

Analizgjot tradicionalo piena lopkopibu un tas tendences, ir biitiski nemt véra
arT augu izcelsmes piena alternativu sektora pieaugo$o nozimi. Augu izcelsmes
piena nozare ir piedzivojusi strauju izaugsmi visa pasaulg, un So tendenci sekme
pateretaju pieprasijums pec laktozi nesaturosiem produktiem. Tapat So tendenci
ir veicinajis veganisms un ta paveidi, cilvékiem izveloties nelietot uztura
dzivnieku izcelsmes produktus vai mazinot to lietoSanu, tadejadi dazadojot
uzturu un dzivnieku izcelsmes produktus pilniba vai dal&ji aizstajot ar augu
izcelsmes produktiem. Straujaks pieprasijums liek partikas uzn@mumiem attistit
piena alternativu razoSanu uz augu bazes (Park, 2021; Pontonio & Rizzello,
2021). Augu piens tiek iegiits no dazadam augu izcelsmes sastavdalam,
pieméram, graudaugiem, pakSaugiem, riekstiem un augliem (Pontonio &
Rizzello, 2021). Sojas piens, kokosriekstu piens, mandelu piens, risu piens un
auzu piens ir popularakie augu izcelsmes piena veidi (Shori & Al Zahrani, 2022).

Nemot vera pieprasijuma piecaugumu, arT $ada piena pardosanas apjomi ir
augusi — no 2020. Iidz 2022. gadam atseviskas Eiropas valstis ir novérojama so
produktu pardosanas picauguma tendence (2,85 miljrd. EUR 2020. gada, 2,06
miljrd. EUR 2021. gada un 2,21 miljrd. EUR 2020. gada).

Sads pieaugums atspogulo patérétaju augoso interesi par dzérieniem, kas tiek
razoti no augu valsts izejvielam. 2022. gada Vacija bija valsts ar visaugstako
augu izcelsmes piena pardosanas apjomu, parsniedzot 500 miljonus EUR, kamér
Polija attiecigaja gada sasniedza 82,5 miljonus EUR (Good Food Institute
Europe, n.d.).

Attiecigi augu izcelsmes piens un piena produkti (jogurts, biezpiens, siers
u. c.) vairs netiek uztverti tikai ka niSas produkti veganiem vai personam ar
laktozes nepanesibu, un §1 tendence liecina par strukturalam parmainam partikas
patérina modelos un liek tradicionalas piena lopkopibas uzn€mumiem meklet
jaunas pielagosanas stratégijas, tostarp dazadojot savu produktu piedavajumu ar
augu izcelsmes produktu piedavajumu (Haas et al., 2019). Japiebilst, ka ES un
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Baltijas valstTs ir vairaki piena parstrades uznémumi, kam ir izdevies veiksmigi
pielagot tradicionalo uznémuma darbibu piena produktu parstradé un papildinat
uznémuma piedavajumu ar augu valsts piena aizstajEjproduktu razoSanu,
pieméram, “Valio” Somija, kas piedava plasu “Oddlygood” auzu dz€rienu un
desertu klastu, un “Tere” Igaunija. Latvija “Food Union” grupas uznpémums
“Rigas piena kombinats” ir ieviesis tirgli augu valsts dz€rienus un desertus ar
zimolu “Lakto Oat”, bet Sobrid ar o zZimolu tiek razots tikai viens produkts, lidz
ar to So produktu sortiments nav plass un parsvara Latvija pieejamas piena
produktu augu piena alternativas tiek importetas.

Augu izcelsmes piena alternativu razo$anas pieaugums saistas arl ar vides
ieguvumiem. Proti, dzivnieku izcelsmes partikas razoSana, tostarp tradicionala
piena lopkopiba, rada ievérojamu slogu ekosistémam, jo tai ir raksturigas augstas
siltumnicefekta gazu emisijas, intensiva zemes izmanto$ana un ievérojams
saldtidens resursu patérins (Geburt et al., 2022).

Kaut gan pieprasijums p&c augu izcelsmes piena alternativam pieaug un tam
ir salidzinosi mazaka ietekme uz vidi, tomér ir janem v&ra, ka ST nozare sastopas
ar atseviskiem izaicingjumiem — gan ES normativa reguléjuma, gan $ada piena
sastava d€] — un arT niansém saistiba ar piena razoSanu. Pieméram, Sobrid ES
tiesibu akti pielauj tikai dzivnieku izcelsmes produktiem lietot nosaukumus
“piens”, “siers” vai “sviests” (Eiropas Parlamenta un Padomes Regula (ES) Nr.
1308/2013 nosaka, ka termins “piens” apzim€ vienigi parastu piena dziedzeru
sekretu) (Eiropas Parlaments un Padome, 2013). Sada pieeja ierobeZo augu piena
razotaju nosaukumu “piens”, ta vieta razotaji izvelas “augu dzeriens”.

Tapat, nepemot veéra to, ka Sada veida produkti ieglist arvien lielaku
popularitati un pieprasijums péc tiem aug, to uzturvertiba butiski atskiras no govs
piena. Vairums augu izcelsmes dz€rienu satur mazak pilnvertigu olbaltumvielu,
taukskabju un bioaktivo komponentu, ka ari nesatur biologiski aktivas vielas,
pieméram, laktoferinu, imtinglobulinus, fosfolipidus un nukleotidus, kuri ir
pieejami govs piena (Park, 2021). Tadgjadi to biologiska vertiba ir zemaka, jo
trikst optimalas neaizstajamas aminoskabju kombinacijas, salidzinot ar govs
pienu (Karoui & Bouaicha, 2024). Tomér jaatzime, ka augu izcelsmes dz&rieni
satur citus bioaktivos savienojumus, pieméram, polifenolus un antioksidantus,
kas var sniegt atSkirigu fiziologisko labumu, tacu tie nav tiesi salidzinami ar
piena specifiskajam biologiski aktivajam vielam (Aydar et al., 2020; Vashisht et
al., 2024). Attiecigi augu alternativas nevar uzskatit par uzturvertibas zina
ekvivalentam govs pienam.

Kopsavilkuma: augu izcelsmes piena produktu alternativu attistiba Eiropa
norada uz butiskam parmainam partikas paterina struktiird, ko nosaka gan
patérétaju ieradumu maina, gan vides ilgtsp&jas faktori.
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34. Klasteru identificeSana piena lopkopiba ES

Lai labak izprastu un analiz&tu piena lopkopibas atSkiribas ES, tika lietota
klasteranalize — datu izp&tes metode, kuras méerkis ir identificet l1dzigu objektu
grupas, pamatojoties uz vairakiem raksturlielumiem. Sada pieeja lauj atklat vél
nezinamas objektu grupas un klasific€t valstis pec to lidzibas piena lopkopibas
attistibas raditajos, nepamatojoties uz iepriek§ definétam grupam (Landau &
Ster, 2010).

Pirmaja posma tika veikta faktoru analize, kuras vispargjais meérkis ir
strukturét un apkopot datus ta, lai mainigo savstarpgjas attiecibas un
likumsakaribas biitu vieglak interpretgjamas un izprotamas. ST metode parasti
tiek izmantota, lai, pamatojoties uz kopigo dispersiju, apvienotu mainigos
ierobezota skaita savstarp€ji saistitu grupu (Young & Pearce, 2013). Otraja
posma tika veikta klasteru analize, kuras pamata ir elementu izlases grupesana
ta, lai statistiska dispersija starp viena grupa ieklautajiem elementiem biitu
minimala, bet atSkiribas starp grupam maksimalas, kas lauj parvarét mingto
ierobezojumu. ST metode nodrofina iespéju konfiguraciju noteiksana ieklaut
vairakus mainigos vienlaicigi (Ketchen & Shook, 1996).

Analizg izmantoti gan $aja darba jau apliikotie, gan papildus apkopoti raditaji.
ES valstu klasterizacija balstita uz EUROSTAT 2023. gada datiem, bet trikstoSie
dati atseviskos gadijumos aizstati ar iepriek$€jo gadu vai, statistiski pamatoti,
kaiminvalstu datiem.

3.2. tabula

Klasteranalizei apkopoto datu klasifikacija raditaju grupas un raditajos

Grupa Raditajs

Piena razo$anas kapacitate Slaucamo govju skaits, savakta govs piena apjoms,
apstradata piena izplatiSana, siera razo$ana, sviesta
razoSana, paskabinatd piena produktu razoSana,
vajpiena pulveris, siikalas
Tirgus dinamikas raditaji Piena pardoSanas cenas, augkopibas produktu
pardosanas cenas, svaigpiena eksports, svaigpiena
imports, darbinieku atlidziba, lauksaimniecibas
zemes cenas, biologiska govs piena cenas
Ekonomiskie un demografiskie | IKP uz vienu iedzivotaju, IKP pieaugums,

raditaji nodarbinatibas  ITmenis, bezdarba Iimenis,
lauksaimniecibas dala IKP, iedzivotaju skaita
izmainas, iedzivotaju skaits, teritorijas platiba,
lauksaimnieciba nodarbinato patsvars

Avots: autores veidots

Lai veiktu klasteranalizi, vispirms tika veikta faktoranalize, kuras rezultata
tika izveidoti kompleksie faktori. Pastav divi statistiski raditaji, kas tiek
izmantoti, lai novertétu datu piemérotibu faktoru analizei: Kaiser—Meyer—Olkin
(Kaiser-Meyer-Olkin) (KMO) tests un Bartleta sfériskuma tests.
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Attiecigi izejas datu matricas piemérotiba faktoru analizes veikSanai tika
noverteta, izmantojot KMO testu un Bartleta sfériskuma testu. KMO raditajs bija
0,632, kas parsniedz minimalo pielaujamo robezvertibu 0,5, apliecinot, ka datu
kopa ir pietickami piem&rota turpmakai analizei. Savukart Bartleta tests uzradija
p vertibu 0,000, kas ir mazaka neka 0,05, noradot, ka mainigo dispersijas biitiski
atskiras un dati ir statistiski pamatoti izmantoSanai faktoru analize.

Lai optimizetu analizes rezultatus, tika veikta korelacijas analize, lai
identific@tu un izslegtu tos raditajus, kuru savstarpgja korelacija ar pargjiem datu
kopas mainigajiem bija nepietickama. Analizes gaita tika konstat€ti un no
turpmakas apstrades tika izslégti vairaki raditaji, kas uzradija vaju savstarp&jo
korelaciju, tie bija: stkalas, augkopibas produktu pardoSanas cenas,
lauksaimniecibas zemes cenas, biologiska govs piena cenas, IKP pieaugums un
bezdarba limenis. Lai korelacija liecinatu par stipru saistibu starp mainigajiem,
tai ir jabut 0,30 vai lielakai (Yong & Pearce, 2013). IepriekSmingtajiem
raditajiem maksimala korelacija ar citiem mainigajiem neparsniedza 0,3, turklat
atseviskos gadijumos tas bija negativa. Sads rezultats norada uz vaju dispersiju
ar pargjo datu kopu un ierobezotam iesp&jam veidot stabilu latentas struktiiras
aprakstu.

Lai labak izprastu raditaju savstarpgjas attiecibas, tika izveidota korelacijas
matrica, kuras interpretacija lava identificét mainigo grupas ar augstu pozitivu
vai negativu savstarp&jo korelaciju, un $o rezultatu izmantoSana faktoru analizg
atklaja tr1s kompleksu faktoru struktiiru, kas skaidro 68,19% no kopgjas
dispersijas un kuras kopibu vidgja vertiba (0,632) parsniedz literattira noteikto
0,60 slicksni Kaiser metodes pieméros$anas uzticamibas nodro§inasanai.

Pirmais kompleksais faktors (F1) raksturo piena raZo$anas mé&rogu un
razo$anas jaudu izmanto$anu, un to var interpretét ka piena razosanas faktoru.
Tas demonstre loti augstas pozitivas korelacijas ar apstradata piena izplatiSanas
apjomu (0,976), iegita piena daudzumu (0,972), siera razosanu (0,960),
slaucamo govju skaitu (0,959), darbinieku atlidzibu (0,959), paskabinato piena
produktu razosanu (0,933), sviesta razoSanu (0,886) un vajpiena pulvera
razosanu (0,849).

Otrais kompleksais faktors (F2) galvenokart raksturo nozares
pieprasijumu, un to var interpretét ka firgus aspektu. Tas ir ciesi saistits ar
iedzivotaju skaita izmainam (0,778), nodarbinatibas Iimeni (0,687) un ickSzemes
kopproduktu uz vienu iedzivotaju (0,677), kas norada uz ekonomiskas
labklajibas un demografisko faktoru nozimigo lomu tirgus pieprasijuma
veidoSana.

Tresais kompleksais faktors (F3) raksturo makroekonomisko un argjas
tirdzniecibas vidi. Tas uzrada loti augstas pozitivas korelacijas ar svaigpiena
importu (0,976) un piena pardoSanas cenam (0,972), atspogulojot argja tirgus
dinamiku un ietekmi.

Pamatojoties uz faktoranalizes rezultatiem, nakamaja posma tika veikta
klasteru analize, lai grup&tu vienibas péc Iidzibas identifictajos faktoros.
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Faktoru nozimiba klasteru veidoSana tika parbaudita ar dispersijas analizi
(ANOVA), vertejot dispersiju starp klasteriem un to iekSieng; statistiski
nozimigas atSkiribas tika konstatétas, ja Nozimibas vertiba Sig. (p-vertiba) < 0,05
(Henson, 2015). Iegttie rezultati liecina, ka visi trTs faktori ir statistiski nozimigi,
jo visos gadijumos Sig. < 0,05, kas norada uz butiskam atSkiribam starp
klasteriem.

Izmantojot Elbow metodi (Elbow rule) tika noteikts klasteru skaits — 6.
Elbow metode balstas uz izkliedes samazinajuma un picauguma attiecibu analizi,
identificgjot punktu, kur papildu klasteru pievieno$ana vairs nenodros$ina biitisku
izkliedes samazinajumu (Thorndike, 1953).

1. klasterim ir raksturigs izteikts piena razoSanas faktors, kas liecina par
razosanas jaudas dominanci, bet ar ierobezotu tirgus un makroekonomisko
faktoru stimulgjoso efektu. Saja klasterT icklaujas Spanija, Francija, Italija un
Polija. Saja klasterT eso§as valstis izcelas ar augstu piena razo$anas kapacitati un
labi attistitu parstrades nozari. Sim valstim ir raksturigs liels slaucamo goviju
skaits (2023. gada Spanija bija 785 tiikst., Francija 3164 tikst., Italija 1808 tikst.
un Polija 2243 tikst.) un sarazota piena daudzums (kopa 2023. gada Sis valstis
razoja 56718,61 tikst. tonnu piena), kas veido ievérojamu dalu ES kopgja
sarazota piena daudzuma.

2. klastert ir salidzino$i zemaki raditaji visos trijos faktoros, Ipasi tirgus
aspektos. Sis klasteris raksturo valstis ar ierobeZotu nozares kapacitati un zemaku
pieprasijumu. Saja klasterT atrodas Bulgarija, Griekija, Horvatija, Rumanija un
Latvija. No visam valstim vistuvak klastera centram atrodas Bulgarija, savukart
Latvija ir salidzinosi talu no 2. klastera centra. Saja klasterT ietilpsto3as valstis
raksturo zemaka piena razoSanas intensitate un vajaka tirgus attistiba. Dati par
2023. gadu liecina, ka $ajas valstis piena razosana ir biitiski mazaka neka Eiropas
vadoSajos piena tirgos. Lielakaja dala So valstu arT piena iepirkuma cenas ir
zemakas neka videja ES (kas 2023. gada bija 47 EUR/100 kg), piemé&ram, Latvija
2023. gada cena bija 35 EUR/100 kg un Rumanija 45 EUR/100 kg.

P&c piena razoSanas faktora 3. klasteris ir lidzigs 2. klasterim, tomer $aja
klasterT atrodas valstis ar labvéligakiem tirgus apstakliem. Saja klasterT atrodas
visvairak valstu — 11 —, un vistuvak centram atrodas Somija. Pargjas valstis ir
Belgija, Igaunija, Kipra, Lietuva, Ungarija, Austrija, Portugale, Sloveénija,
Slovakija, un Zviedrija. Saja klasterT apvienotas valstis ar vidéju piena razo3anas
intensitati, lidzsvarotu tirgus struktiiru un stabilu makroekonomisko vidi, kas
kopuma nodrosina efektivu un noturigu piena raZzoSanas modeli. Kopuma S$aja
valstis piena razoSanas apjomi ir m&reni, tomér to kompens€ labi organiz&ts piena
tirgus. Baltijas valstis iezim& skaidru strukturalu atSkiribu piena nozares
attistibas Itmeni, kas atspogulojas arT klasteru analizes rezultatos. Igaunija un
Lietuva atrodas 3. klasterT, savukart Latvija 2. klasterT, ko atSkiriba no 3. klastera
raksturo vajaks tirgus. Attiecigi Lietuva un Igaunija atrodas klasterT, kur valstis
spgj saglabat stabilu iepirkuma cenu limeni, kas nodrosSina augstaku ienakumu
un konkurétsp&ju. Savukart Latvija saglabajas zemaks iepirkuma cenu limenis,
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kas kopa ar mazaku parstrades sektoru un vajaku eksporta poziciju nosaka tas
piederibu 2. klasterim.

4. klasteris izcelas ar augstu tirgus aspektu vértibu, videjiem raditajiem piena
razosana un nedaudz negativu makroekonomisko vidi. Tas ir raksturigs valstim
ar spécigu pieprasijumu (augstaka pirktsp€ja, 1edz1votaju skaita dinamika), ka ar1
stabilizétu razoanas Iimeni. Saja klasterT atrodas Cehija, Danija, Luksemburga,
Malta un Niderlande; tipiskaka valsts Saja klaster1 ir Danija, bet vismazak
tipiska — Niderlande. Saja klasterT piena raZo$anas apjomi nav domingjo3ais
aspekts, tacu tirgus efektivitate, cenu stabilitate un parstrades spgja ieveérojami
parsniedz ES vidgjo ltmeni. Tadgjadi So valstu priekSrociba nav razoSanas
apjoma palielinasana, bet gan efektivaka razoSana, lielaka pievienota veértiba
parstrade un lidzsvarots tirgus.

5. klasterim piemit augsts razosanas faktors un ievérojami tirgus aspekti. Tas
norada uz valsti ar izteiktu raZzo$anu, un Kklasteri ir tikai viena valsts, kura ir
tipiskaka klastera parstave,— Vacija—, kurai piemit ievérojami augstaks
razo$anas Iimenis ar 31 423 tiikst. tonnu sarazota govs piena daudzuma 2023.
gada, kas veido gandriz piekto dalu kop&ja ES piena razoSanas apjoma. Tomer
Vacijas atrasanas atseviskaja klasterT nav tikai liela sarazota piena daudzuma del,
bet arT tadel, ka valsti raksturo augsta parstrades sektora koncentracija un
integracija starp piena kooperativiem, riipniecibu un eksportu (Wehner et al.,
2022).

Un pedgja, 6. klaster’, domin€ makroekonomiskas vides faktors, bet piena
razo$anas un tirgus aspekti ir mereni pozitivi. Ar1 $aja klasterT atrodas tika viena
valsts, ta ir Irija. Irija ir viens no augstakajiem IKP uz iedzivotaju (96 290 EUR
2023. gada) un augsts cksporta ipatsvars (158 656 tonnu 2023. gada). Tas
nozimé, ka piena lopkopiba darbojas valsts kopgjas ekonomiskas stabilitates
ietvara, un attiecigi saimniecibam ir pieejams finans€jums attistibai un eksporta
infrastruktiira. Tapat Irijas piena lopkopiba ir nozimigakais ienakumu avots
gimenes saimniecibam valsti, proti, §1 nozare nodro§ina visaugstako saimniecibu
ienakumu Itmeni starp visam lauksaimniecibas nozarém, un tas turpmaka
attistiba tiek pamatota ar ganibu raZiguma paaugstinasanu, lopu auglibas
uzlaboSanu un baribas izmaksu samazinaSanu, kas stiprina Irijas piena
lopkopibas noturibu un ilgtsp&ju (Teagasc, 2023).

Kopuma klasteru analizes rezultati norada uz bitiskam atSkirtbam Eiropas
valstu piena lopkopiba. Vienlaikus rezultati sniedz ar1 bitisku pamatu
turpmakajai scenariju izstradei, jo tie skaidri parada Latvijas piena lopkopibas
atSkirigo poziciong&jumu salidzinajuma ar Lietuvu un Igauniju. Latvijas piederiba
klasterim ar vajakiem strukturalajiem un tirgus raditajiem lauj identificet
konkrétas attistibas vajas vietas, kuras ir jamodele turpmakajos AGMEMOD
scenarijos.
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4. METODOLOGIJA UN REZULTATI LATVIJAS
PIENA LOPKOPIBAS SCENARIJU MODELESANA

Nodalas saturs darba aiznem 27 Ipp., kuras ietilpst 8 tabulas un 17 atteli.

Ceturtaja nodala, izmantojot AGMEMOD modeli, tika analizéta Latvijas
piena lopkopibas iesp&jama attistiba divos scenarijos, izvertgjot slaucamo govju
skaita, vidgja izslaukuma un kopg@ja sarazota piena apjoma dinamiku. Nodala
aplikota datu aktualizacijas un vienadojumu parkalibréSanas ietekme uz bazes
scenariju, ka ar1 izstradati un salidzinati alternativi attistibas scenariji, kas
atspogulo atskirigus saimniecibu modernizacijas tempus un to ietekmi uz nozares
strukturalajam parmainam. Papildu uzmaniba pieversta Baltijas valstu piena
iepirkuma cenu veido$anas mehanismiem AGMEMOD modeli. Nodalas
nosléguma scenariji validéti, izmantojot TOPSIS metodi, kas lava identificét
piemérotako scenariju.

AGMEMOD galvenokart tiek izmantots, lai izveidotu bazes scenariju
“Baseline”, kas ir lauksaimniecibas tirgus turpmakas attistibas scenarijs,
pamatojoties uz vésturisko attistibu. Sads scenarijs pamatojas uz piengmumiem
par eksogéniem mainigajiem, kas tiek noteikti arpus modela (Salamon et al.,
2019). Ir butiski nemt vera, ka bazes scenarijs un art alternativi veidotie scenariji
netiek uzskatiti par nakotnes prognozem, bet par iesp€jamiem tirgus attistibas
scenarijiem.

Nemot véra modela merki un darbibas principus, darba tika veiktas vairakas
metodologiskas darbibas, kas lautu nodro$inat scenariju identific€sanu, izstradi
un arf analizi.

1.solis “Ekspertu intervijas”. Autore veica intervijas ar nozares ekspertiem,
lai iegtitu dzilaku izpratni par piena lopkopibas attistibas tendencém, problémam
un potencialajiem virzieniem nakotng.

2. solis “Scenarija identificéSana”. Autore identific€ja divus scenarijus: A
“Merktieciga un intensiva saimniecibu modernizacija” un A2 “Ierobezota
saimniecibu modernizacija”.

3. solis “Datubazes papildinasana”. Autore veica AGMEMOD datubazes
papildinasanu un atjaunos$anu ar Latvijas datiem, kas ]ava modelim darboties ar
aktualiem ievades datiem, tadgjadi nodroSinot prognozu ticamibu tendencém,
problémam un potencialajiem virzieniem nakotné.

4. solis “Vienadojumu parkalibréSana un pielago$ana”. Autore veica
modela Latvijas vienadojumu parskatiSanu, IpaSu uzmanibu pieversot tiem, kas
tieSi ietekm& scenarija izstradi un paredzamo rezultatu dinamiku nodroSinot
prognozu ticamibu tendencém, problémam un potencialajiem virzieniem
nakotné.

5. solis “Scenarija izstrade”. Autore izveidoja jaunu “Baseline” jeb
pamatscenariju, kura tika integréti aktualiz&tie dati un vienadojumi; tas kalpoja
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ka atskaites punkts, attieciba pret kuru tika salidzinati turpmak izstradatie
scenariji.

6. solis “leguito rezultatu novértésana”. Autore veica scendrija iegiito
rezultatu izvertéSanu, izmantojot TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) metodi.

Pirma sola mérkis bija identificét aktualas strukturalas parmainas piena
lopkopiba, ka arm apzinat galvenos izaicinajumus un iesp&jamos attistibas
virzienus. legtita informacija kalpoja par pamatu scenariju struktur€Sanai un
model&Sanas virzienu izvélei.

Intervijas tika rikotas laikposma no 2025. gada 6. maija lidz 13. jinijam. Tika
interveti $adi eksperti:

e Raimonds Jakovickis — Zemnieku sacimas lopkopibas eksperts;

e leva Krustina — biedribas “Latvijas HolSteinas skirnes lopu audzgtaju

asociacija” izpilddirektore;

e Dr. agr. Daina Jonkus — Latvijas Biozinatnu un tehnologiju universitates

profesore, vadosa pétniece;

e Aldis Klavins — ZS “Cerini” saimnieks.

Izveletie eksperti parstav atSkirigus piena lopkopibas Ilimenus -
institucionalo, akadeémisko un praktisko, tadgjadi nodroSinot razoSanas,
selekcijas, politikas un pétniecibas dimensiju parklagjumu. Sada daudzpusiga
parstaviba lava analiz&t nozares strukturalas parmainas gan no strat€giska un
politikas veidoSanas skatpunkta, gan no saimnieciskas darbibas un
produktivitates perspektivas.

Lai nodro$inatu sistematisku pieeju, tika izstradatas interviju vadlinijas, kas
aptvéra §adus tematiskos blokus: saimniecibu struktiiras dinamika, tehnologiju
ievieSana un darbaspéka efektivitate, piena kvalitates un selekcijas prioritates,
piena parstrades kapacitate un tirgus izaicinajumi, ka ar klimata politikas
ietekme uz nozari.

Lai identificétu galvenos ietekmgjosos argjos faktorus, ir veikta PESTEL
(Political, Economic, Sociological, Technological, Environment and Legal)
analize, kas pamatojas uz ekspertu interviju rezultatiem.

Veikta PESTEL analize lauj izdarit biitiskus secinajumus par Latvijas piena
lopkopibas attistibas tendencem un argjas vides ietekmi. Piemé&ram, politiska un
tiesiska nenoteiktiba rada ievérojamus riskus nozares ilgtsp€jai, savukart
tehnologiskas parmainas paatrina saimniecibu strukturalas atSkiribas, proti, lielas
un modernizétas saimniecibas klast konkurétsp&jigakas, kamér mazo
saimniecibu skaits mazinas.

Vienlaikus ar1 klasteranalizes rezultati kalpoja ka pamatojums scenariju
izstradei, jo tie paradija, ka Latvijas atrodas 2. klasterT kopa ar valstim, kuram ir
raksturigi zemaki razoSanas un tirgus raditaji. Attiecigi ir jaizstrada un jaizverte
tads scenarijs, kur Latvijas piena lopkopiba tiecas uz attistitaku klasteri
(pieméram, 1. klasteri), ka arT tadu, kur nozare saglaba esoSo attistibas Iimeni un
attiecigi arT klasteri.
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Nemot véra ieprick§minéto, tika identificéti divi scenariji.

e A scenarijs “Merktieciga un intensiva saimniectbu modernizacija”
atspogulo situaciju, kura tiek saglabats stabils atbalsts saimniecibu
modernizacijai un lielaka dala saimniecibu spgj istenot pakapenisku
tehnologiju ievie$anu. Modernizacijas process rada priekS$noteikumus
ilgtspgjas merku sasniegSanai, Tpasi resursu izmantoSanas pilnveidoSanas
un vides prasibu ieverosanas joma.

e A2scenarijs “lerobeZzota saimniecibu modernizacija”® paredz
situaciju, kad ilgtspgjas mérku TstenoSanu kave neskaidrs un mainigs
normativais ietvars, kas ierobezo saimniecibu investiciju piesaisti.
Rezultata modernizacija notiek lénak un ierobezotak.

Nemot vera izstradato scenariju biititbu un to ietekmes raksturu, tika
identificéti raditaji, kuriem ir nepiecieSsama papildinasana vai precizéSana, lai
nodro§inatu pilnveértigu scenariju izveért§jumu, — kopéEjais saraZota piena
daudzums, vidgjais izslaukums no vienas govs un kopgjais slaucamo govju
skaits. Tie lauj skaidri kvantificgt, ka pakapeniska modernizacija vai stagnacija
regulativas nenoteiktibas dél ietekm&s piena razoSanu, efektivitati un
ganampulka dinamiku.

4.1. AGMEMOD datubazes papildinasana, vienadojumu
pielago$ana un scenariju izveide

AGMEMOD modelis pamatojas uz valsts datubazém (country databases),
kuras tiek ievaditi vésturiskie dati par attiecigas nozares raditajiem, tostarp
razo$anas apjomiem, cenam, importa un eksporta plismam, ka ari citiem
butiskiem indikatoriem. Lai “Baseline” scenarijs tiktu veidots, ieklaujot ar1
vesturiskos datus un tendences, ir butiski aktualizét datubazi (papildinat ar
trukstosiem datiem vai aktualizét esoSos datus).

Latvijas piena lopkopibas datubaze tika papildinata ar aktualajiem datiem
attiecibd uz kopéjo piena razosanas apjomu, slaucamo govju skaitu, vidéjo
izslaukumu no vienas govs un piena iepirkumu cenam. Mingtie raditaji tika
atjaunoti un papildinati, aptverot 2021.-2023. gadu, lai nodro$inatu modela
saskanotibu ar jaunakajam nozares tendencém. Datu pilnveide tika veikta,
izmantojot Centralas statistikas parvaldes (CSP) public€to informaciju.

Dati tika atjaunoti iepriekSmingtajiem raditajiem, jo tie ir butiskakie piena
razoSanas procesus raksturojoSie indikatori, ka arT tie veido savstarp€ji saistitu
sisttmu modelt, kura, piemeram, kopgjais slaucamo govju skaits ir tiesi atkarigs
no to produktivitates I[imena (izslaukuma uz vienu govi) un kopé&ja sarazota piena
apjoma. Lidz ar to kliidas vai neatbilstibas jebkura no Siem elementiem tiesi
ietekm& modela galarezultatus.
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P&c datu atjaunosanas sarazotam piena daudzumam tika noverota bitiska
“Baseline” korekcija uz leju (no 1280 tukst. t uz 1187 tukst. t), kas norada uz
sakotngji parvertetiem piena razo$anas apjomiem modeli.

Datu precizésana butiski ietekm&ja arT slaucamo govju skaita prognozi —
2024. gada “Baseline” paredzgja 174 tukst. slaucamo govju, savukart péc datu
atjauno$anas prognoze samazinajas lidz 158 takst. govju.

Vidgja piena izslaukuma datu precizéSana lava ieklaut vesturiskus datus
prognoze un ta saka veidoties no 2024. gada, nevis 2006. gada ka bija sakotngji.

Vel viens raditajs, kura dati tika parskatiti un aktualizgti, ir piena iepirkuma
cena. Sakotngji modell izmantotie dati neatbilda CSP oficialajiem raditajiem,
sakot no 2000. gada, Iidz ar to tika veikta datu preciz€Sana. Tapat datubaze tika
papildinata ar trikstosajiem datiem par 2021.-2023. gadu. Vienlaikus tika
konstatéts, ka vienadojums neieklava vesturiskos datus. P&c datubazes
atjauno$anas prognoze saka veidoties no 2024. gada.

Datu atjaunoSana bija bitisks posms, lai atjaunotu vésturisko datu
nepartrauktibu. Kopuma $ada datu precizésana lava nodrosinat modela atbilstibu
faktiskajiem apstakliem.

Lai nodrosinatu atbilstosu Latvijas piena lopkopibas attistibas atspogulojumu
un kvalitativu scenarija izstradi, tika veikta atsevisku AGMEMOD modela
vienadojumu parkalibréSana un pielagosana. Attieciba uz vienadojumu
parskatiSanu ir bitiski nemt veéra, ka katra valsti vienadojumi var atskirties,
nemot vera konkrétas valsts specifiku. Latvijas vienadojumi attieciba uz tadiem
raditajiem ka kop@jais sarazota piena daudzums, slaucamo govju skaits un
vidgjais izslaukums no vienas govs visdrizak netika parskatiti kops 2017. gada,
jo AGMEMOD datné ModelEquations nav ieklauta informacija par aktualo
datumu, kad vienadojums tika parskatits.

Autore saka ar vienadojumu, kas ir attiecinams uz piena izslaukumu uz vienu
govi, jo S§is raditajs atspogulo razoSanas efektivitati un kalpo ka viens no
indikatoriem, lai izvert&tu produktivitates izmainas piena lopkopiba. Péc tam tika
parskatits kopgja sarazota piena daudzuma vienadojums.

Abos gadijumos “Baseline” prognoze péc datu aktualiz€Sanas tika korigéta
un 2024. gada butiski pietuvinajas faktiskajiem CSP noveérojumiem (vidgéjam
izslaukumam aprékinatais izslaukuma raditajs sasniedz 8124 kg uz vienu govi
un §1 vertiba ir tuva faktiskajai CSP registrétajai vértibai attiecigaja gada — 8239
kg, savukart kop&jam sarazota piena daudzumam starpiba veidoja 58 tikst. t.,
savukart iepriek$gja vienadojuma starpiba bija butiskaka — 228 tukst. t.), tadejadi
uzlabojot modela atbilstibu realajai situacijai.

Savukart slaucamo govju skaita vienadojums netika parskatits, jo ta pamata
ir sarazota piena daudzums un vidgjais piena izslaukums no vienas govs un abi
vienadojumi tika iepriek§ parskatiti. P&c attiecigo vienadojumu preciz€Sanas
AGMEMOD automatiski parrékinaja rezultatus attiecigajam raditajam.
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Tikai peéc AGMEMOD datubazes papildinasanas un vienadojumu
parskatiSanas tika uzsakta scenariju izstrade, jo Sie ieprieksgjie posmi nodrosina
atbilstoSu bazi un metodologisko konsekvenci turpmakai model&sanai.

Scenarija A “Merktieciga un intensiva saimniectbu modernizacija”
izstrade

Lauksaimniecibas attistiba arvien vairak pamatojas uz produktivitates
cel$anu, izmantojot modernas tehnologijas. ST pieeja tostarp attiecas uz piena
lopkopibu, kur piena izslaukuma pieaugums ir ciesi saistits ar precizakam
barosanas metodém, dzivnieku veselibas parraudzibas risinajumiem,
automatizaciju un digitalizaciju, ka arT genétiska selekcija ir vél viens ilgtermina
produktivitates virzitajs piena lopkopiba. Petijumos tika konstatets, ka
izslaukumam ir vidgji augsta mantojuma pakape, kas nodrosina efektivu atlasi
un noturigu raziguma pieaugumu vairakas paaudzes. (Hassoun et al., 2023; Abiri
et al., 2023; Méndez-Zambrano et al., 2023; Lee et al., 2019).

Sadu tehnologiju lietosana lauj gan mazinat darbaspeka vienibas izmaksas,
gan uzlabot dzivnieku labturibas raditajus, laikus identificgjot novirzes veselibas
stavokll un pielagojot vadibas lémumus reallaika. Vienlaikus $ie risinajumi
veicina ilgtsp&jigu lauksaimniecibu un mazina nozares ietekmi uz vidi (Hassoun
et al., 2023; Abiri et al., 2023; Méndez-Zambrano et al., 2023).

Tapat dazados ES parskatos ir noradits, ka turpmaka izaugsme piena nozaré
tiks sasniegta, nevis palielinot ganampulku skaitu, bet uzlabojot esoso dzivnieku
produktivitati, kas ir cie$i saistita ar tehnologiju ievieSanu saimniecibas
(European Commission, 2024; Organisation for Economic Co-operation and
Development, 2025).

Tapat klasteranalizes rezultati paradija, ka Latvija Sobrid atrodas klasterT ar
zemaku produktivitati un vajaku tirgu, salidzinot ar kaiminvalstim. Saimniecibu
modernizacija lautu palielinat produktivitati un tadejadi ieklauties
konkurétspgjigaka klasteri, kura dominé wvalstis ar augstaku tehnologisko
nodrosinajumu, efektivakam razoSanas sisttmam un stabilaku poziciju
starptautiskajos tirgos.

Tapat valsti pastav garantijas instrumenti lauksaimniecibai, kuru parvalda
AS “Attistibas finansu institiicija Altum” (ALTUM). So instrumentu mérkis ir
veicinat finansu resursu pieejamibu lauksaimniecibas un lauku uznémumiem,
ipasi, ja tiem trikst pietickama nodroS$inajuma banku kreditu sanemsanai
(ALTUM, n.d.). Tom&r mazajam un vidgam saimniecitbam Latvija kreditu
pieejamiba joprojam ir butiski ierobezota. Galvenie Skersli ir nepietieckams
nodro§inajums, ierobeZots paSu kapitals un nelielais zemnieku saimniecibu
finanSu apgrozijums, kas biezi neatbilst komercbanku prasibam (Grivins et al.,
2021).

Bitiski ir minét arT prakses parnemsanu saimniecibas, kas lauj iepazities
ar jaunajam tehnologijam un redzét, ka tas darbojas praksé (Latvijas Lauku
konsultaciju un izglitibas centrs, n. d.-c).
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Nemot veéra lidz §im noverotas attistibas tendences, ka ar1 ekspertu
intervijas pausto par to, ka Latvija tiek novérota tehnologiju attistibas tendence
piena lopkopiba, tiek pienemts, ka saimniecibu modernizacija un tehnologiju
ievieSana un attistiba Latvijas piena raZoSanas nozar€ turpinasies arl nakotng.

Scenarija A “Merktieciga un intensiva saimniecibu modernizacija” ietvaros
tiek modeléta mérktieciga un strukturéta saimniecibu modernizacija, kas tostarp
ieklauj tehnologiju integraciju razo$anas procesos, paredzot $o parmainu
istenoSanos ka butisku faktoru produktivitates pieauguma nodroSinasana
ilgtermina.

Scenarijs tiek modeléts, izmantojot vid€ja izslaukuma no vienas govs
vienadojumu, jo gan ekspertu vertjumi, gan ES politikas dokumenti norada, ka
nozares turpmaka attistiba balstisies uz raziguma pieaugumu, nevis ganampulka
palielinasanu. Model1 vidgjais izslaukums ir funkcionali saistits ar govju skaitu,
tade] produktivitates kapums lauj nodroSinat tirgus pieprasijumu ar mazaku
dzivnieku skaitu. Modeli tehnologiju un modernizacijas ietekme tiek atspogulota
ar trenda komponenti TREND70, kuras koeficients scenarija palielinats no 147
lidz 150 (2,04%), model&jot pakapenisku produktivitates picaugumu. Lai
saglabatu atbilstibu ped&jo noveroto gadu datiem, tika veikta vienadojuma briva
locekla kalibréSana, izmantojot Intercept Calibration Tool, nodroSinot
vienmerigu pareju no vesturiskajiem datiem uz prognozeto periodu.

Scenarija A “Merktieciga un intensiva saimniecibu modernizacija” rezultati,
kuros tika modeléta tehnologiju pakapeniska ievie$ana Latvijas piena lopkopibas
saimniecibas, norada uz pozitivu ietekmi uz vid€jo izslaukumu no vienas govs
ilgtermina.
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“Baseline” scenarijs 2032. gada paredz&ja izslaukumu 9295 kg, savukart
saskana ar pakapenisku saimniecibu modernizacijas scenariju §1 veértiba pieauga
lidz 9769 kg. Tas nozimg, ka, salidzinot ar sakotn&jo attistibas trajektoriju,
prognoze picaug par 474 kg jeb aptuveni 5,1%. Sada atskiriba norada uz
meérktiecigu  tehnologisko  potencialu  piena razoSanas efektivitates
paaugstinasana.

Mingta scenarija ietvaros tika ietekméti arT citi biitiski piena razoS$anas
parametri — slaucamo govju skaits un kopgjais sarazota piena daudzums.

4.1. tabula
Relativa atSkiriba starp scenariju A “Merktieciga un intensiva saimniecibu
modernizacija” un scenariju “Baseline”, %

Raditajs | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

Slaucamo | -5,24 | -5,38 | -5,33 | -5,28 | -5,23 | -5,18 | -5,13 | -5,08 | -5,03
govju
skaits

Kopégjais 0,00 | -0,20 | -0,20 | -0,21 | -0,20 | -0,20 | -0,19 | -0,19 | -0,19
sarazota
piena

daudzums

Avots: AGMEMOD rezultati.

Tabula ir redzams, ka péc tehnologiju ievie$anas scenarija slaucamo govju
skaits prognozes perioda ir par aptuveni 5,0-5,4% mazaks neka “Baseline”,
tomer starpiba pakapeniski samazinas (no —5,24% 2024. gada Iidz —5,03% 2032.
gada). Vienlaikus kopg€jais sarazota piena apjoms praktiski saglabajas nemainigs
(vidgja novirze —0,19%), kas apliecina, ka produktivitates pieaugums uz vienu
govi kompensé ganampulka samazinajumu un atbilst nozares strukturalo
parmainu virzienam.

Nemot véra scenarija A ‘“Merktieciga un intensiva saimniecibu
modernizacija” modeléto pakapenisko tehnologiju ievieSanu Latvijas piena
lopkopiba, tika modeléts ari alternativs attistibas celS, kas paredz leénaku
modernizacijas tempu un ierobezotu tehnologiju ievie$anu saimniecibas, ko
ietekm¢ institucionalie un arT strukturalie Sk&rsli.

Scenarija A2 “IlerobeZota saimniecibu modernizacija” izstrade

Lauksaimnieciba ES un Latvija arvien vairak tiek paklauta vides un klimata
politikas prasibam, ko nosaka tadi dokumenti ka Eiropas zalais kurss, ES metana
emisiju mazinasanas stratégija un Latvijas KLP 2023.—2027. gadam. Sis prasibas
veicina ilgtsp&jigaku razosSanu, tacu vienlaikus palielina izmaksu slogu un
nenoteiktibu saimniecibam, kas plano investicijas tehnologijas.

Vienlaikus saskana ar Eiropas Revizijas palatas 2024. gada zinojumu KLP
neatbilst ES klimatiskajam un vides iecer€m un taja trukst svarigu elementu, ar
kuriem varétu noverteét zalo veiktsp&ju, ka arT mérki nav pietieckami skaidri un
raditaji nav vérsti uz rezultatiem. Saja zinojuma ir noradits, ka attieciba uz
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lauksaimniecibas SEG emisijam Latvija KLP stratégiskaja plana nav noteikta ne
valsts mérkvértiba, ne ari aprakstits paredzamais ieguldijums $o emisiju
mazinasana (Eiropas Revizijas palata, 2024). Tas nozim&, ka ES nav ari
instrumentu, ar ko stimulét zalo kursu un tostarp SEG emisiju samazinajumu, un
tas rada politikas nenoteiktibu (Changing Markets Foundation, 2023).

Latvija tostarp pastav laika nobide starp politikas ievieSanu un investiciju
cikliem — pieméram, AtveseloSanas fonda (The Recovery and Resilience
Facility) finansgjums beidzas 2026. gada, kam&r metana reguléjuma prasibas vel
tiek precizétas FinanSu ministrija, 2025). Augstais administrativais slogs kave
finans€juma apguvi un atseviskos gadijumos ierobezo pieejamo lidzeklu
izmantoSanu (Zemkopibas ministrija, 2024b).

Vienlaikus saimniecibu modernizacijas tempu Latvija bitiski ierobezo
strukturalie faktori, 1pasi mazajas saimniecibas, kuram raksturiga zema
ekonomiska aktivitate, ierobezota pieeja kapitalam un sadrumstalota
informacijas pieejamiba, ka rezultata strukturalas parmainas norit 1eni (Veveris
& Puzulis, 2018; TVNET, 2024, Latvijas Lauku konsultaciju un izglitibas centrs,
n. d.-d). ST iemesla d&él mazam saimniecibam ir nepiecie$sama pasa politika un
méerktiecigas investicijas, kuru mérkis ir stimul@t to attistibu un saglabasanu.

Nemot veéra iepriekSminéto, ka ar1 ekspertu pausto, ka nenoteiktiba klimata
regulgjuma un nozares strukturalas izmainas kaveé ilgtermina investicijas
saimniecibas, tiek izstradats alternativs scenarijs A2 “lerobezota saimniecibu
modernizacija”. Nemot véra pieaugumu scenarija A (no 147 lidz 152), scenarija
A2 TREND70 tiek samazinats par tadu pasu lielumu (2,04%) ka tas tika
palielinats scenarija A. P&éc §is izmainas vienadojums tika kalibréts, koriggjot
brivo locekli, izmantojot AGMEMOD Intercept Calibration Tool, lai saglabatu
atbilstibu p&d&jo noveroto gadu datiem.
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Attela ir redzams, ka, pienemot tehnologiju ievieSanas stagnaciju vides
prasibu un regulativas nenoteiktibas d€l, vidgjais izslaukums no vienas govs
pieaug lenak neka bazes attistibas gadijuma. Liknes forma saglaba vesturisko
augsupejoso virzienu, tomér slipums ir mazaks — pieauguma temps izlidzinas un
attiecigajos gados starpiba starp scenariju un bazes Iiniju pakapeniski palielinas.

Nemot vera slaucamo govju skaita vienadojumu un ta atkaribu no vidgja
izslaukuma, attiecigaja scenarija tika ietekmets arT $is raditajs.

4.2. tabula
Relativa atSkiriba starp scenariju A2 “IerobeZota saimniecibu
modernizacija” un scenariju “Baseline”, %

Raditajs | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
Slaucamo | 5,09 | 524 | 5,19 | 5,14 | 5,09 | 5,04 | 499 | 494 | 4,89
govju
skaits
Kopégjais 0,00 | 0,20 | 0,20 | 0,20 { 0,20 | 0,20 | 0,19 | 0,19 | 0,19
sarazota
piena

daudzums
Avots: AGMEMOD rezultati.

Ganampulka skaits scenarija lidz 2029. gadam ir vismaz par 5 % lielaks neka
“Baseline”, bet 2032. gada starpiba samazinas 11dz 4,89 %. Tas norada, ka 1enaka
produktivitates pieauguma apstaklos razoSanas apjoma saglabasanai
nepieciesams lielaks govju skaits. Vienlaikus kopgjais sarazota piena daudzums
visa perioda praktiski nemainas, jo relativa atSkiriba neparsniedz 0,20 %.

Triju modeléto scenariju salidzinajums parada, ka atSkirigs tehnologiju
ievieSanas temps var ietekmé&t produktivitati. A scenarijs 2032. gada paredz
vidgjo izslaukumu uz govi 9769 kg, kas ir par 4,85% vairak neka “Baseline” un
par 9,12% vairak neka A2 scenarija, kur tehnologiju ievieSana tiek bremzgta. ST
starpiba neveidojas peksni, bet gan pakapeniski vairakos gados. Saimniecibas,
kuras saglaba investiciju aktivitati un ievie§ automatiz€tos risindjumus, spgj
palielinat piena ieguvi uz dzivnieku, vienlaikus mazinot atkaribu no ganampulka
lieluma.

4.2. Cenas dinamika un korekcijas AGMEMOD modell

Vel viens biitisks raditajs piena lopkopiba ir piena iepirkuma cena. Ta reagé
uz dazadiem argjiem faktoriem un butiski ietekm& saimniecibu ricibspéju,
investiciju lemumus un raZoSanas stratégiju. Cenas tostarp ari veido patérétaju
pieprasijumu (Borawski et al., 2020a).

Piena iepirkuma cenas AGMEMOD modeli tiek noteiktas, izmantojot
ekonometriskus vienadojumus, kas atspogulo cenu veidoSanas mehanismus. Tie
var pamatoties vai nu uz citu piena produktu (pieméram, vajpiena pulvera,
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sviesta, siera) cenam, vai ar uz piena cenam citas valstis. Sadas sasaistes izvéle
spgj ietekmét arT scenariju rezultatus piena lopkopiba.

Lai izprastu piena iepirkuma cenu veidoSanas mehanismus Latvija, bitiski ir
analizet arT Lietuvas un Igaunijas cenu veidoSanas vienadojumus.

Pirma valsts, kuras vienadojums tika izvertéts, ir Lietuva. AGMEMOD Excel
datngé ModelEquations ir redzams, ka §is valsts vienadojums ir veidots tadgjadi,
ka piena iepirkuma cena ir atkariga no citu produktu cenam, — $aja gadijuma ta
ir sviesta un siera cena. Atkaribas no citas valsts cenam $aja vienadojuma nav
ieklautas.

Igaunija piena cena veidojas lidzigi ka Lietuva, proti, ta ir atkariga no citu
produktu cenam. Igaunijas gadijuma vienadojuma papildu sviesta un siera cenai
vel ir ar ieklauta vajpiena pulvera cena. Atkaribas no citas valsts cenam $aja
vienadojuma arT nav ieklautas.

Latvijas piena cenas vienadojums butiski atSkiras no Lietuvas un Igaunijas,
jo cena neveidojas no citu produktu cenam (pieméram, sviesta vai siera), bet gan
ir atkariga no Vacijas piena iepirkuma cenas.

Pamatojoties uz raksta Raw Milk Price Transmission in the Selected EU
Countries mingto Grendzera (Granger) c€lonsakaribu, tika pienemts, ka Latvijas
piena iepirkuma cena ir atkariga no Vacijas un Polijas piena cenam, kamer
preteja ietekme netiek konstatéta. Tas nozZimég, ka Latvijas cenas seko vadosajam
ES tirgus tendencém. Savukart Lietuvas un Igaunijas piena iepirkuma cenas ir
mazak atkarigas no arjiem tirgiem un lielakd mera nosakamas ar iek$gjiem
faktoriem vai citu piena produktu cenam.

Ta ka Latvijas piena cena var reagét arT uz Polijas piena iepirkuma cenam,
autore veica cenas vienadojuma pielagoSanu Polijas cenam, salidzinot rezultatus
ar “Baseline”, kur cenas ir atkarigas no Vacijas cenam (4.3. att.).
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Attela ar sarkano likni (“Scenario”) ir redzama Latvijas iepirkuma cenas
dinamika, ja ta tick modelgta ka atkariga no Polijas cenu limena, savukart ar zilo
likni (“Baseline”) redzama dinamika, ja cena ir atkariga no Vacijas piena cenam.
Attiecigais grafiks norada uz to, ka starpiba starp cenam nav bitiska, —
2024. gada ar atkaribu no Vacijas cena ir prognozeti 38,50 EUR/100 kg, savukart
ar atkaribu no Polijas cenas — 37,28 EUR/100 kg, bet 2032. gada Latvijas piena
cena sasniedz vienadu vértibu ar abiem vienadojumiem, 35,40 EUR/100 kg. St
dinamika liecina, ka Latvijas piena iepirkuma cenas ciesi korele ar argjo tirgu
attisttbu un tam piemit sp&ja pielagoties gan Vacijas, gan Polijas tirgus
izmainam, atspogulojot tirgus integracijas efektu.

4.3.1egiito scenariju validacija, piemérojot TOPSIS metodi

Pedgjais posms, pec scenariju rezultatu iegliSanas ir attiecigo scenariju
validacija. Sados gadijumos tiek izmantotas daudzkritériju lemumu pienemsanas
metodes (Multi-Criteria Decision Analysis) (MCDA), kas nodrosina strukturgtu
pieeju alternativu verteéSanai un salidzinasanai (Belton & Stewart, 2002). MCDA
merkis ir palidz&t [emumu pienémgjiem izveleties vispiemeérotako risinajumu,
pamatojoties uz kvantitativiem un/vai kvalitativiem krit€rijiem, vienlaikus
nodro§inot caurredzamibu un racionalu izvéles pamatojumu (Greco et al., 2016).

Viena no MCDA metodém ir TOPSIS metode, ko 1981. gada izstradaja
Hvangs (Hwang) un Jins (Yoon). Ta ir ipaSi piemérota situacijam, kuras
janoverté vairakas alternativas, pamatojoties uz dazadiem kvantitativiem vai
kvalitativiem kriterijiem. Metodes pamatideja nosaka, ka optimalais risinajums
ir tads, kas ir vismazaka attaluma no ideali pozitivas alternativas un vislielakaja
attaluma no ideali negativas alternativas (Tzeng & Huang, 2011; Durbach &
Stewart, 2012; Zavadskas et al., 2016). Autore ir izmantojusi TOPSIS metodi,
lai veiktu piena lopkopibas attistibas scenariju novertgjumu, pamatojoties uz
AGMEMOD modela rezultatiem. Noveért§juma ietvaros tika analiz&ti tiTs
kritériji: vidéjais piena izslaukums no vienas govs; slaucamo govju skaits;
kopéjais sarazota piena daudzums. TOPSIS aprékinos izmantotas scenariju
punktvértibas 2032. gadam (prognozes perioda nosléguma gadam), lai
salidzinajums atspogulotu katra scenarija ilgtermina stavokli. Ka alternativas tika
definéti tris scenariji: “Baseline”, A un A2. Darba autore izmanto TOPSIS
metodes klasisko versiju (Roszkowska, 2011).

TOPSIS analizé scenariji tika apkopoti darba matrica ar atbilstoSiem
novertésanas kriterijiem, kas pec tam tika normaliz&ti, lai nodroSinatu to
savstarpgju salidzinamibu. Kriterijiem tika pieSkirti vienadi svari (1/3),
nodro$inot neitralu un metodologiski pamatotu scenariju salidzinajumu (Zhou,
2006). Lai uzsaktu TOPSIS metodes piemérosanu, tika izveidota l€mumu
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matrica, kas satur sakotngjos (nenormaliz€tos) datus par izveletajam
alternativam.
4.3.tabula
Leémumu matrica ar realajiem izejas datiem (pirms normalizacijas)
Alternativa Videjais Kopgjais piena | Slaucamo govju
izslaukums apjoms skaits
Baseline 92957 836,6 90,0
A 9769,0 835,9 85,5
A2 8878,0 838,2 94,4

Avots: autores veidots.

Lai gan MCDA metodgs tradicionali tiek pienemta kriteriju neatkariba,
praksé tie biezi savstarpgji mijiedarbojas, radot gan pastiprinoSus, gan
parklajosus efektus. Sada kritériju savstarpgja saistiba nav uzskatama par
metodologisku trikumu, ja ta ir konceptuali pamatota un atbilst analizéjamas
sistémas logikai (Greco et al., 2016; Cinelli et al., 2020).

Saja gadijuma izvélétos raditajus var attiecinat uz trim analizes [imeniem:

o vidgjais izslaukums raksturo mikrolimeni — raZoSanas intensitati,

tehnologisko attistibu un efektivitati saimniecibu liment;

e slaucamo govju skaits raksturo mezolimeni — nozares struktiru un

meérogu;

e Kkopgjais sarazota piena apjoms raksturo makrolimeni — kop&jo nozares

piena ieguvi un produktivitati.

Sada raditaju kombinacija nodrosina, ka TOPSIS metode aptver gan
razosanas struktlras, gan iznakuma dimensijas, laujot iegiit Iidzsvarotu
prieksstatu par scenariju relativo efektivitati. Sada pieeja nodrosina konsekventu
vertikalo logiku starp mikroekonomiskajiem raditajiem un nozares kop&jo piena
ieguvi, tomér turpmakajos pé€tfjumos metode bitu pilnveidojama ar papildu

neatkarigiem raditajiem (pieméram, investiciju intensitdti vai emisiju
efektivitati).
4.4. tabula
TOPSIS metodes apréekinu starprezultati atbilstosi scenarijiem
Alternativa Vi Via Vi S ST ct
Baseline 0,192 0,192 0,192 0,014 0,013 0,482
A 0,202 0,192 0,183 0,001 0,026 0,980
A2 0,183 0,193 0,202 0,026 0,001 0,020

Avots: autores veidots.

TOPSIS analizes rezultati, kas apkopoti 4.4. tabula skaidri parada atSkiribas
starp aplikotajiem scenarijiem. Visaugstako relativa tuvuma koeficientu
idealajam risinagjumam ieguva scenarijs A “Mg&rktieciga un intensiva saimniecibu
modernizacija” (C = 0,980), kas norada uz ta domin&joso poziciju un Iidzsvarotu
sniegumu visos izvelétajos krit€rijos. ‘“Baseline” scenarijs uzrada vidgju
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rezultatu (C = 0,482), savukart scenarijs A2 “lerobezota saimniecibu
modernizacija” atrodas vistalak no ideala risinajuma (C = 0,020). Scenariju
ranz€jums (4.3. att.) apstiprina, ka intensivas un mérktiecigas modernizacijas
pieeja nodrosina vislabako kompromisu starp vid€jo izslaukumu, kop&jo piena
apjomu un slaucamo govju skaitu.

A2
A

Baseline

0 0,2 0.4 0,6 0,8 1 1,2

Attalums I1dz ideali pozitivajam risindgjumam

Avots: autores veidots.
4.3. att. Scenariju ranZéjums péc TOPSIS metodes aprékinu rezultatiem

Rezultata scenarijs A “Merktieciga un intensiva saimniecibu modernizacija”
atrodas vistuvak idealajam risinajumam, kas norada uz ta lidzsvarotu sniegumu
visos vertéSanas kritérijos un domingjoSo poziciju starp aplikotajam
alternativam. Tas nozimé, ka §1 scenarija izvéle nodroSinatu optimalako
kompromisu starp atseviSku raditaju pozitivajam un negativajam veértibam.

GALVENIE SECINAJUMI

1. Prognozgsana ir biitisks planoSanas un 1@mumu pienemsanas instruments,
kas, pamatojoties uz sistematisku pieeju daudzdimensiju datu analizei, lauj
sagatavoties nakotnes nenoteiktibai un pienemt ar pieradijumiem pamatotus
lemumus. Cetru posmu cikls (mérka defingsana, kvalitativu datu vaksana,
metodes pieméroSana un rezultata interpretacija) nodroSina prognozu
precizitati un to praktisko lietojamibu.

2. PrognozgSanas modeliem ir nozimiga loma lauksaimniecibas nozares
regulativas un tirgus vides izp€t€, jo tie nodroSina iesp€u prognozéet
iespgjamos sisteémas darbibas traucgjumus un laikus noverst potenciali
destruktivas sekas. Lauksaimniecibas nozares analizg tiek izmantoti dazadu
veidu modeli, un parsvara tie ir vispar&ja vai dal&ja lidzsvara modeli. Sada
veida modeli, pieméram, MAGNET, CAPRI, AGLINK, AGMEMOD,
LASAM, sniedz iesp&ju izvertet gan tirgus, gan politikas attistibas scenarijus.

3. Piena lopkopiba ienem strategisku lomu lauksaimniecibas un partikas
razoSanas sisttma ka primaras razoSanas posms, kas veido pamatu piena
parstrades industrijas un tirgus attistibai. Vienlaikus nozare saskaras ar
dazadiem vides, ekonomiskajiem un socialajiem izaicinajumiem. So faktoru
mijiedarbiba ietekmé& razoSanas attistibu, konkur€tspgju un pielagosanas
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sp&jas mainigajiem tirgus un politikas apstakliem gan nacionala, gan globala
meroga.

. Piena lopkopiba ir viena no visintensivak regulétajam lauksaimniecibas
nozarém, un ir cie$i saistita ar ES normativo reguléjumu, kas nosaka gan
vides/klimata mérkus, gan tirgus atbalsta mehanismus, gan citus noteikumus,
kas ir jaievero dalibvalstim. Nemot véra minéto, ES noteikumi un stratégiskie
merki tiesi ietekm& Latvijas nozares attistibas iespgjas, nosakot
nepiecieSamibu integrét tos nacionalajos normativajos aktos un pielagot
politikas instrumentus atbilstosi ES noteiktajam prioritateém. Vides prasibas
ir kluvuSas par bitisku regulgjuma dalu ES un Latvijas lauksaimniecibas
nozaré. Normativie akti un stratégijas, pieméram, Eiropas zalais kurss, “No
lauka lidz galdam” un Latvijas klimatneitralitates strat€gija Iidz 2050. gadam,
nosaka mérkus attieciba uz vides prasibam, biologiskas daudzveidibas
saglabasanu un partikas ilgtsp&jibu. Vienlaikus, nemot véra to, ka piena
lopkopiba ir viena no nozarém ar augstu metana un amonjaka emisiju limeni,
ipaSa uzmaniba tiek pievérsta inovacijam tehnologijas, katsméslu
apsaimniekoSana un biogazes razo$ana, kas lautu mazinat emisijas.

Piena lopkopiba Latvija ir butiska lauksaimniecibas sektora dala, kas veicina
nodarbinatibu, nodrosSina saimniecibu ienakumus, lauku teritoriju attistibu,
ka arT nodroSina iedzivotajus ar piena produktiem. Tomér ta ir paklauta
argjiem satricinajumiem, pieméram, Covid-19 pandémija un Krievijas-
Ukrainas kars, kas rada biitisku ietekmi uz piena lopkopibas stabilitati
(piem@ram, var tikt ietekmétas piegades k&des, pieprasijuma dinamika) un
attiecigi apgriitina ilgtermina saimniecibu attistibas planosanu.

. Baltijas valstis ir novérojamas lidzigas tendences piena lopkopiba — slaucamo
govju skaita mazinasana, butisks izslaukuma picaugums no vienas govs, ka
arT mazo saimniecibu skaita samazinajums un vid&jo un lielo saimniecibu
Ipatsvara pieaugums. Lai gan visds Baltijas valstis ir vérojams slaucamo
govju skaita un mazo saimniecibu skaita samazindjums, piena razosanas
apjoms kopuma ir saglabajies stabils vai pat pieaudzis. Latvija 2004.—
2023. gada piena razosanas apjoms piecauga no 786 tiikst. lidz 962 tukst.
tonnu (vienlaikus pedgjos trijos gados tika noverots samazinajums), [gaunija
$aja pasa perioda tika noverota lidziga tendence —no 652 tiikst. Iidz 895 tukst.
tonnu, savukart Lietuva ir novérota mérena lejupslide —no 1849 takst. 2004.
gada lidz 1473 tukst. tonnu 2023. gada.

Sezonalitates ietekmes uz piena cenam izpéte Baltijas valstis atklaja, ka
ziemas ménesos, kad tiek sarazots mazaks piena apjoms, piena cenas ir
augstakas neka piena iepirkuma vid€ja cena (sezonalitates indekss ir lielaks
neka 1), savukart vasara cenas ir zemakas neka vidgja cena (sezonalitates
indekss ir mazaks neka 1). Tas norada uz to, ka govju laktacijas periods un
baribas pieejamiba ietekmé piena lopkopibu un attiecigi vasaras ménesos
razosana palielinas, veidojas piedavajuma parpalikumi un piena iepirkuma
cenas mazinas.
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8.

10.

11.

12.

Tradicionali piena lopkopiba nodrosina primaro piena razosanu, savukart
piena parstrades segments (piem&ram, siera, sviesta un paskabinato piena
produktu razosana) veido nakamo posmu piena vertibu k&de. Dati par 2021.—
2023. gadu liecina, ka Lietuva ir neparprotams lideris o produktu razosana
Baltijas valstis, ko var skaidrot ar attistitu parstrades infrastruktiiru Lietuva
un augstu eksportsp&ju, jo aptuveni puse sarazoto piena produktu tiek
eksporteta.

Lai identificetu nozares atSkiribas ES liment, tika veikta klasteranalize, kuras
sakotngjo posmu veidoja faktoranalize. Tadgjadi tika noteikti tris kompleksie
faktori: piena razoSanas faktors (F1), tirgus aspekti (F2) un faktors, kas
raksturo makroekonomisko un argjas tirdzniecibas vidi (F3). F1 faktors
ieklava raditajus, kuri atspogulo nozares razosanas potencialu, pieméram,
tam bija augstas pozitivas korelacijas ar apstradata piena izplatiSanas apjomu
(0,976), iegiita piena daudzumu (0,972), siera razosanu (0,960). F2 faktors
raksturo pieprasijumu, un tas ir ciesi saistits ar iedzivotaju skaita izmainam
(0,778) un iek§zemes kopproduktu uz vienu iedzivotaju (0,6771). F3 faktors
atspogulo argjo tirgus dinamiku un uzradija augstas pozitivas korelacijas ar
svaigpiena importu (0,976) un piena pardosanas cenam (0,972).
Klasteranalize atklaja bitiskas strukturalas atSkiribas ES dalibvalstu piena
lopkopiba, noradot uz dazadu valstu piederibu atSkirigam attistibas grupam.
Attiecigi tika noteikti seSi klasteri: 1. un 5. klasterim ir izteikta labaka
razo$ana un pozitivie tirgus aspekti, savukart 2. un 3. klasterim ir izteikta
vajaka razoSana, 4. klasterim ir augsts tirgus aspekts, savukart 6. klastert
doming& makroekonomiskas vides faktors. Vienlaikus analize lava noteikt, ka
atskirbas pastav ari Baltijas valstu vidi — Lietuva un Igaunija ieklaujas viena
klasteri, savukart Latvija— cita. Visas valstis atrodas klasteros ar vaju
razo$anu, tomér Lietuva un Igaunija atrodas klasterT ar salidzino$i labaku
tirgus aspektu.

Tehnologiju ievie$ana piena lopkopiba klast par vienu no galvenajiem
nosactjumiem konkurgtsp&jas un ilgtsp€jas nodrosinasanai, tacu Latvija to
ievieSanu saimniecibas kave politikas nenoteiktiba un atbalsta mehanismu
ievieSanas aizkaveSanas. Tas Tpasi ietekm& mazas un vidgjas saimniecibas,
kuram ir nepiecieSams stabils un skaidrs atbalsta regul&jums, lai uznemtos
risku saistiba ar modernizaciju.

AGMEMOD modela precizai darbibai ir nepiecieSams vésturisko datu
kopums, kas kalpo par pamatu vienadojumu izmanto$anai, veidojot gan bazes
scenariju, gan alternativus attistibas scenarijus. AGMEMOD datubazes
aktualiz€Sana noveérsa maksligu l&cienu rasanos prognozu sakumposma,
nodroSinot, ka aprékinatas trajektorijas ir cie§ak saskanotas ar vesturisko
attistibas dinamiku. Vienlaikus parskatitie vienadojumi biitiski uzlaboja
prognozes atbilstibu faktiskajiem CSP 2024. gada datiem (vidgja izslaukuma
no vienas govs atskiriba samazinajas lidz 115 kg, bet kopg&ja sarazota piena
apjoma starpiba Iidz 58 tokst. tonnu).
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13.

14.

15.

16.

Scenarija A “Merktieciga un intensiva saimniecibu modernizacija” rezultati
uzrada piena lopkopibas pakapeniskas attistibas iesp&jas, kuras saimniecibu
modernizacija un tehnologiju izmanto$ana veicina izslaukuma pieaugumu un
mazina ganampulka krituma ietekmi uz kop&jo razoSanu. Savukart scenarijs
A2 “Ierobezota saimniecibu modernizacija” atklaj riskus, kas rodas vides
regul&juma un politiskas nenoteiktibas dél, kad inovaciju ievieSanas temps
mazinas. Kopuma abu scenariju analize liecina, ka nozares konkur&tspgja ir
saistita ar stabilu politikas un tehnologisko risinajumu ievie$anas intensitati.
Latvijas piena iepirkuma cenas AGMEMOD modelt galvenokart korele ar
Vacijas piena cenam, nevis ar citu piena produktu cenu dinamiku, kas atskiras
no Lietuvas un Igaunijas gadijuma. Sada pieeja nepem véra vietgja
pieprasijuma struktiiras Tpatnibas, tad€jadi ierobezojot modela sp&ju
atspogulot Latvijas paterétaju jutibu pret piena produktu cenu svarstibam, kas
savukart var ietekmé&t ieksgja tirgus lidzsvara noveértgjumu un politikas
pasakumu efektivitates analizi.
TOPSIS analize lava salidzinat un izvertét izstradatos scenarijus, nosakot to
relativo piemérotibu dazados kritérijos. Rezultati paradija, ka tehnologiju
ievieSanas scenarijs ieguva augstako novert€jumu, savukart stagnacijas un
ierobezojoSo prasibu gadijuma nozare demonstreé zemaku attistibas
potencialu. Rezultata scenariju A “Merktieciga un intensiva saimniecibu
modernizacija” var uzskatit par piemé&rotako.
Promocijas darba izvirzita hipotéze “Latvijas piena lopkopibas specifikai
pielagota modela izmantoSana lauj izstradat un izvertét iesp&jamos nozares
attistibas scenarijus, kas atspogulo modernizacijas un politikas pasakumu
ietekmi piena razoSanas struktiira un produktivitaté” ir apstiprindjusies, bet
ar ierobeZojumiem saistiba ar datu kvalitati un argjo tirgus faktoru ietekmi.
Attiecigi var secinat, ka scenariju rezultati atspogulo tendences un dod
iesp&ju salidzinat dazadus atistibas scenarijus.

PROBLEMAS UN TO RISINAJUMI

Pirma probléma: Latvijas piena lopkopiba pastav augsta atkariba no

izejvielu cenu svarstibam globala méroga, tirgus nestabilitates un geopolitiskiem
satricinajumiem. Tomér valsti nav izveidota sistematiska tirgus risku parvaldibas
sisttma, kas apvienotu regularu tirgus prognoz€Sanu un savlaicigu risku
identificeSanu, ka ar1 zinaSanu parnese, kas stiprinatu saimniecibu noturibu un
sp&ju pienemt uz pieradijumiem balstitus [émumus.

Priekslikumi problémas risinasanai:

e atbildigajai ministrijai (ZM) kopa ar nozares ekspertiem un p&tniecibas
institicijam  izstradat valsts ITmena lauksaimniecibas tirgus
prognozeSanas un cenu uzraudzibas sistému, kas regulari apkopo un
analiz€ galvenos riska indikatorus (piem&ram, baribas un energoresursu
cenu indeksus, piena iepirkuma cenu svarstibas, eksporta un importa
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ierobezojumus utt.) un nodroSina savlaicigu un analitiski pamatotu
informaciju iesp&jamas iectekmes samazinasanai;

paplasinat LLKC esoSo macibu tematisko piedavajumu, papildinot tas ar
regulariem seminariem par globalajam tirgus tendencém, cenu svarstibu
ietekmi, riska vadibas instrumentiem un stratégisko planoSanu
saimniecibu Iimeni. Sads paplasinajums papildinatu LLKC eso3as
apmacibas, nodrosinot lauksaimniekiem plasaku redz&umu par tirgus
signaliem un pielagosanas iespgjam. legltds zinaSanas lautu
saimniecibam izstradat ilgtsp€jigas attistibas strat€gijas un izvéléties
piemerotakus riska vadibas instrumentus;

LBTU turpinat pé&tniecibu, kas versta uz lauksaimniecibas un partikas
razoSanas noturibas pret krizém stiprinasanu, veidojot zinatnisko bazi,
izstradajot izglitojosus izglittbas materialus, ka arT e-rikus risku
prognozeSanai un novertésanai;

atbildigajai ministrijai (ZM) kopa ar LAD pilnveidot un paplasinat piena
lopkopibai piemérotus riska apdroSinasanas pakalpojumus, ieklaujot
ienakumu stabilizacijas un klimata risku segumu, paredzot elastigakus
valsts Iidzfinans€jumu mehanismus prémijam, kas lautu saimniecibam
efektivak parvaldit argjos riskus.

Otra probléma: Latvijas piena lopkopibas attistibas planosana netiek
pilnvertigi izmantoti starptautiski prognozeSanas modeli, kas lautu modelét
Latvijas piena lopkopibas attistibu ES tirgus konteksta, novértgjot ES politikas
un tirgus izmainu ietekmi. Tapat nav ieviesti mehanismi, kas veicinatu $adu
prognozeésanas modelu ieklausanu politikas planosana.

Priekslikumi problémas risinasanai:

veicinat starpinstitucionalu sadarbibu, kura tiek iesaistitas pétniecibas
institlicijas, nozares eksperti un politikas veidotaji (ZM), paredzot tam
ilgtermina finans&jumu arpus atseviskiem projektiem, lai nodroSinatu
pastavigu cilvékresursu piesaisti un sadarbibas stabilitati (pieméram, ar
LBTU, Agroresursu un ekonomikas institiitau.c. institiiciju
starpniecibu). Sadas sadarbibas ietvaros rikot kopigas darba grupas, kuras
tiktu modeléti dazadi nozares attistibas scenariji, tadejadi nodroSinot
sistematisku prognozesanas rezultatu integraciju politikas planosana;
atbildigajai ministrijai (ZM) izstradat metodisko ietvaru un vadlinijas, kas
apraksta, ka prognozeéSanas modelu rezultati var tikt izmantoti un
interpretéti politikas dokumentu un nozares stratégiju sagatavosana, ka arT
atbalsta programmu izvert&jumos;

LBTU pievienoties AGMEMOD konsorcijam un klit par ta oficialu
partneri, tad€jadi nodroSinot pieeju galvenajam modelim, un sadarboties
ar Vageningenas universitates Socialo un ekonomisko pétfjumu centra
(Wageningen Social & Economic Research) un Tinena institita (Thiinen
Institute) petniekiem.
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TreSa probléema: Latvijas piena lopkopibu raksturo salidzino$i zemaki
razosanas un tirgus attistibas raditaji ES konteksta, ka arT izteikta saimniecibu
strukturala sadrumstalotiba. Tas rada nepiecieSamibu péc tadas atbalsta un
konsultaciju pieejas, kas lautu merktiecigak sasaistit saimniecibu strukturalos
raksturlieclumus ar to attistibas iespgjam un pieejamajiem valsts un ES
instrumentiem.

Priekslikumi problémas risinasanai:

LAD sadarbiba ar ZM un LLKC ieviest merktiecigu saimniecibu
attistibas pieeju (piemeram, “Saimniecibu attistibas virzibas cela karte”),
kuras ietvaros, balstoties uz saimniecibas strukturalajiem raditajiem
(pieméram, slaucamo govju skaits, izslaukums, apgrozijums un
investiciju v@sture), saimniecibai tiek piedavats tai atbilstoSs attistibas
virziens, ar kuru tiek sasaistitas piemé&rotakas konsultaciju aktivitates un
valsts un ES finanséjuma instrumenti, tadéjadi nodrosinot konsekventu,
kapacitatei atbilsto$u un ekonomiski pamatotu saimniecibas attistibu;
piena lopkopibas nevalstiskajam organizacijam sadarbiba ar piena
razoSanas saimniecibu vaditajiem, LLKC un nozares selekcijas un
konsultaciju institiicijam veicinat saimniecibu orientaciju uz raZoSanas
efektivitates paaugstinasanu, nodrosinot merktiecigus ieteikumus govju
genétikas uzlabosanai, dzivnieku veselibas vadibai un piena kvalitates
raditaju (pieméram, proteina un tauku satura) uzlabosanai, balstoties uz
saimniecibu individualajiem razoSanas un strukturalajiem raditajiem;
LAD sadarbiba ar ZM, LLKC un ALTUM izveidot vienotu digitalu
platformu, kas nodroSinatu personaliz&tu atbalsta un finanséjuma iesp&ju
mekl&sanu, pamatojoties uz mérkiem un saimniecibas profilu (pieméram,
platiba, apgrozijums, dzivnieku skaits utt.). Platforma butu apvienota
informacija par pieejamajiem valsts un ES atbalsta instrumentiem, laujot
lietotajam atri iegiit informaciju par piemé&rotaku programmu, tas
prasibam,  pieteikSanas  terminiem  un, ja  nepiecieSams,
kontaktinformaciju sazinai.
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INTRODUCTION

Throughout history, humanity has sought to mitigate uncertainty by
anticipating future events in order to support more informed and well-
substantiated decision-making. This pursuit, in turn, led to the development of a
range of forecasting methods, spanning from simple empirical observation to the
application of analytical tools and technologies. Forecasting processes enable
both individuals and institutions to mitigate the risks associated with uncertainty
and to enhance their capacity to adapt to potential future changes (Jones et al.,
2016; Makridakis & Bakas, 2016). The importance of forecasting becomes
particularly pronounced in sectors influenced by multiple external factors,
including those that cannot be fully controlled or accurately predicted, such as
climatic conditions. Agriculture, encompassing both crop and livestock
production, represents one such sector, and constitutes a fundamental basis for
food production and economic development (Knips, 2001).

Historically, milk has been one of the principal food products, serving as an
essential source of nutrients, and it continues to play a significant role in the daily
diets of populations worldwide (Popescu et al., 2019; Poczta et al., 2020). At the
same time, dairy farming is among the most highly regulated sectors of
agriculture, and its performance is strongly shaped by both economic
mechanisms and public policy instruments. At the EU level, dairy farming
operates within a stringent regulatory framework that is closely aligned with the
objectives of the Common Agricultural Policy (CAP). Latvian dairy farming is
also closely integrated into international markets, and its development is strongly
influenced by global economic and political developments. Over recent decades,
the sector has been affected by several major external shocks. One of the most
significant of these was the embargo imposed by the Russian Federation, which
had a substantial impact on the agriculture and food sector as a whole.

The COVID-19 pandemic had an equally significant impact, causing
widespread disruption to global supply chains and exerting a substantial effect
on dairy farming worldwide. These restrictions led to the closure of key
production and processing facilities, reduced demand, and declines in both
income and production levels (Sridhar et al., 2022). The pandemic highlighted
structural weaknesses within dairy farming, notably its reliance on manual labour
and its limited capacity for operational planning in an increasingly uncertain
market environment.

One of the most recent global events to have had a significant impact on dairy
farming is the Russian Federation’s full-scale invasion of Ukraine in 2022. This
resulted in sharp increases in gas and oil prices, and, given the fact that Ukraine
had been one of the largest suppliers of wheat, sunflower oil, fertilisers, and
animal feed, Latvian farmers were forced to seek alternative suppliers following
the outbreak of the war (Darmayadi & Megits, 2023; Ozili, 2022).
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Despite the challenges posed by external factors and the stringent regulatory
framework at both the EU and national levels, dairy farming remains a dynamic
and evolving sector, adapting to emerging challenges and a changing market
environment. One of the most important drivers of development is the adoption
of more efficient farming practices and technological innovations, which are
increasingly becoming integral to the sector’s transformation.

The relevance of this study and the motivation for the choice of the topic
stem from the fact that dairy farming is one of the most strategically important
agricultural sectors in both the EU and Latvia, making a significant contribution
to the national economy. Dairy farming is also increasingly at the centre of policy
attention, particularly in the context of environmental and climate policy. EU
initiatives such as the European Green Deal and the Farm to Fork Strategy are
driving the shift towards more sustainable production; however, they often lack
sufficiently specific targets and are subject to variable regulatory
implementation, making long-term investment planning challenging. Attracting
investment can foster technological innovation; however, it requires not only
substantial financial resources but also a predictable and stable policy
environment.

In this context, the use of forecasting models to analyse potential scenarios
under varying political, economic and technological conditions becomes
particularly important. A forecasting approach tailored to the specific
characteristics of Latvian dairy farming offers the opportunity to identify risks
and to support decision-making by both policymakers and dairy sector
stakeholders. This approach enhances the decision-making capacity of
policymakers and supports industry actors in adapting their strategies to evolving
market conditions. In addition, forecasting models enable the assessment of the
impacts of different policy measures, facilitating the evaluation of their relevance
in both the short and long term, and thereby strengthening the competitiveness
of the dairy sector.

The object of the research is Latvian dairy farming as part of the national
agricultural system.

Subject of the research: projections the development of Latvian dairy
farming using the AGMEMOD model.

Aim of the research: to develop development scenarios for Latvian dairy
farming using the AGMEMOD model.

Research tasks:

1. to analyse the potential of forecasting models in the agricultural sector,
with particular emphasis on their suitability for sectors characterised by a
high degree of uncertainty in the external environment;

2. to assess EU and Latvian regulatory frameworks affecting milk
production, processing, and market organisation in Latvia;

3. to analyse dairy farming in the EU and its development trends in the
Baltic states;
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4. to adapt and apply the AGMEMOD model to Latvian dairy data using
an up-to-date input dataset; and

5. to develop and evaluate scenarios for dairy farming based on
modernisation pathways and policy developments.

Hypothesis: The use of a model tailored to the specific characteristics of
Latvian dairy farming enables the development and assessment of alternative
sectoral scenarios, reflecting the impacts of modernisation processes and policy
measures on the structure and productivity of dairy production.

Research methods used in the development of the thesis:

1. general scientific methods: bibliometric analysis and contingency
analysis (for examining theoretical aspects and developing scientific
discussion); synthesis and analytical methods (for summarising,
evaluating, and interpreting the research results); a logically structured
analytical approach (for formulating research findings, conclusions and
proposals based on the results); and graphical methods for the
visualisation of research outcomes;

2. strategic analysis methods: PEST analysis was used to identify the factors
that have contributed to structural changes among small farms, whereas
PESTEL analysis, based on expert interviews, was applied to assess
macro-environmental factors in the Latvian dairy sector; AGMEMOD
model (for Baseline scenario assessment and new scenario development),
TOPSIS method (for scenario comparison);

3. qualitative data analysis methods: expert interview method (to find out the
experts’ point of view on the research problem);

4. quantitative data analysis methods: descriptive statistics (using absolute,
relative and average values to characterise the key variables under
examination); seasonality analysis was used to identify and assess the
presence of seasonal fluctuations in milk price dynamics; time-series
analysis (including the calculation of base and chain growth rates);
regression and correlation analysis; factor analysis (to identify groups of
indicators underlying common factors and to construct composite
variables for cluster analysis); and cluster analysis (to group the most
closely related objects).

The study draws on regulatory documents of the Republic of Latvia and the
EU, scientific literature available in open-access academic databases and the
Scopus database, as well as publicly available data sources, including the
Agricultural Data Centre (LDC), the Central Statistical Office of Latvia (CSO),
Statistics Estonia, the Official Statistics Portal of Lithuania (Oficialiosios
statistikos portalas), Eurostat, the CLAL database, and other publicly accessible
sources.

Limitations of the research.

The study relies on data from publicly available databases; however, the
available statistics are sometimes limited in temporal coverage or vary in their
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level of detail. In addition, the training version of the AGMEMOD forecasting
model applied in the study incorporates a restricted data range, which may affect
the level of detail and the accuracy of the developed scenarios.

Scientific significance and novelty of the research:

1.

Classification and evaluation of forecasting models used in agriculture;

2. A comparative analysis of dairy farming in the Baltic countries was

3.

performed, identifying differences in production trends;

The study undertook a repositioning of Latvian dairy farming within the
EU market, enabling the identification of its relative position among
comparable countries in terms of production capacity, market dynamics,
and development potential;

The individual equations of the AGMEMOD model for Latvian dairy
farming were revised and adapted to ensure consistency with current
trends;

For the first time in the Latvian context, a farm modernisation scenario
for dairy farming up to 2032 has been developed, identifying its potential
impacts on milk production, herd size, and milk yields.

Economic relevance of the research

The results of the thesis may be utilised by agricultural policymakers,
including the Ministry of Agriculture (MoA), as well as by agricultural research
institutions and industry representatives, to further develop the AGMEMOD
model through the incorporation of additional data on other dairy products and
the expansion of the range of modelled indicators, and to assess the impacts of
different policy, market, and support instruments on the development of the dairy
sector. Moreover, given the author’s close collaboration with researchers at the
Centre for Social and Economic Research at Wageningen University in the
Netherlands and the Thiinen Institute in Germany, Latvia has the opportunity to
join the AGMEMOD consortium as an official partner. This would provide
access to the core version of the model, rather than the training version, and
enable its further application in research and public policy planning.

Theses:

1. The classification and evaluation of forecasting models applied in
agriculture provide a scientific basis for their use in the analysis and
scenario development of Latvian dairy farming.

2. Latvian dairy farming operates within a highly regulated environment,
which can significantly influence its development opportunities.

3. Latvia’s dairy sector faces both structural and economic challenges;
however, its productivity and competitiveness can be enhanced through
targeted technology adoption and a stable support policy framework.

4. Trends in dairy farming in the Baltic states indicate that, despite a decline

in the number of dairy cows, increases in productivity can offset
reductions in herd size.
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5. The application of the AGMEMOD model, adapted to the specific
characteristics of Latvian dairy farming, enables the development of
robust development scenarios, thereby providing practical support for
policymaking and the strategic planning of the sector.

1. THEORETICAL ASPECTS OF AGRICULTURAL
FORECASTING

The chapter consists of 23 pages, comprising 5 tables and 8 figures.

Chapter 1 analyses the theoretical aspects of agricultural forecasting,
outlining its evolution, methodological foundations, and relevance for decision-
making within the agricultural sector. The scientific discussion in the chapter
focuses on the historical development of forecasting, the classification of
forecasting methods and their practical applications, as well as the distinctions
among different agricultural models. Further attention is devoted to the
theoretical foundations of the AGMEMOD model and its advantages for
agricultural policy analysis. The chapter also includes a conceptual overview of
dairy farming and an analysis of the complex factors shaping the dynamics of its
development.

1.1. Historical development of agricultural modelling

Uncertainty has been a persistent feature throughout human history, and
forecasting can be traced back to early civilisations, where efforts were made to
predict weather conditions (Makridakis & Bakas, 2016). Forecasting approaches
have evolved substantially over time, progressing from early empirical
observations to advanced methods and technologies. Accordingly, foresight has
long been an essential element of planning and decision-making, as uncertainty
about the future generates both opportunities and challenges (Petropoulos et al.,
2022). This development has been not only technological but also conceptual: as
methods became more sophisticated, researchers increasingly sought to define
precisely what forecasting entails and how it differs from planning, in order to
ensure that the information generated supports effective decision-making under
conditions of uncertainty.

As defined by David Forbes Hendry and Neil Ericsson, a forecast is an
estimate of future developments and can be either short term or long term
(Hendry & Ericsson, 2003). John Scott Armstrong points out that decision-
makers only require forecasts when there is uncertainty about the future. He
emphasises that forecasting predicts what will be, while planning determines
what should be, and this distinction makes forecasting an essential part of rational
planning (Armstrong, 2001).
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Forecasting processes enable both individuals and organisations to mitigate
the risks associated with uncertainty and to enhance their capacity to adapt to
potential future changes. This approach is particularly important in sectors such
as agriculture, the activities of which are influenced by numerous external
factors, including those that cannot be fully controlled or accurately predicted,
such as climatic conditions. Agriculture is one such sector.

For forecasting in sectors characterised by high external uncertainty, such as
agriculture, to function as a reliable tool for decision-making, it is essential that
such is grounded in a clearly structured methodology. According to John Scott
Armstrong’s analysis, it is important to follow certain forecasting steps to ensure
the accuracy of forecasts. Such an approach involves a systematic and structured
forecasting process (Armstrong, 2001).

. Selection of Validation of
Defining the . 5 . 8 Forecast
Data collection forecasting Forecasting forecasting . q
problem interpretation
methods results

Source: author’s compilation based on Armstrong, 2001.
Fig. 1.1. Forecasting steps

According to John Scott Armstrong, the initial steps in forecasting involve
identifying the purpose of the forecast and understanding how it will be used in
the decision-making process. The subsequent step involves collecting data
relevant to the predictor variables and ensuring data quality and consistency.
Once the data have been collected, the selected method must be applied to
generate forecasts, followed by validation of the results and, where necessary,
adjustment of the method to improve its accuracy. The final step involves
interpreting the forecast and using the results to inform decision-making,
including policy formulation.

To understand the evolution of forecasting approaches, it is essential to
examine the historical development of econometrics. Mary Susanna Morgan
identified five main phases in the development of forecasting methods: early
attempts in the late nineteenth century to explain economic cycles through
natural phenomena; the measurement of business cycles in the 1920s; the
introduction of mathematical methods in the 1930s; the development of
macroeconometric models; and the establishment of probability theory within
econometrics (Morgan, 1991). These stages laid the foundation for modern
forecasting approaches, enabling the more accurate and flexible analysis of
€conomic processes.

To determine the most appropriate forecasting method for a given context, it
is essential to understand the range of available forecasting methods and their
key differences. Thus, Kenneth Holden, David A. Peel and John L. Thompson
made important contributions to the structuring of forecasting methods (Holden
et al., 1990). Accordingly, the methods were divided into two groups: subjective
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methods and model-based methods. And while model-based methods could be
subdivided into other methods, subjective methods could not, as they are based
on assumptions, intuition and prior experience (Holden et al., 1990).

1.2. Agricultural models and application of the AGMEMOD
model

The agricultural sector is a highly regulated component of the economy,
which has led to a significant increase in the use of economic models in
agricultural policy analysis over recent decades (Hamulczuk & Hertel, 2009).

European governments exert substantial influence over and provide
significant financial support to the agricultural sector, which has led to increased
attention being devoted to the critical assessment of these policies. In this
context, analytical models of agricultural systems play a crucial role by enabling
the assessment of the effectiveness and appropriateness of policy measures in
situations where empirical data are not yet available. This is particularly true in
the areas of climate change impact analysis, the development of hypothetical
policy change scenarios, or the forecasting of future market developments
(Huber et al., 2018). There can be different approaches to analysing the impact
of policies, such as quota abolition, direct payments, terms of trade, etc. (Zrakic,
2015).

In the field of agricultural economics, simulation methods are widely used to
model the behaviour of individual farms or decision-makers (Berger, 2001). The
choice of modelling method is largely determined by the purpose of the research
and the question to be analysed.

The field of agricultural modelling has produced a range of models designed
to analyse the sector’s responses to various changes, primarily in policy variables
(Adenauer, 2008).

MAGNET is a global computable general equilibrium model developed on
the basis of the LEITAP model and is widely used in policy analysis. MAGNET
offers greater flexibility in data collection and broader possibilities for modifying
model structure; it utilises the GTAP (Global Trade Analysis Project) database
(Pilvere, 2016; Zeverte-Rivza et al., 2017; Woltjer & Kuiper, 2014).

CAPRI employs non-linear mathematical programming techniques to assess
the impacts of Common Agricultural Policy (CAP) support instruments on the
open economy as accurately as possible. CAPRI consists of a supply module and
a market module, which interact iteratively. The supply module covers
approximately 50 crop and livestock groups, and its optimisation models can be
interpreted as representative farms that maximise profit by selecting the optimal
combination of outputs and inputs at given prices (Witzke et al., 2009).

AGLINK is a comprehensive global equilibrium model used to generate
projections for many OECD and FAO countries. The model is an important tool
for analysing domestic and trade policies. AGLINK forms part of the AGLINK-
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COSIMO model and was developed by the OECD Secretariat in collaboration
with OECD member countries and selected non-OECD countries, covering a
subset of developing economies (Araujo Enciso et al., 2015).

GEM-E3 is a general equilibrium model that simultaneously represents the
global economy, its major regions, and the 28 EU Member States. GEM-E3 is
dynamic and recursive in time and uses the GTAP and EUROSTAT databases.
GEM-E3 aims to capture the interlinkages between the economy, the energy
system, and the environment (Capros et al., 2013).

AGMEMOD is an econometric, dynamic, partial equilibrium model that can
be used to run simulations and generate forecasts for the evaluation of
agricultural support instruments, programmes, and policies at both the EU and
national levels (AGMEMOD, 2013). Building on a common core framework,
national models incorporating country-specific features have been developed to
reflect individual agricultural contexts and subsequently integrated into the
combined AGMEMOD model. This approach captures the heterogeneity of
farming systems across the EU while maintaining analytical consistency across
national models (Sepp, 2011).

ESIM is a multi-country partial equilibrium model of agricultural production
and consumption, incorporating a limited share of first-stage processing for
selected products. ESIM only models the agricultural sector; therefore,
macroeconomic variables such as income levels or exchange rates are treated as
exogenous (Grethe et al., 2012).

GLOBIOM-EU is a global, recursive, dynamic, partial equilibrium, bottom-
up model integrating the agriculture, bioenergy, and forestry sectors (Frank et
al., 2013). The model is used to analyse the existence of competition in land use
between agriculture, forestry and bioenergy (International Institute for Applied
Systems Analysis, n.d.).

AgriPoliS is an agent-based model that simulates changes in regional
agricultural structure. The model is based on the understanding of the regional
agricultural structure as a complex and evolving system (Happe et al., 2006). The
model aims to illustrate how farm structures in the region evolve in response to
policy changes, including through the assessment of the impacts of the CAP on
agricultural landscapes, biodiversity, and ecosystem services (AgriPoliS Project,
n.d.).

LASAM was developed in 2016 as an econometric model designed to
generate forecasts for Latvian agriculture. The model is specifically designed for
small open economies, in which changes in supply levels are assumed not to
affect price formation mechanisms. The LASAM model offers several
significant advantages: its structure enables detailed projections at different sub-
sectoral levels, allowing the analysis of agricultural sector development while
accounting for the specific characteristics of different farm size classes (Pilvere
et al., 2022).
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The author evaluated various models used for forecasting in the agricultural
sector and selected two models for detailed comparison: AGMEMOD, which is
widely applied at the EU level to generate forecasts and provide comprehensive
analyses of EU Member States and international trade; and LASAM, which has
amore limited national focus and is specifically tailored to forecasting and policy
evaluation for the Latvian agricultural sector.

These two models were selected for comparison because, while both are
designed to analyse the agricultural sector, they differ in scale, methodology, and
scope of application.

While the LASAM model is suitable for the analysis of Latvian agricultural
policy, the author considers AGMEMOD to be a more effective tool for
modelling dairy sector scenarios, as it provides a broader economic and policy
context and allows for the forecasting of how EU-level policy decisions may
affect the Latvian agricultural sector, including dairy farming.

The AGMEMOD model employs an integrated framework in which
production, consumption, import, and export equations are interlinked to assess
the agricultural sector’s response to economic and policy-related factors. The
variables used in the model, such as agricultural prices, cost indices, and market
equilibrium indicators, enable the development of the sector to be analysed in
close connection with the EU common market. This structure allows real market
interactions to be captured, which is particularly important for Latvian dairy
farming given its high dependence on global market trends. The LASAM model,
on the other hand, mainly focuses on the assessment of national policies and
trends. While this perspective is important for national planning, it provides a
more limited link to international market processes.

The AGMEMOD model provides an opportunity to analyse the development
of Latvian dairy farming within the EU single market. This approach provides a
basis for further analysis, including the examination of efficiency and production
adjustment processes, thereby reflecting the long-term direction of
modernisation and structural development within the sector.

Overall, both LASAM and AGMEMOD enable the forecasting of
agricultural trends and the assessment of the impacts of different policy
decisions, and can therefore be used to support policy planning. However,
publicly available information does not indicate that the results of such
projections have been systematically integrated into Latvian policy and strategic
documents. This may suggest that the potential of forecasting tools is not being
fully exploited within the public policymaking process.

As mentioned above, one of the models used in the agricultural sector is the
AGMEMOD model. The AGMEMOD partnership concept aims to establish and
maintain a large-scale partial equilibrium modelling system covering all EU
Member States for harmonised agricultural policy and market analysis (Salamon
et al., 2008a).
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The AGMEMOD model has been developed to provide an integrated
modelling approach that takes the significant differences among the agricultural
systems of individual Member States into account (Salamon et al., 2008a).

The model is a multinational, partial equilibrium framework designed to
forecast agricultural and food markets within the EU. The model not only
generates scenarios for agricultural markets but also enables the assessment of
the impacts of policy measures on the sector. This includes aspects such as the
impact of the direct payment system on the structure of the agricultural sector,
the effects of trade liberalisation on different commodity groups, and the
influence of climate change on production potential (Salamon et al., 2017). The
model employs a separate template for each country, thereby ensuring analytical
consistency across countries. At the country level, the model reflects agricultural
policies that are specified on the basis of historical time-series data (Nehrey et
al., 2019).

Overall, the AGMEMOD model serves as an important tool for agricultural
policy analysis and strategic planning, offering detailed and evidence-based
insights (Salamon et al., 2017).

The AGMEMOD model is based on a common national model structure that
is adapted to the specific agricultural context of each country. Each individual
commodity model comprises behavioural equations and identities that explain
supply formation, demand formation, and price determination (Banse et al.,
2011). To facilitate a clearer understanding of the structure of AGMEMOD and
the effects of various economic, policy and market factors on agricultural sectors,
consider Figure 1.2.

Policy Macroeconomics
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model model products model
. Drinking milk,
Seed oil, — » Beef,a;:lx:lrli,ol;unon cheese, butter,
, etc. «— 1 & powdered milk, etc.

Source: compiled, translated and adapted by the author from Laquai, 2023a; Salamon et
al., 2008b.

Fig. 1.2. General interrelationships in the AGMEMOD model
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Figure 1.2 illustrates the factors influencing agricultural production and
markets that are incorporated into the model, including macroeconomic variables
as well as price and cost dynamics. The model also incorporates factors that
capture interactions between crop and livestock production, thereby shaping the
flows of feed and inputs across different sectors. For example, cereals and sugar
beet are used for both human consumption and animal feed. The figure illustrates
the interlinkages among different agricultural sectors, enabling analysis of the
impacts of policy and economic decisions on food production and market
development.

The model utilises both endogenous and exogenous variables to forecast the
evolution of the agricultural sector and to analyse the impacts of policy measures
on the market. Endogenous variables in the model are determined on the basis of
historical data and interactions with other variables, whereas exogenous
variables are treated as external factors not determined within the model but used
as inputs for agricultural projections.

Another important feature of the model is that it defines the EU-level price
(“key price”) as the price of a given commodity in the most significant national
market within the EU. The national models are designed to reflect the specific
characteristics of agriculture in individual countries, taking national market
factors and economic conditions into account. These models are based on a
common framework but are adapted to the specific characteristics of each
country and subsequently integrated into a single EU-wide AGMEMOD model
(Chantreuil, 2005; Banse et al., 2011).

1.3. Dairy farming and the complex factors influencing its
dynamics

Cow’s milk production is regarded as a strategically important economic
activity in many countries, as it not only contributes to the development of
primary agriculture but also supports the processing industry, thereby generating
employment across multiple economic sectors. The importance of dairy
production extends beyond the primary agricultural sector, as it has a direct
impact on the food industry and trade, thereby contributing to economic growth
and market stability (Betdycka-Bérawska et al., 2021).

Dairy farming is generally very dynamic. It is also important to bear in mind
that the sector is made up of a complex interplay of factors that together
determine its sustainability and productivity (Wattiaux, 2023).

The development of dairy farming is shaped by a complex set of interrelated
factors, including political, economic, technological, social, and environmental
dimensions. The interaction of these factors determines trends in dairy farming
and its capacity to adapt to global economic, environmental, and societal
challenges.
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Fig. 1.3. Groups of factors affecting dairy farming

The performance of dairy farming is influenced by a range of factors, the
analysis of which enables a more precise understanding of the dynamics of
sectoral development and competitive conditions (Naglova et al., 2017). Each
major group of factors presented in Figure 1.3 comprises several sub-factors
which, taken together, define the substance of that factor.

The group of economic factors includes the milk purchase price and its
volatility, which constitute both a primary source of farm income and a
significant source of risk. Price volatility increases uncertainty regarding returns
on investment, thereby constraining farms’ capacity to modernise (Pilvere et al.,
2020; Schulte et al., 2018). Production costs also play an important role,
especially feed, electricity and fuel prices, which have a significant impact on
milk costs and farm profitability (Koutouzidou, 2022; O’Connor et al., 2014;
Golas, 2017). Additional economic factors include the cost of cultivation,
farmland prices and labour wages, which determine both competitiveness and
the ability of new producers to enter the sector (Tozer & Heinrichs, 2001).

Technological factors, including robotic milking systems, digital monitoring
tools, and biometric sensors, can significantly enhance productivity, enable the
early identification of herd-level issues, and optimise the use of farm resources
(Naglova et al., 2017; Lovarelli, 2020). Such technologies have the potential to
reduce labour costs, improve the monitoring of animal health, and enhance the
stability of milk yields.

Key social factors influencing the development of dairy farming include
demographic changes in rural areas. The existing farming population is ageing,
while the younger generation shows relatively low interest in conventional
farming, leading to a contraction of the rural workforce (Ryan, 2023; Pilvere et
al., 2020). Notwithstanding technological advances that enable farmers to
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employ fewer workers, farms are still unable to operate entirely without
employees.

Another important social factor influencing dairy farming is the growing
public and consumer interest in animal welfare, which has led to increased
demand for higher welfare standards and has required farms to adapt to more
stringent requirements (Grandin, 2014; Yeates, 2024). At the same time, global
population growth is increasing demand for dairy products, fuelling the
expansion of dairy farming while also intensifying pressure on the environment
(Grout, 2020).

Increasing public concern for environmental protection is exerting a
significant influence on the future direction of dairy farming. Dairy farming is
associated with substantial greenhouse gas emissions, intensive water and feed
use, and challenges to soil quality and biodiversity conservation. Consequently,
there is growing emphasis on the importance of sustainable solutions to mitigate
the climate change impacts associated with the sector. Dairy processing
activities, including the production of cheese, butter, and other dairy products,
also generate significant quantities of wastewater and by-products, the
management of which requires innovative technological solutions to reduce
environmental pressures (Castillo, 2018; Gerber et al., 2013; Nardone et al.,
2010).

Political and regulatory factors play a central role in the development of dairy
farming, influencing production and trade patterns at the global and regional
levels. Concurrently, effective responses to environmental and climate
challenges require clearly defined frameworks with measurable targets and
deliverables, alongside financial support mechanisms to assist farmers in
adapting, adopting new technologies, and developing relevant knowledge
(Gerber et al., 2013; European Parliament, 2024).

As dairy farming depends on the productivity of animals, animal biological
factors play a significant role in shaping the sector. Cow breed represents a key
factor, as it determines milk yield potential, milk composition, and longevity
(Silina & Jonkus, 2023; Brito et al., 2021). In addition, the productive lifespan
of dairy cows and the frequency of milking are important factors influencing
milk volume and composition, as well as animal health status (De Vries &
Marcondes, 2020; Cielava et al., 2016; Stockdale, 2006; Wall, 2011).

Analysis of the interactions among these factors indicates that they are closely
interrelated and multidirectional: economic factors shape farms’ investment
capacity and, consequently, technological development, while adequate funding
supports modernisation and innovation. Technological factors exert a significant
influence on biological factors. For instance, surveillance systems can reduce
disease risk and increase productivity, meaning that adverse changes in one
dimension may have repercussions for others.

The factors discussed above collectively shape the conditions that are directly
reflected in the performance of dairy farming. Average milk yield per cow, total
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dairy cow numbers, overall milk production, and the number of livestock
holdings represent key indicators of the potential and competitiveness of the
dairy farming sector. Together, these indicators enable an objective assessment
of developments in production capacity, resource-use efficiency, and
technological progress within the sector.

Average milk yield per dairy cow represents the most widely used indicator
of productivity in dairy farming, as it determines production efficiency
independently of herd size (Viira et al., 2015; Olini et al., 2020; Song et al,,
2024). This indicator captures both on-farm development strategies and the
degree of utilisation of genetic potential (Olini et al., 2020). Average milk yield
can also be used as an indicator of the degree of farm modernisation and
technological progress. The adoption of integrated farm technologies, including
automated milking systems and precision livestock farming solutions, can
positively influence average milk yield per cow by facilitating more frequent and
flexible milking regimes, enhancing feed and health management, and enabling
the early identification of yield-limiting factors (Jacobs & Siegford, 2012;
Bianchi et al., 2022; Trapanese et al., 2025).

Another important indicator is the average number of dairy cows, which
determines the milk production potential of a farm (Oleggini et al., 2001).
Furthermore, sustainable milk production at the farm level is closely associated
with the longevity of dairy cows, that is, their productive lifespan (Dallago et al.,
2021). It serves as an indicator of animal health, welfare conditions, and breeding
efficiency. An extended productive lifespan of dairy cows reduces replacement
requirements and, consequently, environmental pressures.

Total milk production is derived from the product of the number of dairy
cows and the average milk yield per cow. Thus, while dairy cow numbers and
milk yield constitute basic indicators, total milk production serves as a derived
but equally important indicator of the sector’s overall production capacity.

Another important indicator is the total number of livestock holdings, which
describes the structure of dairy farming and its development trends. One of the
key characteristics of dairy production is the presence of economies of scale,
which leads to significant differences between farms of varying sizes. As a result,
small dairy farms tend to be less competitive than larger farms, since higher unit
production costs constrain efficiency and long-term market viability. At the same
time, smaller farms also have advantages, such as the possibility to pay more
attention to each animal (Borawski et al., 2020b).

Collectively, these interlinked indicators capture the capacity, structural
transformation, and sustainability potential of dairy production. The
AGMEMOD model also incorporates these indicators within the dairy module,
allowing them to be used in scenario development and policy impact assessment.
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2. DAIRY FARMING POLICY AND REGULATORY
FRAMEWORK

The chapter consists of 20 pages, comprising 6 tables and 3 figures.

The second chapter examines the policy and regulatory framework governing
dairy farming, outlining the European Union (EU) and Latvian legal frameworks
that establish the fundamental principles of milk production, processing, and
market organisation. The scientific discussion of the chapter centres on the key
objectives of EU agricultural policy, animal welfare, food safety, and
environmental requirements. Particular attention is devoted to EU sustainability
and climate policy documents, including the European Green Deal, alongside
Latvia’s national regulatory and institutional framework for the implementation
of these requirements. The impact of the international context on Latvian dairy
farming was also assessed.

2.1.  Principles of EU dairy farming policy and regulation

Historically, agriculture, including dairy farming, has been characterised by
significant volatility and market failures, which constrain sustainable
development in the absence of policy intervention by the EU and its Member
States (Bouamra et al., 2007). An appropriate regulatory framework is essential
for promoting the sustainable development of dairy farming and fair competition,
as it can prevent market distortions and offer adaptation mechanisms aligned
with the specific characteristics of dairy farming at the national level.

Dairy farming has long played an important role within the EU’s Common
Agricultural Policy (CAP), both as an economic sector and as a provider of key
public goods, including the preservation of rural areas, food security, and
environmental sustainability. EU dairy policy not only seeks to promote market
competitiveness and development, but also to ensure equitable development
across EU Member States (Clay et al., n.d.).

At the same time, dairy policy is increasingly linked to the EU’s
environmental and climate goals. The abolition of allowances contributed to
increased production, which in several Member States was accompanied by a
significant increase in emissions, thereby requiring the EU to develop a
framework aimed at climate neutrality (Lépple et al., 2021).

In pursuit of these objectives, several key EU agricultural policy planning
documents have been established to guide the development of the sector:

o The European Green Deal focuses on building a sustainable economy,

achieving climate neutrality by 2050 and resource efficiency (European
Commission, n.d.).
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The Farm to Fork (F2F) strategy aims to promote an integrated food
policy that covers all stages from production to consumption, while
ensuring environmental, health and economic benefits (Wesseler, 2022).
European Climate Law requires EU Member States to achieve climate
neutrality — defined as a state in which human activities have a net-zero
impact on the climate system — by 2050, with net greenhouse gas
emissions reduced to zero (European Parliament and Council, 2021;
Cabinet of Ministers, 2020a).

According to the EU Methane Emissions Reduction Strategy (2021), a
range of mitigation technologies has been identified with the potential to
enable decoupled reductions in emissions. These primarily include
technologies related to improvements in animal nutrition, herd
management, manure management, breeding approaches, herd health, and
animal welfare. One potential mitigation solution is new approaches to
catering, which is also identified in the Field to Fork Strategy (European
Parliament, 2021).

The Action Plan to Combat Antimicrobial Resistance (AMR) 2021-
2025 was developed to address the growing threat of AMR in the food
and agriculture sectors. The primary objectives of this plan are to limit the
spread of AMR and slow the development of resistance throughout the
food chain and the wider food and agriculture sectors, while preserving
the capacity to treat infections with effective and safe antimicrobials in
support of food and agricultural production (Food and Agriculture
Organization of the United Nations, n.d.).

Beyond the planning documents outlined above, the EU has enacted a number
of laws and regulations that regulate the agricultural sector in general and dairy
farming in particular. This legislation, adopted in line with the objectives set out
in the planning documents discussed above, defines common requirements and
standards and thereby provides a comprehensive legal framework for ensuring
the sustainable and high-quality functioning of the agricultural sector. Table 2.1
summarises the main laws and regulations governing the agricultural sector,
including milk production and processing processes in the EU.

Table 2.1.

Objectives set by EU dairy legislation

Food Safety Authority

Document Objective Impact

Regulation Sets out the general Requires traceability, safety assurance
(EC) No. principles of food law; and documentation throughout the
178/2002 establishes the European milk production chain
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Table 2.1, continued

Document Objective Impact

Regulation Defines food hygiene Requires a high level of hygiene in
(EC) No. requirements milking, milk collection, storage and
852/2004 pre-treatment; lays down

requirements for premises,
equipment, water quality, and hygiene
of human resources

Regulation Sets specific hygiene Specifies the quality requirements for
(EC) No. regulations for food of raw milk (cell and bacterial counts,
853/2004 animal origin temperature)

Regulation Establishes official controls Reinforces national monitoring of
(EC) No. in the field of food and animal health, veterinary checks,
2017/625 animal health hygiene, milk quality, and feed safety

Regulation Establishes the common Regulates income stabilisation
(EC) No. organisation of the market | mechanisms, market intervention, and
1308/2013 in agricultural products and milk price support instruments

includes requirements for
regulating the milk and milk
product market

Regulation Regulates the use and safety | Establishes permitted additives, safety
(EC) No. of food additives criteria, and labelling requirements
1333/2008

Source: compiled by the author, based on the European Parliament and Council, 2002,
2004a, 2004b, 2008a, 2013, 2017, Chapla et al., 2023.

Through the adoption of regulations and directives and the process of
harmonisation, uniform requirements are applied across all Member States for
the production, storage and marketing of milk and milk products, thereby
reducing the risk of introducing infectious diseases dangerous to livestock or
humans.

Overall, EU dairy farming regulation encompasses several key dimensions,
including sustainable resource use, climate neutrality goals, emissions reduction,
and the protection of public health.

2.2. Latvian dairy farming planning documents and regulatory
framework

As in all EU countries, Latvia has a number of key national planning
documents directly related to dairy farming.
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One of the most important planning documents is Latvia’s CAP Strategic
Plan 2023-2027 (CAP 2023—-2027). This plan aims to maintain adequate support
for farmers, enabling them to ensure access to safe, high-quality, and affordable
food produced in Latvia. This strategic plan affects dairy farming through a set
of interlinked policy instruments. Direct payments, such as coupled income
support for dairy cows and support for new farmers, contribute to cash flow
stability, which is essential in a sector exposed to various forms of risk (Ministry
of Agriculture, 2024a).

Another key Latvian planning document is the National Energy and Climate
Plan 2021-2030, which outlines Latvia’s objectives and the measures envisaged
to achieve them across a range of sectors and activities, including greenhouse gas
emissions reduction and carbon dioxide sequestration, the increased use of
renewable energy sources, improved energy efficiency, enhanced energy
security, the development of energy market infrastructure, and the promotion of
innovation, research and competitiveness. In the context of livestock production,
enhancements to manure management systems and animal nutrition are directly
relevant and consistent with both Latvia’s climate neutrality strategy for 2050
and the EU regulatory framework (Ministry of Climate and Energy, 2025).

Dairy farming is also directly covered by medium-term policy planning
documents, such as the Action Plan to Reduce Air Pollution 2020-2030. The plan
requires the agricultural sector (especially cattle farming) to reduce ammonia
emissions. The plan is detailed and sets out specific sub-tasks, actions for
implementation, and deadlines(Cabinet of Ministers, 2020b).

Achieving the objectives established in international and national policy
planning documents for dairy farming development requires a coherent legal
framework to support the implementation and monitoring of relevant measures.
The EU has had a major impact on Latvia’s legal system, especially since Latvia
became an EU Member State on 1 May 2004.

In Latvia, the agricultural sector as a whole is regulated by the Law on
Agriculture and Rural Development, adopted on 7 April 2004. This law aims
to provide a legal foundation for agricultural development and to define a long-
term agricultural and rural development policy aligned with the European
Union’s Common Agricultural Policy and Common Fisheries Policy. The law
establishes mechanisms for the implementation, monitoring and evaluation of
agricultural and rural development policy, with the aim of promoting sustainable
development (Parliament, 2004).

The Veterinary Medicine Law provides a comprehensive framework for
animal health protection, defining procedures for the prevention and control of
infectious diseases, veterinary practice, the movement of products of animal
origin, and import and transit control, together with the rights and obligations of
the state, local authorities, and individuals (Parliament, 2001). Another important
law is the Law On Breeding and Animal Production, which aims to ensure the
genetic potential of farm animals. The relevant law establishes the procedure for
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the selection, monitoring and breeding of livestock, including the conservation
and development of breeds (Parliament, 2018). The Animal Protection Law
establishes the procedure for keeping and using farm animals, welfare
requirements, as well as the rights and obligations of the owner of a farm animal
(Parliament, 1999).

On the basis of the agricultural legal framework, the Cabinet of Ministers has
adopted regulations specifying the requirements and procedures governing dairy
farming:

1. Regulation No. 597 of the Cabinet of Ministers of the Republic of Latvia
of 6 September 2016, Veterinary, Hygiene, and Harmlessness
Requirements for the Handling of Raw Milk, lays down the hygiene and
safety requirements for the production, storage and transport of raw milk.

2. Regulation No. 73 of the Cabinet of Ministers of the Republic of Latvia
of 19 February 2019, Requirements for the Handling of Small Quantities
of Raw Cow and Goat Milk, regulates the procedure for the marketing of
milk in small quantities and hygiene requirements for small farms.

3. Regulation No. 5 of the Cabinet of Ministers of the Republic of Latvia of
2 January 2008, General Welfare Requirements for Farm Animals, lays
down general welfare requirements for the keeping and use of cows.

4. Regulation No. 228 of the Cabinet of Ministers of the Republic of Latvia
of 28 May 2019 on the Procedure for the Supervision and Performance
Testing of Dairy Cows and Dairy Goats regulates the breeding,
performance testing, and data registration of dairy cows.

5. Regulation No. 116 of the Cabinet of Ministers of the Republic of Latvia
of 25 February 2025, Procedure for the Registration of Livestock and
Aquaculture Animals, Their Herds and Housing, and the Procedure for
Marking of Livestock, lays down the procedure for the registration and
marking of animals, herds and animal housing.

6. Regulation No. 834 of the Cabinet of Ministers of the Republic of Latvia
of 23 December 2014, Requirements Regarding the Protection of Water,
Soil and Air from Pollution Caused by Agricultural Activity, regulates the
protection of water, soil and air from nitrates and ammonia.

7. Regulation No. 829 of the Cabinet of Ministers of the Republic of Latvia
of 23 December 2014, Special Requirements for the Performance of
Polluting Activities in Animal Housing, lays down special requirements
for polluting activities in animal housing.

In conclusion, the Latvian regulatory framework for dairy farming
encompasses a set of Cabinet of Ministers’ regulations addressing hygiene and
safety requirements for raw milk, procedures for the marketing of small-scale
milk production, animal welfare, dairy cow breeding and performance testing,
livestock registration and identification, and pollution prevention and
environmental protection in livestock housing.
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2.3. International context and its impact on Latvian dairy
farming

Latvian dairy farming is embedded within the international market and
regulatory environment, which significantly shapes its operation and
development. For this reason, it is exposed to international developments that
affect market dynamics and competitiveness.

Latvia’s accession to the European Union in 2004 represented a major
turning point for the agricultural sector, creating new export opportunities
through access to the EU single market and increasing competitive pressures.
The Russian import embargo (2014) had a major impact on dairy farming in all
EU countries, including Latvia. The ban covered most fruit and vegetables, meat,
fish and dairy products, which accounted for a third of Russian agri-food imports
before the ban (Chaptea & Caigne, 2018). Although the abolition of milk quotas
in 2015 was introduced as an EU regulatory measure, it had substantial
geopolitical repercussions, resulting in a pronounced decline in milk prices
throughout Europe, including Latvia. Milk quotas were the maximum amount of
milk a farmer could produce and market without having to pay tax (HM
Revenue & Customs, n.d.; Jongeneel & Gonzalez-Martinez, 2022). Brexit (2021)
(the UK’s exit from the EU) led to a disruption of EU legislative governance,
which also affected the Latvian dairy market. The introduction of new laws and
regulations on trade between the two countries made exports more costly and
time-consuming, resulting in more complex supply chains and increased
requirements for producers to demonstrate product origin (Brooks et al., 2021).
Another event that had a major impact on dairy farming, not only in Latvia but
worldwide, is the COVID-19 pandemic (2020-2021), when the industry faced a
crisis caused by the pandemic. The global restrictions led to industry closures
around the world, affecting the entire supply chain from farmer to consumer.
Supply chain disruptions and demand contractions led to lower incomes for
farmers, lower production, and higher inventories (Sridhar et al., 2022). During
late 2021 and early 2022, expectations of economic recovery following the
COVID-19 pandemic increased, prompting many countries to prioritise inflation
control and economic stimulus, including measures targeting the agricultural
sector. The full-scale Russian invasion of Ukraine in 2022 intensified
geopolitical tensions between Russia and the West, leading to increased
uncertainty regarding global growth prospects as a result of concerns about
disruptions to global supply chains (Ozili, 2022).

It can be concluded that Latvian dairy farming has undergone significant
changes in the last decade, triggered by international events. Collectively, these
developments have altered market demand, production conditions, and export
opportunities, prompting the need to address emerging challenges. Nevertheless,
the sector has shown resilience in adapting to global trends, including rising
demand for organic products and the integration of sustainable farming practices.
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3. STRUCTURE AND DEVELOPMENT TRENDS OF
LATVIAN DAIRY FARMING IN THE BALTIC AND EU
CONTEXT

The chapter consists of 26 pages, comprising 8 tables and 17 figures.

The third chapter presents a comparative analysis of dairy farming in the
Baltic states, examining the dynamics and structural changes in the indicators
characterising the sector. The scientific discussion of the chapter centres on
trends in dairy cow numbers, average milk yield and milk production, alongside
changes in farm structure. Additional focus is given to the volatility of milk
prices and the growing importance of plant-based milk alternatives. The cluster
analysis enabled the classification of EU countries based on similarities in the
structure of dairy sector development.

3.1. Analysis of indicators of dairy farming development

Given the high degree of economic integration among the Baltic states, an
analysis of dairy farming in Latvia necessitates a comparative assessment with
Lithuania and Estonia. Dairy farms in these countries operate under similar
geographical, climatic and regulatory conditions, while market dynamics are
frequently shaped by common factors, including EU policies and global price
trends. Moreover, comparing dairy farming across the Baltic states allows an
assessment of Latvia’s competitiveness in relation to the other countries.

Dairy farming is characterised by a number of indicators: total milk produced,
number of dairy cows, average milk yield per cow, and total number of livestock
holdings.

In light of the declining number of dairy cows in all the Baltic states in recent
years, it is important to examine whether this trend has affected overall milk
production efficiency (Figure 3.1). This necessitates an examination of average
milk yield dynamics to assess whether declining dairy cow numbers across the
Baltic states have translated into reduced total milk production. Given the fact
that total dairy cow numbers and average milk yield per cow are key indicators
of dairy farming efficiency and productivity, their cross-comparison is essential
for understanding trends within the sector.
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Figure 3.1. Number of dairy cows (thousands) and average milk yield (kg)
in the Baltic states, 2004-2023

As illustrated in the figure, average milk yield increased across all the Baltic
states between 2004 and 2023. From 2020 to 2023, Latvia saw a marked decline
in dairy cow numbers, accompanied by a steady increase in average milk yield
per cow. Since 2000, when the average milk yield per cow was 3,898 kg, this
figure has increased significantly, reaching 7,748 kg in 2023.

Lithuania exhibits a comparable trend, characterised by a decrease in dairy
cow numbers alongside a general increase in average milk yield per cow. The
total number of dairy cows in Lithuania decreased over the whole period under
consideration, from 494 thousand in 2000 to 224 thousand in 2023. Meanwhile,
the average milk yield per cow increased significantly, reaching 6,724 kg in
2022.

In Estonia, the trend is similar to Latvia and Lithuania — the total number of
dairy cows is decreasing, while the average milk yield per cow is increasing.
Since 2020, when the number of dairy cows in Estonia was 150 thousand, it has
been decreasing, reaching 82.5 thousand in 2023. At the same time, the average
milk yield per cow increased from 4,660 kg in 2020 to 10,608 kg in 2023.
Overall, milk yield growth was stable and moderate throughout the period.

One factor contributing to this trend is the availability of Structural Fund
financing following the accession of the Baltic states to the EU. Farmers benefit
from a broad range of support instruments, such as direct payments, investment
in agricultural production and processing, and training initiatives. Through
various forms of EU funding, farmers are able to modernise their holdings by
adopting advanced technologies and innovative practices, thereby enhancing
farm development (Svoboda et al., 2016; Czubak, 2021).

With improved financial capacity, farmers have begun to manage their
holdings more precisely and select cows with superior genetic potential for
increased milk production during lactation. Genetic selection has resulted in
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significant increases in milk yield, thereby contributing to higher levels of dairy
productivity (Hansen, 2000; Berry et al., 2003).

Similarly, the increase in average milk yield can be attributed to changes in
farm structures, whereby the number of small farms with lower milk yields has
declined over time, leading to higher average productivity on medium-sized and
large farms characterised by technologically advanced and intensive farming
systems. Larger farms have been the primary beneficiaries of financial support,
particularly following the CAP reforms, which have facilitated the development
of modern animal housing systems, improvements in feed quality, and the
adoption of precision livestock farming (Bérawski et al., 2020a; European
Commission, n.d.-h).

Another indicator of the overall trends and dynamics within the sector is the
distribution of farms by size group and the number of dairy cows. Figure 3.2
shows the number of farms by farm size group according to the number of dairy
cows in Latvia.
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Figure 3.2. Number of farms by size group according to number of dairy
cows and total number in Latvia, 2002-2023

Between 2002 and 2023, the dairy farming sector in Latvia underwent
substantial restructuring, as evidenced by a sharp decline in the total number of
dairy farms — from 71,300 in 2002 to 8,500 in 2023 — reflecting significant
changes in the sector’s structural composition. The most pronounced decline was
observed among small farms, with the number of holdings with 1-2 and 3-5
cows decreasing by 93.28% and 87.01%, respectively, between 2002 and 2023.
Latvia’s accession to the EU and the subsequent introduction of requirements
relating to milking hygiene, animal welfare, and manure management have also
contributed to the exit of small farms, as compliance necessitated investments in
farm modernisation that many small holdings lacked the capacity to undertake.
Consequently, milk production has become increasingly concentrated in
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medium-sized and large farms, enabling improvements in both cow productivity
and the quality and hygiene of the milk produced.

In Lithuania, data on the number of farms are only available for selected years
— 2003, 2007, 2010, 2013, 2020, and 2023 — but these data are sufficient to
identify the overall trends in the sector.

In Lithuania, as in Latvia, the number of small and medium-sized farms
decreased, while the number of large farms increased. Thus, the number of farms
with 1-9 cows in 2003 was 190 thousand, while in 2023, the number of these
farms had dropped to 10 thousand; thus, the number of farms with 1-9 cows
decreased by 94.74% between 2002 and 2023.
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Figure 3.3. Number of farms by size group according to the number of
dairy cows in Lithuania in 2003, 2007, 2010, 2013, 2016, 2020, and 2023

The situation was different on farms with 30—49 cows and on farms with
50 or more cows. An increase was observed in this category of farms; for
example, the number of holdings with 30-49 cows rose from 197,000 in 2003 to
592,000 in 2023.

Although data on the number of farms by size group, based on the number of
dairy cows, are also fragmentary in Estonia and only available for selected years
(2001, 2003, 2005, 2007, 2010, 2013, 2016, 2020, and 2023), it is nevertheless
possible to identify a clear trend. The situation in Estonia has been similar to
Latvia and Lithuania (see Figure 3.5).
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Figure 3.4. Number of farms per size group according to the number of
dairy cows in Estonia in 2001, 2003, 2005, 2007, 2010, 2013, 2016, 2020,
and 2023

The number of small farms has declined continuously since 2001, while
trends among medium-sized and large farms have been more volatile, exhibiting
both increases and decreases in certain years. Overall, the total number of farms
decreased between 2001 and 2023, with the exception of holdings with 300 cows
or more. The largest decreases between 2001 and 2023 were observed on farms
with 1-2 cows (98.02% decrease) and on farms with 3-9 cows (95.63%
decrease). However, only farms with 300 cows or more showed a steady
increase, from 76,000 in 2001 to 84,000 in 2023.

In this context, it is important to analyse how these structural changes are
reflected in overall milk production. Table 3.1 shows the quantities of milk
produced in Latvia, Lithuania and Estonia (in thousands of tonnes) from 2004 to
2023. These data allow for the assessment and comparison of production trends
across countries, and for the evaluation of whether increases in milk yield are
offsetting declines in herd size and changes in farm structure.

Table 3.1.
Milk production and annual growth rates in the Baltic states, thous. tonnes
Year Latvia g::v(‘;zl:) Lithuania g::v(s;;:l) Estonia g::‘(":;)h)
2004 786.4 1848.7 652.4
2005 810.3 3.04 1861.6 0.69 670.4 2.75
2006 815.1 0.59 1891.3 1.59 691.7 3.17
2007 841.6 3.25 1936.6 2.39 692.4 0.10
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Table 3.1, continued

Year Latvia g::‘z;l:) Lithuania g::v(s;z‘h) Estonia g::v(‘;zh)
2008 835.5 -0.72 1883.7 -2.73 694.2 2.59
2009 831.5 -0.47 1791 -4.92 671 -3.34
2010 834.5 0.36 1736.5 -3.04 671 0.00
2011 845.2 1.28 1786.4 2.87 692.9 3.26
2012 873.8 3.38 1778.1 -0.46 721.2 4.08
2013 915.1 4.72 1723.1 -3.09 772 7.04
2014 971.8 6.19 1795.1 4.17 805.2 4.30
2015 978.1 0.64 1738.5 -3.15 783.2 -2.73
2016 986.2 0.82 1627.7 -6.37 783.1 -0.01
2017 1000.1 1.40 1570.7 -3.50 790.6 0.95
2018 982.9 -1.71 1571.8 0.07 797.6 0.88
2019 978.9 -0.40 1551.1 -1.31 821.47 2.99
2020 988.2 0.95 1491.7 -3.82 848.06 3.23
2021 990.3 0.21 1476.9 -0.99 839.39 -1.02
2022 973.8 -1.66 1521.9 3.04 848.63 1.10
2023 962.2 -1.19 1472.9 -3.21 894.71 542

Source: author’s compilation based on data from CSB n.d.—d; Statistics Lithuania n.d.;
Statistics Estonia n.d.—d

Milk production in Latvia has been stable with a slight upward trend
throughout the period under review, starting from 786 000 tonnes in 2004. In
2023, milk production reached 962 000 tonnes. In 2007, milk production reached
its highest level at 1,000,000 tonnes; although it declined by 1.83% in 2018, total
production remained higher than in Estonia.

Estonia exhibits dynamics similar to those observed in Latvia, characterised
by relatively stable and moderately increasing milk production. In 2004, milk
production in Estonia amounted to 652,000 tonnes and increased to 895,000
tonnes by 2023, a level comparable to that recorded in Latvia in the same year.

In comparison with Latvia and Estonia, Lithuania exhibits substantially
higher levels of milk production. Throughout the period under review, Lithuania
recorded the highest levels of milk production; although production experienced
periods of decline, it remained substantially higher than in the other Baltic
countries. In 2004, Lithuania produced 1,849 thousand tonnes of milk, dropping
to 1,473 thousand tonnes in 2023. Despite the moderate decline, total milk
production is still significantly higher than in neighbouring countries.

Overall, productivity has not declined and has, in some countries, increased,
despite reductions in herd size and the number of small farms.

One of the most important factors affecting milk production is the
availability, quality and price of feed.
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Figure 3.5. Cereal price developments in the Baltic countries, 2020-2024

The figure illustrates the evolution of cereal prices in the Baltic countries over
the past five years, reflecting market dynamics of relevance to the dairy sector.
In 2022, all three countries experienced sharp price increases, with average prices
of EUR 30 per 100 kg for wheat, EUR 27.90 per 100 kg for barley, and
EUR 25.85 per 100 kg for oats. In the year under review, the increase in milk
prices was closely associated with global economic and geopolitical
developments, particularly the Russian invasion of Ukraine, rising energy prices,
and disruptions to supply chains. In 2023 and 2024, prices exhibited a declining
trend, stabilising and gradually approaching pre-crisis levels. Throughout the
period under review, wheat recorded the highest prices among cereals, followed
by barley, while oats consistently had the lowest prices.

3.2.Milk prices in the Baltic states: analysis and trends

Production volumes and milk prices are closely interrelated, reflecting the
interaction between market supply and demand. Milk prices vary across regions
and are influenced by a range of economic, social, environmental, and political
factors (Popescu et al., 2019). The dairy sector is a relatively volatile industry,
characterised by periodic crises in which milk purchase prices fall below
production costs, and influenced by a wide range of factors, from weather
conditions affecting feed availability and animal welfare to broader global
developments (Augustynska-Grzymek et al., 2017). As a result, the purchase
price of milk in Latvia is volatile and changes frequently, as the purchase price
of milk in the Baltic countries is closely linked to the world and EU milk prices.
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Figure 3.6. Impact of world events on the weighted average milk purchase
price in EUR/100 kg in Latvia, Lithuania, Estonia, and the EU-27

The EU dairy market was hit by the milk crisis, with milk prices at their
lowest level on record in 2014-2016. This price crisis also affected the Baltic
countries, with the farm-gate purchase price of milk declining significantly
during this period. This price decline was driven by the import embargo on EU
agricultural products imposed by the Russian government, which entered into
force on 7 August 2014, as well as by volatility in the global dairy market,
particularly the sharp contraction in demand in Asian markets, most notably
China, at the end of 2014 (Salois, 2016). Given the fact that China is one of the
world’s largest milk producers, its influence on the global dairy market,
including the Baltic states, is substantial (Bai et al., 2018). During this period,
the European Commission implemented a range of measures to mitigate the
effects of the milk price crisis, including increased investment in the
modernisation of dairy farms to keep pace with technological progress, as well
as incentives to promote the breeding of high-yielding cows for the intensive
production of high-quality milk (Popescu et al., 2019).

However, the highest price increases were observed in the second half of
2022. This sharp increase was driven by the Russia-Ukraine war, which disrupted
production and supply chains, resulting in substantial rises in fertiliser, grain, and
energy prices; these increases, in turn, raised dairy processing costs and were
reflected in higher dairy product prices. Export and import restrictions also had
a significant impact on milk prices, as countries were compelled to renegotiate
their trading partnerships (Hassen & Bilali, 2022).

Another factor influencing dairy farming is the lactation cycle and the
availability of feed resources (Paura & Arhipova, 2016). Consequently, during
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spring, summer, and autumn — when fresh fodder with higher protein content is
available, and calving typically occurs — milk production increases, leading to
lower milk prices. By contrast, in winter, milk production declines due to
generally lower feed quality and the stage of lactation, resulting in reduced
market supply and higher milk prices. The impact of seasonality on milk prices
in the Baltic countries and the EU-27 was examined.

As a result, milk prices exceed the average farm-gate price during the winter
months — when milk production is lower — as indicated by a seasonality index
greater than 1. This trend is particularly evident in Latvia and the EU-27 as a
whole. By contrast, during the summer months, prices fall below the average
level — reflected in a seasonality index of less than 1 — likely due to higher milk
production, surplus supply, and lower milk purchase prices. The Baltic countries
show very similar price trends, indicating a similar seasonal pattern.

3.3. Plant-based milk alternatives

When analysing traditional dairy farming and its development, it is also
important to consider the growing significance of the plant-based milk
alternatives sector. The plant-based dairy alternatives sector has experienced
rapid global growth, driven in part by increasing consumer demand for lactose-
free products. Veganism and related dietary practices have also contributed to
this trend, as consumers increasingly choose to avoid or reduce the consumption
of animal products, thereby diversifying their diets and substituting animal-based
products with plant-based alternatives. Growing consumer demand is prompting
food companies to develop plant-based alternatives to milk (Park, 2021;
Pontonio & Rizzello, 2021). Plant milks are derived from a variety of plant-based
ingredients such as cereals, legumes, nuts, and fruits (Pontonio & Rizzello,
2021). Soy milk, coconut milk, almond milk, rice milk, and oat milk are the most
popular types of plant-based milk (Shori & Al Zahrani, 2022).

In line with rising demand, sales of plant-based milk alternatives have also
increased, with an overall upward trend observed in selected European countries
between 2020 and 2022 (€ 2.85 billion in 2020, € 2.06 billion in 2021, and
€ .21 billion in 2022).

This increase reflects the growing consumer interest in beverages made from
plant-based raw materials. In 2022, Germany recorded the highest sales of plant-
based milk, exceeding € 500 million, while sales in Poland amounted to
€ 82.5 million (Good Food Institute Europe, n.d.).

Accordingly, plant-based milk and dairy alternatives (such as yoghurt,
cottage cheese, and cheese) are no longer perceived as niche products limited to
vegans or lactose-intolerant consumers. Instead, this trend reflects a broader
structural shift in food consumption patterns and is prompting traditional dairy
businesses to pursue new adaptation strategies, including the diversification of
their product portfolios to incorporate plant-based alternatives (Haas et al.,
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2019). It should be noted that several dairy processors in the EU and the Baltic
states have successfully adapted their traditional business models by
incorporating plant-based milk alternatives into their product portfolios.
Examples include Valio in Finland, which offers a wide range of Oddlygood oat-
based drinks and desserts, and Tere in Estonia. In Latvia, Rigas piena kombinats,
a company within the Food Union Group, has introduced plant-based drinks and
desserts under the Lakto Oat brand; however, only a single product is currently
produced under this brand. As a result, the domestic range of such products
remains limited, and the majority of plant-based dairy alternatives available in
Latvia are imported.

The increase in the production of plant-based milk alternatives is also
associated with environmental benefits. In particular, animal-based food
production, including traditional dairy farming, places significant pressure on
ecosystems due to high greenhouse gas emissions, intensive land use, and
substantial freshwater consumption (Geburt et al., 2022).

While demand for plant-based milk alternatives is increasing and these
products generally have a lower environmental impact, the sector faces several
challenges, including regulatory constraints within the EU, issues related to
product composition, and complexities associated with milk production
processes. For example, under current EU law, only products of animal origin
may be labelled as “milk”, “cheese”, or “butter”. Regulation (EU) No. 1308/2013
of the European Parliament and of the Council specifies that the term “milk”
refers exclusively to normal mammary secretions (European Parliament and
Council, 2013). This approach restricts plant milk producers to using the term
“plant drink” instead of “milk”.

Also, despite their growing popularity and demand, the nutritional value of
such products is very different from cow’s milk. Most plant-based beverages
contain lower levels of complete proteins, fatty acids, and bioactive components,
and lack bioactive substances such as lactoferrin, immunoglobulins,
phospholipids, and nucleotides that are naturally present in cow’s milk (Park,
2021). Consequently, their biological value is lower than that of cow’s milk due
to the absence of an optimal combination of essential amino acids (Karoui &
Bouaicha, 2024). However, it should be noted that plant-based beverages contain
other bioactive compounds, such as polyphenols and antioxidants, which may
confer different physiological benefits but are not directly comparable to the
bioactive components specific to milk (Aydar et al., 2020; Vashisht et al., 2024).
Accordingly, plant alternatives cannot be considered nutritionally equivalent to
cow’s milk.

In summary, the development of plant-based dairy alternatives in Europe
indicates a significant shift in food consumption patterns, driven by both
evolving consumer preferences and environmental sustainability considerations.
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34. Identifying clusters in dairy farming in the EU

To better understand and analyse differences in dairy farming across the EU,
cluster analysis — a data mining technique used to identify groups of similar
entities based on multiple characteristics — was employed. This approach enables
the identification of previously unknown groupings and the classification of
countries according to similarities in dairy development indicators, without
reliance on predefined categories (Landau & Ster, 2010).

The first stage involved factor analysis, the primary objective of which was
to structure and summarise the data in order to facilitate a clearer interpretation
of the relationships and patterns among variables. This method is commonly used
to consolidate variables into a limited number of correlated groups based on
shared variance (Young & Pearce, 2013). In the second stage, cluster analysis
was conducted, grouping the sample elements in such a way that variance within
clusters was minimised while differences between clusters were maximised,
thereby addressing this limitation. This method allows for the simultaneous
inclusion of several variables in determining the configuration (Ketchen &
Shook, 1996).

The analysis uses both indicators already discussed in this thesis, as well as
additional ones compiled. The clustering of EU countries was based on
EUROSTAT 2023 data, with missing values in some cases replaced by data from
previous years or, where statistically justified, by data from neighbouring
countries.

Table 3.2
Classification of data collected for cluster analysis into groups and
indicators
Group Indicator
Milk production capacity Number of dairy cows, volume of cow’s milk

collected, distribution of processed milk, cheese
production, butter production, production of
acidified milk products, skimmed milk powder,
whey
Market dynamics indicators Milk selling prices, crop selling prices, raw milk
exports, raw milk imports, workers’ remuneration,
farmland prices, organic cow milk prices
Economic and demographic GDP per capita, GDP growth, employment rate,
indicators unemployment rate, share of agriculture in GDP,
population change, population, land area, share of
agriculture in employment

Source: developed by the author

To conduct the cluster analysis, factor analysis was first performed, resulting
in the construction of composite factors. Two statistical measures are commonly
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used to assess the suitability of data for factor analysis: the Kaiser-Meyer-Olkin
(KMO) measure and Bartlett’s test of sphericity.

Accordingly, the suitability of the input data matrix for factor analysis was
assessed using the KMO measure and Bartlett’s test of sphericity. The KMO
value was 0.632, exceeding the minimum acceptable threshold of 0.5 and
indicating that the dataset was sufficiently suitable for further analysis. Bartlett’s
test of sphericity yielded a p-value of 0.000, which is < 0.05, indicating that the
correlations among the variables were statistically significant and that the data
were suitable for factor analysis.

To optimise the results of the analysis, a correlation analysis was conducted
to identify and exclude indicators that exhibited insufficient correlation with
other variables in the dataset. During the analysis, several indicators were
identified as exhibiting weak correlations with the remaining variables and were
therefore excluded from further analysis. These included whey prices, crop
selling prices, farmland prices, organic cow milk prices, GDP growth, and the
unemployment rate. The correlation should be 0.30 or higher to indicate a strong
relationship between variables (Yong & Pearce, 2013). For these indicators, the
maximum correlation with other variables did not exceed 0.3 and was, in some
cases, negative. This result indicates low shared variance with the remainder of
the dataset and a limited capacity to contribute to a robust representation of the
underlying latent structure.

To better understand the relationships among the variables, a correlation
matrix was constructed, the interpretation of which enabled the identification of
groups of variables exhibiting strong positive or negative correlations.
Incorporating these results into the factor analysis revealed a three-factor
structure explaining 68.19% of the total variance, with a pooled mean value of
0.632, exceeding the commonly cited reliability threshold of 0.60 for the Kaiser
criterion.

The first composite factor (F1) captures the scale and capacity utilisation of
milk production and can be interpreted as a milk production factor. This factor
exhibits very strong positive correlations with the volume of processed milk
distributed (0.976), total milk production (0.972), cheese production (0.960), the
number of dairy cows (0.959), employee compensation (0.959), production of
acidified milk products (0.933), butter production (0.886), and skimmed milk
powder production (0.849).

The second composite factor (F2) mainly describes the demand for dairy
farming and can be interpreted as a market dimension. This factor is also strongly
correlated with population change (0.778), employment (0.687), and gross
domestic product per capita (0.677), indicating the important role of economic
prosperity and demographic dynamics in shaping market demand.

The third composite factor (F3) describes the macroeconomic and foreign
trade environment. It shows very high positive correlations with raw milk
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imports (0.976) and milk selling prices (0.972), reflecting the dynamics and
impact of the external market.

Based on the results of the factor analysis, a cluster analysis was subsequently
conducted to group the observations according to similarities across the
identified factors. The significance of the factors in the clustering process was
assessed using analysis of variance (ANOVA), which evaluated the variance
between and within clusters. Statistically significant differences were identified
where the p-value was less than 0.05 (Henson, 2015). The results indicate that
all three factors are statistically significant, as the p-values in all cases were
below 0.05, confirming the presence of significant differences between clusters.

The number of clusters was set to 6 using the Elbow rule. The Elbow rule
is based on analysing the relationship between the number of clusters and the
reduction in dispersion, identifying the point at which adding further clusters no
longer yields a substantial decrease in within-cluster variance (Thorndike, 1953).

Cluster 1 is characterised by a strong milk production factor, reflecting the
dominance of production capacity, but with a limited influence of market and
macroeconomic factors. Spain, France, Italy, and Poland are part of this cluster.
The countries in this cluster are distinguished by their high milk production
capacity and well-developed processing industries. These countries are
characterised by large dairy cow populations (785,000 in Spain, 3,164,000 in
Germany, 1,808,000 in Italy, and 1,500,000 in France in 2023, as well as
2,243,000 in Poland), and high levels of milk production. In 2023, these countries
collectively produced 56,718.61 thousand tonnes of milk, representing a
substantial share of total EU milk production.

Cluster 2 has relatively lower scores for all three factors, especially market
aspects. This cluster is characterised by countries with limited industry capacity
and lower demand. Bulgaria, Croatia, Greece, Romania, and Latvia are in this
cluster. Bulgaria is located closest to the centre of Cluster 2, whereas Latvia is
positioned relatively far from the cluster centre. The countries in this cluster are
characterised by lower milk production intensity and weaker market
development. Data for 2023 indicate that milk production in these countries is
substantially lower than in Europe’s leading milk-producing markets. In most of
these countries, milk purchase prices are also below the EU average (€ 47 per
100 kg in 2023); for example, prices amounted to € 35 per 100 kg in Latvia and
€ 45 per 100 kg in Romania in 2023.

Cluster 3 is similar to Cluster 2 in terms of the milk production factor, but
this cluster contains countries with more favourable market conditions. The
cluster has the largest number of countries — 11 — with Finland closest to the
centre. The other countries are Belgium, Estonia, Cyprus, Lithuania, Hungary,
Austria, Portugal, Slovenia, Slovakia, and Sweden. This cluster comprises
countries characterised by medium levels of milk production intensity, a
balanced market structure, and a stable macroeconomic environment, which
together support an efficient and sustainable milk production model. Milk
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production in these countries is generally moderate; however, this is offset by a
well-organised dairy market. The Baltic countries exhibit clear structural
differences in the level of development of their dairy sectors, a pattern that is also
reflected in the results of the cluster analysis. Estonia and Lithuania are in Cluster
3, while Latvia is in Cluster 2, which is characterised by a weaker market than
Cluster 3. Accordingly, Lithuania and Estonia are grouped within a cluster of
countries that are able to maintain relatively stable procurement prices,
contributing to higher incomes and greater competitiveness. Latvia, by contrast,
has maintained lower procurement prices, which, combined with a smaller
processing sector and a weaker export position, explain its classification within
Cluster 2.

Cluster 4 is characterised by a high market value, average performance in
milk production, and a slightly negative macroeconomic environment. This
pattern is characteristic of countries with strong demand, reflected in higher
purchasing power and favourable population dynamics, alongside stabilised
production levels. The Czech Republic, Denmark, Luxembourg, Malta, and the
Netherlands are in this cluster; Denmark is the most typical country in this
cluster, while the Netherlands is the least typical. Milk production is not the
dominant feature of this cluster; however, market efficiency, price stability, and
processing capacity are well above the EU average. The advantage for these
countries, therefore, lies not in increased production but in greater production
efficiency, higher value added through processing, and a more balanced market
structure.

Cluster 5 has a high production factor and significant market aspects. This
cluster is characterised by a strong manufacturing presence and includes a single
country, Germany, that is most representative of its features. Germany exhibits a
markedly higher level of manufacturing output, amounting to € 31,423,000, and
accounts for nearly one-fifth of the total EU cow’s milk production in 2023.
However, Germany’s placement in a distinct cluster is not solely attributable to
its high milk production volume, but also to the strong concentration of the
processing sector and the high degree of integration between dairy cooperatives,
industrial processing, and export activities (Wehner et al., 2022).

In the final cluster (Cluster 6), macroeconomic conditions are the dominant
characteristic, while milk production and market-related factors exhibit
moderately positive levels. There is also one country in this cluster, Ireland.
Ireland has one of the highest GDP per capita (€ 96,290 in 2023) and a high share
of exports (158,656 tonnes in 2023). This indicates that dairy farming operates
within the context of overall economic stability, which, in turn, facilitates access
to development finance and export infrastructure for farms. Irish dairy farming
is also the most important source of income for family farms in the country,
generating the highest farm income among agricultural sectors. Its future
development is supported by strategies aimed at increasing pasture productivity,
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improving livestock fertility, and reducing feed costs, thereby enhancing the
resilience and sustainability of Irish dairy farming (Teagasc, 2023).

Overall, the results of the cluster analysis show significant differences in
dairy farming between European countries. At the same time, the results provide
an important basis for future scenario development, as they clearly demonstrate
the distinct positioning of Latvian dairy farming in comparison with Lithuania
and Estonia. Latvia’s inclusion in a cluster characterised by weaker structural
and market indicators enables the identification of specific development
bottlenecks to be modelled in future AGMEMOD scenarios.

4. METHODOLOGY AND RESULTS OF LATVIAN
DAIRY FARMING SCENARIO MODELLING

The chapter consists of 27 pages, comprising 8 tables and 17 figures.

In the fourth chapter, the AGMEMOD model was applied to analyse the
potential development of Latvian dairy farming under two scenarios, assessing
the dynamics of dairy cow numbers, average milk yield, and total milk
production. The chapter examines the effects of data updates and equation
recalibration on the baseline scenario, and develops and compares alternative
scenarios reflecting differing rates of farm modernisation and their implications
for structural change within the sector. Additional attention is devoted to the
mechanisms of milk price formation within the AGMEMOD model for the Baltic
countries. At the end of the chapter, the scenarios were validated using the
TOPSIS method, enabling the identification of the most appropriate scenario.

AGMEMOD is primarily used to construct the baseline scenario, which
projects the future development of the agricultural market on the basis of
historical trends. This scenario is based on assumptions about exogenous
variables that are determined outside the model (Salamon et al., 2019). It is
important to note that neither the baseline scenario nor the alternative scenarios
are intended as forecasts of future outcomes, but rather as representations of
possible market developments.

Given the purpose and operating principles of the model, a series of
methodological steps was undertaken to enable the identification, development
and analysis of scenarios.

Step 1 Expert interviews. Interviews with industry experts were conducted
to gain deeper insight into the trends, challenges and potential future directions
of dairy farming.

Step 2 Scenario identification. The author identified two scenarios: A
“Targeted and intensive modernisation of farms” and A2 “Limited modernisation
of farms”.

95



Step 3 Database update. The AGMEMOD database was updated with
Latvian data, enabling the model to operate with current inputs and thereby
enhancing the reliability of analyses concerning trends, challenges and potential
future developments.

Step 4 Recalibrating and adjusting the equations. A review of the model’s
Latvian equations was conducted, with particular attention given to those directly
influencing scenario development and outcome dynamics, thereby ensuring the
credibility of projections regarding future trends, challenges and potential
directions.

Step 5 Developing the scenario. A new baseline scenario was developed,
incorporating the updated data and equations and serving as a reference against
which alternative scenarios were compared.

Step 6 Evaluating the results. The results of the scenarios were evaluated
using the TOPSIS (Technique for Order Preference by Similarity to Ideal
Solution) method.

The first step aimed to identify current structural changes in dairy farming,
as well as the main challenges and potential development pathways. The
information collected served as a basis for structuring the scenarios and selecting
the modelling pathways.

The interviews took place between 6 May and 13 June 2025. The following
experts were interviewed:

e Raimonds Jakovickis, Livestock expert of the association Farmers’

Parliament;
e leva Krustina, Executive Director of the Latvian Holstein Breeders
Association;

e Dr agr. Daina Jonkus, Professor, leading researcher at Latvia University

of Life Sciences and Technologies;

e Aldis Klavins, owner of the farm Cerini.

The selected experts represent different levels of the dairy sector —
institutional, academic, and practical — thereby ensuring coverage of the
production, breeding, policy, and research dimensions. Such multidimensional
representation enabled the analysis of structural changes in the sector from both
a strategic and policy-making perspective, as well as from the standpoint of farm
operations and productivity.

To ensure a systematic approach, interview guidelines were developed
encompassing the following thematic areas: farm structural dynamics;
technology adoption and labour efficiency; milk quality and breeding priorities;
milk processing capacity and market challenges; and the impact of climate policy
on the sector.

A PESTEL (Political, Economic, Sociological, Technological,
Environmental, and Legal) analysis based on expert interviews was conducted
to identify the main external influencing factors.
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The PESTEL analysis enables the formulation of important conclusions
regarding development trends in Latvian dairy farming and the influence of the
external environment. For example, political and legal uncertainty poses
significant risks to the sustainability of the sector, while technological change is
accelerating structural differentiation among farms, with larger and more
modernised operations becoming increasingly competitive as the number of
small farms declines.

At the same time, the results of the cluster analysis provided a foundation for
the scenario design, as they indicated that Latvia belongs to Cluster 2 alongside
countries characterised by lower production levels and weaker market
performance. Accordingly, it is necessary to develop and assess a scenario in
which Latvian dairy farming converges towards a more developed cluster (e.g.,
Cluster 1), as well as a scenario in which the sector maintains its current level of
development and, consequently, its existing cluster position.

Against this background, two scenarios were identified.

e Scenario A, “Targeted and Intensive Modernisation of Farms”,
represents a situation in which support for farm modernisation remains
stable, enabling the majority of farms to implement the gradual adoption
of new technologies. The modernisation process creates the preconditions
for achieving sustainability objectives, particularly through
improvements in resource-use efficiency and compliance with
environmental requirements.

e Scenario A2, “Limited Modernisation of Farms”, envisages a situation
in which the implementation of sustainability objectives is constrained by
an unclear and evolving regulatory framework that reduces the
attractiveness of investment in farms. As a result, modernisation is slower
and more limited.

Taking the nature of the developed scenarios and their anticipated impacts
into account, the key indicators requiring completion or clarification to ensure a
comprehensive assessment were identified as total milk production, average milk
yield per cow, and the total number of dairy cows. These indicators enable a clear
quantification of the effects of gradual modernisation or regulatory-induced
stagnation on milk production, production efficiency, and herd dynamics.

4.1. AGMEMOD database update, equation adjustment, and
scenario development

The AGMEMOD model is based on country-level databases that incorporate
historical data on the performance of a given sector, including production
volumes, prices, import and export flows, and other relevant indicators. Updating
the database — by adding missing observations or revising existing data — is
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essential to ensure that the baseline scenario is constructed using consistent
historical data and observed trends.

The Latvian dairy database was updated with the most recent data on total
milk production, the number of dairy cows, average milk yield per cow, and milk
procurement prices. These indicators were updated and extended to cover the
period from 2021 to 2023, ensuring that the model reflects the latest industry
trends. The data was completed using information published by the Central
Statistical Bureau (CSB).

The data for the above indicators were updated, as they represent the most
relevant measures of milk production processes and constitute an interlinked
system within the model; for example, the total number of dairy cows is directly
related to their level of productivity (milk yield per cow) and the overall volume
of milk produced. Errors or inconsistencies in any of these elements, therefore,
have a direct impact on the final results of the model.

Following the data update, a substantial downward adjustment in the baseline
milk production estimate — from 1,280 thousand tonnes to 1,187 thousand tonnes
— was observed, indicating that milk production had initially been overestimated
in the model.

The data update also had a substantial impact on the dairy cow forecast: the
baseline estimate for 2024 was revised from 174,000 to 158,000 cows.

Updating the average milk yield data enabled the incorporation of historical
information into the forecast, which consequently begins in 2024 rather than in
2006, as originally specified.

Another indicator for which the data have been revised and updated is the
purchase price of milk. The data initially used in the model did not correspond
to the official CSB figures from 2000 onwards, so the data were updated. The
database was also updated with missing data for 2021-2023. At the same time,
it was found that the equation did not include historical data. Following the
database update, the forecast period was shifted to commence in 2024.

Data recovery constituted an essential step in re-establishing the continuity
of the historical data series. Overall, this refinement of the data ensured that the
model was consistent with actual conditions.

To ensure an adequate representation of developments in the Latvian dairy
sector and to support robust scenario development, selected AGMEMOD model
equations were recalibrated and adjusted. With regard to the revision of the
equations, it is important to note that they may differ across countries, reflecting
the specific characteristics of each national context. The Latvian equations for
key indicators — such as total milk production, the number of dairy cows, and
average milk yield per cow — appear not to have been revised since 2017, as the
AGMEMOD ModelEquations file does not record the dates of equation
revisions.

The author began with the equation relating to milk yield per cow, as this
indicator reflects production efficiency and serves as a key measure for assessing
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productivity changes in dairy farming. The equation for total milk production
was then revised.

In both cases, the baseline forecast was revised following the data update and,
for 2024, was substantially closer to the actual observations reported by the CBO.
Specifically, the average milk yield estimate of 8,124 kg per cow closely
approximated the observed value of 8,239 kg per cow recorded by the CBO in
that year, while the deviation for total milk production amounted to 58,000
tonnes. The discrepancy was considerably larger in the previous specification,
reaching 228 thousand tonnes. Overall, these revisions improved the consistency
of the model with observed developments.

However, the equation for the number of dairy cows was not revised, as it is
derived from the total volume of milk produced and the average milk yield per
cow, both of which were revised previously. After the relevant equations were
refined, AGMEMOD automatically recalculated the results for the relevant
indicator.

Scenario development only commenced after the AGMEMOD database
had been updated and the equations revised, as these preliminary steps provide
an appropriate foundation and ensure methodological consistency for subsequent
modelling.

Development of scenario A “Targeted and Intensive Modernisation of
Farms”

Agricultural development is increasingly driven by productivity gains
achieved through the adoption of modern technologies. This approach is
particularly applicable to dairy farming, where increases in milk yield are closely
associated with more precise feeding practices, advanced animal health
monitoring solutions, automation, and digitalisation, while genetic selection
represents an additional driver of long-term productivity gains in the sector.
Studies have shown that milk yield exhibits a moderately high degree of
heritability, which enables effective selection and supports sustained
productivity gains over successive generations (Hassoun et al., 2023; Abiri et al.,
2023; Méndez-Zambrano et al., 2023; Lee et al., 2019).

The adoption of such technologies can both reduce unit labour costs and
enhance animal welfare outcomes by enabling the early detection of health
deviations and facilitating real-time management adjustments. At the same time,
these solutions contribute to more sustainable agricultural practices and help to
reduce the environmental impact of the sector (Hassoun et al., 2023; Abiri et al.,
2023; Méndez-Zambrano et al., 2023).

Similarly, various EU reports indicate that future growth in the dairy sector
is unlikely to be driven by increases in herd size, but rather by improvements in
the productivity of existing animals, which are closely linked to the adoption of
new technologies on farms (European Commission, 2024; Organisation for
Economic Co-operation and Development, 2025).
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The cluster analysis further indicated that Latvia is currently grouped within
a cluster characterised by lower productivity and weaker market conditions
compared with those of its neighbouring countries. Farm modernisation would
enable productivity gains and facilitate a transition towards a more competitive
cluster dominated by countries with higher levels of technological sophistication,
more efficient production systems, and a more stable position in international
markets.

The country also has guarantee instruments for the agricultural sector,
which are managed by the Development Finance Institution ALTUM. These
instruments aim to facilitate access to financial resources for agricultural and
rural enterprises, particularly in cases where insufficient collateral limits access
to bank lending (ALTUM, n.d.). However, access to credit for small and
medium-sized farms in Latvia remains severely limited. The principal obstacles
are insufficient collateral, limited equity capital, and the low financial turnover
of farms, which frequently does not satisfy the requirements imposed by
commercial banks (Grivins et al., 2021).

It is also important to highlight the adoption of practices at the farm level,
as this enables familiarisation with new technologies and their practical
implementation (Latvian Rural Advisory and Education Centre, n.d.—c).

In light of the development trends observed to date and the technological
trajectory of Latvian dairy farming identified through expert interviews, it is
assumed that farm modernisation and the continued adoption and development
of technologies within the Latvian dairy sector will persist.

Scenario A, “Targeted and Intensive Farm Modernisation”, depicts a targeted
and structured model of farm modernisation, incorporating technological
integration into production processes as a key determinant of long-term
productivity growth.

The scenario is modelled using an average milk yield per cow equation,
consistent with expert assessments and EU policy documents indicating that the
future development of the sector will be driven by productivity growth rather
than herd expansion. Within the model’s framework, average milk yield is
functionally related to the number of cows, with productivity improvements
enabling market demand to be met using fewer animals. The impact of
technology and modernisation is captured in the model through the trend
component TREND70, whose coefficient is increased from 147 to 150 (2.04%)
under the scenario, thereby modelling a gradual increase in productivity. To
maintain consistency with the most recent observed years, the free term of the
equation was calibrated using the Intercept Calibration Tool, thereby ensuring a
smooth transition from the historical data to the forecast period.

The results of Scenario A, “Targeted and Intensive Farm Modernisation”,
which simulates the gradual introduction of technologies in Latvian dairy farms,
indicate a positive long-term impact on average milk yield per cow.
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Figure 4.1. Results of scenario A “Targeted and Intensive Modernisation of
Farms”, kg

Under the baseline scenario, the milk yield in 2032 is assumed to be 9,295
kg, whereas under the gradual farm modernisation scenario, this value increases
to 9,769 kg. This means that the projection increases by 474 kg or about 5.1%
compared to the original trajectory. This difference points to a targeted
technological potential to improve the efficiency of milk production.

Other important parameters of milk production — number of dairy cows and
total milk production — were also affected in this scenario.

Table 4.1.
Relative difference between scenario A “Targeted and Intensive
Modernisation of Farms” and the “Baseline” scenario, %

Indicator | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

Number -524 | -538 | -5.33 | -528 | -5.23 | -5.18 | -5.13 | -5.08 | -5.03
of dairy
COWS

Total 0.00 | -0.20 | -0.20 | -0.21 | -0.20 | -0.20 | -0.19 | -0.19 | -0.19
quantity
of milk
produced

Source: AGMEMOD results

The table below shows that, over the projection period, the number of dairy
cows under the technology adoption scenario is approximately 5.0—5.4% lower
than under the baseline scenario; however, this difference gradually narrows,
declining from —5.24% in 2024 to —5.03% in 2032. At the same time, total milk
production remains virtually unchanged (average deviation of —0.19%),
indicating that increases in productivity per cow compensate for the reduction in
herd size and are consistent with the direction of structural change in the sector.
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Taking the gradual introduction of technologies in Latvian dairy farming
modelled in Scenario A into account, “Targeted and Intensive Farm
Modernisation”, an alternative development pathway was also modelled,
assuming a slower pace of modernisation and a more limited adoption of
technologies on farms, constrained by institutional and structural barriers.

Development of scenario A2 “Limited Modernisation of Farms”

Agriculture in the EU and Latvia is increasingly subject to environmental and
climate policy requirements, as set out in documents such as the European Green
Deal, the EU Methane Emissions Reduction Strategy, and the Latvian CAP
2023-2027. These requirements contribute to more sustainable production but
also increase cost burdens and uncertainty for farms planning investments in
technology.

At the same time, according to the European Court of Auditors’ 2024 report,
the CAP does not meet the EU’s climate and environmental ambitions, as it lacks
key elements for measuring environmental performance, sufficiently clear
targets, and result-oriented indicators. The report further notes that, with regard
to agricultural GHG emissions in Latvia, the CAP Strategic Plan neither sets a
national target nor specifies the expected contribution to reducing these
emissions (European Court of Auditors, 2024). This also implies that the EU
lacks effective instruments to stimulate a green development pathway, including
reductions in GHG emissions, thereby creating policy uncertainty (Changing
Markets Foundation, 2023).

In Latvia, there is also a time lag between policy implementation and
investment cycles; for example, the Recovery and Resilience Facility expires in
2026, while methane-related regulatory requirements are still being finalised
(Ministry of Finance, 2025). The high administrative burden hinders the uptake
of funding and, in some cases, limits the use of available funds (Ministry of
Agriculture, 2024b).

At the same time, the pace of farm modernisation in Latvia is significantly
constrained by structural factors, particularly among small farms, which are
characterised by low levels of economic activity, limited access to capital, and
fragmented access to information, resulting in slow structural change (Veveris &
Puzulis, 2018; TVNET, 2024; Latvian Rural Advisory and Education Centre,
n.d.—d). For this reason, small farms require dedicated policy measures and
targeted investments to stimulate their development and ensure their continued
viability.

In light of the above, and reflecting expert views that uncertainty in climate
regulation and ongoing structural changes in the sector are constraining long-
term investment in farms, an alternative Scenario A2, “Limited Modernisation
of Farms”, is developed. Given the increase applied in Scenario A (from 147 to
152), the TREND70 coefficient in Scenario A2 is reduced by the same magnitude
(2.04%) as it was increased in Scenario A. Following this adjustment, the
equation was calibrated by modifying the free term using the AGMEMOD

102



Intercept Calibration Tool to maintain consistency with the most recent observed
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Source: AGMEMOD results
Figure 4.2. Results of scenario A2 “Limited Modernisation of Farms”, kg

The figure shows that, under the assumption of stagnation in technology
adoption due to environmental requirements and regulatory uncertainty, average
milk yield per cow increases more slowly than in the baseline scenario. The shape
of the curve maintains its historical upward trend, but with a lower slope: the
growth rate flattens, and the gap between the scenario and the baseline scenario
gradually widens over time.

Given the equation for the number of dairy cows and its dependence on
average milk yield, this indicator is also affected under the scenario.

Table 4.2.
Relative difference between scenario A “Limited Modernisation of Farms”
and “Baseline” scenario, %

Indicator | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
Number 5.09 | 524 | 519 | 514 | 5.09 | 5.04 | 499 | 494 | 4.89
of dairy
COWS

Total 0.00 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.19 | 0.19 | 0.19
quantity
of  milk
produced
Source: AGMEMOD results

Livestock numbers under the scenario are at least 5% higher than in the
baseline scenario by 2029; however, by 2032, the difference decreases to 4.89%.
This indicates that, in a context of slower productivity growth, more cows are
needed to maintain production. At the same time, total milk production remains
virtually unchanged over the entire period, with a relative difference of less than
0.20%.
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A comparison of the three scenarios shows how different rates of technology
adoption can affect productivity. In 2032, Scenario A records an average milk
yield per cow 0f 9,769 kg, which is 4.85% higher than under the baseline scenario
and 9.12% higher than in Scenario A2, where technology adoption is slowed.
This gap does not emerge abruptly but develops gradually over several years.
Farms that maintain investment activity and adopt automated solutions are able
to increase milk yield per animal while reducing their dependence on herd size.

4.2. Price dynamics and adjustments of AGMEMOD

Another important indicator in dairy farming is the purchase price of milk. It
responds to a wide range of external factors and has a significant impact on farm
capacity, investment decisions and production strategy. Prices also shape
consumer demand (Boérawski et al., 2020a).

Milk purchase prices in the AGMEMOD model are determined using
econometric equations that reflect underlying price formation mechanisms.
These equations may be based either on the prices of other dairy products (e.g.,
skimmed milk powder, butter and cheese) or on milk prices in other countries.
The choice of such linkages can also influence the outcomes of dairy farming
scenarios.

In order to better understand the mechanisms of milk price formation in
Latvia, it is also important to analyse the pricing equations applied in Lithuania
and Estonia.

The first country to have its equation evaluated is Lithuania. The
AGMEMOD Excel file ModelEquations indicates that the country-specific
equation is specified such that the milk purchase price depends on the prices of
other products, namely butter and cheese. Dependencies on prices in other
countries are not included in this equation.

In Estonia, the milk price is similar to that in Lithuania, i.e., it depends on the
prices of other products. In the case of Estonia, the price of skimmed milk powder
is included in the equation in addition to the price of butter and cheese.
Dependencies on prices in other countries are not included in this equation.

The Latvian milk price equation differs markedly from those of Lithuania and
Estonia, as the price is not derived from the prices of other dairy products (e.g.,
butter or cheese) but is instead linked to the German milk purchase price.

Based on the Granger causality analysis presented in Raw Milk Price
Transmission in Selected EU Countries, it is assumed that the Latvian milk
purchase price depends on German and Polish milk prices, while no reverse
relationship is identified. This means that Latvian prices are following leading
EU market trends. In Lithuania and Estonia, however, milk purchase prices are
less dependent on external markets and more determined by internal factors or
the prices of other dairy products.
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As the Latvian milk price may also respond to Polish milk prices, the author
adjusted the price equation to incorporate Polish prices and compared the results
with the Baseline scenario, in which prices depend on German prices (Figure
4.3).
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Figure 4.3 Milk purchase prices in relation to German and Polish prices,
EUR/100 kg

The red curve (“Scenario”) illustrates the dynamics of the Latvian purchase
price when it is modelled as dependent on the Polish price level, while the blue
curve (“Baseline”) shows the dynamics when the price is linked to German milk
prices. The corresponding graph shows that the price difference is not substantial:
in 2024, the German price is forecast at EUR 38.50 per 100 kg, while the Polish
price is projected at EUR 37.28 per 100 kg; by 2032, the Latvian milk price
converges to the same level under both equations, reaching EUR 35.40 per 100
kg. These dynamics indicate that Latvian milk procurement prices are closely
correlated with developments in external markets and are able to adjust to
changes in both the German and Polish markets, reflecting the effects of market
integration.

4.3. Validation of the resulting scenarios using the TOPSIS method

The final step, after the scenario results have been obtained, is the validation
of the scenarios. In such cases, Multi-Criteria Decision Analysis (MCDA)
methods are used, which provide a structured approach to evaluating and
comparing alternatives (Belton & Stewart, 2002). MCDA aims to support
decision-makers in selecting the most appropriate option based on quantitative
and/or qualitative criteria, while ensuring transparency and a rational
justification for the choice (Greco et al., 2016).
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One of the MCDA methods is the TOPSIS method, developed by Hwang and
Yoon in 1981. It is particularly well-suited to situations in which multiple
alternatives must be evaluated on the basis of diverse quantitative and qualitative
criteria. The basic idea of the method is that the optimal solution is the one that
is the least distance from the ideal positive alternative and the greatest distance
from the ideal negative alternative (Tzeng & Huang, 2011; Durbach & Stewart,
2012; Zavadskas et al., 2016). The author has used the TOPSIS method to assess
dairy scenarios based on the results of the AGMEMOD model. Three criteria
were analysed as part of the assessment: average milk yield per cow, number of
dairy cows; total milk produced. The TOPSIS calculations use the scenario point
values for 2032, the final year of the projection period, thereby ensuring that the
comparison reflects the long-term position of each scenario. Three scenarios
were defined as alternatives: baseline, A and A2. The author uses the classical
version of the TOPSIS method (Roszkowska, 2011).

In the TOPSIS analysis, the scenarios were aggregated into a decision matrix
with the corresponding evaluation criteria, which were then normalised to ensure
comparability across criteria. The criteria were weighted equally (1/3), ensuring
a neutral and methodologically sound comparison of scenarios (Zhou, 2006). To
initiate the application of the TOPSIS method, a decision matrix containing the
initial (non-normalised) data for the selected alternatives was constructed.

Table 4.3.
Decision matrix with real outputs (before normalisation)

Alternative Average milk | Total milk volume Number of dairy
yield COWS

Baseline 9295.7 836.6 90.0

A 9769.0 835.9 85.5

A2 8878.0 838.2 94.4

Source: developed by the author

Although MCDA methods traditionally assume independence among
criteria, in practice these criteria often interact, giving rise to both reinforcing
and overlapping effects. This interrelationship between criteria does not
constitute a methodological flaw if it is conceptually sound and consistent with
the logic of the system under analysis (Greco et al., 2016; Cinelli et al., 2020).

In this case, the selected indicators can be related to three levels of analysis:

e Average milk yield describes the micro-level — production intensity,

technological development and efficiency at the farm level,

e The number of dairy cows is a proxy for the meso level — the structure

and scale of the sector;

e Total milk production is a macro-level measure of the total milk

production and productivity of the sector.

This combination of indicators ensures that the TOPSIS method captures both
production structure and output dimensions, thereby enabling a balanced
assessment of the relative efficiency of the scenarios. This approach provides a
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consistent vertical linkage between microeconomic indicators and total sectoral
milk production; however, future research should enhance the method by
incorporating additional independent indicators (e.g., investment intensity or
emission efficiency).

Table 4.4.
Intermediate results of TOPSIS method calculations according to the
scenarios
Alternative Vi Via Vi st S; C;
Baseline 0.192 0.192 0.192 0.014 0.013 0.482
A 0.202 0.192 0.183 0.001 0.026 0.980
A2 0.183 0.193 0.202 0.026 0.001 0.020

Source: developed by the author

The results of the TOPSIS analysis summarised in Table 4.4, clearly show
the differences between the scenarios considered. Scenario A, “Targeted and
Intensive Farm Modernisation” (C = 0.980), exhibits the highest relative
proximity coefficient to the ideal solution, indicating its dominant position and
balanced performance across all selected criteria. The baseline scenario
demonstrates an intermediate outcome (C = 0.482), while Scenario A2, “Limited
Modernisation of Farms”, is the furthest from the ideal solution (C = 0.020). The
ranking of scenarios (Figure 4.3) confirms that an intensive and targeted
modernisation approach provides the most favourable trade-off between average
milk yield, total milk production, and the number of dairy cows.

A2
A

Baseline

0 0,2 0,4 0,6 0,8 1 1,2

Distance to the ideal positive solution

Source: developed by the author
Figure 4.3. Ranking of scenarios by TOPSIS results

As a result, Scenario A, “Targeted and Intensive Farm Modernisation”, is
closest to the ideal solution, indicating balanced performance across all
evaluation criteria and a dominant position among the alternatives considered.
This implies that selecting this scenario would yield the most optimal trade-
off between the positive and negative values of the individual indicators.
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KEY FINDINGS

. Forecasting is an essential planning and decision-making tool which, through
a systematic approach to the analysis of multidimensional data, enables
preparation for future uncertainties and supports evidence-based decision-
making. A four-step cycle — defining the objective, collecting qualitative
data, applying the method, and interpreting the results — ensures both the
accuracy of the forecasts and their practical usability.

. Forecasting models play an important role in analysing the regulatory and
market environment of the agricultural sector, as they enable the
identification of potential system malfunctions and the timely prevention of
potentially destructive consequences. Different types of models are used to
analyse the agricultural sector, mostly general or partial equilibrium models.
Models such as MAGNET, CAPRI, AGLINK, AGMEMOD, and LASAM
provide the opportunity to assess both market and policy scenarios.

. Dairy farming plays a strategic role in the agricultural and food production
system as a primary production stage, forming the foundation for the
development of the dairy processing industry and the market. At the same
time, the sector faces various environmental, economic, and social
challenges. The interaction of these factors affects production development,
competitiveness, and the capacity to adapt to changing market and policy
conditions at both national and global levels.

. Dairy farming is among the most intensively regulated agricultural sectors,
and is closely embedded within the EU regulatory framework, which
establishes environmental and climate targets, market support mechanisms,
and other rules with which Member States must comply. In view of the above,
EU regulations and strategic objectives exert a direct influence on the
development opportunities of the Latvian dairy sector, necessitating their
integration into national legislation and the adaptation of policy instruments
in line with EU priorities. Environmental requirements have become an
essential part of EU and Latvian agricultural regulation. Legislation and
strategic frameworks, such as the European Green Deal, the Farm to Fork
Strategy, and the Latvian Climate Neutrality Strategy 2050, establish targets
for environmental protection, biodiversity conservation, and food system
sustainability. At the same time, as dairy farming is among the sectors with
high methane and ammonia emissions, particular attention is being directed
towards innovations in technology, manure management, and biogas
production to reduce emissions.

. Dairy farming in Latvia constitutes an important component of the
agricultural sector, contributing to employment, farm incomes, rural
development, and the supply of dairy products to the population. However, it
is exposed to external shocks such as the COVID-19 pandemic and the
Russia-Ukraine war, which have significant implications for the stability of
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10.

dairy farming (e.g., disruptions to supply chains and shifts in demand
dynamics), thereby complicating long-term farm development planning.
The Baltic countries exhibit similar trends in dairy farming, including a
decline in the number of dairy cows, a substantial increase in milk yield per
cow, a reduction in the number of small farms, and a growing share of
medium-sized and large farms. While all Baltic countries have experienced
declines in the number of dairy cows and small farms, overall milk production
has remained stable or has even increased. In Latvia, milk production
increased from 786,000 tonnes to 962,000 tonnes over the period 2004-2023.
Estonia exhibited a similar trend during the same period, with production
rising from 652,000 tonnes to 895,000 tonnes. In Lithuania, by contrast, a
moderate decline was observed, with milk production decreasing from
1,849,000 tonnes in 2004 to 1,473,000 tonnes in 2023.

An analysis of seasonality effects on milk prices in the Baltic countries shows
that during the winter months, when milk production is lower, milk prices
exceed the average procurement price (seasonality index greater than 1),
whereas in summer, prices fall below the average level (seasonality index less
than 1). This indicates that cows’ lactation cycles and feed availability
influence dairy production dynamics, leading to higher production levels
during the summer months, the accumulation of supply surpluses, and a
consequent decline in milk procurement prices.

Traditionally, dairy farming constitutes the primary stage of milk production,
while dairy processing activities — such as the production of cheese, butter,
and fermented milk products — form the subsequent link in the milk value
chain. Data for 2021-2023 indicate that Lithuania is the clear leader in the
production of these dairy products among the Baltic countries, which can be
attributed to its well-developed processing infrastructure and strong export
performance, with approximately half of total dairy output being exported.
A cluster analysis was carried out to identify sectoral differences at the EU
level, the initial step of which consisted of a factor analysis. Thus, three
complex factors were identified: the milk production factor (F1), the market
aspects (F2) and the factor characterising the macroeconomic and foreign
trade environment (F3). The F1 factor comprised indicators reflecting the
production potential of the sector, exhibiting strong positive correlations with
processed milk volumes (0.976), total milk production (0.972), and cheese
production (0.960). The F2 factor describes demand and is strongly correlated
with population change (0.778) and gross domestic product per capita
(0.6771). The F3 factor reflects external market dynamics and showed high
positive correlations with raw milk imports (0.976) and milk selling prices
(0.972).

The cluster analysis revealed significant structural differences in dairy
farming across EU Member States, indicating that countries belong to distinct
development groups. Accordingly, six clusters were identified: Clusters 1 and
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11.

12.

13.

14.

15.

5 have a strong production performance and positive market aspects, while
clusters 2 and 3 have a significantly weaker production performance, cluster
4 has a high market aspect and cluster 6 is dominated by the macroeconomic
environment factor. At the same time, the analysis showed clear differences
among the Baltic countries: Lithuania and Estonia belong to one cluster,
whereas Latvia forms a separate cluster. All countries are in clusters with
weak manufacturing, but Lithuania and Estonia are in clusters with relatively
better market aspects.

Technology adoption in dairy farming is increasingly becoming a key
determinant of competitiveness and sustainability; however, in Latvia, its
implementation at the farm level is constrained by policy uncertainty and
delays in the deployment of support mechanisms. This has a particular impact
on small and medium-sized farms, which need a stable and clear support
framework to take the risks of modernisation.

The accurate functioning of the AGMEMOD model requires a set of
historical data that serves as the basis for the equations applied in both the
baseline and alternative scenarios. Updating the AGMEMOD database
prevented artificial jumps in the initial stages of the projections, thereby
ensuring that the estimated trajectories are more closely aligned with
historical dynamics. At the same time, the revised equations significantly
improved the consistency of the forecasts with the actual CSB 2024 data,
reducing the discrepancy in average milk yield per cow to 115 kg and the
difference in total milk production to 58,000 tonnes.

Scenario A, “Targeted and Intensive Farm Modernisation”, demonstrates the
potential for gradual development in dairy farming, whereby farm
modernisation and technology adoption contribute to higher milk yields
while mitigating the impact of herd decline on overall production. Scenario
A2, “Limited Farm Modernisation”, highlights the risks associated with
environmental regulation and policy uncertainty when the pace of innovation
slows. Overall, the analysis of both scenarios indicates that the
competitiveness of the sector is closely linked to a sustained intensity of
policy support and technological deployment.

In the AGMEMOD model, Latvian milk prices are primarily correlated with
German milk prices rather than with the dynamics of other dairy product
prices, in contrast to the cases of Lithuania and Estonia. This approach does
not account for the specificities of domestic demand structure, thereby
limiting the model’s ability to capture Latvian consumers’ sensitivity to dairy
price fluctuations, which may in turn affect assessments of internal market
balance and the analysis of policy effectiveness.

The TOPSIS analysis allowed the scenarios to be compared and evaluated in
terms of their relative suitability under different criteria. The results indicate
that the technology adoption scenario achieved the highest score, whereas the
stagnation and restrictive requirements scenarios exhibited lower
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development potential. As a result, Scenario A, “Targeted and Intensive Farm
Modernisation”, can be regarded as the most appropriate option.

16. The hypothesis that the use of a model adapted to the specific characteristics
of Latvian dairy farming enables the development and evaluation of
alternative sectoral development scenarios, reflecting the effects of
modernisation and policy measures on the structure and productivity of dairy
production, is confirmed, albeit with limitations related to data quality and
the influence of external market factors. Accordingly, it can be concluded
that the scenario results capture prevailing trends and facilitate comparative
analysis across scenarios.

PROBLEMS AND SOLUTIONS

First problem: Latvian dairy farming is highly dependent on global
commodity price fluctuations, market volatility, and geopolitical shocks.
However, the country lacks a systematic market risk management framework
that integrates regular market forecasting with timely risk identification and
effective knowledge transfer to strengthen farm resilience and support evidence-
based decision-making.

Proposed solutions:

e The responsible Ministry (MoA), in cooperation with industry experts and
research institutions, should develop a national agricultural market
forecasting and price monitoring system that regularly collects and
analyses key risk indicators (e.g., feed and energy price indices, milk
procurement price volatility, and export and import restrictions) and
provides timely, analytically robust information to mitigate potential
adverse impacts.

o The existing training provision of the LACF should be expanded by
introducing regular seminars on global market trends, the implications of
price volatility, risk management tools, and strategic planning at the farm
level. Such an expansion would complement the existing training
provided by the LFCC, offering farmers a broader perspective on market
signals and available adaptation options. The knowledge gained would
enable farms to formulate sustainable development strategies and select
more appropriate risk management tools.

e LBTU should continue research aimed at strengthening the resilience of
agriculture and food production to crises by consolidating the scientific
evidence base and developing educational materials and e-tools for risk
forecasting and assessment.

e The responsible Ministry (MoA), in cooperation with the Rural Support
Service, should develop and expand risk insurance services tailored to
dairy farming, including income stabilisation instruments and climate risk
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coverage, supported by more flexible public co-financing mechanisms for
insurance premiums to enable farms to manage external risks more
effectively.

Second problem: International forecasting models that would enable the
development of Latvian dairy farming to be modelled within the broader EU
market context, and the impacts of EU policy and market changes to be assessed,
are not yet fully utilised in Latvian dairy sector planning. Nor are there
mechanisms in place to facilitate the integration of such forecasting models into
policy planning processes.

Proposed solutions:

Inter-institutional cooperation among research institutions, sector experts,
and policymakers (MoA) should be promoted through long-term funding
arrangements that extend beyond individual projects, thereby ensuring the
sustained engagement of human resources and the stability of
collaborative frameworks (e.g., through LBTU, the Institute of
Agroresources and Economics, and other institutions). Within the
framework of such cooperation, joint working groups could be
established to model alternative sectoral development scenarios, thereby
ensuring the systematic integration of foresight outcomes into policy
planning.

The responsible ministry (MoA) should develop a methodological
framework and guidelines outlining how the results of forecasting models
can be applied and interpreted in the preparation of policy documents and
sectoral strategies, as well as in the evaluation of support programmes.
LBTU should join the AGMEMOD consortium and become an official
partner, thus providing access to the core model, and collaborate with
researchers from the Wageningen University Social & Economic
Research Centre and the Thiinen Institute.

Third problem: Latvian dairy farming is characterised by comparatively
lower production and market development indicators in the EU context,
alongside a high degree of structural fragmentation among farms. This calls for
a more targeted approach to support and advisory services, linking farm
structural characteristics to development potential and to the national and EU
instruments available.

Proposed solutions:

The Rural Support Service, in cooperation with the MoA and the Latvian
Rural Advisory and Education Centre, should introduce a targeted farm
development approach (e.g., a “Farm Development Roadmap”) which,
based on a farm’s structural indicators (e.g., number of dairy cows, milk
yield, turnover, and investment history), proposes an appropriate
development pathway and links the farm to suitable advisory services and
national and EU funding instruments, thereby ensuring consistent,
capacity-appropriate, and economically sound farm development.
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Dairy NGOs, in cooperation with dairy farm managers, the Latvian Rural
Advisory and Education Centre, and breeding and advisory institutions,
should promote farm-level orientation towards improving production
efficiency by providing targeted advice on enhancing cow genetics,
animal health management, and milk quality indicators (e.g., protein and
fat content), tailored to individual farm production and structural
characteristics.

The Rural Support Service, in cooperation with the MoA, Latvian Rural
Advisory and Education Centre, and ALTUM, should establish a unified
digital platform enabling personalised searches for support and funding
opportunities based on farm objectives and profiles (e.g., land area,
turnover, and the number of animals). The platform would consolidate
information on available national and EU support instruments, enabling
users to quickly identify the most suitable programmes, their
requirements, application deadlines, and, where necessary, relevant
contact details.
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