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SYNOPSIS
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Vides zinatnu magistre leva Licite promocijas darbu “Klimata parmainu samazinasana
lauksiamniecibas organiskas augsnes apsaimniekoSana Latvija” izstradajusi 2019. —2023. gada
LBTU Ekonomikas un sabiedribas attistibas fakultates Ekonomikas un finanSu institita,
profesores Dr.oec. Dinas Poplugas un Latvijas Valsts mezzinatnes institiita “Silava” vados$a
pétnieka Dr.silv. Anda Lazdina zinatniskaja vadiba. / A Master of Environmental Science, leva
Licite, has produced her doctoral thesis entitled “Climate Change Mitigation in Agricultural
Organic Soil Management in Latvia” at the Institute of Economics and Finance, LBTU
Faculty of Economics and Social Development, in the period 2019 — 2021 under the scientific
guidance of the professor Dr.oec. Dina Popluga and at the Latvian State Forest Research
Institute “Silava” under the scientific guidance of the lead researcher Dr.silv. Andis Lazdins.

Promocijas darba rezultati 2020. — 2023. gada publicéti desmit zinatniskas
publikacijas anontmi recenzg&ta zinatniskaja periodika, kas citéta starptautiski pieejamas datu
bazes, tostarp publicgjot dazada spektra datus par siltumnicefekta gazu emisiju aprékiniem un
augsnes darbibu datu izmainam saistiba ar organiskas augsnes apsaimniekoSanas un zemes
izmantoSanas veida mainu no lauksaimniecibas uz meza zemi.

1. Licite I, Lupikis, A. (2020). Impact of land use practices on greenhouse gas emissions
from agriculture land on organic soils. In: Engineering for Rural Development:
Proceedings of 19th International Scientific Conference, 1823-1830. doi:
10.22616/ERDev.2020.19.TF492, indekséts SCOPUS.

2. Lazdins A., Snepsts G., Butlers A., Purvina D., Zvaigzne Z.A., Licite I. (2021).
Evaluation of middle—term greenhouse gas (GHG) mitigation potential of birch
plantations with mineral and organic soils. In: Engineering for Rural Development:
Proceedings of 20th International Scientific Conference, 32-37. doi:
10.22616/ERDev.2021.20.TF005, indeksets SCOPUS.

3. Bardule A., Butlers A., Lazdin§ A., Licite L., Zvirbulis U., Putnin$ R., Jansons A.,
Adamovics A., Razma G. (2021). Evaluation of soil organic layers thickness and soil
organic carbon stock in hemiboreal forests in Latvia. Forests, 12(7), 840.
https://doi.org/10.3390/f12070840, indekséts SCOPUS, QL.

4. Licite I., Popluga D. (2022). The mapping of climate and agricultural policies targeting
organic soil management: a case study from Latvia. International Multidisciplinary
Scientific GeoConference Surveying Geology and Mining Ecology Management,
SGEM. 22(5.1), pp. 793-800. Doi: 10.5593/sgem2022/5.1/s23.099, indekséts
SCOPUS.

5. Licite I., Popluga D., Rivza P., Lazdins A., Melniks R. (2022). Nutrient-Rich Organic
Soil Management Patterns in Light of Climate Change Policy. Civil Engineering
Journal. 8(10), pp. 2290-2304. Doi: 10.28991/CEJ-2022-08-10-017, indekséts
SCOPUS, Q2.

6. Licite I., Popluga D. (2022). Identification of the climate change mitigation targeted
management practices on organic soils in the Baltic region. International
Multidisciplinary Scientific GeoConference, SGEM. 22 (4.2), pp. 303-310. Doi:
10.5593/sgem2022V/4.2/s19.38, indekséts SCOPUS.

7. Vanags-Duka M., Bardule A., Butlers A., Upenieks E.M., Lazdin$ A., Purvina D.,
Licite 1. (2022). GHG Emissions from Drainage Ditches in Peat Extraction Sites and
Peatland Forests  in Hemiboreal Latvia. Land, 11(12), 2233.
https://doi.org/10.3390/land11122233, indekséts SCOPUS, Q2.

8. Bardule A., Butlers A., Spalva G., Ivanovs J., Melniks R.N., Licite I., Lazdin$ A.
(2023). The Surface-to—Atmosphere GHG Fluxes in Rewetted and Permanently
Flooded Former Peat Extraction Areas Compared to Pristine Peatland in Hemiboreal
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9.

Latvia. Water, 15(10), 1954. https://doi.org/10.3390/w15101954, indekséts SCOPUS,
QL

Purvina D., Licite 1., Butlers A., Lazdins A., Saule G., Turks A., Prysiazhniuk L.(2023).
Evaluation of peat layer thickness effect on soil GHG fluxes. In: Engineering for Rural
Development: Proceedings of 22nd International Scientific Conference, 454-460. doi:
10.22616/ERDev.2023.22.TF096, indekséts SCOPUS.

10. Rancane S., Licite l., ZuSevica A., Zute S., Jansone I., Damskalne M., Zarina L.,

Korolova J., Putniece G., Prysiazhniuk L. (2023). Biomass of alternative species for
traditional cereal crops in Latvia and their potential impact on the carbon cycle.
Zemdirbyste, 110(3), doi:10.13080/z—a.2023.110.023, indekséts SCOPUS.

Par pétijuma rezultatiem autore zinojusi 15 konferences, tostarp 9 starptautiskas

zinatniskas konferences, 5 starptautiskos zinatniskos forumos, 1 zinatniski praktiska
konference.

1.

[l International Economic Forum, 31.10.2019., Riga, Latvija. Stenda zinojums:
“Klimata parmainu samazinaSanas iespgju izpete organisko augSnu apsaimnieko$ana
lauksaimniecibas zemées”.

19" International Scientific Conference Engineering for Rural Development, tiessaiste.
20. — 22.05.2020., Zinojums: “Impact of land use practices on greenhouse gas
emissions from agriculture land on organic soils”.

Zinatniski praktiska konference “Lidzsvarota lauksaimnieciba”, tieSsaiste. 25. —
26.02.2021. Zinojums: “Siltumnicefekta gazu (SEG) emisiju prognozes un klimata
izmainu mazinasanas saistibu izpildes iesp&ju novertéjums aramzemes un zalajos”.
Starptautiska zinatniska konference "Zinasanas balstita meza nozare", 26. —
27.01.2021., tieSsaiste. Zinojums: “Siltumnicefekta gazu emisiju samazinasanas
iesp&jas organiskajas augsnés lauksaimnieciba izmantojamas zemes”.

International Peatland Congress, tiessaiste. 03. — 06.05.2021. Zinojums: “Evaluation
of GHG emissions from organic soils”.

IV International Economic Forum “Future economy: globalisation challenges faced by
Europe and the Baltics in the 21% century”, tieSsaiste.17.09.2021. Stenda zinojums
“Evaluation of greenhouse gas emissions from organic soils for better policy planning”.
7" International Conference “Trends in Regional Development in the EU Countries
2021, tieSsaiste. 22.10.2021. Stenda zinojums “Importance of greenhouse gas
emissions calculation methods for better climate change policy planning in organic soil
management”.

ANO Vispargjas konvencijas par klimata parmainam konference COP26, 08.11.2021.,
tieSsaiste. Zinojums “Prelimenary results form LIFE OrgBalt project” seminara
"Organic soils and peatlands in the Baltic countries: Mitigation measures&monitoring,
paludiculture and Carbon farming approaches”, Global Peatland Pavilion.

3" International Scientific Conference Sustainable Bioeconomy Development 2022:
Theory and Practice, tiessaiste. 04. — 05.05.2022. Zinojums “Mapping of Resent
Greenhouse Gas Related Research Activities in the Field of Organic Soil Management
in Agriculture Land in Latvia”.

10. 21% International Scientific Conference Engineering for Rural Development, tieSsaiste.

25. —27.05.2022. Zinojums “Carbon dioxide (CO) emissions from naturally wet and
drained nutrient—rich organic forests soils”.

11. 22" International Multidisciplinary Scientific GeoConference SGEM 2022, 02. —

11.07.2022., Albena Bulgarija. Zinojums “The mapping of climate and agricultural
policies targeting organic soil management: case study from Latvia”.

12. SGEM International Scientific Conferences on Earth & Planetary Sciences extended

scientific sessions “Geen Sciences for Geen Life*, 06. — 09.12.2022., Vine, Austrija.


https://doi.org/10.3390/w15101954

Zinojums “ldentification of the climate change mitigation targeted management
practices on organic soils in the Baltic region”.

13. Scientific forum “LIFE platform meeting on the benefits of peatland restoration for
Europe”, Berline, Vacija, 26. — 28.04.2023. Zinojums “LIFE OrgBalt and LIFE Restore
projects GHG sequestration effects, the methods of GHG flux measurements and
modelling, lessons learned and results”.

14. Scientific conference “I% Northern European “4 per 1000” regional meeting: More
carbon in the soil for multiple benefits”, 06. — 08.06.2023., Somija, Helsinki. Session
“Regional Priority in Northern Europe: Agricultural organic soils”. Zinojums “The
complexity of agriculture organic soil management — LIFE OrgBalt project experience”.

15. ANO Vispargjas konvencijas par klimata parmainam konference COP28, 10.12.2023.,
Dubaija, Apvienotie Arabu Emirati. Zinojums “Agriculture organic soil as climate
policy subject in Baltics” Igaunijas Biozinatnu universitates organizéta diskusija
"Contextualized Carbon Sequestration in Agricultural Soils: Potential and Limits",
Estonian Pavilion.

Autore veikusi zinatniski pétniecisko darbu/The author has conducted scientific
research work Eiropas Sociala fonda projekta Nr. 8.2.2.0/20/1/001 “LLU pareja uz jauno
doktorantiiras finansé€$anas modeli” un zinatniskos p&tijumos.

1. Eiropas Komisijas LIFE programmas projekta “Klimata parmainu samazinasanas
iesp&ju demonstrésana augligas organiskajas augsnés Baltijas valstts un Somija” (LIFE
OrgBalt, LIFE18 CCM/LV/001158), projekta vaditaja no 2019. gada lidz 2024. gadam.

2. Norvégijas Granta klimata un vides 2014. — 2021. gada perioda programmas "Klimata
parmainu mazinasana, pielagosanas tam un vide" iepriek$ noteikta projekta "Klimata
parmainu politikas integracija nozaru un regionalaja politika" vaditaja Latvijas Valsts
mezzinatnes instithta “Silava” no 2021. gada lidz 2023. gadam.

3. Norvégijas Grantu klimata un vides 2014. — 2021. gada perioda programmas "Klimata
parmainu mazinasana, pielagoSanas tam un vide" ieprieks noteikta projekta "Ilgtspejigas
augsnes resursu parvaldibas uzlaboSana lauksaimnieciba" vaditaja Latvijas Valsts
meZzinatnes instithta “Silava” no 2021. gada lidz 2024. gadam.

4. ERAF pétjuma “Siltumnicefekta gazu (SEG) emisiju mazinaSanas potencialu
ietekmé€joSo faktoru izp€te zalajos un aramzemeés ar organiskajam augsném” (Ligums
Nr. 1.1.1.1/21/A/031.) eksperte no 2022. gada Iidz 2023. gadam.

5. Valsts atbalsta lauksaimniecibai pétjjuma “Aramzemes un ilggadigo zalaju
apsaimniekos$anas radito siltumnicefekta gazu (SEG) emisiju un oglekla dioksida (COy)
piesaistes uzskaites sistémas pilnveidoSana un atbilstoSu metodisko risinajumu
izstradasana” eksperte no 2020. gada lidz 2023. gadam.

Autore izsaka pateicibu pétijuma zinatniskajiem vaditajiem LBTU ESAF profesorei,
Dr.oec. Dinai Poplugai un LVMI “Silava” vado$ajam pé&tniekam, Dr.silv. Andim Lazdinam par
pétnieciskajam idejam un nepartrauktu atbalstu. Tapat autore izsaka pateicibu LBTU ITF
profesoram, Dr.habil.sc.ing. P&terim Rivzam par atbalstu datu statistiskaja apstradé un
modeléSana, LBTU LPTF asociétai profesorei (Emeritus), Dr.agr. Dzirdai KreiSmanei par
atbalstu agronomisko datu sagatavo$ana, un LVMI “Silava” zinatniskajam asistentam,
Mg.envir.sc. Raitim Normundam Melnikam par geotelpisko datu apstradi un kartografiska
materiala vizualizacijam./The author expresses her gratitude to the scientific supervisors of
the doctoral thesis, LBTU ESAF professor, Dr. oec. Dina Popluga and the leading researcher
of LVMI "Silava®, Dr. silv. Andis Lazdins for the research ideas and continuous support. The
author also expresses her gratitude to LBTU ITF professor, Dr.habil.sc.ing. Péteris Rivza for
support in statistical data processing and modelling, LBTU LPTF associate professor
(Emeritus) Dr.agr. Dzirda KreiSmane for support in the preparation of agronomic data and to
the scientific assistant of LVMI "Silava”, Mg.envir.sc. Raitis Normunds Melniks for geospatial
data processing and cartographic material visualizations.
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IEVADS

Ilgtsp&jiga nozaru un valsts kopgja ekonomiska attistiba miisdienas nav iesp&jama bez
klimata parmainu samazinaSanas centienu integracijas valsts un nozaru limena attistibas
planosanas dokumentos un riciba. Klimata parmainu samazinaSana un sp&ja pielagoties klimata
parmainam ir viens no galvenajiem 21. gadsimta ilgtsp&jigas attistibas izaicinajumiem (United
Nations General Assembly, 2015). Siltumnicefekta gazu emisiju koncentracija atmosfera kop$
industrialas revolicijas pirmsakumiem 17. gadsimta sakuma nepartraukti augusi saistiba ar
neilgtsp&jigu energijas izmantoSanu, dzives stila un pat€rina izmainam, ka arT pateicoties
neilgtsp€jigai zemes izmantoSanai un zemes izmantoSanas veida mainai, §Im izmainam
neparprotami novedot pie globalas sasilSanas (Calvin et al., 2023). Neskatoties uz jau
pienemtajiem globalajiem politiskajiem lémumiem klimata parmainu mazinasanai un valstu
deklarétajiem apnemsanas centieniem (Nationally Determined Contributions), joprojam pastav
nesaiste starp prognozéto siltumnicefekta gazu emisiju apjomu un Apvienoto Naciju
Organizacijas Vispargjas konvencijas par klimata parmainam 2015. gada Parizes noliguma
meérki pasaules videjas temperatiiras pieaugumu saglabat biitiski mazaku par 2 °C salidzinajuma
ar pirmsindustrialo ITmeni un censties panakt, lai temperatiira neceltos vairak par 1,5 °C (Calvm
et al., 2023). Klimata parmainas neapstajas pie valstu administrativajam robezam, ir
nepiecieSama vienota riciba un Eiropas Savieniba klimata parmainu samazinasanu ir noteikusi
par vienu no tas galvenajam prioritateém arpolitika, izsakot apnemsSanos stiprinat klimata un
energétikas diplomatijas pastiprinasanu (Council of the European Union, 2023). Vienlaikus
Eiropas Savieniba klimata parmainu samazinaSanu ir deklargjusi arT par iekSpolitikas prioritati
apnemoties lidz 2050. gadam panakt Eiropas Savienibas klimatneitralitati, parveidojoties par
taisnigu un particigu sabiedribu ar modernu un konkurétsp&jigu ekonomiku (European Council,
2019).

Eiropas Savienibas dalibvalstis, tostarp Latvija, izstrada nacionalus politikas planosanas
dokumentus, lai nacionala Iimeni noteiktu virzibu kopgja Eiropas Savienibas klimatneitralitates
mérka sasniegSanai. Latvija 2020. gada apstiprinajusi informativo zinojumu “Latvijas strateégija
klimatneitralitates sasnieg$anai lidz 2050. gadam” (LR Ministru kabinets, 2020). Nemot véra
novérojamas un prognozetas siltumnicefekta gazu emisiju izmainu tendences, klimata
parmainu samazina$ana gan globala, gan regionala limeni atzita par loti izaicinoSu un
neiesp&jamu bez dabas risinajumos (nature based solutions) bazétu pasakumu pielietoSanas un
zinatniskas izpéetes iesaistes, integréti sadarbojoties dabaszinatnu un socialo zinatnu pétniekiem
(Malhi et al., 2020). Nepiecie$samie risinajumi katra no regioniem un valstim ir atSkirigi, bet
gan globalajos, gan Eiropas Savienibas, gan ari Latvijas klimata politikas planoSanas
dokumentos ir uzsvérta kiidras jeb organiskas augsnes un specifiski lauksaimniecibas
organiskas augsnes apsaimniekoSanas 1pasa nozime klimata parmainu samazinaSanas mérku
izpilde. Latvija lauksaimniecibas organiskas augsnes apsaimniekoSana ir viens no lielakajiem
siltumnicefekta gazu emisiju avotiem lauksaimniecibas zemé — péc platibas lauksaimniecibas
organiska augsne aiznem aptuveni 7% no Latvijas lauksaimniecibas zemes, bet tas raditais
siltumnicefekta gazu emisiju apjoms parsniedz 30% no lauksaimniecibas zemes siltumnicefekta
gazu emisijam (LEGMC, 2022b). Lai gan organiskas augsnes aiznemta platiba ir salidzinosi
neliela, §1s augsnes apsaimniekoSana ir sociali un ekonomiski nozimiga, jo lielaka vai mazaka
méra ietekmé aptuveni 48% no visam Latvijas lauku saimniecibam (Pilvere, 2017).
Lauksaimniecibas organiskas augsnes apsaimniekosanas radito siltumnicefekta gazu emisiju
samazinasanai ir biitiska nozime Eiropas Savienibas klimatneitralitates mérka sasniegSana
(European Commission, 2022a), savukart, Latvijas klimata politikas mérku izpilde nav
istenojama bez proaktivas un meérktiecigas klimata parmainu samazinasanas pasakumu
planosanas un ievieSanas lauksaimniecibas organiskas augsnes apsaimniekosana (LR Ministru
kabinets, 2020).

Lauksaimniecibas organiskas augsnes izpétei globala un nacionala limeni raksturiga
ekologiskas un ekonomiskas pétniecibas jomu paral€la attistiba. Kidras jeb organiskas augsnes
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ekologijas un biofizikalo 1pasibu izpéte veikta gan pasaulé (Hiraishi et al., 2014), gan Latvija
(Lazdins et al., 2021; Lazdins et al., 2016; Licite & Lupikis, 2020 u.c), bet reti analiz&ts tas, ka
iegiitie rezultati biitu izmantojami politikas planosana, kads ir ieteikumu ievieSanas potencials
nemot veéra sociali ekonomiskos aspektus, lai gan ekologiska un ekonomiska attistibas
perspektiva un problematika 21. gadsimta ir savijusies ciesak ka jebkad ieprieks (Soderqvist,
2011). Ilgtspgjigas attistibas zinatniska izp&te joprojam lielakoties koncentr&jas dabas zinatnu
joma, savukart, ekonomiska izpete notiek atrauti no ilgtsp&jigas attistibas izaicinajumu izpétes
(Polasky et al., 2019). Dabas zinatnu pétijumi pierada ilgtsp&jigas attistibas, tostarp klimata
parmainu samazinaSanas, tehnologiskas iesp&jas, tomér misdienu sabiedribas lielakais
izaicinajums ir nodro$inat to, ka biofiziska izteiksmé sevi pieradijuSas inovacijas tiek virzitas
ievieSanai, saskaroties ar sarezgitu ekonomisko, politisko un socialo vidi (Tallis et al., 2018),
kas, savukart, var biit par iemeslu tam, kap&c joprojam nav panakta veiksmiga klimata parmainu
samazinasana. CieSa biozinatnu un socialo zinatnu integracija, socialo un humanitaro zinatnu
atzinu izmantoS$ana ievieSot tehnologiskos klimata parmainu samazinasanas risinajumos, ir
veids, ka rast patiesi efektivus risinajumus un mainit sabiedribas konceptus (Nightingale et al.,
2020).

Politikas léemumu pienemsana, tostarp klimata un lauksaimniecibas politikas jomas, trukst
kvantific€tu datu izmantoSanas pieejas un socialo ietekmju fona analizes (Will et al., 2020).
Politikas 1émumus nereti pienem bez pietieckama procesu izvertejuma, sekojot emocionaliem
nevis datu analiz€ un aprékinos balstitiem secinajumiem (Huber et al., 2018), kas padara
lémumus to ievieSana mazak efektivus un formalus. Eiropas Savieniba lauksaimniecibas
organiskas augsnes apsaimniekoSanas radito siltumnicefekta gazu emisiju samazinaSanas
pasakumi ietverti Zviedrijas, Somijas, Danijas, Luksemburgas un Vacijas politikas planoSanas
dokumentos, bet emisiju samazinasanas potencials lielakoties nav kvantificéts (European
Commission. Directorate General for Climate Action. & IEEP., 2018) un pasakumu ievie$anas
apjoms un faktiska siltumnicefekta gazu emisiju samazinaSanas ietekme nav skaidra. Latvija
trikst informacijas par izmaksu efektiviem klimata parmainu samazinasanas pasakumiem
(Licite & Popluga, 2022), ka ari pasakumu ietekmes kvantificéSanas un ranz&$anas iesp&jam,
kas dotu iesp&ju politikas [éEmumu pienémejiem ieviest zinatniski pamatotus risinajumus. Tapéc
autore izvelas veikt padzilinatu lauksaimniecibas organiskas augsnes apsaimniekoSanas un
klimata parmainu samazinaSanas iesp&ju izpeti Latvija, integréti analiz&jot biofizikalos un
sociali ekonomiskos organiskas augsnes apsaimniekoSanas aspektus un piedavajot kvantitativu
datu izmantoSanas pieeju lémumu pienemsSanas atbalsta, lai sasniegtu promocijas darba
pétijumam izvirzito merki.

Situacijas noveérte§juma rezultata izvirzita promocijas darba zinatniska hipoteze —
zinatniski pamatota un aprékinos baz€ta organiskas augsnes apsaimniekoSanas l€mumu
pienemsana sekmé Latvijas klimata politikas mérku sasniegSanu. Promocijas darba mérkis ir
izstradat priekSlikumus lauksaimniecibas organiskas augsnes apsaimniekoSanas l€émumu
pienemsanas uzlaboSanai, lai veicinatu Latvijas klimata politikas m&rku sasniegSanu.

Lai sasniegtu izvirzito mérki, formul&ti $adi uzdevumi:

1) izpétit lauksaimniecibas organiskas augsnes apsaimniekosanas galvenos teorétiskos

un politiskos aspektus klimata parmainu samazinasanai;

2) izvertet lauksaimniecibas organiskas augsnes apsaimniekosanas praksi Latvija un
identificét potenciali izmaksu efektivakos klimata parmainu samazinasanas
pasakumus;

3) novértét un salidzinat identificéto klimata parmainu samazinaSanas pasakumu
izmaksu efektivitati, sagatavojot priekslikumus lauksaimniecibas organiskas augsnes
apsaimniekoSanas [émumu pienemsanai.

Pétijuma objekts ir lauksaimniecibas organiska augsne Latvija, savukart pé&tjjuma
priekSmets ir lauksaimniecibas organiskas augsnes apsaimnicko$ana klimata parmainu
samazinasanai.

Lai izpilditu promocijas darba uzdevumus, autore licto dazadas pétijumu metodes:
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1) salidzinosas analizes un sintezes metodes, lai identificétu un analiz&tu
lauksaimniecibas organiskas augsnes apsaimniekoSanas teorgtiskos aspektus,
izmantojot zinatnisko avotu, politikas un normativo dokumentu repozitoriju
informaciju,

2) grafiska un telpiska analize (ArcGIS programmatiira), lai analizétu lauksaimniecibas
organiskas augsnes apsaimniekosanu Latvija un atspogulotu iegiitos rezultatus;

3) statistiskas analizes metodes (koreldcijas, faktoru un klasteru analize, izmantojot IBM
SPSS Statistics 26 (Statistical Package for Social Sciences)), lai analiz&étu
lauksaimniecibas atbalsta politikas un lauksaimniecibas organiskas augsnes
apsaimniekoSanas kopsakaribas, nosakot kompleksos faktorus, kas skaidro dazadu
lauksaimniecibas organiskas augsnes apsaimnieko$anas veidu savstarpéjas sakaribas
un izdalot atskirigas organiskas augsnes grupas, atkariba no komplekso faktoru
ietekmes uz apsaimniekosanas veidu,

4) ekspertu intervijas, lai, interv&jot Baltijas valstu un Somijas vadoSos zinatniskos
ekspertus, veiktu klimata parmainu samazinasanas pasakumu atlasi, nemot véra
pasakumu potencialo klimata parmainu samazinaSanas devumu un izmaksu
efektivitati;

5) daudzkriteriju lemumu pienemsanas analizes metodi TOPSIS un izmaksu efektivitates
analizes metodi MACC, lai veiktu klimata parmainu samazinaSanas pasakumu
savstarp&ju novertejumu un ranz&$anu, ka art pasakumu potencialas klimata parmainu
samazinasanas ietekmes noveértéSanu, veicot SEG emisiju prognoZu simulaciju.

Izvirzito uzdevumu izpildei un promocijas darba mérka sasnieg$anai izmantoti dazadi
datu avoti un materiali:

Uzdevumu izpildei izmantotas starptautiskas zinatniskas literatiiras datu bazes indeksétas
zinatniskas publikacijas lauksaimniecibas un klimata politikas, SEG emisiju aprékinu, klimata
parmainu samazinasanas pasakumu ietekmes noveértéSanas, lémumu pienemsanas analizes un
atbalsta jomas. Politikas un normativas vides izp&tei izmantota Eiropas Savienibas Oficiala
vestneSa vietne EUR-Lex, Latvijas Republikas tiesibu aktu vietne Likumi.lv, Latvijas
Republikas politikas planoSanas informacijas sistémas datu baze POLSIS, Apvienoto Naciju
Organizacijas Vispargjas konvencijas par klimata parmainam dokumentu un Iémumu datu baze,
dazadu institiiciju interneta vietn€s ieglistami dokumenti.

Latvijas lauksaimniecibas organiskas augsnes apsaimniekoSanas prakses raksturoSanai un
noveértéSanai kopsakaribas ar sanemto lauksaimniecibas atbalstu, izmantota Lauku atbalsta
dienesta Lauku registra informacijas sisttéma un Valsts augu aizsardzibas dienesta augsnes
agrokimiskas izpétes datu baze. Klimata parmainu samazinasanas pasakumu ievie$anas
agrotehnisko, sociali ekonomisko un vides raditaju raksturoSanai izmantoti Latvijas Lauku
konsultaciju un izglitibas centra sagatavotie lauksaimniecibas bruto segumu aprékinu un
zinatnisku publikaciju dati, tirgus cenu informacija (dazadas tieSsaistes vietnes), Ekosistémas
un biologiskas daudzveidibas ekonomikas (The Economics of Ecosytem and Biodiversity) datu
bazes, TEEB Ekosistéemu pakalpojumu vértibu datu baze (Ecosystem Service Value Database),
Latvijas Republikas Valsts kases diskonta likmju kalkulators.

Pétijuma ierobeZojumi

Organiska augsne Latvija sastopama gan lauksaimnieciba izmantojama, gan meZa zemé.
Promocijas darba autore analiz€ vienu no organiskas augsnes izmantoSanas veidiem —
lauksaimniecibas organisko augsni, ar to saprotot organisko augsni lauksaimnieciba
izmantojama zemé. Sastopami divi organiskas augsnes veidi — baribas vielam bagata
(minerotrofa) un baribas vielam nabadziga (ombrotrofa) organiska augsne. Baribas vielam
nabadziga organiska augsne galvenokart sastopama izstradatos kiidras purvos, savukart baribas
vielam bagata organiska augsne veido pargjo lauksaimnieciba izmantoto organiskas augsnes
platibu, kuras apsaimnieko$ana rada lielako siltumnicefekta gazu emisiju apjomu. Promocijas
darba pétita baribas vielam bagata (minerotrofa) lauksaimniecibas organiska augsne, $adu izveli
pamatojot ar to, ka $1 augsnes grupa lauksaimniecibas zem& dominé gan péc platibas, gan péc
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radito siltumnicefekta gazu emisiju ipatsvara. Promocijas darba izpéte veikta Latvijas valsts
Iimeni, tome@r izstradato klimata parmainu samazinasSanas pasakumu ietekmes noveért€juma
pieeju ar atbilstoSiem pielagojumiem ir iesp&jams izmantot ari regionu Iimeni vai Latvijas
kaiminvalstTs.

Novitate un zinatniskais nozimigums

Promocijas darbam piemit zinatniska un praktiska novitate Latvija. Autore veikusi
kompleksu lauksaimniecibas organiskas augsnes klimata parmainu ietekmes un $is ietekmes
samazinasanas iesp&ju novert€§jumu un ar izstradatajiem priekSlikumiem iesaka, ka iesp&jams
uzlabot lauksaimniecibas organiskas augsnes apsaimnieko$anas [émumu pienemsanu un talaku
zinatnisku izpéti. Izstradati ieteikumi lauksaimniecibas organiskas augsnes klimata parmainu
ietekmes samazinaSanas pasakumu novértéSanai un ranz&$anai, izmantojot Latvija salidzinosi
reti lietotu kvantitativu datu pieeju un inovativu I€mumu pienemsSanas atbalsta metozu
kombing&Sanu. Ekosistemu pakalpojumu veértibas testéSana klimata parmainu samazinaSanas
pasakumu izmaksu efektivitates aprékinasana, izmantojot robezizmaksu samazina$anas liknes
metodi, ir zinatniskas izp&tes novitate Latvija.

Tautsaimnieciskais nozimigums

Promocijas darba rezultati par klimata parmainas samazinoSiem pasakumiem
lauksaimniecibas organiskas augsnes apsaimniekosSana ir praktiski izmantojami valsts un lauku
saimniecibu [imena saimniecisko lémumu pienemsSana un attistibas planoSana.

Nacionalo klimata politikas mérku neizpildes gadijuma valsts var saskarties ar finansu
sankcijam, kas negativi ietekmé& tautsaimniecibas attistibu. Promocijas darba pétijuma
priekslikumu ievieSana, autoresprat, varétu butiski sekmét lauksaimniecibas organiskas
augsnes apsaimniekoSanas radito SEG emisiju samazinasanu un Latvijas klimata parmainu
samazinasanas politikas mérku sasniegSanu.

Aizstavamas tézes

1) Lauksaimniecibas organiskajai augsnei ir ipasa nozime lauksaimniecibas un klimata
politikas attistiba.

2) Latvijas lauksaimniecibas politika organiskas augsnes apsaimnieko$ana nav veérsta uz
valsts klimata parmainu samazinaSanas mérku sasniegSanu. Lauksaimniecibas
organiskas augsnes apsaimniekoSana ir iesp&jams izvéléties izmaksu efektivus
klimata parmainu samazinaSanas pasakumus.

3) Kvantitativu Iémumu pienemsanas atbalsta metozu izmantoSana, dod iesp&ju planot
izmaksu efektivu SEG emisiju samazinaSanu lauksaimniecibas organiskas augsnes
apsaimniekoSana, sekmé&jot Latvijas klimata parmainu samazinaSanas mérku
sasniegSanu.
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1. LAUKSAIMNIECIBAS ORGANISKAS AUGSNES
APSAIMNIEKOSANAS TEORETISKIE UN POLITISKIE ASPEKTI
KLIMATA PARMAINU SAMAZINASANALI

Nodalas apjoms ir 33 lappuses ar 5 att€liem un 6 tabulam. Izvirzita téze:
Lauksaimniecibas organiskajai augsnei ir ipasa nozime lauksaimniecibas un klimata politikas
attistiba. Promocijas darba pirmaja nodala veikta lauksaimniecibas organiskas augsnes
fenomena, izplatibas un sociali ekonomiskas nozimes izpéte, ipasi koncentr&joties uz politikas
procesu un pétniecibas rezultatu analizi saistiba ar lauksaimniecibas organiskas augsnes klimata
parmainu ietekmes apzinasanu un tas noverteésanas teorétiskajiem aspektiem. Politikas procesu
analizes pétijjuma periods promocijas darba ir 1994. —2022. gads, 11dz ar to ar lauksaimniecibas
organisko augsni saistitie politikas procesi atspoguloti par stavokli lidz 2022. gada 3.
ceturksnim, sniedzot vispargju ieskatu par situaciju 2023. gada.

1.1. Lauksaimniecibas organiskas augsnes fenomens un sociali ekonomiska loma

Augsne ir lielaka sauszemes oglekla kratuve ar kop&jo uzkrajumu, kas vairak neka tris
reizes parsniedz virszemes biomasas un vairak ka divas reizes atmosféras oglekla krajumu
(Scharlemann et al., 2014), tadgjadi pat nelielas izmainas augsnes organiska oglekla uzkrajuma
var butiski ietekmét klimata parmainu procesus (Minasny et al., 2017). Neskartas kudras
augsnes ekosistémas var bt efektivas oglekla kratuves, neskarta kiidras augsne satur aptuveni
vienu treSdalu no kopg&jiem augsnes oglekla krajumiem pasaulé (Joosten et al., 2016; Yu et al.,
2011). Kiidras augsne aiznem aptuveni 4 000 000 km? (aptuveni 3%) no Zemes sauszemes
platibas (Clarke & Rieley, 2010) un 80% no tas atrodas borealas zonas klimatiskaja regiona
(Wieder et al., 2006). Organiska augsne borealaja klimata zona satur vidgji septinas reizes
vairak organiskas vielas (OV) neka mineralaugsne, bet tropu zona $i attieciba ir 1idz desmit
reizes lielaka (Parish et al., 2008). Kiidraji vienlaikus piesaista un uzkrgj lielu daudzumu oglekla
kidras veida, bet ari rada oglekla dioksida (CO2), metana (CH4) un dislapekla oksida (N20)
emisijas (Gorham, 1991), pateicoties kompleksiem aerobo un anaerobo procesiem, kas ir
atkarigi no dazadiem vides un klimata apstakliem, nobiru kimiska sastava un mikroorganismu
klatbiitnes (Cou’teaux et al., 1995; Limpens et al., 2008). Dazada veida augsnes apstrade kiidras
augsnes gadijuma nosaka ieprieks uzkrata oglekla sadaliSanos, kas attiecigi rada palielinata CO2
un N20 izdalisanos, CHs4 emisijam aerobos apstaklos savukart samazinoties (Kasimir
Klemedtsson et al., 2009). Vésturiski kiidras augsnes ekosistémas nereti ir tikuSas meliorétas
kudras ieguvei, velak tas paklaujot dazadiem zemes apsaimniekoSanas scenarijiem, ieskaitot
parveidi par aramzem&m un zalajiem ar organisko augsni. Meliorétas un lauksaimnieciba
izmantotas kiidras augsnes SEG emisijas veido aptuveni 37,5 t CO2 ekvivalenti (ekv.) hatyr?,
kas attieciba pret platibas vienibu ir 60 reizes lielaks oglekla zudums neka no mineralas augsnes
(Leifeld & Menichetti, 2018). Globali aptuveni 13% no kidrajiem ir nosusinot parveidoti par
meza, lauksaimniecibas vai kidras ieguves platibam (Saurich et al., 2021). Misdienas viena no
tipiskam organiskas augsnes apsaimnickoSanas metodém ir lauksaimnieciba (Nordic Council
of Ministers, 2015) un parasti lauksaimnieciskas darbibas ietver platibas melioraciju
(Tanneberger, Moen, et al., 2021; Verhoeven & Setter, 2010).

Partikas un lauksaimniecibas organizacija (Food and Agriculture Organization — FAO)
2020. gada veiktas apléses par organiskas augsnes izplatibu globala Iiment 1990 — 2019. gada,
analizéjot to FAO valstu datus, kuras satopama organiska augsne. Meliorétas augsnes
defingjums FAO 2020. gada aplésés aizgiits no 2006. gada Klimata parmainu starpvaldibu
padomes (IPCC) vadlinijam — melioréta organiska augsne ir augsne, kura ir paliekosi vai dal&ji
paliekoSi melioréta lauksaimniecibas vajadzibam, ietverot viengadigo vai daudzgadigo
lauksaimniecibas kultiraugu audz&$anu, kokaugu plantacijas vai ganibas (Eggleston et al.,
2006). Secinats, ka 2019. gada kopé&ja melioréta organiskas augsnes platiba pasaulé sasniegusi
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25 miljonus hektaru, uzradot augSupejoSu tendenci kops 1990. gada, kad St platiba bijusi 23
miljoni hektaru. 14 miljoni hektaru meliorétas organiskas augsnes atrodas merenas un borealas
klimatiskas zonas regionos ziemelu hemisféra, bet pargjas platibas galvenokart atrodas
tropiskajos regionos dienvidu hemisféra (FAO, 2020). Cits avots uzrada identisku
lauksaimniecibas vajadzibam meliorétas organiskas augsnes globalo platibu — 25 miljonus ha,
bet nedaudz atskirigu procentualo sadalijumu — 60% meliorétas organiskas augsnes borealaja
un v&saja mérenaja klimatiskaja zona, 34% tropiskajos regionos un 5% siltaja mérenaja
klimatiskaja zona, minot ka globalais SEG emisiju apjoms no $tm platibam ikgadgji veido
aptuveni vienu miljonu tonnu CO> ekv. (915 Mt CO; ekv. gada), no ka 85% emisiju apjomu
veido CO. emisijas, kas savukart reprezenteé aptuveni %% no kop&am globalajam
lauksaimniecibas, mezsaimniecibas un zemes izmantoSanas COz emisijam (Tubiello et al.,
2016). Pec FAO 2020. gada aplésém kopgjais globalais meliorétas lauksaimnieciba izmantotas
organiskas augsnes raditais siltumnicefekta gazu (SEG) emisiju apjoms ir 883 Mt CO2ekv., no
ta 87% veidojot CO2 un 13% N2O gazei, turklat meliorétas organiskas augsnes raditais emisiju
apjoms globali ir Iidzvertigs aptuveni 8% no kop&jam globali raditajam lauksaimniecibas SEG
emisijam (FAO, 2020).

Organiskajam vielam bagata jeb kidras (peat) augsne dazadu valstu augsnes
klasifikacijas sisteémas ietverta lietojot dazadas definicijas (Dunn & Freeman, 2011), piem&ram,
kudras augsne (peat soils), purva augsne (bog soils) un organiska augsne (organic soils), bet
starptautiska Iiment (FAO augsnes klasifikacija) visplasak lieto apzim&jumu histosols. Kopgja
organiskas augsnes iezime ir augsts organiska materiala saturs. Organiska viela
mikroorganismu darbibas rezultata veidojusies no augu un dzivnieku organiska materiala
atlickam nogulumu veida un ir paklauta sadaliSanas procesiem (Montanarellal et al., 2006).
Saistiba ar klimata parmainam organiska augsne nozimiga ar to, ka salidzinoSi neliels $is
augsnes Tpatsvars péc platibas rada bitisku SEG emisiju apjomu (Nordic Council of Ministers,
2015). Pasaulé lieto dazadas augsnes klasifikacijas sistémas un tajas ietvertais ar organisko
vielu bagatas augsnes defingjums atskiras. Tapat defingjums medz biit pielagots dazadiem
informacijas izmantoSanas veidiem. SEG emisiju aprékiniem izmanto modificétu Pasaules
Augsnes klasifikatora (World Reference Base for Soil Resources — WRB) metodiku un lieto
terminu “organiska augsne” (Eggleston et al., 2006; Hiraishi et al., 2014), kas ari izmantots
promocijas darba.

Pasaules Augsnes klasifikatora 2014. gada versija (IUSS Working Group WRB, 2014) ar
organisko vielu bagata augsne ietverta augsnes pamatgrupa — histosols. So pamatgrupu raksturo
tas, ka cilmiezis ir dalgji sadalijusas augu atliekas ar smilSu vai malu piejaukumu vai bez ta.
Histosols grupas augsne plasak sastopama borealajos, subarktiskajos un arktiskajos regionos.
Globali histosols izplatiba ir aptuveni 325-375 miljonos hektaru, galvenokart Ziemelu
hemisferas borealajos, subraktiskajos un arktiskajos regionos, tikai viena desmita dala no
histosols atrodama tropu regionos. (IUSS Working Group WRB, 2014).

Latvijas Augsnes klasifikacijas sistémai nav tieSas atbilstibas ar starptautiski lietoto
Pasaules Augsnes klasifikatoru. Latvijas augsnes klasifikacijas sistéma veidojusies pakapeniski
— sakotngji augsnes lielméroga (1:10 000) kartésana laika 1960. — 1991. gada izmantoti 1987.
gada “Tehniskie noradijumi augsnes kart€Sanas un saimniecibu iek$€jas zemes vertéSanas lauku
darbiem Latvijas PSR (LPSR Valsts Zemes iericibas projektéSanas institiits Zemesprojekts,
1987). Jaunaka Latvijas Augsnes klasifikacijas vienibu versija publicéta Latvijas Augsnes
noteicgja (Karklins, 2009). Latvijas augsnes klasifikacijas sisteéma izdala tris galvenas augsnes
klases, ka krit€riju izmantojot domingjoSo augsnes tidens rezZimu — automorfa augsne,
pushidromorfa augsne un hidromorfa augsne (Karklins, 2009). Latvijas un Pasaules augsnes
klasifikacijas sistému atSkiribas mineralaugsnes un ar organisko materialu bagatas augsnes
savstarpgja attieciba, atkariba no organiska materiala sastopamibas dziluma (cm) un augsnes
OV satura procentos paraditas 1.1 attgla.
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Pasaules augsnes klasifikacijas 2014.gada atjauninata versija
Minerilaugsne Histosols (== 40 vai 60 cm)
Latvyjas augsnes klasifikacija
=10% 10-20% 20-50% =50%
Minerilaugsne Kiidraina augsne Kiidraugsne

. U

Seklas: 30-50cm Dzilas: =50 cm

Avots: autores veidots attelojums pec (Karklins, 2016a)

1.1.att. Augsnes iedalijums: mineralaugsne un organiska augsne atbilstosi Pasaules un
Latvijas augsnes klasifikacijai

Specifisku jautajumu risinasSanai, lai nodroSinatu starptautisku datu salidzinamibu, var
tikt lictotas ipasi izstradatas definicijas, par kuru lietofanu panakta vienosanas. Sadu,
starptautiski izstradatu, ar organisko materialu bagatas augsnes defingjumu lieto, sagatavojot
SEG inventarizacijas aprékinus saskana ar Apvienoto Naciju Organizacijas (ANO) Vispargjo
konvenciju par klimata parmainam (Klimata konvencija) (United Nations, 1992). SEG
inventarizacijas zinojumus, péc starptautiskas vienosanas Klimata konvencijas un tas Kioto
protokola ligumslédz&ju pusu konferencés sagatavo, izmantojot IPCC izstradato metodologiju
jeb vadlinijas. 2006. gada IPCC vadliniju ceturta krajuma “Lauksaimnieciba, mezsaimnieciba
un cita veida zemes izmantoSana” 3.nodalas 3A.S.pielikuma dots organiskas augsnes
defingjums (Eggleston et al., 2006). 2006. gada IPCC vadliniju dotais organiskas augsnes
defingjums veidots uz Pasaules Augsnes klasifikatora 1998. gada versijas pamata (FAO, 1998)
un kopuma atbilst FAO defingjumam, lai gan ir veikta modifikacija, atmetot detaliz€tu
organiska materiala sastopamibas dziluma kritériju, ar mérki radit lielakas elastibas iesp€jas
valstu nacionalo augsnes klasifikaciju izmantoSana (Hiraishi et al., 2014). 2006. gada IPCC
vadlinijas pielauj nacionalo augsnes klasifikaciju izmantoSanu, bet tada gadijjuma ir jabut
skaidri definétam organiskas augsnes izdaliSanas konceptam, definicija jalieto visu zemes
lietoSanas veidu SEG emisiju aprékinos visa laika rinda un kombingjot ar nacionalajiem SEG
emisiju faktoriem (Eggleston et al., 2006; Hiraishi et al., 2014).

A.Karklin$ (Karklins, 2016b), analiz&jot organiskas augsnes defingjumu SEG emisiju
aprekinos atbilstosi IPCC vadlinijam, uzsver, ka IPCC lietotie organiskas augsnes izdaliSanas
Kriteriji nosaka to, ka organiskas augsnes grupa ieskaitams daudz lielaks augsnes kopums neka
atbilstosi histosols aug$nu pamatgrupai Pasaules Augsnes klasifikatora 2014. gada atjauninatas
versijas izpratn€ vai atbilstoSajai augsnei aktualaja Latvijas augsnes klasifikacija. To nosaka
fakts, ka IPCC vadliniju kritériji izdala zemaku minimali nepiecieSama Corg daudzumu (12%
pret 20%), ka arT zemaku minimali nepiecieSamo augsnes OV sastopamibas dzilumu (10 cm
pret 40 cm) (Karklins, 2016b). Nemot véra A.Karklina identificéto ar organiskajam vielam
bagatas augsnes atbilstibu aktualajai Pasaules un Latvijas augsnes klasifikacijai un IPCC
vadliniju noteiktajam organiskas augsnes defingjumam (Karklin§, 2016a, 2016b), 1.2. attela
dots atbilstibas shematisks tuvinajums.
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Pasaules augsnes klasifikdcyjas 2014 gada atjauninata versija

Mineralaugsne Histosols

Latvijas augsnes klasifikdciyjas vienibas 2009 gada augsnes noteicsja

Kiidraina/pushidromorfa Kiidraugsne/hidromorfa

Mineralaugsne augsne augsne

IPCC 2006.gada vadliniju organiskas augsnes definéjums

Baribas vielam bagata Baribas vielam nabadziga

Minerzlaugsne organiski augsne organiski augsne

Avots: autores veidots péc (Karklins, 2016a, 2016b)

1.2.att. Organiskam vielam bagatas augsnes atbilstibas kopsakaribas Pasaules, Latvijas
un IPCC vadlinju definéjuma

IPCC vadlinijas nosaka, ka organiskajam vielam bagata augsne, atkariba no ta vai ta ir
ombrotrofa vai minerotrofa, var tik iedalita divas plasas augsnes grupas — baribas vielam bagata
augsne (minerotrofi apstakli) un baribas vielam nabadziga augsne (ombrotrofi apstakli)
(Hiraishi et al., 2014). Gadijuma, ja valstij nav pieejami precizi dati par organiskas augsnes
izplatibu, tostarp dalfjuma baribas vielam bagata un nabadziga organiska augsne, mérenas
klimatiskas zonas valstim, ka labu praksi iesaka pienemt, ka visa organiska augsne ir baribas
vielam bagata (Hiraishi et al., 2014). Sads ieteikums nodroSina to, ka netiek aprekinats
neatbilstosi zems SEG emisiju apjoms. 2006. gada IPCC vadlinijas noteikta SEG emisiju
aprékinos izmantojama klimatisko zonu klasifikacija, atbilstosi kurai Latvija atrodas v&sa, mitra
mérena (Cool Temperate Moist) klimata zona (Eggleston et al., 2006). Promocijas darba veikts
klimata parmainu samazinaSanas iesp&ju novertgjums baribas vielam bagatas (minerotrofas)
organiskas augsnes apsaimniekoSana lauksaimniecibas zem¢.

Eiropa organiskas augsnes izplatiba ir geografiski nevienmériga. Lielaka organiskas
augsnes koncentracija konstatéjama Eiropas ziemelu dala (Tanneberger et al., 2017). Kopgja
organiskas augsnes platiba (ar kiidras slani >0) Eiropa l&sta aptuveni 1 000 000 km?, kas ir
gandriz 10% no sauszemes platibas (Tanneberger, Appulo, et al., 2021). Izplatibu galvenokart
nosaka klimatiskie apstakli ped&o 10000 gadu laika, tostarp nokriSpu daudzums un
temperatliras reZims — augstaka vasaras temperatira un zemaks nokriSnpu daudzums nosaka
attiecigajos regionos zemaku izplatibas raditaju (Van Diggelen, 2018). Eiropas Savienibas
valstis kiidras augsne aiznem aptuveni 7,7% (241 812 km?) no kopgjas platibas koncentr&joties
galvenokart ES ziemelu, austrumu un centralaja dala, atseviSkas valstis SEG emisijas no
apsaimniekotas organiskas augsnes veido vairak neka piekto dalu no valstu kop&jam emisijam
(Tanneberger et al., 2017). Gandriz viena tresdala Eiropas organiskas augsnes platibas atrodama
Somija un vairak ka viena ceturtdala Zviedrija, STm valstim péc organiskas augsnes izplatibas
seko Polija, Lielbritanija, Norvégija, Vacija, Irija, Igaunija, Latvija, Niderlande, Francija un ari
Lietuva, Ungarija, Danija un Cehija (Montanarellal et al., 2006).

Latvija organiskas augsnes izplatibas novertéSanu apgriitina gan aktualas augsnes
kartografiskas informacijas tritkums, gan ieprieks aprakstita nacionalas un starptautiski lietotas
augsnes klasifikacijas neatbilstiba. Valsts vienotaja geotelpiskas informacijas portala ir
pieejama (LR Zemkopibas ministrija, 2020) geotelpiska informacija par Latvijas
lauksaimniecibas augsni, kas iegiita digitaliz§jot 1960. — 1991. gada sagatavotos augsnes
kart€Sanas materialus. Latvija organiska augsne veidojusies vietas, kur ir bijis vai ir dabiski
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paaugstinats gruntstidens Iimenis un lielaka dala Latvijas lauksaimniecibas augsnes (aptuveni
1,5 miljoni ha), Iidz ar to arT organiskajam vielam bagata augsne, 1966. — 1985. gada tikusi
melioréta (Sauka et al., 1987). Organiskam vielam bagatas augsnes melioréSana un paklausana
tadam regularam lauksaimnieciskam darbibam ka augsnes apstrade, kalkoSana un mésloSana,
radijusi un rada pakapenisku organisko vielu mineralizaciju, ka rezultata samazinas gan augsnes
organiska oglekla daudzums, gan arT augsnes organiska materiala slana biezums (Tanneberger
et al., 2022). Rezultata platibas, kuras Latvijas augsnes kartéSanas laika lidz 1991. gadam
konstatéta triidaini kiidrainas un ktidraugsnes klatbiitne, §1 augsne, saistiba ar notikuSajiem
organisko vielu mineralizacijas procesiem, vairs var nebiit sastopama (Karklins, 2016a). 2021.
gada Norvégijas finanSu instrumenta (2014. — 2021. gads) finansétas programmas “Klimata
parmainu mazinasana, pielagoSanas tam un vide” projekts “llgtspEjigas augsnes resursu
parvaldibas uzlaboSana lauksaimnieciba” uzsak informacijas aktualizéSsanu par Latvijas
lauksaimnieciba izmantojamo augsni (LR Zemkopibas ministrija, 2021), kur cita starpa veic ari
kudraugsnes izplatibas kartésanu. Tadgjadi, lidz 2024. gadam (projekta izpildes laika grafiks)
planots iegit precizaku informaciju par kiidraugsnes jeb hidromorfas augsnes faktisko izplatibu
Latvija. Joprojam neskaidra paliks pushidromorfas augsnes faktiska izplatiba Latvija
misdienas.

Situacija, kad nav pieejama aktuala Latvijas kartografiska informacija par organiskas
augsnes izplatibu, bet ir pamats uzskatit (Karklins, 2016a), ka pasreiz€ja izplatiba atSkiras no
vesturiskajos karSu materialos fiksétas, ir veikti petijumi ar mérki model&t §1 briza izplatibu. Ar
valsts atbalstu lauksaimnieciba izmantojamiem zinatnes projektiem 2016. gada Latvijas Valsts
mezzinatnes institits “Silava” (LVMI “Silava”) veicis zinatnisku petjjumu “Aramzemes un
ilggadigo zalaju apsaimniekoSanas radito SEG emisiju un CO: piesaistes uzskaites sist€émas
pilnveidosana un atbilstoSu metodisko risinajumu izstradasana”, kura analizeti digitalajas
augsnes kartes pieejamie dati, apsekota statistiski reprezentabla Meza resursu monitoringa
parauglaukumu kopa platibas ar organisko augsni (atbilstosi digitiz€tajam v@esturiskajam
augsnes karSu materialam), veiktas augsnes analizes, lai noteiktu atbilstibu IPCC vadliniju
organiskas augsnes definicijai un noteikta organiskas augsnes izplatiba aramzemé un zalaja,
veicot datu rindas interpolaciju un nosakot organiskas augsnes platibas izmainas aramzemeé un
zalaja 1990. — 2014. gada (Lazdins et al., 2016; Petaja et al., 2018). P&tjjuma rezultati,
pielietojot ekstrapolacijas metodi, kop§ 2018. gada izmantoti Latvijas Nacionala
siltumnicefekta gazu inventarizacijas zinojuma sagatavosana, un tie apstiprina pienémumu par
organiskas augsnes mineralizacijas procesu. 1990. — 2018. gada organiskas augsnes platiba
aramzemeé un zalaja (atbilstosi Nacionala siltumnicefekta gazu inventarizacijas zinojuma zemes
kategorijam) ir samazinajusies par 18,86% jeb no 195,1 tikstosiem hektaru 1990. gada lidz
158,3 tikstosiem hektaru 2018. gada un organiska augsne 2018. gada Latvija aiznem 6,3% no
kopgjas lauksaimniecibas zemes (aramzemes un zalaja) platibas (LEGMC, 2020).

Viens no organiskas augsnes fenomeniem ir platibas disproporcija attieciba pret $is
augsnes apsaimniekoSanas radito SEG emisiju apjomu. Meliorétas organiskas augsnes
apsaimniekoSanas raditas SEG emisijas ir viens no lielakajiem SEG emisiju avotiem
lauksaimniecibas un zemes izmantoSanas, zemes izmantoSanas veida mainas un
meZsaimniecibas (ZIZIMM) sektoros daudzas Eiropas un Azijas valstis (Drosler et al., 2008;
Tiemeyer et al., 2020; F. Tubiello et al., 2016). Butiski arT tas, ka emisijas, atbilstosi [PCC
vadlinijam, no aramzemes un zalaja aprékina un zino gan SEG emisiju zinoSanas
lauksaimniecibas sektora (N20), gan ZIZIMM sektora (CO2 CHa). Eiropas valstis, kuras
organiska augsne sastopama aptuveni 3% no lauksaimnieciba izmantotas zemes platibas, videji
Sis augsnes apsaimniekoSanas raditas SEG emisijas veido vairak neka 50% no kopg&jam
lauksaimniecibas zemes apsaimniekoS$anas raditajam SEG emisijam (Nordic Council of
Ministers, 2015). Globali meliorétas lauksaimniecibas organiskas augsnes apsaimnieko$anas
emisijas rada 2 — 5% no kopé&jam antropogénajam SEG emisijam (Joosten, 2009; Leifeld &
Menichetti, 2018). Neskatoties uz organiskas augsnes apsaimnieko$anas radito SEG emisiju
nozimi un proporciju ES valstis, SEG emisiju aprekini joprojam ir aptuveni un emisijas netiek
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zinotas pietickama precizitaté (Holmberg et al.,, 2023). Aprékinu trikumi saistiti ar
nepietickamu informétibu, nepietickamas detalizacijas darbibu datiem un neatbilstoSiem vai
vajas kvalitates SEG emisiju faktoriem (Houghton et al., 2012; Tubiello et al., 2016). Latvija
lauksaimniecibas organiskas augsnes radito SEG emisiju apjoms, Iidzigi ka ES valstis, ir
neproporcionali liels tas platibai un veido vairak neka 30% no kop€jam lauksaimniecisko
darbibu raditajam SEG emisijam nacionalas SEG inventarizacijas lauksaimniecibas un
ZI1ZIMM sektoros (LEGMC, 2020).

Organiskas augsnes sociali ekonomiska loma ir salidzino$i maz pétita, tomér jebkuru
apsaimniekoSanas izmainu planoSana bez socioekonomisko un politisko ietekmju noverte§juma
nebutu ilgtsp&jiga. Politiskajas un ar1 zinatniskajas diskusijas vairak ka par organiskas augsnes
apsaimniekoSanas ekonomisko nozimi runa par §is augsnes aizsardzibu, ar to saprotot tadas
apsaimniekoSanas prakses, ka gruntsidens ITmena celSanu vai organiskas augsnes iznemsanu
no apsaimniekosanas. Visparigi diskuté par tropiskas kidras augsnes aizsardzibu saistiba ar
zemes lietojuma veida mainu un sakotn&ja zemes lietojuma atjaunosanu (Joosten, 2009; Leifeld
& Menichetti, 2018; Smith et al., 2014), savukart ES limeni aktuala ir diskusija par
organiskajam vielam bagatas augsnes aizsardzibu, mazinot apsaimniekoSanas ietekmi un par
appludinaSanu (melioracijas sistému likvidéSanu vai tidens limena celSanu citos veidos) ka
apsaimniekoSanas praksi, kas varétu samazinat CO, emisijas (European Commission, 2018b).
So diskusiju fona organiskas augsnes apsaimniekoSanas ekonomiskie aspekti, tostarp,
pieméram, ekonomiska ietekme, $o augsni iznemot no lauksaimnieciskas razosanas, tiek skarti
maz, tomér globala [imen ir aplikota iesp&jama lauksaimnieciskas razoSanas sadardzinasanas
un partikas cenu cel$anas (Hasegawa et al., 2018; Humpendder et al., 2020). Skandinavijas
valstu pétijumi atzist lauksaimniecibas organiskas augsnes ekonomisko nozimi to daudzo
zemes Tpasnieku un vietgjas sabiedribas dzive, kuriem §1s augsnes apsaimniekoSana ir galvenais
vai viens no galvenajiem ienakumu avotiem (Kleve et al., 2017). Uzsveérts ar1 tas, ka
pietickamais un salidzinoSi pastavigais mitruma daudzums S$aja augsné darbojas ka
lauksaimniecibas kultiiraugu iznikSanas risku mazinoSs apstaklis sausuma periodu laika, ka ar1
organiskajai augsnei mineraliz&joties, atbrivojas baribas vielas, kas samazina slapekla
mineralméslu lietoSanas nepiecieSamibu (Kleove et al., 2017). Maz pétita zemes Tpasnieku
atticksme pret iespgjamam lauksaimniecibas organiskas augsnes apsaimniekoSanas veida
izmainam klimata politikas mérku sasnieg$anas veicinasanai, bet pétijums Vacija liecina, ka
attieksme ir rezerveta un apsaimniekoSanas mainas realizeéSanai biitu nepiecieSama ekonomisko
zaud€jumu kompensacijas izmaksa, kuras apmérs vartu variét atkariba no tehnologiskajam
iesp&jam, lauksaimnieciskas razoS$anas ienesiguma attiecigaja regiona un iesp&jami skartas
organiskas augsnes kopplatibas (Schaller et al., 2011). Lielbritanijas ieintereséto grupu aptauja
liecina par vispar€ju izpratni par lauksaimniecibas organiskas augsnes apsaimniekoSanas veida
mainas nepiecieSamibu, tomér nav vienotibas viedokl1 par to, vai biitu turpinama organiskas
augsnes izmantoSana lauksaimnieciba jeb platibas aktiva apsaimniekoSana izbeidzama
(Rawlins & Morris, 2010).

ES biitu nepiecieSams ietveroS§s un neitrals organiskas augsnes apsaimniekoSanas
ekonomisko ietekmju noveértgjums, lai butu iesp&jams politikas pasakumus planot, izmantojot
objektivus ekonomiskus aprékinus. Sada veida aprékini ir veikti individualu valstu liment,
pieméram, Lielbritanija, bet pétjjums veikts 2013. gada un publicéts, minot stingrus ta
ierobezojumus — augstu pienémumu un vienkarSojumu Iimeni, kas nosaka to, ka pétijuma
rezultati izmantojami izglitojosi informativos, bet ne politikas planosanas noltikos (Graves &
Morris, 2013). Janem véra arf tas, ka ir pieradits, ka katram ekonomiskam, vides un socialajam
leguvumam, kas saistits ar SEG emisiju samazinasanu ir noteikti negativi blakus efekti, kurus
ignorgjot, nav panakama holistiska, ilgtsp&jiga pieeja (Harrison et al., 2021). Ne Eiropas, ne
pasaules Iliment promocijas darba izstrades laika nav pieejamas apl€ses par to cik daudz partikas
globali vai ES Iimeni sarazo apsaimniekojot organisko augsni un kadas varétu bt §is razoSanas
partraukSanas ekonomiskas un socialas sekas.
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Nemot vera organiskas augsnes teritorialo izplatibu un ietekmi uz SEG emisijam, Latvija
ir veikts S§1s augsnes apsaimnickoSanas ekonomiskais noveért§jums. 2017. gada pé€tijuma
“Organisko augs$nu devuma novértéjums Latvijas lauksaimnieciba — daudzfaktoru ietekmes
izvertejums efektivas zemes izmantoSanas risinajumu piedavajuma” Latvijas Lauksaimniecibas
universitates (no 2022. gada 1. septembra pardévéta par Latvijas Biozinatnu un tehnologiju
univesitati (LBTU)) autoru kolektivs veicis organiskas augsnes devuma novértéjumu Latvija,
savietojot digitiz€to veésturisko augsnes kartografisko informaciju, Lauku atbalsta dienesta
(LAD) datus lauku Iimeni un Lauksaimniecibas datu centra datus par lauksaimniecibas
dzivniekiem. Dati analizéti atbilstoS$i nacionalajai augsnes Kklasifikacijai sadalijuma —
hidromorfas un pushidromorfas augsnes. Ta ka pétijums izmanto vésturisko Kkartografisko
informaciju, nav nemti vera notikuSie mineralizacijas procesi, kas visticamak skarusi
pushidromorfo augsni. Analizgjot pétijjuma rezultatus var secinat, ka, lai gan organiskas
augsnes apsaimniekoSana nedod lielu pienesumu Latvijas kopgja lauksaimnieciskas
produkcijas vértiba valsts limeni (aptuveni 4%), sociali ekonomiska loma individualu
saimniecibu ltmeni var€tu but ievérojama, jo organiskas augsnes klatesamiba, atbilstosi
vesturiskajam kartografiskajam materialam, ir identificéta gandriz pus€ no Latvijas lauku
saimniecibam (aptuveni 48%). Individualu saimniecibu Iimeni organiskas augsnes
apsaimnieko$anas ierobezojumiem vai izmainam varétu biit biitiska nozime.

1.2. Klimata parmainu ietekmes novérteSanas teorétiskie aspekti un SEG emisiju
zinoSanas kartiba

Lauksaimniecibas organiskas augsnes klimata parmainu ietekmes novértéSanai
nepieciesams izprast biologiskos procesus, kas rada $o ietekmi un to, ka ticami un starptautiski
salidzinami kvantificét ietekmes potencialu.

Augi fotosint€zes procesos piesaista no atmosféras oglekla dioksidu un slapekli no
augsnes, tadgjadi radot OV masu, kas veido gan virszemes, gan pazemes biomasu, atmirusas
augu dalas un augsnes organisko vielu. Pretgjs process notiek augu elpoSanas procesos,
sadaloties atmirus$ajam augu dalam, organiskajai vielai augsn€ un degSanas procesos — CO2 un
tadas ne—-CO, gazes, ka CHa un N2O izdalas atmosfera (Hall & Rao, 2001). Sie procesi ir
dabiski, ir notikusi un notiek neatkarigi no cilvéka iesaistes, tomér antropogénas darbibas tos
intensificé. Lauksaimniecibas organiskas augsnes apsaimniekoSana, ierosina CO2 un N2O
emisijas radosus procesus (OV mineralizaciju un ar melioraciju saistitu N2O izdaliSanos), kas
bez antropogénas ietekmes nenoritétu vai noritétu daudz 1énak (Smith et al., 2014). 2000. gada
IPCC specialais zinojums par ZIZIMM (Watson et al., 2000), rungjot par sauszemes
ekosisttmam, norada, ka cilvéka jeb antropogénas darbibas ietekmé& globala neto biomasas
produktivitate var biit negativa vertiba, kas nozime ikgad&ju oglekla neto zudumu, tam nonakot
atmosféra un ietekmgjot klimata parmainu procesus. Intensitati ar kadu norit CO> piesaistes un
atbrivoSanas procesi konkrétaja ekosistéma nosaka attiecigas ekosistemas klimatiskie apstakli
(siltakos apstaklos procesi norit straujak), baribas vielu pieejamiba, tidens piesatinajums un
skabekla klatbutne (Conchedda & Tubiello, 2020; Eggleston et al., 2006). Aeirobos apstaklos
(skabekla klatbtitne) OV sadaliSanas procesos dominé CO; izdaliSanas, anaeirobos apstaklos
(bez skabekla apstakli) dominé CH4 emisijas (Moore & Knowles, 1989).

Klimata parmainu samazinaSanas meérku noteikSanai un to sasniegSanas planoSanai
nepietiek ar teorétiskam zinasanam par organiskas augsnes platibas vienibas radito SEG emisiju
apjomu un biologiskajiem procesiem, kas $o emisiju rasanos nosaka. Ir nepiecieSama
sistematiska SEG emisiju uzskaite un starptautiski harmonizéts veids, kada valstis aprékina un
regulari zino raditas SEG emisijas (Gulluscio et al., 2020). Valstis, kuras ir ANO dalibvalstis
un Klimata konvencijas Puses, antropogénas ietekmes raditas SEG emisijas aprékina un zino
atbilstosi IPCC izstradatai metodologijai jeb vadlinijam, kas ir apstiprinatas Klimata
konvencijas Ligumslédzgju pusu konferencés (United Nations, 1992). Klimata konvencijas 1.
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pielikuma Puses (Klimata konvencijas 1.pielikuma miné&tas ligumslédz&ju Puses, tostarp ES),
atbilstosi Klimata konvencijas Ligumslédz&ju pusu konferences l€émumam 24/CP.19
(Conference of the Parties, 2013) SEG emisiju aprékiniem izmanto 2006. gada IPCC vadlinijas
(Eggleston et al., 2006) un ir aicinatas izmantot ari 2013. gada IPCC papildinajumu 2006. gada
vadlinijam par mitrzemém (Hiraishi et al., 2014), tomér $1 papildinajuma izmanto$ana nav
apstiprinata Klimata konvencijas Ligusmlédz&ju puSu konferencg, ka saistoSa. Ar l[émuma
24/CP.19 1. pielikumu apstiprinatas arT Klimata konvencijas Ligusmslédzéju pusu konferences
vadlinijas S§is konvencijas 1.pielikuma pusSu ikgad€jo SEG inventarizacijas zinojumu un
nacionalas komunikacijas dokumentu sagatavosana. Vienotu IPCC un Klimata konvencijas
Ligumslédzgju pusu konferences SEG emisiju aprékinasanas un zinosanas kartibas vadliniju
izmantoSana visu Klimata konvencijas ligumslédzeju pusu SEG inventarizacijas un prognozu
zinojumu sagatavosana nodroSina ieglito aprékinu rezultatu savstarp€ju salidzinamibu, kas ir
butisks klimata politikas planoSanas priekSnosacijums, ka ari to, ka tiek ievéroti SEG
inventarizacijas sagatavoSanas pamatprincipi: caurskatamiba, konsekvence, salidzinamiba,
pabeigtiba un precizitate (Conference of the Parties, 2013).

Atbilstosi tam, ka SEG inventarizacijas zinojums strukturéts Klimata konvencijas
Ligumslédz&ju puSu konferences lémuma 24/CP.19 pielikuma, organiskas augsnes
apsaimniekos$anas raditas SEG emisijas lauksaimniecibas zemé zino divas SEG inventarizacijas
zinojuma nodalas jeb sektoros: (1) lauksaimniecibas sektora (kop&ja zinoSanas formata 3.
sektors) un (2) ZIZIMM (kopgja zinosanas formata 4.sektors). Atbilstosi IPCC vadlinijam,
lauksaimniecibas sektora aprékina un zino organiskas augsnes apsaimniekoSanas rezultata
lauksaimniecibas zemé radusas N2O emisijas, savukart ZIZIMM sektora CO2 un CH4 emisijas.

Vispargjais princips SEG emisiju aprékinu veiksanai, atbilstosi IPCC vadlinijam, paredz
divus galvenos SEG emisiju apjoma noteikSanas komponentus — darbibu datus un emisiju
faktorus. Organiskas augsnes gadijuma Sie komponenti ir:

1) darbibu dati — organiskas augsnes platiba attiecigaja gada;

2) emisiju faktori — CO2, N2O un CHas gazu apjoms, kas atbilsto$i pieejamajiem datiem

gada laika rodas no vienas platibas vienibas (ha).

Gan globali (Friedlingstein et al., 2020; Scharlemann et al., 2014; Smith et al., 2014;
Tubiello et al., 2015), gan ES limeni (Petrescu et al., 2020) ir atzits, ka ZIZIMM sektora
aprékinatajam lauksaimniecibas organiskas augsnes SEG emisijam ir liela nenoteiktiba (+/-
50%) saistiba ar nepietieckamu pieejamo darbibu datu apjomu un kvalitati, ka arT nepietiekami
precizajiem emisiju faktoriem (nav izstradati nacionali SEG emisiju faktori) un
nepietickamajam tehniskajam iesp€jam un zinaSanam So datu ieguvei, t.sk institucionala zina.
Nenoteiktiba nacionaliem jeb valsts Iimena datiem nav tik izteikta, kada ta veidojas regionalu
un globala Iimena datu apkopojumu un analiZu gadijuma, ka ar1 nenoteiktiba un datu iztrikums
attistibas valstim ir izteiktaks neka attistitajam valstim (Tubiello et al., 2016). Nereti valstis
izvelas nestradat pie nenoteiktibas mazinaSanas ZIZIMM sektora saistiba ar datu un
model&Sanas resursu nepietiekamibu, kas var radit situaciju, kad planotas SEG emisiju
samazinasanas darbibas ZIZIMM sektora atbilst nenoteiktibas apméram (McGlynn et al.,
2022). Lidziga situacija vérojama ari lauksaimniecibas sektora zinotajam organiskas augsnes
emisijam. STs atzinas nosaka nepiecieSsamibu stradat pie SEG inventarizacijas datu kvalitates
un pieejamibas uzlabosanas.

Regularas SEG emisiju un CO2 piesaistes zinoSanas saistibas Latvijai nosaka tas
uznemtas saistibas, pienemot un apstiprinot Latvija Klimata konvenciju (LR Saeima, 1995), ka
ar1 saistibas, kuras SEG emisiju aprékinasana, zinoSana un uzskaité uznemas katra ES
dalibvalsts. Nacionalo SEG inventarizacijas, prognozu un saistito zinojumu sagatavoSana
Latvija ir reglamenteta Ministru kabineta MK) Itmeni, nosakot dazadu iesaistito institliciju
atbildibas jomas (LR Ministru kabinets, 2022). SEG inventarizaciju sagatavo ikgadgji par laiku
no 1990. gada Iidz x — 2 gadam, kur x gads ir gads, kad SEG inventarizaciju iesniedz EK un
Klimata konvencijas sekretariata. Attiecigajam periodam sagatavo un iesniedz arT Nacionalo
SEG inventarizacijas zinojumu. Atbilstosi MK reguléjumam SEG inventarizacijas joma SEG
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emisiju aprékinus SEG inventarizacijas ZIZIMM sektoram sagatavo LVMI “Silava“, savukart
lauksaimniecibas sektoram LBTU.

Latvija lidz 2021. gada Nacionala SEG inventarizacijas zinojuma iesnieguma
sagatavoSanai organiskas augsnes radito SEG emisiju aprékinaSanai ZIZIMM sektora
lauksaimniecibas zemé izmantota Tier 1 pieeja, kas nozim& darbibu datu (organiskas augsnes
platiba) reizinajumu ar noklusétajiem IPCC vadliniju SEG emisiju faktoriem. Organiskas
augsnes platibas dati lauksaimniecibas zemé iegiti, izmantojot lauksaimniecibas augsnes
vesturisko kartografisko materialu (LR Zemkopibas ministrija, 2020) un nacionali veiktu
pétijumu rezultatus (Lazdin$ et al., 2016). Latvijas 2021. gada Nacionalaja SEG
inventarizacijas iesnieguma lauksaimniecibas organiskas augsnes SEG emisiju aprékiniem
ZIZIMM un lauksaimniecibas sektora izmantoti nacionali SEG emisiju faktori (Licite &
Lupikis, 2020). Ta ka $ie nacionalie organiskas augsnes emisiju faktori aprékinati ka vidgjas
vertibas, nenemot véra vides faktoru dinamiku, turpmakajos p&tijumos biitu nepiecieSams
integrét vides faktorus. Organiskas augsnes SEG emisiju aprékinu sagatavosana biezak
sastopamas problémas, ko var attiecinat ari uz lauksaimniecibas augsni, ir atbilstosu datu
nepietieckamiba, galvenokart saistiba ar vides mérjjumiem, kas lautu sagatavot vides ietekmes
dinamiski ietveroSus nacionalos emisiju faktorus (pretstata vidéjam vértibam), ka ar7 sekli un
dzili meliorétas augsnes datu trikums (Jauhiainen et al., 2019).

SEG emisiju prognozu aprékiniem izmantota metodologiska pieeja neatskiras no tas, kas
lietota ikgad&jo SEG inventarizacijas zinojumu sagatavosana (LEGMC, 2021b), tomér SEG
emisiju prognozZu sagatavosanas biitiska sastavdala ir ne tikai SEG emisiju aprékini, bet art
metodes, kas izmantotas ievie$ana eso$o un politikas planosanas dokumentos paredzéto klimata
parmainu samazinaSanas pasakumu ietekmes novért€Sanai un pasakumu savstarp&jai
salidzinasanai, lai sagatavotu politikas planosanai nepiecieSsamos scenarijus. ES valstis SEG
emisiju prognozu scenariju sagatavosana triikkst kvantitativu datu un pieejas, joprojam dominé
kvalitativi dati un apraksts, kas palidz saprast klimata parmainu samazinasanas pasakumu
ietekmi, bet nedod iesp&ju analizet pilnu raditaju spektru, identificét sagaidamos izaicinajumus
un iespgjas, kas ir nepiecieSami zinatniski pamatotu politisko lémumu pienemsanai (Dauwe et
al., 2019; European Environment Agency, 2018). Raditaji (pieméram, vides, agrotehniskie,
sociali ekonomiskie), kurus nem veéra scenariju sagatavosanas procesa var butiski atskirties péc
to tvéruma un detalizacijas. Latvijas normativie un politikas dokumenti neparedz un nepieprasa
léemumu pienemsSanas atbalsta metoZzu izmantoSanu SEG emisiju prognoZu scenariju
sagatavosanali, attiecigi, $adas metodes netiek izmantotas, likuma “Par piesarnojumu” delegéta
kartiba ikgadgji sagatavojot informativo zinojumu par SEG emisiju samazinaSanas un oglekla
dioksida piesaistes saistibu izpildi, ko ka nepilnibu norada nacionali veikti p&tijumi (Gancone,
2022), uzsverot, ka lémumu pienemsanas atbalsta metodes noteikti bilitu izmantojamas
gadijumos, kad informativaja zinojuma konstaté, ka nav sasniegti valsts klimata parmainu
samazinasanas merki. Autoresprat, lemumu pienemsanas atbalsta metozu izmantosana klimata
parmainu samazinaSanas pasakumu noveértéSanai un SEG emisiju prognozu scenariju
sagatavoSanai un analizei varétu bt lietderiga ne tikai gadijumos, kad jau konstatéta klimata
parmainu samazinaSanas mérku neizpilde, bet ar1 regularaja lauksaimniecibas un ZIZIMM
sektoru SEG emisiju prognozu scenariju sagatavosanas procesa.

1.3. Lauksaimniecibas organiska augsne klimata un lauksaimniecibas politika

Klimata un lauksaimniecibas politikas attistiba vésturiski veidojusies ilgsto$i un sarezgita
mijiedarbiba, gan tuvinoties, gan attalinoties, atbilsto$i konkr&ta perioda aktualajam
politiskajam tendencém. Tomér kop$ 21. gadsimta sakuma notikusi neparprotama tuvinasanas
un starptautiski (UNFCCC, 2015), ka arT ES un nacionalaja (dalibvalstu) ItmenT tiek aktivi
veicinata klimata politikas integracija visas nozaru politikas (European Parliament, 2021).
Lauksaimniecibas politika nebiit nav iznémums, drizak pret€ji — lauksaimniecibas joma klimata
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politikas integraciju ipasi sekmé, jo nozare sanem publisku ES Kopgjas lauksaimniecibas
politikas (KLP) atbalsta finansgéjumu, kas nodrosina politikas instrumentu esamibu un iespgjas
publisko interesu, tostarp vides un klimata jautajumos, realizacijai lauksaimnieciskas razoSanas
procesa. Klimata politikas pirmsakumi saistami ar ANO 1992. gada 9. maija Klimata
konvenciju (United Nations, 1992). Klimata politikas regul&jums ir komplekss starptautisko,
ES Itmena un nacionalo politisko 1émumu kopums, kas nosaka attieciga regul€juma Iimena un
kopgjos politikas mérkus, tostarp nozaru jeb sektoru limeni, ka ari konkrétas prasibas un
noteikumus SEG emisiju un CO> piesaistes zinoS$anai un uzskaitei, Sos datu talak izmantojot
izvirzito klimata politikas mérku sasnieg$anas iesp&ju un virzibas novértéSanai. Promocijas
darba autore par starptautisku klimata politikas ITmeni uzskata ANO dalibvalstu limeni.

Starptautiska limeni klimata politikas mérki bazeti Klimata konvencijas nostadnés un
izrietoSajos starptautiskas vienosanas dokumentos (Klimata konvencijas Kioto protokols un
Parizes noligums), kas nosaka veidu, kada valstis vienojusas virzities uz mérku sasnieg$anu.
Nemot veéra klimata parmainu globalo raksturu, ir nepiecieSami globali Tstenojami risinajumi.
Klimata konvencija ir pirmais starptautiskas klimata politikas dokuments ar saviem ietvara un
ieviesanas mehanismiem. Konvencijas mérkis ir samazinat SEG koncentraciju atmosfera lidz
tadam Iimenim, kas novérs bistamu antropogénu iejauksanos klimata procesos (United Nations,
1992). Klimata konvencija uzsver tieS$i antropogéno klimata parmainu ietekmes faktoru, ko
dazados veidos zino, uzskaita un ietekmée caur visu izrietoSo regul&jumu.

Lai izprastu lauksaimniecibas augsnes vietu un nozimi klimata politika, autore analizé
klimata politikas mérkus un to attistibu starptautiska, ES un nacionala Iimeni. Klimata
konvencijas istenoSanai 1997. gada pienemts Kioto protokols (UNFCCC, 1997), ar kuru
pasaules attistitajam valstim jeb valstim, kuras uzskaititas Klimata konvencijas 1. un 2.
pielikuma divos periodos (no 2008. — 2012. gadam un no 2013. — 2020. gadam) noteikti SEG
emisiju samazinasanas mérki. Klimata parmainu politikas tiesiskais reguléjums starptautiska
Iimeni péc 2020. gada veidots, nemot véra Klimata konvencijas Parizes noligumu, kas ANO
valstu balsojuma apstiprinats 2015. gada 12. decembri. Parizes noligums aizstaj Kioto
protokolu péc ta darbibas beigam un ka galveno virsuzdevumu nosaka noturét globalo vidgjas
temperatiiras pieaugumu biitiski zem 2 ‘C robezas salidzinot ar pirms industrialo Iimeni,
vienlaicigi tiecoties ierobezot temperatiiras pieaugumu 1,5 “C robezas (UNFCCC, 2015).
Zemes apsaimniekosanai Parizes noligums izvirza specifisku apakSmeérki kopgja, ieprieks
defingta, virsuzdevuma sasniegSanai, nosakot kop&u apnemsanos 21. gadsimta otraja puse
sasniegt lidzsvaru starp antropog€najam SEG emisijam un CO: piesaisti, kas pec butibas
nozimé to, ka visas antropogénas emisijas janosedz ar CO» piesaisti, kas faktiski 100% rodas
Z1ZIMM sektora (UNFCCC, 2015). Ja Kioto protokols noteica saistoSus klimata mérkus tikai
attistibas valstim, tad Parizes noligums nosaka visu valstu klimata mérku saistibas atbilstosi
ieguldijumu Iimenim, kuru valstis definguSas savos nacionala ieguldijuma zinojumos. ES
dalibvalstu kopégjais starptautiskais klimata parmainu samazinasanas meérkis Parizes noliguma
11dz 2030. gadam ir samazinat SEG emisijas par vismaz 40%, salidzinot ar 1990. gadu, savukart
2050. gadam noteikts 80-95% samazinajums, salidzinot ar 1990. gadu. Lidz ar ES virzibu uz
klimatneitralitates sasniegSanu, Sie centieni atspogulojas ar1 ES atjaunotaja informacija klimata
parmainu samazinasanas ieguldijumu zinojuma. Organiskas augsnes raditas SEG emisijas ir
ietvertas kop€ja virziba uz noteikto mérku sasniegSanu, atSkiras vienigi to nacionala
nozimiguma lielums — atbilsto$i aiznemtajai platibai. Virzibai uz starptautiska [imeni noteikto
mérku sasniegSanu, ES veido Savienibas iek$€ju klimata politikas regulgjumu.

2018. gada ES publisko stratégisko redz&jumu “Tiru planétu visiem!” (European
Commission, 2018a), kas atspogulo Eiropas Komisijas redz&jumu Eiropas klimatneitralitates
sasniegSanai lidz 2050. gadam. Stratégiskais redz&jums iezimé dazadus scenarijus virziba uz
Klimatneitralitati iezim&jot 80-100% neto SEG emisiju samazinajumu. Izmantojot “Tiru
planétu visiem!” stratégiska redz&juma nostadnes, ES 2019. gada turpina stradat pie klimata
politikas mérku parskatiSanas un nak klaja ar Zala kursa komunikacijas dokumentu (European
Commission, 2019), kas ka galveno virsmérki nosaka virzibu uz klimatneitralitati, paredzot, ka
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Eiropa klus par pirmo klimatneitralo pasaules dalu. 2019. gada atjauninatais SEG emisiju
samazinasanas mérkis paredz to, ka v€lakais 2050. gada visam ES raditajam SEG emisijam
jatiek kompensétam ar CO; piesaisti, turklat tas ir japanak Eiropas limeni, neizmantojot arcjos
tirgus. 2021. gada ES Zala kursa komunikacijas dokumenta paustas apnemsanas nostiprina ar
ta saukta ES Klimata likuma (EU Climate Law) palidzibu (European Parliament, 2021), kas
cita starpa nosaka 55% SEG emisiju samazinajuma mérki Iidz 2030. gadam attieciba pret 1990.
gada emisijam un ES klimatneitralitates sasniegSanas mérki lidz 2050. gadam.
Lauksaimniecibas nozares SEG emisijas saistamas ar biologiskiem procesiem, tostarp
organiskas augsnes apsaimniekoSana, Iidz ar to, parzinot pieejamas un attisttba esosas
tehnologijas, no tam pilniba nav iesp&jams izvairities, kas ir nemts véra nosakot ES 2050. gada
klimatneitralitates mérki (European Union, 2020). Lai praktiski ieviestu ES Klimata likuma
normas, 2021. gada 14. julija EK publisko “Gatavi meérkraditajam 557 (Fit for 55)
komunikacijas dokumentu, kas paredz ES normativo aktu parskatiSanu, lai tie atbilstu ES
Klimata likuma noteikto mérku sasniegSanai. Cita starpa parskata art ES ne—ETS un ZIZIMM
sektoru regul&jumu. Ne—ETS sektora (ietilpst lauksaimnieciba) Latvijai noteiktais SEG emisiju
samazinajuma mérkis palielinats no -6% SEG emisiju samazinajuma pret 2005. gada limeni
lidz -17% samazinajumam (European Parliament, 2023c), savukart ZIZIMM sektora Latvijai
noteikts mérkis 2030. gada nodrosinat -644 kt CO- ekv. piesaisti (European Parliament, 2023b),
ko Latvijas Klimata un energgtikas ministrija (KEM) 2023. gada sagatavota informativa
zinojuma “Par siltumnicefekta gazu emisiju samazinasanas un oglekla dioksida piesaistes
saistibu izpildi” kopa ar -17% ne-ETS sektora meérki vérteé ka neizpildamu un paredz
nepiecieSamibu istenot papildus politikas un pasakumus (LR Klimata un energgtikas ministrija,
2023).

Galvenie nacionala limena dokumenti Latvijas klimata politikas saistibu un to izpildes
planosanai ir: 1) 2020. gada Ministru kabineta apstiprinata Latvijas Stratégija klimatneitralitates
sasniegSanai lidz 2050. gadam, kuras virsmérkis ir Latvijas klimatneitralitates sasniegSana
2050. gada, kompensgjot nesamazinamas antropogénas SEG emisijas ar CO; piesaisti ZIZIMM
sektora; 2) 2020. gada izstradatais un 2023. gada atjauninamais Latvijas Nacionalais
energétikas un klimata plans 2021. — 2030. gadam, kas integréti atspogulo Latvijas klimata un
energétikas politikas saistibas un to izpildei planotos pasakumus; 3) 2019. gada Ministru
kabineta apstiprinatais Latvijas PielagoSanas klimata parmainam plans lidz 2030. gadam un taja
ieklautie pasakumi.

Latvijas Strat€gijas klimatneitralitates sasnieg$anai lidz 2050. gadam mérkis — sasniegt
klimatneitralitati, kompens€jot nesamazinamas antropogénas SEG emisijas ar CO2 piesaisti
ZIZIMM sektora — ir tieSa veida saistits ar lauksaimniecibas organiskas augsnes
apsaimnieko$anu, jo Latvija faktiski 100% aramzemes un zalaja apsaimniekoSana radito SEG
emisiju ZIZIMM sektora rodas saistiba ar organiskas augsnes klatesamibu, savukart ZIZIMM
sektora neto SEG emisiju bilance veidojas SEG emisiju un CO: piesaistes summa (sektora
veidojas un tiek zinotas gan SEG emisijas, gan CO: piesaiste, kas savstarpgji “dzesas”), kas
nozimé to, ka katra SEG emisiju tonna ZIZIMM sektora ir “jadzes” ar CO: piesaistes tonnu,
lai tiktu nodroSinata neto CO piesaiste nesamazinamo antropogéno SEG emisiju
kompenséSanai citos sektoros. 1.3. att€la atspogulota Latvijas klimatneitralitates sasniegSanas
mérka trajektorija (Latvijas Stratégija klimatneitralitates sasniegSanai lidz 2050. gadam) un
lauksaimniecibas organiskas augsnes SEG emisiju proporcija ZIZIMM un lauksaimniecibas
sektoru prognozétajas SEG emisijas 2050. gada — attiecigi 50% un 13%, kas, uzskatami liecina
par to, ka Latvijas klimatneitralitates mérka sasniegSana visticamak nav iesp€jama bez biitiska
lauksaimniecibas organiskas augsnes SEG emisiju samazinajuma.
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Avots: autores konstrukcija, izmantojot Latvijas Stratégijas klimatneitralitates sasniegSanai lidz 2050. gadam
S.attelu “Latvijas kopejais SEG emisiju apjoms (lidz 2017. gadam) un prognoze (2018. — 2050. gadam) scenarija
“ar esoSajiem pasakumiem” (1990 — 2050. gads)” un Latvijas 2023. gada sagatavoto SEG emisiju prognozu ar
papildus pasakumiem (WAM) scenariju ZIZIMM sektoram (Ministry of Climate and Energy of Latvia, 2023)

1.3.att. Latvijas klimatneitralitates mérka sasniegSanas trajektorija un prognozetas
lauksaimniecibas organiskas augsnes SEG emisijas 2050. gada

Nemot véra ZIZIMM sektora nozimi Latvijas Strat€gijas klimatneitralitates sasniegSanai
1idz 2050. gadam mérka sasniegSana, KEM kopa ar Zemkopibas ministriju (ZM), atbilsto§i MK
2021. gada 27. aprila sédes protokola Nr.36. 28 paragrafa deleg€jumam, 2023. gada izstrada
informativo zinojumu par ZIZIMM sektora virzibu uz klimatneitralitati. Zinojuma izstrade
notiek sadarbiba ar zinatnisko institiiciju ekspertiem. Lémumu pienéméju praktiskas pieredzes
un zinatnes teor€tisko atzinu integréta izmantosSana ir efektivakais ilgtsp€jigas politikas
planoSanas veids (O’Connor et al., 2019), ko iesp&jams realiz€t panakot balansu starp
matematisku modelu un citu kvantitativu aprékinu sniegta vertéjuma un viet€jo interesu grupu,
kuras lémums visticamak ietekmgs, viedokliem (Hemmerling et al., 2020; Kiskaddon et al.,
2023).

Lai izpétitu to, kad lauksaimniecibas organiskas augsnes jautajums paradijies un ka tas
atspogulojas starptautiskaja, ES un nacionalaja politikas dokumentu hierarhija klimata un
lauksaimniecibas politika, autore veic detalizétu politikas un normativo dokumentu (34
dokumenti) analizi izp&tes perioda 1992. — 2022. gada 30. junijs.

Starptautiska Itmena dokumentu analizes rezultati liecina, ka organiskas augsnes temats
aktualizgjies pakapeniski — sakot no 2013. gada, kad IPCC vadlinijas pirmo reizi ieklauti SEG
emisiju faktori emisiju aprékinasanai no organiskas augsnes (Hiraishi et al., 2014). Savukart,
2019. gada IPCC uzsver §1s augsnes grupas nozimi klimata politikas mérku sasniegSana (Shukla
et al., 2019), tadgjadi starptautiski iezim&jot lauksaimniecibas organiskas augsnes
apsaimniekoSanas politikas attistibas virzienu. No ES Iimena dokumentu analizes rezultatu
apkopojuma secinams, ka ES ItmenT lauksaimniecibas organiskas augsnes jautajumu aktualize
2014. gada (lidz ar ZIZIMM sektora ietverSanu ES klimata mérkos un konkrétu, dalibvalstim
individuali saistoSu SEG emisiju samazinasanas mérku izvirziSanu), kas ir gadu péc tam, kad
organiskas augsnes SEG emisiju “noklusétie” faktori pirmo reizi paradas starptautiskajas SEG
emisiju aprékinu vadlinijas. Tadgjadi var secinat, ka politiskas izmainas ES Iimen1 ierosina
starptautiski procesi. Sakot ar 2014. gadu, lauksaimniecibas organiska augsne ietverta un pasi
izcelta visos analizétajos ES Itmena dokumentos. Latvijas Iimena dokumentu analizes rezultati
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norada uz to, ka klimata un lauksaimniecibas politikas un normativajos dokumentos organiskas
augsnes apsaimnickoSanas sasaiste ar klimata parmainu samazinasanas politiku iezZimg&jas sakot
ar 2016. gadu, kas, nemot véra politikas un normativo dokumentu sagatavosanas kartibu Latvija
(Ministru kabinets, 2021), ir uzskatama par nekav&josu reakciju uz jautajuma aktualizaciju
starptautiski 2013. gada un ES limeni 2014. gada. Latvija organiskas augsnes jautajums
sakotng&ji aktualiz€ts zemes parvaldibas un bioekonomikas dokumentos, tikai 2020. gada
organiskas augsnes apsaimniekoSanas raditas SEG emisijas un to nozimi Latvijas klimata
parmainu samazinasanas politikas mérku sasniegSana uzsverot klimata politika — Latvijas
Stratégija klimatneitralitates sasniegSanai Iidz 2050. gadam.

Iegtitos starptautiska, ES un nacionala Iimena klimata un lauksaimniecibas politikas un
normativo dokumentu analizes rezultatus par lauksaimniecibas organiskas augsnes
apsaimnieko$anas jautajuma aktualizaciju 1992. —2022. gada, autore apkopojusi 1.4. attela, kas
grafiski atspogulo nozimigakos analiz€tos dokumentus, kuros pieminéta lauksaimniecibas
organiska augsne, to apstiprinasanas seciba un attiecigi — norada uz organiskas augsnes
jautajuma sakotn&ju aktualizaciju starptautiskaja klimata politika, kam ar viena gada intervalu
seko izmainas ES klimata politikas un Latvijas dokumentos, kas saistiti ar zemes
apsaimniekosanas politiku. Lidz ar EK pazinojuma “Eiropas zalais kurss” publiskoSanu 2019.
gada, lauksaimniecibas organiskas augsnes jautajums ir skarts visos tematiski saistitajos ES un
Latvijas klimata politikas dokumentos, ka arT aktualizéts Latvijas lauksaimniecibas politika.

Starptautiskie klimata politikas O O O
£ | dokumenti
=
o \ . oo .
= ES klimata politikas dokumenti O O O O O O
=
Z Latvijas klimata politikas dokumenti 8 O
T v O =~ 0 & © = NN 0 T un o -~ &0 O
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Avots: autores veidots, izmantojot 1.3. tabula minétos dokumentus.

1.4.att. Starptautiska, ES un Latvijas nacionala Iimena klimata un lauksaimniecibas
politikas un normativo dokumentu, kuros minéta lauksaimniecibas organiska augsne,
grafisks attelojums péc to tematikas un apstiprinasanas laika 1992. — 2022. gada

Tomer, neskatoties uz organiskas augsnes apsaimniekoSanas raditas klimata parmainu
ietekmes apzinaSanos nacionala Iiment un jautajuma aktualizaciju politiskajos un normativajos
dokumentos, promocijas darba pétijuma perioda Latvija nav identificéti klimata parmainu
samazinasanas politikas pasakumi, kas butu konkréti saistiti ar lauksaimniecibas organisko
augsni. Nacionalajos dokumentos uzsverta organiskas augsnes izpétes nepiecieSamiba —
galvenokart saistiba ar izplatibas kartografisko datu ieguvi. Lai izpétitu to, kadi nacionalie
pétijumi organiskas augsnes izpétes joma ir veikti un kadi biitu nepiecie$ami, autore veic
Latvijas politikas un normativajos dokumentos, ka arT nacionalajos SEG emisiju zino$anas un
prognozu dokumentos minéto izpetes vajadzibu analizi 2000. — 2022. gada, rezultatus
apkopojot 1.5. attcla.
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Cik reizes izpétes

Analizatie dokumenti vajadziba minéta Izpétes vajadziba
dokumentos?
7] 8 1) kartografiskd informacya par organiskas
augsnes izplatibu
5 2) SEG emisyjas samazino$u apsaimnickofanas
Latvyas klimata un veidu identifikicya un klimata piarmaigu
lauksaimniecibas nozares samazinisanas ietekmes novertejums
politikas un normativie L
dﬂlfll_fflﬁﬂ_ti k3 arT SEG 4 3) lauksaimniecibas augsnes monitorings un izpéte
emistju zinodanas un
prognozu dokumenti 4 4) organisk3s augsnes biologisko procesu 1zpste un
SEG emisiju un darbibu datu modelg§ana
4 5) metodologiskie uzlabojumi augsnes oglekla
1zmainu novertédanal orgamskajd augsne

Avots: autores veidots, izmantojot Latvijas politikas un normativos, ka ari SEG emisiju zinoSanas un prognozu
sagatavosanas dokumentus (LEGMC, 2019, 2021a, 2021b, 2022a; Ministry of Agriculture of the Republic of
Latvia, 2021)

1.5.att. Latvijas politikas, normativajos un SEG emisiju zino§anas un prognozZu
dokumentos identificetas lauksaimniecibas organiskas augsnes izpétes vajadzibas 2000.
—2022. gada

Starp izpétes vajadzibam visbiezak min&ta nepiecieSamiba iegiit un atjaunot geografiski
piesaistitu informaciju par organiskas augsnes izplatibu (8 dokumentos minéta vajadziba) un
nepiecieSamiba péc SEG emisijas samazino$u pasakumu identifikacijas un to potencialas
ietekmes novértéjuma (5 dokumentos minéta vajadziba). Vienlaikus izceltas ari tadas izp&tes
vajadzibas, ka lauksaimniecibas augsnes monitorings un izp&te, organiskas augsnes biologisko
procesu izpéte un SEG emisiju modelésana, ka ari metodologiskie uzlabojumi organiskas
augsnes oglekla uzkrajuma noteikSanai (1.5. att€ls). Nacionala I[imeni nav identificéta
nepiecieSamiba veikt lauksaimniecibas organiskas augsnes apsaimniekoSanas sociali
ekonomiskas ietekmes novertg§jumu un apsaimniekoSanas izmainu monitoringu, tomeér Sis
1zp€tes jomas var uzskatit par dalgji ietvertam izpétes vajadzibas, kas saistitas ar SEG emisiju
samazinasanas pasakumu ietekmes novertéSanu un augsnes monitoringu.

2023. gada ES politiskaja dienas kartiba ir vairaku ar lauksaimniecibas organisko augsni
saistitu dokumentu izstrade. Viens no bitiskiem ES Biologiskas daudzveidibas stratégijas 2030.
gadam (European Commission, 2020a) komponentiem ir vienota ES dabas atjaunoSanas
regul&juma izveidoSana, pienemot Dabas atjaunosanas likumu (Nature Restoration Regulation)
jeb Eiropas Parlamenta un Padomes regulu par dabas atjaunoSanu, ar ko planots visam ES
dalibvalsttim noteikt juridiski saistoSus dabas atjaunoSanas mérkus un nacionalu dabas
atjaunoSanas planu izstrades pienakumu, tostarp par lauksaimniecibas organiskas augsnes

(general approach) par Dabas atjaunosanas regulas talaku virzibu precizéta redakcija
(European Council, 2023), kas saistiba ar lauksaimniecibas organisko augsni paredz dabas
atjaunosanu 50% platibas Iidz 2050. gadam (vismaz pusé platibas atjaunojot hidrologisko
rezimu jeb pacelot gruntsiidens limeni). Regulas priekslikums pielauj hidrologiska rezima
atjaunoSanas mérka izpildi, hidrologisko reZimu atjaunojot izstradatos kaidras laukos, bet ne
vairak ka 40% apmera no noteikta mérka. Atbilstosi regulas priekSlikuma 7. pielikuma dotajiem
dabas atjaunoSanas pasakumu piemé&riem, dabas atjaunoSana lauksaimniecibas organiskaja
augsné var nozimét paludikultiitras vai argomezsaimniecibas sistémas ieriko$anu, gan virkni
citu pasakumu (tostarp 7. pielikuma neminétu). Dabas atjaunoSanas regulas priekslikums (EK
Klimata parmainu samazinaSanas pasakumu izmaksu efektivitates analizi, lai izdaritu
pien€mumu par klimata parmainu samazinasanas pasakumu ievieSanas platibu Latvija.
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2. LAUKSAIMNIECIBAS ORGANISKAS AUGSNES
APSAIMNIEKOSANAS NOVERTEJUMS UN APSAIMNIEKOSANAS
UZLABOSANAS IESPEJAS LATVIJA

Nodalas apjoms ir 23 lappuses ar 6 tabulam un 5 attéliem. Izvirzita t€ze: Latvijas
lauksaimniecibas politika organiskas augsnes apsaimniekosana nav versta uz valsts klimata
parmainu  samazinasanas mérku sasniegSanu. Lauksaimniecibas organiskdas augsnes
apsaimniekosand ir iespéjams izvéléties izmaksu efektivus klimata parmainu samazinasanas
pasakumus. Otraja nodala veikts lauksaimniecibas organiskas augsnes apsaimniekoSanas
situacijas novertejums Latvija 2012. — 2020. gada. Uz iegiita novertejuma pamata, atlasiti
Latvijas apstakliem pieméroti un potenciali izmaksu efektivi lauksaimniecibas organiskas
augsnes apsaimniekoSanas klimata parmainu samazinaSanas pasakumi, to talakai izp&tei
promocijas darba tresaja nodala.

2.1. Lauksaimniecibas organiskas augsnes apsaimniekoSanas raksturojums

Neskatoties uz lauksaimniecibas organiskas augsnes SEG emisiju nozimi Latvijas virziba
uz klimata politikas mérku sasniegSanu (plasaks izklasts atrodams 1.3. apakSnodala), Latvija
netiek regulari iegiti, publiskoti un analiz&ti dati par organiskas augsnes apsaimnieko$anu un
zinatnisko pétijumu dati ir pieejami epizodiski, petniekiem tos ieglstot istermina izpétes
projektos. Lidziga situacija ir verojama ES Itmeni. Dati par lauksaimniecibas organiskas
augsnes apsaimniekosanu konkréta gada un apsaimniekoSanas veida mainu pa gadiem — zemes
izmantoSanas veids (aramzeme vai zalajs), audzetais lauksaimniecibas kultliraugs, iegita raza,
izmantotas méslojuma devas u.c. — nav pieejami vai ir nepilnigi (Minasny et al., 2023), tomér
petijumi norada uz izteiktu apsaimniekoSanas heterogenitati, kas vari€ no augsti produktivam
sisttmam Niderland€, lidz jauktam intensivas un ekstensivas apsaimniekoSanas pieejas
sisttmam Eiropas ziemelu dala (Buschmann et al., 2020).

Ar meérki raksturot Latvijas lauksaimniecibas organiskas augsnes apsaimniekoSanas
praksi, ka arl analizét lauksaimniecibas atbalsta politikas un lauksaimniecibas organiskas
augsnes apsaimniekoSanas kopsakaribas (darba 2.2. apaks$nodala), autore talakai analizei
izveidojusi lauksaimniecibas organisko augsni raksturojosu datu kopu, iegtistot informaciju no
divam Latvijas valsts institliciju uzturétam datu bazém: 1) LAD Lauku registra informacijas
sisttmas lauksaimniecibas un lauku atbalsta politikas, valsts un ES atbalsta pasakumu
administré$anai un 2) Valsts augu aizsardzibas dienesta (VAAD) augsnes agrokimiskas izp&tes
datu bazes. Dati ieguti par 2012. — 2020. gadu, par unikalo identifikatoru lietots kadastra
numurs. 2012. gads ir pirmais gads, par kuru Latvijas LAD datu bazé ar ES atbalstu saistita
informacija ir pieejama digitala formata. Datu ieguvei izmantoto valsts informacijas sist€emu
datu bazu (LAD un VAAD datu bazes) izvéli autore pamato ar to, ka promocijas darba izstrades
laika Latvija nav pieejama aktuala kartografiska informacija par lauksaimniecibas organiskas
augsnes izplatibu (pieejama geotelpiska informacija balstita uz augsnes apsekojumiem 1966. —
1985. gada (LR Zemkopibas ministrija, 2020), bet apsaimniekoSanas prakses raksturojumam ir
nepiecieSama geografiski piesaistitu datu kopa, kas ietver informaciju gan par organiskas
augsnes apsaimniekoSanas veidu, gan ari sanemto valsts un ES atbalsta veidu, ka arT citiem
platibu raksturojosajiem agronomiskajiem un geografiskajiem raditajiem. P&tjjumi (Lazdins et
al., 2016) liecina, ka vésturiskaja augsnes digitalaja datu bazé ieglistama informacija par
organiskas augsnes izplatibu jauztver ar piesardzibu, jo dala no 1966. — 1985. gada kartetas
lauksaimniecibas organiskas augsnes ir mineraliz€jusies un situacija daba vairs neatbilst
kartografiskajam materialam. LAD un VAAD datu bazu informacijas integréta izmantoSana
dod iesp&ju analizét platibas, kuras organiskas augsnes klatesamiba ir laboratoriski pieradita
(identificétie augsnes tipi: Tz, AT, VGt, E2Pv, Vkg, AG, Pgv, Tp, E1Pv, Pg), balstoties uz
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apsekojumiem daba (VAAD agrokimiska izp&te), ka ari ir pieejami dati par apsaimniekoSanas
un sanemta ES atbalsta veidu (LAD Lauku registra informacija).

Lauksaimniecibas organiskas augsnes apsaimnieko$anas raksturojuma pétijuma teritorija
ir visa Latvija. Izp&tes platibas ir vienmérigi izvietotas valsts teritorija un atbilst VAAD
agrokimiskas izp&tes punktiem lauksaimniecibas organiskaja augsné (2.1. attéls).

Estonia

O Study areas

Avots: autores veidots, izmantojot nepublicétus VAAD augsnes agrokimiskas izpétes datu bazes datus par 2012. —
2020. gadu

2.1.att. Lauksaimniecibas organiskas augsnes apsaimniekoSanas raksturojuma petijjuma
izpétes platibu izvietojums Latvija 2022. gada

Sakotngja izpetes datu kopa saSaurinata, nosakot pétniecisko ierobeZojumu un izslédzot
platibas, kuras augsnes oglekla saturs uzrada robezvertibas un platibas, kuram iztrukst kads no
raditajiem vai ari raditaju veértibas ir nulle. Rezultata izveidota no 2 547 ierakstiem sastavosa
lauksaimniecibas organiskas augsnes datu kopa, kas aptver aptuveni 30% Latvijas organiskas
augsnes lauksaimniecibas zemé (48900,57 ha) — ja par atskaites lielumu izmanto Latvijas
Nacionalaja siltumnicefekta gazu inventarizacija 2022. gada zinoto organiskas augsnes platibu
2020. gadam (166800 ha) (LEGMC, 2022b). Tomeér janem véra, ka faktiskais analizes
aptvéruma Ipatsvars varétu biit lielaks, jo inventarizacija zinota organiskas augsnes platiba nav
daba parbaudita un varétu ietvert platibas, kuras jau notikusi mineralizacijas procesi.

Lai raksturotu lauksaimniecibas organiskas augsnes apsaimniekoSanu Latvija, autore,
izmantojot sagatavoto datu kopu, veic telpisku un grafisku analizi. Telpisko analizi veic,
izmantojot ArcGIS programmatiru un grup€jot lauksaimniecibas kultiiraugus Cetras
apakSgrupas, atbilsto§i IPCC starptautisko vadliniju nacionalo SEG inventarizaciju
sagatavoSanai dotajam indikacijam (Eggleston et al., 2006) par audz&to kulttraugu ietekmi uz
klimata parmainam. Grup&ums veikts virziena no mazakas ietekmes grupas (1) uz lielakas
ietekmes grupu (5): (1) ilggadigie stadijumi; (2) zalajs; (3) taurinziezi; (4) darzeni; (5)
graudaugi, ellas augi un kukuriiza. Telpiska analize veikta ar mérki vizuali att€lot un analizét
organiskas augsnes apsaimniekoSanas veida izmainas laika (2012. — 2020. gads) un telpa (57
Latvijas novadi). Lai labak raksturotu telpiskas analizes rezultatus (2.3. att€ls), tiem pievienota
arT grafiska interpretacija (2.2. attels).
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gadu

2.2.att. Lauksaimniecibas organiskas augsnes apsaimniekosanas dinamika Latvija 2012.
—2020. gada

Grafiska analize norada uz salidzino$i nelielam apsaimniekoSanas izmainam 2012. —
2020. gada, tomer kop&ja ES atbalstu sanemosas organiskas augsnes platiba izp€tes perioda
palielinajusies par 31%. Tas var€tu bit skaidrojams ar vispargjam lauksaimniecibas attistibas
tendencem Latvija. Latvijai 2004. gada pievienojoties ES un 2014. gada pievienojoties
eirozonai, lauksaimniecibas razoSanas attistibu atbalstija kop€jas valsts ekonomikas dinamiska
attistiba (OECD, 2019). Lauksaimniecibas izlaides raditaji visstraujak kapusi graudaugu un
piena razoSanas joma, apsaimniekotas lauksaimniecibas zemes platiba no 2010. — 2020. gadam
palielinajusies par 9,1% (Central Statistical Bureau of Latvia, 2022). Lidz ar to likumsakariga
ir arT apsaimniekotas organiskas augsnes platibas palielinasanas. Detaliz€taka lauksaimniecibas
organiskas augsnes apsaimniekoSanas analize uzrada razoSanas platibu palielinajumu (1) zalaja
un (2) graudaugu, ellas augu un kukuriizas gadijuma. STs abas sistémas veido lielako platibas
Tpatsvaru (attiecigi 24% un 55%). Kop€jo zalaja platibu palielindjuma tendenci varétu skaidrot
ar galas liellopu nozares attistibu, bet 2017. un 2018. gada svarstibu iemesls varétu bt saistits
ar piena cenu krizi 2017. gada un lielo komercsaimniecibu attistibu, likvid&joties mazajam
piemajas saimniecibam (Pilvere et al., 2020).

Nemot véra pétijuma izdalito lauksaimniecibas kultiraugu grupu ietekmi uz klimata
parmainam (atbilstosi (Eggleston et al., 2006)), ilggadigo stadijumu (oguldji, auglu koki un
karkli) un zalaja (atmata un dazada veida zalaugi) platibas palielinaSanas (attiecigi par 66,1%
un 61,9%) vertéjama ka pozitiva, SEG emisijas samazinosa tendence. Vienlaikus noticis ari
pret&jais process, par 32,2% palielinoties graudaugu, ellas augu un kukurtizas platibai, turklat
graudaugu, ellas augu un kukuriizas platiba dominé péc kopéja ipatsvara. Tadejadi autore
secina, ka 2012. — 2020. gada izpétes platiba notikusas organiskas augsnes apsaimniekoSanas
izmainas nav ne izteikti veicinajusas, ne kavejusas klimata parmainu SamazinaSanu. Tomeér, ta
ka izpetes platiba nosedz aptuveni 30% no kop€jas Latvijas organiskas augsnes platibas
lauksaimniecibas zemg, platibu apsaimniekoSanas izmainu analize 2012. — 2020. gada
izmantojama tendencu identific€Sanai nevis visparigu secinajumu izdariSanai par situaciju
Latvija kopuma.

Lai veiktu atlasitas datu kopas telpisku analizi promocijas darba pétjjuma izveletaja
devinu gadu perioda, dati grup&ti administrativi teritorialajas vienibas (57 Latvijas novadi) un,
izmantojot ArcGIS programmatiiru vizualizeti kartes veida (2.3. att€ls). 2012. un 2020. gada
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organiskas augsnes apsaimniekoSanas raksturojuma pétijuma izpetes perioda sakuma un beigu
gadu (attiecigi), tadejadi dodot iesp&ju vizualizet devinu gadu laika notikusas izmainas.

2012

Lauksaimniecibas kultiraugu grupas
@ Ilggadigo stadjumu platibas ipatsvars
Z3laja platibas Ipatsvars
Taurinziezu platibas ipatsvars
Darzenu platibas ipatsvars
Graudaugu, ellas augu un kukuriizas
platibas Ipatsvars

a) lauksaimniecibas kultiiraugu grupu ipatsvars péc platibas organiskas augsnes
apsaimniekosanas raksturojuma pétijuma izpétes platibas Latvija 2012. gada
2020

Lauksaimniecibas kultiraugu grupas =™

@» Ilggadigo stadijumu platibas fpatsvars
Z3l3ja platibas Ipatsvars
Taurinziezu platibas ipatsvars
Darzenu platibas ipatsvars
Graudaugu, ellas augu un kukuriizas
platibas Ipatsvars

b) lauksaimniecibas kultiraugu grupu ipatsvars péc platibas organiskas augsnes

apsaimniekoSanas raksturojuma pétijuma izpétes platibas 2020. gada
Avots: autores veidots, izmantojot nepublicetus LAD Lauku registra informdcijas sistémas un VAAD augsnes
agrokimiskas izpétes datu bazes datus par 2012. — 2020. gadu

2.3.att. Lauksaimniecibas kultiraugu grupu platibas ipatsvara telpisks attelojums
Latvijas novados 2012. un 2020. gada

Lai gan telpiska analize neuzrada skaidru apsaimniekoSanas sasaisti ar regioniem vai
konkrétam administrativi teritorialajam vienibam, tomér atseviSskos regionos verojamas
noteiktas tendences. Piem&ram, Latvijas ziemelu dala ilggadigie stadijumi, zalajs un taurinziezu
audzeSana organiska lauksaimniecibas augsné ir izplatitaka. Tas varétu bt skaidrojams ar to,
ka §is regions ir ar salidzino$i nelidzenaku reljefu, zemaku augsnes auglibu un piemérotaks
liellopu audzesanai (Zvirbule & Andersons, 2018), savukart Latvijas vidienei un dienvidu dalai
vairak raksturigas augkopibas sist€émas un attiecigi graudaugu, ellas augu un kukuriizas
audzesana arT lauksaimniecibas organiskaja augsné.

Promocijas darba veiktais lauksaimniecibas organiskas augsnes apsaimniekoSanas
situacijas noveért§jums Latvija 2012. — 2020. gada liecina, ka organiskas augsnes
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apsaimniekoSanai Latvija ir neizmantots klimata parmainu SamazinaSanas potencials.
Promocijas darba veikta lauksaimniecibas organiskas augsnes apsaimniekoSanas situacijas
noveértéjuma rezultati saskan ar vieniga Latvija iepriek§ veikta organiskas augsnes
izmantoSanas lauksaimnieciba pétijuma rezultatiem. 2017. gada petijuma graudaugi un ellas
augi ir noraditi ka otrs izplatitakais apsaimniekoSanas scenarijs, tacu Saja pétijjuma netika
mekl&tas un nav analiz&tas vesturiskas tendences, un noveértg§jumam izmantota cita datu kopa
(Pilvere, 2017). Lauksaimniecibas organiskas augsnes apsaimnieckoSanas sistematiska
zinatniska novértéjuma trikums kavé efektivu klimata parmainu politikas planoSanu, jo
iztrtkstot informacijai par faktisko organiskas augsnes apsaimniekoS$anas veidu, saistito
politikas jomu (lauksaimniecibas un klimata) planosana, tostarp 2050. gada klimatneitralitates
sasniegSanali, ir apgriitinata. Papildus aspekts, kas rada SkérSlus kvalitativu datu iegiiSanai ir
aktualas kartografiskas informacijas trikums par organiskas augsnes izplatibu
lauksaimniecibas zemé (Donlan et al., 2016; Kekkonen et al., 2019; Pilvere, 2018; RoBkopf et
al., 2015; Wittnebel et al., 2021). Jautajums par aktualas kartografiskas informacijas pieejamibu
klust arvien nozimigaks saistiba ar politiskiem procesiem, piem&ram: 1) ES KLP nosacijumu
sisttma 2023 — 2027. gadam paredz mitrzemes un kiidraju aizsardzibas prasibu (Latvijas
Republikas Zemkopibas ministrija, 2023), kuras ievie$anai nepiecieSama geografiski piesaistita
informacija par organiskas augsnes izplatibu; 2) ES Biologiskas daudzveidibas stratégija 2030.
gadam (European Commission. Directorate General for Environment., 2021) un Eiropas
Komisijas izstradatais Dabas atjaunoSanas regulas priekslikums, kuru 2023. gada 12. jilija
pirmaja lasijuma apstiprinaja Eiropas Parlaments (European Parliament, 2023a), nosaka
saistoSus nacionalus mérkus organiskas augsnes apsaimniekoSanai lauksaimnieciba. Saistosu
un finansiali ietilpigu politisko meérku realizacijai ir nepiecieSama aktuala, preciza,
georeferencéta informacija, kas turklat ieglita izmantojot savstarpgji salidzinamu
metodologisku pieeju.

2.2. Lauksaimniecibas atbalsta politikas un lauksaimniecibas organiskas augsnes
apsaimniekoSanas kopsakaribas

Saja apakinodala turpinata autores izveidotas LAD un VAAD lauksaimniecibas
organiskas augsnes izpétes datu kopas (apraksts sniegts 2.1. apaks$nodala) detalizéta analize
lauksaimniecibas atbalsta politikas un organiskas augsnes apsaimniekoSanas savstarp&jo
ietekmju novertéSanai.

Promocijas darba 1.3. apaksnodala noskaidrots, ka Latvija ES Kopgjas lauksaimniecibas
politikas ievieSanas perioda 2014. — 2020. gadam nav izveidoti atbalsta pasakumi, kuri tiesi
attiecinati uz lauksaimniecibas organiskas augsnes apsaimniekoSanu. Analiz&ot promocijas
darba 2. nodalas pétijumam izveidoto LAD un VAAD lauksaimniecibas organiskas augsnes
datu kopu, konstatéts, ka 2012. — 2020. gada sanemti piecpadsmit dazadi atbalsta veidi, starp
kuriem biezak sanemtie ir: 1) vienotais platibu maksajums; 2) maksajums par lauksaimnieciskai
razoSanai nelabvéligiem dabas apstakliem teritorijas, kas nav kalnu teritorijas; 3) Lauku
attistibas programmas pasakumu “Agrovide un klimats” un “Biologiska lauksaimnieciba”
atbalsts; 4) dazadi brivpratigi saistita atbalsta veidi un 5) maksajums gados jaunajiem
lauksaimniekiem. Promocijas darba nav vertéts sanemta atbalsta apjoms monetara izteiksmg,
bet gan analiz&ts tas, vai pastav kopsakaribas starp organiskas augsnes apsaimnickosanas veida
mainu 2012. — 2020. gada un sanemta atbalsta veidu, analizes izpildé izmantojot IBM SPSS
Statistics 26 (Statistical Package for Social Sciences) programmataru un pielietojot faktoru un
klasteru analizes metodes:

1) galveno komponentu faktoru analize izmantota, lai noteiktu savstarpgjas sakaribas

starp dazadam organiskas augsnes apsaimniekoSanas prakses pazimém ar mérki
izdaltt faktorus, kas §1s sakaribas var izskaidrot;
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2) Klasteru analize izmantota, lai izdalitu atskirigas ES atbalstu sanemos$as organiskas
augsnes grupas jeb klasterus atkariba no komplekso, raksturojoso faktoru ietekmes uz
apsaimniekosanas veidu.

Faktoru analizi pirmais socialo zinatnpu datu analizé izmantoja Sarls Spermans (Charles
Spearman) 1909. gada (Bartholomew, 1995). lzdala divus faktoru analizes veidus —
izskaidrojosa (exploratory) un retak lietota apstiprinosa (conformity) metode, ko izmanto
hipotézu parbaudei (Kline, 2008). Promocijas darba izmantota izskaidrojosa faktoru analizes
metode. Faktoru analize paskaidro atrasto korelaciju, identificgjot sléptos jeb latentos faktorus,
kuri So korelaciju nosaka un izskaidro jeb, citiem vardiem, faktoru analize noskaidro, vai
mainigie Y1, Y2 ..., Yn ir lineari saistiti ar mazaka skaita un tiesi nenoveérojamiem faktoriem Fy,
F2, F3 ..., Fk (Mooi et al., 2018). Galvenie faktoru analizes izpildes soli (Izenman, 2008) ir: 1)
datu kopas izveide; 2) korelacijas matricas (dod aptuvenu priek$statu par mainigo grupam)
izveide un Bartleta sfériskuma testa (Bartlett's test of sphericity) izpilde, lai noteiktu, vai datu
kopa ir piemérota faktoru analizei; 3) Kaizera Meijera Olkina (Kaiser—Meyer—Olkin measure
of sampling adequacy) (KMO) testa izpilde, lai noteiktu datu atbilstibu faktoru analizei. Uz
atbilstibu norada augstas KMO vértibas (0,5 > 1,0). Dati nav atbilstosi faktoru analizei, ja KMO
< 0,5; 4) faktoru skaita noteikSana un rotacija, lai noverstu skérsslodzi; 5) faktoru struktiiras
interpretacija, izmantojot aprékinatos faktorslodzes raditajus, kas nosaka linearas sasaistes
cieSumu starp mainigajiem un faktoriem. Faktorslodzi uzskata par augstu, ja ta parsniedz 0,6
(tam, vai vértiba ir pozitiva vai negativa, nav nozimes) un vidéji augsta, ja ta parsniedz 0,3,
savukart faktorslodzes ar vértibu < 0,3 nav izmantojamas (Kline, 2008).

Faktoru un klasteru analizei izmantoti divpadsmit izveidotas LAD un VAAD organiskas
augsnes datu kopas zemes vienibas raksturojoso mainigo raditaji (2.1.tabula).

2.1.tabula

LAD un VAAD lauksaimniecibas organiskas augsnes izpetes datu kopa ietverto zemes
vienibu raksturojosSo mainigo raditaju apraksts 2012. — 2020. gada

Raditajs Raditaja apraksts

Zemes izmantoSana

aramzeme, zalajs, ilggadigs stadijums (0-20 gadi), ilggadigs
stadijjums  (20-40 gadi), darzkopiba, papuve, aizaugusi
lauksaimniecibas zeme

Augsnes mitruma reZims

normals, periodiski mitrs, mitrs, sauss

Reljefs

lidzenums, vilnots lidzenums, neliels slipums — vaja erozija, stavs
slipums — vid€ja lidz spéciga erozija, izteikti stavs slipums

Akmenainiba

akmenu nav, reti akmeni, akmenains, atseviski akmenu kravumi,
atseviski lieli akmeni, daudz dazada lieluma akmenu

Augsnes OV saturs

vertiba %

Augsnes pHkci

veértiba intervala no <4,6 Iidz > 6,5

IekultivéSanas pakape

zema, vidgja, augsta

Augsnes tips

kiidras un kudraina augsne atbilstoSi Latvijas nacionalajai

klasifikacijai

Zemes vertiba

zemes vertiba relativas vienibas no < 10 lidz > 60

Sanemta atbalsta veids

ES atbalsta veidi

Lauksaimniecibas lauksaimniecibas kulttraugs (pieméram, daudzgadigie kulttiraugi,
kultiiraugs zalajs, darzkopibas kultiiraugi, graudaugi, aizaugusas platibas)
Atbalsta platiba Hektari

Avots: autores veidots, izmantojot nepublicétus LAD Lauku registra informdacijas sistémas un VAAD augsnes
agrokimiskas izpétes datu bazes datus par 2012. — 2020. gadu
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LAD un VAAD organiskas augsnes datu kopas dati katram no izp&tes gadiem (2012. —
2020. gads) organizéeti divdimensiju matrica, kuras pirma kolona atbilst atlasitajam 283 zemes
vienibam, bet pargjas kolonas ietvertas 12 mainigo raditaju (2.1. tabula) vertibas attiecigajos
gados. Tadgjadi tabulas rindas raksturo p&tama objekta (atlasito zemes vienibu) raditajus.

Izveidotas datu matricas atbilstiba faktoru analizes izmantoSanai parbaudita veicot KMO
un Bartleta testus. KMO testa vertiba 0,785 un Bartleta testa rezultats Sig. = 0,000 liecina par
to, ka datu kopa ir adekvata faktoranalizes veikSanai (KMO testa rezultats parsniedz 0,5), zemes
vienibu raksturojoso raditaju dispersiju var izskaidrot ar kompleksiem faktoriem un dispersiju
izraisa 79% no analiz€jamajiem raditajiem. Sléptas jeb latentas sakaribas skaidrojoSo
komplekso faktoru atlasei (pasvertiba > 1) izmantota Varimax ortogonalas rotacijas metode.

Faktoru analize veikta katram no izpétes gadiem (2012. — 2020. gads), tomér, ta ka starp
gadiem netika novérotas biitiskas atSkiribas, rezultatu raksturoSanai izmantota 2020. gada datu
kopa. Parliecinoties, ka datu kopa ir piemérota faktoru analizei, izveidota sakotn&jo faktoru
daudzkorelacijas matrica un iegiiti sakotngjo faktoru korelacijas analizes rezultati (2.2. tabula).

2.2.tabula/Table 2.2

Daudzfaktoru korelacijas rezultati izpetei atlasito lauksaimniecibas organiskas augsnes
zemes vienibu mainigajiem raditajiem Latvija 2020. gada / Multivariate correlation
results for variables of agricultural organic soil land units selected for research in Latvia in

2020
Raditajs Pozitiva korelacija (0,01 level (2- Raditaji ar loti cieSu
tailed)) korelaciju (>0,6)
Neliela Vidéja CieSa
0,1-0,3) | (0,31-0,5 | (>=0,51)
KorelejoSo raditaju skaits

Zemes izmanto$ana 1 1 3 Reljefs

Augsnes mitruma rezims 4 1 3 Akmenainiba; Reljefs

Reljefs 4 1 3 Zemes izmantoSana;
Augsnes mitruma
reZims; Akmenainiba

Akmenainiba 4 1 3 Augsnes mitruma
reZims; Reljefs

Augsnes OV saturs 0 4 2 nav

Augsnes pHkci 4 0 2 Augsnes
iekultivéSanas pakape

IekultivéSanas pakape 5 0 2 Augsnes pHkci

Augsnes tips 0 0 0 nav

Zemes vértiba 5 0 0 nav

Sanemta atbalsta veids 1 0 0 nav

Lauksaimniecibas 1 0 0 nav

kultiiraugs

Atbalsta platiba 3 0 0 nav

Avots: autores veidots

Daudzkorelaciju analize liecina, ka nozimigaka pozitiva korelacija (>=0,51) ir zemes
lietoSanas veidam, mitruma apstakliem, reljefam un akmenainibai — katram no Siem
mainigajiem ar tris citiem mainigajiem. Viscie$aka korelacija ir reljefam ar zemes lietoSanas
veidu, mitruma apstakliem, akmenainibu. Augsnes tipa pazimei nav konstatéta korelacija ar
pargjiem mainigajiem, savukart sanemtajam atbalstam konstatéta neliela negativa korelacija ar
4 analiz€tajiem mainigajiem, vid€ja negativa korelacija ar diviem un vaji pozitiva korelacija (-
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,276) ar vienu mainigo — audz&to lauksaimniecibas kultiraugu. Sanemtajam atbalstam nav
novérota korelacija ar augsnes tipa pazimi un zemes vertibas raditaju, kam iemesls varétu bt
tas, ka atbalsta sniegSana nav saistita ar zemes novert€jumu vai augsnes tipu.

Ar faktoru analizes palidzibu mainigie sagrupéti 4 kompleksos faktoros, kas izskaidro
68% no kopgjas datu izkliedes, attiecigi 32% no izkliedes izskaidro citi faktori. Katrs atlasitais
faktors sastav no raditajiem, kuru faktorslodze ir lielaka par 0,5. Starp Cetros kompleksos
faktoros savstarp€ji saistitajam pazimeém pastav slépta, latenta mainiga ietekme. Kompleksie
faktori, tajos ietvertas pazimes un pazimju faktorslodze (p&c rotacijas piemérosanas) att€lota
2.2. tabula.

2.2.tabula

Faktoru analizes rezultati izpétei atlastto lauksaimniecibas organiskas augsnes zemes
vientbu mainigajiem raditajiem Latvija 2020. gada

Raditajs (izskaidrota informacija, %0) | Faktorslodze
1. faktors. F1 Agroekologiskie apstakli (26,1%0)
Zemes izmanto$ana 0,79
Augsnes mitruma rezims 0,89
Reljefs 0,90
Akmenainiba 0,85
2. faktors. F2 Augsnes kvalitate (20,9%)
Augsnes OV saturs 0,81
Augsnes pH kci 0,88
IekultivéSanas pakape 0,87
3. faktors. F3 Zemes vértiba (10,6%)
Augsnes tips -0,51
Zemes vértiba -0,54
Atbalsta platiba 0,74
4. faktors, F4 Atbalsts (10,5%0)
Sanemta atbalsta veids 0,54
Lauksaimniecibas kultiiraugs 0,89

Avots: autores veidots

Pirmais kompleksais faktors Agroekologiskie apstakli izskaidro 26,1% no izpétei atlasito
lauksaimniecibas organiskas augsnes zemes vienibu raksturojo$o raditaju sakaribam. Sis ir
kompleksais faktors ar vislielako apvienoto pazimju skaitu — apvieno 4 raditajus, kas raksturo
agroekologisko situaciju — reljefu, augsnes mitruma apstaklus, akmenainibu un zemes
izmantoSanu. Lielakas faktorslodzes konstatétas reljefam (0,90) un augsnes mitruma aptakliem
(0,89). Otrais kompleksais faktors Augsnes kvalitate izskaidro 20,9% no izkliedes un ietver
tadus augsnes kvalitati raksturojosus raditajus, ka augsnes OV saturs, augsnes pH kci un
iekultivésanas pakape. Visiem raditajiem aprékinatas augstas, pozitivas faktorslodzes — virs 0,8.
Tresais kompleksais faktors Zemes vértiba skaidro 10,6% izkliedes un ietver augsnes tipa,
zemes vertibas un atbalsta platibas raditajus. Divi no raditajiem (augsnes tips un zemes vertiba)
ar treSo komplekso faktoru korel€ negativi, kas varétu but skaidrojams ar to, ka zemes veértibas
un augsnes tipa raditaju vertibas nav aktualiz&tas, izmanto veésturiskos datus, kas vairs
visticamak neraksturo faktisko situaciju daba. Ceturtais kompleksais faktors Atbalsts skaidro
10,5% izkliedes un to veido divi raditaji — sanemta atbalsta veids un lauksaimniecibas
kulttraugs, kuru faktorslodze ir augsta un pozitiva — attiecigi 0,54 un 0,89.

Tadgjadi var novérot, ka pirmais kompleksais faktors, Agro-ekologiskie apstakli, ir ar
vislielako izskaidrojoSo kapacitati un augstakajam pozitivajam faktorslodzém. Savukart otrais
faktors, Augsnes kvalitate, ietekmes zina daudz neatpaliek no pirma. Tas varétu liecinat par to,
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ka nozimigakie, izp€tei atlasito lauksaimniecibas organiskas augsnes zemes vienibu
raksturojosie raditaji ir saistiti ar zemes platibas agroekologiskajiem apstakliem un augsnes
kvalitati, bet salidzinoS$i maz verojama sasaiste ar zemes novertg§juma raditdjiem un sanemto
atbalstu.

Izmantojot faktoru analizé iegutos kompleksos faktorus, veikta klasteru analize, lai
izdalttu atSkirigas izpétei atlasito lauksaimniecibas organiskas augsnes zemes vienibu grupas
jeb klasterus atkariba no komplekso, raksturojoso faktoru ietekmes uz apsaimniekosanas veidu.

Ar Kklasteru analizes palidzibu elementi (izp&tei atlasitas lauksaimniecibas organiskas
augsnes zemes vienibas) n, pamatojoties uz to ipaSibam (zemes vienibas raksturojoSajiem
raditajiem) p (p>0), grupéti ieks$&ji viendabigos, bet savstarpgji atskirigos klasteros k (k>1) ta,
lai klasteri butu homogeni klastera vid€, respektivi, lai klastert nonak objekti ar maksimali
lidzigam pazimem, bet klasteri savstarpgji buitu heterogéni. Klasteru skaits noteikts, izmantojot
Elbova (EIbow) metodi. Noteikti 5 klasteri, kas norada uz veidu, ka sagrup€jas izpétei atlasitas
lauksaimniecibas organiskas augsnes zemes vienibas. Mazakais zemes vienibu skaits viena no
klasteriem (otraja) ir 3, kas nozimgé, ka $is klasteris varétu biit uzskatams nevis par kopu, bet
iznedmumu. ANOVA analize liecina, ka nozimigakie kompleksie faktori klasteru izdaliSana ir
F2 Augsnes kvalitate un F3 Zemes vertiba, kuriem ir ievérojami lielakas F vertibas.

2.3.tabula

Klasteru analizes rezultati izpetei atlasito lauksaimniecibas organiskas augsnes zemes
vienibam Latvija 2020. gada

Faktors Klasteris 1 | Klasteris 2 | Klasteris | Klasteris | Klasteris
(n=225) (n=3) 3(n=9) 4 (n=12) | 5 (n=20)
Klasteru centru relativas vértibas
F1 Agro—ckologiskie 0,018 1,246 -0,534 -0,922 0,401
apstakli
F2 Augsnes kvalitate 0,259 0,555 -2,202 -3,299 -0,022
F3 Zemes vértiba -0,096 -4,339 -1,143 -0,195 2,363
F4 Atbalsts -0,166 0,279 2,757 -0,744 1,026

Avots: autores veidots

Pirmo klasteri raksturo gan pozitivas, gan negativas klasteru centru vértibas. Saja klaster
grupéts vislielakais zemes vienibu skaits — 225 vienibas. Klasterim raksturiga laba augsnes
kvalitate un agroekologiskie apstakli. Otrais Kklasteris varétu tikt traktéts ka iznémums, jo
apvieno tikai 3 izpétei atlasitas lauksaimniecibas organiskas augsnes zemes vienibas. Ari
treSaja, ceturtaja un piektaja klastert grup€to zemes vienibu skaits ir neliels (attiecigi 9, 12 un
20 zemes vienibas), kas norada uz homogénu datu (zemes vienibu) struktiiru, tiem grupgjoties
viena klasterT. Klasteru analize ir izpétes tehnika, kuras galvenais merkis nav izdarit
secinajumus par analiz€jamo objektu parametriem, bet gan noradit uz datu struktiiru (Landau
& Chis Ster, 2010), kas promocijas darba pétijuma ir vértéjama ka viendabiga.

Faktoru analizes rezultati apstiprina autores pienémumu par to, ka ES atbalsts
lauksaimniecibas organiskas augsnes apsaimnickosana Latvija 2012. — 2020. gada nav bijis
meérktiecigs vai saistits ar faktiskajiem agroekologiskajiem apstakliem vai augsnes Tpasibam.
Lidzigas tendences atklajas ari citas ar organisko augsni bagatas valstis, vert€jot zemes
izmantoSanas datu analizes metodologiskas pieejas un secinot, ka parvaldibas datu ieguvei
klimata parmainu samazinaSanas pasakumu efektivitates novert€Sanai ir nepietiekami
saskanota pieeja un apjoms (European Commission. Directorate General for Climate Action. &
IEEP., 2018). Pamatojoties uz valstu sniegto informaciju pétijuma (European Commission.
Directorate General for Climate Action. & IEEP., 2018) apkopoti dati par politikas pasakumiem
(galvenokart ES KLP), kas izmantoti lauksaimniecibas organiskas augsnes apsaimniekosanai,
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tomér nav vertéts ietverto politikas pasakumu faktiskais mérktiecigums un ietekme. Faktoru
analizes rezultati apstiprina nepiecieSamibu nemt vera ne tikai politikas pasakumu skaitu, bet
ar1 un jo 1pasi darbibu faktisko mérktiecigumu un saistibu ar konkrétas teritorijas specifiku.
Pretgja gadijuma politiska ietekme var tikt parveértéta vai nenovertéta un politiskie mérki var
netikt sasniegti. So secindjumu apstiprina lauksaimniecibas organiskas augsnes pétijumi
Somija, pieméram, par SEG emisiju samazinaSanas potencialu, konstatgjot, ka efektivaku
risindjumu sasnieg8anai, ka viens no atbalsta kriterijiem icklaujams augsnes tips (Regina et al.,
2016). Savukart, Ziemelvalstu kiidras augsnes nakotnes apsaimnickoS$anas iespju analize
(Klgve et al., 2017) atklaj nepiecieSamibu politiskos lémumus balstit uz lokaliem
noverojumiem un pareizi izprast apsaimniekosanas pasakumu ilgtermina ietekmi.

2.3. Klimata parmainu samazinasanas pasakumi lauksaimniecibas organiskaja augsnée

Klimata parmainu samazinaSanas pasakumu ievieSanas potencialais efekts
meZsaimnieciba, lauksaimnieciba un mitraju apsaimniekoSana varétu nodro$inat aptuveni 30%
no globali Iidz 2050. gadam nepieciesama SEG emisiju samazinajuma 1.5 'C meérka
sasnieg$anai (Parizes noligums) (Roe et al., 2019). Ilgtsp&jigu klimata parmainu samazinaSanas
pasakumu ievieSana lauksaimniecibas organiskas augsnes apsaimnicko$ana vartu sniegt
bitisku ieguldijumu nacionalo un starptautisko klimata parmainu samazinaSanas mérku
sasniegSana (Rhymes et al., 2023). Organiskas augsnes apsaimnickosanas SEG emisiju apjoms
globala un ES limeni nosaka to, ka nepiecieSami péc iesp&jas efektivi emisiju samazinasanas
pasakumi, kas turklat biitu ari izmaksu efektivi (European Commission, 2018b). Izdala tris
galvenas SEG emisiju samazinaSanas pieejas, kas var tikt izmantotas lauksaimniecibas, mezZa
un zemes lieto$anas mainas sektora (Smith et al., 2014): (1) emisiju rasanas novérSana vai
samazinasana, saglabajot oglekla kratuves tostarp augsng; (2) oglekla piesaistes no atmosferas
un uzkrasanas (tostarp — augsné) veicinasana; (3) CO2 emisiju samazinasana, izmantojot fosilo
resursu aizstasanas efektu. Uzsverta arT patérina maina, kas uz organisko augsni var attiekties,
ja, pieméram, ietver pieeju izvairities no produkcijas lictosanas, kas iegiita apsaimniekojot
organisko augsni. Vienlaikus IPCC (Smith et al.,, 2014) dod ari visparigu atsauci uz
lauksaimniecibas zemes, tostarp aramzemes un ganibu apsaimnieko$anas prakses mainu, ka ari
organiskas augsnes atjaunoSanu (restoring), ka izmaksu efektivu pieeju, tomér nenoradot
atsauces uz izmaksu efektivitates aprékiniem.

IPCC (Shukla et al., 2019) uzsver, ka veiksmiga klimata parmainas samazino$u
pasakumu ievieSana nav iespgjama, nenemot vera viet€jos apstaklus un sociali ekonomiskos
faktorus. Savukart, par organiskas augsnes apsaimnickoS$anu ar augstu ticamibas koeficientu
uzsverts, ka Sis augsnes esamiba nosaka specifiskus agro—ekologiskos apstaklus un ievieSamo
pasakumu efektivitate atkariga no ta, cik liela meéra Sie specifiskie apstakli ir nemti veéra.
Lauksaimniecibas organiskas augsnes apsaimniekoSanai konkréti noradijumi nav doti, vien
iezimétas visparigas strat€gijas lauksaimniecibas sektora kopuma, kas zinama méra varétu tikt
attiecinatas uz organisko augsni: 1) aramzemes un zalaja apsaimniekoSanas uzlaboSana; 2)
augsnes OV satura palielinasana vai saglabaSana; 3) mitraju atjaunoSana un lietoSanas veida
mainas ierobeZojumi.

ES valstu centieni dazadu ZIZIMM sektora pasakumu ievieSana, tostarp saistiba ar
lauksaimniecibas organisko augsni, dal&ji apkopoti valstu nacionalajos zinojumos par progresu
Z1ZIMM pasakumu plana ieviesana, atbilstosi ES reguléjumam (European Commission, 2013),
ka art sagatavojot regularos nacionalos zinojumus par politikam, pasakumiem un SEG emisiju
prognozém atbilstosi ES noteiktajam regulgjumam (European Commission, 2018c). EK,
balstoties uz dalibvalstu iesniegtajiem zinojumiem sagatavo informacijas apkopojumus par
planotajiem wun ieviestajiem klimata parmainu samazinaSanas pasakumiem zemes
apsaimniekosana ZIZIMM un lauksaimniecibas sektoros (Paquel et al., 2017). Lielaka dala
dalibvalstu zinoto pasakumu ir ES Kopgjas lauksaimniecibas politikas finanséjuma atbalstitas
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aktivitates. Saistiba ar lauksaimniecibas organisko augsni dalibvalstis zino par tadiem
pasakumiem, ka atbalsts aramzemes parveidei par dabas teritoriju (mitraju) gadijumos, kad taja
sastopamas organiskas augsnes (pasakums atbalstits Vacija), virkni mitraju aizsardzibas
pasakumu variaciju (kas tomér nav tieSi saistami ar lauksaimniecibas zemi), aramzemes
parveidi no regulari apstradatas platibas par platibu ilggadigo kultiiru audzéSanai un zalaju
aizsardzibu ar mérki noverst to aparSanu, kas rada pastiprinatus oglekla zudumus. Lai gan
netieSas sasaistes ar organiskas augsnes apsaimniekoSanu veidojas, tomér tiesas ietekmes,
mérktiecigu pasakumu, kas butu vérsti uz klimata parmainas samazinoSu lauksaimniecibas
organiskas augsnes apsaimniekoSanu ES dalibvalstu zinotajos pasakumos nav. Lidz ar to
secinams, ka, neskatoties uz lauksaimniecibas organiskas augsnes radito SEG emisiju ipatsvaru,
liclakaja dala ES valstu nav izstradata politika vai regul&jums $o emisiju mazinasanai (Regina
et al., 2016) un trokst datu, lai kvantificétu SEG emisiju samazinasanas potencialu (Paquel et
al., 2017).

Zinatniskaja literatira min&ti dazadi lauksaimniecibas organiskas augsnes
apsaimniekoSanas klimata parmainu ietekmes mazinasanas pasakumi. Starp biezak minétajiem
ir mitruma ITmena atjaunoSana (rewetting) ar vai bez sekojosas paludikultiru audzésanas, zalaja
uzturéSana un aramzemes parveide par zalaju (Beetz et al., 2013; Paul et al., 2018; Wen et al.,
2021), samazinatas slapekla méslojuma devas, lauksaimniecibas dzivnieku vienibu skaits un
alternativi augsnes apstrades veidi (Paul et al., 2018), gruntsiidens limena reguléSana
(Campbell et al., 2015; Musarika et al., 2017; Regina et al., 2015), saglabajot intensivu zalaja
apsaimnieko$anas praksi (Ferré et al., 2019) un citi. Konstatéts, ka lauksaimnieciskas razoSanas
parnese no organiskas augsnes uz mineralaugsni var nenest gaidito SEG emisiju samazinajumu,
jo N20 emisiju apjoms noteiktos apstaklos var bitiski parsniegt CO2 emisiju samazinajumu
(Taft, 2014). Gruntsuidens Iimena pacel$anu uzskata par vienu no perspektiviem pasakumiem,
tomér petijumi atzime to ka sarezgitu jautagjumu lukojoties no zemes ipasnieka, politikas un
tirgus perspektivas, jo pasakums konflikte ar talaku platibas apsaimniekoSanu lauksaimnieciba
(Ferré et al., 2019). Lielaka dala pétjjumu klimata parmainu samazinaSanas pasakumu atlasei
un izpétei veikti Centraleiropas valstu (Vacijas, Lielbritanijas, Irijas, Danijas u.c.) apstaklos, to
secingjumi nav tie$i piemerojami Baltijas regionam un Latvijai. Latvija nav veikti plasi p&tijumi
par lauksaimniecibas organiskas augsnes apsaimniekoSanas pasakumiem klimata parmainu
samazina$anai, tomér 2017. gada pétijuma “Organisko augs$nu devuma novért&jums Latvijas
lauksaimnieciba — daudzfaktoru ietekmes izvert€jums efektivas zemes izmantoSanas risinajumu
piedavajuma” ir vertéta lauksaimniecibas organiskas augsnes apsaimniekoSana un sagatavoti
priekslikumi apsaimniekoSanas uzlabosanai (Pilvere, 2017). Galvenie $1 p&tijuma ieteikumi ir:
1) palielinat raZoSanas intensitati organiskajas augsnés, tadgjadi palielinot produkcijas izlaides
verttbu un samazinot SEG emisijas uz vienu sarazotas produkcijas vienibu; 2)
lauksaimnieciskajai izmantoSanai nepiemerotas vai sarezgiti apsaimniekojamas platibas apsvert
zemes lietoSanas veida mainu organiskas augsnes apsaimniekoSana, to apmeZojot un tadejadi
samazinot SEG emisiju apjomu un palielinot CO> piesaisti (kokaugu biomasa).

Noluka atlasit Latvijas apstakliem piemérotakos SEG emisiju samazinaSanas pasakumus
lauksaimniecibas organiskas augsnes apsaimniekoSana, to talakai izp&tei promocijas darba,
autore izmanto 2018. — 2020. gada LIFE programmas projekta “Klimata parmainu
samazinasanas iesp&ju demonstréSana augligas organiskajas augsnés Baltijas valstis un Somija”
(LIFE18CCM/LV/001158) (LIFE OrgBalt) pieteikuma sagatavosanas laika veikta pétijuma
rezultatus (Licite & Popluga, 2022). LIFE OrgBalt projekta klimata parmainu samazinasanas
pasakumu atlases pé€tijuma rezultatu izmantoSanu promocijas darba autore pamato ar to, ka
Latvija ir projekta partnervalsts, savukart, Lietuvas, Igaunijas un Somijas datu izmantosana dod
iesp&ju nosegt geografisko, klimatisko un sociali ekonomisko apstaklu zina salidzinamu
kaiminvalstu teritorialo spektru.

Pasakumu atlase LIFE OrgBalt projekta klimata parmainu samazinasanas pasakumu
atlases pétijuma vairakos pé&tnieciskajos solos: 1) analizg&jot Baltijas valstu un Somijas politikas
planosanas dokumentus (uz 31.12.2020) veikta situacijas analize un ieguti dati par jau
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ieviestajiem un planotajiem klimata parmainu samazinaSanas pasakumiem; 2) aptaujajot
Baltijas valstu un Somijas vadoSos zinatniskos ekspertus, izveidots Latvijai un Baltijas
regionam sakotngja, teorétiska vertg§juma piemérotako klimata parmainu samazinasanas
pasakumu saraksts.

LIFE OrgBalt klimata parmainu samazinaSanas pasakumu atlases pétjjuma iesaistitie
eksperti izveleti, nemot vera to ieprieksgjo pieredzi klimata parmainu SamazinaSanas jautajumu
izpe€t€ augsnes apsaimniekoSana, ka arl iesaisti klimata un nozaru politikas veidotajiem
nepiecieSamu izp&tes zinojumu sagatavosana. Katra no Baltijas valstim un Somija parstavéta ar
diviem ekspertiem (n=8), tiem, savukart, parstavot vados$os zinatniskas izpé&tes centrus klimata
parmainu Samazinasanas joma lauksaimniecibas un meza nozarés: LVMI “Silava” Latvija,
Lietuvas Lauksaimniecibas un meza izpétes centru, Tartu universitati Igaunija un Somijas
Dabas resursu institiitu. Ekspertu vértéjuma sagatavosana iesaistitajiem ekspertiem ir ilggadiga
pieredze nacionalo SEG inventarizacijas zinojumu sagatavoSanai nepiecieSamo datu ieguve un
apstradé, SEG emisiju inventarizacijas un prognozu metodologisko jautagjumu risinaSana un
nacionalo zinojumu sagatavo$ana. Visi pétijuma iesaistitie eksperti parstav zinatniskas
institiicijas, jo autore uzskata, ka pasakumu sakotngjai atlasei ir jabuit zinatniski pamatotai,
atturoties no vért€jumiem, kas varétu but balstiti uz emocionaliem, ekonomiskiem vai
politiskiem apsvérumiem, ka tas varétu notikt citu intereSu grupu parstavju iesaistes gadijuma.

Analizgjot Baltijas valstu un Somijas politikas planoSanas dokumentus, caurliikoti ES
Kopgjas lauksaimniecibas politikas ietvara dokumenti, nacionalas klimata un nozaru politikas
strat€gijas, programmas un plani. Secinats, ka situacija Baltijas valstis un Somija atskiras, tomer
kopgja tendence liecina par mérktiecigu klimata parmainu samazinasanas pasakumu iztrikumu
lauksaimniecibas organiskas augsnes apsaimniekos$ana. Lai gan visi ES KLP lauksaimniecibas
zemes apsaimniekoSanas pasakumi Baltijas valstls un Somija netieSi var tikt attiecinati uz
lauksaimniecibas organisko augsni, pat, ja $ada augsnes grupa nav atseviski izdalita, tomer $ada
gadijuma ir praktiski neiesp&jami korekti aprékinat to klimata parmainu samazinasanas efekta
apjomu, kas specifiski saistams ar organisko augsni. Attiecigi — klimata parmainu samazinasana
lauksaimniecibas organiskas augsnes apsaimniekoSana $ada gadijuma, kad pasakumi nav
specifiski sasaistiti ar organisko augsni, ir sasniegta nejausi, ko nevar uzskatit par mérktiecigu
politikas planosanu. Baltijas valstis un Somija identificéti devindesmit ses$i klimata parmainu
samazinaSanas pasakumi ar tieSu un netieSu ietekmes potencialu, par netieSas ietekmes
pasakumiem uzskatot pasakumus, kas vérstti uz klimata parmainu samazinasanu
lauksaimniecibas augsnes apsaimniekoSana, bet nav sasaistiti ar organiskas augsnes
apsaimniekoSanu.

LVMI “Silava”, ka LIFE OrgBalt projekta vadosais partneris, ekspertu aptauju veicis
attalinati, rezultatus ar iesaistitajiem ekspertiem parrunajot tieSsaistes konferences zvanu laika.
Pirmaja ekspertu aptaujas karta (2.4. att€ls) izveleti Cetrpadsmit tieSas ietekmes klimata
parmainu samazinasanas pasakumi (tieSa sasaiste ar lauksaimniecibas organisko augsni), kuru
skaits otraja karta samazinats Iidz seSiem pasakumiem (2.4. att€ls). Otraja aptaujas karta
eksperti atlasijusi tos pasakumus, kuri to vert§juma ir ar visnozimigako SEG emisiju
samazina$anas un praktiskas istenoSanas potencialu, nemot veéra regionalos apstaklus
(infrastruktiiras gatavibu, lokalo geologisko stavokli, praktiski pieejamos lidzeklus, prognoz&to
lauksaimnieku akcepta ITmeni) Baltijas valstis un Somija. Tad€jadi seSus otraja karta atlasitos
klimata parmainu samazinasanas pasakumus eksperti uzskata par potenciali visefektivakajam
un regionali (Baltijas valstis un Somija) piemérotakajam turpmakam novért€jumam, tostarp
vietgjiem in situ SEG emisiju un vides datu mérfjumiem, ka ari sociali ekonomiskajam
novertgjumam.
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96 dokumentu analizé identificéti klimata parmainu samazinasanas pasakumi
Baltijas valstis un Somija

Tiesas ietekmes pasakumi Netiesas ietekmes pasakumi

Ekspertu aptauja

Y

Pirma ekspertu aptaujas karta

I. Organiskas augsnes apmezos$ana —
2. Zalaja parveide par kokaugu
paludikulttiru
3. ApmeZzosana, planojot isu rotacijas Otri ekspertu aptaujas kirta
ciklu
4. Dzilvagas, lai nodro$inatu augsnes 1. Organiskas augsnes apmezosana
virskartas aeraciju 2. Paludikultiras ierfkoSana
5. Aramzemes parveide par zalaju (melnalksnis un bérzs)
6. Mazarsana véja erozijas 3. Kontrolétas drenazas sistémas
mazinasanai L ierikoSana
7. Zalaugi energijas ieguvei 4. TaurinzieZi kultliraugu rotacija
8. Zalaja parveide par mitraju 5. Agromezsaimniecibas sistémas
9. Meéslosanas planosana aramzemé ierikoSana (atraudzigi kokaugi un
10. Nitrifikacijas inhibitoru lietosana zalaugi)
11. Agromezsaimniecibas sistémas 6. Aramzemes parveide par zalaju
12. Optimizeéta zalaja apsaimniekosana
(audzesanas laiks un produktivitate)
13. Adaptiva melioracijas sistéma
14. Kokaugu buferjoslas melioracijas B
sist@mu aizsargjoslas

Avots: autores konstrukcija

2.4.att. LIFE OrgBalt projekta klimata parmainu samazinasanas pasakumu atlases
pétijuma rezultati Baltijas valstis un Somija 2018. — 2020. gada

Autore promocijas darba izdara pienémumu, ka LIFE OrgBalt projekta klimata parmainu
samazinaSanas pasakumu atlases pétijuma otraja ekspertu aptaujas karta atlasitie sesi klimata
parmainu samazinasanas pasakumi ir piemé&rotakie talakai izp&tei Latvija, min&to izpéti veicot
un aprakstot promocijas darba 3. nodala.

Katram no seSiem, talakai izp@tei atlasitajiem, klimata parmainu samazinaSanas
pasakumiem sagatavots visparigs agrotehniskais raksturojums (2.4.tabula), pétniecisko atzinu
kopsavilkums par klimata parmainu samazinasanas ietekmi (izmantojot nacionali un
starptautiski veiktu petfjumu rezultatus, kas publiceti zinatniskaja periodika), raksturojoSo
raditaju kopums jeb darba matrica ekonomiskajai analizei (plasaks izklasts 3.1. apakSnodala)
un agrotehnisko raditaju kopums (3. pielikums).
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2.4 tabula

Latvijai pieméroto klimata parmainu samazinasanas pasakumu lauksaimniecibas
organiskaja augsné visparigs agrotehniskais raksturojums

Apziméju Nosaukums Pasakuma agrotehniskais raksturojums
ms
P1 Aramzemes Aramzemes, kura audzeti graudaugi parveide par periodiski
parveide par | artu zalaju (stiebrzalu zalaugu un taurinziezu (sarkanais vai
zalaju bastarda abolins) maisijums). ApsaimniekoSanas merkis: 1)

pirmie tris gadi — skabsiens; 2) no ceturta lidz sestajam gadam
— siens (taurinziezu Ipatsvars samazinas). Septitaja gada
paredzgta virspus€ja augsnes apstrade un zalaugu/taurinziezu
maistjuma pies€ja bez virsauga. Sakot ar septito gadu cikls
atkartojas. Pienemts, ka skabsienu gatavo rulonos, jo
organiska augsne medz biit nelielas platibas un rulonu
gatavosana ir ekonomiski pamatotaka neka transeju vai stirpu
tehnologijas izmanto$ana, kas turklat nozimé ari intensivaku
tehnikas izmantoSanu, kas parmitros apstaklos var bt
sarezgiti. Kiitsméslu lietoSana organiska augsné nav planota,
jo OV saturs augsné ir augsts.

P2 Kontroléta Kontrolétas drenazas sist€mas ierikoSana periodiski arta
drenaza zalaja, wuzturot paaugstinatu gruntsidens Itmeni visa
vegetacijas perioda. Zalaja apsaimnickoS$anas raksturojums

identisks P1.
P3 Taurinziezi Taurinziezi (bastarda abolins) rotacija ar labibu (rudzi, auzas).
kultiiraugu Apsaimnieko$anas mérkis: 1) pirmos tris gadus bastarda
rotacija abolina un timotina maisijums (50:50) skabbaribai; 2) tresaja

gada s rudzus ziemajiem, ceturtaja un piektaja gada sgj
auzas, sestaja — auzas ar bastarda abolina pasgju. Septitaja
gada cikls atkartojas.

P4 AgromeZsaim- Kokaugu (hibrida papele) stadijums aramzemé kombinacija
nieciba ar zalaugu (sarkana auzene) s€jumu. Platibas segums: 25%
kokaugu stadijums, 75% zalaugu s€jums. Piecdesmit gadu
kokaugu audzeéSanas cikls. ApsaimnieckoSanas mérkis: 1)
pirmos tris gadus sarkano auzeni audze seklai; 2) ceturtaja un
piektaja gada iegiist sienu (ruloni), sestaja gada veic
parsésanu, ciklu atkartojot. Papeles (Vesten, OP42 vai lidzigi
kloni ar pieraditu efektivitati audzesanai kiidras augsné€) stada
pirma gada pavasari ar 4 un 2 metru rindstarpu attalumu (1250
koki ha) energétiskas vai tehnologiskas koksnes ieguvei.

P5 ApmezoSana Zalaja apmezoSana ar egli, stadot pacilas. Piecdesmit gadu
audzeSanas cikls ar plantaciju meZaudzes pieeju kopSana un
atjaunoSanas cirté, krajas kopSanas cirte iegiistot sikbalkus un
papirmalku, atjaunosSanas cirt€ — zagbalkus un papirmalku.

P6 Paludikultiira Melnalk$na un bérza (attiecigi 60% un 40%) stadijums zalaja,
stadot pacilas. Piecdesmit gadu audzeSanas cikls ar plantaciju
mezaudzes pieeju kopSana un atjaunoSanas cirté, krajas
kopSanas cirté iegiistot malku un papirmalku, atjaunoSanas
cirté — malku, papirmalku, zagbalkus un finierklucus.

Avots: autores veidots
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Autore sagatavojusi pétniecisko secinajumu kopsavilkumu par talakai izpétei atlasito
klimata parmainu samazinasanas pasakumu SEG emisiju samazinasanas un CO2 piesaistes
palielinaSanas ietekmi. Zinatniska literatiira liecina, ka klimata parmainu samazinaSanas
pasakumu SEG emisiju samazinasanas potencials lauksaimniecibas organiskas augsnes
apsaimnieko$ana dazadiem pasakumiem ir loti atskirigs (Paustian et al., 2016), ta pat atskirigi
un nereti pretrunigi ir pétjjumu secinajumi, lidz ar to nepieciesama diskusija.

Pasakums (P1) Aramzemes parveide par zalaju FAO tehniskajas vadlinijas augsnes
apsaimnieko$anas pasakumu izvélei (Food and Agriculture Organization of the United Nations,
2021) atzits par nozimigu klimata parmainu samazinaSanas pasakumu. P&tijumi apliecina
pasakuma potencialu palielinat augsnes oglekla saturu (Khalil & Osborne, 2018) vidgjai
augsnes oglekla piesaistei (Sequestration) 50 gadu laika esot 0,8 t C ha! yr?, kas bitiski varie
dazados klimata, augsnes tekstiiras un apsaimnickosanas intensitates apstaklos (Vleeshouwers
& Verhagen, 2002). Ka augsnes oglekla piesaistes blakus labumu pétijumi min augsnes
struktiiras un porozitates uzlabosanos, Gidens piesaistes kapacitates palielinasanos, augsnes
mikrobioma un enzimu daudzveidibas uzlabosanos (Khalil & Osborne, 2018), tomér mazak
petijumu ir par §1 pasakuma ietekmi uz SEG emisiju samazinajumu. Atseviski petijumi uzrada
tehnisko SEG emisiju samazinaSanas potencialu aramzemi parveidojot par zalaju 4,4 11dz 6,2 t
CO2 ekv. halyr! apjoma (Feliciano et al., 2013; Freibauer et al., 2004). Lielbritanija un Irija
veiktos pétijumos zinots par SEG emisiju samazinajumu 0,53 Iidz 5,34 t CO2 ekv. ha yr?
apmeéra, parveidojot aramzemi attiecigi par periodiski (mazak ka reizi piecos gados) artu un
pastavigu (vairak ka reizi piecos gados artu) zalaju (Smith et al., 2010). Latvija veikti p&tijumi
apliecina pasakuma klimata parmainu samazinasanas efektu, uzradot vidéjo SEG emisiju
samazinajumu 2,7 t CO; ekv. halyr?! apjoma (Licite & Lupikis, 2020). Sastopami ieteikumi
pirmajos gados péc aramzemes parveides par zalaju s€t taurinziezus, lai balans€tu slapekla
saturu augsné€ un uzlabotu zalaja produktivitati, savukart nakamajos gados ieteikts sét zalaugu
maistjumu (Food and Agriculture Organization of the United Nations, 2021). Sada pieeja
izmantota ar1 promocijas darba, planojot §1 pasakuma agrotehniskos raditajus. Latvija veikti
petijumi liecina, ka piemérotakie zalaugi audz&sanai melioréta kiidras jeb organiskaja augsné
ir plavas skarene, sarkana auzene, plavas timotin§, bastarda abolin$ un ragainie vanadzini
(AnSevica et al., 2016).

Par (P2) Kontroletas drenazas ierikoSanas pasakumu zinatniskaja literatiira atrodami
pretrunigi dati. Ir petijumi, kas liecina, ka organiskas augsnes apsaimniekoSanas pasakumi, kas
planoti, lai palielinatu augsnes oglekla krajumu un samazinatu CO: emisijas, nodroSinot
anaerobus apstaklus jeb pacelot gruntsiidens Itmeni, var novest pie tadam nevélamam blakus
paradibam, ka paskabinasanas, CH4 un N2O emisiju palielinasanas (Scharlemann et al., 2014).
Ilgtermina pétijumi, salidzinot brivas un kontrolétas drenazas sisttmu SEG emisijas, liecina,
ka, pateicoties lielakam augsnes mitrumam un zemakam augsnes Oz (pieejams aerobo
mikroorganismu elposanai) kontrolétas drenazas apstaklos, CO2 emisijas kontrolétas drenazas
sistémas samazinas par aptuveni 6%, bet N2O emisijas palielinas par 21% (Jiang et al., 2019a).
Lai gan N2O emisijas ievérojami svarstas, to faktiska ietekme uz kop&jo SEG emisiju apjomu
ir minimala (Jiang et al., 2019a) un kopgjais SEG emisiju samazinajums, salidzinot kontrolétu
un brivu drenazu, kontrol&tai drenazai ir 30% kontrolétai drenazai (Li et al., 2021).

(P3) TaurinzieZu ievieSana kultiiraugu rotacija palielina augsnes oglekla krajumu
pateicoties to specifiskajam mikrobiomam (C. A. Watson et al., 2017), bet par nozimigako
taurinziezu dzimtas (Leguminosae) augu devumu lauksaimniecibas kultliraugu rotacija uzskata
to sp&ju piesaistit atmosferas slapekli, tad€jadi nodrosinot papildus baribas vielas, samazinot
nepiecieSamibu péc slapekla mineralmésliem un radot fosilas izcelsmes méslosanas lidzeklu
aizvietoSanas efektu (Kim et al., 2016). Pienemts, ka atmosféras slapekla piesaiste taurinziezu
kultiiraugu baribas vielu nodroSinajuma veida nerada N2O emisijas (Eggleston et al., 2006).
Petijumos noteiktais ikgadeja SEG emisiju samazinajuma potencials lauksaimniecibas
kulttiraugu rotacija ieklaujot taurinziezus atskiras, bet Eiropas apstaklos (Lielbritanija) veikti
péttjumi liecina, ka tas ir robezas starp 0,5 un 1 t CO2 ekv. ha — pateicoties slapekla piesaistei
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no atmosféras un papildus oglekla ienesei augsné (Rees et al., 2013). Vienlaikus Sis pats
pétijums uzsver, ka klimata parmainu samazinaSanas potencials konkréta lauka [tmenT ir batiski
atkarigs no izveleta taurinziezu veida un klimata apstakliem.

(P4) AgromezZsaimniecibas pasakumu defingé ka praksi kombiné&ti audz&t kokaugus un
lauksaimniecibas kultiiraugus viena un taja pasa zemes platiba vienlaicigi vai komponentiem
secigi nomainot vienam otru (Nair, 1985). Agromezsaimnieciba palielina oglekla uzkrajumu
augsné, galvenokart pateicoties papildus OV ienesei ar nobiram, saknu biomasu, kokaugu
kopsSanas atlickam un kopuma lielaku biomasas produktivitati, saimnieciskaja sistema
integréjot kokaugus (Cardinael, Chevallier, et al., 2017; Cardinael, Guenet, et al., 2017).
Agromezsaimniecibas prakses dienvidu regionos galvenokart izmanto nelielas saimniecibas
papildus slapekla ienesei un erozijas procesu stabilizéSanai, savukart Eiropa kokaugi var bt
nozimigs faktors aizsardziba pret v&ja bojajumiem arT lielas saimniecibas sistémas (Food and
Agriculture Organization of the United Nations, 2021). Saistiba ar klimata parmainu
samazinasanu, pasakumam ir konstatets tieSo N2O un CH4 emisiju samazinaSanas potencials
lidz divam reizém (Kwak et al., 2019), ka arT netieSo N2O emisiju samazinajums, pateicoties
mazakai baribas vielu notecei. Atrodamas arT norades par SEG emisiju samazinajumu lidz ar
minerala méslojuma apjomu kritumu — sartikot aramzemes platibai (Kim et al., 2016).Globali
pieejamo datu analize liecina, ka vid&jais jaunu (aptuveni 14 gadus péc to ierikosSanas)
agromezsaimniecibas sistému devums klimata parmainu mazinasana varétu bit 27+/-14 t CO>
ekv. ha! yr!, piesaistita oglekla apjomam svarstoties ap 7,2 t C ha™yr? (no ta biomasa — 70%,
bet augsné — 30%) (Kim et al., 2016).

Petijumi liecina, ka pasakums (P5) ApmeZoSana nodroSina oglekla krajumu
palielinasanos dzivaja un nedzivaja biomasa, tostarp nobiras, augsné un ilgtermina uzkrajumu
koksnes produktos (Bastin et al., 2019), ka arT SEG emisiju samazina$anos no augsnes, nemot
véra zemes lietoSanas veida mainu no lauksaimniecibas uz meza zemi (Lazdins et al., 2021;
Priede & Gancone, 2019). Tomér izsaka bazas par nepietickamu datu pieejamibu par kiidras
augsnes apmezoSanu (Sloan et al., 2018) un dati par SEG emisiju plismu nav viennozimigi
(Reynolds, 2007). Apmezosanas pasakuma klimata parmainu samazinasanas ietekme var
atSkirties atkariba no sakotn€ja zemes izmantoSanas veida, augsnes sagatavosSanas veida pirms
apmeZzosanas, izvéletas koku sugas, izveidotas meZaudzes vecuma, sakotngja augsnes oglekla
krajuma, augsnes parametriem, hidrologiska reZima (Hong et al., 2020; Laganiere et al., 2010;
E. Vanguelova et al., 2018). SEG emisiju samazinasanas potenciala apléses atSkiras, bet
pétijumi zino par 40 Iidz 100 Gt oglekla piesaisti no atmosfeéras mezZa platibam sasniedzot
picaugusu audzu vecumu (Lewis et al., 2019; Veldman et al., 2019). Borealaja klimata regiona
veiktos pétijumos secinats, ka lauksaimniecibas organiskas augsnes apmeZoSana ievérojami
samazina augsnes heterotrofas CO> emisijas, bet nemaina N2O un CHs emisiju plismas
(Maljanen et al., 2001, 2012) un augsnes SEG emisijas var saglabaties salidzinosi lielas vél
vairakus gadu desmitus péc apmezoSanas (Regina et al., 2016), tom&r augsnes emisijas var tikt
kompensétas ar papildus oglekla uzkrajumu biomasa un augsné (E. Vanguelova et al., 2018; E.
I. Vanguelova et al., 2019). SEG emisiju bilancé nozime ir ari talakajam apmezotas platibas
apsaimniekoSanas veidam (Mékipda et al., 2023). Uzskata, ka ieteicama tadas organiskas
augsnes apmezoSana, kuras kiidras slana dzilums neparsniedz 40 — 50 cm (IUCN, 2020). IPCC
uzsver negativo emisiju tehnologiju nozimi ANO Klimata konvencijas Parizes noliguma mérku
sasniegSana (Masson—-Delmotte et al., 2022), tostarp piedavajot apmezoSanu, ka vienu no
stratégiskiem SEG emisiju samazinaSanas elementiem (Shukla et al., 2019). Tomér
apmeZzoSanas ietekmes novertéjums petijumos atskiras. Dala petnieku norada uz apmeZoSanas,
tostarp paredzot komercialu meza apsaimniekoSanas strat€giju, augstu potencialu un stabilu
ieguldijumu SEG emisiju samazinasana un dekarbonizacijas centienos (Forster et al., 2021),
savukart citi atzist butisku SEG emisiju samazinasanas potencialu, bet vienlaikus uzsver ar1
butiskas negativas blakus ietekmes (trade—offs), ka pieméram, lauksaimnieciba izmantojamas
zemes platibas samazinasanos, potencialu partikas cenu palielinajumu un apmeZzoto platibu
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ilgnoturibas (permanence) risku (Doelman et al., 2020), ka ari ap$auba klimata parmainu
samazinasanas efektu saistiba ar albedo izmainam (Naudts et al., 2016).

Meza (P6) Paludikultiiru ierikoSana organiskaja augsné samazina SEG emisijas no
augsnes pateicoties tidens reZima uzlabosSanai (stadot uz pacilam) novadot liekos virstidenus,
samazina meza dabisko traucgumu riskus, stimulé oglekla uzkrajumu dzivaja biomasa,
nedzivaja koksng, augsné un meza zemsega, veicinot fosilo resursu aizstasanas efektu (meza
biomasa un koksnes produkti) (Priede & Gancone, 2019), tomgér joprojam triikst p&tijumu datu
visparinatam klimata parmainu samazinasanas ietekmes noveért§jumam (Rumpel, 2023) un
pastav vairakas praktiskas ievieSanas barjeras, pieméram, augstas sakotngjas ierikoSanas
izmaksas, ienakumu samazinajums saistiba ar lauksaimniecibas ienakumu zudumu, zemes
IpaSnieku zinaSanu un pieredzes trikums, mainot zemes apsaimnieko$anas veidu (Rhymes et
al., 2023). Terminu “paludikultiira” lietoto, lai apzim&tu kultiraugu audzEéSanu platiba ar
paaugstinatu gruntstidens limeni vai periodiski appliistosa platiba (Ziegler et al., 2021). Var tikt
audzeti dazadi lauksaimniecibas kultiiraugi un kokaugi, kuri spg dabiski pieméroties
paaugstinata gruntsiidens Iimena apstakliem un klimata parmainu samazinasanas efektu saista
ar organiskas augsnes oglekla krajumu saglabasanu anaerobos apstaklos un papildus oglekla
piesaisti kultirauga biomasa, kas nodroSina ari ekonomisku ieguvumu (Wichtmann et al.,
2016). Meza paludikultiras gadijuma biezak audzéta koku suga ir melnalksnis (Alnus
glutinosa) (Rumpel, 2023), kas ta pat ka baltalksnis, pateicoties ta saknu sistémas simbiozei ar
specifiskam bakterijam (Frankia bacteria), sp&j piesaistit atmosféras slapekli lidz 100 kg N ha
lyr! (Binkley, 1983; Rytter, 1995). P&tijumi norada ari uz kiidras akumulaciju melnalk$nu
audzgs, tostarp relativi sausas platibas, kur gruntstidens Itmenis ir 0 — 20 cm dziluma (Schifer
& Joosten, 2005). Tadgjadi, meza paludikultira, izmantojot melnalksni, var tikt uzskatita par
piem@rotu klimata parmainu samazinasanas pasakumu organiskaja augsné ar mainigu
gruntsiidens limeni, tomé&r joprojam trikkst SEG emisiju pliismu datu par paludikultiram, kas
ierikotas biomasas, tostarp energijai, ieguvei (Hiraishi et al., 2014; IPCC & Edenhofer, 2014).

Secinams, ka neskatoties uz nereti konfliktgjosam interes€m zemes izmantoSana saistiba
ar partikas un dzives telpas nodroSinajumu, zemes ipasumtiesibu, apsaimniekoSanas sist€ému un
kulttiru dazadibas komplekso raksturu, lauksaimniecibas un ZIZIMM sektora butisks SEG
emisiju samazinajuma potencials meklgjams tadu pasakumu ievieSana, kas saistiti ar zemes
lietoSanas veida mainu dazadas apmeZoSanas, atkal apmeZoSanas, atmeZoSanas novérSanas un
bioenergijas ieguves kombinacijas (Calvin et al., 2023). Janem véra arf tas, ka zemes ipasnicku
ricibu klimata parmainu samazinasanas pasakumu izvele ietekmé€ ne tikai ekonomiskie, bet art
sociala rakstura apsvérumi (Bowen & Riley, 2003; Thamo & Pannell, 2016). Pienemot
lémumus par organiskas augsnes apsaimniekos$anas stratégiju jeb klimata parmainu
samazinasanas pasakumu izvéli, jaapzina un janem vera gan iespgjamie blakus labumi (co—
benefits), gan nevélamas ietekmes (trade—offs) saistiba ar kop&jo ekosistému un tas sniegtajiem
pakalpojumiem (Scharlemann et al., 2014). Ideala gadijuma lauksaimniecibas organiskas
augsnes SEG emisiju samazinasanas centieniem biitu janem véra blakus ieguvumi un
apdraud&jumi visas partikas sistémas méroga (Garnett, 2011). Neskatoties uz identificétajiem
pasakumiem, 2023. gada joprojam triikst pieradijumu bazes, uz ka pamata pienemt stratégiskus
lémumus lauksaimniecibas organiskas augsnes SEG emisiju samazinasanai, jo praktiska
ievieSana un ekonomiska ietekme ir neskaidra (Rhymes et al., 2023; Taft, 2014; Taft et al.,
2018).

43



3. LEMUMU PIENEMSANAS ATBALSTS KLIMATA PARMAINU
SAMAZINASANAI LAUKSAIMNIECIBAS ORGANISKAS AUGSNES
APSAIMNIEKOSANA

Nodalas apjoms 30 lappuses ar 7 tabulam un 12 attéliem. Izvirzita t€ze: Kvantitativu
lemumu pienemSanas atbalsta metozu izmantosana, dod iespéju planot izmaksu efektivu SEG
emisiju samazindsanu lauksaimniecibas organiskas augsnes apsaimniekoSana, sekmejot
Latvijas klimata parmainu samazinasanas merku sasniegsanu. Promocijas darba tresaja nodala
veikts darba otraja nodala atlasito klimata parmainu samazinaS$anas pasakumu novertgjums,
izmantojot Iémumu pienemsanas atbalsta metodes. Klimata parmainu samazinaSanas pasakumu
novértésanai izveidota agrotehnologisko, sociali ekonomisko un vides raditaju datu kopa, lai
tris pectecigos posmos: 1) ranzetu pasakumus pec to atrasanas attieciba pret ideali pozitivo un
ideali negativo risinajumu, izmantojot daudzkriteriju lémumu pienemsanas analizes (Multi —
Criteria Decision — Making Analysis, MCDA) metodi izvéles ranZé$anai péc lidzibas idealam
risinajumam (Technique for Order of Preference by Similarity to Ideal Solution, TOPSIS); 2)
aprékinatu pasakumu izmaksu efektivitati un konstru€tu robezsamazinajuma izmaksu likni
(Marginal Abatement Cost Curve, MACC); 3) veiktu SEG emisiju prognozu simulaciju
pasakumu ievieSanas iesp&jamas ietekmes novertéSanai.

3.1. Klimata parmainu samazinasanas pasakumu ievieSanas agrotehniskie, sociali
ekonomiskie un vides raditaji

Klimata parmainu samazinasanas pasakumu savstarp&js novert€jums nav iesp&jams bez
tos raksturojosu raditaju kopuma. Viena no pieejam raditaju izvélei ir parliecinaties par to, lai
tie pec iesp&jas pilnigi raksturo p&tamo problému, ir viegli saprotami un samazina p&tamas
problémas raksturos$anai nepiecieSamo aprakstoso parametru skaitu (OECD, 1999). Raditaju
izvele atkariga ar1 no datu pieejamibas, ko nereti ierobezo izmaksas un datu talakas apstrades
un izmanto$anas iesp&jas (Bowen & Riley, 2003). Izpéteé lieto dazadas raditaju sisteémas, bet
viena no plasi aprob&tam pieejam ir raditaju izvelei un grup€Sanai izmantot klasisko ilgtsp&jas
dimensiju pieeju (Gunnarsdottir et al., 2020). So pieeju klimata parmainu samazinasanas
pasakumu raditaju izvélei izvélas ari promocijas darba autore, apkopojot agrotehniskos, sociali
ekonomiskos un vides raditajus.

Promocijas darba katram no seSiem identific€tajiem klimata parmainu samazinaSanas
pasakumiem izveidota darba matrica, apkopojot informaciju par pasakumu ievieSanas
agrotehniku jeb vid&jai Latvijas praksei atbilstoSu razoSanas tehnologiju, sociali
ekonomiskajiem un vides raditajiem. Izveidotas agrotehnisko, sociali ekonomisko un vides datu
kopas izmantotas, promocijas darba 3.2., 3.3. un 3.4. apakSnodalas veiktaja 1émumu
pienemsanas atbalsta analiz€, Kkuras izpildei izdariti $adi, raditaju izveli ietekmgjosi,
pienémumi: 1) aprékini veikti, pienemot, ka visu klimata parmainu samazinasanas pasakumu
ievieSanu uzsak vienlaicigi 2025. gada un turpina Iidz 2050. gadam; 2) pasakumu ievieSanas
platiba noteikta, izmantojot 2022. gada Latvijas Nacionala siltumnicefekta gazu
inventarizacijas zinojuma datus (LEGMC, 2022b) un statisku pieeju, jo promocijas darba
izstrades laika nav pieejamas dinamiskas organiskas augsnes platibas izmainu prognozes.
Platibas noteiksana nemts véra ES Dabas atjaunoSanas regulas priekslikums 2022. gada 22.
junija redakcija (European Commission, 2022Db), tostarp Latvijai piedavata izstradatu kadras
lauku "elastiba". Pasakumu ievieSanas platibu noteikSana politikas planoS$ana ir intereSu grupu
vienoSanas subjekts (Shukla et al., 2019). Promocijas darba pétijuma pienemts, ka dabas
atjaunosanas prasibam, atbilstosi ES Dabas atjaunosanas regulas priekslikuma 2022. gada 22.
junija redakcijai, paklauti 70% no kopgjas lauksaimniecibas organiskas augsnes platibas lidz
2050. gadam jeb 110 810 ha. Kopgjas lauksaimniecibas organiskas augsnes platibas raditaja
(158 320 ha) noteikSanai izmantoti 2022. gada Latvijas Nacionala siltumnicefekta gazu
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inventarizacijas zinojuma dati. Promocijas darba pienemts, ka pusi no dabas atjaunoSanai
(restoration) planotas lauksaimniecibas organiskas augsnes paklauj parslapinasanai
(rewetting), bet atlikuSo organiskas augsnes platibu aramzemé un zalaja sadala proporcionali
starp petijuma analiz&tajiem klimata parmainu samazinaSanas pasakumiem. Kopg&ja pienemta
promocijas darba analizéto pasakumu ievieSanas platiba ir 55 405 ha, katra pasakuma
ievieSanas platibu katru gadu 25 gadu laika no 2025. gada lidz 2050. gadam paredzot 369 ha;
3) aprekinos nav nemts véra KLP vai jebkads cits (ES vai valsts) atbalsts, jo atbalsta mehanismi
ir politiski noteikti un nepartraukti mainigi. Turklat, KLP gadijuma, liela dala no atbalsta ir
izv€les pasakumi; 4) aprékinos izmantota 11,5% diskonta likme, ko Latvijas Valsts Kase 2023.
gada 2. ceturksni noteikusi ilgtermina ieguldijjumu patiesas vertibas noteikSanai
lauksaimnieciba (Latvijas Valsts Kase, 2023).

Katram klimata parmainu samazinasanas pasakumam sagatavots agrotehnisko darbibu
jeb raditaju kopums, planojot pasakuma ievieSanas darbibas un to ciklisku atkartoSanu 25
gadu laika no 2025. gada Iidz 2050. gadam. Aramzemes parveides par zalaju (P1) pasakuma
darbibu kopums un izmaksu pozicijas, ka piemérs, atspogulotas 3.1. attela.

Aramzemes parveide par zalaju
(CO:z ekv. ha'l samazindjums, mainoties SEG emisiju faktoram)

Pasakuma uzturésanas
izmaksas, EUR hal

Pasakuma ieviesanas

; Ienémumi, EUR ha'l
izmaksas, EUR ha-

» Augsnes apstrade e Augsnes kultivéiana, e Skabsiens
s Mineralmeslu iegade e Séklas (ganibu airene, e Siens
(virsaugam) bastarda abolin,

Mineralmeslu iestrade
Augsnes kultivéiana
Seklas (virsaugs -
viengadiga airene)
1egade

Seklas (ganibu airene,
bastarda abolins,
timoting, sarkana
auzene) iegade
Sesana

timoting, sarkana
auzene) iegade

Sggana

Pielveliana
Mineralméslu iegade
Mineralmé&shu iestrade
Zales plausana

Zales presiana ritulos
Siena valosana/
ardidana

* Piclvelsana s Siena preséfana ritulos

e FEcEsana

Avots: autores konstrukcija

3.1.att. Pasakuma P1 “Aramzemes parveide par zalaju” ievieSanas agrotehnisko darbibu
kopums

Agrotehnisko darbibu un to izmaksu un ien€mumu datu sagatavoSanai, izmantoti Latvijas
Lauku konsultaciju un izglitibas centra sagatavotie lauksaimniecibas bruto segumu aprékini
2021. gadam intensivam, integrétam razoSanas veidam (Latvijas Lauku konsultaciju un
izglitibas centrs, 2021). Gadijumos, kad bruto segumu informacija nav pieejama, tostarp par
pasakumiem, kas saistiti ar kokaugu audz&Sanu, izmantoti p&tijumu dati (Bardulis et al., 2010;
Bisenieks et al., 2010; Daugavietis et al., n.d.; Senhofa et al., 2019; Uri & Vares, 2005), autores
eksperta viedoklis un 2021. gada aktuala tirgus cenu informacija (dazadas tieSsaistes vietnes).
Tadgjadi visas klimata parmainu samazinaSanas pasakumu izmaksas noteiktas ka pasakumu
ievieSanas tehniskas izmaksas un ien€mumi saimniecibas Itmeni 2021. gada cenas eiro valiita.
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Promocijas darba analiz€to klimata parmainu samazinasanas pasakumu sociali
ekonomiskas un vides ietekmes raksturo$anai autore izmanto ¢etrus raditajus (3.1.tabula).

3.1.tabula

Klimata parmainu samazinasanas pasakumu sociali ekonomisko un vides ietekmi
raksturojoSi raditaji Latvija 2023. gada

Raditaja raksturota joma Raditajs Raditaja
meérvieniba

Sociala ietekme Ekosistemu pakalpojumi EUR ha'!

Ekonomiska ietekme Tira tagadnes vertiba EUR
SEG emisiju samazinajuma | EUR COzekv. t*!
izmaksas

Vides ietekme SEG emisiju Samazinasanas t COzekv.
potencials

Avots: autores veidots

Ekosistemu pakalpojumi ka koncepts pétijumos paradas 20. gadsimta otraja pusé, kad
aktualizgjas jautajums par ekosist€mu funkcijam un ar tam saistitajiem ieguvumiem (Goémez—
Baggethun et al., 2010). Vienu no pirmajam ekosisttmu funkciju un pakalpojumu
klasifikacijam piedava Rudolfs De Grots (Rudolf De Groot) (R. S. De Groot et al., 2002),
savukart, ekosistému pakalpojumu ekonomisko novértésanu aizsak Roberts Kostanza (Robert
Costanza) (Costanza et al., 1997). 2007. gada izveidota pirma globala ekosistému pakalpojumu
un biologiskas daudzveidibas novért&jumu sisttma Ekosistémas un biologiskas daudzveidibas
ekonomika (The Economics of Ecosytem and Biodiversity) (TEEB), kuras sastavdala ir
Ekosistéemu pakalpojumu vértibu datu baze (Ecosystem Service Value Database) (ESVD) (R.
De Groot et al., 2012). TEEB datu baze uzskatama par vienu no plasakajam globala tvéruma
(10 biomi un ar katru no tiem saistiti 22 ekosistému pakalpojumi) informacijas vienibas
saturoS$am datu bazém, kas padara pieejamus datus par faktisko ekosisttmu pakalpojumu
vertibu, izteiktu monetaras vienibas uz platibas vienibu (ha) gada (R. De Groot et al., 2012).
Diskutgjot par TEEB datu bazes izmantoSanas iesp€jam un ierobezojumiem, tas izstradataji
norada, ka: 1) ekosisteému pakalpojumu vertibas nav izmantojamas ka tirgus vertibas, bet gan
norada uz publiski glistama labuma vertibu, kas tiktu zaud@ts, ja zustu attieciga ekosistema.
Tadgjadi, ekosistemu pakalpojumu veértiba visatbilstoSak ir izmantojama ka papildus raditajs
lémumu pienemsanas analizg, lai padaritu “redzamas” pasakumu argjas ietekmes (externalities)
(R. De Groot et al., 2012). Promocijas darba pétijuma autore katra izveleta klimata parmainu
samazinasanas pasakuma ekosistemu pakalpojumu raditaju vertibas noteikSanai izmanto TEEB
datu bazes ESVD dalu (The Ecosystem Services Valuation Database, 2020). Ekosistemu
pakalpojumu vértiba izteikta monetaras vienibas EUR ha™! un balstita uz aprékiniem, kas veikti
Latvijas DAP istenota ES Kohézijas fonda finanséta projekta “Prieksnosacijumu izveide
labakai biologiskas daudzveidibas saglabasanai un ekosistéemu aizsardzibai Latvija” p&tijuma
"Sociali ekonomiskas ietekmes analize par 1paSi aizsargajamam dabas teritorijam un
konstatétajiem ES nozimes biotopiem Latvija, Il nodala: Ekosistému pakalpojumu monetarais
noveértejums" 2022. gada (Dabas aizsardzibas parvalde, 2022). TEEB datu bazes (ESVD)
ekosisttmu pakalpojumu klasifikacija veidota, izmantojot AN 2021. gada izstradato SEEA
(System of Environmental-Economic Accounting) ekosistemu pakalpojumu klasifikacijas
sisttmu kombinacija ar AN Statistikas nodalas izstradato CICES (Common International
Classification of Ecosystem Services) V5.1. sisttmu (The Ecosystem Services Valuation
Database, 2020). Promocijas darba pétijuma izmantota TEEB datu bazes pieeja un klimata
parmainu samazinasanas pasakumu ekosisttmu pakalpojumu veértiba ietverti apgades,
regulacijas un kultiiras pakalpojumi, So pakalpojumu defing€jumu izprotot atbilstoS§i CICES
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piedavatajam ekosistému pakalpojumu defingjumam, kas apgades pakalpojumus definé ka
uzturvielu un citu biotisku un abiotisku materialu un energijas pliismu nodroSinasanu,
regulacijas pakalpojumus defing ka visa veida ictekmes, kadas dzivie un nedzivie organismi
var regulét un uzturét apkart€jo vidi, kas ietekmé cilvéku veselibu, drosibu vai komfortu,
savukart, pie Kultiiras pakalpojumiem pieskaita visas ekosistému (biotisko un abiotisko)
ietekmes, kas ir nematerialas, parasti nav tiesi pateéréjamas vai savstarp&ji konkurgjosas, bet
ietekmé cilvéku fizisko un garigo stavokli (Haines — Young & Potschin, 2018). Promocijas
darba izmantotas ekosistému pakalpojumu vértibas attélotas 3.2. tabula.

3.2.tabula

Klimata parmainu samazinasanas pasakumu ekosistému pakalpojumu vértibas Latvija
2023. gada, EUR ha!

Klimata parmainu Geotelpisko vienibu un Ekosistemu
samazinasanas pasakuma biotopu apaksgrupa pakalpojumu
nosaukums monetara veértiba,
EUR ha'
(P1) Aramzemes parveide par llggadigie zalaji 6445
zalaju
(P2) Kontroléta drenaza Meéreni mitras plavas 9627
(P3) Taurinziezi kultiiraugu rotacija Kultiraugi 1106
(P4) Agromezsaimnieciba Parkveida plavas un ganibas; 10959
Meza ganibas
(P5) ApmezoSana Slapjaini un garSa. Vidgja 13058
vecuma audzes, briestaudzes,
drikst veikt kopSanas cirtes
(P6) Paludikultiira Slapjaini un garsa. Vidgja 13058
vecuma audzes, briestaudzes,
drikst veikt kopSanas cirtes

Avots: autores veidots péc (The Ecosystem Services Valuation Database, 2020)

Klimata parmainu samazinasanas pasakumu ekonomiska snieguma noveértéSanai
promocijas darba izmantots tiras tagadnes veértibas (Net Present Value) (NPV) raditajs, kas
raksturo no klimata parmainu samazinasanas pasakuma nakotné iegiito naudas ienémumu
tagadnes veértibas un pasakuma ievieSanas izmaksu starpibu, nemot veéra to, ka investiciju
tagadnes un nakotnes vertiba nav vienada. Ilgtermina investiciju tagadnes vertibas
aprékinasanai nepiecieSama diskonta izmantoSana, izvéloties noteiktu procentu likmi. Jo
augstaka ir izvéleta procentu likme, jo zemaka ir investiciju tagadnes vértiba, bet naudas
tagadnes vertiba vienmér ir augstaka par nakotnes vertibu (Skapars, 2008). Ja NPV>0
pasakuma ievieSana uzskatama par izdevigu. Promocijas darba sakotngji aprékinata klimata
parmainu samazinasanas pasakumu tagadnes vertiba, to talak izsakot ka no pasakumu
ievieSanas nakotné ieglito naudas ienémumu tagadnes vertibas un pasakumu ievieSanas
izmaksu starpibu jeb tiro tagadnes vértibu, izmantojot formulas:

L A
PV = Zn=1_<1+i>n (3.1)

kur

PV — tagadnes veértiba;

I — procentu likme;

FVn — atseviSku gadu nakotnes vertibas.
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FVy FV, FVy

NPV = A+D)1 ' (1+0)2 1+)n

—C (3.2.)

kur
NPV — tira tagadnes vértiba,
C — pasakuma ievieSanas izmaksas.

Tiras tagadnes vertibas aprékinasana ir butiska politikas veidotaju [emumu pienemsanas
procesa un atbalsta riku komponente, jo ir nepieciesams mehanisms, kas dod iesp&ju salidzinat
dazados laika posmos notiekoSas izmaksas un ienémumus. Sads atbalsta mehanisms ir
diskontésana jeb tagadnes vértibas aprékinasana, zinot nakotnes izmaksas un izmantojot
diskonta jeb procentu likmi (Jarisch et al., 2022). Diskonta likmes izv€le ir politiski pienemts
lemums (Peng et al., 2023) un viens no centraliem elementiem optimalu politikas pasakumu
izvele klimata parmainu mazinasanai, cenSoties atrast lidzsvaru starp tagadnes izmaksam un
salidzinos$i neskaidriem ilgtermina SEG emisiju samazinasanas ieguvumiem (Addicott et al.,
2020). Pat nelielas izmainas diskonta likmes izvéle butiski ietekmé aprékinato investiciju
tagadnes vertibu un attiecigi var butiski ietekmét lemumu pienéméju izveli (He, 2020). Ipasi
nozimigi tas ir klimata parmainu samazinasanas diskusiju gadijumos, kad izmaksas un
ieguvumi ir izteikti noskirti laika. Petijumi lielakoties izmanto vienas diskonta likmes konceptu,
tomer literatiira ir norades par to, ka klimata parmainu samazinasanas politikas novertéSanas
gadijuma varétu tikt izmantota vairaku veidu likmju pieeja, piemeram, paral€li finansu
ekvivalenta diskonta likmei, izvéloties ari sabiedriska labuma diskonta likmi, tadgjadi
aprékinos ietverot ne tikai ekonomiskus, bet ari &tiskus apsvérumus (Goulder & Williams,
2012). Par &tikas un filozofiska aspekta jautajumiem diskonta likmes izv€lé runa ari citi
petijumi (Davidson, 2015; Gollier & Hammitt, 2014), ka arT uzsver to, ka klimata parmainu
samazinasanas politikas vert€Sanas gadijuma var biit nepiecieSamas pienemt nestandarta
risindjumus saistiba ar augsta riska un nenoteiktibas klatesamibu, jo janem véra ne tikai
ekonomiskas, bet ari socialas (tostarp nakamo paaudzu) intereses un sagaidama patérina
prognozes (Beckerman & Hepburn, 2007). Nemot véra diskonta likmes komplekso raksturu un
ietekmes, tas izvéle klimata parmainu samazinaSanas pasakumu veértéSanai Latvijas
lauksaimniecibas un ZIZIMM sektora varétu tikt ieteikts ka atseviSsks pe€tijumu temats, bet
promocijas darba autore izvélas izmantot Latvijas Valsts Kases 2023. gada 2. ceturksni
noteikto diskonta likmi ilgtermina ieguldijumu patiesas veértibas noteikSanai lauksaimnieciba
(LR Valsts kase, 2023), kas ir 11,5%. 11,5% diskonta likme ir salidzinos$i loti augsta (vidgja
lauksaimniecibas nozares klimata p&tijumos lietota likme 2015. gada ir 3,5% — 7% (Eory et al.,
2015), klimata pétijumos 2021. gada: 2% — 3% (Rennert et al., 2022), bet sastopamas ari
augstakas vertibas (Kung et al., 2022)), kas varétu liecinat par Latvijas musdienu sabiedribas
veélmi Sodienai pieskirt lielaku vértibu neka nakotnei (Gollier & Hammitt, 2014). Tomer, ta ka
Sts likmes veértibas avots ir Latvijas Valsts Kase, var pienemt, ka §1 likme atspogulo realo
sabiedribas vertibu sistemu 2023. gada sakuma un Iidz ar to autore uzskata to par atbilstosu
izmantoSanai promocijas darba.

Promocijas darba analizéto klimata parmainu samazinasanas pasakumu SEG emisiju
samazinasanas potenciala noteikSanai izmantota zinatniska literatira (3.3.tabula), jo darba
izstrades laika autorei nav pieejami in situ SEG emisiju merfjumu rezultati, ka arT tie par
izv€letajiem pasakumiem nav pieejami IPCC vadlinijas SEG inventarizacijas sagatavosanai.
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3.3.tabula

Promocijas darba izmantotie klimata parmainu samazinasanas pasakumu SEG emisiju
samazinajuma potenciala raditaji, t CO2 ekv. ha!

Klimata parmainu SEG SEG samazinasanas Atsauces
samazinasanas samazinasanas mehanisms
pasakums potencials, t
COzekv. hat
yrt

(P1) Aramzemes 2,7 Aramzemes parveide par | (Licite & Lupikis,
parveide par zalaju zalaju samazina CO; un | 2020)

N2O emisijas (bet var

palielinat CH4 emisijas).

SEG emisiju

samazinajums noteikts ka

emisiju faktora maina.
(P2) Kontroléta 5,4 Pie palielinata augsnes | (Jiang et al., 2019b)
drenaza mitruma un samazinata

skabekla daudzuma

augsng, kontrolétas

drenazas gadijjuma CO:

emisijas samazinas, bet

N20 palielinas, salidzinot

ar tradicionalo drenazu.

Kopgjais CO2  ekv.

samazinajums par ~ 30%.
(P3) Taurinziezu 0,8 Taurinziezu  ietverSana | (Ladha et al., 2022)
ietverSana kultGraugu rotacija | (Rees et al., 2013)
kultiiraugu rotacija palielina kopgjo

organiskas masas ienesi
augsné un dal&ji aizstaj
mineralmeéslu  lietoSanu
pateicoties  taurinziezu
spe€jai piesaistit
atmosferas slapekli.
Vidgjais ikgad€jais SEG
emisiju  samazinajums
lésts robezas starp 0,5 un
1t CO; ekv. hal. Tomer
SEG emisiju
samazinajuma potencials
lauka liment ir atkarigs no
audzeta taurinziezu veida
un klimata apstakliem.
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3.3.tabulas turpinajums

Klimata parmainu SEG SEG samazinasSanas | Atsauces
samazinasanas samazinasanas | mehanisms
pasakums potencials, t
COzekv. hat
yrt
(P4) 10,4 Daugaviete et al.,
Agromezsaimnieciba 2022
(Bardulis et al.,
2022)
(Mayrinck et al.,
2019)
SEG emisiju (Pardon et al., 2017)

samazinajuma efekts | Schoeneberger et al.,
noteikts, izmantojot SEG |-2012

(P5) ApmeZosana 16,6 emisiju  plismas datu (Butlers, Lazdins, et
salidzinajumu aramzeme, al., 2022)
ZE_IIE_I_]E_I un mera zemé (Butlers, Bﬁrdule, et
(dazada vecuma | @l 20_22)
mezaudzes) ar organisko | (Lazdins etal., 2021)
augsni. Licite & Lupikis,
2020
(P6) Paludikulttra 7,4 (Butlers, Lazdins, et
al., 2022)
(Butlers, Spalva, et
al., 2022)
(Butlers, Bardule, et
al., 2022)

Avots: autores veidots

Promocijas darba pétijuma izmantotie SEG emisiju samazinajuma potenciala raditaji
izmantoti ka aptuvenas vértibas lémumu pienemsanas atbalsta metozu test€Sanai (darba 3.2.,
3.3. un 3.4. apakSnodalas). Veicot analizi realu politikas lemumu pienemsSanas atbalstam, biitu
izmantojami SEG emisiju samazinajuma raditaji, kas par katra pasakuma ietekmi aprékinati uz
nacionali vai regionali veiktu SEG emisiju mérjjumu datu pamata, pieméram, LIFE OrgaBalt
un citos pétijumos.

SEG emisiju samazinajuma izmaksas promocijas darba aprékinatas klimata parmainu
samazinasanas pasakumu tiro tagadnes vertibu dalot ar SEG emisiju samazinaSanas potencialu,
tadejadi iegistot vienas vienibas jeb tonnas CO> ekv. samazinasanas izmaksas. SEG emisiju
samazinajuma izmaksu raditajs ir biitisks, lai izprastu alternativu SEG emisiju samazinasanas
pasakumu izmaksas nozares (lauksaimniecibas) un starpnozaru (energétika, transports u.c.)
griezuma. Viens no papildus veidiem, ka izmantot SEG emisiju samazinajuma raditaju, ir
salidzinat vienas tonnas CO2 ekv. samazinasanas izmaksas ar aktualo oglekla tirgus cenu
(Abberton et al., 2010).

3.2. DaudzKkritériju lemumu pienems$anas analize klimata parmainu samazinasanas
pasakumu izvele

Kops 20. gadsimta otras puses attistitas dazadas MCDA metodes, kas nodroSina
daudzveidigas pétnieciskas iespgjas, bet vienlaikus arT sarezgl metodologisko izveéli konkréta
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petijuma gadijuma. Petijumi liecina, ka MCDA modela izv€les noteico$ajam elementam ir jabiit
konkrétajai [emumu pienemsanas situacijai un tas Ipatnibam, kuru atbilstoSai ietverSanai analizeé
nepiecieSams izveleties konkrétu MCDA modeli vai modelu kombinaciju nevis otradi (Cinelli
et al., 2014). Galvena MCDA pieejas ideja ir savstarpgji novertét iesp&jamos risinagjumus jeb
alternativas, alternativu ranzésanai izmantojot vairak ka vienu krit€riju. Alternativu noveértésana
izmantojamie kriteriji var but visparigi definéti, tomé&r katram no tiem ir jabut saistitam ar
kvantificétu vértibu (Ehrgott et al., 2010). MCDA dod iesp&ju lémumu pienemsana izmantot
strukturétu, caurskatamu un elastigu pieeju, integréti analiz&jot dazadu krit€riju savstarp&ju
sasaisti un nemot véra katra kritérija nozimigumu (Cinelli et al., 2014).

Izdala divu veidu MCDA metodes — 1émumu analize izmantojot realus skaitlus un
lémumu analize, izmantojot izpliduSos (fuzzy) skaitlus jeb raditajus, kuriem nav nosakama
preciza piederiba datu kopai, bet gan noteikta piederibas pakape robezas no 0 lidz 1, tadgjadi
ietverot piederibas nenoteiktibu (Durbach & Stewart, 2012). Populars MCDM veids ir modeli,
kuri noverte alternativas, tas salidzinot ar ideali pozitivo un ideali negativo risinajumu, izvélei
iesakot tas alternativas, kuras atrodas iesp&€jami tuvak ideali pozitivajam un iesp&jami talak no
ideali negativa risinajuma. Lielaka dala So modelu saistami ar izv€les ranzesanas pec lidzibas
idealam risinadjumam jeb TOPSIS metodi (Tzeng & Huang, 2011). Pirmie autori, kas 1981.
gada piedavaja TOPSIS metodi, bija Hvangs (Hwang) un Jins (Yoon) (Tzeng & Huang, 2011)
un to uzskata par vienu no klasiskam MCDA metodém, kas plasi izmantota dazadas p&tniecibas
jomas (Papathanasiou & Ploskas, 2018). TOPSIS metodes gadijuma matematiski defin€ ideali
pozitivo risinajumu, kas sastav no visu alternativu maksimala svérta noveértéjuma un ideali
negativo risinajumu, ko veido minimalie novert§jumi. Aprekinot Eiklida attalumus (attalums
starp diviem punktiem vairakdimensiju telpa), kas ir biezak izmantotais attalumu veids, starp
katru alternativu un ideali pozitivo un ideali negativo risinajumu, alternativas noverte,
pamatojoties uz to attdlumu lidz idealajam risinajumam, izteiktu ka attalumu summas
proporciju starp abiem attalumiem (Durbach & Stewart, 2012; Tzeng & Huang, 2011).

Par TOPSIS metodes priekSrocibu uzskata to, ka modelis pilniba izmanto kritériju
informaciju, nepieprasot, lai kritériji batu savstarp&ji neatkarigi (Chen & Hwang, 1992; Yoon
& Hwang, 1995), metode ir elastiga kritériju izvele, pielaujot dazadu kvalitativo Tpasibu un
mérvienibu raksturlielumu izmantoSanu (Zavadskas, Govindan, et al., 2016), aprékini ir
salidzino$i vienkarSi, rezultati labi izskaidrojami un nav nepiecieSama liela datu kopa
(Roszkowska, 2011), ka ari TOPSIS metode ir viena no ta sauktajam kompensgjo$ajam
metodém, kas pielauj kompromisus starp kritérijiem, kas nozimé to, ka zemu viena kritérija
vertibu dal&ji kompensg ar augstakiem rezultatiem citam kritérijam, tad€jadi nodrosinot realaku
modelésanas veidu, salidzinot ar modeliem, kas $adu kompensacijas iesp&ju nenodro$ina
(Zavadskas, Govindan, et al., 2016).

TOPSIS pielietojums pétnieciba nosedz plasu tému spektru, tostarp ietverot logistiku un
piegades kedes, dazada veida inZenieriju, biznesa administraciju un tirgzinibu, vides,
cilvékresursu, energijas un tidens resursu parvaldibu (Behzadian et al., 2012). Ar zemes
izmantoSanu, lauksaimniecibu un klimata parmainam saistitos pétijjumos TOPSIS metode
izmantota salidzinosi retak, tomér autori to izvélas lemumu pienemsanas analizg ar §ajas jomas
(Bagherzadeh & Gholizadeh, 2016; Chang & Liang, 2023; Diaz & Cilinskis, 2019; Hepperle et
al., 2017; Morkunas & Volkov, 2023; Namiotko et al., 2022; Nowak & Kaminska, 2016;
Tumeliené et al., 2022; Wojcik—Len et al., 2019; Yang et al., 2023) , tostarp Latvijas p&tnieki
(Bumbiere et al., 2022; Cilinskis et al., 2017; Dace & Blumberga, 2016; Gancone et al., 2021a;
Gancone, 2022; Gancone et al., 2022a; Laktuka et al., 2023).

Klimata parmainas samazinos$a organiskas augsnes apsaimniekosanas veida izvéle ir
komplekss uzdevums, kura risinaSana nozimigs ne tikai klimata parmainu samazinasanas, bet
ar1 ekonomiskais un socialais aspekts. Zinatniskas literatiiras analize liecina, ka TOPSIS
metode ir piemérota lauksaimniecibas organiskas augsnes klimata parmainu samazinasanas
pasakumu ranZ&Sanai, jo ir iesp&jams izmantot realos skaitlos izteiktus kritérijus, kas nosedz
gan klimata, gan sociali ekonomisko jomu, ka arT metode ir salidzinos$i vienkarsi pielietojama
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un nepieprasa liela apjoma datu kopas, kas varétu but nozimigi, to izmantojot praktiska politikas
planoSana.

Problémas identifikaciju un strukturéanu, kas ir pirmie divi jebkuras MCDA metodes
izpildes soli autore veica promocijas darba pirmaja un otraja nodala. Tre$aja jeb TOPSIS
modela izveides soli: 1) veikta alternativu jeb promocijas darba gadijuma — klimata parmainu
samazinasanas pasakumu izp&te, sagatavojot tos raksturojoSu agrotehnologisko, sociali
ekonomisko un vides datu matricu (promocijas darba 3.1. apaksnodala); 2) definéti kriteriji
pasakumu noveérteSanai un iegitas krit€riju vertibas (izmantojot 3.1. apaks$nodala izstradatas
datu matricas un zinatniskas literatiras datus). NoslédzoSaja jeb izveidota TOPSIS modela
pielietoSanas soli, aprékinati rezultati un iegits pasakumu ranz&jums, matematiski apstiprinot
intuitivo viedokli par to, ka pasakumi, kas saistiti ar kokaugu audz€Sanu un zemes lietojuma
veida mainu, varétu biit tuvaki idealajam risinajumam un talaki no ideali negativa risinajuma.
Jaunas alternativas analizei nav izvirzitas. Jutiguma analize veikta, mainot krit€riju svara
sadalfjumu. Promocijas darba autore izmanto TOPSIS metodes klasisko versiju (Roszkowska,
2011; Zavadskas, Antucheviciene, et al., 2016).

MCDA izmantoto kriteriju izveli iesp&ams izdarit dazados veidos, starp kuriem
popularakie ir kriteériju formuléSana: 1) to veicot paSiem pétniekiem; 2) iesaistot nozares
ekspertus; 3) intereSu grupu vai sabiedribas parstavjus. Pétijumos biezak izmantota pieeja ir
kritériju izvéle, to veicot pétijuma autoriem (Adem Esmail & Geneletti, 2018). Sadu pieeju
izmanto ari promocijas darba autore, kriteriju izvéle sekojot ilgtsp&jigas attistibas tris dimensiju
— vides, sociala un ekonomiska dimensija — konceptam (Brundtland, 1987). Apverot klasiskas
ilgtspejigas attistibas perspektivas, defineti cCetri alternativu jeb klimata parmainu
samazinasanas pasakumu novertesanas kriteériji: 1) kumulativais (25 gadi) katra pasakuma SEG
emisiju samazinasanas potencials, t CO2; 2) ikgadgja katra pasakuma ekosistemu pakalpojumu
vertiba, EUR; 3) katra pasakuma tira tagadnes vértiba (periods — 25 gadi), EUR; 4) vienas
tonnas SEG emisiju samazinasanas izmaksas, EUR t* CO_ ekv.

Izmantojot promocijas darba 3.1. apaks$nodala izveidoto un aprakstito agrotehnologisko,
sociali ekonomisko un vides raditaju datu kopu, sagatavota TOPSIS darba matrica (3.4 tabula),
kuru veido klimata parmainu samazinaSanas pasakumus raksturojoSo kritériju vertibu (to
ieglisanas apraksts atrodams promocijas darba 3.1. apak$nodala) un analiz&jamo alternativu jeb
klimata parmainu samazina$anas pasakumu datu apkopojums.

3.4.tabula
TOPSIS analizes darba matrica
Klimata parmainu Tira SEG emisiju Ekosistému SEG emisiju
samazinasanas tagadnes samazinasanas | pakalpojumu | samazinajuma
pasakums vertiba, EUR | potencials, t | vértiba, EUR | izmaksas, EUR
COz ekv. halyr! t1CO:2 ekv.

Aramzemes parveide 198509 24935 6445 8
par zalaju
Kontroléta drenaza 1205811 50146 9627 24
Taurinziezi 381123 6926 1106 55
kultiiraugu rotacija
Agromezsaimnieciba -376605 96044 10959 -4
Apmezo$ana 576315 153301 13058 4
Paludikultiira 387528 98815 13058 4

Avots: autores veidots

52




Viena no plasi diskuteétam MCDA, tostarp ar1 TOPSIS, sastavdalam ir normalizeta svara
pieskirSana izv€letajiem kriterijiem, lietojot pieneémumu, ka krit€riju svara summai ir jabut 1
jeb 100% (Danielson & Ekenberg, 2023). Tadgjadi, svérta summa ir kritérijiem pieskirta svara
un attiecigo veértibu kopsumma. Jo lielaks ir krit€rijam pieskirtais svars un ta veértiba, jo vairak
tas ietekmé€ aprékinu rezultatu. Noteikta svara pieSkirSana krit€rijiem ir bitiska, jo tie parasti ir
saistiti ar dazadiem viedokliem un nozimém, kas nelauj izdarit pien€émumu par to, ka visi
kriteriji ir vienadas nozimes. Svara pieskirSanu krit€rijiem var veikt gan l@mumu pienéméji vai
pétnieki péc noteiktiem apsvérumiem, gan ari izmantojot matematiskas metodes (Yoon &
Hwang, 1995). Atkariba no veida kada kritérijiem pieskir svaru, izdala subjektivo un objektivo
Kriteriju svaru. Subjektiva svara noteikSanas metodes gadijuma svaru nosaka pilniba balstoties
uz [émumu pienéméju vai ekspertu veért€jumu un pieredzi, savukart objektiva svara noteikSanas
metodes izmanto tikai matematisku modelu pielietojumu, nenemot véra Iémumu pienéméju vai
ekspertu vertgjumu (Wang & Lee, 2009). Pastav uzskats, ka objektiva svara noteikSanas
metodes ir piemérotas gadijumos, kad nepastav iesp&ja iegiit un izmantot ekspertu viedokli
(Deng et al., 2000).

TOPSIS analizei izvEléto kritériju svara pieSkirSanai promocijas darba autore izvélas
subjektivas svara noteikSanas pieeju — krit€riju svara pieskirSanai izmantots autores eksperta
viedoklis. Kriteriju svara pieskir§ana, to veicot pasiem pétijumu autoriem, ir viena no biezak
izmantotajam pieejam MCDA pétijjumos zemes izmantoSanas joma, tostarp tadel, ka
nepietickama kriteriju svara pieSkirSanas procesa izpratne var potenciali apdraud@t rezultatu
atbilstibu (Adem Esmail & Geneletti, 2018). Promocijas darba p&tijuma $ads 1émums pienemts,
lai izvairitos no intereSu grupu subjektivitates, un lai krit€riju svara vertgjums butu atbilstoss
ES klimata un nozaru politikas videi, kas raksturota darba 1.3. apakSnodala. Tadgjadi, bazes
scenarija salidzinosi lielaks svars pieskirts kriterijiem, kas saistiti ar SEG emisiju samazinasanu
un ekosistému pakalpojumiem (3.5.tabula).

3.5.tabula

TOPSIS analizes kriteriju svara raditaju apkopojums bazes scenarija

Nr. Kriterijs Kritérijam pieskirtais
svars, Wi
1. | Tira tagadnes veértiba, EUR 0,1
2. | SEG emisiju samazinasanas potencials, t CO> ekv. 0,4
3. | Ekosistému pakalpojumu vértiba, EUR ha*g? 0,3
4. | SEG emisiju samazindjuma izmaksas, EUR t*CO; ekv. 0,2
Kopa: 1,00 (100%)

Avots: autores veidots

TOPSIS analizes rezultati jeb klimata parmainu samazinasanas pasakumu ranZgjums
krit€riju svara izvéles bazes scenarija atspogulots 3.2. attéla.
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ApmeZofana ] 0.94

Paludikultira | 0.68
AgromeZsaimnieciba | 0.66
Kontroléta drenaza | 0.38

Aramzemes parveide par zalaju 0.28
TaurinzieZi kultraugu rotacija __] 0.04

0 0.2 0.4 0.6 0.8 1

Attalums Iidz ideali pozitivajam risinajumam, C;”

Avots: autores konstrukcija

3.2.att. Klimata parmainu samazina$anas pasakumu attalumu Iidz ideali pozitivajam
risinajumam raksturojoSie koeficienti bazes scenarija

TOPSIS analizes aprékinu rezultati, atbilstoSi promocijas darba izdaritajiem
pienémumiem (pasakumus raksturojosie raditaji, krit€riju izvele) un kritérijiem pieskirta svara
bazes scenarija, liecina, ka apmezosana ir idealajam pozitivajam risinajumam tuvakais klimata
parmainu  samazinasanas pasakums, kam ranz&uma seko paludikultiru un
agromezsaimniecibas pasakumi. Tadgjadi, tris pasakumus, kurus raksturo koksnes biomasas
audzeSana un bitiskaka vai nebiitiskaka zemes izmantoSanas veida maina, TOPSIS analize
ranze ka pasakumus, kas atrodas vistuvak ideali pozitivajam risindjumam un vistalak no ideali
negativa risinajuma. Gluzi pretgji, taurinziezu ietverSana rotacija dotaja pienémumu kopa ir
vistuvak ideali negativajam jeb sliktakajam risinajumam.

MCDA, tostarp TOPSIS metodes, izpildes solu sastavdala (3.2. att€ls) ir jutiguma analize.
Jutiguma analizes mérkis ir novertét to, cik liela méra lemumu pienemSanas modela rezultatu
ietekmé izmainas ievades datos vai izdaritajos pienémumos jeb to, kadas ir modela iznakuma
un ievades raditaju attiecibas (Adem Esmail & Geneletti, 2018). Jutiguma analizi veic mainot
pétijuma nosacijumus, pienémumus vai izejas datus (Danielson & Ekenberg, 2023). Autore
jutiguma analizi veic mainot kriteriju svaru divos scenarijos: 1) pieskirot visiem krit€rijiem
vienadu svaru; 2) pieskirot lielaku svaru ekonomiskas dimensijas kritérijiem.

Jutiguma analizes rezultati (3.5. attéls) liecina, ka krit€riju svara bazes scenarija iegtais
ranz&jums uzskatams par stabilu attieciba pret kritériju svara mainu. Uz X ass (3.3. attéls)
atspogulots attalums Iidz ideali pozitivajam risinajumam ¢i". Kritériju svara maina 1. scenarija
(vienads svara sadaltjums starp kriterijiem) nerada butiskas izmainas. Kritériju svara sadalijuma
maina 2. scenarija (lielaks svars ekonomiskajiem kritérijiem), ranZ&juma rada parvirzi starp
apmezoS$anas un agromezsaimniecibas pasakumiem, ka ar1 parvirzi starp kontrol&tas drenazas
un aramzemes parveides par zalaju pasakumiem. Tomér §is izmainas nemaina to, ka art 2.
scenarija joprojam tuvak ideali pozitivajam risindjumam atrodas pasakumi, kuri saistiti ar
zemes lietoSanas veida mainu (apmezoSana, paludikultiira, agromezsaimnieciba).
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3.3.att. Klimata parmainu samazina$anas pasakumu ranZéjums tris atsSkirigu kritériju
svara pieskirSanas scenariju gadijuma

TOPSIS analizi izmantojot ka vienu no [émumu pienemsSanas atbalsta rikiem, janem véra,
ka izveleto kriteriju svara maina ietekm& TOPSIS analizes rezultatus, tomé&r pat biitiskas svara
sadalifjuma mainas gadijuma rezultati var saglabat stabilitati, kas apliecina to pilnigumu un
uzticamibu izmanto$anai lémumu pienemsana.

3.3. Klimata parmainu samazinaSanas pasakumu izmaksu efektivitates analize

Lémumu pienemsSanai un klimata un nozaru politikas veidoSanai nepietiek ar informaciju
par SEG emisiju samazina$anas tehnisko potencialu, ir nepiecieSams veids, ka regiona vai valsts
Iimeni noteikt to pasakumu kopumu, kuru ievieSanas rezultata biitu iesp&jams panakt
ekonomiski efektivu klimata parmainu samazinasanu. P&tijumi liecina, ka tehniskais klimata
parmainu samazinaSanas potencials, kadu to nosaka, pieméram, IPCC zinojumi, parsniedz
ekonomiski efektivo iesp&ju apjomu regiona vai valsts specifiska griezuma (Abberton et al.,
2010).

Izmaksu efektivitates analize ir viena no klasiski lietotam un visparatzitam pieejam
alternativu klimata parmainu samazinasanas iesp&ju novértésanai, tostarp, izmantojot MACC
analizi (Shukla et al., 2019). MACC analize izmantojama gan alternativu klimata parmainu
samazinasanas pasakumu savstarp&jai novertésanai, gan salidzinosai analizei starp nozarém, ka
arT efektivai klimata parmainu samazinasanas budzeta izstradei valsts limeni, ka to 2009. gada
pirmo reizi piedava globala vadibas konsultaciju firma McKinsey&Company (Enkvist et al.,
2010). MACC analizes metodes pirmsakumi meklgjami 20. gadsimta 80. gados, kad uz dalgja
lidzsvara modela pamata tika izstradats optimizacijas modelis dazadu darbibu ietekmes
novertésanai kop&ja merka sasniegSana. 20. gadsimta 90. gados T. Dzeksons (T.Jackson)
sakotngjo modeli pielagoja klimata parmainu samazinaSanas politikas analizes vajadzibam
(Jackson, 1993), izveidojot pieeju, ko izmanto gan akadémiskaja, gan razo$anas un politikas
vidé, devgjot par MACC analizi (Levihn, 2015). MACC analizi klimata parmainu
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samazinasanas iesp&ju noveértéSana izmanto tadas organizacijas, ka IPCC, ANO Klimata
konvencija, OECD (Organisation for Economic Co—operation and Development), FAQO,
Starptautiska energijas agentira (International Energy Agency), Pasaules banka (World Bank),
pétnieciskas institlicijas un domnicas (Think Tanks), pieméram, Stokholmas vides institiits
(Stockholm Environment Institute) un Niderlandes Energijas izpétes centrs (Energy Research
Centre of the Netherlands), Starptautiskas attistibas bankas (Multilateral Development Banks),
valsts parvalde (piem&ram, Lielbritanija, Irija, Meksika, Polija, Nikaragva un Kalifornija (EKins
et al., 2011)) un privatas kompanijas.

Zinatniskaja literatiira nav atrodama vienota MACC analizes klasifikacija, tomér biezak
izdala divus galvenos pieejas veidus. Viens no tiem ir uz modelé$anas rezultatiem balstita
(model based) jeb “no augias uz apaksu” (top down) pieeja. Saja gadijuma MACC likni veido,
modelus darbinot ar dazadiem SEG emisiju ierobezojuma nosacijumiem, lai iegtitu CO> cenu
amplitudas raditajus vai ar1 ar dazadam CO2 cenam, lai modelétu atbilstoSus SEG emisiju
raditajus. Modelesana iegiitos SEG emisiju un CO2 cenu datu parus izmanto MACC liknes
konstruésanai (Du et al., 2015). Viens no $adi izmantoto modelu piem&riem lauksaimnieciba
ir CAPRI modelis teorétiskai SEG emisiju atlauju tirgus (ES SEG emisiju tirdzniecibas sist€éma)
model&Sanai, izmantojot atlauju cenas un regionalo SEG emisiju limita datus tirgus lidzsvara
punkta (SEG emisiju atlaujas cena sakrit ar robeZsamazinajuma izmaksam) noteikSanai (Pérez
Dominguez et al., 2009). Otrs MACC veids ir uz ekspertu analizes rezultatiem balstita jeb “no
apaksas uz augsu” (bottom up) pieeja. So pieeju médz devét arT par tehnologisko izmaksu vai
izmaksu inZenierijas pieeju (Du et al., 2015; Vermont & De Cara, 2010a).

Viens no nozimigakajiem ekspertu pieejas piemériem ir McKinsey&Company veidotie
globalie SEG emisiju samazinagjuma noveérte§jumi dazadam nozarém, tostarp globals
lauksaimniecibas SEG emisiju samazinajuma novertgjums, analizgjot divdesmit piecus klimata
parmainu samazinasanas pasakumus (Ahmed et al., 2020).

Viens no redzamakajiem MACC izmantoSanas piemériem lauksaimnieciba pasaulg ir
McKinsey&Company pétijumi (Ahmed et al., 2020), ka ari FAO pétijumi lauksaimniecibas
politikas ekonomiskajam novértéjumam (Bockel et al., 2012), OECD zinojumi (Macleod et al.,
2015; Wreford et al., 2010) un parskata pétijumi, pieméram, (Vermont & De Cara, 2010b).
Eiropa MACC metode ar lauksaimniecibu saistitos pétijumos izmantota gan ES valstu
snieguma analizé (De Cara & Jayet, 2011; Eory et al., 2018; Fellmann et al., 2021; Vogt—Schilb
& Hallegatte, 2014), gan atsevisku valstu p&tijumos, pieméram, Lielbritanija (Eory et al., 2013;
MacLeod et al., 2010; Macleod et al., 2015; Moran et al., 2009; Moran, Macleod, et al., 2011;
Moran, MacLeod, et al., 2011; Smith & Olesen, 2010), Sveicé (Huber, Spiti, et al., 2023;
Huber, Tarruella, et al., 2023; Kreft et al., 2023), Francija (Dequiedt & Moran, 2015; Doreau
et al., 2014; Pellerin et al., 2017), Irija (O’Brien et al., 2014; Schulte et al., 2012a), Austrija
(Wiéchter, 2013) un citur. Latvija MACC metode aprobéta izmantoSanai lauksaimniecibas
nozares klimata parmainu pasakumu analiz€ kops 2015. gada (Gancone et al., 2021b, 2022b;
KreisSmane et al., 2018; Lenerts et al., 2021; Naglis—Liepa et al., 2018, 2021; Popluga et al.,
2017; Popluga & Naglis—Liepa, 2015).

MACC liknes ir politikas planosana izmantojams r1ks, kas sniedz informaciju par vienas
papildus SEG emisiju vienibas (izteiktas CO2 ekv.) samazinasanas izmaksam un dod iesp&ju
S1s izmaksas attélot Ikn&, kas parada attiecigas darbibas ieguvumu SEG emisiju samazinajuma
apjoma veida (Macleod et al., 2015). Tadgjadi, MACC liknes (3.4. attéls) horizontala ass att€lo
katra analiz€jama pasakuma i SEG emisiju samazinajuma potencialu A, savukart, vertikala ass
— SEG emisiju samazinajuma robezizmaksas Ci. Klimata parmainu samazinasanas pasakumu
izvietojums MACC likn€ dod iesp&ju tos sadalit nosacitas izmaksu efektivitates grupas un $o
dalijjumu uzskatami vizualizét. Pasakumi, kuru ievieSanas gadijuma SEG emisiju
samazinasanas robezizmaksas ir negativas (3.6. attela — “Negativu izmaksu pasakumi’’), MACC
liknes attélojuma atrodas zem horizontalas ass. So pasakumu ievie$ana vienlaicigi nodrogina
gan SEG emisiju samazinajumu, gan ar1 negativas izmaksas jeb izmaksu ietaupfjumu. Izmaksu
neitralu pasakumu izvéle nodroSina iesp&ju mazinat klimata parmainu ietekmi ar salidzinosi
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nelieliem izdevumiem, kas ilgtermina tuvojas nulles izmaksu atzimei. Izmaksu efektivo
pasakumu grupa nodro$ina sabalansétu izdevumu un klimata parmainu samazinasanas
proporciju. P&tijumos $is grupas defingjumam ka $kirkli médz izmantot aktualo un prognozéto
oglekla cenu, respektivi, So pasakumu ieviesana klimata parmainu samazinasana uzskatama par
letaku salidzinajuma ar attieciga daudzuma oglekla vienibu iegadi (Schulte et al., 2012b).
Promocijas darba izmantota ES Zala kursa ietekmes novértéjuma zinojuma (European
Commission, 2020b) izmantota vidgja oglekla cena 55 EUR t* CO; ekv. Izmaksu neefektivo
pasakumu gadijuma katras CO2 ekv. tonnas samazinajums ir butiski dargaks neka citas
pasakumu grupas un So pasakumu ievieSana klimata parmainu samazinaSanai ir dargaka neka
attieciga daudzuma oglekla vienibu iegade. P&tijumi uzsver, ka nav v€lams koncentréties tikai
uz izmaksu zina efektivako pasakumu ievieSanu, bet gan sakt ieviest izmaksu ietilpigakos
pasakumus (ja to inerce un klimata parmainu samazinasanas potencials ir augsts) pirms ir
izsmelts ievieSana 1etako pasakumu klimata parmainu samazinasanas potencials, ka arT to, ka
optimals pasakumu kopums Tstermina mérka sasniegSanai ir atkarigs no pasakumiem, kuri
nepiecieSami ilgtermina mérku sasniegSanai (Vogt-Schilb & Hallegatte, 2014). Tadgjadi,
nemot véra dinamikas un inerces efektus, ir iesp&jams noteikt optimalu klimata parmainu
pasakumu ievieSanas laiku gadijumos, kad tas dazadiem pasakumiem planots atskirigs.

No politikas veidoSanas perspektivas, MACC atbild uz jautajumu ka tirgus reagés vai ka
tam vajadz€tu reagét uz politikas iniciativam (klimata parmainu samazinasanas pasakumu
ievieSanu), un kuras ir labakas pieejamas alternativas nakotnes investicijam klimata parmainu
samazinasana (Levihn et al., 2014).
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Avots: autores konstrukcija péc (Schulte et al., 2012b; Vogt—Schilb & Hallegatte, 2014)

3.4.att. Ekspertu jeb “no apaksas uz aug§u” MACC pieejas klimata parmainu
samazinasanas pasakumu izmaksu efektivitates Iiknes teorétiskais piemers

Lai gan pétijumi atzimé ar1 ekspertu pieejas MACC vajas puses, pieméram, to, ka: 1)
katrs klimata parmainu samazinasanas pasakums tiek apliikots atseviski, nepietiekami nemot
vera pasakumu savstarp&jo ietekmi; 2) nem véra tehnologiskas, bet ignor€ saistitas transakciju
izmaksas; 3) ietekmi parasti noverte statiski un $auri tehnologiski, nenemot véra institucionalo
un uzvedibas modelu kontekstu (Kesicki & Strachan, 2011), autore promocijas darba izvélas
izmantot So pieeju, jo ta dod iesp€ju analizet izmaksu efektivitati nozares vai nozares segmenta
Itment, kas promocijas darba gadijuma ir lauksaimniecibas organiska augsne.

Promocijas darba autore MACC metodi izmanto, lai analizétu klimata parmainu
samazinasanas pasakumu izmaksu efektivitati lauksaimniecibas organiskas augsnes
apsaimnieko$ana Latvijas ZIZIMM sektora valsts Iimeni. Aprékini un MACC liknu
konstrukcija veikta atbilstosi klasiskajai robezsamazinajuma izmaksu analizes koncepcijai,
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1zsakot naudas izteiksmé kop¢€jas katra pasakuma ievieSanas izmaksas (pozitivas vai negativas)
par katru papildus radito CO2 ekv. samazinajuma tonnu (Chairat et al., 2022a; Eory et al., 2018),
izmantojot 3.1. apak$nodala aprakstito katra pasakuma darba matricu un 3.5. attéla redzamo
MACC aprékina modeli.
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3.5.att. Klimata parmainu samazinas$anas pasakumu MACC aprékina modelis
lauksaimniecibas organiskajai augsnei Latvija

Par katru no klimata parmainu samazinasanas pasakumiem apkopoti izmaksu (pasakumu
ievie$anas un uzturé$anas) un ienémumu dati, atbilstosi 3.1. apaks$nodala aprakstitajiem klimata
parmainu samazinaSanas pasakumu ievieSanas agrotehniskajiem, sociali ekonomiskajiem un
vides raditajiem un aprékinata izmaksu efektivitate ar un bez ekosistemu pakalpojumiem,
sagatavojot MACC datu matricu (3.6.tabula). Pozitivas izmaksu efektivitates vertibas norada
uz to, ka SEG emisiju samazinasana ir izmaksas radoSa, savukart, negativas norada uz
ekonomiskiem ieguvumiem SEG emisiju samazinasana (Eory et al., 2013).

3.6.tabula

Datu matrica klimata parmainu samazinasanas pasakumu MACC analizei
lauksaimniecibas organiskaja augsne Latvija 2022. gada

Klimata parmainu | Ekosistému SEG emisiju | Izmaksu efektivitate, EUR t* CO,

samazinasanas pakalpojuma | samazinaSanas ekv.

pasakums vertiba, EUR | potencials (25 yr), | Ar ekosistému | Bez ekosistému
ha' Mt CO; ekv. pakalpojumiem | pakalpojumiem

Agromezsaimnieciba 10959 0,1 -342,1 -3,9

Paludikultiira 13058 0,1 -393,6 3,9

ApmeZoS$ana 13058 0,2 -252,9 3,8

Aramzemes parveide 6445 0,02 -7167,7 8,0

par zalaju

Kontroleta drenaza 9627 0,05 -552,1 241

Taurinziezi 1106 0,01 -424,2 55,0

kulttiraugu rotacija

Avots: autores konstrukcija

MACC analizi autore veic divos variantos — bez un ar ekosistému pakalpojumu vértibas
klimata parmainu samazinasanas pasakumu tiraja tagadnes vertiba, attiecigi sagatavojot MACC
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I (3.8. attels) un MACC Il (3.9. attls). Ekosistéemu pakalpojumu vértibu izmantosanu MACC
analizg autore izv€las testét, ka inovativu pieeju, kas Iidz §im pétijumos nav izmantota. Sociala
aspekta ieklausana MACC analizé paplaSina analizes tvérumu un teorétiski var paplaSinat
pielietojamibas tvérumu.

MACC analizes rezultatu vizualizacija MACC | (3.8. attéls) atspogulo izvéleto klimata
parmainu samazinaSanas pasakumu CO ekv. samazinaSanas potencialu lauksaimniecibas
organiskaja augsné Latvija, atbilstosi klimata parmainu samazinaSanas izmaksam, neietverot
ekosisteému pakalpojumu vertibu, un veidojot pasakumu ranz&jumu péc to ievieSanas izmaksu
efektivitates. Autore MACC vizualizacijas klimata parmainu samazinaSanas pasakumus
sadalijusi divas grupas péc to ievieSanas veida, izdalot pasakumus, kas saistiti ar zemes
lietoSanas veida mainu no lauksaimnieciba izmantojamas zemes uz meza zemi vai
agromezsaimniecibas sisttmu un pasakumus, kas nav saistiti ar zemes lietoSanas veida mainu
(3.6. un 3.7. attels). Dalijums veikts, lai indikativi raksturotu pasakumu socialas pienemamibas
potencialu, pienemot, ka pasakumi, kuru ievieSana nav saistita ar zemes lietoSanas veida mainu,
varétu bt sociali pienemamaki raugoties no lauksaimniecibas zemes ipasnieka skatupunkta.
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Klimata parmaim samazind$anas pasakum, kas saistiti ar zemes lietoanas veida
mainu

Klimata parmaim samaziniianas pasakum, kas nav saistiti ar zemes listodanas veida
mainu

Avots: autores konstrukcija

3.6.att. Klimata parmainu samazinasanas pasakumu SEG emisiju samazinajuma
potencials un izmaksas lauksaimniecibas organiskaja augsne Latvija 2022. gada

(MACC 1)

Klimata parmainu samazinasanas pasakumu ranz&€jums bez ekosisttmu pakalpojumu
vertibas (MACC |, 3.8. attéls) norada uz pasakumu, kas saistiti ar zemes lietoSanas veida mainu
(agromezsaimnieciba, paludikultira, aomezoSana), lielaku SEG emisiju samazinaSanas
potencialu ar zemakam vienas COz ekv. tonnas samazindjuma izmaksam, starp kuriem
agromezsaimniecibas pasakums ir negativo izmaksu kategorija. Visu o pasakumu ievieSanas
gadijuma tiek audzeta koksnes biomasa, kas nozimé papildu oglekla piesaisti un kopuma lielaku
emisiju samazinasanas potencialu. Pasakumi, kuri saistiti ar zemes lietoSanas veida mainu,
atbilstosi promocijas darba izdaritajiem pienémumiem, atrodas izmaksu efektivu (aramzemes
parveide par zalaju un kontroléta drenaza) un izmaksu neefektivu (taurinziezi kultiiraugu
rotacija) pasakumu kategorija. Tiem ir mazaks SEG emisiju samazinagjuma potencials
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(pieméram, taurinzieZu ietverSana kultiraugu rotacija) un lielakas sakotn€jo investiciju
izmaksas (piemé&ram, kontroléta drenaza). Tom@r janem véra, ka ar zemes lietoSanas veida
mainu saistitie pasakumi indikativi ir ar zemaku socialo pienemamibu, Kas varétu to ievie$anai
pievienot papildus izmaksas, kas promocijas darba p&tijuma nav analiz&tas.

MACC analizes rezultati aprekinos ietverot ekosistemu pakalpojumu veértibu, atspoguloti
3.7. attéls. Saja gadijuma (MACC II) visi klimata parmainu samazina$anas pasakumi izmaksu
efektivitates Ikn€ parvirzas uz negativo izmaksu jeb ieguvuma zonu.
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Klimata pirmainu samazindianas pasSounu, kas saistii ar zemes hetofanas veida
mainu

Klimata pirmainu samazrinifanas pasikumi, kas nav saistit ar zemes lietoSanas veda
mainu

Avots: autores konstrukcija

3.7.att. Klimata parmainu samazinasanas pasakumu SEG emisiju samazinajuma
potencials un izmaksas lauksaimniecibas organiskaja augsne Latvija 2022. gada

(MACC 11)

Lai gan ekosistéemu pakalpojumi ir bitiski plasaka tvéruma vides ietekmes noveértéSanai
(Iidztekus SEG emisiju samazinajumam) (Pascual et al., 2023), ka ar1 vértgjot So pakalpojumu
nozimi klimata parmainu samazinasanas alternativu ranz&$ana (Taft, 2014), tomér to veértibas
parasti nav ietvertas MACC aprekinos. Promocijas darba tas darits ar noliku testét So pieeju,
ka rezultata autore secina, ka modificétas MACC Il analizes aprékina rezultati uzskatami par
orientgjosi informativiem, jo nematerialo vértibu monetizacijas metodologijas joprojam tiek
izstradatas un rezultati ir paklauti daudziem pienémumiem. Turklat p€tijumi liecina, ka
negativu izmaksu gadijuma MACC izmanto$ana vélams ievérot piesardzibu (Ekins et al., 2011,
Levihn, 2015; Ponz-Tienda et al., 2017; Taylor, 2012; Ward, 2014), jo: 1) var tikt parvertéts
negativu izmaksu pasakumu klimata parmainu samazinasanas potencials, neveltot pietickamu
uzmanibu pasakumiem, kuri izmaksu zina ir mazak efektivi; 2) negativu izmaksu pasakumi tiek
adekvati noverteti ka izmaksu efektivakie jeb ienakumus nesosie, bet to savstarp€jais ranZ&jums
var nebiit korekts metodes matematiska algoritma ipatnibu dél. Ta ka promocijas darba
izstrades laika nav pieejama visparatzita pieeja, ka So MACC metodes trikumu noverst, autore
pienem, ka “negativu izmaksu pasakumi” ranz&juma uztverami ka vienlidzigi. Lidz ar to
MACC II gadijuma rezultati nav tieSi interpret§jami pasakuma ranz€juma veida, bet gan
lietojami, ka norade uz nematerialo vértibu (tostarp socialo, kultiiras, vésturisko u.c.) esamibu
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un nozimi (aprékinu rezultats biitiski mainas), vérSot lémumu pienémé&ju uzmanibu uz
nepiecieSamibu apsvert $§ada veida vertibu ietverSanu politikas Iémumu pienemsanas procesos,
ka arT apsvert atbalstu talaku pétijumu veiksanai.

Promocijas darba MACC metode testéta ka Iémumu pienemSanas atbalsta riks,
koncentr&joties uz metodologisko aspektu nevis konkrétu klimata parmainu samazinasanas
pasakumu noveértéSanu ievieSanai politikas planoSana. Lémumu pienéméjiem jaapzinas, ka
mainot izdaritos pien€mumus, tostarp, ieglstot precizakus datus par pasakumu klimata
parmainu samazinasanas potencialu, lémumu pienemsanas atbalsta metozu generétie rezultati
var biitiski mainities.

P&tijumi liecina, ka viena atseviSska lémumu pienemsanas atbalsta rika, tostarp MACC
liknes, izmanto$ana lémumu pienemsana var biit ierobezojosa (Kesicki & Strachan, 2011) un ir
vélams MACC pieeju kombingt ar citam metodeém, piem&ram, kadu no daudzkriteriju lemumu
pienemsanas atbalsta metodém (Chairat et al., 2022b), ka tas darits promocijas darba.
Promocijas darba MACC analize kombinéta ar MCDA TOPSIS metodi. Neskatoties uz
metodologiskajam atSkiribam, abas metodes klimata parmainu pasakumu ranz&juma uzrada
lidzigus rezultatus. Ar zemes lietoSanas veida mainu saistitie klimata parmainu samazinasanas
pasakumi (apmeZoSana, paludikultiiras, agromezsaimnieciba) paradas ka izmaksu efektivaki un
idealajam risinajumam tuvaki. TOPSIS metode ietver socialas vertibas aspektu (kuru var attistit
talak, ja pienem attiecigu lémumu), bet ranzéSana péc MACC metodes sniedz skaidru izpratni
par izmaksu efektivitati. MCDA TOPSIS un MACC metozu kombingta izmantoSana var kalpot
par stabilu pamatu lidzsvarotu un zinatniski pamatotu lémumu pienemsanai klimata politikas
planosana lauksaimniecibas organiskas augsnes apsaimniekosanai.

3.4. SEG emisiju prognoZu simulacija klimata parmainu samazinasanas pasakumu
iespéjamas ietekmes novértesanai Latvijas klimata politikas saistibu izpildé

Leémumu pien&meji nereti ir spiesti stradat lielas nenoteiktibas apstaklos, 1pasi, ja ir runa
par ilgtermina ietekmém, ietekmju sekam un politikas planoSanu, ka tas ir klimata politikas
gadijuma (Ascher, 2004). Klimata parmainu prognozésanai izstradati globali un regionali
modeli (Knutti et al., 2010; Oo et al., 2019; Randall et al., 2007 u.c.), kuru rezultatus regulari
apkopo dazada veida starptautiskos zinojumos, starp kuriem pazistamakiem ir [PCC zinojumi,
un izmantoti klimata parmainu samazinasanas politikas mérku noteikSana. lespg&jamo attistibas
scenariju planoSana un to ietekmes aprékinaSana ir viena no biezi lietotam pieejam, kas lauj
visa veida ieinteres€tajam pusém nemt veéra dazadas attistibas iesp€jas, ieskaitot tas, kas ir
diskutablas organizatorisku, socialu vai politisku iemeslu dél, ka arT akceptét fundamentalo
nenoteiktibu, kas saistas ar ilgtermina prognozém (Doukas & Nikas, 2020).

Promocijas darba analizéto klimata parmainu samazinaSanas pasakumu potencialas
ievieSanas radita SEG emisiju samazinajuma prognozu simulacijas sagatavosanai izdariti $adi
pien€mumi: 1) nemot veéra ES un Latvijas klimatneitralitates merki Iidz 2050. gadam (plasak
aprakstits darba 1.3. apakSnodala), prognozés planots maksimalais tehniskas ievieSanas
potencials no 2025. Iidz 2050. gadam visiem pétjjuma izvéletajiem klimata parmainu
samazinasanas pasakumiem lauksaimniecibas organiskas augsnes apsaimniekoSana, apzinoties,
ka pasakumu pakapeniskakas ievieSanas pieeja varétu izlidzinat SEG emisiju prognozu liknes,
bet nemainitu kop€jos rezultatus; 2) SEG emisiju prognozu simulacija veikta Latvijas ZIZIMM
sektoram (ta aramzemes un zalaja kategorijam), lai gan ietekme uz SEG emisiju prognozém
pasakumu ievieSanas gadijuma biitu v€rojama ari SEG inventarizacijas lauksaimniecibas
sektora saistiba ar apsaimniekotas organiskas augsnes platibu samazinajumu zemes lietoSanas
veida mainas gadijuma. Autore izvelas SEG emisiju prognozu simulaciju veikt ZIZIMM
sektoram (aramzemes un zalaju kategorijas), jo darba meérkis ir izstradat priekslikumus
lauksaimniecibas organiskas augsnes apsaimniekoSanas uzlaboSanai, koncentrgjoties uz
lémumu pienemsanas iesp&ju nevis konkrétu pasakumu ietekmes novertésanu, ka art saistiba ar
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darba apjoma ierobezojumiem; 3) SEG emisiju prognozu simulacija veikta, par bazes scenariju,
izmantojot Latvijas 2023. gada sagatavoto SEG emisiju prognozu WAM scenariju ZIZIMM
sektoram (Ministry of Climate and Energy of Latvia, 2023).

SEG emisiju prognozu simulacijai izmantotie dati sistematizeti 3.7.tabula.

3.7.tabula

Datu matrica SEG emisiju prognoZu simulacijas sagatavosanai Latvijas ZIZIMM
sektora aramzemes un zalaju kategorijas 2023. gada

Klimata parmainu | Pasakuma | Pasakuma | Pasakuma Pasakuma Pasakuma

samazinasanas ievieSanas | ievieSanas | SEG emisiju | SEG emisiju | SEG emisiju

pasakums platiba, platiba 25 | samazinaSanas | samazinaSanas | samazinasanas

hayr? yr, ha potencials, t | potencials, t | potencials, t

CO: ekv. yrt | COzekv.yr? CO:zekv. 25 yr
ha*

Aramzemes parveide 369 9235 2,7 997 24935

par zalaju

Kontroléta drenaza 369 9235 5,4 1995 49869

Taurinziezi 369 9235 0,8 296 7388

kultiiraugu rotacija

Agromezsaimnieciba 369 9235 10,4 3842 96044

ApmezZoSana 369 9235 16,6 6132 153301

Paludikultiira 369 9235 10,7 3953 98815

Avots: autores veidots

Pienemts (pienémuma plasaks skaidrojums sniegts darba 3.1. apaksnodala), ka ikgadgjas
apsaimnieko$anas izmainas skar 2216 ha lauksaimnieciba izmantotas organiskas augsnes jeb
55 350 ha 25 gados. Kopgjais kumulativais promocijas darba analizéto klimata parmainu
samazinasanas pasakumu SEG emisiju samazinaSanas potencials S$aja pétjjuma veikto
pienémumu gadijuma 25 gados ir 430,2 kt CO, ekv. Klimata parmainu samazinasanas
pasakumu SEG emisiju samazinaSanas potencials savstarp&ja salidzinajuma atspogulots 3.10.
attela. AtbilstoSi izdaritajiem pien€émumiem, pec proporcijas bitiskakais SEG emisiju
samazinajums panakams veicot lauksaimniecibas organiskas augsnes apmezosanu (35%), kam
seko paludikultiiras ierikoSana stadot melnalksni un bérzu (23%), ka ari agromeZsaimniecibas
sistémas ierikoSana lauksaimniecibas organiskaja augsné veidojot atraudzigu kokaugu un
zalaugu ekosistemu (22%). Tomer janem veéra, ka Sie pasakumi ir saistiti ar zemes lietoSanas
veida pilnigu vai dal€ju mainu no ierasti apsaimniekotas lauksaimniecibas zemes uz meza zemi
vai zemi, kura audzé kokaugus kombinacija ar lauksaimniecibas kultiraugiem. Promocijas
darba nav veikts ieintereséto pusu attiecksmes novert&jums, bet pétijumi liecina, ka sociali
psihologiskie un sociali ekonomiskie faktori biitiski iespaido zemes Tpasnieku lémumus, tostarp
par zemes lietoSanas vai saimniekoSanas veida mainu, tapat ka zinaSanas par klimata parmainu
procesiem (Pascual et al., 2023), ka rezultata, politisko lémumu TstenoSana var tikt kavéta, ja
tiem neseko pietiekams izglitojoSais darbs un nav pietiekami nemtas véra zemes 1pasnieku
specifiskas vajadzibas un mérki (Van Den Berg et al., 2023), pieméram, turpinat ierasto
lauksaimniecibas praksi. Klimata parmainu samazinasanas pasakumu, kuru ievieSanas
gadijuma netiek veikta zemes izmantoSanas veida maina, sociala pienemamiba zemes Tpasnieku
vidi var€tu but augstaka, bet kopgjais klimata parmainu samazinaSanas potencials veido
salidzinosi nelielu dalu (20%) no kopgja analiz&to pasakumu potenciala.
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3.8.att. Lauksaimniecibas organiskas augsnes klimata parmainu samazinasanas
pasakumu SEG emisiju samazinaSanas potenciala savstarpejs salidzinajums Latvija
2023. gada

Janpem véra, ka Stim SEG emisiju samazindjuma veértibam ir ilustrativs raksturs, jo
promocijas darba 3 . nodala parbauditas daudzkrit€riju 1émumu pienemsanas un izmaksu
efektivitates analizes metodes organiskas augsnes apsaimnieko$anas lémumu pienemsana nevis
novertéts konkréto pasakumu SEG emisiju samazinasanas potencials. Sada veida analize — ar
mérki noveértét realo SEG emisiju samazinajuma potencialu — biitu javeic turpmakajos
pétijumos, kad pasakumiem ir pieejami regionali SEG emisiju merfjumu dati un aprékinati
regionali SEG emisiju faktori, pieméram, projekta LIFE OrgBalt.

Promocijas darba SEG emisiju prognozu simulacija veikta tris alternativiem scenarijiem,
tos planojot 55 405 ha mérka platiba (mérka platibas izveles pamatojums skaidrots darba 3.1.
apakSnodala):

1) 1. scenarijs “Pilniga ievieSana”, paredzot visu darba analizéto klimata parmainu

samazinasanas pasakumu vienlaicigu ievieSanu (izpemot “taurinziezi kultiraugu
rotacija”, jo tas jau ir ietverts bazes scenarija) to ievieSanas tehniska potenciala

apjoma;
2) 2. scenarijs “Bez zemes izmantoSanas veida mainas” ietver divu klimata parmainu
samazinaSanas pasakumu TistenoSanu — ‘“aramzemes parveide par zalaju” un

“kontroléta drenaza”. TreSais “bez zemes izmantoSanas mainas” pasakums
“taurinziezi kultiiraugu rotacija” netika ieklauts S$aja scenarija, lai izvairitos no
dubultas uzskaites, jo pasakuma ietekme jau ir ieklauta Latvijas 2023. gada sagatavoto
SEG emisiju WAM scenarija lauksaimniecibas sektora;

3) 3. scenarijs “Ar zemes izmantoSanas Veida mainu” ietver tris klimata parmainu
samazinaSanas pasakumu ievieSanu, kuri TOPSIS analizg identificéti ka tuvakie ideali
pozitivam risinajumam un MACC analizé ranZeéti ka izmaksu efekfivakie. So
pasakumu TstenoSana ierosina zemes lietojuma mainu no lauksaimniecibas zemes uz
meza zemi (pasakumi “Apmezosana” un “Paludikultiira”) vai agromeZzsaimniecibas
sist€ému (pasakums “Agromezsaimnieciba”).
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3.9.att. ZIZIMM sektora SEG emisiju prognozu simulacija potencialas klimata
parmainu samazinasanas pasakumu ievieSanas gadijuma tris scenarijos Latvija

Prognozu simulacijas rezultati (3.9. attéls) liecina, ka ievieSot klimata parmainu
samazinasanas pasakumus lauksaimniecibas organiskas augsnes apsaimnieko$ana promocijas
darba izveletaja merkplatiba, lauksaimniecibas organiskas augsnes apsaimniekoSanas raditas
SEG emisijas ZIZIMM sektora visvairak samazinas 1. scenarija un 3. scenarija realizacijas
gadijuma, kas saistits ar oglekla piesaisti kokaugu biomasa un zemes izmanto$anas veida
mainu. Savukart, 2. scenarija 1stenosana jeb divu zemes lietoSanas veida mainu neizraisoSu
pasakumu ievieSana emisiju Iikni butiski nemaina. Ta ka bazes scenarijs ir Latvijas nacionalo
SEG emisiju prognozu WAM apréekini (2023. gada iesniegums), planotie pasakumi veido
klimata parmainu samazinasanas pienesumu virs pasreizgja politikas uzstadijuma, to ievieSanai
bitu nepiecieSami papildus politiskie stimuli.

Aprekinos izmantotais klimata parmainu samazinaSanas pasakumu ievieSanas potencials
planots tehniski istenojama maksimuma jau no pirma TstenoSanas gada (2025. gada), jo gan
starptautiska, gan ES un nacionala Itment ir steidzami jarod risinajums, ka virzities uz saistosa
klimata neitralitates mérka sasniegSanu (Calvin et al., 2023).

Pienemot, ka 3. scenarija pasakumus ievie§ visa lauksaimniecibas organiskas augsnes
platiba Latvija jeb 158 320 ha (atbilstosi 2022. gada Latvijas Nacionala siltumnicefekta gazu
inventarizacijas zinojuma datiem) katru gadu 6329 ha vienada attieciba starp trijiem 3. scenarija
pasakumiem, panakams ZIZIMM sektora SEG emisiju samazinajums (3.10. attéls), tomér SEG
emisijas joprojam ir pozitivas. Respektivi, ar 3. scenarija pasakumu ieviesanu lauksaimniecibas
organiskas augsnes apsaimniekoSana Latvija lidz 2050. gadam ZIZIMM sektora nav
nodroSinatas negativas SEG emisijas jeb piesaiste (atbilstoS$i promocijas darba lietotiem
pien€émumiem).

64



4500

3500

kt CO, eq.
2500

500

Vgl o~ ==} (=2} = — o =T Wy o - o0 [=2) (=3 vt [ o =t wy o - o0 = =2

o ol ol o o o o o o o o o o o© o = == b = = = =T =T == = W

(=3 (=} (=] (=3 (=3 (=1 (=] (=1 (=3 (=] (=] (=] = (=1 (=1 (=] o o (=1 = (=] (=1 (=1 (=1

(o} o (o] (o] (o} (o} (] (] ol (o] (o} (o] (] ol ol (o] (o} (o] (] ol o (o} (] (o} (o] o
Gads

—ZIZIMM bizes scendrijs
= =3, scenarijs "Ar zemes izmanto$anas veida mainu", mérkplatiba 158 320 ha 25 gadu laika

Avots: autores veidots

3.10.att. ZIZIMM sektora SEG emisiju prognoZu simulacija, pienemot, ka 3. scenarija
pasakumus ievie§ visa lauksaimniecibas organiskas augsnes platiba Latvija

Promocijas darba nav analizéta politikas planoSanas instrumentu dazadiba, bet lémumu
pienéméjiem ir iespgjas izmantot komplicétu instrumentu un stimulu kopumu (Capano &
Howlett, 2020), tostarp ES jauno zalas uznémgjdarbibas iniciativu par ogleklsaistigo
lauksaimniecibu (European Commission, 2021), lai sasniegtu maksimalo klimata parmainu
samazinasanas pasakumu ievieSanas tehnisko potencialu papildus cita veida politikas
intervencém. SEG emisiju prognozu simulacijas rezultati (3.9. un 3.10. attéls) norada uz iesp&ju
samazinat ZIZIMM sektora SEG emisijas, mainot lauksaimniecibas organiskas augsnes
apsaimniekosanu Latvija, kas potenciali sniegtu ieguldijumu valsts klimata politikas merku
sasniegSana lidz 2050. gadam.
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GALVENIE SECINAJUMI

Latvijas klimata politikas galvenais mérkis — sasniegt klimatneitralitati, kompensgjot
nesamazinamas antropogénas SEG emisijas ar CO; piesaisti ZIZIMM sektora — ir tiesa veida
saistits ar lauksaimniecibas organiskas augsnes apsaimniekoSanu, ta sasniegSana var nebut
iesp&jama bez biitiska lauksaimniecibas organiskas augsnes SEG emisiju samazinajuma.
Lauksaimniecibas organiskas augsnes apsaimniekoSanas politika veidojas klimata parmainu
Latvijas politiku organiskas augsnes apsaimniekoSanas joma virza starptautiskas un ES
politiskas norises. Lauksaimniecibas organiskas augsnes apsaimniekoSanas politiska
aktualitate kops 2013. gada ir nemainigi augsta.

2012. - 2020. gada promocijas darba izv€letaja lauksaimniecibas organiskas augsnes izpé&tes
platiba (aptuveni 30% no kopgjas Latvijas organiskas augsnes platibas lauksaimniecibas
zemg€) notikusas organiskas augsnes apsaimniekoSanas izmainas nav ne izteikti veicinajusas,
ne izteikti kav&jusas klimata parmainu samazinasanu, jo ilggadigo stadijumu (ogulaji, auglu
koki un karkli) un zalaja (atmata un dazada veida zalaugi) platibas palielinasanas (attiecigi
par 66,1% un 61,9%) vert§jama ka pozitiva, SEG emisijas samazinosa tendence, bet
vienlaikus noticis arT pretgjais process, par 32,2% palielinoties graudaugu, ellas augu un
kukurtizas platibai, turklat graudaugu, ellas augu un kukuriizas platiba doming péc kopgja
Ipatsvara.

Latvija triikkst datu par organiskas augsnes apsaimniekoSanu, netiek veikts apsaimniekoSanas
veida monitorings, kas ir biutisks priekSnoteikums mérktiecigai klimata parmainu
samazinasSanas politikas TstenoSanai. Gan faktoru, gan klasteru analizes rezultati 2012. —
2020. gadam liecina par to, ka ES atbalsts organiskas augSnes apsaimnieko$ana nav bijis
saistits ar faktiskajiem agroekologiskajiem apstakliem vai augsnes Tpasibam, tad¢jadi netiek
nodros$inats tas, ka organiskas augsnes apsaimniekosanas prakse dotu iespgju virzities uz
valsts klimata parmainu samazinaSanas mérku sasniegSanu.

Integreta MCDA TOPSIS un MACC metozu izmantoSana var sekmét Iidzsvarotu un
zinatniski pamatotu lémumu pienemsanu lauksaimniecibas organiskas augsnes
apsaimniekoSana. Metodes ir relativi viegli piemé&rojamas, nepiecieSama salidzinosi viegli
ieglistama ievades datu kopa un tas kompensé viena otras trikumus. TOPSIS vértgjuma
iesp&jams ietvert socialo vértibu aspektu, bet MACC metodes sniegtais klimata parmainu
samazinasanas pasakumu ranZ&€jums nodroSina skaidru sapratni par izmaksu efektivitati.
Gan MCDA TOPSIS, gan MACC metozu pielietosanas rezultati norada uz zemes lietojuma
veida mainu izraisoSiem klimata parmainu samazinasanas pasakumiem (apmezo$ana,
agromezsaimnieciba, paludikultiira), ka tuvakajiem idealajam risinagjumam, nemot véra SEG
emisiju samazinaSanas potenciala un ekosistému pakalpojumu vértibas kombinéto ietekmi.
Tomér jauzsver, ka abas metodes ir jiitigas pret pienémumu un SEG emisiju samazinasanas
potenciala datu izmainam.

SEG emisiju prognozu simulacija norada uz nozimigu klimata parmainu samazinasanas
potencialu, kas Latvija nav izmantots lauksaimniecibas organiskas augsnes
apsaimniekosana, bet var dot ievérojamu ieguldijumu valsts klimatneitralitates mérka
sasniegSana lidz 2050. gadam, vienlaikus turpinot produktivu lauksaimniecibas zemes ar
organisko augsni apsaimniekoSanu.

Tadgjadi promocijas darbam izvirzita hipotéze — zinatniski pamatota un aprékinos bazéta
organiskas augsnes apsaimnieko$anas lémumu pienemsana sekmé Latvijas klimata politikas
mérku sasniegSanu — ir pieradita, petijumam izvirzitais mérkis ir sasniegts un noteiktie darba
uzdevumi ir izpilditi. legiitie pétijuma rezultati apstiprina, ka kvantitativas 1€mumu
pienemsSanas atbalsta metodes ir efektivi pielietojamas planojot izmaksu efektivu SEG
emisiju samazinaSanu lauksaimniecibas organiskas augsnes apsaimniekoSana Latvija,
sekmgjot Latvijas klimata parmainu samazinasanas mérku sasniegSanu.
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PROBLEMAS UN PRIEKSLIKUMI TO RISINASANAI

1. probléma.

Neskatoties uz lauksaimniecibas organiskas augsnes apsaimniekosanas nozimigo lomu
virziba uz Latvijas klimata politikas mérku sasniegSanu, Latvija netiek veikts regulars
lauksaimniecibas organiskas augsnes apsaimniekoSanas un apsaimniekoSanas attistibas
tendencu monitorings. Nav pieejama aktuala informacija par to, ka organiska augsne tiek
apsaimniekota, Iidz ar to politikas veidotajiem un pé€tniekiem trikst bazes informacijas —
attiecigi politikas lémumu un pétniecisko priekslikumu sagatavoSanai.

Problémas risinajuma priekslikums:

Lai nodro$inatu regularu (v€lams ikgad&ju) lauksaimniecibas organiskas augsnes
apsaimniekoS$anas un apsaimnieckoSanas attistibas tendenc¢u informacijas ieguvi Latvija, kas
dotu iesp&ju izmantot aktualu un pilnigu datu materialu, savlaicigi planot zemes izmantoSanas
politikas attistibu un nepiecieSamo izpéti, biitu nepiecieSams:

1) ZM ieklaut regularu organiskas augsnes apsaimniekoSanas informacijas ieguvi
lauksaimnieciba izmantojamo zinatnes pétijumu darba uzdevumos. Iesp&jams, ka
dalu no lauksaimniecibas attistibas prognoz&Sanas sisteémas;

2) ZM sadarbiba ar LAD nodro$inat lauksaimniecibas organiskas augsnes
apsaimniekoSanas informacijas ieguvi un uzturéSanu Lauku registra datu bazg,
tadgjadi nodrosSinot valsts informacijas sisttmu maksimali efektivu izmantoSanu
valstij nozimigu problému risinaSana, tostarp veidojot un regulari atjauninot datu bazi
organiskas augsnes apsaimniekosanas analizei.

2. probléma.

Promocijas darba rezultati liecina, ka Latvija nav mérktiecigas un pé&tniecibas datos
balstitas lauksaimniecibas organiskas augsnes apsaimniekoSanas politikas. Lidz§ingjie atbalsta
pasakumi (pat, ja to mérkis ir mazinat klimata parmainas) nav mérktiecigi versti uz klimata
parmainu samazinasanu lauksaimniecibas organiskas augsnes apsaimniekoSana. Turpmaka
saimnieciskas darbibas attistiSana lauksaimniecibas organiskaja augsné bez skaidras politikas
un mérktiecigi veérstiem pasakumiem bitiski kavétu Latvijas klimata politikas mérku
sasniegSanu gan 2030., gan turpmakajos gados.

Problémas risinajuma priekslikums:

Rekomendgjama lauksaimniecibas organiskas augsnes apsaimniekoSanas perspektivas
maina orientgjoties uz merktiecigaku parvaldibas praksi, izmantojot p&tniecibas datus, tapec
nepieciesams:

1) ZM un tas sadarbibas partneriem izvertét iesp&ju Latvijas KLP Stratégiska plana
2023. — 2027. gadam ikgadgja snieguma novertésanas laika papildinat LA 7.1
intervenci “leguldijumi meza ieaudz&Sanai, nomainai, atjaunosSanai un retinasanai”,
nosakot paaugstinatu atbalsta intensitati organiskas augsnes apmezoSanai (tostarp
meza paludikultirai), tad€jadi So intervenci tiesi attiecinot uz SEG emisiju
samazinaSanu organiskas augsnes apsaimniekosana;

2) ZM apsvert nacionala atbalsta iesp€jas klimata parmainu samazinasanas pasakumu
ievieSanai organiskas augsnes apsaimniekoSana, ka ari, stradajot pie ES standarta
oglekla piesaistes sertifikacijai un ES Dabas atjaunoSanas regulas priekslikuma,
uzsvert Latvijas situaciju organiskas augsnes apsaimniekoSanas joma un iesp&ju
robezas nodrosinat nacionali identificéto klimata parmainu samazinaSanas pasakumu
ietverSanu  dabas  atjaunoSanas prakSu (restoration) un ogleklsaistigas
lauksaimniecibas (carbon farming) pasakumu kopuma;

3) ZM un KEM ministrijam turpinat un iesp&ju robezas intensificét atbalstu nacionalu
pétijumu veikSanai par organiskas augsnes SEG emisiju plismu dazadu
apsaimniekoSanas scenariju gadijuma.
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3. probléma.

Latvija SEG emisiju samazinaSanas pasakumu ietekmes noveértéSanai un SEG emisiju
prognozu scenariju sagatavosanai netiek izmantotas kvantitativas Iémumu pienemsanas atbalsta
metodes un trikst kvantificeétu datu lauksaimniecibas organiskas augsnes klimata parmainu
samazinasanas pasakumu ietekmes novertéSanai un izmaksu efektivitates aprékinasanai.

Problémas risinajuma priekslikums:

Politikas planoSana rekomend€jama I[émumu pienemsanas atbalsta metozu izmantoSana,
kas lieto vietgji iegiitus datus par alternativu augsnes apsaimniekosanas veidu klimata parmainu
samazinasanas ietekmém, vietgjiem apstakliem raksturigus agrotehniskos un ekonomiskos, ka
arT socialas ietekmes raditajus. Atbilstosi promocijas darba secinajumiem, ieteicama vairaku
lémumu pienemSanas metoZzu kombinéta izmantoSana, pieméram, $aja petijuma lietoto MCDA
TOPSIS un MACC kombinacija, tade] ieteicams:

1)

2)

ZM turpmak, stradajot pie papildus pasakumu izvéles ietverSanai nacionalajos
politikas planoSanas dokumentos (ES KLP planosanas dokumenti, Nacionalais
energétikas un klimata plans, atseviS$ku apakS$sektoru attistibas strat€gijas un citi)
sadarbiba ar nozaru ekspertiem, lémumu pienemsanai izmantot aprobétas Iémumu
pienemsanas atbalsta metodes, pieméram MACC analizi un MCDA TOPSIS modeli.
Regulari (reizi divos gados, kas sakrit ar SEG emisiju prognozu sagatavosSanas ciklu)
nodros$inat l@mumu pienemsSanas modelos izmantoto raditaju atjaunoSanu atbilstosi
aktualajai sociali ekonomiskajai situacijai;

KEM izskatit iesp&ju papildinat Ministru kabineta 2022. gada 25. oktobra noteikumus
Nr. 675 “Siltumnicefekta gazu inventarizacijas sist€mas, prognozu siste€mas un
sistémas zinoSanai par pielagoSanos klimata parmainam izveidoSanas un uzturéSanas
kartiba” ar nosacijumu SEG emisiju prognozu sagatavo$anas nacionalas sistémas
dalibniekiem lauksaimniecibas un ZIZIMM sektoriem (LBTU un LVMI “Silava”)
sadarbiba ar Klimata un energétikas ministriju sagatavojot siltumnicefekta gazu
prognoZzu, ricibpolitiku un pasakumu aprakstu atbilstosi regulas 2018/1999 un regulas
2020/1208, ka arT klimata konvencijas un Parizes noliguma prasibam nacionalo
zinojumu un divgadu parskatu izstradei, taja ietvert arl informaciju par klimata
parmainu samazinasSanas pasakumu ietekmes noveértéSanai izmantotajam lémumu
pienemsSanas analizes metodém un to rezultatiem.
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INTRODUCTION

Sustainable development of sectors and the overall economy in today's world is
impossible without integrating efforts to reduce climate change in national and sectoral—level
development planning documents and actions. Climate change mitigation and adaptation are
key challenges for sustainable development in the 21% century (United Nations General
Assembly, 2015). The concentration of greenhouse gas emissions in the atmosphere has
continuously increased since the beginning of the Industrial Revolution in the early 17th
century, linked to unsustainable energy use, changes in lifestyle and consumption, as well as
unsustainable land use and changes in land use practices, clearly leading to global warming
(Calvin et al., 2023). Despite the global political decisions adopted to mitigate climate change
and the nationally declared efforts (Nationally Determined Contributions), there is still a gap
between the projected volume of greenhouse gas emissions and the goal of the 2015 Paris
Agreement of the United Nations Framework Convention on Climate Change to keep the global
average temperature increase significantly below 2 °C compared to the pre—industrial levels
and strive to limit the rise to 1.5 °C (Calvin et al., 2023). Climate change does not stop at
national administrative borders; unified action is necessary. The European Union has identified
climate change reduction as one of its main priorities in foreign policy, expressing its
commitment to strengthening climate and energy diplomacy (Council of the European Union,
2023). At the same time, the European Union has declared climate change reduction as an
internal policy priority, committing to achieve climate neutrality in the European Union by
2050, transforming into a fair and prosperous society with a modern and competitive economy
(European Council, 2019).

European Union member states, including Latvia, develop national policy planning
documents to determine the direction at the national level towards achieving the common goal
of European Union climate neutrality. In 2020, Latvia approved the informative report "Latvia's
Strategy for Achieving Climate Neutrality by 2050" (Cabinet of Ministers of the Republic of
Latvia, 2020). Considering the observed and projected trends in greenhouse gas emissions,
climate change mitigation is acknowledged globally and regionally as highly challenging and
impossible without implementing nature—based solutions and involving scientific research.
This involves integrated collaboration between researchers in natural and social sciences (Malhi
et al., 2020). The required solutions vary for each region and country. Still, both global and
European Union climate policy planning documents and Latvia emphasize the significant role
of peat or organic soil and the specific management of agricultural organic soil in achieving
climate change reduction goals. In Latvia, the management of agricultural organic soil is one of
the significant sources of greenhouse gas emissions on agricultural land. Despite occupying
approximately 7% of Latvia's agricultural land area, the emissions from organic soil exceed
30% of agricultural land greenhouse gas emissions (LEGMC, 2022b). Although the area
covered by organic soil is relatively small, its management is socially and economically
significant, impacting approximately 48% of all Latvian rural farms to some extent (Pilvere,
2017). Reducing greenhouse gas emissions caused by the management of agricultural organic
soil is crucial for achieving the European Union's climate neutrality goal (European
Commission, 2022a). Furthermore, achieving Latvia's climate policy goals is not feasible
without proactive and targeted planning and implementing of climate change reduction
measures in managing agricultural organic soil (Cabinet of Ministers of the Republic of Latvia,
2020).

Research on agricultural organic soils has seen parallel development in the ecological and
economic research domains globally and at the national level. Studies on the ecology and
biophysical properties of peat or organic soils have been conducted both worldwide (Hiraishi
et al., 2014) and in Latvia (Lazdins et al., 2021; Lazdins et al., 2016; Licite & Lupikis, 2020,
etc.). However, there has been rare analysis of how the obtained results could be utilized in
policy planning and what the implementation potential of recommendations, considering socio—
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economic aspects, even though the perspective and challenges of ecological and economic
development in the 21 century are more intertwined than ever before (Sdderqvist, 2011).
Scientific research on sustainable development primarily focuses on natural sciences, while
economic research often occurs separately from exploring challenges in sustainable
development (Polasky et al., 2019). Research in natural sciences demonstrates technological
possibilities for sustainable development, including climate change mitigation. However,
contemporary society's most significant challenge is ensuring that bio—physically proven
innovations are effectively implemented, navigating a complex economic, political, and social
environment (Tallis et al., 2018). This complexity may contribute to the ongoing struggle for
successful climate change mitigation. Integrating biological sciences and social sciences, along
with applying insights from social and human sciences in implementing technological solutions
for climate change mitigation, is a way to find truly effective solutions and change societal
concepts (Nightingale et al., 2020).

In the decision—making process, including in the fields of climate and agriculture policy,
there is a lack of quantified data usage approaches and analysis of social impacts (Will et al.,
2020). Policy decisions are often made without sufficient process evaluation, relying on
emotionally driven rather than data—driven and calculated conclusions (Huber et al., 2018). This
makes the implementation of decisions less effective and formal. In the European Union,
measures to reduce greenhouse gas emissions from managing agricultural organic soils are
included in the policy planning documents of Sweden, Finland, Denmark, Luxembourg, and
Germany. However, the potential for emission reduction is often not quantified (European
Commission. Directorate General for Climate Action. & IEEP., 2018), and the scope of
implementation and impact on reducing greenhouse gas emissions is unclear. In Latvia, there
is a lack of information on cost—effective climate change mitigation measures (Licite &
Popluga, 2022a), as well as possibilities for quantifying and ranking the impact of measures.
This would enable policymakers to implement scientifically based solutions. Therefore, the
author chooses to conduct an in—depth study of the management of agricultural organic soils
and climate change mitigation possibilities in Latvia. This involves an integrated analysis of
organic soil management's biophysical and socio—economic aspects. The research also proposes
a quantitative data usage approach to support decision—making in achieving the goals set for
the doctoral thesis.

Based on the assessment of the situation, the scientific hypothesis of the doctoral thesis
has been formulated — scientifically justified and calculation—based decision—-making on the
management of organic soils contributes to the achievement of Latvia's climate policy goals.
The objective of the doctoral thesis is to develop proposals for improving the agricultural
organic soil management decision making to promote the achievement of Latvia's climate
policy objectives.

To achieve the set objective, the tasks are formulated as follows:

1) investigate the main theoretical and political aspects of organic soil management in

agriculture for mitigating climate change;

2) evaluate the practice of organic soil management in Latvian agriculture and identify
potentially cost—effective measures for reducing climate change;

3) assess and compare the cost—effectiveness of the identified climate change mitigation
measures, preparing proposals for decision—-making in organic soil management in
agriculture.

The research object is organic soil in Latvian agriculture, while the research subject is

the management of the agricultural organic soil for the reduction of climate change.

To fulfil the tasks of the doctoral thesis, the author employs various research methods:

1) comparative analysis and synthesis methods are used to identify and analyze the
theoretical aspects of organic soil management in agriculture. This involves utilizing
information from scientific sources, policy documents, and normative repositories;

70



2) graphic and spatial analysis (ArcGIS software) is applied to analyze organic soil
management in Latvian agriculture and reflect the obtained results;

3) statistical analysis methods (correlation, factor, and cluster analysis using IBM SPSS
Statistics 26 (Statistical Package for Social Sciences)) are utilized to analyze the
correlations between agricultural support policies and organic soil management. This
includes determining complex factors that explain the interconnections of different
types of organic soil management and categorizing various groups of organic soil
based on the impact of these complex factors on management practices;

4) expert interviews are conducted to select climate change mitigation measures by
interviewing leading scientific experts from the Baltic States and Finland. This
process considers the potential climate change mitigation contribution and cost—
effectiveness of the measures;

5) the multi—criteria decision—making analysis method TOPSIS and the cost—
effectiveness analysis method MACC are employed for the mutual evaluation and
ranking of climate change mitigation measures. This also involves assessing the
potential impact of these measures on reducing climate change through the simulation
of greenhouse gas emissions projections.

The execution of the specified tasks and the achievement of the doctoral thesis's objective

involve the use of various data sources and materials:

For task execution, scientific publications indexed in international scientific literature
databases in agriculture and climate policy, greenhouse gas emission calculations, assessment
of the impact of climate change mitigation measures, decision—making analysis, and support
areas have been utilized. The exploration of policy and normative environments has relied on
sources such as the Official Journal of the European Union (EUR-Lex), the legislative portal
of the Republic of Latvia (Likumi.lv), the policy planning information system database
(POLSIS) of the Republic of Latvia, and the database of documents and decisions of the United
Nations Framework Convention on Climate Change and documents available on various
institutions' websites.

To characterize and evaluate Latvia's agricultural organic soil management practices in
correlation with received agricultural support, the Rural Support Service of the Republic of
Latvia Rural Land Register Information System and the State Plant Protection Service's soil
agrochemical research database have been used. For characterizing the agro—technical, socio—
economic, and environmental indicators of the implementation of climate change mitigation
measures, gross coverage data prepared by the Latvian Rural Advisory and Training Center,
publications, market price information from various online sources, the databases of Economics
of Ecosystem and Biodiversity, the Ecosystem Service Value Database, and the Republic of
Latvia State Treasury discount rate calculator have been employed.

Research Limitations

Organic soil in Latvia can be found in both agricultural and forest land. In a doctoral
thesis, the author analyzes agricultural organic soil, meaning organic soil in agricultural land.
There are two types of organic soil — nutrient-rich (minerotrophic) and nutrient—poor
(ombrotrophic) organic soil. Nutrient—poor organic soil is mainly found in cultivated peat bogs.
In contrast, nutrient—rich organic soil makes up the rest of the agricultural organic soil area, the
management of which produces the most significant amount of greenhouse gas emissions. The
thesis researches nutrient—rich (minerotrophic) agricultural organic soil, justifying such a
choice because this soil group dominates agricultural land in terms of area and the proportion
of greenhouse gas emissions generated. The doctoral thesis research was carried out at the
national level of Latvia. However, the developed approach to assessing the impact of measures
to reduce climate change can also be used at the regional level or in neighbouring countries of
Latvia with appropriate adjustments.

Novelty and Scientific Significance
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The doctoral thesis possesses scientific and practical novelty in Latvia. The author has
conducted a comprehensive assessment of the impact of climate change on agricultural organic
soil and the possibilities for mitigating this impact. With the developed proposals, the author
suggests ways to improve decision—making regarding managing agricultural organic soil and
encourages further scientific research. Recommendations have been formulated for assessing
and prioritising measures to mitigate climate change's impact on agricultural organic soil. This
involves using a relatively uncommon quantitative data approach in Latvia and combining
innovative decision—support methods. The testing of ecosystem service values in calculating
the cost—effectiveness of climate change mitigation measures, utilizing the marginal abatement
cost curve method, represents a scientific research innovation in Latvia.

Economic Significance

The results of the doctoral thesis on climate change mitigation measures in the
management of agricultural organic soil are practically applicable at both the national and rural
farm levels for economic decision—making and development planning.

In the case of non—compliance with national climate policy goals, the country may face
financial sanctions, negatively impacting economic development. The implementation of the
proposals from the doctoral research, in the author's opinion, could significantly promote the
reduction of greenhouse gas emissions resulting from the management of agricultural organic
soil and contribute to the achievement of Latvia's climate change mitigation policy goals.

Theses Put Forward to be Defended

1) Agricultural organic soil plays a significant role in developing agricultural and climate
policies.

2) Latvia's agricultural policy in organic soil management is not oriented towards
achieving the national climate change mitigation goals. Choosing cost—effective
climate change mitigation measures in managing agricultural organic soil is possible.

3) Using quantitative decision support methods provides the opportunity to plan cost —
effective reduction of greenhouse gas emissions in managing agricultural organic soil,
thereby contributing to achieving Latvia's climate change mitigation goals.
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1. THEORETICAL AND POLITICAL ASPECTS OF AGRICULTURAL
ORGANIC SOIL MANAGEMENT FOR CLIMATE CHANGE
MITIGATION

The chapter has a volume of 33 pages, including 5 figures and 6 tables. The thesis put
forward: agricultural organic soil holds a special significance in the development of
agricultural and climate policies. In the first chapter of the doctoral thesis, an exploration of
the phenomenon, distribution, and socio—economic importance of agricultural organic soil is
conducted. The focus is particularly on the analysis of policy processes and research results
related to the awareness of the impact of agricultural organic soil on climate change and the
theoretical aspects of its assessment. The period covered in the analysis of policy processes in
the doctoral thesis is from 1994 to 2022. Therefore, the processes related to agricultural organic
soil reflect the state of affairs until the third quarter of 2022, providing a comprehensive
overview of the situation in the year 2023.

1.1. Phenomenon of Agricultural Organic Soil and its Socioeconomic Role

Soil is the largest terrestrial carbon reservoir, with a total accumulation that exceeds three
times the above—ground biomass and more than twice the atmospheric carbon pool
(Scharlemann et al., 2014), thus even small changes in soil organic carbon accumulation can
significantly impact climate change processes (Minasny et al., 2017). Undisturbed peatland
ecosystems can be effective carbon sinks, as untouched peat soils contain approximately one—
third of the total soil carbon stocks globally (Joosten et al., 2016; Yu et al., 2011). Peatland soil
covers about 4 000 000 km? (approximately 3%) of the Earth's land area (Clarke & Rieley,
2010), with 80% of it located in the boreal climatic zone (Wieder et al., 2006). Organic soil in
the boreal climate zone contains, on average, seven times more organic matter (OM) than
mineral soil, while in tropical zones, this ratio is up to ten times higher (Parish et al., 2008).
Peatlands simultaneously sequester and accumulate a large amount of carbon in peat form, but
they also produce CO», methane (CHa), and nitrous oxide (N20O) emissions (Gorham, 1991),
due to complex aerobic and anaerobic processes dependent on various environmental and
climatic conditions, peat chemical composition, and the presence of microorganisms
(Couteaux et al., 1995; Limpens et al., 2008). Different soil management practices in peatland
influence the decomposition of accumulated carbon, resulting in increased CO2 and N2O
emissions and reduced CH4 emissions under aerobic conditions (Kasimir Klemedtsson et al.,
2009). Historically, peatland ecosystems have often been drained for peat extraction, later
subjected to various land management scenarios, including conversion to arable land and
grasslands with organic soil. Drained and agriculturally used peat soils emit approximately 37.5
t CO;, equivalent (eq.) hayr?, which is 60 times higher carbon loss per unit area compared to
mineral soil (Leifeld & Menichetti, 2018). Globally, about 13% of peatlands have been
transformed into forests, agricultural fields, or peat extraction areas (Séurich et al., 2021).
Nowadays, one of the typical methods of organic soil management is agriculture (Nordic
Council of Ministers, 2015), and agricultural activities often involve land drainage
(Tanneberger, Moen, et al., 2021; Verhoeven & Setter, 2010).

In 2020, the Food and Agriculture Organization (FAO) conducted assessments of the
global distribution of organic soil from 1990 to 2019, analyzing data from FAO member
countries where organic soil is found. The definition of drained soil in the FAO's 2020
assessments is derived from the 2006 Intergovernmental Panel on Climate Change (IPCC)
guidelines, stating that drained organic soil is soil that has been permanently or partially drained
for agricultural purposes, including the cultivation of annual or perennial crops, tree plantations,
or pastures (Eggleston et al., 2006). It was concluded that in 2019, the total area of drained
organic soil worldwide reached 25 million hectares, showing an increasing trend since 1990
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when this area was 23 million hectares. Fourteen million hectares of improved organic soil are
located in temperate and boreal climatic zone regions in the northern hemisphere, while the
remaining areas are mainly in tropical regions in the southern hemisphere (FAO, 2020).
Another source indicates an identical global area of drained organic soils for agricultural needs
— 25 million hectares, but with slightly different percentage distribution — 60% in the boreal and
cool temperate climatic zones, 34% in tropical regions, and 5% in the warm temperate climatic
zone, noting that the global emissions volume from these areas annually amounts to
approximately one million tons of CO- equivalent (915 Mt CO> eq. per year), of which 85% of
the emissions volume consists of CO. emissions, representing approximately 1/4 of the total
global agricultural, forestry, and land use CO> emissions (Tubiello et al., 2016). According to
the FAO's 2020 assessments, the total global emissions of greenhouse gases (GHGs) from
drained organic agricultural soil amount to 883 Mt CO: eq. of this total, 87% is attributed to
CO2 emissions, and 13% to N2O gas. Furthermore, emissions from improved organic soil
globally account for approximately 8% of the total GHG emissions generated by agriculture
globally (FAO, 2020).

Soil rich in OM, commonly referred to as peat soil, is classified using various definitions
in the soil classification systems of different countries (Dunn & Freeman, 2011). Examples
include peat soils, bog soils, and organic soils. However, at the international level, according to
the FAO soil classification, these soils are most broadly labeled as histosols. A common
characteristic of organic soils is their high content of organic material. In the context of climate
change, organic soil is significant because, despite its relatively small proportion in terms of
land area, it contributes substantially to GHG emissions (Nordic Council of Ministers, 2015).
Different soil classification systems are used worldwide, each with its definition of soil rich in
OM. Definitions are often adapted for various types of information use. For calculating GHG
emissions, a modified methodology based on the World Reference Base for Soil Resources
(WRB) is often employed, using the term "organic soil" (Eggleston et al., 2006; Hiraishi et al.,
2014). This terminology is also used in the doctoral thesis.

In the 2014 version of the World Soil Classification (IUSS Working Group WRB, 2014)
soil rich in OM is encompassed within the basic soil group called histosols. This group is
characterized by partially decomposed plant residues with the addition of sand or clay or
without it. Histosols are more commonly found in boreal, subarctic, and arctic regions.
Globally, the distribution of histosols is approximately 325-375 million hectares, mainly
concentrated in the boreal, subarctic, and arctic regions of the Northern Hemisphere. Only a
small fraction, about one—tenth of histosols, is found in tropical regions (IUSS Working Group
WRB, 2014).

Latvia's soil classification system does not have a direct correspondence with the
internationally used World Reference Base for Soil Resources. The development of Latvia's
soil classification system has been gradual. Initially, during the large—scale soil mapping from
1960 to 1991, the 1987 "Technical Guidelines for Soil Mapping and Internal Land Valuation
for Agricultural Work in the Latvian SSR™ were employed (LPSR Valsts Zemes iericibas
projektesanas institlts Zemesprojekts, 1987). A more recent version of Latvia's soil
classification units was published by the Latvia Soil Authority (Karklins, 2009). Latvia's soil
classification system identifies three main soil classes, using the dominant soil water regime as
the criterion. These classes are automorphic soil, semi—hydromorphic soil, and hydromorphic
soil (Karklins, 2009). The differences between Latvia's and the World Soil Classification
systems in terms of mineral soils and those rich in OM are shown in Figure 1.1, depending on
the depth of organic material occurrence (in centimeters) and the percentage of soil OM.
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World Reference Base for Soil Resources 2014

Mineral soil Histosoil (== 40 or 60 cm)

Latvian soil classification

=10% 10-20% 20-50% =50%p
Mineral so1l Peaty soil Peat soil
Shallow: 30-50 cm Deep: =50 cm

Source: author’s construction based on (Karklins, 2016a)

Fig. 1.1. Separation of soils in mineral soils and organic soil groups in accordance with
worldwide and Latvian soil classification systems

To address specific questions and ensure international data comparability, specially
crafted definitions can be used, on which agreement has been reached regarding their
application. To solve specific issues, in order to ensure international comparability of data,
specially developed definitions can be used, the use of which has been agreed upon. Such an
internationally developed definition of soil rich in OM is used in preparing GHG inventory
calculations under the United Nations (UN) Framework Convention on Climate Change
(Climate Convention) (United Nations, 1992). GHG inventory reports, prepared in accordance
with the international agreements of the Climate Convention and its Kyoto Protocol
conferences, utilize the methodology or guidelines developed by the IPCC. In the annex to
Chapter 3A.5 of the fourth volume of the 2006 IPCC Guidelines on "Agriculture, Forestry, and
Other Land Use," the definition of organic soils is provided (Eggleston et al., 2006). The organic
soil definition given in the 2006 IPCC Guidelines is based on the 1998 version of the World
Soil Classification (FAO, 1998) and generally aligns with the FAO definition, although
modification has been made by excluding detailed criteria for the depth of occurrence of organic
material, with the aim of creating greater flexibility for the use of national soil classifications
(Hiraishi et al., 2014). The 2006 IPCC Guidelines allow the use of national soil classifications,
but in such cases, there must be a clearly defined concept of organic soil separation. The
definition must be applied in all categories of land use in GHG emission calculations throughout
the time series and combined with national emission factors (Eggleston et al., 2006; Hiraishi et
al., 2014).

A Karklins (Karklins, 2016b), in analyzing the definition of organic soils in GHG
emission calculations according to IPCC guidelines, emphasizes that the criteria used by IPCC
result in encompassing a much larger set of soils in the organic soil category than what
corresponds to the histosols soil main group in the 2014 updated version of the World Reference
Base for Soil Resources or the relevant soil in the current Latvian soil classification. This is due
to the fact that the criteria in the IPCC guidelines set a lower minimum required Corg quantity
(12% compared to 20%) and a lower minimum required soil organic carbon layer thickness (10
cm compared to 40 cm) (Karklins, 2016b). Considering A. Karklins' identification of the
correspondence of organic—rich soils to the current World and Latvian soil classifications and
the defined organic soil definition in the IPCC guidelines (Karklins, 2016a, 2016b), Figure 1.2
provides a schematic approximation of this correspondence.
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World Reference Base for Soil Resources 2014

Mineral soal Histosols

Latvian soil classification units according to determinant of 2009

Mineral soil Peaty/semi — hydromorphic Peat/ hydromorphic soil
soil

TPCC 2006 guideline’s definition of organic soil

Mineral soil Nutrient — rich organic soil Nutrient — poor organic soil

Source: author’s construction based on (Karklins, 2016a, 2016b)

Fig. 1.2. Compliance correlations of soils rich in organic material among World, Latvian
and IPCC quidleines definition

The IPCC guidelines specify that soil rich in OM, depending on whether it is
ombrotrophic or minerotrophic, can be classified into two broad soil groups — nutrient-rich soil
(minerotrophic conditions) and nutrient—poor soil (ombrotrophic conditions) (Hiraishi et al.,
2014). In cases where precise data on the distribution of organic soil, including the division into
nutrient—rich and nutrient—poor organic soil, are not available for a country, moderate climate
zone countries are advised, as good practice, to assume that all organic soil is nutrient—rich
(Hiraishi et al., 2014). This recommendation ensures that an inappropriately low volume of
GHG emissions is not calculated. In the 2006 IPCC guidelines, a classification of climate zones
is specified for use in GHG emission calculations, according to which Latvia falls into the cool
temperate moist climate zone (Eggleston et al., 2006). In the doctoral thesis, an assessment of
the possibilities for mitigating climate change in the management of nutrient-rich
(minerotrophic) organic soils in agriculture is carried out.

In Europe, the distribution of organic soil is geographically uneven. A higher
concentration of organic soil is observed in the northern part of Europe (Tanneberger et al.,
2017). The total area covered by organic soil (with a peat layer >0) in Europe is estimated to be
approximately 1,000,000 km?, which is almost 10% of the land area (Tanneberger, Appulo, et
al., 2021). The distribution is mainly influenced by climatic conditions over the last 10,000
years, including precipitation levels and temperature regimes. Higher summer temperatures and
lower precipitation amounts determine lower distribution indicators in the respective regions
(Van Diggelen, 2018). In European Union (EU) countries, peat soil occupies approximately
7.7% (241 812 km?) of the total area, mainly concentrated in the northern, eastern, and central
parts of the EU. In some countries, GHG emissions from managed organic soil constitute more
than a fifth of the national total emissions (Tanneberger et al., 2017). Nearly one—third of the
organic soil area in Europe is found in Finland, and more than one—quarter is in Sweden. Poland,
the United Kingdom, Norway, Germany, Ireland, Estonia, Latvia, the Netherlands, France,
Lithuania, Hungary, Denmark, and the Czech Republic also have significant areas of organic
soil (Montanarellal et al., 2006).

In Latvia, the assessment of the distribution of organic soil is hindered by both the lack
of current soil cartographic information and the inconsistency between the national and
internationally used soil classifications. The State Uniform Geospatial Information Portal
provides geospatial information about Latvian agricultural soil, which was digitized from soil
mapping materials prepared between 1960 and 1991 (LR Zemkopibas ministrija, 2020).
Organic soil in Latvia has formed in areas where the groundwater level has been or is naturally
elevated, covering the majority of Latvia's agricultural soil (approximately 1.5 million
hectares). Consequently, the soil, rich in OM, was subjected to drainage activities between 1966
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and 1985 (Sauka et al., 1987). The drainage and regular agricultural practices such as soil
cultivation, liming, and fertilization have led to a gradual mineralization of OM, resulting in a
reduction of both soil OV content and the thickness of the organic material layer (Tanneberger
et al., 2022). As a consequence of the ongoing mineralization processes, areas where peaty and
peaty—gley soils were identified during the soil mapping until 1991 might no longer exhibit
these soil types (Karklins, 2016a). In 2021, a project funded by the Norwegian Financial
Mechanism (2014 — 2021) under the program "Mitigation of Climate Change, Adaptation to
Climate Change, and the Environment™ was initiated to improve information about the soil used
in Latvian agriculture (LR Zemkopibas ministrija, 2021). This project, among other objectives,
includes mapping the distribution of peat soils. Therefore, by 2024 (the project's scheduled
completion time), more accurate information about the actual distribution of hydromorphic
soils in Latvia is expected. However, the actual distribution of semi—hydromorphic soils, will
remain unclear.

In situation where current cartographic information about the distribution of organic soil
in Latvia is unavailable, but there is reason to believe that the current distribution differs from
that recorded in historical map materials (Karklins, 2016a), research has been conducted to
model the present distribution. With state support for agricultural science projects in 2016, the
Latvian State Forest Research Institute "Silava™ (LVMI Silava) conducted a scientific study
"Improvement of the Greenhouse Gas Emission and CO> Sequestration Accounting System
Resulting from the Management of Arable Land and Perennial Grasslands and Development of
Appropriate Methodological Solutions.” The study analyzed available data in digital soil maps,
surveyed National Forest Inventories statistically representative sample plots with organic soil
(corresponding to digitized historical soil map materials), and conducted soil analyses to
determine compliance with the IPCC guidelines' definition of organic soil. The study also
identified the distribution of organic soil in arable land and grasslands by interpolating data
series and determining changes in the area of organic soil in arable land and grasslands from
1990 to 2014 (Lazdin$ et al., 2016; Petaja et al., 2018). The results of the study, using
extrapolation methods since 2018, have been utilized in the preparation of Latvia's National
GHG Inventory reports, confirming the assumption of the mineralization process of organic
soil. From 1990 to 2018, the area of organic soil in arable land and grasslands (according to the
National GHG Inventory Report land categories) decreased by 18.86%, from 195.1 thousand
hectares in 1990 to 158.3 thousand hectares in 2018. In 2018, organic soil in Latvia occupies
6.3% of the total agricultural land (arable land and grassland) area (LEGMC, 2020).

One of the phenomena in organic soil is the disproportion of area concerning the volume
of GHG emissions generated by the management of this soil. The GHG emissions from
managed organic soils are one of the major sources of GHG emissions in agriculture, land use
change, and forestry (ALUCF) sectors in many European and Asian countries (Drosler et al.,
2008; Tiemeyer et al., 2020; F. Tubiello et al., 2016). It is also noteworthy that emissions from
arable land and grassland, according to IPCC guidelines, are calculated and reported both in the
agriculture sector (N20) and Land Use, Land-Use Change, and Forestry (LULUCF) sector
(CO2, CH4). In European countries where organic soil covers approximately 3% of the
agricultural land area, the emissions from the management of this soil contribute to over 50%
of the total emissions from agricultural land management (Nordic Council of Ministers, 2015).
Globally, emissions from the management of drained organic agricultural soils account for 2 —
5% of total anthropogenic GHG emissions (Joosten, 2009; Leifeld & Menichetti, 2018). Despite
the significance and proportion of GHG emissions from organic soil management in EU
countries, emission calculations are still approximate, and emissions are not reported with
sufficient accuracy (Holmberg et al., 2023). Calculation deficiencies are linked to insufficient
information, insufficient detail in activity data, and inappropriate or low—quality emission
factors (Houghton et al., 2012; Tubiello et al., 2016). In Latvia, the volume of GHG emissions
from the management of agricultural organic soils, similar to EU countries, is
disproportionately large compared to its area and constitutes over 30% of total emissions from

77



agricultural activities in the national GHG inventory in the agriculture and LULUCF sectors
(LEGMC, 2020).

The socio—economic role of organic soil is relatively underexplored; however, planning
any management changes without evaluating socio—economic and political influences can not
be sustainable. In political and scientific discussions, the economic importance of organic soil
management is often discussed in terms of soil protection. This includes practices such as
raising groundwater levels or excluding organic soil from management. There is a general
discussion about protecting tropical peat soils in the context of land—use change and initial land
use restoration (Joosten, 2009; Leifeld & Menichetti, 2018; Smith et al., 2014). At the EU level,
there is a current debate on the protection of soils rich in OM, aiming to reduce the impact of
management and addressing issues like flooding (elimination of drainage systems or water level
raising through other means) as a management practice that could reduce CO. emissions
(European Commission, 2018b). Against this background, the economic aspects of organic soil
management, including economic impacts of excluding this soil from agricultural production,
are less explored. However, globally, potential increases in agricultural production costs and
food price hikes have been discussed (Hasegawa et al., 2018; Humpendder et al., 2020). Studies
in Scandinavian countries acknowledge the economic significance of agricultural organic soil
for many landowners and local communities, where soil management is a primary or one of the
main sources of income (Kleve et al., 2017). It is emphasized that the sufficient and relatively
constant moisture in this soil acts as a mitigating factor against the risk of crop failure during
dry periods. Additionally, as the organic soil mineralizes, it releases nutrients, reducing the need
for nitrogen mineral (Klgve et al., 2017). The attitude of landowners toward possible changes
in the management of agricultural organic soil to support climate policy goals is not extensively
studied. However, a study in Germany indicates a reserved attitude, suggesting that
compensation for economic losses would be necessary for implementing management changes.
The amount of compensation could vary depending on technological possibilities, agricultural
productivity in the region, and the potential overall impact on the affected organic soil area
(Schaller et al., 2011). A survey of interested groups in the UK indicates a general
understanding of the need for changes in the management of agricultural organic soil. However,
there is no consensus on whether organic soil use in agriculture should continue or if active
management of these areas should be discontinued (Rawlins & Morris, 2010).

An inclusive and neutral assessment of the economic impacts of organic soil management
is essential for planning policy measures using objective economic calculations. Such
calculations have been conducted at the level of individual countries, for example, in the UK.
However, a study conducted in 2013 is published with strict limitations, including a high level
of assumptions and simplifications, which render the results suitable for educational purposes
but not for policy planning (Graves & Morris, 2013). It is also crucial to consider that it has
been demonstrated that for every economic, environmental, and social benefit associated with
reducing GHG emissions, there are specific negative side effects. Ignoring these side effects
hinders the achievement of a holistic, sustainable approach (Harrison et al., 2021). During the
development of doctoral thesis, there is currently no available estimation of how much food is
globally or at the EU level produced by managing organic soil and what the economic and
social consequences of discontinuing this production might be.

Considering the territorial distribution of organic soils and their impact on GHG
emissions, an economic assessment of soil management has been conducted in Latvia. In the
2017 study titled " Estimation of the Contribution of Organic Soils in Latvian Agriculture”, a
collective of authors from Latvia University of Agriculture (renamed as Latvia University of
Life Sciences and Technologies (LBTU) from September 1, 2022) evaluated the productivity
of organic soils in Latvia. This evaluation involved integrating digitized historical soil
cartographic information, Rural Support Service (RSS) data at the land parcel level, and
Agricultural Data Center data on animal holdings. The data were analyzed according to the
national soil classification, distinguishing between hydromorphic and semi—hydromorphic
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soils. Since the study uses historical cartographic information, the mineralization processes that
likely affected semi—hydromorphic soil are not taken into account. Analyzing the results of the
study allows to conclude that, although the management of organic soils does not contribute
significantly to the overall agricultural production value of Latvia at the national level
(approximately 4%), its socio—economic role at the individual farm level could be significant.
This is because the presence of organic soils, according to historical cartographic material, has
been identified in almost half of Latvia's farm holdings (approximately 48%). At the individual
farm level, constraints or changes in the management of organic soils could have significant
implications.

1.2. Theoretical Aspects of Climate Change Impact Assessment and GHG Emission
Reporting Procerures

To assess the impact of climate change on agricultural organic soils, it is necessary to
understand the biological processes that generate this impact and how to reliably and
internationally comparable quantify the potential effects.

Plants, during the process of photosynthesis, capture carbon dioxide from the atmosphere
and nitrogen from the soil, thereby creating OM that forms both aboveground and belowground
biomass, as well as dead plant parts and soil OM. The reverse process occurs during plant
respiration processes, breaking down dead plant parts and OM in the soil, and in combustion
processes — CO2 and non—CO> gases such as CH4 and N2O are released into the atmosphere
(Hall & Rao, 2001). These processes are natural and have occurred and continue to occur
independently of human involvement, but anthropogenic activities intensify them. The
management of agricultural organic soils triggers processes that create CO. and N>O emissions
(OM mineralization and N2O emissions related to drainage), which would not occur or would
occur much more slowly without anthropogenic influence (Smith et al., 2014). The IPCC
Special Report on LULUCF (Watson et al., 2000), mentions, concerning terrestrial ecosystems,
that human or anthropogenic activities may result in a negative net biomass productivity,
indicating an annual net carbon loss to the atmosphere, affecting climate change processes. The
intensity of CO> uptake and release processes in a particular ecosystem is determined by the
climatic conditions of the ecosystem (processes occur more rapidly in warmer conditions),
nutrient availability, water saturation, and the presence of oxygen (Conchedda & Tubiello,
2020; Eggleston et al., 2006). Under aerobic conditions (presence of oxygen), CO:
predominates in the breakdown processes of OM, while under anaerobic conditions (absence
of oxygen), CH4 emissions dominate (Moore & Knowles, 1989).

Determining and planning for the reduction of GHG emissions to address climate change
goals requires more than theoretical knowledge about the amount of GHG emissions produced
by organic soil areas and the biological processes that influence these emissions. A systematic
account of GHG emissions and an internationally harmonized approach for countries to
calculate and regularly report generated GHG emissions are necessary (Gulluscio et al., 2020).
Countries that are UN members and Parties to the Climate Convention calculate and report
anthropogenic GHG emissions according to the IPCC methodology or guidelines approved at
the Conferences of the Parties to the Climate Convention (United Nations, 1992). Parties listed
in Annex | of the Climate Convention (countries listed in Annex | of the Convention, including
the European Union), in accordance with the decision 24/CP.19 of the Conference of the Parties
(Conference of the Parties, 2013), use the 2006 IPCC Guidelines (Eggleston et al., 2006) for
GHG emission calculations. These Parties are encouraged to use the 2013 IPCC Supplement to
the 2006 Guidelines for Wetlands (Hiraishi et al., 2014) as well. However, it's important to note
that the use of this supplement is not formally approved or binding, as it has not been endorsed
by the Conference of the Parties to the Climate Convention. The guidelines approved in Annex
| of the decision 24/CP.19 also govern the preparation of annual GHG inventory reports and
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national communication documents of Parties listed in Annex | of the Climate Convention. The
use of unified IPCC and Conference of the Parties guidelines for GHG emission calculations
and reporting ensures mutual comparability of the results obtained, which is essential for
climate policy planning. It also ensures adherence to the basic principles of GHG inventory
preparation: transparency, consistency, comparability, completeness, and accuracy (Conference
of the Parties, 2013).

In accordance with how the GHG inventory report is structured as per the annex to the
decision 24/CP.19 of the Conference of the Parties to the Climate Convention, the GHG
emissions resulting from organic soil management in agricultural land are reported in two
sections or sectors of the GHG inventory report: (1) the sector of Agriculture (Section 3 of the
Common Reporting Format) and (2) the LULUCF sector (Section 4 of the Common Reporting
Format). Following IPCC guidelines, emissions of N2O resulting from organic soil management
in agricultural land are calculated and reported in the sector of Agriculture, while CO, and CH4
emissions are reported in the LULUCF sector.

The general principle of calculating GHG emissions according to IPCC guidelines
involves two main components for determining GHG emission volume: activity data and
emission factors. In the case of organic soil, these components are:

1) activity data — the area of organic soil in the respective year;

2) emission factors — the volume of CO2, N2O and CH4 gases that arise per unit area (ha)

during the year corresponding to the available data.

Both globally (Friedlingstein et al., 2020; Scharlemann et al., 2014; Smith et al., 2014;
Tubiello et al., 2015), and at the EU level (Petrescu et al., 2020), it is acknowledged that there
is significant uncertainty (+/-50%) in the calculated GHG emissions from the agriculture
organic soil in LULUCEF sector. This uncertainty is attributed to insufficient and low—quality
activity data, as well as imprecise emission factors (lack of nationally developed GHG emission
factors) and inadequate technical capabilities and knowledge for data acquisition, including
institutional aspects. The uncertainty for national-level data is not as pronounced as it is in the
case of regional and global data aggregation and analyses. Additionally, uncertainty and data
gaps are more pronounced for developing countries compared to developed ones (Tubiello et
al., 2016). Often, countries choose not to address the reduction of uncertainty in the LULUCF
sector due to insufficient data and modeling resources. This can lead to a situation where
planned GHG emission reduction actions in the sector correspond to the uncertainty level
(McGlynn et al., 2022). A similar situation is observed with reported organic soil emissions in
the sector od Agriculture. These findings highlight the need to work on improving the quality
and availability of data for GHG inventory.

Latvia's obligations for regular GHG emission and CO sequestration reporting are
determined by the commitments it has undertaken by adopting and approving the Climate
Convention in Latvia (LR Saeima, 1995). Additionally, each EU member state assumes
responsibilities for GHG emission calculation, reporting, and accounting in line with their
commitments. The preparation of national GHG inventories, forecasts, and related reports in
Latvia is regulated at the level of the Cabinet of Ministers, specifying the areas of responsibility
for various involved institutions (LR Ministru kabinets, 2022). National GHG inventory is
prepared annually for the period from 1990 to year x — 2, where X is the year when the GHG
inventory is submitted to the European Commission (EC) and the Secretariat of the Climate
Convention. According to Cabinet of Ministers regulations in the field of GHG inventory, the
calculations for GHG emissions in the LULUCEF sector are prepared by the Latvian State Forest
Research Institute "Silava", while for the sector of Agriculture, it is done by the LBTU.

In Latvia, until the National GHG Inventory Report submission for the year 2021, a Tier
1 approach was used for calculating GHG emissions from organic soils in the LULUCF sector.
This approach involves multiplying activity data (organic soil area) by default IPCC guidelines
GHG emission factors. The data on organic soil areas in agricultural land were obtained using
historical cartographic material for agricultural soils (LR Zemkopibas ministrija, 2020) and the
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results of nationally conducted studies (Lazdins et al., 2016). In Latvia's 2021 National GHG
Inventory submission, nationally derived GHG emission factors (Licite & Lupikis, 2020) were
used for calculating GHG emissions from organic soils in the LULUCF sector and the sector
of Agriculture. Since these national organic soil emission factors are calculated as average
values, without considering the dynamic environmental factors, future research would need to
integrate environmental factors. Common challenges in preparing GHG emission calculations
for organic soils, which can also be related to agricultural soil, include insufficient data,
primarily concerning environmental measurements that would enable the preparation of
nationally derived emission factors that dynamically encompass environmental impacts (as
opposed to average values), as well as a lack of data on shallow and deep—drained soils
(Jauhiainen et al., 2019).

The methodological approach used for forecasting GHG emissions does not differ from
that employed in the preparation of annual GHG inventory reports (LEGMC, 2021b). However,
a crucial component of GHG emission forecasting is not only the calculation of emissions but
also the methods used to assess the impact of existing and planned climate change mitigation
measures outlined in climate policies and planning documents. This evaluation is essential for
preparing scenarios necessary for policy planning. In EU countries, there is a lack of
quantitative data and approaches in the preparation of GHG emission forecasting scenarios.
Qualitative data and descriptions still dominate, helping to understand the impact of climate
change mitigation measures but lacking the ability to analyze the full spectrum of indicators,
identify expected challenges, and explore opportunities needed for scientifically substantiated
political decision—making (Dauwe et al., 2019; European Environment Agency, 2018).

Indicators (e.g., environmental, agronomic, socio—economic) considered in the scenario
preparation process can significantly differ in their scope and detail. Latvian normative and
policy documents do not mandate the use of decision support methods for the preparation of
GHG emission forecasting scenarios. Consequently, these methods are not utilized when
preparing the annual informative report on the fulfillment of commitments related to GHG
emission reduction and carbon dioxide sequestration, as indicated by nationally conducted
studies (Gancone, 2022). These studies emphasize that decision support methods would
certainly be applicable in cases where the informative reports reveal that national climate
change reduction targets have not been achieved.

In the author's opinion, the use of decision support methods for evaluating climate change
mitigation measures and preparing and analyzing scenarios for GHG emission projections could
be beneficial in the regular processes of the Agriculture and LULUCF sectors, not only in cases
where climate change reduction targets have not been met.

1.3. Agricultural Organic Soil within the Context of Climate and Agricultural Policies

The historical development of climate and agricultural policies has been shaped by long—
term and complex interactions, both converging and diverging, in accordance with the
prevailing political trends of specific periods. However, since the beginning of the 21st century,
there has been an unmistakable convergence, with active promotion at the international level
(UNFCCC, 2015), as well as at the EU and national (Member States) levels, of integrating
climate policies into all sectoral policies (European Parliament, 2021). Agriculture policy is by
no means an exception; rather, it particularly facilitates the integration of climate policies in the
agricultural sector. This is because the sector receives public funding from the EU Common
Agricultural Policy (CAP), which ensures the existence of policy instruments and opportunities
for implementing policies, including those related to public interests such as environmental and
climate issues, in the agricultural production process.

The origins of climate policy are linked to the Climate Convention adopted on May 9,
1992 (United Nations, 1992). The regulatory framework of climate policy encompasses a
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complex set of international, EU-level, and national political decisions, defining the respective
levels of regulation and common policy objectives, including at the sectoral level. It also
establishes specific requirements and rules for reporting and accounting for GHG emissions
and CO> sequestration. These data are further used to assess the possibilities and directions for
achieving the set climate policy goals. In the context of the doctoral theses, the author considers
the international level of climate policy to be the level of the UN member states.

Internationally, climate policy objectives are based on the principles outlined in the
UNFCCC and the resulting international agreements (such as the Kyoto Protocol and the Paris
Agreement), which specify how countries have agreed to move toward achieving these
objectives. Given the global nature of climate change, globally implementable solutions are
necessary. The Climate Convention is the first international climate policy document with its
own framework and implementation mechanisms. The convention's goal is to reduce GHG
concentrations in the atmosphere to a level that prevents dangerous anthropogenic interference
with climate processes (United Nations, 1992). The Climate Convention emphasizes the factor
of anthropogenic climate change impacts, which are reported, recorded, and influenced through
all resulting regulations in various ways.

To understand the significance of agricultural land in climate policy, the author analyzes
the goals and development of climate policy at international, EU, and national levels. In 1997,
the Kyoto Protocol was adopted for the implementation of the Climate Convention (UNFCCC,
1997). This protocol set specific emission reduction targets for developed countries or countries
listed in Annexes 1 and 2 of the Climate Convention for two periods (from 2008 to 2012 and
from 2013 to 2020). The legal regulation of climate change policy at the international level after
2020 is shaped by the Paris Agreement, which was approved by UN member states on
December 12, 2015, replacing the Kyoto Protocol after its expiration. The Paris Agreement's
primary goal is to keep the global average temperature increase significantly below 2 °C
compared to pre—industrial levels, with an additional aim to limit the increase within 1.5 °C
(UNFCCC, 2015). Concerning land management, the Paris Agreement establishes a specific
sub—goal for achieving the overarching objective defined beforehand. It sets a common
commitment for the second half of the 21% century to achieve a balance between anthropogenic
GHG emissions and CO- sequestration, essentially meaning that all anthropogenic emissions
should be offset by CO: sequestration, with 100% originating from the LULUCF sector
(UNFCCC, 2015). While the Kyoto Protocol imposed binding climate targets only on
developed countries, the Paris Agreement assigns climate goals to all countries based on the
level of contribution each country has defined in its nationally determined contributions
(NDCs). In the Paris Agreement, the EU member states collectively commit to reducing GHG
emissions by at least 40% by 2030 compared to 1990 levels, and a reduction of 80-95% by
2050. As the EU moves towards climate neutrality, these efforts are reflected in the updated
information in the climate change mitigation contribution report. Emissions generated from
organic soils are included in the overall effort to achieve the specified goals, varying only in
their national significance based on the area occupied. To achieve the internationally set goals,
the EU establishes internal regulations for climate policy.

In 2018, the EU presented a public strategic vision document titled "A Clean Planet for
Al (European Commission, 2018a), reflecting the EC's vision for achieving European climate
neutrality by 2050. The strategic vision outlines various scenarios toward climate neutrality,
emphasizing an 80-100% net reduction in GHG emissions. Building on the guidelines of "A
Clean Planet for All'™, the EU continued its efforts in 2019 to review climate policy goals and
introduced the Communication on the Green Deal (European Commission, 2019). The main
objective of the Green Deal is to steer towards climate neutrality, envisioning Europe as the
world's first climate—neutral part. The updated GHG emission reduction target for 2019
stipulates that all GHG emissions generated by the EU must be compensated by CO:
sequestration by no later than 2050. Furthermore, this must be achieved at the European level
(domestically) without relying on external markets. In 2021, the commitments expressed in the
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Green Deal communication were reinforced with the enactment of the EU Climate Law
(European Parliament, 2021). This law includes a target of a 55% reduction in GHG emissions
by 2030 compared to 1990 levels and the goal of achieving EU climate neutrality by 2050. The
GHG emissions from the Agriculture sector are linked to biological processes, including the
management of organic soils. Therefore, considering the available and developing technologies,
it is not entirely possible to avoid these emissions. This aspect has been taken into account when
establishing the EU's 2050 climate neutrality target (European Union, 2020). To practically
implement the provisions of the EU Climate Law, on July 14, 2021, the EC published the "Fit
for 55" communication document, outlining the revision of EU regulations to align with the
goals set in the EU Climate Law. This revision includes the review of regulations in the non—
ETS (non—Emission Trading System) and LULUCF sectors. In the non—-ETS sector (which
includes agriculture), Latvia's GHG emission reduction target has been increased from -6%
reduction against the 2005 level to a -17% reduction (European Parliament, 2023c). In the
LULUCEF sector, Latvia has been assigned a target of achieving -644 kt CO- eg. sequestration
by 2030 (European Parliament, 2023b). However, in a report prepared by Latvia's Ministry of
Climate and Energy in 2023, it is assessed that achieving both the -17% non—ETS sector target
and the LULUCF sector target is deemed impossible, necessitating additional policies and
measures (LR Klimata un energétikas ministrija, 2023).

The main national-level documents for Latvia's climate policy commitments and
implementation planning are as follows: 1) the Latvials Strategy for Achieving Climate
Neutrality by 2050, approved by the Cabinet of Ministers in 2020. The overarching goal of this
strategy is to achieve climate neutrality in Latvia by 2050, compensating for the non—reducible
anthropogenic GHG emissions through CO> removal in the LULUCF sector; 2) the National
Energy and Climate Plan for Latvia for the period 2021 — 2030, developed in 2020 and subject
to update in 2023/2024. This plan integrates and reflects Latvia's climate and energy policy
commitments, outlining the planned measures for their implementation; 3) the Latvia's Climate
Change Adaptation Plan until 2030, approved by the Cabinet of Ministers in 2019, which
includes various measures for adapting to climate change.

The objective of the Latvia's Strategy for Achieving Climate Neutrality by 2050 is to
attain climate neutrality by compensating for non—reducible anthropogenic GHG emissions
through CO> removals in the LULUCEF sector. This goal is directly linked to the management
of organic soils in agriculture. In Latvia, almost 100% of GHG emissions from agricultural land
in the LULUCF sector are associated with the presence of organic soils. The net GHG emission
balance in the LULUCEF sector is determined by the sum of GHG emissions and CO> removals
(both GHG emissions and CO- removals are reported and offset each other). This implies that
each ton of GHG emissions in the LULUCF sector needs to be offset by a ton of CO2 removals
to achieve net CO> removals for compensating non-reducible anthropogenic GHG emissions
in other sectors. Figure 1.3 reflects the trajectory of Latvia's climate neutrality goal (Latvia's
Strategy for Achieving Climate Neutrality by 2050) and the proportion of GHG emissions from
agricultural organic soils in the LULUCF sector and the sector of Agriculture’ projected GHG
emissions in 2050 — namely, 50% and 13%, respectively. This indicates that achieving Latvia's
climate neutrality goal is likely not possible without a substantial reduction in GHG emissions
from agricultural organic soils.
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Fig. 1.3. The target trajectory of Latvia's climate neutrality goal and the projected
agricultural organic soil GHG emissions in 2050

Considering the significance of the LULUCF sector in achieving Latvia's Climate
Neutrality Strategy by 2050, Ministry of Climate and Energy, in collaboration with Ministry of
Agriculture, in accordance with the delegation in paragraph 28 of the protocol No.36 of the
Cabinet of Ministers meeting on April 27, 2021, aims to develop an informative report on the
progress of the LULUCF sector towards climate neutrality in 2023. The preparation of the
report is carried out in collaboration with experts from scientific institutions. The integrated use
of decision—makers' practical experience and theoretical insights from science is the most
effective way of planning sustainable policies (O’Connor et al., 2019), which can be
implemented by achieving a balance between the assessments provided by mathematical
models and other quantitative calculations and the opinions of local interest groups, whose
decisions are likely to impact (Hemmerling et al., 2020; Kiskaddon et al., 2023).

To explore when the issue of organic soil in agriculture emerged and how it is reflected
in the international, EU, and national policy document hierarchy in climate and agriculture
policies, the author conducts a detailed analysis of policy and regulatory documents (34
documents) during the research period from 1992 to June 30, 2022.

The results of the analysis of international-level documents indicate that the topic of
organic soil has gained significance gradually. The trend started in 2013 when IPCC guidelines
first included emission factors for GHG emissions from organic soil (Hiraishi et al., 2014). In
2019, the IPCC emphasized the importance of this soil group in achieving climate policy
goals(Shukla et al., 2019), thus internationally marking the direction of the development of
agricultural organic soil management policies. From the summary of the analysis of EU-level
documents, it is concluded that the issue of agricultural organic soil was brought to attention in
2014 (with the inclusion of the LULUCF sector in EU climate targets and the setting of specific,
individually binding emission reduction targets for Member States). This occurred a year after
the "default™ emission factors for organic soil first appeared in international GHG emission
calculation guidelines. Therefore, political changes at the EU level appear to be driven by
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international processes. Starting in 2014, agricultural organic soil is explicitly mentioned in all
analyzed EU-level documents. Results of the analysis of documents at the national level in
Latvia indicate that the connection between organic soil management and climate change
mitigation policies in climate and agricultural policy documents becomes apparent starting in
2016. Given the document preparation process in Latvia (Ministru kabinets, 2021), this can be
considered an immediate response to the international attention in 2013 and the EU-level
attention in 2014. In Latvia, the issue of organic soil was initially addressed in land management
and bioeconomy documents, and only in 2020 was the significance of emissions generated by
organic soil management highlighted in the context of Latvia's climate change mitigation
policy, specifically in the Climate Neutrality Strategy by 2050.

The author has compiled the results of the analysis of climate and agricultural policy
documents at the international, EU, and national levels in Figure 1.4, which graphically
represents the most significant documents analyzed, mentioning agricultural organic soil in
chronological order. The figure indicates the initial emphasis on the issue of organic soil in
international climate policy, followed by changes in EU climate policy and Latvian documents
related to land management policy with a one—year interval. With the publication of the EC's
announcement "European Green Deal™ in 2019, the question of agricultural organic soil has
been addressed in all thematically related EU and Latvian climate policy documents, as well as
becoming a focal point in Latvia's agricultural policy.
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Fig.1.4. Graphic representation of international, EU and Latvian national level climate
and agricultural policy and regulatory documents, which mention agricultural organic
soil, according to their topic and time of approval in 1992 — 2022

However, despite the awareness of the impact of organic soil management on climate
change at the national level and the emphasis on the issue in political and regulatory documents,
no specific climate change mitigation measures related to organic soil in agriculture have been
identified in Latvia during the research period. National documents highlight the need for
research on organic soil, primarily concerning the acquisition of distribution mapping data. To
investigate the national research conducted on organic soil and identify the necessary research,
the author analyzes Latvia's policy and regulatory documents, as well as the research needs
mentioned in national GHG emission reporting and projections documents from 2000 to 2022.
The results of this analysis are summarized in Figure 1.5.
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Source: author’s construction based on normative and policy documents analyzed in the doctoral theses and
Latvian national GHG inventory and projections documents (LEGMC, 2019, 2021a, 2021b, 2022a; Ministry of
Agriculture of the Republic of Latvia, 2021)

Fig.1.5. Agricultural organic soil research needs identified in Latvian policy, regulatory
and GHG emission reporting and forecasting documents in 2000 — 2022

Among the research needs, the most frequently mentioned is the necessity to obtain and
update geographically referenced information on the distribution of organic soil (mentioned in
8 documents). Another common research need is the identification of measures to reduce GHG
emissions (mentioned in 5 documents) and the assessment of their potential impact.
Simultaneously, research needs such as agricultural soil monitoring and study, exploration of
biological processes in organic soil, modeling of GHG emissions, and methodological
improvements for determining carbon sequestration in organic soil are also highlighted (see
Figure 1.5). At the national level, there is no identified need to conduct a socio—economic
impact assessment of organic soil management in agriculture and monitoring of management
changes. However, these research areas can be considered partially encompassed within the
research needs related to assessing the impact of GHG emission reduction measures and soil
monitoring.

In 2023, the EU's political agenda includes the development of several documents related
to the management of agriculture organic soil. One significant component of the EU
Biodiversity Strategy for 2030 (European Commission, 2020a) is the establishment of a unified
EU nature restoration regulation through the adoption of the Nature Restoration Regulation.
This law, a regulation by the European Parliament and the Council on nature restoration, aims
to set legally binding nature restoration targets for all EU member states and obliges them to
develop national nature restoration plans, including for the management of agricultural organic
soil. The EC proposed the regulation in June 2022 (European Commission, 2022a), and a
general approach was reached in the European Council on June 20, 2023 (European Council,
2023), specifying the further progress of the Nature Restoration Regulation, including
provisions related to the restoration of agricultural organic soil in amout of 50% of the area by
2050 (restoring at least half of the area by raising the groundwater level). Examples of nature
restoration measures provided in Annex 7 of the proposal include establishing paludiculture or
agroforestry systems in agricultural organic soil, among other measures. The proposal for the
Nature Restoration Regulation, as published by the EC in June 2022, is taken into account in
subsection 3.3 of the doctoral thesis, where an analysis of the cost—effectiveness of climate
change mitigation measures is conducted to make informed decisions about the implementation
area of climate change mitigation measures in Latvia.
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2. MANAGEMENT EVALUATION AND MANAGEMENT
IMPROVEMENT POSSIBILITIES OF AGRICULTURAL ORGANIC
SOIL IN LATVIA

The chapter consists of 23 pages with 6 tables and 5 figures. The thesis proposed: Latvia's
agricultural policy in managing organic soil is not directed towards achieving the goals of
reducing climate change at the national level. It is possible to choose cost—effective measures
for reducing climate change in the management of agricultural organic soil. In the second
chapter, an assessment of organic soil management in Latvian agriculture is carried out for
2012 — 2020. Based on the obtained evaluation, climate change mitigation measures for
managing agricultural organic soil that are suitable and potentially cost—effective for Latvian
conditions are selected for further exploration in the third chapter of the thesis.

2.1. Characteristics of Agricultural Organic Soil Management

Despite the significance of GHG emissions from agricultural organic soil in Latvia's
pursuit of climate policy goals (as detailed in subsection 1.3), regularly obtained, published,
and analyzed data on the management of organic soil in Latvia are not available. Scientific
research data on this subject are sporadic, with researchers acquiring them through short—term
research projects. A similar situation is observed at the EU level. Data on the management of
agricultural organic soil in a specific year and changes in management practices over the
years—such as land use type (arable land or grassland), cultivated agricultural crops, yields
obtained, fertilizer doses used, etc.—are either unavailable or incomplete (Minasny et al.,
2023). However, studies indicate a pronounced heterogeneity in management practices, ranging
from highly productive systems in the Netherlands to mixed intensive and extensive
management approaches in the northern part of Europe (Buschmann et al., 2020).

The author aims to characterize the practice of managing organic soils in Latvian
agriculture, as well as analyze the interconnections between agricultural support policies and
the management of organic soils in agriculture (subsection 2.2 of the thesis). For further
analysis, the author has compiled a dataset describing organic soils in agriculture by obtaining
information from two databases maintained by Latvian state institutions: 1) RSS Rural Land
Register Information System for the administration of agricultural and rural support policies,
state and EU support measures, and 2) State Plant Protection Service (SPPS) soil agrochemical
research database. Data were collected for the years 2012 — 2020, with cadastral numbers used
as unique identifiers. The year 2012 is the first year for which information related to EU—
supported activities is available in digital format in the RSS database. The author justifies the
choice of using state information system databases (RSS and SPPS databases) for data
collection by noting that during the development of the thesis, there was no up-to—date
cartographic information available in Latvia on the distribution of organic soils in agriculture
(the available geospatial information is based on soil surveys from 1966 to 1985 (LR
Zemkopibas ministrija, 2020). However, for the characterization of management practices, a
geographically referenced dataset is necessary, including information on both the type of
organic soil management and the type of state and EU support received, as well as other
agronomic and geographic indicators of the area. Studies (Lazdins et al., 2016) suggest that
information obtained from historical soil digital databases regarding the distribution of organic
soils should be treated with caution because some of the agricultural organic soils mapped from
1966 to 1985 have mineralized, and the situation in nature no longer corresponds to the
cartographic material. The integrated use of RSS and SPPS database information allows the
analysis of areas where the presence of organic soils has been laboratory proven (identified soil
types: Tz, AT, VGt, E2Pv, Vkg, AG, Pgv, Tp, E1Pv, Pg) based on field surveys (SPPS
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agrochemical research), as well as data on management and the type of EU support received
(RSS Rural Land Register information).

The research area for the characterization of organic soil management in agriculture
covers the entire territory of Latvia. The study areas are evenly distributed throughout the
country and correspond to the points of the SPPS agrochemical research in organic soil (Figure
2.1).

N

A

Estonia

O Study areas

Source: author’s construction based on unpublished data for 2012 — 2020 from the SPPS soil agrochemical
research database

Fig.2.1. Distribution of the study areas of agricultural organic soil management
characteristics research in Latvia in 2022

The initial dataset was narrowed down by imposing research constraints, excluding areas
where the soil carbon content shows threshold values and areas lacking any of the indicators or
where the indicator values are zero. As a result, a dataset consisting of 2,547 entries was created,
representing approximately 30% of Latvia's agricultural land with organic soils (48,900.57 ha)
— if the reference size is based on the reported area of organic soils for the year 2020 in the
Latvia National GHG Inventory (166,800 ha) (LEGMC, 2022b). However, it should be noted
that the actual proportion of the analyzed area could be larger, as the reported area of organic
soils in the inventory has not been field—verified and could include areas where mineralization
processes have already occurred.

To characterize the management of organic soils in Latvian agriculture, the author,
utilizing the prepared dataset, conducts spatial and graphical analysis. Spatial analysis is
performed using ArcGIS software, grouping agricultural crops into four subgroups according
to the IPCC international guidelines on the preparation of national GHG inventories (Eggleston
et al., 2006) for the impact of cultivated crops on climate change. The grouping is done from
the lowest impact group (1) to the highest impact group (5): (1) perennial crops; (2) grassland,;
(3) legumes; (4) horticulture; (5) cereals, oilseeds, and maize. The spatial analysis aims to
visually depict and analyze changes in the management of organic soils over time (2012 — 2020)
and across regions (57 districts in Latvia). To better describe the results of the spatial analysis
(Figure 2.3), a graphical interpretation is provided (Figure 2.2).
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Fig.2.2. Dynamics of agricultural organic soil management in Latvia in 2012 — 2020

The graphical analysis indicates relatively small changes in management from 2012 to
2020. However, the total area of organic soils receiving EU support increased by 31% during
the study period. This growth could be explained by general trends in agricultural development
in Latvia. Latvia's accession to the EU in 2004 and adoption of the euro in 2014 supported the
dynamic development of agriculture (OECD, 2019), with the most significant increases
observed in cereal and dairy production. The managed agricultural land area increased by 9.1%
from 2010 to 2020 (Central Statistical Bureau of Latvia, 2022). Consequently, it is logical that
the area of managed organic soils also increased. A more detailed analysis of organic soil
management in agriculture reveals an increase in production areas for (1) grassland and (2)
cereals, oilseeds, and maize. These two systems together constitute the majority of the area
(24% and 55%, respectively). The increasing trend in grassland area may be explained by the
development of the beef cattle sector, while fluctuations in 2017 and 2018 may be linked to the
2017 milk price crisis and the growth of large commercial farms, leading to the closure of small
domestic farms (Pilvere et al., 2020). Considering the impact of the identified agricultural crop
groups on climate change (according to (Eggleston et al., 2006)), the increase in perennial crop
(orchards and berries) and grassland areas (including pastures and various types of grasslands)
by 66.1% and 61.9%, respectively, is viewed as a positive trend with emission—reducing effects.
At the same time, there has been a contrary trend, with a 32.2% increase in the area of cereals,
oilseeds, and maize, dominating in terms of total proportion. Thus, the author concludes that
the changes in the management of organic soils within the study area from 2012 to 2020 have
not distinctly contributed to or hindered climate change mitigation. However, since the study
area covers approximately 30% of Latvia's total organic soil area in agricultural land, the
analysis of changes in land management from 2012 to 2020 is more suitable for identifying
trends than making general conclusions about the overall situation in Latvia.

To conduct the spatial analysis of the selected dataset during the chosen nine—year period
in the thesis research, the data are grouped into administrative territorial units (57 districts) and
visualized in map form using ArcGIS software (Figure 2.3). Data for the years 2012 and 2020
are chosen for visualization because they represent the beginning and end years of the research
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period selected for the characterization of organic soil management in agriculture in the thesis.
This choice allows for the visualization of changes that occurred over the nine—year period.
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Fig.2.3. Spatial representation of the area share of agricultural crop groups in
administrative compartments of Latvia in 2012 and 2020

Although spatial analysis does not reveal a clear management connection with regions or
specific administrative territories, certain trends can be observed in individual regions. For
example, in the northern part of Latvia, perennial plantings, grass, legumes are more prevalent.
This could be explained by the region's relatively uneven relief, lower soil fertility, and
suitability for cattle farming (Zvirbule & Andersons, 2018). In contrast, central and southern
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Latvia is more characterized by crop farming systems, including the cultivation of cereals,
oilseeds, and maize in organic soil. An assessment of organic soil management in Latvian
agriculture from 2012 to 2020, conducted in the thesis, indicates that Latvia has untapped
potential for climate change mitigation through organic soil management. The results of the
assessment align with the findings of the only previous study on the use of organic soil in
Latvian agriculture conducted in 2017 where grains and oilseeds were identified as the second
most common management scenario, but historical trends were not explored, and a different
dataset was used for the assessment (Pilvere, 2017). The lack of a systematic scientific
evaluation of organic soil management in agriculture hinders effective climate change policy
planning due to a lack of information on the actual methods of organic soil management.
Another obstacle to obtaining quality data is the current lack of cartographic information on the
distribution of organic soil in agricultural land (Donlan et al., 2016; Kekkonen et al., 2019;
Pilvere, 2018; RoBkopf et al., 2015; Wittnebel et al., 2021). The question of the availability of
current cartographic information becomes increasingly significant in relation to political
processes, such as: 1) the EU CAP conditionality system for 2023 — 2027, requires
geographically linked information on the distribution of organic soil for the implementation of
wetland and peatland protection requirements (Latvijas Republikas Zemkopibas ministrija,
2023); 2) the EU Biodiversity Strategy for 2030 (European Commission. Directorate General
for Environment., 2021) and EC's proposal for the Nature Restoration Regulation, which, as of
July 12, 2023, was approved by the European Parliament in the first reading (European
Parliament, 2023a), establishes binding national targets for organic soil management in
agriculture. The realization of binding and financially demanding political objectives requires
up-to—date, accurate, georeferenced information obtained using a mutually comparable
methodological approach.

2.2. Interconnections between Agricultural Support Policy and Agricultural Organic
Soil Management

In this subsection, a detailed analysis of the dataset of organic soil in agriculture, created
by the author (described in Section 2.1), continues. The purpose is to assess the mutual impact
of agricultural support policies and the management of organic soil.

As identified in subsection 1.3 of the thesis, during the implementation period of the EU
CAP from 2014 to 2020 in Latvia, no support measures directly related to the management of
organic soil in agriculture were established. Analyzing the dataset of organic soil in agriculture
created for the research in Chapter 2 of the thesis, it was found that between 2012 and 2020,
fifteen different types of support were received. The most frequently received types of support
include: 1) the single area payment; 2) payment for agricultural production in areas with
unfavorable natural conditions that are not mountainous regions; 3) support under the Rural
Development Program measures "Agri—-environment and climate™ and "Organic farming"; 4)
various voluntarily related support types; and 5) payment for young farmers. The thesis does
not evaluate the amount of support received in monetary terms but rather analyzes whether
there is a correlation between changes in the type of organic soil management from 2012 to
2020 and the type of support received. The analysis utilizes IBM SPSS Statistics 26 software
(Statistical Package for Social Sciences) and applies factor and cluster analysis methods:

1) Principal Component Factor Analysis was utilized to determine the relationships
between various features of organic soil management practices. The aim was to
extract factors that could explain these relationships;

2) Cluster Analysis was employed to identify distinct groups or clusters of organic soil
receiving EU support based on the complex, descriptive factors influencing the type
of management.
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The factor analysis, first introduced by Charles Spearman in 1909 (Bartholomew, 1995)
encompasses two main types: exploratory and less commonly used conformity methods,
employed for hypothesis testing (Kline, 2008). In the thesis, an exploratory factor analysis
method was applied. Factor analysis elucidates correlations by identifying hidden or latent
factors that determine and explain these correlations. In other words, factor analysis determines
whether variables Y1, Y2.., Yn are linearly related to a smaller number of directly
unobservable factors F1, F2, F3..., Fk (Mooi et al., 2018). The key steps in executing factor
analysis (Izenman, 2008) are as follows: 1) data set creation; 2) construction of correlation
matrices (providing an approximate view of variable groups) and performing Bartlett's test of
sphericity to determine the suitability of the data set for factor analysis; 3) conducting the
Kaiser—Meyer—Olkin (KMO) test to assess data adequacy for factor analysis. High KMO values
(0.5 > 1.0) indicate suitability. Data is considered unsuitable if KMO < 0.5; 4) determination of
the number of factors and rotation to eliminate cross—loading; 5) interpretation of factor
structure using computed factor loading indicators, determining the strength of linear
relationships between variables and factors. A factor loading is considered high if it exceeds
0.6 (the positive or negative nature of the value is irrelevant), moderately high if it surpasses
0.3, and not usable if it is < 0.3(Kline, 2008).

Twelve variables characterizing the land units contained in the research dataset are used
for the factor and cluster analysis (Table 2.1).

Table 2.1

Description of variables characterizing the land units contained in the LAD and VAAD
agricultural organic soil research dataset in 2012 — 2020

Variable Description of variable

Land use cropland, grassland, perennial planting (0-20 years), perennial planting
(2040 years), horticulture, fallow, overgrown agricultural land

Soil moisture | normal, periodically moist, moist, dry

conditions

Terrain flat terrain, undulating terrain, slight slope — weak erosion, steep slope —
moderate to strong erosion, very steep slope

Stoniness no stones, rare stones, stony, isolated stone piles, isolated large stones,

numerous stones of various sizes

Soil organic carbon | value %

content

Soil pHkel value in the range from < 4.6 to > 6.5

Cultivation degree low, medium, high

Soil type peat and peaty soil according to the Latvian national classification

Land value land value in relative units from < 10 to > 60

Type of received | EU support types

support

Agricultural crop agricultural crop (e.g., perennial crops, grassland, horticultural crops,
cereals, overgrown areas)

Support area hectares

Source: author's construction based on unpublished data for 2012 — 2020 from the RSS Rural Land Register
Information System and SPPS soil agrochemical research database

RSS and SPPS organic soil datasets for each of the study years (2012 to 2020) are
organized into a two—dimensional matrix. The first column corresponds to the selected 283 land
units, and the remaining columns contain the values of the 12 variables (Table 2.1) for the
respective years. Thus, the rows of the table characterize the studied object (selected land units).
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The suitability of the created data matrice for factor analysis was assessed by performing
the Kaiser—Meyer—Olkin (KMO) and Bartlett tests. The KMO test yielded a value of 0.785, and
the result of the Bartlett test (Sig. = 0.000) indicates that the dataset is suitable for factor analysis
(KMO test result exceeds 0.5). The dispersion of indicators characterizing land units can be
explained by complex factors, and 79% of the variance in the analyzed indicators is caused by
these factors. For the selection of explanatory complex factors in factor analysis (value > 1),
the Varimax orthogonal rotation method was employed. Factor analysis was conducted for each
of the study years (2012 to 2020). However, as no significant differences were observed
between the years, the dataset for the year 2020 was used for describing the results.

Ensuring that the dataset is suitable for factor analysis, an initial factor intercorrelation
matrix was created, and the results of the initial factor correlation analysis were obtained (Table
2.2).

Table 2.2

Multivariate correlation results for variables of agricultural organic soil land units
selected for research in Latvia in 2020

Variable Positive correlation (0,01 level (2- Variables with very
tailed)) strong correlation
Weak Medium Strong (>0,6)
(0,1-0,3) | (0,31-0,5) | (>=0,51)
Number of correlating variables

Land use 1 1 3 Terrain

Soil moisture conditions 4 1 3 Stoniness; Terrain

Terrain 4 1 3 Land Use; Soil
moisture  conditions;
Stoniness

Stoniness 4 1 3 Soil moisture
conditions; Terrain

Soil organic carbon content | O 4 2 nav

Soil pHkeL 4 0 2 Cultivation degree

Cultivation degree 5 0 2 Soil pHkei

Soil type 0 0 0 -

Land value 5 0 0 -

Type of received support | 1 0 0 -

Agricultural crop 1 0 0 -

Support area 3 0 0 -

Source: author’s construction

The multivariate correlation analysis indicates that the most significant positive
correlations (>=0.51) are observed between land use, soil moisture conditions, terrain, and
stoniness - each of these variables with three other variables. The strongest correlation is
between terrain, land use, soil moisture conditions, and stoniness. Soil type feature shows no
correlation with the other variables, while received support shows a slight negative correlation
with four analyzed variables, moderate negative correlation with two, and weak positive
correlation (-0.276) with one variable - cultivated crops. Received support does not correlate
with soil type and land value indicator, which could be because the support provided is
unrelated to land evaluation or soil type.

Using factor analysis, the variables were grouped into 4 complex factors that explain 68%
of the total data variance, while the remaining 32% is explained by other factors. Each selected
factor consists of variables whose factor loading is greater than 0.5. Hidden, latent influences
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exist among the interrelated variables within these complex factors. The complex factors, the
variables included in them, and the factor loadings of the variables (after applying rotation) are
presented in Table 2.2.

Table 2.2

Factor analysis results for variables of agricultural organic soil land units selected for
research in Latvia in 2020

Variable (explained, %) | Factor load
1. factor. F1 Agroecological Conditions (26.1%)
Land use 0.79
Soil moisture conditions 0.89
Terrain 0.90
Stoniness 0.85
2. factor. F2 Soil Quality (20.9%)
Soil organic carbon content 0.81
Soil pH ki 0.88
Cultivation degree 0.87
3. factor. F3 Land value (10.6%)
Soil type -0.51
Land value -0.54
Support area 0.74
4. factor, F4 Support (10.5%)
Type of received support 0.54
Agricultural crop 0.89

Source: author’s construction

The first complex factor, Agroecological Conditions, explains 26.1% of the relationships
among variables characterizing organic soil units selected for the study. This is the complex
factor with the highest number of combined features, incorporating 4 variables that describe the
agroecological situation — terrain, soil moisture conditions, stoniness, and land use. The highest
factor loads are found for terrain (0.90) and soil moisture conditions (0.89). The second
complex factor, Soil Quality, accounts for 20.9% of the variance and includes indicators
characterizing soil quality such as organic carbon content, soil pH KCI, and cultivation degree.
All indicators have high positive factor loads, above 0.8. The third complex factor, Land Value,
explains 10.6% of the variance and includes indicators of soil type, land value, and support
area. Two of the indicators (soil type and land value) in the third complex factor correlate
negatively, which could be explained by the fact that the values of land value and soil type
indicators are not updated, using historical data that likely no longer characterize the actual
environmental situation. The fourth complex factor, Support, explains 10.5% of the variance
and consists of two indicators — the type of received support and the agricultural crop, with high
and positive factor loads of 0.54 and 0.89, respectively.

Thus, it can be observed that the first complex factor, Agroecological Conditions, has the
highest explanatory capacity and the highest positive factor loads. Meanwhile, the second
factor, Soil Quality, is not far behind in terms of impact. This could indicate that the most
significant indicators characterizing organic soil units selected for the study are related to the
agroecological conditions of the land area and soil quality, with relatively less apparent
connections to land assessment indicators and received support.

Using the complex factors obtained through factor analysis, a cluster analysis was
performed to identify distinct groups or clusters of organic soil units selected for the study based
on the influence of complex factors characterizing the management type. With the help of
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cluster analysis, elements (organic soil units selected for the study) n, based on their properties
(indicators characterizing soil units) p (p>0), are grouped into internally homogeneous but
mutually distinct clusters k (k>1). The aim is to have homogeneous clusters in their average
properties, meaning that objects with maximally similar features are grouped together within a
cluster, while clusters are heterogeneously different from each other. The number of clusters is
determined using the Elbow method, resulting in the identification of 5 clusters indicating how
the organic soil units selected for the study are grouped. The smallest number of soil units in
one of the clusters (the second one) is 3, suggesting that this cluster might be considered more
as an exception than a cohesive group. ANOVA analysis indicates that the most significant
complex factors in the separation of clusters are F2 Soil Quality and F3 Land Value, which
have significantly higher F values.

Table 2.3

Cluster analysis results for agricultural organic soil land units selected for research in
Latvia in 2020

Factor Cluster 1 | Cluster 2 | Cluster | Cluster 4 | Cluster
(n=225) (n=3) 3 (n=9) (n=12) 5 (n=20)
Cluster Center Relative Values

F1 Agroecological Conditions 0.018 1.246 -0.534 -0.922 0.401
F2 Soil Quality 0.259 0.555 -2.202 -3.299 -0.022
F3 Land value -0.096 -4.339 -1.143 -0.195 2.363
F4 Support -0.166 0.279 2.757 -0.744 1.026

Source: author’s construction

The first cluster is characterized by both positive and negative cluster center values. In
this cluster, the largest number of land units are grouped — 225 units. The cluster is characterized
by good soil quality and agroecological conditions. The second cluster could be considered an
exception, as it only combines 3 selected agricultural organic soil units for analysis. The number
of land units grouped in the third, fourth, and fifth clusters is small (9, 12, and 20 units
respectively), indicating a homogeneous data (land unit) structure as they are grouped in the
same cluster. Cluster analysis is a research technique whose main goal is not to draw
conclusions about the parameters of the analyzed object, but rather to indicate the structure of
the data (Landau & Chis Ster, 2010), which in the research of the thesis is evaluated as uniform.

The results of the factor analysis confirm the author's assumption that EU support for the
management of agricultural organic soil in Latvia from 2012 to 2020 has not been targeted or
related to actual agroecological conditions or soil properties. Similar trends are observed in
other countries rich in organic soil when evaluating the methodological approaches of land use
data analysis and concluding that there is insufficient coordination and scope for data collection
in assessing the effectiveness of climate change mitigation measures (European Commission.
Directorate General for Climate Action. & IEEP., 2018). Based on the information provided by
the countries in the study (European Commission. Directorate General for Climate Action. &
IEEP., 2018), data on policy measures (mainly under the EU CAP) used for the management
of agricultural organic soil have been compiled. However, the actual targeting and impact of
the included policy measures have not been assessed. The results of factor analysis confirm the
need to consider not only the number of policy measures but especially the actual targeting and
relevance of actions to the specific characteristics of a particular territory. Otherwise, political
influence may be overestimated or underestimated, and political goals may not be achieved.
This conclusion is supported by studies on organic soil in agriculture in Finland, such as the
potential for reducing GHG emissions, noting that the type of soil can be included as one of the
support criteria (Regina et al., 2016). Meanwhile, an analysis of the future management
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possibilities of peat soils in the Nordic countries (Kleve et al., 2017) reveals the need to base
political decisions on local observations and to correctly understand the long—term impact of
management measures.

2.3. Climate Change Mitigation Measures in Agricultural Organic Soil Management

The potential impact of implementing climate change mitigation measures in forestry,
agriculture, and wetland management could contribute to approximately 30% of the globally
needed GHG emission reduction by 2050 to achieve the 1.5 °C target outlined in the Paris
Agreement (Roe et al., 2019). The implementation of sustainable climate change mitigation
measures in the management of agricultural organic soil could make a significant contribution
to achieving national and international climate change reduction goals (Rhymes et al., 2023).
The level of GHG emissions from organic soil management at the global and EU levels suggests
the need for cost—effective emission reduction measures (European Commission, 2018b). The
IPCC (Shukla et al., 2019) emphasizes that the successful implementation of climate change
mitigation measures is not possible without considering local conditions and socio—economic
factors. Regarding the management of organic soil, it is highlighted with a high reliability
coefficient that the presence of this soil determines specific agro—ecological conditions, and the
effectiveness of implemented measures depends on how much these specific conditions are
taken into account.

The efforts of EU countries in the implementation of various climate change mitigation
measures in LULUCEF sector, including those related to the management of agricultural organic
soil, are partially summarized in national progress reports on the implementation of the
LULUCF Action Plans, in accordance with EU regulations (European Commission, 2013).
Additionally, regular national reports on policies, measures, and GHG emission projections are
prepared according to EU regulations (European Commission, 2018c). The EC, based on
reports submitted by Member States, compiles information summaries on planned and
implemented climate change mitigation measures in land management within the framework of
LULUCF and the agricultural sector (Paquel et al., 2017). Most of the reported measures are
activities supported by funding from the EU CAP. Regarding agricultural organic soil, countries
report measures such as support for converting arable land into natural areas (wetlands) in cases
where organic soil is present (a measure supported in Germany), various variations of wetland
protection measures (not directly related to agricultural land), conversion of arable land from
regularly cultivated areas to areas for the cultivation of perennial crops, and grassland protection
to prevent their plowing, which leads to enhanced carbon losses. While indirect connections to
the management of organic soil are established, there are no direct, targeted measures aimed at
reducing GHG emissions from agricultural organic soil management in the reported actions of
EU Member States. Therefore, it can be concluded that despite the significant share of GHG
emissions attributed to agricultural organic soil, most EU countries lack policies or regulations
to reduce these emissions (Regina et al., 2016), and there is a lack of data to quantify the
potential for reducing GHG emissions (Paquel et al., 2017).

Scientific literature mentions various climate change mitigation measures related to the
management of agricultural organic soil. Among the frequently mentioned measures are
rewetting with or without subsequent cultivation of paludiculture , maintaining grasslands and
converting arable land into grassland (Beetz et al., 2013; Paul et al., 2018; Wen et al., 2021),
reduced nitrogen fertilizer application, decreased livestock units, and alternative soil
management practices (Paul et al., 2018), regulation of groundwater levels (Campbell et al.,
2015; Musarika et al., 2017; Regina et al., 2015), maintaining intensive grassland management
practices (Ferré et al., 2019), among others. It has been noted that the transfer of agricultural
production from organic soil to mineral soil may not result in the expected reduction in GHG
emissions, as the amount of N2O emissions in certain conditions can significantly exceed the
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reduction in CO2 emissions (Taft, 2014). The lifting of groundwater levels is considered a
prospective measure, but studies acknowledge its complexity when viewed from the
perspectives of landowners, policies, and market dynamics, as this measure conflicts with
further land management in agriculture (Ferré et al., 2019). Most studies on the selection and
exploration of climate change mitigation measures have been conducted in Central European
countries (Germany, the UK, Ireland, Denmark, etc.), and their conclusions may not be directly
applicable to the Baltic region and Latvia. In Latvia, there have not been extensive studies on
climate change mitigation measures related to the management of agricultural organic soil.
However, a study conducted in 2017 evaluated the management of agricultural organic soil and
proposed improvements (Pilvere, 2017). The main recommendations from this study include:
1) increase production intensity in organic soils, thereby increasing the value of production
output and reducing GHG emissions per unit of produced output; 2) consider changing land use
to forest in areas unsuitable for or difficult to manage in agriculture, thereby reducing GHG
emissions and increasing CO2 removals (tree biomass).

The author uses the results of a study conducted during the preparation of the application
for the LIFE program project "Demonstration of climate change mitigation potential of
nutrients rich organic soils in Baltic States and Finland" (LIFE18CCM/LV/001158) (LIFE
OrgBalt) in 2018 — 2020 to select the most suitable GHG emission reduction measures for
Latvian conditions in the management of organic agricultural soils. The author further justifies
the use of the results of the LIFE OrgBalt project's climate change mitigation measures selection
study in her thesis by noting that Latvia is a partner country in the project. Additionally, the use
of data from Lithuania, Estonia, and Finland provides the opportunity to cover a geographically,
climatically, and socio—economically comparable territorial spectrum of neighboring countries.
The selection of climate change mitigation measures in the LIFE OrgBalt project's study is
carried out in several research steps: 1) analyzing the planning documents of the Baltic States
and Finland (as of December 31, 2020), conducting a situational analysis, and obtaining data
on implemented and planned climate change mitigation measures; 2) surveying leading
scientific experts in the Baltic States and Finland to create an initial, theoretical assessment of
the most suitable climate change mitigation measures for Latvia and the Baltic region.

In the LIFE OrgBalt study on the selection of climate change mitigation measures, experts
were chosen based on their previous experience in researching climate change mitigation issues
related to soil management, as well as their involvement in preparing research reports for
climate and sector policymakers. Each of the Baltic States and Finland was represented by two
experts (n=8), specifically from leading scientific research centers in the field of climate change
mitigation in agriculture and forestry: the Latvian State Forest Research Institute "Silava"
(LSFRI Silava) in Latvia, the Lithuanian Research Centre for Agriculture and Forestry, Tartu
University in Estonia, and the Finnish Natural Resources Institute (LUKE). The experts
involved in preparing the assessments have extensive experience in data acquisition and
processing for national GHG inventory reports, addressing methodological issues in GHG
inventory and projections, and preparing national reports. All experts involved in the study
represent scientific institutions, initial selection of measures is scientifically based, avoiding
assessments that could be based on emotional, economic, or political considerations, as might
be the case with the involvement of representatives of other interest groups. The analysis of
planning documents in the Baltic States and Finland involved a review of EU CAP framework
documents, national climate and sector policy strategies, programs, and plans up to December
31, 2020. It was concluded that the situation in the Baltic States and Finland differs, but the
overall trend indicates a lack of targeted climate change mitigation measures in the management
of organic agricultural soils. While all EU CAP measures for land management in the Baltic
States and Finland indirectly apply to organic soil management, even if this soil group is not
separately identified, in such cases, it is practically impossible to accurately calculate the extent
of the climate change mitigation effect specifically related to organic soil. Therefore, climate
change mitigation in the management of organic agricultural soils, in cases where measures are
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not specifically related to organic soil, is achieved accidentally, which cannot be considered
deliberate policy planning. Ninety—six climate change mitigation measures were identified in
the Baltic States and Finland, with both direct and indirect potential impacts, considering as
indirect impact measures those focused on climate change mitigation in agricultural soil
management but not related to organic soil management.

LSFRI Silava as the leading partner of the LIFE OrgBalt project, conducted the expert
survey remotely, discussing the results with the involved experts during online conference calls.
In the first round of the expert survey (Figure 2.4), fourteen direct impact climate change
mitigation measures (directly related to organic agricultural soil) were selected, and this number
was reduced to six measures in the second round (Figure 2.4). In the second round of the survey,
experts selected those measures that, in their assessment, have the most significant potential for
reducing GHG emissions and practical implementation, taking into account regional conditions
(infrastructure readiness, local geological conditions, practical resources available, the
projected level of farmer acceptance) in the Baltic States and Finland. Thus, the six climate
change mitigation measures selected in the second round are considered by experts as
potentially the most effective and regionally appropriate for further evaluation, including local
in situ GHG emissions and environmental data measurements, as well as socio—economic
assessment.

Climate change mitigation measures (n=96) identified for Baltic States and Finland

@

Direct impact measures Indirect impact measures

Expert survey

U

First round of the expert survey

—t

Afforestation of organic soil —

2. Conversion of grassland to woody
paludiculture

3. Afforestation by planning short Second round of the expert survey
rotation cycle

4. Deep furrows to ensure top soil 1. Afforestation of orgamc soil
aeration 2. Paludiculture (black alder and

5. Conversion of cropland to grassland birch)

6. Low tillage to reduce wind erosion 3. Controlled dramnage

7. Herbaceous plants for energy .| 4. Legumes in crop rotation
production 5. Agpgroforesiry systems (fast

8. Conversion of grassland into a growing trees and grass)
wetland 6. Conversion of cropland to

9. Fertilization planmng in cropland grassland

10. Use of nitrification inhibitors

11. Agroforestry systems

12, Optimized grassland management
(growing time and productivity)

13. Adaptive drainage system

14. Woody buffer stripes along dramnage
systems

Source: author’s construction

Fig.2.4. The results of the LIFE OrgBalt project's research on selection of measures to
reduce climate change in the Baltic States and Finland in 2018 — 2020
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The author of the thesis makes the assumption that the six climate change mitigation
measures selected in the second round of the expert survey in the LIFE OrgBalt project are the
most suitable for further research in Latvia. The author conduct and describe this research in
Chapter 3 of the thesis.

For each of the six selected climate change mitigation measures, a general agrotechnical
description (Table 2.4). Additionally, a summary of research findings on the impact of climate
change mitigation (using national and international research results published in scientific
periodicals), a set of descriptive indicators or a work matrix for economic analysis (elaborated
in Section 3.1), and a set of agrotechnical indicators (Annex 3) have been developed.

Table 2.4

General agrotechnical characteristics of climate change mitigation measures in
agricultural organic soil in Latvia

Notation Title Agrotechnical characteristics of the measure

P1 Conversion  of | Conversion of cereal-grown cropland to intermittently
cropland to | plowed grassland, consisting of a mixture of perennial grasses
grassland and clover (red or bastard). The management objectives are as

follows: 1) for the first three years — silage; 2) from the fourth
to the sixth year — hay (with a decrease in the proportion of
clover). In the seventh year, surface soil cultivation and
sowing of the grass/clover mixture without a cover plant.
Starting from the seventh year, the cycle repeats. It is assumed
that silage is prepared in rolls because organic soil tends to be
in small areas, and preparing rolls is economically justified
compared to using trench or stubble technologies, which also
involve more intensive machinery use that can be challenging
in wet conditions. The use of manure in organic soil is not
planned, as the soil already has a high OM content.

P2 Controlled The installation of controlled drainage systems in periodically
drainage plowed grassland, maintaining an elevated groundwater level
throughout the vegetation period. The management
description of the grassland is identical to P1.

P3 Legumes in crop | Legumes (bastard clover) in rotation with cereals (rye, oats).
rotation The management objective is as follows: 1) for the first three
years, a mixture of clover and timothy (50:50) for silage; 2)
in the third year, sow winter rye, in the fourth and fifth years,
sow oats, and in the sixth year, sow oats with bastard clover
undersow. The cycle repeats in the seventh year.

P4 Agroforestry A planting of tree species (hybrid poplar) in cropland in
combination with sowing grass (red fescue). The land cover
comprises 25% tree planting and 75% grass sowing. A fifty—
year cycle for growing trees is planned. The management
objectives are as follows: 1) for the first three years, cultivate
red fescue for seed production; 2) in the fourth and fifth years,
harvest the forage (in rolls), and in the sixth year, perform
reseeding, repeating the cycle. Poplar trees (such as Vesten,
OP42, or similar clones with proven effectiveness in peat soil
cultivation) are planted in the spring of the first year with a
row spacing of 4 and 2 meters (1250 trees hat) for energy or
technological wood production.
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Continuation of Table 2.4

Notation Title Agrotechnical characteristics of the measure

P5 Afforestation | Afforestation with spruce by planting on mounds. A fifty—
year cultivation cycle with a plantation forest stand
approach in maintenance and restoration felling, with
small logs and paperwood being obtained in the
maintenance felling, and sawlogs and paperwood in the
restoration felling.

P6 Paludiculture Plantation of black alder and birch (60% and 40%,
respectively) in grassland by planting on mounds. A fifty—
year cultivation cycle with a plantation forest stand
approach in maintenance and restoration felling. Firewood
and paperwood is planned in maintenance felling, and
firewood, paperwood, saw logs and veneer blocks in
restoration felling.

Source: author’s construction

The author has prepared a research conclusion summary on the climate change mitigation
measures selected for further research within the doctoral theses. Scientific literature indicates
that the potential of climate change mitigation measures to reduce GHG emissions in organic
soil management varies significantly depending on the specific measures employed (Paustian
et al., 2016). Research findings are diverse and often contradictory, necessitating a discussion.

Measure (P1) Conversion of cropland to grassland, recognized as a significant measure
for mitigating climate change in the FAO technical guidelines for soil management measures
(Food and Agriculture Organization of the United Nations, 2021), has been shown in studies to
have the potential to increase soil carbon content (Khalil & Osborne, 2018). The average soil
carbon sequestration potential over 50 years is reported to be 0.8 t C hal yr?, varying
significantly under different climate, soil texture, and management intensity conditions
(Vleeshouwers & Verhagen, 2002). Research also indicates benefits such as improvement in
soil structure and porosity, increased water retention capacity, and enhancement of soil
microbiome and enzyme diversity (Khalil & Osborne, 2018). However, there is limited research
on the impact of this measure on reducing GHG emissions. Some studies show the technical
potential for reducing GHG emissions by transforming arable land into grassland, ranging from
4.410 6.2 t CO eq. ha! yr! (Feliciano et al., 2013; Freibauer et al., 2004). Studies in the UK
and Ireland report GHG emission reductions ranging from 0.53 to 5.34 t CO; eq. ha* yr, when
cropland is converted into periodically ploughed (more often than once every five years) and
permanent grassland (ploughing less than once every five years), respectively (Smith et al.,
2010). Research in Latvia confirms the climate change mitigation effect of the measure, with
an average GHG emission reduction of 2.7 t CO, eq. ha'! yr! (Licite & Lupikis, 2020).
Recommendations include sowing legumes in the first years after transforming cropland into
grassland to balance nitrogen content in the soil and improve grassland productivity, followed
by the sowing of grass mixtures in subsequent years (Food and Agriculture Organization of the
United Nations, 2021). Studies in Latvia suggest that the most suitable grasses for cultivation
in drained organic soils are meadow fescue, red fescue, timothy, bastard clover, and tall fescue
(AnSevica et al., 2016).

Regarding (P2) Controlled drainage measure, conflicting data can be found in the
scientific literature. Some studies indicate that organic soil management measures intended to
increase soil carbon accumulation and reduce CO> emissions, by raising the water table and
providing anaerobic conditions, can lead to undesired effects such as acidification and increased
CH4 and N20 emissions (Scharlemann et al., 2014). Long-term studies comparing GHG
emissions between free and controlled drainage systems show that, due to higher soil moisture
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and lower soil O (available for aerobic microbial respiration) in controlled drainage conditions,
CO emissions in controlled drainage systems decrease by about 6%, while N2O emissions
increase by 21% (Jiang et al., 2019a). Although N2O emissions vary significantly, their actual
impact on the total GHG emission volume is minimal (Jiang et al., 2019a), and the overall GHG
emission reduction comparing controlled and free drainage is 30% for controlled drainage (Li
etal., 2021).

(P3) Introducing legumes into crop rotation increases soil carbon accumulation due to
their specific microbiome (C. A. Watson et al., 2017). Leguminous plants, considered the most
significant contributors to agricultural crop rotations in the Leguminosae family, have the
ability to fix atmospheric nitrogen, providing additional nutrients, reducing the need for
nitrogen fertilizers, and creating a replacement effect for fossil-based fertilizers (Kim et al.,
2016). It is assumed that atmospheric nitrogen fixation by legumes in the form of nutrient
supply does not result in N2O emissions (Eggleston et al., 2006). Studies have identified the
potential annual GHG emission reduction in agricultural crop rotations by including legumes,
but results vary. In European conditions (UK), research indicates a reduction ranging from 0.5
to 1t CO; eq. ha?, thanks to nitrogen fixation from the atmosphere and additional carbon input
into the soil (Rees et al., 2013). At the same time, the study emphasizes that the potential for
reducing climate change at a specific field level depends significantly on the choice of legume
type and climate conditions.

(P4) Agroforestry measures are defined as the practice of simultaneously or sequentially
growing trees and crops on the same land or by replacing one component with another (Nair,
1985). Agroforestry increases carbon accumulation in the soil, primarily due to additional OM
input through litter, root biomass, and overall higher biomass productivity when integrating
trees into the agricultural system (Cardinael, Chevallier, et al., 2017; Cardinael, Guenet, et al.,
2017). Agroforestry practices in southern regions are mainly used in small farms for additional
nitrogen input and erosion control. In Europe, trees can also play a significant role in protecting
against wind damage in large farm systems (Food and Agriculture Organization of the United
Nations, 2021). Regarding climate change mitigation, there is evidence of a potential 2—fold
reduction in direct N2O and CH4 emissions (Kwak et al., 2019) and an indirect reduction in N2O
emissions due to reduced nutrient runoff. There are also indications of a reduction in GHG
emissions along with a decrease in the amount of mineral fertilizers — as the area of arable land
shrinks (Kim et al., 2016). Global data analysis indicates that the average contribution of new
(approximately 14 years after implementation) agroforestry systems to climate change
mitigation could be 27+/-14 t CO; eq. ha?® yr?, with carbon sequestration accounting for
approximately 7.2 t C ha yr (70% from biomass and 30% from the soil) (Kim et al., 2016).

(P5) Afforestation is reported to increase carbon storage in both living and non-living
biomass, including litter, soil, and long—term accumulation in wood products (Bastin et al.,
2019). It also reduces soil emissions from land use change, transitioning from agriculture to
forest land (Lazdins et al., 2021; Priede & Gancone, 2019). However, concerns are raised about
the insufficient data availability on peatland afforestation (Sloan et al., 2018), and emissions
data from soil are not consistent (Reynolds, 2007). The impact of afforestation on climate
change mitigation can vary depending on the initial land use, soil preparation before
afforestation, tree species selected, age of the established forest, initial soil carbon, soil
parameters, and hydrological regime (Hong et al., 2020; Laganiere et al., 2010; E. Vanguelova
et al., 2018). Estimates of the potential reduction in GHG emissions vary, but studies report
carbon removals from the atmosphere by forest areas reaching mature age, ranging from 40 to
100 Gt (Lewis et al., 2019; Veldman et al., 2019). Research in boreal climate regions suggests
that afforestation of agricultural organic soils significantly reduces heterotrophic CO, emissions
but does not affect NoO and CH4 emission fluxes (Maljanen et al., 2001, 2012). Soil GHG
emissions can remain relatively high for several decades after afforestation (Regina et al.,
2016), but they may be compensated by additional carbon accumulation in biomass and soil
(Vanguelova et al., 2018; Vanguelova et al., 2019). The further management of the afforested
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area is also important in the GHG emissions balance (Mékipaa et al., 2023). It is considered
that afforestation of organic soil with a peat layer depth of no more than 40-50 cm is
recommended (IUCN, 2020). The IPCC emphasizes the importance of negative emission
technologies in achieving the goals of the Paris Agreement of the Climate Convention
(Masson—Delmotte et al., 2022), including proposing afforestation as one of the strategic
elements for reducing GHG emissions (Shukla et al., 2019). However, assessments of
afforestation impacts in studies differ. Some researchers point to the high potential and stable
contribution of afforestation, including a commercial forest management strategy, to the
reduction of GHG emissions and decarbonization efforts (Forster et al., 2021). Others
acknowledge significant potential for reducing GHG emissions but also emphasize negative
trade—offs, such as a reduction in agricultural land, potential increases in food prices, and the
risk of permanence of afforested areas (Doelman et al., 2020). There are also doubts about the
effectiveness of afforestation in reducing climate change due to albedo changes (Naudts et al.,
2016).

Forest paludiculture (P6) involves establishing paludiculture in organic soil that reduces
GHG emissions from the soil due to the improvement of the water regime (planting on mounds)
by draining excess surface water, reduces the risks of natural disturbances in the forest,
stimulates carbon accumulation in living biomass, dead wood, soil and forest understory,
promoting the replacement of fossil resources effect (forest biomass and wood products) (Priede
& Gancone, 2019). However, there is a lack of comprehensive research data on the climate
change mitigation effects of paludiculture (Rumpel, 2023), and there are practical
implementation barriers, such as high initial installation costs, income reduction associated with
agricultural income loss, lack of knowledge and experience among landowners when changing
land management practices (Rhymes et al., 2023). The term "paludiculture" is used to describe
the cultivation of crops in areas with elevated groundwater levels or periodically flooded areas
(Ziegler et al., 2021). Various agricultural crops and trees capable of adapting to elevated
groundwater conditions and reducing the effects of climate change are cultivated, associating
the effect of maintaining the carbon stock in organic soil under anaerobic conditions and
additional carbon sequestration in crop biomass with economic benefits (Wichtmann et al.,
2016). In the case of forest paludiculture, black alder (Alnus glutinosa) is acommonly cultivated
tree species (Rumpel, 2023). Black alder can fix atmospheric nitrogen up to 100 kg N ha* yr?
through symbiosis with specific bacteria (Frankia bacteria) in its root system (Binkley, 1983;
Rytter, 1995). Studies also indicate peat accumulation in black alder stands, including relatively
dry areas with groundwater levels at a depth of 0-20 cm (Schéfer & Joosten, 2005). Thus, forest
paludiculture using black alder can be considered a suitable climate change mitigation measure
in organic soil with fluctuating groundwater levels. However, there is still a lack of GHG
emission flux data for paludiculture, including biomass, for energy production (Hiraishi et al.,
2014; IPCC & Edenhofer, 2014).

In conclusion, despite conflicting land use interests related to food and living space
provision, land ownership, management system, and cultural diversity, the agricultural and
forest sectors have significant potential for reducing GHG emissions through various
afforestation, reforestation, deforestation prevention, and bioenergy extraction combinations
(Calvin et al., 2023). It is essential to consider that landowner decisions on climate change
mitigation measures are influenced not only by economic factors but also by social
considerations (Bowen & Riley, 2003; Thamo & Pannell, 2016). Potential co—benefits and
trade—offs related to the overall ecosystem and its services should be taken into account
(Scharlemann et al., 2014). Ideally, efforts to reduce GHG emissions from agricultural organic
soils should consider both the benefits and risks to the entire food system (Garnett, 2011).
Despite identified measures, as of 2023, there is still a lack of evidence—based grounds for
making strategic decisions on reducing GHG emissions from agricultural organic soils, as
practical implementation and economic impact remain unclear (Rhymes et al., 2023; Taft, 2014,
Taft et al., 2018).
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3. DECISION-MAKING SUPPORT FOR CLIMATE CHANGE
MITIGATION IN AGRICULTURAL ORGANIC SOIL MANAGEMENT

The volume of the chapter is 21 pages with 10 tables and 7 figures. The thesis put forward
is: The use of quantitative decision support methods enables cost—effective reduction of GHG
emissions in organic soil management in agriculture, thereby contributing to achieving Latvia's
climate change mitigation goals. In the third chapter of the thesis, an evaluation of the selected
climate change mitigation measures (the second chapter) is conducted using decision support
methods. For the assessment of climate change mitigation measures, a dataset of
agrotechnological, socio—economic, and environmental indicators has been established to: 1)
rank measures based on their proximity to the ideal positive and ideal negative solutions using
the Multi—Criteria Decision Analysis (MCDA) method for ranking by similarity to the ideal
solution (Technique for Order of Preference by Similarity to Ideal Solution, TOPSIS); 2)
calculate the cost—effectiveness of measures and construct a Marginal Abatement Cost Curve
(MACC); 3) perform simulation of GHG emission projections to assess the potential impact of
measure implementation.

3.1. Agrotechnological, Socio—economic and Environmental Criteria for Implementing
Climate Change Mitigation Measures

Mutual evaluation of climate change mitigation measures is not possible without a set of
indicators that characterize them. One approach to selecting indicators is to ensure that they
comprehensively describe the research problem, are easily understandable, and reduce the
number of descriptive parameters needed to characterize the problem (OECD, 1999). The
choice of indicators also depends on data availability, which is often constrained by costs and
the possibilities of further data processing and utilization (Bowen & Riley, 2003). Various
indicator systems are used in research, but one widely tested approach is to use the classical
dimensions of sustainability for indicator selection and grouping (Gunnarsdottir et al., 2020).
The author of the doctoral theses chooses this approach for selecting indicators for climate
change mitigation measures, compiling agrotechnical, socio—economic, and environmental
indicators.

In the doctoral theses, a work matrix has been developed for each of the six identified
climate change mitigation measures, summarizing information on the implementation
agrotechniques, or production technologies corresponding to average Latvian practices, socio—
economic, and environmental indicators. The created datasets of agrotechnical, socio—
economic, and environmental data were used in the decision support analysis conducted in
subsections 3.2, 3.3, and 3.4 of the doctoral theses. The following assumptions were made for
the analysis: 1) calculations were performed assuming that the implementation of all climate
change mitigation measures starts simultaneously in 2025 and continues until 2050; 2) the
implementation area of the measures was determined using data from the 2022 Latvian National
GHG Inventory Report (LEGMC, 2022b) and a static approach, as dynamic forecasts of
changes in organic soil area were not available during the doctoral theses development. The
determination of the implementation area took into account the proposed "flexibility” of
peatland for Latvia, as outlined in the EC's proposal for the Nature Restoration Regulation on
June 22, 2022 (European Commission, 2022b). Determining the implementation area is a
subject of agreement among interest groups in policy planning (Shukla et al., 2019). The study
assumes that 70% of the total agricultural organic soil area, or 110,810 ha, will be subject to
nature restoration requirements by 2050, according to the June 22, 2022, proposal of the Nature
Restoration Regulation. The total agricultural organic soil area indicator (158,320 ha) was
determined using data from the Latvian National GHG Inventory Report submission 2022. It is
assumed in the doctoral theses that half of the agricultural organic soil planned for restoration
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is subjected to rewetting, and the remaining organic soil area in arable land and grassland is
proportionally distributed among the analyzed climate change mitigation measures. The total
implementation area assumed in the doctoral thesis for the analyzed measures is 55,405 ha, with
an annual implementation area for each measure of 369 ha over a 25—year period from 2025 to
2050; 3) the calculations do not take into account CAP or any other (EU or national) support,
as support mechanisms are politically determined and constantly changing. Moreover, in the
case of CAP, a large part of the support is optional; 4) the calculations use an 11.5% discount
rate, set by the Treasury of the Republic of Latvia in the second quarter of 2023 for determining
the present value of long—term investments in agriculture (Latvijas Valsts Kase, 2023).

For each climate change mitigation measure, a set of agrotechnical operations or
indicators has been prepared, planning the implementation activities of the measure and their
cyclic repetition over a 25—year period from 2025 to 2050. The set of activities and cost
positions for the conversion of arable land to grassland (P1) are reflected in Figure 3.1 as an
example.

Conversion of cropland to grassland
(CO; eq. ha'! decrease due to change of GHG emission factor)

The implementation costs The maintenance costs of Income, EUR ha!
of the measure, EUR ha! the measure, EUR ha'!
* Soil cultivation s Soil cultivation * Silage
+ Purchase of mineral s Purchase of seeds ¢ Hay
fertilisers . (meadow ryegrass,
* Incorporation of bastard clover, itmothy,
mineral fertilisers red fescue)
+ 51l scanfication * Sowing
+ Purchase of seeds * Rolling
(ryegrass) » Purchase of mineral
+ Purchase of seeds fertilizers
(meadow ryegrass, » Incorporation of
bastard clover, timothy, mmﬁ;pal fertilizers
red F&scue) » Hay mowing
. Sﬂ“i’tllﬂg * Grass pressing in rolls
* Rolling *  Hay turning/flipping
* Hay pressing mn rolls
s Harrowing

Source: author’s construction
Fig.3.1. Implementation of the measure P1 “Coversion of cropland to grassland”

Data on agrotechnical operations, as well as cost and income data, utilized in the
calculations of the agricultural gross margin are taken from calculations of gross margine done
by the Latvian Rural Advisory and Training Centre for the year 2021 for an intensive, integrated
production type (Latvijas Lauku konsultaciju un izglitibas centrs, 2021). In cases where gross
margin information was not available, including for measures related to tree cultivation,
research data (Bardulis et al., 2010; Bisenieks et al., 2010; Daugavietis et al., n.d.; Senhofa et
al., 2019; Uri & Vares, 2005), the author's expert opinion, and current market price information
for the year 2021 (from various online sources) were used. Consequently, all costs associated
with climate change mitigation measures were determined as the technical implementation
costs of the measures and expressed in euros at 2021 prices.
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In the doctoral theses, the author employs four indicators (as shown in Table 3.1) to
characterize the socio—economic and environmental impacts of the analyzed climate change
mitigation measures.

Table 3.1

Indicators characterizing the socio—economic and environmental impact of the selected
climate change mitigation measures in Latvia in 2023

Indicator descriptive area Indicator Indicator unit
Social impact Ecosystem services EUR ha'!
Economic impact Net Present Value EUR

Cost of GHG emission reduction EUR COzeq. t?
Environmental impact Potential of GHG emission reduction t CO2€q.

Source: author’s construction

The concept of ecosystem services in research emerged in the second half of the 20th
century when the question of ecosystem functions and related benefits became prominent
(Gomez—Baggethun et al., 2010). One of the first classifications of ecosystem functions and
services was proposed by Rudolf De Groot (R. S. De Groot et al., 2002), while the economic
assessment of ecosystem services was initiated by Robert Costanza (Costanza et al., 1997). In
2007, the first global system for assessing ecosystem services and biodiversity, known as The
Economics of Ecosystem and Biodiversity (TEEB), was established. A component of TEEB is
the Ecosystem Service Value Database (ESVD) (R. De Groot et al., 2012). The TEEB database
is considered one of the most extensive global databases, containing information on 10 biomes
and 22 associated ecosystem services for each, providing data on the actual value of ecosystem
services expressed in monetary units per unit area (ha) per year (R. De Groot et al., 2012).
Discussing the possibilities and limitations of using the TEEB database, its developers indicated
that: 1) the values of ecosystem services cannot be used as market values but rather indicate the
public benefit value that would be lost if the respective ecosystem were to disappear. Therefore,
the value of ecosystem services is most appropriately used as an additional indicator in
decision—making analysis to make the external impacts of actions "visible" (R. De Groot et al.,
2012). In the research presented in this thesis, the author used the TEEB database, specifically
the ESVD part (The Ecosystem Services Valuation Database, 2020), to determine the values of
ecosystem service indicators for each chosen climate change mitigation measure. The value of
ecosystem services is expressed in monetary units (EUR/ha) and is based on calculations
conducted in the research project "Priek$nosacijumu izveide labakai biologiskas daudzveidibas
saglabasanai un ekosistému aizsardzibai Latvija” (Socio—economic impact analysis of specially
protected natural areas and identified EU importance biotopes in Latvia), Chapter IlI:
Monetary assessment of ecosystem services” implemented by Latvian Environmental
Protection Fund in 2022 (Dabas aizsardzibas parvalde, 2022). The classification of ecosystem
services in the TEEB database (ESVD) was developed using the System of Environmental—
Economic Accounting (SEEA) ecosystem service classification system developed in 2021, in
combination with the Common International Classification of Ecosystem Services (CICES)
V5.1 system developed by the UN Statistics Division (The Ecosystem Services Valuation
Database, 2020). In this thesis research, the TEEB database approach was used, and the values
of ecosystem services for climate change mitigation measures encompassed provisioning,
regulatory, and cultural services. The definition of these services follows CICES, which defines
provisioning services as the provision of biotic and abiotic materials and energy flows,
regulatory services as the various impacts through which living and non-living organisms can
regulate and maintain the environment affecting human health, safety, or comfort. Cultural
services include all ecosystem (biotic and abiotic) influences that are non—material, usually not

105



directly consumable, or mutually exclusive but affect human physical and mental well-being
(Haines — Young & Potschin, 2018). The values of ecosystem services used in the thesis are
presented in Table 3.2.

Table 3.2
Climate change mitigation measures' ecosystem service values in Latvia in 2023, EUR
ha!
Climate change mitigation Geospatial unit and habitat Monetary value of
measure subgroup ecosystem services,
EUR ha'l
(P1) Conversion of cropland to | Perennial grasslands 6445
grassland
(P2) Controlled drainage Moderately moist meadows 9627
(P3) Legumes in crop rotation | Cultivated plants 1106
(P4) Agroforestry Park—like meadows and pastures; 10959
Forest meadows
(P5) Afforestation Forest on organic soil; Medium— 13058
aged stands, mature stands,
maintenance cuts are allowed
(P6) Paludiculture Forest on organic soil; Medium— 13058
aged stands, mature stands,
maintenance cuts are allowed

Source: author’s construction based on (The Ecosystem Services Valuation Database, 2020)

The Net Present Value (NPV) indicator is used in the thesis to assess the economic
performance of climate change mitigation measures. NPV characterizes the present value of
future cash inflows from climate change mitigation measures minus the present value of
implementation costs, considering that the present and future values of investments are not
equal. Discounting is necessary for calculating the present value of long—term investments,
where a specific interest rate is chosen. A higher chosen interest rate results in a lower present
value of investments, but the present value of cash inflows is always higher than the future
value (Skapars, 2008). If NPV>0, the implementation of the measure is considered
advantageous. In the thesis, the present value of climate change mitigation measures was
initially calculated, expressed as the net present value, which is the difference between the
present value of future cash inflows and the implementation costs of the measures, using the
formulas:

L A
PV = Zn=1_<1+i>n (3.1)

where

PV — present value;

I — interest rate;

FVn — future values of individual years.

FVy FVy FVy,
(1+0)1 + (1+i0)2 + + (1+i)n

NPV =

—C (3.2)

where
NPV — net present value;
C — implementation costs.
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The calculation of NPV is a crucial component in the decision—-making process. It
provides a mechanism to compare costs and benefits occurring at different time intervals.
Discounting, or the calculation of present values, is a key support mechanism, involving the
consideration of future costs and using a discount rate or interest rate (Jarisch et al., 2022). The
choice of the discount rate is a politically decided factor (Peng et al., 2023) and is a central
element in selecting optimal policy measures for climate change mitigation, seeking a balance
between present costs and relatively uncertain long—term benefits of reducing GHG emissions
(Addicott et al., 2020). Even small changes in the choice of the discount rate significantly
impact the calculated present value of investments and, consequently, can influence decision—
makers' choices (He, 2020). This becomes particularly significant in discussions on climate
change mitigation when costs and benefits are spread over time. Research generally uses a
single discount rate concept, but there are indications in the literature that a multi—rate approach
could be employed in the evaluation of climate change mitigation policies. This may include
using a social discount rate alongside the financial equivalent discount rate, incorporating not
only economic but also ethical considerations (Goulder & Williams, 2012). Other studies also
discuss ethical and philosophical aspects of choosing the discount rate (Davidson, 2015; Gollier
& Hammitt, 2014), emphasizing the need for unconventional solutions in the evaluation of
climate change mitigation policies due to high risks and uncertainties. This involves considering
not only economic but also social (including future generations) interests and expected
consumption forecasts (Beckerman & Hepburn, 2007). Given the complex nature and impact
of the discount rate, its choice for evaluating climate change mitigation measures in the Latvian
agricultural and LULUCF sectors could be recommended as a separate research topic.
However, in the thesis, the author chooses to use the discount rate set by the Treasury of the
Republic of Latvia determining the real value of long—term investments in agriculture(LR
Valsts kase, 2023), which is 11.5%. This rate is relatively high (the average rate used in climate
studies in the agricultural sector was 3.5% — 7% in 2015 (Eory et al., 2015), and in climate
studies in 2021: 2% — 3% (Rennert et al., 2022), but higher values are also found (Kung et al.,
2022), indicating a contemporary societal preference to assign greater value to the present than
the future (Gollier & Hammitt, 2014). However, as the source of this rate is the Treasury of the
Republic of Latvia, it can be assumed that this rate reflects the real societal value system at the
beginning of 2023. Therefore, the author considers it appropriate for use in the doctoral theses.

The scientific literature (Table 3.3) was used to determine the potential for reducing
GHG emissions for the analyzed climate change mitigation measures in the doctoral theses.
During the development of the research, the author did not have access to in situ GHG emission
measurement results, and such data for the selected measures were not available in the IPCC
guidelines for preparing GHG inventories.

Table 3.3

Indicators of GHG reduction potential of climate change mitigation measures used in
the thesis, t CO2 eq. ha'*

Climate change | GHG reduction GHG reduction mechanism Reference
mitigation potential, t CO2
measure eq. hatyr?
(P1) Conversion 2.7 Conversion of cropland to grassland | (Licite &
of cropland to reduces CO. and N2O emissions (but | Lupikis,
grassland may increase CHs emissions). GHG | 2020)
emission reduction is defined as a
change in the emission factor.

107



Continuation of Table 3.3

Climate
change
mitigation
measure

GHG reduction
potential, t CO2
eq. hatyr?

GHG reduction mechanism

Reference

(P2)
Controlled
drainage

5.4

With increased soil moisture
and reduced oxygen content in
the soil, in the case of
controlled drainage, CO2
emissions decrease, but N2O
increases compared to
traditional  drainage. The
overall reduction in CO; eq. is
around ~30%.

(Jiang et al., 2019b)

(P3) Legumes
in crop
rotation

10.4

Incorporating legumes into
crop rotation increases the
overall input of OM into the
soil and partially replaces the
use of mineral fertilizers due
to legume's ability to capture
atmospheric  nitrogen. The
average annual reduction in
GHG emissions is estimated
to be between 0.5 and 1 t CO>
eq. per hectare. However, the
potential for GHG emission
reduction at the field level
depends on the type of legume
grown and climatic
conditions.

(Ladha et al., 2022)
(Rees et al., 2013)

(P4)
Agroforestry

16.6

(P5)
Afforestation

7.4

(P6)
Paludiculture

10.4

The effect of GHG emission
reduction is determined by
comparing GHG emission
flux data in cropland,
grassland, and forest (various
ages of forest stands) with
organic soil.

Daugaviete et al., 2022
(Bardulis et al., 2022)
(Mayrinck et al., 2019)
(Pardon et al., 2017)
Schoeneberger et al.,
2012

(Butlers, Lazdins, et al.,
2022)

(Butlers, Bardule, et al.,
2022)

(Lazdins et al., 2021)
Licite & Lupikis, 2020

(Butlers, Lazdins, et al.,
2022) (Butlers, Spalva,
et al., 2022)

(Butlers, Bardule, et al.,
2022)

Source: author’s construction
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In the thesis research, indicators of GHG emission reduction potential were used as
approximate values for testing decision support methods (Sections 3.2, 3.3, and 3.4 of the
thesis). When analyzing real policy decision support, GHG emission reduction indicators could
be employed, calculated based on nationally or regionally measured GHG emission data, such
as in the LIFE OrgaBalt project and other studies.

The costs of GHG emission reduction in the thesis were calculated by dividing the NPV
of climate change mitigation measures by their GHG emission reduction potential, thus
obtaining the cost per unit or ton of CO> eq. reduction. The GHG emission reduction cost
indicator is essential for understanding the costs of alternative GHG emission reduction
measures within the sector (e.g. agriculture) and across sectors (energy, transportation, etc.).
One additional way to utilize the GHG emission reduction cost indicator is to compare the cost
of reducing one ton of CO- eq. with the current carbon market price (Abberton et al., 2010).

3.2. Multi-Criteria Decision—Making Analysis in the Selection of Climate Change
Mitigation Measures

Since the second half of the 20" century, various MCDA methods have been developed,
providing diverse research opportunities but, at the same time, complicating the methodological
choice in a specific research context. Research shows that the determining element of choosing
an MCDA model should be the specific decision—making situation and its peculiarities, for the
appropriate inclusion of which in the analysis it is necessary to choose a specific MCDA model
or a combination of models and not the other way around (Cinelli et al., 2014). The main idea
behind MCDA is to mutually evaluate possible solutions or alternatives by using more than one
criterion for ranking alternatives. The criteria used in evaluating alternatives can be broadly
defined, but each of them must be associated with a quantified value (Ehrgott et al., 2010).
MCDA allows for the use of a structured, transparent, and flexible approach in decision—
making, integrating the analysis of the interrelationships among various criteria and taking into
account the significance of each criterion (Cinelli et al., 2014).

The scientific literature distinguishes between two types of MCDA methods — decision
analysis using crisp numbers and decision analysis using fuzzy numbers or indicators, where
the degree of membership in a data set ranges from 0 to 1, encompassing uncertainty of
membership (Durbach & Stewart, 2012). A popular type of MCDM involves models that
evaluate alternatives by comparing them with ideal positive and ideal negative solutions,
recommending alternatives that are as close as possible to the ideal positive and as far as
possible from the ideal negative solution. Many of these models are associated with choice
ranking based on the similarity to the ideal solution, such as the TOPSIS method (Tzeng &
Huang, 2011). The TOPSIS method, first proposed in 1981 by Hwang and Yoon (Tzeng &
Huang, 2011), is considered one of the classical MCDA methods widely used in various
research fields (Papathanasiou & Ploskas, 2018). In the TOPSIS method, the ideal positive
solution is mathematically defined as consisting of the maximum weighted evaluation of all
alternatives, and the ideal negative solution is formed by minimal evaluations. Euclidean
distances (distance between two points in multidimensional space) are then calculated between
each alternative and the ideal positive and ideal negative solutions. Alternatives are evaluated
based on their distance to the ideal solution, expressed as the ratio of the sum of distances
between the two distances (Durbach & Stewart, 2012; Tzeng & Huang, 2011).

The advantages of the TOPSIS method include its complete utilization of criterion
information without requiring criteria to be mutually independent (Chen & Hwang, 1992; Yoon
& Hwang, 1995). The method is flexible in criterion selection, allowing the use of various
qualitative attributes and units of measurement (Zavadskas, Govindan, et al., 2016).
Calculations are relatively simple, results are easily explainable, and a large dataset is not
necessary (Roszkowska, 2011). Additionally, TOPSIS is considered one of the compensatory
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methods, allowing trade—offs between criteria, meaning that a low value for one criterion can
be partially compensated for by higher results in another criterion, thus providing a more
realistic modeling approach compared to models that do not allow such compensation
(Zavadskas, Govindan, et al., 2016). The application of the TOPSIS method in research covers
a wide range of topics, including logistics and supply chains, various engineering disciplines,
business administration and marketing, environmental issues, human resources, and the
management of energy and water resources (Behzadian et al., 2012). While in research related
to land use, agriculture, and climate change, the TOPSIS method is less frequently used, authors
choose to employ it in decision—making analysis in these fields as well (Bagherzadeh &
Gholizadeh, 2016; Chang & Liang, 2023; Diaz & Cilinskis, 2019; Hepperle et al., 2017,
Morkunas & Volkov, 2023; Namiotko et al., 2022; Nowak & Kaminska, 2016; Tumeliené et
al., 2022; Wojcik—Len et al., 2019; Yang et al., 2023), including researchers in Latvia
(Bumbiere et al., 2022; Cilinskis et al., 2017; Dace & Blumberga, 2016; Gancone, 2022;
Gancone et al., 2021a, 2022a; Laktuka et al., 2023). The choice of organic soil management
practices to mitigate climate change is a complex task, with significant implications not only
for reducing climate change but also for economic and social aspects. A literature review
indicates that the TOPSIS method is suitable for ranking climate change mitigation measures
in agricultural organic soils because it allows the use of criteria expressed in real numbers,
covering both climate and socio—economic dimensions. The method is relatively easy to apply
and does not require a large volume of data, which can be significant in practical policy
planning.

The author performed the first two steps of any MCDA method, namely problem
identification and structuring, in the first and second chapters of the doctoral theses. In the third
step, the creation of the TOPSIS model, the author conducted the exploration of alternatives, in
this case, the study of climate change mitigation measures, by preparing matrices describing
them with agro—technological, socio—economic, and environmental data (subsection 3.1 of the
doctoral theses). Criteria for evaluating measures were defined, and criterion values were
obtained using the matrices and literature data developed in subsection 3.1. In the final step, the
application of the developed TOPSIS model, results were calculated, and measures were
ranked, mathematically confirming the intuitive opinion that measures related to tree cultivation
and land-use change could be closer to the ideal solution and further from the ideal negative
solution. No new alternatives were introduced for analysis. Sensitivity analysis was performed
by changing the weight distribution of criteria. The author used the classical version of the
TOPSIS method in the doctoral theses (Roszkowska, 2011; Zavadskas, Antucheviciene, et al.,
2016).

The choice of criteria for MCDA can be made in various ways, with the most popular
approaches being: 1) formulation by researchers themselves; 2) involvement of industry
experts; 3) involvement of interest groups or representatives of the public. The more commonly
used approach in research is criteria selection by the researchers themselves (Adem Esmail &
Geneletti, 2018). The author also uses this approach in the doctoral theses, selecting criteria
following the concept of three dimensions of sustainable development — environmental, social,
and economic dimensions (Brundtland, 1987). Four criteria for evaluating climate change
mitigation measures were defined by reversing the classical perspectives of sustainable
development: 1) the cumulative (25 years) carbon equivalent reduction potential of each
measure, t COg; 2) the annual value of ecosystem services for each measure, EUR; 3) the NPV
of each measure (25 years period), EUR; 4) the cost of reducing one ton of carbon equivalent
emissions, EUR t CO,.

Using the agro—technological, socio—economic, and environmental indicator dataset
created in subsection 3.1 and described in the doctoral theses, a TOPSIS work matrix was
prepared (Table 3.4), consisting of criterion values characterizing climate change mitigation
measures (description of data collection is found in subsection 3.1) and the dataset of analyzed
alternatives or climate change mitigation measures.
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TOPSIS analysis decision matrix

Table 3.4

Climate change Net GHG emission Value of Cost of reducing

mitigation measure present reduction ecosystem GHG emissions,
value, potential, t services, EUR t1CO:zeq.
EUR CO2 eq. EUR halyr?

Conversion of 198509 24935 6445 8

cropland to grassland

Controlled drainage 1205811 50146 9627 24

Legumes in crop 381123 6926 1106 55

rotation

Agroforestry -376605 96044 10959 -4

Afforestation 576315 153301 13058 4

Paludiculture 387528 98815 13058 4

Source: author’s construction

One of the widely discussed components of MCDA methods, including TOPSIS, involves
the normalization of weights assigned to selected criteria, assuming that the sum of criteria
weights should be 1 or 100% (Danielson & Ekenberg, 2023). Therefore, the weighted sum is
the product of the weight assigned to a criterion and its corresponding value. The larger the
weight assigned to a criterion and its value, the more it influences the calculation result.
Assigning specific weights to criteria is crucial because they are typically associated with
various opinions and meanings, preventing the assumption that all criteria are equally
important. Criteria weighting can be done by decision—makers or researchers based on certain
considerations, as well as through mathematical methods (Yoon & Hwang, 1995). Depending
on how weights are assigned to criteria, subjective and objective criteria weights are
distinguished. In the case of subjective weight determination methods, weights are determined
entirely based on the judgment and experience of decision—makers or experts. On the other
hand, objective weight determination methods use only the application of mathematical models,
without considering the judgment of decision—makers or experts (Wang & Lee, 2009). It is
believed that objective weight determination methods are suitable in cases where it is not
possible to obtain and use expert opinions (Deng et al., 2000). The author chooses a subjective
weight determination approach, using her expert opinion for criteria weighting. This decision
is made in the thesis research to avoid subjectivity from interest groups and to ensure that the
criteria weight assessment aligns with the current EU policy environment described in section
1.3 of the thesis. Thus, in the base scenario, relatively higher weight is assigned to criteria
related to reducing GHG emissions and ecosystem services (Table 3.5).

Table 3.5

Aggregation of TOPSIS Analysis Criterion Weight Indices in the Baseline Scenario

No Criterion The weight assigned
to the criterion, wi
1. | Net Present Value, EUR 0.1
2. | GHG emission reduction potential, t CO> eq. 0.4
3. | Value of ecosystem services, EUR ha'g* 0.3
4. | Cost of reducing GHG emissions, EUR t*CO; eq. 0.2
Total: 1.00 (100%)

Source: author’s construction
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The results of the TOPSIS analysis, or the ranking of climate change mitigation measures
based on the chosen criteria weights in the baseline scenario, are reflected in Figure 3.4.

Afforestation

Paludiculture |

Apgroforestry |

Controlled drainage

Conversion of cropland to
grassland

Legumes in crop rotation |

0 02 04 0.6 0.8 1

Distance to the ideal positive solution, C;”
OCriteria weight base scenario

Source: author’s construction

Fig.3.2. Relative distances characterising the closiness to ideal solution of climate change
mitigation measures in the baseline scenario

The results of the TOPSIS analysis, according to the assumptions made in the thesis
(indicators describing measures, criteria selection) and the criteria weights assigned in the
baseline scenario, indicate that afforestation is the closest climate change mitigation measure
to the ideal positive solution. It is followed in the ranking by paludiculture and agroforestry
measures. Therefore, the TOPSIS analysis ranks three measures — characterized by wood
biomass growing and significant or not so significant changes in land use — as the ones closest
to the ideal positive solution and farthest from the ideal negative solution. In contrast, the
inclusion of legumes in the crop rotation in the given set of assumptions is closest to the ideal
negative or worst solution.

A component of the MCDA steps, including the TOPSIS method (Figure 3.2), is
sensitivity analysis. The purpose of sensitivity analysis is to evaluate how changes in input data
or assumptions affect the results of the decision—-making model, or the relationships between
the model's outcome and input indicators (Adem Esmail & Geneletti, 2018). Sensitivity analysis
is performed by altering research conditions, assumptions, or input data (Danielson &
Ekenberg, 2023). The author conducts sensitivity analysis by changing the criteria weights in
two scenarios: 1) assigning equal weights to all criteria; 2) assigning higher weights to
economic dimension criteria. The results of the sensitivity analysis (Figure 3.5) indicate that
the ranking obtained in the baseline scenario is considered stable concerning changes in criteria
weights. On the x—axis (Figure 3.5), the distance to the ideal positive solution ci* is reflected.
Changing the criteria weights in the 1% scenario (equal weight distribution among criteria) does
not cause significant changes in the ranking. Changing the criteria weight distribution in the 2"
scenario (higher weight for economic criteria) results in a shift in ranking between afforestation
and agroforestry measures, as well as a shift between controlled drainage and conversion of
arable land into grassland measures. However, these changes do not alter the fact that, even in
the 2" scenario, measures related to changes in land use (afforestation, paludiculture,
agroforestry) remain closer to the ideal positive solution.
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Fig.3.3. Ranking of climate change mitigation measures in the case of three different
criteria weight assignment scenarios

When using the TOPSIS analysis as one of the decision—making support tools, it should
be taken into account that the change in the weight of the selected criteria affects the results of
the TOPSIS analysis; however, even in case of a significant change in the weight distribution,
the results can remain stable, which proves their completeness and reliability for use in
decision—making.

3.3. Analysis of Cost Effectiveness of Climate Change Mitigation Measures

Decision—making and the formulation of climate and sector policies require more than
just information on the technical potential of reducing GHG emissions. There is a need to
establish a set of measures at the regional or national level, the implementation of which would
result in economically effective mitigation of climate change. Research indicates that the
technical potential for climate change mitigation, as defined by reports such as those from the
IPCC, exceeds the scope of economically effective options on a regional or country—specific
basis (Abberton et al., 2010). Cost—effectiveness analysis is a commonly used and widely
recognized approach for evaluating alternative climate change mitigation options, including the
use of Marginal Abatement Cost Curve Analysis (MACC) analysis (Shukla et al., 2019).
MACC analysis is applicable for both the mutual assessment of alternative climate change
mitigation measures and the comparative analysis between sectors. It is also useful for
developing an effective climate change mitigation budget at the national level, as proposed by
McKinsey & Company in 2009 (Enkvist et al., 2010). The roots of MACC analysis methods
can be traced back to the 1980s when an optimization model was developed based on a partial
equilibrium model to assess the impact of various activities in achieving a common goal. In the
1990s, T. Jackson adapted the original model for the analysis of climate change mitigation
policies (Jackson, 1993), creating an approach known as MACC analysis, utilized in academia,
industry, and policy environments (Levihn, 2015).
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MACC analysis in evaluating climate change mitigation options is employed by
organizations such as the IPCC, Climate Convention, Organisation for Economic Cooperation
and Development (OECD), FAO, International Energy Agency, World Bank, research
institutions, think tanks (e.g., Stockholm Environment Institute), the Energy Research Centre
of the Netherlands, Multilateral Development Banks, government bodies (e.g., in the UK,
Ireland, Mexico, Poland, Nicaragua, and California (Ekins et al., 2011)), and private companies.
In scientific literature, there is no unified classification for MACC analysis, but two main
approaches are often distinguished. One is the model-based or "top—down™ approach, where
the MACC curve is constructed based on modeling results with different GHG emission
constraints to obtain cost—effectiveness indicators or with different carbon prices to model
corresponding GHG emission indicators. The data pairs of GHG emissions and CO; prices
obtained in the modeling are used to construct the MACC curve (Du et al., 2015). One example
of models used in agriculture is the CAPRI model for modeling the theoretical market for GHG
emission allowances in the EU ETS, determining the market equilibrium point (where the GHG
emission allowance price equals the marginal abatement cost) using allowance prices and
regional GHG emission limit data (Pérez Dominguez et al., 2009). The other type of MACC
analysis is the expert—based or "bottom-up" approach, also known as the technological cost or
cost engineering approach. One of the significant examples of the expert—based approach is
McKinsey & Company's global assessments of GHG emission reduction in various sectors,
including global agricultural GHG emission reduction assessment analyzing twenty—five
climate change mitigation measures (Ahmed et al., 2020). One prominent application of MACC
in agriculture globally is McKinsey & Company's research (Ahmed et al., 2020), as well as
FAO studies on the economic assessment of agricultural policies (Bockel et al., 2012), OECD
reports zinojumi (Macleod et al., 2015; Wreford et al., 2010), and review studies like (Vermont
& De Cara, 2010b). In Europe, the MACC method has been used in agricultural studies for the
performance analysis of EU member states (De Cara & Jayet, 2011; Eory et al., 2018; Fellmann
etal., 2021; Vogt-Schilb & Hallegatte, 2014) and individual country studies, such as in the UK
(Eory et al., 2013; MacLeod et al., 2010; Macleod et al., 2015; Moran et al., 2009; Moran,
Macleod, et al., 2011; Moran, MacLeod, et al., 2011; Smith & Olesen, 2010), Switzerland
(Huber, Spiti, et al., 2023; Huber, Tarruella, et al., 2023; Kreft et al., 2023), France (Dequiedt
& Moran, 2015; Doreau et al., 2014; Pellerin et al., 2017), Ireland (O’Brien et al., 2014; Schulte
et al., 2012a), Austria (Wéchter, 2013), and elsewhere. In Latvia, the MACC method has been
applied for the analysis of climate change measures in agriculture since 2015 (Gancone et al.,
2021b, 2022b; KreisSmane et al., 2018; Lenerts et al., 2021; Naglis—Liepa et al., 2018, 2021;
Popluga et al., 2017; Popluga & Naglis-Liepa, 2015).

MACC curves serve as a planning tool in policy, providing information on the costs of
reducing one additional unit of GHG emissions (expressed in CO2 eq.) and allowing these costs
to be visualized in a curve that shows the benefit of the respective action in terms of GHG
emission reduction. Thus, MACC curves (Figure 3.4) display the potential reduction in GHG
emissions A; for each analyzed measure i on the horizontal axis, while the marginal abatement
costs C; are shown on the vertical axis. The placement of climate change mitigation measures
on the MACC curve allows for their categorization into cost—effectiveness groups, and this
division is visually represented. Measures that result in negative marginal abatement costs (as
shown in Figure 3.6 — "Negative cost measures™) are located below the horizontal axis. The
implementation of these measures simultaneously provides both GHG emission reduction and
cost savings. The choice of cost—neutral measures allows for the reduction of the impact of
climate change with relatively small expenses, approaching zero cost in the long term. The
group of cost—effective measures ensures a balanced ratio between expenses and climate change
mitigation. In studies, the definition of these groups often relies on the current and projected
carbon price, respectively, considering the implementation of these measures in climate change
mitigation as cheaper compared to acquiring a corresponding quantity of carbon units (Schulte
et al., 2012b). The average carbon price used in this study is 55 EUR t™* CO: eq., as employed
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in the impact assessment report of the European Green Deal (European Commission, 2020b).
In the case of cost—ineffective measures, the reduction of each ton of CO: eq. is significantly
more expensive than in other groups, making the implementation of these measures for climate
change mitigation more expensive than acquiring a comparable quantity of carbon units.
Studies emphasize the importance of not focusing solely on the implementation of the most
cost—effective measures but rather initiating the implementation of cost—intensive measures (if
their inertia and climate change mitigation potential are high) before the potential of
implementing cheaper measures in climate change mitigation is exhausted. It is also highlighted
that the optimal set of measures for achieving short-term goals depends on the measures
required for achieving long—term goals (Vogt-Schilb & Hallegatte, 2014). Thus, considering
dynamics and inertia effects, it is possible to determine the optimal timing for the
implementation of climate change measures in cases where implementation plans differ for
various measures. From a policy perspective, MACC answers the question of how the market
will respond or how it should respond to policy initiatives (implementation of climate change
mitigation measures). It also identifies the best available alternatives for future investments in
climate change mitigation (Levihn et al., 2014).
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Fig.3.4. The theoretical example of expert based or bottom-up MACC approach for
designing thecost efficiency curve of climate change mitigation measures

Although studies acknowledge weaknesses in expert-based MACC approaches, such as:
1) treating each climate change mitigation measure individually without adequately considering
their mutual interactions; 2) considering technological but ignoring associated transaction costs;
3) usually evaluating impacts statically and narrowly in a technological context, without
accounting for the institutional and behavioral models' context (Kesicki & Strachan, 2011), the
author in the thesis chooses to use this approach. This decision is made because it allows for
the analysis of cost—effectiveness at the industry or sectoral segment level, which, in the case
of the thesis, is organic soil management in the Latvian agricultural sector. In the thesis, the
author employs the MACC method to analyze the cost—effectiveness of climate change
mitigation measures in managing organic soil in Latvia's agriculture sector at the national level.
Calculations and the construction of MACC curves are carried out according to the classical
concept of marginal abatement cost analysis, expressing the total costs (positive or negative) in
monetary terms for each additional ton of CO:z eq. reduction generated by the implementation
of each measure (Chairat et al., 2022a; Eory et al., 2018). This is done using the work matrix
for each measure as described in subsection 3.1 and the MACC calculation model shown in
Figure 3.7.
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Fig.3.5. Model for calculations of MACC for climate change mitigation measures for
agriculture organic soil in Latvia

For each climate change mitigation measure, cost data (implementation and maintenance)
and income data have been compiled according to the agrotechnical, socio—economic, and
environmental indicators described in subsection 3.1. Cost—effectiveness has been calculated
with and without ecosystem services, preparing the MACC data matrix (Table 3.6), as outlined
in subsection 3.1. Positive values of cost—effectiveness indicate that reducing GHG emissions
is cost—effective, while negative values indicate economic benefits from reducing GHG
emissions (Eory et al., 2013).

Table 3.6

Data matrix for climate change mitigation measures MACC analysis in agriculture
organic soil in Latvia in 2022

Climate change | Value of | GHG emission | Cost efficiency, EUR t* CO; eq.
mitigation measure | ecosystem reduction With ecosystem | Without
services, EUR | potential (25 yr), | services ecosystem
ha! Mt CO; eq. services
Agroforestry 10959 0.1 -342.1 -3.9
Paludiculture 13058 0.1 -393.6 3.9
Afforestation 13058 0.2 -252.9 3.8
Conversion of 6445 0.02 -7167.7 8.0
cropland to grassland
Controlled drainage 9627 0.05 -552.1 24.1
Legumes in crop 1106 0.01 -424.2 55.0
rotation

Source: author’s construction

The author conducts the MACC analysis in two variants — without and with the value of
ecosystem services for climate change mitigation measures in the NPV. This is done by
preparing MACC | (Figure 3.6) and MACC Il (Figure 3.7) representations. The use of
ecosystem service values in the MACC analysis is chosen as an innovative approach that has
not been used in previous studies. Incorporating the social aspect into the MACC analysis
broadens the scope of the analysis and theoretically expands its applicability.

The visualization of MACC analysis results in MACC | (Figure 3.6) reflects the CO> eq.
reduction potential of selected climate change mitigation measures in organic soil agriculture
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in Latvia, according to the costs of climate change mitigation, excluding the value of ecosystem
services, and ranking the measures based on their cost—effectiveness. In the visualizations, the
author categorizes climate change mitigation measures into two groups based on their
implementation type, separating measures related to changes in land use from agriculturally
usable land to forest land or agroforestry systems, and measures not related to changes in land
use (Figures 3.8 and 3.9). This categorization is done to indicative showcase the potential social
acceptability of the measures, assuming that measures not related to changes in land use might
be more socially acceptable from the perspective of agricultural landowners.
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Fig.3.6. The costs and potential for reducing GHG emissions under climate change
mitigation measures in agricultural organic soil in Latvia in 2022 (MACC I)

The ranking of climate change mitigation measures without the value of ecosystem
services (MACC I, Figure 3.6) indicates measures related to changes in land use (agroforestry,
paludiculture, afforestation) with a higher potential for reducing GHG emissions at lower costs
per ton of CO- eq. reduction. Among these measures, agroforestry falls into the category of
negative costs. In the implementation of all these measures, additional carbon sequestration
through the cultivation of woody biomass occurs, leading to an overall higher potential for
emission reduction. Measures related to changes in land use, based on the assumptions made in
the thesis, are categorized as cost—effective (conversion of arable land to grassland and
controlled drainage) and cost—ineffective (cultivation of legumes in crop rotation). The former
have a lower potential for GHG emission reduction (e.g., including legumes in crop rotation)
and higher initial investment costs (e.g., controlled drainage). However, it should be noted that
measures related to changes in land use are indicative of lower social acceptability, which could
add additional costs to their implementation that were not analyzed in the thesis. The results of
the MACC analysis including the value of ecosystem services are reflected in Figure 3.9. In
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this case (MACC II), all climate change mitigation measures in the cost—effectiveness curve
shift towards the negative cost or benefit zone.
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Fig.3.7. The costs and potential for reducing GHG emissions under climate change
mitigation measures in agricultural organic soil in Latvia in 2022 (MACC I11)

While ecosystem services are crucial for a broader assessment of environmental impacts
(in addition to reducing GHG emissions) (Pascual et al., 2023) and evaluating the importance
of these services in ranking alternatives for climate change mitigation (Taft, 2014), their values
are usually not included in MACC calculations. In the doctoral theses, the intention is to test
this approach, leading the author to conclude that the results of the modified MACC Il analysis
are indicative and informative. This is because the methodologies for monetizing non—-material
values are still being developed, and the results are subject to various assumptions. Furthermore,
studies suggest exercising caution in using MACC in cases of negative costs (Ekins et al., 2011;
Levihn, 2015; Ponz-Tienda et al., 2017; Taylor, 2012; Ward, 2014). This caution is necessary
because: 1) the potential of climate change mitigation measures with negative costs may be
overestimated, diverting attention from less cost—effective measures; 2) negative cost measures
are appropriately assessed as cost—effective, but their relative ranking may not be correct due
to peculiarities in the mathematical algorithm of the method. As a general approach to
addressing the shortcomings of the MACC method is not available during the development of
the doctoral theses, the author assumes that measures with "negative costs" are considered equal
in the ranking. Therefore, in the case of MACC II, the results are not directly interpretable in
the form of a ranking but can be used as an indication of the existence and significance of non—
material values (including social, cultural, historical, etc.). This draws attention to the need to
consider incorporating such values into policy decision—making processes and to consider
support for further research.

In the doctoral theses, the MACC method is tested as a decision support tool, focusing on
methodological aspects rather than evaluating specific climate change mitigation measures in
policy planning. Decision—makers need to be aware that changing assumptions, including

118



obtaining more accurate data on the potential of climate change mitigation measures, can
significantly alter the results generated by decision support methods. Research indicates that
the use of a single decision support tool, including MACC curves, in decision—making can be
restrictive (Kesicki & Strachan, 2011). It is advisable to combine the MACC approach with
other methods, such as one of the multi—criteria decision support methods (Chairat et al.,
2022b). In the doctoral theses, MACC analysis is combined with the MCDA TOPSIS method.
Despite methodological differences, both methods yield similar results in ranking climate
change mitigation measures. Measures related to land use change (afforestation, paludiculture,
agroforestry) appear more cost—effective and closer to the ideal solution. The TOPSIS method
includes the aspect of social values (which can be further developed with the adoption of a
relevant decision), while ranking by the MACC method provides a clear understanding of cost—
effectiveness. The combined use of MCDA TOPSIS and MACC methods can serve as a solid
foundation for balanced and scientifically informed decision—making in climate policy planning
for the management of organic soil in agriculture.

3.4. Simulation of GHG Emission Projections to Assess the Impact of Climate Change
Mitigation Measures on the Fulfillment of Latvia's Climate Policy Commitments

Decision—makers are often forced to work in conditions of significant uncertainty,
especially when it comes to long—term impacts, consequences of influences, and policy
planning, as is the case with climate policy (Ascher, 2004). Globally and regionally, models
have been developed for predicting climate change (Knutti et al., 2010; Oo et al., 2019; Randall
et al., 2007 u.c.), and their results are regularly compiled in various international reports.
Among the most well-known are the reports of the IPCC, which are used in setting climate
change mitigation policy goals. Planning possible development scenarios and calculating their
impact is one of the commonly used approaches, allowing all interested parties to consider
various development possibilities, including those that are debatable due to organizational,
social, or political reasons, and to accept the fundamental uncertainty associated with long—
term forecasts (Doukas & Nikas, 2020).

The following assumptions were made for the preparation of the simulation of GHG
emission reduction projections resulting from the potential implementation of climate change
mitigation measures analyzed in the thesis: 1) considering the EU and Latvia's climate neutrality
goal by 2050 (more detailed in section 1.3 of the thesis), the maximum technical
implementation potential from 2025 to 2050 is projected for all selected climate change
mitigation measures in the organic soil management in agriculture. It is acknowledged that the
gradual implementation approach might smooth out the curves of GHG emission projections
but would not change the overall results; 2) the simulation of GHG emission projections was
performed for Latvia's LULUCEF sector (in Cropland land and Grassland categories), although
the impact on GHG emission projections in the case of implementing measures would also be
observed in the sector of Agriculture of the GHG inventory related to the reduction in managed
organic soil area due to changes in land use. The author chooses to simulate GHG emission
forecasts for the LULUCEF sector (in Cropland land and Grassland categories) considering the
limitations of the scope of the work and the overall goal of the thesis to propose improvements
in organic soil management in agriculture, focusing on decision—-making possibilities rather
than assessing the specific impacts of measures; 3) the base scenario used in simulation of GHG
emission projections in the doctoral theses was the LULUCF sector WAM scenario prepared
by Latvia in 2023 (Ministry of Climate and Energy of Latvia, 2023).

The data used for the GHG emission projections simulation are systematized in Table 3.7.
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Table 3.7

Data matrix for simulation of GHG emission projections for Cropland and Grassland
categories of the LULUCF sector of Latvia in 2023

Climate The area of | The area of GHG emission | GHG emission | GHG emission

change implementa | implementation reduction reduction reduction

mitigation tion of the of the measure potential of the | potential of the | potential of the

measure measure, within 25 years, measure, t CO2 | measure, t CO2 | measure, t CO2
hayr? ha eq. yrthat eq. yr eq. 25 yr

Conversion 369 9235 2,7 997 24935

of cropland

to grassland

Controlled 369 9235 54 1995 49869

drainage

Legumes in 369 9235 0,8 296 7388

crop rotation

Agroforestry 369 9235 10,4 3842 96044

Afforestation 369 9235 16,6 6132 153301

Paludiculture 369 9235 10,7 3953 98815

Source: author’s construction

It is assumed (a more detailed explanation of the assumption is provided in section 3.1 of
the thesis) that annual management changes affect 2216 hectares of managed agricultural
organic soil or 55,350 hectares over 25 years. The cumulative potential for reducing GHG
emissions from the climate change mitigation measures analyzed in the doctoral thesis, based
on the assumptions made in this study, is 430.2 kt CO- eq. over 25 years. The potential reduction
of GHG emissions from climate change mitigation measures is reflected in Figure 3.10.
According to the assumptions made, the most significant reduction in GHG emissions is
achieved by converting agricultural organic soil into forestland (35%), followed by establishing
paludiculture by planting black alder and birch (23%), and implementing agroforestry systems
in organic agricultural soil to create a rapidly growing ecosystem of trees and grasses (22%).
However, it should be noted that these measures are associated with a complete or partial
change in land use from conventionally managed agricultural land to forestland or land where
trees are grown in combination with agricultural crops. The thesis does not include an
assessment of the attitudes of stakeholders, but studies indicate that socio—psychological and
socio—economic factors significantly influence landowners' decisions, including decisions
about changing land use or management practices, as well as knowledge about climate change
processes (Pascual et al., 2023). As a result, the implementation of political decisions may be
delayed if there is insufficient follow—up educational work and the specific needs and goals of
landowners are not adequately taken into account (Van Den Berg et al., 2023), for example, to
continue the usual agricultural practices. The social acceptability among landowners for climate
change mitigation measures that do not involve a change in land use might be higher, but the
overall potential for climate change mitigation constitutes a relatively small portion (20%) of
the total potential of the analyzed measures.
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Fig.3.8 Comparison of the GHG emissions reduction potential of agricultural organic

soil climate change mitigation measures in Latvia in 2023

It should be noted that the values of GHG emission reductions presented are illustrative
in nature, as in Chapter 3 of the thesis, multi—criteria decision—-making and cost—effectiveness
analysis methods for organic soil management decisions were tested, rather than evaluating the
specific potential of GHG emission reductions for individual measures. Such an analysis, with
the aim of assessing the actual potential for GHG emission reduction, should be conducted in
future studies when regional GHG emission measurement data for measures are available, and
regional GHG emission factors are calculated, as for example in the LIFE OrgBalt project.

In the thesis, the simulation of GHG emission forecasts was carried out for three
alternative scenarios, planned for a target area of 55,405 hectares (the rationale for selecting the
target area is explained in section 3.1 of the thesis):

1)

2)

3)

Scenario 1 "Full Implementation,” envisages the simultaneous implementation of all
analyzed climate change mitigation measures (excluding "legumes in crop rotation,"”
as it is already included in the base scenario) in terms of their technical
implementation potential,

Scenario 2 "Without Change in Land Use" includes the implementation of two climate
change mitigation measures — "conversion of arable land to grassland” and "controlled
drainage." The third measure "legumes in crop rotation™ was not included in this
scenario to avoid double counting, as its impact is already included in Latvia's 2023
GHG emission projections WAM scenario for the sector of Agriculture;

Scenario 3 "With Change in Land Use" includes the implementation of three climate
change mitigation measures identified as the closest to the ideal positive solution in
the TOPSIS analysis and ranked as the most cost—effective in the MACC analysis.
The implementation of these measures suggests a change in land use from agricultural
land to forestland ("Afforestation™ and "Paludiculture™) or agroforestry systems
("Agroforestry™).

Results of the GHG emissions projections simulation are summarized in Figure 3.11. and
Figure 3.10.
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Fig.3.9. Simulation of GHG emission projections of the LULUCF sector in case of
implementation of potential climate change mitigation measures in three scenarios in
Latvia

The results of the GHG emissions projections simulation indicate that implementing
climate change mitigation measures in the management of agricultural organic soils in the target
area chosen for the doctoral theses research leads to the greatest reduction in GHG emissions
in the LULUCEF sector in the case of the Scenario 1 and the Scenario 3 implementation. This is
associated with carbon sequestration in tree biomass and changes in land use. On the other hand,
the implementation of measures that do not involve changes in land use, as in the Scenario 2,
does not significantly alter the emission curve. Since the baseline scenario is based on Latvia's
national GHG emission projections using the WAM calculations (2023 submission), the
planned measures constitute a contribution to reducing climate change beyond the current
policy framework. Additional political stimuli would be necessary for their implementation.

The potential for the implementation of climate change mitigation measures used in the
calculations is planned at the technically feasible maximum from the first year of
implementation (in 2025), because at the international, EU and national level, a solution must
be urgently found to move towards the achievement of the binding goal of climate neutrality
(Calvin et al., 2023).

Assuming that the measures of the Scenario 3 are implemented on all agricultural land
with organic soil in Latvia, i.e., 158,320 hectares (according to the data from the submission
2022 of the National GHG Inventory Report of Latvia) annually, with 6,329 hectares allocated
equally among the three measures, a reduction in GHG emissions in the LULUCF sector is
achieved (Figure 3.10); however, GHG emissions remain positive. In other words, with the
implementation of the measures in the Scenario 3, negative GHG emissions or removals are not
ensured in the LULUCF sector by 2050, according to the assumptions used in the thesis
research.
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Fig.3.10 Simulation of GHG emission projections of the LULUCF sector, assuming that
Scenario 3 is implemented in the entire area of agricultural organic soil in Latvia

In the doctoral theses research, the diversity of policy planning instruments has not been
analyzed. However, decision—-makers have the opportunity to utilize a complex set of
instruments and incentives (Capano & Howlett, 2020), including the new EU Green Deal
initiatives on carbon farming (European Commission, 2021). This can be done to achieve the
maximum technical potential for the implementation of climate change mitigation measures, in
addition to other types of policy interventions.

The results of the GHG projection simulation (Figures 3.9 and 3.10) indicate the
possibility of reducing emissions in the LULUCF sector by altering the management of
agricultural organic soils in Latvia, which would potentially contribute to the achievement of
the national climate policy goals by 2050.
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MAIN CONCLUSIONS

The main goal of Latvia's climate policy is to achieve climate neutrality by offsetting
unreduced anthropogenic GHG emissions with CO, removals in the LULUCF sector. This
goal is directly linked to the management of agricultural organic soils, and its achievement
may not be possible without a significant reduction in GHG emissions from these soils.
The policy for the management of agricultural organic soils is shaped at the intersection of
climate change mitigation and agricultural policies, with climate policy playing an
initiating role. Latvia's policies in the management of organic soils are influenced by
international and EU political developments. The relevance of policies in the management
of organic soils has consistently remained high since 2013.

Changes in the management of organic soils in the selected research area (approximately
30% of Latvia's total organic soil area in agricultural land) from 2012 to 2020 have not
distinctly promoted or hindered climate change mitigation. The increase in perennial crops
(orchards, fruit trees, and berries) and grassland (pasture and various types of grasses) areas
by 66.1% and 61.9%, respectively, is viewed as a positive trend with a reduction in GHG
emissions. However, there is also an opposing trend, with a 32.2% increase in the area of
cereals, oil crops, and maize dominating in terms of the overall balance.

Latvia lacks data on the management of organic soils, and there is no monitoring of
management practices. This absence is a significant obstacle to the targeted implementation
of climate change mitigation policies. Both factor and cluster analysis results for the period
2012 — 2020 indicate that EU support for the management of organic soils has not been
linked to actual agroecological conditions or soil properties. As a result, the practice of
managing organic soils does not necessarily contribute to achieving the country's climate
change reduction goals.

The integrated use of MCDA TOPSIS and MACC methods can facilitate balanced and
scientifically based decision—-making in the management of organic agricultural soils.
These methods are relatively easy to apply, requiring a relatively easily obtainable dataset,
and they compensate for each other's shortcomings. TOPSIS assessment allows for the
inclusion of social value aspects, while the ranking of climate change mitigation measures
provided by the MACC method ensures a clear understanding of cost—effectiveness.

The results of both MCDA TOPSIS and MACC methods indicate that land—use changes
caused by climate change mitigation measures (afforestation, agroforestry, paludiculture)
are considered as the closest to the ideal solution, taking into account the combined impact
of GHG emission reduction potential and the value of ecosystem services. However, it is
crucial to emphasize that both methods are sensitive to changes in assumptions and data
regarding GHG emission reduction potential.

The simulation of GHG emissions projections indicates significant potential for climate
change mitigation in Latvia, which has not been utilized in the management of agricultural
organic soils. This potential can make a considerable contribution to achieving the national
climate neutrality goal by 2050, while continuing the productive management of
agricultural land with organic soil.

Thus, the hypothesis proposed for the doctoral thesis - scientifically based and calculation-
based organic soil management decision-making contributes to achieving Latvian climate
policy goals - has been proven, the goal set for the research has been achieved, and the
research work tasks have been fulfilled. The research results confirm that quantitative
decision-making support methods can be effectively applied when planning the cost-
effective reduction of GHG emissions in agricultural organic soil management in Latvia,
contributing to achieving Latvian climate change mitigation goals.
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PROBLEMS AND PROPOSALS FOR THEIR SOLUTION

Problem 1.

Despite the significant role of agricultural organic soil management in advancing Latvia's
climate policy goals, there is no regular monitoring of trends in the management of agricultural
organic soils in the country. Current information on how organic soil is managed is not
available. Consequently, policymakers and researchers lack fundamental information essential
for the preparation of policy decisions and research solutions.

Proposals for solving the problem.

In order to ensure regular (preferably annual) acquisition of information on trends in the
management of organic soil in agriculture in Latvia, enabling the use of relevant and
comprehensive data for timely planning of land use policy development and necessary research,
it would be necessary to:

1) include regular acquisition of information on organic soil management in the tasks of
scientific research utilized in agriculture by the Ministry of Agriculture. This could be
integrated as part of the agricultural development forecasting system;

2) the Ministry of Agriculture in cooperation with the Rural Support Service ensure the
acquisition and maintenance of information on agricultural organic soil management in
the database of the Rural Land Register, thus ensuring the maximum effective use of state
information systems in solving problems important to the state, including creating and
regularly updating the database for the analysis of organic soil management.

Problem 2.

The results of the thesis indicate that in Latvia, there is a lack of targeted and research—
based policies for the management of organic soil in agriculture. Previous support measures,
even if aimed at mitigating climate change, are not specifically directed towards reducing
climate change through the management of agriculture organic soil. Further development of
economic activities in agriculture organic soil without clear policies and targeted measures
would significantly hinder the achievement of Latvia's climate policy goals both by 2030 and
2050.

Proposals for solving the problem.

It is recommended to change the perspective of agricultural organic soil management,
focusing on more targeted management practices, using research data, therefore it is necessary
to:

1) The Ministry of Agriculture and its collaboration partners should evaluate the
possibility during the annual performance evaluation of the Latvian CAP Strategic Plan
for 2023 — 2027 to supplement LA 7.1 intervention "Investments in afforestation,
replacing, restoration, and thinning of forests", by determining an increased intensity of
support for afforestation (including forest paludiculture) of organic soil, thus this
intervention directly referring to the reduction of GHG emissions in organic soil
management;

2) The Ministry of Agriculture should consider national support options for implementing
climate change mitigation measures in the management of organic soil. Additionally,
while working on the EU carbon removal certification framerwork and the proposal for
the EU Nature Restoration Regulation, it is crucial to emphasize the Latvian situation in
the field of organic soil management. Within the limits of possibilities, ensure the
inclusion of nationally identified climate change mitigation measures in the overall
framework of nature restoration practices and carbon farming activities;

3) The Ministry of Agriculture and the Ministry of Climate and Energy should continue
and, within the limits of possibilities, intensify support for national research on GHG
emission dynamics from organic soil under various management scenarios.
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Problem 3.
Quantitative decision—making support methods are not used in Latvia to assess the impact

of GHG emissions reduction measures and prepare GHG emissions projection scenarios, and
there is a lack of quantified data for assessing the impact of agricultural organic soil climate
change mitigation measures and calculating cost effectiveness.

Proposals for solving the problem.
In policy planning, it is recommended to use decision support methods that incorporate

locally obtained data on alternative soil management practices, considering their impacts on
climate change mitigation, as well as locally relevant agrotechnical, economic, and social
indicators. Based on the findings of the thesis research, a combined use of multiple decision—
making methods is suggested, for example, the combination of MCDA TOPSIS and MACC
methods. Therefore, it is advisable to:

1)

2)

For the Ministry of Agriculture, while working on incorporating additional measures
into national policy planning documents (such as EU CAP planning documents, National
Energy and Climate Plan, sector—specific development strategies, and others) in
cooperation with sector experts, it is recommended to utilize aprobated decision support
methods, such as MACC analysis and the MCDA TOPSIS model, for decision—making.
Regular updates (every two years, coinciding with the cycle of preparing GHG emission
projections) should be ensured for the indicators used in decision—-making models,
aligning them with the socio—economic situation of the time;

The Ministry of Climate and Energy is advised to consider the possibility of amending
Regulations of the Cabinet of Ministers No. 675 of October 25, 2022, " The procedure for
creating and maintaining the GHG inventory system, the projections system and the
system for reporting on adaptation to climate change” with the condition that the
participants of the national system for preparing GHG emission projections for the sectors
of Agriculture and LULUCF (respectively — LBTU and LSFRI Silava) inform on
decision—making analysis methods used for assessing the impact of climate change
mitigation measures and their results.
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