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Annex 1
80 studies which were selected for the exercise. These studies used either empirical research, modelling analyses or literature reviews as a way to understand the impacts of A/R. Preliminary qualitative coding was done after screening full texts to isolate cases of observed A/R impacts. 

	No.
	Study Reference
	Case Location
	Methodology
	Associated Cases

	1
	Antisari et al., 2018
	North Apennines, Italy
	Empirical Analysis 
	1) Effects of A/R on soil properties

	2
	Birge & Berger, 2019
	Abu Dhabi, United Arab Emirates
	Modelled Analysis
	2) GHG removal/ emission reduction through A/R

	3
	Cao et al., 2017
	Chanting County, China
	Empirical Analysis
	3) Assessment of A/R techniques

	4
	Capítulo et al., 2018
	Partido de Pinamar, Argentina
	Empirical Analysis
	4) Effect on water cycle and quality

	5
	Certini et al., 2023
	Santa Barbara, Tuscany, Italy
	Empirical Analysis
	5) Effects of A/R on soil properties

	6
	Chirilus et al., 2022
	Petrestii de Jos, Romania
	Empirical Analysis
	6) Effects of A/R on soil properties

	7
	Cukor et al., 2022
	Broumovsko Protected Landscape Area, Czechia
	Empirical Analysis
	7) Effect on biodiversity and other ecological consequences

	8
	Dang et al., 2017
	Longde County, Ningxia Hui Autonomous Region, China
	Empirical Analysis
	8) Effects of A/R on soil properties

	9
	del Campo et al., 2021
	Cortes de Pallas, Valencia, Spain
	Empirical Analysis
	9) Effect on growth and longevity


	10
	Delcourt et al., 2023
	Parc Naturel Régional du Luberon, France
	Empirical Analysis
	10) Effect on biodiversity and other ecological consequences

	11
	(Dennis et al., 2020)
	Cooke 4 mine, Guateng Province, South Africa
	Modelled Analysis
	11) Effect on water cycle and quality

	12
	(Devaney et al., 2021)
	Bettenty , Senegal
	Empirical Analysis
	12) Effect on growth and longevity

	13
	(Ding & Yao, 2022)
	Northern Shaanxi Loess Plateau, China
	Modelled Analysis
	13) Assessment of A/R techniques

	14
	(Dong et al., 2022)
	Heshui County, Chinese Loess Plateau, China
	Empirical Analysis
	14) Effect on biodiversity and other ecological consequences

	15
	(Duangdai & Likasiri, 2017)
	Northern Thailand, Thailand
	Modelled Analysis
	15) Effect on regional climate

	16
	(Dubois et al., 2023)
	Quebec, Canada
	Modelled Analysis
	16) Effect on water cycle and quality

	17
	(Fakhech et al., 2019)
	Essaouira region, Morocco 
	Empirical Analysis
	17) Assessment of A/R techniques

	18
	(Fang et al., 2016)
	Du river catchment area, Hubei Province, China
	Empirical Analysis
	18) Effect on water cycle and quality

	19
	(Gençay, 2020)
	Keshan Forest District, Turkey
	Empirical Analysis
	19) Assessment of institutional mechanisms

	20
	(Giacona et al., 2018)
	Vosges Mountains, France
	Empirical Analysis
	20) Effect on regional climate

	21
	(Guo et al., 2018)
	Jinjiang Estuary, Fujian, China
	Empirical Analysis
	21) Effects of A/R on soil properties

	22
	(Gyenge et al., 2024)
	Argentina
	Empirical Analysis
	22) Effects of A/R on soil properties

	23
	(Han et al., 2021)
	Loess Plateau, China
	Modelled Analysis
	23) Cost-effectiveness and optimisation

	24
	(Han & Chen, 2022)
	Pearl River Delta region, Guangdong Province, China
	Modelled Analysis
	24) Cost-effectiveness and optimisation

	25
	(Han et al., 2022)
	Yanhe River Basin, Shaanxi Province, China
	Modelled Analysis
	25) Effect on water cycle and quality

	26
	(Houet et al., 2017)
	French Pyrenees, Cauterets, France
	Modelled Analysis
	26) Effect on regional climate

	27
	(Hu & Xu, 2018)
	Fujian City, China
	Modelled Analysis
	27) Assessment of A/R techniques

	28
	(Huang et al., 2020)
	Mu Us Sandy Land, Wushen County, China
	Empirical Analysis
	28) Effect on water cycle and quality

	29
	(Johansen et al., 2017)
	Nord-Trøndelag and Nordland, Norway
	Modelled Analysis
	29) Cost-effectiveness and optimisation

	30
	(Jost et al., 2021)
	Mostviertel, Lower Austria, Austria
	Modelled Analysis 
	30) Effects of A/R on soil properties

	31
	(Kang et al., 2018)
	Dongping National Park, Shanghai, China
	Empirical Analysis 
	31) Effects of A/R on soil properties

	32
	(Královec et al., 2016)
	Zbytiny village, Czechia
	Empirical Analysis
	32) Effect on water cycle and quality

	33
	(Lai et al., 2020)
	Sardania, Italy
	Modelled Analysis
	33) Effect on regional climate

	34
	(Lebek et al., 2019)
	Umvoti River Basin, Kwazulu-Natal, South Africa
	Modelled Analysis
	34) Effect on water cycle and quality

	35
	(Li et al., 2021)
	Huining County, Gansu Province, Italy
	Modelled Analysis 
	35) Effects of A/R on soil properties

	36
	(Liu et al., 2019)
	Wuhan, China
	Modelled Analysis
	36) Effect on regional climate

	37
	(Liu & Yao, 2021)
	Shaanxi Province, China
	Modelled Analysis
	37) Cost-effectiveness and optimisation

	38
	(Liu et al., 2022)
	Wuhai City, Nei Monggol Autonomous Region, China

	Empirical Analysis 
	38) Effects of A/R on soil properties

	39
	(Lu et al., 2020)
	Zhangjiakou City, Hebei Province, China
	Empirical Analysis
	39) Effect on growth and longevity

	40
	(Lukic et al., 2016)
	Grdelica Gorge, Serbia
	Empirical Analysis
	40) Effect on biodiversity and other ecological consequences

	41
	(Ma et al., 2016)
	Shaoyang, Hunan Province, China
	Empirical Analysis 
	41) Effects of A/R on soil properties

	42
	(McConnell et al., 2019)
	Louisiana, United States of America
	Empirical Analysis
	42) Assessment of institutional mechanisms

	43
	(Missall et al., 2015)
	Aksu Prefecture, Xinjiang Uyghur Autonomous Region, China
	Literature Review
	43) Assessment of institutional mechanisms

	44
	(Navas et al., 2019)
	Santa Lucía catchment area at Paso Pache, Uruguay
	Modelled Analysis
	44) Effect on water cycle and quality

	45
	(Özcan & Çiçek, 2023)
	Black Sea Region, Turkey, Lebanon, Syria
	Modelled Analysis
	45) Assessment of A/R techniques

	46
	(Paul et al., 2015)
	Chepo, Panama
	Empirical Analysis
	46) Cost-effectiveness and optimisation

	47
	(Perdomo-González et al., 2023)
	Lanzarote, Canary Island Archipelago, Spain
	Empirical Analysis
	47) Effect on biodiversity and other ecological consequences

	48
	(Pham et al., 2015)
	Vietnam
	Literature Review
	48) Effect on socio-economic conditions


	49
	(Qiu et al., 2022)
	Guizhou Province, China
	Modelled Analysis
	49) Effect on socio-economic conditions

	50
	(Rasiah et al., 2015)
	Corangaminte Catchment, Victoria, Australia
	Empirical Analysis 
	50) Effects of A/R on soil properties

	51
	(Roibás et al., 2018)
	Galacia, Spain
La Union, El Salvador
	Empirical Analysis
	51) assessment of A/R techniques
52) assessment of A/R techniques

	52
	(Sidau et al., 2021)
	Ruscova river upper basin, Romania
	Modelled Analysis
	53) Effect on water cycle and quality

	53
	(Somprasong et al., 2024)
	Mae Moh mine, Lampang, Thailand
	Modelled Analysis
	54) Assessment of A/R techniques

	54
	(Sonu et al., 2022)
	Kuttanad and Meenachil River Basin, Kerala, India
	Modelled Analysis
	55) Effect on regional climate

	55
	(Summers et al., 2015)
	Australia
	Modelled Analysis
	56) Cost-effectiveness and optimisation

	56
	(WH Sun et al., 2021)
	Qingjian County, Shaanxi Province, China
	Empirical Analysis 
	57) Effects of A/R on soil properties

	57
	(WL Sun et al., 2021)
	Changqing National Nature Reserve, Quinlin Mountains, China
	Empirical Analysis
	58) Effect on biodiversity and other ecological consequences

	58
	(Survila et al., 2022)
	Druskininkai district, Lithuania
	Empirical Analysis
	59) Assessment of A/R techniques

	59
	(Takele et al., 2022)
	Awash Basin, Ethiopia
	Empirical Analysis
	60) Effect on growth and longevity

	60
	(Tan et al., 2021)
	Muda River Basin, Malaysia
	Modelled Analysis
	61) Effect on water cycle and quality

	61
	(Tuswa et al., 2019)
	George, Western Cape Province, South Africa
	Modelled Analysis
	62) Effect on water cycle and quality

	62
	(Van der Sluis et al., 2019)
	Lesvos, Greece
Roskilde, Denmark
Heerde, Netherlands
Portofino, Italy
Stancuta, Romania
Ratesi, Romania
	Literature Review
	63) Effect on socio-economic conditions
64) Effect on socio-economic conditions
65) Effect on socio-economic conditions
66) Effect on socio-economic conditions
67) Effect on socio-economic conditions
68) Effect on socio-economic conditions

	63
	(Vilén et al., 2016)
	Finland
Czechia
	Modelled Analysis
	69) Assessment of A/R techniques
70) Assessment of A/R techniques

	64
	(Vinogradovs et al., 2018)
	Vidzeme, Latvia
	Empirical Analysis
	71) Effect on socio-economic conditions

	65
	(Wang et al., 2019)
	Kubuqi desert, Inner Mongolia, China
	Modelled Analysis
	72) Effect on regional climate

	66
	(Waseem & Khayyam, 2019)
	Islamabad, Pakistan
	Modelled Analysis
	73) Effect on regional climate

	67
	(Webber et al., 2021)
	Southwest England, United Kingdom
	Empirical Analysis
	74) Effect on water cycle and quality

	68
	(Work, 2017)
	Prey Lang Forest, Cambodia
	Empirical Analysis
	75) Effect on socio-economic conditions

	69
	(Yani, 2020)
	Melawi Regency of West Kalimantan Province, Indonesia
	Modelled Analysis
	76) Cost-effectiveness and optimisation


	70
	(Yazici & Turan, 2016)
	Kutahya, Turkey
	Empirical Analysis 
	77) Effects of A/R on soil properties

	71
	(Yemshanov et al., 2018)
	Canada
	Modelled Analysis
	78) Cost-effectiveness and optimisation


	72
	(Yi et al., 2022)
	Hubei Province, China
	Empirical Analysis
	79) Assessment of A/R techniques


	73
	(Yucekaya & Uslu, 2020)
	Gaziantep, Turkey
	Modelled Analysis
	80) Effect on regional climate

	74
	(Zanon et al., 2021)
	Registro, Sao Paulo, Brazil
	Empirical Analysis
	81) Effect on growth and longevity

	75
	(Zhang et al., 2021)
	Yangtze River Basin, China
	Modelled Analysis
	82) Effect on water cycle and quality

	76
	(Zheng et al., 2020)
	Mu Us Sandy Land, Wushen County, China
	Modelled Analysis
	83) Effect on regional climate

	77
	(Zhou et al., 2022)
	Gualing County, Guizhou Province, China 
	Empirical Analysis 
	84) Effects of A/R on soil properties

	78
	(Zhou et al., 2019)
	Changzhou city, Jiangsu Province, China
	Modelled Analysis
	85) GHG removal/ emission reduction through A/R

	79
	(Zhu et al., 2021)
	Loess Plateau, China
	Empirical Analysis
	86) Effect on biodiversity and other ecological consequences

	80
	(Zhuang et al., 2017)
	Yellow River basin, China
	Modelled Analysis
	87) Effect on regional climate
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Annex 2 
Methodology
The 80 studies which were selected for this exercise used either empirical research, modelling analyses or literature reviews as a way to understand the impacts of A/R. 51% (N=40) of studies used empirical analyses to study A/R impacts. These included direct sampling, observations and surveys, and interviews. 45% (N=37) of research studies used modelled assessments. Modelling analyses were carried out for studies focused on scenario building by using the specifications of the regions chosen for the case studies. These cases focused on potential impacts of A/R given different modelled conditions within the region with the help of geographical models and temperature mapping of the region. 4% (N=3) of the cases used literature review methodologies.
A few papers consider multiple case study areas hence; they were coded as separate cases. The cases were openly coded in the first round in order to systematically break down, data into distinct themes which were mutually exclusive and exhaustive. The coding system in NVivo was used for this to establish different colour codes to the initial codes. The second stage of coding (axial coding) was done by grouping codes which were thematically similar to each other under broader themes. For example, ‘understanding the impact of Douglas Fir plantation on soil carbon’ was first coded as ‘impact of plantation on soil carbon’, and then as ‘impact on soil properties’ under outcome codes. The Theory of Change (ToC) framework was used as a causal-process tracing framework during the review process. Once all the cases were screened for ‘outcome’ codes, a deductive thematic process was employed based on the ToC framework to use for causal-process tracing in order to codify information under broader themes of Inputs, Outputs, Long term implications and underlying conditions in which these impacts are observed. This methodology is drawn from studies such as Chen et al., 2023; Higgins et al., 2018; Lawry et al., 2017; Macura et al., 2021; Rounsevell et al., 2020; Wunder et al., 2025 which used ToC for thematic qualitative coding. The ToC allowed us to scrutinise each case study in each study area (N=87) to produce a realistic review of the reported evidence of the steps required to produce the outcomes. This review also looks at the contextual features that affect this intervention and then leads to the desired outcomes. Using ToC, we have been able to establish a causal chain between the intermediate steps and the observed outcomes. These steps are laid down in Table 1. 
Using ToC as the theoretical basis for the qualitative coding, we were able to isolate categories of ‘contextual conditions’, ‘inputs’ and ‘outcomes’ which fit into their respective causal narratives. 








	Inputs
	Outputs
	Outcomes
	Long term implications

	Modelling inputs
	
	Environmental
	

	Simulation of afforetsation and reforestation
Simulation of temperature and precipitation patterns
Socio-economic modelling
	Afforestation



Reforestation



Forest restoration



Reclamation
	Effect on soil properties
Effect on water cycle and quality
Effect on regional climate
GHG removal / emission reduction
Effect on biodiversity and other ecological consequences
	Ensuring economic, environmental and social sustainability

	
	
	Technical
	

	Afforestation and reofrestation initiatives, and protected area expansion
Carbon trading and plantations and monocultures
Agricultural market reform and private land management
	
	Technical effectiveness of of afforestation and reforestation
Effect on growth and longevity of tree species
	Building momentum for future policy and planning

	
	
	Socio-economic & institutional
	

	
	
	Cost-effectiveness and optimisation
Effect on socio-economic conditions
Effectiveness of institutional mechanisms
	

	Contextual conditions

	Environmental conditions 
	Technical conditions
	Economic 
conditions
	Socio-instituional conditions

	Tropical, arid, or semi arid regions
History of extreme events, land and water degradation 
	Usage of specific tree species
Comparision with other A/R techniques
	Past intensive and extensive agricultural lands
Pre-existence of forest-based and non-forest based industries 
	Simulteneous decorbonisation efforts
Established land ownership and management


Table 1 Theory of Change of case studies of A/R impacts

Assessment of implications of A/R outcomes on justice 
An abductive thematic analysis was utilised in order to break down the implications of A/R on justice related concerns. In order to do that, causally linked codes for 49 empirical and literature review case studies (out of the total 87) were rescrutinised through the framework of empirical justice assessment developed by Sikor et al. (2014). This framework has been used to elaborate on the subjective nature of social and environmental justice within the context in which it is observed (Brown et al., 2025; Fisher et al., 2018; Martin et al., 2016). Justice here is evaluated and categorised post-hoc to subjectively encompass different subjects, approaches (or criteria) and dimensions according to the framework. The dimensions of justice are recognitional (relating to individual and collective identities), procedural (relating to inclusive decision-making), and distributional (relating to the distribution of burdens and benefits). Justice, categorised under these dimensions, is defined according to how it affects the subjects of justice, which are individuals (individual humans), communities (of humans), generations (in the future), social systems (such as economy, regulatory institutions), non-human individuals and communities of animals, and nature as an entity in itself. Approaches of justice are defined according to the relationship exhibited by the subjects of justice or injustice.
The causal links between the outcomes and the contextual conditions were re-examined through the lens of this framework. Potential justice implications were noted for each category of outcomes, according to the causal links these outcomes had. The assessment and the explanations for these have been shown in the Supplementary Material 2.  
For better understanding of the results of the assessment, the qualitative information was given a score from the scale of 1 to -1 where 1 was a just outcome and -1 was an unjust outcome. Since the assessment was carried out over 3 dimensions of justice, the final score for each stakeholder could range from 3 to -3. This process was repeated for all outcomes and then represented visually in the form of radar charts. The limitation of this method was that an N/A score was considered the same as the score for a just + unjust outcome, which was 0. However, this was justified through the explanations provided in the text. 
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