Supplementary Materials I
Literature Search, Screening, and Coding Appendix
This material documents the literature identification, screening, coding, and framework integration procedures employed in the scoping review. Its accompanying supplementary data files include search results exported from Web of Science and Scopus (WOS.txt, scopus.txt), a retained 80 seed literature list, a final coding table for 80 seed literature items, a supporting evidence table for 41 citation tracking studies, and a list of 453 de-duplicated literature items (Supplementary data.xlsx).
S1. Review design and evidence structure
The review adopts a scoping review and framework-synthesis design. The purpose was to identify and organize empirical evidence relevant to collaborative climate governance and household livelihood resilience in China, and to synthesize recurring themes into an analytical framework. The final evidence base was organized into two layers. The first layer comprised 80 retained seed studies that formed the main basis for full-text coding and thematic synthesis. The second layer comprised 41 citation-traced supporting studies, which were used selectively to refine conceptual boundaries, strengthen underrepresented governance dimensions, and supplement mechanism interpretation.
The overall evidence-identification and screening process, including the Web of Science & Scopus seed search, eligibility screening, and citation-tracing expansion, is summarized in Figure S1. 
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Figure S1 Workflow of evidence identification and screening for the scoping review

S2. Search strategy (Web of Science & Scopus)
Databases: Web of Science (WoS) & Scopus, Topic search (TS). Language: English. Publication type: journal articles. Time span: January 2000 to April 2026.
Purpose of search: to identify China-focused studies on household/farmer livelihoods, climate change adaptation/resilience, and governance/collaborative response.

S2.1 Web of Science
Illustrative WoS Topic search string used for seed identification:
(("climate change" OR "global warming" OR "climate risk*" OR "climate variab*" OR "climatic change")AND(adapt* OR resilience OR "adaptive capacity" OR "climate adaptation" OR "risk response")AND(governance OR "climate governance" OR "risk governance" OR institution* OR policy OR government* OR community OR collaborat* OR cooperat* OR "collaborative governance" OR participatory OR "collective action" OR coproduc* OR "co-production" OR polycentric OR multilevel OR "multi-level" OR "cross-scale" OR "network governance")AND(household* OR farmer* OR "farm household*" OR rural OR smallholder*)AND(livelihood* OR resilien*)AND(China OR Chinese))
S2.2 Scopus
(TITLE-ABS-KEY(("climate change" OR "global warming" OR "climate risk*" OR "climate variab*" OR "climatic change")AND(adapt* OR resilience OR "adaptive capacity" OR "climate adaptation" OR "risk response")AND (governance OR "climate governance" OR "risk governance" OR institution* OR policy OR government* OR community OR collaborat* OR cooperat* OR "collaborative governance" OR participatory OR "collective action" OR coproduc* OR "co-production" OR polycentric OR multilevel OR "multi-level" OR "cross-scale" OR "network governance")AND(household* OR farmer* OR "farm household*" OR rural OR smallholder*) AND(livelihood* OR resilien*)AND(China OR Chinese))AND PUBYEAR > 1999 AND PUBYEAR < 2027 AND LANGUAGE(english) AND DOCTYPE(ar))

S3. Eligibility and exclusion criteria (seed screening and citation tracing)
The review prioritized empirical studies that directly informed the synthesis of household livelihood resilience under climate change and the roles of government, community, institutions, policy support, collective action, or government-community-household interactions in China. Citation-traced records were screened using the same relevance logic.
Table S1. Eligibility and exclusion criteria for database screening and citation tracing
	Inclusion criteria
	Exclusion criteria

	China-focused empirical studies, including household/farmer surveys, interviews, case-based empirical analysis, panel data, regression-based evidence, or mixed empirical designs.
	Studies without a clear China empirical context.

	Studies related to climate change adaptation, climate risk response, vulnerability, adaptive capacity, or livelihood resilience.
	Studies not clearly related to climate adaptation, climate risk, vulnerability, adaptive capacity, or resilience.

	Studies directly relevant to household, farmer, rural, or smallholder livelihoods.
	Studies not directly related to household, farmer, rural, or smallholder livelihoods.

	Studies with substantive relevance to governance, institutions, policy support, community coordination, collective action, public intervention, or G-C-H interactions.
	Purely conceptual or commentary pieces without empirical evidence relevant to the synthesis.

	English-language peer-reviewed journal articles within the defined time window.
	Records outside the targeted publication type, language scope, or time window.



S4. Coding and framework synthesis
After screening, the 80 retained seed studies were coded. Initial coding focused on five elements: actors, forms of support or intervention, interactional processes, resilience-related outcomes, and reported constraints or negative effects. These descriptive codes were progressively grouped into higher-order themes that informed the analytical framework.
Table S2. Initial coding elements and definitions
	Coding element
	Definition in the coding process

	Actors
	Whether the study explicitly addressed households, communities, government actors, institutions, market/private actors, or multi-scale systems.

	Support or intervention
	Public, community, institutional, market, technical, financial, informational, infrastructural, or organizational support relevant to livelihood resilience.

	Interactional processes
	Processes linking actors across scales, including mediation, coordination, collective action, implementation, participation, or feedback.

	Resilience-related outcomes
	Outcomes related to buffering, adaptation, livelihood adjustment, capacity building, risk reduction, learning, or recovery.

	Constraints or negative effects
	Reported limitations, tensions, exclusions, dependence, elite capture, maladaptation, weak uptake, or implementation mismatch.


During thematic synthesis, these coding elements were mapped to the main framework modules: government support, community mediation, household response, enabling mechanisms, constraining mechanisms, feedback processes, and resilience dimensions. The coding rule was conservative: a theme was coded as present only when the full text provided direct support. When the full text did not provide sufficient direct evidence, the relevant theme was retained as Not explicit.
Table S3. Mapping of coding themes to framework modules
	Framework module
	Coding meaning

	Government support
	Public intervention, state-led support, policy provision, infrastructure, subsidies, insurance, training, technical extension, or information services.

	Community mediation
	Village organizations, cooperatives, local institutions, collective action, resource coordination, information transmission, conflict mediation, or local implementation.

	Household response
	Household or farmer adaptation, livelihood adjustment, risk perception, technology uptake, diversification, coping, or strategic change.

	Enabling mechanisms
	Processes that strengthen resilience, such as resource access, knowledge diffusion, capacity building, social support, or institutional coordination.

	Constraining mechanisms
	Processes that weaken or unevenly distribute resilience, such as dependence, exclusion, elite capture, mismatch, weak uptake, or maladaptation.

	Feedback processes
	Upward feedback, learning loops, policy adjustment, experience sharing, or iterative adaptation across actors and scales.

	Resilience dimensions
	Dimensions used in the framework, including buffer capacity, risk perception, strategy adjustment, self-organization, and learning capacity.



S5. Treatment of citation-traced supporting studies
The 41 citation-traced studies were treated as supporting evidence for conceptual refinement and mechanism interpretation. Each traced study was reviewed to identify why it was included, which framework module it informed, what primary contribution it made, and whether it provided direct, indirect, or contextual support for the framework. This separation preserves the methodological distinction between the main coded evidence base and the supporting evidence used for interpretive refinement. It also helps clarify that the analytical framework was grounded primarily in the 80 retained seed studies, while the citation-traced studies strengthened underrepresented dimensions and reduced omissions from keyword-based searching.
Table S4. Fields used to document citation-traced supporting studies
	Field in traced-study table
	Purpose

	ReasonForTracing
	Explains why the study was included through citation tracing, such as concept refinement or mechanism supplementation.

	PrimaryContribution
	Summarizes the main contribution of the study to the synthesis.

	FrameworkRole
	Indicates whether the study supports conceptual refinement, mechanism interpretation, or underrepresented theme support.

	RelevantModule
	Identifies which framework module the study informs.

	KeyEvidenceNote
	Provides a concise note on the evidence contributed by the study.





Supplementary Materials II
Extended evidence and analytical detail supporting the government–community–household synthesis
S1. Theoretical positioning and analytical dimensions
The sustainable livelihood framework locates livelihood security in access to natural, human, physical, financial, and social capital (Chambers and Conway, 1992; DFID, 1999). Livelihood resilience research adds the capacities to absorb disturbance, organize collective action, and learn from change (Ifejika Speranza et al., 2014). RIMA operationalizes related capacities through assets, access to basic services, social safety nets, and adaptive capacity (Alinovi et al., 2008; FAO, 2016; FAO, 2022). These approaches establish the resource base and household capacities used in the review. The evidence also shows that assets have different resilience effects according to the institutions that regulate access, the actors that mediate support, and the choices available to households. The G–C–H synthesis addresses these relationships through four connected analytical dimensions.
S1.1 Institutions and governance arrangements
Institutions determine who can use land, water, finance, information, public services, and collective resources. They also define the procedures through which claims are recognized and conflicts are managed. Local institutions can connect public programs with household adaptation, but they may also restrict access when rules are unclear or when households lack organizational and political resources (Agrawal et al., 2010). Evidence from agro-pastoral areas of northwest China illustrates this dual role. Weather information, extension services, irrigation, and credit channels supported adaptation, yet their effects differed with household resources and institutional access (Xie et al., 2022). The relevant analytical question is therefore how formal programs, community rules, and household entitlements combine to make support usable. This focus moves beyond the amount of assistance provided and examines the institutional route through which assistance reaches different households.
S1.2 Power, politics, and equity
Adaptation support is distributed through relations of authority, recognition, and bargaining. Households differ in their ability to influence local decisions, enter cooperatives, obtain subsidies, or make their knowledge visible. Power therefore shapes both the allocation of adaptation resources and the definition of legitimate needs (Nightingale, 2017). Research on access and allocation further shows that formal eligibility does not ensure equal benefit when decision procedures, social position, or control over information differ (Grecksch and Klöck, 2020). In the G–C–H synthesis, equity concerns arise at each link: governments set program priorities and eligibility rules; community institutions interpret and allocate support; households participate with unequal resources and voice. Resilience gains must consequently be assessed together with their distribution, including which groups gain protection, which groups bear new costs, and whose preferences guide implementation.
S1.3 Multilevel and polycentric interaction
Climate-related livelihood risks cross administrative boundaries and policy sectors. Agricultural production, water allocation, disaster management, credit, markets, and social protection are often governed by different organizations. Multilevel governance research emphasizes the links among decisions made at household, community, local-government, and higher administrative levels. Polycentric research adds that several centers of authority can coordinate, experiment, and learn without being arranged in a single hierarchy (Dorsch and Flachsland, 2017; Ostrom, 2010). These arrangements can widen access to knowledge and resources, but they can also fragment responsibility. Power remains important because actors occupy unequal positions within polycentric systems and do not have the same capacity to set agendas or transfer risk (Morrison et al., 2019). The G–C–H synthesis therefore traces both vertical coordination and horizontal interaction, together with the accountability relations that connect them.
S1.4 Dynamic feedback and unintended effects
Livelihood resilience changes as households respond to interventions and as institutions react to those responses. An intervention may initially increase income, reduce exposure, or improve service access, yet later create dependence, debt, ecological pressure, or exclusion. Maladaptation research shows that such effects often emerge when interventions shift vulnerability across groups, places, or time (Eriksen et al., 2021; Schipper, 2020). Resettlement research in the Yellow River floodplain similarly indicates that changes in location and public support can reshape livelihood options in ways that require analysis beyond immediate project outputs (Cheng and Sun, 2025). Feedback is therefore part of the resilience process. Household experience reveals whether support fits livelihood practice; community institutions aggregate or filter that experience; and governmental actors may retain, revise, or discontinue implementation arrangements. This recursive process links present outcomes with later governance adjustment.
Taken together, the four dimensions explain why similar assets or policy inputs can produce different resilience outcomes. Institutions organize access; power influences whose needs and knowledge count; multilevel interaction links resources and authority across scales; and feedback changes subsequent decisions. Within the G–C–H framework, these dimensions are examined through the sequence of government support, community mediation, and household response, while allowing influence to move in both directions. They provide the analytical basis for interpreting the governance configurations in Section S2 and the five resilience pathways in Section S3.
S2. Governance configurations and cross-scale coordination
The Chinese evidence identifies a governance configuration that connects vertical governmental coordination, horizontal sectoral support, community mediation, and household response. These elements operate through different institutions but meet in local implementation. Public agencies mobilize resources and set program rules. Sectoral organizations provide specialized services. Community institutions coordinate access and interpret requirements. Households then decide whether and how to use the available support. The resilience effect depends on the connections among these elements rather than on any single intervention.
S2.1 Vertical governmental coordination
Central policy priorities concerning agriculture, poverty reduction, rural development, and ecological protection are commonly implemented through provincial, county, township, and village-level structures. Targeted Poverty Alleviation combined vocational education, village-based assistance, microfinance, relocation, e-commerce, tourism, photovoltaic development, entrepreneurship, and enterprise participation (Cui et al., 2023). Its implementation relied on organizational coordination and administrative mobilization across levels of government (Liu and Wang, 2024). Although these measures were not designed solely as climate adaptation, they changed access to infrastructure, services, finance, and employment. They therefore altered the conditions under which households could absorb climate-related losses and adjust livelihood strategies. Vertical coordination can increase coverage and delivery speed, but its resilience value depends on whether higher-level priorities leave sufficient room for local diagnosis and adjustment.
S2.2 Horizontal sectoral support
Climate-related livelihood risks involve agriculture, water, animal health, meteorological services, finance, markets, and technical learning. On the Tibetan Plateau, government interventions included subsidies, insurance, improved seeds, credit, infrastructure, cooperatives, and skills training (He et al., 2022a). Each instrument addressed a specific constraint, but households often needed several forms of support at the same time. The adoption of improved crop varieties provides a clear example. Government promotion, cooperative diffusion, and market channels interacted with local implementation capacity, technical support, information quality, and farmers' ability to assess performance (Mao et al., 2025). Horizontal coordination therefore affects whether specialized services form a usable package or remain fragmented. It also determines whether risks created in one sector, such as debt or water demand, are recognized by agencies working in another.
S2.3 Community mediation
Village committees, cooperatives, water-user associations, customary institutions, and informal networks connect formal support with local practice. They communicate program information, coordinate participation, organize shared resources, and negotiate rules. In Inner Mongolia, water-user associations were promoted to improve irrigation management, reduce disputes, and increase farmers' participation in water allocation (Qiao et al., 2009). Evidence from pastoral China shows that cooperatives and joint management can reduce overgrazing when participation barriers are limited and decision procedures are fair (Wu et al., 2025). Social capital also supports household preparedness and community disaster mitigation (Ai and Zhang, 2025). These cases show that community mediation adds local knowledge, trust, and coordination to public delivery. Its effects nevertheless depend on representation and accountability because the same institutions can filter information or allocate benefits selectively.
S2.4 Household response and cross-scale adjustment
Households convert support into practice through selective uptake, modification, delay, or non-adoption. Government interventions on the Tibetan Plateau influenced climate perceptions, livelihood capital, and adaptation strategies, but effects varied with household access and resources (He et al., 2022b). Non-adoption may indicate limited affordability, weak technical fit, labor constraints, or disagreement with program rules. State-promoted drip irrigation in the Loess Plateau was abandoned in some villages because it conflicted with livelihood strategies, risk-management practices, and local institutions (Burnham and Ma, 2018). Household response thus supplies information about implementation quality. When community institutions can aggregate this experience and public agencies can revise delivery, household response becomes part of cross-scale adjustment. When those links are weak, mismatch appears as low uptake without generating policy learning.
The distribution of support is an additional coordination issue. Community-level allocation can improve local targeting, but political relations may influence access to rural welfare benefits (Han and Gao, 2019). Cross-scale coordination therefore involves more than moving resources downward. It requires compatible objectives across sectors, transparent local allocation, channels for household feedback, and authority to revise implementation. These conditions determine whether the four elements operate as a connected governance configuration or as separate interventions with uneven household effects.
S3. Evidence across the five resilience dimensions
The five dimensions describe linked processes through which governance affects household livelihood resilience. Government support changes available information, resources, services, and institutional options. Community mediation shapes their accessibility and local meaning. Household response determines whether these inputs strengthen preparedness, buffering, strategy adjustment, self-organization, and learning. Each dimension contains enabling and constraining mechanisms, and changes in one dimension can affect the others.
S3.1 Risk perception and preparedness
Risk perception links climate information with anticipatory action. Rural households act on interpreted threats rather than on exposure alone. Research in China shows that perceived climate risk and perceived adaptive capacity influence proactive adaptation (Zheng and Dallimer, 2016). Review evidence also links farmers' perceptions with observed climate data, information access, and adaptive capacity (Ricart et al., 2022). Public early-warning and prevention information in the North China Plain supported adjustments in sowing and harvesting dates, irrigation, reseeding, and drought-resistant varieties (Wang et al., 2015). On the Tibetan Plateau, training, insurance, infrastructure, improved seeds, credit, and cooperative support also influenced climate perceptions and adaptation choices (He et al., 2022b). These findings connect information provision with practical preparedness rather than treating awareness as an outcome by itself.
Community networks determine whether formal information is timely, understandable, and trusted. Social capital is associated with both household disaster preparedness and participation in community mitigation, indicating that local communication links individual and collective response (Ai and Zhang, 2025). Perception nevertheless does not ensure action. Weak extension access, limited information-seeking capacity, socioeconomic constraints, and sociocultural barriers can prevent households from using information (Kibue et al., 2016). Weather services, irrigation, loans, and extension also have differentiated effects because households vary in resources and institutional access (Xie et al., 2022). Preparedness therefore depends on a complete pathway from warning and interpretation to an affordable and feasible response.
S3.2 Buffer capacity and livelihood capital
Buffer capacity is the ability to prevent climatic and socioeconomic disturbances from becoming severe livelihood losses. Natural, physical, financial, human, and social capital provide the resources used during coping and recovery. Studies in rural China link livelihood assets and site conditions with household resilience and adaptation choices (Kuang et al., 2020; Tang et al., 2023). Public infrastructure, insurance, water access, relocation support, and basic services can protect assets or make them available during shocks. Agricultural insurance subsidies can support food-security and poverty-alleviation objectives (Kong et al., 2021), while climate-related relocation can change access to several forms of livelihood capital (Wu et al., 2022). Government support thus affects both the stock of capital and the mechanisms through which households mobilize it.
Community institutions organize access to shared water, services, information, and mutual support. Cooperatives can build social capital and improve the capacity of smallholders to address climate-related challenges (Kopytko, 2018). Yet additional capital does not produce uniform resilience. Irrigation may reduce vulnerability while unequal access generates different livelihood outcomes (Arifah et al., 2022). Financial inclusion can ease immediate constraints but may also encourage debt, ecological pressure, or dependence on external markets under unfavorable conditions (Li et al., 2021a). Buffer capacity is therefore an institutionally mediated ability to combine resources at the time they are needed. Its assessment requires attention to access, control, convertibility, and the future obligations attached to support.
S3.3 Livelihood strategy adjustment
Livelihood strategy adjustment covers changes in production, labor allocation, income sources, resource use, and risk management. Household resilience influences the capacity to diversify, intensify, or transform livelihood activities (Liu et al., 2020a). Policy measures alter the feasibility of these strategies through credit, training, infrastructure, subsidies, and institutional support (Liu et al., 2024). In the Guanzhong Region, policy support, cooperative membership, and agricultural training influenced adaptive behaviors (Song and Zhu, 2025). Evidence from the Tibetan Plateau also shows that policy design can reshape crop-diversification decisions, but effects vary with labor and household resources (Zhang et al., 2024). Public support therefore changes the set of strategies available to households as well as their relative costs and expected returns.
Community organizations and social networks help households assess new opportunities, coordinate production, and enter markets. Household constraints remain decisive. In the Hehuang Valley, labor migration changed both vulnerability and the capacity to adopt crop diversification (Zhang et al., 2022). Socio-cognitive factors also influence whether perceived risks lead to adaptation in Southwest China (Jin et al., 2021). Follow-up support for relocated households can improve livelihood adaptation, but its effects depend on risk perception and local development conditions (Yang et al., 2024). A strategy strengthens resilience when it increases flexibility and remains viable as climate, market, and policy conditions change. Adjustments sustained only by subsidies, debt, or a single promoted sector may reduce short-term pressure while narrowing later options.
S3.4 Self-organization capacity
Self-organization capacity is the ability to coordinate action, maintain collective rules, and mobilize shared resources. External programs can create incentives and institutional space for cooperation, while local organizations determine how participation occurs. Research on grassland governance in China shows that collective arrangements and locally adapted institutions can support sustainable management when they are connected to practical rules and participation (Yu et al., 2025). Social networks also mediate the relationship between ecological interventions, livelihood decisions, and resilience, although out-migration can weaken their structure and function (Wang et al., 2021). Self-organization is therefore produced through the interaction of public support, local institutions, and household participation rather than through community cohesion alone.
Community leadership and collective institutions can coordinate irrigation, resource use, and disaster response. In rice-dominated communities of the North China Plain, collective irrigation regimes and local leadership supported responses to precipitation variability (Zhou et al., 2015). In disaster-prone border regions, collective action was shaped by disaster experience, risk perception, social learning, and government–community collaboration (Su et al., 2025). The benefits of collective action depend on who can participate and influence rules. Out-migration, weak trust, unequal voice, or selective access can reduce the reach of organization. Self-organization contributes to resilience when collective arrangements remain usable under stress and provide accountable channels for households with different resources and positions.
S3.5 Learning capacity
Learning capacity is the ability to acquire, interpret, exchange, and apply knowledge as risks and livelihood conditions change. Public extension, training, and information services can enlarge the knowledge available to households. In payment for ecosystem services programs, resilience depended on material support as well as skills and the capacity to adjust livelihood practice (Li and Zander, 2020). In rice-production systems of the Yangtze River Basin, climate perceptions, extension training, farmer-to-farmer exchange, and communication access supported the adoption of low-carbon agricultural technologies (Li et al., 2021b). Formal knowledge contributes to resilience when households can connect it with concrete decisions, test it under local conditions, and revise practice in response to results.
Community networks filter external information through trust, local experience, and shared practice. In the Lancang River Basin, bonding social capital supported adaptation decisions, whereas limited bridging ties restricted access to wider knowledge and resources (Gong et al., 2018). Farmers in rural Chengdu combined traditional knowledge with modern tools and information technologies in responding to climate change and urbanization (Zhong et al., 2022). Learning is therefore distributed across government services, community exchange, and household experimentation. Its effect is uneven when formal advice does not fit local conditions, communication channels exclude some groups, or experience is not fed back into program design. Learning capacity is strongest when these three sources of knowledge remain connected.
Table S5. Evidence matrix across the five resilience dimensions
	Dimension
	G–C–H pathway
	Resilience contribution and constraints
	Representative evidence

	Risk perception and preparedness
	Government provides warnings, climate information, training, and technical guidance. Communities translate information through local knowledge, communication, and trust. Households interpret risk and select feasible anticipatory actions.
	The pathway connects perceived risk with preparedness. Effects weaken when information is delayed, distrusted, difficult to interpret, or disconnected from affordable action.
	Zheng and Dallimer (2016); Wang et al. (2015); He et al. (2022b); Ai and Zhang (2025); Xie et al. (2022).

	Buffer capacity and livelihood capital
	Government supplies infrastructure, insurance, services, and relocation support. Communities coordinate access to shared resources and mutual assistance. Households combine livelihood capitals during shocks and recovery.
	Accessible and convertible capital protects livelihoods. Unequal allocation, debt, and dependence on externally supported production can weaken later resilience.
	Kuang et al. (2020); Tang et al. (2023); Kong et al. (2021); Wu et al. (2022); Li et al. (2021a).

	Livelihood strategy adjustment
	Government changes options through credit, training, infrastructure, subsidies, and technology. Communities connect households with information and markets. Households adjust production, labor, income, and risk management.
	Diversification and new technologies can expand flexibility. Effects vary with labor, assets, cognition, market access, and program design, and may depend on continuing support.
	Liu et al. (2020a); Song and Zhu (2025); Zhang et al. (2022); Jin et al. (2021); Yang et al. (2024).

	Self-organization capacity
	Public programs create institutional opportunities for participation. Communities provide rules, leadership, networks, and coordination. Households contribute through collective resource management and locally organized action.
	Collective organization can improve cooperation and shared risk management. Out-migration, unequal voice, weak accountability, and selective participation can reduce its reach.
	Wang et al. (2021); Yu et al. (2025); Zhou et al. (2015); Su et al. (2025).

	Learning capacity
	Government supports extension, training, and information access. Community networks circulate and interpret external and local knowledge. Households combine experience, experimentation, and new information.
	Learning supports later adaptation when knowledge is accessible, trusted, locally relevant, and open to revision. Weak bridging ties and poor fit restrict its effect.
	Li and Zander (2020); Li et al. (2021b); Gong et al. (2018); Zhong et al. (2022).


S4. Bottom-up feedback and policy learning
Government interventions establish priorities and implementation arrangements, but their effects become visible through household and community practice. Autonomous adaptation research shows that local responses can reveal how public interventions fit existing livelihoods and where planned measures risk maladaptation (Rahman and Hickey, 2019). Bottom-up feedback includes more than reporting needs. It supplies evidence on implementation, changes delivery arrangements, reveals the feasibility of promoted strategies, and identifies outcomes that differ from policy intent.
S4.1 Informational feedback
Households and communities hold situated knowledge about climate variability, production constraints, resource conflicts, and the usability of public support. The first-secretary-in-residence system links higher-level departments with village conditions and can channel resources and information across administrative levels (Liao et al., 2020). This arrangement can make local constraints visible to formal authorities. The information is nevertheless mediated by the selection of representatives, administrative priorities, and local political relations. Its value for policy learning depends on whether diverse household experiences are recorded, aggregated without erasing differences, and transmitted to actors able to revise implementation.
S4.2 Organizational feedback
Local organizations can alter how policy is delivered when formal projects encounter resource or coordination gaps. Public–private partnerships in drought-prone rural areas have combined scientific and local knowledge, mobilized funds, shared risks, and coordinated water management among governments, enterprises, communities, and households (Zhang et al., 2018). Such arrangements translate general policy goals into locally workable practices and may identify missing services or inappropriate project timing. Organizational feedback is effective when responsibilities are clear and local actors can modify delivery. Weak trust, short project cycles, or unclear authority can instead add another organizational layer without resolving the original gap.
S4.3 Strategic feedback
Household uptake, modification, and non-adoption provide evidence about the feasibility of promoted technologies and livelihood strategies. Among banana farmers in China, adaptation strategies affected land productivity, but knowledge of available options was heterogeneous and social networks influenced decisions (Zhu et al., 2021). Selective adoption can therefore indicate differences in information, labor, capital, or market access rather than simple compliance or resistance. To use this feedback, implementing agencies need to examine the reasons for household choices and distinguish design problems from constraints that require complementary support.
S4.4 Evaluative feedback
Experienced livelihood outcomes provide feedback after implementation. Disaster-related resettlement in rural China produced lower livelihood resilience among relocated households than among non-relocated households in the examined case (Liu et al., 2020b). The finding shows why intervention intent or completion indicators cannot substitute for assessment of household outcomes. Evaluation needs to trace changes in assets, networks, livelihood options, costs, and exposure over time. It contributes to policy learning when these findings enter program review and lead to changes in eligibility, sequencing, follow-up services, or local delivery.
The four forms of feedback may occur together. Household experience generates information, community institutions organize it, intermediary arrangements alter delivery, and later outcomes permit evaluation. Feedback contributes to resilience when it reaches responsible actors and changes subsequent action. Where channels are selective or symbolic, local experience may be collected without affecting implementation. Table S6 summarizes the evidence and the conditions under which each form can support policy learning.
Table S6. Illustrative forms of bottom-up feedback in the reviewed evidence
	Feedback form
	Evidence and pathway
	Governance relevance
	Conditions affecting use

	Informational
	The first-secretary-in-residence system links higher-level departments with village conditions and resource needs (Liao et al., 2020).
	Local constraints and needs become visible across administrative levels.
	Diverse household experience must be represented and reach actors able to revise implementation.

	Organizational
	Public–private water-management partnerships combine scientific and local knowledge, funding, and risk sharing (Zhang et al., 2018).
	Delivery can be adjusted where public projects encounter local gaps.
	Responsibilities, authority, trust, and project timing need to support local modification.

	Strategic
	Household uptake and non-adoption among banana farmers reveal the feasibility of technologies and strategies (Zhu et al., 2021).
	Household choices provide evidence on information, policy, market, labor, and resource constraints.
	Implementers need to examine reasons for choices rather than equating uptake with success.

	Evaluative
	Livelihood outcomes after disaster-related resettlement reveal effects that completion indicators cannot capture (Liu et al., 2020b).
	Experienced outcomes identify unintended effects and priorities for follow-up adjustment.
	Evaluation supports learning when findings enter program review and policy revision.


S5. Governance tensions and uneven outcomes
Collaborative arrangements can improve access to resources, services, and coordination, yet the same arrangements may create mismatch, dependence, exclusion, or reduced flexibility. Adaptation interventions alter existing institutions and redistribute opportunities, costs, and risks. Their effects on vulnerability can therefore differ across households and over time (Eriksen et al., 2021; Schipper, 2020). The main tensions identified in the reviewed evidence concern local fit, adaptive dependence, unequal participation, the balance between state capacity and local flexibility, and accountability in polycentric arrangements.
S5.1 Coordination and local fit
Strong coordination can expand program coverage, but implementation may still fail when information, institutions, resources, values, or governance capacities do not align with local adaptation processes (Moser and Ekstrom, 2010). Adaptive water policies in arid northwest China produced uneven benefits because household capital, social capital, political status, and participation influenced access (Tan and Liu, 2017). The issue is not coordination itself, but the relationship between standardized objectives and heterogeneous livelihood conditions. Local fit requires diagnostic information before implementation and authority to adjust instruments as ecological and household conditions change.
S5.2 Support and adaptive dependence
Subsidies, credit, insurance, purchased inputs, and market connections can reduce immediate constraints. They may also expose households to debt, price volatility, or program withdrawal. Tibetan pastoral households increasingly used purchased forage and market exchange in response to climatic and socioeconomic change, gaining coping options while taking on new dependencies (Wang et al., 2014). Financial inclusion may similarly constrain sustainable development when borrowing supports ecologically or economically fragile pathways (Li et al., 2021a). Support strengthens resilience when it expands future options and household capability. Dependence becomes a concern when households cannot maintain a strategy without continuing external inputs or when obligations reduce their capacity to change course.
S5.3 Collective action and exclusion
Community institutions can improve local coordination while distributing voice and benefits unevenly. Rural welfare targeting in China has been influenced by local political elites (Han and Gao, 2019). In targeted poverty alleviation, follow-up checks reduced elite capture, showing that local allocation requires safeguards and review (Cheng et al., 2021). Participation also depends on time, information, status, and organizational connections. The presence of a village committee or cooperative therefore does not establish inclusive collaboration by itself. Analysis needs to identify who participates, who controls information, how decisions are recorded, and whether households can question allocations or appeal exclusion.
S5.4 State capacity and local flexibility
Administrative reach, fiscal capacity, and organizational mobilization can deliver infrastructure and services at scale. Central coordination can also narrow local decision space when targets and procedures reward uniform implementation. Research on central–local dynamics in China indicates that centralization can accelerate policy diffusion while reducing local distinctiveness and flexibility (Luo et al., 2025). The resilience effect depends on how authority is divided. Higher levels may set minimum protections and provide finance, while local actors need room to adapt sequencing, eligibility, technology, and service combinations. Feedback and review are needed to ensure that flexibility responds to evidence rather than becoming unaccountable discretion.
S5.5 Polycentricity and accountability
Multiple centers of authority can support experimentation and coordination across scales (Dorsch and Flachsland, 2017; Ostrom, 2010). They can also make responsibility difficult to locate when government agencies, enterprises, cooperatives, and community organizations share functions. Polycentric governance therefore requires explicit arrangements for decision authority, information disclosure, conflict resolution, and outcome review. Without these arrangements, actors may transfer costs or risk while no institution remains responsible for the overall livelihood effect. Accountability connects collaboration with distributive outcomes by clarifying who must explain decisions and who can require correction.
These tensions often interact. A standardized program may create poor local fit, dependence can reduce household bargaining power, and weak accountability can reinforce exclusion. The G–C–H framework therefore examines enabling and constraining mechanisms within the same pathway. Table S7 records the evidence associated with each tension and the questions needed to interpret uneven outcomes.
Table S7. Evidence on governance tensions and uneven outcomes
	Tension
	Mechanism and evidence
	Observed or plausible consequence
	Question for framework application

	Coordination and local fit
	Standardized delivery can conflict with local information, institutions, resources, values, and capacity (Moser and Ekstrom, 2010; Tan and Liu, 2017).
	Low uptake, abandonment, or uneven benefits.
	Can instruments and sequencing be revised as local conditions change?

	Support and dependence
	Purchased inputs, markets, finance, subsidies, and promoted pathways can reduce short-term pressure while creating new exposure (Wang et al., 2014; Li et al., 2021a).
	Coping gains may coexist with debt, market dependence, or reduced strategic flexibility.
	Does support preserve or expand future livelihood options?

	Collective action and exclusion
	Political relations and elite influence shape access to welfare and poverty-program benefits (Han and Gao, 2019; Cheng et al., 2021).
	Poorer or less-connected households may have weaker access and voice.
	Who participates, controls information, and can appeal decisions?

	State capacity and local flexibility
	Central coordination can accelerate policy diffusion while reducing local variation and experimentation (Luo et al., 2025).
	Implementation may become less responsive to local knowledge and changing conditions.
	How is authority divided between minimum standards and local adjustment?

	Polycentricity and accountability
	Multiple centers can coordinate, learn, and experiment across scales (Dorsch and Flachsland, 2017; Ostrom, 2010).
	Functions are shared, while authority and responsibility may become fragmented.
	Who is responsible for decisions, distribution, review, and correction?


S6. Boundary conditions and functional transferability
The institutional form of the G–C–H relationships reflects China's administrative reach, fiscal capacity, rural organizational structure, and policy coordination. Comparison beyond China requires attention to these boundary conditions. The framework can be applied through the governance functions performed rather than through identical organizational labels. These functions include resource mobilization, cross-scale coordination, technical and climate information, rule-setting and risk reduction, and feedback and adjustment (Adger et al., 2005; Cash et al., 2006).
S6.1 Administrative and fiscal capacity
Resource mobilization depends on whether adaptation is connected with planning, budgeting, and sectoral coordination. Rural infrastructure, insurance, training, and public services require sustained finance and implementation capacity. The global adaptation finance gap shows how limited funding constrains planning and delivery in many developing contexts (Bueno Rubial et al., 2024). Agricultural adaptation research also emphasizes the need to coordinate technical measures with institutional and policy support (Ramirez-Villegas and Khoury, 2013). Where public capacity is lower, program continuity and coverage may rely more heavily on donors, non-governmental organizations, or producer organizations. Comparative analysis should therefore record both the amount of support and the institutional capacity to maintain it over time.
S6.2 Community institutions and bridging actors
The community component may be performed by village organizations, customary authorities, cooperatives, user associations, faith-based organizations, or other local institutions. Community-based adaptation and co-management research shows that local organizations and bridging institutions can connect external support with locally grounded knowledge and priorities (Ayers and Forsyth, 2009; Berkes, 2009). Their effectiveness depends on trust, participation, and organizational capacity. Social capital can strengthen community resilience, while weak transparency and exclusion limit who benefits (Carmen et al., 2022). Indigenous and local adaptation studies further show that institutional barriers and external power relations shape the scope of community action (Fayazi et al., 2020; Regmi et al., 2016). Functional comparison should therefore distinguish organizational presence from the capacity to mediate fairly and effectively.
S6.3 Distributed providers and cross-scale coordination
In settings without a comparable administrative hierarchy, governance functions may be distributed among public agencies, donor-supported programs, non-governmental organizations, cooperatives, research organizations, and community networks. Top-down planning and bottom-up knowledge can be connected through participatory processes, producer organizations, and boundary or bridging institutions (Bizikova et al., 2020; Eitzinger et al., 2018; Girard et al., 2015). Distributed provision can increase flexibility and diversify expertise. It also raises coordination costs and may produce gaps in coverage. The G–C–H categories can be used by identifying which actors mobilize resources, which actors mediate access, and which actors retain authority to revise rules. This mapping makes institutional differences visible without assuming that one organization must perform all governmental functions.
S6.4 Household agency, knowledge, and response
Households remain the actors through whom adaptation is tested and revised. Their response depends on risk perception, livelihood resources, learning, and the practical feasibility of available options. Global adaptation evidence emphasizes social limits, local experience, and the need to evaluate whether action reduces vulnerability for different groups (Adger et al., 2009; Berrang-Ford et al., 2021). Co-production research also shows the value of connecting scientific and local knowledge (Miner et al., 2023). In comparative application, household participation should be examined through influence over decisions, capacity to experiment, and the ability to communicate implementation experience. Program attendance or technology uptake alone provides an incomplete measure of agency.
S6.5 Accountability and comparison boundaries
Functional equivalents are meaningful only when authority, accountability, and distribution are also examined. Community institutions may hold local legitimacy but exclude less-connected households. Non-governmental organizations may provide technical support without long-term finance. Public agencies may supply resources while limiting local discretion. Research on community institutions and collective action shows that participation and organizational plurality do not remove power asymmetries (Karim and Thiel, 2017; Matthews et al., 2023). External support can also constrain adaptability when it locks households into narrow production or project pathways (Bitterman et al., 2019). Cross-context comparison should therefore specify who performs each function, who can demand an explanation or correction, and which groups receive benefits or assume risks.
These boundary conditions guide empirical use of the framework. Researchers can trace the same sequence of support, mediation, household response, and feedback while allowing the responsible organizations to differ across settings. Table S8 presents the main governance functions, institutional equivalents, and accountability conditions. Comparison then focuses on how the functions are connected and distributed, and on their effects across the five resilience dimensions.
Table S8. Governance functions, institutional equivalents, and accountability conditions
	Governance function
	Configuration in the Chinese evidence
	Possible institutional equivalents
	Conditions to assess

	Resource mobilization
	Public finance, infrastructure, subsidies, insurance, training, and technical services (He et al., 2022a; Cui et al., 2023).
	Public agencies, donor programs, non-governmental organizations, cooperatives, and community arrangements (Ayers and Forsyth, 2009).
	Transparent allocation, continuity, and access for vulnerable households.

	Cross-scale coordination
	Vertical administrative alignment and coordination across agricultural, water, financial, and technical sectors.
	Bridging organizations, co-management bodies, customary authorities, and polycentric networks (Cash et al., 2006; Berkes, 2009; Ostrom, 2010).
	Clear responsibilities, local representation, and coordination across levels and sectors.

	Technical and climate information
	Meteorological services, extension, training, and locally mediated communication (Wang et al., 2015; Xie et al., 2022).
	Research and extension organizations, producer groups, community brokers, and bridging institutions (Cash et al., 2006; Berkes, 2009).
	Information is timely, trusted, locally interpretable, and connected to feasible action.

	Rule-setting and risk reduction
	Public regulation interacts with village rules and community institutions in resource access and management.
	Public authorities, customary institutions, cooperatives, and polycentric or co-management arrangements (Dorsch and Flachsland, 2017; Ostrom, 2010).
	Legitimacy, procedural safeguards, transparent decisions, and mechanisms for appeal.

	Feedback and adjustment
	Village reporting, intermediary organizations, household uptake, and evidence from experienced outcomes (Liao et al., 2020; Zhang et al., 2018).
	Participatory forums, community monitoring, co-management bodies, producer organizations, and local networks (Adger et al., 2005; Cash et al., 2006).
	Feedback reaches responsible actors and informs implementation, review, and accountability.
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Supplementary Materials III
A framework-based interpretation of rangeland governance on the Qinghai–Tibetan Plateau
S1. Purpose and scope
This supplementary note applies the proposed government–community–household (G–C–H) framework to a published empirical case drawn from the citation-traced supporting evidence base. The purpose is to demonstrate how the framework can be used as an analytical tool for organizing case evidence, tracing cross-scale governance pathways, and generating diagnostic outputs. The selected case is Gongbuzeren et al.’s (2016) comparative study of rangeland transfer and customary institutions in Axi and Xiareer villages on the Qinghai–Tibetan Plateau.
This case is suitable for a framework-guided diagnosis because it contains a clear policy intervention, contrasting community institutional arrangements, observable household livelihood responses, and evidence of both enabling and constraining mechanisms. This worked example applies the framework to the published case to trace support pathways, community mediation, household responses, resilience dimensions, and governance bottlenecks.
S2. Case background
Gongbuzeren et al. (2016) compare two rangeland governance arrangements that emerged under China’s rangeland reform context. In Axi Village, market-based rangeland transfer largely replaced customary community institutions. Access to grazing mobility became increasingly dependent on households’ ability to rent additional rangeland. This arrangement was associated with higher livestock mortality, lower livestock productivity, rising production costs, and greater household asset differentiation.
In Xiareer Village, by contrast, market mechanisms were embedded within customary community institutions through a community-based grazing quota system and livestock loan arrangements. This arrangement enabled more equal opportunities to access rangeland resources, retained collective regulation of grazing behavior, and supported pastoral production without rapid wealth differentiation. The contrast between the two villages provides a useful basis for applying the G–C–H framework because it shows how similar policy environments can generate different livelihood resilience implications depending on whether community mediation is weakened or incorporated into governance arrangements.
S3. Applying the G–C–H framework
The framework was applied through six analytical operations. First, the policy intervention was identified by examining how rangeland reform reshaped land-use rights and transfer arrangements. Second, the community mediation mechanism was assessed by comparing whether customary institutions were replaced, weakened, or incorporated into the new governance arrangement. Third, household response was traced through changes in grazing mobility, livestock production, and access to rangeland resources. Fourth, the observed outcomes were mapped onto the resilience dimensions in the framework, especially self-organization, strategy adjustment, and buffering capacity. Fifth, enabling and constraining mechanisms were identified by comparing whether the governance arrangement preserved reciprocity, reduced production costs, limited wealth differentiation, or created new forms of exclusion. Finally, diagnostic outputs were derived by asking what the framework reveals about the links among policy design, community mediation, household adaptation, and livelihood resilience.
This procedure demonstrates how the framework can move beyond a descriptive representation of actors. It provides a structured way to examine how public intervention is organized, how community institutions mediate or fail to mediate that intervention, how households adjust livelihood behavior, which resilience dimensions are strengthened or weakened, and where exclusion, dependence, or feedback loss may emerge.
Table S9. Operational diagnosis of the Axi and Xiareer rangeland governance case through the G–C–H framework
	Analytical operation
	Operational question
	Case evidence used
	Diagnostic output
	What the framework reveals

	Identify government intervention
	What public policy or institutional reform changed the governance setting?
	Rangeland reform promoted individualized use rights and market-based transfer of contracted grazing land.
	The “G” component operated mainly through institutional redesign rather than direct service delivery.
	The framework directs attention to how public policy changes the rules through which households access livelihood resources.

	Assess community mediation
	Did community institutions translate, modify, or buffer the policy intervention?
	In Axi, market-based transfer largely replaced customary management. In Xiareer, market mechanisms were embedded in community grazing quotas and livestock loan arrangements.
	Community mediation was the key difference between the two villages. Stronger mediation in Xiareer helped preserve reciprocity and flexible resource access.
	The framework shows that community mediation can determine whether the same reform pathway produces adaptive flexibility or unequal access.

	Trace household response
	How did households adjust production or resource-use strategies?
	In Axi, grazing mobility became more dependent on the ability to rent additional rangeland. In Xiareer, households retained more equal opportunities to access grazing resources.
	Household adaptation was shaped by whether households could maintain mobility, manage production costs, and access shared resources.
	Household response is not merely individual choice; it is shaped by the institutional conditions created by policy and community mediation.

	Map resilience dimensions
	Which resilience dimensions were strengthened or weakened?
	Xiareer strengthened self-organization, strategy adjustment, and buffering capacity through collective rules and resource-sharing arrangements. Axi showed weaker buffering and greater asset differentiation.
	The same broad reform context activated different resilience dimensions depending on the strength of community mediation.
	The framework helps separate resilience dimensions rather than treating livelihood outcomes as a single aggregate effect.

	Identify enabling mechanisms
	What mechanisms supported resilience-enhancing outcomes?
	Xiareer combined market instruments with customary institutions, grazing quotas, livestock loans, and collective regulation.
	Institutional embeddedness helped align policy reform with ecological variability and pastoral production needs.
	Enabling mechanisms emerged when formal reform was embedded in locally legitimate institutions.

	Identify constraining mechanisms
	What mechanisms generated vulnerability or exclusion?
	In Axi, market-based transfer increased production costs, reduced effective mobility, and widened household asset differentiation.
	Weak community mediation allowed market access to become more dependent on household financial capacity.
	Constraining mechanisms emerged when market reform displaced reciprocal institutions and redistributed adaptive opportunities unevenly.

	Derive diagnostic outputs
	What does the framework add to the interpretation of the case?
	The contrast between Axi and Xiareer shows that local institutions can either be displaced or incorporated into reform.
	The framework identifies community mediation as the pivotal mechanism linking policy reform to divergent livelihood resilience outcomes.
	The framework reveals why the policy issue is not simply whether rangeland transfer exists, but how it is institutionally mediated and distributed among households.



S4. Diagnostic findings and policy implications
The framework-guided diagnosis adds three forms of interpretation to the published case. First, it clarifies the policy pathway. In Axi, government-led market reform expanded formal transfer opportunities but weakened customary mediation, making adaptive access to grazing resources more dependent on household financial capacity. In Xiareer, the same broad reform context produced different resilience implications because market mechanisms were embedded within customary community institutions. The framework therefore helps explain why formally similar policy instruments may generate divergent livelihood outcomes.
Second, the framework identifies community mediation as the key diagnostic hinge. Without this step, the case might be read mainly as a comparison between two rangeland transfer arrangements. Through the G–C–H framework, the comparison becomes a diagnosis of how policy intervention is filtered through community institutions before shaping household adaptation. The Axi case demonstrates a pathway in which marketization weakened collective regulation and increased distributional risk. The Xiareer case demonstrates a pathway in which market mechanisms were adjusted through local rules, grazing quotas, and livestock loans, thereby supporting self-organization and more equitable resource access.
Third, the framework helps distinguish resilience dimensions and governance bottlenecks. Xiareer’s arrangement appears to strengthen self-organization, strategy adjustment, and buffering capacity, while Axi’s arrangement reveals risks of reduced mobility, rising costs, and wealth differentiation. The framework also shows which elements are less fully documented in the case, including explicit household risk perception and formal feedback from local outcomes to higher-level policy adjustment. Its diagnostic value lies in distinguishing well-evidenced links from those in the G–C–H chain that require further empirical attention.
The policy implications derived from this worked example are therefore secondary to the framework application itself. The case suggests that future assessment of rangeland reform should examine whether community rules are displaced or incorporated, whether poorer households retain access to adaptive resources, and whether local livelihood outcomes are used to adjust institutional design. More broadly, the example shows that the G–C–H framework can be used to evaluate policy events by tracing how public intervention, community mediation, and household response interact to enable or constrain livelihood resilience.

Reference for Supplementary Materials III:
Gongbuzeren, Zhuang, M., Li, W. (2016) Market-based grazing land transfers and customary institutions in the management of rangelands: Two case studies on the Qinghai-Tibetan Plateau. Land Use Policy 57, 287-295. https://doi.org/10.1016/j.landusepol.2016.05.035
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