Supplementary Material S2. Codebook for data extraction and coding
Interpretive coding of systemic design principles. Jones’s ten systemic design principles were used as a deductive analytical lens. Coding records both explicit mention of systemic design terminology and implicit alignment with the principles through reported design practices. The descriptions below are adapted from Jones (2014) and operationalized for agricultural systems design and climate adaptation literature.
0. What kind of paper is this?
	Code name
	Coding question
	Operational definition
	Values / coding options
	Coding instructions / decision rule

	paper_type
	What kind of paper is this?
	Nature of the paper's content and contribution
	Single-select: Empirical study; Conceptual / Theoretical paper; Review / Meta-analysis; Methodological paper; Other (specify)
	Single-select. Assign the category that best describes the main contribution of the paper. Use “Other (specify)” only when none of the listed categories is appropriate.



1. Descriptive variables (meta-data)
	Code name
	Coding question
	Operational definition
	Values / coding options
	Coding instructions / decision rule

	region_or_country
	Region or country of study
	Country or region of study
	ISO Country / Continent / “Global”; Other (specify)
	Record the main country or region of study as reported by the paper. If the study covers more than one country, record each country separately using consistent country names. Use “Global” only for studies explicitly framed as global or not attached to a specific national context.

	farming_system_type
	Farming system type
	Type of system targeted
	Multi-select: Arable; Livestock; Mixed; Agroforestry; Horticulture; Greenhouse; Pastoral; No specific; Other (specify)
	Multi-select. Code all farming system types explicitly addressed by the study. Use “No specific” when the paper addresses agriculture generally without a defined farming system. Use “Other (specify)” for categories not captured by the list.



2. Objectives & sustainability relevance
	Code name
	Coding question
	Operational definition
	Values / coding options
	Coding instructions / decision rule

	main_objective
	Purpose or goal of the design
	Purpose or goal of the design
	Free-text summary (max 2 lines)
	Free text. Summarize the dominant design objective in no more than two lines. When multiple objectives are present, prioritize the objective most directly linked to the design process.

	sustainability_flag
	Explicit mention of sustainability goals?
	Does the paper explicitly refer to sustainability goals or long-term systemic outcomes (e.g. the Sustainable Development Goals, regenerative practices, circular resource use, climate resilience, environmental justice)?
	Yes / No
	Yes/No. Code Yes only when sustainability, long-term environmental/social/economic goals, climate resilience, circularity, regeneration, SDGs, or comparable systemic sustainability aims are explicitly mentioned.

	resilience_flag
	Addresses resilience?
	Addresses ecological, social, or system-level resilience
	Yes / No
	Yes/No. Code Yes when the study explicitly addresses resilience, adaptive capacity, robustness, recovery, vulnerability reduction, or system-level persistence under disturbance.

	equity_flag
	Refers to equity or social fairness?
	Refers to inclusion, justice, or social fairness
	Yes / No
	Yes/No. Code Yes when the study explicitly addresses inclusion, justice, fairness, distributional effects, empowerment, marginalization, gender/social equity, or comparable social-fairness concerns.



3. Methodologies
	Code name
	Coding question
	Operational definition
	Values / coding options
	Coding instructions / decision rule

	design_methodology
	Which core methodologies were adopted?
	Core approaches used to structure, support, or evaluate design-oriented or systemic-design-aligned processes
	Multi-select: Participatory workshops; Simulation modeling (e.g., APSIM, DSSAT); Scenario planning; LCA; Agent-based modeling; Reflexive Interactive Design; Design thinking; Co-design protocols; DSS; Territorial diagnosis; SWOT analysis; Other (specify)
	Multi-select. Code all core methodological approaches used to structure, support, or evaluate the design process. Do not code methods only mentioned in background unless used in the study.

	design_method_type
	Types of methods to structure the design process
	Broad categories adapted from Jones’s systemic design methods framework (Jones, 2014b)
	Multi-select: Planning & Analytical; Visual & Conceptual; Simulation & Gaming; Critical & Evaluative; Participatory & Co-creative; Other (specify)
	Multi-select. Classify the methods according to Jones’s broad method categories. Code all categories that apply to the methods actually used in the paper.



4. Practitioners
	Code name
	Coding question
	Operational definition
	Values / coding options
	Coding instructions / decision rule

	practitioners
	Who are the practitioners?
	Stakeholders directly involved in the design process
	Multi-select: Farmers; Researchers; Extension agents; Policy-makers; Designers/Engineers; NGOs; Private sector; Citizens/Consumers; Other (specify)
	Multi-select. Code stakeholder or practitioner groups directly involved in the design process, consultation, co-design, implementation, evaluation, or knowledge exchange. Do not code actor groups only mentioned as background context.



5. Systemic design principles. General rule for implicit alignment coding: A systemic design principle was coded as present only when the study provided textual evidence that a reported design process, method, objective, stakeholder process, framework, model, or intervention corresponded to the operational definition of that principle. Absence of Jones’s terminology was not treated as absence of the principle. Conversely, general references to systems, participation, innovation, or sustainability were not sufficient for coding a principle as present unless the reported material matched the inclusion rule for that specific principle. When evidence was insufficient or ambiguous, coders were instructed to code conservatively and document uncertainty in reviewer notes.
	Code name
	Coding question
	Operational definition
	Values / coding options
	Coding instructions / decision rule

	principle_1_idealization
	Idealization
	is an ideal state or set of conditions that compels action toward a desirable outcome or signifies the value of a future system or practice.
	Yes / No
	Code Yes when the study defines or works toward a preferred future state, desirable system configuration, target condition, vision, or normative direction for change.
Do not code Yes when the study only reports performance targets without a preferred future condition or normative direction for change.

	principle_2_appreciating_complexity
	Appreciating complexity
	acknowledges the dynamic complexity of multicausal (wicked) problems and the cognitive factors involved in understanding the relationships within the problem’s complexity.
	Yes / No
	Code Yes when the study explicitly recognizes interdependencies, non-linearity, multi-causality, wickedness, uncertainty, feedbacks, or complex social-ecological/agricultural relations.
Do not code Yes for generic mentions of “systems” unless interdependencies, uncertainty, feedbacks, or multi-causality are substantively discussed.

	principle_3_purpose_finding
	Purpose finding
	defines a process of iterative purpose seeking, recognizing that purposes are constructed interdependently with stakeholders in language and can be determined by agreement, and designed or redesigned.
	Yes / No
	Code Yes when the study clarifies, negotiates, or iteratively constructs goals, purposes, values, or intended functions with stakeholders or within the design process.
Do not code Yes when the paper only states the authors’ research objective without evidence that purposes, goals, or values were clarified or negotiated as part of the design process

	principle_4_boundary_framing
	Boundary framing
	is the principle of determining the most effective fit between a concept and its target environment, considered as both concept framing and boundary critique.
	Yes / No
	Code Yes when the study defines, critiques, expands, narrows, or compares system boundaries, scales, actors, spatial/temporal scope, or problem framing.
Do not code Yes when the study location is merely described without reflection on system boundaries, scale, actors, or scope.

	principle_5_requisite_variety
	Requisite variety
	proposes that, whether in a social system or information system, the functional complexity of a given design must be calibrated to and provide sufficient options for interacting with the known and potential factors of its target environment complexity.
	Yes / No
	Code Yes when the design process deliberately includes diverse actors, knowledge forms, scenarios, options, practices, or response strategies to match system complexity.
Do not code Yes for any participatory study unless diversity of actors, knowledge, options, scenarios, or responses is used to address system complexity.

	principle_6_feedback_coordination
	Feedback coordination
	describes the identification of critical feedback relationships (first-n order) in social and technological systems for coordinating the dynamic fit to environmental and contextual functions.
	Yes / No
	Code Yes when the study identifies, models, monitors, or coordinates feedback loops, learning cycles, adaptive responses, or interactions among social, ecological, technical, or institutional components.
Do not code Yes for simple monitoring unless feedback loops, learning cycles, adaptive responses, or system interactions are identified or used.

	principle_7_system_ordering
	System ordering
	defines the function of design as a process of coordinated formation of options, including information, assets, organizations, and social systems, in meaningful ways by human custodians. Designers define humanly useful structures that enable visibility and salience within complex situations.
	Yes / No
	Code Yes when the study organizes system elements, options, roles, resources, relationships, functions, or design alternatives into a coherent structure, framework, model, or decision-support arrangement.
Do not code Yes for any framework or model unless it organizes relationships, roles, functions, options, or system elements into a coherent design structure.

	principle_8_generative_emergence
	Generative emergence
	describes the selection of emergent manifestations for design signification. Compositional emergence manifests in design activity as an outcome of ordering, from artificial microsystems that adapt an artifact to environments. Created emergence manifests from organizing systems, which include physical connections, designed forms, organizing processes, and the synergies that emerge from among these functions.
	Yes / No
	Code Yes when the study reports or intentionally enables new practices, configurations, relationships, opportunities, or system properties emerging from interactions within the design process.
Do not code Yes for any innovation outcome unless new configurations, practices, relationships, or system properties emerge from interactions in the design process.

	principle_9_continuous_adaptation
	Continuous adaptation
	is maintaining through adaptation a preferred system purpose and objectives (or desiderata) throughout the lifecycle of conformance to environmental demands and related system changes.
	Yes / No
	Code Yes when the study emphasizes ongoing adjustment, iteration, monitoring, learning, or redesign over time in response to changing conditions.
Do not code Yes for one-off redesign unless iteration, adjustment, monitoring, or learning over time is reported.

	principle_10_self_organizing
	Self-organizing
	enables actions that increase awareness, incentives, and social motivations to accelerate organizing behaviors
	Yes / No
	Code Yes when the study enables or reports decentralized, bottom-up, actor-led, community-led, network-led, or autonomous organizing processes rather than only externally controlled implementation.
Do not code Yes for stakeholder participation alone unless decentralized, bottom-up, actor-led, or autonomous organizing is enabled or reported.


Examples of indicators:
	Principle
	Example indicator

	Appreciating complexity
	Multi-causal problem framing; system interdependencies; uncertainty; wicked problem framing.

	Boundary framing
	Defining farm/landscape/territorial/system boundaries; comparing scales; stakeholder-boundary critique.

	Feedback coordination
	Monitoring loops; adaptive management; model-based feedback; iterative learning cycles.

	Self-organizing
	Farmer-led experimentation; community-led coordination; decentralized network formation.



6. Challenges & benefits
	Code name
	Coding question
	Operational definition
	Values / coding options
	Coding instructions / decision rule

	challenges
	Challenges encountered
	Barriers or constraints reported in applying, implementing, or operationalizing design approaches
	Multi-select: Stakeholder conflict; System complexity; Data/tools scarcity; Time/resource demands; Institutional rigidity; Other (specify)
	Multi-select. Code barriers, constraints, or difficulties reported by the study. Use “Other (specify)” for relevant challenges not captured by the listed categories.

	benefits
	Benefits expected, perceived, or demonstrated
	Expected, perceived, or demonstrated advantages reported by the study
	Multi-select: System insight; Innovation emergence; Stakeholder empowerment; Context-specific solutions; Improved coordination; Other (specify)
	Multi-select. Code expected, perceived, or demonstrated advantages reported by the study. Use “Other (specify)” for relevant benefits not captured by the listed categories.



Additional notes for analysis and reporting
Counting of multi-select fields. For frequency analyses, each selected category should contribute at most one count per study. Totals can therefore exceed the number of included studies.
Country and region coding. Where possible, locations should be recorded at country level for mapping and aggregated to continents for regional summaries. Records labelled only as global, regional, or not specific should be retained for descriptive reporting but may be excluded from country-level maps.
Free-text objective coding. The main objective field should first be recorded as extracted text or a concise paraphrase. Inductive grouping into broader objective families should be performed after extraction and documented separately.
Systemic design principle coding. The principle variables are interpretive. The coder should distinguish explicit use of systemic design terminology from implicit alignment with a principle. Absence of Jones’s terminology does not necessarily mean absence of the principle.
Missing or unclear information. If a paper does not report sufficient information for a variable, code conservatively and document uncertainty in reviewer notes. Do not infer stakeholder groups, benefits, or challenges unless there is textual evidence in the study.
Reference for systemic design principles. Jones, P. H. (2014). Systemic design principles for complex social systems. In G. S. Metcalf (Ed.), Social Systems and Design. Springer.

