Climate and Health Unified Data Digital Adaptation Kit
Scope, purpose and implementation boundaries
1. Purpose
The Climate and Health Unified Data Digital Adaptation Kit supports countries in translating climate-health data needs into implementable, software-neutral specifications.
The CHUD DAK defines the users, workflows, data, transformation logic, schedules, indicators, requirements and standards needed to combine climate, environmental, epidemiological and health-system information for public-health analysis and action.
It is intended to help countries:
· identify authoritative data sources;
· clarify institutional roles and data ownership;
· define repeatable data workflows;
· harmonise data across time and geography;
· improve data quality and provenance;
· support district-level and other subnational analysis;
· enable standards-based exchange;
· prepare data for climate-health analytics;
· monitor pipeline performance;
· specify testable digital requirements;
· adapt implementation to national context.
The DAK does not prescribe a single platform, database, analytical model, vendor or hosting environment.

2. Public-health objective
The public-health objective is to improve the availability, comparability and responsible use of climate-health data for preparedness, surveillance, planning, research and decision-making.
The DAK supports the operational chain:
Identify → acquire → validate → transform → harmonise → integrate → analyse → publish → use → monitor → improve
The CHUD DAK treats data integration as a governed public-health capability rather than a purely technical exercise.

3. Scope
The CHUD DAK covers the following functional areas.
3.1 Data-source identification
· identification of relevant climate, environmental, health and population sources;
· confirmation of source ownership;
· assessment of authority and reliability;
· documentation of access methods;
· review of licensing and permitted use;
· identification of geographic and temporal coverage;
· assessment of update frequency and sustainability.
3.2 Data acquisition
· automated or manual data retrieval;
· file transfer;
· application programming interfaces;
· database extraction;
· event-based exchange;
· scheduled ingestion;
· local upload;
· receipt confirmation;
· failure handling.
3.3 Data validation
· source verification;
· schema and format validation;
· unit validation;
· range checking;
· timestamp validation;
· geographic validation;
· duplicate detection;
· missing-data identification;
· version confirmation;
· data-quality classification.
3.4 Data transformation
· restructuring;
· unit conversion;
· terminology mapping;
· identifier mapping;
· date and time conversion;
· derivation of approved variables;
· aggregation;
· disaggregation where methodologically valid;
· masking or pseudonymisation;
· preparation for analysis.
3.5 Temporal harmonisation
· alignment of different reporting periods;
· conversion between hourly, daily, weekly, monthly or seasonal data;
· definition of reference periods;
· lag and lead handling;
· event-window construction;
· management of delayed or revised data;
· preservation of source temporal resolution.
3.6 Spatial harmonisation
· mapping to authoritative geographic identifiers;
· alignment of administrative, meteorological and health-service areas;
· point-to-area assignment;
· raster-to-administrative aggregation;
· boundary-version management;
· district-level or other subnational outputs;
· handling of overlapping or changing geographies.
3.7 Data integration
· joining climate and health datasets;
· linking facilities, populations and geographic areas;
· combining historical and current information;
· creation of analysis-ready datasets;
· preservation of source provenance;
· management of repeated and revised integrations.
3.8 Data publication and access
· controlled datasets;
· dashboards;
· reports;
· APIs;
· files;
· metadata catalogues;
· analytical workspaces;
· authorised exports;
· publication status;
· access restrictions.
3.9 Data-quality monitoring
· completeness;
· timeliness;
· validity;
· consistency;
· uniqueness;
· geographic coverage;
· source reliability;
· revision frequency;
· pipeline failures;
· unresolved data-quality issues.
3.10 Pipeline operations
· scheduling;
· job execution;
· dependency management;
· retries;
· failure notification;
· manual intervention;
· restart and recovery;
· versioning;
· audit;
· maintenance.

4. Intended users
The CHUD DAK is intended for institutions and professionals involved in climate-health data governance, integration, analysis and implementation.
Primary users may include:
· ministries of health;
· national public-health institutes;
· meteorological and hydrological services;
· environmental agencies;
· health-information teams;
· surveillance programmes;
· digital-health agencies;
· data engineers;
· epidemiologists;
· statisticians;
· climate scientists;
· geospatial specialists;
· data stewards;
· interoperability specialists;
· privacy and security teams;
· software architects and developers;
· implementation partners;
· researchers;
· monitoring and evaluation teams.
The exact institutional distribution of responsibilities is country-specific.

5. Core institutional functions
The DAK distinguishes functions rather than assuming one institutional model.
5.1 Climate-data provision function
Responsible for:
· climate and meteorological data;
· observations and forecasts;
· climate products;
· metadata;
· source quality;
· update schedules;
· technical interpretation.
5.2 Health-data provision function
Responsible for:
· epidemiological data;
· surveillance data;
· service-utilisation data;
· facility data;
· mortality data;
· case definitions;
· reporting quality;
· revision status.
5.3 Population and geographic data function
Responsible for:
· population denominators;
· administrative boundaries;
· health-service geographies;
· facility locations;
· geographic identifiers;
· boundary versions.
5.4 Data-governance function
Responsible for:
· data ownership;
· permitted use;
· access;
· data-sharing arrangements;
· retention;
· privacy;
· security;
· publication status.
5.5 Data-engineering function
Responsible for:
· acquisition;
· validation;
· transformation;
· integration;
· scheduling;
· pipeline operation;
· technical monitoring;
· recovery.
5.6 Epidemiological and analytical function
Responsible for:
· interpretation;
· analytical design;
· indicator definition;
· assessment of bias and limitations;
· validation of derived datasets;
· use of data for public-health purposes.
5.7 Data-publication function
Responsible for:
· preparation of approved outputs;
· metadata;
· access control;
· release status;
· publication;
· correction;
· versioning.
One institution may perform several functions, or one function may be distributed across several organisations.

6. System boundary
The CHUD system boundary begins with identification and acquisition of relevant source data and extends through validation, harmonisation, integration, controlled publication and monitoring.
The system may exchange information with:
· meteorological data platforms;
· WMO Information System 2.0 services;
· environmental monitoring systems;
· health-management information systems;
· disease-surveillance systems;
· laboratory systems;
· mortality systems;
· facility registries;
· population and census systems;
· geographic information systems;
· research data environments;
· dashboards;
· analytical platforms;
· data catalogues.
The DAK defines required capabilities and exchanges but does not require all functions to exist within one system.
A valid implementation may consist of several interoperating systems supported by documented manual procedures.

7. Data domains
The CHUD DAK may support data from the following domains.
7.1 Climate and meteorological data
· temperature;
· precipitation;
· humidity;
· wind;
· solar radiation;
· drought indicators;
· heat indices;
· extreme-weather indicators;
· forecasts;
· climate projections;
· derived climate products.
7.2 Environmental data
· air quality;
· water conditions;
· land cover;
· vegetation;
· soil moisture;
· flooding;
· wildfire;
· vector habitat indicators;
· urban heat;
· environmental exposure.
7.3 Epidemiological data
· disease cases;
· syndromic data;
· outbreaks;
· laboratory-confirmed events;
· morbidity;
· mortality;
· health-service utilisation;
· emergency attendance;
· hospitalisation.
7.4 Health-system data
· facility location;
· facility type;
· service availability;
· capacity;
· workforce;
· supplies;
· disruptions;
· catchment area;
· referral relationships.
7.5 Population and vulnerability data
· population estimates;
· age and sex distribution;
· population density;
· deprivation;
· disability;
· housing conditions;
· occupational exposure;
· displacement;
· access to services;
· other approved vulnerability indicators.
7.6 Geographic reference data
· administrative areas;
· health districts;
· facility catchments;
· meteorological zones;
· raster grids;
· coordinates;
· boundary versions;
· geographic hierarchies.
Not every implementation requires all domains.

8. Temporal scope
CHUD may support:
· real-time data;
· near-real-time data;
· daily data;
· weekly data;
· monthly data;
· seasonal data;
· annual data;
· historical data;
· forecast data;
· projected future data.
The temporal resolution should be selected according to the public-health use case.
The system should preserve:
· original source resolution;
· reporting period;
· issue time;
· valid time;
· ingestion time;
· transformation time;
· revision time.
Data should not be treated as directly comparable until temporal differences have been assessed.

9. Geographic scope
CHUD may support analysis at:
· national level;
· regional or provincial level;
· district level;
· municipal level;
· health-facility catchment level;
· point location;
· grid or raster cell;
· meteorological zone;
· ecological zone;
· custom geographic area.
District-level analysis is an important programme use case but should not be assumed appropriate for every dataset or country structure.
The geographic model should support:
· stable identifiers;
· authoritative boundaries;
· hierarchy;
· boundary versioning;
· crosswalks;
· geographic aggregation;
· disclosure protection;
· clear interpretation.

10. Temporal harmonisation boundary
Temporal harmonisation may include:
· alignment to a shared reference period;
· conversion from finer to coarser resolution;
· calculation of period summaries;
· handling of reporting delay;
· definition of lag periods;
· treatment of incomplete periods;
· treatment of revised source data.
The DAK does not prescribe one universal aggregation method.
The selected method should reflect:
· source resolution;
· analytical purpose;
· disease or outcome characteristics;
· climate exposure period;
· statistical validity;
· country practice.
Transformation should not imply greater precision than the original data support.

11. Spatial harmonisation boundary
Spatial harmonisation may include:
· linking point observations to administrative areas;
· aggregating raster data to districts;
· mapping facilities to geographic areas;
· translating between administrative boundary versions;
· aligning meteorological and health geographies;
· assigning population denominators;
· generating geographic crosswalks.
Spatial transformation should document:
· source geography;
· target geography;
· method;
· weighting;
· boundary version;
· uncertainty;
· limitations.
The DAK does not prescribe one universal spatial method.

12. Data integration boundary
CHUD may generate:
· source-aligned datasets;
· harmonised datasets;
· integrated climate-health datasets;
· indicator datasets;
· analysis-ready datasets;
· approved analytical extracts;
· public or restricted outputs.
Each integrated dataset should retain links to:
· source datasets;
· source versions;
· transformations;
· geographic mappings;
· temporal mappings;
· quality flags;
· responsible owner;
· release status.
Integrated data should not replace the authoritative source record unless explicitly governed to do so.

13. Public-health use cases
CHUD may support:
· climate-health surveillance;
· retrospective epidemiological analysis;
· early-warning preparation;
· health-impact assessment;
· geographic risk mapping;
· planning and resource allocation;
· programme monitoring;
· policy development;
· research;
· evaluation;
· preparation of data for predictive modelling.
The specific use case should determine:
· required data;
· temporal resolution;
· geographic resolution;
· quality requirements;
· access;
· update schedule;
· permitted outputs.

14. Predictive modelling boundary
The CHUD DAK may prepare and govern data used by predictive models.
It may support:
· source identification;
· feature preparation;
· training-data documentation;
· validation datasets;
· model-input pipelines;
· prediction-output storage;
· provenance;
· performance monitoring interfaces.
The design, selection and validation of a specific predictive model are outside the core scope of the CHUD DAK unless explicitly added through an approved programme extension.
The DAK should not imply that an integrated dataset is automatically suitable for prediction.

15. Health decision boundary
CHUD supports data preparation and analysis.
It does not independently:
· issue public-health alerts;
· authorise interventions;
· make clinical decisions;
· determine resource allocation;
· replace epidemiological interpretation;
· establish policy.
Any operational decision based on CHUD outputs remains the responsibility of the authorised institution or professional.

16. Data ownership
Data ownership or stewardship should remain with the responsible source institution unless a different arrangement is formally established.
For each source, the implementation should define:
· owner;
· steward;
· custodian;
· processor;
· permitted users;
· permitted purposes;
· publication rights;
· retention;
· correction responsibility;
· termination arrangements.
The use of a shared platform should not automatically transfer ownership.

17. Local deployment and data control
Countries may require local or country-controlled deployment because of:
· privacy;
· confidentiality;
· national data policy;
· health-data sovereignty;
· cybersecurity;
· connectivity;
· operational ownership;
· contractual constraints.
The architecture should support local deployment where required.
The Vietnam DART implementation provides a relevant programme example of the need to consider local deployment and national control of sensitive data.
This example should inform implementation analysis without being treated as a universal architectural requirement.

18. Data access
Access may be:
· public;
· institutional;
· restricted;
· confidential;
· project-specific;
· time-limited;
· role-based;
· purpose-specific.
Access decisions should consider:
· sensitivity;
· identifiability;
· public-health need;
· legal authority;
· data-sharing agreement;
· geography;
· user role;
· publication status.
Technical access should not be interpreted as permission for unrestricted use.

19. Data sharing
Data sharing may occur through:
· APIs;
· secure file transfer;
· interoperability platforms;
· research environments;
· dashboards;
· scheduled exports;
· controlled downloads;
· manual transfer.
Each exchange should define:
· sender;
· receiver;
· purpose;
· content;
· frequency;
· format;
· standard;
· security;
· retention;
· permitted onward use;
· failure handling.

20. Standards scope
Relevant standards may include:
· HL7 FHIR for selected health-data exchanges;
· WMO Information System 2.0 for meteorological-data discovery and exchange;
· nationally approved health-information standards;
· geographic standards and identifiers;
· metadata standards;
· terminology standards;
· date, time and unit standards;
· security and access standards.
The DAK should distinguish between:
· confirmed standards mappings;
· proposed mappings;
· partial mappings;
· national extensions;
· gaps requiring further analysis.

21. HL7 FHIR boundary
FHIR may support selected CHUD exchanges involving:
· organisations;
· facilities;
· observations;
· measures;
· reports;
· geographic relationships;
· provenance;
· tasks;
· data requests.
Detailed use requires confirmation of:
· the FHIR release;
· implementation guide;
· resources;
· profiles;
· terminology;
· identifiers;
· national extensions;
· conformance requirements.
The generic DAK should not claim complete FHIR conformance until mappings are validated.

22. WIS 2.0 boundary
WIS 2.0 may support access to or exchange of meteorological and climate information.
CHUD implementation analysis should identify:
· relevant WIS 2.0 services;
· source metadata;
· access method;
· format;
· update frequency;
· authentication;
· national availability;
· transformation needs;
· failure handling.
The DAK should not assume equal WIS 2.0 readiness or access across all countries.

23. Data-quality scope
CHUD should support assessment of:
· completeness;
· timeliness;
· validity;
· consistency;
· uniqueness;
· accuracy where assessable;
· geographic coverage;
· temporal coverage;
· source authority;
· revision status;
· provenance.
Data-quality status should remain visible in downstream outputs.
Low-quality data may still be useful if limitations are clearly documented and the intended use is appropriate.

24. Missing data
The system should distinguish:
· true zero;
· not reported;
· unavailable;
· delayed;
· invalid;
· suppressed;
· not applicable;
· estimated;
· imputed.
Missing data should not be silently converted to zero.
Any estimation or imputation should identify:
· method;
· purpose;
· variables affected;
· responsible analyst;
· version;
· limitations.

25. Data revisions
Source data may be revised after initial publication.
The system should support:
· source version;
· revision date;
· revision reason;
· affected records;
· superseded values;
· reprocessing;
· downstream impact assessment;
· corrected publication.
Historical analyses should remain linked to the source version used.

26. Derived data
Derived data may include:
· aggregates;
· rates;
· anomalies;
· climate indices;
· lagged variables;
· exposure measures;
· geographic summaries;
· harmonised indicators.
Each derived element should identify:
· source;
· formula or method;
· unit;
· temporal basis;
· geographic basis;
· software or process version;
· validation;
· owner.
Derived data should not be presented as directly observed values.

27. Metadata
Each dataset should have metadata describing:
· title;
· description;
· owner;
· source;
· purpose;
· coverage;
· variables;
· format;
· update frequency;
· temporal resolution;
· geographic resolution;
· quality;
· access;
· licence or permitted use;
· version;
· contact;
· limitations.
Metadata should be maintained even where the dataset itself cannot be shared broadly.

28. Data provenance
Provenance should record:
· source organisation;
· source system;
· source dataset;
· source version;
· original timestamp;
· acquisition time;
· transformation;
· responsible service or actor;
· quality checks;
· corrections;
· derived outputs;
· publication.
Provenance is essential for reproducibility, trust and correction.

29. Data lineage
Data lineage should show how an output was created from its inputs.
Lineage may include:
· source dataset;
· ingestion job;
· transformation step;
· intermediate dataset;
· geographic mapping;
· temporal mapping;
· quality rule;
· integrated dataset;
· indicator;
· report or dashboard.
Material lineage should be understandable to technical and analytical users.

30. Privacy and confidentiality
The CHUD DAK may involve sensitive health and population data.
Implementations should apply:
· data minimisation;
· purpose limitation;
· role-based access;
· aggregation;
· pseudonymisation where appropriate;
· disclosure review;
· retention control;
· secure exchange;
· audit;
· approved publication processes.
The preferred level of data should be the least detailed level that meets the public-health purpose.

31. Statistical disclosure control
Outputs should be reviewed for risks such as:
· small-cell disclosure;
· re-identification;
· sensitive geographic detail;
· rare-event disclosure;
· combination with other datasets.
Potential controls include:
· suppression;
· aggregation;
· masking;
· threshold rules;
· controlled access;
· delayed publication.
Disclosure controls should not be applied in a way that produces misleading analyses.

32. Security scope
Security should address:
· identity;
· authentication;
· authorisation;
· encryption;
· interface security;
· privileged access;
· system monitoring;
· backup;
· recovery;
· incident response;
· third-party services;
· data export.
Security controls should reflect the sensitivity and operational importance of each dataset and system.

33. Artificial intelligence and advanced analytics
AI or advanced analytics may support:
· data-quality detection;
· anomaly identification;
· metadata generation;
· record linkage;
· terminology mapping;
· geospatial classification;
· transformation-code drafting;
· analytical summarisation;
· prediction.
Their use should remain subject to responsible AI governance.
In particular:
· source data should remain identifiable;
· automated transformations should be reviewable;
· uncertainty should remain visible;
· sensitive data should not be entered into unapproved services;
· model outputs should not be confused with observed data;
· human review should be defined;
· non-AI fallback processes should exist.

34. Country-configurable elements
The following elements are expected to require country or subnational configuration:
· participating institutions;
· source systems;
· data ownership;
· permitted uses;
· geographic units;
· temporal resolutions;
· source priorities;
· transformation rules;
· quality thresholds;
· publication rules;
· access roles;
· hosting;
· retention;
· identifiers;
· terminology;
· standards profiles;
· schedules;
· service levels;
· implementation priorities.
These decisions should be maintained in controlled configuration and decision registers.

35. Minimum implementation capability
A minimum viable CHUD implementation should be able to:
1. identify authoritative climate and health data sources;
2. document ownership, access and permitted use;
3. acquire data through an approved process;
4. validate format, time, geography and completeness;
5. transform data using documented rules;
6. align selected datasets temporally and geographically;
7. generate an integrated or analysis-ready dataset;
8. preserve provenance and lineage;
9. apply access and disclosure controls;
10. monitor pipeline execution and data quality;
11. reproduce or explain the generated output;
12. recover from failure through manual or technical procedures.
The minimum capability may be achieved through a combination of workbooks, scripts, existing systems and controlled manual processes.

36. Advanced implementation capability
More mature implementations may support:
· automated multi-source ingestion;
· WIS 2.0 integration;
· FHIR-based health-data exchange;
· metadata catalogues;
· automated spatial processing;
· automated temporal harmonisation;
· reusable transformation pipelines;
· district-level analytical products;
· near-real-time surveillance integration;
· automated quality monitoring;
· data lineage visualisation;
· secure analytical workspaces;
· federated data access;
· model-input pipelines;
· advanced analytics and AI.
Advanced capability should be introduced only where governance, data quality, security, workforce and maintenance arrangements are sufficient.

37. Out of scope
The CHUD DAK does not by itself:
· create authoritative climate or health data;
· replace source-system governance;
· determine national data policy;
· require centralisation of all data;
· mandate one database or platform;
· define universal disease indicators;
· prescribe one spatial method;
· prescribe one temporal aggregation method;
· validate a predictive model;
· issue public-health alerts;
· make clinical decisions;
· authorise interventions;
· guarantee analytical validity;
· permit unrestricted reuse of source data;
· replace epidemiological or statistical judgement.
These matters must be addressed through the relevant national, institutional and scientific processes.

38. Dependencies
CHUD implementation may depend on:
· authoritative data sources;
· data-sharing authority;
· stable identifiers;
· geographic reference data;
· metadata;
· technical access;
· analytical expertise;
· data-engineering capacity;
· privacy and security controls;
· sustainable hosting;
· operational ownership;
· maintenance resources.
A readiness assessment should identify which dependencies exist and which require action.

39. Success criteria
A CHUD implementation should enable authorised institutions to:
· identify and access relevant data;
· understand source quality and limitations;
· harmonise data across time and geography;
· generate reproducible integrated datasets;
· preserve ownership and provenance;
· protect sensitive information;
· monitor pipeline and data quality;
· provide useful outputs for approved public-health purposes;
· update and maintain the process over time.
Success should be assessed through both technical performance and public-health utility.

40. Scope principle
The CHUD DAK should remain broad enough to support different country architectures and data environments, but precise enough to guide implementation and testing.
Its core principle is:
Connect authoritative climate and health data through transparent, reproducible and governed processes so that countries can generate reliable evidence for public-health action without losing ownership, provenance or scientific integrity.
Public-health and surveillance interventions
1. Purpose
This section defines the public-health, surveillance and data-management interventions that the Climate and Health Unified Data Digital Adaptation Kit is intended to support.
It translates climate-health information needs into operational categories that can be linked to:
· institutional actors;
· user scenarios;
· data workflows;
· core data elements;
· transformation and harmonisation logic;
· scheduling;
· indicators;
· functional and non-functional requirements;
· standards and architecture.
The CHUD DAK does not create new normative public-health recommendations.
It structures existing data, surveillance and implementation needs so that climate and health information can be combined, governed and used consistently for approved public-health purposes.

2. Intervention framework
The CHUD intervention framework follows the data and evidence lifecycle:
Govern → identify → acquire → validate → harmonise → integrate → analyse → interpret → publish → use → monitor → improve
The framework is organised into ten intervention areas:
1. governance and data stewardship;
2. climate-health data-source identification;
3. data acquisition and access;
4. data quality and validation;
5. temporal harmonisation;
6. spatial harmonisation;
7. epidemiological and analytical integration;
8. surveillance and public-health use;
9. controlled publication and access;
10. monitoring, evaluation and improvement.
These areas are interdependent.
An integrated dataset has limited public-health value if its ownership, quality, transformation methods, limitations and intended use are unclear.

3. Normative and implementation status
Each intervention should be classified according to its basis.
Normative guidance
A recommendation or requirement directly supported by approved WHO, WMO or other authoritative guidance.
Programme interpretation
A structured interpretation used to connect guidance and programme objectives to the DAK components.
Implementation requirement
An operational or technical capability required to deliver the intervention.
Country-specific policy
A national or subnational requirement established by an authorised institution.
Scientific or analytical method
A documented method selected for data transformation, harmonisation, analysis or interpretation.
Working assumption
A temporary interpretation used to maintain progress while confirmation is pending.
The source and status of each intervention should be recorded in the Source and Evidence Register.
Programme interpretations and illustrative analytical methods should not be presented as formal WHO recommendations.

4. Governance and data stewardship
4.1 Objective
Establish clear ownership, authority, responsibility and permitted use for climate-health data and related outputs.
4.2 Core interventions
Countries should define:
· the institution responsible for the CHUD implementation;
· the owners or stewards of each source dataset;
· the institution operating each data pipeline;
· the authority approving data access;
· the authority approving integrated datasets and publications;
· privacy and security responsibilities;
· correction and revision responsibilities;
· maintenance ownership;
· escalation and dispute-resolution routes.
Governance should cover national and subnational arrangements where responsibilities differ.
4.3 Operational implications
The DAK should support:
· source ownership records;
· data-sharing agreements;
· data-access approval;
· purpose and use restrictions;
· role assignment;
· issue escalation;
· decision logging;
· dataset release approval;
· retention and archival;
· change control.
4.4 Country adaptation
Countries should determine:
· whether data are centralised, federated or retained locally;
· which institution may integrate datasets;
· which users may access identifiable or detailed data;
· which outputs may be published;
· who approves transformation methods;
· who is responsible for corrections;
· how cross-institutional disputes are resolved.

5. Climate-health data-source identification
5.1 Objective
Identify the authoritative and relevant data sources needed for approved climate-health use cases.
5.2 Core interventions
Source identification should include:
· climate and meteorological observations;
· forecasts and warnings;
· environmental monitoring;
· epidemiological and surveillance data;
· mortality data;
· health-service utilisation;
· facility and workforce data;
· population denominators;
· vulnerability indicators;
· geographic reference data.
For each source, the implementation should assess:
· ownership;
· authority;
· accessibility;
· temporal coverage;
· geographic coverage;
· resolution;
· update frequency;
· quality;
· revision practice;
· permitted use;
· sustainability.
5.3 Operational implications
The DAK should support:
· data-source inventories;
· metadata records;
· source classification;
· source-priority decisions;
· duplicate-source review;
· access status;
· gap identification;
· review dates.
5.4 Source prioritisation
Where several sources describe a similar concept, countries should define:
· the authoritative source;
· acceptable alternatives;
· fallback sources;
· conditions for substitution;
· methods for reconciling differences.
A source should not be selected only because it is easier to access.

6. Data access and acquisition
6.1 Objective
Obtain required data through lawful, secure, reliable and repeatable processes.
6.2 Acquisition methods
Data may be acquired through:
· APIs;
· WIS 2.0 services;
· secure file transfer;
· database exchange;
· interoperability platforms;
· scheduled export;
· local upload;
· controlled download;
· manual entry;
· research data environments.
6.3 Core interventions
The acquisition process should:
· authenticate the source;
· verify the expected dataset and version;
· record issue and ingestion times;
· confirm successful receipt;
· protect sensitive data;
· detect missing or delayed deliveries;
· support retry or fallback;
· preserve the source file or reference where required.
6.4 Operational implications
The DAK should support:
· acquisition schedules;
· interface specifications;
· source credentials and access controls;
· transfer logs;
· failure notification;
· retry procedures;
· manual fallback;
· receipt confirmation;
· source-version tracking.
6.5 Access control
Technical access to a source does not automatically establish permission to use the data for every purpose.
The permitted purpose, users, outputs and retention should be defined separately.

7. Climate and environmental data interventions
7.1 Objective
Prepare climate and environmental information for use in public-health surveillance, analysis and planning.
7.2 Potential data
Climate and environmental data may include:
· temperature;
· precipitation;
· humidity;
· wind;
· solar radiation;
· heat indices;
· drought measures;
· flood indicators;
· wildfire indicators;
· air quality;
· water conditions;
· vegetation;
· land cover;
· soil moisture;
· climate anomalies;
· forecasts;
· climate projections.
7.3 Core interventions
The implementation may need to:
· identify authoritative products;
· validate units and timestamps;
· document spatial and temporal resolution;
· calculate approved derived indicators;
· map observations or grids to health geographies;
· preserve uncertainty;
· identify revised source products;
· document limitations.
7.4 Interpretation boundary
Climate variables should not be treated as direct health outcomes.
Their public-health meaning requires epidemiological and contextual interpretation.

8. Health and epidemiological data interventions
8.1 Objective
Prepare health information for responsible combination with climate and environmental data.
8.2 Potential data
Health data may include:
· disease cases;
· syndromic reports;
· laboratory-confirmed cases;
· outbreaks;
· emergency attendance;
· hospital admissions;
· mortality;
· ambulance activity;
· service utilisation;
· facility capacity;
· health-worker reports.
8.3 Core interventions
The implementation should:
· confirm approved case or indicator definitions;
· identify the reporting system and owner;
· assess completeness and reporting delay;
· distinguish provisional and final data;
· preserve revisions;
· map records to approved geographic areas;
· apply appropriate disclosure controls;
· document changes in reporting practice.
8.4 Interpretation boundary
Changes in reported cases may reflect:
· true epidemiological change;
· reporting delay;
· service access;
· diagnostic practice;
· case-definition change;
· system disruption;
· population movement.
These factors should remain visible in analysis and interpretation.

9. Population, vulnerability and denominator interventions
9.1 Objective
Provide appropriate population and vulnerability context for climate-health analysis.
9.2 Potential data
Relevant data may include:
· population counts;
· age and sex distribution;
· population density;
· urbanisation;
· deprivation;
· disability;
· housing quality;
· occupation;
· displacement;
· access to health services;
· access to cooling or water;
· facility catchments.
9.3 Core interventions
The implementation should:
· identify authoritative denominator sources;
· record reference periods;
· align population data with geographic boundaries;
· assess the age of the estimates;
· distinguish observed and modelled estimates;
· document uncertainty;
· avoid unjustified individual-level targeting.
9.4 Denominator quality
Rates should not be generated without a suitable denominator.
Where denominators are uncertain or outdated, the limitation should be recorded.

10. Data quality and validation
10.1 Objective
Determine whether source and processed data are sufficiently reliable for their intended use.
10.2 Core dimensions
Data-quality assessment should address:
· completeness;
· timeliness;
· validity;
· consistency;
· uniqueness;
· geographic coverage;
· temporal coverage;
· source authority;
· revision status;
· provenance.
10.3 Core interventions
The implementation should:
· validate required fields;
· validate formats and data types;
· check units;
· check ranges;
· identify duplicates;
· identify missing data;
· verify geographic identifiers;
· verify reporting periods;
· compare expected and received volumes;
· classify quality status;
· route material issues for review.
10.4 Quality status
A dataset or record may be classified as:
· valid;
· valid with limitations;
· provisional;
· incomplete;
· delayed;
· invalid;
· rejected;
· under review;
· corrected.
Quality status should be retained in downstream datasets.
10.5 Use of imperfect data
Data should not automatically be excluded because they are incomplete or delayed.
The decision should reflect:
· intended use;
· severity of the limitation;
· availability of alternatives;
· effect on interpretation;
· need for urgent public-health information.

11. Missing-data management
11.1 Objective
Prevent missing information from being misinterpreted or silently altered.
11.2 Missing-data categories
The implementation should distinguish:
· true zero;
· not reported;
· delayed;
· unavailable;
· invalid;
· suppressed;
· not applicable;
· estimated;
· imputed.
11.3 Core interventions
Missing-data management may include:
· source follow-up;
· alternative-source review;
· exclusion;
· flagging;
· estimation;
· imputation;
· sensitivity analysis;
· publication limitation.
11.4 Methodological control
Any estimation or imputation should document:
· variables affected;
· method;
· assumptions;
· software or process;
· responsible analyst;
· version;
· validation;
· limitations.
Imputed values should remain distinguishable from observed values.

12. Temporal harmonisation
12.1 Objective
Align datasets measured or reported over different time periods so that they can be compared or integrated appropriately.
12.2 Potential differences
Sources may differ by:
· observation time;
· issue time;
· reporting period;
· daily cut-off;
· week definition;
· month definition;
· time zone;
· reporting delay;
· revision frequency;
· forecast horizon.
12.3 Core interventions
Temporal harmonisation may include:
· standardising timestamps;
· converting time zones;
· defining shared reporting periods;
· aggregating finer-resolution data;
· aligning incomplete periods;
· creating lagged exposure variables;
· preserving source resolution;
· identifying provisional periods;
· reprocessing revised periods.
12.4 Aggregation
Examples may include:
· hourly to daily;
· daily to weekly;
· weekly to monthly;
· event-level summaries;
· seasonal summaries.
The aggregation method should define:
· statistic;
· inclusion rule;
· missing-data treatment;
· minimum completeness;
· weighting;
· reference period.
12.5 Lag and lead periods
Climate-health analysis may require consideration of:
· immediate effects;
· delayed effects;
· cumulative exposure;
· antecedent conditions;
· forecast lead times.
Lag selection should be scientifically justified and documented.

13. Spatial harmonisation
13.1 Objective
Align datasets that use different locations, boundaries or geographic structures.
13.2 Potential differences
Sources may use:
· point coordinates;
· weather stations;
· raster grids;
· administrative areas;
· health districts;
· facility catchments;
· postal areas;
· custom zones.
13.3 Core interventions
Spatial harmonisation may include:
· point-to-area assignment;
· raster aggregation;
· facility-to-district mapping;
· administrative crosswalks;
· boundary-version conversion;
· area-weighted aggregation;
· population-weighted aggregation;
· nearest-source assignment;
· geographic masking.
13.4 Method documentation
Each spatial method should record:
· source geography;
· target geography;
· boundary version;
· mapping method;
· weighting;
· assumptions;
· uncertainty;
· unmatched records;
· validation.
13.5 District-level outputs
District-level analysis may support local public-health action where:
· district boundaries are authoritative;
· source resolution is sufficient;
· health data are available at district level;
· disclosure risk is acceptable;
· transformations are methodologically defensible.
Data should not be disaggregated to district level when the source does not support that precision.

14. Geographic crosswalk management
14.1 Objective
Maintain consistent mappings between climate, administrative and health-service geographies.
14.2 Core interventions
A geographic crosswalk should identify:
· source geographic identifier;
· target geographic identifier;
· relationship type;
· boundary versions;
· effective period;
· mapping weight where applicable;
· method;
· owner;
· validation status.
14.3 Relationship types
Mappings may be:
· exact;
· one-to-many;
· many-to-one;
· partial overlap;
· nearest match;
· estimated;
· unresolved.
Unresolved mappings should not be silently discarded.

15. Data transformation
15.1 Objective
Convert source data into consistent structures and units suitable for integration and analysis.
15.2 Potential transformations
Transformations may include:
· renaming variables;
· restructuring tables;
· parsing dates;
· unit conversion;
· terminology mapping;
· identifier mapping;
· aggregation;
· classification;
· derivation;
· suppression;
· pseudonymisation.
15.3 Core controls
Each transformation should identify:
· transformation identifier;
· source;
· input fields;
· output fields;
· method or expression;
· software or script version;
· responsible owner;
· validation;
· effective date;
· change history.
15.4 Transformation transparency
Transformations should not:
· remove source quality flags without explanation;
· convert missing values to zero;
· imply unsupported precision;
· overwrite original source data;
· conceal methodological assumptions.

16. Derived climate-health variables
16.1 Objective
Generate approved measures that support climate-health analysis.
16.2 Potential derived variables
Examples may include:
· daily temperature summaries;
· temperature anomalies;
· cumulative rainfall;
· dry-period duration;
· heatwave duration;
· climate-exposure indicators;
· disease incidence rates;
· excess counts;
· lagged exposure variables;
· facility-access measures;
· vulnerability indices.
16.3 Required documentation
Each derived variable should define:
· purpose;
· formula;
· inputs;
· temporal basis;
· geographic basis;
· unit;
· missing-data treatment;
· source;
· version;
· validation;
· limitations.
The generic DAK should not prescribe universal formulas where methods depend on the disease, climate exposure or national context.

17. Data integration
17.1 Objective
Combine climate, health, population, facility and geographic data into reproducible datasets for approved use.
17.2 Core interventions
Integration should:
· identify the intended use;
· select approved sources;
· confirm common identifiers;
· align time periods;
· align geographies;
· apply quality rules;
· preserve source links;
· identify unmatched records;
· generate an integration report;
· assign a dataset version;
· obtain release approval where required.
17.3 Integration keys
Data may be linked through:
· geographic identifier;
· facility identifier;
· date or reporting period;
· event identifier;
· population group;
· environmental grid;
· approved record linkage.
17.4 Unmatched data
The integration process should report:
· unmatched records;
· partial matches;
· duplicate keys;
· ambiguous mappings;
· excluded records;
· reason for exclusion.
17.5 Reproducibility
The same approved inputs and transformation version should produce the same output, subject to documented platform or numerical limitations.

18. Analysis-ready datasets
18.1 Objective
Prepare controlled datasets that can be used for epidemiological, surveillance, planning or research purposes.
18.2 Dataset types
CHUD may produce:
· source-aligned datasets;
· harmonised datasets;
· integrated datasets;
· indicator datasets;
· analytical extracts;
· model-input datasets;
· public-use datasets;
· restricted research datasets.
18.3 Required metadata
Each dataset should identify:
· purpose;
· sources;
· geographic coverage;
· temporal coverage;
· variables;
· transformations;
· quality status;
· sensitivity;
· permitted use;
· owner;
· version;
· publication status;
· limitations.
18.4 Fitness for use
A dataset approved for one purpose should not automatically be considered suitable for another.
For example, a dataset suitable for descriptive surveillance may not be suitable for:
· causal inference;
· predictive modelling;
· resource allocation;
· individual-level intervention.

19. Climate-health surveillance
19.1 Objective
Use integrated climate and health data to improve surveillance of climate-sensitive health risks.
19.2 Potential applications
CHUD may support surveillance of:
· heat-related illness;
· vector-borne disease;
· water-borne disease;
· respiratory illness;
· food-related health risks;
· climate-sensitive mortality;
· health-service pressure;
· environment-related syndromes.
The specific conditions included should reflect approved country priorities and programme scope.
19.3 Core interventions
Surveillance integration may include:
· routine climate context in surveillance reports;
· geographic comparison;
· temporal trend review;
· anomaly investigation;
· event-window analysis;
· facility and service-pressure monitoring;
· preparation of data for early-warning analysis.
19.4 Analytical caution
Association between climate and health variables does not establish causation.
Interpretation should consider:
· confounding;
· seasonality;
· reporting changes;
· population movement;
· service access;
· concurrent events;
· data quality.

20. Public-health analysis and interpretation
20.1 Objective
Convert integrated data into information that can support public-health understanding and action.
20.2 Potential analytical products
Products may include:
· descriptive summaries;
· climate-health profiles;
· district comparisons;
· risk maps;
· trend reports;
· surveillance bulletins;
· exposure summaries;
· service-planning reports;
· research datasets;
· policy briefs.
20.3 Interpretation requirements
Analytical outputs should identify:
· question addressed;
· data sources;
· period;
· geography;
· methods;
· limitations;
· uncertainty;
· responsible analyst;
· review status;
· appropriate and inappropriate uses.
20.4 Human interpretation
Automated analysis should not replace epidemiological, statistical or climate-science review.

21. Early-warning and preparedness support
21.1 Objective
Prepare reliable data and indicators that may support climate-sensitive preparedness or warning systems.
21.2 CHUD contribution
CHUD may support:
· historical data preparation;
· indicator calculation;
· threshold analysis;
· exposure monitoring;
· vulnerability mapping;
· model-input pipelines;
· surveillance integration;
· evaluation of warning performance.
21.3 Boundary
CHUD does not itself authorise or issue a public-health alert.
Where CHUD outputs are used by a warning system, the interface should define:
· output;
· update frequency;
· quality status;
· uncertainty;
· responsible reviewer;
· decision authority;
· fallback.

22. Predictive-model data preparation
22.1 Objective
Prepare and document data that may be used to develop, validate or operate predictive models.
22.2 Potential interventions
The implementation may support:
· feature definition;
· historical dataset preparation;
· training and validation dataset separation;
· versioning;
· missing-data treatment;
· geographic and temporal alignment;
· outcome definition;
· model-input monitoring;
· storage of predictions;
· linkage to model metadata.
22.3 Scope limitation
The predictive model itself remains outside the core CHUD scope unless separately approved.
The existence of a harmonised dataset does not establish that:
· the outcome is valid;
· the predictors are appropriate;
· the model will generalise;
· the model is safe for operational use.

23. Data publication and release
23.1 Objective
Provide approved users with data and analytical products while preserving ownership, confidentiality and interpretability.
23.2 Release types
Outputs may be:
· internal working data;
· restricted operational data;
· approved analytical extracts;
· research-access datasets;
· public-use datasets;
· dashboards;
· reports;
· APIs;
· metadata-only records.
23.3 Core interventions
The release process should confirm:
· dataset version;
· owner;
· intended use;
· quality status;
· sensitivity;
· disclosure control;
· metadata;
· approval;
· access method;
· expiry or review date.
23.4 Correction and withdrawal
The implementation should support:
· corrected datasets;
· revised metadata;
· withdrawal;
· superseding versions;
· user notification;
· downstream impact assessment.

24. Metadata and data catalogues
24.1 Objective
Enable users to discover and understand available climate-health data.
24.2 Core metadata
Metadata should include:
· title;
· description;
· owner;
· source;
· purpose;
· variables;
· temporal coverage;
· geographic coverage;
· resolution;
· update frequency;
· quality;
· access;
· version;
· limitations;
· contact.
24.3 Catalogue functions
A catalogue may support:
· search;
· classification;
· access request;
· source linkage;
· version history;
· quality status;
· related datasets;
· standards mapping.
Metadata should remain available even where access to the data is restricted.

25. Privacy, confidentiality and disclosure control
25.1 Objective
Protect individuals, institutions and sensitive public-health information.
25.2 Core interventions
The implementation may apply:
· data minimisation;
· aggregation;
· pseudonymisation;
· suppression;
· masking;
· restricted workspaces;
· access approval;
· export control;
· audit;
· retention limits.
25.3 Disclosure risks
Risk may arise from:
· small counts;
· rare conditions;
· detailed geography;
· facility-level performance;
· combination of datasets;
· repeated publication;
· population subgroup analysis.
25.4 Proportionality
Controls should protect confidentiality without making outputs misleading or unusable.

26. Local and federated data processing
26.1 Objective
Support climate-health integration where data cannot or should not be transferred to a central platform.
26.2 Potential approaches
Approaches may include:
· local processing;
· country-controlled hosting;
· federated queries;
· shared transformation code;
· transfer of aggregate outputs;
· secure analytical environments;
· manual controlled exchange.
26.3 Core interventions
The implementation should define:
· which data remain local;
· which outputs may be shared;
· common specifications;
· quality requirements;
· execution responsibility;
· version control;
· verification;
· support.
26.4 Programme relevance
Local deployment may be necessary where privacy, data ownership or national policy prevents central storage.
The architecture should support this without weakening reproducibility or standards alignment.

27. Pipeline scheduling and operations
27.1 Objective
Ensure that data processes run at the required frequency and that failures are detected and managed.
27.2 Core interventions
Pipeline operations should support:
· scheduled jobs;
· event-triggered jobs;
· dependencies;
· receipt checks;
· validation;
· transformation;
· integration;
· publication;
· retries;
· alerts;
· manual intervention;
· restart;
· recovery.
27.3 Operational statuses
A pipeline run may be:
· scheduled;
· queued;
· running;
· completed;
· completed with warnings;
· failed;
· cancelled;
· retried;
· under review;
· superseded.
27.4 Failure management
A failure record should identify:
· affected job;
· source;
· start and failure time;
· error;
· affected output;
· severity;
· retry;
· owner;
· resolution;
· need for reprocessing.

28. Data-quality monitoring
28.1 Objective
Monitor source and pipeline quality over time.
28.2 Potential measures
Monitoring may include:
· expected versus received datasets;
· completeness;
· timeliness;
· validation failures;
· duplicate records;
· unmatched geographies;
· transformation failures;
· revision frequency;
· delayed publication;
· unresolved quality issues.
28.3 Operational use
Quality findings may trigger:
· source follow-up;
· pipeline suspension;
· use of fallback data;
· reprocessing;
· publication warning;
· restricted use;
· correction.

29. Public-health utility monitoring
29.1 Objective
Assess whether CHUD outputs are useful for their intended public-health purposes.
29.2 Potential measures
Monitoring may examine:
· users accessing outputs;
· reports or analyses produced;
· decisions supported;
· timeliness;
· geographic usefulness;
· user confidence;
· recurring limitations;
· unmet data needs;
· duplicated effort reduced;
· implementation burden.
Technical pipeline success should not be treated as sufficient evidence of public-health value.

30. Monitoring, evaluation and learning
30.1 Objective
Assess implementation performance and improve the CHUD package and country system.
30.2 Review areas
Review should consider:
· governance;
· source reliability;
· access;
· data quality;
· harmonisation;
· integration;
· reproducibility;
· privacy;
· analytical usefulness;
· pipeline performance;
· sustainability;
· user feedback.
30.3 Outputs
The review may produce:
· data-quality improvement plan;
· revised source inventory;
· corrected transformation rules;
· revised workflows;
· updated metadata;
· system changes;
· training needs;
· DAK feedback;
· publication corrections.
30.4 Learning cycle
The improvement cycle is:
Data use → evidence → review → correction → validation → improved data use
Lessons should be linked to affected DAK artefacts and future releases.

31. Responsible use of artificial intelligence
AI and advanced analytics may support selected CHUD interventions, including:
· anomaly detection;
· record linkage;
· metadata drafting;
· terminology mapping;
· transformation-code generation;
· quality classification;
· analytical summaries;
· prediction.
Each use case should define:
· intended purpose;
· model or service;
· input data;
· output;
· uncertainty;
· human-review point;
· validation;
· privacy and security controls;
· fallback;
· suspension criteria.
AI should not:
· silently alter source data;
· remove provenance;
· classify missing values as zero;
· generate unreviewed normative conclusions;
· use sensitive data in unapproved services;
· present predictions as observations.

32. Minimum intervention package
A minimum CHUD intervention package should include:
1. clear data ownership and governance;
2. source identification and metadata;
3. approved data access;
4. repeatable acquisition;
5. validation and quality classification;
6. documented temporal harmonisation;
7. documented spatial harmonisation;
8. reproducible integration;
9. provenance and lineage;
10. controlled access and publication;
11. pipeline and quality monitoring;
12. review and corrective improvement.
Countries may add advanced capabilities according to need and readiness.

33. Traceability to DAK components
Each intervention should link to:
· responsible personas;
· user scenarios;
· data workflows;
· required data elements;
· transformation and harmonisation rules;
· schedules;
· indicators;
· functional and non-functional requirements;
· architecture components;
· standards;
· validation evidence.
This ensures that the intervention is not only described but can be implemented, tested, governed and maintained.

34. Intervention principle
The CHUD intervention framework should remain focused on reliable and useful public-health evidence.
Its core principle is:
Govern the data, preserve the source, make every transformation visible, align time and geography carefully, and produce outputs that authorised users can understand, reproduce and use responsibly.
Personas and institutional actors
1. Purpose
This section defines the principal roles involved in climate-health data governance, acquisition, validation, harmonisation, integration, analysis, publication and maintenance.
Personas describe functions rather than named individuals or fixed organisational structures.
A country may:
· assign several personas to one person;
· distribute one persona across several institutions;
· combine roles at national or subnational level;
· add country-specific personas;
· exclude roles that are not applicable.
Each persona should be linked to:
· user scenarios;
· data workflows;
· data access;
· decision authority;
· transformation responsibilities;
· publication responsibilities;
· system permissions;
· validation evidence.

2. Persona design principles
CHUD personas should be:
· role-based;
· institutionally neutral;
· operationally realistic;
· country-adaptable;
· traceable to workflows and requirements;
· explicit about ownership and accountability.
A persona should define:
· purpose;
· institutional context;
· responsibilities;
· decisions;
· information needs;
· data created or used;
· system access;
· quality responsibilities;
· escalation routes;
· country variation.
Not every persona requires direct access to every CHUD platform or dataset.

3. Climate-data provider
Purpose
Provide authoritative climate and meteorological data for approved climate-health use cases.
Typical institutional setting
· national meteorological and hydrological service;
· environmental or climate agency;
· regional climate centre;
· authorised climate-data provider.
Core responsibilities
· maintain climate and meteorological datasets;
· document source products and metadata;
· provide observations, forecasts and derived climate products;
· confirm issue times and update schedules;
· identify revisions and quality flags;
· explain relevant uncertainty and limitations;
· support access and exchange arrangements;
· notify users of material source changes.
Key decisions
· which dataset or product is authoritative;
· whether a source revision is material;
· whether a data product is suitable for the requested purpose;
· whether access or use conditions are met.
Information needs
· approved climate-health use case;
· requested variables;
· temporal and geographic resolution;
· access authority;
· intended use;
· required update frequency.
Key outputs
· source dataset;
· metadata;
· quality information;
· revision notice;
· access decision;
· technical clarification.

4. Meteorological data specialist
Purpose
Interpret and prepare meteorological information for integration with health data.
Core responsibilities
· review observations, forecasts and climate products;
· verify units, timestamps and coverage;
· explain product limitations;
· support temporal aggregation;
· support spatial mapping;
· identify inappropriate transformations;
· review derived climate variables;
· validate meteorological interpretation.
Key decisions
· whether the selected product is fit for the intended use;
· whether temporal or spatial transformation is defensible;
· whether a derived variable remains scientifically interpretable;
· whether uncertainty requires qualification.
System access
May require permission to:
· review source datasets;
· approve climate transformations;
· record methodological notes;
· validate derived variables;
· review integrated outputs.

5. Environmental-data provider
Purpose
Provide authoritative environmental datasets relevant to climate-sensitive health risks.
Potential institutional setting
· environmental agency;
· air-quality authority;
· water authority;
· land or forestry agency;
· disaster-risk institution;
· research or monitoring institution.
Core responsibilities
· maintain environmental monitoring data;
· provide metadata and quality status;
· define update and revision practices;
· clarify geographic and temporal resolution;
· support lawful access;
· review derived environmental indicators.
Potential data
· air quality;
· water conditions;
· flooding;
· wildfire;
· vegetation;
· land cover;
· soil moisture;
· environmental exposure;
· urban heat.

6. Health-data provider
Purpose
Provide approved epidemiological, surveillance, mortality or health-service data.
Typical institutional setting
· ministry of health;
· national public-health institute;
· disease-surveillance programme;
· health-information unit;
· hospital network;
· mortality or civil-registration authority.
Core responsibilities
· maintain health datasets;
· define case and indicator definitions;
· document reporting processes;
· identify provisional and final data;
· report completeness and delay;
· issue corrections and revisions;
· confirm access and permitted use;
· support interpretation of source limitations.
Key decisions
· which health dataset is authoritative;
· whether data may be shared;
· whether data are sufficiently complete for a stated use;
· whether a correction requires downstream reprocessing.
Key outputs
· source health dataset;
· data dictionary;
· case or indicator definition;
· quality report;
· revision notice;
· access decision.

7. Surveillance officer
Purpose
Interpret health-surveillance data and assess its suitability for climate-health integration.
Core responsibilities
· review surveillance trends;
· assess reporting completeness and timeliness;
· explain case definitions and reporting changes;
· identify unusual signals;
· support geographic and temporal alignment;
· review integrated surveillance products;
· distinguish epidemiological signals from reporting artefacts.
Information needs
· source health data;
· climate or environmental context;
· reporting schedules;
· baseline information;
· geographic definitions;
· data-quality status.
Key outputs
· surveillance interpretation;
· data-quality assessment;
· anomaly review;
· methodological note;
· validation feedback.
Control requirement
Automated signals should support rather than replace epidemiological review.

8. Mortality-data custodian
Purpose
Provide and govern mortality data used in climate-health analysis.
Core responsibilities
· maintain mortality records or approved extracts;
· document registration delay;
· distinguish provisional and final data;
· define cause-of-death availability;
· assess disclosure risk;
· approve permitted use;
· issue revisions;
· support excess-mortality or related analysis.
Data considerations
Mortality data may involve:
· delayed registration;
· retrospective correction;
· small-cell disclosure risk;
· differences between all-cause and attributed mortality;
· jurisdiction-specific access restrictions.

9. Health-facility registry steward
Purpose
Maintain authoritative facility identifiers and attributes.
Core responsibilities
· maintain facility identifiers;
· manage facility names and types;
· maintain location and geographic linkage;
· record active or inactive status;
· manage duplicates and mergers;
· preserve historical versions;
· support cross-system mapping.
Key outputs
· facility registry;
· facility identifier mapping;
· location data;
· version and change history;
· quality status.
Country variation
This function may be performed by:
· ministry of health;
· digital-health agency;
· health-information unit;
· national master facility-list programme.

10. Population and denominator-data provider
Purpose
Provide authoritative population estimates and denominators.
Typical institutional setting
· national statistical office;
· census authority;
· ministry of health;
· population-estimation programme;
· approved international or research source.
Core responsibilities
· provide population estimates;
· document reference dates;
· define geographic coverage;
· distinguish observed and modelled estimates;
· maintain age, sex or other approved disaggregation;
· explain revisions and uncertainty;
· support boundary alignment.
Key decisions
· which denominator is suitable for a rate;
· whether interpolation or projection is permitted;
· which geographic version applies;
· whether uncertainty requires qualification.

11. Vulnerability-data steward
Purpose
Govern and interpret data describing population vulnerability or exposure.
Potential data
· deprivation;
· age structure;
· disability;
· housing;
· occupation;
· displacement;
· access to services;
· population density;
· cooling or water access.
Core responsibilities
· define the meaning and intended use of vulnerability indicators;
· document source and methodology;
· assess update frequency and coverage;
· review ethical and equity implications;
· prevent inappropriate individual-level use;
· support geographic aggregation;
· document limitations.
Control requirement
The existence of a vulnerability indicator should not be treated as evidence that individual targeting is lawful, accurate or proportionate.

12. Geographic-information steward
Purpose
Maintain authoritative geographic identifiers, boundaries and crosswalks.
Typical institutional setting
· national mapping agency;
· statistical office;
· ministry of local government;
· health geographic-information unit;
· geographic-information authority.
Core responsibilities
· maintain administrative boundaries;
· maintain geographic hierarchies;
· issue stable identifiers;
· version boundary changes;
· support maps and crosswalks;
· manage disputed or overlapping areas;
· define authoritative geographic sources.
Key decisions
· which boundary version applies;
· whether two geographic units are comparable;
· which crosswalk method is permitted;
· whether a proposed geographic output implies unsupported precision.
Key outputs
· boundary dataset;
· geographic identifier register;
· geographic hierarchy;
· crosswalk;
· change notice;
· version history.

13. Data owner
Purpose
Exercise formal authority over a dataset or data domain.
Core responsibilities
· approve or refuse data access;
· define permitted purposes;
· establish conditions of use;
· approve sharing and publication;
· assign stewardship;
· approve retention and disposal;
· resolve ownership disputes;
· approve material changes in processing.
Key decisions
· who may access the data;
· for what purpose;
· at what level of detail;
· where processing may occur;
· whether outputs may be released;
· whether onward sharing is permitted.
Country variation
The owner may be:
· a ministry;
· a statutory authority;
· an agency;
· a facility network;
· another legally recognised institution.

14. Data steward
Purpose
Maintain data definitions, quality, metadata and controlled use on behalf of the data owner.
Core responsibilities
· maintain the data dictionary;
· maintain metadata;
· define quality rules;
· manage value sets;
· coordinate corrections;
· review lineage and provenance;
· maintain retention and access records;
· support source and standards mapping.
Information needs
· source datasets;
· data-sharing agreements;
· quality findings;
· transformation rules;
· access decisions;
· issue register;
· release history.
Key outputs
· metadata record;
· quality rule;
· corrected definition;
· issue resolution;
· release recommendation;
· stewardship report.

15. Data-access approver
Purpose
Review and decide requests to access restricted CHUD data or outputs.
Core responsibilities
· assess requester identity and authority;
· review intended use;
· confirm minimum necessary data;
· verify legal and policy conditions;
· assess privacy and security controls;
· approve, condition, defer or reject access;
· record expiry and permitted onward use.
Key decisions
· whether access is authorised;
· which variables and geographic detail are permitted;
· whether access must occur in a controlled environment;
· whether an agreement is required;
· when access expires.
Separation of duties
Access approval should remain distinct from technical account creation where feasible.

16. Data-sharing and agreements officer
Purpose
Coordinate institutional arrangements for data sharing.
Core responsibilities
· prepare or review data-sharing agreements;
· define parties and responsibilities;
· document permitted purposes;
· define security and retention;
· clarify publication and onward sharing;
· define correction and termination;
· monitor agreement status.
Typical institutional setting
· legal office;
· data-governance office;
· ministry programme;
· institutional partnership unit.

17. Privacy and data-protection officer
Purpose
Assess and oversee privacy, confidentiality and lawful processing.
Core responsibilities
· review data sensitivity;
· advise on lawful basis;
· apply data-minimisation principles;
· review pseudonymisation and aggregation;
· assess disclosure risk;
· review hosting and transfer;
· advise on retention;
· investigate privacy incidents;
· review AI-related data use.
Key decisions
Depending on national arrangements, this role may:
· approve safeguards;
· require mitigation;
· restrict a proposed data use;
· require privacy-impact assessment;
· escalate unacceptable risk.

18. Information-security officer
Purpose
Assess and oversee technical and organisational security controls.
Core responsibilities
· classify technical risk;
· review authentication and access;
· review encryption and interfaces;
· assess hosting;
· monitor incidents;
· review third-party services;
· support continuity and recovery;
· assess privileged access;
· approve or recommend safeguards.
Key outputs
· security assessment;
· control recommendation;
· incident record;
· risk acceptance;
· remediation requirement.

19. Data engineer
Purpose
Build, operate and maintain reliable data-acquisition and transformation pipelines.
Core responsibilities
· implement data ingestion;
· validate structure and format;
· transform data;
· apply mappings;
· orchestrate pipeline jobs;
· manage retries and failures;
· preserve logs and provenance;
· support reprocessing;
· maintain technical documentation;
· implement approved changes.
Information needs
· interface specification;
· data dictionary;
· transformation rules;
· scheduling requirements;
· quality rules;
· access credentials;
· target architecture.
Key outputs
· ingestion pipeline;
· transformed dataset;
· execution log;
· failure report;
· technical documentation;
· release package.
Restrictions
A data engineer should not independently approve scientific transformation methods or release restricted datasets unless separately authorised.

20. Pipeline operator
Purpose
Monitor routine execution of CHUD data pipelines.
Core responsibilities
· review scheduled jobs;
· confirm source receipt;
· monitor run status;
· respond to warnings and failures;
· initiate approved retries;
· escalate unresolved issues;
· support restart and recovery;
· confirm completion;
· maintain operational records.
Key decisions
· whether a failed job may be retried automatically;
· whether manual intervention is required;
· whether downstream publication should be paused;
· whether fallback data may be used.
Key outputs
· run-status record;
· retry;
· escalation;
· completion confirmation;
· operational incident.

21. Data-quality analyst
Purpose
Assess source and pipeline data quality.
Core responsibilities
· define and apply quality checks;
· assess completeness and timeliness;
· identify invalid values and duplicates;
· review geographic and temporal consistency;
· classify data-quality status;
· investigate recurring defects;
· recommend correction or restricted use;
· monitor quality trends.
Key decisions
· whether data pass validation;
· whether warnings are acceptable;
· whether a dataset should be rejected or quarantined;
· whether publication requires a limitation notice;
· whether source follow-up is required.
Key outputs
· quality report;
· validation result;
· exception list;
· correction request;
· quality classification.

22. Transformation-method owner
Purpose
Define and approve scientific or analytical transformations applied to source data.
Typical background
· epidemiology;
· statistics;
· climate science;
· geospatial analysis;
· health informatics.
Core responsibilities
· define transformation purpose;
· specify inputs and outputs;
· document formulas and assumptions;
· define missing-data treatment;
· approve temporal and spatial methods;
· validate derived variables;
· review methodological changes;
· support reproducibility.
Key outputs
· approved transformation rule;
· methodological note;
· validation evidence;
· change decision;
· limitation statement.
Separation of duties
The person implementing a transformation may be different from the person approving its scientific validity.

23. Geospatial analyst
Purpose
Perform and validate spatial harmonisation and geographic analysis.
Core responsibilities
· map source and target geographies;
· maintain geographic crosswalks;
· conduct point-to-area assignment;
· aggregate raster data;
· align boundary versions;
· calculate geographic weights;
· identify unmatched areas;
· assess spatial uncertainty;
· prepare maps and geographic datasets.
Key decisions
· which spatial method is appropriate;
· whether population or area weighting is justified;
· whether source resolution supports the target geography;
· whether a map creates disclosure or misinterpretation risk.
Key outputs
· geographic crosswalk;
· harmonised spatial dataset;
· mapping report;
· unmatched-area list;
· spatial-quality assessment.

24. Epidemiologist
Purpose
Ensure that integrated data and analytical outputs remain epidemiologically valid and useful.
Core responsibilities
· define public-health questions;
· review outcome and exposure definitions;
· assess reporting bias and confounding;
· guide temporal and spatial alignment;
· interpret trends and associations;
· review derived indicators;
· validate analysis-ready datasets;
· document limitations.
Key decisions
· whether the dataset is fit for surveillance or analysis;
· whether a rate or comparison is interpretable;
· whether an association is being overstated;
· whether additional stratification or sensitivity analysis is needed.
Key outputs
· analytical specification;
· epidemiological review;
· interpretation;
· validation recommendation;
· limitation statement.

25. Statistician
Purpose
Support valid statistical processing and interpretation.
Core responsibilities
· define aggregation and weighting;
· advise on denominator use;
· assess missing-data methods;
· support uncertainty estimation;
· review rate calculation;
· assess small-number instability;
· support trend and anomaly analysis;
· validate statistical outputs.
Key decisions
· whether the method is statistically appropriate;
· whether uncertainty should be quantified;
· whether small samples or sparse data limit interpretation;
· whether an imputation or model is acceptable.

26. Climate-health analyst
Purpose
Combine climate, environmental and health evidence for approved public-health analysis.
Core responsibilities
· define climate-health analytical questions;
· select approved integrated datasets;
· review source quality and methods;
· analyse temporal and geographic patterns;
· interpret findings with relevant specialists;
· prepare reports, dashboards or briefs;
· document uncertainty and limitations;
· avoid unsupported causal claims.
Information needs
· integrated datasets;
· metadata;
· quality status;
· transformation documentation;
· geographic crosswalks;
· population denominators;
· publication rules.
Key outputs
· climate-health profile;
· analytical report;
· surveillance product;
· risk map;
· policy or planning brief;
· methodological note.

27. Public-health decision-maker
Purpose
Use approved CHUD outputs to support public-health planning, preparedness, surveillance or policy.
Typical institutional setting
· ministry of health;
· public-health institute;
· emergency programme;
· planning unit;
· subnational authority.
Core responsibilities
· define information needs;
· review approved outputs;
· consider uncertainty and limitations;
· combine data with operational context;
· request clarification or further analysis;
· make decisions within assigned authority;
· provide feedback on utility.
Control requirement
CHUD outputs support but do not replace accountable public-health judgement.

28. Researcher
Purpose
Use approved CHUD data for scientific investigation.
Core responsibilities
· submit a defined research purpose;
· comply with access and ethics conditions;
· use approved methods;
· protect confidential data;
· document derived datasets;
· report quality issues;
· respect publication review and attribution;
· return or dispose of data as required.
Restrictions
Research access does not automatically permit:
· operational use;
· onward sharing;
· public release;
· linkage with additional datasets;
· model deployment.

29. Data-publication officer
Purpose
Prepare and release approved datasets, metadata and analytical products.
Core responsibilities
· confirm release approval;
· verify current dataset version;
· ensure metadata completeness;
· apply disclosure controls;
· assign publication status;
· publish through approved channels;
· issue corrections or withdrawals;
· maintain release history.
Key decisions
· whether all release conditions are met;
· which version is current;
· whether limitations are sufficiently visible;
· whether access should be public or restricted.
Key outputs
· published dataset;
· metadata record;
· release note;
· correction;
· withdrawal notice;
· publication log.

30. Metadata and catalogue manager
Purpose
Maintain discoverable and understandable records of CHUD datasets and data products.
Core responsibilities
· create and update metadata;
· classify datasets;
· maintain ownership and contact information;
· record access conditions;
· link related versions and products;
· maintain quality and publication status;
· support data discovery;
· retire obsolete records.
Key outputs
· catalogue entry;
· metadata update;
· dataset relationship;
· access route;
· version history.

31. Interoperability specialist
Purpose
Define and validate data exchange between CHUD and source or consuming systems.
Core responsibilities
· map data elements to standards;
· define interface structures;
· review FHIR use where applicable;
· review WIS 2.0 integration;
· maintain identifiers and terminology mappings;
· document national extensions;
· support conformance testing;
· manage interface versions.
Key outputs
· interface specification;
· standards mapping;
· profile or implementation guide;
· conformance test;
· interoperability issue record.

32. System architect
Purpose
Define the overall CHUD technical architecture.
Core responsibilities
· map functions to systems;
· define system boundaries;
· design integration patterns;
· define deployment model;
· address local, central or federated processing;
· support security and resilience;
· reduce unnecessary vendor dependence;
· document current, interim and target architecture.
Key decisions
· where data are stored and processed;
· which components are reused;
· which interfaces are automated;
· which functions remain manual;
· how national ownership and portability are preserved.
Key outputs
· context diagram;
· data-flow diagram;
· deployment model;
· interface architecture;
· architecture decision record.

33. System administrator
Purpose
Maintain the technical operation and controlled configuration of CHUD systems.
Core responsibilities
· manage technical accounts and roles;
· maintain system configuration;
· monitor availability;
· support backup and recovery;
· apply approved changes;
· investigate technical incidents;
· maintain technical logs;
· support deployment and testing.
Restrictions
Technical administration does not automatically provide:
· data ownership;
· data-access approval;
· scientific-method approval;
· publication authority.
Privileged actions should be logged and reviewed.

34. Database administrator
Purpose
Maintain database performance, security, availability and integrity.
Core responsibilities
· manage database configuration;
· monitor performance;
· manage backup and recovery;
· support data retention;
· control privileged access;
· maintain integrity;
· support migration;
· investigate database incidents.
Country variation
This role may be combined with the system administrator or data engineer in smaller implementations.

35. Implementation and testing lead
Purpose
Coordinate CHUD configuration, development, testing and acceptance.
Core responsibilities
· translate requirements into an implementation plan;
· coordinate system and workflow testing;
· maintain test cases;
· manage defects;
· coordinate user-acceptance testing;
· document deviations;
· support release readiness;
· maintain implementation evidence.
Information needs
· requirements;
· workflows;
· data definitions;
· transformation rules;
· architecture;
· acceptance criteria;
· country configuration;
· issue register.
Key outputs
· implementation plan;
· test plan;
· defect register;
· acceptance evidence;
· release recommendation.

36. Programme coordinator
Purpose
Coordinate the CHUD workstream across institutions and implementation teams.
Core responsibilities
· maintain governance;
· coordinate stakeholders;
· track deliverables;
· manage risks and issues;
· maintain decisions and assumptions;
· coordinate validation;
· support escalation;
· align CHUD with related programme workstreams;
· organise review and publication.
Key outputs
· workplan;
· decision register;
· issue register;
· progress report;
· validation plan;
· corrective-action plan.

37. Programme evaluator
Purpose
Assess whether CHUD is functioning as intended and producing useful, governed and reproducible outputs.
Core responsibilities
· define evaluation questions;
· review source and pipeline performance;
· assess public-health utility;
· assess governance and sustainability;
· review user feedback;
· assess equity and accessibility;
· support after-action or periodic review;
· recommend improvements.
Potential evaluation areas
· data availability;
· quality;
· timeliness;
· reproducibility;
· use;
· burden;
· privacy;
· security;
· sustainability.

38. AI or model owner
Purpose
Maintain accountability for an approved AI, algorithmic or predictive component associated with CHUD.
Core responsibilities
· define intended and prohibited use;
· maintain model documentation;
· maintain versioning;
· confirm validation context;
· monitor performance and drift;
· manage incidents;
· define fallback;
· approve suspension or retirement;
· coordinate provider changes.
Restrictions
The model owner does not replace:
· data ownership;
· epidemiological review;
· publication approval;
· public-health decision authority.

39. AI-output reviewer
Purpose
Review AI-supported outputs before they influence CHUD processing, analysis or publication.
Core responsibilities
· verify model and version;
· review input data;
· assess output plausibility;
· examine uncertainty and limitations;
· compare with other evidence;
· accept, reject or request correction;
· document the decision;
· report suspected drift or unsafe behaviour.
Potential outputs reviewed
· data-quality flags;
· record-linkage suggestions;
· terminology mappings;
· generated metadata;
· transformation code;
· analytical summaries;
· predictions.

40. External data or service provider
Purpose
Provide data, infrastructure, communications, analytics or other services used by CHUD.
Core responsibilities
· meet contractual and technical obligations;
· protect data;
· maintain agreed service levels;
· disclose relevant subcontractors;
· notify material changes;
· support export and termination;
· cooperate with incident response;
· provide documentation and support.
Governance considerations
External providers should not be assumed to own CHUD data or determine permitted public-health use.

41. Local or subnational data focal point
Purpose
Coordinate CHUD data activities within a province, region, district or local jurisdiction.
Core responsibilities
· confirm local data sources;
· validate geographic mappings;
· support local data quality;
· coordinate corrections;
· interpret local reporting practices;
· support subnational analysis;
· escalate local gaps;
· validate local outputs.
Country variation
This role may sit within:
· local health authority;
· district surveillance team;
· regional meteorological office;
· health-information unit;
· local government.

42. Dataset user
Purpose
Access and use an approved CHUD dataset or product within permitted conditions.
Responsibilities
· understand metadata and limitations;
· use the current approved version;
· comply with access conditions;
· avoid unauthorised onward sharing;
· report suspected errors;
· cite or attribute appropriately;
· dispose of or return data when required.
Information needs
· dataset purpose;
· variables;
· source;
· quality status;
· temporal and geographic scope;
· permitted use;
· limitations;
· contact for questions.

43. Public recipient
Purpose
Access approved public climate-health information products.
Public recipients may use:
· dashboards;
· reports;
· maps;
· metadata catalogues;
· open datasets;
· public APIs.
Public outputs should clearly communicate:
· source;
· period;
· geography;
· update date;
· limitations;
· appropriate interpretation;
· correction status.
The public recipient is not assumed to have access to restricted operational or individual-level data.

44. Persona-to-function summary
	Persona
	Primary function

	Climate-data provider
	Authoritative climate data

	Meteorological data specialist
	Climate interpretation

	Environmental-data provider
	Environmental data

	Health-data provider
	Health source data

	Surveillance officer
	Surveillance interpretation

	Mortality-data custodian
	Mortality governance

	Facility registry steward
	Facility identifiers

	Population-data provider
	Denominators

	Vulnerability-data steward
	Vulnerability indicators

	Geographic-information steward
	Boundaries and identifiers

	Data owner
	Formal data authority

	Data steward
	Definitions and quality

	Data-access approver
	Restricted access

	Data-sharing officer
	Institutional agreements

	Privacy officer
	Privacy and confidentiality

	Security officer
	Information security

	Data engineer
	Pipeline implementation

	Pipeline operator
	Routine operations

	Data-quality analyst
	Quality validation

	Transformation-method owner
	Method approval

	Geospatial analyst
	Spatial harmonisation

	Epidemiologist
	Epidemiological validity

	Statistician
	Statistical methods

	Climate-health analyst
	Integrated analysis

	Public-health decision-maker
	Public-health use

	Researcher
	Scientific use

	Data-publication officer
	Controlled release

	Catalogue manager
	Metadata and discovery

	Interoperability specialist
	Standards and interfaces

	System architect
	Technical architecture

	System administrator
	System operation

	Database administrator
	Database integrity

	Implementation and testing lead
	Deployment and acceptance

	Programme coordinator
	Workstream coordination

	Programme evaluator
	Monitoring and learning

	AI or model owner
	Model governance

	AI-output reviewer
	Human oversight

	External service provider
	Contracted capability

	Local data focal point
	Subnational coordination

	Dataset user
	Approved data use

	Public recipient
	Public information use



45. Persona access principles
Access should be based on:
· approved purpose;
· legal authority;
· role;
· geographic responsibility;
· data sensitivity;
· minimum necessity;
· dataset status;
· time limitation;
· institutional agreement.
Important separations may include:
· data ownership and technical administration;
· data-access approval and account creation;
· transformation implementation and method approval;
· analysis and publication approval;
· model generation and human review;
· pipeline operation and release authority.
Where separation is not feasible, compensating controls should be documented.

46. Country persona mapping
Each country should map the generic personas to actual institutions and roles.
The country record should identify:
· generic persona ID;
· national role title;
· institution;
· geographic level;
· responsibilities;
· decision authority;
· data ownership;
· system access;
· data access;
· substitute or delegate;
· after-hours coverage where relevant;
· validation status.
Where a generic persona is not present, the country should determine whether the function is:
· performed elsewhere;
· distributed;
· absent and required;
· unnecessary for the selected scope;
· deferred.

47. Persona validation questions
For each persona, country groundtruthing should confirm:
1. Does the role or function exist?
2. Which institution performs it?
3. Is formal authority correctly described?
4. Which datasets or systems does the role use?
5. Which data may the role access?
6. Which decisions may the role make?
7. Which outputs is the role accountable for?
8. Who approves the role’s work?
9. Who acts when the primary role is unavailable?
10. Which workflows depend on the role?
11. Are any functions duplicated or unassigned?
12. Are separation-of-duty controls required?
13. Does the role require direct system access?
14. Is the required expertise available?
15. Does the role remain sustainable after implementation support ends?

48. Persona principle
The CHUD persona model should make ownership, method, access and accountability explicit without imposing one institutional structure.
Its core principle is:
Assign every essential data function to a real and accountable role, separate authority from technical capability where needed, and adapt the model to the institutions that actually own, process, interpret and use the data.
User scenarios
1. Purpose
User scenarios describe how CHUD actors achieve defined data-governance, integration, surveillance and analytical objectives.
They connect personas to:
· data workflows;
· core data elements;
· transformation and harmonisation logic;
· scheduling;
· indicators;
· functional and non-functional requirements;
· architecture;
· standards;
· test cases.
Each scenario defines:
· objective;
· initiating event;
· primary actor;
· supporting actors;
· preconditions;
· main actions;
· exceptions;
· outputs;
· completion criteria.
The scenarios are generic reference patterns.
Countries should adapt them to national institutions, data ownership, geographic structures, source systems, analytical priorities and legal requirements.

2. Scenario structure
Each scenario should include:
· scenario ID;
· title;
· objective;
· primary persona;
· supporting personas;
· trigger;
· preconditions;
· main flow;
· alternative or exception flow;
· outputs;
· completion criteria;
· related workflows;
· country-configurable elements.
The scenarios below describe the principal CHUD data lifecycle:
Govern → identify → acquire → validate → harmonise → integrate → analyse → publish → use → monitor → improve

3. CHUD-SCN-001 — Define a climate-health data use case
Objective
Define the public-health purpose, users, scope and data needs for a CHUD activity.
Primary persona
Climate-health analyst.
Supporting personas
· public-health decision-maker;
· epidemiologist;
· meteorological data specialist;
· surveillance officer;
· statistician;
· data steward;
· programme coordinator;
· privacy and data-protection officer.
Trigger
A public-health programme identifies a need for climate-health information.
Preconditions
· the requesting institution is identified;
· the intended public-health purpose can be described;
· relevant technical and programme stakeholders are available.
Main flow
1. The requesting actor describes the public-health question.
2. The intended users and decisions are identified.
3. The required geographic and temporal scope is defined.
4. Relevant climate, environmental, health, population and facility data domains are identified.
5. Expected outputs are described.
6. Required update frequency is defined.
7. Privacy, security and access implications are reviewed.
8. Analytical and methodological limitations are identified.
9. The use case is reviewed by relevant data owners and specialists.
10. The use case is approved, revised, deferred or rejected.
11. Approved data needs are transferred to the source-identification workflow.
Exceptions
· the public-health purpose is unclear;
· the requested data resolution is unsupported;
· the proposed use is outside institutional authority;
· the use case requires individual-level data without sufficient justification;
· the requested output implies causal or predictive capability beyond the approved scope.
Outputs
· approved use-case record;
· intended users;
· defined public-health purpose;
· geographic and temporal scope;
· preliminary data requirements;
· access and privacy classification;
· expected outputs;
· approval status.
Completion criteria
The use case is sufficiently defined and approved to guide source identification, workflow design and requirements.

4. CHUD-SCN-002 — Identify and assess candidate data sources
Objective
Identify suitable and authoritative data sources for an approved climate-health use case.
Primary persona
Data steward.
Supporting personas
· climate-data provider;
· environmental-data provider;
· health-data provider;
· population-data provider;
· geographic-information steward;
· surveillance officer;
· epidemiologist;
· data owner.
Trigger
An approved use case requires one or more datasets.
Preconditions
· the use case is documented;
· required variables, geography and time periods are known;
· relevant institutions can be contacted.
Main flow
1. The data steward identifies candidate sources.
2. Each source is recorded in the source inventory.
3. Ownership and stewardship are confirmed.
4. Authority and reliability are assessed.
5. Geographic and temporal coverage are reviewed.
6. Resolution and update frequency are assessed.
7. Metadata, quality status and revision practice are reviewed.
8. Access, licence and permitted-use conditions are examined.
9. Candidate sources are compared.
10. An authoritative or preferred source is selected.
11. Alternative and fallback sources are identified.
12. Source gaps and unresolved questions are documented.
Exceptions
· no suitable source exists;
· several institutions claim authority;
· metadata are incomplete;
· the source is not available at the required geographic level;
· the source is available only for research use;
· the source is technically available but cannot be maintained.
Outputs
· source inventory;
· source assessment;
· selected authoritative source;
· fallback source;
· access status;
· identified gaps;
· source-review decision.
Completion criteria
Each required data concept has an approved source, fallback, documented gap or decision that it is not currently feasible.

5. CHUD-SCN-003 — Request access to restricted data
Objective
Obtain authorised access to restricted climate, health, population or institutional data.
Primary persona
Data-access approver.
Supporting personas
· data owner;
· data steward;
· privacy and data-protection officer;
· information-security officer;
· data-sharing and agreements officer;
· requesting analyst or engineer.
Trigger
An approved use case requires access to non-public data.
Preconditions
· the use case is approved;
· the requested dataset is identified;
· the requesting institution and users are known;
· the intended use can be documented.
Main flow
1. The requester submits an access request.
2. The request identifies purpose, users, variables, geography and duration.
3. The data steward confirms dataset availability and sensitivity.
4. The data owner reviews the proposed use.
5. Privacy and security controls are assessed.
6. The minimum necessary level of detail is determined.
7. Required agreements or conditions are prepared.
8. The request is approved, approved with conditions, deferred or rejected.
9. The approved access period and permitted uses are recorded.
10. Technical access is provisioned separately.
11. The requester acknowledges the conditions of use.
Exceptions
· the purpose is inconsistent with the data-sharing mandate;
· requested detail exceeds operational need;
· required security controls are unavailable;
· an agreement cannot be completed;
· onward sharing is proposed without authority;
· access is requested through an unapproved external service.
Outputs
· access decision;
· approved variables and detail;
· conditions of use;
· access expiry;
· data-sharing agreement where required;
· technical provisioning request;
· audit record.
Completion criteria
Access is either safely authorised and provisioned or formally denied with a documented reason.

6. CHUD-SCN-004 — Acquire data through an automated interface
Objective
Retrieve source data through an approved API, WIS 2.0 service, interoperability platform or other automated interface.
Primary persona
Data engineer.
Supporting personas
· data provider;
· interoperability specialist;
· pipeline operator;
· information-security officer;
· system administrator.
Trigger
A scheduled or event-triggered acquisition is due.
Preconditions
· access is approved;
· interface specifications are available;
· credentials are valid;
· the expected data product is configured;
· storage and processing locations are approved.
Main flow
1. The pipeline initiates the acquisition request.
2. The source and interface are authenticated.
3. The requested product, period and geography are specified.
4. Data are transferred.
5. Receipt time, source version and transfer status are recorded.
6. Basic structural validation is performed.
7. The source file or authoritative reference is preserved where required.
8. The acquired dataset is assigned an ingestion identifier.
9. The validation workflow is initiated.
10. The scheduled job is marked complete or complete with warnings.
Exceptions
· authentication fails;
· the source service is unavailable;
· the requested product is missing;
· the file or message is incomplete;
· the interface version has changed;
· duplicate data are received;
· the transfer contains unexpected sensitive information.
Outputs
· acquired source dataset;
· acquisition log;
· source and version metadata;
· receipt confirmation;
· initial validation status;
· failure or warning record.
Completion criteria
The expected source data have been received and transferred to controlled validation, or failure has been escalated.

7. CHUD-SCN-005 — Acquire data through a manual process
Objective
Receive and control source data where automated exchange is unavailable or inappropriate.
Primary persona
Local or subnational data focal point.
Supporting personas
· health-data provider;
· climate-data provider;
· data steward;
· pipeline operator;
· data engineer.
Trigger
A reporting period ends or an authorised request for data is issued.
Preconditions
· the source institution is identified;
· the required template or file format is available;
· transfer procedures are approved;
· the reporting deadline is known.
Main flow
1. The source institution prepares the required data.
2. The file or form is transferred through an approved channel.
3. The receiving actor confirms the sender and dataset.
4. The source period, version and submission time are recorded.
5. The file is stored in the approved location.
6. Structural and completeness checks are performed.
7. Missing information is requested where necessary.
8. The submission is accepted, accepted with warnings or rejected.
9. The validation and transformation workflows are initiated.
10. The manual receipt is recorded in the pipeline register.
Exceptions
· the file is received through an unapproved channel;
· the sender cannot be verified;
· the template has been altered;
· the reporting period is incomplete;
· the file contains duplicate or unexpected records;
· the source misses the reporting deadline.
Outputs
· received source file;
· submission record;
· receipt confirmation;
· initial quality status;
· correction request where required;
· escalation for overdue submission.
Completion criteria
The manually received dataset is controlled, traceable and ready for formal validation.

8. CHUD-SCN-006 — Validate a newly acquired dataset
Objective
Determine whether source data are structurally and operationally fit for further processing.
Primary persona
Data-quality analyst.
Supporting personas
· data steward;
· data engineer;
· source-data provider;
· surveillance officer;
· meteorological data specialist;
· geographic-information steward.
Trigger
A new source dataset is acquired.
Preconditions
· the dataset is stored in an approved location;
· expected schema, metadata and quality rules are available;
· the source and version are known.
Main flow
1. The analyst confirms the dataset identity and source.
2. Required files, tables and fields are checked.
3. Data types, units and value ranges are validated.
4. Timestamps and reporting periods are checked.
5. Geographic identifiers and coverage are reviewed.
6. Duplicate and missing records are identified.
7. Expected and actual record volumes are compared.
8. Source quality flags and revision status are preserved.
9. Validation issues are classified by severity.
10. The dataset is marked valid, valid with limitations, provisional, quarantined or rejected.
11. Material issues are returned to the source or assigned for correction.
12. Approved data proceed to transformation.
Exceptions
· the schema differs from the documented version;
· critical fields are missing;
· units are ambiguous;
· geographic identifiers are invalid;
· data volumes differ materially from expectations;
· quality issues cannot be resolved before a required publication.
Outputs
· validation report;
· quality classification;
· issue list;
· correction request;
· approved source dataset;
· restricted-use or rejection decision.
Completion criteria
The dataset has a documented quality status and a controlled decision on whether and how it may proceed.

9. CHUD-SCN-007 — Correct or replace defective source data
Objective
Resolve material defects in a source dataset while preserving the original record and correction history.
Primary persona
Data provider.
Supporting personas
· data-quality analyst;
· data steward;
· data engineer;
· pipeline operator;
· data owner.
Trigger
Validation identifies a source defect or the provider issues a correction.
Preconditions
· the affected dataset and records are identifiable;
· the issue has been documented;
· correction authority is known.
Main flow
1. The issue is reviewed with the source provider.
2. The provider confirms whether the source is incorrect, incomplete or revised.
3. Corrected data or a revised source version are prepared.
4. The revised dataset is submitted through an approved process.
5. The original version is retained and marked superseded where appropriate.
6. The correction reason and affected records are documented.
7. The corrected dataset is revalidated.
8. Downstream datasets and outputs are identified.
9. Reprocessing is initiated where required.
10. Users of affected outputs are notified where the impact is material.
Exceptions
· the provider cannot reproduce the source;
· a correction changes historical definitions;
· only part of the dataset can be corrected;
· downstream outputs have already been published;
· the provider disputes the identified defect.
Outputs
· corrected source dataset;
· revision record;
· superseded-version link;
· revalidation result;
· downstream impact assessment;
· reprocessing request.
Completion criteria
The defect is corrected, formally accepted with limitations or escalated with its downstream impact clearly documented.

10. CHUD-SCN-008 — Standardise formats, units and terminology
Objective
Transform source data into consistent technical structures without altering their substantive meaning.
Primary persona
Data engineer.
Supporting personas
· transformation-method owner;
· data steward;
· meteorological data specialist;
· surveillance officer;
· interoperability specialist.
Trigger
A validated source dataset requires structural or semantic standardisation.
Preconditions
· transformation rules are approved;
· source and target structures are documented;
· original data are preserved;
· applicable units and value sets are known.
Main flow
1. The source structure is mapped to the target structure.
2. Variable names and data types are standardised.
3. Dates and timestamps are parsed.
4. Units are converted where required.
5. terminology and coded values are mapped.
6. Source identifiers are preserved.
7. Unmapped or ambiguous values are flagged.
8. Transformation logs and rule versions are recorded.
9. Output values are tested against expected results.
10. The standardised dataset is submitted for validation.
Exceptions
· a unit is missing or ambiguous;
· terminology does not have an agreed mapping;
· a source code has several possible meanings;
· conversion would imply unsupported precision;
· the source structure has changed unexpectedly.
Outputs
· standardised dataset;
· transformation log;
· terminology mapping;
· unit-conversion record;
· unmapped-value report;
· validation request.
Completion criteria
The dataset conforms to the approved target structure and all material changes are transparent and reproducible.

11. CHUD-SCN-009 — Harmonise datasets temporally
Objective
Align datasets reported at different times or frequencies for an approved analytical use.
Primary persona
Transformation-method owner.
Supporting personas
· statistician;
· epidemiologist;
· meteorological data specialist;
· surveillance officer;
· data engineer;
· climate-health analyst.
Trigger
Two or more datasets require temporal alignment.
Preconditions
· source temporal resolutions are known;
· the analytical reference period is defined;
· applicable aggregation and lag methods are approved;
· missing-data rules are documented.
Main flow
1. The intended temporal comparison is confirmed.
2. Source issue time, valid time and reporting period are reviewed.
3. Time zones and period boundaries are standardised.
4. The target temporal resolution is selected.
5. Approved aggregation or summarisation rules are applied.
6. Incomplete periods are identified.
7. Reporting delays and provisional periods are flagged.
8. Lagged or cumulative variables are created where scientifically justified.
9. Original source resolution and transformation method are preserved.
10. The harmonised output is validated.
Exceptions
· reporting weeks differ across sources;
· health data are substantially delayed;
· source data are too sparse for the target period;
· aggregation conceals important variation;
· a proposed lag lacks scientific justification;
· source revisions change earlier periods.
Outputs
· temporally harmonised dataset;
· temporal mapping;
· aggregation record;
· lag specification;
· incomplete-period flags;
· methodological note.
Completion criteria
The datasets share an approved and interpretable temporal basis, with limitations and source resolution preserved.

12. CHUD-SCN-010 — Harmonise datasets spatially
Objective
Align datasets using different geographic structures so they can be integrated appropriately.
Primary persona
Geospatial analyst.
Supporting personas
· geographic-information steward;
· meteorological data specialist;
· epidemiologist;
· statistician;
· data engineer;
· local data focal point.
Trigger
Climate and health datasets use different locations, grids, boundaries or geographic versions.
Preconditions
· source and target geographies are known;
· authoritative boundaries are available;
· the intended geographic output is defined;
· an approved spatial method can be selected.
Main flow
1. Source and target geographic structures are reviewed.
2. Applicable boundary versions are confirmed.
3. A spatial mapping method is selected.
4. Geographic crosswalks are prepared.
5. Point, raster or area data are mapped to the target geography.
6. Weighting is applied where approved.
7. unmatched, ambiguous or overlapping areas are identified.
8. Spatial uncertainty and limitations are documented.
9. Results are checked against reference maps and sample areas.
10. The harmonised dataset and crosswalk are submitted for validation.
Exceptions
· source resolution does not support the target geography;
· boundaries have changed during the study period;
· health and administrative areas overlap only partially;
· population weights are unavailable;
· geographic identifiers are missing;
· the proposed output creates disclosure risk.
Outputs
· spatially harmonised dataset;
· geographic crosswalk;
· weighting record;
· unmatched-area report;
· boundary-version record;
· spatial-quality assessment.
Completion criteria
The source datasets are mapped to a common and defensible geography, or unresolved geographic limitations are clearly documented.

13. CHUD-SCN-011 — Generate a derived climate or health variable
Objective
Create an approved derived variable for climate-health analysis.
Primary persona
Transformation-method owner.
Supporting personas
· meteorological data specialist;
· epidemiologist;
· statistician;
· data engineer;
· data-quality analyst.
Trigger
An approved use case requires a variable not available directly from a source.
Preconditions
· the analytical purpose is defined;
· source variables are available;
· the formula or method is approved;
· unit, time and geography are known.
Main flow
1. The derived variable is defined.
2. Required source variables are identified.
3. Formula, classification or calculation method is documented.
4. Missing-data and completeness rules are defined.
5. The data engineer implements the rule.
6. Sample calculations are reviewed.
7. Boundary and unusual values are tested.
8. The output is compared with expected patterns.
9. The variable is approved, revised or rejected.
10. The derived variable is added to the data dictionary and lineage record.
Exceptions
· required source data are incomplete;
· the formula is not valid across all areas;
· the derived value implies greater precision than the source;
· the method changes across time;
· the output cannot be independently reproduced.
Outputs
· derived variable;
· formula and method;
· implementation version;
· test evidence;
· data-dictionary entry;
· limitation statement.
Completion criteria
The derived variable is reproducible, validated and clearly distinguishable from directly observed data.

14. CHUD-SCN-012 — Integrate climate and health datasets
Objective
Combine approved climate, health, population and geographic data into a reproducible integrated dataset.
Primary persona
Data engineer.
Supporting personas
· climate-health analyst;
· epidemiologist;
· statistician;
· geospatial analyst;
· data steward;
· data-quality analyst;
· transformation-method owner.
Trigger
Required source datasets have been validated and harmonised.
Preconditions
· the intended use is approved;
· source versions are fixed for the integration run;
· common time and geographic bases are available;
· integration keys and rules are defined.
Main flow
1. The integration run is assigned an identifier.
2. Approved source versions are retrieved.
3. Common identifiers, time periods and geographies are confirmed.
4. Climate, health and contextual datasets are joined.
5. duplicate keys and unmatched records are identified.
6. Exclusions and partial matches are recorded.
7. Source quality flags are preserved.
8. Required derived fields are generated.
9. Integration-level checks are performed.
10. Dataset metadata, lineage and version are created.
11. The integrated dataset is submitted for analytical validation.
12. The pipeline run is marked complete, complete with warnings or failed.
Exceptions
· key fields are inconsistent;
· several records map to one target record unexpectedly;
· geographic mappings are incomplete;
· source revisions occur during the run;
· integration causes small-cell disclosure risk;
· output record counts are implausible.
Outputs
· integrated climate-health dataset;
· integration report;
· unmatched-record list;
· source-version record;
· lineage;
· quality summary;
· dataset version.
Completion criteria
The integrated dataset is reproducible, traceable and ready for fitness-for-use assessment.

15. CHUD-SCN-013 — Assess an integrated dataset for fitness for use
Objective
Determine whether an integrated dataset is suitable for its intended surveillance, planning, research or analytical purpose.
Primary persona
Epidemiologist.
Supporting personas
· climate-health analyst;
· statistician;
· meteorological data specialist;
· data-quality analyst;
· data steward;
· privacy and data-protection officer.
Trigger
A new or revised integrated dataset is produced.
Preconditions
· metadata and lineage are available;
· intended use is documented;
· quality and transformation reports are available.
Main flow
1. The reviewer confirms the intended use.
2. Source quality and coverage are reviewed.
3. Temporal and spatial methods are assessed.
4. Outcome, exposure and denominator definitions are examined.
5. Missing data and exclusions are reviewed.
6. Potential bias, confounding and reporting artefacts are considered.
7. Statistical stability and uncertainty are assessed.
8. Privacy and disclosure limitations are reviewed.
9. The dataset is classified as fit, fit with limitations, restricted, requiring revision or unfit.
10. Permitted and inappropriate uses are documented.
11. The release or correction workflow is initiated.
Exceptions
· the dataset is technically complete but epidemiologically uninterpretable;
· the denominator is unsuitable;
· the geographic resolution is misleading;
· reporting practice changed during the period;
· the dataset is suitable for description but not prediction;
· privacy controls make the intended analysis unreliable.
Outputs
· fitness-for-use decision;
· approved use statement;
· limitation statement;
· required revisions;
· release recommendation;
· validation record.
Completion criteria
The dataset has a documented decision on how it may and may not be used.

16. CHUD-SCN-014 — Produce a climate-health surveillance product
Objective
Generate an approved surveillance output combining climate and health information.
Primary persona
Surveillance officer.
Supporting personas
· climate-health analyst;
· meteorological data specialist;
· epidemiologist;
· statistician;
· data-publication officer;
· public-health decision-maker.
Trigger
A scheduled surveillance cycle begins or an unusual climate-sensitive health event requires review.
Preconditions
· an approved integrated dataset is available;
· surveillance indicators and methods are defined;
· the reporting period and audience are known.
Main flow
1. The surveillance officer reviews current health indicators.
2. Relevant climate and environmental conditions are reviewed.
3. Geographic and temporal patterns are assessed.
4. Changes are compared with approved baselines or reference periods.
5. Data quality and reporting delay are examined.
6. Potential associations and alternative explanations are considered.
7. Material signals are reviewed with relevant specialists.
8. A surveillance product is prepared.
9. Limitations and uncertainty are documented.
10. The product is reviewed and approved.
11. The approved product is distributed to authorised users.
Exceptions
· data are incomplete or delayed;
· climate and health periods do not align;
· a signal may result from reporting change;
· small numbers make the output unstable;
· an automated anomaly cannot be confirmed;
· urgent review is needed before the scheduled report.
Outputs
· climate-health surveillance bulletin;
· signal summary;
· geographic profile;
· data-quality note;
· interpretation;
· recommended follow-up.
Completion criteria
Authorised users receive a reviewed surveillance product that accurately represents the available evidence and its limitations.

17. CHUD-SCN-015 — Investigate an unusual climate-health signal
Objective
Determine whether an unusual pattern in climate, environmental or health data requires further public-health review.
Primary persona
Climate-health analyst.
Supporting personas
· surveillance officer;
· epidemiologist;
· meteorological data specialist;
· statistician;
· data-quality analyst;
· local data focal point.
Trigger
An anomaly, threshold crossing or unusual geographic pattern is detected.
Preconditions
· the signal can be linked to source data;
· relevant specialists can review the evidence;
· data-quality status is available.
Main flow
1. The signal and detection method are confirmed.
2. Source data and recent revisions are reviewed.
3. Data-quality or pipeline errors are excluded where possible.
4. Health-reporting changes are assessed.
5. Climate and environmental conditions are reviewed.
6. Geographic and temporal patterns are examined.
7. Alternative explanations are considered.
8. Local information is requested where relevant.
9. The signal is classified as confirmed, plausible, uncertain, artefactual or dismissed.
10. Further analysis, surveillance or operational review is recommended where appropriate.
11. The investigation is documented.
Exceptions
· source data cannot be reproduced;
· the signal results from a coding or boundary change;
· local information conflicts with central data;
· the anomaly model is operating outside its validated context;
· evidence is insufficient for classification.
Outputs
· signal-investigation report;
· classification;
· evidence summary;
· quality issue where applicable;
· recommended action;
· model or rule feedback.
Completion criteria
The signal has been reviewed by accountable experts and an appropriate next action or closure decision has been recorded.

18. CHUD-SCN-016 — Prepare data for predictive-model development
Objective
Create a controlled and documented dataset that may be used to develop or validate a climate-health predictive model.
Primary persona
Statistician.
Supporting personas
· epidemiologist;
· climate-health analyst;
· data engineer;
· data steward;
· model owner;
· privacy and data-protection officer;
· meteorological data specialist.
Trigger
An approved analytical project requires a model-development dataset.
Preconditions
· predictive modelling is separately approved;
· outcome and predictor definitions are documented;
· source data use permits model development;
· privacy and security arrangements are approved.
Main flow
1. The modelling purpose and prediction target are confirmed.
2. Required variables and time horizon are defined.
3. Source and integrated datasets are selected.
4. Training, validation and test periods or samples are specified.
5. Missing-data and exclusion methods are documented.
6. Potential leakage and inappropriate future information are assessed.
7. Geographic and temporal representativeness are reviewed.
8. The dataset is prepared and versioned.
9. Dataset documentation and limitations are completed.
10. Access is restricted to approved model-development users.
11. The dataset is released to the modelling process.
Exceptions
· the outcome definition is unreliable;
· data use does not permit model development;
· sample size is insufficient;
· the dataset lacks geographic or temporal representativeness;
· sensitive data would be exposed to an unapproved service;
· the same data would be used inappropriately for both development and final validation.
Outputs
· model-development dataset;
· data documentation;
· train-validation-test specification;
· access controls;
· limitation statement;
· release record.
Completion criteria
The modelling dataset is governed, reproducible and documented without implying that the predictive model itself is validated.

19. CHUD-SCN-017 — Run an operational data pipeline
Objective
Execute a scheduled CHUD pipeline from acquisition through approved output generation.
Primary persona
Pipeline operator.
Supporting personas
· data engineer;
· data-quality analyst;
· system administrator;
· source-data providers;
· data-publication officer.
Trigger
The configured pipeline schedule or approved event trigger occurs.
Preconditions
· required source connections are available;
· pipeline version is approved;
· dependencies and schedules are configured;
· output location is available.
Main flow
1. The pipeline run is created.
2. Required source datasets are checked.
3. Available data are acquired.
4. Structural and quality validation is performed.
5. Approved transformations are applied.
6. Temporal and spatial harmonisation are executed.
7. Integrated outputs are generated.
8. Quality and reconciliation checks are run.
9. Pipeline status and warnings are reviewed.
10. Approved outputs are transferred to publication or restricted access.
11. Logs, versions and lineage are stored.
12. The run is marked complete or complete with warnings.
Exceptions
· a required source is missing;
· a dependency fails;
· an interface times out;
· quality thresholds are not met;
· transformation code fails;
· geographic crosswalk is unavailable;
· the output differs materially from expected volume.
Outputs
· pipeline-run record;
· generated datasets;
· validation summary;
· warnings;
· publication candidate;
· lineage and logs.
Completion criteria
The pipeline completes with acceptable quality or enters controlled failure management without publishing unsafe or misleading outputs.

20. CHUD-SCN-018 — Recover from a failed pipeline run
Objective
Restore CHUD processing after technical, source or data-quality failure.
Primary persona
Pipeline operator.
Supporting personas
· data engineer;
· system administrator;
· data-quality analyst;
· source-data provider;
· information-security officer.
Trigger
A pipeline run fails or produces an unacceptable output.
Preconditions
· failure logging is available;
· the failed job and affected outputs can be identified;
· recovery responsibilities are assigned.
Main flow
1. The failure is classified.
2. Affected source, transformation or infrastructure components are identified.
3. Downstream publication is paused where necessary.
4. Automatic retry is initiated if permitted.
5. Manual intervention is requested where required.
6. Source or configuration corrections are applied through approved processes.
7. The failed step or complete pipeline is rerun.
8. Duplicate and partial outputs are identified and controlled.
9. Recovered outputs are revalidated.
10. Manual and automated records are reconciled.
11. The incident and root cause are documented.
12. Preventive actions are assigned.
Exceptions
· the source remains unavailable;
· the failure results from corrupted data;
· a partial output was already published;
· retry would create duplicates;
· the failure indicates a security incident;
· the original pipeline version cannot be reproduced.
Outputs
· recovered pipeline run;
· failure and retry record;
· corrected output;
· incident report;
· root-cause analysis;
· preventive action.
Completion criteria
Processing is restored or a controlled fallback is in place, and no invalid output remains presented as current.

21. CHUD-SCN-019 — Publish an approved dataset or analytical product
Objective
Release a controlled CHUD dataset, report, dashboard or API output to authorised users.
Primary persona
Data-publication officer.
Supporting personas
· data owner;
· data steward;
· climate-health analyst;
· privacy and data-protection officer;
· metadata and catalogue manager;
· information-security officer.
Trigger
A dataset or analytical product receives release approval.
Preconditions
· the current version is identified;
· fitness for use is confirmed;
· metadata are complete;
· disclosure and security reviews are complete;
· release conditions are known.
Main flow
1. The publication officer confirms the approved release version.
2. Access level and audience are verified.
3. Metadata, methods and limitations are reviewed.
4. Disclosure controls are applied where required.
5. The output is assigned a release identifier.
6. The dataset or product is published through the approved channel.
7. The catalogue entry and version history are updated.
8. Publication time and responsible actor are recorded.
9. Users are informed of conditions and limitations.
10. Monitoring for errors and correction requests begins.
Exceptions
· metadata are incomplete;
· the output contains restricted detail;
· the approved version has been superseded;
· disclosure review identifies unacceptable risk;
· a publication channel is unavailable;
· source ownership or attribution is unclear.
Outputs
· published dataset or product;
· metadata record;
· release note;
· access conditions;
· publication log;
· catalogue entry.
Completion criteria
The approved current version is accessible to its intended users with complete metadata, limitations and access controls.

22. CHUD-SCN-020 — Correct or withdraw a published dataset
Objective
Correct, replace or withdraw a published CHUD output when a material issue is identified.
Primary persona
Data-publication officer.
Supporting personas
· data owner;
· data steward;
· data-quality analyst;
· climate-health analyst;
· privacy and data-protection officer;
· programme coordinator.
Trigger
A published dataset or product is found to be incorrect, incomplete, misleading or inappropriately released.
Preconditions
· the affected version can be identified;
· the issue and its significance can be assessed;
· correction and withdrawal authority is assigned.
Main flow
1. The reported issue is reviewed.
2. The affected data, products and users are identified.
3. Further access or distribution is paused where necessary.
4. The source of the problem is investigated.
5. A corrected version, limitation notice or withdrawal decision is prepared.
6. The responsible authority approves the action.
7. The corrected or withdrawal notice is published.
8. Earlier versions are marked superseded or withdrawn.
9. Known users are notified where required.
10. Downstream analyses and models are identified.
11. Reprocessing or further corrective actions are assigned.
Exceptions
· the output has been redistributed externally;
· the error affects several related products;
· the source institution disputes the correction;
· withdrawal creates an operational information gap;
· the issue is a privacy or security breach.
Outputs
· corrected dataset;
· superseding version;
· correction notice;
· withdrawal notice;
· impact assessment;
· user notification;
· corrective-action record.
Completion criteria
Users can clearly identify the current valid status of the output, and material downstream consequences are under controlled management.

23. CHUD-SCN-021 — Provide controlled research access
Objective
Allow an approved researcher to use restricted CHUD data under defined conditions.
Primary persona
Data-access approver.
Supporting personas
· data owner;
· researcher;
· privacy and data-protection officer;
· information-security officer;
· data steward;
· data-sharing and agreements officer.
Trigger
A researcher submits a request for restricted CHUD data.
Preconditions
· the research purpose is documented;
· institutional identity is verified;
· required ethics or scientific approvals are available where applicable;
· the requested dataset exists.
Main flow
1. The request is assessed for relevance and authority.
2. Requested variables and geographic detail are reviewed.
3. The minimum necessary data are identified.
4. Privacy, disclosure and security risks are assessed.
5. Access conditions and publication requirements are defined.
6. The request is approved, revised or rejected.
7. The researcher accepts the data-use conditions.
8. Access is provisioned in the approved environment.
9. Use, exports and expiry are monitored where required.
10. Access is closed or renewed at the end of the approved period.
Exceptions
· the research purpose is too broad;
· requested linkage is not authorised;
· the researcher proposes onward sharing;
· the required controlled environment is unavailable;
· the data are unsuitable for the proposed method;
· publication conditions are not accepted.
Outputs
· research-access decision;
· approved dataset specification;
· data-use agreement;
· access period;
· controlled workspace or extract;
· closure record.
Completion criteria
The researcher receives only the approved data under enforceable conditions, or the request is formally rejected.

24. CHUD-SCN-022 — Process data locally and share aggregate outputs
Objective
Support CHUD implementation where detailed data must remain within a country, institution or jurisdiction.
Primary persona
Local or subnational data focal point.
Supporting personas
· data owner;
· data engineer;
· data steward;
· privacy and data-protection officer;
· system architect;
· programme coordinator.
Trigger
Policy, privacy, ownership or infrastructure requirements prevent central transfer of source data.
Preconditions
· local processing authority is confirmed;
· common specifications and code are available;
· the permitted outputs are defined;
· local infrastructure or manual capability exists.
Main flow
1. The local institution receives the approved transformation specification.
2. Required source data remain within the local environment.
3. Approved validation and transformation steps are executed.
4. Local quality checks are performed.
5. Aggregate or permitted outputs are generated.
6. Output metadata, version and execution information are prepared.
7. The permitted output is transferred to the receiving system.
8. Central or programme-level validation checks are applied.
9. discrepancies are reviewed with the local team.
10. Source data remain under local control.
11. The run and output are documented.
Exceptions
· local software or infrastructure differs materially;
· approved code cannot be executed;
· the output fails central validation;
· aggregate outputs still create disclosure risk;
· local and central versions diverge;
· technical support is unavailable.
Outputs
· locally generated aggregate dataset;
· execution record;
· quality report;
· transfer record;
· local source-retention confirmation;
· issue record where required.
Completion criteria
The approved output is reproducible and shareable without transferring restricted source data outside the authorised environment.

25. CHUD-SCN-023 — Review an AI-supported data operation
Objective
Ensure that an AI-supported transformation, classification, record linkage or analytical output is reviewed before operational use.
Primary persona
AI-output reviewer.
Supporting personas
· model owner;
· data steward;
· data-quality analyst;
· epidemiologist;
· privacy and data-protection officer;
· data engineer.
Trigger
An approved AI service produces an operational CHUD output.
Preconditions
· the AI use case is registered and approved;
· the model and version are identifiable;
· the intended use and fallback are documented;
· human review is required.
Main flow
1. The reviewer confirms the use case, model and version.
2. Input data, context and quality status are examined.
3. The output and confidence or uncertainty are reviewed.
4. Sample results are compared with source evidence.
5. Potential bias, fabrication or inappropriate inference is assessed.
6. The output is accepted, corrected, rejected or escalated.
7. The decision and rationale are recorded.
8. Accepted outputs proceed to the next controlled workflow.
9. Suspected error, drift or unsafe behaviour is reported.
10. Fallback is activated where required.
Exceptions
· model provenance is unavailable;
· the provider changed the model without review;
· sensitive data were sent to an unapproved service;
· the output cannot be explained or reproduced;
· the model operates outside its validated context;
· fabricated variables or unsupported mappings are detected.
Outputs
· AI-output review;
· acceptance or rejection record;
· corrected output;
· drift or incident report;
· fallback activation;
· model-governance feedback.
Completion criteria
No material AI-supported output proceeds without accountable review, and unsafe or unreliable outputs are controlled.

26. CHUD-SCN-024 — Conduct periodic data-source and pipeline review
Objective
Assess whether sources, transformations, pipelines and outputs remain current, reliable and useful.
Primary persona
Programme evaluator.
Supporting personas
· programme coordinator;
· data owners;
· data stewards;
· data engineers;
· pipeline operators;
· climate-health analysts;
· public-health decision-makers;
· privacy and security officers.
Trigger
A scheduled review period begins or a major issue indicates the need for review.
Preconditions
· operational and quality records are available;
· users and providers can contribute;
· the review scope is defined.
Main flow
1. Source availability and ownership are reviewed.
2. Metadata and agreements are checked for currency.
3. Pipeline performance and failures are examined.
4. Data-quality trends and recurring defects are reviewed.
5. Transformation and harmonisation methods are assessed.
6. Publication and correction history are reviewed.
7. Public-health utility and user feedback are examined.
8. Privacy, security and sustainability are assessed.
9. Required changes are identified.
10. Corrective actions are assigned.
11. Affected DAK and country artefacts are identified.
12. Review findings are approved and tracked.
Exceptions
· operational records are incomplete;
· institutions disagree on source authority;
· a critical pipeline lacks an owner;
· a useful source is no longer sustainable;
· contractual or policy changes affect access;
· findings require programme-level review.
Outputs
· periodic review report;
· revised source inventory;
· quality-improvement actions;
· pipeline changes;
· updated risk register;
· proposed DAK changes;
· sustainability decisions.
Completion criteria
Material findings have accountable owners, approved actions and target dates.

27. CHUD-SCN-025 — Groundtruth a country CHUD implementation
Objective
Validate that the generic CHUD DAK reflects actual country institutions, data and operational constraints.
Primary persona
Programme coordinator.
Supporting personas
· national and local data focal points;
· data owners;
· climate-data providers;
· health-data providers;
· data engineers;
· epidemiologists;
· geographic-information stewards;
· public-health decision-makers.
Trigger
Country adaptation or pilot preparation begins.
Preconditions
· the generic DAK artefacts are available;
· participating institutions are identified;
· country documents and sample data can be reviewed.
Main flow
1. Generic personas are mapped to national roles.
2. Current source and access arrangements are documented.
3. Existing workflows are compared with the generic model.
4. Sample datasets are reviewed.
5. Temporal and spatial practices are examined.
6. System and infrastructure constraints are identified.
7. Data ownership and local-deployment requirements are confirmed.
8. Missing or unrealistic requirements are recorded.
9. Country-specific adaptations are proposed.
10. Generic issues with wider relevance are separated from local issues.
11. The country package is validated or returned for revision.
Exceptions
· formal and actual practice differ materially;
· source access cannot be demonstrated;
· national and subnational processes differ;
· required data exist only informally;
· stakeholders disagree on ownership or authority;
· sample data cannot be shared.
Outputs
· country persona mapping;
· current-state workflow record;
· source and system inventory;
· country adaptations;
· validation findings;
· issue and decision records;
· proposed programme feedback.
Completion criteria
The country implementation package reflects real institutions, capabilities and constraints rather than untested assumptions.

28. Scenario relationships
The scenarios form a connected lifecycle:
Define use case → identify sources → approve access → acquire → validate → correct → transform → harmonise → integrate → assess fitness → analyse → publish → use → monitor → improve
Supporting scenarios cover:
· automated and manual acquisition;
· temporal and spatial harmonisation;
· predictive-model data preparation;
· pipeline failure and recovery;
· local processing;
· restricted research access;
· AI-supported operations;
· country groundtruthing.
Each scenario should map to one or more detailed workflows in the CHUD Data-Pipeline Catalogue.

29. Country adaptation
Country teams should classify each scenario as:
· adopted unchanged;
· adapted;
· divided into several national scenarios;
· combined with another scenario;
· replaced by an existing national process;
· deferred;
· not applicable.
Adaptation should document:
· national actors;
· institutional authority;
· data ownership;
· systems used;
· methods;
· timing;
· geographic level;
· exceptions;
· legal and policy basis;
· validation status.
Current-state and target-state scenarios should remain distinguishable.

30. Scenario validation questions
For each scenario, confirm:
1. Is the objective relevant to an approved public-health use?
2. Does the initiating event occur in practice?
3. Is the primary actor correct?
4. Are supporting actors complete?
5. Are ownership and decision rights clear?
6. Are required data and metadata available?
7. Is the sequence operationally realistic?
8. Are temporal and geographic assumptions valid?
9. Are privacy, security and disclosure risks addressed?
10. Are exceptions and fallback processes covered?
11. Are outputs sufficient for the next workflow?
12. Can completion be observed and tested?
13. Are methods and transformations reproducible?
14. Which elements require country configuration?
15. Does the scenario remain sustainable after initial implementation support?

31. Scenario principle
The CHUD scenario catalogue should describe realistic data work rather than idealised technical processing.
Its core principle is:
Show who requests, owns, provides, transforms, reviews, approves and uses the data; make every exception and limitation visible; and ensure that each output can be reproduced, governed and trusted.
End-to-end data workflows
1. Purpose
This section defines the principal CHUD workflows required to govern, acquire, validate, transform, harmonise, integrate, analyse, publish and maintain climate-health data.
The workflows translate the user scenarios into ordered operational processes.
Each workflow identifies:
· trigger;
· responsible actors;
· inputs;
· principal steps;
· decisions;
· outputs;
· exceptions;
· controls;
· completion criteria;
· related scenarios.
The workflows are generic reference models.
Countries should adapt them to national institutions, data ownership, systems, geographic structures, analytical methods, legal requirements and implementation maturity.

2. Workflow structure
Each workflow should be maintained in the CHUD Workflows and Data-Pipeline Catalogue with:
· workflow ID;
· title;
· purpose;
· trigger;
· primary owner;
· participating personas;
· preconditions;
· inputs;
· steps;
· decisions;
· transformations;
· outputs;
· systems;
· schedule;
· exceptions;
· escalation;
· controls;
· completion criteria;
· related artefacts;
· country adaptations;
· validation status.
The principal workflow sequence is:
Define → govern → acquire → validate → transform → harmonise → integrate → assess → analyse → publish → monitor → improve

3. CHUD-WFL-001 — Define and approve a climate-health data use case
Purpose
Establish the public-health question, intended users, data needs, scope and expected outputs before data processing begins.
Trigger
A public-health programme, surveillance team, research group or authorised decision-maker requests climate-health information.
Primary owner
Climate-health analyst.
Participating personas
· public-health decision-maker;
· epidemiologist;
· surveillance officer;
· meteorological data specialist;
· statistician;
· data steward;
· programme coordinator;
· privacy and data-protection officer;
· information-security officer.
Inputs
· public-health question;
· intended decision or use;
· candidate population;
· geographic scope;
· temporal scope;
· expected output;
· known data sources;
· applicable policy and legal constraints.
Workflow
1. Record the requesting institution and accountable sponsor.
2. Define the public-health objective.
3. Identify intended users and decisions.
4. Define geographic scope.
5. Define temporal scope and update frequency.
6. Identify required climate, environmental, health, population and geographic data.
7. Define expected outputs.
8. Assess whether the request is descriptive, surveillance-related, analytical, predictive or operational.
9. Review privacy, security and data-sharing implications.
10. Identify major methodological assumptions and limitations.
11. Review feasibility with relevant specialists and data owners.
12. Approve, revise, defer or reject the use case.
13. Record the decision and rationale.
14. Transfer approved data needs to source identification.
Key decisions
· Is the public-health purpose sufficiently clear?
· Is the requested data resolution justified?
· Is the use within institutional authority?
· Does the request require restricted data?
· Is predictive modelling being requested outside the core CHUD scope?
· Is the use case feasible with available data and capacity?
Outputs
· approved use-case record;
· intended-use statement;
· user and decision profile;
· geographic and temporal scope;
· preliminary data requirements;
· expected outputs;
· risk and limitation summary;
· approval status.
Exceptions
· unclear public-health purpose;
· unsupported geographic precision;
· excessive personal-data request;
· unavailable institutional authority;
· analytical objective beyond approved programme scope;
· no feasible source or implementation route.
Controls
· accountable sponsor;
· recorded purpose;
· minimum-data principle;
· explicit scope boundary;
· privacy and security review;
· approval and version history.
Completion criteria
The use case is approved and sufficiently defined to guide source selection, data access, design and testing.

4. CHUD-WFL-002 — Identify, assess and select data sources
Purpose
Identify authoritative and sustainable data sources for each approved data requirement.
Trigger
A use case is approved.
Primary owner
Data steward.
Participating personas
· climate-data provider;
· environmental-data provider;
· health-data provider;
· population-data provider;
· geographic-information steward;
· surveillance officer;
· epidemiologist;
· data owner;
· local data focal point.
Inputs
· approved use case;
· required variables;
· geography;
· time period;
· update frequency;
· access requirements;
· quality expectations.
Workflow
1. Create a source requirement for each data concept.
2. Identify candidate sources.
3. Record each source in the source inventory.
4. Confirm source owner and steward.
5. Assess authority and institutional status.
6. Review temporal coverage and resolution.
7. Review geographic coverage and resolution.
8. Review update and revision frequency.
9. Review metadata and data dictionary.
10. Assess data quality and known limitations.
11. Assess access, licence and permitted use.
12. Assess sustainability and technical availability.
13. Compare candidate sources.
14. Select the authoritative or preferred source.
15. Identify fallback sources.
16. Record unavailable or unresolved requirements.
17. Approve the source-selection decision.
Key decisions
· Which source is authoritative?
· Is the source fit for the intended use?
· Is a fallback needed?
· Can the source be maintained over time?
· Are multiple sources complementary or conflicting?
· Is a local source preferable to an external source?
Outputs
· source inventory;
· source assessment;
· preferred-source decision;
· fallback-source decision;
· source metadata;
· access status;
· source gap register.
Exceptions
· no adequate source;
· disputed ownership;
· incomplete metadata;
· insufficient temporal or geographic coverage;
· source accessible only under incompatible conditions;
· source unlikely to be sustainable.
Controls
· documented selection criteria;
· owner confirmation;
· authority classification;
· source version;
· review date;
· alternative-source record.
Completion criteria
Every approved data requirement has a selected source, fallback, documented gap or decision that it is not currently feasible.

5. CHUD-WFL-003 — Approve data access and sharing
Purpose
Establish lawful, secure and purpose-limited access to required restricted data.
Trigger
The selected source is not openly available for the approved use.
Primary owner
Data-access approver.
Participating personas
· data owner;
· data steward;
· data-sharing and agreements officer;
· privacy and data-protection officer;
· information-security officer;
· requesting analyst or engineer;
· system administrator.
Inputs
· approved use case;
· source dataset;
· requested variables;
· requested geographic detail;
· requested period;
· intended users;
· proposed processing environment;
· retention needs;
· publication plan.
Workflow
1. Submit a structured access request.
2. Verify the requesting institution and users.
3. Confirm intended purpose and scope.
4. Review the minimum necessary variables and detail.
5. Review legal, policy and institutional authority.
6. Assess privacy and confidentiality risk.
7. Assess security and hosting arrangements.
8. Define permitted use and prohibited use.
9. Define onward-sharing and publication conditions.
10. Define access period and retention.
11. Prepare any required agreement.
12. Approve, approve with conditions, defer or reject.
13. Record the decision.
14. Provision technical access separately.
15. Confirm requester acceptance of conditions.
16. Schedule access review and expiry.
Key decisions
· Is the requested detail necessary?
· Is the processing environment acceptable?
· Is local processing required?
· Is a controlled workspace needed?
· Is publication allowed?
· Is onward sharing permitted?
· When should access expire?
Outputs
· access decision;
· approved dataset specification;
· conditions of use;
· agreement;
· access duration;
· technical provisioning request;
· review and expiry date.
Exceptions
· insufficient legal authority;
· excessive data request;
· unapproved hosting;
· unacceptable disclosure risk;
· missing agreement;
· proposed use inconsistent with source mandate.
Controls
· separation of approval and provisioning;
· purpose limitation;
· minimum necessary data;
· time-limited access;
· access logging;
· periodic review;
· revocation procedure.
Completion criteria
Data access is authorised and provisioned under controlled conditions, or the request is formally declined.

6. CHUD-WFL-004 — Acquire data through an automated interface
Purpose
Retrieve source data through an approved API, WIS 2.0 service, database exchange or other automated mechanism.
Trigger
A scheduled or event-triggered acquisition is due.
Primary owner
Data engineer.
Participating personas
· data provider;
· interoperability specialist;
· pipeline operator;
· information-security officer;
· system administrator.
Inputs
· source configuration;
· interface specification;
· credentials;
· product or dataset identifier;
· geographic and temporal request;
· expected delivery schedule;
· fallback procedure.
Workflow
1. Create the acquisition job.
2. Verify source and interface configuration.
3. Authenticate to the source.
4. Submit or initiate the data request.
5. Receive the dataset or message.
6. Confirm transfer completion.
7. Record source issue time and ingestion time.
8. Record source version and interface version.
9. Perform basic structural and file-integrity checks.
10. Detect duplicates.
11. Preserve the original file or source reference where required.
12. Assign an ingestion identifier.
13. Record acquisition outcome.
14. Trigger formal validation.
Key decisions
· Was the expected product received?
· Is the interface response complete?
· Is the source version expected?
· Is the dataset a duplicate?
· Should retry or fallback be activated?
· Should processing be paused because of a source change?
Outputs
· acquired source dataset;
· ingestion record;
· source metadata;
· transfer log;
· initial validation status;
· warning or failure record.
Exceptions
· authentication failure;
· source outage;
· timeout;
· unexpected schema;
· incomplete transfer;
· duplicate dataset;
· unannounced interface or product change;
· unexpected sensitive content.
Controls
· source authentication;
· encrypted transfer where required;
· file or message integrity check;
· source and interface versioning;
· duplicate detection;
· restricted credential access;
· audit logging.
Completion criteria
The expected dataset is under controlled validation, or acquisition failure is recorded and escalated.

7. CHUD-WFL-005 — Acquire data through a manual or semi-manual process
Purpose
Receive and control source data where automated exchange is unavailable, temporary or inappropriate.
Trigger
A reporting deadline, approved request or local submission period occurs.
Primary owner
Local or subnational data focal point.
Participating personas
· source-data provider;
· data steward;
· pipeline operator;
· data engineer;
· data-quality analyst.
Inputs
· approved template or file specification;
· reporting instructions;
· source contact;
· reporting period;
· secure transfer route;
· submission deadline.
Workflow
1. Notify the source of the reporting requirement.
2. The source prepares the file or form.
3. Data are transferred through an approved channel.
4. Verify sender identity.
5. Confirm dataset, period and version.
6. Record receipt time.
7. Store the source file in the approved location.
8. Perform basic structure and completeness checks.
9. Accept, accept with warnings or reject the submission.
10. Request correction where necessary.
11. Assign an ingestion identifier.
12. Record the manual submission in the pipeline register.
13. Trigger formal validation.
Key decisions
· Is the sender authorised?
· Is the submission complete?
· Is the template version correct?
· Can the dataset proceed with warnings?
· Is a correction required before processing?
· Has the deadline been missed?
Outputs
· source file;
· receipt record;
· initial quality status;
· correction request;
· overdue-submission escalation;
· ingestion identifier.
Exceptions
· unapproved transfer channel;
· unverifiable sender;
· altered template;
· missing period;
· duplicate submission;
· late submission;
· corrupted file.
Controls
· controlled templates;
· secure transfer;
· sender verification;
· original-file retention;
· receipt confirmation;
· deadline and escalation tracking.
Completion criteria
The submission is controlled, traceable and ready for formal validation, or is rejected and returned for correction.

8. CHUD-WFL-006 — Validate source data
Purpose
Determine whether newly acquired source data are sufficiently complete, valid and traceable for further processing.
Trigger
A dataset is acquired.
Primary owner
Data-quality analyst.
Participating personas
· data steward;
· data engineer;
· source-data provider;
· surveillance officer;
· meteorological data specialist;
· geographic-information steward.
Inputs
· acquired dataset;
· source metadata;
· expected schema;
· data dictionary;
· expected record count or range;
· quality rules;
· previous source version.
Workflow
1. Confirm the source, dataset and version.
2. Verify required files, tables and fields.
3. Validate data types and formats.
4. Validate units.
5. Validate timestamps and reporting periods.
6. Validate geographic identifiers and coverage.
7. Check permitted values and ranges.
8. Identify missing values.
9. Identify duplicates.
10. Compare expected and actual record volume.
11. Preserve source quality flags.
12. Compare with prior periods where appropriate.
13. Classify issues by severity.
14. Assign a dataset quality status.
15. Approve, quarantine or reject the dataset.
16. Request source correction where required.
17. Record the validation result.
Key decisions
· Can the dataset proceed?
· Can it proceed with limitations?
· Is the defect source-related or pipeline-related?
· Is publication or downstream processing unsafe?
· Is the quality issue material to the intended use?
Outputs
· validation report;
· quality status;
· issue list;
· approved source dataset;
· quarantined dataset;
· correction request;
· rejection record.
Exceptions
· ambiguous units;
· unsupported geographic codes;
· missing critical fields;
· major volume anomaly;
· undocumented case-definition change;
· source revision without notice;
· conflicting quality flags.
Controls
· repeatable validation rules;
· severity classification;
· preservation of original data;
· explicit quality status;
· reviewer and timestamp;
· issue traceability.
Completion criteria
The dataset has a documented decision on whether and how it may proceed.

9. CHUD-WFL-007 — Correct and reprocess source data
Purpose
Resolve source defects and update affected downstream outputs while preserving history.
Trigger
A source defect, revision or correction is confirmed.
Primary owner
Data provider.
Participating personas
· data-quality analyst;
· data steward;
· data engineer;
· pipeline operator;
· data owner;
· data-publication officer.
Inputs
· defect or revision record;
· affected source version;
· correction details;
· downstream lineage;
· publication history.
Workflow
1. Confirm the defect or revision.
2. Identify affected records and periods.
3. Prepare the corrected source dataset.
4. Submit the corrected version.
5. Preserve the original source version.
6. Link the new version to the superseded version.
7. Record the correction reason.
8. Revalidate the corrected dataset.
9. Identify downstream datasets, indicators, reports and models affected.
10. Decide whether reprocessing is required.
11. Reprocess affected pipeline stages.
12. Revalidate resulting outputs.
13. Correct or withdraw published outputs where necessary.
14. Notify affected users where material.
15. Close the correction record.
Key decisions
· Is the correction material?
· Which downstream products are affected?
· Is complete or partial reprocessing required?
· Must publication be paused?
· Must users be notified?
· Can the prior version remain available for reproducibility?
Outputs
· corrected source dataset;
· source revision history;
· reprocessed outputs;
· impact assessment;
· correction or withdrawal notice;
· user notification;
· closed issue.
Exceptions
· source cannot be reproduced;
· correction affects definitions rather than values;
· only partial correction is possible;
· prior output was used externally;
· source owner disputes the issue;
· reprocessing cannot reproduce the original environment.
Controls
· immutable source history;
· version linkage;
· lineage-based impact analysis;
· controlled reprocessing;
· publication review;
· correction audit trail.
Completion criteria
The correction is reflected in all required downstream outputs or its unresolved impact is explicitly documented and controlled.

10. CHUD-WFL-008 — Standardise structure, units, terminology and identifiers
Purpose
Transform validated source data into a consistent technical and semantic structure.
Trigger
A valid source dataset requires standardisation before harmonisation or integration.
Primary owner
Data engineer.
Participating personas
· transformation-method owner;
· data steward;
· meteorological data specialist;
· surveillance officer;
· interoperability specialist;
· data-quality analyst.
Inputs
· validated source dataset;
· target data model;
· unit-conversion rules;
· terminology mappings;
· identifier mappings;
· date and time rules;
· approved transformation version.
Workflow
1. Retrieve the approved transformation specification.
2. Map source tables and fields to the target structure.
3. Standardise names and data types.
4. Parse dates and timestamps.
5. Apply unit conversions.
6. Map controlled terminology.
7. Map identifiers.
8. Preserve source values and identifiers where required.
9. Flag unmapped or ambiguous values.
10. Apply approved formatting and classification rules.
11. Record transformation steps and version.
12. Validate the standardised output.
13. Approve for temporal or spatial harmonisation.
Key decisions
· Is the mapping unambiguous?
· Is a conversion scientifically valid?
· Should an unmapped value block processing?
· Does the output imply unsupported precision?
· Is a national extension required?
Outputs
· standardised dataset;
· transformation log;
· unit-conversion record;
· terminology and identifier mapping;
· unmapped-value report;
· validation result.
Exceptions
· missing unit;
· conflicting code definitions;
· unrecognised identifier;
· undocumented source structure change;
· conversion precision issue;
· target model cannot represent the source concept.
Controls
· approved mapping tables;
· source-value preservation;
· versioned transformation;
· test cases;
· review of ambiguous mappings;
· provenance retention.
Completion criteria
The dataset conforms to the target technical structure and all material semantic changes are documented and reproducible.

11. CHUD-WFL-009 — Harmonise data temporally
Purpose
Align datasets with different reporting periods, timestamps or update cycles.
Trigger
Two or more datasets require comparison or integration across a common temporal basis.
Primary owner
Transformation-method owner.
Participating personas
· statistician;
· epidemiologist;
· meteorological data specialist;
· surveillance officer;
· data engineer;
· climate-health analyst.
Inputs
· standardised datasets;
· source temporal resolution;
· source issue and valid times;
· target reference period;
· aggregation rules;
· lag specification;
· missing-data rules;
· time-zone configuration.
Workflow
1. Confirm the analytical time basis.
2. Review source timestamps and reporting periods.
3. Distinguish issue time, valid time, observation time and ingestion time.
4. Standardise time zones and period boundaries.
5. Define the target temporal resolution.
6. Apply approved aggregation or summarisation.
7. Calculate period completeness.
8. Flag incomplete or provisional periods.
9. Apply approved lag, lead or cumulative rules.
10. Preserve original temporal resolution and source timing.
11. Record the temporal transformation version.
12. Validate sample periods and boundary conditions.
13. Produce the temporally harmonised dataset.
Key decisions
· Which time concept should be aligned?
· Is aggregation appropriate?
· What minimum completeness is required?
· Is a lag scientifically justified?
· Can partial periods be used?
· Should revised periods trigger reprocessing?
Outputs
· temporally harmonised dataset;
· temporal mapping;
· aggregation record;
· lag or lead specification;
· completeness flags;
· methodological note;
· validation evidence.
Exceptions
· incompatible week definitions;
· ambiguous time zone;
· reporting delay too great;
· sparse data;
· invalid lag assumption;
· source revision affects prior periods;
· aggregation conceals material variation.
Controls
· method approval;
· source-resolution preservation;
· explicit completeness criteria;
· provisional-status retention;
· boundary-value testing;
· versioning.
Completion criteria
Datasets share a documented and interpretable temporal basis suitable for the intended use.

12. CHUD-WFL-010 — Harmonise data spatially
Purpose
Align datasets using different points, grids, administrative areas, health districts or boundary versions.
Trigger
Datasets require a common geographic basis.
Primary owner
Geospatial analyst.
Participating personas
· geographic-information steward;
· meteorological data specialist;
· statistician;
· epidemiologist;
· data engineer;
· local data focal point;
· privacy and data-protection officer.
Inputs
· source datasets;
· source and target geographies;
· authoritative boundary files;
· geographic identifier register;
· crosswalk;
· weighting data;
· approved spatial method;
· disclosure rules.
Workflow
1. Confirm the intended target geography.
2. Verify authoritative boundary versions.
3. Review the resolution of each source.
4. Select an approved spatial mapping method.
5. Prepare or retrieve geographic crosswalks.
6. Perform point-to-area, raster-to-area or area-to-area mapping.
7. Apply approved weighting.
8. Record unmatched and ambiguous geographies.
9. Assess disclosure implications.
10. Validate selected sample locations and totals.
11. Record method, boundary version and uncertainty.
12. Produce the spatially harmonised dataset.
Key decisions
· Does the source support the target geography?
· Should area or population weighting be used?
· Can boundaries be compared across periods?
· Does the output create false precision?
· Are unmatched areas acceptable?
· Is geographic detail too sensitive for release?
Outputs
· spatially harmonised dataset;
· geographic crosswalk;
· weighting record;
· unmatched-area report;
· boundary-version record;
· spatial uncertainty statement;
· validation evidence.
Exceptions
· insufficient source resolution;
· missing boundary data;
· changing administrative areas;
· partial overlap;
· missing weights;
· disputed geography;
· disclosure risk;
· unsupported district-level disaggregation.
Controls
· authoritative boundaries;
· versioned crosswalks;
· method approval;
· unmatched-record reporting;
· sample-map validation;
· disclosure review.
Completion criteria
Datasets share a defensible target geography, or unresolved limitations are visible and accepted for the intended use.

13. CHUD-WFL-011 — Define and generate derived variables
Purpose
Create approved climate, health, population or exposure variables not directly available from source systems.
Trigger
An approved use case requires a derived variable.
Primary owner
Transformation-method owner.
Participating personas
· meteorological data specialist;
· epidemiologist;
· statistician;
· geospatial analyst;
· data engineer;
· data-quality analyst.
Inputs
· variable specification;
· approved source variables;
· formula or classification;
· geographic and temporal basis;
· missing-data rules;
· validation criteria.
Workflow
1. Define the variable’s purpose.
2. Identify approved source inputs.
3. Define formula, method or classification.
4. Define units.
5. Define temporal and geographic basis.
6. Define missing-data and completeness treatment.
7. Define boundary and exception handling.
8. Implement the calculation.
9. Test sample records and extreme values.
10. Compare results with expected patterns or independent calculations.
11. Revise if necessary.
12. Approve the variable.
13. Add it to the data dictionary and lineage.
14. Version the method and implementation.
Key decisions
· Is the variable scientifically justified?
· Are source inputs sufficient?
· Is the output reproducible?
· Does the variable imply unsupported precision?
· Can the method be used across all geographies and periods?
· Is the variable observed, estimated, classified or modelled?
Outputs
· derived variable;
· method specification;
· implementation code or rule;
· test evidence;
· data-dictionary entry;
· limitation statement;
· approved version.
Exceptions
· missing source inputs;
· unstable denominator;
· non-generalizable method;
· inconsistent result;
· inability to reproduce;
· inappropriate precision;
· method not valid after a source change.
Controls
· scientific approval;
· independent test;
· source-input traceability;
· method and code versioning;
· observed-versus-derived status;
· limitation statement.
Completion criteria
The variable is approved, reproducible, documented and clearly distinguishable from source observations.

14. CHUD-WFL-012 — Integrate climate, health and contextual datasets
Purpose
Create a reproducible integrated dataset from approved, validated and harmonised sources.
Trigger
All required input datasets are ready for integration.
Primary owner
Data engineer.
Participating personas
· climate-health analyst;
· epidemiologist;
· statistician;
· geospatial analyst;
· transformation-method owner;
· data steward;
· data-quality analyst.
Inputs
· approved source versions;
· harmonised datasets;
· integration keys;
· join rules;
· derived variables;
· quality flags;
· output specification;
· privacy and disclosure requirements.
Workflow
1. Create an integration-run identifier.
2. Freeze or record the approved source versions.
3. Verify common temporal and geographic bases.
4. Verify integration keys.
5. Apply approved joins.
6. Identify one-to-one, one-to-many and many-to-one relationships.
7. Detect duplicate keys.
8. Record unmatched and partial matches.
9. Preserve source and quality metadata.
10. Generate required derived fields.
11. Apply approved exclusions.
12. Perform reconciliation checks.
13. Compare output counts and totals with expected results.
14. Create dataset metadata and lineage.
15. Assign dataset version and quality status.
16. Submit the output for fitness-for-use review.
Key decisions
· Are integration keys reliable?
· Are unmatched records acceptable?
· Is a many-to-many join valid?
· Have quality flags been preserved?
· Is disclosure risk increased by linkage?
· Should the run complete with warnings or fail?
Outputs
· integrated climate-health dataset;
· integration report;
· unmatched-record list;
· duplicate-key report;
· source-version record;
· lineage;
· reconciliation result;
· dataset version.
Exceptions
· invalid join relationship;
· source version changes during the run;
· excessive unmatched records;
· implausible output volume;
· disclosure risk after linkage;
· failure to preserve source provenance;
· inconsistent geographic or temporal alignment.
Controls
· frozen source versions;
· approved integration rules;
· join cardinality checks;
· reconciliation;
· lineage;
· privacy review;
· run-level versioning.
Completion criteria
The integrated dataset is reproducible, traceable and ready for analytical and public-health validation.

15. CHUD-WFL-013 — Assess fitness for use
Purpose
Determine whether an integrated dataset is suitable for its intended surveillance, planning, research, analytical or modelling purpose.
Trigger
A new or revised integrated dataset is produced.
Primary owner
Epidemiologist.
Participating personas
· climate-health analyst;
· statistician;
· meteorological data specialist;
· data-quality analyst;
· data steward;
· privacy and data-protection officer;
· public-health decision-maker.
Inputs
· integrated dataset;
· use-case statement;
· source metadata;
· quality reports;
· temporal and spatial methods;
· lineage;
· disclosure assessment;
· analytical specification.
Workflow
1. Confirm the intended use.
2. Review source authority and quality.
3. Review temporal harmonisation.
4. Review spatial harmonisation.
5. Review exposure, outcome and denominator definitions.
6. Review missing data, exclusions and unmatched records.
7. Assess reporting bias, confounding and change in source practice.
8. Assess statistical stability and uncertainty.
9. Assess geographic and temporal representativeness.
10. Review privacy and disclosure limitations.
11. Classify the dataset as:
· fit;
· fit with limitations;
· restricted;
· revision required;
· unfit.
12. Define permitted and inappropriate uses.
13. Record the decision and rationale.
14. Trigger release, revision or rejection.
Key decisions
· Can the dataset answer the approved question?
· Is it suitable for descriptive analysis only?
· Is it suitable for surveillance?
· Is it suitable for prediction?
· Are limitations acceptable?
· Is further aggregation or restriction required?
Outputs
· fitness-for-use decision;
· approved-use statement;
· inappropriate-use statement;
· limitation summary;
· revision request;
· release recommendation;
· validation record.
Exceptions
· technically complete but analytically invalid dataset;
· unsuitable denominator;
· unstable small numbers;
· reporting change across the study period;
· unsupported causal interpretation;
· insufficient representativeness;
· excessive disclosure risk.
Controls
· multidisciplinary review;
· explicit intended use;
· limitation documentation;
· approved-use classification;
· version-specific decision;
· no automatic cross-purpose approval.
Completion criteria
The dataset has a clear, documented decision on how it may and may not be used.

16. CHUD-WFL-014 — Produce a surveillance or analytical output
Purpose
Generate an approved climate-health surveillance product, report, map, dashboard or analytical extract.
Trigger
A scheduled reporting cycle or approved analytical request begins.
Primary owner
Climate-health analyst.
Participating personas
· surveillance officer;
· epidemiologist;
· statistician;
· meteorological data specialist;
· public-health decision-maker;
· data-publication officer.
Inputs
· approved dataset;
· analytical specification;
· indicator definitions;
· baseline or reference period;
· geographic and temporal scope;
· reporting template;
· publication classification.
Workflow
1. Confirm the question and audience.
2. Retrieve the approved dataset version.
3. Review quality and limitation status.
4. Calculate approved indicators or summaries.
5. Review temporal patterns.
6. Review geographic patterns.
7. Compare with approved baselines or reference periods.
8. Assess uncertainty and statistical stability.
9. Consider alternative explanations.
10. Prepare interpretation.
11. Document data sources, methods and limitations.
12. Conduct technical and public-health review.
13. Approve, revise or reject the output.
14. Transfer the approved product to publication or restricted distribution.
Key decisions
· Is the output analytically defensible?
· Is an apparent signal credible?
· Is geographic comparison fair?
· Are rates stable?
· Is the product suitable for public release?
· Are further caveats or restrictions needed?
Outputs
· surveillance bulletin;
· analytical report;
· climate-health profile;
· dashboard dataset;
· map;
· policy brief;
· restricted analytical extract;
· review record.
Exceptions
· incomplete or delayed data;
· unstable estimates;
· misleading geographic comparison;
· source revision during analysis;
· automated anomaly not confirmed;
· limitations too material for publication.
Controls
· approved source version;
· method documentation;
· multidisciplinary review;
· uncertainty display;
· no unsupported causal language;
· versioned output.
Completion criteria
The output is reviewed, approved and ready for its intended audience with methods and limitations visible.

17. CHUD-WFL-015 — Investigate an unusual signal
Purpose
Determine whether an unusual climate-health pattern reflects a genuine public-health concern, a data issue or an analytical artefact.
Trigger
An anomaly, unexpected pattern or threshold crossing is identified.
Primary owner
Climate-health analyst.
Participating personas
· surveillance officer;
· epidemiologist;
· meteorological data specialist;
· statistician;
· data-quality analyst;
· local data focal point;
· data engineer.
Inputs
· signal record;
· source and integrated data;
· anomaly rule or method;
· quality status;
· recent revisions;
· local contextual information.
Workflow
1. Confirm the signal and detection method.
2. Reproduce the result.
3. Check source and pipeline quality.
4. Review recent data revisions.
5. Review health-reporting changes.
6. Review climate and environmental context.
7. Examine geographic and temporal patterns.
8. Seek local information.
9. Consider alternative explanations.
10. Classify the signal as:
· confirmed;
· plausible;
· uncertain;
· artefactual;
· dismissed.
11. Recommend further analysis, surveillance or operational review.
12. Record the investigation and close or escalate the signal.
Key decisions
· Is the signal reproducible?
· Is it caused by source or pipeline error?
· Is it epidemiologically plausible?
· Is additional local evidence required?
· Does it warrant public-health escalation?
· Does the anomaly rule require revision?
Outputs
· signal-investigation report;
· signal classification;
· evidence summary;
· data-quality issue;
· recommended follow-up;
· rule or model feedback.
Exceptions
· source cannot be reproduced;
· local and central data conflict;
· boundary or code change explains the signal;
· the model operates outside its approved context;
· evidence remains insufficient.
Controls
· reproducibility check;
· expert review;
· source-quality assessment;
· distinction between signal and confirmed event;
· documented closure or escalation.
Completion criteria
The signal has a documented classification and accountable next action.

18. CHUD-WFL-016 — Prepare data for predictive modelling
Purpose
Create a governed and documented dataset for separately approved model development, validation or operation.
Trigger
An approved modelling activity requires CHUD-prepared data.
Primary owner
Statistician.
Participating personas
· epidemiologist;
· climate-health analyst;
· data engineer;
· data steward;
· model owner;
· privacy and data-protection officer;
· meteorological data specialist.
Inputs
· approved modelling purpose;
· outcome definition;
· predictor specification;
· source permissions;
· integrated dataset;
· temporal and geographic design;
· privacy controls;
· validation strategy.
Workflow
1. Confirm the prediction target and intended use.
2. Define the prediction horizon.
3. Select approved source and integrated datasets.
4. Define features and outcome variables.
5. Assess temporal leakage.
6. Assess geographic leakage.
7. Define training, validation and test partitions.
8. Define missing-data and exclusion methods.
9. Assess representativeness.
10. Prepare and version the dataset.
11. Document source, method and limitations.
12. Restrict access to approved users and environment.
13. Release the dataset to the separate modelling process.
Key decisions
· Is model development an authorised use?
· Is the outcome definition reliable?
· Are training and evaluation data sufficiently independent?
· Are sensitive data protected?
· Is the dataset representative?
· Is external validation possible?
Outputs
· model-development dataset;
· feature and outcome definitions;
· partition specification;
· data documentation;
· access controls;
· limitation statement;
· release record.
Exceptions
· inadequate sample size;
· unreliable outcome;
· unauthorised data use;
· non-representative data;
· temporal leakage;
· external service not approved;
· invalid validation design.
Controls
· separate modelling approval;
· data versioning;
· leakage review;
· restricted access;
· documented partitioning;
· no implication of model validation.
Completion criteria
The dataset is governed, reproducible and appropriately documented for the separately controlled modelling process.

19. CHUD-WFL-017 — Publish or release a CHUD dataset or product
Purpose
Release an approved dataset, report, dashboard, API output or metadata record to its intended users.
Trigger
A dataset or product receives release approval.
Primary owner
Data-publication officer.
Participating personas
· data owner;
· data steward;
· climate-health analyst;
· privacy and data-protection officer;
· information-security officer;
· metadata and catalogue manager.
Inputs
· approved release version;
· fitness-for-use decision;
· release classification;
· metadata;
· disclosure review;
· access conditions;
· publication channel.
Workflow
1. Confirm the approved version.
2. Confirm release authority.
3. Confirm intended audience and access level.
4. Review metadata and limitations.
5. Apply disclosure controls.
6. Verify attribution and ownership.
7. Assign release identifier and publication status.
8. Publish through the approved channel.
9. Update the catalogue.
10. Record publication time and actor.
11. Communicate conditions of use.
12. Begin post-release monitoring.
Key decisions
· Is the release version current?
· Is disclosure risk acceptable?
· Should access be public, restricted or controlled?
· Are metadata sufficient?
· Are source ownership and attribution clear?
· Is a user agreement required?
Outputs
· published or released dataset;
· report, dashboard or API output;
· release note;
· catalogue entry;
· access conditions;
· publication log.
Exceptions
· incomplete metadata;
· unapproved version;
· unacceptable disclosure risk;
· unclear ownership;
· publication-channel failure;
· superseding source revision;
· access classification dispute.
Controls
· release approval;
· current-version check;
· disclosure control;
· metadata completeness;
· publication audit;
· restricted access where required.
Completion criteria
The intended users can access the approved current version under clear conditions and with sufficient metadata and limitations.

20. CHUD-WFL-018 — Correct, supersede or withdraw a published output
Purpose
Control the correction or withdrawal of a released CHUD dataset or analytical product.
Trigger
A material error, revision, disclosure issue or misuse risk is identified.
Primary owner
Data-publication officer.
Participating personas
· data owner;
· data steward;
· data-quality analyst;
· climate-health analyst;
· privacy and data-protection officer;
· programme coordinator;
· information-security officer.
Inputs
· affected output;
· issue report;
· source and lineage;
· known users;
· publication history;
· proposed correction or withdrawal.
Workflow
1. Confirm the issue.
2. Assess severity and public-health impact.
3. Identify affected versions and users.
4. Pause further release where appropriate.
5. Investigate source, transformation and publication causes.
6. Prepare a corrected version, limitation notice or withdrawal recommendation.
7. Obtain approval.
8. Publish the correction or withdrawal notice.
9. Mark prior versions as superseded or withdrawn.
10. Notify known users where required.
11. Identify downstream analyses, models and reports.
12. Trigger reprocessing or follow-up.
13. Record root cause and corrective action.
Key decisions
· Is immediate withdrawal necessary?
· Can a limitation notice suffice?
· Which users must be notified?
· Are downstream outputs invalid?
· Is there a privacy or security incident?
· Must the source be corrected first?
Outputs
· corrected dataset or product;
· superseding version;
· correction notice;
· withdrawal notice;
· user notification;
· downstream impact assessment;
· corrective-action record.
Exceptions
· external redistribution;
· disputed correction;
· inability to identify all users;
· no replacement output available;
· issue affects multiple products;
· legal or security investigation required.
Controls
· version status;
· visible correction history;
· user notification;
· lineage-based impact assessment;
· release-authority approval;
· incident escalation.
Completion criteria
The valid status of the output is clear, affected users are informed where required and downstream impacts are under controlled management.

21. CHUD-WFL-019 — Operate a recurring data pipeline
Purpose
Execute a repeatable sequence from source acquisition to generation of approved outputs.
Trigger
A configured schedule or approved event trigger occurs.
Primary owner
Pipeline operator.
Participating personas
· data engineer;
· data-quality analyst;
· system administrator;
· source-data providers;
· data-publication officer;
· data steward.
Inputs
· approved pipeline version;
· source schedules;
· source configurations;
· transformation rules;
· harmonisation methods;
· integration specification;
· quality thresholds;
· publication rules.
Workflow
1. Create the pipeline-run record.
2. Verify expected source availability.
3. Execute acquisition.
4. Perform source validation.
5. Apply structural standardisation.
6. Apply temporal harmonisation.
7. Apply spatial harmonisation.
8. Generate approved derived variables.
9. Integrate datasets.
10. Run reconciliation and quality checks.
11. Assign run status.
12. Hold outputs where critical issues exist.
13. Transfer approved outputs to publication or restricted storage.
14. Store logs, lineage, source versions and configuration versions.
15. Notify responsible actors of completion or warnings.
Key decisions
· Are all mandatory sources available?
· Do quality results meet the approved threshold?
· Can the run complete with warnings?
· Should publication be paused?
· Is fallback data permitted?
· Is manual review required?
Outputs
· pipeline-run record;
· generated datasets;
· validation and reconciliation report;
· warnings;
· publication candidate;
· lineage;
· run status.
Exceptions
· missing source;
· failed dependency;
· invalid data;
· transformation failure;
· geographic crosswalk failure;
· storage failure;
· implausible output;
· security incident.
Controls
· versioned pipeline;
· dependency management;
· quality gates;
· publication hold;
· reproducible logs;
· role-based override;
· manual fallback.
Completion criteria
The pipeline produces approved outputs or terminates safely without presenting invalid data as current.

22. CHUD-WFL-020 — Recover from pipeline or infrastructure failure
Purpose
Restore processing and reconcile records after a technical, source or quality failure.
Trigger
A pipeline run fails, stalls or generates an unacceptable result.
Primary owner
Pipeline operator.
Participating personas
· data engineer;
· system administrator;
· data-quality analyst;
· source-data provider;
· information-security officer;
· data-publication officer.
Inputs
· failed run;
· error log;
· partial outputs;
· source status;
· pipeline version;
· continuity plan;
· retry rules.
Workflow
1. Detect and classify the failure.
2. Identify affected stages and outputs.
3. Pause downstream publication.
4. Determine whether automatic retry is permitted.
5. Apply approved retry.
6. Escalate for manual intervention if required.
7. Correct the source, configuration, code or infrastructure.
8. Determine the appropriate restart point.
9. Prevent duplicate or conflicting outputs.
10. Rerun the affected stages.
11. Revalidate recovered outputs.
12. Reconcile partial and final records.
13. Restore publication where approved.
14. Record root cause and corrective action.
15. Close the incident.
Key decisions
· Can processing safely continue?
· Is complete reprocessing required?
· Are partial outputs usable?
· Is there a security or integrity concern?
· Should fallback processing be activated?
· Must users be informed?
Outputs
· recovered run;
· retry and restart record;
· corrected output;
· reconciliation report;
· incident record;
· root-cause analysis;
· preventive action.
Exceptions
· source remains unavailable;
· unrecoverable corruption;
· duplicate publication;
· prior output already used;
· pipeline version cannot be reproduced;
· failure indicates compromise;
· recovery exceeds acceptable delay.
Controls
· publication pause;
· controlled restart;
· duplicate prevention;
· reconciliation;
· independent quality review;
· incident audit.
Completion criteria
Processing is restored or an approved fallback is active, and no invalid or conflicting output remains presented as current.

23. CHUD-WFL-021 — Process data locally and share permitted outputs
Purpose
Support integration where source data must remain within a country, institution or subnational environment.
Trigger
Data ownership, privacy, security or national policy restricts central transfer.
Primary owner
Local or subnational data focal point.
Participating personas
· data owner;
· data engineer;
· data steward;
· privacy and data-protection officer;
· system architect;
· programme coordinator;
· data-quality analyst.
Inputs
· approved local-processing specification;
· shared data model;
· shared transformation rules or code;
· permitted output specification;
· local source data;
· local environment requirements.
Workflow
1. Confirm which data must remain local.
2. Confirm which outputs may be shared.
3. Install or provide the approved transformation package.
4. Verify local environment and version.
5. Execute local acquisition and validation.
6. Apply approved transformations and harmonisation.
7. Generate the permitted aggregate or restricted output.
8. Perform local quality checks.
9. Prepare execution metadata and lineage.
10. Transfer the permitted output.
11. Perform receiving-side validation.
12. Resolve discrepancies with the local team.
13. Retain source data under local control.
14. Record the completed run.
Key decisions
· Is the local environment equivalent enough for reproducibility?
· Is the output within approved disclosure limits?
· Can the shared transformation package be executed?
· Are local extensions acceptable?
· Does the output pass central or receiving-side validation?
Outputs
· locally generated output;
· execution record;
· local quality report;
· transfer log;
· version and lineage metadata;
· issue record;
· local retention confirmation.
Exceptions
· incompatible local environment;
· unavailable local expertise;
· version divergence;
· output fails validation;
· disclosure risk remains;
· approved code cannot run;
· local data definitions differ.
Controls
· local ownership;
· shared specification;
· version alignment;
· output-level validation;
· no unauthorised source transfer;
· documented local extensions.
Completion criteria
A reproducible permitted output is shared without transferring restricted source data outside the authorised environment.

24. CHUD-WFL-022 — Provide controlled research or analytical access
Purpose
Provide approved users with restricted CHUD data under defined conditions.
Trigger
An approved research or analytical request is accepted.
Primary owner
Data-access approver.
Participating personas
· data owner;
· researcher or analyst;
· privacy and data-protection officer;
· information-security officer;
· data steward;
· data-sharing and agreements officer;
· system administrator.
Inputs
· approved request;
· dataset specification;
· user identity;
· research or analytical protocol;
· ethics approval where required;
· access environment;
· expiry and publication conditions.
Workflow
1. Confirm approval and dataset version.
2. Confirm the user and institution.
3. Provision the minimum approved data.
4. Apply required masking, aggregation or suppression.
5. Provision access within the approved environment.
6. Require acceptance of conditions.
7. Log access and exports where required.
8. Monitor expiry and material use conditions.
9. Review requests for additional linkage or onward sharing.
10. Close, revoke or renew access.
11. Record data return, deletion or archive where required.
Key decisions
· Is the approved environment available?
· Is export permitted?
· Is additional linkage allowed?
· Can access be renewed?
· Is publication review required?
· Has the user complied with conditions?
Outputs
· controlled dataset or workspace;
· user-access record;
· use agreement;
· access logs;
· expiry or renewal decision;
· closure record.
Exceptions
· unapproved export;
· attempted onward sharing;
· use beyond approved purpose;
· expired ethics or agreement;
· security incident;
· request for additional detail;
· dataset superseded.
Controls
· minimum necessary data;
· controlled environment;
· time-limited access;
· activity logging;
· export controls;
· revocation;
· closure confirmation.
Completion criteria
The authorised user receives only approved data under enforceable conditions, and access is closed or renewed through a controlled process.

25. CHUD-WFL-023 — Review an AI-supported data operation
Purpose
Ensure that AI-supported transformations, classifications, linkages or analytical outputs receive accountable review.
Trigger
An approved AI service produces an output intended for operational CHUD use.
Primary owner
AI-output reviewer.
Participating personas
· model owner;
· data steward;
· data-quality analyst;
· epidemiologist;
· privacy and data-protection officer;
· data engineer;
· information-security officer.
Inputs
· AI use-case record;
· model and version;
· input dataset;
· output;
· confidence or uncertainty;
· validation context;
· review criteria;
· fallback procedure.
Workflow
1. Confirm the approved use case.
2. Confirm model, version and provider.
3. Review input data and quality status.
4. Review output and associated confidence.
5. Compare samples with source evidence.
6. Assess plausibility, bias and unsupported inference.
7. Check whether the use is within the validated context.
8. Accept, correct, reject or escalate the output.
9. Record the decision and rationale.
10. Route accepted output to the next workflow.
11. Report suspected drift, fabrication or unsafe behaviour.
12. Activate fallback where needed.
13. Suspend the use case where required.
Key decisions
· Is the output reliable enough for the intended use?
· Is the model operating within scope?
· Has sensitive data been handled appropriately?
· Can the output be reproduced or explained?
· Is human correction sufficient?
· Should the model be suspended?
Outputs
· AI-output review;
· accepted, corrected or rejected output;
· reviewer decision;
· drift or incident report;
· fallback activation;
· suspension request.
Exceptions
· unknown model version;
· provider change;
· unavailable provenance;
· fabricated content;
· sensitive-data leakage;
· out-of-context operation;
· unexplained output change.
Controls
· registered use case;
· model versioning;
· human review;
· input and output traceability;
· fallback;
· incident management;
· suspension authority.
Completion criteria
No material AI-supported output proceeds without accountable review, and unreliable outputs are controlled.

26. CHUD-WFL-024 — Monitor data quality and pipeline performance
Purpose
Continuously assess whether source data, transformations, pipelines and outputs remain reliable.
Trigger
A pipeline run completes, a reporting period ends or a quality threshold is crossed.
Primary owner
Data-quality analyst.
Participating personas
· pipeline operator;
· data engineer;
· data steward;
· source-data providers;
· programme coordinator;
· programme evaluator.
Inputs
· acquisition logs;
· validation results;
· pipeline-run records;
· source schedules;
· transformation results;
· integration reports;
· publication delays;
· incident records.
Workflow
1. Compare expected and received sources.
2. Review acquisition timeliness.
3. Review completeness and validation failures.
4. Review duplicate and unmatched records.
5. Review temporal and spatial harmonisation warnings.
6. Review failed, retried and late pipeline runs.
7. Review publication delays and corrections.
8. Identify recurring source or transformation issues.
9. Classify material quality risks.
10. Notify responsible owners.
11. Assign corrective actions.
12. Track issues to resolution.
13. Produce a quality and pipeline-performance report.
Key decisions
· Is the issue isolated or recurring?
· Should the source or pipeline be suspended?
· Is fallback data acceptable?
· Is publication safe?
· Does the problem require method revision?
· Is a programme-level change required?
Outputs
· quality-monitoring report;
· pipeline-performance report;
· source issue;
· corrective action;
· suspension or fallback decision;
· trend analysis.
Exceptions
· incomplete operational logs;
· source provider does not respond;
· quality definitions differ across sources;
· issue cannot be reproduced;
· monitoring burden exceeds operational value.
Controls
· approved indicators;
· issue severity;
· owner assignment;
· deadline;
· escalation;
· closure verification.
Completion criteria
Material quality and pipeline issues are visible, assigned and under active management.

27. CHUD-WFL-025 — Conduct periodic programme and source review
Purpose
Assess whether the CHUD implementation remains governed, current, useful and sustainable.
Trigger
A scheduled review date, major incident or substantial source or policy change occurs.
Primary owner
Programme evaluator.
Participating personas
· programme coordinator;
· data owners;
· data stewards;
· data providers;
· data engineers;
· pipeline operators;
· climate-health analysts;
· public-health decision-makers;
· privacy and security officers.
Inputs
· source inventory;
· access agreements;
· pipeline and quality reports;
· publication history;
· usage information;
· incidents;
· user feedback;
· sustainability assessment;
· country configuration.
Workflow
1. Review source availability and authority.
2. Review access and agreement status.
3. Review metadata and definitions.
4. Review pipeline reliability.
5. Review transformation and harmonisation methods.
6. Review data quality and recurring defects.
7. Review publication, corrections and withdrawals.
8. Review public-health utility.
9. Review privacy, security and disclosure performance.
10. Review staffing, hosting and support.
11. Identify obsolete, duplicated or unsustainable components.
12. Approve corrective actions and changes.
13. Update risks, roadmap and DAK feedback.
14. Track actions to closure.
Key decisions
· Are sources still authoritative and sustainable?
· Are methods still valid?
· Is the implementation delivering public-health value?
· Should a source, pipeline or output be retired?
· Are governance or security changes needed?
· Does the generic DAK require revision?
Outputs
· periodic review report;
· revised source inventory;
· method-review decisions;
· sustainability actions;
· updated risk register;
· roadmap changes;
· DAK feedback.
Exceptions
· incomplete records;
· disputed ownership;
· critical component without owner;
· contractual restrictions;
· source discontinuation;
· unresolved cross-institutional disagreement.
Controls
· multidisciplinary review;
· decision log;
· action ownership;
· target dates;
· verification;
· versioned programme changes.
Completion criteria
Material findings are converted into approved, assigned and traceable actions.

28. CHUD-WFL-026 — Groundtruth and validate a country implementation
Purpose
Confirm that the generic CHUD model reflects real country institutions, data, workflows, methods and constraints.
Trigger
Country adaptation, pilot preparation or formal validation begins.
Primary owner
Programme coordinator.
Participating personas
· national and local data focal points;
· data owners;
· climate-data providers;
· health-data providers;
· data engineers;
· epidemiologists;
· geospatial analysts;
· public-health decision-makers;
· privacy and security officers.
Inputs
· generic CHUD artefacts;
· national policy and standards;
· country source inventory;
· current workflows;
· sample datasets;
· systems and architecture;
· data-sharing arrangements;
· pilot use cases.
Workflow
1. Map generic personas to actual institutions.
2. Confirm ownership and authority.
3. Document current-state workflows.
4. Review source access and sample data.
5. Review temporal and spatial practices.
6. Review transformation and integration methods.
7. Review privacy, security and local-deployment needs.
8. Review systems, interfaces and infrastructure constraints.
9. Compare actual practice with generic scenarios and workflows.
10. Identify unrealistic, missing or excessive requirements.
11. Separate country-specific issues from generic DAK issues.
12. Propose country adaptations.
13. Validate the target-state workflow and implementation package.
14. Record unresolved issues and decisions.
Key decisions
· Does the generic workflow reflect real practice?
· Are ownership and authority correctly represented?
· Are required data actually available?
· Are methods feasible?
· Is local processing required?
· Which generic elements require revision?
Outputs
· country persona map;
· current-state workflow set;
· target-state workflow set;
· source and system inventory;
· country adaptations;
· validation findings;
· issue and decision records;
· programme feedback.
Exceptions
· formal and actual practice conflict;
· sample data cannot be accessed;
· ownership is disputed;
· national and subnational approaches differ materially;
· required data exist only informally;
· stakeholders cannot agree on target state.
Controls
· documented evidence;
· country ownership;
· explicit assumptions;
· distinction between current and target state;
· issue classification;
· validation status.
Completion criteria
The country implementation package reflects actual institutional and technical conditions rather than untested assumptions.

29. Cross-workflow controls
All CHUD workflows should apply common controls where relevant.
29.1 Ownership and authority
· named data owner;
· named steward;
· approved processing purpose;
· release authority;
· change authority;
· dispute-resolution route.
29.2 Access and confidentiality
· minimum necessary access;
· role-based permissions;
· time-limited access;
· restricted exports;
· controlled environments;
· access logs;
· revocation.
29.3 Source preservation
· original source retention where permitted;
· source identifier;
· source version;
· issue and ingestion time;
· quality flags;
· revision history.
29.4 Reproducibility
· versioned code or transformation;
· fixed source versions;
· configuration version;
· run identifier;
· logs;
· lineage;
· documented methods.
29.5 Data quality
· completeness;
· timeliness;
· validity;
· consistency;
· uniqueness;
· geographic and temporal coverage;
· explicit missing-data status;
· quality classification.
29.6 Scientific review
· approved method;
· epidemiological review;
· statistical review;
· climate or meteorological review;
· geographic review;
· fitness-for-use decision.
29.7 Publication control
· approved current version;
· metadata;
· limitations;
· disclosure review;
· access classification;
· correction and withdrawal process.
29.8 Continuity
· retry;
· fallback source;
· manual processing;
· local processing;
· backup;
· recovery;
· reconciliation;
· incident review.

30. Workflow status model
A workflow or pipeline instance may use statuses such as:
· proposed;
· approved;
· scheduled;
· queued;
· in progress;
· awaiting data;
· awaiting review;
· awaiting approval;
· completed;
· completed with warnings;
· failed;
· quarantined;
· rejected;
· cancelled;
· retried;
· superseded;
· closed.
Each status change should record:
· responsible actor or service;
· timestamp;
· reason;
· previous status;
· new status;
· next action;
· deadline;
· related issue or decision.

31. Pipeline status model
A pipeline run may use:
· scheduled;
· started;
· acquiring;
· validating;
· transforming;
· harmonising;
· integrating;
· quality review;
· awaiting release;
· completed;
· completed with warnings;
· failed;
· paused;
· cancelled;
· retried;
· superseded.
The current stage should remain visible to authorised operational users.

32. Workflow dependencies
	Workflow
	Principal dependency

	Use-case definition
	Clear public-health purpose

	Source selection
	Approved data requirements

	Access approval
	Ownership and lawful authority

	Automated acquisition
	Stable interface and credentials

	Manual acquisition
	Approved template and transfer route

	Source validation
	Data dictionary and quality rules

	Correction and reprocessing
	Source revision and lineage

	Standardisation
	Approved mappings

	Temporal harmonisation
	Approved reference period and method

	Spatial harmonisation
	Authoritative boundaries and crosswalk

	Derived variables
	Scientific method and source inputs

	Integration
	Harmonised data and reliable keys

	Fitness for use
	Metadata, lineage and intended use

	Analysis
	Approved dataset and method

	Publication
	Release authority and disclosure review

	Pipeline operation
	Approved pipeline and source availability

	Recovery
	Logs, restart point and continuity plan

	Local processing
	Shared specification and local capability

	Research access
	Approved request and controlled environment

	AI review
	Registered use case and human reviewer

	Quality monitoring
	Operational logs and indicators

	Periodic review
	Complete programme records

	Country validation
	Stakeholder participation and evidence



33. Country workflow adaptation
Each country should determine whether a generic workflow is:
· adopted unchanged;
· adapted;
· divided;
· combined;
· replaced by an existing national process;
· retained as a manual process;
· deferred;
· not applicable.
Country adaptations should identify:
· national owner;
· participating institutions;
· data owner;
· legal and policy authority;
· systems;
· data exchanges;
· scientific methods;
· schedules;
· approvals;
· exceptions;
· fallback;
· implementation status.
Current-state and target-state workflows should be maintained separately.

34. Workflow validation
Each workflow should be validated through:
· stakeholder walkthrough;
· comparison with actual policy and practice;
· sample-data testing;
· historical-run reconstruction;
· end-to-end pipeline testing;
· exception testing;
· security and privacy review;
· continuity testing;
· user-acceptance testing;
· country groundtruthing.
Validation should confirm:
1. The trigger is clear.
2. Ownership and authority are assigned.
3. Required data are available.
4. Access is lawful and feasible.
5. The method is explicit.
6. Timing and dependencies are realistic.
7. Exceptions are covered.
8. Outputs support the next workflow.
9. Data quality and limitations remain visible.
10. The process is reproducible.
11. Publication and correction are controlled.
12. The workflow can be sustained.

35. Workflow traceability
Each workflow should link to:
· source guidance;
· intervention;
· persona;
· user scenario;
· data element;
· transformation or harmonisation rule;
· schedule;
· indicator;
· functional requirement;
· non-functional requirement;
· architecture component;
· standards mapping;
· acceptance criterion;
· test case;
· validation evidence;
· country adaptation.
This traceability allows a change in a source, method or workflow to be assessed across the complete CHUD DAK.

36. Workflow principle
The CHUD workflow model should make every data hand-off, transformation, decision, exception and approval visible.
Its core principle is:
Preserve the source, control the method, document every transformation, validate the output and ensure that no dataset is used or published beyond what its evidence, governance and quality can support.
Core data elements and metadata
1. Purpose
This section defines the core data concepts required to support CHUD governance, acquisition, validation, transformation, temporal and spatial harmonisation, integration, analysis, publication and monitoring.
It provides a software-neutral basis for:
· data dictionaries;
· interface specifications;
· source inventories;
· transformation rules;
· standards mappings;
· validation;
· traceability;
· country adaptation.
The section defines logical data concepts rather than a mandatory physical database structure.
Countries may implement the concepts through:
· existing national systems;
· interoperability platforms;
· databases;
· data warehouses;
· analytical environments;
· registries;
· controlled files or workbooks;
· documented manual processes.
Detailed field-level specifications should be maintained in the CHUD Data Dictionary and Standards Mapping workbook.

2. Data-design principles
CHUD data should be:
· linked to an approved public-health purpose;
· traceable to an authoritative source;
· clearly defined;
· versioned;
· temporally explicit;
· geographically explicit;
· quality-classified;
· reproducible;
· access-controlled;
· interoperable where feasible;
· adaptable to country context.
The data model should distinguish between:
· source data;
· standardised data;
· harmonised data;
· integrated data;
· derived data;
· analytical outputs;
· model outputs;
· published products.
These categories should not be treated as interchangeable.

3. Core data domains
The CHUD data model includes the following domains:
1. programme governance;
2. use cases and intended use;
3. institutions, actors and access;
4. data sources and datasets;
5. data variables and value sets;
6. temporal concepts;
7. geographic concepts;
8. acquisition and pipeline operations;
9. data quality;
10. transformation and harmonisation;
11. integration and lineage;
12. indicators and analytical products;
13. publication and access;
14. incidents, issues and changes;
15. AI and model-related data.

4. Data-element specification
Each data element should record, where applicable:
· element identifier;
· name;
· definition;
· domain;
· data type;
· format;
· permitted values;
· unit;
· cardinality;
· mandatory or optional status;
· source;
· owner;
· sensitivity;
· applicable standard;
· transformation rule;
· quality rule;
· country adaptation;
· version;
· effective date;
· validation status.
Definitions should be precise enough that different implementers interpret the element consistently.

5. Identifier conventions
Stable identifiers should be assigned to material CHUD objects.
These may include:
· use cases;
· institutions;
· roles;
· data sources;
· datasets;
· dataset versions;
· variables;
· geographic areas;
· reporting periods;
· pipeline definitions;
· pipeline runs;
· transformation rules;
· harmonisation rules;
· integration runs;
· indicators;
· analytical products;
· releases;
· incidents;
· issues;
· access decisions;
· AI use cases;
· models.
Identifiers should be:
· unique within their intended scope;
· persistent;
· non-ambiguous;
· machine-readable where required;
· separated from display names;
· governed by an identified authority.
Sensitive information should not be encoded unnecessarily in identifiers.

6. Programme and governance data
6.1 Programme record
Core elements may include:
· programme ID;
· programme name;
· programme owner;
· responsible institution;
· programme scope;
· applicable jurisdiction;
· effective period;
· status;
· approval authority;
· version;
· review date.
6.2 Governance decision
Core elements may include:
· decision ID;
· decision title;
· decision type;
· decision-maker;
· institution;
· authority basis;
· decision date;
· decision;
· rationale;
· affected artefacts;
· effective date;
· review date;
· status.
6.3 Assumption
Core elements may include:
· assumption ID;
· statement;
· source;
· reason;
· owner;
· affected workflows or data;
· confirmation status;
· review date;
· outcome.
6.4 Data-governance rule
Core elements may include:
· governance-rule ID;
· data domain;
· owner;
· steward;
· permitted purpose;
· prohibited use;
· access classification;
· retention rule;
· publication rule;
· legal or policy basis;
· effective date;
· version.

7. Use-case data
7.1 Use-case record
Core elements may include:
· use-case ID;
· title;
· public-health objective;
· requesting institution;
· accountable sponsor;
· intended users;
· intended decision;
· geographic scope;
· temporal scope;
· update frequency;
· required outputs;
· analytical classification;
· approval status;
· approval date;
· limitations.
7.2 Intended-use classification
Suggested values may include:
· surveillance;
· descriptive analysis;
· preparedness;
· planning;
· evaluation;
· research;
· policy development;
· operational monitoring;
· predictive-model preparation;
· public communication.
7.3 Prohibited or unsupported use
The record should identify uses for which the dataset or output is not suitable.
Examples may include:
· clinical decision-making;
· individual diagnosis;
· unvalidated causal inference;
· unsupported district-level comparison;
· operational prediction;
· unrestricted public release.

8. Institution and actor data
8.1 Institution
Core elements may include:
· institution ID;
· official name;
· short name;
· institution type;
· jurisdiction;
· geographic responsibility;
· parent institution;
· contact details;
· operational status;
· effective period;
· authoritative identifier where available.
8.2 Role or persona
Core elements may include:
· role ID;
· role title;
· generic CHUD persona;
· institution;
· responsibilities;
· decision authority;
· geographic scope;
· data-access level;
· system permissions;
· delegate;
· active status.
8.3 Contact
Core elements may include:
· contact ID;
· institution;
· role;
· name where necessary;
· communication channel;
· contact value;
· preferred channel;
· verification date;
· expiry or review date;
· sensitivity classification.
Personal contact data should be limited to operational necessity.

9. Data ownership and stewardship
9.1 Data owner
Core elements may include:
· owner institution ID;
· dataset or domain;
· authority basis;
· approval responsibilities;
· publication authority;
· correction authority;
· effective period.
9.2 Data steward
Core elements may include:
· steward role or institution;
· dataset;
· metadata responsibilities;
· data-quality responsibilities;
· terminology responsibilities;
· correction responsibilities;
· review frequency.
9.3 Data custodian or processor
Core elements may include:
· custodian institution;
· processing function;
· hosting location;
· permitted operations;
· security obligations;
· subcontractor status;
· agreement reference.
Ownership, stewardship, custody and processing should remain distinguishable.

10. Data-access data
10.1 Access request
Core elements may include:
· access-request ID;
· requester;
· institution;
· requested dataset;
· requested variables;
· geographic detail;
· temporal coverage;
· purpose;
· processing environment;
· access duration;
· onward-sharing request;
· publication intention;
· request date;
· status.
10.2 Access decision
Core elements may include:
· access-decision ID;
· request ID;
· decision-maker;
· decision;
· approved variables;
· approved geography;
· approved period;
· conditions;
· restrictions;
· expiry;
· agreement reference;
· rationale;
· decision date.
10.3 Access status
Suggested values may include:
· requested;
· under review;
· additional information required;
· approved;
· approved with conditions;
· rejected;
· suspended;
· expired;
· revoked;
· closed.

11. Data-source record
Each source should have a controlled source record.
Core elements may include:
· source ID;
· source name;
· source organisation;
· source owner;
· source steward;
· data domain;
· authoritative status;
· source system;
· source product;
· access method;
· interface;
· licence or permitted use;
· geographic coverage;
· temporal coverage;
· temporal resolution;
· geographic resolution;
· update frequency;
· revision practice;
· quality status;
· sustainability status;
· fallback source;
· metadata location;
· review date.

12. Source-authority classification
Suggested values may include:
· authoritative national source;
· authoritative subnational source;
· official international source;
· approved programme source;
· research source;
· operational secondary source;
· provisional source;
· fallback source;
· unverified source.
The classification should not be inferred solely from technical accessibility.

13. Dataset record
13.1 Dataset identity
Core elements may include:
· dataset ID;
· dataset name;
· dataset type;
· source ID;
· owner;
· steward;
· description;
· intended purpose;
· access classification;
· sensitivity;
· geographic coverage;
· temporal coverage;
· temporal resolution;
· geographic resolution;
· update frequency;
· publication status.
13.2 Dataset type
Suggested values may include:
· source dataset;
· standardised dataset;
· temporally harmonised dataset;
· spatially harmonised dataset;
· integrated dataset;
· indicator dataset;
· analysis-ready dataset;
· model-input dataset;
· public-use dataset;
· restricted dataset;
· archived dataset.
13.3 Dataset version
Core elements may include:
· dataset-version ID;
· dataset ID;
· version number;
· source version;
· creation date;
· effective period;
· status;
· superseded version;
· reason for change;
· quality classification;
· release status;
· checksum or integrity value where applicable.

14. File and object metadata
Where datasets are exchanged as files or technical objects, metadata may include:
· file or object ID;
· dataset-version ID;
· file name;
· file format;
· media type;
· compression;
· character encoding;
· schema version;
· file size;
· checksum;
· creation time;
· receipt time;
· storage location;
· encryption status;
· retention status.

15. Variable and field metadata
Each variable should have a data-dictionary record.
Core elements may include:
· variable ID;
· dataset ID;
· source field name;
· standard field name;
· display name;
· definition;
· data type;
· format;
· unit;
· permitted values;
· missing-value representation;
· mandatory status;
· sensitivity;
· derivation status;
· terminology mapping;
· validation rule;
· effective date;
· version.

16. Variable provenance classification
Each variable should be classified as one of the following:
· directly observed;
· directly reported;
· extracted;
· standardised;
· converted;
· aggregated;
· estimated;
· imputed;
· classified;
· derived;
· modelled;
· predicted.
The classification should remain visible to downstream users.

17. Value sets and terminology
17.1 Value-set record
Core elements may include:
· value-set ID;
· name;
· purpose;
· owner;
· source;
· language;
· version;
· effective date;
· permitted code;
· display value;
· definition;
· status;
· external mapping.
17.2 Common value-set domains
Value sets may be required for:
· dataset status;
· source authority;
· quality status;
· geographic relationship;
· pipeline status;
· incident severity;
· access classification;
· publication status;
· variable provenance;
· missing-data reason;
· validation result.
17.3 Free text
Free text should remain available where structured values cannot represent the full context.
Free text should not replace controlled values where interoperability or consistent analysis requires coding.

18. Climate and meteorological data elements
Potential core elements include:
· observation or forecast ID;
· variable;
· value;
· unit;
· observation time;
· issue time;
· valid time;
· forecast horizon;
· station or grid identifier;
· latitude;
· longitude;
· elevation;
· geographic coverage;
· source product;
· quality flag;
· uncertainty or confidence;
· revision status.
Potential variables may include:
· air temperature;
· minimum temperature;
· maximum temperature;
· humidity;
· precipitation;
· wind speed;
· solar radiation;
· heat index;
· drought measure;
· climate anomaly;
· forecast probability.
The exact variables depend on the approved use case.

19. Environmental data elements
Potential core elements include:
· environmental-observation ID;
· environmental variable;
· value;
· unit;
· observation period;
· location or grid;
· source;
· measurement method;
· quality flag;
· detection limit where applicable;
· revision status.
Potential domains may include:
· air quality;
· water conditions;
· flooding;
· wildfire;
· soil moisture;
· vegetation;
· land cover;
· urban heat;
· environmental exposure.

20. Epidemiological data elements
Potential core elements include:
· epidemiological-record ID;
· condition or syndrome;
· case or indicator definition;
· reporting period;
· geographic area;
· count;
· rate where approved;
· denominator;
· age group;
· sex or other approved disaggregation;
· reporting institution;
· provisional status;
· completeness;
· reporting delay;
· revision status;
· suppression status.
Individual-level data are not required for most CHUD use cases.
Where individual records are used, additional privacy, identity and access controls are required.

21. Surveillance event data
Potential core elements include:
· surveillance-event ID;
· condition;
· event type;
· detection time;
· reporting period;
· geographic area;
· observed value;
· expected value;
· threshold or rule;
· signal status;
· reviewer;
· review outcome;
· escalation status;
· closure date.
Suggested signal statuses may include:
· detected;
· under review;
· confirmed;
· plausible;
· uncertain;
· artefactual;
· dismissed;
· escalated;
· closed.

22. Mortality data elements
Potential core elements include:
· mortality-record or aggregate ID;
· reporting period;
· geographic area;
· death count;
· cause category where available;
· age group;
· sex or approved disaggregation;
· registration status;
· provisional or final status;
· registration delay;
· suppression status;
· revision date.
Mortality data should distinguish between:
· all-cause mortality;
· attributed cause;
· heat-related coding;
· excess mortality estimates.
These concepts should not be combined without explicit methodological justification.

23. Health-service data elements
Potential core elements include:
· service-record ID;
· facility ID;
· reporting period;
· service type;
· attendance count;
· admission count;
· bed occupancy;
· emergency activity;
· referral activity;
· service disruption;
· capacity status;
· reporting completeness;
· source;
· provisional status.
Definitions should remain consistent across facilities and periods where comparison is intended.

24. Facility data elements
Core elements may include:
· facility ID;
· official name;
· facility type;
· ownership;
· operational status;
· latitude;
· longitude;
· administrative area;
· health district;
· catchment area;
· service availability;
· parent organisation;
· effective date;
· source registry;
· registry version.
Historical facility changes should be preserved where they affect longitudinal analysis.

25. Population and denominator data elements
Potential elements include:
· population-record ID;
· geographic area;
· reference date or period;
· total population;
· age group;
· sex or approved disaggregation;
· denominator type;
· observed or modelled status;
· source;
· estimation method;
· uncertainty;
· revision status;
· boundary version.
Rates should remain linked to the denominator version used.

26. Vulnerability data elements
Potential elements include:
· vulnerability-record ID;
· indicator;
· definition;
· geographic area;
· reference period;
· value;
· unit or scale;
· data source;
· method;
· population covered;
· uncertainty;
· update frequency;
· sensitivity classification;
· permitted use.
Potential indicators may relate to:
· age;
· disability;
· deprivation;
· housing;
· occupation;
· population density;
· displacement;
· service access;
· water access;
· cooling access.
Composite indices should retain their component definitions and methods.

27. Geographic area data
27.1 Geographic area
Core elements may include:
· geographic-area ID;
· official code;
· official name;
· area type;
· parent area;
· hierarchy level;
· boundary version;
· effective start;
· effective end;
· geometry reference;
· authoritative source;
· status.
27.2 Geographic area types
Potential values include:
· country;
· province or region;
· district;
· municipality;
· health district;
· facility catchment;
· meteorological zone;
· ecological zone;
· station;
· point;
· raster cell;
· custom analytical area.

28. Geographic crosswalk data
Core elements may include:
· crosswalk ID;
· source-area ID;
· target-area ID;
· source-boundary version;
· target-boundary version;
· relationship type;
· mapping weight;
· weighting method;
· effective period;
· confidence;
· validation status;
· owner;
· unresolved status.
Suggested relationship types may include:
· exact match;
· contains;
· contained by;
· one-to-many;
· many-to-one;
· partial overlap;
· nearest match;
· estimated;
· unresolved.

29. Spatial transformation metadata
Each spatial transformation should record:
· spatial-rule ID;
· source geography;
· target geography;
· boundary versions;
· method;
· weighting method;
· geometry tool or process;
· unmatched-record treatment;
· uncertainty;
· disclosure controls;
· reviewer;
· version;
· validation evidence.

30. Temporal data concepts
CHUD should distinguish:
· observation time;
· event time;
· reporting-period start;
· reporting-period end;
· issue time;
· valid time;
· submission time;
· ingestion time;
· transformation time;
· publication time;
· revision time.
These timestamps should not be used interchangeably.

31. Reporting-period data
Core elements may include:
· reporting-period ID;
· period type;
· start date and time;
· end date and time;
· time zone;
· calendar or epidemiological-week definition;
· completeness status;
· provisional status;
· reference-year rule;
· country-specific calendar rule.
Potential period types include:
· hour;
· day;
· epidemiological week;
· calendar week;
· month;
· quarter;
· season;
· year;
· event window;
· custom period.

32. Temporal transformation metadata
Each temporal transformation should record:
· temporal-rule ID;
· source resolution;
· target resolution;
· source time concept;
· target time concept;
· aggregation method;
· completeness threshold;
· time-zone rule;
· partial-period treatment;
· lag or lead;
· cumulative-window rule;
· revision treatment;
· owner;
· version;
· validation evidence.

33. Missing-data data elements
Missing values should be explicitly classified.
Suggested missing-data reasons include:
· not reported;
· delayed;
· unavailable;
· invalid;
· suppressed;
· not applicable;
· below detection limit;
· not collected;
· system failure;
· unknown;
· estimated;
· imputed.
Relevant elements may include:
· affected record or variable;
· missing-data reason;
· start and end period;
· source;
· action taken;
· estimation method;
· reviewer;
· resolution status.

34. Data-acquisition metadata
Each acquisition should record:
· acquisition ID;
· source ID;
· dataset ID;
· acquisition method;
· requested period;
· requested geography;
· initiation time;
· receipt time;
· interface version;
· source version;
· transfer status;
· retry count;
· checksum;
· original-file location;
· responsible service or actor;
· error message;
· fallback used.

35. Pipeline-definition data
Core elements may include:
· pipeline ID;
· pipeline name;
· purpose;
· owner;
· schedule;
· trigger type;
· source dependencies;
· transformation dependencies;
· output datasets;
· quality gates;
· publication rule;
· retry rule;
· fallback;
· version;
· approval status;
· effective date.

36. Pipeline-run data
Each execution should record:
· pipeline-run ID;
· pipeline ID;
· pipeline version;
· scheduled time;
· start time;
· end time;
· status;
· source versions;
· configuration version;
· records received;
· records processed;
· records rejected;
· warnings;
· errors;
· retry relationship;
· output dataset versions;
· operator or service;
· review status.

37. Pipeline status
Suggested values may include:
· scheduled;
· queued;
· acquiring;
· validating;
· transforming;
· harmonising;
· integrating;
· quality review;
· awaiting approval;
· publishing;
· completed;
· completed with warnings;
· paused;
· failed;
· cancelled;
· retried;
· superseded.

38. Validation-rule data
Core elements may include:
· validation-rule ID;
· name;
· dataset or variable;
· rule type;
· expression or logic;
· severity;
· expected result;
· exception treatment;
· owner;
· version;
· effective date;
· test evidence.
Validation-rule types may include:
· required field;
· data type;
· format;
· permitted value;
· range;
· unit;
· uniqueness;
· referential integrity;
· geographic validity;
· temporal validity;
· completeness;
· volume comparison;
· cross-field consistency.

39. Validation-result data
Each validation result may include:
· validation-result ID;
· pipeline run or dataset version;
· rule ID;
· affected records;
· pass or fail;
· warning status;
· observed value;
· expected condition;
· severity;
· review outcome;
· corrective action;
· reviewer;
· timestamp.

40. Data-quality assessment
40.1 Quality-assessment record
Core elements may include:
· quality-assessment ID;
· dataset version;
· assessment date;
· assessor;
· completeness result;
· timeliness result;
· validity result;
· consistency result;
· uniqueness result;
· coverage result;
· overall classification;
· limitations;
· approved uses;
· next review.
40.2 Quality classification
Suggested values may include:
· valid;
· valid with limitations;
· provisional;
· incomplete;
· delayed;
· quarantined;
· invalid;
· rejected;
· corrected;
· under review.

41. Quality metric data
Potential elements include:
· quality-metric ID;
· dataset or source;
· dimension;
· numerator;
· denominator;
· value;
· unit;
· reporting period;
· threshold;
· status;
· owner;
· trend;
· action required.
Quality dimensions may include:
· completeness;
· timeliness;
· validity;
· consistency;
· uniqueness;
· geographic coverage;
· temporal coverage;
· revision frequency.

42. Transformation-rule data
Core elements may include:
· transformation-rule ID;
· name;
· purpose;
· source dataset and field;
· target dataset and field;
· rule expression;
· unit conversion;
· terminology mapping;
· missing-data handling;
· exception handling;
· owner;
· implementer;
· method approver;
· software or script version;
· effective date;
· validation status.

43. Transformation-execution data
Each execution may include:
· transformation-execution ID;
· pipeline run;
· transformation-rule version;
· input dataset version;
· output dataset version;
· start and end time;
· records processed;
· records changed;
· records excluded;
· warnings;
· errors;
· software environment;
· execution status.

44. Derived-variable data
Core elements may include:
· derived-variable ID;
· name;
· definition;
· intended purpose;
· formula or method;
· source variables;
· unit;
· temporal basis;
· geographic basis;
· missing-data treatment;
· observed or derived status;
· owner;
· method version;
· implementation version;
· validation status;
· limitations.

45. Integration-definition data
Core elements may include:
· integration-definition ID;
· intended use;
· input datasets;
· required versions;
· integration keys;
· join type;
· expected cardinality;
· exclusions;
· duplicate handling;
· unmatched-record treatment;
· output specification;
· privacy rule;
· quality gate;
· version;
· owner.

46. Integration-run data
Each integration run may record:
· integration-run ID;
· definition version;
· input dataset versions;
· execution time;
· join counts;
· matched records;
· unmatched records;
· duplicate keys;
· excluded records;
· output record count;
· reconciliation result;
· quality status;
· output dataset version;
· reviewer;
· completion status.

47. Data lineage
A lineage record should link:
· output dataset or variable;
· input dataset;
· input version;
· transformation;
· harmonisation rule;
· integration run;
· derived-variable rule;
· pipeline run;
· responsible service or actor;
· timestamp.
Lineage should support reconstruction of how a published or analytical value was produced.

48. Provenance data
Provenance may include:
· provenance ID;
· object;
· source;
· source institution;
· actor or system;
· activity;
· activity time;
· input version;
· output version;
· method;
· approval;
· related decision;
· digital signature or integrity evidence where applicable.
Provenance should distinguish between:
· creation;
· receipt;
· transformation;
· review;
· approval;
· publication;
· correction;
· withdrawal.

49. Reconciliation data
Core elements may include:
· reconciliation ID;
· pipeline or integration run;
· source total;
· output total;
· expected difference;
· observed difference;
· tolerance;
· status;
· explanation;
· reviewer;
· corrective action.
Reconciliation may compare:
· record counts;
· sums;
· population totals;
· geographic coverage;
· reporting periods;
· duplicate counts;
· excluded records.

50. Indicator-definition data
Each indicator should have a controlled definition.
Core elements may include:
· indicator ID;
· name;
· purpose;
· numerator;
· denominator;
· calculation;
· unit;
· disaggregation;
· temporal frequency;
· geographic level;
· data sources;
· completeness rule;
· interpretation;
· target or threshold where applicable;
· owner;
· version;
· validation status.
Indicators should be linked to CHUD 9.

51. Indicator-result data
Potential elements include:
· indicator-result ID;
· indicator version;
· reporting period;
· geographic area;
· value;
· numerator value;
· denominator value;
· uncertainty;
· suppression status;
· quality status;
· source dataset versions;
· calculation time;
· publication status.

52. Analytical-product data
Core elements may include:
· analytical-product ID;
· title;
· product type;
· purpose;
· audience;
· responsible analyst;
· reviewers;
· dataset versions;
· method;
· geographic scope;
· temporal scope;
· findings;
· uncertainty;
· limitations;
· approval status;
· release classification;
· publication date;
· superseded product.
Product types may include:
· surveillance bulletin;
· climate-health profile;
· analytical report;
· map;
· dashboard;
· policy brief;
· research extract;
· model-input dataset.

53. Fitness-for-use data
Core elements may include:
· fitness-review ID;
· dataset version;
· intended use;
· reviewer;
· review date;
· source-quality assessment;
· temporal-method assessment;
· spatial-method assessment;
· denominator assessment;
· bias and limitation assessment;
· disclosure assessment;
· decision;
· permitted use;
· inappropriate use;
· required revision;
· expiry or review date.
Suggested decisions may include:
· fit;
· fit with limitations;
· restricted;
· revision required;
· unfit.

54. Publication and release data
54.1 Release record
Core elements may include:
· release ID;
· dataset or product;
· version;
· release type;
· audience;
· access classification;
· release authority;
· release date;
· channel;
· metadata status;
· disclosure-review status;
· terms of use;
· expiry or review date;
· publication status.
54.2 Publication status
Suggested values may include:
· draft;
· under review;
· approved;
· scheduled;
· published;
· restricted;
· corrected;
· superseded;
· withdrawn;
· archived.

55. Catalogue metadata
A catalogue entry should include:
· catalogue-entry ID;
· dataset or product title;
· description;
· owner;
· steward;
· contact;
· purpose;
· domain;
· geographic coverage;
· temporal coverage;
· resolution;
· update frequency;
· access classification;
· access-request route;
· quality status;
· version;
· limitations;
· related datasets;
· publication status.
Metadata may be public even where the dataset is restricted.

56. Correction and revision data
Core elements may include:
· correction ID;
· affected object;
· affected version;
· issue;
· severity;
· correction type;
· corrected version;
· reason;
· decision-maker;
· correction date;
· downstream impact;
· user notification;
· status.
Correction types may include:
· source correction;
· metadata correction;
· transformation correction;
· geographic correction;
· temporal correction;
· analytical correction;
· publication correction;
· withdrawal.

57. Incident data
Core elements may include:
· incident ID;
· incident type;
· detection time;
· reporter;
· affected dataset, system or pipeline;
· severity;
· description;
· affected outputs;
· immediate action;
· owner;
· status;
· root cause;
· resolution;
· preventive action;
· closure date.
Potential incident types include:
· source failure;
· pipeline failure;
· data corruption;
· unauthorised access;
· privacy breach;
· incorrect publication;
· model failure;
· loss of provenance;
· invalid transformation;
· service outage.

58. Issue data
Core elements may include:
· issue ID;
· source;
· title;
· description;
· affected artefact;
· country-specific or generic classification;
· severity;
· owner;
· target date;
· proposed resolution;
· decision;
· status;
· verification evidence;
· closure date.

59. Change-control data
Core elements may include:
· change-request ID;
· proposed change;
· rationale;
· requester;
· affected datasets, rules or systems;
· impact assessment;
· privacy impact;
· security impact;
· standards impact;
· testing requirement;
· approval;
· release version;
· effective date;
· rollback;
· status.

60. Audit data
Audit records should include:
· audit-event ID;
· actor or service;
· role;
· action;
· object;
· object version;
· previous value;
· new value;
· timestamp;
· source system;
· result;
· reason;
· related decision or incident.
Material audit events may include:
· access;
· download or export;
· configuration change;
· data correction;
· method change;
· approval;
· publication;
· withdrawal;
· deletion;
· privileged action.

61. Retention data
Core elements may include:
· retention-rule ID;
· data category;
· active-retention period;
· archive period;
· deletion or anonymisation rule;
· legal or policy basis;
· owner;
· exception;
· effective date;
· review date.
Retention may differ for:
· source data;
· integrated datasets;
· personal data;
· audit logs;
· pipeline logs;
· analytical outputs;
· model-development data;
· public releases.

62. AI use-case data
Core elements may include:
· AI use-case ID;
· purpose;
· owner;
· affected workflow;
· approved users;
· model or service;
· intended use;
· prohibited use;
· input datasets;
· output;
· human-review point;
· validation status;
· privacy classification;
· security classification;
· fallback;
· approval status;
· suspension criteria;
· review date.

63. Model metadata
Where CHUD interacts with an AI or predictive model, metadata may include:
· model ID;
· model name;
· version;
· owner;
· provider;
· model type;
· intended use;
· prediction target;
· prediction horizon;
· geographic scope;
· population;
· input variables;
· output definition;
· training period;
· validation period;
· performance measures;
· limitations;
· deployment location;
· approval status;
· retirement status.
The predictive model itself remains outside the core CHUD scope unless separately approved.

64. Prediction or model-output data
Potential elements include:
· model-output ID;
· model ID and version;
· execution time;
· input dataset version;
· prediction period;
· geographic area;
· predicted outcome;
· value;
· uncertainty;
· confidence interval or score;
· quality status;
· reviewer;
· review outcome;
· operational status.
Model outputs should remain clearly distinguishable from observed data.

65. AI-output review data
Core elements may include:
· AI-review ID;
· use-case ID;
· model version;
· output reviewed;
· reviewer;
· review date;
· plausibility assessment;
· bias or limitation assessment;
· decision;
· correction;
· rationale;
· incident or drift flag;
· fallback activated;
· status.
Suggested decisions may include:
· accepted;
· accepted with correction;
· rejected;
· escalated;
· suspended.

66. Data sensitivity classification
Suggested classifications may include:
· public;
· internal;
· restricted;
· confidential;
· highly sensitive;
· country-specific classification.
Sensitivity should consider:
· identifiability;
· small counts;
· detailed geography;
· institutional sensitivity;
· security risk;
· linkage risk;
· contractual restriction.

67. Data-access classification
Access may be classified as:
· open;
· registered access;
· institutional access;
· role-restricted;
· approved project access;
· secure-environment access;
· local-only access;
· no external access.
Sensitivity and access classification are related but should not be treated as identical.

68. Disclosure-control metadata
Core elements may include:
· disclosure-review ID;
· dataset or product;
· reviewer;
· review date;
· risk type;
· geographic detail;
· small-cell threshold where nationally approved;
· suppression applied;
· aggregation applied;
· masking applied;
· residual risk;
· decision;
· limitations.
The generic DAK should not define universal suppression thresholds.

69. Standards-mapping metadata
Each mapping should record:
· mapping ID;
· CHUD element;
· source element;
· standard;
· standard version;
· resource, field or concept;
· profile;
· terminology;
· mapping type;
· transformation required;
· national extension;
· status;
· reviewer;
· validation evidence.
Mapping statuses may include:
· confirmed;
· proposed;
· partial;
· no direct mapping;
· national extension required;
· not applicable.

70. FHIR-related data concepts
Where HL7 FHIR is relevant, potential mappings may involve concepts such as:
· Organization;
· Location;
· HealthcareService;
· Observation;
· Measure;
· MeasureReport;
· Task;
· Communication;
· Provenance;
· AuditEvent.
Detailed resource selection and profiling should be validated against the applicable FHIR release and national implementation guides.
The generic CHUD DAK should not assert complete FHIR conformance without validated mappings.

71. WIS 2.0-related metadata
Where WIS 2.0 is used, relevant metadata may include:
· WIS topic or discovery identifier;
· dataset title;
· data policy;
· geographic extent;
· temporal extent;
· publication time;
· update frequency;
· data format;
· access endpoint;
· source centre;
· quality information;
· notification or message identifier;
· retrieval status.
Country implementation should confirm the applicable WIS 2.0 services and national readiness.

72. Country data configuration
Country configuration should define:
· authoritative institutions;
· source systems;
· dataset identifiers;
· geographic hierarchies;
· boundary versions;
· reporting calendars;
· time zones;
· units;
· value sets;
· sensitivity classifications;
· quality thresholds;
· transformation methods;
· retention periods;
· publication rules;
· standards profiles;
· national extensions.
Configuration should be maintained outside application code where feasible.

73. Minimum data set
A minimum CHUD implementation should maintain:
1. approved use case;
2. source inventory;
3. dataset identity and version;
4. data owner and steward;
5. geographic and temporal coverage;
6. variable definitions and units;
7. access classification;
8. source and ingestion timestamps;
9. quality status;
10. transformation and harmonisation rules;
11. pipeline run;
12. integrated dataset version;
13. lineage and provenance;
14. fitness-for-use decision;
15. release status;
16. issue and correction history.

74. Advanced data capability
More mature implementations may additionally maintain:
· automated metadata catalogues;
· machine-readable lineage;
· full standards mappings;
· reusable terminology services;
· automated geographic crosswalks;
· model-input and output registries;
· federated metadata;
· real-time quality indicators;
· reproducible analytical environments;
· data-use monitoring;
· automated impact analysis after revisions.
Advanced capability should be adopted only where it can be governed and maintained.

75. Data validation questions
For each data element or dataset, confirm:
1. Is the definition clear?
2. Is the source authoritative?
3. Is the owner identified?
4. Is the temporal meaning explicit?
5. Is the geography explicit?
6. Is the unit defined?
7. Are permitted values controlled?
8. Is missing data distinguishable from zero?
9. Is provenance preserved?
10. Is the quality status visible?
11. Is sensitivity classified?
12. Is access appropriate?
13. Are transformations documented?
14. Is versioning sufficient?
15. Can the value be reproduced or verified?
16. Is the element necessary for the approved use?
17. Does it require country adaptation?
18. Is a standards mapping confirmed or only proposed?

76. Country adaptation
Countries should classify each generic data element as:
· adopted;
· adapted;
· mapped to an existing national element;
· derived;
· unavailable;
· planned;
· not applicable;
· restricted;
· replaced by a national concept.
Country mappings should record:
· generic CHUD element;
· national element;
· source system;
· definition;
· data type;
· unit;
· value set;
· owner;
· geographic level;
· temporal frequency;
· sensitivity;
· standards mapping;
· transformation;
· validation status.

77. Traceability
Each core data element should link to:
· source guidance;
· intervention;
· persona;
· user scenario;
· workflow;
· transformation rule;
· harmonisation rule;
· schedule;
· indicator;
· functional requirement;
· architecture component;
· standards mapping;
· test case;
· validation evidence;
· country adaptation.
This traceability allows a change in a source definition, variable, unit, geography or method to be assessed across the full CHUD package.

78. Data principle
The CHUD data model should preserve the identity, meaning, quality and history of every material data object.
Its core principle is:
Define every value, preserve every source, make time and geography explicit, distinguish observed from derived or predicted data, and ensure that every output can be traced back through its transformations, decisions and evidence.
Transformation and harmonisation logic
1. Purpose
This section defines the logic used to convert source climate, environmental, health, population and geographic data into standardised, harmonised and integrated CHUD datasets.
The logic supports:
· structural standardisation;
· terminology and identifier mapping;
· unit conversion;
· missing-data handling;
· temporal harmonisation;
· spatial harmonisation;
· derivation of approved variables;
· integration;
· data-quality classification;
· reproducibility;
· transparent exception handling.
The logic is software-neutral.
It does not prescribe one programming language, database, statistical package, geospatial tool or implementation platform.
Detailed rules should be maintained in the CHUD Logic, Scheduling and Indicators workbook.

2. Logic principles
CHUD transformation and harmonisation logic should:
· preserve the original source;
· use approved and versioned rules;
· distinguish source values from transformed values;
· preserve quality flags and uncertainty;
· make assumptions explicit;
· avoid unsupported precision;
· prevent missing data from being treated as zero;
· retain temporal and geographic context;
· produce reproducible outputs;
· allow expert review and override;
· support country configuration;
· record every material exception.
A technically successful transformation should not be considered valid unless its scientific and public-health meaning is preserved.

3. Logic categories
CHUD logic may be organised into:
1. source-selection logic;
2. acquisition and receipt logic;
3. structural-validation logic;
4. standardisation logic;
5. unit-conversion logic;
6. terminology and identifier-mapping logic;
7. missing-data logic;
8. temporal harmonisation logic;
9. spatial harmonisation logic;
10. derived-variable logic;
11. integration logic;
12. quality-gate logic;
13. fitness-for-use logic;
14. publication and release logic;
15. correction and reprocessing logic;
16. AI-supported logic.

4. Rule specification
Each logic rule should include:
· rule identifier;
· rule name;
· purpose;
· rule category;
· applicable dataset or variable;
· input;
· condition;
· action;
· output;
· exception;
· owner;
· method approver;
· implementer;
· priority;
· effective date;
· version;
· validation status;
· test case;
· country adaptation.
Rules should be expressed in clear, testable language.
A generic structure is:
IF defined conditions are met, THEN perform the approved action, ELSE apply the documented exception or escalation pathway.

5. Rule status
Suggested rule statuses include:
· proposed;
· under review;
· approved;
· active;
· suspended;
· superseded;
· retired;
· rejected.
Only approved and active rules should be used in production processing.
Historical outputs should remain linked to the rule version used at the time.

6. Rule precedence
Where several rules may apply, the implementation should define precedence.
A possible hierarchy is:
1. legal and policy restriction;
2. data-owner decision;
3. privacy and security control;
4. source-authority rule;
5. scientific or methodological rule;
6. data-quality rule;
7. operational default;
8. country-configured fallback.
A lower-priority rule should not override a higher-priority restriction.
Conflicts should be recorded and referred to the appropriate decision-maker.

7. Source-selection logic
Source-selection logic determines which dataset should be used for a defined data concept.
7.1 Generic logic
IF an authoritative national source exists, is accessible, covers the required period and geography, and is fit for the approved use, THEN select it as the primary source.
ELSE IF an authoritative subnational or approved international source meets the requirement, THEN select it according to the approved source hierarchy.
ELSE record the source gap and evaluate an approved fallback.
7.2 Source-selection criteria
Logic may consider:
· authority;
· ownership;
· permitted use;
· temporal coverage;
· geographic coverage;
· resolution;
· update frequency;
· quality;
· revision practice;
· sustainability;
· technical accessibility.
7.3 Conflicting sources
IF two authoritative sources provide materially different values, THEN preserve both values, flag the conflict and request source-owner or expert review.
The system should not silently average or select between conflicting authoritative sources unless an approved rule exists.

8. Fallback-source logic
A fallback source may be used when the preferred source is unavailable, delayed or invalid.
A fallback rule should define:
· triggering condition;
· approved fallback source;
· maximum permitted duration;
· expected quality difference;
· notification requirement;
· return-to-primary condition;
· impact on downstream products.
Generic logic:
IF the primary source is unavailable beyond the approved tolerance and the fallback source is current and valid, THEN use the fallback source and mark all affected outputs accordingly.
Fallback use should remain visible in metadata and analytical outputs.

9. Acquisition logic
Acquisition logic controls whether expected data have been received correctly.
9.1 Expected-source logic
IF a dataset is expected according to the source schedule and is received within the approved time window, THEN initiate validation.
IF the dataset is not received by the configured deadline, THEN classify it as delayed and initiate retry, source follow-up or fallback.
9.2 Duplicate-receipt logic
IF the received dataset has the same source identifier, version, reporting period and integrity value as an existing dataset, THEN classify it as a duplicate and do not create a second active source version.
9.3 Revised-source logic
IF a received dataset has the same reporting scope but a new source version or revision timestamp, THEN classify it as a revision and initiate impact assessment.

10. Structural-validation logic
Structural validation determines whether acquired data conform to the expected technical structure.
10.1 Required-field logic
IF a mandatory field is absent, THEN fail the applicable validation rule and classify the record or dataset according to the configured severity.
10.2 Data-type logic
IF a value cannot be represented using the expected data type, THEN classify it as invalid and preserve the original source value for investigation.
10.3 Schema-version logic
IF the source schema version differs from the approved version, THEN pause automated processing unless a compatible mapping has been approved.
10.4 File-integrity logic
IF the integrity check fails or the file is incomplete, THEN quarantine the dataset and request retransmission.

11. Value-validation logic
11.1 Permitted-value logic
IF a coded value matches the approved source or target value set, THEN accept it.
ELSE retain the source value, classify it as unmapped and route it for review.
11.2 Range logic
IF a value falls outside the approved plausible range, THEN flag it for review rather than automatically deleting or correcting it.
11.3 Cross-field logic
Examples include:
IF reporting-period end precedes reporting-period start, THEN classify the record as invalid.
IF a facility is recorded as inactive before the reporting period but submits activity data, THEN flag the record for facility-status review.
IF a numerator exceeds its logically applicable denominator, THEN flag the indicator input for review.

12. Standardisation logic
Standardisation transforms source structures into approved CHUD structures without changing substantive meaning.
Standardisation may include:
· renaming fields;
· changing technical data types;
· applying standard formats;
· normalising text;
· mapping source codes;
· parsing dates;
· restructuring rows and columns;
· assigning stable identifiers.
12.1 Source preservation
For every standardised value, the implementation should preserve or be able to retrieve:
· source field;
· source value;
· transformation rule;
· target field;
· transformed value;
· transformation time;
· transformation version.

13. Text-standardisation logic
Text processing may include:
· trimming unintended spaces;
· standardising character encoding;
· normalising approved case conventions;
· removing non-semantic formatting characters;
· preserving diacritics and script;
· distinguishing empty strings from missing values.
Text should not be translated, corrected or semantically reinterpreted without a separate approved rule.

14. Date and time parsing logic
14.1 Date parsing
IF the source date matches an approved format, THEN convert it to the configured standard representation while preserving the source value.
ELSE classify it as invalid or ambiguous.
14.2 Ambiguous dates
Dates such as 03/04/2026 should not be interpreted without an approved source-format rule.
14.3 Time-zone logic
IF the source timestamp includes a time zone, THEN preserve it and convert to the configured processing standard where required.
IF the source time zone is absent, THEN apply only an approved source-specific default and flag the assumption.

15. Unit-conversion logic
Unit conversion should use approved formulas and preserve both source and target units.
Each conversion rule should define:
· source variable;
· source unit;
· target unit;
· formula;
· rounding;
· valid range;
· precision;
· owner;
· test cases.
Generic logic:
IF the source unit is recognised and an approved conversion exists, THEN convert the value and retain the original value and unit.
ELSE do not convert and classify the unit as unresolved.

16. Precision and rounding logic
Rounding should not imply greater accuracy than the source data support.
A rule should define:
· number of decimal places;
· significant figures;
· stage at which rounding occurs;
· whether internal calculations use unrounded values;
· publication rounding.
Where possible, calculations should use the highest valid source precision and apply rounding only to the final approved output.

17. Terminology-mapping logic
Terminology mapping aligns source codes and labels with approved CHUD or national value sets.
17.1 Exact mapping
IF one source code corresponds unambiguously to one target code, THEN apply the confirmed mapping.
17.2 Partial mapping
IF a source concept is broader or narrower than the target concept, THEN classify the mapping as partial and require methodological review before aggregation or comparison.
17.3 No direct mapping
IF no valid target concept exists, THEN retain the source code, classify it as unmapped and consider a national extension.
17.4 Mapping version
Every mapped value should remain linked to:
· source terminology version;
· target terminology version;
· mapping version;
· mapping status.

18. Identifier-mapping logic
Identifier mapping may apply to:
· institutions;
· facilities;
· geographic areas;
· stations;
· datasets;
· reporting systems;
· population groups.
Generic logic:
IF a source identifier has one confirmed active mapping to the target identifier for the applicable period, THEN use the target identifier and preserve the source identifier.
IF several possible mappings exist, THEN classify the record as ambiguous and require review.
IF no mapping exists, THEN retain the record in an unmatched dataset unless an approved exclusion rule applies.

19. Missing-data logic
Missing data should be explicitly classified.
19.1 Core rule
IF a value is absent, THEN do not assume that the value is zero.
The implementation should distinguish:
· true zero;
· not reported;
· delayed;
· unavailable;
· invalid;
· suppressed;
· not applicable;
· below detection limit;
· estimated;
· imputed;
· unknown.
19.2 Source-specific missing values
Source codes such as blank values, NA, -99 or other placeholders should be mapped only through approved source-specific rules.
19.3 Propagation
Missing-data status should be carried into downstream datasets and calculations where relevant.

20. True-zero logic
A value should be classified as a true zero only where:
· the reporting process permits zero reporting;
· the source explicitly reported zero;
· the relevant reporting unit submitted data;
· the value passed applicable validation checks.
The absence of a submission should not be converted into zero.

21. Suppression logic
Suppressed data should remain distinguishable from missing data.
IF a value is suppressed for confidentiality, THEN preserve the suppression status and do not estimate or reconstruct the value unless explicitly authorised.
Downstream outputs should apply compatible disclosure controls.

22. Imputation and estimation logic
Imputation or estimation should be used only where:
· the intended use permits it;
· the method is approved;
· source values remain preserved;
· imputed values are clearly identified;
· uncertainty is documented;
· the effect is validated.
Each rule should define:
· affected variable;
· eligibility conditions;
· method;
· minimum available data;
· limits;
· review requirements;
· prohibited uses.
Generic logic:
IF the approved completeness and methodological conditions are met, THEN generate an estimated or imputed value and mark it accordingly.
ELSE retain the missing value.

23. Outlier logic
An outlier should not automatically be treated as an error.
Generic logic:
IF a value exceeds the configured statistical or plausible range, THEN flag it for review.
The review should determine whether the value is:
· valid and unusual;
· a source error;
· a unit error;
· a geographic or temporal mismatch;
· a duplicate;
· a data-entry error;
· unresolved.
Automatic correction should occur only through an approved and testable rule.

24. Duplicate logic
Duplicate detection should define the combination of fields that constitutes a unique record.
A duplicate rule may consider:
· source;
· dataset;
· reporting period;
· geography;
· facility;
· variable;
· event identifier;
· source record identifier.
Generic logic:
IF two records have the same approved uniqueness key and identical values, THEN retain one active record and record the duplicate.
IF the uniqueness key matches but values differ, THEN classify the records as conflicting duplicates and require review.

25. Temporal harmonisation logic
Temporal harmonisation aligns data measured or reported using different time concepts and frequencies.
The logic should distinguish:
· observation time;
· event time;
· issue time;
· valid time;
· reporting period;
· submission time;
· ingestion time;
· revision time.
The target time basis should be selected according to the approved use case.

26. Time-zone harmonisation
Generic logic:
IF source datasets use different time zones, THEN convert timestamps to the approved processing time zone while retaining the original timestamp and zone.
Where outputs are intended for local users, the display time may be converted back to the relevant local time zone.
Daylight-saving changes should be handled explicitly where applicable.

27. Reporting-period alignment
Sources may use different definitions of:
· day;
· week;
· month;
· season;
· year;
· event window.
Generic logic:
IF two datasets use different reporting-period definitions, THEN apply an approved crosswalk or aggregation rule before comparison.
The implementation should not assume that epidemiological weeks, calendar weeks and rolling seven-day periods are equivalent.

28. Fine-to-coarse temporal aggregation
Examples include:
· hourly to daily;
· daily to weekly;
· weekly to monthly;
· daily to seasonal.
Each rule should define:
· statistic;
· minimum completeness;
· weighting;
· missing-data treatment;
· period boundary;
· unit;
· output status.
Potential statistics include:
· sum;
· mean;
· minimum;
· maximum;
· median;
· count;
· proportion;
· percentile;
· duration;
· number of threshold-exceedance periods.

29. Completeness logic for aggregation
Generic logic:
IF the number or proportion of valid source observations meets the approved minimum completeness rule, THEN calculate the aggregate.
ELSE return the aggregate as missing or provisional according to the approved method.
The completeness rule may differ by:
· variable;
· source;
· period;
· intended use;
· analytical method.

30. Coarse-to-fine temporal processing
Coarse data should not be disaggregated to finer periods without an approved estimation method.
IF monthly data are requested at daily resolution and no validated disaggregation method exists, THEN reject the transformation or retain the monthly resolution.
Any estimated disaggregation should be labelled as modelled or estimated rather than observed.

31. Lag logic
Climate-health relationships may require lagged variables.
A lag rule should define:
· exposure variable;
· health outcome;
· lag interval;
· scientific rationale;
· direction;
· valid reporting periods;
· missing-data handling;
· method version.
Generic logic:
IF the approved analysis specifies lag L, THEN associate the exposure period with the outcome period according to that lag and retain the lag definition in metadata.
No universal lag should be applied across diseases, outcomes or exposures.

32. Cumulative-exposure logic
Cumulative variables may use:
· moving sums;
· moving averages;
· consecutive-day counts;
· cumulative degree measures;
· antecedent exposure windows.
The rule should define:
· window length;
· inclusive or exclusive boundaries;
· minimum completeness;
· weighting;
· reset condition;
· treatment of missing observations.

33. Forecast-time logic
Forecast data may include:
· issue time;
· forecast horizon;
· valid start;
· valid end;
· model run;
· update cycle.
Generic logic:
IF several forecasts apply to the same valid period, THEN use the forecast version required by the approved analysis and preserve the issue time and model run.
Retrospective evaluation should use the forecast information that would have been available at the relevant decision time, not a later revised product, unless the analysis explicitly states otherwise.

34. Provisional-period logic
IF a reporting period is incomplete or source data are provisional, THEN mark the harmonised period as provisional and prevent it from being presented as final.
When final or revised data arrive, the period may be reprocessed.

35. Spatial harmonisation logic
Spatial harmonisation aligns:
· points;
· stations;
· grids;
· raster cells;
· administrative areas;
· health districts;
· facility catchments;
· custom zones.
Each spatial rule should define:
· source geography;
· target geography;
· boundary version;
· mapping method;
· weighting;
· unmatched handling;
· uncertainty;
· validation.

36. Geographic source hierarchy
Countries should identify authoritative geographic sources.
Generic logic:
IF an official geographic identifier and boundary version exist for the intended period, THEN use that source.
ELSE use an approved alternative and record the limitation.
Display names should not be used as the sole basis for machine matching where stable identifiers are available.

37. Exact geographic mapping
IF the source and target areas have a confirmed one-to-one relationship for the same boundary period, THEN apply the exact mapping.
The crosswalk should preserve both identifiers and boundary versions.

38. Point-to-area logic
Point data may include:
· meteorological stations;
· facilities;
· environmental monitors;
· event locations.
Generic logic:
IF a valid point coordinate falls within one target polygon, THEN assign the point to that area.
Exceptions should cover:
· points on boundaries;
· invalid coordinates;
· points outside known boundaries;
· disputed locations;
· coordinate-reference-system mismatch.
Nearest-area assignment should not be used unless explicitly approved.

39. Raster-to-area aggregation
Raster or gridded data may be aggregated to administrative or health areas.
Potential methods include:
· simple area average;
· population-weighted average;
· maximum;
· minimum;
· percentile;
· proportion exceeding a threshold.
Each rule should specify:
· raster resolution;
· target boundary;
· cell inclusion;
· partial-cell treatment;
· weighting;
· missing-cell treatment;
· output unit;
· uncertainty.

40. Area-to-area mapping
Where source and target boundaries differ, logic may use:
· exact crosswalk;
· areal interpolation;
· population weighting;
· facility-catchment weighting;
· approved proxy.
Generic logic:
IF source areas overlap several target areas, THEN allocate values only through an approved weighting method.
Counts should not automatically be split by area proportion when population or service distribution is materially uneven.

41. Boundary-version logic
Geographic boundaries may change over time.
IF source data use a historical boundary version, THEN preserve that version and apply an approved historical-to-current crosswalk only where the intended analysis requires it.
The system should record:
· source boundary version;
· target boundary version;
· effective dates;
· crosswalk method;
· mapping uncertainty.

42. Geographic aggregation logic
Fine geographic data may be aggregated to broader areas where:
· identifiers are valid;
· hierarchy is known;
· disclosure rules permit;
· the aggregation method is appropriate.
Generic logic:
IF all required child areas map to one parent area and pass quality checks, THEN aggregate according to the approved measure-specific rule.
Counts, rates, means and ratios require different aggregation logic.

43. Geographic disaggregation boundary
Data should not be disaggregated to a finer area solely to meet a reporting preference.
IF the source resolution does not support the target geography and no validated estimation method exists, THEN reject the disaggregation.
Estimated small-area outputs should be identified as modelled or estimated and should retain uncertainty.

44. Unmatched-geography logic
IF a record cannot be mapped to an approved target geography, THEN retain it in an unmatched category and report the reason.
Possible reasons include:
· missing identifier;
· obsolete identifier;
· invalid coordinate;
· boundary mismatch;
· unknown facility;
· disputed area;
· no target equivalent.
Unmatched records should not be silently discarded.

45. Facility-to-geography logic
Facility mapping may use:
· official facility registry;
· coordinates;
· administrative code;
· health-district assignment;
· catchment area.
The authoritative registry should take precedence where valid and current.
Conflicting geographic assignments should be flagged for registry-steward review.

46. Derived-variable logic
Derived variables should be generated only through approved definitions.
Each rule should define:
· purpose;
· source variables;
· formula;
· unit;
· temporal basis;
· geographic basis;
· missing-data handling;
· expected range;
· validation;
· limitations.
Derived values should be classified as:
· aggregated;
· calculated;
· classified;
· estimated;
· imputed;
· modelled;
· predicted.

47. Rate-calculation logic
A rate rule should define:
· numerator;
· denominator;
· multiplier;
· reference period;
· geography;
· disaggregation;
· minimum denominator;
· suppression;
· uncertainty.
Generic logic:
IF numerator and denominator refer to compatible populations, geographies and periods, and the denominator passes quality rules, THEN calculate the rate.
ELSE do not calculate the rate and record the incompatibility.
Rates should not be summed across areas or periods.

48. Proportion and percentage logic
IF the numerator is a valid subset of the denominator and both refer to the same population, period and geography, THEN calculate the proportion.
A value above 100% should trigger review unless the metric definition explicitly permits it.

49. Population-weighted climate measure
A country may calculate a population-weighted climate exposure.
A generic formula is:
Weighted exposure = Σ(climate value × population weight) ÷ Σ(population weight)
The rule should define:
· climate grid or area;
· population dataset;
· common period;
· common geography;
· excluded cells;
· missing-data treatment;
· population reference year.
The output should be labelled as a derived exposure measure.

50. Climate anomaly logic
An anomaly may be calculated relative to an approved reference period.
Generic form:
Anomaly = observed value − reference-period expected value
The rule should define:
· variable;
· reference period;
· climatology method;
· geographic basis;
· temporal resolution;
· treatment of missing reference data;
· update policy.
No universal reference period should be assumed without programme or country approval.

51. Threshold-exceedance logic
IF a value meets or exceeds the approved threshold for the relevant variable, geography, season and period, THEN classify the period as a threshold exceedance.
The rule should define:
· threshold source;
· comparison operator;
· unit;
· duration;
· geography;
· applicable season;
· entry and exit conditions.
CHUD threshold logic should support analysis but does not itself authorise a public-health alert.

52. Consecutive-period logic
Some derived measures require consecutive periods.
A rule should define:
· qualifying condition;
· minimum consecutive periods;
· treatment of missing periods;
· reset condition;
· event start;
· event end;
· overlapping-event treatment.
A missing observation should not automatically break or continue a sequence without an approved rule.

53. Baseline logic
A baseline may support comparison of current health or climate data with expected conditions.
The baseline rule should define:
· variable or indicator;
· reference period;
· exclusion criteria;
· seasonal adjustment;
· geographic level;
· method;
· update frequency;
· minimum data;
· uncertainty.
Baselines should not be applied outside the period, population or geography for which they were validated without review.

54. Integration logic
Integration combines validated and harmonised datasets.
Each integration rule should define:
· input datasets and versions;
· intended use;
· integration keys;
· join type;
· expected cardinality;
· unmatched handling;
· duplicate handling;
· exclusions;
· output specification;
· quality checks;
· privacy controls.

55. Integration-key logic
Potential keys include:
· geographic identifier;
· reporting period;
· facility identifier;
· station identifier;
· event identifier;
· population category.
Generic logic:
IF all mandatory integration keys are valid and compatible, THEN attempt the approved join.
ELSE classify the record as unmatched or invalid according to the applicable rule.

56. Join-cardinality logic
Expected join relationships should be defined as:
· one-to-one;
· one-to-many;
· many-to-one;
· many-to-many.
Generic logic:
IF the observed relationship differs from the expected cardinality, THEN pause or flag the integration according to severity.
Many-to-many joins should require explicit approval because they can unintentionally multiply records.

57. Duplicate-key logic
IF an integration key expected to be unique occurs more than once, THEN classify it as a duplicate-key exception.
The implementation should not automatically select the first record unless an approved prioritisation rule exists.

58. Unmatched-record logic
Integration outputs should report:
· matched records;
· unmatched source records;
· unmatched target records;
· partial matches;
· excluded records;
· reason for exclusion.
A permitted unmatched tolerance may be configured according to the source and intended use.

59. Integration-quality logic
An integration run may pass only if defined checks are satisfied.
Potential checks include:
· expected input versions;
· acceptable unmatched rate;
· valid cardinality;
· no unexplained record multiplication;
· preserved source flags;
· reconciliation within tolerance;
· required metadata complete;
· disclosure control passed.

60. Reconciliation logic
Reconciliation compares input and output measures.
Generic logic:
IF the difference between expected and observed totals is within the approved tolerance and all exclusions are explained, THEN pass reconciliation.
ELSE classify the integration run for review.
Reconciliation may compare:
· record counts;
· sums;
· geographic coverage;
· temporal coverage;
· population totals;
· missing values;
· excluded records.

61. Data-quality classification logic
Quality classification may combine several dimensions.
Potential dimensions include:
· completeness;
· timeliness;
· validity;
· consistency;
· uniqueness;
· source authority;
· geographic coverage;
· temporal coverage;
· revision status.
A dataset may be classified as:
· valid;
· valid with limitations;
· provisional;
· incomplete;
· delayed;
· quarantined;
· invalid;
· rejected;
· corrected.
The generic DAK should not prescribe universal scoring weights or thresholds.

62. Quality-gate logic
A quality gate determines whether processing may continue.
Generic logic:
IF all mandatory quality rules pass and no unresolved critical issue exists, THEN allow the dataset to proceed.
IF only approved warning-level issues exist, THEN allow processing with visible limitations.
IF a critical rule fails, THEN quarantine or reject the dataset and prevent downstream release.
Each country should define:
· mandatory rules;
· warning rules;
· critical rules;
· override authority;
· documentation requirements.

63. Timeliness logic
IF a dataset is received within the approved interval after its expected time, THEN classify it as on time.
IF received after the interval, THEN classify it as delayed and calculate the delay.
Timeliness thresholds should be configured by source and intended use.

64. Completeness logic
Completeness may be assessed by:
· required fields;
· expected records;
· expected reporting units;
· geographic coverage;
· expected periods;
· variable availability.
Generic form:
Completeness = received required items ÷ expected required items
The definition of “expected” should be explicit and versioned.

65. Consistency logic
Consistency checks may compare:
· current and prior periods;
· related variables;
· source and aggregate totals;
· geographic hierarchies;
· facility and registry status;
· numerator and denominator;
· source and published versions.
Large changes should trigger review but should not automatically be classified as errors.

66. Fitness-for-use logic
Fitness for use should be assessed against the approved purpose.
Generic logic:
IF the dataset meets the minimum requirements for source authority, coverage, temporal and spatial suitability, quality, methodological validity, privacy and interpretability, THEN classify it as fit for the intended use.
Possible decisions include:
· fit;
· fit with limitations;
· restricted;
· revision required;
· unfit.
A dataset may be fit for one use and unfit for another.

67. Surveillance-use logic
A dataset may be approved for surveillance when:
· update frequency is adequate;
· reporting delay is understood;
· definitions are stable;
· geographic and temporal coverage are sufficient;
· quality limitations are visible;
· analytical review is available.
Approval for surveillance does not automatically establish suitability for causal analysis or prediction.

68. Predictive-model preparation logic
Before a dataset is released for model development, logic should confirm:
· approved modelling purpose;
· source-use permission;
· outcome definition;
· feature definitions;
· temporal order;
· geographic design;
· partitioning;
· missing-data method;
· privacy controls;
· leakage review.
Generic logic:
IF future or outcome-derived information is present in predictor data, THEN classify the dataset as having potential leakage and block release until reviewed.

69. Publication logic
A dataset or product should be released only when:
· the current version is identified;
· data ownership permits release;
· fitness for use is approved;
· metadata are complete;
· limitations are documented;
· disclosure review is complete;
· release authority has approved;
· access classification is assigned.
Generic logic:
IF all mandatory release conditions pass, THEN assign an approved release status and publish through the authorised channel.

70. Disclosure-control logic
Disclosure rules may apply based on:
· small counts;
· rare events;
· detailed geography;
· sensitive facilities;
· repeated publication;
· linked datasets.
Possible actions include:
· suppression;
· aggregation;
· masking;
· delayed release;
· restricted access;
· secure-environment access.
The generic DAK should not define universal suppression thresholds.

71. Correction logic
IF a material source, transformation, harmonisation, integration or publication error is confirmed, THEN identify affected outputs through lineage and initiate correction or withdrawal.
The correction rule should define:
· severity;
· affected versions;
· need for reprocessing;
· user notification;
· superseding version;
· closure criteria.

72. Reprocessing logic
Reprocessing may be triggered by:
· source revision;
· corrected transformation;
· updated crosswalk;
· changed boundary;
· rule revision;
· pipeline defect;
· publication correction.
Generic logic:
IF a changed input or rule materially affects an approved output, THEN reprocess all affected downstream stages using controlled versions.
The previous output should remain available for audit where policy permits.

73. Change-impact logic
Before changing a material rule, the implementation should identify:
· affected datasets;
· historical outputs;
· indicators;
· reports;
· interfaces;
· models;
· standards mappings;
· country implementations.
A rule change should not automatically be applied retrospectively unless approved.

74. Manual-review logic
Manual review should be required where:
· source authority conflicts;
· mapping is ambiguous;
· quality issues are material;
· scientific interpretation is required;
· an output falls outside expected patterns;
· disclosure risk is uncertain;
· AI produces an operationally significant output;
· override is requested.
The review record should identify:
· reviewer;
· evidence;
· decision;
· rationale;
· timestamp;
· next action.

75. Override logic
Authorised users may override selected automated outcomes.
The override record should include:
· automated result;
· final decision;
· authorised actor;
· rationale;
· evidence;
· affected records;
· duration;
· review date.
Critical privacy, legal or security restrictions should not be overridden through routine operational authority.

76. Exception logic
Every rule should define exception handling.
Possible outcomes include:
· warning;
· quarantine;
· rejection;
· source follow-up;
· expert review;
· use of fallback;
· processing pause;
· publication hold;
· escalation;
· controlled override.
An exception should not disappear merely because later processing succeeds.

77. Logic for incomplete pipeline runs
IF a pipeline completes only some required stages, THEN classify it as incomplete or failed and prevent partial outputs from being treated as the current approved dataset unless a specific partial-release rule exists.
Partial outputs should be:
· clearly identified;
· isolated from approved outputs;
· reviewed;
· reconciled after recovery.

78. Logic for concurrent or revised runs
IF a later pipeline run uses newer source or rule versions for the same output period, THEN identify whether it supersedes the earlier run.
The system should prevent two incompatible versions from both appearing as current.

79. AI-supported transformation logic
AI may assist with:
· terminology mapping;
· metadata drafting;
· anomaly identification;
· record-linkage suggestions;
· code generation;
· quality classification;
· analytical summarisation.
AI output should be treated as proposed rather than approved.
Generic logic:
IF an AI service produces a material CHUD output, THEN record the model and version, preserve input and output context, and route the result for authorised human review.

80. AI-supported record linkage
AI-supported linkage should define:
· candidate records;
· linkage variables;
· confidence score;
· acceptance threshold;
· review threshold;
· rejection threshold;
· privacy controls;
· validation method.
High-confidence automated linkage may be permitted only where it has been validated and approved.
Ambiguous matches should require human review.

81. AI-supported mapping
Where AI suggests terminology or identifier mappings:
IF the suggested mapping is confirmed by an authorised reviewer, THEN add it to the controlled mapping table with its approval and version.
ELSE retain it as unapproved and do not apply it in production.

82. AI-generated code
AI-generated transformation code should be treated as untrusted until:
· reviewed;
· tested;
· security assessed where applicable;
· validated against expected results;
· version controlled;
· approved for the intended environment.
AI-generated code should not be executed directly against sensitive production data without appropriate controls.

83. AI anomaly logic
An AI-detected anomaly should be classified as a signal.
IF an AI model flags an anomaly, THEN initiate source, pipeline and expert review before the signal is interpreted as a climate-health event.
The review should distinguish:
· valid unusual data;
· source defect;
· pipeline defect;
· reporting change;
· epidemiological signal;
· model error.

84. Logic testing
Each material logic rule should be tested using:
· normal cases;
· boundary values;
· missing data;
· invalid data;
· conflicting data;
· duplicate records;
· delayed data;
· revised data;
· unusual but valid values;
· geographic changes;
· time-zone boundaries;
· pipeline failure;
· fallback conditions.
Expected results should be documented before testing where feasible.

85. Historical-event testing
Historical data may be used to test:
· transformation reproducibility;
· temporal aggregation;
· spatial mapping;
· derived variables;
· integration;
· quality classification;
· correction and reprocessing.
Historical testing should use source versions and methods appropriate to the period being reconstructed.

86. Independent validation
High-impact transformation and harmonisation methods should receive review independent from their implementation where feasible.
Independent validation may include:
· duplicate calculation;
· manual sample review;
· comparison with an external method;
· expert review;
· cross-platform comparison;
· country pilot testing.

87. Logic performance monitoring
Operational monitoring may include:
· rule failure frequency;
· unmapped-value frequency;
· missing-data frequency;
· unmatched-geography rate;
· duplicate-key rate;
· override frequency;
· reprocessing frequency;
· recurring manual corrections;
· unexplained output changes.
A repeated exception may indicate that the rule, source or data model requires revision.

88. Rule versioning
Every material rule should have:
· stable identifier;
· version;
· effective date;
· owner;
· approval status;
· change summary;
· superseded version;
· test evidence;
· applicable country or jurisdiction.
Outputs should remain linked to the applied rule version.

89. Country configuration
Countries should define or confirm:
· source hierarchy;
· permitted fallback sources;
· expected source schedules;
· units;
· terminology mappings;
· identifiers;
· reporting calendars;
· time zones;
· geographic boundaries;
· completeness rules;
· missing-data rules;
· temporal aggregation;
· lag methods;
· spatial methods;
· quality gates;
· release controls;
· disclosure rules;
· override authority.
Country logic should be maintained in controlled configuration and method registers.

90. Minimum logic capability
A minimum CHUD implementation should support:
1. authoritative-source selection;
2. structural validation;
3. explicit missing-data classification;
4. unit and format standardisation;
5. temporal alignment;
6. geographic mapping;
7. approved derived-variable calculation;
8. controlled dataset integration;
9. quality gates;
10. lineage and provenance;
11. fitness-for-use review;
12. correction and reprocessing;
13. exception and override recording;
14. rule versioning.
These capabilities may be implemented through scripts, databases, workbooks or controlled manual processes.

91. Advanced logic capability
More mature implementations may support:
· reusable rules engines;
· automated terminology services;
· automated geographic crosswalks;
· dynamic completeness checks;
· near-real-time harmonisation;
· automated lineage;
· configurable quality gates;
· federated transformation;
· impact analysis after source revisions;
· AI-supported quality review;
· model-input validation.
Advanced automation should not reduce scientific transparency or human accountability.

92. Logic validation questions
For each rule, confirm:
1. Is the purpose clear?
2. Is the source or evidence identified?
3. Are inputs and outputs defined?
4. Is the rule testable?
5. Are units explicit?
6. Are time concepts explicit?
7. Are geographic concepts explicit?
8. Is missing data handled safely?
9. Are source values preserved?
10. Is uncertainty retained?
11. Are exceptions defined?
12. Is human review required?
13. Is override authority clear?
14. Is the rule versioned?
15. Is the method scientifically defensible?
16. Does it create unsupported precision?
17. Is it sustainable in the country setting?
18. Can the output be reproduced?

93. Traceability
Each logic rule should link to:
· source guidance;
· intervention;
· persona;
· user scenario;
· workflow;
· source data element;
· output data element;
· schedule;
· indicator;
· functional requirement;
· architecture component;
· standards mapping;
· acceptance criterion;
· test case;
· validation evidence;
· country configuration.
This allows changes in methods, sources or assumptions to be assessed across the full CHUD package.

94. Transformation and harmonisation principle
CHUD logic should convert heterogeneous data into usable evidence without obscuring where the data came from or how they were changed.
Its core principle is:
Preserve the source, define the rule, make every temporal and geographic transformation explicit, retain uncertainty and quality status, and allow no integrated output to imply more precision, validity or authority than its inputs can support.
Scheduling and pipeline lifecycle
1. Purpose
This section defines the schedules, operational states, dependencies, review points and lifecycle controls required to run CHUD data pipelines reliably.
It supports:
· source monitoring;
· scheduled and event-triggered acquisition;
· validation;
· transformation;
· temporal and spatial harmonisation;
· integration;
· analytical output generation;
· publication;
· correction;
· reprocessing;
· failure recovery;
· maintenance;
· periodic review.
Scheduling should reflect the public-health use case, source availability, data latency, operational capacity and required timeliness.
The DAK does not prescribe one universal pipeline frequency, reporting calendar or service level.

2. Scheduling principles
CHUD schedules should be:
· linked to a defined use case;
· based on actual source availability;
· assigned to accountable owners;
· explicit about dependencies;
· configurable by country and dataset;
· visible to operational users;
· capable of handling delay and failure;
· traceable through timestamps and statuses;
· proportionate to public-health need;
· reviewed when sources, methods or priorities change.
A faster pipeline is not necessarily a better pipeline if the source data are incomplete, unstable or not useful at that frequency.

3. Scheduling categories
CHUD scheduling may include:
1. source-publication schedules;
2. acquisition schedules;
3. validation schedules;
4. transformation schedules;
5. harmonisation schedules;
6. integration schedules;
7. quality-review schedules;
8. analytical-production schedules;
9. publication schedules;
10. correction and reprocessing schedules;
11. maintenance schedules;
12. periodic governance and method reviews.

4. Time concepts
CHUD should distinguish clearly between:
· observation time;
· event time;
· forecast issue time;
· forecast valid time;
· reporting-period start;
· reporting-period end;
· source-publication time;
· submission time;
· expected receipt time;
· actual receipt time;
· ingestion time;
· validation time;
· transformation time;
· integration time;
· approval time;
· publication time;
· revision time;
· archival time.
These timestamps should not be treated as interchangeable.

5. Time-zone management
Country implementations should define:
· the authoritative processing time zone;
· source time zones;
· local display time;
· handling of daylight-saving changes;
· storage conventions;
· treatment of cross-border datasets;
· treatment of UTC-based systems.
Every timestamp should either:
· include a time zone; or
· inherit a documented source-specific time-zone rule.
Ambiguous timestamps should be flagged rather than interpreted silently.

6. Reporting calendars
Sources may use different calendars and reporting periods.
Examples include:
· calendar days;
· meteorological days;
· epidemiological weeks;
· calendar weeks;
· months;
· quarters;
· seasons;
· years;
· rolling periods;
· event windows.
Each source and pipeline should identify:
· calendar definition;
· period boundaries;
· time zone;
· week numbering convention;
· treatment of incomplete periods;
· treatment of leap years;
· treatment of boundary changes.

7. Source schedule register
Each expected source should have a schedule record containing:
· source ID;
· dataset;
· owner;
· expected frequency;
· expected publication time;
· expected receipt time;
· acceptable delay;
· reporting period;
· revision schedule;
· fallback source;
· contact;
· escalation route;
· review date.
The source schedule should distinguish between:
· no new data expected;
· data expected but not received;
· data received late;
· data received but invalid;
· data revised after receipt.

8. Pipeline definition
Each recurring or event-triggered pipeline should define:
· pipeline ID;
· purpose;
· owner;
· trigger;
· frequency;
· source dependencies;
· transformation dependencies;
· quality gates;
· output datasets;
· publication rule;
· retry rule;
· fallback;
· support coverage;
· maintenance window;
· version;
· approval status.
A pipeline schedule should not exist independently from its approved use case and output.

9. Trigger types
A CHUD pipeline may be triggered by:
· fixed schedule;
· source publication;
· file arrival;
· interface notification;
· manual initiation;
· source revision;
· correction;
· approved analytical request;
· quality incident;
· policy or method change.
The trigger type should remain visible in the run record.

10. Fixed schedules
Fixed schedules may include:
· hourly;
· daily;
· weekly;
· monthly;
· seasonal;
· annual;
· country-defined custom intervals.
A fixed schedule should define:
· start time;
· recurrence;
· time zone;
· permitted delay;
· blackout or maintenance periods;
· end condition where applicable.

11. Event-triggered schedules
Event-triggered processing may begin when:
· a dataset arrives;
· a source version changes;
· a threshold or quality rule is crossed;
· an approved correction is issued;
· a downstream user requests refresh;
· an incident is resolved;
· an upstream dependency completes.
Event triggers should be protected against:
· duplicate initiation;
· repeated notifications;
· out-of-order events;
· incomplete source arrival;
· unauthorised manual triggers.

12. Manual initiation
Manual pipeline initiation may be permitted for:
· testing;
· backfill;
· correction;
· recovery;
· urgent analysis;
· local processing;
· exceptional source delivery.
A manual run should record:
· initiator;
· authority;
· reason;
· requested period;
· source versions;
· configuration version;
· expected output;
· review requirement.
Manual initiation should not bypass required quality, privacy or release controls.

13. Pipeline lifecycle
A generic CHUD pipeline lifecycle may use the following states:
1. proposed;
2. approved;
3. scheduled;
4. queued;
5. started;
6. acquiring;
7. validating;
8. transforming;
9. harmonising;
10. integrating;
11. quality review;
12. awaiting approval;
13. publishing;
14. completed;
15. completed with warnings;
16. paused;
17. failed;
18. cancelled;
19. retried;
20. superseded;
21. archived.
Not every implementation requires every state.

14. Proposed state
A pipeline is proposed when its purpose and design are being developed.
The proposal should identify:
· use case;
· owner;
· expected sources;
· methods;
· outputs;
· frequency;
· risks;
· resource requirements;
· validation approach.
A proposed pipeline should not process production data unless authorised for controlled testing.

15. Approved state
A pipeline is approved when its governance, methods, configuration and controls have been accepted for the defined use.
Approval should confirm:
· pipeline owner;
· permitted data;
· intended use;
· schedule;
· source dependencies;
· transformation versions;
· quality gates;
· publication conditions;
· fallback;
· support arrangements.

16. Scheduled state
A run is scheduled when its planned execution time has been created.
The schedule record should include:
· pipeline version;
· scheduled start;
· expected completion;
· reporting period;
· source expectations;
· priority;
· status.

17. Queued state
A run is queued when it is ready to execute but is awaiting:
· system capacity;
· completion of another run;
· source availability;
· authorised start;
· maintenance completion;
· dependency release.
Queue priority may reflect:
· public-health urgency;
· reporting deadline;
· source expiry;
· correction severity;
· operational agreement.

18. Started state
A run is started when execution has begun.
The system should record:
· actual start time;
· initiating service or actor;
· pipeline and configuration versions;
· source period;
· run environment;
· run identifier.

19. Acquisition state
During acquisition, the pipeline should:
· request or receive expected data;
· authenticate sources;
· record receipt status;
· preserve source versions;
· detect duplicates;
· record delays;
· activate retry or fallback where permitted.
The run should not proceed as complete when mandatory sources remain unresolved unless an approved partial-run rule exists.

20. Validation state
During validation, the pipeline should:
· apply structural checks;
· apply value and format checks;
· assess completeness;
· assess timeliness;
· validate geography and time;
· identify duplicates;
· preserve source quality flags;
· classify issues.
The output should be:
· passed;
· passed with warnings;
· quarantined;
· rejected;
· awaiting review.

21. Transformation state
During transformation, the pipeline may:
· standardise structure;
· parse dates;
· convert units;
· map terminology;
· map identifiers;
· generate approved fields;
· apply masking or pseudonymisation;
· preserve source values.
Transformation should use approved rule versions.

22. Harmonisation state
Harmonisation may include:
· temporal alignment;
· reporting-period conversion;
· lag construction;
· cumulative exposure calculation;
· spatial mapping;
· boundary conversion;
· geographic weighting.
The run should record:
· method versions;
· completeness;
· unmatched areas;
· uncertainty;
· exceptions.

23. Integration state
During integration, the pipeline should:
· retrieve approved input versions;
· apply integration keys;
· validate join cardinality;
· identify unmatched records;
· preserve source and quality metadata;
· reconcile totals;
· assign an output version.
Unexpected record multiplication or unexplained data loss should trigger review.

24. Quality-review state
The quality-review stage assesses whether the generated output may proceed.
The review may consider:
· mandatory rule results;
· completeness;
· timeliness;
· unmatched records;
· reconciliation;
· source revisions;
· transformation warnings;
· geographic coverage;
· temporal coverage;
· disclosure risk;
· comparison with previous runs.
The decision may be:
· approve;
· approve with limitations;
· hold;
· return for correction;
· reject.

25. Awaiting-approval state
A run may await approval from:
· data owner;
· data steward;
· method owner;
· epidemiologist;
· publication authority;
· privacy officer;
· security officer.
The approval record should define:
· required approver;
· submission time;
· deadline;
· escalation;
· decision;
· rationale.

26. Publishing state
During publication, the pipeline should:
· confirm the approved version;
· apply access classification;
· attach metadata;
· apply disclosure controls;
· publish to the authorised destination;
· record the release;
· update the catalogue;
· preserve the publication result.
Publication failure should not change the underlying approved dataset into a failed analytical output, but it should create a publication incident.

27. Completed state
A run may be classified as completed when:
· all mandatory stages finished;
· quality gates passed;
· required approvals were obtained;
· outputs were stored or published as intended;
· lineage and logs were recorded;
· no unresolved critical issue remains.

28. Completed-with-warnings state
A run may complete with warnings when:
· mandatory controls pass;
· limitations do not make the output unsafe;
· warning conditions are visible;
· an authorised actor accepts the limitations;
· follow-up is assigned where required.
Warnings should identify:
· affected dataset;
· affected period or geography;
· reason;
· impact;
· owner;
· review date.

29. Paused state
A run may be paused because of:
· missing source data;
· pending expert review;
· security concern;
· privacy concern;
· maintenance;
· source conflict;
· unavailable dependency;
· unresolved quality issue.
The pause record should identify:
· reason;
· responsible owner;
· start time;
· required resolution;
· escalation time;
· permitted next actions.

30. Failed state
A run should be classified as failed when it cannot produce an acceptable output.
Failure may result from:
· source unavailability;
· invalid source data;
· transformation error;
· harmonisation failure;
· integration failure;
· storage failure;
· system outage;
· access failure;
· security incident;
· unrecoverable configuration error.
The failure record should include:
· failed stage;
· error;
· affected outputs;
· severity;
· retry eligibility;
· owner;
· next action.

31. Cancelled state
A run may be cancelled when:
· the request is withdrawn;
· the source period is no longer required;
· a newer run supersedes it;
· processing would violate a control;
· an authorised actor stops the run.
Cancellation should preserve:
· partial logs;
· source versions;
· reason;
· authorising actor;
· downstream impact.

32. Retried state
A retry should remain linked to the failed or incomplete run.
The retry record should identify:
· original run ID;
· retry number;
· restart point;
· corrected condition;
· source versions;
· configuration versions;
· initiator;
· outcome.
Retries should not create duplicate current outputs.

33. Superseded state
A run or output may be superseded when replaced by:
· a corrected run;
· a revised source version;
· a newer approved pipeline version;
· a complete run replacing a partial run;
· a reprocessed historical period.
The superseding relationship should be explicit.
Superseded outputs may remain available for audit but should not appear as current.

34. Archived state
A run may be archived after:
· operational use ends;
· retention requirements are met;
· outputs are superseded;
· required audit information is preserved.
Archiving should maintain retrievability appropriate to policy and analytical reproducibility.

35. Dependency management
Pipeline dependencies may include:
· source publication;
· access approval;
· source validation;
· completion of another pipeline;
· geographic crosswalk;
· population denominator;
· transformation rule;
· method approval;
· system availability;
· publication approval.
Each dependency should define:
· dependency ID;
· upstream object;
· required status;
· expected time;
· timeout;
· fallback;
· owner.

36. Sequential dependencies
Some stages must occur in sequence.
Examples include:
· validation before transformation;
· harmonisation before integration;
· fitness-for-use review before release;
· correction before republication.
Sequential controls should prevent downstream processing when mandatory upstream conditions are unmet.

37. Parallel processing
Some work may occur in parallel.
Examples include:
· validation of different source datasets;
· temporal and spatial preparation;
· metadata preparation;
· privacy and scientific review;
· separate geographic partitions.
Parallel processing should define:
· synchronisation point;
· required completion states;
· conflict resolution;
· shared versions;
· failure effect.

38. Partial-source availability
A pipeline should define how to respond when only some expected sources are available.
Possible outcomes include:
· wait;
· use approved fallback;
· run with limitations;
· produce partial internal output;
· block publication;
· cancel the run.
The decision should depend on:
· source criticality;
· intended use;
· missing-data impact;
· public-health urgency;
· approved quality gates.

39. Source delay management
For each source, the implementation should define:
· expected receipt time;
· tolerance;
· first reminder;
· escalation;
· fallback eligibility;
· maximum wait;
· publication impact.
Generic logic:
IF a mandatory source is not received within the approved tolerance, THEN classify it as delayed and initiate the configured response.
A delay should remain visible even when the data arrive later.

40. Retry scheduling
Retry rules should define:
· eligible failure types;
· maximum attempts;
· interval;
· increasing delay where applicable;
· manual approval threshold;
· final escalation;
· duplicate prevention.
Automatic retry should not be used for errors requiring scientific or governance review.

41. Fallback scheduling
Fallback may include:
· alternative source;
· previous valid dataset;
· manual submission;
· local processing;
· reduced output;
· delayed publication;
· suspension.
Each fallback should define:
· activation condition;
· owner;
· duration;
· metadata flag;
· limitations;
· return-to-normal condition.

42. Quality-review schedule
Quality review may occur:
· during every pipeline run;
· after a defined number of runs;
· weekly or monthly;
· after source revision;
· after unusual output;
· before publication;
· after correction;
· during periodic programme review.
High-frequency automated checks should be complemented by periodic human review.

43. Analytical-production schedule
Analytical products may be produced:
· on a fixed reporting cycle;
· after data refresh;
· after event detection;
· on authorised request;
· seasonally;
· annually;
· after a major revision.
The schedule should define:
· required data cut-off;
· analysis period;
· reviewer;
· approval deadline;
· publication date;
· revision policy.

44. Publication schedule
Publication timing should consider:
· source completeness;
· data finality;
· analytical review;
· public-health urgency;
· disclosure review;
· user expectations;
· catalogue updates;
· correction risk.
The implementation should distinguish:
· immediate operational release;
· provisional release;
· scheduled publication;
· final publication;
· embargoed release;
· restricted internal availability.

45. Provisional publication
A provisional dataset or product may be released only when:
· provisional status is visible;
· the intended audience understands the limitation;
· revision is expected;
· release authority approves;
· the use does not require final data.
The publication record should define:
· expected revision date;
· affected periods;
· limitations;
· notification method.

46. Revision schedule
Source data may be revised on:
· fixed dates;
· rolling cycles;
· ad hoc correction;
· annual finalisation;
· post-event review.
Each source should define:
· revision window;
· finalisation status;
· expected frequency;
· notification route;
· downstream reprocessing rule.

47. Reprocessing schedule
Reprocessing may be triggered by:
· corrected source data;
· revised source data;
· changed transformation rule;
· updated geographic crosswalk;
· revised denominator;
· pipeline defect;
· analytical correction;
· standards update.
The reprocessing plan should identify:
· affected periods;
· affected datasets;
· required source versions;
· responsible owner;
· priority;
· expected completion;
· publication impact.

48. Historical backfill
Historical backfill may be required when:
· a new source becomes available;
· earlier data are digitised;
· a method changes;
· national boundaries are remapped;
· a pilot expands;
· model-development data are prepared.
Backfill should be separated from routine production where possible.
It should record:
· period;
· source availability;
· historical definitions;
· applied method version;
· comparability limitations;
· validation status.

49. Correction lifecycle
A correction may progress through:
1. reported;
2. under assessment;
3. confirmed;
4. correction planned;
5. source corrected;
6. reprocessing;
7. output reviewed;
8. republished or withdrawn;
9. users notified;
10. closed.
The lifecycle should preserve the relationship between:
· original version;
· issue;
· corrected version;
· affected outputs;
· notification;
· closure evidence.

50. Incident lifecycle
A pipeline or data incident may progress through:
1. detected;
2. acknowledged;
3. classified;
4. contained;
5. investigated;
6. corrected;
7. recovered;
8. verified;
9. reviewed;
10. closed.
Critical incidents may require:
· immediate publication hold;
· access suspension;
· source isolation;
· security escalation;
· privacy notification;
· continuity activation.

51. Maintenance scheduling
Technical maintenance should define:
· routine maintenance windows;
· operating restrictions;
· notification periods;
· backup schedule;
· interface testing;
· security updates;
· certificate renewal;
· storage review;
· performance review;
· recovery testing.
Maintenance should avoid critical reporting and publication periods where feasible.

52. Source review schedule
Each source should be reviewed periodically for:
· ownership;
· authority;
· access;
· metadata;
· quality;
· coverage;
· update frequency;
· revision practice;
· technical availability;
· sustainability;
· continued fitness for use.
Review may also be triggered by:
· institutional change;
· source redesign;
· unexplained quality deterioration;
· contract change;
· standards change;
· source discontinuation.

53. Method review schedule
Transformation and harmonisation methods should be reviewed:
· at a defined interval;
· after a major source change;
· after an analytical defect;
· after new scientific evidence;
· after country groundtruthing;
· before major scale-up;
· after repeated overrides or exceptions.
Method review should distinguish between:
· scientific-method change;
· implementation correction;
· configuration change;
· source-definition change.

54. Geographic review schedule
Geographic data and crosswalks should be reviewed when:
· administrative boundaries change;
· health districts change;
· facility catchments change;
· source grids change;
· geographic identifiers are replaced;
· unmatched-record rates increase.
Affected historical and current outputs should be assessed.

55. Access review schedule
Access should be reviewed:
· periodically;
· when a user changes role;
· when a project ends;
· when an agreement expires;
· after suspected misuse;
· after a security incident;
· when a dataset’s sensitivity changes.
Access review should cover:
· active users;
· role assignments;
· privileged access;
· service accounts;
· exports;
· expiry;
· local copies.

56. Retention and archival schedule
Retention schedules should define when data are:
· actively available;
· restricted;
· archived;
· anonymised;
· deleted;
· retained permanently.
Different schedules may apply to:
· source data;
· transformed data;
· integrated datasets;
· analytical extracts;
· pipeline logs;
· audit records;
· personal data;
· model-development datasets;
· public releases.

57. Backup schedule
Backup schedules should define:
· data and configuration covered;
· frequency;
· backup type;
· storage location;
· encryption;
· retention;
· responsible owner;
· restoration testing.
Critical metadata, rules, crosswalks and configurations should be included where required for reproducibility.

58. Recovery schedule
Recovery planning should define:
· recovery priority;
· recovery-time objective where applicable;
· recovery-point objective where applicable;
· restoration order;
· responsible actors;
· communication;
· verification;
· reconciliation.
Recovery targets should be proportionate to the public-health use case.

59. Continuity operation
During a system or connectivity failure, CHUD may use:
· local files;
· manual receipt;
· controlled spreadsheets;
· offline processing;
· alternative interfaces;
· delayed synchronisation;
· telephone or email coordination;
· previous approved outputs.
Continuity outputs should be clearly identified and reconciled after restoration.

60. Late-arriving data
Late data may affect:
· prior reporting periods;
· completeness;
· rates;
· trends;
· surveillance signals;
· published products;
· model inputs.
The implementation should define whether late data:
· update the current dataset;
· trigger reprocessing;
· remain in the next reporting cycle;
· require correction notice;
· are retained without changing published outputs.

61. Out-of-order data
IF source records arrive out of chronological order, THEN assign them to the correct reporting period and assess whether previous outputs require revision.
The system should not assume that receipt order equals event or observation order.

62. Concurrent runs
Concurrent runs may occur because of:
· separate geographies;
· different reporting periods;
· backfill;
· correction;
· routine production;
· different source partitions.
The implementation should define:
· concurrency limits;
· shared-resource controls;
· version isolation;
· publication precedence;
· conflict detection.

63. Overlapping runs
Two runs should not both update the same current output without controlled precedence.
Generic logic:
IF two runs target the same output period and scope, THEN identify the authoritative run based on approved source, configuration, purpose and completion status.

64. Run precedence
Run precedence may consider:
1. approved corrected run;
2. approved complete run;
3. latest approved source version;
4. active pipeline version;
5. complete run over partial run;
6. validated run over unreviewed run.
Precedence should be explicit and should not rely only on execution time.

65. Publication cut-off
A publication cut-off defines which source data and revisions are included.
The cut-off record should identify:
· reporting period;
· source versions;
· latest accepted receipt time;
· revision policy;
· excluded late data;
· planned correction process.

66. Service levels
Countries may define service expectations for:
· source receipt;
· pipeline start;
· pipeline completion;
· validation;
· issue response;
· publication;
· recovery;
· support.
Service levels should reflect actual institutional capacity and data availability.
The generic DAK should not prescribe universal service-level values.

67. Priority classification
Pipeline runs and incidents may be prioritised as:
· critical;
· high;
· routine;
· low;
· deferred.
Priority may depend on:
· public-health urgency;
· operational use;
· publication deadline;
· source expiry;
· affected population;
· correction severity;
· downstream dependencies.

68. Deadline management
Each time-bound activity should define:
· due time;
· owner;
· warning time;
· grace period where permitted;
· escalation time;
· fallback;
· overdue status;
· resolution.
An overdue task should not remain silently pending.

69. Notification and escalation
Notifications may be generated for:
· missing source;
· delayed source;
· validation failure;
· pipeline failure;
· quality warning;
· pending approval;
· publication failure;
· access expiry;
· method review;
· maintenance;
· correction;
· incident.
Escalation should identify:
· recipient;
· timing;
· severity;
· fallback contact;
· required action;
· closure condition.

70. Scheduling and automation
Automation may support:
· source polling;
· file-arrival detection;
· pipeline initiation;
· validation;
· retries;
· reminders;
· approval routing;
· publication;
· quality reporting;
· maintenance alerts.
Automation should not independently:
· approve scientific methods;
· waive critical quality failures;
· approve restricted-data access;
· release outputs without required authority;
· conceal fallback-source use;
· close serious incidents.

71. Scheduling and AI
AI may assist with:
· predicting source delays;
· prioritising quality review;
· identifying unusual pipeline behaviour;
· estimating likely processing time;
· recommending maintenance;
· classifying incidents.
AI-supported scheduling decisions should:
· identify the model and version;
· retain uncertainty;
· remain reviewable;
· have a non-AI fallback;
· avoid autonomous release or access decisions.

72. Local and federated scheduling
In local or federated implementations, schedules should define:
· local execution time;
· common reporting period;
· required output deadline;
· local validation;
· transfer window;
· central or receiving-side validation;
· discrepancy-resolution period;
· version alignment.
Local time zones and operating calendars should be considered explicitly.

73. Cross-country scheduling
Cross-country or regional processing may require:
· common cut-off dates;
· shared period definitions;
· harmonised time zones;
· source-finality rules;
· country delay tolerance;
· country-specific quality flags;
· publication sequencing.
A regional output should not imply that all countries supplied data with equal timeliness, completeness or finality.

74. Minimum scheduling capability
A minimum CHUD implementation should support:
1. source schedule register;
2. expected and actual receipt times;
3. scheduled or manual pipeline initiation;
4. pipeline-stage status;
5. dependency tracking;
6. source delay handling;
7. validation and quality gates;
8. retry and failure escalation;
9. publication hold;
10. correction and reprocessing;
11. run versioning;
12. lineage and audit;
13. manual fallback;
14. maintenance and review schedules.

75. Advanced scheduling capability
More mature implementations may support:
· event-driven orchestration;
· dependency-aware scheduling;
· automated backfill;
· dynamic resource allocation;
· federated execution coordination;
· automatic lineage updates;
· predictive failure detection;
· real-time quality monitoring;
· configurable service-level dashboards;
· automated impact analysis after source revisions.
Advanced scheduling should remain transparent and controllable.

76. Scheduling validation
Scheduling should be validated through:
· source-calendar review;
· historical-run reconstruction;
· delayed-source testing;
· missing-source testing;
· retry testing;
· concurrent-run testing;
· out-of-order data testing;
· revision and reprocessing testing;
· publication-cut-off testing;
· system-outage exercises;
· local-processing simulation;
· country groundtruthing.
Validation should confirm:
1. Source expectations are realistic.
2. Dependencies are explicit.
3. Delays are detected.
4. Failures do not produce misleading outputs.
5. Retries do not create duplicates.
6. Corrections propagate appropriately.
7. Publication uses the intended source versions.
8. Manual fallback is workable.
9. Time zones and reporting calendars are handled correctly.
10. Every run can be reconstructed.

77. Country configuration
Countries should define:
· source schedules;
· reporting calendars;
· time zones;
· acquisition frequency;
· acceptable delays;
· retry intervals;
· fallback conditions;
· pipeline priorities;
· approval deadlines;
· publication cycles;
· revision windows;
· reprocessing rules;
· retention schedules;
· maintenance windows;
· support coverage;
· escalation routes.
Configuration should be maintained in a controlled register rather than only in application code.

78. Traceability
Each schedule, trigger and lifecycle rule should link to:
· use case;
· source;
· persona;
· user scenario;
· workflow;
· data element;
· transformation rule;
· harmonisation rule;
· indicator;
· requirement;
· architecture component;
· acceptance criterion;
· test case;
· country configuration;
· validation evidence.
This allows a source or scheduling change to be assessed across the complete CHUD package.

79. Scheduling and lifecycle principle
The CHUD scheduling model should ensure that every source, pipeline, review, correction and publication occurs through an explicit and controlled lifecycle.
Its core principle is:
Make every trigger, dependency, deadline, delay, retry, approval, correction and superseding version visible so that climate-health data remain timely, reproducible and trustworthy throughout their operational life.
Indicators and data-quality monitoring
1. Purpose
This section defines the indicators needed to monitor CHUD implementation, source reliability, data quality, pipeline performance, analytical readiness, publication, use and continuous improvement.
The indicators support:
· routine operations;
· data-quality review;
· source management;
· pipeline oversight;
· public-health utility assessment;
· implementation monitoring;
· country validation;
· programme learning.
The DAK does not prescribe universal indicator targets or thresholds.
Countries should select indicators according to:
· approved use cases;
· source characteristics;
· public-health urgency;
· implementation maturity;
· available capacity;
· legal and policy requirements.
Detailed indicator definitions should be maintained in the CHUD Logic, Scheduling and Indicators workbook.

2. Indicator principles
CHUD indicators should be:
· linked to a defined purpose;
· based on available and governed data;
· clearly defined;
· reproducible;
· time-bound;
· geographically explicit where relevant;
· quality-classified;
· interpretable;
· proportionate to operational need;
· linked to accountable owners;
· reviewed periodically.
Indicators should not create a reporting burden that exceeds their operational or public-health value.
A technically measurable indicator should not automatically be adopted unless it informs a decision, corrective action or programme review.

3. Indicator categories
CHUD indicators may be organised into:
1. governance and ownership;
2. source availability;
3. data access;
4. acquisition and timeliness;
5. completeness;
6. validity and consistency;
7. geographic quality;
8. temporal quality;
9. transformation and harmonisation;
10. integration and reconciliation;
11. pipeline performance;
12. publication and release;
13. analytical readiness;
14. public-health utility;
15. privacy, security and access;
16. incidents and corrective actions;
17. implementation and sustainability;
18. AI and model-related monitoring.

4. Indicator specification
Each indicator should include:
· indicator ID;
· title;
· purpose;
· definition;
· numerator;
· denominator;
· calculation;
· unit;
· data source;
· reporting frequency;
· geographic level;
· responsible owner;
· target or threshold where applicable;
· interpretation;
· limitation;
· disaggregation;
· validation status;
· country adaptation;
· related workflow and requirement.
Where no denominator applies, the indicator should be defined as a count, duration, status or classification.

5. Indicator status
Suggested indicator statuses include:
· proposed;
· approved;
· active;
· under review;
· suspended;
· superseded;
· retired;
· not applicable.
Only approved indicators should be used for formal programme reporting.

6. Indicator interpretation
Each indicator should state:
· what a high value means;
· what a low value means;
· whether improvement is expected upward or downward;
· what contextual factors affect interpretation;
· what action may be triggered;
· whether the indicator is descriptive or evaluative.
Indicators should not be interpreted without considering:
· source changes;
· reporting delay;
· revisions;
· geographic coverage;
· system outages;
· policy changes;
· implementation maturity.

7. Governance and ownership indicators
CHUD-IND-001 — Data sources with confirmed ownership
Definition
Proportion of active CHUD data sources with a confirmed owner and steward.
Numerator
Number of active sources with both owner and steward recorded.
Denominator
Total number of active CHUD sources.
Interpretation
A low value indicates unresolved governance and accountability risk.

CHUD-IND-002 — Sources with current governance review
Definition
Proportion of active data sources reviewed within the approved review period.
Numerator
Number of active sources with a current completed governance review.
Denominator
Total number of active sources requiring review.

CHUD-IND-003 — Datasets with approved intended use
Definition
Proportion of active CHUD datasets linked to an approved intended-use statement.
Numerator
Number of active datasets with approved intended use.
Denominator
Total number of active CHUD datasets.

CHUD-IND-004 — Sources with complete metadata
Definition
Proportion of active sources meeting the approved minimum metadata requirements.
Numerator
Number of active sources with complete required metadata.
Denominator
Total number of active sources assessed.
Limitation
Metadata completeness does not establish source quality or fitness for use.

CHUD-IND-005 — Unresolved ownership or authority issues
Definition
Number of unresolved issues involving ownership, stewardship, access authority or publication authority.
Interpretation
Should be reviewed by severity and duration rather than as a count alone.

8. Data-access indicators
CHUD-IND-006 — Access requests completed within the approved interval
Definition
Proportion of data-access requests decided within the country-configured interval.
Numerator
Number of requests approved, conditionally approved or rejected within the interval.
Denominator
Total number of completed access requests.

CHUD-IND-007 — Active access permissions with current review
Definition
Proportion of active restricted-data permissions reviewed within the required period.
Numerator
Number of active permissions with a current review.
Denominator
Total number of active permissions requiring review.

CHUD-IND-008 — Expired access permissions still active
Definition
Number of access permissions remaining technically active after their authorised expiry.
Interpretation
Any occurrence may require prompt review.

CHUD-IND-009 — Access requests requiring scope reduction
Definition
Proportion of access requests in which requested variables, geographic detail or duration were reduced to the minimum necessary level.
Interpretation
May indicate effective data minimisation or overly broad initial requests.

CHUD-IND-010 — Unauthorised access or export events
Definition
Number of confirmed unauthorised access, download, export or onward-sharing events.
Interpretation
Should be monitored by severity and affected data, not treated as a routine performance target.

9. Source availability indicators
CHUD-IND-011 — Expected source deliveries received
Definition
Proportion of expected data deliveries received for the reporting period.
Numerator
Number of expected deliveries received.
Denominator
Total number of expected deliveries.

CHUD-IND-012 — Mandatory sources available for scheduled runs
Definition
Proportion of scheduled pipeline runs for which all mandatory sources were available at the required time.
Numerator
Number of runs with all mandatory sources available.
Denominator
Total scheduled runs.

CHUD-IND-013 — Source outage frequency
Definition
Number of source outages affecting CHUD acquisition during the reporting period.
Suggested disaggregation
· source;
· duration;
· cause;
· affected pipeline;
· fallback used.

CHUD-IND-014 — Source downtime
Definition
Total duration during which an expected source was unavailable to CHUD.
Unit
Hours, days or another approved duration.

CHUD-IND-015 — Fallback-source use
Definition
Number or proportion of pipeline runs using an approved fallback source.
Interpretation
Repeated fallback use may indicate instability in the primary source or an unrealistic source hierarchy.

CHUD-IND-016 — Sources without sustainable access arrangements
Definition
Number of active sources lacking confirmed long-term access, ownership, funding or technical support.

10. Acquisition and timeliness indicators
CHUD-IND-017 — On-time source receipt
Definition
Proportion of expected source deliveries received within the approved tolerance.
Numerator
Number of expected deliveries received on time.
Denominator
Total expected deliveries received or due.

CHUD-IND-018 — Median source delay
Definition
Median duration between expected and actual receipt time for delayed source deliveries.
Interpretation
Should be reviewed by source because different sources may have different acceptable delays.

CHUD-IND-019 — Acquisition success rate
Definition
Proportion of acquisition attempts completed successfully without manual intervention.
Numerator
Number of successful automated acquisition attempts.
Denominator
Total automated acquisition attempts.

CHUD-IND-020 — Acquisition retry rate
Definition
Proportion of acquisition jobs requiring one or more retries.
Numerator
Number of acquisition jobs retried.
Denominator
Total acquisition jobs.

CHUD-IND-021 — Manual acquisition rate
Definition
Proportion of source deliveries received through manual or semi-manual processes.
Interpretation
A high value is not automatically negative where manual exchange is appropriate and sustainable.

CHUD-IND-022 — Unresolved delayed deliveries
Definition
Number of source deliveries remaining unresolved beyond the approved escalation interval.

11. Completeness indicators
CHUD-IND-023 — Record completeness
Definition
Proportion of expected source records received.
Generic calculation
Received expected records ÷ total expected records
The definition of expected records should be explicit.

CHUD-IND-024 — Mandatory-field completeness
Definition
Proportion of records containing all mandatory fields.
Numerator
Number of records with all mandatory fields populated.
Denominator
Total records assessed.

CHUD-IND-025 — Reporting-unit completeness
Definition
Proportion of expected reporting institutions, facilities or geographic units submitting data.
Numerator
Number of expected reporting units submitting data.
Denominator
Total expected reporting units.

CHUD-IND-026 — Geographic completeness
Definition
Proportion of expected geographic areas represented in the dataset.
Numerator
Number of expected areas with valid data.
Denominator
Total expected areas.

CHUD-IND-027 — Temporal completeness
Definition
Proportion of expected periods represented with sufficient valid observations.
Numerator
Number of complete periods.
Denominator
Total expected periods.

CHUD-IND-028 — Variables meeting minimum completeness
Definition
Proportion of required variables meeting their approved completeness criteria.

12. Missing-data indicators
CHUD-IND-029 — Missing-value rate
Definition
Proportion of applicable values classified as missing.
Suggested disaggregation
· variable;
· source;
· reason;
· geography;
· period.

CHUD-IND-030 — Unclassified missing values
Definition
Number or proportion of missing values without an approved missing-data reason.
Interpretation
A high value indicates poor transparency in missing-data handling.

CHUD-IND-031 — True-zero verification rate
Definition
Proportion of zero values meeting the approved criteria for a true reported zero.
Limitation
Applicable only where zero reporting can be verified.

CHUD-IND-032 — Imputed-value rate
Definition
Proportion of output values generated through an approved imputation method.
Interpretation
Should be reviewed with method, geography and intended use.

CHUD-IND-033 — Estimated-value rate
Definition
Proportion of values classified as estimated rather than directly observed or reported.

CHUD-IND-034 — Suppressed-value rate
Definition
Proportion of values suppressed for confidentiality or disclosure control.
Interpretation
Should be assessed for its impact on analytical usefulness and equity.

13. Validity indicators
CHUD-IND-035 — Validation pass rate
Definition
Proportion of validation rules passed during a pipeline run or reporting period.
Limitation
A high pass rate does not by itself establish fitness for use because rules differ in significance.

CHUD-IND-036 — Records failing critical validation
Definition
Number or proportion of records failing at least one critical validation rule.

CHUD-IND-037 — Invalid-value rate
Definition
Proportion of assessed values outside approved formats, ranges or value sets.

CHUD-IND-038 — Invalid timestamp rate
Definition
Proportion of records with invalid, ambiguous or inconsistent timestamps.

CHUD-IND-039 — Invalid geographic identifier rate
Definition
Proportion of records containing geographic identifiers that cannot be validated.

CHUD-IND-040 — Invalid unit rate
Definition
Proportion of records with missing, unsupported or inconsistent units.

14. Consistency indicators
CHUD-IND-041 — Cross-field consistency pass rate
Definition
Proportion of records passing approved cross-field consistency checks.

CHUD-IND-042 — Period-to-period anomaly rate
Definition
Proportion of monitored values showing changes beyond configured review criteria.
Interpretation
These are review signals, not confirmed data errors.

CHUD-IND-043 — Source-to-output reconciliation pass rate
Definition
Proportion of pipeline runs passing approved reconciliation checks.

CHUD-IND-044 — Conflicting authoritative-source events
Definition
Number of instances in which authoritative sources provided materially conflicting values for the same concept, period or geography.

CHUD-IND-045 — Dataset revisions affecting prior periods
Definition
Number of source revisions that changed values for previously processed periods.

15. Uniqueness and duplicate indicators
CHUD-IND-046 — Duplicate-record rate
Definition
Proportion of source records identified as exact duplicates.

CHUD-IND-047 — Conflicting duplicate rate
Definition
Proportion of records sharing the approved uniqueness key but containing different values.

CHUD-IND-048 — Duplicate pipeline outputs
Definition
Number of cases in which more than one output was incorrectly presented as current for the same scope and period.
Interpretation
Any confirmed occurrence requires investigation.

16. Geographic-quality indicators
CHUD-IND-049 — Geographic match rate
Definition
Proportion of records successfully mapped to an approved target geography.
Numerator
Number of records with valid target geographic mapping.
Denominator
Total records requiring mapping.

CHUD-IND-050 — Unmatched-geography rate
Definition
Proportion of records that could not be mapped to the target geography.

CHUD-IND-051 — Ambiguous geographic mapping rate
Definition
Proportion of records with more than one plausible geographic mapping.

CHUD-IND-052 — Geographic crosswalk coverage
Definition
Proportion of required source-to-target geographic relationships represented in the active crosswalk.

CHUD-IND-053 — Outdated boundary use
Definition
Number of pipeline runs using a geographic boundary version outside its approved applicability.

CHUD-IND-054 — Estimated spatial-allocation rate
Definition
Proportion of output values allocated through estimated rather than exact geographic mapping.

CHUD-IND-055 — Geographic outputs with documented uncertainty
Definition
Proportion of spatially transformed outputs containing the required uncertainty or limitation metadata.

17. Temporal-quality indicators
CHUD-IND-056 — Valid time-mapping rate
Definition
Proportion of records successfully mapped to the approved target reporting period.

CHUD-IND-057 — Incomplete-period rate
Definition
Proportion of output periods not meeting the approved minimum temporal completeness rule.

CHUD-IND-058 — Provisional-period rate
Definition
Proportion of current output periods classified as provisional.

CHUD-IND-059 — Reporting-delay distribution
Definition
Distribution of delays between source event or reporting-period end and data availability.
Suggested measures
· median;
· interquartile range;
· maximum;
· proportion beyond tolerance.

CHUD-IND-060 — Time-zone or calendar exceptions
Definition
Number of records or runs affected by unresolved time-zone, daylight-saving or reporting-calendar inconsistencies.

CHUD-IND-061 — Late-arriving data rate
Definition
Proportion of records received after the publication cut-off or initial processing period.

18. Transformation indicators
CHUD-IND-062 — Transformation success rate
Definition
Proportion of transformation executions completed without critical error.

CHUD-IND-063 — Unmapped terminology rate
Definition
Proportion of coded values that could not be mapped to the approved target terminology.

CHUD-IND-064 — Unmapped identifier rate
Definition
Proportion of source identifiers without a confirmed target mapping.

CHUD-IND-065 — Unit-conversion exception rate
Definition
Proportion of values requiring review because the unit was missing, unsupported or ambiguous.

CHUD-IND-066 — Transformation-rule coverage
Definition
Proportion of required source-to-target transformations represented by an approved active rule.

CHUD-IND-067 — Transformation overrides
Definition
Number or proportion of transformation results manually overridden by authorised reviewers.
Interpretation
Repeated overrides may indicate a defective rule or changing source.

CHUD-IND-068 — Transformation reproducibility
Definition
Proportion of sampled transformations independently reproduced within the approved tolerance.

19. Temporal harmonisation indicators
CHUD-IND-069 — Temporal harmonisation success rate
Definition
Proportion of datasets successfully aligned to the approved target period without unresolved critical exceptions.

CHUD-IND-070 — Aggregates meeting completeness rules
Definition
Proportion of generated temporal aggregates meeting their approved minimum completeness requirement.

CHUD-IND-071 — Lag variables with approved method
Definition
Proportion of operational lagged variables linked to an approved method and version.

CHUD-IND-072 — Temporal transformations requiring manual review
Definition
Proportion of temporal harmonisation runs requiring expert review.

20. Spatial harmonisation indicators
CHUD-IND-073 — Spatial harmonisation success rate
Definition
Proportion of datasets mapped to the target geography without unresolved critical exceptions.

CHUD-IND-074 — Records allocated by exact mapping
Definition
Proportion of mapped records using an exact one-to-one geographic relationship.

CHUD-IND-075 — Records allocated by weighted mapping
Definition
Proportion of mapped records using area, population or another approved weighting method.

CHUD-IND-076 — Spatial transformations independently validated
Definition
Proportion of active high-impact spatial methods with current validation evidence.

CHUD-IND-077 — Unsupported geographic disaggregation events
Definition
Number of attempted or detected outputs produced at a finer geography than the source supports without an approved estimation method.
Interpretation
Any confirmed event requires correction.

21. Derived-variable indicators
CHUD-IND-078 — Derived variables with complete documentation
Definition
Proportion of active derived variables with approved formula, source inputs, units, temporal basis, geographic basis, version and limitations.

CHUD-IND-079 — Derived-variable validation coverage
Definition
Proportion of active derived variables with current test and validation evidence.

CHUD-IND-080 — Derived-variable calculation failures
Definition
Number of failed or invalid derived-variable calculations during the reporting period.

CHUD-IND-081 — Derived values presented without provenance classification
Definition
Number of cases in which a derived, estimated, imputed, modelled or predicted value was presented without its correct classification.
Interpretation
Any confirmed occurrence should trigger corrective review.

22. Integration indicators
CHUD-IND-082 — Integration-run success rate
Definition
Proportion of integration runs completing without critical error.

CHUD-IND-083 — Record match rate
Definition
Proportion of eligible source records successfully linked during integration.

CHUD-IND-084 — Unmatched-record rate
Definition
Proportion of eligible records remaining unmatched after approved integration logic.

CHUD-IND-085 — Unexpected join-cardinality events
Definition
Number of integration runs in which observed join cardinality differed from the approved specification.

CHUD-IND-086 — Record multiplication rate
Definition
Difference between expected and observed output records resulting from joins.
Interpretation
Unexpected multiplication may indicate duplicate keys or invalid many-to-many relationships.

CHUD-IND-087 — Integration reconciliation pass rate
Definition
Proportion of integration runs passing all mandatory reconciliation checks.

CHUD-IND-088 — Integrated datasets with complete lineage
Definition
Proportion of active integrated datasets with complete source, transformation, harmonisation and run lineage.

23. Pipeline-performance indicators
CHUD-IND-089 — Scheduled pipeline completion rate
Definition
Proportion of scheduled pipeline runs reaching completed or completed-with-warnings status.

CHUD-IND-090 — Successful pipeline completion rate
Definition
Proportion of runs reaching completed status without warnings or unresolved critical issues.

CHUD-IND-091 — Pipeline failure rate
Definition
Proportion of initiated pipeline runs ending in failed status.

CHUD-IND-092 — Pipeline warning rate
Definition
Proportion of completed runs classified as completed with warnings.

CHUD-IND-093 — Median pipeline duration
Definition
Median duration between run start and completion.
Suggested disaggregation
· pipeline;
· stage;
· reporting period;
· source configuration.

CHUD-IND-094 — Runs exceeding expected completion time
Definition
Proportion of pipeline runs completed after the configured expected time.

CHUD-IND-095 — Retry rate
Definition
Proportion of runs requiring one or more retries.

CHUD-IND-096 — Recovery success rate
Definition
Proportion of failed runs restored successfully through approved recovery procedures.

CHUD-IND-097 — Mean time to recovery
Definition
Average or median duration between failure detection and verified recovery.

CHUD-IND-098 — Manual intervention rate
Definition
Proportion of pipeline runs requiring manual intervention.
Interpretation
Should be reviewed by cause. Manual intervention may be appropriate for scientific review or exceptional processing.

CHUD-IND-099 — Pipeline stages with current operational ownership
Definition
Proportion of active pipeline stages assigned to an accountable operational owner.

24. Dependency and scheduling indicators
CHUD-IND-100 — Runs delayed by upstream dependency
Definition
Proportion of runs delayed because a required upstream source, process or approval was unavailable.

CHUD-IND-101 — Overdue operational tasks
Definition
Number of source, validation, approval, correction or publication tasks beyond their approved deadline.

CHUD-IND-102 — Approval turnaround time
Definition
Median duration between submission for approval and recorded decision.

CHUD-IND-103 — Publication hold rate
Definition
Proportion of publication candidates held because of quality, privacy, security, ownership or approval issues.

CHUD-IND-104 — Concurrent-run conflicts
Definition
Number of instances in which overlapping runs created version, locking or output-precedence conflicts.

25. Quality-gate indicators
CHUD-IND-105 — Mandatory quality-gate pass rate
Definition
Proportion of pipeline runs passing all mandatory quality gates.

CHUD-IND-106 — Quality-gate overrides
Definition
Number of runs permitted to proceed through an authorised override of a non-prohibited quality condition.
Required review
Each override should be reviewed by reason, authority and downstream impact.

CHUD-IND-107 — Critical failures reaching downstream stages
Definition
Number of cases in which a dataset failing a critical quality rule proceeded to integration, analysis or publication.
Interpretation
Any confirmed occurrence indicates a control failure.

CHUD-IND-108 — Quarantined datasets resolved
Definition
Proportion of quarantined datasets corrected, accepted with limitations or formally rejected within the approved interval.

26. Fitness-for-use indicators
CHUD-IND-109 — Integrated datasets with completed fitness review
Definition
Proportion of active integrated dataset versions with a completed fitness-for-use assessment.

CHUD-IND-110 — Datasets classified fit
Definition
Proportion of reviewed datasets classified as fit for their intended use.

CHUD-IND-111 — Datasets fit with limitations
Definition
Proportion of reviewed datasets classified as fit with limitations.

CHUD-IND-112 — Datasets requiring revision
Definition
Proportion of reviewed datasets classified as requiring revision before use or release.

CHUD-IND-113 — Datasets used outside approved purpose
Definition
Number of confirmed instances in which a dataset was used beyond its documented permitted purpose.
Interpretation
Any confirmed event requires governance review.

27. Publication and release indicators
CHUD-IND-114 — Approved outputs published on schedule
Definition
Proportion of approved outputs published within the approved publication window.

CHUD-IND-115 — Published outputs with complete metadata
Definition
Proportion of published datasets and products containing the required metadata and limitation statements.

CHUD-IND-116 — Published outputs with current version status
Definition
Proportion of published outputs correctly identified as current, provisional, corrected, superseded, withdrawn or archived.

CHUD-IND-117 — Publication correction rate
Definition
Proportion of published outputs requiring correction after release.
Interpretation
Should be reviewed by cause and severity.

CHUD-IND-118 — Withdrawal rate
Definition
Number or proportion of published outputs withdrawn because of material quality, privacy, security or governance issues.

CHUD-IND-119 — Time from confirmed issue to correction
Definition
Median duration between confirmation of a material publication issue and release of the correction or withdrawal notice.

CHUD-IND-120 — Users notified of material correction
Definition
Proportion of material corrections for which known affected users were notified as required.

28. Metadata and catalogue indicators
CHUD-IND-121 — Active datasets represented in the catalogue
Definition
Proportion of active CHUD datasets with a current catalogue entry.

CHUD-IND-122 — Catalogue entries reviewed on schedule
Definition
Proportion of catalogue entries reviewed within the approved interval.

CHUD-IND-123 — Dataset discovery success
Definition
Proportion of sampled user searches in which the relevant dataset or metadata record can be located.
Limitation
May require usability testing rather than routine automated reporting.

CHUD-IND-124 — Metadata correction rate
Definition
Number or proportion of catalogue records requiring correction because of inaccurate or outdated metadata.

29. Analytical-product indicators
CHUD-IND-125 — Analytical outputs using approved dataset versions
Definition
Proportion of analytical products linked to approved current dataset versions.

CHUD-IND-126 — Analytical outputs with documented methods
Definition
Proportion of analytical products with complete method, source, period, geography and limitation documentation.

CHUD-IND-127 — Outputs receiving multidisciplinary review
Definition
Proportion of defined high-impact analytical products reviewed by the required technical and public-health roles.

CHUD-IND-128 — Unconfirmed signals presented as established findings
Definition
Number of confirmed cases in which a data or model signal was presented as a confirmed event or causal conclusion without appropriate review.
Interpretation
Any occurrence should trigger corrective action.

CHUD-IND-129 — Analytical outputs requiring correction
Definition
Number or proportion of analytical outputs corrected because of methodological, source or interpretation errors.

30. Surveillance indicators
CHUD-IND-130 — Scheduled climate-health surveillance products completed
Definition
Proportion of scheduled climate-health surveillance products completed.

CHUD-IND-131 — Surveillance products delivered on time
Definition
Proportion of scheduled products delivered within the approved reporting window.

CHUD-IND-132 — Surveillance products with current quality status
Definition
Proportion of surveillance products clearly displaying the quality and provisional status of their underlying data.

CHUD-IND-133 — Signals reviewed within the approved interval
Definition
Proportion of detected climate-health signals receiving accountable review within the configured interval.

CHUD-IND-134 — Signal confirmation rate
Definition
Proportion of reviewed signals classified as confirmed or plausible.
Limitation
Should not be interpreted as a performance target because the rate depends on detection design and underlying events.

CHUD-IND-135 — Signals attributed to data or pipeline defects
Definition
Proportion of reviewed signals classified as artefactual because of source, processing or reporting defects.

31. Public-health utility indicators
CHUD-IND-136 — Active authorised users
Definition
Number of authorised users accessing CHUD datasets, reports or analytical products during the reporting period.
Limitation
Usage does not by itself establish value or correct interpretation.

CHUD-IND-137 — Approved use cases receiving required outputs
Definition
Proportion of active approved use cases for which the defined CHUD output was produced.

CHUD-IND-138 — Public-health users reporting that outputs are useful
Definition
Proportion of surveyed or interviewed users reporting that CHUD outputs meet their stated operational or analytical need.

CHUD-IND-139 — Decisions or actions supported
Definition
Number of documented public-health planning, surveillance, policy or preparedness activities that used CHUD outputs.
Interpretation
Should record the nature of support without implying that CHUD alone caused the decision.

CHUD-IND-140 — Unmet data needs
Definition
Number of approved public-health questions that cannot be addressed because required data, methods, access or capacity are unavailable.

CHUD-IND-141 — Duplicated data-processing activities reduced
Definition
Number of recurring duplicate data preparation or integration activities consolidated or replaced through CHUD.

CHUD-IND-142 — User-reported interpretation problems
Definition
Number of material user reports indicating that an output, metadata item or limitation was unclear or misleading.

32. Privacy and confidentiality indicators
CHUD-IND-143 — Restricted datasets with current privacy review
Definition
Proportion of active restricted datasets with a current privacy or disclosure assessment.

CHUD-IND-144 — Published outputs reviewed for disclosure risk
Definition
Proportion of applicable public or shared outputs receiving the required disclosure review.

CHUD-IND-145 — Small-cell or sensitive-geography exceptions
Definition
Number of outputs requiring suppression, aggregation, masking or restricted release because of disclosure risk.

CHUD-IND-146 — Privacy incidents
Definition
Number of confirmed privacy or confidentiality incidents affecting CHUD data or outputs.
Suggested disaggregation
· severity;
· affected data;
· cause;
· status;
· notification requirement.

CHUD-IND-147 — Data retained beyond approved period
Definition
Number of datasets, extracts or access copies retained beyond their approved retention or access period without authorised exception.

33. Security indicators
CHUD-IND-148 — Critical systems with current security review
Definition
Proportion of critical CHUD systems and interfaces with a current security assessment.

CHUD-IND-149 — Privileged accounts reviewed
Definition
Proportion of privileged accounts reviewed within the required period.

CHUD-IND-150 — Security incidents affecting data integrity or availability
Definition
Number of confirmed security incidents affecting CHUD confidentiality, integrity or availability.

CHUD-IND-151 — Unresolved critical vulnerabilities
Definition
Number of critical security vulnerabilities remaining unresolved beyond the approved remediation interval.

CHUD-IND-152 — Backup completion rate
Definition
Proportion of scheduled backups completed successfully.

CHUD-IND-153 — Recovery tests completed
Definition
Proportion of scheduled recovery tests completed with an acceptable result.

34. Incident and corrective-action indicators
CHUD-IND-154 — Data and pipeline incidents
Definition
Number of incidents recorded during the reporting period.
Suggested disaggregation
· source;
· pipeline;
· privacy;
· security;
· publication;
· model;
· severity.

CHUD-IND-155 — Incidents resolved within the approved interval
Definition
Proportion of closed incidents resolved within the configured interval for their severity.

CHUD-IND-156 — Median incident-resolution time
Definition
Median duration between incident detection and verified resolution.

CHUD-IND-157 — Incidents with completed root-cause analysis
Definition
Proportion of applicable incidents with documented root cause.

CHUD-IND-158 — Corrective actions completed on time
Definition
Proportion of corrective actions completed by their approved target date.

CHUD-IND-159 — Corrective actions verified
Definition
Proportion of completed corrective actions independently or formally verified where required.

CHUD-IND-160 — Recurring incidents
Definition
Number or proportion of incidents repeating a previously identified root cause.
Interpretation
May indicate ineffective corrective action.

35. Change-management indicators
CHUD-IND-161 — Material changes with completed impact assessment
Definition
Proportion of material source, method, rule, system or interface changes with a documented impact assessment.

CHUD-IND-162 — Changes tested before production release
Definition
Proportion of material changes tested in an approved environment before production use.

CHUD-IND-163 — Emergency changes receiving retrospective review
Definition
Proportion of emergency changes receiving the required retrospective review.

CHUD-IND-164 — Outputs linked to active rule versions
Definition
Proportion of current outputs linked to approved active transformation, harmonisation and integration-rule versions.

36. Country implementation indicators
CHUD-IND-165 — Personas mapped to national roles
Definition
Proportion of applicable generic CHUD personas mapped to accountable country roles.

CHUD-IND-166 — Workflows validated
Definition
Proportion of applicable CHUD workflows validated through stakeholder review, testing or pilot use.

CHUD-IND-167 — Core data elements mapped
Definition
Proportion of required generic data elements mapped to national data concepts and sources.

CHUD-IND-168 — Mandatory requirements met
Definition
Proportion of country-classified mandatory CHUD requirements fully implemented and validated.

CHUD-IND-169 — Interfaces tested
Definition
Proportion of active interfaces with current test evidence.

CHUD-IND-170 — Critical country issues unresolved
Definition
Number of unresolved critical issues affecting implementation safety, authority, data integrity, privacy, security or continuity.

CHUD-IND-171 — Operational ownership confirmed
Definition
Proportion of active CHUD components with an accountable long-term owner.

CHUD-IND-172 — Country validation coverage
Definition
Proportion of applicable CHUD artefacts reviewed through country groundtruthing.

37. Sustainability indicators
CHUD-IND-173 — Critical functions with named operational staff
Definition
Proportion of critical CHUD functions with designated primary and backup personnel.

CHUD-IND-174 — Active components with maintenance arrangements
Definition
Proportion of active pipelines, systems, rules and catalogues with defined maintenance ownership and schedule.

CHUD-IND-175 — Staff training completion
Definition
Proportion of users in defined roles completing required training.

CHUD-IND-176 — Components dependent on temporary project support
Definition
Number or proportion of active components that cannot continue without temporary programme or external support.

CHUD-IND-177 — Funding coverage for routine operation
Definition
Proportion of approved routine operational costs covered for the defined planning period.

CHUD-IND-178 — Unsupported technologies or interfaces
Definition
Number of active components using unsupported, undocumented or unmaintained technologies or interfaces.

38. Standards and interoperability indicators
CHUD-IND-179 — Required standards mappings completed
Definition
Proportion of required CHUD data exchanges with a documented standards mapping.

CHUD-IND-180 — Confirmed standards mappings
Definition
Proportion of mappings classified as confirmed rather than proposed or partial.

CHUD-IND-181 — Interface conformance pass rate
Definition
Proportion of tested interface messages or transactions passing applicable conformance checks.

CHUD-IND-182 — National extensions documented
Definition
Proportion of active national standards extensions with complete definition, ownership and versioning.

CHUD-IND-183 — Interface-error rate
Definition
Proportion of interface transactions rejected, failed or requiring manual correction.

CHUD-IND-184 — WIS 2.0 acquisition success
Definition
Where applicable, proportion of expected WIS 2.0 data acquisitions completed successfully.

CHUD-IND-185 — FHIR exchange conformance
Definition
Where applicable, proportion of sampled FHIR exchanges conforming to the approved release, profile and terminology.
Limitation
Applicable only after the relevant FHIR mappings and profiles have been validated.

39. AI and model-related indicators
CHUD-IND-186 — AI use cases registered
Definition
Proportion of operational AI-supported functions represented in the approved AI use-case register.

CHUD-IND-187 — AI outputs receiving required human review
Definition
Proportion of material AI-supported outputs reviewed before operational use.

CHUD-IND-188 — AI-output rejection or correction rate
Definition
Proportion of reviewed AI outputs rejected or materially corrected.
Interpretation
A high value may indicate poor model fit, changing inputs or appropriately cautious review.

CHUD-IND-189 — AI outputs used outside approved scope
Definition
Number of confirmed instances in which an AI service or model was used beyond its approved purpose or validation context.

CHUD-IND-190 — Model or service version changes reviewed
Definition
Proportion of material model or provider changes receiving required review before operational use.

CHUD-IND-191 — AI-related incidents
Definition
Number of incidents involving fabricated content, unsafe mapping, privacy leakage, model drift, unexplained output or unavailable provenance.

CHUD-IND-192 — AI fallback availability
Definition
Proportion of operationally significant AI-supported functions with a tested non-AI fallback.

CHUD-IND-193 — Model-input quality failures
Definition
Number or proportion of model-input pipeline runs failing approved data-quality checks.

CHUD-IND-194 — Model drift reviews completed
Definition
Proportion of scheduled model or AI-service drift reviews completed where applicable.

40. Programme-level indicators
Programme-level reporting may consolidate selected country indicators.
Potential programme indicators include:
· countries with approved CHUD scope;
· countries completing readiness assessment;
· countries with validated source inventories;
· countries with functioning minimum pipelines;
· countries with district-level analytical capability;
· countries using local or federated processing;
· countries with confirmed standards mappings;
· countries completing pilot validation;
· countries with unresolved critical issues;
· generic DAK changes arising from country evidence.
Programme comparisons should account for differences in:
· scope;
· data availability;
· implementation maturity;
· geographic structure;
· reporting frequency;
· country capacity.

41. Indicator dashboard
A CHUD operational dashboard may display:
· expected and received sources;
· delayed sources;
· pipeline status;
· current failures;
· quality-gate results;
· completeness;
· unmatched records;
· publication status;
· open incidents;
· overdue corrective actions;
· access expiries;
· maintenance status.
The dashboard should display:
· latest update time;
· applicable period;
· data status;
· source;
· owner;
· unresolved limitations.
A dashboard should not conceal detailed quality information behind a single overall score.

42. Composite scores
Composite data-quality or maturity scores may be used only where:
· component indicators are defined;
· weighting is justified;
· missing components are handled transparently;
· interpretation is documented;
· the score does not obscure critical failures.
A high composite score should not override a failed critical rule.
The generic DAK should not prescribe universal scoring weights.

43. Thresholds and targets
Targets or alert thresholds may be established for selected indicators.
They should be:
· country-configured;
· evidence-informed;
· linked to action;
· approved;
· versioned;
· reviewed periodically.
Possible actions may include:
· source follow-up;
· pipeline hold;
· expert review;
· reprocessing;
· publication limitation;
· corrective action;
· system maintenance;
· governance escalation.
An indicator should not have a target merely for reporting convenience.

44. Disaggregation
Indicators may be disaggregated by:
· source;
· dataset;
· pipeline;
· country;
· jurisdiction;
· geographic area;
· reporting period;
· institution;
· variable;
· quality severity;
· access class;
· publication type;
· incident type;
· implementation phase.
Disaggregation should respect privacy and disclosure controls.

45. Reporting frequency
Indicator frequency may be:
· per pipeline run;
· daily;
· weekly;
· monthly;
· quarterly;
· seasonal;
· annual;
· event-triggered;
· after incident;
· after review;
· country-defined.
Frequency should match how quickly the indicator can change and how it is used.

46. Data sources for indicators
Indicator data may come from:
· source schedule register;
· acquisition logs;
· validation results;
· pipeline-run records;
· integration reports;
· quality assessments;
· access records;
· publication logs;
· catalogue metadata;
· incident registers;
· change records;
· user surveys;
· country validation records;
· AI use-case and model registers.
Indicator calculations should remain traceable to their source records.

47. Indicator data quality
Indicators should themselves be assessed for:
· completeness;
· timeliness;
· validity;
· consistency;
· interpretation;
· sustainability.
An indicator should be marked unavailable or incomplete where its supporting data are insufficient.
Missing indicator results should not be automatically interpreted as poor performance.

48. Monitoring response
Monitoring should lead to defined actions.
Examples include:
IF a mandatory source-delivery indicator falls below the approved level, THEN review the source, activate follow-up and assess fallback.
IF unmatched geographic records exceed the approved tolerance, THEN pause affected outputs and review mappings.
IF pipeline failure recurs for the same root cause, THEN open a corrective-action review.
IF a published output lacks complete lineage, THEN suspend further release until traceability is restored.
The exact thresholds and actions should be country-configured.

49. Indicator review
Indicators should be reviewed periodically to determine whether they remain:
· useful;
· feasible;
· interpretable;
· actionable;
· proportionate;
· aligned with programme priorities.
Indicators may be revised or retired where they:
· do not inform decisions;
· duplicate other measures;
· create excessive burden;
· cannot be calculated reliably;
· encourage undesirable behaviour;
· no longer match the implementation.

50. Minimum indicator set
A minimum CHUD implementation should monitor:
1. expected source deliveries received;
2. on-time source receipt;
3. mandatory-field completeness;
4. invalid-record rate;
5. geographic match rate;
6. temporal completeness;
7. transformation success;
8. unmatched-record rate;
9. reconciliation pass rate;
10. pipeline completion and failure;
11. retry and recovery;
12. fitness-for-use review status;
13. publication status;
14. correction and withdrawal;
15. open critical incidents;
16. corrective-action completion;
17. ownership and access review;
18. active-component maintenance ownership.

51. Advanced indicator set
More mature implementations may additionally monitor:
· real-time source latency;
· source-quality trends;
· dynamic geographic coverage;
· automated lineage completeness;
· user-level data-use patterns;
· public-health decision support;
· federated execution consistency;
· predictive pipeline reliability;
· model-input drift;
· AI review and override;
· sustainability costs;
· cross-country comparability.
Advanced indicators should be adopted only where their data and interpretation can be sustained.

52. Country adaptation
Countries should classify each generic indicator as:
· adopted;
· adapted;
· replaced by a national indicator;
· deferred;
· not applicable;
· unavailable;
· planned.
Country indicator records should define:
· national name;
· purpose;
· formula;
· numerator;
· denominator;
· source;
· frequency;
· owner;
· target or threshold;
· interpretation;
· action;
· validation status.
National targets and thresholds should not be presented as universal DAK standards.

53. Indicator validation questions
For each indicator, confirm:
1. Does it support a real decision or action?
2. Is the definition unambiguous?
3. Are numerator and denominator compatible?
4. Is the source available?
5. Can the result be reproduced?
6. Is the reporting frequency appropriate?
7. Is the responsible owner identified?
8. Are limitations documented?
9. Could the indicator be misinterpreted?
10. Does it create an excessive reporting burden?
11. Is a target or threshold justified?
12. Is disaggregation safe and useful?
13. Is the indicator sensitive to source or method changes?
14. Does it require country configuration?
15. Can it be sustained after programme support ends?

54. Traceability
Each indicator should link to:
· intervention;
· persona;
· user scenario;
· workflow;
· data element;
· transformation or harmonisation rule;
· schedule;
· functional requirement;
· architecture component;
· source record;
· test case;
· corrective action;
· country configuration;
· validation evidence.
This allows programme teams to determine:
· why the indicator exists;
· how it is calculated;
· what action it supports;
· what is affected if its source or definition changes.

55. Indicators and monitoring principle
CHUD monitoring should make data and pipeline performance visible without reducing complex quality and public-health questions to misleading scores.
Its core principle is:
Measure what supports action, expose delay, incompleteness, error and uncertainty, preserve the context behind every result, and use monitoring to improve the source, method, pipeline and public-health value of the data.
Functional and non-functional requirements
1. Purpose
This section defines the functional and non-functional requirements needed to implement, operate, test and maintain a Climate and Health Unified Data solution.
The requirements translate the CHUD:
· interventions;
· personas;
· user scenarios;
· workflows;
· data elements;
· transformation and harmonisation logic;
· pipeline lifecycle;
· indicators;
into testable capabilities.
The requirements are software-neutral.
They do not prescribe:
· one platform;
· one database;
· one cloud provider;
· one programming language;
· one analytical tool;
· one deployment model;
· one vendor.
A requirement may be met through:
· an existing national system;
· a new digital component;
· an interoperability layer;
· controlled scripts;
· a data platform;
· a secure analytical environment;
· a workbook;
· a documented manual process.

2. Requirement categories
The CHUD requirements are organised into:
1. governance and intended use;
2. data-source management;
3. data access and sharing;
4. data acquisition;
5. validation and data quality;
6. structural standardisation;
7. terminology, units and identifiers;
8. temporal harmonisation;
9. spatial harmonisation;
10. derived variables;
11. data integration;
12. provenance, lineage and reproducibility;
13. pipeline scheduling and operations;
14. analytical readiness and fitness for use;
15. publication and access;
16. correction, revision and reprocessing;
17. local and federated processing;
18. interoperability;
19. AI and advanced analytics;
20. non-functional requirements;
21. implementation and acceptance.
Detailed requirement records should be maintained in the CHUD Requirements and Traceability workbook.

3. Requirement specification
Each requirement should include:
· requirement identifier;
· title;
· requirement statement;
· rationale;
· type;
· priority;
· source;
· responsible owner;
· related personas;
· related workflow;
· related data elements;
· country-configurable elements;
· acceptance criteria;
· test method;
· implementation status;
· validation status;
· dependencies;
· comments.
Requirement statements should use clear and testable language such as:
The system shall…
Where a requirement may be fulfilled through a manual process, this should be stated explicitly.

4. Governance and intended-use requirements
CHUD-FR-001 — Use-case register
The system shall maintain a controlled register of approved CHUD use cases.
Each use case shall identify:
· public-health objective;
· requesting institution;
· accountable sponsor;
· intended users;
· intended decision or analytical purpose;
· geographic scope;
· temporal scope;
· expected outputs;
· approval status;
· limitations;
· review date.

CHUD-FR-002 — Intended-use classification
The system shall classify datasets and outputs according to approved intended use.
Possible classifications may include:
· surveillance;
· descriptive analysis;
· preparedness;
· planning;
· evaluation;
· research;
· operational monitoring;
· predictive-model preparation;
· public communication.

CHUD-FR-003 — Unsupported-use recording
The system shall allow unsupported, prohibited or inappropriate uses to be recorded for each dataset or product.

CHUD-FR-004 — Governance-role register
The system shall maintain a controlled register of:
· data owners;
· data stewards;
· custodians;
· processors;
· access approvers;
· publication authorities;
· technical operators;
· method approvers.

CHUD-FR-005 — Decision logging
The system shall record material governance, access, method, source, release and correction decisions.

CHUD-FR-006 — Assumption management
The system shall support recording, ownership, review and resolution of programme and country assumptions.

CHUD-FR-007 — Country configuration
The system shall support country-specific governance, data, workflow and method configuration without requiring changes to the generic CHUD specification.

5. Data-source management requirements
CHUD-FR-008 — Source inventory
The system shall maintain a controlled inventory of climate, environmental, health, population, facility and geographic data sources.

CHUD-FR-009 — Source metadata
Each source record shall include:
· source name;
· source organisation;
· owner;
· steward;
· data domain;
· authority classification;
· geographic coverage;
· temporal coverage;
· resolution;
· update frequency;
· revision practice;
· access method;
· permitted use;
· quality status;
· fallback source;
· review date.

CHUD-FR-010 — Source authority classification
The system shall support classification of sources as:
· authoritative national;
· authoritative subnational;
· official international;
· approved programme;
· research;
· secondary operational;
· provisional;
· fallback;
· unverified.

CHUD-FR-011 — Preferred-source designation
The system shall allow an authorised user to identify a preferred and one or more fallback sources for a defined data concept.

CHUD-FR-012 — Source review
The system shall support periodic review of source:
· ownership;
· authority;
· access;
· quality;
· metadata;
· sustainability;
· continued fitness for use.

CHUD-FR-013 — Source change notification
The system shall record and notify relevant users of material changes to:
· source structure;
· metadata;
· update schedule;
· ownership;
· access conditions;
· methodology;
· geographic coverage;
· revision policy.

CHUD-FR-014 — Source gap management
The system shall record unresolved source gaps and link them to affected use cases, workflows and outputs.

6. Data-access and sharing requirements
CHUD-FR-015 — Access-request management
The system shall support submission and review of data-access requests.

CHUD-FR-016 — Minimum necessary access
The system shall allow requested variables, geography, period and duration to be reduced to the minimum necessary level.

CHUD-FR-017 — Access decision
The system shall allow an authorised approver to:
· approve;
· approve with conditions;
· request revision;
· defer;
· reject;
· suspend;
· revoke;
a data-access request.

CHUD-FR-018 — Access conditions
The system shall record:
· permitted purpose;
· approved users;
· approved variables;
· approved geographic detail;
· approved period;
· permitted processing environment;
· onward-sharing restrictions;
· publication conditions;
· expiry;
· retention.

CHUD-FR-019 — Separation of approval and provisioning
The system shall support separation between data-access approval and technical account provisioning where feasible.

CHUD-FR-020 — Time-limited access
Restricted access shall support an expiry date or review date.

CHUD-FR-021 — Access review
The system shall support periodic review, renewal, suspension and closure of access permissions.

CHUD-FR-022 — Access revocation
The system shall allow authorised users to revoke access promptly.

CHUD-FR-023 — Data-sharing agreement linkage
The system shall link access and data processing to the applicable data-sharing or data-use agreement where required.

CHUD-FR-024 — Export control
The system shall support restrictions on download, export, copying or onward sharing where required.

CHUD-FR-025 — Access audit
The system shall log material access, download, export and privileged actions.

7. Data-acquisition requirements
CHUD-FR-026 — Automated acquisition
The system shall support acquisition through one or more approved automated mechanisms.
These may include:
· APIs;
· WIS 2.0 services;
· secure database exchange;
· interoperability platforms;
· message services;
· scheduled file transfer.

CHUD-FR-027 — Manual acquisition
The system shall support controlled manual or semi-manual data receipt where automated exchange is unavailable.

CHUD-FR-028 — Source authentication
The system shall verify the identity or authority of the source before accepting data for processing.

CHUD-FR-029 — Acquisition identifier
Each acquisition shall receive a stable identifier.

CHUD-FR-030 — Acquisition metadata
The system shall record:
· source;
· dataset;
· requested period;
· requested geography;
· source version;
· interface version;
· initiation time;
· receipt time;
· acquisition method;
· transfer result;
· responsible service or actor.

CHUD-FR-031 — Original-source preservation
The system shall preserve the original source file, message or authoritative reference where policy and architecture permit.

CHUD-FR-032 — Integrity checking
The system shall support file, object or message integrity checking where appropriate.

CHUD-FR-033 — Duplicate acquisition detection
The system shall detect repeated receipt of the same source version and period.

CHUD-FR-034 — Revised-source detection
The system shall distinguish revised source data from duplicate receipt.

CHUD-FR-035 — Missing-source detection
The system shall identify when an expected source delivery has not been received.

CHUD-FR-036 — Delayed-source classification
The system shall classify and measure source delay against country-configured expectations.

CHUD-FR-037 — Retry
The system shall support approved retry rules for eligible acquisition failures.

CHUD-FR-038 — Fallback source
The system shall support controlled use of an approved fallback source.
Fallback use shall remain visible in metadata and outputs.

CHUD-FR-039 — Manual fallback
The implementation shall define a documented manual acquisition route for critical sources where appropriate.

8. Validation and data-quality requirements
CHUD-FR-040 — Validation-rule register
The system shall maintain approved and versioned validation rules.

CHUD-FR-041 — Required-field validation
The system shall validate presence of required files, tables, fields and values.

CHUD-FR-042 — Data-type validation
The system shall validate source values against the expected data type.

CHUD-FR-043 — Format validation
The system shall validate dates, timestamps, codes and other structured formats.

CHUD-FR-044 — Range validation
The system shall support plausible-range and boundary checks.
Out-of-range values shall be flagged rather than automatically discarded unless an approved rule exists.

CHUD-FR-045 — Permitted-value validation
The system shall validate coded fields against approved value sets.

CHUD-FR-046 — Unit validation
The system shall validate source units and distinguish missing, unsupported and ambiguous units.

CHUD-FR-047 — Geographic validation
The system shall validate geographic identifiers, coordinates and boundary versions.

CHUD-FR-048 — Temporal validation
The system shall validate reporting periods, timestamps, time zones and temporal sequence.

CHUD-FR-049 — Duplicate-record detection
The system shall support source-specific uniqueness rules and identify exact and conflicting duplicates.

CHUD-FR-050 — Completeness assessment
The system shall assess completeness by:
· required field;
· expected record;
· expected reporting unit;
· expected geography;
· expected period;
· required variable.

CHUD-FR-051 — Timeliness assessment
The system shall assess source and output timeliness against configured schedules.

CHUD-FR-052 — Cross-field consistency
The system shall support validation of relationships between fields.

CHUD-FR-053 — Previous-period comparison
The system may compare current and previous values to identify unusual changes requiring review.

CHUD-FR-054 — Data-quality status
The system shall assign and display a data-quality status.
Suggested values include:
· valid;
· valid with limitations;
· provisional;
· incomplete;
· delayed;
· quarantined;
· invalid;
· rejected;
· corrected;
· under review.

CHUD-FR-055 — Quality issue routing
The system shall route material quality issues to an accountable owner.

CHUD-FR-056 — Quarantine
The system shall support isolation of data that should not proceed automatically.

CHUD-FR-057 — Quality-gate enforcement
The system shall prevent datasets failing critical quality rules from proceeding to release.

CHUD-FR-058 — Warning acceptance
The system shall allow authorised acceptance of non-critical warnings with rationale and limitation recording.

9. Structural-standardisation requirements
CHUD-FR-059 — Source-to-target mapping
The system shall support approved mappings between source and target fields.

CHUD-FR-060 — Structure standardisation
The system shall support:
· field renaming;
· data-type conversion;
· restructuring;
· date parsing;
· text normalisation;
· target-model generation.

CHUD-FR-061 — Source-value preservation
For material transformed fields, the system shall preserve or provide access to the original source value.

CHUD-FR-062 — Transformation logging
The system shall record the transformation rule, version, execution and outcome.

CHUD-FR-063 — Ambiguous mapping handling
The system shall flag ambiguous structural or semantic mappings for review.

CHUD-FR-064 — Schema-version control
The system shall detect source schema changes and prevent unapproved mappings from being applied silently.

10. Terminology, units and identifier requirements
CHUD-FR-065 — Terminology mapping
The system shall support mapping between source codes and approved target terminology.

CHUD-FR-066 — Mapping status
Each terminology mapping shall be classified as:
· confirmed;
· proposed;
· partial;
· no direct mapping;
· national extension required;
· not applicable.

CHUD-FR-067 — Unmapped values
The system shall retain and report unmapped source values.

CHUD-FR-068 — Unit conversion
The system shall support approved unit conversion rules.

CHUD-FR-069 — Original and converted units
The system shall preserve the original value and unit alongside the converted value where required.

CHUD-FR-070 — Precision control
The system shall apply approved rounding and precision rules.

CHUD-FR-071 — Stable identifiers
The system shall support stable identifiers for:
· datasets;
· dataset versions;
· organisations;
· facilities;
· geographic areas;
· reporting periods;
· pipeline runs;
· rules;
· indicators;
· products.

CHUD-FR-072 — Source-identifier preservation
Source identifiers shall remain linked to target identifiers.

CHUD-FR-073 — Ambiguous identifier mapping
The system shall prevent ambiguous identifier mappings from being accepted as confirmed without review.

11. Missing-data requirements
CHUD-FR-074 — Explicit missing-data classification
The system shall distinguish:
· true zero;
· not reported;
· delayed;
· unavailable;
· invalid;
· suppressed;
· not applicable;
· below detection limit;
· estimated;
· imputed;
· unknown.

CHUD-FR-075 — No implicit zero
The system shall not convert missing values to zero unless an approved source-specific rule establishes a true zero.

CHUD-FR-076 — Missing-data propagation
The system shall preserve relevant missing-data status through downstream transformation and integration.

CHUD-FR-077 — Imputation control
The system shall permit imputation only through an approved method and shall classify imputed values explicitly.

CHUD-FR-078 — Estimation control
Estimated values shall remain distinguishable from observed or reported values.

CHUD-FR-079 — Suppression preservation
Suppressed values shall remain distinguishable from ordinary missing values.

12. Temporal-harmonisation requirements
CHUD-FR-080 — Time-concept distinction
The system shall distinguish:
· observation time;
· event time;
· issue time;
· valid time;
· reporting period;
· receipt time;
· ingestion time;
· transformation time;
· publication time;
· revision time.

CHUD-FR-081 — Time-zone handling
The system shall preserve source time zones and support conversion to an approved processing or display time zone.

CHUD-FR-082 — Reporting-calendar configuration
The system shall support country-defined:
· day boundaries;
· epidemiological weeks;
· calendar weeks;
· months;
· seasons;
· custom reporting periods.

CHUD-FR-083 — Temporal aggregation
The system shall support approved fine-to-coarse temporal aggregation.

CHUD-FR-084 — Aggregation metadata
Each aggregate shall remain linked to:
· source resolution;
· target resolution;
· aggregation method;
· completeness rule;
· time-zone rule;
· method version.

CHUD-FR-085 — Incomplete-period handling
The system shall classify incomplete periods and apply approved calculation or exclusion rules.

CHUD-FR-086 — Provisional-period handling
The system shall preserve and display provisional status.

CHUD-FR-087 — Lagged-variable support
The system shall support approved lag definitions.

CHUD-FR-088 — Cumulative-window support
The system shall support approved moving, cumulative and consecutive-period calculations.

CHUD-FR-089 — Forecast-time support
The system shall preserve forecast issue time, valid time, horizon and model run where relevant.

CHUD-FR-090 — No unsupported temporal disaggregation
The system shall prevent coarse source data from being presented as finer observed data without an approved estimation method.

13. Spatial-harmonisation requirements
CHUD-FR-091 — Geographic reference register
The system shall maintain or reference authoritative geographic areas, codes, hierarchies and boundary versions.

CHUD-FR-092 — Geographic crosswalks
The system shall support versioned crosswalks between source and target geographies.

CHUD-FR-093 — Point-to-area mapping
The system shall support approved assignment of points to geographic areas.

CHUD-FR-094 — Raster-to-area aggregation
The system shall support approved aggregation of gridded data to target areas.

CHUD-FR-095 — Area-to-area mapping
The system shall support approved mapping between non-equivalent area structures.

CHUD-FR-096 — Weighting methods
The system shall support approved:
· area weighting;
· population weighting;
· facility or service weighting;
· country-specific weighting.

CHUD-FR-097 — Boundary-version management
The system shall retain the geographic boundary version applied to each output.

CHUD-FR-098 — Unmatched geography
The system shall retain and report records that cannot be mapped.

CHUD-FR-099 — Ambiguous geography
The system shall classify ambiguous or partial geographic relationships.

CHUD-FR-100 — Spatial uncertainty
The system shall support recording of spatial uncertainty and methodological limitations.

CHUD-FR-101 — No unsupported spatial disaggregation
The system shall prevent source data from being presented at an unsupported finer geography without an approved estimation method.

CHUD-FR-102 — Disclosure-aware geography
The system shall support restrictions, aggregation or masking where geographic detail creates disclosure risk.

14. Derived-variable requirements
CHUD-FR-103 — Derived-variable register
The system shall maintain controlled definitions for derived variables.

CHUD-FR-104 — Method documentation
Each derived variable shall define:
· purpose;
· source variables;
· formula;
· unit;
· temporal basis;
· geographic basis;
· missing-data treatment;
· limitations;
· owner;
· method version.

CHUD-FR-105 — Observed-versus-derived classification
The system shall distinguish observed, reported, aggregated, calculated, estimated, imputed, modelled and predicted values.

CHUD-FR-106 — Test evidence
Each operational derived variable shall have test or validation evidence.

CHUD-FR-107 — Rate calculation
The system shall verify compatibility of numerator, denominator, geography and period before calculating a rate.

CHUD-FR-108 — Denominator versioning
Rates and proportions shall remain linked to the denominator version used.

CHUD-FR-109 — Threshold-exceedance calculation
The system may calculate threshold-exceedance indicators using approved country-configured rules.
Such calculations shall not independently authorise a public-health alert.

15. Data-integration requirements
CHUD-FR-110 — Integration-definition register
The system shall maintain approved integration specifications.

CHUD-FR-111 — Fixed input versions
Each integration run shall identify the exact input dataset versions used.

CHUD-FR-112 — Integration keys
The system shall support approved integration keys, including:
· geographic identifier;
· reporting period;
· facility identifier;
· station identifier;
· event identifier;
· population category.

CHUD-FR-113 — Join-cardinality validation
The system shall compare observed and expected join cardinality.

CHUD-FR-114 — Duplicate-key detection
The system shall detect duplicate values in keys expected to be unique.

CHUD-FR-115 — Unmatched-record reporting
The system shall report unmatched, partial and excluded records.

CHUD-FR-116 — Source-quality preservation
The system shall preserve relevant source quality flags in the integrated output.

CHUD-FR-117 — Record multiplication detection
The system shall detect unexplained record multiplication resulting from integration.

CHUD-FR-118 — Reconciliation
The system shall support reconciliation of:
· record counts;
· totals;
· geographic coverage;
· temporal coverage;
· excluded records;
· unmatched records.

CHUD-FR-119 — Integration-run identifier
Each integration execution shall receive a stable run identifier.

CHUD-FR-120 — Output versioning
Each integrated output shall receive a dataset version linked to its input versions and integration rules.

CHUD-FR-121 — Integration privacy review
The system shall support review of increased disclosure or linkage risk resulting from dataset combination.

16. Provenance, lineage and reproducibility requirements
CHUD-FR-122 — Provenance
The system shall record the source, actor or service, activity, time and version associated with material data operations.

CHUD-FR-123 — Data lineage
The system shall preserve lineage from:
· source dataset;
· source version;
· acquisition;
· validation;
· transformation;
· harmonisation;
· integration;
· derived variable;
· analytical product;
· publication.

CHUD-FR-124 — Rule version linkage
Each output shall remain linked to the rule and configuration versions applied.

CHUD-FR-125 — Pipeline-run linkage
Each generated dataset shall remain linked to the pipeline run that produced it.

CHUD-FR-126 — Reproducible execution
The implementation shall preserve sufficient information to reproduce or explain an output.
This may include:
· source versions;
· code or rule versions;
· configuration;
· environment;
· execution logs;
· geographic crosswalks;
· temporal methods.

CHUD-FR-127 — Source immutability
The implementation shall protect original source versions from unauthorised alteration.

CHUD-FR-128 — Historical version retrieval
Authorised users shall be able to retrieve historical source, rule and output versions where retention policy permits.

CHUD-FR-129 — Audit trail
The system shall maintain an audit trail for material actions affecting data, methods, access, publication and correction.

17. Pipeline scheduling and operational requirements
CHUD-FR-130 — Source schedule register
The system shall maintain expected source frequencies, receipt times, tolerances and escalation rules.

CHUD-FR-131 — Pipeline-definition register
The system shall maintain:
· purpose;
· owner;
· trigger;
· schedule;
· dependencies;
· outputs;
· quality gates;
· retry rules;
· fallback;
· support coverage;
· version.

CHUD-FR-132 — Scheduled execution
The system shall support recurring scheduled pipeline runs.

CHUD-FR-133 — Event-triggered execution
The system shall support approved event-triggered runs.

CHUD-FR-134 — Manual execution
The system shall support authorised manual initiation for:
· correction;
· backfill;
· recovery;
· testing;
· urgent analysis;
· local processing.

CHUD-FR-135 — Run identifier
Each pipeline execution shall have a stable run identifier.

CHUD-FR-136 — Stage status
The system shall display the current stage of each pipeline run.

CHUD-FR-137 — Dependency management
The system shall prevent mandatory downstream stages from starting before required upstream conditions are met.

CHUD-FR-138 — Parallel execution
The system may support parallel processing where synchronisation and version rules are defined.

CHUD-FR-139 — Partial-source handling
The system shall apply approved rules when only some expected sources are available.

CHUD-FR-140 — Delay notification
The system shall notify responsible actors when source or pipeline delays exceed configured tolerances.

CHUD-FR-141 — Retry control
The system shall limit retries according to approved attempt and timing rules.

CHUD-FR-142 — Failure classification
The system shall classify failure by stage, type, severity and recoverability.

CHUD-FR-143 — Pipeline pause
The system shall allow a run to be paused for unresolved quality, privacy, security, source or method issues.

CHUD-FR-144 — Publication hold
The system shall prevent release of outputs associated with unresolved critical failures.

CHUD-FR-145 — Recovery
The system shall support controlled restart and recovery from an approved point.

CHUD-FR-146 — Duplicate-output prevention
The system shall prevent failed, retried or concurrent runs from creating multiple current outputs for the same scope and period.

CHUD-FR-147 — Run precedence
The system shall apply controlled precedence where overlapping runs target the same output.

CHUD-FR-148 — Completed-with-warnings status
The system shall support completion with visible warnings and authorised acceptance.

CHUD-FR-149 — Superseding relationship
The system shall identify when a corrected or revised run supersedes an earlier run.

CHUD-FR-150 — Pipeline monitoring
The system shall provide operational monitoring of:
· scheduled runs;
· active stages;
· delays;
· failures;
· retries;
· warnings;
· pending approvals;
· publication status.

18. Analytical readiness and fitness-for-use requirements
CHUD-FR-151 — Fitness-for-use review
The system shall support structured review of whether a dataset is suitable for an approved purpose.

CHUD-FR-152 — Fitness decision
The system shall support decisions of:
· fit;
· fit with limitations;
· restricted;
· revision required;
· unfit.

CHUD-FR-153 — Approved-use statement
Each reviewed dataset shall identify permitted uses.

CHUD-FR-154 — Inappropriate-use statement
Each reviewed dataset shall identify known inappropriate or unsupported uses.

CHUD-FR-155 — Multidisciplinary review
The system shall allow participation by relevant epidemiological, statistical, meteorological, geographic, governance and privacy roles.

CHUD-FR-156 — Limitation display
Dataset limitations shall remain visible to users.

CHUD-FR-157 — Version-specific review
A fitness-for-use decision shall apply to a defined dataset version and use case.

CHUD-FR-158 — Analytical-product linkage
Analytical outputs shall remain linked to:
· approved dataset versions;
· methods;
· reviewers;
· geographic scope;
· temporal scope;
· limitations.

CHUD-FR-159 — Signal classification
The system shall support classification of unusual signals as:
· confirmed;
· plausible;
· uncertain;
· artefactual;
· dismissed;
· escalated;
· closed.

CHUD-FR-160 — No automatic causal interpretation
The system shall not present association or anomaly detection as proof of causation without authorised interpretation.

19. Publication and access requirements
CHUD-FR-161 — Release approval
The system shall require release approval before publication or controlled distribution.

CHUD-FR-162 — Release classification
The system shall support release categories such as:
· internal working;
· restricted operational;
· approved analytical;
· research access;
· public use;
· metadata only.

CHUD-FR-163 — Current-version check
The system shall verify that the approved current version is being released.

CHUD-FR-164 — Metadata completeness
The system shall verify required metadata before release.

CHUD-FR-165 — Disclosure review
The system shall support required confidentiality and disclosure review.

CHUD-FR-166 — Publication identifier
Each released dataset or product shall receive a stable release identifier.

CHUD-FR-167 — Publication logging
The system shall record:
· released object;
· version;
· audience;
· access level;
· channel;
· responsible actor;
· release time;
· result.

CHUD-FR-168 — Catalogue update
The system shall update the applicable metadata catalogue after release.

CHUD-FR-169 — Terms and conditions
The system shall display applicable permitted-use, attribution and onward-sharing conditions.

CHUD-FR-170 — Provisional release
The system shall support provisional release with visible status, limitations and expected revision.

CHUD-FR-171 — Restricted workspace
The implementation may support secure analytical workspaces for restricted datasets.

CHUD-FR-172 — Access expiry
The system shall support expiry and closure of restricted published or shared access.

20. Correction, revision and reprocessing requirements
CHUD-FR-173 — Correction reporting
The system shall support reporting of source, method, transformation, integration, metadata or publication defects.

CHUD-FR-174 — Correction lifecycle
The system shall track corrections through:
· reported;
· under assessment;
· confirmed;
· planned;
· corrected;
· reprocessed;
· republished or withdrawn;
· notified;
· closed.

CHUD-FR-175 — Impact assessment
The system shall identify downstream datasets, indicators, reports, interfaces and models affected by a confirmed correction.

CHUD-FR-176 — Source-version preservation
The original and corrected source versions shall remain linked.

CHUD-FR-177 — Reprocessing
The system shall support controlled reprocessing of affected periods and outputs.

CHUD-FR-178 — Historical backfill
The system shall support controlled historical backfill.

CHUD-FR-179 — Correction notice
The system shall support publication of a correction notice.

CHUD-FR-180 — Withdrawal
The system shall support formal withdrawal of a dataset or product.

CHUD-FR-181 — Superseded status
Corrected or replaced outputs shall clearly identify superseded versions.

CHUD-FR-182 — User notification
The system shall support notification of known affected users where required.

CHUD-FR-183 — Correction audit
The system shall preserve the reason, decision, actor, time and affected versions.

21. Local and federated processing requirements
CHUD-FR-184 — Local processing
The architecture shall support processing within a country, institution or jurisdiction where source data cannot be transferred centrally.

CHUD-FR-185 — Permitted-output specification
The system shall define which aggregate, harmonised or analytical outputs may leave the local environment.

CHUD-FR-186 — Shared transformation specification
Local processing shall use approved and versioned shared methods, code or specifications.

CHUD-FR-187 — Local execution record
Local runs shall record:
· method version;
· source period;
· source version where permitted;
· execution time;
· quality results;
· output version.

CHUD-FR-188 — Receiving-side validation
Shared local outputs shall be validated by the receiving system or team.

CHUD-FR-189 — Version alignment
The implementation shall detect divergence between local and shared configuration or transformation versions.

CHUD-FR-190 — Source-retention confirmation
The system shall support confirmation that restricted source data remained within the authorised local environment.

CHUD-FR-191 — Federated output reconciliation
The system shall support reconciliation of outputs generated across several local or country environments.

CHUD-FR-192 — Local fallback
The implementation shall define continuity procedures where central coordination or connectivity is unavailable.

22. Interoperability requirements
CHUD-FR-193 — Interface inventory
The implementation shall maintain an inventory of all active CHUD interfaces.

CHUD-FR-194 — Interface metadata
Each interface shall record:
· purpose;
· owner;
· sender;
· receiver;
· standard;
· version;
· profile;
· authentication;
· schedule;
· data exchanged;
· error handling;
· support.

CHUD-FR-195 — Standards-based exchange
The system should use applicable open or nationally approved standards where feasible.

CHUD-FR-196 — WIS 2.0 support
Where applicable, the system shall support discovery, acquisition or exchange through relevant WIS 2.0 services.

CHUD-FR-197 — FHIR support
Where applicable, the system shall support selected health-data exchange using the approved FHIR release and profiles.

CHUD-FR-198 — Geographic-identifier interoperability
The system shall use or map to authoritative geographic identifiers.

CHUD-FR-199 — Facility-identifier interoperability
The system shall use authoritative facility identifiers where available.

CHUD-FR-200 — Terminology interoperability
The system shall support mapping to approved national or international value sets.

CHUD-FR-201 — Interface versioning
Each interface shall retain its applicable version and change history.

CHUD-FR-202 — Interface-error handling
The system shall record:
· failed exchange;
· rejected message;
· duplicate message;
· invalid value;
· delayed transmission;
· version mismatch.

CHUD-FR-203 — Conformance testing
Standards-based interfaces shall be tested against the applicable profile or specification.

CHUD-FR-204 — Manual exchange fallback
Critical exchanges shall have a documented manual or alternative procedure where appropriate.

23. Artificial-intelligence and advanced-analytics requirements
CHUD-FR-205 — AI use-case register
Each operational AI-supported use case shall be registered before use.

CHUD-FR-206 — Intended and prohibited use
Each AI use case shall define:
· purpose;
· users;
· data;
· output;
· permitted use;
· prohibited use;
· validation context.

CHUD-FR-207 — Model identification
Each material AI output shall identify the model or service and version used.

CHUD-FR-208 — Input and output traceability
AI-supported outputs shall remain linked to their input data and processing context.

CHUD-FR-209 — Mandatory human review
Material AI-supported outputs shall require authorised human review before operational use.

CHUD-FR-210 — AI-output classification
The system shall distinguish AI-generated or AI-assisted values from observed, reported and manually derived values.

CHUD-FR-211 — AI mapping control
AI-suggested terminology, identifier or record mappings shall not become production mappings without approval.

CHUD-FR-212 — AI-generated code control
AI-generated transformation or analytical code shall require review, testing and version control before use.

CHUD-FR-213 — AI anomaly review
AI-detected anomalies shall be treated as signals requiring expert review.

CHUD-FR-214 — Confidence and limitation display
Where available, model confidence, uncertainty and limitations shall be visible.

CHUD-FR-215 — AI rejection and override
Authorised users shall be able to reject or correct AI-supported outputs and record rationale.

CHUD-FR-216 — AI fallback
Each operationally significant AI-supported function shall have a documented non-AI fallback.

CHUD-FR-217 — Model monitoring
Operational AI or model components shall be monitored for:
· input change;
· missing inputs;
· drift;
· performance;
· output anomalies;
· bias;
· override;
· incidents.

CHUD-FR-218 — AI suspension
The implementation shall support suspension of an AI use case when it is unsafe, unvalidated, unavailable or outside its approved context.

CHUD-FR-219 — Sensitive-data restriction
Sensitive CHUD data shall not be sent to unapproved AI or external analytical services.

CHUD-FR-220 — Prediction distinction
Model predictions shall remain clearly distinguishable from observed and reported values.

24. Non-functional requirements
24.1 Availability
CHUD-NFR-001 — Service availability
Critical CHUD services shall be available during defined acquisition, processing, review and publication periods.
Country implementations shall define:
· operating hours;
· target availability;
· maintenance exclusions;
· support expectations.

CHUD-NFR-002 — Critical-function prioritisation
The implementation shall identify which functions must remain available during partial failure.
These may include:
· source receipt;
· validation;
· current approved output access;
· publication hold;
· incident recording;
· local or manual fallback.

24.2 Reliability
CHUD-NFR-003 — Data integrity
The system shall protect data against unintended loss, corruption, duplication and unauthorised alteration.

CHUD-NFR-004 — Repeatable processing
The same approved inputs, rules and configuration should produce the same output, subject to documented numerical or platform limitations.

CHUD-NFR-005 — Idempotent processing
Where feasible, repeated execution of the same acquisition or pipeline step shall not create unintended duplicate records or outputs.

CHUD-NFR-006 — Status consistency
The system shall prevent conflicting current versions or statuses across connected components where feasible.

24.3 Performance
CHUD-NFR-007 — Processing time
The implementation shall meet country-defined processing expectations appropriate to the use case.

CHUD-NFR-008 — Query performance
Authorised users should be able to retrieve metadata, lineage and approved outputs within an operationally acceptable interval.

CHUD-NFR-009 — Priority processing
Urgent public-health or correction-related workloads should receive priority over lower-priority background jobs where feasible.

24.4 Scalability
CHUD-NFR-010 — Data volume
The architecture shall support anticipated source, historical and integrated data volumes.

CHUD-NFR-011 — Geographic scale
The system shall support required national, subnational, district, facility, grid or point-level data.

CHUD-NFR-012 — Source scale
The implementation shall support the expected number of sources, interfaces, datasets and versions.

CHUD-NFR-013 — Concurrent execution
The architecture shall support the required number of concurrent or partitioned pipeline runs without compromising integrity.

24.5 Usability
CHUD-NFR-014 — Role-appropriate interfaces
Users shall be presented with functions appropriate to their role and authority.

CHUD-NFR-015 — Current-state visibility
Operational users shall be able to identify:
· current pipeline stage;
· delayed sources;
· failures;
· pending approvals;
· current output version;
· active limitations;
· next required action.

CHUD-NFR-016 — Quality visibility
The interface shall display quality, provisional, estimated and missing-data status clearly.

CHUD-NFR-017 — Error prevention
The system should reduce errors through:
· controlled values;
· validation;
· version warnings;
· duplicate detection;
· confirmation of high-impact actions;
· preview before release.

CHUD-NFR-018 — Error recovery
Users shall be able to correct permitted errors without removing the original audit history.

24.6 Accessibility and localisation
CHUD-NFR-019 — Accessibility
User interfaces and public products should conform to applicable national accessibility requirements.

CHUD-NFR-020 — Language support
The system shall support required country languages.

CHUD-NFR-021 — Character and script support
The system shall correctly process applicable scripts and right-to-left presentation where required.

CHUD-NFR-022 — Local formats
The system shall support country-defined date, time, number, unit and geographic-name formats.

24.7 Security
CHUD-NFR-023 — Security governance
The implementation shall apply approved security policies, responsibilities and review processes.

CHUD-NFR-024 — Secure authentication
Authentication shall be proportionate to role, authority and data sensitivity.

CHUD-NFR-025 — Role-based access control
The system shall restrict access by role, purpose, jurisdiction and data sensitivity.

CHUD-NFR-026 — Least privilege
Users and services shall receive only the minimum access required.

CHUD-NFR-027 — Privileged access
Privileged actions shall be restricted, logged and reviewed.

CHUD-NFR-028 — Encryption
Sensitive data shall be protected in transit and at rest according to applicable policy.

CHUD-NFR-029 — Interface security
APIs and data exchanges shall use approved authentication, authorisation and transport protection.

CHUD-NFR-030 — Vulnerability management
The implementation shall include processes for identification, assessment, remediation and risk acceptance.

CHUD-NFR-031 — Security monitoring
The system shall support detection and investigation of suspicious activity.

CHUD-NFR-032 — Security incident response
The implementation shall define security-incident detection, containment, recovery, notification and review.

24.8 Privacy and confidentiality
CHUD-NFR-033 — Data minimisation
The system shall collect and process only data necessary for approved purposes.

CHUD-NFR-034 — Purpose limitation
Data shall not be reused for incompatible purposes without appropriate authority.

CHUD-NFR-035 — Sensitive-data separation
Sensitive or identifiable data should be separated from less sensitive data where this reduces risk.

CHUD-NFR-036 — Local data control
The architecture shall support local or country-controlled processing where required.

CHUD-NFR-037 — Disclosure protection
The system shall support aggregation, suppression, masking, restriction or delayed release where required.

CHUD-NFR-038 — Retention limitation
Sensitive data shall not be retained beyond approved periods without authorised exception.

CHUD-NFR-039 — Third-party review
Third-party hosting, analytics or AI services shall be reviewed for privacy, security, data location and exit implications.

24.9 Interoperability and portability
CHUD-NFR-040 — Documented formats
Data exchanges and exports shall use documented formats.

CHUD-NFR-041 — Open standards
Open or nationally approved standards should be used where suitable.

CHUD-NFR-042 — Data export
Authorised users shall be able to export data, metadata and configuration in reusable formats.

CHUD-NFR-043 — Vendor portability
The implementation should reduce unnecessary dependence on proprietary formats, identifiers or undocumented interfaces.

CHUD-NFR-044 — Configuration portability
Country rules, mappings, crosswalks and metadata should be exportable where feasible.

24.10 Maintainability
CHUD-NFR-045 — Configurability
Country-specific schedules, sources, rules, mappings, thresholds and classifications should be configurable without extensive redevelopment.

CHUD-NFR-046 — Modular design
Components should be maintainable or replaceable without requiring complete system replacement.

CHUD-NFR-047 — Documentation
The implementation shall maintain current documentation for:
· architecture;
· interfaces;
· data models;
· sources;
· rules;
· configuration;
· operations;
· security;
· continuity;
· testing;
· support.

CHUD-NFR-048 — Version control
Code, rules, mappings, metadata and configuration shall be version controlled.

CHUD-NFR-049 — Test environment
Material changes should be tested outside production where feasible.

CHUD-NFR-050 — Support model
The implementation shall define support ownership, operating hours, escalation and closure expectations.

24.11 Resilience and continuity
CHUD-NFR-051 — Backup
Critical data, metadata, configuration, mappings and rules shall be backed up according to approved schedules.

CHUD-NFR-052 — Recovery
The implementation shall define recovery priorities and objectives appropriate to the use case.

CHUD-NFR-053 — Manual fallback
Critical functions shall have documented manual or alternative procedures where appropriate.

CHUD-NFR-054 — Source fallback
Critical source dependencies should have an approved fallback or explicit suspension rule.

CHUD-NFR-055 — Recovery testing
Recovery and fallback procedures shall be tested periodically.

CHUD-NFR-056 — Reconciliation after restoration
Manual, local or partial records shall be reconciled after service restoration.

24.12 Data quality and scientific integrity
CHUD-NFR-057 — Quality transparency
The system shall display whether data are:
· complete;
· missing;
· delayed;
· estimated;
· imputed;
· provisional;
· corrected;
· invalid.

CHUD-NFR-058 — Source authority visibility
Users shall be able to identify the source and authority classification.

CHUD-NFR-059 — Scientific-method transparency
Temporal, spatial, statistical and derived-variable methods shall be documented and reviewable.

CHUD-NFR-060 — No unsupported precision
Outputs shall not imply greater temporal, spatial or numerical precision than the source and method support.

CHUD-NFR-061 — Uncertainty preservation
Material uncertainty and limitation information shall remain available in downstream outputs.

CHUD-NFR-062 — Model-output distinction
Predicted, modelled or AI-generated values shall not be presented as observed data.

24.13 Auditability and accountability
CHUD-NFR-063 — End-to-end traceability
It shall be possible to trace an approved output back through:
· release;
· analysis;
· integrated dataset;
· transformations;
· harmonisation;
· source data;
· source version;
· decisions and approvals.

CHUD-NFR-064 — Historical integrity
Historical source, rule and output versions shall be protected from unauthorised alteration.

CHUD-NFR-065 — Actor accountability
Material approvals, overrides, publications and corrections shall identify the responsible actor or service.

CHUD-NFR-066 — Audit protection
Audit records shall be protected from unauthorised modification or deletion.

24.14 Sustainability
CHUD-NFR-067 — Operational ownership
Every active source, pipeline, method, catalogue and interface shall have an accountable operational owner.

CHUD-NFR-068 — Resource sustainability
The implementation plan shall address:
· staffing;
· hosting;
· storage;
· licences;
· support;
· data acquisition;
· security;
· training;
· maintenance;
· backup;
· replacement.

CHUD-NFR-069 — Appropriate complexity
The solution should match country capacity and should not introduce functionality that cannot be governed or maintained.

CHUD-NFR-070 — Local infrastructure context
The architecture should account for connectivity, power, device, storage and technical-capacity constraints.

25. Requirement priority
Country teams may classify requirements as:
Mandatory
Required for safe, lawful or valid operation.
High priority
Strongly required for effective implementation.
Desirable
Provides meaningful benefit but may be deferred.
Optional
Applicable only to selected use cases, countries or maturity levels.
Not applicable
Excluded with documented rationale.
The generic DAK should not assign universal priority where country context determines criticality.

26. Minimum viable requirement set
A minimum viable CHUD implementation should provide:
1. approved use-case and governance records;
2. source inventory and ownership;
3. controlled data access;
4. repeatable acquisition;
5. source validation and quality classification;
6. explicit missing-data handling;
7. structural, unit and terminology standardisation;
8. temporal harmonisation;
9. spatial harmonisation;
10. controlled integration;
11. dataset versioning;
12. provenance and lineage;
13. pipeline status, failure and retry management;
14. fitness-for-use review;
15. controlled publication;
16. correction and reprocessing;
17. access control;
18. backup and manual fallback.

27. Advanced requirement set
More mature implementations may add:
· automated WIS 2.0 acquisition;
· FHIR-based exchange;
· automated metadata catalogues;
· real-time or near-real-time pipelines;
· federated execution;
· machine-readable lineage;
· advanced geospatial processing;
· secure research environments;
· automated impact analysis after source revision;
· predictive-model input pipelines;
· AI-supported data-quality review;
· cross-country harmonisation.
Advanced requirements should be adopted only where governance, data quality, security, validation and maintenance are sufficient.

28. Acceptance criteria
Each requirement should have observable acceptance criteria.
Examples include:
Given an expected source delivery, when the configured receipt deadline passes without valid data, then the system records the source as delayed, notifies the responsible owner and initiates the approved retry or fallback rule.
Given an integrated dataset, when an authorised reviewer examines its source quality, temporal and spatial methods, denominator, disclosure risk and intended use, then the system records a version-specific fitness-for-use decision and limitation statement.
Given a revised source dataset, when the revision is accepted, then the system identifies affected downstream outputs through lineage and initiates controlled reprocessing where required.
Acceptance criteria should cover:
· normal flow;
· boundary conditions;
· failure;
· permissions;
· quality warnings;
· privacy;
· publication control;
· fallback;
· audit;
· country configuration.

29. Test methods
Requirements may be verified through:
· document review;
· configuration inspection;
· data inspection;
· demonstration;
· functional testing;
· interface testing;
· standards-conformance testing;
· data-quality testing;
· statistical or methodological validation;
· geographic validation;
· security testing;
· privacy review;
· performance testing;
· continuity testing;
· user-acceptance testing;
· historical reconstruction;
· pilot operation.
Scientific and safety-critical requirements should not rely only on vendor declaration.

30. Requirement validation questions
For each requirement, confirm:
1. Is it linked to an approved use case or workflow?
2. Is the responsible actor or system clear?
3. Is the requirement unambiguous?
4. Can it be tested?
5. Does it assume unavailable data or infrastructure?
6. Does it preserve source and provenance?
7. Does it handle missing data safely?
8. Are time and geography explicit?
9. Does it create privacy or security risk?
10. Does it require country configuration?
11. Is a manual alternative possible?
12. Is it scientifically defensible?
13. Is it sustainable?
14. Does it duplicate an existing national capability?
15. Is its source and interpretation clear?

31. Country adaptation
Countries should classify each requirement as:
· adopted;
· adapted;
· already met;
· partially met;
· planned;
· deferred;
· not applicable;
· replaced by a national requirement.
Country adaptations should record:
· national wording;
· priority;
· responsible institution;
· implementation approach;
· system or manual process;
· dependencies;
· acceptance criteria;
· test evidence;
· implementation status;
· validation status.

32. Traceability
Each requirement should link to:
· source guidance;
· intervention;
· persona;
· user scenario;
· workflow;
· data element;
· transformation or harmonisation rule;
· schedule;
· indicator;
· architecture component;
· standards mapping;
· acceptance criterion;
· test case;
· country configuration;
· validation evidence.
This enables programme and country teams to determine:
· why the requirement exists;
· how it is implemented;
· how it is tested;
· what is affected if it changes.

33. Requirements principle
The CHUD requirements should define what a trustworthy climate-health data capability must achieve without prematurely restricting how it is implemented.
Its core principle is:
Require governed sources, explicit methods, reproducible processing, visible quality, controlled access and complete traceability—then adapt the technology and operating model to the country’s institutions, infrastructure and scientific needs.
Standards, architecture and artificial intelligence
1. Purpose
This section defines the standards, interoperability, architecture and artificial-intelligence considerations required to implement CHUD safely, sustainably and consistently.
It connects the CHUD:
· use cases;
· personas;
· workflows;
· data elements;
· transformation and harmonisation logic;
· schedules;
· indicators;
· functional and non-functional requirements;
to a practical technical design.
The section is software-neutral and deployment-neutral.
It does not prescribe:
· one vendor;
· one hosting model;
· one database;
· one cloud platform;
· one interoperability engine;
· one analytical environment;
· one artificial-intelligence service.
Countries should reuse existing national infrastructure where it can meet the approved requirements.

2. Architecture principles
The CHUD architecture should:
· preserve national and institutional data ownership;
· support central, local and federated deployment;
· reuse existing systems before creating new ones;
· separate source, processing and publication layers;
· preserve provenance and lineage;
· make quality and uncertainty visible;
· support open and nationally approved standards;
· minimise unnecessary duplication;
· avoid avoidable vendor dependence;
· protect sensitive data;
· remain maintainable within available capacity;
· support phased implementation.
Architecture decisions should be driven by approved public-health use cases rather than technology preference.

3. Standards principles
Standards should be used to improve:
· shared meaning;
· data exchange;
· source discovery;
· identifier consistency;
· terminology consistency;
· traceability;
· portability;
· reuse;
· conformance testing.
Standards should not be adopted only for nominal compliance.
For each standard, the implementation should confirm:
· purpose;
· applicable version;
· required profile;
· national extension;
· responsible owner;
· conformance method;
· maintenance responsibility;
· migration implications.
A standards reference should not be treated as a validated implementation specification until the mappings and profiles have been reviewed.

4. Standards landscape
CHUD may interact with standards and specifications covering:
1. meteorological and climate-data exchange;
2. health-data exchange;
3. geographic information;
4. terminology and coding;
5. metadata and catalogues;
6. provenance and audit;
7. identity and access;
8. security;
9. analytical and model documentation;
10. file and API exchange.
The applicable combination will vary by country and use case.

5. WIS 2.0 alignment
5.1 Purpose
WIS 2.0 may support discovery, notification and acquisition of meteorological, climate, water and related environmental data.
5.2 Potential CHUD uses
CHUD may use WIS 2.0 capabilities to:
· discover relevant datasets;
· identify authoritative publishing centres;
· subscribe to notifications;
· retrieve source products;
· record publication and receipt time;
· preserve dataset metadata;
· monitor source availability.
5.3 Required implementation records
Where WIS 2.0 is used, the implementation should record:
· source centre;
· dataset or topic identifier;
· discovery metadata;
· access endpoint;
· data policy;
· geographic extent;
· temporal extent;
· publication time;
· update frequency;
· format;
· notification identifier;
· retrieval result;
· source version where available.
5.4 Boundary
WIS 2.0 access does not establish that a product is suitable for a health use case.
CHUD should still assess:
· authority;
· resolution;
· latency;
· quality;
· uncertainty;
· transformation needs;
· permitted use;
· sustainability.

6. FHIR alignment
6.1 Purpose
HL7 FHIR may support structured exchange of selected health, organisational, facility, observation, measure and provenance information.
6.2 Potential concepts
Depending on the use case and national implementation guide, CHUD mappings may involve concepts represented through resources such as:
· Organization;
· Location;
· HealthcareService;
· Observation;
· Measure;
· MeasureReport;
· Task;
· Communication;
· Provenance;
· AuditEvent.
6.3 Mapping approach
Each proposed FHIR mapping should identify:
· CHUD data element;
· applicable FHIR release;
· resource;
· profile;
· field or element;
· terminology;
· cardinality;
· required extension;
· transformation;
· conformance status.
6.4 National profiles
National implementation guides and profiles should take precedence where they are applicable and approved.
Country-specific requirements may require:
· profile constraints;
· extensions;
· terminology bindings;
· identifier namespaces;
· security labels;
· local exchange patterns.
6.5 Boundary
The generic CHUD package should not claim complete FHIR conformance without:
· confirmed mappings;
· approved profiles;
· validated terminology;
· conformance testing;
· country implementation evidence.
FHIR should not be used to force climate or geospatial concepts into inappropriate health-data structures.

7. Geographic-information standards
CHUD should use authoritative geographic identifiers and documented geospatial formats.
Relevant capabilities may include:
· coordinate-reference systems;
· point, line, polygon and raster representation;
· geographic metadata;
· boundary versioning;
· map services;
· feature services;
· spatial queries;
· geographic crosswalks.
The implementation should record:
· coordinate-reference system;
· geometry type;
· source;
· boundary version;
· scale or resolution;
· effective period;
· accuracy;
· transformation method;
· licensing or access restrictions.
Geospatial interoperability should preserve the distinction between:
· administrative geography;
· health-service geography;
· meteorological geography;
· ecological geography;
· analytical geography.

8. Terminology and coding standards
Controlled terminology may be required for:
· climate variables;
· environmental variables;
· diseases and syndromes;
· health services;
· facility types;
· geographic types;
· units;
· pipeline statuses;
· data-quality statuses;
· missing-data reasons;
· access classifications.
The implementation should:
· use authoritative national terminology where available;
· map to relevant international concepts where useful;
· preserve source codes;
· version mappings;
· identify partial mappings;
· support national extensions;
· avoid replacing a source concept with a broader or narrower concept without review.
Terminology services may support:
· value-set publication;
· code validation;
· mapping;
· version management;
· multilingual display.

9. Units and measurement standards
CHUD should represent units explicitly.
Unit handling should support:
· source unit;
· target unit;
· conversion rule;
· precision;
· dimensional compatibility;
· validation;
· provenance.
The architecture should prevent values with incompatible units from being combined without an approved conversion.
Units should not be inferred solely from field names where the source can provide explicit metadata.

10. Metadata standards
Metadata should describe:
· title;
· purpose;
· owner;
· steward;
· source;
· variables;
· format;
· geographic coverage;
· temporal coverage;
· resolution;
· update frequency;
· quality;
· access conditions;
· version;
· limitations;
· contact.
The architecture may support metadata exchange through:
· data catalogues;
· APIs;
· files;
· registry services;
· WIS 2.0 discovery;
· national data portals.
Metadata should remain available where appropriate even when access to the underlying data is restricted.

11. Provenance and audit standards
CHUD should represent:
· who or what performed an action;
· what object was affected;
· which version was used;
· what activity occurred;
· when it occurred;
· what output was produced;
· which approval applied.
Provenance and audit should cover:
· source receipt;
· transformation;
· harmonisation;
· integration;
· review;
· approval;
· publication;
· correction;
· withdrawal;
· privileged access.
Where formal provenance or audit standards are used, the mapping should remain consistent across participating systems.

12. Interface standards
Interfaces may use:
· REST APIs;
· message exchange;
· event notifications;
· secure file transfer;
· database exchange;
· query services;
· catalogue services;
· local export and import.
Each interface should define:
· sender;
· receiver;
· purpose;
· data;
· format;
· standard and version;
· authentication;
· authorisation;
· schedule or trigger;
· acknowledgement;
· error handling;
· retry;
· duplicate handling;
· support;
· change management.
Undocumented direct database access should be avoided where it creates uncontrolled dependencies.

13. Architecture views
The CHUD architecture should be described through several complementary views:
1. business and institutional view;
2. data view;
3. application and service view;
4. integration view;
5. deployment view;
6. security and privacy view;
7. operational view;
8. analytical and AI view.
No single diagram is sufficient to describe all responsibilities and data movements.

14. Business and institutional architecture
The business view should show:
· institutions;
· data owners;
· data providers;
· processing organisations;
· analytical users;
· decision-makers;
· publication authorities;
· external providers;
· national and subnational responsibilities.
It should distinguish:
· formal authority;
· operational responsibility;
· technical custody;
· scientific review;
· publication authority.
This view should reflect actual country arrangements rather than an assumed centralised model.

15. Logical data architecture
A logical CHUD data architecture may include:
1. source data zone;
2. controlled ingestion zone;
3. validation and quarantine zone;
4. standardised data zone;
5. harmonised data zone;
6. integrated data zone;
7. analysis-ready data zone;
8. publication and access zone;
9. metadata, lineage and audit services.
These are logical functions and do not require separate physical platforms.

16. Source data zone
The source zone should contain or reference:
· original files;
· messages;
· database extracts;
· API responses;
· source metadata;
· source quality flags;
· integrity information;
· source versions.
The source zone should:
· restrict alteration;
· preserve original values;
· support retention rules;
· maintain ownership and access classification;
· support reprocessing.

17. Ingestion and quarantine zone
The ingestion layer should:
· authenticate sources;
· receive data;
· assign acquisition identifiers;
· record receipt metadata;
· perform structural checks;
· detect duplicates;
· separate valid and quarantined data;
· initiate validation.
Quarantined data should not be available as approved analytical data.

18. Standardised data zone
The standardised layer may contain data with:
· consistent structures;
· parsed timestamps;
· mapped identifiers;
· standard units;
· controlled terminology;
· preserved source values;
· explicit missing-data status.
Standardisation should not imply that temporal or geographic harmonisation is complete.

19. Harmonised data zone
The harmonised layer may contain data aligned to:
· approved reporting periods;
· common time zones;
· approved geographic areas;
· current or historical boundary versions;
· common units;
· approved derived variables.
The layer should preserve:
· source resolution;
· transformation method;
· uncertainty;
· completeness;
· unmatched records.

20. Integrated data zone
The integrated layer may combine:
· climate data;
· environmental data;
· epidemiological data;
· mortality data;
· health-service data;
· population denominators;
· facility data;
· vulnerability data;
· geographic data.
Each integrated dataset should retain:
· input versions;
· integration rules;
· run identifier;
· unmatched records;
· reconciliation results;
· quality status;
· lineage.

21. Analysis-ready data zone
Analysis-ready datasets should be prepared for a defined use.
They may support:
· surveillance;
· descriptive analysis;
· policy analysis;
· preparedness;
· research;
· model-input preparation.
Access should depend on:
· intended use;
· sensitivity;
· fitness-for-use decision;
· user role;
· release classification.
An analysis-ready dataset should not automatically be treated as suitable for every analytical purpose.

22. Publication and access zone
The publication layer may provide:
· internal dashboards;
· operational reports;
· restricted analytical extracts;
· secure workspaces;
· public datasets;
· public reports;
· metadata catalogues;
· APIs.
The publication layer should enforce:
· approved version;
· access classification;
· disclosure controls;
· metadata;
· limitation statements;
· correction and withdrawal status.

23. Metadata, lineage and audit services
Cross-cutting services should support:
· source registry;
· dataset catalogue;
· data dictionary;
· terminology mappings;
· geographic crosswalks;
· rule registry;
· pipeline registry;
· lineage;
· provenance;
· audit;
· access decisions;
· issue and correction records.
These services may be implemented in one or several systems.
Their logical relationships should remain explicit.

24. Application and service architecture
Potential CHUD components include:
· source connectors;
· file-ingestion service;
· API gateway;
· message broker;
· validation service;
· transformation engine;
· geospatial processing service;
· orchestration service;
· data-quality service;
· metadata catalogue;
· terminology service;
· access-management service;
· analytical environment;
· dashboard or reporting service;
· audit and monitoring service.
Countries should implement only the components required for approved use cases.

25. Integration architecture
Integration patterns may include:
· direct API exchange;
· shared interoperability platform;
· event-driven messaging;
· scheduled file exchange;
· database replication;
· local export and import;
· federated queries;
· distributed transformation.
The choice should consider:
· source capability;
· latency;
· data volume;
· sensitivity;
· connectivity;
· institutional ownership;
· maintenance capacity;
· failure recovery.

26. API gateway and interface control
Where APIs are used, the architecture should support:
· authentication;
· authorisation;
· rate limiting;
· request validation;
· logging;
· version management;
· error handling;
· monitoring;
· revocation;
· documentation.
Sensitive API responses should not be cached or exposed beyond approved controls.

27. Event-driven architecture
Event-driven processing may support:
· source-publication notification;
· file-arrival notification;
· pipeline initiation;
· source revision;
· quality alerts;
· approval requests;
· correction events.
Event processing should address:
· duplicate events;
· out-of-order events;
· replay;
· event authentication;
· failed consumers;
· version compatibility;
· idempotency.

28. Batch architecture
Batch processing may be appropriate when:
· sources update periodically;
· public-health use does not require real-time processing;
· connectivity is limited;
· source files are large;
· manual review is required;
· implementation capacity is limited.
Batch architecture should still support:
· source versioning;
· repeatable runs;
· logging;
· quality gates;
· retry;
· reprocessing;
· publication control.

29. Streaming or near-real-time architecture
Streaming may be considered where:
· sources genuinely provide timely continuous data;
· the use case benefits from low latency;
· quality controls can operate continuously;
· support and monitoring are sustainable.
The architecture should not create an impression of real-time public-health knowledge when the health data remain delayed or incomplete.

30. Centralised deployment
In a centralised model:
· source data are transferred to a central environment;
· harmonisation and integration occur centrally;
· common services are managed centrally;
· outputs are distributed to users.
Potential advantages include:
· consistent processing;
· central support;
· shared infrastructure;
· simplified programme-level analysis.
Potential risks include:
· data-sovereignty concerns;
· central dependency;
· transfer restrictions;
· institutional resistance;
· concentration of security risk.

31. Local deployment
In a local model:
· source data remain within the authorised national or institutional environment;
· processing occurs locally;
· permitted outputs may be shared;
· local teams control access and operation.
This may be necessary where:
· privacy rules restrict transfer;
· data ownership requires local custody;
· national policy requires local hosting;
· connectivity limits central processing;
· institutional trust requires local control.
The Vietnam DART implementation model may provide a relevant programme example where local deployment is required by privacy and data-ownership considerations.

32. Federated deployment
In a federated model:
· data remain in multiple authorised environments;
· common specifications and code are distributed;
· local processing generates approved outputs;
· metadata, aggregates or analytical results are exchanged;
· central coordination supports version alignment and validation.
Federated architecture should define:
· common data specification;
· shared rule versions;
· local extensions;
· execution evidence;
· permitted outputs;
· central or receiving-side validation;
· discrepancy management;
· support responsibilities.

33. Hybrid deployment
A hybrid architecture may combine:
· central metadata;
· local sensitive data;
· central climate sources;
· local health processing;
· shared transformation code;
· central aggregate analysis;
· country-controlled publication.
The architecture should show clearly which data and functions are:
· central;
· local;
· shared;
· replicated;
· federated;
· public.

34. Deployment selection criteria
The deployment model should be selected based on:
· legal and policy requirements;
· data ownership;
· privacy;
· security;
· connectivity;
· infrastructure;
· technical capacity;
· support;
· latency;
· data volume;
· resilience;
· cost;
· portability;
· sustainability.
No deployment model should be assumed to be universally preferable.

35. Hosting architecture
Hosting may use:
· government data centres;
· public-health infrastructure;
· meteorological infrastructure;
· approved public cloud;
· private cloud;
· hybrid cloud;
· institutional servers;
· controlled local devices.
The hosting decision should document:
· owner;
· operator;
· physical or logical location;
· legal jurisdiction;
· data classifications;
· service dependencies;
· backup;
· recovery;
· exit plan;
· support.

36. Data-location controls
The architecture should identify:
· where source data are stored;
· where processing occurs;
· where backups are stored;
· where logs are stored;
· where metadata are stored;
· where external services operate;
· which data may cross borders;
· which data must remain local.
Data-location decisions should be linked to approved governance and access rules.

37. Security architecture
Security architecture should apply layered controls across:
· identity;
· devices;
· networks;
· applications;
· interfaces;
· databases;
· storage;
· monitoring;
· backup;
· incident response.
The design should reflect the sensitivity and public-health importance of the data.

38. Identity and access management
The architecture should support:
· unique user identities;
· service identities;
· role-based access;
· jurisdiction-based access where required;
· least privilege;
· privileged-access control;
· time-limited access;
· strong authentication;
· access review;
· revocation.
Shared accounts should be avoided where individual accountability is required.

39. Service accounts
Service accounts should:
· have a named owner;
· have a defined purpose;
· use minimum privileges;
· use protected credentials;
· be rotated or reviewed;
· be disabled when no longer required;
· be logged separately from human users.

40. Encryption and key management
Sensitive CHUD data should be protected:
· during transmission;
· in storage;
· in backup;
· during approved export.
Key management should define:
· ownership;
· storage;
· rotation;
· recovery;
· revocation;
· separation of duties;
· incident handling.

41. Network security
Network controls may include:
· segmentation;
· firewall rules;
· private connectivity;
· controlled internet access;
· secure remote administration;
· intrusion monitoring;
· restricted outbound connections.
Analytical and AI components should not receive unrestricted network access where this creates an unnecessary data-exfiltration risk.

42. Logging and security monitoring
The architecture should log:
· authentication;
· access;
· export;
· privileged action;
· configuration change;
· pipeline execution;
· data correction;
· publication;
· failed access;
· security event.
Logs should support:
· investigation;
· audit;
· anomaly detection;
· retention;
· access protection;
· time synchronisation.

43. Privacy architecture
Privacy controls should support:
· data minimisation;
· aggregation;
· pseudonymisation;
· separation of identifiers;
· controlled linkage;
· suppression;
· masking;
· secure workspaces;
· local processing;
· retention limits;
· access expiry.
Privacy should be designed into data flows rather than added only at publication.

44. Disclosure-control architecture
Disclosure controls may be applied:
· during dataset creation;
· during integration;
· before analytical access;
· before publication;
· dynamically in dashboards.
The architecture should ensure that users cannot reconstruct restricted values through:
· repeated queries;
· combined outputs;
· differencing;
· detailed filtering;
· exported data.
The generic CHUD package should not define universal disclosure thresholds.

45. Operational architecture
Operational architecture should support:
· scheduling;
· orchestration;
· dependency management;
· monitoring;
· alerts;
· quality gates;
· retries;
· manual intervention;
· publication holds;
· recovery;
· reprocessing;
· incident management.
Operational users should be able to identify:
· current pipeline status;
· delayed sources;
· failures;
· pending reviews;
· active versions;
· current published output;
· unresolved incidents.

46. Monitoring architecture
Technical and data-quality monitoring may include:
· source availability;
· acquisition success;
· validation failure;
· completeness;
· unmatched geography;
· integration reconciliation;
· pipeline duration;
· retry;
· resource use;
· publication status;
· access anomalies;
· AI-output review.
Monitoring should distinguish:
· technical availability;
· successful processing;
· data quality;
· analytical fitness;
· public-health utility.

47. Backup and recovery architecture
The architecture should define:
· objects to be backed up;
· backup frequency;
· retention;
· storage location;
· encryption;
· restoration order;
· recovery testing;
· reconciliation after recovery.
Critical objects may include:
· source data;
· metadata;
· code;
· transformation rules;
· geographic crosswalks;
· configurations;
· access records;
· audit logs;
· published versions.

48. Continuity architecture
Continuity arrangements may include:
· manual acquisition;
· local processing;
· offline files;
· controlled spreadsheets;
· previous approved outputs;
· alternative interfaces;
· delayed synchronisation;
· telephone or email coordination.
Continuity processes should preserve:
· version;
· source;
· actor;
· time;
· quality status;
· reconciliation requirements.

49. Scalability architecture
The architecture should consider growth in:
· source volume;
· historical data;
· geographic detail;
· countries;
· indicators;
· users;
· pipeline frequency;
· analytical workloads;
· model workloads;
· catalogue records.
Scaling should not weaken:
· lineage;
· access control;
· validation;
· reproducibility;
· cost control.

50. Portability and exit architecture
The implementation should support export of:
· source metadata;
· data dictionaries;
· transformation rules;
· geographic crosswalks;
· configuration;
· lineage;
· audit records;
· datasets where permitted;
· documentation.
Vendor or provider arrangements should address:
· data return;
· deletion;
· migration;
· format;
· transition support;
· continuity;
· termination.

51. Environment separation
Where feasible, the architecture should separate:
· development;
· testing;
· training;
· production;
· research;
· public publication.
Sensitive production data should not be copied into lower-control environments without approval and protection.

52. Configuration management
Country-specific configuration may include:
· sources;
· schedules;
· identifiers;
· value sets;
· units;
· time zones;
· reporting calendars;
· boundary versions;
· quality gates;
· methods;
· access classifications;
· publication rules.
Configuration should be:
· versioned;
· reviewed;
· testable;
· exportable;
· separated from code where feasible.

53. Architecture decision records
Material architecture decisions should record:
· decision ID;
· context;
· options considered;
· selected option;
· rationale;
· assumptions;
· risks;
· consequences;
· owner;
· approval;
· review date.
Decisions may cover:
· hosting;
· central versus local processing;
· interface pattern;
· database design;
· analytical platform;
· AI provider;
· security control;
· standards profile.

54. Current, interim and target architecture
Country implementation should distinguish:
Current architecture
Existing systems, manual processes and data exchanges.
Interim architecture
Temporary arrangements required for pilot or transition.
Target architecture
Sustainable design intended for routine operation.
Temporary pilot components should not be presented as permanent national architecture without agreement.

55. Artificial-intelligence scope
AI may support selected CHUD functions, including:
· metadata drafting;
· terminology mapping;
· code assistance;
· record-linkage suggestions;
· data-quality review;
· anomaly detection;
· analytical summarisation;
· pipeline-support recommendations;
· predictive modelling.
AI should be treated as one technical component within the governed CHUD architecture.
It should not be treated as an independent authority.

56. AI use-case approval
Before operational use, each AI use case should define:
· objective;
· owner;
· users;
· affected workflow;
· input data;
· output;
· decision supported;
· human-review point;
· validation context;
· permitted use;
· prohibited use;
· privacy and security controls;
· fallback;
· suspension criteria.
Unregistered AI use should not process sensitive CHUD data.

57. AI risk classification
AI use cases may be classified by impact.
Lower-impact support
Examples may include:
· drafting metadata;
· suggesting documentation;
· generating non-production code;
· summarising non-sensitive technical logs.
Moderate-impact support
Examples may include:
· terminology mapping;
· anomaly prioritisation;
· data-quality classification;
· record-linkage suggestions.
Higher-impact support
Examples may include:
· operational prediction;
· public-health prioritisation;
· publication content;
· automated exclusion of data;
· automated release decisions.
The level of validation and oversight should increase with potential impact.

58. Human oversight
Material AI-supported outputs should be reviewed by an authorised person with relevant expertise.
The reviewer should be able to:
· inspect the input context;
· identify the model or service;
· review uncertainty;
· compare the output with source evidence;
· accept;
· correct;
· reject;
· escalate;
· activate fallback.
Human review should be meaningful rather than ceremonial.

59. AI data controls
AI-related data flows should define:
· input datasets;
· sensitivity;
· data location;
· retention;
· provider access;
· subcontractors;
· training use;
· output ownership;
· logging;
· deletion;
· export.
Sensitive data should not be submitted to an external AI service unless the service and use are explicitly approved.

60. AI model and service registry
The implementation should maintain a registry containing:
· model or service ID;
· name;
· provider;
· owner;
· version;
· use cases;
· deployment location;
· input data;
· output;
· approval status;
· validation evidence;
· limitations;
· fallback;
· monitoring;
· review date;
· retirement status.
Provider-managed model changes should be treated as potential version changes requiring review.

61. AI provenance
Each material AI-supported output should record:
· use-case ID;
· model or service;
· version;
· input dataset version;
· execution time;
· prompt, configuration or relevant parameters where appropriate;
· output;
· reviewer;
· review decision;
· correction;
· final status.
This information should be sufficient to explain how the AI component contributed to the output.

62. AI-assisted terminology mapping
AI may suggest mappings between:
· source terminology;
· national terminology;
· international terminology;
· multilingual labels.
Suggested mappings should be classified as unapproved until reviewed.
The system should preserve:
· source concept;
· suggested target;
· confidence where available;
· rationale;
· reviewer decision;
· final mapping;
· mapping version.

63. AI-assisted record linkage
AI-supported linkage should define:
· candidate records;
· linkage variables;
· confidence;
· acceptance criteria;
· human-review criteria;
· rejection criteria;
· privacy controls;
· validation method.
AI should not create a definitive identity linkage where the evidence is ambiguous and no authorised review has occurred.

64. AI-assisted code generation
AI may assist with:
· transformation scripts;
· validation rules;
· interface code;
· test cases;
· documentation.
Generated code should be:
· reviewed;
· tested;
· security assessed;
· version controlled;
· validated against expected outputs;
· approved before production use.
AI-generated code should not be executed directly against sensitive production data without appropriate controls.

65. AI-assisted metadata generation
AI may draft:
· dataset descriptions;
· field definitions;
· lineage summaries;
· quality notes;
· catalogue entries.
Generated metadata should be checked against:
· source documentation;
· actual field content;
· ownership;
· method;
· limitations.
AI should not invent missing source definitions.

66. AI-assisted data-quality review
AI may help identify:
· unusual values;
· inconsistent patterns;
· probable duplicates;
· missing metadata;
· schema changes;
· pipeline anomalies.
AI findings should be treated as review signals.
They should not automatically:
· delete data;
· alter source values;
· suppress records;
· change quality status;
· approve publication.

67. AI-assisted analytical summaries
AI may draft summaries of approved analytical results.
The process should ensure that:
· the input dataset is approved;
· the model does not access unauthorised data;
· the summary remains linked to the source analysis;
· quantitative claims are verified;
· uncertainty and limitations are retained;
· causal language is not introduced;
· a responsible analyst approves the final text.

68. Predictive models
CHUD may prepare and deliver governed input data for predictive models.
Where a predictive model is connected to CHUD, the architecture should record:
· model owner;
· intended use;
· prediction target;
· prediction horizon;
· inputs;
· training and validation context;
· deployment environment;
· performance measures;
· limitations;
· monitoring;
· fallback;
· version.
The predictive model itself remains outside the core CHUD scope unless separately approved.

69. Model-input architecture
Model-input pipelines should:
· use approved dataset versions;
· prevent temporal leakage;
· preserve feature definitions;
· preserve missing-data handling;
· separate training, validation and test data;
· record geography and time;
· monitor input quality;
· version every release.
The architecture should prevent an unapproved dataset refresh from silently changing operational model inputs.

70. Model-output architecture
Model outputs should remain separate from observed data.
Each output should record:
· model and version;
· input dataset version;
· execution time;
· prediction period;
· geography;
· predicted variable;
· value;
· uncertainty;
· quality status;
· reviewer;
· operational status.
The user interface should distinguish clearly between:
· observation;
· estimate;
· model output;
· forecast;
· expert interpretation.

71. AI and model validation
Validation may include:
· technical testing;
· data-quality testing;
· reproducibility;
· performance evaluation;
· subgroup assessment;
· geographic validation;
· temporal validation;
· human-factor testing;
· security and privacy review;
· pilot operation.
Validation should be specific to:
· model version;
· use case;
· population;
· geography;
· time period;
· input data;
· deployment environment.

72. Drift and change monitoring
AI and model monitoring may assess:
· input-variable distribution;
· missing-data patterns;
· geographic coverage;
· source changes;
· output distribution;
· performance;
· override rate;
· error rate;
· user complaints;
· provider changes.
Material drift should trigger:
· review;
· recalibration where appropriate;
· revalidation;
· limitation;
· fallback;
· suspension.

73. AI fallback
Each operationally significant AI function should have a fallback.
Fallback may include:
· manual review;
· deterministic rule;
· previous approved process;
· non-AI analytical method;
· suspension of the function.
The fallback should be tested and documented.

74. AI incident management
AI-related incidents may include:
· fabricated values;
· incorrect mappings;
· privacy leakage;
· biased outputs;
· unexplained change;
· unavailable provenance;
· model drift;
· provider version change;
· unsafe code;
· prediction presented as observation.
The incident process should support:
· detection;
· containment;
· output withdrawal;
· affected-user notification;
· root-cause analysis;
· correction;
· revalidation;
· suspension.

75. AI suspension and retirement
An AI use case should be suspended or retired when:
· validation is no longer applicable;
· performance is unacceptable;
· the provider changes materially;
· data use becomes unauthorised;
· the fallback is unavailable;
· incidents remain unresolved;
· the use case no longer provides sufficient value;
· maintenance cannot be sustained.
Historical outputs should remain linked to the retired model version.

76. Architecture documentation
The CHUD implementation should maintain:
· institutional context diagram;
· system context diagram;
· logical data architecture;
· data-flow diagrams;
· interface catalogue;
· deployment diagram;
· security architecture;
· privacy data-flow;
· pipeline architecture;
· AI and model architecture;
· architecture decision records;
· current, interim and target-state views.
Documentation should reflect actual implementation rather than only intended design.

77. Architecture validation
Architecture should be validated through:
· stakeholder review;
· source-system walkthrough;
· data-flow review;
· privacy review;
· security review;
· interface testing;
· pipeline testing;
· failure and recovery testing;
· local-deployment testing;
· federated-output validation;
· performance testing;
· country groundtruthing.
Validation should confirm:
1. Data ownership is respected.
2. Data location is explicit.
3. Interfaces are documented.
4. Standards mappings are valid.
5. Source and output versions are traceable.
6. Quality gates cannot be bypassed silently.
7. Sensitive data are protected.
8. Failures do not produce misleading outputs.
9. Local and manual fallback are workable.
10. The design can be maintained.

78. Standards conformance testing
Conformance testing may include:
· schema validation;
· terminology validation;
· identifier validation;
· profile validation;
· message validation;
· metadata validation;
· API testing;
· geographic-format testing;
· WIS 2.0 exchange testing;
· FHIR profile testing.
A conformance result should identify:
· standard;
· version;
· profile;
· test method;
· test environment;
· result;
· exception;
· reviewer;
· evidence.

79. Architecture risks
Common risks may include:
· unclear data ownership;
· duplicated platforms;
· undocumented interfaces;
· unsupported technologies;
· central dependency;
· vendor lock-in;
· weak provenance;
· excessive complexity;
· insufficient local capacity;
· uncontrolled spreadsheets;
· inconsistent country versions;
· unapproved AI services;
· hidden model changes;
· inadequate recovery.
Each material risk should have:
· owner;
· mitigation;
· target date;
· residual risk;
· review status.

80. Minimum architecture capability
A minimum CHUD architecture should provide:
1. controlled source acquisition;
2. original-source preservation;
3. validation and quarantine;
4. structural standardisation;
5. temporal and spatial harmonisation;
6. controlled integration;
7. dataset versioning;
8. metadata and data dictionary;
9. lineage and provenance;
10. access control;
11. pipeline scheduling and monitoring;
12. publication control;
13. correction and reprocessing;
14. backup and recovery;
15. manual or local fallback.
These capabilities may be implemented using existing systems and controlled manual processes.

81. Advanced architecture capability
More mature implementations may add:
· event-driven orchestration;
· automated WIS 2.0 acquisition;
· FHIR-based exchange;
· metadata and terminology services;
· machine-readable lineage;
· federated processing;
· secure research workspaces;
· scalable geospatial processing;
· real-time monitoring;
· automated impact analysis;
· governed AI services;
· operational predictive-model integration.
Advanced components should be introduced only where they can be governed, validated and maintained.

82. Country adaptation
Countries should document:
· participating institutions;
· existing systems;
· authoritative sources;
· deployment model;
· data locations;
· hosting;
· integration patterns;
· applicable standards;
· national profiles;
· security controls;
· privacy controls;
· local-processing requirements;
· support model;
· continuity arrangements;
· AI use cases;
· current, interim and target architecture.
Each generic component should be classified as:
· existing;
· reused;
· adapted;
· newly required;
· manual;
· deferred;
· not applicable.

83. Traceability
Each standard, architecture component and AI use case should link to:
· approved use case;
· persona;
· user scenario;
· workflow;
· data element;
· transformation rule;
· scheduling rule;
· indicator;
· functional requirement;
· non-functional requirement;
· interface;
· test case;
· risk;
· country configuration;
· validation evidence.
This allows changes in standards, systems, providers or models to be assessed across the complete CHUD package.

84. Standards, architecture and AI principle
The CHUD technical design should support trusted public-health use without weakening ownership, scientific integrity or accountability.
Its core principle is:
Use standards where they create shared meaning, build architecture around governed data flows, keep sensitive processing under authorised control, and ensure that every automated or AI-supported output remains traceable, reviewable and subordinate to accountable human judgement.
Country implementation, validation and roadmap
1. Purpose
This section defines how the CHUD Digital Adaptation Kit should be adapted, implemented, validated and sustained within a country.
It connects the generic CHUD artefacts to:
· national institutions;
· public-health priorities;
· climate and health data sources;
· legal and policy requirements;
· existing information systems;
· technical infrastructure;
· operational capacity;
· country validation;
· phased implementation;
· long-term ownership.
The objective is not to reproduce the generic DAK unchanged.
The objective is to establish a country-owned CHUD implementation that is:
· institutionally valid;
· technically feasible;
· scientifically defensible;
· operationally useful;
· secure;
· maintainable;
· aligned with national systems and standards.

2. Implementation principles
Country implementation should:
· begin with an approved public-health use case;
· map actual institutions and responsibilities;
· reuse existing national systems where feasible;
· confirm data ownership before technical integration;
· distinguish current, interim and target states;
· test assumptions with real users and sample data;
· introduce automation proportionate to capacity;
· preserve local control where required;
· document gaps and limitations openly;
· validate before operational scale-up;
· plan for sustainability from the beginning.
The generic CHUD model should guide implementation without imposing one institutional or technical structure.

3. Implementation phases
A country implementation may be organised into eight phases:
1. initiation and governance;
2. readiness and current-state assessment;
3. use-case and scope definition;
4. country adaptation and design;
5. prototype or pilot implementation;
6. validation and correction;
7. operational deployment;
8. scale-up, maintenance and learning.
Phases may overlap where this supports efficient implementation.
Required governance, privacy, security and quality controls should not be deferred solely to accelerate technical development.

4. Phase 1 — Initiation and governance
4.1 Objective
Establish country ownership, authority, scope and coordination.
4.2 Core activities
The country should:
1. identify the national lead institution;
2. identify participating institutions;
3. appoint a programme coordinator;
4. identify data owners and stewards;
5. define decision-making and escalation;
6. confirm the initial implementation purpose;
7. establish a working group;
8. define review and approval routes;
9. agree documentation and version-control practices;
10. record initial assumptions, risks and dependencies.
4.3 Suggested participating institutions
Depending on country context, participants may include:
· ministry of health;
· national public-health institute;
· national meteorological and hydrological service;
· environmental authority;
· national statistical office;
· civil-registration or mortality authority;
· health-information unit;
· geographic-information authority;
· digital-government or interoperability authority;
· data-protection authority;
· subnational health authorities;
· research or academic institutions.
4.4 Outputs
· governance structure;
· country lead;
· working-group membership;
· terms of reference;
· decision and escalation model;
· preliminary scope;
· stakeholder register;
· initial risk and assumption register.
4.5 Completion criteria
The country has an accountable lead, participating institutions and an agreed mechanism for decisions and validation.

5. Phase 2 — Readiness and current-state assessment
5.1 Objective
Understand the institutional, data, system and operational environment before designing the target solution.
5.2 Assessment domains
The assessment should cover:
· governance;
· policy and law;
· climate and environmental data;
· health and surveillance data;
· population and geographic data;
· existing workflows;
· systems and interfaces;
· infrastructure;
· privacy and security;
· analytical capacity;
· operational staffing;
· financing and sustainability.
5.3 Institutional assessment
The country should identify:
· formal mandates;
· actual operational responsibilities;
· data ownership;
· stewardship;
· publication authority;
· national and subnational responsibilities;
· existing coordination bodies;
· unresolved authority overlaps.
Formal policy and actual practice should be recorded separately where they differ.
5.4 Data assessment
For each candidate source, assess:
· owner;
· source system;
· variables;
· definitions;
· geographic coverage;
· temporal coverage;
· resolution;
· update frequency;
· revision practices;
· quality;
· access;
· sensitivity;
· sustainability.
5.5 System assessment
Document:
· source systems;
· surveillance platforms;
· climate-data services;
· databases;
· interoperability platforms;
· data warehouses;
· analytical environments;
· geographic systems;
· reporting tools;
· local or manual processes;
· planned digital-health initiatives.
5.6 Infrastructure assessment
Assess:
· hosting;
· connectivity;
· power reliability;
· storage;
· processing capacity;
· backup;
· recovery;
· device availability;
· technical support;
· software and licence constraints.
5.7 Capacity assessment
Assess availability of:
· data stewardship;
· epidemiology;
· climate science;
· statistics;
· data engineering;
· geospatial analysis;
· interoperability;
· privacy;
· security;
· system administration;
· programme coordination.
5.8 Outputs
· readiness assessment;
· current-state institutional map;
· source inventory;
· system inventory;
· current workflows;
· infrastructure assessment;
· capacity assessment;
· initial gap analysis;
· priority risks.
5.9 Completion criteria
The target design can be based on verified country conditions rather than assumed capability.

6. Readiness classification
Countries may classify readiness by domain rather than using one overall score.
Suggested domain statuses include:
· established;
· partially established;
· emerging;
· absent;
· unknown;
· not applicable.
Domains may include:
· governance;
· source ownership;
· climate-data access;
· health-data access;
· geographic reference data;
· temporal harmonisation capacity;
· spatial harmonisation capacity;
· data engineering;
· analytics;
· privacy and security;
· infrastructure;
· operational sustainability.
A composite readiness score should not obscure a critical gap in authority, privacy, source quality or operational ownership.

7. Phase 3 — Define country use cases and scope
7.1 Objective
Select a feasible and valuable initial CHUD scope.
7.2 Use-case selection criteria
Candidate use cases should be assessed for:
· public-health importance;
· decision value;
· data availability;
· scientific feasibility;
· institutional ownership;
· implementation burden;
· privacy and security risk;
· sustainability;
· potential for learning and scale-up.
7.3 Initial scope
The initial scope should define:
· climate-sensitive health concern;
· intended users;
· decision or analytical purpose;
· geographic level;
· temporal period;
· required sources;
· expected output;
· update frequency;
· pilot duration;
· validation approach.
7.4 Scope control
The country should distinguish:
· core pilot scope;
· optional enhancements;
· future scope;
· explicitly excluded scope.
Scope should not expand automatically because additional data or technology become available.
7.5 Outputs
· approved country use case;
· intended-use statement;
· country scope;
· excluded-scope statement;
· preliminary data and workflow requirements;
· sponsor approval.
7.6 Completion criteria
The implementation has a bounded use case with clear public-health value and feasible data requirements.

8. Phase 4 — Country adaptation
8.1 Objective
Map the generic CHUD components to national roles, systems, data and methods.
8.2 Artefacts to adapt
Country teams should review and adapt:
· scope and boundaries;
· interventions;
· personas;
· user scenarios;
· workflows;
· core data elements;
· transformation and harmonisation logic;
· scheduling;
· indicators;
· requirements;
· standards and architecture.
8.3 Adaptation statuses
Each generic component may be classified as:
· adopted unchanged;
· adapted;
· mapped to an existing national component;
· divided;
· combined;
· replaced;
· deferred;
· unavailable;
· not applicable.
8.4 Adaptation record
Each adaptation should identify:
· generic component;
· country component;
· responsible institution;
· rationale;
· current state;
· target state;
· implementation status;
· validation status;
· issue or dependency;
· approval.

9. Country persona mapping
Each applicable generic persona should be mapped to:
· national role title;
· institution;
· jurisdiction;
· decision authority;
· data responsibility;
· system access;
· substitute or delegate;
· implementation status;
· validation status.
The mapping should identify functions that are:
· duplicated;
· distributed;
· unassigned;
· informal;
· dependent on external support.
A missing role should be treated as an implementation gap only where the function is required for the approved scope.

10. Country workflow mapping
Country teams should document:
· current-state workflow;
· identified problems;
· target-state workflow;
· interim workflow;
· participating institutions;
· data hand-offs;
· systems;
· manual steps;
· approvals;
· schedules;
· exceptions;
· fallback;
· ownership.
Current and target workflows should remain distinct.
The target workflow should not assume automation that has not been funded, tested or assigned to an operational owner.

11. Country data mapping
Each required generic data concept should be mapped to:
· national dataset;
· source system;
· owner;
· national variable;
· definition;
· unit;
· value set;
· geographic level;
· temporal frequency;
· quality status;
· sensitivity;
· access condition;
· transformation;
· standards mapping;
· validation status.
Gaps should be classified as:
· unavailable;
· inaccessible;
· insufficient quality;
· insufficient resolution;
· incompatible definition;
· unsustainable;
· under development.

12. Country terminology and identifier mapping
Countries should define:
· national health terminology;
· disease and syndrome codes;
· climate-variable names;
· environmental-variable names;
· facility identifiers;
· organisation identifiers;
· geographic identifiers;
· reporting-unit identifiers;
· national value sets;
· multilingual labels.
Mappings should preserve:
· source term;
· target term;
· version;
· mapping status;
· reviewer;
· effective date.
Partial or ambiguous mappings should remain visible.

13. Country temporal configuration
Country temporal configuration should define:
· time zone;
· daylight-saving treatment where applicable;
· reporting-day boundary;
· epidemiological-week definition;
· reporting calendar;
· season definitions;
· source cut-offs;
· provisional periods;
· revision windows;
· lag methods;
· cumulative windows;
· publication cut-offs.
Where institutions use different reporting calendars, the crosswalk and limitations should be documented.

14. Country geographic configuration
Country geographic configuration should define:
· authoritative geographic source;
· administrative hierarchy;
· health-service geography;
· meteorological geography;
· facility geography;
· boundary versions;
· effective periods;
· crosswalks;
· weighting methods;
· disputed or exceptional areas;
· disclosure restrictions.
The target geographic level should be supported by source resolution and analytical validity.

15. Country quality rules
Country teams should define:
· mandatory fields;
· valid formats;
· permitted values;
· plausible ranges;
· expected reporting units;
· expected source volumes;
· completeness criteria;
· timeliness criteria;
· geographic match tolerance;
· unmatched-record tolerance;
· reconciliation rules;
· critical failures;
· warning conditions;
· override authority.
Thresholds should be justified and versioned.
National thresholds should not be presented as universal CHUD standards.

16. Country privacy and security adaptation
The country should confirm:
· data classifications;
· lawful processing basis;
· access authority;
· local-data requirements;
· cross-border restrictions;
· retention;
· disclosure controls;
· hosting conditions;
· approved service providers;
· security requirements;
· incident-notification routes.
Where detailed health data cannot leave the country or institution, the architecture should support local or federated processing.

17. Country architecture design
The country should define:
· current architecture;
· interim pilot architecture;
· target architecture;
· hosting model;
· deployment model;
· system boundaries;
· data locations;
· interfaces;
· processing components;
· metadata and lineage services;
· analytical environment;
· publication channels;
· backup and recovery;
· support model.
Architecture should identify which components are:
· existing;
· reused;
· configured;
· newly developed;
· manually operated;
· externally provided;
· deferred.

18. Deployment-model selection
The country may select a:
· centralised model;
· local model;
· federated model;
· hybrid model.
The selection should be based on:
· ownership;
· privacy;
· national policy;
· infrastructure;
· connectivity;
· capacity;
· data volume;
· public-health latency;
· sustainability;
· cost.
The decision should be recorded in an architecture decision record.

19. Local-deployment approach
Where local deployment is required, the implementation should define:
· local data sources;
· local processing environment;
· common specifications;
· transformation package;
· configuration distribution;
· permitted outputs;
· local validation;
· receiving-side validation;
· support;
· version alignment;
· discrepancy management.
The Vietnam DART deployment approach may provide useful programme experience where data ownership and privacy require local processing.
Country design should still be validated against the local legal, institutional and technical context.

20. Phase 5 — Prototype or pilot implementation
20.1 Objective
Test the adapted CHUD design with real institutions, representative data and operational users.
20.2 Pilot characteristics
A pilot should be:
· bounded;
· time-limited;
· use-case driven;
· based on representative data;
· governed;
· measurable;
· reversible;
· documented;
· designed to generate implementation evidence.
20.3 Pilot scope
The pilot should define:
· participating institutions;
· geographic scope;
· reporting periods;
· source datasets;
· workflows;
· data products;
· systems;
· users;
· success criteria;
· support;
· exit or transition plan.
20.4 Pilot data
Pilot data should be sufficiently representative to test:
· source access;
· source quality;
· missing data;
· temporal alignment;
· geographic mapping;
· revisions;
· unusual values;
· integration;
· publication;
· privacy;
· operational workload.
Synthetic data may supplement but should not replace representative country data where practical.

21. Prototype sequence
A prototype may proceed through:
1. source and metadata setup;
2. sample acquisition;
3. structural validation;
4. standardisation;
5. temporal harmonisation;
6. spatial harmonisation;
7. derived-variable calculation;
8. dataset integration;
9. fitness-for-use review;
10. analytical output;
11. controlled publication;
12. correction and reprocessing test.
Each step should produce evidence for the next.

22. Parallel implementation
To reduce delay, appropriate activities may proceed in parallel.
Examples include:
· agreement preparation and technical profiling;
· source assessment and workflow design;
· data-dictionary work and sample extraction;
· privacy review and architecture design;
· training and prototype development;
· metadata preparation and pipeline testing.
Parallel work should use visible assumptions and should not conceal unresolved dependencies.

23. Prototype documentation
The prototype should maintain:
· source versions;
· configuration;
· transformation rules;
· crosswalks;
· code or scripts;
· test data;
· pipeline runs;
· issues;
· decisions;
· corrections;
· validation results;
· user feedback.
A successful demonstration without reproducible documentation is insufficient evidence for operational readiness.

24. Phase 6 — Validation
24.1 Objective
Determine whether the country CHUD implementation is institutionally valid, technically correct, scientifically defensible, usable and sustainable.
24.2 Validation domains
Validation should cover:
1. governance;
2. use-case relevance;
3. source authority;
4. data quality;
5. temporal methods;
6. spatial methods;
7. integration;
8. epidemiological validity;
9. privacy;
10. security;
11. interoperability;
12. usability;
13. operations;
14. continuity;
15. sustainability.

25. Governance validation
Governance validation should confirm:
· lead institution;
· data ownership;
· stewardship;
· access authority;
· method approval;
· publication authority;
· correction authority;
· incident escalation;
· operational ownership.
Unresolved authority should be recorded as a risk and should block operational use where material.

26. Source validation
Each source should be validated for:
· authority;
· definition;
· coverage;
· resolution;
· timeliness;
· revision;
· quality;
· access;
· permitted use;
· sustainability.
Sample data should be compared with documented metadata and source-owner explanations.

27. Data-quality validation
Validation should test:
· required fields;
· types and formats;
· units;
· ranges;
· duplicates;
· completeness;
· timeliness;
· geographic identifiers;
· reporting periods;
· missing-data status;
· consistency;
· source-quality flags.
The country should confirm that critical and warning rules produce appropriate outcomes.

28. Temporal-method validation
Temporal validation should test:
· time zones;
· reporting-period boundaries;
· epidemiological weeks;
· source delays;
· incomplete periods;
· aggregation;
· lagged variables;
· cumulative windows;
· forecast issue and valid times;
· revised periods.
Boundary conditions should be tested explicitly.

29. Spatial-method validation
Spatial validation should test:
· coordinate systems;
· point-to-area mapping;
· raster aggregation;
· area-to-area crosswalks;
· boundary versions;
· weighting;
· unmatched areas;
· facility mapping;
· district-level outputs;
· disclosure risk.
Sample maps and numerical totals should be reviewed by country experts.

30. Integration validation
Integration validation should confirm:
· input versions;
· keys;
· expected cardinality;
· duplicate handling;
· unmatched-record reporting;
· record multiplication controls;
· reconciliation;
· quality preservation;
· lineage;
· privacy impact.
Unexpected data loss or multiplication should be resolved before operational approval.

31. Scientific and epidemiological validation
Scientific review should confirm:
· outcome definition;
· exposure definition;
· denominator;
· temporal relationship;
· geographic relationship;
· confounding and reporting limitations;
· appropriate interpretation;
· suitability for surveillance or analysis;
· unsupported-use boundaries.
Technical success should not substitute for epidemiological validity.

32. Privacy validation
Privacy validation should confirm:
· minimum necessary data;
· access controls;
· data location;
· approved processing;
· pseudonymisation or aggregation;
· disclosure controls;
· retention;
· export restrictions;
· incident handling;
· third-party arrangements.

33. Security validation
Security validation may include:
· identity and role review;
· privileged-access review;
· interface security;
· encryption;
· logging;
· vulnerability review;
· backup;
· recovery;
· incident-response testing;
· service-account review.
Testing should be proportionate to the sensitivity and operational importance of the implementation.

34. Interoperability validation
Interoperability validation should confirm:
· source and target structures;
· interface version;
· identifier mapping;
· terminology mapping;
· unit mapping;
· error handling;
· duplicate handling;
· conformance where applicable;
· manual fallback.
Where FHIR or WIS 2.0 is used, applicable profiles, services and versions should be confirmed.

35. Operational validation
Operational validation should test:
· source schedules;
· pipeline initiation;
· dependencies;
· quality gates;
· delays;
· retries;
· failure;
· manual intervention;
· publication hold;
· correction;
· reprocessing;
· monitoring;
· escalation.
Historical or simulated failures should be used where live failure testing is inappropriate.

36. Continuity validation
Continuity testing should include:
· source outage;
· connectivity loss;
· unavailable interface;
· delayed submission;
· unavailable staff member;
· failed transformation;
· failed publication;
· backup restoration;
· local or manual fallback;
· reconciliation after recovery.

37. Usability validation
Representative users should validate:
· task clarity;
· terminology;
· workflow burden;
· source and quality visibility;
· interpretation of outputs;
· warning visibility;
· correction process;
· accessibility;
· language;
· training needs.
User acceptance should not be limited to technical administrators.

38. Sustainability validation
Sustainability review should confirm:
· operational owner;
· primary and backup personnel;
· hosting;
· licences;
· storage;
· support;
· data access;
· maintenance;
· security;
· backup;
· financing;
· training;
· documentation;
· replacement planning.
A pilot dependent on temporary external support should not be classified as fully operational without a transition plan.

39. Validation evidence
Evidence may include:
· approved documents;
· stakeholder sign-off;
· source-owner confirmation;
· test results;
· sample-data review;
· screenshots;
· logs;
· reconciliation reports;
· methodological review;
· privacy and security assessment;
· user-acceptance results;
· recovery exercise;
· issue closure records.
Each validation decision should identify the evidence used.

40. Validation status
Suggested statuses include:
· not started;
· planned;
· in progress;
· partially validated;
· validated with conditions;
· validated;
· failed;
· superseded;
· not applicable.
Validation should be version-specific.
A change in source, rule, interface, architecture or use case may require revalidation.

41. Defect and issue management
Each issue should record:
· issue ID;
· source;
· affected artefact;
· description;
· severity;
· country-specific or generic classification;
· owner;
· target date;
· proposed resolution;
· decision;
· verification;
· status.
Suggested severities include:
· critical;
· high;
· moderate;
· low;
· observation.
A critical issue affecting authority, privacy, security, data integrity or scientific validity should block operational release until resolved or formally accepted by the appropriate authority.

42. Country-specific versus generic findings
Pilot findings should be classified as:
Country-specific
Caused by national institutions, systems, policy, geography, data or capacity.
Generic DAK issue
Likely to affect several implementations because the generic artefact is incomplete, incorrect or unclear.
Programme decision
Requires programme-level clarification or approval.
Implementation defect
Caused by the local technical or operational implementation.
Source defect
Originates in the source data or source system.
This classification supports efficient correction and programme learning.

43. Phase 7 — Operational deployment
43.1 Objective
Transition the validated pilot into controlled routine use.
43.2 Deployment prerequisites
Before operational deployment, confirm:
· approved governance;
· approved scope;
· source access;
· operational owner;
· validated workflows;
· tested pipelines;
· approved methods;
· user training;
· privacy and security controls;
· support;
· continuity;
· publication authority;
· issue-management process.
43.3 Deployment decision
The country may decide to:
· approve operational use;
· approve with conditions;
· extend the pilot;
· restrict the scope;
· defer deployment;
· reject the current implementation.
The decision should identify:
· approved functions;
· excluded functions;
· conditions;
· review date;
· responsible authority.

44. Operational handover
Handover should include:
· architecture;
· data dictionaries;
· source register;
· access arrangements;
· rules and crosswalks;
· pipeline configuration;
· code;
· test evidence;
· runbooks;
· user guidance;
· training records;
· support contacts;
· backup and recovery;
· issue register;
· roadmap.
Handover should be accepted by the long-term operational owner.

45. Training
Training should be role-specific.
Potential audiences include:
· programme coordinators;
· data providers;
· data stewards;
· pipeline operators;
· analysts;
· epidemiologists;
· meteorological specialists;
· geospatial analysts;
· administrators;
· publication officers;
· decision-makers.
Training should cover:
· responsibilities;
· workflows;
· data quality;
· limitations;
· access;
· incident reporting;
· correction;
· continuity;
· appropriate interpretation.

46. Operational support
The support model should define:
· support owner;
· operating hours;
· contact route;
· issue severity;
· response expectation;
· escalation;
· source support;
· technical support;
· scientific support;
· privacy and security support;
· closure and review.
Support responsibilities should remain clear where several institutions operate different components.

47. Operational monitoring
Routine monitoring should include:
· source receipt;
· source delay;
· quality failures;
· pipeline status;
· retries;
· unmatched records;
· reconciliation;
· publication;
· incidents;
· access expiry;
· corrective actions;
· maintenance;
· user feedback.
Monitoring should link to defined actions rather than only reporting status.

48. Phase 8 — Scale-up and institutionalisation
48.1 Objective
Expand CHUD capability without weakening quality, governance or sustainability.
48.2 Possible scale-up dimensions
Scale-up may include:
· additional diseases or outcomes;
· additional climate hazards;
· additional environmental variables;
· more geographic areas;
· more frequent processing;
· additional institutions;
· new analytical products;
· new countries;
· standards-based exchange;
· federated processing;
· predictive-model input pipelines.
48.3 Scale-up criteria
Before expansion, assess:
· evidence from the pilot;
· unresolved defects;
· source capacity;
· operational staffing;
· infrastructure;
· funding;
· data quality;
· privacy;
· security;
· user demand;
· maintenance burden.
Scale-up should not be driven only by technical possibility.

49. Maturity pathway
A country may progress through the following capability levels.
Level 1 — Foundational
· agreed governance;
· source inventory;
· manual or semi-manual data exchange;
· documented methods;
· controlled analysis;
· basic outputs.
Level 2 — Repeatable
· standardised data structures;
· repeatable pipelines;
· versioning;
· quality checks;
· controlled publication;
· routine monitoring.
Level 3 — Integrated
· automated or semi-automated integration;
· temporal and spatial harmonisation;
· complete lineage;
· formal fitness-for-use review;
· multi-institutional operation.
Level 4 — Advanced
· standards-based interfaces;
· federated or scalable processing;
· advanced geospatial capability;
· secure analytical environments;
· automated impact analysis;
· governed AI-supported functions.
A country may have different maturity levels across different domains.

50. Roadmap structure
The country roadmap should include:
· objective;
· workstream;
· activity;
· owner;
· participating institutions;
· dependency;
· start and target date;
· output;
· acceptance criterion;
· risk;
· status;
· funding or resource need.
Suggested workstreams include:
1. governance;
2. data access;
3. source quality;
4. workflow adaptation;
5. data dictionary and mappings;
6. temporal and spatial methods;
7. pipeline implementation;
8. architecture and security;
9. validation;
10. training;
11. operations;
12. sustainability.

51. Indicative roadmap stages
Stage A — Mobilise
· appoint lead institution;
· establish governance;
· define use case;
· identify stakeholders;
· approve workplan.
Stage B — Assess
· complete readiness assessment;
· map current workflows;
· assess sources and systems;
· identify risks and gaps.
Stage C — Design
· adapt personas and scenarios;
· define target workflows;
· map data elements;
· define methods;
· select architecture.
Stage D — Build
· configure sources;
· prepare mappings;
· implement pipelines;
· establish metadata and lineage;
· prepare outputs.
Stage E — Validate
· run sample and historical tests;
· test exceptions;
· conduct user acceptance;
· resolve defects;
· approve or condition deployment.
Stage F — Operate
· deploy;
· monitor;
· support;
· correct;
· review;
· improve.
Stage G — Scale
· expand approved scope;
· improve standards alignment;
· strengthen automation;
· institutionalise funding and ownership.

52. Pilot-country roadmap
For each pilot country, the roadmap should identify:
· country sponsor;
· national technical lead;
· selected use case;
· pilot geography;
· source datasets;
· local or central deployment;
· data-access milestones;
· prototype milestones;
· validation milestones;
· publication or output milestone;
· handover milestone;
· programme-feedback milestone.
Cross-country dependencies and shared components should remain visible.

53. Two-country groundtruthing
Where the programme validates CHUD in two pilot countries, the approach should:
1. apply the same generic CHUD structure;
2. document country adaptations separately;
3. identify common and country-specific gaps;
4. compare institutional mappings;
5. compare source and workflow feasibility;
6. test temporal and spatial methods;
7. assess local-deployment needs;
8. capture reusable components;
9. identify generic DAK corrections;
10. avoid forcing identical solutions.
The objective is not to make the countries technically identical.
The objective is to determine which elements of the CHUD DAK are genuinely reusable and which require configuration or adaptation.

54. Comparative pilot learning
Cross-country comparison may assess:
· governance model;
· data ownership;
· source availability;
· geographic structures;
· reporting calendars;
· integration methods;
· hosting;
· privacy;
· operational capacity;
· user needs;
· sustainability.
Comparisons should distinguish:
· structural country differences;
· implementation choices;
· avoidable defects;
· generic DAK limitations;
· transferable good practice.

55. Programme feedback loop
Country evidence should feed back into the generic DAK.
The feedback process should:
1. record the country finding;
2. identify the affected artefact;
3. classify the finding;
4. assess cross-country relevance;
5. propose a generic or country-specific change;
6. review the change;
7. approve, reject or defer it;
8. version the updated artefact;
9. communicate the change;
10. assess impacts on other components.
Country adaptation should not be copied into the generic DAK unless its broader applicability has been reviewed.

56. Change control during implementation
Material changes should follow controlled change management.
Changes may affect:
· scope;
· source;
· data definition;
· transformation;
· geographic mapping;
· temporal method;
· architecture;
· interface;
· access;
· publication;
· AI use case.
Each change should identify:
· rationale;
· impact;
· affected artefacts;
· test requirement;
· approval;
· deployment date;
· rollback;
· revalidation requirement.

57. Risk management
Country implementation risks may include:
· unclear ownership;
· delayed agreements;
· inaccessible data;
· weak source quality;
· incompatible definitions;
· inadequate geographic resolution;
· insufficient staff;
· unstable infrastructure;
· privacy restrictions;
· security weakness;
· unsupported technology;
· lack of operational funding;
· excessive scope;
· dependence on temporary support.
Each risk should record:
· likelihood;
· impact;
· owner;
· mitigation;
· trigger;
· residual risk;
· review date;
· status.

58. Critical implementation dependencies
Potential dependencies include:
· government approval;
· data-sharing agreement;
· source-system access;
· geographic crosswalk;
· national identifiers;
· source metadata;
· secure hosting;
· technical staff;
· specialist review;
· procurement;
· legal or privacy review;
· publication authority.
Dependencies should be visible in the roadmap and linked to affected milestones.

59. Minimum country implementation package
A minimum country package should include:
1. approved country scope;
2. governance and institutional mapping;
3. source inventory;
4. current-state workflows;
5. target-state workflows;
6. country data dictionary;
7. temporal and spatial methods;
8. access and privacy arrangements;
9. minimum architecture;
10. repeatable pipeline or controlled manual process;
11. validation evidence;
12. operational owner;
13. support and continuity plan;
14. monitoring indicators;
15. issue and roadmap registers.

60. Advanced country implementation package
More mature country implementations may include:
· automated source acquisition;
· WIS 2.0 integration;
· FHIR-based exchange;
· reusable terminology services;
· automated geographic crosswalks;
· federated processing;
· machine-readable lineage;
· secure research environments;
· real-time quality monitoring;
· predictive-model input pipelines;
· governed AI-supported functions;
· cross-country analytical products.
Advanced capability should be introduced only where it can be governed, validated and maintained.

61. Country acceptance criteria
A country implementation may be considered ready for routine use when:
1. governance and ownership are approved;
2. intended use is clear;
3. required sources are accessible;
4. source definitions and quality are documented;
5. workflows are validated;
6. temporal and spatial methods are approved;
7. integrated outputs are reproducible;
8. privacy and security controls are operational;
9. users can interpret quality and limitations;
10. failures and corrections can be managed;
11. operational ownership and support are confirmed;
12. sustainability risks are accepted or mitigated.
Readiness should be approved for a defined version and scope.

62. Periodic country review
After deployment, the country should periodically review:
· use-case relevance;
· governance;
· source authority;
· access agreements;
· data quality;
· methods;
· system performance;
· privacy and security;
· user value;
· staffing;
· costs;
· sustainability;
· scale-up priorities.
The review may result in:
· no change;
· corrective action;
· method revision;
· source replacement;
· architecture change;
· reduced scope;
· expanded scope;
· retirement.

63. Exit and transition planning
Where programme or external support ends, transition planning should identify:
· operational owner;
· hosting;
· code and configuration custody;
· documentation;
· data-access continuity;
· support;
· licences;
· training;
· outstanding defects;
· financial responsibility;
· future review.
A country should be able to continue, adapt or retire the implementation without losing access to its data, metadata, methods and history.

64. Implementation validation questions
Country teams should confirm:
1. Is the public-health use case approved and still relevant?
2. Are all essential functions assigned to accountable institutions?
3. Are data ownership and publication authority clear?
4. Are sources accessible and sufficiently reliable?
5. Are current and target workflows distinguished?
6. Are temporal and geographic methods valid?
7. Can the pipeline be reproduced?
8. Are quality and limitations visible?
9. Are privacy and security controls proportionate?
10. Can failures, corrections and revisions be managed?
11. Are users trained?
12. Is operational support available?
13. Is the implementation affordable and maintainable?
14. Which elements remain dependent on temporary support?
15. What evidence supports operational approval?
16. What requires revalidation after change?
17. Which findings should update the generic DAK?

65. Traceability
Each country implementation component should link to:
· generic CHUD artefact;
· country adaptation;
· institution;
· use case;
· persona;
· user scenario;
· workflow;
· data source;
· data element;
· transformation and harmonisation rule;
· schedule;
· indicator;
· requirement;
· architecture component;
· test case;
· validation evidence;
· issue;
· roadmap activity.
This traceability should allow programme and country teams to determine:
· what was adapted;
· why it was adapted;
· who approved it;
· how it was tested;
· what is affected if it changes.

66. Country implementation principle
Country implementation should convert the generic CHUD package into a practical, validated and sustainable national capability.
Its core principle is:
Begin with real institutions, real data and a bounded public-health need; adapt openly, test with evidence, correct early, assign lasting ownership and scale only what the country can govern, operate and trust.
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