Supplementary Material
S1. Decomposition component definitions
Table S1 defines the four decomposition components used throughout the manuscript.
Table S1. Interpretation of the decomposition components
	Component
	Operational meaning
	Classification

	Relative individual characteristics
	The local disabled/non-disabled difference in observed characteristics differs from the national difference
	People component

	Absolute individual characteristics
	Disabled workers are locally concentrated in characteristics that are differently associated with underemployment across groups
	People component

	Observable area characteristics
	Local labour-market characteristics are differently associated with disabled and non-disabled underemployment
	Place component

	Residual area component
	Remaining local disabled/non-disabled difference after observed individual and area characteristics
	Place component


Note. Component labels follow the logic of Bryan et al. (2026). The sign convention is adapted because underemployment is an adverse outcome: DUG is disabled minus non-disabled underemployment.

S1A. Notation used in Equations (1)-(5)
Table S1A lists the notation and typographic conventions used in Equations (1)-(5).
Table S1A. Mathematical notation and typographic conventions
	Symbol
	Meaning

	
	D denotes disability group (D=1 disabled; D=0 non-disabled); i indexes pooled person-wave records; j indexes harmonised study areas.

	
	Binary hours-related underemployment outcome.

	
	Group-specific intercept parameter.

	
	Vector of individual and household covariates.

	
	Coefficient vector for individual and household covariates.

	
	Vector of observable study-area characteristics.

	
	Coefficient vector for observable study-area characteristics.

	
	Unobserved area effect in the full representation.

	
	Person-level disturbance term.

	
	First-stage area fixed effect; a hat denotes its estimated value.

	
	Second-stage residual area component; a hat denotes its estimated value.

	
	Disability underemployment gap, defined as disabled minus non-disabled underemployment.

	
	Delta denotes a local-minus-national deviation; bars denote means, hats denote estimates, and c is the decomposition constant.


Note. Greek letters used as parameters or disturbances are set in italic; coefficient vectors are bold italic; operators and the DUG acronym are upright. All mathematical symbols in the table use Word equation objects.

S2. Variables, coding and provenance
Table S2 documents the variables, coding decisions, operational roles, and data provenance.
Table S2. Variables, coding and data provenance
	Block
	Variable
	Operational role
	Primary source
	Coding / verification

	Outcome
	Underemployment
	Hours-related outcome among employed people
	Secure APS/LFS
	Binary 0/1; ONS/DWP desire/search, availability and hours-ceiling rule

	Group
	Disability
	Equality Act long-term condition/activity limitation
	Secure APS
	Binary disabled/non-disabled group from harmonised Secure APS classification

	Individual
	Sex, age, family, ethnicity
	Demographic composition
	Secure APS
	Categorical adjustment terms; full coding crosswalk retained in secure syntax

	Individual
	Education
	Highest qualification categories
	Secure APS
	Qualification categories used for composition adjustment

	Individual
	Partner status; tenure; urban
	Household/living context
	Secure APS
	Categorical adjustment terms; coding crosswalk retained in secure syntax

	Area: demand
	Local labour-market slack
	Local labour-market slack
	ONS/Nomis
	Source-unit rate harmonised to study geography

	Area: productivity
	GVA per hour
	Local labour productivity
	ONS subregional productivity
	Source-unit GVA-per-hour measure harmonised to study geography

	Area: industry
	Industry shares
	Manufacturing; other production; knowledge services; other services
	Census 2021 / Scotland Census 2022
	Broad industry shares harmonised to common categories

	Area: occupation
	Occupation shares
	Broad skill-level composition
	Census 2021 / Scotland Census 2022
	Broad occupation shares harmonised to common categories

	Area: hours
	Short-hours employment share
	Share working 30 hours or fewer per week
	APS/ONS
	Area proportion (0-1); distinct from self-reported part-time status

	Area: hours
	Zero-hours prevalence
	Working-time sensitivity variable
	LFS/ONS
	Area prevalence measure; sensitivity evidence only


Note. Source labels identify the data families used to construct the harmonised analysis variables. Area-level measures are mapped to the study geography and are interpreted as descriptive contextual characteristics rather than causal treatments.

S3. Pairwise illustration
Table S3 reports the disclosure-cleared pairwise accounting used for the illustrative high- and low-gap areas.
Table S3. Pairwise decomposition of two disclosure-cleared comparison areas
	Item
	Area / component
	Contribution
	Classification

	High-gap area
	Glasgow City
	11.4 pp
	Reference

	Low-gap area
	Wiltshire
	-5.6 pp
	Reference

	Raw DUG difference
	
	17.0 pp
	High minus low

	Relative characteristics
	
	3.2 pp
	People

	Absolute characteristics
	
	4.4 pp
	People

	All observed area characteristics
	
	7.0 pp
	Place

	Short-hours share (largest observed subcomponent)
	
	4.8 pp
	Subset of observed-place total; not added again

	Residual + constant
	
	2.4 pp
	Residual place


Note. The mutually exclusive aggregate components sum to the 17.0-pp Glasgow City-Wiltshire contrast: people 7.6 pp, observed area 7.0 pp, and residual 2.4 pp. Short-hours share (4.8 pp) is a subcomponent of the observed-area total and is not added again. The pair is an illustrative disclosure-cleared example; the paper's general people-place conclusion uses the full 175-area distribution.

[image: ]
Figure S1 visualises the same pairwise accounting using mutually exclusive aggregate components.
Figure S1. Pairwise accounting decomposition of the Glasgow City-Wiltshire DUG difference.
Note. The figure uses the internally consistent three-part accounting totals (7.6 + 7.0 + 2.4 = 17.0 pp). The bars show mutually exclusive aggregate components. Short-hours share (4.8 pp) is nested within the 7.0-pp observed-place total and is not added again. Because Glasgow City and Wiltshire are the observed high/low examples and local precision varies, the figure illustrates the accounting identity rather than a ranking or a generalised causal contrast.

The remaining appendices provide the data provenance, model summaries, spatial decomposition diagnostics, robustness checks and external benchmarks cited in the main manuscript.

Supplementary Appendix A. Data provenance and sample construction
A1. Secure APS file log
This appendix records the disclosure-cleared provenance needed to interpret the analysis while respecting Secure Lab restrictions. The harmonised 2022-2025 person-wave file comes from UK Data Service Study 6721. Exact release identifiers, interview-period mapping, wave-retention rules, duplicate-interview handling, weight variables, rescaling and the 175-area crosswalk remain in the governed workflow and controlled replication ledger. Table A1 summarises the public-facing harmonisation by analysis year.

Table A1. Public-facing Secure APS harmonisation summary
	Year
	Analysis-period records
	Outcome and disability coding
	Weight
	Geography / harmonisation

	2022
	Secure APS person-wave records contributing to 2022 analysis period
	Harmonised ONS/DWP underemployment rule; harmonised Equality Act disability indicator
	Year-appropriate APS person weight
	Harmonised study-area identifier; common secure-workflow coding

	2023
	Secure APS person-wave records contributing to 2023 analysis period
	Harmonised ONS/DWP underemployment rule; harmonised Equality Act disability indicator
	Year-appropriate APS person weight
	Harmonised study-area identifier; common secure-workflow coding

	2024
	Secure APS person-wave records contributing to 2024 analysis period
	Harmonised ONS/DWP underemployment rule; harmonised Equality Act disability indicator
	Year-appropriate APS person weight
	Harmonised study-area identifier; common secure-workflow coding

	2025
	Secure APS person-wave records contributing to 2025 analysis period
	Harmonised ONS/DWP underemployment rule; harmonised Equality Act disability indicator
	Year-appropriate APS person weight
	Harmonised study-area identifier; common secure-workflow coding


Note. This is a disclosure-cleared harmonisation summary, not a source-release ledger. Exact release identifiers, interview periods, wave-retention and duplicate-interview rules, weighting syntax and executable construction code remain in governed replication materials.

A2. Final analytic sample and local precision
Table A2 reports final sample composition, while Table A3 summarises local sample-size and precision diagnostics.
Table A2. Final analytic sample composition
	Group / unit
	Final N
	Share / status
	Role

	Disabled-group records
	253,400
	13.70%
	D = 1

	Non-disabled-group records
	1,591,800
	86.30%
	D = 0

	Total analysis records
	1,845,200
	100.00%
	First-stage estimation sample

	Harmonised study areas
	175
	Study geography
	Area fixed-effect units


Note. Counts are pooled person-wave analysis records, not unique people. No unverified intermediate attrition counts are reconstructed; the harmonised study-area crosswalk is retained in governed analysis materials.

Table A3. Local sample-size and precision diagnostics
	Diagnostic
	Min.
	P10
	Median
	P90
	Max.

	Disabled workers per study area
	95
	215
	1,240
	2,850
	4,280

	Non-disabled workers per study area
	1,850
	3,420
	8,900
	15,600
	28,400

	SE of local disabled rate
	0.012
	0.018
	0.031
	0.052
	0.078

	SE of local non-disabled rate
	0.004
	0.006
	0.011
	0.019
	0.028


Note. Precision varies materially by group and area. The median SE of the local disabled-worker underemployment rate is 0.031 (3.1 pp), compared with 0.011 (1.1 pp) for the non-disabled rate. Public outputs do not contain the full area-level covariance or replicate information required to subtract sampling variance from cross-area DUG dispersion. The manuscript therefore reports dispersion in estimated local gaps, treats endpoint examples as illustrative, and does not rank areas by statistical significance.
A3. Outcome coding and validation
The harmonised underemployment derivation follows the current ONS/DWP rule: wanting longer hours or seeking an additional/replacement job, availability within two weeks and the age-specific weekly-hours ceiling. In the analysis file, UNDEREMP equals one when the harmonised desire/search condition, availability condition and hours ceiling are jointly satisfied. Table A4 compares the resulting national estimates with published benchmarks. This specification is sufficient to identify the analytical outcome without reproducing protected or version-specific raw item names in the public appendix.

Table A4. Outcome validation against official benchmarks
	Period
	Group
	Published %
	Secure replication %
	Difference (pp)

	Apr-Jun 2024
	Disabled
	9.1
	9.3
	0.2

	Apr-Jun 2024
	Non-disabled
	6.7
	6.9
	0.2

	Apr-Jun 2025
	Disabled
	10
	10.2
	0.2

	Apr-Jun 2025
	Non-disabled
	7.7
	7.9
	0.2


Note. Published values are from DWP (2026). The 0.2-point replication differences are small and are treated as external validation differences associated with sample harmonisation and period definition rather than as evidence of exact equivalence.

A4. Study-area harmonisation and reproducibility boundary
The 175 study areas form a common analytical geography used to align pooled Secure APS records with area-level labour-market covariates; they are not presented as the current official ITL3 count. The complete crosswalk, boundary harmonisation rules and executable mapping are retained in governed analysis materials. The manuscript therefore treats results as scale-dependent and does not claim independent public reproduction of the exact harmonisation without those materials.

Supplementary Appendix B. Model estimates
B1. First-stage adjustment specification
The first-stage equations are weighted linear-probability fixed-effect models for the binary underemployment outcome. Their purpose is to generate composition-adjusted area effects; individual coefficient significance is not used as substantive evidence. The adjustment blocks correspond to Section 5.4 of the main manuscript. Table B1 lists the adjustment blocks and their role in the first-stage specification.

Table B1. First-stage adjustment specification
	Covariate block
	Included terms
	Role in adjustment

	Demographics
	Sex; age groups; ethnicity
	Adjust group-specific demographic composition

	Family structure
	Marital/cohabitation status; dependent children; female-by-family interaction
	Capture household and caregiving composition

	Education
	Highest qualification categories
	Adjust human-capital composition

	Household labour market
	Partner labour-market status
	Capture household labour-market context

	Housing
	Housing tenure
	Adjust socioeconomic/living-context composition

	Settlement
	Urban residence
	Adjust urban/non-urban composition

	Employment form
	Employee/self-employed status; contract-form sensitivity where compatible
	Describe composition within the employed sample

	Area fixed effects
	175 harmonised study-area indicators
	Generate composition-adjusted local area estimates


Note. The table documents the adjustment set used to obtain group-specific area fixed effects. Individual first-stage coefficient p-values are not used as substantive evidence in the paper.

B2. Second-stage area equations
Table B2 reports the complete second-stage area models for disabled and non-disabled workers.
Table B2. Complete second-stage area models
	Area variable
	Non-disabled b
	SE
	Disabled b
	SE
	b1-b0

	Unemployment / slack measure
	0.042
	0.018
	0.058
	0.022
	0.016

	GVA per hour
	-0.003
	0.001
	-0.001
	0.001
	0.002

	Manufacturing share
	0.012
	0.006
	0.015
	0.008
	0.003

	Other production share
	0.008
	0.004
	0.011
	0.006
	0.003

	Knowledge-services share
	-0.018
	0.009
	-0.025
	0.012
	-0.007

	Occupation level 4 share
	-0.021
	0.011
	-0.032
	0.014
	-0.011

	Occupation level 3 share
	0.015
	0.008
	0.022
	0.01
	0.007

	Occupation level 2 share
	0.028
	0.014
	0.035
	0.018
	0.007

	Short-hours employment share
	0.069
	0.065
	0.215
	0.078
	0.146

	Zero-hours prevalence (extension only)
	0.038
	0.055
	0.081
	0.068
	0.043

	Constant
	-0.012
	0.008
	-0.008
	0.009
	0.004

	Area N
	175
	
	175
	
	

	R-squared
	0.41
	
	0.38
	
	

	Max VIF
	3.8
	
	3.8
	
	


Note. Unemployment/slack, GVA, industry and occupation form the structural labour-market baseline; short-hours and zero-hours prevalence form the exploratory hours-structure extension. Area-level robust SEs condition on estimated first-stage area effects and do not fully propagate generated-regressor uncertainty. The b1-b0 column is an arithmetic difference without a cross-equation SE. No bootstrap CI or superiority test is reconstructed from disclosure-cleared outputs.

Supplementary Appendix C. Selected spatial decomposition summaries
C1. Area-level gap and component table
Table C1 gives five disclosure-cleared local examples. Because precision varies across areas, these values illustrate the accounting rather than rank local performance; general inference relies on full-study distributional and component summaries.
Table C1. Selected local underemployment-rate examples
	Study area (author label)
	Disabled underemployment %
	Non-disabled underemployment %
	DUG (pp)

	Glasgow City
	16.8
	5.4
	11.4

	Wiltshire
	5.2
	10.8
	-5.6

	City of London
	12.4
	5.8
	6.6

	Cornwall
	14.2
	8.4
	5.8

	West Cumbria
	13.5
	7.2
	6.3


Note. Table C1 reports selected disclosure-cleared raw group rates and DUGs. Values should be read jointly with the local precision diagnostics in Table A3. The manuscript's general inference relies on aggregate distributional and component summaries rather than a complete public local ranking; the Glasgow City and Wiltshire endpoints are used only to illustrate the accounting identity.

C2. Detailed observed place components
Table C2 reports the detailed component dispersions and zero-component counterfactuals.
Table C2. Component standard deviations and zero-component counterfactuals
	Component
	Component SD
	DUG SD if component = 0
	Class

	Relative characteristics
	0.7
	3
	People

	Absolute characteristics
	2.1
	2.3
	People

	Unemployment / slack measure
	0.6
	3
	Place

	GVA
	0.4
	3.1
	Place

	Industries - total
	0.5
	3
	Place

	Knowledge services
	0.3
	3.1
	Place

	Occupations - total
	0.7
	3
	Place

	Short-hours employment share
	1.2
	2.8
	Place extension

	Zero-hours prevalence
	0.4
	3.1
	Place extension

	All observed area characteristics
	1.8
	2.4
	Place

	Residual + constant
	1.5
	2.8
	Place

	All place components
	2.2
	2.3
	Place (combined)


Note. Component SDs are non-additive. The counterfactual column shows how overall DUG dispersion changes when one component is set to zero while the others are retained.

Supplementary Appendix D. Scope checks, spatial diagnostics and influence stability
D1. Alternative samples and periods: scope checks
Table D1 summarises the alternative-period and sample scope checks.
Table D1. Alternative-period and sample scope checks
	Specification
	N (analysis records)
	National DUG
	Stability summary
	Interpretation

	2022-2025 baseline
	1,845,200
	2.8
	Full baseline people/place component vector reported
	Reference decomposition

	2019-2025
	3,124,800
	2.6
	National DUG and sample-size scope check
	Scope check; full decomposition reported for baseline model

	2022-2024
	1,412,600
	2.7
	National DUG and sample-size scope check
	Scope check; full decomposition reported for baseline model

	Employees only
	1,602,400
	2.9
	National DUG and sample-size scope check
	Scope check; full decomposition reported for baseline model

	Excluding London
	1,825,600
	2.7
	National DUG and sample-size scope check
	Scope check; full decomposition reported for baseline model


Note. Correlated decomposition components are not additive variance shares. Alternative periods and samples are scope checks based on disclosure-cleared N and national-DUG outputs; they are not labelled full redecomposition robustness tests.

D2. Spatial diagnostics
Table D2 reports sensitivity of the spatial diagnostics to the alternative weights specification.
Table D2. Spatial weights sensitivity
	Weights matrix
	Outcome
	Moran's I
	p-value

	Queen contiguity
	Raw DUG
	0.31
	<0.001

	Queen contiguity
	Place component
	0.22
	0.002

	Queen contiguity
	Residual
	0.09
	0.089

	Distance band
	Raw DUG
	0.28
	<0.001

	Distance band
	Residual
	0.07
	0.142

	Distance band
	Place component
	0.19
	0.006


Note. The distance-band matrix is a secondary sensitivity check. Exact normalisation, distance threshold, island handling and permutation settings remain in the governed analysis script. Moran's I supports model checking only; no core claim depends on the spatial-weight specification.

D3. Influence, multicollinearity and component-ordering stability
Table D3 summarises area-level influence, multicollinearity, and component-ordering stability.
Table D3. Area-level influence diagnostics
	Diagnostic
	Value
	Source
	Purpose

	Maximum VIF
	3.8
	Short-hours share
	Second-stage collinearity

	Largest Cook's distance
	0.18
	City of London
	Influential area

	Max leave-one-area-out change in key coefficient
	0.015
	GVA coefficient
	Stability

	Leave-one-area-out component ordering
	No reversal
	All study areas
	Stability


Note. Influence diagnostics assess area-level leverage. The leave-one-area-out result shows no reversal in the ordering of the combined people and place point estimates when any single area is omitted; it does not provide an uncertainty interval for their difference.

Supplementary Appendix E. External statistical benchmarks and supporting context
These external statistics support the motivation and validation of the study but are not substituted for the paper's own Secure APS decomposition results. Table E1 summarises the verified national disability labour-market benchmarks.

Table E1. Verified national disability labour-market benchmarks
	Period
	Indicator
	Value
	Source

	Apr-Jun 2025
	Disabled employment rate
	52.80%
	DWP 2026

	Apr-Jun 2025
	Non-disabled employment rate
	82.50%
	DWP 2026

	Apr-Jun 2025
	Disability employment gap
	29.7 pp
	DWP 2026

	Apr-Jun 2025
	Disabled underemployment rate
	10.00%
	DWP 2026

	Apr-Jun 2025
	Non-disabled underemployment rate
	7.70%
	DWP 2026

	Apr-Jun 2025
	Disability underemployment gap
	2.3 pp
	Derived from published rates

	Apr-Jun 2024
	Disabled underemployment rate
	9.10%
	DWP 2026

	Apr-Jun 2024
	Non-disabled underemployment rate
	6.70%
	DWP 2026

	Apr-Jun 2024
	Disability underemployment gap
	2.4 pp
	Derived from published rates


Note. DWP states that April-June 2025 quarterly disability employment figures are not seasonally adjusted and recommends same-quarter year-on-year comparisons. The national underemployment definition is reproduced in Section 5.3.
Supplementary Appendix F. Reproducibility and disclosure-control matrix
Table F1 distinguishes information reproduced publicly from material governed by Secure Lab conditions, making the reproducibility boundary explicit without implying that protected records can be redistributed.

Table F1. Public and restricted reproducibility materials
	Item
	Public manuscript / supplement
	Secure or request-only material
	Role

	Outcome and disability definitions
	Yes
	Raw/version-specific item names governed by Secure access
	Defines analytical variables

	Final analytic counts and local precision summaries
	Yes
	Underlying respondent records protected
	Documents analytical scope

	Source-release ledger and interview-period mapping
	Summary only
	Exact release identifiers and secure construction ledger
	Defines source provenance

	Wave retention and duplicate-interview handling
	Not reconstructed from public year labels
	Executable construction logic / disclosure-cleared description
	Defines person-wave construction

	Weight variables and any rescaling
	General weighting statement
	Exact weighting syntax / disclosure-cleared description
	Defines period-average weighted estimand

	Study-area definition
	175 harmonised areas; selected labels
	Complete harmonised geography crosswalk
	Defines spatial unit

	Model equations and decomposition definitions
	Yes
	Executable estimation code
	Defines estimator

	Spatial-weight specification
	Matrix families and disclosed Moran outputs
	Exact normalisation, distance threshold, island handling and permutation settings
	Reproduces spatial diagnostics

	Aggregate results
	Main and supplementary tables
	Additional disclosure-cleared output files
	Supports reported findings

	Protected microdata
	No
	Access only through UK Data Service Secure Lab
	Cannot be redistributed by authors


Note. Availability of request-only materials remains subject to ONS/UK Data Service licensing and statistical disclosure-control requirements.
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