APPENDICES
Appendix A. ERI Indicator Dictionary and Construction Rules
Table A1. External Resilience Index Indicator Dictionary and Construction Rules
	Dim.
	Pillar
	Code
	Indicator
	Operational definition / measurement concept
	Direction
	Principal source
	Minimum pillar coverage

	BR
	External Liquidity and Reserve Adequacy
	LQ1
	Import-cover adequacy
	International reserves relative to imports; measures the capacity of reserves to finance external import requirements
	+
	IMF / World Bank
	2 of 2

	BR
	External Liquidity and Reserve Adequacy
	LQ2
	Short-term external debt relative to reserves
	Short-term external debt relative to international reserves; captures near-term external refinancing pressure relative to available liquidity
	−
	World Bank WDI/IDS; QEDS fallback
	2 of 2

	BR
	External Balance-Sheet Strength
	BS1
	Net international investment position relative to GDP
	Net international investment position expressed relative to GDP; measures the economy's net external asset/liability position
	+
	IMF IIP / World Bank
	2 of 2

	BR
	External Balance-Sheet Strength
	BS2
	External assets relative to GDP
	Gross external assets relative to GDP; captures the external asset base potentially available to absorb external losses
	+
	IMF IIP / World Bank
	2 of 2

	SAR
	External Financing Resilience
	FN1
	FDI share of positive external inflows
	Foreign direct investment as a share of positive external financing inflows; captures reliance on comparatively stable financing
	+
	IMF BOP
	2 of 3

	SAR
	External Financing Resilience
	FN2
	Five-year volatility of unstable financing share
	Rolling five-year volatility of the share of comparatively unstable external financing flows
	−
	IMF BOP
	2 of 3

	SAR
	External Financing Resilience
	FN3
	Current-account position
	Current-account balance relative to the scale of the economy; captures dependence on net external financing
	+
	IMF BOP / WEO
	2 of 3

	SAR
	Trade Resilience
	TR1
	Export diversification
	Diversification of merchandise exports across products; higher values represent broader export composition and reduced concentration
	+
	UNCTAD
	2 of 3

	SAR
	Trade Resilience
	TR3
	Services export share
	Services exports as a share of total exports; captures diversification of foreign-exchange earnings beyond merchandise trade
	+
	World Bank / IMF
	2 of 3

	SAR
	Trade Resilience
	TR4
	Terms-of-trade stability
	Stability of the terms of trade over the specified measurement window; greater stability indicates lower exposure to external price volatility
	+
	IMF / World Bank
	2 of 3

	SAR
	Debt and Remittance Resilience
	DR1
	External debt-service burden
	External debt-service payments relative to the relevant external repayment capacity measure; captures the burden of servicing external obligations
	−
	World Bank IDS/WDI
	2 of 3

	SAR
	Debt and Remittance Resilience
	DR2
	Short-term debt share
	Short-term external debt as a share of total external debt; captures maturity and refinancing vulnerability
	−
	World Bank IDS/WDI; QEDS fallback
	2 of 3

	SAR
	Debt and Remittance Resilience
	DR3
	Remittance stability
	Stability of remittance inflows over the specified measurement window; captures reliability of remittances as a source of foreign exchange
	+
	World Bank / KNOMAD
	2 of 3

	SAR
	Macroeconomic Policy Capacity
	MP1
	Inflation stability
	Stability of domestic inflation over the specified measurement window; greater stability represents stronger macroeconomic adjustment capacity
	+
	IMF WEO / World Bank WDI
	3 of 4

	SAR
	Macroeconomic Policy Capacity
	MP2
	Fiscal space
	Indicator of available fiscal policy space derived from the underlying fiscal position
	+
	IMF WEO
	3 of 4

	SAR
	Macroeconomic Policy Capacity
	MP3
	National savings
	Gross national savings relative to GDP; captures domestic resources available to support investment and adjustment
	+
	IMF WEO / World Bank
	3 of 4

	SAR
	Macroeconomic Policy Capacity
	MP4
	Growth resilience
	Stability/recovery of real economic growth over the specified measurement window
	+
	IMF WEO / World Bank WDI
	3 of 4

	SAR
	Productive and Institutional Adaptability
	PA1
	Economic complexity
	Economic Complexity Index; captures the diversity and sophistication of productive capabilities embodied in exports
	+
	Atlas of Economic Complexity
	2 of 3

	SAR
	Productive and Institutional Adaptability
	PA2
	Sectoral diversification
	Diversification of economic activity across productive sectors; higher values indicate a broader productive base
	+
	World Bank / UNCTAD
	2 of 3

	SAR
	Productive and Institutional Adaptability
	PA3
	Institutional quality
	Composite measure of institutional and governance quality relevant to policy implementation and adaptation
	+
	World Bank WGI
	2 of 3


Notes: BR = Buffer Resilience; SAR = Structural-Adaptive Resilience. “+” indicates that higher raw values correspond to greater resilience; “−” indicates that higher raw values correspond to lower resilience. Negative-direction indicators are reverse-oriented during normalization. Pillar scores are equal-weight means of available normalized indicators only when the stated minimum coverage threshold is satisfied. No missing raw observations are statistically imputed or interpolated. The headline ERI is calculated only when all seven pillars are valid. All indicators are normalized to [0,1]using fixed 1st- and 99th-percentile bounds estimated exclusively from the 1998–2010 calibration sample and applied unchanged through 2024. 


Appendix B. Fixed Normalization Parameters and Calibration Bounds
Table B1. ERI Fixed-Reference Normalization Parameters, 1998–2010
	Dimension
	Pillar
	Code
	Indicator
	Direction
	Calibration N
	P1 lower bound
	P99 upper bound

	BR
	LQ
	LQ1
	Import-cover adequacy
	+
	1,978
	0.081467
	25.404398

	BR
	LQ
	LQ2
	Short-term external debt / reserves
	−
	1,341
	0.000000
	4,310.871160

	BR
	BS
	BS1
	NIIP / GDP
	+
	1,421
	−164.531857
	299.314202

	BR
	BS
	BS2
	External assets / GDP
	+
	1,423
	5.824740
	1,670.484547

	SAR
	FN
	FN1
	FDI share of positive external inflows
	+
	2,081
	0.000000
	1.000000

	SAR
	FN
	FN2
	Five-year volatility of unstable financing share
	−
	1,730
	0.000000
	0.463737

	SAR
	FN
	FN3
	Current-account position
	+
	2,341
	−29.895400
	41.035400

	SAR
	TR
	TR1
	Export diversification
	+
	2,477
	0.072941
	0.930857

	SAR
	TR
	TR3
	Services export share
	+
	2,149
	1.939142
	92.053695

	SAR
	TR
	TR4
	Terms-of-trade stability
	+
	603
	−0.399731
	−0.003856

	SAR
	DR
	DR1
	External debt-service burden
	−
	1,329
	0.652348
	66.727721

	SAR
	DR
	DR2
	Short-term debt share
	−
	1,520
	0.000000
	55.394939

	SAR
	DR
	DR3
	Remittance stability
	+
	1,758
	0.015675
	27.969502

	SAR
	MP
	MP1
	Inflation stability
	+
	2,040
	−29.743706
	−0.464549

	SAR
	MP
	MP2
	Fiscal space
	+
	2,375
	0.029014
	0.975225

	SAR
	MP
	MP3
	National savings
	+
	2,155
	−41.211357
	71.075606

	SAR
	MP
	MP4
	Growth resilience
	+
	2,058
	−12.085779
	11.047288

	SAR
	PA
	PA1
	Economic complexity
	+
	1,162
	−1.986294
	1.977644

	SAR
	PA
	PA2
	Sectoral diversification
	+
	2,339
	0.222304
	0.658227

	SAR
	PA
	PA3
	Institutional quality
	+
	2,127
	−0.272543
	86.466294


Notes: BR = Buffer Resilience; SAR = Structural-Adaptive Resilience; P1 = 1st percentile; P99 = 99th percentile. Calibration denotes the number of valid country-year observations used to estimate the indicator-specific normalization bounds during 1998–2010. The P1 and P99 bounds are estimated exclusively from the 1998–2010 calibration sample, frozen, and applied unchanged to all observations from 1998 through 2024. “+” denotes a resilience-positive indicator and “−” a resilience-negative indicator. Values outside the fixed reference interval are capped at 0 or 1 after normalization. Annual percentile ranks and full-panel 1998–2024 bounds are not used in the headline ERI. 
Table B2. Fixed ERI Normalization Rules
	Indicator orientation
	Normalization rule
	Interpretation

	Resilience-positive (+)
	z_(ijt)=min[1,max(0,(x_(ijt)-P_(1,j)^(98-10))/(P_(99,j)^(98-10)-P_(1,j)^(98-10)))]
	Higher raw values produce higher resilience scores

	Resilience-negative (−)
	z_(ijt)=min[1,max(0,(P_(99,j)^(98-10)-x_(ijt))/(P_(99,j)^(98-10)-P_(1,j)^(98-10)))]
	Higher raw values produce lower resilience scores

	Below fixed reference range
	z_(ijt)=0 or 1, according to direction
	Capped at the resilience-minimum endpoint

	Above fixed reference range
	z_(ijt)=1 or 0, according to direction
	Capped at the resilience-maximum endpoint

	Calibration period
	1998–2010
	Used only to estimate fixed P1/P99 bounds

	Application period
	1998–2024
	Same frozen bounds applied to every year

	Formal predictive validation
	2011 onward
	Prevents post-calibration information from determining normalization bounds


Notes: is the raw value of indicator j for economy i in year t ; is its normalized ERI score; and are the fixed 1st- and 99th-percentile calibration bounds for indicator j. All normalized indicators lie on the [0,1] interval, with higher values consistently representing greater external resilience. 
Appendix C. Missing-Data, Coverage and ERI Eligibility Protocol
Table C1. ERI Pillar-Level Coverage and Eligibility Requirements
	Dimension
	Pillar
	Code
	Indicators
	Indicators available
	Minimum required
	Eligibility rule

	Buffer Resilience
	External Liquidity and Reserve Adequacy
	LQ
	LQ1, LQ2
	2
	2
	Both indicators required

	Buffer Resilience
	External Balance-Sheet Strength
	BS
	BS1, BS2
	2
	2
	Both indicators required

	Structural-Adaptive Resilience
	External Financing Resilience
	FN
	FN1, FN2, FN3
	3
	2
	At least 2 of 3

	Structural-Adaptive Resilience
	Trade Resilience
	TR
	TR1, TR3, TR4
	3
	2
	At least 2 of 3

	Structural-Adaptive Resilience
	Debt and Remittance Resilience
	DR
	DR1, DR2, DR3
	3
	2
	At least 2 of 3

	Structural-Adaptive Resilience
	Macroeconomic Policy Capacity
	MP
	MP1, MP2, MP3, MP4
	4
	3
	At least 3 of 4

	Structural-Adaptive Resilience
	Productive and Institutional Adaptability
	PA
	PA1, PA2, PA3
	3
	2
	At least 2 of 3


Notes: A pillar score is calculated only when its stated minimum indicator-coverage requirement is satisfied. Where partial coverage is permitted, qualifying normalized indicators are equally weighted within the pillar. Missing indicators are not assigned zero and are not statistically imputed or interpolated. The identity and number of indicators contributing to each pillar are retained as audit fields. 

Table C2. Missing-Data and Aggregation Protocol
	Level
	Missing-data rule
	Eligibility requirement
	Treatment when requirement fails

	Raw indicator
	Observed source data only
	Valid source observation
	Indicator remains missing

	Normalized indicator
	Normalize only valid raw/derived observations
	Raw indicator available
	Normalized value remains missing

	LQ pillar
	No missing-value substitution
	2 of 2
	LQ not calculated

	BS pillar
	No missing-value substitution
	2 of 2
	BS not calculated

	FN pillar
	Available-case mean within threshold
	≥2 of 3
	FN not calculated

	TR pillar
	Available-case mean within threshold
	≥2 of 3
	TR not calculated

	DR pillar
	Available-case mean within threshold
	≥2 of 3
	DR not calculated

	MP pillar
	Available-case mean within threshold
	≥3 of 4
	MP not calculated

	PA pillar
	Available-case mean within threshold
	≥2 of 3
	PA not calculated

	BR dimension
	No dimension-level reweighting
	LQ and BS both valid
	BR not calculated

	SAR dimension
	No dimension-level reweighting
	FN, TR, DR, MP and PA all valid
	SAR not calculated

	Headline ERI
	No missing-pillar reweighting
	All seven pillars valid
	No headline ERI reported


Notes: ERI-Strict prioritizes comparability over maximum country coverage. Missing pillars are never reweighted away. Consequently, every published headline ERI observation is based on the same seven-pillar conceptual architecture even where permitted within-pillar indicator availability differs. 
Table C3. Final ERI-Strict Coverage Summary Following Source-Coverage Repair
	Coverage measure
	Final result

	Study period
	1998–2024

	Underlying country universe
	196 economies

	Potential country-year universe
	5,292

	ERI-Strict country-year observations
	2,581

	ERI-Strict share of potential universe
	48.8%

	Economies with ≥1 valid ERI-Strict observation
	141

	Share of underlying economies represented at least once
	71.9%

	Economies satisfying all seven pillars in 2024
	82

	Post-calibration validation period
	2011–2024

	Post-calibration ERI-Strict observations
	1,588

	Calibration period
	1998–2010

	Statistical interpolation/imputation
	None

	Required valid pillars for headline ERI
	7 of 7


Notes: The underlying universe comprises 196 economies observed potentially over 27 years, yielding 5,292 possible economy-year combinations. ERI-Strict observations are reported only when all seven pillar requirements are satisfied. The resulting unbalanced panel therefore reflects documented source availability and the frozen eligibility protocol rather than statistical filling of missing observations. The 1998–2010 period establishes fixed normalization bounds; formal predictive validation begins in 2011.
Table C4. ERI Eligibility and Audit Fields
	Audit field
	Definition
	Eligibility interpretation

	n_LQ
	Number of valid normalized LQ indicators
	Eligible if = 2

	n_BS
	Number of valid normalized BS indicators
	Eligible if = 2

	n_FN
	Number of valid normalized FN indicators
	Eligible if ≥ 2

	n_TR
	Number of valid normalized TR indicators
	Eligible if ≥ 2

	n_DR
	Number of valid normalized DR indicators
	Eligible if ≥ 2

	n_MP
	Number of valid normalized MP indicators
	Eligible if ≥ 3

	n_PA
	Number of valid normalized PA indicators
	Eligible if ≥ 2

	eligible_LQ–eligible_PA
	Pillar-specific eligibility indicators
	1 when corresponding threshold is satisfied

	eligible_BR
	Buffer Resilience eligibility
	1 when LQ and BS are both valid

	eligible_SAR
	Structural-Adaptive Resilience eligibility
	1 when FN, TR, DR, MP and PA are all valid

	eligible_ERI_strict
	Headline ERI eligibility
	1 only when all seven pillars are valid

	coverage_indicators
	Number of observed ERI indicators / 20
	Diagnostic only; does not override pillar rules

	coverage_pillars
	Number of valid pillars / 7
	Must equal 1.00 for ERI-Strict

	calibration_period
	Calibration-period indicator
	1 for 1998–2010; 0 thereafter

	normalization_version
	Identifier for frozen normalization bounds
	Ensures consistent normalization vintage


Notes: Overall indicator coverage is retained as a diagnostic rather than as an alternative eligibility criterion. A country-year with high aggregate indicator coverage can therefore remain ineligible if a mandatory pillar threshold is not satisfied. This prevents a high number of observations in one part of the architecture from compensating for the absence of another resilience mechanism. 





Table C5. Coverage-Repair Effect on the ERI-Strict Panel
	Coverage stage
	ERI-Strict country-years
	Economies represented
	2024 economies
	Status

	Pre-repair strict construction
	1,726
	95
	73
	Diagnostic/intermediate

	Final repaired strict construction
	2,581
	141
	82
	Headline ERI panel

	Change following repair
	+855
	+46
	+9
	Coverage gain


Notes: The pre-repair diagnostic identified LQ2 and DR2 as major source-coverage constraints. The subsequent targeted source repair supplements missing observations using the documented QEDS hierarchy while preserving original WDI/IDS observations where available. The repair therefore expands coverage without relaxing the frozen pillar thresholds, introducing statistical imputation, or changing the seven-pillar architecture. The final repaired construction is the authoritative ERI-Strict panel used in the manuscript; the earlier 1,726-observation panel is retained only as a diagnostic stage.


Appendix D. Source Hierarchy, Debt-Data Repair and Provenance
Table D1. Source Hierarchy and External-Debt Repair Rules
	Indicator
	Measurement concept
	Primary source
	Approved fallback
	Source-precedence rule
	Repair status

	LQ2
	Short-term external debt relative to reserves
	World Bank WDI/IDS
	World Bank–IMF QEDS short-term external debt + WDI total reserves including gold
	Retain WDI/IDS where available; use QEDS reconstruction only where primary observation is missing
	Repaired

	DR2
	Short-term external debt as a share of total external debt
	World Bank WDI/IDS
	World Bank–IMF QEDS short-term and total gross external debt
	Retain WDI/IDS where available; use QEDS reconstruction only where primary observation is missing
	Repaired

	DR1
	External debt-service burden
	World Bank WDI/IDS
	None
	Retain primary observation; leave missing where unavailable
	Not repaired


Notes: WDI = World Development Indicators; IDS = International Debt Statistics; QEDS = Quarterly External Debt Statistics. Supplementary observations are used only when the corresponding primary observation is unavailable. Existing WDI/IDS observations are never replaced by QEDS-reconstructed values. QEDS stock variables are measured at Q4/year-end to maintain temporal consistency with the annual ERI panel. DR1 is not supplemented because QEDS scheduled debt-service obligations are not conceptually equivalent to the actual debt-service payments underlying the primary indicator. 
Table D2. Reconstruction Rules for LQ2 and DR2
	Indicator
	Numerator
	Denominator
	Reconstruction rule
	Timing
	Direction

	LQ2:
LQ2_(it)=(STED_(it)^(QEDS))/(RES_(it)^(WDI))×100

	QEDS short-term external debt
	WDI total reserves including gold
	Short-term external debt ÷ total reserves including gold
	QEDS debt measured at Q4/year-end; annual reserves
	−

	DR2:
DR2_(it)=(STED_(it)^(QEDS))/(TED_(it)^(QEDS))×100

	QEDS short-term gross external debt
	QEDS total gross external debt
	Short-term gross external debt ÷ total gross external debt
	Numerator and denominator measured at Q4/year-end within the same country-year reporting framework
	−


Notes: Notes: STED denotes short-term external debt; TED denotes total gross external debt; and RES denotes total reserves including gold.Both indicators have a negative resilience direction: higher values represent greater liquidity or refinancing vulnerability and are therefore reverse-oriented during ERI normalization. Reconstructed values enter the indicator panel only where the corresponding original WDI/IDS observation is missing. 
Table D3. Source-Repair Outcomes and Audit Treatment
	Indicator
	Original source retained where available?
	Fallback source
	Added country-year observations
	Primary observations overwritten?
	Provenance retained?
	Source-restricted validation?

	LQ2
	Yes
	QEDS + WDI reserves
	1,112
	No
	Yes
	Yes

	DR2
	Yes
	QEDS
	1,161
	No
	Yes
	Yes

	DR1
	Yes
	None
	0
	No
	Yes
	Not applicable


Notes: The repair expands source coverage without changing indicator definitions, relaxing pillar eligibility requirements, or introducing statistical interpolation or imputation. Each original and repaired observation remains distinguishable through source-provenance fields in the definitive database. Source sensitivity is assessed by re-estimating the validation models on observations for which both LQ2 and DR2 originate exclusively from WDI/IDS. The principal IMF-programme result remains statistically significant in this restricted sample (β = −6.917, p = 0.027), indicating that the principal finding is not driven by QEDS supplementation. 

Table D4. Provenance Classification for Repaired Indicators
	Provenance category
	LQ2 treatment
	DR2 treatment
	Interpretation

	ORIGINAL_WDI_IDS
	Original LQ2 retained
	Original DR2 retained
	Preferred primary-source observation

	QEDS_REPAIR
	Reconstructed from QEDS short-term debt and WDI reserves
	Reconstructed from QEDS short-term and total debt
	Approved fallback used because primary observation is missing

	Missing
	No valid primary or approved fallback observation
	No valid primary or approved fallback observation
	Indicator remains missing; applicable pillar-coverage rule determines eligibility


Notes: Source provenance is retained at the country-year-indicator level. The definitive source-repair audit contains the original and final LQ2 and DR2 values alongside source classifications, supporting direct identification of original versus supplemented observations.

