Insurance Market Model Development

A Methodological Framework for Market Sizing and Forecasting

From Market Definition and Data Triangulation to Scenario-Based Forecasting

Using the Insurance Market as a Practical Case Study
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FOUNDATIONS
Abstract

Global insurance market volume and growth trajectories can be measured using diverse quantitative
frameworks. Consequently, published market reports covering identical industries, sovereign jurisdictions, or
forecast horizons often yield materially different market estimates. These discrepancies do not typically stem
from computational error; rather, they arise from divergent market scope definitions, data ingestion
architectures, segmentation rules, foreign exchange treatments, inflation deflators, and driver selection.
Comparing cross-border market metrics effectively requires a complete understanding of the underlying
methodological system.

This whitepaper presents the quantitative methodology behind the MA-4Consult Global Insurance Market
Sizing and Forecast (2026-2036), covering more than 150 sovereign jurisdictions. Moving beyond simple
historical extrapolation, the framework combines a five-tier data-source hierarchy, econometric elasticity
modeling, monetary normalization, and sovereign resilience modifiers. The five-tier hierarchy defines source
priority, while the three-layer pipeline defines how data move through the modeling process. A central pillar of
this methodology is the analytical decoupling of Total Addressable Market (TAM) from Serviceable Addressable
Market (SAM) and Serviceable Obtainable Market (True SOM), ensuring that broad market scale is clearly
distinguished from accessible enterprise opportunity.

Central Methodological Architecture

The market model is built around an integrated three-layer analytical pipeline designed to convert
heterogeneous empirical data into calibrated, forward-looking market projections:

o Foundational Ingestion Layer: Ingests macroeconomic indicators - including nominal and real GDP per
capita, inflation regimes, demographic cohorts, and monetary policy parameters - alongside statutory
Gross Written Premium (GWP) filings across target jurisdictions.

o Verification and Harmonization Layer: Normalizes raw inputs across local currency units (LCU), foreign
exchange (FX) fluctuations, and historical inflation distortions, enforcing a mutually exclusive, collectively
exhaustive (MECE) Life and Non-Life taxonomy.

o Calibration and Qualitative Overlay Layer: Applies dynamic econometric forecasting engines, scenario
dispersion models (Base, Upside, Downside), and capability filters to delineate baseline market scale
(TAM) from addressable market opportunity (SAM/SOM).

Analytical Separation of Sovereign Risk and Market Scale: To evaluate cross-border market stability
without distorting statutory premium measurements, the methodology maintains a strict analytical boundary
between market volume sizing and sovereign risk assessment. Country risk is evaluated via a dedicated Risk
Resilience Factor for Insurance (RRF-i), which assesses macroeconomic resilience alongside political and
institutional stability factors. Incorporating country risk as a dynamic modifier rather than an embedded
baseline premium filter prevents the artificial reduction of statutory market scale while allowing risk-adjusted
comparisons across volatile sovereign jurisdictions.
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Rationalizing Modern Insurance Market Modeling

Strategic decision-makers in primary insurance, reinsurance, and global brokerage have historically relied
on reported Gross Written Premium (GWP) baselines and linear Compound Annual Growth Rate (CAGR)
extrapolations to gauge market potential. Extending historical CAGR trends into a 10-year forecast assumes
structural continuity - an assumption undermined by persistent geopolitical instability, sudden inflationary
spikes, and monetary policy shifts. Unadjusted nominal premium growth may appear robust during inflationary
periods while real insurance coverage contracts. These limitations do not make historical market data unsuitable
for forecasting. Rather, they require historical observations to be combined with explicit economic,
demographic, institutional, and structural drivers. The methodology developed in this paper therefore treats
historical market data as a starting point rather than as a complete forecast mechanism.

Navigating the Polycrisis Through Forward-Looking Frameworks

Insurance markets are affected not only by historical premium development but also by changes in
economic conditions, demographics, institutional quality, regulation, market accessibility, and structural risk. A
forward-looking framework must therefore distinguish cyclical movements from persistent structural changes
and incorporate these factors into the market-model architecture.

Legacy Approach vs. Modern Market Model

LEGACY APPROACH MODERN MARKET MODEL

Historical GWP Data Multi-Source Ingestion

¢ ¢

Static Linear CAGR Econometric Drivers

L 4 L 4

Extrapolated Line Scenario Dispersion

Fails in Polycrisis & Inflation Shifts Decouples Nominal Noise &
& Captures True Velocity

Fig. 1: Legacy Trend Extrapolation vs. Multi-Tier Econometric Modeling Architecture

Policyholder-Centric Risk Attribution vs. Supply-Side Distortions

Standard carrier-side reporting frequently introduces spatial distortions into country-level market
analysis. Carrier metrics aggregate premiums based on issuing entity charter location or corporate domicile,
corrupting baseline estimates through cross-border reinsurance acceptances, fronting structures, and
multinational risk allocations. The MA-4Consult methodology corrects for these supply-side distortions by
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applying a strict Policyholder Risk Location Rule. Attributing market volume exclusively to the jurisdiction where
the underlying insurable asset, liability, or policyholder resides ensures that reported market metrics reflect
genuine local economic exposure and direct risk transfer.

Strategic Precision and Decision-Support Alignment

Modern corporate strategy and underwriting management require a transparent, conflict-free market
baseline to guide capital allocation, international expansion, and capacity deployment. By establishing a unified
data architecture that bridges historical observation, scenario dispersion, and addressable market filtering, the
market model converts disparate statutory inputs into actionable decision support:

o Strategy and Corporate Development: Evaluates granular segment trajectories to identify high-growth
product lines and addressable market white space.

e Underwriting and Risk Management: Analyzes structural macroeconomic correlations, cyclical trends,
and sovereign risk frictions.

o Executive Leadership and Capital Allocation: Accesses stress-tested, long-term projections to justify
cross-border investments and strategic resource positioning.

By replacing unadjusted premium reporting with calibrated econometric intelligence, the framework
provides corporate leaders with the analytical rigor necessary to assess global market opportunities with
confidence.
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Market Definition, Measurement Conventions, and
Structural Taxonomy

Formal Definition and Analytical Boundaries

An Insurance Market Model is a structured, quantitative framework designed to measure, analyze, and
project the economic volume, growth velocity, and line-of-business composition of insurance activity within
defined geographic and operational boundaries. Functioning as a dynamic econometric system, the model
translates macroeconomic drivers, demographic shifts, and regulatory parameters into calibrated baseline
estimates and forward-looking projections.

Insurance Market Model Development

1. MARKET DEANITION & SCOPE

(Geographic Boundaries, Polcyhalder-Centric Risk Attrbution)

2. TAXONOMY & SEGMENTATION

(MECE Structure: Life vs. Non-Life & Sub-Segments)

3. DATA ARCHITECTURE & INGESTION
(Fundational Layer: Primary, Secondary, Regulatory, OSINT Data)
4, MONETARY 8 CURRENCY NORMALIZATION
(Verification Layer LCU, FX Standard, Real vs. Nominal)

5. HISTORICAL MARKET SIZING

[Reconcikation of GWP, TAM Bsseline Construction)

\ 4
6. ECONOMETRIC DRIVER INTEGRATION

(Macroeconomic, Soco-Demagraphic & Institutional Variables)

R
7. FORECASTING MODEL ENGINE

(Functional Driver Engines vs. Ssmple CAGR Extrapolations)

b 4
8. SCENARIO DISPERSION ENGINE

(Base Case, Upside Growth, Downside Shock Pathways)

>
9. MODEL VALIDATION & BACKTESTING

(Out-of-Sample Testing, Error Metrics & Recalibration)

b 4 ——
W 10. DECISION SUPPORT & OPPORTUNITY (SAM)

TRy
. #-uN @ ‘ (Accessibility Filters, RRF-i Risk Context, Capital Aliocation)
.. .

- v -

Fig. 2: Insurance Market Model Architecture
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This architecture is designed to validate, normalize, and calibrate raw data before it is used for strategic
analysis. The model categorizes inputs into three distinct data states:

e Observed Data (Ds): Empirical baseline records sourced directly from national insurance supervisors,
central banks, and official statutory filings.

o Estimated Data (D.): Ingested values that have been harmonized, adjusted for reporting lags, or
reconstructed to eliminate cross-border distortions and double-counting.

o Forecast Data (Ds): Model-generated future trajectories derived through panel-derived elasticity
functions, structural scenario parameters, and expert overlay calibrations.

To maintain comparative consistency across sovereign jurisdictions, the model operates across four
structural dimensions: Geographic (c), Segment (s), Temporal (t), and Valuation (v). General market volume V
for country ¢, segment s, and time period t is specified as:

Vc,s,t = f(Xc,tr.Bs) D, Qc,s,t

Where X.. represents fundamental macroeconomic drivers, B represents segment-specific demand
elasticity parameters, @, is the institutional adjustment factor, and Q.. is the qualitative expert overlay
multiplier.

Measurement Conventions and Baseline Adjustments

Market Volume is defined as the total direct economic consideration written by policyholders during a
specified accounting period to transfer insurable risk within a designated sovereign jurisdiction. To maintain
accounting neutrality across varying reporting regimes (such as US GAAP, local STAT, and IFRS 17), the
framework enforces three mandatory measurement conventions:

e Gross Basis Priority: Market volume is measured strictly on a gross basis prior to outgoing reinsurance
cessions, preventing artificial duplication across risk transfer chains.

¢ Direct Written Premium Baseline: Measurement defaults to Direct Gross Written Premium (GWP)
attributable to policies taking effect within the financial year. Accounting shifts that alter revenue
recognition timing (such as IFRS 17 Contractual Service Margin releases) are explicitly excluded from
baseline market sizing.

e Inclusion of Direct Policy Levies: Premium volume includes mandatory policy-level taxes and statutory
fees collected directly from the policyholder as part of the primary transaction cost, while excluding
uncoupled administrative or investment management fees.

Statutory GWP reported by local regulators often differs from true economic risk transfer. The model
converts raw statutory filings into Modeled Market Volume (V;,,oq4) through targeted structural adjustments:

Vinod.cs,t = GWPstat s, — ACIjfronting - Adjcaptive t Adjborder

Fronting adjustments eliminate transactions where a local entity issues paper on behalf of a non-admitted
carrier, captive adjustments strip out non-arm's-length internal self-insurance, and border adjustments
reallocate cross-border placements to the primary risk location.
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Policyholder-Centric Geographic Risk Attribution

Industry sizing estimates frequently suffer from carrier-centric bias, allocating market volume to the
jurisdiction where the writing insurer is incorporated or headquartered. This distorts market reality in global
underwriting hubs where local GWP is artificially inflated by offshore risk placements. This methodology strictly
enforces a Policyholder-Centric Risk Location Principle:

e Principle of Risk Location: Market volume is attributed exclusively to the sovereign jurisdiction where
the underlying insurable asset, liability, or policyholder resides or operates.

e Multinational Program Unbundling: Global master policies covering multi-jurisdictional exposures are
unbundled into country-specific allocation buckets based on localized asset value, payroll distribution,

or policyholder tax filings.

o Offshore Risk Reallocation: Risks written directly by non-admitted offshore carriers are added back to
the destination country's market volume and deducted from the originating financial hub's domestic

baseline.

The operational framework transitioning from raw, unadjusted reported data to a standardized,

policyholder-centric measurement framework is illustrated below:

Data Validation & Market-Volume Reconciliation Workflow

REPORTED DATA GEOGRAPHIC & RISK ATTRIBUTION DUPLICATION & VACUATION &

INGESTION s the primary risk exposue located withn the Soverignborder?  FRONTING REONCILIATION  ACCOUNTING HARMONIZATION

i v
\'[0)
- _o Reallocate to Correct Jurisdiction o —
Policyholder-Centric

YES
Retain in Domestic Market Pool

A4

o3 DUPLICATION & FRONTING RECONCILIATION . i
/ . : MODELED
& = Deduct Intra-Group & Fronting Double Counts | MARKET VOLUME
X ' P — g v = (v mod)
— Pass to Valuation Filter Standardized, Conflict-Free
Baseline for Market Sizing

Fig. 3: Market Definition to Measurement Framework

This measurement discipline is designed to improve comparability across the 150+ modeled jurisdictions
reflect true domestic risk absorption and commercial demand, transparent by corporate structuring or

accounting discrepancies.
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Mutually Exclusive and Collectively Exhaustive (MECE) Market Taxonomy

Market estimates are only comparable where market definitions, reporting periods and measurement
conventions are sufficiently aligned. To prevent product bundling and cross-line rollups from introducing
double-counting, the model enforces a Mutually Exclusive and Collectively Exhaustive (MECE) taxonomy. Every
dollar of premium written in a sovereign market is mapped to exactly one primary risk category. Composite
policies are unbundled into underlying exposure components at ingestion. Total market volume (V,) is
partitioned into Life (V, ;) and Non-Life (V, y.¢):

Ver =Vere ¥ Venne = Z Vese + Z Veste whereS, NSy, =0

SES], SESNL

Health insurance treatment is standardized globally regardless of local statutory classification: short-term
indemnity health contracts are allocated strictly to Non-Life, whereas long-term guaranteed-renewable health
and capitalization products are allocated strictly to Life. The standardized taxonomic hierarchy enforced across
all 150+ modeled jurisdictions is detailed below:

\
Category Subsegments / Examples | Measurement Treatment

Individual Life, Group Life, Annuities, Unit- Gross Written Premium; unbundle embedded rider

Level 1 Life Insurance . . . - .
v I ur Linked / Protection benefits where statutory filings permit.
. . . : . Total i ion; lity risk i
Life: Savings & Term Life, Whole Life, Endowment, Unit- ota con5|der'at|on' separate mortality ris premlme
Level 2a . . . from pure savings inflows where market granularity
Protection Linked Savings .
requires.
Level 2b Life: Pensions & Individual Annuities, Group Pensions, Regular and single premium contributions accounted in
Annuities Retirement Income written year; exclude pure asset management AUM.
Non-Life Property, Motor, Casualty, Gross Written Premium net of statutory policy refunds;
Level 1 . . . . .
Insurance Marine/Aviation/Transport (MAT), Health exclude outgoing reinsurance cessions.
Non-Life: Motor Hull/TPL, Homeowners, Personal Direct written premium underwritten for individual
Level 2¢ . . . . . -
Personal Lines Accident, Private Health policyholders; exclude commercial fleet/group policies.
. . N Direct ial ium; unbundl Iti-peril
Level 2d Non-Life: Commercial Property, General Liability, C;rri?n:i?;rqe;;; F;ren;;it?;s l::tou;roeer:]:/ vlspg;lsualt
Commercial Lines Cyber, D&O, Business Interruption P 9ep P ' Y
components.
. . L. o Exposure-based geographic allocation; reallocate
Non-Life: Marine Cargo, Aviation Hull/Liability, P g 9 p. K .
Level 2e offshore global risks to primary location of underlying

Specialty & Trade

Trade Credit, Surety, Political Risk

asset.
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Geographic Taxonomy and Sovereign Regional Clustering

To evaluate cross-border insurance activity effectively, national insurance markets are organized into 12
Regional Clusters. Standard continental or political groupings often combine incompatible regulatory regimes
and volatility profiles. This geographic taxonomy maps over 150 sovereign jurisdictions using ISO 3166-1 alpha-
3 codes, establishing the spatial foundation for baseline market sizing.

Regional

Cluster ISO 3166-1 Alpha-3 Country & Territory Mapping
Name

NAM America - BMU, CAN, CYM, MEX, SPM, USA
North

CAM America - AIA, ATG, BHS, BLM, BLZ, BRB, CRI, CUB, DMA, DOM, GLP, GRD, GTM, HND, HTI, JAM, KNA, LCA, MAF, MSR,
Central MTQ, NIC, PAN, PRI, SLV, SXM, TCA, VCT, VGB, VIR
America -

SAM South ABW, ARG, BES, BOL, BRA, CHL, COL, CUW, ECU, FLK, GUF, GUY, PER, PRY, SGS, SUR, TTO, URY, VEN

WEU \E/\‘/";Stpe . AUT, BEL, CHE, DEU, FRA, LIE, LUX, MCO, NLD
Europe -

NEU oo ALA, DNK, EST, FIN, FRO, GBR, GGY, GRL, IMN, IRL, ISL, JEY, LTU, LVA, NOR, SJM, SWE

SEU E‘;L‘;ﬁe - ALB, AND, BIH, CYP, ESP, GIB, GRC, HRV, ITA, MKD, MLT, MNE, PRT, SMR, SRB, SVN, TUR, VAT, XKX

EEU Europe - East AZE, BGR, BLR, CZE, GEO, HUN, MDA, POL, ROU, RUS, SVK, UKR

Al Asia (excl. AFG, ARM, ATF, BGD, BRN, BTN, HKG, HMD, IDN, IND, 10T, JPN, KAZ, KGZ, KHM, KOR, LAO, LKA, MAC, MMR,
China) MNG, MYS, NPL, PAK, PHL, PRK, SGP, THA, TJK, TKM, TLS, TWN, UZB, VNM

CHN China CHN

MEA Mid East ARE, BHR, IRN, IRQ, ISR, JOR, KWT, LBN, OMN, PSE, QAT, SAU, SYR, YEM

AGO, BDI, BEN, BFA, BVT, BWA, CAF, CIV, CMR, COD, COG, COM, CPV, DJI, DZA, EGY, ERI, ESH, ETH, GAB, GHA,
AFR Africa GIN, GNB, GNQ, LBR, LBY, LSO, MAR, MDG, MDV, MLI, MOZ, MRT, MUS, MWI, MYT, NAM, NER, NGA, REU,
RWA, SDN, SEN, SHN, SLE, SOM, SSD, STP, SWZ, TCD, TGO, TUN, TZA, UGA, ZAF, ZMB, ZWE

ASM, AUS, CCK, COK, CXR, FJI, FSM, GUM, KIR, MHL, MNP, NCL, NFK, NIU, NRU, NZL, PCN, PLW, PNG, PYF,

OCE Oceanic SLB, TKL, TON, TUV, UMI, VUT, WLF

e North America (NAM): Anchored by deep capital markets, mature distribution architectures, and
expansive excess & surplus (E&S) channels. Exhibits high per-capita premium density and highly
standardized reporting.

e Western & Northern Europe (WEU / NEU): Mature, highly institutionalized markets governed
primarily by Solvency Il and equivalent capital frameworks. Characterized by strong commercial
property demand and established life/pension structures.
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Asia ex-China (ASI): Characterized by strong organic growth momentum across emerging South
and Southeast Asian markets, balanced by mature capital markets in Japan, South Korea,
Singapore, and Hong Kong.

China (CHN): Analyzed as a standalone cluster due to its distinct regulatory framework, state-
supported carrier ecosystem, localized asset-matching mandates, and market scale.

Southern & Eastern Europe (SEU / EEU): Represents a structural transition zone between Western
European regulatory models and emerging Eastern market dynamics, with varying levels of
insurance penetration.

Central & South America (CAM / SAM): Characterized by strong commercial underwriting margins,
counterbalanced by foreign exchange volatility, local fronting requirements, and statutory
restrictions on offshore risk placement.

Middle East (MEA): Driven by large-scale commercial property, energy assets, infrastructure
projects, and mandatory employer-funded medical schemes.

Oceania (OCE): High-density, highly transparent regional market led by Australia and New
Zealand, featuring sophisticated primary risk pricing and comprehensive statutory oversight.
Africa (AFR): Marked by structural market fragmentation and varying degrees of financial inclusion.
Characterized by emerging microinsurance frameworks alongside established primary commercial
markets in South Africa and North African hubs.
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Data Architecture, Source Hierarchy, and Parameter
Mechanics

Multi-Tiered Data Architecture and Analytical Workflow

To support consistent market intelligence across 150+ sovereign jurisdictions, the methodology employs
a multi-tiered data architecture. Designed to reduce commercial selection bias and reporting distortions, this
structure integrates empirical macro-financial indicators, physical asset counts, institutional governance metrics,
and environmental risk exposure data into a multi-stage validation pipeline. Raw data inputs progress

sequentially through three operational layers:

o Foundational Ingestion Layer: Ingests baseline macroeconomic time-series, institutional governance
scores, socio-demographic indicators, and physical asset registries. This layer establishes unadjusted
empirical baselines across both monetary metrics and volume exposure vectors.

o Verification and Harmonization Layer: Executes multi-source cross-validation across open-source
intelligence (OSINT), regulatory filings, and industry association reports. Inputs are normalized into Local
Currency Units (LCU) and anchor foreign exchange rates (USD/EUR), resolving reporting lags and
enforcing a Mutually Exclusive and Collectively Exhaustive (MECE) line-of-business taxonomy.

o Calibration and Qualitative Overlay Layer: Applies actuarial overrides, scenario matrices, and qualitative
modifiers to capture structural economic shifts, sovereign risk dynamics, regulatory interventions, and
physical climate exposures that linear econometric trendlines fail to project.

Insurance Market ModeliDevelopment Framework

Non-Life Growth Forecast Engine Lifé Growth Forecast Engine

OUTLOOK GROWTH .
FORECAST ENGINES /

EXPERT OVERLAY & CALIBRATION LAYER
EXPERT OVERLAY &

. ¢\
CALIBRATION LAYER / _/ Z —

—
Structured Expert Validation RRF-i Sovereign & Institutional Physical Exposure & Actuarial'Damping & Time-Lag
& Qualitative Risk Matrices Catastrophe Calibration (t-1) Adjustment Mechanics

VERIFICATION & INGESTION LAYER

Open-Source Intelligence - y, Socio-Demographic &
(OSINT) Data Triangulation e Physical Asset Normalization

Industry & Trade Association
Reports Cross-Validation

FOUNDATIONAL LAYER
Cross-Segment Macroeconomic & Institutional Parameters
. FX Rates (LCU vs. USD)
; Security Threats

MACROECONOMIC o
y Quality

& INSTITUTIONAL
FOUNDATION
Country Confiict ) Political Stability

Human Development Country Security 0 e, ~
’ ) Coun sontrol of Corruptic
Index (HOY) ey ountry Control of Corruption

Fig. 4: Multi-Tiered Data Architecture and Calibration Workflow
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Five-Tier Data Source Hierarchy

Ingested data is governed by a strict five-tier methodological hierarchy. This hierarchy defines the
analytical weighting assigned to individual data points during cross-validation, establishing that primary
statutory evidence strictly supersedes secondary estimates.

|
Source Type Methodological Role Operational Definition & Ingestion Priority
|

Statutory supervisory filings, national insurance commissioner bulletins,
1 Official / Regulatory Data Primary Evidence and central bank statistical releases. Serves as the unadjusted empirical
benchmark for historical market volume.

Audited financial statements, regulatory solvency disclosures, and
2 Company Filings Direct Market Evidence annual corporate reports from licensed primary insurers and reinsurers.
Used to verify market concentration and direct line-of-business totals.

Aggregated reports from domestic trade associations, rating agencies,
3 Industry Statistics Sector Validation maritime/aviation registries, and transport bureaus. Used to cross-check
line-of-business allocations and asset counts.

Standardized time-series datasets from multilateral institutions (e.g.,

Macroeconomic . . IMF, World Bank, OECD, WHO). Supplies independent driver variables
4 Driver Variables . s .
Databases for macroeconomic, monetary, institutional, and demographic
modeling.
Gap Filling / Econometrically derived values, trend interpolations, and forward-
5 Modeled / Estimated Data P 9 looking projections. Utilized exclusively to address reporting lags, fill

Forecastin L .
9 historical data gaps, and construct future market scenarios.

Segment-Specific Econometric Growth Mechanics

Segment-specific growth mechanics define the baseline trajectory of Life and Non-Life insurance by
applying drivers that reflect the distinct economic and structural characteristics of each segment. The
forecasting engine applies segment-specific growth mechanics tailored to the structural demand drivers of
Non-Life and Life insurance segments:

Non-Life Growth Forecast Mechanics Non-Life market trajectories are driven by a combination of
macroeconomic output, trade velocity, physical asset accumulation, and environmental risk pricing:

e Macroeconomic and Commercial Drivers: Real GDP growth, global trade volume, trade openness (Trade
as a % of GDP), and per-capita income establish the core baseline for commercial property and casualty

exposures.

o Physical Asset Accumulation: Commercial and personal lines volumes are anchored to physical asset
counts, including registered motor vehicle fleets, merchant shipping tonnage, commercial aviation
fleets, and cargo throughput.

e Environmental and Catastrophe Risk Loading: Underlying loss severity and premium rate adjustments
are calibrated using historical Natural Catastrophe (NatCat) loss trends and localized Water Stress
Indices.



e Institutional and Geopolitical Modifiers: Unadjusted baseline projections are adjusted via institutional
governance indicators and sovereign stability metrics, including the Risk Resilience Factor for Insurance
(RRF-i).

Life Growth Forecast Mechanics Life and savings projections depend on monetary dynamics,
demographic shifts, and long-term institutional trust:

e Macroeconomic and Monetary Drivers: Real disposable income, benchmark yield curves, and consumer
price inflation dictate policyholder purchasing power and the yield competitiveness of savings-form life
products.

o Socio-Demographic Dynamics: Long-term demand trajectories are driven by population age structures,
Human Development Index (HDI) scores, and life expectancy trends.

e Institutional Trust Modifiers: Household demand for long-term capitalization and pension products is
weighted against legal enforceability and regulatory quality indicators.

Dynamic Parameter Calibration Matrix

The model converts foundational variables into dynamic growth drivers through structural adjustments
and qualitative calibration.

Segment
Scope

Input Variable

Data Domain

Baseline
Weight

Dynamic
Adjustment
Mechanics

Net Effect & Analytical Rationale

Pri Unadjusted . o
Cross- Real GDP & GDP . rimary nacuste . Direct baseline impact on overall
Segment er Capita Macroeconomic Baseline Macroeconomic market premium capacit
9 P P Weight Engine P pactty.
. . Eliminates LCU distorti d
Cross- Foreign Monetary / Valuation Anchor Currency !mmé s . stortion z?m .
Segment Exchange Rates Currenc Standard Normalization aligns international reporting in
E g y USD/EUR.
. ) Multiplicati te driver; d d
Cross- Inflation Rate . Monetary Time-Lag (At) uitipicative rate driver, dampe
Macroeconomic . . to model annual renewal lags and
Segment (CPI) Driver Damping Offset .
regulatory rate adjustments.
. Asset . Direct volumetric driver for Motor,
X Motor, Vessel & Physical Fleet Accumulation . .
Non-Life L. .. Exposure Marine, Aviation, and Transport
Aviation Assets Registries . Vector .
Baseline (MAT) lines.
. . . Scal ial ty,
. Commercial Commercial Commercial Trade Openness cales commercial property
Non-Life . o cargo, and liability exposures
Trade Openness Trade Baseline Multiplier . . .
relative to trade integration.
. . . . Adjusts baseline risk pricing and
. NatCat Losses & Climate & Physical Risk Environmental ! . pricing
Non-Life A . . ) loss frequency in hazard-prone
Water Stress Environment Premium Severity Loading .
jurisdictions.
L I Market . High lit d
Cross- Institutional Institutional arke Governance Quality Ign governance qua'ity expands
Friction . SAM conversion; institutional
Segment Governance Module ) Indexing L .
Weight friction discounts growth.
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Segment Baseline

Scope

Dynamic
Input Variable Data Domain . Adjustment Net Effect & Analytical Rationale
Weight .
Mechanics

Increases risk premiums while

Cross- Conflict Index & Geopolitical Risk Risk Premium Geopolitical Threat dampening capital serviceabilit
Segment Security Threats P Weight Markup . p 9 .p y
in active conflict zones.
Modifi h i
Cross- Sovereign Risk Sovereign Risk Modifier Sovereign Resilience odifies net growt cap'aaty .
. . . S based on macroeconomic stability
Segment Factor (RRF-i) Analytics Weight Calibration R -
and institutional resilience.
. Populatlon, HDI Socio- Structural Demographic Establishes Iong—'term demand
Life & Life . . . . vectors for annuity, health, and
Demographic Trend Weight Smoothing Filter Lo
Expectancy protection lines.

Operational Mechanics of Structural Correction Overrides

Structural correction overrides modify the baseline trajectory when persistent structural conditions,

market disruptions, or other identified factors are not adequately represented by the underlying segment-

growth mechanics. Macroeconomic growth alone does not guarantee insurance market expansion. To account

for market frictions and structural shocks, the model applies five operational correction overrides:

Institutional Governance Adjustment: Projected real growth is modified using an institutional
governance multiplier derived from Rule of Law, Regulatory Quality, Political Stability, and Control of
Corruption. Jurisdictions falling below benchmark thresholds receive growth discounts to reflect
contract enforcement friction and operational risk.

Geopolitical Stress and Conflict Overrides: Severe geopolitical instability or active armed conflict impairs
underwriting capacity and inflates cost of capital. Geopolitical threat indicators trigger an additive risk
premium override, increasing rate volatility while dampening broad market serviceability.

Physical Asset Density Scaling: Non-Life exposure trajectories are calibrated directly to physical asset
Registries. Vehicle fleet growth, merchant marine tonnage, aviation fleet additions, and cargo
throughput provide additional volumetric scaling factors alongside general GDP elasticity.

Climate and Environmental Risk Loadings: Historical catastrophe loss frequency and chronic physical
environmental risks (such as water stress) act as dynamic multipliers on baseline property rates,
capturing structural rating adjustments across primary carriers.

Socio-Demographic and Inflationary Time-Lag Damping: Long-term Life market penetration is
calibrated against Human Development Index (HDI) trends and demographic aging patterns. To model
the operational lag between inflationary surges and annual policy re-pricing, CPI adjustments apply a
time-lag damping factor (At), preventing short-term monetary spikes from artificially inflating long-term
real growth projections.
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MARKET SIZING ENGINE AND SOVEREIGN RISK ANALYTICS
Deconstructing Top-Down Sizing and the SOM Paradox

In macroeconomic insurance research, over-reliance on top-down market sizing metrics frequently
compromises strategic decision-making. While Total Addressable Market (TAM) and Serviceable Addressable
Market (SAM) establish the macroeconomic upper limits of theoretical and accessible Gross Written Premium
(GWP), they fail to reflect an individual carrier's actual revenue capture capacity.

Treating Serviceable Obtainable Market (SOM) as a static derivative calculated by applying arbitrary
percentage benchmarks to SAM can create a misleading impression of analytical precision. SOM is not a
uniform top-down fraction; it is an enterprise-specific metric governed by internal operational capabilities, risk
appetite, regulatory positioning, and distribution density. Relying on generic top-down SOM estimates
introduces material distortion in strategic interpretation, exposing carriers to misaligned capital deployment,
mispriced underwriting risks, and growth targets that may not be supported by the modeled market

opportunity.

Executing an actionable growth strategy requires a fundamental methodological shift: transitioning from
passive macro-level observation to a bottom-up, capability-driven SOM model grounded in proprietary
operational data.

From theoretical insurance market size to realistically obtainable market opportunity
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Fig. 5: Deconstruction of Top-Down Metrics and Capability-Driven SOM Filtering

17



Structural Framework: From Market Boundaries to Capability Vectors

At the macro level, market potential establishes outer volume boundaries:

o Total Addressable Market (TAM): Represents the theoretical maximum premium volume across a
jurisdiction or line of business if a single entity captured 100% market share.

e Serviceable Addressable Market (SAM): Refines TAM by filtering theoretical exposure through macro-
environmental factors, including sovereign risk profiles, legal frameworks, and demographic
constraints. SAM defines the realistic boundary of addressable risk across specific jurisdictions or asset
classes.

The transition from SAM to SOM represents a structural shift from external market observation to internal
capability modeling. SOM quantifies the share of SAM that an individual carrier can potentially write and retain
under current operational constraints. Treating SOM as a fixed fraction of SAM across competing firms ignores
the structural asymmetries inherent in the insurance market. Generic SOM benchmarks conceal operational
frictions - such as statutory capital mandates and channel bottlenecks - that dictate commercial outcomes.

Mathematically, a carrier's true SOM for segment s (SOMj ;) is modeled as a functional conversion of SAM;
through its firm-specific capability matrix C;:

SOMS,i - (]b(C’l) X SAMS

Where ¢(C;) € [0,1] represents the composite operational conversion efficiency governed by the five
interdependent capability vectors of carrier i.

The Five Capability Vectors Governing Realized SOM

A carrier’s realized SOM is governed by five internal operational vectors that determine its competitive
velocity and risk capacity:

Product Portfolio Specialization and Underwriting Appetite: Line-of-business specialization defines a
carrier's addressable boundary within SAM. A global multi-line insurer may possess substantial capacity in
corporate property or indexed universal life, yet lack the specialized underwriting models or reinsurance backing
required for Excess & Surplus (E&S) cyber liability. Conversely, regional mutuals may dominate local commercial
property through deep claims data, but lack the balance sheet elasticity to absorb systemic casualty exposures.
Evaluating SOM requires verifying policy form alignment, underwriting guidelines, and target loss ratio
thresholds.

Distribution Architecture and Channel Efficiency: ibution channels vary significantly in acquisition costs,
conversion efficiency, and geographic reach. Captive agency networks, independent brokers, bancassurance
partnerships, and direct-to-consumer (D2C) platforms yield distinct lead-to-conversion rates and policyholder
retention curves. A digital-first insurtech leveraging automated underwriting may capture personal auto market
share effectively, but struggle to penetrate commercial agricultural segments reliant on regional brokers.
Channel efficiency - measured via acquisition cost per policy and channel retention - directly modulates realized
SOM.

Operational Infrastructure and Analytical Maturity: chnological maturity dictates the speed and cost
efficiency with which market access translates into underwriting margin. Advanced deployment of predictive
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triage, real-time fraud detection, and automated straight-through processing (STP) expands a carrier's capacity
to service SAM. Two carriers operating identical policy forms within the same state will realize vastly different
market capture if Carrier A utilizes automated claims processing and dynamic rating, while Carrier B remains
constrained by legacy core administrative systems.

Jurisdictional Nuances and Regulatory Friction: decentralized regulatory environments - such as the US
state-based system under the National Association of Insurance Commissioners (NAIC) - licensing status, rate-
and-form filing approvals, Risk-Based Capital (RBC) ratios, and statutory surplus requirements create
segmented operating conditions. Admitted incumbents with established regulatory relationships hold
immediate structural advantages over non-admitted entities facing filing lead times or collateral mandates.
Consequently, legal architecture directly governs the conversion rate of SAM into realized GWP.

Capital Allocation and Strategic Intent: SOM is ultimately bounded by corporate strategy and balance
sheet deployment. Multi-year capital expenditure plans, specialized underwriting recruitment, and marketing
budgets determine whether a carrier aggressively expands into or deliberately avoids specific market niches.
Two carriers with identical technical capabilities will project divergent SOM trajectories if one allocates surplus
capital to rapid geographic expansion while the other prioritizes underwriting margin preservation and capital
returns.

SOM: DUAL-VECTORINSURANCE MARKET SIZING ARCHITECTURE
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Fig. 6: Interdependent Vectors of Internal Carrier Capability
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Matrix of Capability Vectors and SOM Conversion Impact:

| |
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Strategic Implications for Executive Leadership: For executive leadership, boards of directors, and risk
committees, evaluating market opportunities through top-down research models creates material strategic
exposure:

e Overestimating SOM: Relying on arbitrary top-down percentage derivatives leads to inflated sales
targets, over-hiring, misallocated marketing spend, and margin degradation caused by uncalibrated rate
competition.

e Underestimating SOM: Failing to account for proprietary operational strengths results in missed growth
windows, underutilized balance sheet capacity, and delayed entry into high-margin segments.

Building a capability-driven SOM model requires integrating internal operational metrics with external
macroeconomic data. By overlaying proprietary underwriting limits, acquisition costs, claims friction metrics,
and statutory capital constraints onto segment SAM figures, carriers establish dynamic, risk-adjusted growth
trajectories. This bottom-up analytical rigor transforms SOM from a speculative benchmark into an actionable
operational roadmap for sustainable profitability.

The Imperative for Insurance-Specific Sovereign Risk Analytics

Traditional sovereign credit ratings evaluate a nation's probability of defaulting on foreign-denominated
debt obligations. However, sovereign default probability is an incomplete proxy for underwriting risk, market
stability, and Gross Written Premium (GWP) sustainability.

In global insurance markets, carrier solvency and growth depend on a broader set of structural conditions:
legal enforceability of insurance contracts, inflation stability, foreign exchange convertibility, asset valuation
security, institutional integrity, and political risk. Generic macroeconomic indicators frequently obscure localized
institutional vulnerabilities that directly impair primary underwriting margins and cross-border capital mobility.



To provide a consistent quantitative framework across 150+ sovereign jurisdictions, the methodology
incorporates the Risk Resilience Factor for Insurance (RRF-i) '. The RRF-i framework measures a sovereign
jurisdiction's structural capacity to absorb macroeconomic shocks, maintain regulatory governance, enforce
policyholder claims contracts, and sustain real premium growth across economic cycles.

Dual-Pillar RRF-i Architecture and Weighting Scheme

The RRF-i methodology operates on a calibrated dual-pillar framework, combining Macroeconomic
Stability Variables (60% weight) and Political & Institutional Risk Drivers (40% weight). Within each pillar,
individual parameters are assigned priority weights ranging from 1 (lowest impact) to 5 (highest impact),
reflecting their quantitative significance in safeguarding carrier capital, contractual claims integrity, and
underwriting profitability.

RISK RESLIENCE FACTOR FOR INSURANCE (RRF-i)

COMPOSITE SCORE (0 - 100)

PILLAR 1: MACROECONOMIC STABILITY . - PILLAR 2: POLITICAL & INSTITUTIONAL RISK
SUB-INDEX (60%) RISK SUB-INDEX (40%)

GDP per Capita (Weight: 5) --u j‘ 1 / -- Rule of Law (Weight: 5)

GDP Total (Weight: 3) & \A. /. ( | [ Security (Weight: 5)
GDP Outlook coming 3 yrs (Wt: 3) - : | )+ ( -- Embargos (Weight: 5)
GDP Growth historic (Weight: 2) - : -- Regulatory Quality (Weight: 4)
Inflation Outlook (Weight: 2) - - : -- Corruption (Weight: 4)
Public gross debts (Weight: 1) r- Stability (Weight: 3) 2

Population Growth (Weight: 1) ), OECD Country Risk (Weight: 2) °

Fig. 7: Dual-Pillar RRF-i Architecture and Parameter Decomposition

Pillar 1: Macroeconomic Stability Sub-Index (S™?<"°, 60% Weight): Pillar 1 evaluates economic purchasing
power, growth trajectories, and sovereign fiscal dynamics that govern market depth and claims inflation
resilience:

e GDP per Capita (Priority Weight: 5): The primary benchmark for insurance penetration capacity,
disposable income depth, and commercial coverage demand.

e GDP Total (Priority Weight: 3): Measures absolute market scale and national economic baseline.

e GDP Outlook (3-Year Forecast) (Priority Weight: 3): Evaluates forward-looking economic momentum
and medium-term market expansion capacity.

o Historical GDP Growth (Priority Weight: 2): Assesses multi-year economic volatility and growth stability.

' Aigner, Manfred, Global Insurance Market Intelligence 2026: Data-Backed RRF-i Risk Analysis (July 14, 2026).
Available at SSRN: https://ssrn.com/abstract=7405819 or http://dx.doi.org/10.2139/ssrn.7405819
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e Inflation Outlook (CPI) (Priority Weight: 2): Forecasts consumer price inflation to evaluate claims severity
pressures, replacement cost escalation, and reserve erosion risk.

e Public Gross Debt (% of GDP) (Priority Weight: 1): Assesses sovereign fiscal leverage and indirect
spillover risks into asset-liability management.

e Population Growth Rate (Priority Weight: 1): Measures long-term demographic expansion and
underlying baseline insurable interest.

Pillar 2: Political & Institutional Risk Sub-Index (S*°!, 40% Weight): Pillar 2 evaluates legal, regulatory, and
geopolitical conditions governing contract enforceability, cross-border capital remittances, and physical asset
protection:

e Rule of Law (Priority Weight: 5): Highest-priority indicator evaluating judicial independence, contractual
sanctity, and subrogation predictability.

e Public Order & Security (Priority Weight: 5): Assesses physical security, asset protection, and civil
stability.

e Embargoes & Trade Sanctions (Priority Weight: 5): Measures international trade restrictions, cross-
border capital controls, and non-admitted policy compliance barriers.

e Regulatory Quality (Priority Weight: 4): Evaluates supervisory independence, statutory solvency
enforcement, and absence of distortionary price controls.

e Control of Corruption (Priority Weight: 4): Measures institutional integrity and informal friction across
licensing, distribution, and claims adjudication.

o War & Political Violence Risk (Priority Weight: 4): Quantifies active geopolitical conflict, territorial
warfare, and catastrophic property exposure risks.

e Government Stability (Priority Weight: 3): Evaluates institutional continuity, policy predictability, and civil
governance.

e OECD Country Risk Classification (Priority Weight: 2): Standardized sovereign risk benchmark providing
cross-jurisdictional baseline validation.
Mathematical Formulation and Normalization Mechanics

To calculate the composite RRF-i score, raw parameter inputs (x;;) collected across 150+ sovereign

jurisdictions undergo statistical min-max normalization, priority weighting, and composite synthesis.

Parameter Normalization: Each raw parameter x;; for country i is transformed into a standardized index
value z;; € [0,100], adjusted for indicator directionality (where higher values denote greater stability and lower
risk):

Xji — Xj min
Zj; = (A x 100

Xj max — Xj min

(For inverse indicators where higher raw values denote higher risk, the normalized score is calculated as
100 — Zj,i' )

m ”



Priority-Weighted Sub-Index Aggregation: Individual parameter weights w; € {1,2,3,4,5} correspond to
assigned priority levels. Normalized parameter values are aggregated into their respective sub-indices by
weighting each parameter relative to the total sum of priority weights within that pillar:

e Macroeconomic Stability Sub-Index (SM*<°):

Zw}”“”":5+3+3+2+2+1+1=17
j=1

Macro

7
w.
sHaere = Z <11—7 X Zj,i)
=1

« Political & Institutional Risk Sub-Index (5/°"):

8
zw,f°l=5+5+5+4+4+4+3+2=32
k=1

8

Pol
Wi
57 = z< 37 XZk,i>

k=1

Composite RRF-i Score Synthesis: The final composite RRF-i score for country i (RRF-i;) is synthesized
using the 60/40 pillar weight allocation:

RRF-i; = (0.60 x SM%7°) + (0.40 x SF°!)
Where:
e RRF-i;: Composite Risk Resilience Factor for Insurance score for country i.
o 5MacT®: Normalized Macroeconomic Stability Sub-Index score.

o SP°l: Normalized Political & Institutional Risk Sub-Index score.

Sovereign Risk Classification Matrix and Underwriting Elasticity

Based on composite RRF-i scores, sovereign jurisdictions are categorized into five distinct risk resilience
bands. Each band is associated with defined analytical adjustments to market growth forecasts, risk loading
factors, and underwriting capacity requirements:

Business Risk

Vulnerability Resilience Profile Structural Market Characteristics Key Findings and Impact
Classes

High contract enforceability,

Stable / . Unadjusted Baseline Growth: Standard
80.0 — L. L transparent regulation, stable . .
Minimal Institutional ) market conversion (1.00x); minimal
100.0 currency, mature claims " . . .
Benchmark . political risk premium loading.
infrastructure.
- . Solid macro fundamentals; localized Minor Discount / Load: Growth
65.0 — Resilient / Mild X . X
Low . regulatory delays or minor political adjusted by 0.95x-0.98x; standard
79.9 Volatility = i o
friction. underwriting margin intact.
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Business Risk

Vulnerability Resilience Profile Structural Market Characteristics Key Findings and Impact
Classes

50.0 Vulnerable / Elevated CPI volatility, moderate Moderate Haircut & Premium: Growth
64'9 Moderate Structural currency depreciation, judicial discounted by 0.85x-0.92x; mandatory

’ Friction delays, statutory rigidities. 5%—-10% risk premium markup.
350 Fragile / Severe Persistent high inflation, weak Rule Severe Growth Haircut: Real volume
49'9 High Dis?u tion of Law, severe currency volatility, discounted by 0.70x-0.80x; additive risk

' P political instability. loading of 15%—-25%.

. . . Capital Capacity Restriction:
o A flict, ; .

0.0 - Critical Systemic Risk hrm:rcijnﬁg:ic:ﬁt us::ﬁ;c;zesdreglmes Addressable SAM discounted by >50%;
349 Zone yp : non-admitted / specialist E&S

contracts, capital flight.
P '9 placement only.

Empirical Application and Growth Forecast Calibration

The composite RRF-i score functions as a dynamic mathematical override within forward-looking
forecasting engines, modulating baseline macroeconomic projections to reflect sovereign friction and capital
risk:

Volume Growth Discounting Mechanics: Baseline growth projections derived from macroeconomic
drivers (e.g., real GDP growth, population expansion) are scaled by an RRF-i conversion elasticity multiplier («;):

Ireal,i = Ybase,i X a’i(RRF'ii)

Where a; = 1.00 in Tier 1 benchmark jurisdictions, but scales down non-linearly in Tier 4 and Tier 5
markets to prevent overestimating addressable growth in unstable environments.

Underwriting Rate and Risk Premium Calibration: In volatile jurisdictions (RRF-i; < 65.0), carriers require
higher technical risk loading to offset currency devaluation, claims inflation lag, and contract enforcement risk.
The model incorporates RRF-i as an additive risk premium markup on commercial pricing schedules, ensuring
nominal premium growth driven purely by sovereign risk loading is distinguished from real coverage expansion.

Capital Mobility and SAM Filtering: The RRF-i score governs the accessible proportion of Total
Addressable Market (TAM) convertible into Serviceable Addressable Market (SAM):
RRF—ii)V

SAM.; = TAM, ; X [———
st st <100

Where y > 1.0 represents segment-specific capital sensitivity to sovereign risk.



QUANTITATIVE DRIVER ARCHITECTURE AND MARKET
DYNAMICS

Macroeconomic Foundation and Purchasing Power Drivers

Macroeconomic conditions establish the baseline output capacity, monetary liquidity, and aggregate risk
exposure of a sovereign jurisdiction. Because insurance premiums represent risk-transfer transactions funded
via corporate revenue or household savings, macroeconomic variables govern addressable purchasing power.
The model integrates six standardized macroeconomic variables into a unified driver matrix for jurisdiction i at
time t:

e Nominal GDP in Local Currency (GDPycy ;+): Gross domestic product measured in domestic
currency, establishing the unadjusted scale of national economic activity.

e Real GDP Growth (g;q;,i¢): Inflation-adjusted annual percentage change in economic output,
serving as the core proxy for baseline economic expansion.

e GDP per Capita (GDP.4p,; ): Nominal GDP divided by total population, providing an initial
macro-level benchmark of economic development and output density.

e Consumer Price Inflation (CPI; ;): Measures price index fluctuations, driving nominal premium
adjustments, claims replacement costs, asset repricing, and central bank monetary policy.

e Foreign Exchange Rates (FX; ;): Local currency conversion rates relative to anchor currencies
(USD/EUR), eliminating monetary illusion during multi-country cross-border aggregation.

e Local Currency Dynamics (Monetary;,): Broad money supply expansion, credit growth, and
benchmark interest rates influencing corporate borrowing costs and capital allocation.

Resolving the CAGR Fallacy: Absolute Scale vs. Growth Velocity

Evaluating market opportunity exclusively through percentage growth rates, such as Compound Annual
Growth Rate (CAGR), introduces material strategic misallocation. Assessing jurisdictions based on growth
velocity without contextualizing absolute economic scale causes capital and underwriting misdirection. To
eliminate this bias, the framework distinguishes between Absolute Market Scale (V) and Dynamic Growth
Velocity (g).

Mathematically, net annual expansion in market volume (AV;,) is a function of both baseline market
volume (V;,—;) and modeled annual growth (g; ,):

AVie = Vit-1 X Git
For example:

e A frontier market with a $100M Gross Written Premium (GWP) baseline expanding at a 15% CAGR
generates $15M in net new annual premium capacity.

e A mature market with a $20B GWP baseline expanding at a modest 1.0% CAGR generates $200M in
net new annual premium volume - over 13 times the absolute commercial capacity creation of the
high-growth frontier market.
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THE SCALE VS. VELOCITY MATRIX

Absolute Market Size vs. Growth Velocity

Annual Expansion (AM) = M;; x g

Annual Expansion (AM):
$100 bn x 2.0% = $2.00 bn

M;;=$1bn
g=15.0%
Annual Expansion (AM):
$1 bn x 15.0% = $0.15 bn
NICHE / LIMITED ABSOLUTE POOL

HIGH ABSOLUTE LIQUIDITY

LOW ABSOLUTE SCALE HIGH ABSOLUTE SCALE

Fig. 8: Market Size vs. Market Growth

While high growth velocity signals structural momentum, absolute market scale determines immediate
underwriting capacity, risk distribution depth, and institutional liquidity. The model outputs projected shifts in
both relative velocity (g; ;) and absolute monetary volume (AV; ;).

Non-Linear Income Elasticity-and Market Penetration

The responsiveness of insurance demand to macroeconomic growth varies across stages of economic
development. The model formalizes this non-linear relationship using the Income Elasticity of Insurance
Demand (n;):

%AGW P,

s = %AGDP, oy,

Where ng governs how premium growth in line-of-business segment s reacts to changes in underlying
economic output across three development phases:

e Subsistence Phase (s < 1.0): In low-income jurisdictions (GDF,q, < $2,000), discretionary
income is absorbed by primary consumption. Insurance penetration (GWP/GDP) remains low
and expands at a slower rate than underlying GDP.

e Acceleration / Take-Off Phase (n; > 1.0): In middle-income emerging markets (GDPF,,, between
$2,000 and $15,000), wealth accumulation, commercial credit expansion, and asset creation drive
rapid insurance adoption. Premium volume expands significantly faster than underlying GDP
growth.

e Mature Saturation Phase (1, ~ 1.0): In high-income economies (GDP,,,, > $15,000), insurance
penetration stabilizes. Market expansion aligns closely with asset replacement value shifts,
financial innovation, and broader price inflation.
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Socio-Demographic Drivers and Structural Risk Pools

Demographic structures and socio-economic trends determine risk pool composition, distribution
channel mix, and line-of-business product demand. The model ingests five socio-demographic metrics:

e Total Population (Pop; ) & Growth Rate (g,,p,i+): Defines the macro boundary for retail policyholder
bases, group benefit pools, and compulsory coverage mandates.

e Age Distribution & Dependency Ratios: Shifts in the ratio of working-age populations (15-64) relative
to elderly cohorts (65 +) alter demand balance between Non-Life asset/casualty coverages and
Life/Health protection, pension, and annuity products.

o Life Expectancy (LE;;): Sourced from demographic databases to calibrate annuity payout profiles,
long-term care exposures, and mortality risk pricing.

e Educational Attainment & Human Development Index (HD1I; ;): Proxy indicators for financial literacy,

risk awareness, and institutional insurance adoption.

Deconstructing GDP per Capita: Socio-Economic Refinements

While GDP,,,, provides a convenient macroeconomic baseline, it can obscure actual household purchasing
capacity and addressable insurance demand. Mean GDP,,, figures are frequently distorted by corporate profit

routing, commodity extraction revenues, or severe income inequality. To establish realistic demand profiles, the
model adjusts GDPF,g, using three socio-economic variables:

[
Socio-Economic Variable Analytical Purpose | Measurement Impact on Market Sizing

. Measures net income remaining after Isolates actual household capital available for voluntary
Disposable Personal Income (DPI) . . . .
taxes and statutory living expenses. retail coverages (e.g., life savings, supplemental health).
. Evaluates accumulated household Measures insurable physical asset values independently of
Median Net Wealth . . . . phy P y
physical and financial assets. annual income flows.

Adjusts addressable middle-class pool. High inequality
reduces effective retail market size despite elevated average
GDP.gp.

Quantifies income concentration

Gini Coefficient (Inequality) across the population (G € [0,1]).

By filtering macroeconomic output through disposable income and wealth distribution parameters, the
model avoids overestimating commercial market potential in resource-exporting or highly unequal economies.

Institutional Governance Variables and Market Friction

Macroeconomic scale and demographic demand establish theoretical market potential, but institutional
quality dictates how effectively that potential converts into addressable market volume. The model integrates
six institutional governance dimensions:

e Regulatory Environment & Transparency: Assesses supervisory predictability, capital adequacy
standards (e.g., Solvency Il equivalence), rate regulation flexibility, and licensing lead times.

e Rule of Law & Contract Enforceability: Measures judicial independence, dispute resolution timelines,
and enforceability of policy contracts and claims subrogation.
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e Control of Corruption: Measures institutional integrity and informal transaction friction across
licensing, distribution, and claims adjudication.

o Political Stability & Expropriation Risk: Evaluates government continuity, policy predictability, capital
control risks, and asset protection.

e Public Order & Security: Quantifies exposure to civil unrest, terrorism, and political violence affecting
asset integrity and reinsurance availability.

« Institutional Governance Efficiency: Evaluates administrative efficiency, statutory reporting compliance,
and supervisory enforcement.

Analytical Interface: Insurance Market Model (IMM) vs. RRF-i Filtering

To maintain analytical rigor and eliminate circular logic, the methodology enforces a strict boundary
between baseline economic market modeling (IMM) and sovereign risk evaluation (RRF-i):

e Insurance Market Model (IMM): The IMM establishes the baseline economic market trajectory. RRF-i is
subsequently applied as a risk and accessibility overlay, with its specific effect depending on whether
the analysis addresses forecast growth, market accessibility, or underwriting risk.

e Risk Resilience Factor for Insurance (RRF-i): Functions as a dynamic risk-weighting overlay. It evaluates
macro-sovereign stability (60% weight) and political/institutional risk (40% weight) to generate a
composite underwriting resilience score.

By maintaining this structural separation, market sizing remains grounded in empirical economic activity,
while sovereign risk analytics (RRF-i) provides a quantitative risk filter that can be applied when translating
theoretical TAM into risk-adjusted SAM estimates.
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DYNAMIC FORECASTING ENGINE AND SCENARIO
ARCHITECTURE

Multi-Factor Structural Forecasting Framework

Traditional insurance market research relies heavily on static extrapolations, projecting historical
Compound Annual Growth Rates (CAGR) linearly over multi-year horizons. This static methodology fails to
capture macroeconomic cyclical shifts, structural penetration tipping points, or demographic transitions.

The Insurance Market Model (IMM) replaces linear trendlines with a multi-factor structural forecasting
engine. Market projections are computed as dynamic outputs generated by combining macroeconomic
fundamentals, socio-demographic indicators, institutional governance parameters, and segment-specific
demand elasticities.

DYNAMIC FORECASTING ENGINE ARCHITECTURE

INPUT DRIVERS MODELING ENGINE FORECAST OUTPUT

Segment Elasticity Engine  Sovereign Risk Filter Modeled GWP
Income Elasticity (n) RRF-i Adjustment Factors
Inflation / Rate Dynamics
S-Curve Shift Factors

Economic time-series \ Risk Matrix

Demographic population structures

" - Analytical forecast bands
nstitutional Vector Z

L:.]m—u b Sensitivity Bands

egment Elasticity Engine Sovereign Risk Filter
Institutional/Governance data Income Elas n RRF-i Adjustment Factors
Inflation / Rate Dynamics
S-Curve Shift Factors

Fig. 9: Forecasting Framework

Mathematical Formulation of the Dynamic Forecast Model

Projected Gross Written Premium (GWP) for jurisdiction i, segment s, at forward time t (GWP; ;) is
expressed as a structural function of prior economic scale, dynamic driver velocity, and segment-specific
demand elasticities:

GW Pisc = GWPi5-1 X (14 gi5c)
The composite annual growth rate g; ;. is calculated via the structural driver equation:

Yist = (greal,i,t X ni,s) + (ni,t X 95) + (Apopi,t X Bl + AUT‘bL’,t X BZ) + (AInSti,s,t X Vs) +€ist
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Where:
*  Jrealit: Projected real GDP growth rate for jurisdiction i at time t.

e 15 Income elasticity of demand for segment s in jurisdiction i, calibrated against its developmental
stage along the penetration S-curve (as defined in Section 5.3).

o m;,: Projected consumer price inflation rate (CPI), with 65 € [0,1] representing the segment-specific
inflation pass-through coefficient (e.g., higher pass-through elasticity in commercial property and
motor hull versus life protection lines).

e APop;, and AUrb;,: Annual percentage shifts in total population and urbanization density, weighted
by segment parameters $; and ,.

e Alnst; s Structural adjustments in statutory coverage mandates, regulatory enforcement, and legal
governance, weighted by parameter y;.

* €; ¢ Residual calibration factor incorporating expert qualitative overlays and non-linear risk
adjustments.

Through this formulation, market forecasts reflect dynamic structural shifts rather than simple historical
extrapolation.

Scenario Architecture and Driver Parameterization

To capture economic and operational uncertainty, the IMM projects market trajectories across three
structurally defined scenarios: Base, Upside, and Downside. Rather than applying arbitrary top-down
adjustments to final forecast totals, the scenario architecture modulates underlying input variables across
macroeconomic, socio-demographic, and institutional matrices.

SCENARIO ARCHITECTURE COMPARISON

Structured modeling assumptions for dynamic insurance market forecasting based on.core.economic and institutional drivers

BASE SCENARIO UPSIDE SCENARIQ SCENAI
CENTRAL REFERENCE PATH + EXPANSION DEVIATION&* STRESS DEVIATION

REAL GDP GROWTH  Consensus Baseline 4150 1+2505p0 200 to -400

The primary anchor for Stead | 5 - P
macroeconomic trajectory teady, neutral pace Positive growth impulse Severe contraction risk

INFLATION () Central Bank Target Moderate / Stable Stagflationary
Considers price stability and Subtle expansion/supportive, High inflation, stagnant
monetary conditions steady trend growth pressure

Anchor for price stability
FX STABILITY Baseline Trend Local Appreciation Local Deprec.

Currency volatility and Historical averages maintained Stronger domestic currency Depreciation, increased
external positioning VS. Major peers import costs & volatility

REGULATORY /RRF-i ~ Stable Reform Path  Accelerated Reform Sovereign Stress

Institutional reforms and Gradual regulatory alignment Efficient RRF-i deployment, Delays in reforms, fiscal/
policy implementation institutional gains political pressure

Fig. 10: Scenario Architecture
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e Base (Most Likely) Scenario: Aligns macroeconomic drivers with consensus multilateral projections (e.g.,
IMF World Economic Outlook, central bank medium-term forecasts). Consumer inflation follows target
central bank convergence paths, local currencies maintain historical stability against anchor reserve
currencies (USD/EUR), and institutional risk scores (RRF-i) reflect regulatory continuity.

o Upside Scenario: Models accelerated real GDP expansion (+1.5% to +2.5% above baseline), expanding
household disposable income, and capital formation. Inflation remains controlled within demand-pull
bounds, accompanied by domestic currency appreciation. The institutional vector reflects accelerated
regulatory reforms, expansion of compulsory insurance schemes, and improving RRF-i scores,
increasing Serviceable Addressable Market (SAM) conversion efficiency.

e Downside Scenario: Models economic stagnation or contraction (—2.0% to —4.0% below baseline),
deteriorating purchasing power, and deferred capital investment. High inflation combines with
exchange rate shocks (> 20% currency devaluation against reserve currencies), inflating claims severity

while depressing real premium demand. Declining RRF-i scores and regulatory friction restrict
accessible SAM.

. . Inflation & Monetar Foreign Exchange (FX Institutional & Regulator:
Scenario Real GDP Trajectory I . y 'gn &x ge (FX) 9 y
Dynamics Vector Vector (Alnst)
Base Aligned with consensus Central bank target Stable baseline exchange Regulatory continuity; stable
baseline forecasts convergence paths rates RRF-i scores
Local currenc .
. Base +1.5% to 4+2.5% real Managed demand-pull urr y Expansion of compulsory
Upside . K appreciation (+5% to . .
output growth inflation coverage; improved RRF-i
+10%)
Downside Base —2.0% to —4.0% real Stagflationary price Severe currency Regulatory protectionism;
output contraction spikes devaluation (> 20%) deteriorating RRF-i

Nominal vs. Real Market Development

A major distortion in multi-year market forecasting is the conflation of nominal growth driven by
monetary inflation with organic volume growth driven by new exposure creation. High inflation generates an
optical illusion of rapid market expansion while real coverage density and risk protection decline.

The IMM systematically decouples nominal projections into constant-currency real volumes and monetary
inflation adjustments. To convert projected nominal GWP (GW P4, i) into real constant-currency volume
(GW Preq1is:) the model applies a chain-weighted GDP and claims deflator:

GWPnom,i,s,t

GWPreqrist = Deflator;,
it

Where Deflator; . represents the aggregated annual price and cost deflator index for jurisdiction i at time



DECOMPOSITION OF MARKET GROWTH TRAJECTORY

How total nominal market growth is broken down into real expansion and inflation effects.

[ TOTAL NOMINAL GROWTH | = [ REAL / ORGANIC EXPANSION | + [ INFLATION IMPACT |

TOTAL NOMINAL GROWTH

Measured in LCU
Policyholder outlay

REAL / ORGANIC EXPANSION INFLATION IMPACT

; - - N
Drivers Drivers - Replacement- .

: cost ..
+ New exposures created » Monetary erosion Monetary-

* Increased penetration * Replacement cost shift value |
« Policy countexpansion _~——— LI~ | | e Inflation-adjustment

trajectory

Fig. 11. Nominal vs. Real Growth

The Growth Decomposition Matrix and Strategic Execution

To isolate operational performance from price distortion, the projected nominal growth rate g,om st is

decomposed into three distinct functional vectors:

gnom,i,s,t = gorganic,i,s,t + ginflation,i,s,t + gstructural,i,s,t

Where:

*  Jorganic,is: (Organic Volume Growth): Measures true market expansion, including net policy gains, real

asset accumulation, expanded disposable income allocation, and penetration shifts along the
developmental S-curve.

*  Ginfiation,is, (Inflationary Rate Impact): Measures top-line growth driven purely by rating adjustments

implemented to offset claims severity inflation, higher repair/reconstruction costs, and medical price

trends.

*  YJstructuralise (Structural and Regulatory Shifts): Captures discrete non-macroeconomic shifts, such as

new compulsory coverage mandates, tariff deregulation, or statutory limit adjustments.

Decoupling inflation-driven nominal growth from organic volume expansion ensures executive

management can differentiate genuine commercial demand growth from monetary price inflation, providing a

transparent foundation for strategic capital deployment.
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DATA FUSION, TRIANGULATION, AND EXPERT
CALIBRATION

Multi-Source Triangulation Process

Global insurance datasets are rarely directly comparable out of the box. Regulatory filings, trade
association reports, commercial databases, and multilateral financial institutions frequently publish conflicting
premium figures for the same jurisdiction and reporting period. These discrepancies originate from divergent
accounting standards, product categorization, geographical risk allocation, and currency conversion
methodologies.

DATA FUSION & TRIANGULATION WORKFLOW

Transforming heterogeneous raw data into validated insurance market model inputs

) 4. CONFLICT 5. RECONCILIATION | 6. MODEL
>OMPARISON IDENTIFICATION INPUT

Calculate absolute and Isolate structural Apply non-averaging Validated baseline data
percentage variances discrepancies (e.g., Gross resolution rules based on ingested into the Dynamic
across collected data vs. Net, Domestic vs. Cross- Data Hierarchy & logic Forecasting Engine.
streams Border)

Supervisory Gross vs. Net =)
Filings —— .
d I
Forecasting |
Engine

—

>
>
>

—
>
>
—»

Associations

Standardized Base Currency absolute & Isolation * Domestic vs. ‘Data  Reconciliation E
MECE (LCU/USD) percentage vafiances node Cross-Border Hierarchy Vector =
Commercial Taxonomy validated

Vendor DBs NON-AVERAGING baseline data

RESOLUTION RULES

2. NORMALIZATION 3. CROSS-SOURCEN"4.CONFLICT . RECONCILIATION | 6. MODEL INPUT
A\RISON IDENTIFICATION

Gather raw data from Map to standardized Calculate absolute and Isolate structural Apply non-averaging Validated baseline data
Supervisory Filings, MECE Taxonomy, Base percentage variances discrepancies (e.g., resolution rules based ingested into the
Associations, and Currency (LCU/USD), across collected data Gross vs. Net, Domestic on Data Hierarchy & Dynamic Forecasting
Commercial Vendor DBs. and Timeframes. streams vs. Cross-Border) Reconciliation Vector. Engine

Fig. 12: Multi-Source Data Fusion and Triangulation

Rather than relying on simple averaging or single-vendor selection, the Insurance Market Model (IMM)
deploys a multi-source Data Fusion and Triangulation Framework. This workflow identifies and resolves
structural discrepancies before raw inputs enter the forecasting engine through six sequential steps:

1. Multi-Source Data Collection: Ingestion of primary, secondary, and tertiary data points across
national supervisory registries, central banks, regional insurance associations, global reinsurance
disclosures, and macroeconomic databases.

2. Baseline Normalization: Mapping raw inputs into a unified baseline framework, aligning localized
line-of-business definitions to the standardized MECE taxonomy, converting reporting fiscal
years to standard calendar-year bases, and converting monetary figures into Local Currency
Units (LCU) and anchor reserve currencies (USD/EUR).

3. Cross-Source Variance Scanning: Automated variance scans across normalized data streams to
compute absolute and percentage divergences per jurisdiction, segment, and year.



4. Conflict Identification & Diagnostic Triggering: Automated diagnostic alerts triggered whenever
multi-source variance exceeds a pre-defined tolerance threshold (e.g., > 10% divergence in
Gross Written Premium).

5. Structural Reconciliation: Adjustment and reconciliation of divergent data streams utilizing the
Reconciliation Diagnostic Vector and the Data Reconciliation Standard.

6. Forecasting Engine Ingestion: Ingestion of reconciled baseline datasets into the forecasting
engine.

The Reconciliation Diagnostic Vector

Calculating a simple mathematical average across conflicting data sources is a fundamental error in
econometric modeling. Averaging structurally incompatible inputs - such as combining a net retained premium
dataset with a gross written premium dataset - yields distorted results. When source discrepancies exceed
tolerance limits, the IMM executes a diagnostic audit across six structural parameters:

¢ Premium Measure Definition: Verifies whether reported figures represent Gross Direct Premium,
Gross Written Premium (including assumed reinsurance), or Net Retained Premium.

e Accounting Time Horizon: Identifies whether the dataset relies on Calendar Year, Statutory Fiscal
Year, or Underwriting Policy Year accounting.

e Geographic Risk Location: Determines whether premiums are accounted for on a Location-of-Risk
or Location-of-Underwriting basis, adjusting for cross-border and offshore placements.

¢ Line-of-Business Segmentation: Audits whether reported lines contain adjacent product categories
(e.g., rider health coverages bundled within Life versus standalone Non-Life health).

e Currency Conversion Mechanics: Identifies whether foreign currency transactions were converted
using period-average exchange rates, year-end spot FX, or constant dollar adjustments.

o Data Capture Methodology: Evaluates whether data originates from mandatory statutory filings or
was extrapolated from voluntary trade association survey samples.

Once structural variations are isolated via these six parameters, reporting figures are mathematically re-
aligned to the model's standardized, policyholder-centric baseline.

Data Reconciliation Hierarchy Standard

When structural reconciliation leaves residual reporting variances, the model resolves conflicts by
applying a strict Data Reconciliation Hierarchy Standard. Higher-tier sources systematically override lower-tier
sources during baseline synthesis, ensuring that primary statutory filings take precedence over commercial
estimations.
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Source
Category

Operational Scope

Legal mandatory filings

Priority & Override Mechanics

Primary Ground Truth: Highest

Mapping to Ingestion

Hierarchy

Corresponds to Tier 1

Statutory submitted directly to national auditability, comprehensive statutory .
. : . g (Official / Regulatory
Tier 1 Supervisory insurance commissioners (e.g., market coverage, legally enforced . .
A . - . Data) and Tier 2 (Carrier
Registries NAIC, EIOPA member accounting definitions. Systematically Filings)
authorities, FSA). overrides Tiers 2—4. 9s)-
Consolidated market reports Secondary Verification: Highly accurate
. National Trade published by regional insurer for local market dynamics; used to Corresponds to Tier 3
Tier 2 .. .. s . . e
Associations associations (e.g., GDV, ABI, verify line-of-business allocations and (Industry Statistics).
France Assureurs). fill non-reporting gaps.
. Standardized international multi- Cross-Border Harmonization: Essential .
Multilateral . L Corresponds to Tier 4
Tier 3 Financial country databases (e.g., IMF, for high-level cross-jurisdictional (Macroeconomic
World Bank, OECD, Swiss Re comparability, but cross-checked for FX
Aggregators . . . . Databases).
Sigma). conversion artifacts or reporting lags.
Model . - Fallback / Gap-Filling: Employed .
Econometric gap-filling models, . / A P 9 ploy . Corresponds to Tier 5
. Inferences & . - exclusively in low-transparency frontier .
Tier 4 . trend interpolations, or L . . : (Modeled / Estimated
Commercial . . jurisdictions lacking primary Tiers 1-3
. commercial vendor estimates. . Data).
Estimates reporting.

Operational Mechanics of Expert Overlay and Calibration

Quantitative econometric models process structured data effectively, but can misinterpret abrupt
regulatory shifts, catastrophic shock events, or sudden political interventions. To address this limitation, the

framework incorporates a structured Expert Overlay and Calibration Layer.

EXPERT OVERLAY & CALIBRATION ARCHITECTURE

Rigorous contextual validation and documented calibration of quantitative forecasts

)EL QUIPUT

Raw econometric projection drivenby GDP,
Demographic, and Elasticity vectors

GDP . QUANTITA
Demographic
Elasticity
vectors
Evaluation of upcoming regulatory ¢hanges,

tax law shifts, or market shocks
Parameter

boundary
pection

N “
U
Domain-specialist NO SUBJECTIVE

validation OVERRIDE

Structural
logicreview 3 EXPERT VALIDATION & BOUNDARY AUDIT

Domain specialists inspect parameter

boundaries and structural logic

Documented
mathematical
adjustment factor

4. TRANSPARENT CALIBRATION ADJUSTMENT

Documented mathematical adjustment factor
applied to residual term &

' -t ALITD Audit-ready
b} NAL MUDEL UUIFUI
Audit-ready, risk-adjusted market

forecast

risk-adjusted
market forecast

Fig. 13: Expert Overlay and Calibration

Expert calibration does not replace the underlying econometric output; instead, it provides a documented
qualitative adjustment to the model result. Instead, it functions as a contextual filter that interprets and fine-




tunes quantitative model outputs based on real-world market conditions. To preserve transparency and
auditability, all qualitative overrides adhere to four strict operational guidelines:

¢ Non-Destructive Integration: Qualitative adjustments modify the model's residual calibration
parameter (¢; 5 ¢), leaving the underlying baseline econometric driver data intact.

¢ Documented Justification: Every manual override requires a documented qualitative rationale,
specifying the exact structural catalyst (e.g., an upcoming statutory capital overhaul, tariff
deregulation, or major tax policy shift).

e Bounded Variance Limits: Expert calibration adjustments cannot exceed defined numerical variance
bounds (maximum +5.0% impact on annual baseline growth projections) without triggering
formal review and sign-off by the modeling committee.

e Audit Trail Transparency: Model outputs systematically present both the Unadjusted Econometric
Forecast (GW P,.) and the Calibrated Final Forecast (GW P.qiiprateq). €nabling users to isolate the
impact of qualitative overlays:

GWPcalibrated,i,s,t = GWPpure,i,s,t X (1 + eexpert,i,s,t) where |Eexpert| < 0.05

Combining multi-source data fusion with transparent, bounded expert calibration supports transparent
and traceable insurance market analysis.
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MODEL VALIDATION, UNCERTAINTY FRAMEWORK, AND
GOVERNANCE CONTROLS

Model Validation and Out-of-Sample Hindcasting

Predictive models should be evaluated through empirical validation against historical outcomes. The
Insurance Market Model (IMM) embeds a formal Model Governance and Backtesting Layer that compares prior
model projections against actual empirical results published in subsequent supervisory cycles, quantifying
predictive accuracy, isolating systemic bias, and refining driver weightings.

HISTORICAL BACKTESTING ENGINE ARCHITECTURE

Rigorous out-of-sample validation and model recalibration pipeline

HISTORICAL DATA OUT-OF-SAMPLE ERROR METRIC RECALIBRATION
CUTOFF (t - k) EVALUATION (1) EVALUATION LOOP

Model trained on data up to 2022 Model projects 2024 GWP Calculate MAE, MAPE, RMSE Adjust Elasticity
& Residuals

|
| MAE | MAPE | RMSE

Adjust Elasticity

HISTORIGAL DATA ACTUAL REPORTED DATA (t) & Residuals
on data up to 2022 Tier 1/ 2 actualsfor 2024

Adjust Elasticity:& Residuals

Fig. 4. Out-of-Sample Model Validation and Backtesting

To evaluate forecasting performance without data leakage, the IMM executes out-of-sample backtesting
(hindcasting) through a three-stage operational pipeline:

¢ Information Truncation (t,): The forecasting engine is restricted exclusively to datasets available as of a
historical baseline cutoff year (t,), blinding the model to subsequent historical developments.

e Forward Out-of-Sample Projection (t;): The model projects market volumes for forward periods (t; =
to + k) utilizing only the historical driver parameters, elasticities, and data available at time ¢,.

e Empirical Variance Audit: Projected figures (GW Ppy¢q,is.¢,) are benchmarked directly against official

statutory figures (GW P,ctyauist,) PUblished by regulatory authorities at time t;.
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Quantitative Validation Metrics

Model performance is evaluated using three standard statistical error metrics calculated across N sample
observations across jurisdictions (i), lines of business (s), and forecast horizons (t):

Mean Absolute Error (MAE)
Measures average prediction error magnitude in absolute monetary terms (USD or EUR), providing a

measure of average absolute forecast error:

1
MAE = NZ'GWPPTEd'i'S't - GWPactual,i,s,tl

i,s,t
Mean Absolute Percentage Error (MAPE)

Quantifies average relative forecast error as a percentage, enabling cross-jurisdictional and cross-
segment performance comparisons regardless of market scale:

1
MAPE = —Z
N

i,s,t

GWPpred,i,s,t - GWPactual,i,s,t

X 100%
GWPactual,i,s,t

Root Mean Square Error (RMSE)

Penalizes larger forecast errors more heavily than smaller errors, giving greater weight to larger forecast
errors:

1 2
RMSE = \/NZ(GWPpred,i,s,t - GWPactual,i,s,t)

i,s,t

RMSE gives greater weight to larger forecast errors and therefore highlights the effect of larger deviations
between modeled and observed outcomes. Embedding these error metrics into the governance framework
establishes a transparent, measurable track record of predictive performance, enabling continuous model
recalibration.

Uncertainty Cascade Architecture

Deterministic single-point estimates offer a false sense of precision in strategic planning. Real-world
market trajectories are subject to macroeconomic shocks, regulatory shifts, and structural market disruptions.

To address this, the IMM deploys an Uncertainty Cascade Architecture that tracks how uncertainty
propagates from raw observations through model assumptions to bounded forecast ranges. Rather than
outputting a static figure, the model structures and communicates uncertainty across six sequential stages:

Input Domain Structural Characteristics Analytical Treatment & Uncertainty Bounds
\ \

Primary Regulatory Audited statutory data from Tier 1 Minimal uncertainty; limited to retrospective
1. Observed Data - . o . iy
Filings supervisory registries. accounting revisions.
. . . Derived metrics for non-reporting sub- Uncertainty explicitly modeled via statistical
2. Estimated Data Econometric Proxies . P 9 . y. platly
segments or frontier markets. confidence intervals.
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|
Input Domain Structural Characteristics Analytical Treatment & Uncertainty Bounds
|

3. Model . Income elasticity (n; ;) and inflation pass- Uncertainty stems from structural breaks in
. Structural Elasticities ’ . .

Assumptions through (65). macroeconomic behavior.

4. Baseline Macroeconomic Central expectation when drivers follow Unadjusted baseline forecast output

Forecast Engine consensus economic paths. (GW Pygse)-

5. Scenario Macro / Geopolitical Parameter variations testing market Modulates inputs across Base, Upside, and

Stressing Stress resilience under expansion or stress. Downside paths.

6. Forecast Upper and lower confidence bounds Final output providing bounded prediction

Executive Output

Range surrounding the baseline. intervals for executive decisions.

Automated Structural Consistency Controls

Beyond backtesting and uncertainty tracking, long-term predictive integrity requires continuous,
automated quality controls across every level of data aggregation.

MODEL QUALITY CONTROL & RECALIBRATION ENGINE

Continuous calibration through structural validation and external signal ingestion

STRUCTURAL CONSISTENCY CHECKS CONTINUOUS RECALIBRATION FEED

Country - Regional - Global OSINT Real-Time Signal Ingestion

Hierarchical consistency across ) Subtle external intelligence signals
geographic aggregation levels, lower-level data ( entering, no screens/websites

MECE Segment Aggregation MODEL QUALITY __ Macroeconomic Trend Updates

Visual of non-overlapping i / "~ Updated macroeconomic info
segment blocks converging Ol CONTROL & — ) entering, no specific indicators
RECALIBRATION <~

ENGINE ‘ ‘

FX & Inflation Alignment Central Bank Policy Shifts

Analytical node showing alignment \_/" Policy shifts as an update stream,
between FX and Inflation Inflation abstract monetary-policy visual cues,
jurisdiction-neutral

Cross-Scenario Coherence e
Multile sooarto pathwaye @ o3 Regulatory & Statutory Revisions

checked for logical, Ny /"= Regulatory and statutory changes as

consistency for for logical, an update stream, jurisdiction-neutral
internal consistency

Fig. 15: Continuous Quality Control

To maintain internal coherence, all model outputs must pass five automated consistency checks prior to
final publication:

e Spatial Aggregation Control (Country — Regional — Global): Verifies that bottom-up country projections
sum directly to regional and global totals, eliminating double-counting or orphan gaps:

Z GWP; = GWP; and Z G WPgr = GWPgiopar

iER R



e MECE Segment Reconciliation: Enforces that individual product line volumes sum to total market Gross
Written Premium without coverage overlap or missing lines:

S
Z GWP;, = GW Protar
s=1

e Currency and Deflator Consistency: Ensures foreign exchange vectors (FX) and price deflators are
applied uniformly across Local Currency Units (LCU) and anchor currencies (USD/EUR), preventing
valuation distortions during cross-border synthesis.

e Scenario Logical Coherence: Validates that macroeconomic variables within each scenario remain
internally consistent (e.g., ensuring strong real GDP expansion is not paired with severe currency
devaluation unless explicitly modeled as a hyperinflationary regime).

e Historical Series Continuity: Audits historical time series upon the ingestion of new reporting periods,
ensuring past data points remain stable and clearly flagging retrospective statutory revisions.

Continuous Recalibration via Open-Source Intelligence (OSINT)

Global insurance markets evolve continuously between annual supervisory reporting cycles.
Macroeconomic indicators shift, central banks adjust policy rates, and political developments alter country risk
profiles in real time. To maintain forecast currency between formal regulatory releases, the IMM integrates a
Continuous OSINT Recalibration Feed:

e High-Frequency Macroeconomic Updates: Monthly and quarterly releases of GDP growth, CPI inflation,
and industrial production automatically refresh baseline growth trajectories.

» Monetary Policy and Foreign Exchange Tracking: Central bank interest rate decisions and FX fluctuations
are ingested directly to update real-to-nominal conversion ratios and asset yield assumptions.

o Regulatory and Sanctions Signal Monitoring: Automated tracking of statutory insurance mandates, tax
reforms, and political risk developments feeds directly into institutional risk parameters and residual
calibration factors (¢; s ¢).

Combining out-of-sample backtesting, uncertainty bounds, automated consistency controls, and
continuous OSINT recalibration provides a dynamic foundation for executive decision-making.
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METHODOLOGICAL LIMITATIONS, MODEL RISK, AND
GOVERNANCE FRAMEWORK

Methodological Limitations

No predictive framework can fully encapsulate the total complexity of global financial markets or
anticipate every black swan event. A rigorous methodology should explicitly identify its boundaries, empirical
data constraints, and structural limitations.

CLASSIFICATION OF MODEL LIMITATIONS

Distinguishing empirical and data constraints from structural and systemic market forces

STRUCTURAL & SYSTEMIC CONSTRAINTS

Constraints affecting the availability, comparability, External structural forces that can alter the underlying
timing, or consistency of empirical observations. conditions on which a model is calibrated.

Reporting Delays & Time Lags » |/ Structural Breaks & Regime Shifts

Missing / Non-Reporting Entities 71 Legislative & Regulatory Interventions

Inconsistent Product Definitions M&A Transactions & Portfolio Shifts

National Accounting Divergences ! (74 FX Volatility & Conversion Artifacts

Multi-Currency Conversion Noise ) Geopolitical Shocks & Tail Risk Events

Fig. 16: Model Limitations

The Insurance Market Model (IMM) operates under specific systemic and empirical constraints across
global jurisdictions, particularly when analyzing emerging or non-standardized markets. Five primary empirical
data constraints modulate model baseline accuracy:

Operational Boundary & Description Model Impact & Mitigation Pathway
|

. Official Tier 1 statutory filings and central bank Projections for immediate past (t — 1) and current (t)
1. Reporting Delays . . . . . -
& Time Lags reports are typically published with a lag of 6 to 18 periods rely on high-frequency proxy indicators and OSINT
9 months following fiscal year-end. feeds until final statutory reconciliation.
. Low-transparency or frontier jurisdictions lack Employs top-down econometric imputations and regional
2. Missing & Non- . s . : . . .
. complete statutory reporting, omitting micro- proxy interpolation, which carry higher parameter
Reporting Data . . . o
insurers, mutuals, and offshore pools. uncertainty than Tier 1 registries.
3. Product National regulatory regimes apply non-uniform Reconciles raw inputs to the standardized MECE taxonomy,
Taxonomy product definitions (e.g., personal accident bundled though minor friction remains when disaggregating

Misalignment in Life vs. Non-Life). bundled commercial multi-risk policies.



|
Operational Boundary & Description Model Impact & Mitigation Pathway
\

4. Accounting Insurers operate across non-identical regimes (IFRS Direct cross-border comparability requires automated
Standard 17, US GAAP, local statutory SAP) with varying reconciliation vectors, introducing minor accounting
Divergences premium recognition rules. conversion artifacts.
5. EX Conversion & Converting Local Currency Units (LCU) into anchor Currency swings can mask domestic organic growth or
o . currencies (USD /EUR) introduces exchange rate inflate nominal figures; resolved via dual reporting in
Volatility Noise .
fluctuations. constant LCU and current USD.

Structural Regime Shifts and Systemic Drivers

Beyond data-level constraints, macroeconomic and geopolitical dynamics introduce structural disruptions
that lie outside continuous econometric relationships. The model accounts for four primary systemic risk drivers:

e Structural Breaks and Regime Shifts: Econometric models rely on historical statistical relationships, such
as the income elasticity of demand (n; ;). Systemic shocks - such as technological disruptions, global
health crises, or sudden financial panics - can break historical elasticities, requiring the model to re-
establish empirical baselines.

o Discrete Legislative and Regulatory Changes: Sudden government interventions (e.g., mandatory
coverage mandates, premium tax shifts, tariff deregulation, or rate caps) create step-function volume
shifts. The model integrates these via OSINT tracking and the Expert Overlay Layer (€; g).

e Corporate M&A and Consolidation Shifts: Large-scale cross-border M&A, portfolio transfers, or
liquidations redistribute market share. While national risk pools remain intact, these transactions create
artificial structural jumps in segment-level carrier reporting.

e Geopolitical Shocks and Extreme Tail Events: Armed conflicts, international sanctions, sovereign defaults,
and extreme natural catastrophes exist in the far tail of statistical distributions. The model addresses
these via scenario stress testing rather than central baseline forecasts.



Model Risk Architecture and Risk Categories

Model risk arises from potential flaws in model design, incorrect input assumptions, or misapplication of
model outputs. Treating a forecasting engine as an absolute truth rather than a decision-support tool creates
strategic vulnerability.

MODEL RISK GOVERNANCE MATRIX

Structured classification of model-related exposure and corresponding governance controls

RISK CATEGORY PRIMARY SOURCE OF EXPOSURE GOVERNANCE MITIGATION CONTROL
Row 1 — MODEL RISK (Focusing on mathematical/logica

Incorrect functional form, Continuous backtesting,

Model Risk misspecified elasticity out-of-sample validation
coefficients, or bad logic. (MAE/MAPE), and structural

audit checks.

2 — ASSUMPTION RISK (Assumptions about external economic conditions)

: y Flawed macroeconomic inputs Scenario parameterization | e
Assumption Risk (e.g., overestimating GDP [Base/Upside/Downside], explicit { =
or underestimating CPl). uncertainty range mapping.

3 — EXECUTION DATA RISK (- datafhgestion, mapping, and execut

) ! Corrupted input feeds, Tiered Data Hierarchy (Tier 1-4),
Execution Data Risk bad FXrates, or wrong Reconciliation Diagnostic Vector,
taxonomy mapping. automated sanity scans.

Fig. 17: Risk & Governance

To isolate and mitigate these risks, the IMM deconstructs model risk into three distinct categories:

Risk Category Analytical Definition Mitigation Mechanism

Conceptual & The risk that the mathematical or logical structure of Systematic out-of-sample backtesting, continuous error
ptuat & the model misrepresents real-world insurance market metric tracking (MAE, MAPE, RMSE), and periodic elasticity

Algorithmic Risk . :

dynamics. formula reviews.
Assumption & The risk that external macroeconomic forecasts (e.g., Multivariant Scenario Architecture (Base, Upside,

P IMF real GDP, central bank CPI targets) prove Downside) combined with continuous high-frequency

Input Risk . .

inaccurate. OSINT driver updates.
Execution & Data The risk that raw input data contains reporting errors, Diagnostic vector audits and strict enforcement of the
Intearity Risk invalid FX conversion vectors, or improper taxonomy Data Reconciliation Hierarchy Standard (Tier 1 statutory

gy mapping. priority).



Governance Principles for Strategic Model Utilization

To ensure the Insurance Market Model provides effective decision support for executives, risk committees,
and strategic planners, decision-makers must adhere to three operational governance principles:

1. Decision Support, Not Decision Automation: Model outputs must inform strategic planning, capital
deployment, and underwriting allocation, but must never replace professional human judgment,
localized underwriting expertise, or qualitative risk evaluation.

2. Range-Based Strategic Planning: Capital allocation and risk management strategies must be evaluated
across the full Forecast Uncertainty Range and scenario spectrum (Base, Upside, Downside), rather
than relying exclusively on single-point baseline estimates.

3. Transparent Communication of Uncertainty: All executive briefings and strategic deliverables utilizing
model outputs must explicitly disclose the underlying data tier quality, scenario assumptions, and
identified methodological constraints alongside projected figures.
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CONCLUSION - FROM MARKET MODEL TO EXECUTIVE
DECISION SUPPORT

The Strategic Decision-Support Framework

An insurance market model is not a passive statistical repository or a generator of single static top-line
figures. When constructed with strict analytical boundaries, policyholder-centric measurement conventions, and
dynamic driver architectures, a market model transforms into an operational decision-support framework.

DECISION SUPPORT TRANSFORMATION ARCHITECTURE

Translating quantitative insurance-market modeling components into concrete strategic executive applications

STRATEGIC EXECUTIVE APPLICATION

Policyholder-Centric Sizing ’ > 1 Market Entry & Geographic Expansion

Absolute Scale vs. Velogity /i Capital Allocation & Capacity

MECE Line-of-Business Taxanomy Portfolio Strategy & Line Optimization
Inflation/Real Growth Split Underwriting & Rate Adequacy
Scenario Architecture Long-Term Strategic Planning

Data Triangulation & M&A Scope » 2 M&A Screening & Target Valuation

Regional Cluster Taxonomy > Global Market Benchmarking

Fig. 18: Decision Support

By moving beyond naive historical extrapolation and uncritical multi-vendor aggregation, the Insurance
Market Model (IMM) translates complex macroeconomic, demographic, institutional, and regulatory inputs into
actionable strategic intelligence across eight core executive domains.

Strategic Application Domains

The transition from empirical data modeling to strategic decision support spans eight primary corporate
functions, addressing key operational challenges through targeted model mechanics:

Strategic Domain Operational Challenge Model Decision-Support Mechanics
|

Evaluating addressable market potential in Applies policyholder-centric risk location rules and RRF-i
1. Market Entry unfamiliar jurisdictions without relying on sovereign filters to calculate Serviceable Addressable Market
distorted statutory entity filings. (SAM) and identify structural entry friction.
Balances absolute market scale (V; ;) against dynamic growth
2. Geographic Prioritizing capital deployment across competing (Vir) a9 y 9

velocity (g;.), preventing capital misallocation toward high-

Expansion international expansion targets. . .
growth but low-capacity frontier pools.
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|
Operational Challenge Model Decision-Support Mechanics
|

Models long-term exposure density, asset replacement value

Optimizing risk capital and solvency reserves . . . . .
P 9 P y shifts, and capital mobility constraints across regional market

3. Capital Allocation . A e
P across diverse operating subsidiaries.

clusters.
Rebalancing line-of-business allocations Evaluates segment-specific income elasticities (1; ;) along the
4. Portfolio Strategy between Life/Non-Life or Personal/Commercial developmental S-curve to isolate accelerating demand
lines. inflection points.

Isolates organic exposure growth (goyganic) from claims

5. Capacity & Rate Setting underwriting guidelines, treaty capacity . . . . .
. . . . fl -th h (Ginfiation):
Planning limits, and technical rate adjustment targets. n 'at|o'n pass t, rough (Jinsiation): €NSUring rating adjustments
maintain technical adequacy.
6. Strateqic Establishing multi-year baseline budgets and Provides bounded scenario forecasts (Base, Upside, Downside)
Piannin 9 growth targets under macroeconomic driven by macroeconomic and demographic vectors rather
9 uncertainty. than arbitrary top-down targets.

7 M&A Screenin Assessing acquisition targets and identifying Unbundles composite policy accounting, eliminates
& Due Diligence 9 hidden growth or margin risks in target fronting/intercompany double-counting, and verifies true

9 portfolios. underlying organic premium momentum.
8. Market Comparing local subsidiary market share, Normalizes local statutory data into standardized MECE

) . distribution efficiency, and growth against peer product taxonomies and constant LCU or current USD /EUR
Benchmarking . . . .
groups. metrics, enabling valid cross-border audits.

Core Methodological Pillars of the IMM Framework

The credibility of market forecasting in the global insurance and reinsurance industry has long been
compromised by methodological shortcuts: confounding statutory entity filings with localized risk absorption,
extrapolating linear CAGR trendlines, and masking price inflation as genuine commercial market expansion.

The architecture described in this paper provides a structured approach to replacing static market
extrapolation with a transparent modeling process built upon five core pillars:

e Measurement Precision: Establishing strict policyholder-centric attribution rules, gross-basis
accounting conventions, and a non-overlapping MECE product taxonomy before attempting
quantitative projection.

¢ Dynamic Econometric Drivers: Modeling market trajectories as multi-variable outputs derived from
macroeconomic capacity, demographic structural shifts, and non-linear income elasticities (n; ) along
the penetration S-curve.

e Data Fusion Integrity: Resolving source conflicts through six-point diagnostic vectors and strict data
quality reconciliation hierarchies rather than naive mathematical averaging.

e Governance & Backtesting Validation: Subjecting predictive outputs to out-of-sample backtesting,
tracking error metrics (MAE, MAPE, RMSE), and explicitly presenting bounded uncertainty ranges
across multivariant scenarios.

e Real Growth Isolation: Decoupling inflation-driven nominal rate adjustments (ginfiation) from organic

exposure creation (gorganic) to reveal true commercial market expansion.

Ultimately, market intelligence is only as valuable as the rigor of its foundational conventions. Predictive
precision cannot be achieved by applying sophisticated algorithms to uncalibrated and ill-defined baseline
datasets. A robust market model does not begin with a forecast. It begins with a definition.



Institutional Context, MA-4Consult, and Empirical Model
Application (2026-2036)

MA-4Consult is an independent research and market intelligence knowledge hub specializing in
international insurance market sizing, dynamic forecasting, and strategic analytical frameworks. The quantitative
methodology documented throughout this whitepaper serves as the foundational operating framework for
MA-4Consult's research suite, supporting consistent comparative analysis across global insurance markets.
Central to this approach is multi-source data triangulation. By combining statutory premium disclosures,
macroeconomic indicators, socio-demographic vectors, and the proprietary Risk Resilience Factor for Insurance
(RRF-i) sovereign risk filter, the methodology distinguishes baseline Total Addressable Market (TAM) capacity
from structurally accessible Serviceable Addressable Market (SAM) opportunity

The practical application of this whitepaper methodology is demonstrated in MA-4Consult’'s report,
Global Insurance Market Sizing and Forecast 20262036 (ISBN-13: 979-8194887309). Applying the model across
150+ jurisdictions, the report evaluates international market dynamics over a ten-year horizon from 2026
through 2036:

e Baseline Global Volume: Estimates global
insurance TAM at approximately US$6.9
trillion in 2026, projecting growth to US$8.6
trillion by 2036 under baseline

-
Global Insurance Market Report
Paperback / Kindle on Amazon

Global Insurance Market
Sizing and Forecast

macroeconomic assumptions.

o Structural TAM/SAM Separation: Delineates
total economic risk pool capacity (TAM) from

The Independent Standard for Data
Triangulation and International Risk &
Insurance Intelligence Across 150+ Nations
(2026 - 2036)
the proportion serviceable under localized
institutional, regulatory, and sovereign risk

constraints (SAM).

M Consult

e Granular Segmentation: Disaggregates Life
and Non-Life business lines across regional
clusters, country tiers, and primary product
categories.

While long-term econometric forecasting remains subject to macroeconomic shifts, inflation volatility,
and regulatory evolution, applying strict measurement conventions, data triangulation, and scenario-based
driver models provides an structured, transparent, and auditable foundation for strategic decision-making.
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Legal Disclaimer

» No Offer or Solicitation: This report is provided for informational and analytical purposes only and does not constitute an
offer to buy or sell, or a solicitation of an offer to buy or sell, any securities, financial instruments, or insurance products in
any jurisdiction.

»  Analytical Scope and Model Limitations: The macro-level analyses, market projections, and risk assessments contained herein
are generated using proprietary statistical and mathematical models. These models possess inherent quantitative limitations
and may not capture all macroeconomic, geopolitical, or industry-specific variables. All data, figures, and corporate metrics
have been reviewed and subjected to the methodological checks described in this paper. Nevertheless, data limitations,
reporting revisions, model assumptions, and changing market conditions may affect individual estimates.

» Forward-Looking Statements and Error Clause: Forward-looking statements, including market forecasts, premium growth
projections, and risk resilience assessments, reflect current expectations regarding future industry trends, economic
indicators, and underwriting profitability. Despite rigorous validation efforts, inadvertent quantitative or typographical errors
may occur. The author and publisher accept no responsibility or liability for any inaccuracies, omissions, misstatements, or
misinterpretations arising from such errors. Forward-looking outcomes and loss cost trends remain subject to structural risks
and uncertainties that could cause actual results to differ materially from historical benchmarks or projected targets.

» No Professional Advice or Reliance: The content of this report does not constitute professional financial, investment, legal,
tax, actuarial, or risk management advice. Terminology explanations - including Total Market, Addressable Market, and
Obtainable Market - are for educational and supporting informational purposes only. This report is not a substitute for
independent professional counsel. Readers are strongly advised to exercise their own professional judgment, consult
additional sources, and seek qualified professional guidance tailored to their specific corporate or individual circumstances
before making capital allocations, underwriting strategies, investment decisions, or operational commitments. The user
assumes sole responsibility for the final evaluation, verification, and utilization of the data.

» Risk Classification Methodology: The localized risk classifications range from Category 1 (minimal risk exposure) to Category
5 (critical risk exposure). These classifications are derived from a weighted blending of industry-specific macroeconomic and
selected political or geopolitical parameters. Because the weighting of these parameters varies by industrial sector to reflect
distinct vulnerabilities, risk ratings for individual countries or regions are customized to the specific market under review.
These benchmarks serve as localized estimation tools based on personal and subjective risk assessments rather than
comprehensive safety or performance indicators. The list of countries includes sovereign states as well as partially
unrecognized states or UN members. Regional groupings are constructed based on statistical analysis and may deviate from
standard geographical continent definitions.

»  Exclusion of Warranties and Limitation of Liability: This report and all embedded content are provided on an "as is" and "as
available" basis. The author and publisher explicitly disclaim all warranties, express or implied, including but not limited to
implied warranties of merchantability, fitness for a particular purpose, accuracy, completeness, timeliness, reliability, or non-
infringement. To the maximum extent permitted by law, the author assumes no legal or equitable liability for any incorrect,
missing, deviating, or false information, nor for any subsequent decisions or investment choices made in reliance thereon.
Under no circumstances shall the author be liable for any direct, indirect, incidental, consequential, special, or exemplary
damages, or any financial losses or negative outcomes arising out of or in connection with the use of this report. This
comprehensive release of liability applies across all global jurisdictions, including the United States, the United Kingdom,
Canada, and Australia. All actions taken by the reader based on this content are strictly at the reader’s own risk.

»  Third-Party References: Hyperlinks and references to external websites, third-party publications, or secondary data sources
were carefully verified at the time of publication. The author exercises no operational control over external platforms and
accepts no liability for subsequent modifications, availability, or the accuracy of third-party content.

> Intellectual Property and Copyright Notice: This work, including all text, data models, frameworks, and graphics, is fully
protected under international copyright law. Unauthorized use, reproduction, modification, or distribution of any portion of
this report without the express written permission of the author is strictly prohibited.

» Indemnification and Governing Agreement: By accessing, downloading, or reading this report, the user agrees to indemnify,
defend, and hold harmless the author and publisher from any claims, losses, demands, or legal proceedings arising directly or
indirectly from the utilization of the information contained herein. This disclaimer constitutes the entire understanding
between the author and the reader regarding this subject matter, superseding all prior oral, written, or contemporaneous
representations or agreements. Use of this report is subject to the reader’s explicit acceptance of these terms.
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