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Abstract
Long-lived public-private partnership contracts face physical climate conditions that can shift
materially between procurement and expiry. Flood, heat, drought, wildfire, storm, sea-level rise and
compound events can affect asset design, construction, availability, operating cost, demand,
insurance and public-service continuity. This paper develops a lifecycle framework for translating
climate science and infrastructure vulnerability into financeable contractual provisions. It
distinguishes chronic stresses from acute shocks; separates foreseeable design obligations from
exceptional events; prices adaptation options through whole-life value and affordability tests; and
integrates insurance, payment relief, force majeure, change in law, refinancing, termination and
handback. The framework assigns each risk component according to control, information, mitigation
capacity and downside absorption, while preserving incentives to invest in resilience. Five figures and
five tables provide a hazard-to-cash-flow map, contractual allocation matrix, adaptation option
model, insurance tower and resilience certificate. Eight frequently asked questions and forty primary
or authoritative references support practical application. Numerical values and scores are illustrative
analytical scenarios. Project conclusions require verified climate, engineering, environmental, legal,
insurance, fiscal, procurement, tax, accounting and financing evidence and advice.

JEL Classification: G22, G31, H54, Q54, Q56

Keywords: climate resilience, public-private partnership, adaptation, insurance, force majeure,
physical climate risk, infrastructure finance, lifecycle contract

1. Define the essential service and resilience objective
The project team should specify the public service, users, minimum continuity standard, recovery
time and acceptable residual risk. The required output is a service-resilience charter. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [1][2].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that asset protection can be optimised without preserving the service that
communities actually need. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.
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Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

2. Create the climate evidence baseline
The project team should assemble observed hazards, downscaled projections, exposure data, asset
condition, interdependencies and uncertainty ranges. The required output is an evidence-dated
climate baseline. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [3][4].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that historical averages can understate changing and compound physical
risks. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

3. Separate chronic stress from acute shock
The project team should distinguish heat, aridity, sea-level rise and gradual degradation from
flood, storm, wildfire and abrupt failure. The required output is a hazard-classification register.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [5][6].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that one broad natural-disaster label can produce ambiguous design and relief
obligations. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.
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4. Map hazard, vulnerability and consequence
The project team should connect each hazard to asset components, failure modes, service
interruption, safety, environment and cash flow. The required output is a hazard-to-consequence
map. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [7][8].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that high hazard does not always imply high loss, while small exposures can
disable critical interfaces. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

5. Test critical interdependencies
The project team should identify dependence on grid, water, telecoms, transport, suppliers,
emergency services and public access. The required output is an infrastructure dependency map.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [9][10].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that the contracted asset can remain intact while an external network prevents
service delivery. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.
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6. Set a transparent design basis
The project team should translate climate evidence into return periods, temperature ranges,
rainfall intensity, wind, drought and freeboard criteria. The required output is a climate-adjusted
design basis. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [11][12].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that design standards can lag the conditions expected over the contract life.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

7. Allocate foreseeable physical risk
The project team should assign ordinary and design-basis events to the party controlling design,
construction, maintenance and operations. The required output is a foreseeable-risk allocation.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [13][14].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that routine climate exposure can be shifted into force majeure and weaken
resilience incentives. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.
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8. Define exceptional-event thresholds
The project team should set objective severity, geographic, duration and impact tests for events
beyond the agreed design basis. The required output is an exceptional-event schedule. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [15][16].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that vague thresholds can turn every severe-weather dispute into a question
of contractual interpretation. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

Table 1. Climate-risk classification

Risk class Typical treatment Primary evidence

chronic stress design and maintenance trend and pathway

design-basis event private performance return period

exceptional event shared relief objective threshold

systemic change review mechanism law and market

Illustrative analytical structure; verified project and jurisdiction evidence governs.
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Figure 1. Hazard-to-cash-flow transmission

Illustrative analytical scenario; verified project evidence should replace values.

9. Apply the control and absorption tests
The project team should score authority, operator, contractor, insurer and user influence,
information, mitigation tools and financial capacity. The required output is a climate-risk control
matrix. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [1][17].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that risk can be allocated to a party that neither controls the driver nor
survives the downside. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

10. Embed resilience in procurement
The project team should require comparable hazard assumptions, resilience solutions, lifecycle
costs, competence evidence and performance commitments. The required output is a
climate-smart bid protocol. Record the accountable party, evidence, assumption, contractual right,
cash-flow consequence, approval and review date [18][19].
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Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that the lowest nominal bid can externalise future adaptation and recovery
costs. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

11. Evaluate whole-life adaptation value
The project team should compare capital cost, avoided loss, service continuity, maintenance,
insurance and residual value across scenarios. The required output is an adaptation value model.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [20][21].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that protective investment can be rejected when procurement sees only
upfront cost. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

12. Use robust decision-making under uncertainty
The project team should test options across plausible climate pathways and favour measures that
perform acceptably across futures. The required output is a robustness assessment. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [22][23].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that optimisation around one forecast can create fragile irreversible assets.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

13. Stage adaptive pathways
The project team should sequence no-regret measures, monitoring triggers, reserved corridors,
modular upgrades and future decisions. The required output is an adaptation pathway. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [24][25].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that premature overbuild and delayed intervention can both destroy value.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

14. Define adaptation change triggers
The project team should link verified thresholds in hazard, asset performance, law, standard or
insurance availability to a controlled review. The required output is an adaptation trigger
schedule. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [14][26].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that parties can disagree over when changing evidence justifies capital
expenditure. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

15. Govern adaptation proposals
The project team should set initiation rights, evidence requirements, independent review, option
appraisal, approval timing and dispute steps. The required output is an adaptation change
procedure. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [15][27].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that necessary works can stall between scientific uncertainty and contractual
consent. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

16. Allocate adaptation cost
The project team should distinguish baseline compliance, operator efficiency, authority change,
shared systemic change and emergency works. The required output is an adaptation cost waterfall.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [1][28].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that all future resilience expenditure can default to the public balance sheet.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

Table 2. Adaptation cost allocation

Cause Indicative bearer Control

baseline compliance private output specification

operator efficiency private business case

authority change public change procedure

systemic evidence shift shared trigger and review

Illustrative analytical structure; verified project and jurisdiction evidence governs.

Figure 2. Adaptation option robustness

Illustrative analytical scenario; verified project evidence should replace values.

17. Share adaptation benefits
The project team should measure avoided deductions, insurance savings, operating efficiency,
extended life and residual value. The required output is a resilience benefit-sharing schedule.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [20][29].
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Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that one party can fund improvements while another captures the economic
gain. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

18. Integrate the payment mechanism
The project team should connect availability, output quality, recovery time and resilience
obligations to deductions, relief and incentives. The required output is a climate-linked payment
schedule. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [13][30].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that performance deductions can punish uncontrollable catastrophe or excuse
preventable failure. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

19. Structure climate performance metrics
The project team should define uptime, recovery, redundancy, leakage, thermal tolerance,
emergency capacity and reporting quality. The required output is a measurable resilience
scorecard. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [2][18].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that aspirational resilience language can remain commercially unenforceable.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

20. Build the insurance risk register
The project team should map property damage, business interruption, delay, liability,
environmental and parametric coverage to exposures. The required output is an insurance
coverage matrix. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [31][32].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that policy names can conceal material gaps between insured events and
project losses. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

21. Audit exclusions and deductibles
The project team should identify flood, named storm, wildfire, corrosion, gradual deterioration,
pollution and change exclusions. The required output is an exclusion-and-retention map. Record
the accountable party, evidence, assumption, contractual right, cash-flow consequence, approval
and review date [31][33].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.



Chennakeshav Adya  |  Climate Resilience in PPP Contracts  |  2026

The principal risk is that headline limits can overstate recoverable cash after exclusions, waiting
periods and deductibles. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

22. Test insurance availability over time
The project team should forecast premium, capacity, exclusions, limits, sublimits, reinstatement
and renewal under worsening hazard. The required output is an insurance-availability scenario.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [5][34].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that a policy available at financial close can become unaffordable or
unobtainable later. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

23. Allocate uninsurability risk
The project team should define tests for market-wide withdrawal, unreasonable price,
project-specific failure and mitigation obligations. The required output is an uninsurability
protocol. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [15][31].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that the contract can transfer a risk that commercial markets cease to cover.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

24. Use parametric cover selectively
The project team should test objective triggers, basis risk, payout speed, data reliability and
interaction with indemnity insurance. The required output is a parametric-insurance assessment.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [35][36].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that rapid payout can still miss the project loss when the trigger and damage
diverge. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

Table 3. Insurance tower

Layer Function Residual exposure

deductible reserve first loss liquidity

indemnity policy physical loss exclusions

parametric cover rapid payout basis risk

public backstop catastrophic tail fiscal risk

Illustrative analytical structure; verified project and jurisdiction evidence governs.
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Figure 3. Insurance protection layers

Illustrative analytical scenario; verified project evidence should replace values.

25. Design reserves and liquidity
The project team should size deductibles, waiting periods, emergency response, uninsured loss
and delayed public payment. The required output is a climate-liquidity reserve. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [28][37].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that a solvent project can fail during the timing gap between disruption, claim
and recovery. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

26. Define force majeure precisely
The project team should state qualifying events, causation, prevention, notice, mitigation, relief,
insurance proceeds and duration. The required output is a force-majeure clause map. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [15][16].
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Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that broad boilerplate can obscure which climate events remain preventable
and insurable. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

27. Separate relief from compensation
The project team should distinguish time relief, performance relief, tariff or payment adjustment,
cost sharing and revenue support. The required output is a relief-and-compensation ladder.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [15][30].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that excusing performance can leave the project without cash to restore
essential service. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

28. Require continuous mitigation
The project team should define reasonable prevention, preparedness, emergency response,
recovery and evidence duties before and after an event. The required output is a mitigation duty
schedule. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [6][16].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that automatic relief can weaken incentives to reduce foreseeable loss.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

29. Connect change in law and standards
The project team should allocate mandatory resilience upgrades, permit changes, technical codes
and environmental requirements. The required output is a standards-change protocol. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [14][27].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that force majeure can be misused for costs created by regulatory evolution.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

30. Model the integrated cash-flow impact
The project team should translate damage, downtime, demand loss, operating cost, capex,
insurance and public support into project cash flow. The required output is a climate-adjusted
financial model. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [37][38].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.



Chennakeshav Adya  |  Climate Resilience in PPP Contracts  |  2026

The principal risk is that engineering analysis and financing models can use inconsistent event
and recovery assumptions. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

31. Stress correlated and compound events
The project team should combine physical damage, input shortage, network outage, demand
shock, inflation and insurance delay. The required output is a compound-event stress matrix.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [4][39].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that single-hazard sensitivities can materially understate liquidity and
debt-service pressure. Quantify effects on service availability, recovery time, lifecycle cost,
demand, revenue, insurance proceeds, debt-service coverage, equity returns, contingent public
liabilities and user welfare. Compare the chosen response with credible prevention, transfer,
sharing, reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

32. Size debt to resilient cash flow
The project team should distinguish contracted base cash, climate-sensitive revenue, insured
recovery, reserves and contingent support. The required output is a resilience-adjusted debt
bridge. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [37][40].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that leverage can depend on service and insurance assumptions that fail
together. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

Table 4. Illustrative climate cash-flow bridge

Item Base index Compound-event index

service revenue 100 74

operating cost 100 128

insurance recovery 0 18

cash for debt service 100 57

Illustrative analytical structure; verified project and jurisdiction evidence governs.

Figure 4. Compound-event cash-flow bridge

Illustrative analytical scenario; verified project evidence should replace values.

33. Record public fiscal exposure
The project team should measure adaptation contributions, availability payments, guarantees,
emergency support and termination liabilities. The required output is a climate fiscal-risk
statement. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [28][38].
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Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that public obligations can emerge only after a shock when budget flexibility
is weakest. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

34. Align lender protections
The project team should integrate information rights, cure, reserve control, insurance approval,
step-in, restructuring and termination compensation. The required output is a lender resilience
term sheet. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [30][37].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that credit protections can activate too late to preserve service and asset
value. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

35. Design emergency governance
The project team should set command authority, information channels, temporary works,
procurement flexibilities and stakeholder communication. The required output is an emergency
decision protocol. Record the accountable party, evidence, assumption, contractual right,
cash-flow consequence, approval and review date [2][9].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that ordinary approval chains can be too slow during a service-critical
disruption. Quantify effects on service availability, recovery time, lifecycle cost, demand,
revenue, insurance proceeds, debt-service coverage, equity returns, contingent public liabilities
and user welfare. Compare the chosen response with credible prevention, transfer, sharing,
reserve and public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

36. Monitor leading indicators
The project team should track hazard thresholds, asset condition, near misses, downtime, claims,
premium changes and adaptation triggers. The required output is a climate early-warning
dashboard. Record the accountable party, evidence, assumption, contractual right, cash-flow
consequence, approval and review date [3][19].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that management can detect resilience failure only after an insured event
occurs. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

37. Audit data and model governance
The project team should assign source ownership, update frequency, validation, version control,
access and independent challenge. The required output is a climate-data governance plan. Record
the accountable party, evidence, assumption, contractual right, cash-flow consequence, approval
and review date [4][22].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that changing models can alter obligations without a traceable evidence
chain. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

38. Rehearse recovery and continuity
The project team should test emergency response, backup systems, mutual aid, customer
communication and restoration priorities. The required output is a resilience exercise programme.
Record the accountable party, evidence, assumption, contractual right, cash-flow consequence,
approval and review date [9][10].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that contractual rights cannot substitute for operational preparedness.
Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue, insurance
proceeds, debt-service coverage, equity returns, contingent public liabilities and user welfare.
Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

39. Align handback and residual life
The project team should include climate-adjusted condition, remaining life, adaptation status, data
transfer and latent defects. The required output is a resilient handback standard. Record the
accountable party, evidence, assumption, contractual right, cash-flow consequence, approval and
review date [12][25].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.
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The principal risk is that the public authority can inherit an asset designed for an outdated climate
baseline. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

40. Issue the climate-resilience certificate
The project team should reconcile evidence, design basis, allocation, adaptation, payment,
insurance, finance, fiscal exposure and monitoring. The required output is an auditable
climate-resilience certificate. Record the accountable party, evidence, assumption, contractual
right, cash-flow consequence, approval and review date [1][2].

Test the proposed treatment against current hazard evidence, engineering tolerances, service
criticality, asset condition, interdependencies, insurance terms, affordability, lender requirements,
fiscal capacity and applicable law. Preserve the source, scenario, date, uncertainty range and
reason for every material judgement.

The principal risk is that approval can rest on isolated studies that never become binding lifecycle
controls. Quantify effects on service availability, recovery time, lifecycle cost, demand, revenue,
insurance proceeds, debt-service coverage, equity returns, contingent public liabilities and user
welfare. Compare the chosen response with credible prevention, transfer, sharing, reserve and
public-support alternatives.

Translate the conclusion into design requirements, performance standards, payment terms,
insurance obligations, adaptation triggers, financing assumptions, monitoring, relief, dispute and
termination provisions. Refresh it when hazard evidence, asset performance, standards, insurance
markets, technology or public-service needs change.

Table 5. Climate-resilience certificate

Decision Evidence Owner

design basis hazard and vulnerability technical

allocation control matrix legal

insurance coverage and renewal risk

finance stress and liquidity finance

Illustrative analytical structure; verified project and jurisdiction evidence governs.
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Figure 5. Climate-resilience assurance

Illustrative analytical scenario; verified project evidence should replace values.
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