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Abstract 

Climate-related disasters are escalating in frequency and severity, yet global adaptation finance 

remains reactive and insufficient. This review synthesizes disaster loss data, climate finance flows, 

and financial instrument evidence to address a core research question: How can innovative financial 

instruments and a risk-layered architecture shift climate resilience finance from reactive to 

anticipatory? We integrate data from the Emergency Events Database (EM-DAT), the Climate Policy 

Initiative (CPI), the OECD Development Assistance Committee, the Green Climate Fund, and the 

Artemis Deal Directory across 2010–2025. Pearson correlation analysis confirms a reactive financing 

pattern (r = 0.71). Fixed-effects panel regressions show that high climate policy uncertainty 

suppresses private adaptation investment by approximately 30%. Guarantee and catastrophe bond 

instruments mobilize up to 6.5 times more private capital per public dollar than concessional loans. 

Parametric insurance grew at a 24% compound annual growth rate (2010–2025), outpacing 

catastrophe bonds (7%). A 12–14 times scale-up of current annual flows (USD 25 billion) is required 

to meet 2030 needs (USD 325 billion). We propose a risk-layered climate finance architecture aligning 

instruments with distinct hazard tiers. Credible policy signals, strategic public investment, and 

systematic integration of insurance mechanisms are essential preconditions for unlocking scalable, 

anticipatory resilience finance. 

Keywords: climate finance; disaster risk finance; parametric insurance; catastrophe bonds; blended 

finance; climate adaptation; resilience investment; early warning systems; policy uncertainty; 

financial stability 

 

1. Introduction 

Climate-related disasters caused hundreds of billions of dollars in economic losses in 2024 alone, 

disproportionately affecting the most vulnerable communities and threatening to reverse decades of 

development progress [1]. In the United States, billion-dollar weather and climate disaster events 

surged from an average of eight per year in the 1980s to a record 23–28 events in 2023, with total 

damages exceeding USD 90 billion [2]. Globally, 2024 disaster-related losses exceeded USD 300 

billion, reflecting an alarming escalation in climate-induced economic impacts [3]. These figures 

underscore not only the physical consequences of a changing climate but also its direct and growing 

implications for corporate and sovereign financial stability, a dimension that remains underexplored 

in the literature on disaster risk finance. 

The financial risks associated with climate change extend far beyond immediate disaster costs. 

Major institutional investors collectively hold approximately USD 5.1 trillion in fossil fuel company 

stocks and bonds, with US-based investors alone responsible for USD 3.1 trillion of this total [4]. Dietz 

et al. [5] estimated that unmitigated climate change could reduce global financial assets by 1.8% 

(approximately USD 2.5 trillion) by 2100, with tail-risk scenarios reaching 17% (over USD 20 trillion). 
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More recently, a white paper from Boston Consulting Group [6] projected that corporate adaptation 

and resilience (A&R) investments would reach annual spending levels of USD 800 billion to USD 1.2 

trillion between 2026 and 2030, creating a financing demand of USD 100–130 billion annually for 

banks. Traditional insurance options are increasingly inadequate: Swiss Re [7] reports that coverage 

often excludes critical threats such as heat waves and droughts and generally fails to address 

operational losses or business interruptions, which can be up to 12 times greater than the cost of 

physical damage. Asia-Pacific is expected to lead global A&R spending, accounting for nearly half of 

all investment, while Europe and North America offer mature financial systems capable of generating 

high volumes of bankable opportunities [1]. 

Despite the growing urgency of climate-related financial risks, the academic literature on 

disaster risk finance remains fragmented. Existing reviews either focus narrowly on individual 

instruments such as catastrophe bonds [8] or parametric insurance [9] or address climate finance 

flows without systematically connecting them to financial instrument performance or policy 

conditions. Building financial resilience to disasters is as critical as building physical resilience [10], 

yet no study has proposed an integrated, risk-layered architecture that simultaneously addresses 

capital mobilization, instrument selection, geographic equity, and policy prerequisites. 

This study addresses the following research question: How can innovative financial instruments 

and an integrated risk-layered architecture close the adaptation finance gap and shift climate 

resilience finance from reactive to anticipatory? This question gives rise to three testable hypotheses. 

First, we hypothesize that climate finance flows are positively correlated with prior-period disaster 

losses, reflecting a reactive rather than anticipatory financing pattern (H1). Second, we hypothesize 

that climate policy uncertainty exerts a significant negative effect on private adaptation investment, 

suppressing the mobilization of private capital (H2). Third, we hypothesize that risk-transfer 

instruments specifically guarantees and catastrophe bonds that exhibit higher private capital leverage 

ratios than concessional finance instruments, making them superior tools for closing the adaptation 

finance gap (H3). 

The primary contributions of this study are threefold. First, it provides an integrated empirical 

synthesis of disaster risk, climate finance flows, and financial instrument performance across 2010–

2025 a period that has not previously been examined as a whole. Second, it introduces and validates 

a risk-layered climate finance architecture that matches instruments to hazard tiers, offering a 

coherent operational framework for governments and multilateral institutions. Third, it quantifies 

the role of policy uncertainty as a structural barrier to private investment, providing evidence to 

support the case for long-term, credible climate policy commitments. 

This paper is organized as follows. Section 2 reviews the architecture of innovative climate 

finance instruments. Section 3 describes the data sources and analytical methods. Section 4 presents 

empirical results. Section 5 discusses findings in the context of the three hypotheses and derives 

policy implications. Section 6 concludes. 

2. Literature Review: The Architecture of Innovative Climate Finance 

2.1. Blended Finance as a Foundational Mechanism 

At institutions such as the Green Climate Fund (GCF), blended finance approaches combine 

grants, concessional loans, guarantees, equity, and first-loss capital to make resilience projects 

financially viable for the private sector [11,12]. The fit-for-purpose blended finance approach is 

designed specifically to de-risk markets and unlock funds for disaster preparedness [12]. Brandon et 

al. [13] document 162 cases of climate adaptation financing between 2015 and 2025, finding that 

blended finance is the most frequently deployed instrument across income levels, encompassing 

disaster risk financing, bonds, debt swaps, insurance and risk transfer, and guarantees. This breadth 

reflects the versatility of blended structures in bridging public mandates and private return 

requirements. 
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2.2. Parametric Insurance and Catastrophe Bonds 

Parametric insurance contracts pay out rapidly following a disaster based on predetermined 

trigger parameters, eliminating the need for lengthy damage assessments [9]. For example, when a 

Category 4 or higher hurricane is detected, a parametric policy might automatically pay USD 5 

million, enabling immediate evacuation and shelter deployment [14]. CCRIF, established in 2007 as 

the first multi-country catastrophe risk pool of its kind, offers parametric policies for tropical 

cyclones, earthquakes, excess rainfall, and the fisheries and electric utility sectors [14,15]. The 

effectiveness of such mechanisms was demonstrated in November 2025 when Hurricane Melissa 

triggered a 100% payout of USD 150 million from a World Bank catastrophe bond for Jamaica, 

illustrating how parametric triggers enable rapid financial response to major disasters [16]. Similarly, 

the Pacific Catastrophe Risk Insurance Company (PCRIC) provides parametric climate and disaster 

insurance to Pacific Island Countries, equipping them with financial tools and knowledge to enhance 

resilience [17,18]. 

Catastrophe bonds tap global capital markets to transfer large-scale disaster risk to investors 

[19]. The outstanding catastrophe bond market reached USD 45.6 billion by mid-2024, setting a new 

record, and annual issuance climbed to USD 25.6 billion in 2025, a 45% increase over the prior year 

[20,21]. Investors are attracted to equity-like returns that are uncorrelated with broader financial 

markets [8], making catastrophe bonds a structurally distinct asset class that complements 

mainstream portfolios. The World Economic Forum (WEF) [22] identifies these instruments as critical 

for transferring disaster risk and financing climate adaptation at scale. 

2.3. Insurance-Backed Debt and Debt-for-Nature Mechanisms 

Insurance-backed debt mechanisms represent a breakthrough innovation at the intersection of 

climate finance and sovereign risk management. Shock-resilient loans bundle climate finance with 

insurance so that when disasters strike, insurers temporarily cover debt payments, freeing 

government resources for emergency response [23]. Debt-for-nature swaps replace government debt 

with cheaper loans and invest the interest savings in environmental projects [24]. In early 2025, Enosis 

Capital and AXA XL announced a USD 3 billion pipeline of debt-for-nature deals, reflecting growing 

momentum for these hybrid instruments [25]. 

2.4. The Reactive Finance Problem and the Case for Risk Layering 

A recurring finding in the disaster risk finance literature is that adaptation and resilience finance 

tends to be triggered by realized losses rather than anticipated risk [26]. Reactive allocation delays 

protective investments, increases recovery costs, and perpetuates exposure, particularly in low-

income and climate-vulnerable regions [10]. The World Bank [27] argues that shifting from reactive 

crisis response to proactive risk management requires equipping countries with innovative financial 

tools to absorb and recover from shocks before they occur. The concept of risk layering in disaster 

finance has foundational roots in Linnerooth-Bayer and Mechler [43], who demonstrated that a tiered 

instrument approach—combining retention, insurance, and international assistance—improves fiscal 

efficiency and reduces sovereign exposure to catastrophic losses. 

Risk-layering frameworks operationalize this logic by aligning financial instruments with 

different tiers of hazard frequency and severity: national budget reserves for high-frequency, low-

severity events; insurance and pooled risk-sharing for moderate risks; and catastrophe bonds or 

international assistance for rare but catastrophic events [23]. Boulle et al. [44] identify the evolving 

policy landscape for disaster risk financing as one of the defining governance challenges of the 

current decade, noting that institutional barriers and data limitations continue to constrain the 

adoption of proactive frameworks even where instruments are technically available. This tiered 

approach, while conceptually well-established, has not previously been empirically validated against 

a comprehensive cross-country dataset of climate finance flows and instrument performance across 

a fifteen-year horizon. 
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3. Materials and Methods 

3.1. Data Sources 

This study integrates multiple authoritative databases. Disaster losses and exposure data are 

drawn from the Emergency Events Database (EM-DAT), maintained by the Centre for Research on 

the Epidemiology of Disasters at UC Louvain [28], and from the United Nations Office for Disaster 

Risk Reduction (UNDRR) Global Assessment Report indicators [29]. Analysts should note that EM-

DAT is subject to known methodological limitations, including time and geographic reporting biases, 

a ten-deaths inclusion threshold that may systematically undercount small-scale frequent events, and 

unequal reporting across impact variables; these limitations are acknowledged in the sensitivity 

discussion [28]. 

Climate finance flows are sourced from the CPI Global Landscape of Climate Finance [1], the 

OECD Development Assistance Committee (DAC) Creditor Reporting System [12], and the GCF 

Open Data Library [11]. The CPI 2024 edition provides comprehensive coverage for 2018–2022; pre-

2018 estimates (2010–2017) were constructed using earlier CPI annual landscape reports and OECD 

DAC series, with the two periods harmonized to 2023 constant USD to ensure comparability across 

the full 2010–2025 window. Risk-transfer instrument data are drawn from public summaries in the 

Artemis Deal Directory [21], and from regional risk pool reports including CCRIF [14], PCRIC [17], 

and African Risk Capacity (ARC). Macroeconomic and policy context data are obtained from World 

Bank World Development Indicators [31] and climate policy uncertainty indices [32,33]. All monetary 

values were converted to constant 2023 US dollars using International Monetary Fund (IMF) deflators 

[34]. 

3.2. Data Harmonization 

Climate finance data were harmonized across CPI, OECD, and United Nations Framework 

Convention on Climate Change (UNFCCC) definitions to avoid double counting [30]. Commitments 

and disbursements were aligned to common annual periods, with lag structures explicitly 

documented. Observations were excluded where data coverage across the key variables—disaster 

losses, climate finance flows, policy uncertainty, and instrument-level capital mobilization—was 

incomplete, yielding a balanced panel suitable for fixed-effects estimation. 

3.3. Analytical Methods 

Three complementary analytical approaches were applied. First, Pearson correlation analysis 

was used to assess co-movement between disaster losses and climate finance flows, providing an 

initial test of H1. Second, fixed-effects panel regressions were estimated to isolate the impact of 

disaster losses and policy uncertainty on climate finance flows and private investment, controlling 

for country and year fixed effects—this provides the primary test of H2. Policy uncertainty is 

operationalised following Gavriliuc et al. [32,33], which itself builds on the foundational economic 

policy uncertainty framework of Baker, Bloom and Davis [41]. Third, instrument-specific leverage 

analysis quantified private capital mobilization per unit of public finance, following OECD blended 

finance methodologies [12], providing the primary test of H3. Future adaptation finance trajectories 

were constructed using stylized exponential growth paths (5–20% per annum) anchored in CPI 

historical trends and Intergovernmental Panel on Climate Change (IPCC) [35] and UNFCCC [30] 

needs assessments. All analyses were conducted in R (version 4.3.2), with panel data models 

estimated using the plm package. 
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4. Results 

4.1. Reactive Financing Pattern (H1) 

The Pearson correlation between annual disaster losses and subsequent climate finance flows 

(normalized) is r = 0.71 (p < 0.01), providing strong support for H1. This positive association indicates 

that finance flows respond to realized losses rather than leading them, confirming the reactive 

character of the current system. Figure 1. Statistical relationships in climate resilience finance. (A) 

Correlation between annual disaster losses and climate finance flows (normalized), illustrating a 

reactive financing pattern (Pearson r = 0.71). (B) Time-series growth of risk-transfer instruments 

(2010–2025), showing rapid expansion of parametric insurance markets (24% CAGR) relative to 

catastrophe bonds (7% CAGR). (C) Regional distribution of A&R investment, with Asia-Pacific 

accounting for approximately 47% of global flows. (D) Boxplot comparison of investment levels 

under low versus high climate policy uncertainty, indicating an approximate 30% reduction in 

investment during high-uncertainty periods. (E) Blended-finance leverage ratios by instrument type, 

highlighting higher private capital mobilization for guarantees and catastrophe bonds (up to 6.5×). 

(F) Global adaptation finance gap, contrasting current annual flows (USD 25 billion) with estimated 

2030 needs (USD 325 billion). Sources: EM-DAT [28]; CPI [1]; OECD-DAC [12]; GCF [11]; Artemis 

[21]; CCRIF [14]; PCRIC [17]; ARC; UNFCCC [30]; IPCC [35]; Gavriliuc et al. [32,33], 2025 data. 

 

Figure 1. Statistical relationships in climate resilience finance. 

Fixed-effects panel regressions corroborate this finding. Disaster losses in year t are positively 

associated with adaptation finance commitments in year t+1 (β = 0.43, p < 0.05), after controlling for 

country and year fixed effects. This one-year lag suggests an institutional delay between shock 
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occurrence and financial mobilization—precisely the window during which proactive instruments 

could intervene. Summary regression results are presented in Table 1 below. 

Table 1. Summary of fixed-effect panel regression results. 

Hypothesis Dependent Variable Key Predictor Coefficient (β) 
Significanc

e 

H1 
Adaptation finance 

(t+1) 
 Disaster losses (t) 0.43 p < 0.05 * 

H2 Private investment Policy uncertainty −0.29 p < 0.01 ** 

H2 (catalytic) Private investment Public capital 0.52 p < 0.01 ** 

Notes: All models include country and year fixed effects. * p < 0.05; ** p < 0.01. β = standardised regression 

coefficient. Full model output including standard errors, R2, and country/year coverage is available from the 

corresponding author on reasonable request. 

4.2. Policy Uncertainty and Private Investment (H2) 

Fixed-effects regressions show that high climate policy uncertainty (as measured by the 

Gavriliuc et al. [32,33] index, building on Baker, Bloom and Davis [41]) is associated with a 

statistically significant reduction of approximately 30% in private adaptation investment (β = −0.29, 

p < 0.01), providing strong support for H2. This effect is robust to the inclusion of country and year 

fixed effects and persists across multiple model specifications. Figure 1D illustrates the distribution 

of investment levels under low versus high uncertainty regimes via boxplot comparison, confirming 

that the 30% reduction is not driven by outliers. 

The results also reveal that public capital is positively associated with private investment (β = 

0.52, p < 0.01), consistent with a catalytic or crowding-in effect. Figure 2 presents a conceptual 

correlation matrix of climate resilience finance determinants, including disaster losses (DL), climate 

finance flows (CF), climate policy uncertainty (PU), public capital (PC), private investment (PI), and 

early warning systems (EWS). The correlation values represent consensus directions and relative 

magnitudes drawn from the synthesized literature; the strongest negative association is between PU 

and PI (r = −0.50), while the strongest positive association is between DL and CF (r = 0.71), consistent 

with the Pearson result above. Sample-specific correlation estimates are available from the 

corresponding author. 
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Figure 2. Conceptual correlation matrix of climate resilience finance determinants. Variables: disaster losses 

(DL), climate finance flows (CF), climate policy uncertainty (PU), public capital (PC), private investment (PI), 

and early warning systems (EWS). Correlation values represent literature-synthesized consensus directions and 

relative magnitudes, not sample-specific point estimates. Strong positive association between disaster losses and 

finance (r = 0.71, from empirical analysis); positive public–private mobilization (r = 0.50); significant negative 

effect of policy uncertainty on private investment (r = −0.50). Sources: EM-DAT [28]; CPI [1]; OECD-DAC [12]; 

Gavriliuc et al. [32,33]; Baker et al. [41]; GCF [11]. 

4.3. Instrument Leverage Ratios (H3) 

Instrument-specific leverage analysis provides support for H3. Guarantees and catastrophe 

bonds mobilize up to 6.5 times more private capital per unit of public finance deployed, compared to 

2–3 times for concessional loans and less than 1.5 times for grants. This upper-range estimate is 

consistent with OECD blended finance evaluation methodologies [12] and reflects transactions where 

risk-transfer structures are specifically designed to maximize private mobilization. It should be noted 

that average leverage ratios across the broader blended finance market are lower: the Convergence 

State of Blended Finance 2024 [42] reports average leverage of 3.6× for climate mitigation transactions 

and 2.1× for climate adaptation transactions, reflecting the less mature market for adaptation blended 

finance. The 6.5× figure reported here represents the higher-performing segment of guarantee and 

catastrophe bond structures, consistent with best-in-class examples documented in the literature 

[8,15]. Figure 1E presents leverage ratios by instrument type. 

Parametric insurance markets grew at a compound annual growth rate (CAGR) of 24% between 

2010 and 2025, substantially outpacing catastrophe bond growth of 7% CAGR over the same period 

(Figure 1B). The outstanding catastrophe bond market nonetheless reached USD 45.6 billion by mid-

2024, with annual issuance of USD 25.6 billion in 2025—a 45% year-on-year increase [20,21]. Despite 

this rapid growth, current annual adaptation flows of approximately USD 25 billion remain far below 

the estimated USD 325 billion required annually by 2030 [30,35], implying a 12–14 times scale-up 

requirement (Figure 1F). 

4.4. Geographic Distribution 

The regional distribution of A&R investment (Figure 1C) reveals significant geographic 

concentration. Asia-Pacific accounts for approximately 47% of global flows, driven by the scale of 

physical exposure and institutional investment capacity in the region [1]. Sub-Saharan Africa and 

small island developing states (SIDS), despite facing disproportionate climate vulnerability, receive 

substantially smaller shares of total adaptation finance. This imbalance reflects the limitations of 

market-based instruments in contexts with weaker financial systems and higher perceived sovereign 

risk [12]. 

5. Discussion 

5.1. Reactive Finance and the Corporate-Financial Risk Nexus 

The strong positive correlation between disaster losses and subsequent finance flows (H1 

supported) has important implications for both corporate finance and public fiscal management. 

When disaster financing is triggered only after a crisis has occurred, protective infrastructure 

investments and disaster preparedness are systematically deprioritized, reinforcing a cycle of 

vulnerability [10]. From a corporate finance perspective, this reactive pattern means that firms 

operating in climate-exposed sectors—agriculture, coastal real estate, energy infrastructure—face 

higher residual physical risk than would be the case under a proactive system. The BCG [6] projection 

of USD 100–130 billion in annual bank financing demand for A&R reflects a market beginning to 

price this risk, but the translation of that demand into actual financial flows requires the enabling 

conditions discussed below. 
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The one-year lag between disaster occurrence and finance commitment identified in the fixed-

effects regressions implies a structural window for anticipatory action. Embedding ex-ante risk 

management into national and international financial systems—through pre-arranged contingent 

credit lines, mandatory reserve requirements, or standing catastrophe insurance programs—could 

reduce recovery costs and accelerate the flow of protective investment. The World Bank’s Financial 

Protection Against Natural Disasters framework [27] provides an operational model for this shift. 

5.2. Policy Uncertainty as a Structural Barrier 

The finding that high policy uncertainty suppresses private adaptation investment by 

approximately 30% (H2 supported) is one of the most policy-relevant results of this study. 

Foundational research by Baker, Bloom and Davis [41] established that economic policy uncertainty 

significantly reduces corporate investment, and the macroeconomic analyses of Gavriliuc et al. [32,33] 

extend this finding specifically to the climate policy domain. Our results further extend this to the 

adaptation finance context, showing that the effect operates independently of country-level income 

and institutional quality after fixed-effects controls. 

The implication is that even technically well-designed financial instruments—parametric 

insurance pools, catastrophe bonds, blended finance facilities—will fail to attract private capital at 

scale without a credible and stable long-term policy environment. National adaptation plans that 

include explicit financial protection components, legislated climate risk disclosure requirements, and 

multi-year budget commitments to insurance premiums and guarantee funds can directly address 

this barrier. The Task Force on Climate-related Financial Disclosures (TCFD) [37] framework 

provides a practical starting point for embedding such signals in corporate and sovereign 

governance. 

5.3. Risk-Layering as an Organizing Framework 

The leverage ratio results (H3 supported) confirm that the choice of financial instrument is not 

neutral: risk-transfer mechanisms generate substantially more private capital per public dollar than 

concessional instruments. This finding, combined with the reactive financing pattern identified under 

H1, points toward the need for a structured risk-layering framework that aligns instrument selection 

with hazard tier. 

In the proposed architecture (Figure 3), high-frequency, low-severity events such as seasonal 

flooding are managed through national budget reserves and contingency funds. Medium-severity 

risks such as regional droughts are addressed through insurance pools and parametric triggers. Rare 

but catastrophic events—major hurricanes, large-scale earthquakes—are handled through 

catastrophe bonds, international concessional assistance, and debt-for-nature mechanisms. This 

tiered structure ensures that resources are deployed efficiently, that funding is available at the 

moment of need, and that private capital is engaged at the tier where its leverage is highest. 
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Figure 3. Proposed risk-layered climate finance architecture. Capital flows from sources (multilateral funds, 

bilateral donors, development finance institutions [DFIs], private and institutional investors) through 

instruments (grants, concessional loans, guarantees, equity, parametric insurance, catastrophe bonds) to end 

uses (early warning systems, resilient infrastructure, disaster risk reduction, adaptation projects). Ribbon 

thickness represents proportional capital flows consistent with CPI and OECD data. Sources: CPI [1]; OECD [12]; 

GCF [11]; Artemis [21]; Convergence [42]. 

Early warning systems (EWS) occupy a cross-cutting role in this architecture, providing the data 

and trigger infrastructure that underpins parametric instruments across all tiers. Despite consistently 

high cost-benefit ratios, EWS remain chronically underfunded [40]. Increasing public investment in 

EWS—and structuring parametric triggers around EWS outputs—represents one of the highest-

return interventions available within the risk-layered framework. 

5.4. Geographic Equity and the Limits of Market-Based Instruments 

The geographic concentration of A&R investment in Asia-Pacific (approximately 47% of global 

flows) contrasts sharply with the distribution of climate vulnerability, which is highest in sub-

Saharan Africa, South Asia, and SIDS. Market-based instruments such as catastrophe bonds and 

parametric insurance are most easily deployed in middle-income and small-island contexts where 

institutional capacity is stronger and financial systems are more developed [14]. This creates a 

structural equity gap: the countries with the greatest need receive the least access to innovative 

instruments. 

Addressing this gap requires targeted public and concessional support to extend resilience 

finance to contexts with weaker institutions or higher perceived risk. Regional risk-pooling models 

such as CCRIF and PCRIC demonstrate that sovereign catastrophe risk transfer can be made 

affordable through collective risk diversification, even in highly exposed, low-income contexts. 

Scaling these models to other regions—including West Africa, the Indian Ocean basin, and Central 

Asia—would require upfront capitalization support from multilateral development banks, but the 

leverage ratios identified in this study suggest that the subsequent private capital mobilization would 

justify the investment. 

5.5. Policy Recommendations 

Based on the empirical findings and the proposed risk-layered architecture, this study offers the 

following recommendations, organized by actor. 
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5.5.1. Governments and Multilateral Donors 

Governments should develop national disaster risk finance strategies that explicitly specify how 

different hazard tiers will be financially managed—reserves for minor events, insurance for moderate 

events, bonds and international assistance for catastrophes. Climate risk disclosure requirements 

(following the TCFD framework) should be made mandatory to reduce policy uncertainty and build 

the information base needed for effective instrument pricing. Public budgets should include regular 

allocations for insurance premiums and guarantee funds, treating these as essential public 

infrastructure rather than discretionary expenditure [9,15]. 

5.5.2. Financial Institutions and Banks 

Banks should build internal expertise in climate physical risk assessment to improve the pricing 

and structuring of resilient investments [37]. Dedicated adaptation finance facilities—with simplified 

approval processes for catastrophe-linked loans and resilience bonds—would reduce transaction 

costs and accelerate deployment. The BCG [6] projection of USD 100–130 billion in annual financing 

demand represents a fully incremental market opportunity for institutions that move early. 

5.5.3. Institutional Investors 

Institutional investors—pension funds, sovereign wealth funds, insurance companies—should 

mainstream climate physical risk into asset allocation decisions as part of their fiduciary duty. 

Allocations to green bonds earmarked for resilience, private equity funds building climate-resilient 

infrastructure, and catastrophe bond portfolios are consistent with this objective and have been 

demonstrated to maintain competitive returns. The NZ Super Fund’s reduction of carbon exposure 

without sacrificing performance provides a precedent [38]. Investor engagement with portfolio 

companies on physical climate risk management can further accelerate corporate-level adaptation 

investment [36]. 

5.5.4. Insurance and Reinsurance Sector 

The insurance industry should treat climate resilience as a core business proposition, scaling up 

parametric coverage for crops, cities, and uninsured vulnerable populations. Product innovation—

particularly hybrid instruments that combine parametric triggers with indemnity components—can 

extend the reach of insurance to currently underserved markets. Collaboration with governments on 

public reinsurance backstops for uninsurable tail risks will maintain sector solvency in a worsening 

risk environment [7,39]. 

6. Conclusions 

This study set out to address the question of how innovative financial instruments and a risk-

layered architecture can close the adaptation finance gap and shift climate resilience finance from 

reactive to anticipatory. The empirical findings provide clear answers on each of the three hypotheses 

tested. 

First, adaptation finance is strongly reactive: flows track realized disaster losses with a one-year 

lag (r = 0.71), confirming H1. This pattern perpetuates exposure, inflates recovery costs, and delays 

the protective investments that would reduce future losses. Second, climate policy uncertainty 

suppresses private adaptation investment by approximately 30%, confirming H2 and identifying 

regulatory instability as a first-order structural barrier to scaling resilience finance. Third, risk-

transfer instruments—guarantees and catastrophe bonds—mobilize up to 6.5 times more private 

capital per public dollar than concessional instruments (with average blended finance leverage 

documented at 2.1–3.6× across the broader market [42]), confirming H3 and establishing the 

instrument hierarchy that should guide a risk-layered architecture. 

The proposed risk-layered climate finance architecture operationalizes these findings by 

aligning instrument selection with hazard tier, engaging private capital where its leverage is highest, 
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and reserving concessional public finance for contexts and tiers where market-based instruments are 

insufficient. Closing the 12–14 times scale-up gap between current annual flows (USD 25 billion) and 

2030 needs (USD 325 billion) will require this architecture to become standard practice rather than a 

niche experiment—embedded in national climate strategies, multilateral lending programs, and 

corporate risk management frameworks alike. 

A more resilient financial architecture will not prevent hurricanes, floods, or droughts. It can, 

however, ensure that governments, corporations, and communities are financially prepared to 

respond when they occur—reducing recovery time, limiting economic setbacks, and unlocking the 

proactive investments that shift the trajectory from reactive crisis response to anticipatory risk 

management. In an era of converging climate and economic uncertainties, building this proactive 

finance framework is not optional: it is an imperative for global financial stability and sustainable 

development. 
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EM-DAT Emergency Events Database 
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UNFCCC United Nations Framework Convention on Climate Change 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202604.0172.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0172.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 14 

 

References 

1. Climate Policy Initiative (CPI). Global Landscape of Climate Finance 2024; CPI: San Francisco, CA, USA, 

2024. Available online: https://www.climatepolicyinitiative.org/publication/global-landscape-of-climate-

finance-2024/ 

2. National Oceanic and Atmospheric Administration (NOAA). Billion-Dollar Weather and Climate 

Disasters; NOAA: Silver Spring, MD, USA, 2024. Available online: 

https://www.ncei.noaa.gov/access/billions/ 

3. Munich Re. NatCatSERVICE: Natural Catastrophe Losses 2024; Munich Re: Munich, Germany, 2025. 

Available online: https://www.munichre.com/en/solutions/reinsurance/natcatservice.html 

4. International Energy Agency (IEA). World Energy Investment 2024; IEA: Paris, France, 2024. Available 

online: https://www.iea.org/reports/world-energy-investment-2024 

5. Dietz, S.; Bowen, A.; Dixon, C.; Gradwell, P. ‘Climate Value at Risk’ of Global Financial Assets. Nat. Clim. 

Chang. 2016, 6, 676–679. https://doi.org/10.1038/nclimate2972 

6. Boston Consulting Group (BCG). Climate Adaptation and Resilience: The $100–130 Billion Opportunity for 

Banks [White Paper]; BCG: Boston, MA, USA, 2026. Available online: https://www.bcg.com 

7. Swiss Re. Natural Catastrophes in 2023: Paying the Price of Neglect; Swiss Re Institute: Zurich, Switzerland, 

2024. Available online: https://www.swissre.com/institute/research/sigma-research/sigma-2024-01.html 

8. Cummins, J.D.; Weiss, M.A. Convergence of Insurance and Financial Markets: Hybrid and Securitized 

Risk-Transfer Solutions. J. Risk Insur. 2009, 76, 493–545. https://doi.org/10.1111/j.1539-6975.2009.01311.x 

9. Garcia Ocampo, D.; Lopez Moreira, C. Uncertain Waters: Can Parametric Insurance Help Bridge NatCat 

Protection Gaps? FSI Insights on Policy Implementation No. 62; Bank for International Settlements: Basel, 

Switzerland, 2024. https://www.bis.org/fsi/publ/insights62.htm 

10. Hallegatte, S.; Vogt-Schilb, A.; Bangalore, M.; Rozenberg, J. Unbreakable: Building the Resilience of the 

Poor in the Face of Natural Disasters; World Bank: Washington, DC, USA, 2017. https://doi.org/10.1596/978-

1-4648-1003-9 

11. Green Climate Fund (GCF). GCF Open Data Library and Blended Finance Case Studies; GCF: Incheon, 

Republic of Korea, 2024. Available online: https://www.greenclimate.fund/data 

12. Organisation for Economic Co-operation and Development (OECD). Blended Finance in the Least 

Developed Countries 2024; OECD Publishing: Paris, France, 2024. https://doi.org/10.1787/5571f2bc-en 

13. Brandon, C.; Aggarwal, A.; Kratzer, B.; Carter, R.; Laxton, V.; Ross, K. From Bonds to Blended Finance: 

How a Diverse Range of Financial Instruments Are Financing Climate Adaptation and Resilience; Working 

Paper; World Resources Institute: Washington, DC, USA, 2025. https://doi.org/10.46830/wriwp.25.00061 

14. Caribbean Catastrophe Risk Insurance Facility (CCRIF). Annual Report 2024–2025; CCRIF: Grand Cayman, 

Cayman Islands, 2025. Available online: https://www.ccrif.org/publications/annual-reports 

15. Ando, S.; Fu, C.; Roch, F.; Wiriadinata, U. Sovereign Climate Debt Instruments: An Overview of the Green 

and Catastrophe Bond Markets; IMF Staff Climate Note 2022/004; International Monetary Fund: 

Washington, DC, USA, 2022. https://www.imf.org/en/Publications/staff-climate-

notes/Issues/2022/09/29/Sovereign-Climate-Debt-Instruments-523650 

16. World Bank. Jamaica Receives $150 Million Catastrophe Bond Payout Following Hurricane Melissa [Press 

Release]; World Bank: Washington, DC, USA, 2025. Available online: 

https://www.worldbank.org/en/news/press-release/2025/11/18/jamaica-cat-bond-payout-hurricane-

melissa 

17. Pacific Catastrophe Risk Insurance Company (PCRIC). Annual Report 2023–2024; PCRIC: Port Vila, 

Vanuatu, 2024. Available online: https://www.pcric.org/annual-reports 

18. United Nations Development Programme (UNDP). Parametric Insurance to Build Financial Resilience in 

the Pacific; UNDP: Suva, Fiji, 2025. Available online: 

https://www.undp.org/pacific/publications/parametric-insurance-build-financial-resilience-pacific 

19. Artemis. Catastrophe Bond and ILS Market Outstanding Capital Reaches New Record of $45.6bn; Artemis: 

Edinburgh, UK, 2025. Available online: https://www.artemis.bm/news/catastrophe-bond-ils-market-

outstanding-capital-reaches-new-record-of-45-6bn/ 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202604.0172.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0172.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 14 

 

20. Aon. Weather, Climate and Catastrophe Insight: 2024 Annual Report; Aon plc: London, UK, 2024. 

Available online: https://www.aon.com/weather-climate-catastrophe 

21. Artemis. Artemis Deal Directory; Artemis: Edinburgh, UK, 2025. Available online: 

https://www.artemis.bm/deal-directory/ 

22. World Economic Forum (WEF). The Role of Catastrophe Bonds in Climate Adaptation Finance; WEF: 

Geneva, Switzerland, 2025. Available online: https://www.weforum.org/agenda/2025/01/catastrophe-

bonds-climate-adaptation/ 

23. Clarke, D.J.; Dercon, S. Dull Disasters? How Planning Ahead Will Make a Difference; Oxford University 

Press: Oxford, UK, 2016. https://doi.org/10.1093/acprof:oso/9780198785576.001.0001 

24. Steele, P.; Patel, S. Tackling the Triple Crisis Using Debt Swaps: A Review of the Evidence; International 

Institute for Environment and Development: London, UK, 2020. Available online: https://www.iied.org 

25. Insurance Insider. Enosis Capital and AXA XL Announce $3bn Debt-for-Nature Swap Pipeline. Insurance 

Insider, 15 January 2025. Available online: https://www.insuranceinsider.com 

26. Kellett, J.; Caravani, A. Financing Disaster Risk Reduction: A 20-Year Story of International Aid; Overseas 

Development Institute: London, UK, 2013. Available online: https://www.odi.org/publications/7452-

financing-disaster-risk-reduction 

27. World Bank. Financial Protection Against Natural Disasters: An Operational Framework for Disaster Risk 

Financing and Insurance; World Bank Group: Washington, DC, USA, 2017. https://doi.org/10.1596/978-1-

4648-1010-7 

28. Guha-Sapir, D.; Below, R.; Hoyois, P. EM-DAT: The CRED/OFDA International Disaster Database; 

Université Catholique de Louvain: Brussels, Belgium, 2022. Available online: https://www.emdat.be 

29. United Nations Office for Disaster Risk Reduction (UNDRR). Global Assessment Report on Disaster Risk 

Reduction 2023; UNDRR: Geneva, Switzerland, 2023. Available online: https://www.undrr.org/gar2023 

30. United Nations Framework Convention on Climate Change (UNFCCC). Biennial Assessment and 

Overview of Climate Finance Flows: Technical Report; UNFCCC: Bonn, Germany, 2024. Available online: 

https://unfccc.int/topics/climate-finance/resources/biennial-assessment-and-overview-of-climate-finance-

flowsFF 

31. World Bank. Climate Change Knowledge Portal; World Bank: Washington, DC, USA, 2025. Available 

online: https://climateknowledgeportal.worldbank.org 

32. Gavriliuc, T.; Miao, J.; Ngo, P. Climate Policy Uncertainty and Its Economic Effects; NBER Working Paper 

Series; National Bureau of Economic Research: Cambridge, MA, USA, 2021. 

33. Gavriliuc, T.; Miao, J.; Ngo, P. The Macroeconomic Effects of Climate Policy Uncertainty; NBER Working 

Paper No. 34567; National Bureau of Economic Research: Cambridge, MA, USA, 2026. Available online: 

https://www.nber.org/papers/w34567 

34. International Monetary Fund (IMF). World Economic Outlook Database October 2024; IMF: Washington, 

DC, USA, 2024. Available online: https://www.imf.org/en/Publications/WEO 

35. Intergovernmental Panel on Climate Change (IPCC). Climate Change 2023: Synthesis Report. Contribution 

of Working Groups I, II and III to the Sixth Assessment Report; Cambridge University Press: Cambridge, 

UK, 2023. https://doi.org/10.1017/9781009157896 

36. Krueger, P.; Sautner, Z.; Starks, L.T. The Importance of Climate Risks for Institutional Investors. Rev. 

Financ. Stud. 2020, 33, 1067–1111. https://doi.org/10.1093/rfs/hhz137 

37. Task Force on Climate-related Financial Disclosures (TCFD). Guidance on Metrics, Targets, and Transition 

Plans; Financial Stability Board: Basel, Switzerland, 2023. Available online: https://www.fsb-tcfd.org/ 

38. Global SWF. Annual Report: Sovereign Wealth Fund PerformanceF Rankings 2022; Global SWF: New York, 

NY, USA, 2022. Available online: https://globalswf.com 

39. Golnaraghi, M.; Surminski, S.; Schanz, K.-U. An Integrated Approach to Managing Extreme Events and 

Climate Risks; The Geneva Association: Zurich, Switzerland, 2021. Available online: 

https://www.genevaassociation.org 

40. World Meteorological Organization (WMO). The Global Multi-Hazard Alert System: User Requirements 

and Feasibility Study; WMO: Geneva, Switzerland, 2021. Available online: 

https://library.wmo.int/doc_num.php?explnum_id=10925 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202604.0172.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0172.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 14 

 

41. Baker, S.R.; Bloom, N.; Davis, S.J. Measuring Economic Policy Uncertainty. Q. J. Econ. 2016, 131, 1593–1636. 

https://doi.org/10.1093/qje/qjw024 

42. Convergence. State of Blended Finance 2024: Climate Edition; Convergence: Toronto, Canada, 2024. 

Available online: https://www.convergence.finance/resource/state-of-blended-finance-2024-climate-

edition/view 

43. Linnerooth-Bayer, J.; Mechler, R. Insurance for Assisting Adaptation to Climate Change in Developing 

Countries: A Proposed Strategy. Clim. Policy 2006, 6, 621–636. 

https://doi.org/10.1080/14693062.2006.9685620 

44. Boulle, B.; Fakhruddin, S.H.M. The Policy Landscape and Challenges of Disaster Risk Financing: 

Navigating Risk and Uncertainty. Disasters 2024. Available online: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10947032/ 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202604.0172.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0172.v1
http://creativecommons.org/licenses/by/4.0/

