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Author’s response: Insuring the green economy against natural hazards – charting research 
frontiers in vulnerability assessment 
 
Dear Editor, 
 
Thank you for your decision to publish our manuscript subject to minor revisions, and for inviting us to 
submit a revised version of our manuscript.  

As requested in your report, please find below a detailed point-by-point response to both of our 
reviewers: 

• Anonymous Reviewer #1 (Pages 2 to 11) 
• Anonymous Reviewer #2 (Pages 12 to 16) 

(Please note: Line numbers refer to our original manuscript. Line numbers from our new, revised 
manuscript are provided in brackets.) 

We look forward to hearing back from you. 

Regards, 

Harikesan Baskaran and co-authors. 
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Dear Anonymous Reviewer #1, 
 
Thank you for the insightful comments provided in your review. We have responded to all of the 
comments you have provided, and have made amendments and additions to the manuscript where 
necessary. Please find our detailed point-by-point response to your review below. (Please note: Line 
numbers refer to our original manuscript. Line numbers from our new, revised manuscript are provided 
in brackets.) 
 

R1.1. The paper presents data on which hazards to green infrastructure have been estimated in a way 
that can be useful to insurers looking to provide coverage. To do this, they identify 37 asset 
classes and 28 hazards, and show which of the combinations of asset class and hazard have 
existing research on the topic. This is very useful for research moving forward, as it identifies 
areas of the green economy where there is little to no research on the possibility of damage to 
green infrastructure. 

 
Author Response: Thank you for your positive comments. We appreciate your support for this 
research work as a vehicle for moving research forward on the natural hazard vulnerability of 
the green economy. 

 
R1.2. The main deficiency of the paper is that there is little insight to how important each intersection 

is, apart from excluding the cases that are unlikely to occur and so do not have research. Some 
of the asset classes identified will be, or already are, a major part of the green economy, such 
as land-based PV farms. The paper makes a start on this question by breaking it down into 
plausible impacts and implausible impacts. This is a good start, and generally good enough to 
publish the paper as a way to move the discussion forward. However, it may be useful to 
address which of the plausible but understudied impacts might be most relevant. 

 
Author Response: Thank you for highlighting this area for improvement. Amendments have 
been made to address which of the plausible, but understudied, impacts might be most 
relevant. Our focus has been around four asset groups that we consider to be the most relevant: 
natural, hydropower, onshore wind, and established, solar PV assets. 
 
An additional sentence with a new reference to Chaplin-Kramer et al. (2022) was added, 
explaining the need for focussing on natural assets as a means of mitigating climate change, 
starting line 388 (now line 432, Section 3.2,  Research gaps): 
 

“The protection and restoration of forests, wetlands and peatlands could sequester 9 Gt 
CO2 per year by 2050 (Chaplin-Kramer et al., 2022), highlighting the urgent need for 
developing affordable, representative insurance products for natural assets to mitigate the 
impacts of climate change.” 

 
Two additional sentences (starting line 392 (now lines 439 – 442), Research Gaps) have been 
added highlighting that established, engineered assets, experiencing rapid growth, in particular 
solar PV and onshore wind assets (IRENA, 2023), are in more urgent need of quantitative 
research: 
 

“The rapid growth in established, engineered assets such as utility-scale solar PV and 
onshore wind technologies, underlines the importance addressing this gap. Both assets led 
the global deployment of renewable energy technologies in 2022, with nearly 90% of them 
assessed to be more cost effective than new fossil fuel alternatives (IRENA, 2023).” 

 



 

3 
 

Starting at line 416 (new line 467, Section 3.2, Research Gaps), given that hydropower assets 
take up a large share of global renewable energy capacity (IRENA, 2023), a new sentence is 
added to highlight the importance of focusing on hydropower assets amongst other ageing 
engineered assets: 

 
“Ageing hydropower assets must be prioritised amongst them, taking the highest (41%) 
capacity share of global renewable energy sources (IRENA, 2023), the largest green 
economy sector of this study.”  

 
A new subsection (4.1, Future work) has been added under Section 4, Conclusion. 
Subsequently, lines 427 – 431 (new lines 501 – 506) have now been moved under this 
subsection. Within this subsection, a new paragraph starting after sentence ending line 431 
(new lines 508 – 515) summarises the importance of focusing on the key aforementioned asset  
groups in future work:  

 
“In the short-term, future quantitative assessments by researchers should prioritize 
established engineered assets that are experiencing rapid market growth, particularly solar 
PV and onshore wind installations. While these assets incorporate site conditions in their 
design standards, lower initial investment costs and the decreasing availability of optimal 
locations, may result in reduced due diligence during the planning stage, shifting greater 
risk to insurers. Additionally, with the changing climate, it is crucial to prioritise ageing 
hydropower assets in research efforts due to their extensive global presence and the 
potential risks associated with their long-term operation. Simultaneously, natural assets 
urgently require the development of vulnerability models that are tailored to specific 
locations and species, ensuring their capacity to mitigate the impacts of climate change 
effectively.” 

 
 The aforementioned addition, in part responds to Anonymous Reviewer #2 (R2.8 and R2.10). 
 
Main points of consideration  
 

R1.3. The paper does not currently distinguish between direct damage to infrastructure versus losses 
due to reductions in performance. Both are discussed throughout, but it is not made clear how 
insurance contracts typically work in this context, if they only generally cover direct damage, or 
if there is usually cover for performance, or if it is context dependent. Additional context would 
be useful to understand where the main gaps are, and which are most relevant for insurance 
markets. As an example, it is noted that quantitative studies were found for 4% of the 
intersections, but it would be useful to have a sense of what share of the value this represents. 

 
Author Response: To address this comment we have added a section starting at line 171 (now 
lines 190 – 195, Section 2.3, Step 3: Vulnerability assessment) with an additional reference to 
Rose and Huyck (2016), to provide more context: 
 

“Functional loss is a broad term covering both performance reduction and direct damage, 
commonly referred to as business interruption and property damage respectively in 
insurance contracts, where they are generally covered. Vulnerability to functional loss in 
this paper does not specifically distinguish between business interruption and property 
damage, as the two are closely linked, with business interruption commonly resulting from 
property damage and the subsequent recovery process (Rose and Huyck, 2016). 
Consequently, the existing literature rarely provides sufficient detail on the contribution of 
each to the overall losses observed.” 
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We decided to highlight the lack of literature focussing on business interruption or performance-
based losses, within the 4% of intersections with quantitative studies. The sentence starting 
line 220 (now line 249, Section 3, Results) now reads: 
 

“Quantitative studies were found for only 4% of the total number of intersections 
corresponding to 18 assets, with the vast majority being fragility (or physical vulnerability) 
functions focussing on property damage.” 

 
And sentence starting line 391 (now line 437, Section 3.2, Research gaps) now reads: 
 

“There is a clear lack of research that presents quantitatively the likely loss of function of 
green economy assets under natural hazards, and in particular functions assessing indirect 
business interruption losses.” 

 
R1.4. While insurance is one way to prevent losses from climate-related damage, there may also be 

adaptation measures that can be taken to reduce or eliminate losses. For example, the authors 
note that flywheels operating in dust storms have not been researched, however, there may be 
low cost ways to protect flywheels from the effects of these storms. Other adaptations may be 
more costly, such as shielding solar PV from hail damage, in which case insurance may be the 
better way to reduce risks. While the authors do not need to conduct an analysis of the potential 
for adaptation in each case, there should be some discussion of how this may factor into the 
analysis of which combinations are plausible. It may also be reasonable to ignore this 
possibility, but then this assumption should be stated. 

 
Author Response: Thank you for mentioning the importance of adaptation measures and 
mitigation technologies. The vulnerability assessment conducted in this study considers a 
generalised asset that is not site-specific and is in as-built condition. Therefore adaptation and 
mitigation measures are specifically not considered. This is clarified through an additional 
statement starting at line 176  (now lines 201 – 203, Section 2.3, Step 3: Vulnerability 
assessment):   
 

“In this assessment assets are generalised, and adaptation measures or mitigation 
technologies are not considered, unless literature mentions them as a minimum 
requirement. Therefore the worst-case vulnerability rating is provided in the matrix.” 

 
We do however acknowledge that this assumption is an inherent limitation of the study, and 
address this as an area for future work in the new sentence starting at line 428 (now line 502, 
Section 4.1, Future work):  
 

“This includes the impact of common mitigation technologies and adaptation measures on 
assets assessed as high vulnerability.” 

 
R1.5. Relatedly, it is noted that volcanic risks for example are generally avoided by prohibiting 

development nearby. This would seem to raise some ambiguity as to whether these risks are 
then “Unknown” or “Not Applicable.” It would help to have some guidance on how this 
ambiguity is resolved.  
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Author Response: Thank you for highlighting this ambiguity. Our assessment of vulnerability for 
volcanic (pyroclastic and lahar) hazards does align with the criteria mentioned in Section 2.3, 
Step 3: Vulnerability assessment. Given the limited availability of insurance products for the 
hazards, the potential for geographical coexistence is implied, and an “NA” rating cannot be 
applied. A reasonable judgement can also be made using the limited literature available, and 
literature related to other assets, hence an “Unknown” rating was not given. We acknowledge 
that this was not clearly explained, and therefore we have made the following amendments in 
lines 316 - 319 (now lines 351 - 358, Section 3.1.1, Volcanic hazards), which includes new 
references to DCCA Hawaii Insurance Division (2023) and Aspinall et al. (2011): 

 
“Due to their destructive nature and geographic constraints, areas prone to these hazards 
generally see limited engineered or industrial construction. This is often enforced through 
restrictions in private and state insurance coverage, as seen by AXA Group. Consequently, 
this lack of exposure results in a scarcity of damage observations and research on 
terrestrial engineered assets in volcanic regions. Despite the limited availability of 
insurance products for these hazards (e.g. DCCA Hawaii Insurance Division (2023)), this 
study reasonably assesses vulnerability by drawing on literature related to other assets 
(e.g. Aspinall et al. (2011)). If impacted, most terrestrial assets would be highly vulnerable 
to these hazards, thus they are assigned a high vulnerability rating (MHV).” 

 
 
Minor Comments 
 

R1.6. At the top of page 2, it is highlighted that the expansion of green assets presents an opportunity 
for insurers, but it could also be noted that the provision of insurance may help to encourage the 
further expansion of green assets. It may be useful to have an estimate of the total size of the 
green asset market that may be insurable, to give an overall sense of scale.  

 
Author Response: Thank you for your comment on this. The sentence starting on line 35 (now 
line 38) has been amended to note that the provision of insurance encourages the expansion of 
green asset deployment:  

 
“This is particularly critical as insurance plays a pivotal role in enhancing resilience and the 
expanding green asset deployment, especially considering that they are increasingly being 
established in more hazard-prone regions due to land-use pressures (GCube Underwriting, 
2021).” 

 
The sentence starting on Line 26 gives the size of the green asset market that might be insurable. 
For clarity and to give a better sense of scale, we can expand on the definition of 
decarbonisation and renewable energy technologies, specified that insurance premiums are 
only for capital expenditures, and provided an additional estimate of the green economy’s 
extent from FTSE Russell (2023) as its definition varies with literature source. Lines 26 – 29 (now 
lines 26 – 32) now read: 

 
“FTSE Russell (2023) estimates the green economy to be the fourth largest standalone 
sector in the global stock markets, with a US$6.5 trillion value. Additionally, green buildings 
in emerging market cities present a US$24.7 trillion investment opportunity (IFC, 2019), 
while electric vehicles are projected to account for 35% of the global car market (IEA, 
2023). According to McKinsey (2022), global investments in decarbonisation (e.g. carbon 
capture and storage, as well as electric vehicle charging) and renewable energy (e.g. solar 
power, as well as onshore and offshore wind) technologies could reach US$800 billion per 
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year by 2030, which corresponds to insurance premiums of US$10-15 billion per year on 
capital expenditures alone.” 

 
 The aforementioned addition also responds to Anonymous Reviewer #2 (R2.2). 
 

R1.7. The rules for the inclusion of assets are not entirely clear. For example, it seems that pumped 
hydro storage could fit into the category of energy storage infrastructure along with electric 
batteries and hydrogen, but is not included. This is similar for the exclusion of new buildings that 
are not mass timber. 

 
Author Response:   
 
Thank you for your comment regarding the clarity of asset inclusion criteria. We have added 
further clarity regarding how we developed this initial version of a green asset taxonomy, in the 
context that there is no operational taxonomy available for the insurance sector.  
 
A new sentence added at line 86 (now line 89, Section 2.1.1, Defining green assets) reads: 
 

“At present, there is no operational taxonomy available for the green economy assets that 
can be used by the insurance sector.” 

 
 Lines 91 – 95 (now lines 95 – 103, Section 2.1.1, Defining green assets) now read: 

 
“Six primary sectors of the green economy are considered, based on the UK’s net-zero 
policy (UK Government, 2021): renewable energy sources, green construction, transport 
with a focus on electric vehicles, resource management, CO2 reduction, and energy 
storage. Through discussions between authors at University College London and AXA 
Group we identified the operational requirement of the insurance sector. This collaboration 
led to the development of an initial version of an operational green asset taxonomy. It 
includes at least two common, insurable sub-sector assets per sector, ensuring broad 
coverage. These assets were chosen to reflect key areas requiring innovation and 
investment to meet the policy’s objectives (UK Government, 2021). Each asset is defined 
at a level that can be priced and is practical for the insurance industry, and includes assets 
currently being insured. In total, 37 assets are identified and described in detail (see Table 
A1).” 

 
The aforementioned addition, in part responds to Anonymous Reviewer #2 (R2.4). 

 
We agree that this initial version of an asset-hazard taxonomy is in need of expansion and 
standardisation. We have highlighted that this must be done with inputs from the wider 
insurance industry, and have added this in a new paragraph inserted before line 427 (new lines 
498 – 499, Section 4.1, Future work): 
 

“To support this, the operational asset-hazard taxonomy proposed in this study is in need 
of expansion and standardisation with inputs from the wider insurance industry.” 

 
 The aforementioned addition, in part responds to Anonymous Reviewer #2 (R2.8). 
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R1.8. In Table 1, there is no need for 3 separate columns under CL2. Tiers 2-4 all fall under CL2, they 
can be in the same column. The additional columns may create confusion. 

 
Author Response: Thank you for highlighting this. We have merged the three separate columns 
accordingly. 

 
R1.9. The sentence beginning on line 178 does not appear to be complete, it is difficult to understand 

what is meant. 
 

Author Response: Thank you for bringing this to our attention. The sentence on line 178 (now 
line 205) has now been amended and reads as follows:  
 

“For example, a UV level was assigned to biogas (anaerobic digester) industrial facilities 
under extreme cold events as literature was only found addressing their performance 
reduction under sub-optimal temperatures (Alvarez and Lidén, 2008) and during the winter 
season (Pham et al., 2014).” 

 
R1.10. In Table 3, it is unclear what is meant when a rating of “Unknown” has a confidence level. While 

most of them are level 3, some are also level 2, indicating there is some qualitative evidence. It 
should be explained what is meant by this combination. 

 
Author Response: Thank you for your comment. The small number of “Unknown” vulnerability 
ratings that are made based on existing literature, indicate that the literature was either 
insufficient, inconclusive or under scientific debate. In these instances, a reasonable 
assessment the likelihood of an asset’s functional loss for a specific hazard, cannot be made. 
This is explained in the sentence starting in line 208 (now line 237). A few examples are also 
given in the sentences starting on lines 178, 209, 212, 214 (now lines 205, 238, 241, 243). 

 
R1.11. Table 3 may be difficult to read for people with red/green colorblindess. 
 

Author Response: Thank you for highlighting this. We wanted the ‘red’ to perceive a negative 
connotation, i.e. moderate-to-high vulnerability, and the ‘green’ to provide a positive 
connotation, i.e. no-to-low vulnerability. We have provided an magenta/green alternative to 
ensure that this differentiation is more noticeable for those with red/green colour blindness, 
whilst still carrying the intended connotations. Please see below. 
 
Sample from Table 3 before amendment: 

Asset 

Hazard 
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C_CIC 3 3 3 3  

C_CIS 3 3 3 3  

C_CMA 2 3 3 3  

C_CPE 2 2 3 3  
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Sample from Table 3 after amendment: 

Asset 

Hazard 
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C_CIC 3 3 3 3  

C_CIS 3 3 3 3  

C_CMA 2 3 3 3  

C_CPE 2 2 3 3  

 
This colour changes have also been reflected in Figure 1 and Table 2. 

 
R1.12. In Table 4, there should be a legend explaining the meaning of the colors that appear on the 

heatmap. It is also not clearly explained what it means to have no circle, an empty circle, or a 
filled circle. 

 
Author Response: The caption for Table 4 (Line 256 (now line 292)) mentions that it is “mapped 
as per Fig. 1”, as the legend for the colour and circles is provided in Figure 1. We agree that 
wording is insufficient to signpost this to the reader, therefore we have changed the wording of 
the caption to “mapped and formatted as per Fig. 1”. 

 
R1.13. In Section 3.2, it would be useful to have a specific discussion of how the taxonomy would be 

used by insurers, or how the lack of a taxonomy is hindering the provision of insurance, rather 
than simply stating that the paper “highlights the need for an asset-hazard taxonomy tailored to 
the green economy.” 

 
Author Response: Thank you for raising this. We have now added a specific discussion in 
Section 3.2, after sentence ending line 379 (new lines 418 – 422), to elaborate on the need for 
an asset-hazard taxonomy for insuring the green economy: 
 

“Adopting a standardized classification system across the insurance sector, will enable 
the interoperability of functional loss data and analyses between researchers and insurers. 
In scenarios where exposure data is scarce, such a system will accelerate the 
development of quantitative fragility and vulnerability functions for complex green 
economy assets, facilitating their direct application within the insurance sector.” 

 
R1.14. The sentence beginning on line 402 is not clear (I assume it is meant that no quantitative 

evidence for losses due to cable failures was found). 
 

Author Response: Thank you for highlighting the lack of clarity, and your assumption is correct. 
We have amended the sentence beginning on line 402 (now line 453) to improve clarity:  
 

“Despite offshore wind farm losses being dominated by subsea cable failures (Lloyd’s, 
2020; Allianz Commercial, 2023), no fragility or vulnerability functions were  found for 
cables either. But even where literature exists, their practical applicability is limited.” 

 
R1.15. In the Conclusion, there could be some discussion on how much insurers generally rely on 

scientific research to inform their understanding of risks, compared to how much do they have 
to rely on it because it is a new and emerging sector. Presumably they could conduct their own 
studies as well, if there is a potential market in a given sector.  
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Author Response: Thank you for your comments. As suggested we have added an additional 
discussion, in the conclusion. It is important to note that the insurance industry typically does 
not rely on scientific research, when sufficient historical loss data is available. We addressed 
this point in a new addition before line 422 (new lines 482 – 486, Section 4, Conclusion), within 
the same paragraph: 

 
“Assessing the vulnerability of green assets under natural hazards is a significant challenge 
for the insurance industry. As an emerging sector, the green economy lacks historical loss 
data, which traditional insurance models depend on. In such cases, insurers may use 
scenarios analyses based on a combination of published engineering models and internal 
expert judgement. In this context, the study assessed the potential of using existing, 
published literature to support the development of these models.”  
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Dear Anonymous Reviewer #2, 
 
Thank you for the constructive feedback provided in your review. We have responded to all of your 
comments, and have made changes to the manuscript where required. Please find our detailed point-
by-point response to your review below. (Please note: Line numbers refer to our original manuscript. 
Line numbers from our new, revised manuscript are provided in brackets.) 
 

R2.1. The study provides a comprehensive overview of the vulnerability of green economy assets to 
natural hazards, identifying key gaps in the literature and proposing a structured taxonomy for 
future research. The methodology is well-defined, and the use of a systematic literature review 
to construct a vulnerability matrix is robust. However, there are areas where the paper could be 
improved to enhance its clarity, depth, and utility. 

Author Response: We thank the reviewer for their positive feedback on the paper, and for 
summarising areas for improvement. Please find our response to your points for improvement 
below. 

R2.2. The introduction effectively sets the context for the study. However, it could benefit from a 
clearer explanation of the significance of the green economy in the context of climate change 
and insurance (lines 24-35). Including more recent statistics or projections could provide a 
stronger foundation. 

Author Response: Thank you for your comment. We have addressed this in our response to 
Anonymous Reviewer #1 (R1.6). 

R2.3. While the paper identifies gaps in the literature (lines 50-55), it would be useful to elaborate on 
why these gaps exist. Are they due to the novelty of the technologies, lack of historical data, or 
other reasons? This could help guide future research more effectively. 

Author Response: Thank you for highlighting this point. We have highlighted the reasons for the 
lack of literature when we discussing specific assets and hazards. For example, where there is 
a lack of studies for pyroclastic flows and lahars impacting terrestrial engineered assets, due to 
the practice of avoiding construction in volcanic areas (see our response to Anonymous 
Reviewer #1 (R1.5)).  

However, in response to this comment, amendments were made to lines 156 - 157 (now lines 
174 - 177, Section 2.2, Step 2: Literature review), mentioning low exposure history as a reason 
for literature gaps: 

“In the latter case, the vulnerability assessment is made based on the authors’ judgement 
and experience. It was observed by the authors that assets with a low exposure history, 
including relatively new technologies/constructions, generally lacked an academic 
literature base. Here, the vulnerability of similar asset types were considered”. 

Please also review our response to R2.7, which shows a lack of literature for mechanical 
components of the nacelle, due to modelling complexities. 

To emphasise the key reasons why these gaps exist in published literature, we have made 
amendments to the conclusion lines 422 – 425 (now lines 486 - 491, Section 4, Conclusion). It 
now reads: 
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“The limited exposure data for complex green economy assets, as seen in the insurance 
sector; the insufficient alignment of published vulnerability assessments with design 
standards and insurance needs; and the increasing intensity of hazards due to climate 
change, have all contributed to the difficulty in establishing credible vulnerability ratings 
through existing research. This paper highlights the critical need for a representative green 
economy asset-hazard taxonomy, which is essential for guiding researchers in developing 
quantitative vulnerability assessments that are relevant to the insurance industry.” 

R2.4. The proposed taxonomy is central to the study (lines 75-120). It would be beneficial to provide 
more justification for the selection of specific assets and hazards. For instance, why were 
certain assets or hazards prioritized over others? This could help readers understand the 
choices made and the potential limitations. 

Author Response: Thank you for suggestion. With regards to asset inclusion criteria, we have 
addressed this in our response to Anonymous Reviewer #1 (R1.7). In line with the amendments 
made for asset inclusion, changes have been made to lines 124 – 126 (now lines 132 – 137, 
Section 2.1.2, Defining hazards), to clarify the hazard inclusion criteria: 

“A new, operational hazard taxonomy for the insurance sector is therefore proposed herein, 
that is based on the existing hazard taxonomy by UNDRR and ISC (2020), with the addition 
of hazard process duration in hazard descriptions. Similar to the approach used for green 
assets (Section 2.1.1), hazards were prioritised and consolidated through author 
discussions. This process ensured that the selected  hazards were the most relevant for the 
chosen assets, and practical for use at an operational level within the insurance industry.” 

R2.5. The systematic review process is well-outlined (lines 130-155). However, providing more detail 
on the search strategy, databases used, and inclusion/exclusion criteria could enhance 
transparency and replicability. 

Author Response: Thank you for your suggestion. We have added more details on search 
strategy, databases used and inclusion/ exclusion criteria after sentence ending line 136 (new 
lines 147 – 152, Section 2.2, Step 2: Literature review): 

“A combination of asset and hazard names from the developed green economy taxonomy, 
alongside the terms ‘fragility’ and ‘vulnerability’, were searched within easily accessible, 
web-based literature databases (e.g. Google Scholar). Where literature results were found 
to be insufficient to give a representative vulnerability rating, alternative keywords were 
used, before reference lists of relevant published literature were hand searched. All 
literature found were included in the assessment, and were only excluded when a potential 
or definitive report or discussion of effect, damage, vulnerability, or loss of function was not 
present.” 

An example was added to lines 147 – 149 (now lines 165 – 167, Section 2.2, Step 2: Literature 
review) to clarify the meaning of ‘broad internet search’: 

“If the literature sources were not accessible, a broad internet search (e.g. via Google) was 
conducted to identify news reports or blogs that could provide examples of catastrophic 
failures of a particular asset due to a given hazard (Tier 5).”  

R2.6. The presentation of the vulnerability matrix (lines 190-210) is comprehensive. However, it might 
be helpful to include a few illustrative examples or case studies to demonstrate how the matrix 
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can be applied in real-world scenarios. This could make the findings more tangible for 
practitioners. 

Author Response: Thank you for your comment. The presented matrix provides qualitative 
vulnerability ratings at each intersection, that are intended to be used alongside the literature 
heat map to identify research gaps in existing published literature. These ratings need to be 
transformed into a quantitative metric in order to be practically applicable by the insurance 
sector, for example through the macroseismic method used by Lagomarsino and Giovinazzi 
(2006). Ideally these qualitative ratings must be validated with the independent development of 
quantitative fragility/vulnerability functions, as mentioned in our response to comment R2.9. 
The second sentence starting on line 170 (now line 190) has been removed from section 2.3 
(Step 3: Vulnerability assessment) to avoid confusion regarding the practical applicability of the 
vulnerability matrix. 

R2.7. The literature heat map (lines 220-250) is a valuable addition. However, it could be enhanced by 
a more detailed discussion of the trends observed. For instance, why are certain asset-hazard 
intersections more researched than others? Are there specific barriers to research in certain 
areas? 

Author Response: Thank you for your insightful feedback. In response to your recommendation, 
we have expanded the discussion on the trends observed in the literature heat map and included 
a new reference to EPRI (2021). The following details have been added before the sentence on 
line 249 (new lines 279 – 284, Section 3, Results): 

“As expected, natural assets and established engineered assets, which are predominant in 
the green economy, show a greater availability of quantitative literature. Despite this, the 
complexity of certain assets and the associated hazard processes can present significant 
barriers to research, even when a quantitative literature base exists. For example, structural 
components of wind turbines, such as the tower, have more fragility functions, because 
wind and seismic loads can be directly associated with the structure’s limit states. In 
contrast, mechanical components within the nacelle, such as the gearbox, have limited 
literature on the composition of their multiple subcomponents, and how these experience 
indirect loading (EPRI, 2021).” 

R2.8. The discussion provides a good overview of the key findings (lines 285-390). However, it could 
benefit from a more detailed analysis of the implications for different stakeholders, such as 
policymakers, insurers, and researchers. What specific actions should they take based on these 
findings? 

Author Response: Thank you for your recommendation. We have addressed through the 
following amendments. A summary is presented in a new paragraph added before line 427 (new 
lines 493 – 494, Section 4.1, Future work): 

“In this section, recommendations for research and insurance industry practitioners are 
made, with the intention that outputs from these stakeholders will guide policymakers in 
changing codes of practice for the protection of green economy assets.” 

Actions to be taken by the for the insurance sector based on key findings is addressed in our 
response to Anonymous Reviewer #1 (R1.7). Please also see our response to R2.10, which 
elaborates on the implications of having more practically-applicable, quantitative vulnerability 
models (which this study found a lack of) for the insurance sector.   
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The implications of key findings for researchers is also addressed through our response to 
Anonymous Review #1 (R1.2) . 

R2.9. While the paper outlines future research needs (lines 380-400), it could be more specific. For 
example, identifying specific technologies or methodologies that could be used to address the 
identified gaps would be helpful. 

Author Response: Thank you for highlighting more specific research needs. We have provided 
more guidance on the approaches that can be taken to develop quantitative fragility/ 
vulnerability functions, with a new reference to Ioannou et al. (2017). A new paragraph is now 
added after line 419 (new lines 474 – 480, Section 3.2, Research gaps), reading: 

“To address the identified gaps, quantitative fragility and vulnerability functions can be 
developed using empirical models, that rely on systematic observations of functional loss 
and its root causes, as well as a clear understanding of their link. When empirical data is 
limited, analytical methods may be employed as an alternative, provided numerical 
modelling is feasible. In cases where both empirical data and numerical modelling are 
unavailable, expert elicitation approaches can be used, as seen in the case of Ioannou et al. 
(2017), which quantified the vulnerability of reinforced concrete buildings to various fire 
intensities. Depending on data availability, a hybrid approach that combines empirical, 
analytical, and expert-based methods may also be utilised.” 

R2.10. The conclusion effectively summarizes the main findings (lines 420-430). However, it could be 
strengthened by reiterating the practical implications and the urgency of addressing the 
identified research gaps in light of climate change and increasing natural hazards. 

Author Response: Thank you for your comment. We have addressed this in our response to 
Anonymous Reviewer #1 (R1.2), where we added a discussion on short-term research needs. 
Three further sentences have also been added in a new paragraph inserted before line 427 (new 
lines 495 to 498, Section 4.1, Future work), highlight the importance and urgency of addressing 
research gaps: 

“For the insurance sector specifically, practically-applicable, quantitative vulnerability 
models are needed to reduce uncertainty in pricing insurance premiums. More broadly, such 
models will improve the industry’s internal risk monitoring efforts, and help confidently 
achieve regulatory requirements. In turn, this will help de-risk investment in the growing green 
economy and improve its resilience to natural hazards.” 
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