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I 

ABSTRACT 
 

Sea level rise drowning islands in the Pacific, heatwaves sweeping over parts of Asia and 

Africa, and extreme weather events wreaking havoc across the globe. Even if we limit global 

warming to 1.5°C, regions around the world will still face drastic changes to their 

environment. Scientists refer to Loss and Damage (L&D) as the residual impacts of climate 

change that the world will experience due to the slow pace of mitigation measures, limited 

or inadequate adaptation, and the overstepping of adaptation limits. Being a relatively new 

concept, L&D remains undefined and understated in the global arena of climate politics. The 

aim of this thesis is to examine the extent of L&D arising under two different climate change 

mitigation scenarios: a 1.5 °C and a 2 °C increase in global mean temperatures at the end of 

the century, compared to pre-industrial levels. The thesis draws on the Special Report on 

Global Warming of 1.5°C (SR1.5) by the Intergovernmental Panel on Climate Change: it 

analyses Whe findings in Whe reporW WhroXgh Whe lens of µLoss and Damage¶, that is, it analyses 

the impacts of slow-onset and extreme weather events, and the ensuing economic and non-

economic losses and damages, by geographic region to the extent possible. I carry out a 

qualitative content analysis on the report, focusing on Chapter 3 on impacts. Further, I 

conduct We[W anal\Wics Wo XndersWand Whe relaWionship of Whe Werms, µLoss¶, µDamage¶, µ1.5�C¶, 

µ2�C¶ ZiWh Werms releYanW Wo impacW secWors. Lastly, I use an integrated environmental 

assessment framework to explore environmental and socio-economic cause-effect 

interactions that result in losses and damages in Small Island Developing States in the Pacific 

region. The analysis sheds light on often forgotten connections, one being that non-economic 

losses are far more important in developing countries, yet because of their very nature, they 

go unreported, thus masking the actual impacts of climate change in developing countries. 

Developed countries have actively avoided framing L&D in terms of liability, to fend off 

developing country requests for compensation. The framing of L&D questions the values, 

judgement, political choices and notions of justice of all stakeholders involved. The findings 

of this thesis underline the need for an assessment framework that effectively accounts for 

the full extent of non-economic L&D.  

 

 

Keywords: IPCC, Loss & Damage, Climate Change, Non-Economic Losses, Adaptation, 

Irreversible impact, Sustainable Development Goals 
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KURZFASSUNG 
 
Während durch den Anstieg des Meeresspiegels Inseln im Pazifik förmlich untergehen, 

Asien und Afrika von einer Hitzewelle nach der anderen überrollt wird, verwüsten extreme 

Wetterereignisse den Rest der Welt. Selbst wenn wir die globale Erwärmung auf 1,5°C 

begrenzen, sind viele Regionen der Welt immer noch mit drastischen Veränderungen ihrer 

Umwelt konfrontiert. Das Konzept Loss and Damage (L&D, zu deutsch Verluste und 

Schäden) beschäftigt sich mit jenen Folgen des Klimawandels, die aufgrund zu später 

Gegenmaßnahmen, unzureichender oder inadequaten Adaption bzw. Grenzen der 

Adaptionsmöglichkeiten irreversibel sind. Als relativ neues Konzept ist L&D noch nicht 

einheitlich definiert und in der globalen Klimapolitik bisher weitgehend unbeachtet. Ziel 

dieser Arbeit ist es, auf Basis der bestehenden Literatur das Ausmaß von L&D unter zwei 

verschiedenen Klimaszenarien qualitativ zu untersuchen: einem durchschnittlichen, 

globalen Temperaturanstieg am Ende des Jahrhunderts um 1,5°C bzw. 2°C relativ zum 

vorindustriellen Niveau. Dabei baut die Arbeit auf dem Sonderbericht, Special Report on 

1.5°C, des zwischenstaatlichen Ausschusses für Klimaänderungen auf und analysiert die 

Ergebnisse des Berichts durch eine L&D-Linse; d.h. es werden die Auswirkungen von 

langsam einsetzenden und extremen Wetterereignissen und die daraus resultierenden 

wirtschaftlichen und nicht-wirtschaftlichen irreversiblen Verluste und Schäden, sofern 

möglich, nach geographischen Regionen untersucht. Dazu führe ich eine qualitative 

Inhaltsanalyse des Berichts durch, wobei ich mich insbesondere auf Kapitel 3 konzentriere, 

das sich mit den Auswirkungen der Klimaveränderung beschäftigt. Ferner untersuche ich 

durch eine Textanalyse die Beziehung der vier Begriffe "Loss", "Damage", "1,5°C", "2°C". 

Schließlich verwende ich integriertes Umweltmodell, um ökologische und 

sozioökonomische Ursache-Wirkungs-Interaktionen darzustellen, die im Pazifik in 

Inselstaaten zu irreversiblen Verlusten und Schäden führen. Die Ergebnisse implizieren, dass 

nichtwirtschaftliche Verluste gerade in Entwicklungsländern eine wichtige Rolle spielen, 

dass sie aufgrund ihrer Natur jedoch häufig unbeachtet bleiben, wodurch das tatsächliche 

Auswirkungsausmaß des Klimawandels in Entwicklungsländern meist nicht akkurat 

eingeschätzt wird. Bisher wurde es durch die Industrieländer vermieden L&D aktiv politisch 

miteinzubeziehen, da sich daraus potenzielle Entschädigungsforderungen von 

Entwicklungsländern ableiten ließen. Die Ergebnisse dieser Arbeit unterstreichen die 

Notwendigkeit eines Bewertungsrahmens, der das gesamte Ausmaß der 

nichtwirtschaftlichen, irreversiblen Verluste und Schäden wirksam berücksichtigt.  
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1. Introduction and Aims of the Study 
 
Over the past centuries, human ingenuity has helped increase the prosperity of many, raising 

both the literacy and life expectancy rates of a growing population. However, this growth 

has not been uniform, with many still living in poverty, and ecosystems being increasingly 

stressed. As abundantly documented in the reports by the Intergovernmental Panel on 

Climate Change, anthropogenic climate change aggravates these problems. With spatial and 

temporal variability in the impacts of climate change, the worst affected regions are often 

low- and middle-income countries (IPCC, 2018). As of now, the Paris Agreement was a step 

in the right direction, providing impetus to further global climate action. Yet, even if 

mitigation and adaptation efforts are ramped up in the coming years, certain negative impacts 

are now inevitable. These residual, unavoidable impacts are what has come to be known as 

µLoss and Damage¶ (L&D).  

The financial implications (i.e. claims for compensation) associated with L&D have made it 

a politically sensitive topic. However, over the past few years it has gained some prominence 

in the UNFCCC decisions. At present, L&D has been included in the Global Stocktake of 

the Paris Agreement, yet, reporting on it is only voluntary (in the context of Paris 

AgreemenW¶s Wransparenc\ frameZork). Against this background, the crucial role played by 

the Intergovernmental Panel on Climate Change (IPCC) become fully apparent. The IPCC 

is responsible for assessing Whe scienWific liWeraWXre releYanW Wo climaWe change and iW¶s 

impacts on nature, economics and society. Based on these assessments, the IPCC publishes 

reports which allow for science to feed into the political process and drive climate ambition. 

With over 6,000 scientific references and wide range of authors, editors and reviews, the 

Special Report on Global Warming of 1.5°C (SR1.5) provides a comprehensive overview of 

what scientific literature has to say about climate change, across two warming scenarios, 

thus allowing for comparisons that are directly relevant to policy making. 

To date, the IPCC has not prepared an assessment of the literature on L&D. However, over 

the past years, the reports have covered L&D, directly or, mostly, indirectly. Since the 

famoXs, µBXrning Embers¶ image in iWs FifWh AssessmenW reporW (AR5, 2014), the IPCC finds 

that levels of risk have increased for four of the five Reasons for Concern (RFCs)1. Thus, an 

 
1 The five RFCs are: RFC1 for Unique and threatened systems, RFC2 for Extreme weather events, RFC3 for 
Distribution of impacts, RFC4 for Global aggregate impacts, RFC5 for Large-scale singular events. 
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analysis of the report through the lens of L&D provides a unique insight of what the scientific 

literature has to say on the topic. van der Geest and Warner (2019) conducted a similar 

assessment on the AR5.  

Compared to the AR5, the SR1.5 makes for a more interesting analysis, from the point of 

view of L&D, as it allows for the possibility of comparing between the two warming levels, 

1.5°C and 2°C. The findings of this thesis reflect on the Xsage of Whe Werms, µloss¶ and 

µdamage¶ and Wheir connection with various parameters such as 1.5°C versus 2°C and 

economic versus non-economic losses. Further, the thesis identifies which stressors and 

impacW secWors are associaWed ZiWh µloss¶ and µdamage¶. 

There is a need for a better understanding of what goals should L&D policies aim to reach, 

the justification of who is liable to seek compensation from whom and how these measures 

should be implemented. There is a pressing need to translate this understanding about what 

L&D is into effective policies and mechanisms to assist those in need. Most vulnerable 

communities face an unprecedented amount of losses and damages, due to the volatile nature 

of extreme weather events in combination with the uncertainty of their occurrence (Kreft et 

al., 2013). Together with slow onset events such as sea level rise (SLR), ocean acidification, 

the need for addressing L&D is nigh! 

This thesis is guided by the following research question: What can be learnt about Loss and 

Damage from the IPCC Special Report on Global Warming of 1.5°C? The intent of this 

thesis is to gain a better understanding of losses and damages arising from a variation of 

impacts and stressors between the two warming scenarios considered in the report, namely 

1.5°C versus 2°C. I aim Wo anal\se hoZ Whe Werms µloss¶ and µdamage¶ are Xsed in Whe reporW 

in order to highlight knowledge gaps. The thesis focuses on irreversible climate change 

impacts, whether they are driven by slow onset events or extreme weather events, and 

whether the losses they bring about can be appraised in economic terms or not. Based on the 

literature review, the following research questions were developed in order to identify 

existing knowledge gaps: 

1. Which climatic stressors are loss and damage often associated with in the report? 

2. In what context are the Werms µloss¶ and µdamage¶ used with human and natural 

systems in the report? 

3. Is there a difference in the coverage of economic- and non-economic Loss and 

Damage in connection with the effect of climate change on systems in the report? 
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4. Taking Pacific Small Island Developing States as an example, what is the causal 

change between socio-economic and environmental drivers, pressures on the state 

of the environment, and climate change impacts resulting in loss and damage? 

5. What possible response can governments put in place to counter the climate change 

impacts that result in loss and damage? 

Through a comprehensive literature review, the main determinants of L&D were identified. 

A qualitative data analysis software was used to screen the contents of the report against 

these determinants. Further, text analytics software was used to the same end ± identify 

connections between topics, to gauge whether the choice of technique resulted in significant 

differences in the analysis. These methods allow for a systematic approach to uncover 

connections between topics that may not be readily apparent to the reader when using a 

traditional approach to reviewing scientific literature. Lastly, based on a review of literature 

by Daniel Puig (2019), I use the DPSIR Framework2 to explore environmental and socio-

economic cause-effect interactions which result in losses and damages in Small Island 

Developing States in the Pacific region. Further, I draw parallels between the Sustainable 

Development Goals (SDGs) and elements of the framework so as to emphasise the relevance 

of addressing L&D in order to achieve the targets set under the SDGs.  

The thesis provides input to the Strengthening International Cooperation on Climate Change 

Research (SINCERE project) 3. Specifically, it will benefit from, and contribute to, a task4 

in the project focused on L&D, which is led by the University of Natural Resources and Life 

Sciences, Vienna (BOKU), and to which the Danish Technical University, Copenhagen 

(DTU) is contributing. 

This thesis is structured in the following way: First, I set the context of L&D within current 

international climate change negotiations and highlight the relevance of 1.5°C of warming. 

 
2 The DPSIR framework is used in integrated environmental assessments. It provides a stylised representation 
of the causal links between Drivers (D) of environmental degradation, the resulting Pressures (P) on, and States 
(S) of, the environment, the associated Impacts (I) on biophysical and human systems, and the Responses (R) 
governments introduce to revert negative trends. 
3 SINCERE is a EC H2020 Coordination and Support Action (Grant agreement ID: 776609). Within the 
operation of SINCERE, your name, surname, institution and e-mail address may be shared with the partners 
of the SINCERE consortium and parties involved in SINCERE activities and used in reports that may be 
publically available. We will delete your data one year after completion of the SINCERE project. We will 
never actively share your data with any third parties that are not involved in SINCERE activities. At any time 
you can withdraw your consent to use your personal data or to receiving SINCERE e-mails by 
contacting Coordinator.Sincere@belspo.be. 
4 Identifying research gaps in the field of loss and damage is one of the multiple goals of the SINCERE project 
(http://www.jpi- climate.eu/sincere). 

mailto:Coordinator.Sincere@belspo.be
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The following section presents a summary of the IPCC SR1.5, highlighting key arguments 

made in the chapters of the report. Following which, I describe the methods utilised in this 

thesis, and discuss the merits and limitations of the same. Next, I provide a succinct review 

of relevant literature on L&D and its determinants based on which a coding scheme is 

designed. Further, I present the findings from the qualitative content analysis, and the text 

analytics, followed by the illustration on small-island states in the Pacific, which draws on 

the so-called DPSIR Framework in connection with the SDGs. The findings of the research 

are outlined in the discussion, noting how they reflect on the current status of L&D in 

international climate change negotiations and in academia. Lastly, the conclusion examines 

the relevance of the outcomes from this thesis and highlights existing research gaps. 
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2. Context and Relevance 
 
Climate change is regarded by some as a distant problem as a means to evade the need for 

immediate action. However, the Paris Agreement has brought climate change into 

perspective for the global community, framing it as a crisis of the utmost urgency (Section 

2.1). Due to the increase in anthropogenic greenhouse-gas emissions, the concentration of 

global-warming pollutants such as carbon dioxide in the atmosphere has led to an increase 

in surface temperature (IPCC, 2013). The complexity of the climate system makes it difficult 

Wo measXre Whe change of EarWh¶s WemperaWXre as iW depends on seYeral facWors sXch as climaWic 

feedback loops, radiative forcing, and energy storage within the climate system (IPCC, 

2013). 

Nearly half of the global greenhouse gas (GHG) emissions can be attributed to ten percent 

of Whe Zorld¶s popXlaWion, Zhich makes one qXesWion Whe global inWerpreWaWion of emissions 

as production-based accounting of CO2 emissions and the need to shift from merely focusing 

on emissions at production to consumption-based emissions (Afionis et al., 2017). The 

current state of affairs seems to tip the scales in favour of carbon-rich economies while the 

poorest bear the brunt of the burden, being the most vulnerable to climate change (Gore, 

2015). There is a radical need for decarbonization to shift from carbon-rich to zero carbon 

economies and further, the need for effective policies to reinforce commitments (King, 

2017). Since 2012, Whe UniWed NaWions EnYironmenW Program releases Whe µEmissions Gap 

ReporW¶ highlighWing Whe inefficiency of current policies in regulating GHG emissions 

(Olhoff and Christensen, 2018). The difference between the implementation of the 

conditional and unconditional INDCs is nearly 3 GtCO2e with the former resulting in the 

reduction of 6 GtCO2e compared to the current policy trajectory (ibid.). This amount of 

emission reductions falls woefully short of meeting the goals of the United Nations 

Framework Convention on Climate Change (UNFCCC).  

The Paris Agreement was effective in instigating and fuelling climate action, solutions, 

innovations, and most importantly, shining the spotlight on the severity of the problem we 

face. The impacts of climate change are multifaceted and intricate. For this reason, covering 

all impacts would be unfeasible in the context of a MSc thesis.  
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2.1. The Paris Agreement and the SDGs 

The Paris Agreement was signed by 195 countries during the twenty-first conference of the 

parties to the UNFCCC, held in Paris, France, in 2015 (COP21) (UNFCCC, 2015). 

Currently, it has been ratified by 173 countries. The agreement is a global two-headed target 

to keep the average global temperature below 2°C (relative to pre-industrial levels) and to 

put in additional effort to limit the increase to 1.5°C (UNFCCC, 2015). The agreement called 

for parties to the Convention ± through the so-called nationally determined contribution 

(NDC) ± Wo commiW Wo ³fair and ambiWioXs´ specific emission redXcWions b\ 2020 and Wo aim 

for ]ero neW greenhoXse gas emissions b\ 2050. Regardless of a coXnWr\¶s economic sWaWXs, 

such global agreement to curb carbon emissions is a seen as a key milestone in international 

climate-change negotiations. Further, the Sustainable Development Goals, a series of 17 

goals, were adopted by all UN Member States and serve as a blueprint to achieving 

sustainable development and growth by 2030. The goals include several targets and are 

interconnected, covering a range of topics such as health, gender equality, climate action and 

sustainable communities (United Nations, 2020). 

Bringing together actors on an unprecedented scale, the Paris Agreement is often referred to 

as a diplomatic success, one that is inclusive and transparent. Furthermore, the agreement 

institutionalised the role of non-state actors in the Convention (Bäckstrand et al., 2017). The 

so-called Non-State Actor Zone for Climate Action illustrates the wide range of non-state 

actors who have made more or less explicit commitments to support climate change 

mitigation and/or adaptation. 

The key differentiator of the Paris Agreement from other international agreements was the 

bottom-up approach the agreement embodied, a call to arms for states, irrespective of their 

historic responsibilities to take action against a collective problem (Falkner, 2016). The Paris 

Agreement is a symbolic victory, representing global cooperation, sending a strong message 

to climate change naysayers. Notwithstanding, the Paris Agreement failed to specify 

financial support which is a key element for developing countries for adopting their 

conditional INDCs (Falkner, 2016).  
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2.2. The Warsaw Implementation Mechanism and the UNFCCC 

The Paris Agreement refers to the necessity of addressing L&D (UNFCCC, 2015). The 

Warsaw Implementation Mechanism (WIM) was established by the UNFCCC at COP19 in 

Poland in 2013. The primary functions of the WIM are to enhance the understanding and 

knowledge of risk management approaches to L&D; strengthening cooperation amongst 

stakeholders; enhancing support and action in the form of technology, finance and capacity 

building (UNFCCC, 2014). While the WIM creates a space to allow for dialogue and 

research based on evidence as to how to tackle this challenge, the discussion has been 

plagued by disagreement between developed and developing states over the definition of 

L&D (Surminski and Lopez, 2015). During the COP25, the executive committee of the WIM 

was asked to explore ways in which developed countries could access Green Climate Funds 

financing for acWiYiWies consisWenW ZiWh Whe WIM¶s programme of Zork. The WIM was 

scheduled to go under review in the coming COP in 2020. However, due to the COVID-19 

pandemic, the COP has been postponed to 2021. 

As mentioned previously, the losses experienced while easily quantifiable in terms of Gross 

Domestic Product (GDP) and physical value, go beyond economics. The need for assessment 

of non- economic losses is essential to ensure that policies address the issue of L&D in its 

entirety (Warner et al., 2012).  

2.3. The Intergovernmental Panel on Climate Change (IPCC) 

Comprised of 195 member states, the IPCC is the United Nations body tasked to assess the 

available science related to climate change. It facilitates comprehensive reviews of the 

science available on climate change, through a transparent and open process, by publishing 

so-called assessment reports (IPCC, 2019). These assessment reports provide independent 

information on climate change, its causes and potential impacts along with possible 

measures, to give decision-makers a comprehensive overview, allowing them to understand 

the potential implications and costs of their decisions (ibid.). By assessing over thousands of 

scientific papers, scientists prepare the comprehensive assessment reports, which are 

updated in five-year cycles, the latest one being the Fifth Assessment Report (AR5), which 

was released in 2014 (the Sixth Assessment Report is set to be published in stages in 2021 

and 2022). These reports allow for the readers to identify where there is a consensus amongst 

the scientific community and the knowledge gaps that exist and require further research 

(ibid.).  
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2.4. The Fifth Assessment Report (AR5) 

The AR5 brings an interesting perspective to equity describing it as having three dimensions: 

fairness between generations (intergenerational), fairness between states (international) and 

fairness between individuals (national). Equity has been widely discussed in climate 

negotiations regarding how the costs and benefits of climate action should be distributed 

amongst states. Equity is especially relevant in the context of L&D, in that non-economic 

losses are often overlooked, because they are (from a financial point of view) small in 

developed countries. Yet, in developing countries, where most of the economy may be 

informal and insurance is underdeveloped, most losses attributable to climate change can be 

qualified as non-economic losses. 

The AR5 adopted four so-called representative concentration pathways (RCPs), each with a 

corresponding temperature range. The RCPs are trajectories of GHG concentrations in the 

atmosphere. They are consistent with the full range of plausible emission scenarios. Their 

advantage over previous scenario approaches lies in the emphasis on both the endpoint 

(concentrations in 2100) and the trajectory followed to reach that endpoint (the pathway). 

 

Figure 1: Graph depicting the Representative Concentration Pathways and corresponding 
temperatures (in °C) (Global Carbon Project, 2017) 

Figure 1 shows the graphical representation of the four RCPs. For example, RCP 8.5 

corresponds Wo a µbXsiness as XsXal¶ scenario (WhaW is, an aYerage increase in global 

temperatures of between 3.2 °C and 5.4 °C, compared to pre-industrial levels), while RCP 6 
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reflects on a scenario where there is low policy development with regards to limiting 

emissions. To meet the 2°C limiting target as stated in the Paris Agreement would require 

the shift of the current carbon dependent economy to a green economy as in RCP 4.5. 

Further, to reach RCP 2.6 which corresponds to a warming of 1.5°C would require the 

decoupling of the global economy from carbon, in other words (Global Carbon Project, 

2017).  

Apart from publishing Assessment Reports, the IPCC also publishes Methodology Reports 

and Special Reports (IPCC, 2019). The former provides a methodology guidance on a 

variety of issues. The latter are produced on an ad-hoc basis for a specific issue such as the 

Special Report on Global Warming of 1.5°C (SR1.5). Published in October 2018, the SR.15 

is the first report published after the signing of the Paris Agreement. The report allows the 

reader to compare the potential impacts between the two warming scenarios, 1.5°C versus 

2°C (i.e. RCP 2.6 and 4.5, respectively). 

2.5. 1.5°C versus 2°C 

Schleussner et al. (2016) provide a comprehensive assessment of the variations in climate 

change impacts at 1.5° and 2°C of warming. They assess impacts such as extreme weather 

events, agricultural yield, water availability, SLR and risk of coral reef loss (Schleussner et 

al., 2016). Their results reveal that the additional 0.5°C increase in global-mean temperature 

has severe implications for the interaction of society with their natural environment (ibid.). 

For example, the additional 0.5°C increase in global-mean temperature translates into the 

risk of the total loss of coral reefs by the turn of the century whereas, for a 1.5°C scenario, 

the risk is significantly lower (70%). They also find that agricultural yields projections vary 

significantly depending on type and region of the world, with regions in higher latitudes 

benefiting, and regions in lower latitudes facing reductions in yield. By comparing the 

potential impacts in both scenarios, Schleussner et al. (2016) bring attention to the 

importance of an additional 0.5°C increase in global-mean temperature along with the 

regional variation of impacts, risks, and vulnerabilities.  

The difference of 0.5°C of global warming is central to the debate on climate justice. It has 

been well established that the spatial and temporal dimension of the impacts of climate 

change plays a key role in charging the debate for climate justice and equity (Kreft et al., 

2013). While L&D will affect all countries, there is undeniable evidence that the impacts of 

climate change are concentrated in regions, often those vulnerable and unable to adapt to the 
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pace of climatic changes they witness, the need for addressing L&D is essential (van der 

Geest and Warner, 2019). The Global Climate Risk Index for 2015 reports that low-mid 

income countries rank amongst the highest on the risk index scale (Kreft et al., 2014). The 

temporal dimension comes about as the impacts of climate change not only affect our current 

environment but span time, affecting future generations and future environmental conditions 

to come (Kreft et al., 2013). Furthermore, this emphasises the need to address L&D with 

effective policies to ensure that communities that face impacts presently and will in the 

future are prepared to adapt to changes.  

Driven by GHG emissions, climate change will have manifold negative impacts. These 

impacts will determine the adaptability of communities (Kreft et al., 2013). Dependent on 

the ambitiousness of NDCs regarding the emission targets, the effectiveness of mitigation 

and adaptation efforts will determine the degree to which states will face losses and damages, 

present and future. It is important to note that rapid phase-out of CO2 emissions and 

reductions in emissions are integral to follow 1.5°C consistent pathways. In order to do so, 

broad transformations are essential across sectors (IPCC, 2018). These transformations will 

entail both mitigation and adaptation effort, some of which will be harder to implement in 

the Global South.  

It is important to understand the interplay between the impacts of climate change and the 

social vulnerability of a community and how it affects the ability of the community to adapt 

to these changes. This vulnerability arises for two reasons: first, the geographical location of 

certain communities makes them predisposed to varying climate impacts, second, the socio-

economic conditions of the regions can exacerbate the negative impacts (van der Geest and 

Warner, 2015). It is essential for policy development to be centred around the understanding 

of social vulnerability and its impact on social resilience to the changing climate as Warner 

et al. (2012) state the need for this basis to understand the implication of L&D on society. 

Adaptation and mitigation strategies have been widely discussed in several IPCC reports and 

scientific journals. Despite our efforts to curb emissions, it is evident that climate change is 

potentially one of the most challenging situations humankind is facing. The IPCC Report 

(2018) shows the drastic irreversible changes that the world would face even with the 

increase in temperature by 0.5 ࡈC. Is it possible that there are limits to adaptation? The 

emergence of L&D as the third pillar of action under the UNFCCC would address an 

understated yet very important facet of climate change. 
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3. The IPCC Special Report on Global Warming of 1.5°C 
The following section explores the chapters, their contents and arguments in the SR1.5 

(IPCC, 2018).  Increase in global temperatures, erratic weather patterns and extreme events, 

the IPCC SR1.5 stems from the two-pronged temperature goal on the Paris Agreement. The 

SR1.5 assessed the impacts of 1.5°C of warming in the context of poverty eradication and 

sustainable development. In addition, based on evidence, the report assessed the conditions 

that would enable society to achieve the 1.5°C target. Utilising peer-reviewed scientific 

literature as the key source of information along with grey literature, this report provides a 

wholesome overview into the variation of impacts and to what extent that will be seen 

between 1.5°C and 2°C of warming. This report emphasises the usage of information 

published after the IPCC AR5 in 2015 and updates key findings from the previous report 

(AR5) where necessary.  

Rising temperatures in combination with a finite adaptive capacity in relation to exposure to 

climate change multiply the risks associated with 1.5°C of warming and even more so at 2°C 

of warming. Pathways and scenarios allow scientists and decision-makers to explore various 

factors that enable certain conditions, potential impacts, cost and limitations associated with 

them. These pathways are dependent on the choices and actions taken now, which will 

determine the trajectory of global warming. In addition, they allow the stakeholder to 

comprehend the degree of societal transformation that will be required to ensure that targets 

within these pathways are met. This report utilises two main conceptual pathways, in one 

the global temperature stabilises at, or just below, 1.5°C. The other pathway knowns at the 

Overshoot pathway involves the global temperature temporarily exceed 1.5°C before 

returning to 1.5°C. Overshooting has severe implications for natural and human systems as 

some risks may be long-lasting and irreversible thus, the report emphasises on the need to 

limit the extent of the overshoot. The need to reduce GHG emissions is paramount and 

adaptation measures must be scaled up and in synchrony with other measures taken globally. 

Released in October 2018, the SR1.5 is the first and latest report published by the IPCC since 

the Paris Agreement (as of July 2019). Additionally, the SR1.5 is the first in a series of 

Special ReporWs Wo be prodXced in Whe IPCC¶s Si[Wh AssessmenW C\cle. The reporW¶s fXll 

name is Global Warming of 1.5°C, an IPCC special report on the impacts of global warming 

of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, 

in the context of strengthening the global response to the threat of climate change, 
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sustainable development, and efforts to eradicate poverty. Comprised of five chapters with 

additional Supplementary Material, a Summary for Policymakers, and a Technical 

Summary, the SR1.5 provides a wholesome overview into the recent scientific literature 

available on climate change, its potential impacts and measures.  

Figure 2: Schematic depicting the storyline of the SR1.5 (IPCC, 2018) 

3.1. Chapter 1 

Chapter 1 dives into how the target of 1.5°C is defined, what are the conditions that will 

enable us to achieve this target, what level of warming are we currently at and the associated 

trajectory of temperature. Further, this chapter explores the interplay of the 1.5°C target to 

the SDGs, equity, poverty eradication and ethics. With the purpose of framing the context, 

this chapter provides the reader with the necessary details to understand the implications that 

entail warming of 1.5°C above pre-industrial levels. This chapter espouses the need for 

synchrony in climate action, sustainable development and poverty eradication. 

The reporW defines Zarming aW a giYen poinW in Wime as Whe ³global aYerage of combined land 

surface air and sea surface temperature for a 30-year period centred on that time relative to 

1850-1900 (pre-indXsWrial leYel)´. The SR1.5 adopWs a Zorking definiWion of µ1.5�C relaWiYe 

to pre-indXsWrial leYels¶ WhaW ³corresponds Wo global aYerage combined land sXrface air and 

sea surface temperatures either 1.5°C warmer than the average of the 51-year period 1850±

1900, or 0.63°C warmer than the decade 2006±2015.´ 

Feasibility in the report is referred to as the ability of the system in its entirety to achieve a 
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specific target and the enabling conditions to limit warming to 1.5°C, which requires the 

assessment of various factors across various dimensions. The need to understand the 

synergies and trade-offs between mitigation, adaptation and sustainable development is 

widely covered in this report. In addition, the need to assess dimensions such as socio-

cultural, technological, geophysical, environmental, economic and political feasibility and 

its variability is increasingly important. This chapter explores the implications of a 1.5°C 

warmer world on society and acknowledges that the feasibility to meet this target is 

undetermined. 

3.2. Chapter 2 

Chapter 2 evaluates mitigation pathways that are linked with limiting warming to 1.5°C 

above pre-industrial levels. While the AR5 assessed mitigation pathways, this report 

emphasises on the integration of sustainable development and the need for societal 

transformation. The chapter further delves into the literature regarding the types of 

mitigation pathways that limit or facilitate the return to global mean warming to 1.5°C. 

Furthermore, the chapter investigates how these pathways will interact with transitions in 

various sectors such a sustainable development, energy generation and land use. This chapter 

gives priority to the technological, geophysical and economic factors of feasibility. 

3.3. Chapter 3 

By far the most relevant chapter in the SR1.5 when looking at L&D, Chapter 3 focuses on 

the observed and projected climatic changes, impacts and vulnerabilities that will manifest 

in a 1.5°C and 2°C warmer world on natural and human systems. The impacts are 

multifarious, interlinked and uneven in their spatial and temporal distribution. This chapter 

enables the reader to gain a better understanding of the impacts and their extent that can be 

avoided by limiting warming to 1.5°C. Moreover, it also espouses the principle that there 

are limits to adaptation of a system and society. In addition, this report updates the Reasons 

for Concern (RFC), which are major risk categories that were discussed in the AR5 based 

on new scientific evidence. 

3.4. Chapter 4 

It is increasingly clear that current NDCs regarding mitigation and adaptation are far from 

enough to stay below the temperature targets mentioned in the Paris Agreement. Although 

sectors such as energy, transportation and agriculture are undergoing transformation, to meet 
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the 1.5°C target, the pace and scale of change globally will need to be greater. Chapter 4 

assesses possible strategies and options to strengthen mitigation and adaptation which 

interact with sustainable development in the context of the Anthropocene. The need for these 

options to be far-reaching and cross-sectoral, moreover, interlinked with complimentary 

adaptation actions and sustainable development to meet the 1.5°C target. Some of the 

technological options assessed for their feasibility are carbon dioxide removal (CDR), and 

potential solar radiation modification (SRM). 

3.5. Chapter 5 

The focal point of Chapter 5 is sustainable development especially eradicating poverty and 

reducing inequality and the interlinkage of climate action in a 1.5°C warmer world. In doing 

so, elucidating the interdependence of limiting warming to 1.5°C as compared to 2°C, 

avoiding additional impacts and achieving many of the goals set in the SDGs. While 

focusing on the SDGs the chapter identifies challenges and opportunities for transformation 

in A 1.5°C warmer world. Synergies and trade-offs of options and strategies are explored in 

terms of their implementation and integration and various policy options and instruments, 

technology and global trends are assessed. 

Introduced in the AR5, this chapter explores the literature on Climate Resilient Development 

Pathways (CRDPs) with relevance to 1.5°C of warming. In doing so, this chapter aims to 

understand the potential transformations to reduce poverty and inequality through societal 

and system change. CRDPs are conceptual pathways that utilise adaptation and mitigation 

to reduce climate change and its impacts while strengthening sustainable development based 

on climate justice and equity. CRDPs allow for problem-solving at a local level through 

participative governance, inclusive decision making and transparency alongside technology 

and innovation while accounting for various needs, agency and rights in order to reduce 

trade-offs. An interesting aspect of the CRDPs is the inclusion of different starting points 

between and within countries which is important to take into account in climate negotiations. 

The AR5 pointed how climate change and its impacts made it harder to achieve sustainable 

development and that by harmonising efforts to limit global warming can support the goals 

such as food security, healthy societies and ecosystems and poverty alleviation. In order to 

meet the 1.5°C limiting target, adaptation and mitigation must be done at all scales and 

levels. The interaction of climate action and sustainable development targets can be positive 

and negative, the former known as synergies and the latter, trade-offs. 
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An example of synergy is the benefits the local community can potentially reap from a well-

managed coastal or agricultural project such as women empowerment. An example of a 

trade-off is the conversion of natural forests into plantations for bioenergy production.  

3.6. Conclusion 

The influence of human activity has been a key agent in shifting the world from the relatively 

stable Holocene period to an era termed as the Anthropocene. The overarching context of 

this report is that in order to respond to climate change in the Anthropocene there is a need 

for unprecedented global effort. By limiting global warming to 1.5°C through societal and 

system transformation would make it easier to eradicate poverty, reduce inequalities and 

achieve other aspects of sustainable development. 
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4. Literature Review 

In this literature review, I aim to provide a synthesis of knowledge available on L&D and 

describe my working definition of the term. I organise the review according to the themes 

identified in a review article by McNamara and Jackson (2019). This review, which has been 

published in a high impact-factor journal, covers over 122 academic publications on L&D, 

starting from 2010. It touches upon all the issues discussed in a recent book (Mechler et al., 

2019) aimed to provide an overview of L&D.  

With the aid of these literature sources, I map out the evolution of the term from the point of 

view of its definition and scope. Further to this, I analyse the literature, to identify 

deWerminanWs of L&D WhaW I can Xse in Whe qXaliWaWiYe anal\sis of Whe IPCC¶s SR1.5. In doing 

so, I discuss emerging themes and knowledge gaps. This literature review serves as a 

foundation for the creation of the coding scheme and decisions made during the qualitative 

content analysis of the SR1.5 and are presented in the following section (Figure 8 and 9). 

4.1. Evolution of the term 

Faced with the prospective of being held liable to compensate for the losses and damages 

developing states face presently and will face in the future, developed states have resisted 

against the inclusion of L&D in global climate change negotiations (Taub et al., 2016). L&D 

is a term that has been widely contested in terms of the frames used to define it. As a result, 

the term is yet to be officially defined, even though it entered international climate change 

negotiations as early as in 1991, when the Alliance of Small Island States raised it in the 

context of a potential fund to compensate low-lying nations from sea-level rise. 

In 2007, the Bali Action Plan (Decision 1/CP.13) invited states to put forward strategies to 

combat L&D and only in 2012, at COP18 in Doha, did the issue have a firm place in the 

UNFCCC negotiations (Warner, 2012). With the establishment of the Warsaw International 

Mechanism (WIM) for Loss and Damage Associated with Climate Change Impacts 

(UNFCCC, 2014), under the Cancun Adaptation Framework (Decision 1/CP.16, paragraph 

26), and especially with the inclusion of Article 8 (on L&D) in the Paris Agreement, the 

term has gained increasing attention in the climate change policy arena (Boyd et al., 2017). 

While the Paris Agreement mentions the importance of addressing L&D, the language used 

is non-binding and vague at best (UNFCCC, 2015; Taub et al., 2016).   
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Initially, it was framed as an issue of compensation and climate injustice (Vanhala and 

Hestbaek, 2016). Developed countries have actively avoided framing L&D with a liability 

lens and have advocated for a risk and insurance frame. This avoids the thorny issue of 

compensation, while allowing certain climatic events and their consequences to remain 

unaddressed. This was clearly apparent at COP16 in Cancun, which led to the liability and 

compensation aspects of L&D policies to be set aside in order for developed countries to 

accept the inclusion of L&D in the decision eventually adopted (ibid). In a recent paper, 

Elisa Calliari (2018) explores the power dynamics within the UNFCCC and finds that 

despite the adoption of Article 8 and the WIM, there is no measurable progress towards the 

conceptualisation of L&D. Further, the paper describes the negotiating strategies of the 

opposing parties and simultaneously reflects upon the lack of connectivity of L&D with 

other heated issues under the UNFCCC, such as historical responsibility and differentiation 

of responsibilities. Calliari (2018) highlights the importance to join the dots between L&D 

and relevant issues to bring about systemic change.  

Wrathall et al. (2015) provide an overview of operational problems associated with L&D 

and how these problems could affect the effectiveness of the WIM. Valuation, assessment 

and compensation of loss are a few of the problems and will be discussed in Section 4.6. 

The UNFCCC negotiations and discussions leave much to be desired as there is yet to be an 

official definition of the term and aspects such as which impacts are covered, what policies 

and interventions must be employed, who is covered to what extent, and who is to pay for 

these policies remain unclear at best (Page and Heyward, 2017). Arguably, then, the framing 

of L&D questions the values, judgment, political choices and notions of justice of all 

stakeholders involved.  

4.2. Definition of the term  

Parties to the UNFCCC have not agreed on a definition of L&D, which means that there is 

no ³official´ definiWion of Whe Werms. NoneWheless, in an informaWion noWe, Whe UNFCCC does 

provide a definition: the present and future climate-related impacts and risks that arise owing 

to slow-onset and sudden-onset extreme events (UNFCCC 2012, 2015). This initial 

definition was focused on the potential and actual impacts faced by the Global South 

(McNamara and Jackson, 2019). While the definition takes into account major impacts of 

climate change, acknowledging the overstepping of thresholds for adaptation, the loose 

definition of the term allows for its interpretation in several ways, allowing several factors 
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to go unaccounted for (Page and Heyward, 2017; Wrathall et al., 2015).  It is worth noting 

that negotiations within the UNFCCC have mainly been focused around mitigation and 

adaptation and the recognition of the concept of L&D has only arisen recently (Page and 

Heyward, 2017). The distinction of L&D from adaptation arises from the varying emphasis 

on the role of climate change, finance and justice and whether this mechanism is for the 

prevention or the compensation of L&D (Vulturius and Davis, 2016).   

Fekete and Sakdapolrak (2014) provide an interesting perspective on L&D, regarding it as 

an indicator of social vulnerability. In doing so, they showcase the impacts of climate change 

in a concrete form. Page and Heyward (2017) provide another dimension to the definition of 

L&D, sWaWing WhaW loss and damage are µseparaWe paWhZa\s of disrXpWion¶. The difference 

arises Zhen a µdamage¶ occXrs, iW impairs Whe fXncWioning of Whe good or serYice. Page and 

He\Zard (2017) sWress WhaW iW is based on Whe prioriWisaWion of µEnds¶ oYer µMeans¶, ZiWh 

µmeans¶ enabling Whe agenW Wo reach an µend¶5. Understand the social vulnerability dimension 

of the concept is essential, as it influences the scope and design of climate change policies 

(Goodin, 1991). 

McShane (2017) provides an interesting perspective to defining L&D by connecting it to a 

broader range of understanding of impacts. In her paper, she states there are two possible 

interpretations of losses and damages, one being connected to the concept of value and the 

other, to the concept of harm. The overlap between the concepts of harm and value have led 

to these concepts being viewed as interchangeable. McShane (2017) provides an example 

where the loss of biodiversity may not harm anyone but due to its intrinsic value would lead 

to its inclusion as L&D in the WIM. Through this example, McShane (2017) makes a case 

for a broader, rather than a narrower definition. Far from being arcane academic discussions, 

these specifics matter, as they will determine which topics will be included under the WIM 

framework (Shockley and Hourdequin, 2017).  

Drawing on my review of the literature, I use the following working definition of the term 

L&D: the impacts of climate change and related stressors which cannot be mitigated or 

avoided owing to the threshold limits of a system (society) and the slow pace and 

ineffectiveness of policy development in mitigation and adaptation efforts. This definition 

 
5 For example: if an agent were to pursue their education (end) but owing to an extreme event, public 
transportation and roads were rendered inaccessible (means), it would be considered damage as despite the 
reversibility of the situation contingent on political, institutional and financial factors, the availability of 
education to the agent is impaired for a certain duration of time. 
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has been adapted from the working definitions of van der Geest and Warner (2019) and 

Vulturius and Davis (2016).  

I utilise these two definitions because, together (but not individually), they cover the 

different aspects of L&D identified through my review of the literature. van der Geest and 

Warner (2019) define L&D with respect to the principle that systems have a finite capacity 

of adaptation, which implies that despite mitigation and adaptation efforts, there are certain 

impacts that cannot be avoided6. In contrast, Vulturius and Davis (2016) define L&D as the 

impacts that arise due to ineffective institutions and slow-paced, unambitious policies. 

Together, these definitions capture key determinants of L&D. 

4.3. Typologies of perspectives on L&D 

Through a set of stakeholder interviews, Boyd et al. (2017) uncover four key typologies of 

perspectives on L&D. These provide an interesting insight into how different perceptions of 

the issue change the way stakeholders interact with L&D, while illustrating the solutions or 

drawbacks associated with each of these perspectives. This typology provides a broad 

overview of the different narratives within the topic of L&D. McNamara and Jackson (2019) 

utilise this typology in order to identify themes that are repeatedly visited in the literature on 

L&D. 

From an Adaptation-Mitigation perspective, L&D is viewed to be politically motivated and 

the need to differentiate L&D from adaptation is deemed unnecessary Furthermore, under 

this view, additional financing is thought to be unnecessary. 

The µRisk ManagemenW¶ perspecWiYe is based on disaster-risk reduction approaches to public 

policy, and its integration with climate-change risk reduction. The proponents of this view 

emphasise the need for insurance schemes and private sector financing to help states cope 

with L&D (Boyd et al., 2017)7.  

 
6 The finite nature of the ability to adapt is not bound by scale, it is equally applicable to individuals as to 
countries. It is essential to identify the limits to adaptation before reaching the threshold of adaptive capacity, 
which would lead to severe negative impacts on human welfare, in terms of extreme losses and the need for 
transformational change (Dow et al., 2013).  
7 A risk-based approach focuses on the actor to define social adaptation limits that pertain to their values and 
an understanding of their notions of risk and vulnerability. Under this view, contextualising the risk versus 
generalised consequences is more likely to spur the actor into action. 
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The Limits to Adaptation perspective focused on what is beyond adaptation, the vulnerability 

of communities, the need for increased research to identify adaptation limits and contingency 

plans for these communities (Boyd et al., 2017)8.  Limits to adaptation are not solely dictated 

by exogenous factors such as the economy, ecology, and physical and technological 

thresholds, but also by endogenous factors such as values, ethics, knowledge, and the culture 

of a community. Due to the vary diverse ways in which, especially, endogenous factors are 

perceived across regions, the proponents of this perspective suggest that attention to local 

specificities is key to managing L&D. Understanding the social factors that limit the capacity 

of a community to adapt, stress on the dynamic and subjective nature of the concept (Adger 

et al., 2009)9.  

Finally, the Existential perspective addresses the inevitable harm that vulnerable 

communities are to face, and focuses on mitigation and compensation (Boyd et al., 2017). 

This perspective emphasises on irreversible loss and non-economic losses that will arise due 

to the unavoidable transformations of certain communities due to climate change. 

Interestingly, the sense of urgency to provide options to communities most vulnerable is 

central to this perspective10.  

At the end of the categorisation of literature on L&D, McNamara and Jackson (2019) found 

that nearly half (45.1%) of the publications analysed fit under the Limits to Adaptation 

category, considering L&D to be beyond the adaptive capacity of vulnerable communities. 

However, they state that further analysis is essential to gain a better understanding of the 

nuances of the conceptualisation that the literature holds, as the publications that they 

analyse do not perfectly align with the typology provided by Boyd et al. (2017). 

4.4. Nature of L&D 

The following section explores the interplay between adaptation limits and L&D in order to 

acquire a better understanding of where the concept arises from. Additionally, this section 

covers four pathways that result in L&D along with relevant case studies. The scientific 

 
8 Defining adaptation limits involves understanding the social, institutional and cultural linkages, which in 
turn, shape decisions (Dow et al., 2013). 
9 Understanding the diversity in values, perceptions of risk and vulnerability to climate change impacts are the 
hallmarks of an adaptable society. The inclusion of ethics concerning the treatment and engagement of 
vulnerable communities is an integral part of the decision-making process for climate change policy 
development (Adger et al., 2009).  
10 However,  when framed as a climatic compensatory approach, L&D detracts attention from the perpetrators 
and the object of the event, as it aims at restoring conditions prior to the climatic event for the victims and not 
on preventing or eliminating the vulnerability in the first place (Page and Heyward, 2017).  
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literature highlights that L&D can be characterised by four traits: the attribution of the 

impacts of climate change to human activity, the unavoidable nature of the impacts, the 

irreversible nature of the harm that may prevail, and the intolerable nature of that harm 

(Vulturius and Davis, 2016).  

Kreft et al., (2013) and Lusk (2017) define climatic losses as negative impacts that are 

permanent, irreversible, and where restoration is impossible; they define climatic damages 

as negative impacts that are reversible and repairable. According to Dow et al. (2013), 

tolerable risks are those where additional efforts are essential to reduce the risk but are 

associated with benefits. Conversely, intolerable risks are those that put unacceptable 

pressure on a socially negotiated norm, despite adaptation measures, for example, loss of 

livelihood and access to clean drinking water (see Figure 3). 

 

There is broad agreement that losses and damages come about due to three reasons. First, 

despite mitigation and adaptation initiatives that have been and are currently being 

undertaken, certain impacts of climate change are occurring and lead to losses and damages 

(Warner eW., 2012). Second, Whe IPCC (2014) reporW WhaW dXe Wo Whe µlocking in¶ of oXr 

climatic system and slow onset events such as SLR, future losses are inevitable regardless 

of increased mitigation action (Steffen et al., 2011). Third, Dow et al., (2013) mention that 

owing to social, institutional and political constraints of states, especially developing states, 

a certain proportion of impacts cannot be avoided. 

Figure 3: Acceptable, tolerable and intolerable risks in relation to adaptation limits.  
Drawn by Yuka Estrada, IPCC. (Dow et al., 2013) 
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In their analysis of the literature on L&D, McNamara and Jackson (2019) found that a great 

number of publications (45%) referred to L&D as both, occurring and a future condition. 

Only a small proportion of publications (5.7%) solely focused on potential L&D using 

various methods to quantify future L&D and gain a clearer understanding of future impacts. 

They categorise publications in their review based on their framing of L&D as, actual (based 

on empirical data, past and current policies), potentially occurring or both. A majority of the 

publications considered L&D as on-ground impacts that have occurred (actual). As 

identified by Warner and van der Geest (2013) there are four main L&D pathways:  

1. Inadequate coping and adaptation mechanisms 

2. Measures have non-economic costs that cannot be recovered 

3. Measures have negative effects in the long run 

4. No possible measures have been adopted or are possible (hard limits of systems) 

On-the-ground impacts have been identified across regions11 and often have disproportionate 

effects on vulnerable communities. Following the third pathway of L&D (refer Warner and 

van der Geest, 2013), Beckman & Nguyen (2016) find that policies in Vietnam reinforce 

practices such as segregating agricultural land from protected forests, which increases the 

vulnerability of communities to climatic risks and hazards. They use qualitative interviews 

with local government officials and villages to gain a better understanding of their 

perspectives regarding L&D, ideas for reducing risk and potential policy reforms. They find 

that villagers support arguments for increased adaptation and risk reduction measures in the 

form of improved irrigation and improved land-use practices through integration. However, 

supporting the first pathway of L&D (refer Warner and van der Geest, 2013) Kusters and 

Wangdi (2013) find that, despite adaptive action, shortage of water plagues communities in 

the Punakha district, Bhutan. Similarly, Bauer (2013) examines household vulnerability to 

flooding and the measures taken in Udayapur district, Nepal. Through a survey of 300 

households and focus group discussions, he finds that despite the numerous practices 

undertaken to decrease the vulnerability and risk, these measures are often unable to avoid 

or reduce L&D. 

 
11 Warner and van der Geest (2013) conducted an evidence-based study on L&D in nine least developed and 
vulnerable countries (Bangladesh, Bhutan, Burkina Faso, Ethiopia, the Gambia, Kenya, Micronesia, 
Mozambique, and Nepal) presenting present case studies of communities adjusting to the negative impacts of 
climatic stressors. Through household surveys (n= 3,269) and focus group discussions, they describe L&D 
from the perspective of those most affected and report that communities face a significant amount of L&D 
brought about by extreme weather events and slow-onset climate hazards (Warner and van der Geest, 2013). 
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Traore and Owiyo (2013) report that communities in Burkina Faso have experienced severe 

effects on crops (96%) and livestock (87%) further to severe droughts in 2004 and 2010. The 

from the decreased availability of water reduced crop production and yield which in turn 

affected the availability of food for people and feed for livestock. Moreover, earlier practices 

of transhumance are no longer a viable option, owing to the lack of adequate pastures, 

amongst other factors. They find that the cascading impacts of extreme droughts often tend 

to limit the adaptive capacity of communities to future droughts (Traore and Owiyo, 2013).  

Through conjoint experiments in donor countries, Gampfer et al. (2014) explore what forms 

of institutions are likely to gain more public support regarding climate funding. They find 

that funding choices made in unison with donor and recipient countries receive more support. 

Additionally, funding in terms of compensation without contribution to the global mitigation 

and adaptation ambition is more unlikely to gain support. Their results shed light on the 

perceptions of the public regarding climate funding from developed states, thus informing 

future policy decisions such as a liability mechanism for L&D. However, Gsottbauer et al. 

(2018) suggest a liability mechanism as opposed to compensation claims, as another way to 

address L&D and increase policy ambition. In their paper, Gsottbauer et al. (2018) find that 

a liability mechanism encourages and enhances cooperation between parties and 

subsequently could lead to the minimization of the occurrence of L&D. In both, Gampfer et 

al. (2014) and Gsottbauer et al. (2018), the current impacts of climate change are considered 

but L&D is considered to be a potential issue in the future. The section above dives into the 

nature of L&D, where losses and damages arise from and their interaction with acceptable, 

tolerable and intolerable risks. By doing so, this section forms a basis to understand the 

pathways that result in L&D.  

4.5. Economic- and Non-Economic L&D 

Losses and Damages can be economic or non-economic in nature (Schäfer and Kreft, 2014). 

In turn, economic and non-economic L&D can be further distinguished as tangible and 

nontangible L&D. Loss of ecosystems, biodiversity, culture, indigenous knowledge, life, 

homeland, and heritage are examples of non-economic losses, while assets traded in markets 

such as loss of property, resources, services, and infrastructure are economic losses (ibid). 

Figure 4 depicts, as examples, a range of slow onset and extreme events along with economic 

and non-economic losses that may result from L&D (UNFCCC, 2018; based on UNFCCC, 

2012).  
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Unsurprisingly, L&D has received the attention of the insurance industry, especially with 

regard to economic losses. In its annual report from 2018, Munich Re, a reinsurance 

company, mentions that climaWe change poses ³one of Whe greaWesW long-term risks of change 

for Whe insXrance indXsWr\´. The reporW acknoZledges Whe linkage beWZeen climaWe change 

and the increase in extreme weather events in the long term, stating that the increase in 

demand for primary insurance and reinsurance products will be inevitable. For example, in 

July 2013, the costliest thunderstorm event since 1980 in Germany cost the country a loss of 

¼4.6 billion, of Zhich onl\ ¼3.5 billion was insured (Faust and Rauch, 2019). Similarly, the 

Food and Agriculture Organisation of the United Nations reports that the Caribbean region 

has faced direct and indirect losses adding up to more than US$ 3 billion arising from 

weather and climate events between 1970 and 2000 (FAO, 2016). 

McNamara and Jackson (2019) find that publications prioritize economic losses, however, 

they acknowledge non-economic losses as well (60% of publications). Non-economic losses 

(NELs) are not only difficult to quantify but have impacts that go beyond what most research 

publications analyse. Based on Serdeczny et al. (2018), Figure 5 provides a breakdown and 

overview of losses based on the type of loss and event (Daniel Puig, unpublished, 

pers.comm.) 

 

 

 

 

Figure 4: An overview of the impacts of climate change in the context of Loss and Damage 
(UNFCCC, 2018) 
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Figure 5: Categorisation of L&D by type of loss and event  

(modified after Daniel Puig, unpublished, pers.comm.) 

Further, Serdeczny et al. (2018) present a conceptual framework (Figure 6) to categorise 

non-economic L&D (NELD), distinguishing between physical attributes of items along with 

the distinction between intrinsic and instrumental values. 

Figure 6: Conceptual framework categorising NELD (Serdeczny et al. 2018) 
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Serdeczny et al. (2018) provide a review of NELs in climate change literature and explore 

how the science-policy interface of the UNFCCC allow for increased engagement and 

participation, in order to develop approaches and responses to tackle NELs ex-ante and ex-

post. They stress the need for integration of knowledge and insights regarding NELs and 

their indicators with decision making and policy development, in order to effectively address 

NELs. 

Preston (2017), through his analysis of the UNFCCC (2013) working paper on NELs, finds 

WhaW Whe Zorking paper reframed NELs Wo fiW Xnder Whe oYerarching concepW of µWoWal 

economic YalXe¶. The Zorking paper e[plores NELs in Whree differenW domains; priYaWe 

individual, society, and the environment (UNFCCC, 2013). Then categorises them as; 

cultural capital, social capital, and natural capital, which essentially quantifies losses that 

have occurred in order to simply provide compensations (UNFCCC, 2013). The working 

paper goes on to identify common frameworks, based on which perceptions and judgments 

are made; welfare, well-being, and ethical frameworks. Preston (2017) identifies several 

shortcomings regarding this conceptualisation of NELs. For example, the valuation of an 

ecosystem solely based on its economic potential. Additionally, Preston (2017) emphasises 

on the inherent difficulty associated with the quantification of NELs and cautions against 

the adjustment of NELs into an economically quantifiable framework. As mentioned in 

Serdeczny et al. (2018), he reasons that the need for comprehensive conceptualisation of 

NELs is not to attach a price-tag to loss, but rather to prevent the loss from occurring in the 

first place. Moreover, he urges for the development of a more insightful and ethical 

framework regarding NELs, to avoid the oversimplification of the issues faced by vulnerable 

communities (Preston, 2017). In light of this, it can be said that the prioritisation of economic 

losses in the UNFCCC could prove to be problematic for the development of approaches to 

address NELs. 

In addition to the normative studies referred to above, a number of authors have conducted 

case studies aimed to identify and characterise NELs. In their pioneering study, Warner and 

van der Geest (2013) identify a number of NELs arising from climate change impacts in 

least-developed countries. Chiba et al. (2017) find that disaster policy in Japan and 

Bangladesh tend to overlook NELs which, as a result, remain unaddressed.  Chiba et al. 

(2018) take a closer view into NELs in Bangladesh and highlight ways to strengthen disaster-

risk reduction plans, with a view to reflecting NELs. In a similar vein, and focusing on 

climate change-induced displacement, Thomas and Benjamin (2018b) find that national 
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policies overlook NELs. Finally, Huggel et al. (2019) conduct a review of the literature on 

L&D in the mountain cryosphere and find that most such L&D relate to NELs. 

Tschakert et al. (2017) provide an interesting perspective on the losses that people face due 

to climate change. They find that, often, loss is referred to as tangible, an experience people 

have lived. They argue that, in doing so, existing methods of valuation do not reflect on what 

people truly value. Addressing the need for inclusion of values in climate policy and science, 

they provide insights into the trade-offs that people make between different value priorities 

and how they may shift over time. Furthermore, they emphasise the need for value- and 

place-based decision-making process to improve the assessment of potential losses. 

Tschakert et al. (2017) state that value-centric policies will require a shift in research 

agendas, starting from the perspective of those who are affected, their decision and actions. 

By doing so, this would allow for a focus of efforts and resources to what is in fact valued 

by people. It would also make it possible to come to terms with the reality that not all things 

we value will be preserved. 

The literature on policies to address NELs is scant. The reasons for this are two-fold. First, 

the understanding of the concept is evolving, as highlighted by Preston (2017). Second, the 

assessment of NELs is at its infancy, as evidenced by the (limited) number and the 

conclusions of the case studies available. While some authors view NELs through a disaster 

risk-reduction perspective and resort to insurance as a response to NELs, others claim that a 

broader and fundamentally different approach is required ± one that takes into account the 

intangible issues highlighted by Tschakert et al. (2017) among others. 

In comparison to valuing the loss of agricultural yields or property, it is much harder to 

ascertain the value of natural and cultural resources and even more so, to value aspects of 

affecWed indiYidXal¶s liYes. OfWen, climaWe insXrance is WhoXghW Wo be Whe Za\ forZard, 

however, insurance does not cover nontangible assets. Theoretically, compensation seems 

to be the key go-to option when it comes to making reparation to those who have been 

adversely affected. However, there is no price tag attached to the loss of livelihood of an 

indiYidXal as iW¶s more Whan a mere change in form of liYelihood, iW¶s Whe loss of fXndamenWal 

identity, of a way of life. While in economic theory it might seem straightforward, the reality 

proves to be rather traumatic (Wrathall et al., 2015). 

For example, Jurt et al. (2015) explore the cultural value of glaciers in both, the Global North 

and Global South. They provide an interesting range of perspectives on the impacts of 
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receding glaciers on livelihoods and the sense of being home, further going on to define the 

limits to adaptation they observed. Can a monetary metric be placed on lives, livelihood, 

sense of belonging and culture? Wrathall et al. (2015) argue that compensation simply 

placates the guilt of the offenders by converting loss into a price and in turn, absolves the 

offenders of further responsibility. 

With the extent of L&D that is currently occurring and will occur in the future, Adger et al. 

(2009) question policy mechanisms that are currently in place. The choices we make cannot 

be solely based on scientific knowledge but must also take into account social values. L&D 

poses a great risk to human diversity and its loss could result in the loss of fundamental 

identities of vulnerable communities across the world. 

4.6. Attribution of impacts of climate change 

It goes beyond doubt that anthropogenic activity has been a driver and lead to an increase in 

frequency and intensity of extreme weather events over the past years (Trenberth et al., 

2015). The IPCC (2012) acknowledges the challenge that attribution of single extreme 

events poses, especially as impacts occur suddenly and effects are seen at local scales.  

The uncertainties inherent to global warming make it difficult to attribute extreme weather 

events to anthropogenic climate change. In turn, this hampers assessments of the extent of 

L&D in the future (Wrathall et al., 2015). In itself, compensation in the case of attribution 

places a majority of the burden on the claimants, in this case, the developing states to make 

a case for their claims creating additional hurdles for developing states to jump over 

(Verheyen, 2015). 

Attribution science plays a key role in characterising L&D, but it must take into account 

climate variability and social vulnerability. When looking at the irreversible nature of the 

harm caused, one must take into account the social, non-economic losses which often can 

lead to an undervaluation of the vulnerability of communities (Tuana, 2017).  

Hulme (2014) presents four main types of evidence for weather attribution. Two of these 

(physical reasoning and a philosophical approach) provide an interesting insight into 

attribution. The former is based on identifying patterns of weather events and whether or not 

they are consistent with trends. Whereas, the latter is based on the realisation that climate 

change is a scientifically proven reality and has effects on the climate, thus avoiding the need 

for establishing attribution on a case-by-case basis. Aside from statistical analysis and 
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climate modeling, these are the two key approaches used in most empirical case studies. 

Hulme (2014) additionally suggests that Probabilistic Event Attribution (PEA) will play a 

key role in attributing single extreme weather events to climate change, even if only partially. 

PEA has been steadily progressing over the years, however, McNamara and Jackson (2019) 

find that amongst the scientific publications reviewed, there are different opinions regarding 

the utility of PEA with regards to L&D. Thompson and Otto (2015) advocate for the 

mainstreaming of PEA to inform policy mechanisms, so as to distinguish between those that 

face L&D from climate change as compared to those who suffer harm from natural hazards. 

Warner and van der Geest (2013) note that, at the local level, one of the key limitations of 

case studies on L&D is the difficulty in attributing extreme weather events and local change 

to climate change. 

While there is a significant amount of support for the relevance of PEA to L&D, there are 

certain drawbacks of PEA. Lusk (2017) points out that PEA does not include societal factors 

but is solely based on meteorological risk, therefore, it is unlikely to shed any light on 

potential compensation claims. Furthermore, Lusk traces the evolution of discussions 

regarding PEA, identifying that the main motivation of PEA is to help society cope with the 

impacts of climate change, not to develop a clearer understanding of extreme events and 

their causality. While he acknowledges the role of PEA in event attribution, he states that 

there are other avenues available to address L&D that would be better suited, as the 

information from PEA may not be enough in the context of climate justice. 
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5. Methods 
The research approach of this thesis was grounded in qualitative methods of analysis. The 

following section describes the research design, methods used, and potential limitations of 

the methods used. The thesis was conducted in the following stages: 

 

Figure 7: Workflow of the MasWer¶s Thesis 

Identification of the research gap and draft the research question

Literature Search and Review

Re-evaluation of the research gap and the 
research question

Identification of elements and dimensions relevant to Loss & Damage to 
create a coding scheme

Using NVivo and coding scheme: conduct a qualitative content analysis on the 
SR1.5 by IPCC

Identification of connections and formulate findings relevant to the coded 
categories

Identification of key words and pairings

Using R, conduct word mining and analytics to generate evidence based meta 
database

Cross-examination and formulation of key findings from the qualitative 
content analysis and text analytics

Examine cause-effect relationships in Pacific SIDS through the DPSIR 
Framework in connection with the SDGs

Presentation of key findings and conclusion
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Data is often thought to be only in numerical form making quantitative research a distinctive 

research strategy according to Bryman (2012) and the qualitative research is seen as a 

contrasting research method solely based on the usage of words as compared to numbers 

(Creswell, 2009).   

Qualitative analysis allows for eclectic methods of research, where data is more than 

numbers but can be text, videos, audio, and images. Qualitative content analysis (QCA) is 

one of the many methods employed in qualitative research. Hsieh and Shannon (2005) define 

QCA as a method of research through which data in the form of text is subjectively 

interpreted through the identification of patterns and subsequent coding. In doing so, the 

researcher is able to design, and re-design theories based on the interpretation of the data 

generated. The need for reflection before and during the research process is essential in order 

to provide context and a deeper understanding of the work to the reader. This is in order to 

present a comprehensive overview of the decision of the researcher and the resulting 

findings, so as to counter the negative connotation regarding the innate subjectivity and bias 

of this method of research which is unavoidable (Creswell, 2009). 

Starting from the book µLoss and damage from climaWe change: ConcepWs, meWhods and 

polic\ opWions¶ b\ Mechler eW al. (2018) and an adYanced reYieZ paper b\ McNamara and 

Jackson (2019), a thorough and extensive literature review was conducted on L&D. Based 

on Wee and Banister (2016), and Webster and Watson, 2002, I identified relevant literature 

and structured the content of the literature review to provide empirical insights, investigate 

theories behind the definitions of L&D, and gaps in the literature to provide a wholesome 

view of the topic. Furthermore, the literature review highlighted the determinants of L&D 

WhaW I laWer Xsed Wo µcode¶ and µcaWegorise¶ Whe IPCC SR1.5. Saldaña (2015) describes a code 

in qualitative research as a word or phrase that summarises the essence of a section of data, 

language or visual-based. Categorisation is the organisation and grouping of similar codes 

which can often highlight patterns and trends. The Coding Manual for Qualitative 

Researchers (Saldaña, 2015) provided key insights and guidelines as to the methodology of 

coding and categorising vast amounts of text, which allowed for the exploration of multiple 

interlinking themes in the SR1.5. 

5.1. Qualitative Content Analysis 
 
NVivo 12 for MAC by QSR International, a QCA software, was used to analyse the five 

IPCC SR1.5 chapters plus the Summary for Policy Makers, and the Technical Summary. 
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The report includes over 6000 scientific references and the QCA covers scientific studies 

conducted across the globe at different scales. A main emphasis is placed on peer-reviewed 

literature published since the release of the AR5 (2015) till the 15th of May 2018 and draws 

mainly on papers published in the past 30 years. The usage of NVivo made coding less time-

consuming and laborious and allowed me to seamlessly sort, organise and search through 

the report. The software was used to conduct a content analysis by coding passages and 

sections under the categories identified through the review of the literature. The categories 

coded are as follows (Figure 8): 

1. Slow Onset Events 

2. Sudden Onset Extreme Events 

3. Economic Losses 

4. Non-Economic Losses 

5. Geographical Disaggregation of Impacts 

6. Types of impacts 

7. Types of stressors 

8. 1.5°C vs 2°C of warming 

 

Figure 8: Codes and Categories used for the qualitative content analysis with NVivo 12 
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Furthermore, based on the content analysis of the SR1.5, several subcategories were coded 

Xnder µnodes¶ (NViYo Werminolog\ for codes). The sXbcaWegories Zill be presented in the 

Results section. The following flow chart (Figure 9) illustrates a broad representation of the 

decisions I made regarding the inclusion of certain sections as relevant to L&D and its 

elements. This is done in order to allow for increased transparency in the thesis and the 

methods used.  

5.2. Text Analytics with R 
The aim of this task is to explore the connections and networks within the report using 

software to reduce the bias I might have inadvertently introduced into the qualitative content 

analysis. For this task, I used R, an open-source statistical computing software to analyse the 

co-occurrence and correlation of terms relevant to impacts in the same paragraph with loss 

and damage, and further with 1.5°C and 2°C. Based on the key findings gleaned from the 

Figure 9: Decision Tree for the inclusion or exclusion of sections 
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content analysis using NVivo 12 for MAC, words of interests relevant to impacts were 

selected including their stemmed words such as; loss, losses, lost, losing. The words with 

the same root/stem were clustered but were screened prior to ensure that the meaning and 

intent of the word was similar, for example: developed and developing stem from the same 

word develop but carry different meanings (see Appendix A, Table A.1). 

First, the PDF document was converted into a Comma-separated file (.CSV) where each cell 

contained a paragraph. The analysis of the file was carried out using the texting mining 

package in R (³Wm´). Ne[W, basic sWop Zords (sXch as and, Whe, for, bXW), pXncWXaWions and 

numbers were removed to ensure the accuracy of the software when processing both queries. 

In total, 15340 unique stem-words were detected in 7843 paragraphs by the software. 

Further, certain categorisations were made in order to provide a clearer picture of the topics 

in Whe reporW sXch as Whe inclXsion of µGDP¶ Xnder Whe Werm µEconomic¶. As Whe focXs of Whis 

task is to identify the co-occurrence of specific terms within one paragraph, I then coded the 

occXrrence Wo µ1¶ if a Werm occXrred aW leasW one Wime and µ0¶ if iW did noW occXr in a paragraph. 

To identify the correlation between key terms, I used the Phi coefficient which is the measure 

of the degree of association between two variables (Cramér, 1999). Following these 

adjustments, the graphs depicting the co-occurrence and correlation were created using R 

(Figure 12, 13, 14, 15 in Section 6.2).  

5.3. DPSIR Framework 
 
Theory 
Cause-Effect Conceptual Models are qualitative models that reflect on the associations 

between sources, stressors and effect. These models can be used to visualise and organise 

key factors in a complex system and connection between them (Bradley and Yee, 2015). 

Literature-based cause-effect models provide scientifically sound results through transparent 

and replicable evaluation. Whereas, cause-effect results are difficult to demonstrate in 

natural systems owing to various factors such as the natural variability and the lack of 

replication. 

Such models help in identifying knowledge gaps where more research is required and allow 

for the evaluation of consequences arising from alternative decisions (Bradley and Yee, 

2015). Thus, providing a clearer understanding of system dynamics, which is required in 

sound decision making regarding the design of policies and mechanism (Norris et al. 2011).  
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System thinking explores problem-solving in a holistic manner and is grounded in the belief 

that the relationships and interactions between components of a system, provide a better 

understanding of the system as a whole. Systems thinking allows for the structuring of 

connections within a system to provide a better understanding of complex or wicked 

problems (Kristensen, 2004). 

Developed by the European Environment Agency (1999), the Driving Forces ± Pressures ± 

State ± Impacts ± Responses (DPSIR) Framework as depicted in Figure 10 has been widely 

used to structure environmental information regarding environmental problems. The appeal 

of the framework lies in its ability to connect the causes of environmental pollution with its 

consequences, with a view to uncovering effective responses and trends, and the dynamic 

relationships between the various components of the system (Kristensen, 2004). The 

framework has been used, for example, to inform the development of management plans for 

agriculture, water resources, public health, biodiversity, and marine resources. 

Figure 10: DPSIR Framework (modified from EEA, 2003) 

OECD (1994) defines the components of the DPSIR framework as follows: 

· Driving Forces: The factors that influence changes in a system and can be social, 

economic or ecological in nature. Driving forces can have a negative or positive 

influence on pressures. Examples: human population, use of resources, industry 

· Pressures: These are the direct effects on a system as a result of the driving forces. 

Examples: pollution, depletion of resources, change in the chemistry of water 

resources, climate change 
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· State: The physical, biological and chemical characteristics of a system at a specific 

time and is affected by pressures. Examples: quality of water, species composition, the 

productivity of land. 

· Impacts: These are the effects on human and environmental systems as the result of 

pressures introduced in the system and the state of the system. The impacts of the 

system tend to elicit responses. Example: reduction in biodiversity, the incidence of 

disease, the effect on ecosystem services 

· Responses: These are the measures taken to cope with the changes brought about 

impacts on the system. Example: monitoring and evaluation of changes, policies 

regulating the usage of resources 

The DPSIR framework has been successfully used as a communication tool amongst various 

stakeholders (Kristensen, 2004). As this thesis provides inputs to the SINCERE project 

under the task focused on L&D in the SIDS in the Pacific region, I shall develop a DPSIR 

Framework in connection with this task. This DPSIR Framework will be based on the scan 

of scientific literature concerning climate-induced L&D in SIDS in the Pacific region 

conducted by Daniel Puig (2019).  

Adaptive Management 
Following the DPSIR framework, Adaptive Management is a decision learning process that 

allows for the integration of science and policy in a cyclical manner as represented in Figure 

11 (Sendzimir and Schmutz, 2018). This approach allows for the stepwise structuring of 

primarily four phases, problem assessment, policy formulation, implementation, and 

monitoring. It facilitates discussion amongst various stakeholders such as policymakers, 

local practitioners and scientists to establish a common understanding of the problem and 

the way forward with defined timelines and milestones. Additionally, Adaptive Management 

incorporates evaluation in the process ensuring the improvement of policy performance 

(Sendzimir and Schmutz, 2018). Using the Adaptive Management approach avoids a top-

down form of management, ensuring that decision making is a circular process as compared 

to the conventional linear process of crisis-analysis-policy (Magnuszewski et al., 2005) 
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Figure 11: Adaptive management (after Magnuszewski et al. 2005) 

The Adaptive Management cycle starts with the formulation of the problem and the 

subsequent assessment phase of the problem by stakeholders. It is important to involve 

stakeholders with diverse perspectives, increasing the probability of innovative solutions to 

problems, and also increasing stakeholder buy-in for the responses eventually adopted. The 

policy formulation phase involves the identification of objectives, strategies and policies to 

manage the problem, followed by the implementation of policies in the management phase. 

Further, the monitoring and evaluation phase assesses the impacts and consequences of the 

implemented policies using indicators and thresholds. The last step is crucial to ensure that 

lessons learned from the process are integrated and used when the system fails to achieve 

the set objectives. With several developments in policy and science, Adaptive Management 

plays a key role in enabling processes to keep up with the pace of change (Sendzimir and 

Schmutz, 2018). 

DPSIR Framework on L&D in the SIDS 
In this thesis, the framework is based on qualitative evidence collected through the literature 

review and analysis on the scan of scientific literature (Puig, 2019) which provided a 

comprehensive overview of 105 documents referring to climate-induced L&D in the SIDS 

and was prepared under the SINCERE project. This framework depicts the relationships 

between the key driving forces, pressures, state, impacts and responses concerning L&D in 

SIDS in the Pacific Region. The QCA on the SR1.5 yielded a number of key findings 

relevant to the development of this framework. In order to ensure replicability, the selection 

of literature was conducted using the online database Scopus, through a set of search criteria 
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which resulted in over five hundred documents (refer Annex 1, Puig, 2019). Further selection 

was based on the content covered in the abstracts, in most cases, narrowing down the 

selection field to seventy-three documents. Through in-text citations, thirty-two additional 

documents were identified, resulting in one-hundred and five documents (n=105). 

Migration, potential policy responses to L&D, and risk management were the most 

prominently discussed themes. As a contrast to the key findings yielded by the QCA of the 

IPCC SR1.5, most of the documents reviewed considered both economic and non-economic 

losses. Further, most considered both extreme and slow-onset events (refer Annex 2, Puig, 

2019). Based on the most frequently used keywords, individual summaries were categorized 

according to nine themes: migration, policy response, risk management, human health, aid 

effectiveness, biodiversity loss, traditional knowledge, local beliefs and relocation (Puig, 

2019). 

The document provides a synthesis of key findings of one-hundred and five documents in 

the scientific literature which creates the basis of the framework (Figure 16 in Section 6.3). 

With regard to deciding whether or not a particular document was relevant, in most cases 

the summary of the document provided sufficient insight. However, in certain cases, the 

documents had to be consulted (for example, Warner and van der Geest, 2013; Betzold, 

2015; Nunn, 2013; Thomas et al., 2019). 

5.4. Limitations 

Despite the effectiveness of qualitative research methods, the approaches used in this thesis 

have several limitations. First, by solely conducting text analytics, while being an effective 

method to analyse the entire report consisting of more than 500 pages, would not provide a 

full understanding of the coverage of L&D in the IPCC SR1.5. To address this limitation, a 

QCA was carried out prior to the text analytics, allowing for a better understanding of the 

text. 

Text analytics is used in addition to content analysis so as to reduce biases and identify areas 

where additional research is required. Despite these methods being inherently subjective, 

content analysis introduces subjectivity at a different stage as I interpret and analyse the text 

according to my understanding of what is L&D. Whereas, when performing word analytics, 

the subjectivity comes about during the selection of words and pairings. Thus, the two 

methods involve subjectivity at different decision stages. 
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Second, the usage of numbers allows for the quantification of findings and simplification of 

observation. Due to the inherent subjectivity of the qualitative methods and the manifold 

dimensions explored in the SR1.5, it is essential to overcome the lack of transparency and 

replicability of the research, a concern which is often linked with most qualitative research 

(Bryman, 2016). In an attempt to do so, the inclusion of a schematic (Figure 9, Section 5.1) 

for the decision made regarding the consideration of sections as L&D has been included in 

the thesis, in order to shed some light on the decisions made by me. 

Third, while the software helped filter through over 500 pages of the report, the results 

yielded were numerous and in certain cases, were not relevant to the context. Further, as 

additional screening of the words and their usage within the context were not possible (as I 

Zasn¶W able Wo access Whe releYant software through university licenses) which could result 

in the inclusion of words used in the relevant context. To overcome this limitation, I 

e[WracWed all cells ZiWh Whe Zord µGlacier¶ and µHabiWaW¶ from Whe comma-separated file and 

further screened them for co-occXrrences of Whe Zord µLoss¶ and µDamage¶ in Whe same 

paragraph. The results from R and the manual screening for these terms were within the 

range of each other (+/- 2). While sifting through the results was time-consuming, it was 

essential to ensure the reliability of the results. 

Lastly, while the DPSIR framework makes it easier to explore the origins and consequences 

of environmental problems, several researchers criticise the usability and accuracy of the 

framework to effectively capture real word interactions between human and natural systems 

(for a review, see Gari et al., 2015). Additionally, there is a risk of oversimplifying problems 

in its complexity. However, as a field study would not be possible within the scope of this 

MasWer¶s Whesis, a framework based on previous research allows one to effectively explore 

and map key issues pertaining to L&D in the SIDS in the Pacific.  
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6. Results 
 
The SR1.5 report highlights the robust differences in projected regional climate and 

associated impacts between current temperatures and global warming up to 1.5°C and 

between 1.5°C and 2°C (based on selected variables and regions). Section 6.1 provides an 

in-depth QCA of the report and delves into the coverage of L&D within the stressors and 

impacts. Further, Section 6.2 provides an analysis of the co-occurrence and correlation of 

impacts with µLoss¶, µDamage¶, µ1.5�C¶ and µ2�C¶. The resulting analysis provides another 

perspective on the coverage of L&D in SR1.5. Lastly, Section 6.3 explores L&D observed 

in the SIDS in the Pacific through the DPSIR Framework. The framework provides an 

overview of the dynamics between driving forces and pressures which result in the change 

of state of the system, further resulting in increased impacts. Additionally, the framework 

includes relevant responses to address each element of the framework. 

6.1. Qualitative Content Analysis 

Based on the categories coded using NVivo (Figure 8, Section 5.1), the results are clustered 

b\ sWressors (6.1.1, 6.1. 2, 6.1.3«), and fXrWher caWegori]ed b\ Whe affecWed s\sWem (hXman 

or natural)12. Certain impact sectors are affected by multiple stressors and are covered in 

Section 6.1.8. Section 6.1.9. provides a succinct analysis of the findings of the SR1.5 through 

the lens of L&D. These results bring to the forefront, the implications of a 1.5°C warmer 

world as compared to a 2°C warmer world. Further, the results delve into the geographical 

disaggregation of impacts, as well as, the non-economic vs. economic losses.  

The risk to natural and human systems is projected to be lower at 1.5°C than at 2°C of global 

warming; owing to the lower frequency and intensity of most stressors associated with a 

1.5°C temperature increase (IPCC, 2018). The risk expected in 1.5°C warmer world is larger 

as compared to the risk at present-day temperatures thus, emphasizing the need for effective 

adaptation and mitigation measures to be adopted. However, socio-economic conditions will 

exacerbate impacts more than global climate change and the magnitude of these impacts are 

projected to be larger in some regions (Arnell et al., 2018). Restricting the increase of global 

warming to 1.5°C enhances the ability of systems to adapt and be resilient to change. The 

following section addresses the types of impacts on human and natural systems. 

 
12 As defined b\ Whe IPCC (2018),  a hXman s\sWem is µan\ s\sWem in Zhich hXman insWiWXWions and 
organisaWions pla\ a ke\ role.¶ In mosW cases, Whe Werm is s\non\moXs ZiWh social s\sWem. 
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6.1.1. Temperature Means and Extremes 

Global warming of 1.5°C is projected to lead to higher mean temperature and range both on 

land and in oceans, as compared to present-day values. The report states that there will be 

an increase in frequency and duration of land and marine heatwaves; with statistically 

significant variations in projected temperature means and extremes between 1.5°C and 2°C 

of warming. With comparison to pre-industrial and present-day climate, both warming 

scenarios lead to large increases in hot extremes, especially in densely inhabited regions. A 

warming scenario of 2°C will result in the temperature means and extremes in most land 

regions to be 2-3 times greater than the increase in GMST projected for some regions (i.e. 

4°C/6°C at 2°C GMST).  

The largest variation in the number of exceptionally hot days is projected in the tropics as 

there is low interannual temperature variation in the region (Mahlstein et al., 2011). Further, 

changes in hot extremes are projected to extend and be the largest at mid-latitudes in eastern 

and central North America, southern and central Europe, the Mediterranean, western and 

central Asia and southern Africa (Vogel et al., 2017). Over the last 50 years, subtropical 

regions of southern Africa have seen a steady increase in temperatures at approximately 

twice the global rate. Additionally, in the Arctic, 2°C of warming and associated temperature 

means and extremes have a larger impact on the region than at 1.5°C of warming. Thus, an 

increase in L&D is observed when moving to a higher warming level. The report states high 

confidence in the attribution of observed changes in temperature means and extremes to 

anthropogenic forcing. 

Human Systems 

Health 

Air Quality. With increasing temperatures, risk of morbidity and mortality associated with 

the exposure to particulate matter and ozone are projected to increase (dependent on 

emission trajectories and climate projections), with the risk being higher at 2°C than at 

1.5°C (Heal et al., 2013; Tainio et al., 2013). Measures to ensure the reduction of GHG 

emissions will be crucial in order to lessen the health risks associated with air quality 

(Tainio et al., 2013). 
 

Malnutrition. With a shift in global temperature increase (above pre-industrial levels) 

from 1.5°C to 2°C, climate change will aggravate health risks connected with reduced 
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food security due to reduced yields (in most regions) and nutrient availability (Cramer et 

al., 2014; AR5, 2014). Springmann et al. (2016) find that temperature increases are 

projected to reduce the micronutrient content of major cereal crops. Zhu et al. (2018) find 

that elevated CO2 levels and global warming of 2.3°C-3.3°C would result in the reduction 

of micronutrient and protein of 18 rice cultivars. Rice being a staple food source in 

Southeast Asia would result in nutritional-related health risks for 600 million people in 

the region alone. Further, temperature changes are projected to affect the availability of 

meat, fruit and vegetables which in turn will create nutrition-related health risks and have 

dire consequences for the nutritional security of countries.  
 

Occupational Health. Depending on the region and nature of work, increasing 

temperatures will affect the productivity of workers and increase workplace-related 

health risks. In 2100, the projected difference in economic loss between 1.5°C and 2°C is 

approximately 0.3% of global GDP to prevent heat-related illnesses in the workplace 

through scheduled breaks (Takakura et al., 2017). It is estimated that high-temperature 

subsidies for employees in China will skyrocket from 38.6 billion-yuan yr±1 in 1979±

2005 to 250 billion-yuan yr±1 in the 2030s (approximately 1.5°C) (Zhao et al., 2016). 
 

Vector-borne diseases. As the relationship between the drivers of vector-borne diseases 

and climate is not always linear, changes in temperature result in complex patterns of 

change in exposure to diseases; with variation in intensity, seasonality and geographic 

range of the diseases dependent on the region (Ren et al., 2016).  However, the shift in 

temperature is projected to result in the spread of the following vector-borne diseases: 

malaria (Ren et al., 2016), dengue, chikungunya, yellow fever, Zika virus (Fischer et al., 

2011; Fischer et al., 2013), West Nile virus (Semenza et al., 2016) and Lyme disease. 

Furthermore, flooding associated with SLR and variability in precipitation is also found 

to further influence the spread of vector-borne diseases but quantification for the impact 

of these stressors has not been included in the SR1.5. The regions most affected are lower 

latitudes (tropics) with vector-borne diseases spreading to higher latitudes (i.e. Europe, 

North America and Canada). 

Urban Areas 

Matthews et al. (2017) find that urban impacts are similar at 1.5°C and 2°C. However, 

impacts are significantly larger compared to the present-day climate. The urban heat 

island effect of cities often amplifies the impacts of heatwaves. Thus, projections show 
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that constraining global warming to below 2°C would nevertheless result in a substantial 

increase in deadly heatwaves as compared to present-day climate. The expansion of urban 

areas, increase in population density, the built environment and socio-economic 

conditions will further influence the vulnerability of society and the rates of morbidity 

and mortality (Kusaka et al., 2016). 

Extreme heatwaves are projected to be widespread at 1.5°C and potentially deadly 

heatwaves are projected to increase with a steady rise in global warming to 2°C. Limiting 

warming to 1.5°C as compared to 2°C is projected to result in 420 million fewer people 

being exposed to extreme heatwaves (assuming constant vulnerability factors), with 

approximately 65 million fewer people being exposed to exceptional heatwaves13.   

According to climate projections, extreme heatwaves will emerge earliest in the tropics 

with West Africa and the Sahel region already experiencing changes in temperature. A 

study found that at 1.5°C of warming, Northern Hemisphere summer would lead to high 

monthly temperature, nearly doubling at 2°C of warming for 20% of the land area in low-

latitude regions (Coumou and Robinson, 2013). 

Tourism  

Studies pertaining to projections of tourism demands are primarily limited to Europe and 

show a significant change in trends and patterns. Ciscar et al. (2014) project losses of up 

to 11% (¼6 billion \r±1) for soXWhern EXrope and a poWenWial gain of ¼0.5 billion \r±1 in 

the UK. Further, they project that European tourism would reduce by 5% ((¼15 billion \r-

1) based on an econometric analysis of the relationship between regional tourism demand 

and climate conditions. 

Food Production Systems 

Crop Production. For each degree Celsius increase in global warming, significant 

reductions have been projected for the production of wheat (by 6.0 ± 2.9%), rice (by 3.2 

± 3.7%), maize (by 7.4 ± 4.5%), and soybean, (by 3.1%) globally (Asseng et al., 2015; 

C. Zhao et al., 2017). Interestingly, Iizumi et al. (2017) report that higher rice production 

is projected at 2°C than at 1.5°C, owing to the increase in CO2 concentration levels. 

Several studies conclude that the risk of crop instability and decrease in crop yields 

 
13A climate modeling study conducted by Dosio et al. (2018) found that under 1.5°C of warming, 
appro[imaWel\ 13.8% of Whe Zorld popXlaWion ZoXld be e[posed Wo µseYere heaWZaYes¶ aW leasW once eYer\ 5 
years, with a threefold increase (36.9%) under 2°C of warming. The projected difference would imply nearly 
1.7 billion more people affected between the two global warming levels.  
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significantly decline when global warming is constrained to 1.5°C (Schleussner et al., 

2016; Lana et al., 2017; Challinor et al., 2014). The regions projected to have the highest 

risks are West Africa, Southeast Asia, and Central and South America. 

Livestock Production. Increase in temperature extremes is projected to impact animal 

feeding, growth rates (Andrp et al., 2011) and reproduction parameters (De Rensis et al., 

2015; Barati et al., 2008). Further, changes in physiological processes such as thermal 

distress and high respiratory rates are expected (Mortola and Frappell, 2000). Knapp et 

al. (2014) report the increase in methane production at elevated temperatures. As a result 

of heat stress, livestock mortality has been observed, resulting in economic loss (Vitali et 

al., 2009). In a 2°C warmer world, Boone et al. (2018) project the decline in livestock to 

be 7±10%, resulting in associated economic losses between $9.7 and $12.6 billion. While 

the increase in temperatures will result in the lengthening of the forage growing season, 

the quality is projected to decrease, causing nutritional deficiencies (Craine et al., 2010; 

Hatfield et al., 2011).  

Fisheries and Aquaculture. The expansion of fisheries to mid- to high-latitudes owing to 

changing temperatures, increased light levels and retreating sea ice (Cheung et al., 2009), 

lead to an increase in production and productivity (Hollowed and Sundby, 2014). While 

productivity increases, the risk of invasive species and diseases poses a threat to fisheries. 

The risk to high-latitude fishers is projected to remain moderate, irrespective of warming 

level. However, fin-fish fisheries in lower latitudes face very high risk at 2°C, high risk 

above 0.9°C and moderate risk under present-day conditions (Cheung et al., 2016). 

Natural Systems 

Marine Ecosystems 

Even in a 1.5°C warmer world, lower latitudes are expected to see a shift in the range of 

marine species and loss of coastal resources, therefore, affecting the structure and 

function of the ocean along with food webs (Burrows et al., 2014; Chust et al., 2014). In 

terms of non-mobile species such as coral reefs and kelp forests, an increase in disease 

outbreaks and mortality are projected with the increase in temperatures (Rivetti et al., 

2014; Maynard et al., 2015; Krumhansl et al., 2016). Similarly, Diaz and Rosenberg 

(2008) find that changes in ocean mixing and metabolic rates have resulted in an increase 

of µdead ]one¶ areas dXe Wo Whe increase in WemperaWXre and CO2 concentration.   
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Sea Ice. The impacts on sea ice are not extensively and comprehensively covered in this 

report as they are a part of the focus of the IPCC Special Report on the Ocean and 

Cryosphere in a Changing Climate which was released in September 2019. In recent 

decades, summer sea ice has been rapidly retreating in the Arctic. In a 1.5°C warmer 

world, one sea ice-free Arctic summer is projected per century (Jahn, 2018; Screen et al., 

2018). Whereas at 2°C of warming, the probability of sea ice-free Arctic summers 

increases to at least once per decade. However, there is no significant loss in Arctic sea 

ice during winter irrespective of the level of warming (Niederdrenk and Notz, 2018).  

Several papers conclude that a further increase of 0.5°C above present-day climate will 

lead to multilevel impacts, with severe implications for the Arctic Ocean and western 

Antarctic Peninsula (Turner et al., 2014; Steinberg et al., 2015). 

The retreating of sea ice and increasing temperatures will result in the increase of primary 

productivity of the region owing to the mixing of the water column and photosynthetic 

communities present on the underside of the ice (Dalpadado et al., 2014). There is 

evidence that the increase in productivity is already stimulating high-latitude fisheries 

such as the Barents Sea (potentially short-lived benefits) (Hollowed and Sundby, 2014). 

Furthermore, the ramifications of changes in productivity on food webs will be 

significant. 

Despite the positive impact on high-latitude fisheries, the loss of sea ice will result in loss 

of habitats for several species such as polar bears, seals, whales and sea birds (Larsen et 

al., 2014). Further, sea ice is central to marine ecosystems and people in the Arctic alike 

with the sea ice being integral to the identity, culture and livelihoods (e.g., fishing, 

tourism, oil and gas, and shipping) of the region (Ford, 2012; Ford et al., 2015; Meier et 

al., 2014). 

Coral Reefs. Increased coral bleaching, coral disease development and mortality is a 

result of the increase in temperatures which poses the greatest risk to coral reefs (Cramer 

et al., 2014; Maynard et al., 2015). The loss of approximately 70-90% of coral reefs is 

projected at 1.5°C of warming globally (Frieler et al., 2013; Schleussner et al., 2016). 

Further, these values increase to the loss of 99% of coral reefs at 2°C of warming, leading 

to the irreversible loss of marine and coastal systems. 
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6.1.2. Variability in Precipitation 

It is worth noting that no statistical quantification of precipitation trends at 1.5°C and 2°C of 

global warming were included in the text. However, the report finds literature projecting the 

increase in frequency and intensity of heavy precipitation when moving from 1.5°C to 2°C 

of warming when aggregated at a global scale (Fischer and Knutti, 2015). While projections 

for mean and heavy precipitation are more uncertain than temperature means and extremes, 

they highlight robust increases in mean precipitation in the Northern Hemisphere high 

latitudes and at the tropics at both 1.5°C and 2°C of global warming compared to pre-

industrial conditions. The projections show that there are more areas with increases than 

decreases in the frequency, intensity and/or amount of heavy precipitation (IPCC, 2018). 

The regions with the largest projected increases in heavy precipitation events for 1.5°C to 

2°C global warming include high latitude regions such as Alaska, Eastern and Western 

Canada, Greenland, Iceland, Northern Europe and Northern Asia Asia); and mountainous 

regions such as the Tibetan Plateau, eastern Asia (including China and Japan) and eastern 

North America. It is important to note that several large regions are projected to show 

statistically significant differences in mean precipitation at 2°C compared with that at 1.5°C 

of global warming such as decreases in the Mediterranean area, including southern Europe, 

tropical Africa, the Arabian Peninsula and Egypt. 

6.1.3. Drought 

When comparing drought patterns between 1.5°C and 2°C of warming, an alarming increase 

in L&D is observed at 1.5°C compared to present-day levels and increase further at 2°C of 

warming. The report finds that limiting global warming to 1.5°C is expected to substantially 

reduce the probability of extreme drought, precipitation deficits, and risks associated with 

water availability in some regions. It is projected that 39% (range 36±51%) of impacts on 

populations exposed to drought could be globally avoided at 1.5°C compared to 2°C 

warming under the Shared Socioeconomic Pathway 2 (SSP) population scenario14 (Arnell et 

al., 2018). A drying trend is already observed in the Mediterranean region at global warming 

of less than 1°C. Schleussner et al. (2016) find that Mediterranean water stress from 9% at 

1.5°C is projected to increase to 17% at 2°C (compared to 1986-2005 period). The regions 

 
14 SSP 2 is one of the five narratives describing how socioeconomic trends will influence society. In this 
pathway, global population growth is moderate and levels off in the second half of the century. In this scenario, 
development and income growth are unevenly distributed. 
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projected to be prone to severe droughts at 1.5°C are Central and Southern Europe, the 

Mediterranean, West Africa, East and West Asia, and Southeast Asia (Liu et al., 2018).  With 

respect to groundwater resources, Portmann et al. (2013) report that 20% of the global land 

surface would be affected by groundwater reduction of more than 10% at 1.5°C of warming, 

with the land affected increasing at 2°C. Further, they project an extreme decrease of more 

than 70% at 2°C of warming for 2% of the global land area (range 1.1-2.6%). With 

comparison to 2°C of global warming, the risk of water scarcity and stress in specific regions 

is projected to be approximately half at 1.5°C of global warming15. However, socio-

economic drivers may exert a greater influence on the availability of water as compared to 

the variation in climate. Despite the limitation of global warming to 1.5°C, many regions of 

the world will be affected by water scarcity, especially, Europe, Australia and southern 

Africa (Gerten et al., 2013). Additionally, populations living in river basins such as the 

Middle East are projected to be exposed to chronic water scarcity at global warming lower 

than 2°C. Further, small islands in the Mediterranean, Caribbean and Pacific (recognized as 

SIDS) are projected to face freshwater stress as a result of projected change in aridity and 

limiting warming to 1.5°C could circumvent approximately 25% of freshwater stress as 

compared to 2°C (Karnauskas et al., 2018). Taylor et al. (2018) report that at 2°C of 

warming, extreme droughts are projected to be 9% longer on average than at 1.5°C in 

Caribbean SIDS. 

Human Systems 

Urban Areas 

Under constant socio-economic conditions, the number of people (global mean monthly) 

predicted to be exposed to extreme drought at 1.5°C in 2021±2040 is projected to be 114.3 

million, compared to 190.4 million at 2°C in 2041±2060 (Smirnov et al., 2016). Another 

study finds the difference in urban populations exposed to drought would be greater at 

2°C (410.7 ± 213.5 million people) as compared to 1.5°C (350.2 ± 158.8 million people) 

based on SSP1 population scenario16 (Liu et al., 2018)17. 

 
15 Gerten et al. (2013) through their study determined that based on the world population in 2000, an additional 
8% would be exposed to scarcity at 2°C of global warming which would be halved at 1.5°C of global warming, 
assuming a constant population in the models. 
16 The SSP 1 reflects on a sustainable pathway, emphasising on inclusive development to achieve the 
developmental goals. 
17 Liu et al. (2018) studied the changes in population exposure to severe droughts in 27 regions around the 
globe for 1.5°C and 2°C of warming using the SSP 1 population scenario compared to the baseline period of 
1986±2005 based on the Palmer Drought Severity Index. 
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Food Production Systems 

Livestock Production. Masike and Ulrich (2008) indicate that a reduction in water supply 

could lead to an increase in livestock water demand. Due to increased runoff and reduced 

groundwater availability, livestock populations are projected to experience water stress, 

especially in sub-Saharan Africa and South Asia. 

6.1.4.  Flood 

Owing to the increase in frequency and intensity of heavy precipitation, the fraction of the 

global land area affected by flood hazards is projected to be larger at 2°C compared to 1.5°C 

of global warming with regional variation in risks. These differences are influenced by local 

socio-economic conditions, as well as topography and hydro-climatic conditions (Tanoue et 

al., 2016).  

Arnell and Lloyd-Hughes (2014) found that at global warming of 1.5°C, the number of 

people exposed to increased flooding in 2050 could be reduced by 26±34 million as 

compared to the number of people exposed at 2°C of warming (under SSP 1-5). Based on 

SSP2 population scenario, it is projected that 39% (range 36±46%) of the impacts of river 

flooding on populations globally could be avoided by constraining global warming to 1.5°C 

as compared to 2°C (Arnell et al., 2018). Further, Kinoshita et al. (2018) found that without 

any adaptation, the increase of warming from 1.5°C to 2°C would lead to an increase in 

potential flood fatality by 5.7%. Whereas, the projected increase in economic loss (0.9%) is 

relatively small. Their study indicates that approximately half of the increase in potential 

economic losses could be mitigated by adaptation. With respect to the impact simulated over 

the baseline period 1976±2005, flood risk will increase by 580% on average at 4°C for 

countries representing 73% of the world population (Alfieri et al., 2017). If temperatures are 

constrained to 1.5°C, the risk is projected to be reduced to a 100% increase and to a 170% 

increase at 2°C. 

Alfieri et al. (2017) report that the largest increases in flood risks would be found in the US, 

Asia, and Europe, while decreases would be found in only a few countries in eastern Europe 

and Africa. In Europe, projections show an increase in flood impacts with higher warming 

levels, from 116% at 1.5°C to 137% at 2°C resulting in ¼5 billion of losses annually (Alfieri 
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et al., 2018)18. Further, 86% of the population in Europe would be affected at 1.5°C of 

warming as compared to 93% at 2°C19. 

Arnell et al. (2016) concluded that risks are projected to be highest in South and Southeast 

Asia, assuming there is no upgrade to current protection levels, for all levels of climate 

warming. Additionally, coastal regions may experience increased flooding as increases in 

heavy precipitation associated with tropical cyclones combined with increased sea levels 

may exacerbate flooding issues. 

6.1.5. Cyclone 

Presently, studies addressing the trends in the occurrence of very intense tropical cyclones 

(Category 4 and 5) have yielded contradicting results. As there are a limited number of 

studies, that explore the difference in tropical cyclone statistics 1.5°C versus 2°C, there is 

not enough evidence to draw conclusions regarding the same. The report finds that the global 

number of tropical cyclones will be lower under 2°C compared to 1.5°C of global warming, 

but with an increase in the number of very intense cyclones (Wehner et al., 2018).  

6.1.6. Sea Level Rise (SLR) 

By 2100, the difference in global mean SLR between the two warming scenarios is projected 

to be approximately 0.1 m (0.04 ± 0.16 m). The SR1.5 references several papers addressing 

the projections for SLR at 1.5°C and 2°C of warming, which highlight the overlapping 

uncertainty20 in the findings (Goodwin et al., 2018; Nicholls et al., 2018; Rasmussen et al., 

2018).  The report concludes that the projections cover the ranges 0.2-0.8 m and 0.3-1.00 m 

relative to 1986-2005 for 1.5°C and 2°C of warming, respectively.  

Human Systems 

Urban Areas 
The risks for coastal metropolises are expected to be lower at 1.5°C than 2°C, however, 

there are difficulties in recording the impacts of SLR as there are multiple drivers of 

change to take into consideration (Schleussner et al., 2016). Unless further adaptation 

measures are taken, 136 megacities (port cities with a population >1 million in 2005) are 

projected to face risks from flooding associated with SLR with projected magnitudes of 

 
18 For the baseline period (1976±2005) 
19 Based on three case studies in European states (central and western Europe) 
20 Difference in time horizons for exposure and impacts at 1.5°C and 2°C of warming   
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rise at both, 1.5°C and 2°C of warming in the 21st century (Hanson et al., 2011; 

Hallengatte et al., 2013). Hinkel et al. (2014) report that without adaptation, flooding will 

annually affect 0.2-4.6% of the population worldwide in 2100 under 25-123cm of global 

mean SLR. Further, flooding will result in an estimated annual loss of 0.3-9.3% of global 

GDP. Of the 136 cities projected to be affected, many are located in South and Southeast 

Asia making the region with the highest risks, assuming no further changes in protection 

levels (Arnell et al., 2016).  

In their study, Alfieri et al. (2017) report that countries representing 73% of the world 

population will experience increasing flood risk, with an average increase of 580% at 4°C 

compared to the impact simulated over the baseline period 1976±2005 (assuming constant 

population sizes). This impact is projected to be reduced to a 100% increase at 1.5°C and 

a 170% increase at 2°C. Another study finds that 62.7 million people per year are at risk 

from flooding at a 1.5°C stabilization scenario in 2100, with this value increasing to 137.6 

million people per year in 2300 (average across SSP1±5). These projections assume that 

no upgrade to current protection levels occurs and no socio-economic change takes place 

after 2100 (Nicholls et al., 2018). At a 2°C stabilization scenario the number of people at 

risk increases by approximately 18% in 2030 and by 266% in 2300 if an RCP8.5 scenario 

is considered (Nicholls et al., 2018). 

Assuming no protection from SLR and associated impacts, 128-143 million people will 

be affected when 1.5°C is first reached as compared to 141-151 million people when 2°C 

is first reached (Brown et al., 2018; Goodwin et al., 2018). In 2100, 31±69 million people 

globally at 1.5°C are projected to be exposed to flooding owing to SLR, as compared with 

32±79 million people globally at 2°C, assuming no adaptation or protection at all (2010 

population values) (Rasmussen et al., 2018).  

SIDS are already experiencing impacts associated with climate change and compounding 

impacts from interactions between climate drivers may increase the exposure to SLR. At 

1.5°C of global warming, approximately 60,000 fewer people will be exposed to SLR in 

SIDS as compared to 2°C of global warming by 2150 (Rasmussen et al., 2018). 

Tourism 
Scott and Verkoeyen (2017) find that in 19 Caribbean countries, 1m SLR could result in 

the partial or complete inundation of 29% of 900 coastal resorts with 49%-60% 

vulnerable to coastal erosion.  In terms of cultural heritage, an analysis of SLR risk to 720 



 
 51 

UNESCO Cultural World Heritage sites found that under 1°C of warming, 47 sites might 

be affected with the number increasing to 110 and 136 sites under 2°C and 3°C, 

respectively (Marzeion and Levermann, 2014).   

Food Production Systems 

Fisheries and Aquaculture. SLR poses a risk to coastal infrastructure and hatcheries 

(Weatherdon et al., 2016) along with the increasing incidence of alien species (Kittinger 

et al., 2013) and invasion of parasites and pathogens (Asplund et al., 2014). In 

combination with non-climatic stressors, McClanahan et al. (2009) project a decline in 

harvesting levels of small-scale fisheries (McClanahan et al., 2015; Cheung et al., 2010). 

Thus, based on global population growth and the future warming scenarios, a shortage of 

fish protein will be evident in many regions, specifically in the Pacific Ocean (Bell et al., 

2013b) and the Indian Ocean (McClanahan et al., 2015).   

6.1.7. Ocean Acidification and Deoxygenation 

The impacts on oceans, their associated ecosystem services and biodiversity are projected to 

increase when shifting from 1.5°C to 2°C of global warming (Burrows et al., 2014; Cheung 

et al., 2009; Pereira et al., 2010). Ocean acidification, deoxygenation and loss of marine 

habitats and species are projected to be reduced if temperatures are constrained to 1.5°C of 

warming. Due to an increase in CO2 concentrations, ocean acidification will amplify the 

effects of global warming in turn affecting ocean productivity and the physiology of marine 

species. By 2100, reaching 1.7°C warming will result in a decrease of 0.2 pH units thus 

displaying an inverse correlation between the two factors (relative to the pre-industrial 

period, under RCP 4.5 scenario) (Gattuso et al., 2015; Bopp et al., 2013). The resulting 

change in ocean chemistry puts organisms with shells and skeletons (of calcium carbonate) 

at risk due to decalcification (Gattuso et al., 2015; Dove et al., 2013).  

Marine Ecosystems  

Coral Reefs. Ocean acidification has severe implications for coral communities as the 

change in the chemistry of water affects the calcification of skeletons, slows growth and 

recovery of coral communities (Gardner et al., 2005; Dove et al., 2013; Kennedy et al., 

2013; Webster et al., 2013). 
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6.1.8. Multi-stressor impacts 

The following section covers the impact of multiple stressors (more than three stressors) on 

various human and natural systems. 

Human Systems 

Urban Areas 
After the analysis of the report, it is clear that urban areas will face increasing risk at 

1.5°C as compared to present-day temperatures from several stressors such as flooding, 

heatwaves, drought and extreme weather events depending on the geographical location. 

There is limited literature on the difference between risks at warming of 1.5°C and 2°C 

in urban areas due to the difficulty in recording the potential compounding impacts of 

stressors and their interactions. However, the latest research indicates that a 2°C warmer 

world would pose greater risks to urban areas as compared to 1.5°C of warming. It is 

important to note that while the warming scenario plays a major role in defining the extent 

of the impact, human vulnerability and the effectiveness of local adaptation measures are 

equally important. Urban areas are directly affected by temperature extremes (Dosio et 

al., 2018), variability in precipitation (Liu et al., 2018) and sea level rise (Nicholls et al., 

2018). Further risks may arise due to the compounding nature of stressors and the 

interaction between human and natural systems. 

Human Health 

Upon analysis of the report, it is apparent that any increase in global temperatures from 

present climate is projected to have adverse impacts on human health. The impacts on 

human health are manifold and manifest as heat-related morbidity and mortality, vector-

borne diseases, malnutrition, respiratory diseases and ozone-related morbidity. The 

increased exposure and vulnerability to climate-related stressors not only hamper the 

capacity of health systems to manage the impacts but affect livelihoods and productivity 

of society, hence, affecting economic growth (Hales et al., 2014).  Increase in frequency 

and intensity of extreme weather events, SLR and changing temperatures pose a risk to 

health with projections for population and geographic distribution increasing at 2°C than 

at 1.5°C (IPPC, 2018). Restraining global warming to 1.5°C will reduce the projected 

health risk in certain regions such as the Sahel, the Amazon, western and southern Africa, 

the Mediterranean and central Europe (Lehner et al., 2017; Betts et al., 2018). 
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Tourism 

Despite limited research on the variation and quantification of risks to global tourism at 

1.5°C and 2°C of warming, impacts associated with climate change have already been 

observed. In comparison to present climate, ski tourism and coastal tourism (in the tropics 

and subtropics) are projected to face higher risk at 1.5°C of warming. Not only are 

environmental assets (such as coral reefs, beaches, ski slopes, glaciers and biodiversity) 

critical for tourism affected, climate change impacts tourism infrastructure, tourist 

demands paWWerns (leading Wo Whe deYelopmenW of µlasW chance Wo see¶ WoXrism markeWs), 

sector investments, operational and transportation costs (Scott and Gössling, 2018). 

Further, these impacts have rippling effects on socioeconomic conditions as certain 

regions are heavily dependent on tourism for revenue generation particularly in the SIDS 

(Weatherdon et al., 2016). However, due to the lack of integrated sectoral assessments, it 

is hard to analyse the full range of compounding impacts and their interactions with 

relation to tourism (Rosselló-Nadal, 2014). The projected risks are for Africa, the Middle 

East, South Asia and SIDS in the Caribbean, Indian and Pacific Oceans (Scott and 

Gössling, 2018) 21. Tourism represents more than 15% of the GDP in countries within 

these regions and climate change poses a potential barrier to further development. 

Energy Production 

With projections for the increase in the number of hot days and nights, climate change 

could lead to an increased demand for cooling in tropical and subtropical regions (Arent 

et al., 2014). Additionally, rising temperatures will challenge the efficiency of power 

generation technologies and affect the GDP of a country. Byers et al. (2018) report that 

impacts on energy systems will be higher at 2°C of global warming as there is an 

increased hydro-climatic risk to thermal and hydropower plants especially in Europe, 

North America, southeast Brazil, South and Southeast Asia. 

Due to a decrease in cold spells, heating demands in Europe are projected to decrease 

(Jacob et al., 2018). Additionally, reduced summer river flows and higher water 

temperatures are projected to reduce the capacity of thermoelectric power plants to use 

water for cooling by 5% and 10% for 1.5°C and 2°C of warming respectively for most 

European countries (Tobin et al., 2018). Interestingly, gross hydropower potential is 

projected to increase globally by 2.4% under RCP2.6 scenario and by 6.3% under RCP8.5 

 
21 A global vulnerability index with 27 indications applied to 181 countries 
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for 2080. Van Vliet et al. (2016) report that Central Africa, Asia, India and higher 

latitudes in the north are expected to see the most growth.   

Infrastructure 

There is limited quantitative research on the impacts on climate change on infrastructure, 

however, a multiplicity of climatic stressors are found to affect infrastructure and are 

projected to increase with a shift in warming from 1.5°C to 2°C. In particular, SLR 

(Monioudi et al., 2018; McGranahan et al., 2007); extreme weather events (Hallengatte 

et al., 2013); and increase in temperatures (Arent et al., 2014) will directly or indirectly 

impact infrastructure. An increase in temperatures leads to an increase in the number of 

ice-free days resulting in longer shipping seasons in cold regions having a positive impact 

on economic growth (Melia et al., 2016). Yumashev et al. (2017) conclude that an 

increase in shipping resulting pollutants will lead to a 0.005% increase in mean 

temperature which in turn creates a positive feedback loop22. 

Food Production Systems 

Climate change exerts pressure on the food production sector through numerous stressors 

and their cascading effects such as temperature extremes; drought; flooding, erosion and 

salinization associated with SLR; oceanic warming; and cyclones. These stressors, in 

turn, affect crop yields and nutritional content, livestock, fisheries, aquaculture and land 

use patterns. Food production systems include crop production, livestock production and 

fisheries. The report concludes that global warming to 2°C would result in larger 

reductions in projected food availability especially in the Sahel, southern Africa, the 

Mediterranean, central Europe, and the Amazon, as compared to 1.5°C of warming. 

However, Rosenzweig et al. (2018) report that CO2 concentrations associated with a 2°C 

warmer world would potentially benefit food production and fisheries in higher latitudes. 

Despite the positive effect projected in higher latitudes, the negative impacts in other 

regions will outweigh the gain. 

Crop Production. At present-day climate, the impacts of climate change are evident 

across the globe, affecting local crop suitability. The report concludes that a 2°C warmer 

world would result in a greater reduction of crop yields and crop nutrient content globally 

as compared to 1.5°C of global warming; attributed to the direct effects of increasing CO2 

concentration level, extreme weather events (Lesk et al., 2016; Betts et al., 2018), 

 
22 In the North Sea Route 
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changing temperatures (Schlenker and Roberts; Betts et al., 2018) and variability in 

precipitation (Rosenzweig et al., 2018),  and the indirect effects of the spread of pest and 

diseases (van Bruggen et al., 2015).   

Livestock Production. There are limited studies regarding the impacts of climate change 

on livestock production. A majority of studies conclude that climate change will have 

direct effects on the quality and quantity of livestock production (Notenbaert et al., 2017), 

as well as indirect effects such as the decrease in feed quality and the spread of diseases 

and pests (Kipling et al., 2016). 

Fisheries and Aquaculture. Fisheries and aquaculture play a crucial role in food security 

and meeting protein demand globally. An increase in temperature and ocean acidification 

pose a grave threat to fisheries and aquaculture as they have effects on the physiology, 

habitat, reproduction, disease incidence and survivorship of species (Lacoue-Labarthe et 

al., 2016; Clements and Chopin, 2017). Interestingly, several studies project the short-

term benefits of climate change in high-latitude fisheries due to the retreat of sea ice, 

increase in water temperatures and the increase in primary productivity (Cheung et al., 

2010; Hollowed and Sundby, 2014; Lam et al., 2016). Cheung et al. (2016) find that the 

potential catch for marine fisheries globally will decrease by more than three million 

metric tonnes for each degree of warming23.  

The impacts on the food production sector are projected to have severe implications for 

poverty eradication and sustainable development, thus hindering the ability of society to 

meet the SDGs (IPCC, 2018).  

Natural Systems 

Freshwater Ecosystems 

Settele et al. (2014) state that freshwater ecosystems are among the most threatened 

ecosystems on the planet. With comparison to present-day climate, freshwater resources 

in the Pacific SIDS are projected to be affected by SLR at 1.5°C of warming (0.40m). 

Marine Ecosystems 

 
23 In their study, Cheung et al. (2016) simulated the loss in fishery productivity at 1.5°C, 2°C and 3.5°C above 
the pre-industrial period. 
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Oceans play a key role in regulating global temperature and atmospheric gas 

concentration. In recent decades, increases in ocean temperatures (up to 700 m) and ocean 

acidification have been observed. The cascading effects of these changes have manifested 

in several ways such as SLR, marine heatwaves, deoxygenation, recession of summer sea 

ice in Polar regions and intensification of storms (Levin and Le Bris, 2015; Boyd, 2015). 

Coral Reefs. Several studies conclude that a 2°C warmer world would result in the loss 

of most coral reefs (Donner et al., 2005; Hoegh-Guldberg et al., 2014; Hoegh-Guldberg, 

2014; Schleussner et al., 2016). The impacts of warming in combination with ocean 

acidification will pose a very high risk to coral reefs at 1.2°C of warming with variability 

across regions (Alvarez-Filip et al., 2009). Coral reefs play a key role in providing a range 

of ecosystem services (food, livelihoods, cultural services) and habitat for species (Burke 

et al., 2017). The loss projected at 1.5°C of warming (70-90%) would lead to an increase 

in poverty in communities dependent on marine resources (Spalding et al., 2014).  

Terrestrial Ecosystems 

With comparison to 2°C, limiting global warming to 1.5°C holds numerous benefits for 

terrestrial ecosystems and associated services. At higher levels of warming, several 

studies conclude that species range loss (Settele et al., 2014), biome transformations 

(Warszawski et al., 2013), changes in phenology (Roberts et al., 2015) and extinction 

risks will be widespread. The resulting effects will have dire consequences for ecosystem 

services and society as we know it. 

Biome Transformation. Warszawski et al. (2013) in their study found that in a 2°C 

warmer world, 13% (range 8±20%) of biomes will transform. Whereas at 1.5°C, 

approximately 6.5% will transform and at 1°C of warming, only 4% (range 2±7%) will 

do so24. Further, biome shifts in Tibet, Himalayas, southern Africa and Australia would 

be avoided by limiting warming to 1.5°C (Gerten et al., 2013). The regions to be most 

affected are predominantly ranging from the tundra region to tropical rainforests (Seddon 

et al., 2016).  

Change in phenology.  Warming of 2.1°C±2.7°C above pre-industrial levels could 

increase the potential risk of phenological mismatch and associated risks for ecosystem 

functionality (Thackeray et al., 2016). Roberts et al. (2015) project temperate forest 

 
24 Based on an ensemble of seven Dynamic Vegetation Models driven by projected climates from 19 alternative 
general circulation models (Warszawski et al., 2013). 
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phenology to advance by 14.3 days in the period 2010±2039 and 24.6 days in 2040±2069. 

An estimate of the difference between the two levels of warming is approximately 10 

days. 

Species range loss. In response to global warming, many species both terrestrial and 

freshwater have moved approximately 17 km poleward and 11 m up in altitude per decade 

(Settele et al., 2014; IPCC, 2014). Warren et al. (2018) in their study projected that at 

2°C, 18% (6±35%) of insect species, 8% (4±16%) of vertebrate species and 16% (9±28%) 

of plant species studied would lose >50% of their bioclimatic range25. Whereas at 1.5°C, 

the projected values reduce to 6% (1¬18%) of insect species, 4% (2±9%) of vertebrate 

species and 8% (4±15%) of the plant species studied. Thus, the projections for the number 

of vertebrate and plant species to lose over half of their geographic range is reduced by 

half at 1.5°C of warming as compared to 2°C (Warren et al., 2018). Similarly, the number 

of insect species is reduced by two-thirds.  Despite limiting warming to 1.5°C, species on 

average will lose 20-27% of their range. Additionally, Smith et al. (2018) estimate that at 

1.5°C of warming, 5.5±14% more of Whe globe¶s WerresWrial land area coXld acW as climaWic 

refugia for plants as compared to 2°C. 

Ecosystem vulnerability. Jacob et al. (2018) report that at 2°C of warming, ecosystem 

vulnerability would increase by 40-50% as compared to the vulnerability at 1.5°C. The 

risk of fires increases from 37.8% of the global land area at 1.2°C (2010-2039) to 61.9% 

at 3.5°C (2070±2099) (Moritz et al., 2012). 

Degradation of permafrost. Chadburn et al. (2017) predict that under 1.5°C of warming 

the projected thawing of permafrost is 17-44% as compared to 28-53% under 2°C of 

warming. They project that the thawing of approximately 1.5 to 2.5 million km2 of 

permafrost could be avoided by constraining warming to 1.5°C as compared to 2°C. The 

thawing of permafrost will potentially result in the decomposition of a large carbon source 

and subsequent release of carbon dioxide and methane into the atmosphere (Dolman et 

al., 2010). The Fynbos biome in South Africa is predicted to face an increasing risk of 

fires owing to increasing temperatures. Engelbrecht and Engelbrecht (2016) project that 

with respect to 1961-1990, the biome will lose approximately 20%, 45% and 80% of its 

current suitable climate area under 1°C, 2°C and 3°C of global warming, respectively.  

 
25 Warren et al. (2018) studied the change in range for 105, 501 species (19,848 insect species, 12,429 
vertebrate species, 73,224 plant species) by 2100 for warming levels of 1.5°C and 2°C.   
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The biomass of tropical rainforests in Central America are projected to reduce by 

approximately 40% and 20% at 3°C and 1.5°C of warming by 2050, respectively (Lyra 

et al., 2017). Further, they find that much of the rainforest will be replaced by savanna 

and grassland. 

Wetland Ecosystems 

Salinization of coastal wetlands has severe implications for the structure and ecological 

functions of wetlands. In combination with rising` temperatures, Settele et al. (2014) 

study the projected shift in freshwater species distributions and the reduction of water 

quality. Coastal wetlands comprising of mangroves, seagrasses and salt marshes are 

affected by extreme weather events and SLR alike (Di Nitto et al., 2014; Ellison, 2014). 

They are further put under pressure by anthropogenic activity. It is estimated that nearly 

1% of wetlands are lost per annum across a number of countries (Blankespoor et al., 2014; 

Alongi, 2015). The report concludes that the response of wetlands to the changing climate 

is unclear, but the ecosystem would benefit from the constraint of global warming to 

1.5°C versus 2°C (IPCC, 2018). 

6.1.9. The IPCC report through the lens of loss and damage 

Table 1 below summarises the findings of the IPCC report from the point of view of L&D. 

The necessary information is only available for certain impacts, which means that the table 

is not a reflection of all the loss-and-damage-relevant information included in the IPCC 

report. 

Table 1: L&D findings in the SR1.5 

Impacts Losses Damages 

Urban 
Areas 

Compared to 2°C of warming, 
a 1.5°C world is better as: 

x Without any adaptation, the 
increase of warming from 
1.5°C to 2°C would lead to 
an increase in potential flood 
fatality by 5.7%, globally.   

x With respect to groundwater 
resources, 20% of the global 
land surface would be 
affected by groundwater 

Compared to 1.5°C and 2°C of 
warming, present-day climate is 
better as 136 megacities (port cities 
with a population >1 million in 2005) 
are projected to face risks from flooding 
associated with SLR with projected 
magnitudes of rise at both, 1.5°C and 
2°C of warming. 

Compared to 2°C of warming, a 1.5°C 
world is better as: 
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reduction of more than 10% 
at 1.5°C of warming, with 
the land affected increasing at 
2°C. Further, an extreme 
decrease of more than 70% at 
2°C of warming for 2% of 
the global land area (range 
1.1-2.6%) is projected. 

x In terms of heatwaves, 420 million 
fewer people will be exposed to 
extreme heatwaves (assuming 
constant vulnerability factors), and 
approximately 65 million fewer 
people will be exposed to exceptional 
heatwaves. 

x The number of people (global mean 
monthly) predicted to be exposed to 
extreme drought at 1.5°C in 2021±
2040 is projected to be 114.3 million, 
compared to 190.4 million at 2°C in 
2041±2060 (under constant socio-
economic conditions). Another study 
finds the difference in urban 
populations exposed to drought would 
be greater at 2°C (410.7 ± 213.5 
million people) as compared to 1.5°C 
(350.2 ± 158.8 million people) based 
on SSP1 population scenario. 

x It is projected that 39% (range 36±
51%) of impacts on populations 
exposed to drought could be globally 
avoided at 1.5°C compared to 2°C 
warming under the SSP2 population 
scenario 

x Assuming no protection from SLR 
and associated impacts, 128-143 
million people will be affected when 
1.5°C is first reached as compared to 
141-151 million people when 2°C is 
first reached. 

x In Europe, 86% of the population 
would be affected at 1.5°C as 
compared to 93% at 2°C. 

x At 1.5°C, approximately 60,000 fewer 
people will be exposed to SLR in 
SIDS as compared to 2°C by 2150.  

Economic Loss 

x Without further adaptation, flooding 
will result in an estimated annual loss 
of 0.3-9.3% of global GDP (under 25-
123cm of global mean SLR in 2100). 
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x Projections show changes in flood 
impacts in Europe to rise with 
warming levels, resulting in ¼5 billion 
of losses annually. 

x Without any adaptation, the increase 
of warming from 1.5°C to 2°C would 
lead to an increase in potential 
economic loss by 0.9% due to 
flooding 
Stressors 

x Without further adaptation, flooding 
will annually affect 0.2-4.6% of the 
population worldwide in 2100 under 
25-123cm of global mean SLR. 

x In Europe, projections show an 
increase in flood impacts with higher 
warming levels, from 116% at 1.5°C 
to 137% at 2°C. 

x Limiting warming to 1.5°C could 
circumvent approximately 25% of 
freshwater stress as compared to 2°C 
in SIDS. 

x Mediterranean water stress is 
projected to increase from 9% at 
1.5°C to 17% at 2°C (compared to 
1986-2005 period). 

x At 2°C, extreme droughts are 
projected to be 9% longer on average 
than at 1.5°C in Caribbean SIDS. 

People 
Affected 

 x Without further adaptation, flooding 
will annually affect 0.2-4.6% of the 
population worldwide in 2100 under 
25-123cm of global mean SLR. 

x Countries representing 73% of the 
world population will experience 
increasing flood risk, with an average 
increase of 580% at 4°C compared to 
the impact simulated over the baseline 
period 1976±2005. This impact is 
projected to be reduced to a 100% 
increase at 1.5°C and a 170% increase 
at 2°C. 
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x 62.7 million people per year are at 
risk from flooding at a 1.5°C 
stabilization scenario in 2100, with 
this value increasing to 137.6 million 
people per year in 2300 (average 
across SSP1±5). At a 2°C 
stabilization scenario the number of 
people at risk increases by 
approximately 18% in 2030 and by 
266% in 2300 if an RCP8.5 scenario 
is considered 

x At global warming of 1.5°C, the 
number of people exposed to 
increased flooding in 2050 could be 
reduced by 26±34 million as 
compared to the number of people 
exposed at 2°C of warming (under 
SSP 1-5). 

x Based on SSP2 population scenario, it 
is projected that 39% (range 36±46%) 
of the impacts of river flooding on 
populations globally could be avoided 
by constraining global warming to 
1.5°C as compared to 2°C. 

x In 2100, 31±69 million people 
globally at 1.5°C are projected to be 
exposed to flooding owing to SLR, as 
compared with 32±79 million people 
globally at 2°C, assuming no 
adaptation or protection at all (2010 
population values). 

Human 
Health 

In comparison with 2°C of 
warming, a 1.5°C warmer 
would reduce the risk for 
human health as the risk of 
morbidity and mortality 
associated with the exposure to 
particulate matter and ozone 
are projected to increase with 
temperatures (dependent on 
emission trajectories and 
climate projections).  
 

 A 1.5°C warmer world is better in 
comparison to a 2°C warmer world as 
the economic loss between 1.5°C and 
2°C is approximately 0.3% of global 
GDP to prevent heat-related illnesses in 
the workplace through scheduled breaks 
in 2100. 

With comparison to present-day 
climate, 1.5°C of warming is projected 
to result in the variation of intensity, 
seasonality and geographic range of the 
diseases dependent on the region the 
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Further, decline in food quality 
and production could result in 
nutritional-related health risks. 
For example, over 600 million 
people in Asia could be at high 
risk due to the reduction of 
micronutrient and protein in 
rice at higher temperatures.  

spread of the following vector-borne 
diseases: malaria, dengue, chikungunya, 
yellow fever, Zika virus, West Nile 
virus and Lyme disease. Furthermore, 
flooding associated with SLR and 
variability in precipitation is also found 
to further influence the spread of 
vector-borne diseases. 

Energy 
Production 

 

 

With comparison to 2°C of warming, a 
1.5°C warmer world as the capacity of 
thermoelectric power plants to use 
water for cooling will reduce by 5% and 
10% for 1.5°C and 2°C of warming 
respectively for most European 
countries owing to reduced summer 
river flows and higher water 
temperatures. 

Food 
Production 
Systems 

Compared to 2°C of warming, 
a 1.5°C world is better as 
several studies conclude that 
the risk of crop instability and 
decrease in crop yields 
significantly decline when 
global warming is constrained 
to 1.5°C. 

 

Compared to 2°C of warming, a 1.5°C 
world is better as: 

x In a 2°C warmer world, the decline 
in livestock is estimated to be 7±10%, 
resulting in associated economic 
losses between $9.7 and $12.6 billion.  

x Fin-fish fisheries in lower latitudes 
face very high risk at 2°C, high risk 
above 0.9°C and moderate risk under 
present-day conditions. 

Tourism Limiting warming to 1°C 
would be better in comparison 
to higher warming 
temperatures in terms of 
cultural heritage. An analysis 
of SLR risk to 720 UNESCO 
Cultural World Heritage sites 
found that under 1°C of 
warming, 47 sites might be 
affected with the number 
increasing to 110 and 136 sites 
under 2°C and 3°C, 
respectively. 

An eventual 1m SLR could 
result in the partial or complete 

A 1.5°C warmer world is better as at 
2°C of warming, the projected losses 
are up to 11% (¼6 billion \r±1) for 
southern Europe. Further, European 
tourism would reduce by 5% ((¼15 
billion yr-1). 

However, in comparison to present-day 
climate, 1.5°C of warming would put 
coastal and ski tourism at a higher risk.  
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inundation of 29% of 900 
coastal resorts with 49%-60% 
vulnerable to coastal erosion in 
19 Caribbean countries. 

Marine 
Ecosystems 

Compared to present-day 
temperatures, a 1.5°C 
warmer world poses higher 
risks to marine ecosystems 
owing to an increase in 
temperatures, non-mobile 
species such as coral reefs and 
kelp forests, an increase in 
disease outbreaks and mortality 
are projected with the increase 
in temperatures. Additionally, 
changes in ocean mixing and 
metabolic rates have resulted in 
an increase of µdead ]one¶ 
areas due to the increase in 
temperature and CO2 

concentration.   

The loss of approximately 70-
90% of coral reefs is projected 
at 1.5°C of warming globally. 
Further, these values increase 
to the loss of 99% of coral reefs 
at 2°C of warming. 

In a 1.5°C warmer world, one 
sea ice-free Arctic summer is 
projected per century. Whereas 
at 2°C of warming, the 
probability of sea ice-free 
Arctic summers increases to at 
least once per decade. 

 

Terrestrial 

Ecosystems 

With comparison to 2°C, 
limiting global warming to 
1.5°C holds numerous benefits 
for terrestrial ecosystems and 
associated services: 

x At 2°C, 18% (6±35%) of 
insect species, 8% (4±16%) 
of vertebrate species and 

x In a 2°C warmer world, 13% (range 
8±20%) of biomes will transform. 
Whereas at 1.5°C, approximately 
6.5% will transform and at 1°C of 
warming, only 4% (range 2±7%). 

x At 2°C of warming, ecosystem 
vulnerability would increase by 40-
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16% (9±28%) of plant 
species studied would lose 
>50% of their bioclimatic 
range. Whereas at 1.5°C, the 
projected values reduce to 
6% (1¬18%) of insect 
species, 4% (2±9%) of 
vertebrate species and 8% 
(4±15%) of the plant species 
studied.  

x Under 1.5°C of warming 
the projected thawing of 
permafrost is 17-44% as 
compared to 28-53% under 
2°C of warming. They 
project that the thawing of 
approximately 1.5 to 2.5 
million km2 of permafrost 
could be avoided by 
constraining warming to 
1.5°C as compared to 2°C. 

In terms of risk of fires:  

x Constraining warming to 
1.2°C would reduce risk to 
37.8% of the global land 
area (2010-2039) as 
compared to 61.9% at 3.5°C 
(2070±2099). With respect 
to 1961-1990, the Fynbos 
biome will lose 
approximately 20%, 45% 
and 80% of its current 
suitable climate area under 
1°C, 2°C and 3°C of global 
warming, respectively.  

Additionally, the biomass of 
tropical rainforests in Central 
America are projected to 
reduce by approximately 40% 
and 20% at 3°C and 1.5°C of 
warming by 2050, 
respectively. 

50% as compared to the vulnerability 
at 1.5°C. 
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6.2. Text Analytics 

The text analytics component of the work was conducted using R26. The objective was to 

identify, by paragraph, the co-occurrence and correlation of terms relevant to impacts with 

µLoss¶ and µDamage¶ and, separaWel\, ZiWh µ1.5�C¶ and µ2�C¶. As menWioned in Whe MeWhods 

(Section 4.2), the terms listed in Table A.1 (Appendix A) are based on the key findings 

gleaned from QCA (Section 6.1). Figure 12 and Figure 14 show the co-occurrence of the 

keywords across impacts in the SR1.5 and highlighWs Whe increased coYerage of (i) µLoss¶ as 

compared Wo µDamage¶ and (ii) µ1.5�C¶ compared Wo µ2�C¶. 

 

 
26 R is a programming language and free software environment used for statistical computing. The R language 
is widely used for data mining, among other applications. 

Figure 12: Co-occurrence of Impacts with 1.5°C and 2°C of global warming 
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For each of the various impacts considered, Figure 12 shows a relatively even distribution 

of occXrrences of µ1.5�C¶ and µ2�C¶ in Whe SR1.5, ZiWh Whe Whree highesW co-occurring terms 

being human, economic and ecosystem. In most instances, the co-occurrence of µ1.5�C¶ is 

higher Whan µ2�C¶. This is dXe Wo Whe facW WhaW µ1.5�C¶ occXrs more ofWen Whan µ2�C¶ (see Table 

A.1, Appendix A). The general paWWerns of occXrrence of µ1.5�C¶ and µ2�C¶ appear similar. 

In fact, the two terms are significantly correlated (Corr. = .52, p < .01). However, the 

absolute co-occurrence does not account for the relative frequencies of impacts and warming 

leYels. For e[ample, µEconomic¶ appears more ofWen in Whe We[W as compared Wo µGlacier¶ 

which biases the comparison. Therefore, to allow for a better comparison across impacts and 

between warming levels, Figure 13 depicts the correlation between the impacts and the 

temperature levels based on the Phi coefficient.  

 

 

Figure 13: Correlation graph for Impacts with 1.5°C and 2°C of global warming 
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Figure 13 shows that the correlation between warming levels and impacts, which accounts 

for Whe difference of Whe absolXWe occXrrence of µ1.5�C¶ and µ2�C¶, Wo be more similar 

between the warming levels, as compared to the co-occurrence (Figure 12). Furthermore, 

accounting for the absolute occurrences of the impacts changes the order of association 

between impacts and warming levels. For example, in Figure 12 µEconomic¶ has a higher 

association with the warming levels relative to the other impacts as compared to in Figure 

13. Furthermore, the analysis reveals that several correlations between the impacts and the 

warming levels are statistically not significant on a 5%-level. In fact, the correlation between 

both warming levels and µForesW¶, µHabiWaW¶ and µSocial¶ are statistically not distinguishable 

from zero. Moreover, µ1.5�C¶ does not correlate with µBiodiYersiW\¶, Zhereas µ2�C¶ does not 

correlate ZiWh µInfrasWrXcWXre¶, µLiYelihood¶, µCommXniWies¶, µUrban¶, and µAgricXlWXre¶. 

Aside from these cases, all terms have not only a substantive but also a significant relation 

with the warming levels (each, p < .05).  

 Figure 14: Co-occurrence graph for Impacts with Loss and Damage 
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Similar to the previous analysis, Figure 14 and Figure 15 show the co-occurrence and 

correlaWion beWZeen µLoss¶ and µDamage¶ and impacWs. The resXlWs sXggesW Whe higher 

coYerage of µLoss¶ as compared Wo µDamage¶ in Whe SR1.5, with the three highest co-

occXrring Werms being µEcos\sWem¶, µEconomic¶ and µFood¶.  

IW is imporWanW Wo noWe WhaW µLoss¶ and µDamage¶ occur less often in the text as compared to 

µ1.5�C¶and µ2�C¶. However, the correlation between the impacts ZiWh µLoss¶ and µDamage¶ 

is stronger as compared to the correlation of impacts with the warming levels in the majority 

of cases. The correlation between µLoss¶ and µDamage¶ is significant (Corr. = .28, p < .01), 

this implies that the terms occur together frequently in the text. When looking aW µLoss¶, all 

impacWs e[cepW µUrban¶ shoZ statistical significance. Whereas, a series of impacts27 do not 

shoZ sWaWisWical significance ZiWh µDamage¶, thus implying that damage has lower coverage 

with impacts in the SR1.5. 

 
27 µAgricXlWXre¶, µFood¶, µForesW¶, µGlacier¶, µHealWh¶, µHXman¶, µIce¶, µNaWXre¶, µPeople¶, µSocial¶, µToXrism¶, 
µUrban¶ 

Figure 15: Correlation graph for Impacts with Loss and Damage 
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6.3. DPSIR Framework on L&D in the SIDS 

The DPSIR framework effectively captures the cause-effect interactions in the Pacific SIDS 

in a simplified way. Following the cyclical process of adaptive management, the framework 

incorporates viable response options to address the driving forces, pressures, stressors and 

impacts in the systems. By further connecting the framework to the SDGs, the framework 

presents relevant information on L&D in a meaningful format which in turn can be used to 

inform decision making. Moreover, the framework can aid in effective science 

communication, bridging the gap across scientific disciplines and further to policy and 

management. 

This framework (Figure 16) depicts the relationships between the key driving forces, 

pressures, state, impacts and responses concerning L&D in SIDS in the Pacific Region. The 

framework identifies driving forces which exert pressure and in turn lead to changes in the 

state of the system, which then result in impacts on human systems. Subsequently, 

appropriate societal responses are required. I include a list of references so as to link the 

literature to the elements of the DPSIR framework (see Appendix B). 

Figure 16: DPSIR Framework for L&D in SIDS in the Pacific. 

Driving Forces Pressures State Impacts

Responses

• Poor socio-economic 
conditions1

• Limited livelihood options2

• Population growth3

• Weak institutional and 
regulatory frameworks4

• Ineffective and maladaptive 
policies5

• Increased frequency and 
intensity of extreme weather 
events6

• Slow-onset events and 
associated threats7

Physical Environment
• Shoreline recession16

• Sea level rise17

• Salinization of groundwater18

Ecosystems
• Change in distribution of tuna 

stock19

• Decline in coral reefs, coastal 
fisheries and mariculture20

• Decline in vegetation cover, due 
to erosion and land use 
changes21

Human Settlements
• Settlement encroachment 22

• Material and intangible losses23

• Droughts8

• Cyclones9

• Floods 10

• Temperature stress, marine 
and terrestrial11

• Climate change induced 
aridity12

• Climate change induced sea 
level rise13

• Increased pressure on land 
owing to increased demands 
for agriculture14

• Ocean acidification15

• Reduced availability of freshwater24

• Declining well-being25

• Human health impacts, stress and 
psychological problems, access to health 
facilities26

• Loss of culture, identity, community 
cohesion and sense of place27

• Damages associated with flooding, financial 
costs associated with economic losses, 
emotional impacts associated with non-
economic losses28

• Loss of livelihoods, difficulty in sustaining 
traditional coastal livelihoods29

• Degraded ecosystems30

• Improving the effectiveness of development aid with better 
integration with climate change adaptation

• Increased reliance on traditional approaches for resilience-
building

• Improving the usability of climate information
• Developing and testing climate-risk screening tools
• Improving coordination and sharing of good practices
• Participatory research approaches that engages key actors
• Integrated and participatory risk assessment
• Investing in disaster-risk reduction and strengthening disaster 

risk governance
• Improvement of policies dealing with internal migration
• Establishing a governance framework regarding relocation, 

guiding land tenure, financial support and planning of 
relocation

• Migration and planned displacement of communities
• Promoting alternative food production systems
• Inclusion of mental well-being concerns in migration policy
• Enhance/restore natural protection such as mangroves
• Increase the height of ground that is inhabited
• Replace vertical sea wall structures with gentle slopes with toe 

projections
• Establish early warning systems for extreme weather events
• Development of aquaculture
• Natural resource management through establishment/expansion 

of marine protected areas
• Deployment of low-cost inshore fish aggregating devices
• Encouragement of traditional agriculture
• Effective integrated coastal zone management
• Transfer fishing effort from coral reef fish to tuna
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Figure 17 and Figure 18 map the elements of extreme and slow-onset events through the 

DPSIR framework. Additionally, I draw connections between the elements mentioned in the 

framework with the SDGs to highlight the importance and interlinkages of L&D (in the 

Pacific SIDS) with the SDGs.  The list of specific SDG targets is included in Appendix B 

(Table B.5, B.6).  

The focused frameworks (Figure 17 and Figure 18) allow for the exploration of individual 

driving forces and the resulting chain of events arising from pressures exerted on the system. 

These driving forces as they are prominent within the region and closely linked to L&D. 

Further, the driving forces elicit contrasting responses when addressing changes in state and 

the impacts observed. While the responses in the DPSIR framework on slow-onset events 

includes mostly mitigation-focused responses, the framework on extreme weather events 

reflects on adaptation-focused approaches. This indicates that an integrated series of mixed 

policies must be undertaken to reduce the impacts experience in the region. These policies 

must address both, the reduction of GHG emissions and coping strategies to deal with the 

consequences of global warming.  

Figure 17: Focused DPSIR Framework on slow-onset events (based on Puig, 2019) 

Driving Forces

Pressures

State

Impacts

Responses

Slow-onset events and 
associated threats

Physical Environment
• Shoreline recession 
• Sea level rise 
• Salinization of groundwater  

Ecosystems
• Change in distribution of tuna 

stock 
• Decline in coral reefs, coastal 

fisheries and mariculture
• Decline in vegetation cover, due 

to erosion and land use changes

Human Settlements
• Settlement encroachment
• Material and intangible losses

• Temperature stress, marine 
and terrestrial

• Climate change induced 
aridity 

• Climate change induced sea 
level rise

• Increased pressure on land 
owing to increased demands 
for agriculture 

• Ocean acidification

• Reduced availability of freshwater
• Declining well-being
• Human health impacts, stress and 

psychological problems, access to health 
facilities

• Loss of culture, identity, community 
cohesion and sense of place  

• Financial costs
• Loss of livelihoods, difficulty in sustaining 

traditional coastal livelihoods
• Degraded ecosystems

• Better and longer-term integration of climate change science, 
sectoral development plans and development aid budgets

• Increased reliance on traditional approaches for resilience-
building

• Improving the usability of climate information
• Improving coordination within and between government 

agencies, and sharing of good practices
• Participatory research approaches that engages key actors
• Strengthening disaster-risk governance
• Improved integration between the United Nations Framework 

Convention on Climate Change and the United Nations 
International Organization for Migration

• Development of aquaculture, promoting alternative food 
production systems, development of crop varieties and other 
agronomical practices that increase the resilience of agriculture

• Natural resource management through establishment, expansion of 
marine protected areas, development of protected areas for coral 
reefs, development of water conservation programmes

• Effective integrated coastal zone management, development of a 
lowland drainage system, reduce the salinization of coastal aquifers 
using techniques such as artificial recharge, implementation of 
erosion control programmes and soil conservation measures 

• Map flood zones, relocate homes/businesses currently in flood 
zones

• Migration and planned displacement of communities

SDG 1; 2; 13; 14; 15

SDG 3; 9; 11; 13; 14; 15

SDG 1; 3; 6; 8; 9; 11; 12; 13; 14 ;15; 17
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Driving Forces Pressures

State
Impacts

Responses

Increased frequency and 
intensity of extreme weather 
events

Physical Environment
• Erosion
• Salinization of groundwater

Ecosystems
• Decline in coral reefs

Human Settlements
• Settlement encroachment
• Material and intangible losses

• Droughts
• Floods
• Cyclones

• Declining well-being
• Human health impacts, stress and 

psychological problems
• Loss of heritage sites
• Damages associated with flooding
• Financial costs associated with economic 

losses, emotional 
• Impacts associated with non-economic 

losses
• Loss of livelihoods
• Damaged ecosystems

• Improving the effectiveness of development aid with better 
integration with climate change adaptation

• Improving the usability of climate information
• Developing and testing climate-risk screening tools
• Improving coordination and sharing of good practices
• Participatory research approaches that engages key actors
• Integrated and participatory risk assessment
• Investing in disaster-risk reduction
• Strengthening disaster risk governance
• Improvement of policies dealing with internal migration
• Establishing a governance framework regarding relocation, 

guiding land tenure, financial support and planning of relocation

• Enhance/restore natural protection such as mangroves
• Establish early warning systems for extreme weather events
• Natural resource management through establishment/expansion 

of marine protected areas
• Investing in disaster risk reduction for resilience
• Effective integrated coastal zone management
• Enhancing disaster preparedness for effective response and to 
“Build Back Better” in recovery, rehabilitation and 
reconstruction1

• Land-use regulation
• Flood protection (dykes; levees) 

SDG 2; 13; 15

SDG 1; 3; 9; 11; 13; 14; 15
SDG 1; 3; 6; 8; 9; 11; 12; 13; 14; 15; 17

Figure 18: Focused DPSIR Framework on extreme weather events (based on Puig, 2019) 
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7. Discussion 
In the following section, I discuss the findings from the QCA (7.1) and the text analytics 

(7.2) of the SR1.5. Following which, I analyse the DPSIR framework on L&D in the SIDS 

in the Pacific (7.3) while drawing parallels with the SDGs (7.4). Lastly, I discuss the 

relevance of the outcomes to the current state of L&D in connection with the Paris 

Agreement (7.5) in order to put the results into perspective. 

Even in current mitigation and adaptation efforts are strengthened in the coming years, the 

world is committed to a certain amount of global warming. Some of the impacts of global 

warming will be impossible to adapt to or cope with. We term these impacts loss and damage 

(L&D). L&D is a heavily debated topic in international climate change negotiations, with 

the definition of the term and the implementation of actions to address L&D still ambiguous. 

The aim of this thesis is to explore the extent of L&D at 1.5°C and 2°C of global warming, 

drawing on the contents of the IPCC SR1.5. So far, the reports by the IPCC have not touched 

upon L&D in an explicit manner, as the controversy surrounding the topic has led some 

governments to exclude L&D from the scope of the IPCC reports. Simply put, L&D has 

been actively avoided, in a bid to stifle demands of compensation from developing countries. 

7.1. Qualitative Content 

The analysis of the IPCC SR1.5 through the lens of L&D makes it possible to compare how 

impacts may vary across the two warming scenarios. The report does not prominently feature 

L&D but it does conclude with very high confidence that the risk of unavoidable losses and 

damages, economic and non-economic alike, will increase if global warming increases to 

2°C by the end of the century. Despite the explicit coverage of L&D being limited to a 

µCross-ChapWer Bo[¶ spanning WZo-pages, the SR1.5 is the first report to directly mention 

L&D (Chapter 5, pp 454)28. However, throughout the report, the evidence of losses and 

damages presently occurring, and the risk of future L&D is discussed (see Table 1, Section 

6.1). Overall, the results of the QCA indicate that there would be a steep increase in L&D 

across sectors when moving from 1.5°C to 2°C of global warming.  

When the stressors covered by the report are analysed for the comparative impacts at 1.5°C 

and 2°C, it is evident that a 1.5°C warmer world would have lesser negative impacts as 

 
28 The cross-chapter box discusses soft and hard limits to adaptation and the need for transformational 
adaptation in order to restrict global warming to 1.5°C. 
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compared to a 2°C warmer world. However, 1.5°C of global warming would nevertheless 

hold severe implications for society as compared to present-day climate. This implies that 

attempts to achieve sustainable development, eradicate poverty, reduce inequalities and 

protect the well-being of natural and human systems will be more challenging at 1.5°C of 

warming as compared to the current warming level of 1°C (IPCC, 2018). The QCA of the 

SR1.5 revealed that across all stressors the increase of global warming to 2°C increases both 

the severity and geographical spread of the impacts. Notably, the effects of most stressors, 

if not already observed, will first affect developing regions even if global warming is limited 

to 1.5°C.  

Through my analysis of the report, I found that L&D was mostly covered in relation to the 

impacts of flooding. This could be due to the increased availability of research on flooding 

patterns and modeling studies. The SR1.5 provides statistical quantification for projected 

risks of most stressors, except precipitation and cyclone patters. Yet, it fails to emphasise on 

the interaction between stressors and their cascading impacts. One key example is the 

amplification of impacts associated with storm surges and wave action by SLR, which leads 

to salinization, flooding and erosion, increasing the risk to coastal communities and 

ecosystems. This in turn impacts livelihoods and cultures intertwined with marine systems, 

particularly in SIDS.   

In terms of natural systems (marine, terrestrial and wetland), the report emphasizes on the 

irreversible loss of habitats and ecosystems that would occur owing to various stressors. The 

projected loss of 99% of coral reefs at 2°C of warming, along with the increasing risk of loss 

of 45% of the Fynbos Biome are some examples discussed in the report. Further, the SR1.5 

reports that the projections for the number of vertebrate and plant species to lose over half 

of their geographic range is reduced by half at 1.5°C of warming as compared to 2°C. 

Similarly, across the two warming scenarios, the number of insect species is reduced by two-

thirds. 

The coverage of natural systems in the report is mainly dominated by losses in comparison 

to damages as the assessment of losses is relatively straightforward. This is due to the lack 

of certainty when ascertaining the extent of damages that would occur. For example, 

although the increase in temperature will result in the melting of sea ice and glaciers, it is 

difficult to state with high certainty the degree of damage resulting from it. The report 

highlights the staggering difference in impacts between the two warming levels, concluding 
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that a 2°C would have disastrous implications for natural systems. Unsurprisingly, a major 

part of the report is devoted to the economic losses and damages associated with the loss of 

natural systems such as the loss of productivity of regions, loss of ecosystem services and 

reduction of available natural resources. In the case of marine ecosystems, the report 

repeatedly highlights the implications of climatic stressors on the productivity of fisheries, 

which will face high risk at 2°C of warming in lower latitudes.   

The report has more extensive coverage of the impacts of climate change on human systems 

as compared to natural systems. This could be due to the lack of available literature on 

natural systems or the constellation of authors involved in the report (Carey et al., 2014). In 

addition, the report tends to cover economic L&D more than NELD, which could be due to 

Whe difficXlW\ in assessing and qXanWif\ing NELD¶s. For e[ample, Whe reporW giYes relatively 

less attention to the loss of culture and agency due to climate change, despite the availability 

of scientific literature (Kim, 2011; Adger et al., 2013; Tschakert et al., 2017). Another 

example is the substantial coverage of the impacts of flooding, which focuses mainly on the 

economic damages that will affect the global population and urban areas. When it comes to 

the number of people affected by flooding and human health, we see that coverage of 

damages dominates the report. While the report presents statistical quantification for the 

projected number of people at risk from various stressors, the SR1.5 fails to dig deeper and 

discuss the social implications of these stressors at 1.5°C and 2°C of global warming. 

Unlike the AR5, the SR1.5 does address losses and damages arising from gradual climatic 

changes (van der Geest and Warner, 2019). Yet, the report falls short of discussing the 

compounding nature of climatic stressors, and the interaction of slow-onset events and 

extreme weather events. After the qualitative analysis of the report, it is refreshing to see the 

relatively equal coverage of both, developing and developed countries in relation to L&D. 

One explanation for the increased coverage could be due to the increased scientific research 

being conducted in developing countries (with comparison to 2014) and the increased 

availability of robust literature on L&D arising from slow-onset events. However, there has 

been considerably less research available on slow-onset events as compared to extreme 

weather events. This is due to difficulty in ascertaining the full extent of losses and damages 

occurring and their costs. In conclusion, the coverage of L&D is rather polarized and focuses 

mainly on the economic losses and damages, which is far from the real losses and damages 

resulting from climatic changes occurring in developing countries. This could be due to the 

lack of integrative studies that analyse L&D across different regions.  
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Based on the findings of this thesis, the following hypotheses can be formulated: 

1. The higher the coverage of the effects of climate change on human systems, the 

more likely they focus on damages instead of losses. 

2. The higher the coverage of the effects of climate change on natural systems, the 

more likely they focus on losses instead of damages. 

3. If scientific literature discusses Loss and Damage in connection with affected 

systems, then it focuses more on economic losses and damages than on non-

economic.  

7.2.  Text Analytics 

To complement the QCA and to mitigate possible biases, the text analytics examines the co-

occXrrence and correlaWion of µLoss¶, µDamage¶, µ1.5�C¶ and µ2�C¶ ZiWh terms relevant to 

impacts. A first finding from this analysis is that, in relation to the warming levels, the 

coverage of human systems dominates quantitatively that of natural systems. This 

corroborates the findings from the QCA. A second finding (Figure 12) is that the term 

µ1.5�C¶ is Xsed mXch more ofWen Whan Whe Werm µ2�C¶. In order Wo compare Whe relaWionship 

between the impacts and the warming levels, one must take into account that the frequency 

of certain words might be arbitrarily higher than the rest. Therefore, Figure 13 depicts the 

correlation graph and the results show that the correlation between the warming levels and 

the respective impacts is more similar than Figure 12 suggests. Interestingly, the term 

µEconomic¶ displa\s a relaWiYel\ loZ correlaWion giYen WhaW iW has Whe second highesW 

cooccXrrence ZiWh Whe Zarming leYels. This implies WhaW Whe Werm µEconomic¶ is a 

reoccurring theme in the report, which is in line with the findings from the QCA. Vice versa, 

Whe Werm µPopXlaWion¶ shoZs a relaWiYel\ high correlaWion eYen WhoXgh Whe cooccXrrence 

ranked someZhaW loZer, in comparison Wo Whe oWher Werms. This indicaWes WhaW µPopXlaWion¶, 

when mentioned, is often associated in the text with the warming levels. Additionally, there 

are Werms sXch as µOcean¶, µIce¶, µGlacier¶ and µBiodiYersiW\¶ WhaW shoZ a higher correlaWion 

with 2°C as compared to 1.5°C, which could speak to the severe effects of the higher 

Zarming leYel. The Zords µSocial¶ and µAgricXlWXre¶ haYe a negaWiYe correlaWion ZiWh µ2�C¶, 

which could indicate that the report is less likely to mention 2°C in connection with these 

impacts. However, the correlation for these terms is statistically not different from zero. 

When looking aW Whe Werms µLoss¶ and µDamage, FigXre 14 and 15 reYeal WhaW, in comparison 

Wo µDamage¶, Whe Werm µLoss¶ is menWioned more ofWen in Whe reporW. This coXld indicaWe WhaW 
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losses are easier to study or simply more relevant. Further, in comparison to the warming 

leYels, Whe Werms µLoss¶ and µDamage¶ haYe a sWronger correlaWion ZiWh Whe YarioXs impacWs 

considered. Similar to the findings from the QCA, Figure 15 reveals that the terms 

µEcos\sWem¶, µCoral¶ and µSpecies¶ are sWrongl\ emphasised in Whe We[W.  MoreoYer, Whe We[W 

analytics further confirms the QCA findings showing the highest correlation of the term 

µDamage¶ ZiWh µInfrasWrXcWXre¶ and µEconomic¶.  

InWeresWingl\, Whe Werms µToXrism¶ and µFood¶ do not show statistically significant 

correlaWions ZiWh damage. In Whe case of µToXrism¶, Whis coXld be becaXse Whe reporW ofWen 

mentions the loss of coral reefs, beaches and ski fields in connection with tourism, which 

results in economic damage. Further, Zhen considering µFood¶, Whe Werm is ofWen relaWed Wo 

the loss of yield and productivity, which in fact refers to damage in the report. Similarly, an 

e[planaWion for Whe relaWiYel\ high correlaWion of µDamage¶ ZiWh µCommXniWies¶ coXld be 

attributed to the usage of damage in certain cases to imply permanent damage and, therefore 

loss. Therefore, these instances highlight the need for QCA in addition to text analytics in 

order to gain a better understanding of the themes and topics addressed in any written text. 

A ke\ obserYaWion from FigXre 15 is WhaW Whe Werms µLoss¶ and µDamage¶ coYer WZo differenW 

Whemes, Zhere µLoss¶ is Xsed more ofWen in connecWion ZiWh naWXral s\sWems and µDamage¶ 

with human systems. Overall, this finding is aligned with the connotations of irreversibility 

(associaWed ZiWh µLoss¶) and reYersibiliW\ (associaWed ZiWh µDamages¶), as implied in seYeral 

studies (McNamara & Jackson, 2019; Tschakert et al., 2017). In sum, the findings from the 

text analytics support those of the QCA.  

7.3. DPSIR Framework 

To put the perspective of L&D into the context of SIDS in the Pacific, the DPSIR framework 

is used (Figure 16) to provide a stylised description of the relationships between the socio-

economic drivers of L&D, the associated environmental pressures, states and impacts, and 

the responses considered to manage L&D in the region. The information presented in Figure 

16 draws on one of the outputs of a European Union-funded project (the so-called SINCERE 

project). In turn, the project will draw on the relationships depicted in Figure 16 to identify 

existing knowledge gaps, in collaboration with researchers from Pacific island states.  

Climate change along with poor socio-economic conditions leads to an increasing number 

of losses and damages (McIver et al., 2015; Puig, 2019). Extreme weather and slow-onset 
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events such as cyclones and SLR exert pressure on the system and, in combination with 

anthropogenic factors such as population growth and weak institutional frameworks, further 

lead to a change in the state of the environment (Mcleod et al., 2010; Gard and Veitayaki, 

2017). The changed state manifests as a range of impacts such as declining well-being, 

economic losses and degraded ecosystems (Fisher, 2011; Birk and Rasmussen, 2014; Bell 

et al., 2013a). Policies aimed at reverting the drivers of change include improving the 

usability of climate information and policies dealing with internal migration in conjunction 

with participatory research approaches to enhance the resilience of communities in order to 

mitigate risks (Birk and Rasmussen, 2014; Agrawala and Van Aalst, 2008; Cvitanovic et al., 

2016). Policies aimed at reducing pressures include improving the effectiveness of 

development aid through better integration with adaptation efforts should be pursued (Gero 

et al., 2011). Policies to address the change of state include the promotion of alternative food 

production systems and effective integrated coastal management amongst other suggestions 

(Nunn, 2013; Bell et al., 2013a). Policies focused on reducing negative impacts include the 

promotion of alternative livelihoods in order to combat further poverty (Nunn, 2013). 

Further, the development of aquaculture and the usage of low-cost onshore fish-aggregating 

devices could help sustain traditional coastal livelihoods (Bell et al., 2013a). Gero et al., find 

that the lack of effective and holistic polices contribute to the increase in losses and damages. 

Thus, the successful implementation of these responses relies on effective political strategies 

that are grounded in participatory research approaches. 

Figure 17 reflects on slow-onset events such as SLR and ocean acidification in the Pacific 

region (Monnereau and Abraham, 2013; Fabricius et al., 2011). Changes in the state of the 

environment include shoreline recession, settlement encroachment and alterations in the 

distribution of fish stock (Albert et al., 2016; Bell et al., 2013b; Giardino et al., 2018). 

Observed impacts of this changed state are the reduced availability of freshwater, and 

financial losses due to change in fish stock (Karnauskas et al., 2018; Brown et al., 2017). 

Driver and pressure-based responses include improved integration between the UNFCCC 

and the United Nations International Organization for Migration and the strengthening of 

disaster risk governance within the region (Barnett, 2017; Thomas and Benjamin, 2018b). 

Further, to address the change in state and resulting impacts, responses such as effective 

natural resource management and planned displacement of communities could be considered 

(Rosegrant et al., 2016; Nalau and Handmer, 2018). Similarly, Figure 18 presents a 

framework covering extreme weather event such as floods and cyclones in SIDS in the 
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Pacific. Investment in disaster-risk reduction and development of climate-risk screening 

tools are key responses identified to address drivers and pressures (Nalau and Handmer, 

2018; Agrawala and Van Aalst, 2008). State and impact-based responses focus on enhancing 

disaster preparedness and early warning systems for extreme weather events (Edmonds and 

Noy, 2018; Gawith et al., 2016). An interesting outcome of the focused DPSIR frameworks 

is that the responses for slow-onset events are mostly adaptation-centric, while responses for 

extreme weather events are mostly mitigation-centric. 

7.4.  DPSIR Framework and the SDGs 

Figures 17 and 18 show how the various SDGs relate to the different elements in the two 

DPSIR frameworks. The analysis finds that 12 out of 17 of the SDGs are directly linked and 

the list of specific SDG targets are included in Appendix B (Table B.5 and B.6).  This 

mapping highlights that, at the level of environmental pressures, slow-onset events touch 

upon a larger number of SDGs. Stated differently, heightened efforts will be needed to 

manage slow-onset events, if the SDGs are to be achieved. Tragically, slow-onset events are 

receiving little attention, compared to extreme-weather events. Two main reasons account 

for this. First, the time frames associated with extreme-weather events mean that their events 

are more amenable to being included in governmental plans and strategies, typically through 

disaster-risk management programmes. Second, the knowledge required to manage slow-

onset events is largely missing, and the governance arrangements at the international level 

are sub-optimal. Spurred by the latter, the Warsaw International Mechanism recently 

launched a call for research outputs in the area of slow-onset events. Undoubtedly, these 

research outputs will highlight the comparatively larger impact that these events have on 

human development, as depicted in crude terms in the two figures, 17 and 18. 

7.5. L&D in international climate change negotiations 
Article 8 in the Paris Agreement focuses exclusively on L&D. Since the adoption of the 

Paris Agreement in 2015, steadily albeit slowly, L&D has gained traction in international 

climate change negotiations. Yet, issues such as financing for L&D or the mandate of the 

WIM remain unresolved. During the 2019 conference of the parties to the UNFCCC, 

discussions on a finance mechanism for L&D resulted in a reference to the importance of 

scaling up the mobilization of resources, relying where possible on funding already allocated 

to the Green Climate Fund (UNFCCC, 2019). Nonetheless, a separate funding stream for 

L&D, which is a longstanding claim from developing countries, was not agreed. Similarly, 
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the 2019 conference of the parties to the UNFCCC resulted in no agreement on the mandate 

of the WIM. Developing countries wish the WIM to operate under both the Convention and 

the Paris Agreement. The former does not preclude compensation, which the latter does, but 

it places little emphasis on L&D, which the latter does not. Developed countries wish the 

WIM to operate under the Paris Agreement only, which explicitly precludes compensation. 

Despite these setbacks, agreement was reached on the establishment of a "Santiago 

Network", operating under the WIM. This network shall provide vulnerable countries with 

the much-needed technical assistance and knowledge to avoid, minimise and recover from 

L&D. In addiWion, Whe WIM¶s E[ecXWiYe CommiWWee Zas reqXesWed Wo esWablish WZo e[perW 

groups, one on slow onset event and non-economic losses, and the other in charge of the 

plan of action on finance, outreach and collaboration (Puig et al., 2019a). Due to the 

difficulty in assessing the full cost of L&D associated with slow-onset events, especially 

NELD, they have often been unaccounted for. Further, the discussion around finance 

mechanisms for L&D is highly contentious. Thus, the establishment of expert groups on 

these topics is essential in order to provide support to developing countries. There is a need 

for socially engaged research, which aims to understand what communities and individuals 

value the most and strategies for the affected to cope with these losses. The Paris Agreement 

provides the opportunity for evidence-based scientific research to play a key role in the 

political process. 
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8. Conclusion 
 
Loss and Damage (L&D) has steadily risen to the forefront of climate change negotiations, 

as it has become apparent that, irrespective of increased initiative through mitigation and 

adaptation efforts, there are certain climatic feedbacks that we are locked into and certain 

that are inevitable (Hirsch et al., 2015; Steffen et al., 2011). This thesis demonstrates the 

variation of impacts and stressors between the two warming scenarios, 1.5°C versus 2°C, 

and the resulting losses and damages through a three-fold analysis. 

The review of literature on L&D provided empirical insight into the topic, and served as a 

foundation for the development of the coding scheme used in the qualitative content analysis 

(QCA). The analysis of the SR1.5 highlights the steep increase in losses and damages across 

systems when moving from 1.5°C to 2°C. When analysed across stressors and their resulting 

impacts, the report does not discuss in detail the compounding nature of stressors, which 

could indicate the lack of available research on the subject. The coverage of natural systems 

was mainly dominated by losses, however, the coverage of damages arising was substantial. 

This reflects on the sufficient availability of research on the valuation of ecosystem services. 

The literature on human systems focused mostly on the damages. Further, the literature cited 

in the report tends to have a greater focus on economic L&D as compared to non-economic 

loss and damage (NELD), which could be due to the difficulty in assessing and quantifying 

NELDs. Yet, NELD arising from climatic changes have been reported to be far more 

significant than economic losses and damages in most countries.  

In order to reduce biases that might have been introduced during the QCA, I analysed the 

text quantitatively to understand the relationship between impact sectors and the warming 

leYels, and laWer ZiWh µLoss¶ and µDamage¶. SWXd\ing Whe co-occurrence of terms (within a 

paragraph) and correlation provides an alternative way of identifying themes and 

connecWions ZiWhin Whe reporW. The findings of Whe We[W anal\Wics idenWif\ Whe Werm µEconomic¶ 

to be a reoccurring theme in the report. Further, the results present a higher correlation 

beWZeen µLoss¶ and Werms releYanW Wo naWXral s\sWems and beWZeen µDamage¶ and Werms 

relevant to human systems. Overall, the findings of the text analytics corroborate those of 

the QCA.  

Lastly, I present a DPSIR framework (Figure 16) on L&D in SIDS in the Pacific, based on 

a review of literature conducted by Daniel Puig (2019). Doing so contextualizes the findings 

from the QCA and text analytics, providing a deeper understanding of the cause-effect 
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relationships in the region. Climatic changes reinforced by anthropogenic drivers such as 

population growth and ineffective policies lead to the change in the state of the environment, 

consequently leading to an increase in losses and damages. The recommended responses to 

manage L&D in the region include participatory research methods, increased targeted 

financing, and a holistic portfolio of policies which focus equally on adaptation and 

mitigation. This framework contributes to one of the work packages of the SINCERE project 

serving as a basis for researchers in the SINCERE project to identify existing knowledge 

gaps. I further reflect on slow-onset events and extreme weather events in two DPSIR 

frameworks (Figure 17 and 18) and identify connections between the elements of the 

framework and the SDGs. The analysis reveals that managing slow-onset events will be 

integral to achieving the targets set in the SDGs. Yet, in comparison to extreme-weather 

events, there is a large gap in knowledge and lack of policies addressing slow-onset events. 

In order to design policies that minimize the negative impacts of climate change, future 

research efforts could address the management of slow-onset events and assess the real 

extent of resulting losses and damages. 

The SR1.5 report acknowledges that the worst impacts of climate change fall on developing 

countries, who are the least responsible for the current climate crisis. These countries lack 

the resources and capacity to cope with the current crisis, yet, the questions of attribution of 

climate change, liability and compensation have overshadowed the real burden that these 

countries face. The literature review and findings of this thesis indicate that L&D policies 

must address two factors. First, reduce future losses and damages that can be avoided 

through effective mitigation measures. Second, include measures that tackle the unavoidable 

losses and damages that society faces today and will face in the future (Serdeczny et al. 

2016). The confusion arises as to which impacts must be taken into account, and how these 

losses and damages shall be compensated. While the loss of a house is easier to quantify, 

how is the loss of life, sense of place, belonging and culture quantified? Arguably, next to 

the political debate about financing, the stakes for loss and damage will turn around two 

issues. First, understanding what people value most and why, which effectively sets the 

limits to adaptation. Second, the recognition and study of the various non-economic losses 

associated with climate change. These two issues have emerged in the analysis, though only 

partially. This lack of coverage highlights that the literature covered in the IPCC reports 

misses central aspects of the loss and damage debate. This is no surprise, as the scope of the 

various reports is a political, not scientific decision. Yet, the lack of coverage is inconsistent 
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ZiWh Whe IPCC¶s sWaWed goal, namel\ s\nWhesising all climaWe change science. In this context, 

the politicization of science to a certain extent is inevitable, however, it must be kept within 

check to ensure scientific freedom and credibility. 

 

Key Findings  

x Adapted from van der Geest and Warner (2019) and Vulturius and Davis (2016), I put 

forward a working definition for L&D:  the impacts of climate change and related 

stressors which cannot be mitigated or avoided owing to the threshold limits of a system 

and the slow pace and ineffectiveness of policy development in mitigation and 

adaptation efforts.  

x The findings of the QCA and text analytics find Whe Werm, µEconomic¶ Wo be a recXrring 

theme in the report and an emphasis on damages affecting human systems. This 

highlights an important research gap, non-economic L&D, which has been reported to 

be far more significant than economic L&D (Doktycz and Abkowitz, 2019). Future 

research efforts should focus on the management of slow-onset events and the 

development of an assessment framework that effectively accounts for the full extent of 

non-economic L&D.  

x The DPSIR Framework elucidates the key role that addressing L&D has to play in 

achieving the targets under the SDGs in the Pacific SIDS. Further, the framework 

emphasises on the need for a portfolio of policies (local and international), which are 

grounded in participatory methods and evidence-based research in order to reduce the 

extent of L&D occurring in the region.  

x More ambitious mitigation and more and better adaptation will reduce the amount of 

L&D the world will suffer. Nonetheless, there will be residual impacts, which will cause 

L&D. Such impacts can be associated with three situations. First, a conscious choice, 

grounded in economic arguments, to limit adaptation efforts. Second, ineffective 

adaptation. Third, impacts that exceed the limits to adaptation. All three situations call 

for heightened efforts to understand and manage L&D 
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10. Appendix A 
 
Table A.1: Text Analytics data 

Term Substitutions Absolute Occurrence Occurrence per 
paragraph 

1.5°C - 1975 1366 
2°C - 890 677 
Loss - 240 184 
Damage - 94 75 
Agriculture - 236 198 
Biodiversity - 102 85 
Communities - 181 166 
Coral - 95 66 
Crop - 146 113 
Economic GDP 415 342 
Ecosystem - 339 269 

Fish Fisheries, 
Aquaculture 101 64 

Food - 343 245 
Forest Rainforest 177 124 
Freshwater - 32 30 
Glacier - 17 13 
Habitat - 21 17 
Health - 157 133 
Human - 254 229 
Ice - 175 106 
Infrastructure - 192 172 
Livelihood - 81 75 
Nature - 212 183 
Ocean - 246 181 
People - 180 151 
Population - 154 125 
Social - 180 158 
Species - 86 64 
Terrestrial - 56 51 
Tourism - 59 25 
Urban Cities 356 243 
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11. Appendix B  
 

DPSIR Framework References 

Table B.1: Driving Forces References  

Driving Forces References 

1Poor socio-economic conditions McIver et al., 2015; Rosegrant et al., 2016 

2Limited livelihood options Fisher, 2011; Schmutter et al., 2017 

3Population growth Allen, 2015; Karnauskas et al., 2018 

4Weak institutional and regulatory 
framework Barnett, 2001; Betzold, 2015; Gero et al., 2015 

5Ineffective and maladaptive policies Gero et al., 2011; Thomas and Benjamin, 2018a; 
Thomas and Benjamin, 2018b 

6Increased frequency and intensity of 
extreme weather events 

Gard and Veitayaki, 2017; Handmer and Nalau, 
2019 

7Slow-onset events and associated 
threats 

Mcleod et al., 2010; Mimura and Nunn, 1998; 
Monnereau and Abraham, 2013; Siméoni and 
Ballu, 2012 

 

Table B.2: Pressures References  

Pressures References 

8Droughts Pearce et al., 2018; Thomas et al., 2019 

9Cyclones Mcleod et al., 2010; Brown et al., 2017 

10Floods Brown et al., 2018; Gard and Veitayaki, 2017; 
Siméoni and Ballu, 2012  

11Climate change induced aridity Karnauskas et al., 2018 
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12Temperature stress, marine and 
terrestrial 

Bell et al., 2013b; Fabricius et al., 2011 

13Climate change induced sea level 
rise 

Handmer and Nalau, 2019; Mcleod et al., 2011 

14Increased pressure on land owing 
to agriculture 

Allen, 2015; Barnett, 2011 

15Ocean Acidification Fabricius et al., 2011; Munday et al., 2014; 
Schmutter et al., 2017 

 

Table B.3: State References  

State References 

Physical Environment 

16Shoreline recession Albert et al., 2016. 

17Temperature Stress Bell et al., 2013b; Fabricius et al., 2011 

18Salinization of groundwater Terry and Chui, 2012; Nunn, 2009 

Ecosystems 

19Change in distribution of tuna 
stock Bell et al., 2013a; Bell et al., 2013b 

20Decline in coral reefs, coastal 
fisheries and mariculture Bell et al., 2013a; Rosegrant et al., 2016 

21Increase in occurrence of extreme 
weather events 

Handmer and Nalau, 2019; Thomas and Benjamin, 
2018a 

Human Settlements 

22Settlement encroachment  Albert et al., 2016; Giardino et al., 2018; Terry and 
Chui, 2012 

23Material and intangible losses Adger et al., 2013; Brown et al., 2018; Dannenberg 
et al., 2019; Janif et al., 2016; McIver et al., 2015; 
Nunn, 2013 
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Table B.4: Impacts References 

Impacts References 

24Reduced availability of freshwater Karnauskas et al., 2018; Terry and Chui, 2012 

25Declining Zell-being Fisher, 2011; Pearce et al., 2018 

26HXman healWh impacWs, sWress and 
ps\chological problems, access Wo 
healWh faciliWies 

Dannenberg et al., 2019; Schwerdtle et al., 2018 

27Loss of cXlWXre, idenWiW\, commXniW\ 
cohesion and sense of place 

Adger et al., 2013; Allgood et al., 2017; Roberts 
and Andrei, 2015.  

28Damages associaWed ZiWh flooding, 
financial cosWs associaWed ZiWh 
economic losses, emoWional impacWs 
associaWed ZiWh non-economic losses 

Birk et al., 2014; Brown et al., 2017; Dannenberg 
et al., 2019; Schwerdtle et al., 2018; Siméoni et 
al., 2012  

29Loss of liYelihoods, difficXlW\ in 
sXsWaining WradiWional coasWal 
liYelihoods 

Handmer and Nalau, 2019; Nunn, 2013; Pearce et 
al., 2018; Thomas et al., 2019 

30Degraded ecosystems Bell et al., 2013a; Fabricius et al., 2011; Mcleod 
et al., 2010; Ortiz et al., 2014 

 
 

Table B.5: SDG linkages with DPSIR Framework on slow-onset 
events 
 SDG Target 

Pressures 
 1.5 

By 2030, build the resilience of the poor and those in vulnerable 
situations and reduce their exposure and vulnerability to climate-related 
extreme events and other economic, social and environmental shocks 
and disasters  

13.1 Strengthen resilience and adaptive capacity to climate-related hazards 
and natural disasters in all countries  

13.2 Integrate climate change measures into national policies, strategies and 
planning  

13.3 
Improve education, awareness-raising and human and institutional 
capacity on climate change mitigation, adaptation, impact reduction and 
early warning  

13.a 
Implement the commitment undertaken by developed-country parties to 
the United Nations Framework Convention on Climate Change to a goal 
of mobilizing jointly $100 billion annually by 2020 from all sources to 
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address the needs of developing countries in the context of meaningful 
mitigation actions and transparency on implementation and fully 
operationalize the Green Climate Fund through its capitalization as soon 
as possible  

13.b 

Promote mechanisms for raising capacity for effective climate change-
related planning and management in least developed countries and small 
island developing States, including focusing on women, youth and local 
and marginalized communities  

14.2 

By 2020, sustainably manage and protect marine and coastal ecosystems 
to avoid significant adverse impacts, including by strengthening their 
resilience, and take action for their restoration in order to achieve 
healthy and productive oceans  

14.3 Minimize and address the impacts of ocean acidification, including 
through enhanced scientific cooperation at all levels  

14.5 
By 2020, conserve at least 10 per cent of coastal and marine areas, 
consistent with national and international law and based on the best 
available scientific information  

15.3 
By 2030, combat desertification, restore degraded land and soil, 
including land affected by desertification, drought and floods, and strive 
to achieve a land degradation-neutral world  

State 3.d 
Strengthen the capacity of all countries, in particular developing 
countries, for early warning, risk reduction and management of national 
and global health risks  

9.1 

Develop quality, reliable, sustainable and resilient infrastructure, 
including regional and trans-border infrastructure, to support economic 
development and human well-being, with a focus on affordable and 
equitable access for all  

9.4 

By 2030, upgrade infrastructure and retrofit industries to make them 
sustainable, with increased resource-use efficiency and greater adoption 
of clean and environmentally sound technologies and industrial 
processes, with all countries taking action in accordance with their 
respective capabilities  

11.3 
By 2030, enhance inclusive and sustainable urbanization and capacity 
for participatory, integrated and sustainable human settlement planning 
and management in all countries  

11.5 

By 2030, significantly reduce the number of deaths and the number of 
people affected and substantially decrease the direct economic losses 
relative to global gross domestic product caused by disasters, including 
water-related disasters, with a focus on protecting the poor and people 
in vulnerable situations  

13.1 Strengthen resilience and adaptive capacity to climate-related hazards 
and natural disasters in all countries  

14.2 

By 2020, sustainably manage and protect marine and coastal ecosystems 
to avoid significant adverse impacts, including by strengthening their 
resilience, and take action for their restoration in order to achieve 
healthy and productive oceans 

14.5 
By 2020, conserve at least 10 per cent of coastal and marine areas, 
consistent with national and international law and based on the best 
available scientific information  
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14.6 

By 2020, prohibit certain forms of fisheries subsidies which contribute 
to overcapacity and overfishing, eliminate subsidies that contribute to 
illegal, unreported and unregulated fishing and refrain from introducing 
new such subsidies, recognizing that appropriate and effective special 
and differential treatment for developing and least developed countries 
should be an integral part of the World Trade Organization fisheries 
subsidies negotiationc 

14.7 

By 2030, increase the economic benefits to small island developing 
States and least developed countries from the sustainable use of marine 
resources, including through sustainable management of fisheries, 
aquaculture and tourism  

14.a 

Increase scientific knowledge, develop research capacity and transfer 
marine technology, taking into account the Intergovernmental 
Oceanographic Commission Criteria and Guidelines on the Transfer of 
Marine Technology, in order to improve ocean health and to enhance 
the contribution of marine biodiversity to the development of 
developing countries, in particular small island developing States and 
least developed countries  

14.b Provide access for small-scale artisanal fishers to marine resources and 
markets  

14.c 

Enhance the conservation and sustainable use of oceans and their 
resources by implementing international law as reflected in the United 
Nations Convention on the Law of the Sea, which provides the legal 
framework for the conservation and sustainable use of oceans and their 
resoXrces, as recalled in paragraph 158 of ³The fXWXre Ze ZanW´ 

15.1 

By 2020, ensure the conservation, restoration and sustainable use of 
terrestrial and inland freshwater ecosystems and their services, in 
particular forests, wetlands, mountains and drylands, in line with 
obligations under international agreements  

15.2 
By 2020, promote the implementation of sustainable management of all 
types of forests, halt deforestation, restore degraded forests and 
substantially increase afforestation and reforestation globally  

15.3 
By 2030, combat desertification, restore degraded land and soil, 
including land affected by desertification, drought and floods, and strive 
to achieve a land degradation-neutral world  

15.5 
Take urgent and significant action to reduce the degradation of natural 
habitats, halt the loss of biodiversity and, by 2020, protect and prevent 
the extinction of threatened species  

15.9 
By 2020, integrate ecosystem and biodiversity values into national and 
local planning, development processes, poverty reduction strategies and 
accounts  

15.a Mobilize and significantly increase financial resources from all sources 
to conserve and sustainably use biodiversity and ecosystems 

Impacts 

1.4 

By 2030, ensure that all men and women, in particular the poor and the 
vulnerable, have equal rights to economic resources, as well as access 
to basic services, ownership and control over land and other forms of 
property, inheritance, natural resources, appropriate new technology and 
financial services, including microfinance 
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3.3 
By 2030, end the epidemics of AIDS, tuberculosis, malaria and 
neglected tropical diseases and combat hepatitis, water-borne diseases 
and other communicable diseases  

3.8 
Achieve universal health coverage, including financial risk protection, 
access to quality essential health-care services and access to safe, 
effective, quality and affordable essential medicines and vaccines for all  

3.c 

Substantially increase health financing and the recruitment, 
development, training and retention of the health workforce in 
developing countries, especially in least developed countries and small 
island developing States  

3.d 
Strengthen the capacity of all countries, in particular developing 
countries, for early warning, risk reduction and management of national 
and global health risks  

6.1 By 2030, achieve universal and equitable access to safe and affordable 
drinking water for all  

6.4 

By 2030, substantially increase water-use efficiency across all sectors 
and ensure sustainable withdrawals and supply of freshwater to address 
water scarcity and substantially reduce the number of people suffering 
from water scarcity  

6.5 By 2030, implement integrated water resources management at all 
levels, including through transboundary cooperation as appropriate 

6.a 

By 2030, expand international cooperation and capacity-building 
support to developing countries in water- and sanitation-related 
activities and programmes, including water harvesting, desalination, 
water efficiency, wastewater treatment, recycling and reuse 
technologies 

8.9 By 2030, devise and implement policies to promote sustainable tourism 
that creates jobs and promotes local culture and products  

8.10 Strengthen the capacity of domestic financial institutions to encourage 
and expand access to banking, insurance and financial services for all  

9.1 

Develop quality, reliable, sustainable and resilient infrastructure, 
including regional and trans-border infrastructure, to support economic 
development and human well-being, with a focus on affordable and 
equitable access for all  

9.3 
Increase the access of small-scale industrial and other enterprises, in 
particular in developing countries, to financial services, including 
affordable credit, and their integration into value chains and markets  

9.4 

By 2030, upgrade infrastructure and retrofit industries to make them 
sustainable, with increased resource-use efficiency and greater adoption 
of clean and environmentally sound technologies and industrial 
processes, with all countries taking action in accordance with their 
respective capabilities  

9.a 

Facilitate sustainable and resilient infrastructure development in 
developing countries through enhanced financial, technological and 
technical support to African countries, least developed countries, 
landlocked developing countries and small island developing States 

11.4 SWrengWhen efforWs Wo proWecW and safegXard Whe Zorld¶s cXlWXral and 
natural heritage  

11.5 By 2030, significantly reduce the number of deaths and the number of 
people affected and substantially decrease the direct economic losses 
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relative to global gross domestic product caused by disasters, including 
water-related disasters, with a focus on protecting the poor and people 
in vulnerable situations  

11.b 

By 2030, significantly reduce the number of deaths and the number of 
people affected and substantially decrease the direct economic losses 
relative to global gross domestic product caused by disasters, including 
water-related disasters, with a focus on protecting the poor and people 
in vulnerable situations  

11.c 
Support least developed countries, including through financial and 
technical assistance, in building sustainable and resilient buildings 
utilizing local materials  

12.2 By 2030, achieve the sustainable management and efficient use of 
natural resources  

12.b 
Develop and implement tools to monitor sustainable development 
impacts for sustainable tourism that creates jobs and promotes local 
culture and products  

13.1 Strengthen resilience and adaptive capacity to climate-related hazards 
and natural disasters in all countries  

13.2 Integrate climate change measures into national policies, strategies and 
planning  

13.3 
Improve education, awareness-raising and human and institutional 
capacity on climate change mitigation, adaptation, impact reduction and 
early warning  

13.a 

Implement the commitment undertaken by developed-country parties to 
the United Nations Framework Convention on Climate Change to a goal 
of mobilizing jointly $100 billion annually by 2020 from all sources to 
address the needs of developing countries in the context of meaningful 
mitigation actions and transparency on implementation and fully 
operationalize the Green Climate Fund through its capitalization as soon 
as possible  

13.b 

Promote mechanisms for raising capacity for effective climate change-
related planning and management in least developed countries and small 
island developing States, including focusing on women, youth and local 
and marginalized communities  

14.b Provide access for small-scale artisanal fishers to marine resources and 
markets  

15.1 

By 2020, ensure the conservation, restoration and sustainable use of 
terrestrial and inland freshwater ecosystems and their services, in 
particular forests, wetlands, mountains and drylands, in line with 
obligations under international agreements 

15.3 
By 2030, combat desertification, restore degraded land and soil, 
including land affected by desertification, drought and floods, and strive 
to achieve a land degradation-neutral world  

15.5 
Take urgent and significant action to reduce the degradation of natural 
habitats, halt the loss of biodiversity and, by 2020, protect and prevent 
the extinction of threatened species  

15.6 
Promote fair and equitable sharing of the benefits arising from the 
utilization of genetic resources and promote appropriate access to such 
resources, as internationally agreed  
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15.9 
By 2020, integrate ecosystem and biodiversity values into national and 
local planning, development processes, poverty reduction strategies and 
accounts  

15.a Mobilize and significantly increase financial resources from all sources 
to conserve and sustainably use biodiversity and ecosystems  

17.6 

Enhance North-South, South-South and triangular regional and 
international cooperation on and access to science, technology and 
innovation and enhance knowledge-sharing on mutually agreed terms, 
including through improved coordination among existing mechanisms, 
in particular at the United Nations level, and through a global technology 
facilitation mechanism 

17.7 

Promote the development, transfer, dissemination and diffusion of 
environmentally sound technologies to developing countries on 
favourable terms, including on concessional and preferential terms, as 
mutually agreed  

17.9 

Enhance international support for implementing effective and targeted 
capacity-building in developing countries to support national plans to 
implement all the Sustainable Development Goals, including through 
North-South, South-South and triangular cooperation  

17.18 

By 2020, enhance capacity-building support to developing countries, 
including for least developed countries and small island developing 
States, to increase significantly the availability of high-quality, timely 
and reliable data disaggregated by income, gender, age, race, ethnicity, 
migratory status, disability, geographic location and other 
characteristics relevant in national contexts  

17.19 

By 2030, build on existing initiatives to develop measurements of 
progress on sustainable development that complement gross domestic 
product, and support statistical capacity-building in developing 
countries  

 
Table B.6: SDG linkages with DPSIR Framework on extreme 
weather events 

 SDG Target 

Pressures 

2.4 

By 2030, ensure sustainable food production systems and implement 
resilient agricultural practices that increase productivity and production, 
that help maintain ecosystems, that strengthen capacity for adaptation to 
climate change, extreme weather, drought, flooding and other disasters 
and that progressively improve land and soil quality  

13.1 Strengthen resilience and adaptive capacity to climate-related hazards 
and natural disasters in all countries  

13.2 Integrate climate change measures into national policies, strategies and 
planning  

13.3 
Improve education, awareness-raising and human and institutional 
capacity on climate change mitigation, adaptation, impact reduction and 
early warning  

13.a 
Implement the commitment undertaken by developed-country parties to 
the United Nations Framework Convention on Climate Change to a goal 
of mobilizing jointly $100 billion annually by 2020 from all sources to 
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address the needs of developing countries in the context of meaningful 
mitigation actions and transparency on implementation and fully 
operationalize the Green Climate Fund through its capitalization as soon 
as possible  

13.b 

Promote mechanisms for raising capacity for effective climate change-
related planning and management in least developed countries and small 
island developing States, including focusing on women, youth and local 
and marginalized communities  

15.3 
By 2030, combat desertification, restore degraded land and soil, 
including land affected by desertification, drought and floods, and strive 
to achieve a land degradation-neutral world  

State 1.5 
By 2030, build the resilience of the poor and those in vulnerable 
situations and reduce their exposure and vulnerability to climate-related 
extreme events and other economic 

3.d 

By 2030, build the resilience of the poor and those in vulnerable 
situations and reduce their exposure and vulnerability to climate-related 
extreme events and other economic, social and environmental shocks 
and disasters  

9.1 

Develop quality, reliable, sustainable and resilient infrastructure, 
including regional and trans-border infrastructure, to support economic 
development and human well-being, with a focus on affordable and 
equitable access for all  

9.4 

By 2030, upgrade infrastructure and retrofit industries to make them 
sustainable, with increased resource-use efficiency and greater adoption 
of clean and environmentally sound technologies and industrial 
processes, with all countries taking action in accordance with their 
respective capabilities  

11.3 
By 2030, enhance inclusive and sustainable urbanization and capacity 
for participatory, integrated and sustainable human settlement planning 
and management in all countries  

11.5 

By 2030, significantly reduce the number of deaths and the number of 
people affected and substantially decrease the direct economic losses 
relative to global gross domestic product caused by disasters, including 
water-related disasters, with a focus on protecting the poor and people 
in vulnerable situations  

13.1 Strengthen resilience and adaptive capacity to climate-related hazards 
and natural disasters in all countries  

14.2 

By 2020, sustainably manage and protect marine and coastal ecosystems 
to avoid significant adverse impacts, including by strengthening their 
resilience, and take action for their restoration in order to achieve 
healthy and productive oceans 

14.5 
By 2020, conserve at least 10 per cent of coastal and marine areas, 
consistent with national and international law and based on the best 
available scientific information  

14.a 

Increase scientific knowledge, develop research capacity and transfer 
marine technology, taking into account the Intergovernmental 
Oceanographic Commission Criteria and Guidelines on the Transfer of 
Marine Technology, in order to improve ocean health and to enhance 
the contribution of marine biodiversity to the development of 
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developing countries, in particular small island developing States and 
least developed countries  

14.c 

Enhance the conservation and sustainable use of oceans and their 
resources by implementing international law as reflected in the United 
Nations Convention on the Law of the Sea, which provides the legal 
framework for the conservation and sustainable use of oceans and their 
resoXrces, as recalled in paragraph 158 of ³The fXWXre Ze ZanW´ 

15.3 
By 2030, combat desertification, restore degraded land and soil, 
including land affected by desertification, drought and floods, and strive 
to achieve a land degradation-neutral world  

15.5 
Take urgent and significant action to reduce the degradation of natural 
habitats, halt the loss of biodiversity and, by 2020, protect and prevent 
the extinction of threatened species  

Impacts 

1.4 

By 2030, ensure that all men and women, in particular the poor and the 
vulnerable, have equal rights to economic resources, as well as access 
to basic services, ownership and control over land and other forms of 
property, inheritance, natural resources, appropriate new technology and 
financial services, including microfinance 

3.3 
By 2030, end the epidemics of AIDS, tuberculosis, malaria and 
neglected tropical diseases and combat hepatitis, water-borne diseases 
and other communicable diseases  

3.8 
Achieve universal health coverage, including financial risk protection, 
access to quality essential health-care services and access to safe, 
effective, quality and affordable essential medicines and vaccines for all  

3.c 

Substantially increase health financing and the recruitment, 
development, training and retention of the health workforce in 
developing countries, especially in least developed countries and small 
island developing States  

3.d 
Strengthen the capacity of all countries, in particular developing 
countries, for early warning, risk reduction and management of national 
and global health risks  

6.1 By 2030, achieve universal and equitable access to safe and affordable 
drinking water for all  

6.4 

By 2030, substantially increase water-use efficiency across all sectors 
and ensure sustainable withdrawals and supply of freshwater to address 
water scarcity and substantially reduce the number of people suffering 
from water scarcity  

6.5 By 2030, implement integrated water resources management at all 
levels, including through transboundary cooperation as appropriate 

6.a 

By 2030, expand international cooperation and capacity-building 
support to developing countries in water- and sanitation-related 
activities and programmes, including water harvesting, desalination, 
water efficiency, wastewater treatment, recycling and reuse 
technologies 

8.9 By 2030, devise and implement policies to promote sustainable tourism 
that creates jobs and promotes local culture and products  

8.10 Strengthen the capacity of domestic financial institutions to encourage 
and expand access to banking, insurance and financial services for all  

9.1 Develop quality, reliable, sustainable and resilient infrastructure, 
including regional and trans-border infrastructure, to support economic 
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development and human well-being, with a focus on affordable and 
equitable access for all  

9.3 
Increase the access of small-scale industrial and other enterprises, in 
particular in developing countries, to financial services, including 
affordable credit, and their integration into value chains and markets  

9.4 

By 2030, upgrade infrastructure and retrofit industries to make them 
sustainable, with increased resource-use efficiency and greater adoption 
of clean and environmentally sound technologies and industrial 
processes, with all countries taking action in accordance with their 
respective capabilities  

9.a 

Facilitate sustainable and resilient infrastructure development in 
developing countries through enhanced financial, technological and 
technical support to African countries, least developed countries, 
landlocked developing countries and small island developing States 

11.4 SWrengWhen efforWs Wo proWecW and safegXard Whe Zorld¶s cXlWXral and 
natural heritage  

11.5 

By 2030, significantly reduce the number of deaths and the number of 
people affected and substantially decrease the direct economic losses 
relative to global gross domestic product caused by disasters, including 
water-related disasters, with a focus on protecting the poor and people 
in vulnerable situations  

11.b 

By 2030, significantly reduce the number of deaths and the number of 
people affected and substantially decrease the direct economic losses 
relative to global gross domestic product caused by disasters, including 
water-related disasters, with a focus on protecting the poor and people 
in vulnerable situations  

11.c 
Support least developed countries, including through financial and 
technical assistance, in building sustainable and resilient buildings 
utilizing local materials  

12.2 By 2030, achieve the sustainable management and efficient use of 
natural resources  

12.b 
Develop and implement tools to monitor sustainable development 
impacts for sustainable tourism that creates jobs and promotes local 
culture and products  

13.1 Strengthen resilience and adaptive capacity to climate-related hazards 
and natural disasters in all countries  

13.2 Integrate climate change measures into national policies, strategies and 
planning  

13.3 
Improve education, awareness-raising and human and institutional 
capacity on climate change mitigation, adaptation, impact reduction and 
early warning  

13.a 

Implement the commitment undertaken by developed-country parties to 
the United Nations Framework Convention on Climate Change to a goal 
of mobilizing jointly $100 billion annually by 2020 from all sources to 
address the needs of developing countries in the context of meaningful 
mitigation actions and transparency on implementation and fully 
operationalize the Green Climate Fund through its capitalization as soon 
as possible  

13.b Promote mechanisms for raising capacity for effective climate change-
related planning and management in least developed countries and small 
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island developing States, including focusing on women, youth and local 
and marginalized communities  

14.b Provide access for small-scale artisanal fishers to marine resources and 
markets  

15.1 

By 2020, ensure the conservation, restoration and sustainable use of 
terrestrial and inland freshwater ecosystems and their services, in 
particular forests, wetlands, mountains and drylands, in line with 
obligations under international agreements 

15.3 
By 2030, combat desertification, restore degraded land and soil, 
including land affected by desertification, drought and floods, and strive 
to achieve a land degradation-neutral world  

15.5 
Take urgent and significant action to reduce the degradation of natural 
habitats, halt the loss of biodiversity and, by 2020, protect and prevent 
the extinction of threatened species  

15.6 
Promote fair and equitable sharing of the benefits arising from the 
utilization of genetic resources and promote appropriate access to such 
resources, as internationally agreed  

15.9 
By 2020, integrate ecosystem and biodiversity values into national and 
local planning, development processes, poverty reduction strategies and 
accounts  

15.a Mobilize and significantly increase financial resources from all sources 
to conserve and sustainably use biodiversity and ecosystems  

17.6 

Enhance North-South, South-South and triangular regional and 
international cooperation on and access to science, technology and 
innovation and enhance knowledge-sharing on mutually agreed terms, 
including through improved coordination among existing mechanisms, 
in particular at the United Nations level, and through a global 
technology facilitation mechanism 

17.7 

Promote the development, transfer, dissemination and diffusion of 
environmentally sound technologies to developing countries on 
favourable terms, including on concessional and preferential terms, as 
mutually agreed  

17.9 

Enhance international support for implementing effective and targeted 
capacity-building in developing countries to support national plans to 
implement all the Sustainable Development Goals, including through 
North-South, South-South and triangular cooperation  

17.18 

By 2020, enhance capacity-building support to developing countries, 
including for least developed countries and small island developing 
States, to increase significantly the availability of high-quality, timely 
and reliable data disaggregated by income, gender, age, race, ethnicity, 
migratory status, disability, geographic location and other 
characteristics relevant in national contexts  

17.19 

By 2030, build on existing initiatives to develop measurements of 
progress on sustainable development that complement gross domestic 
product, and support statistical capacity-building in developing 
countries  
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