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Global Climate Indicators, Risks and the Sustainable 

Development Goals, visually mapped: WMO Contribution to 

UNDRR GAR 2022. 

Abstract 

There is emerging scientific literature on climate change, risk and policy action. However, the 

interdisciplinary nature of the research has resulted in difficulties for stakeholders to quickly 

and easily find information on climate change as it relates to ecosystems, populations and 

development. We present a mapping tool that connects the seven World Meteorological 

Organization (WMO) state of the climate indicators to climate change impacts and the United 

Nations Sustainable Development Goals (SDGs). The WMO indicators were chosen for their 

clarity, relevance for a range of audiences, and ability to be updated using internationally 

agreed and published methods with open access and high-quality data. Each indicator 

represents key aspects of the climate system linked to various associated risks identified by 

the Intergovernmental Panel on Climate Change (IPCC) and the academic community. 

Systemically mapping the relationships between the WMO climate indicators and related risks 

to show how climate can affect the achievement of specific SDGs, with clear visual 

representations, provides stakeholders with a new tool to better grasp the interconnected and 

complex nature of how climate change threatens sustainable development. 

 

Keywords: Sustainable development, climate change risk, climate change communication, 

data visualization. 
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Introduction 

In the face of ongoing climate change, international cooperation for global risk reduction has 

never been more pressing. Global agreements such as the Paris Agreement, the United 

Nations 2030 Sustainable Development Goals (SDGs) and the Sendai Framework for Disaster 

Risk Reduction are arguably among the most significant global agendas in recent history, as 

they aim for global sustainable development and the safety of all humankind. However, there 

is still significant work to be done connecting knowledge of climate science and risk in 

order to reach these agreements’ ambitious international goals. We aim to contribute to 

this field by unpacking the climate contributions to risks to achieving the SDGs with a clear 

visual tool. 

Described as “wicked problem” and an “overarching meta problem,” climate change is often 

presented as a huge, complex and systemic challenge that cannot be addressed by any 

individual sector or solution (Head, 2008; Incorpera, 2015; Sun and Yang 2016; Peters, 

Johnson and Tosun, 2017). Naylor et. al (2020) argue that current warming trends and their 

associated impacts represent a “complex problem”, which “cannot be understood 

independently of their socioeconomic, political, and cultural contexts or without an appreciation 

of the broad heterogeneity of agents, communities, and environments that comprise them”. 

Knowledge on climate change (IPCC, 2014) has helped international community to gain better 

clarity on cause-and-effect relationships that lead to such impacts, and hence to a better 

understanding of the influence of the changing climate on various specific areas of socio-

economic development. 

Complex interdisciplinary knowledge poses difficulties for stakeholders to truly grasp spatial-

temporal and geographic information on climate change as it relates to ecosystems, 

populations and development (Jamieson, 2017; Lawrence, 2015; Machalaba et al., 2015). In 

order to address such a challenge at the international level, the Organization for Economic 

Co-operation and Development (OECD) has called for the “dismantling intellectual and policy 

silos” and “enhancing policy and institutional coherence by identifying policy interactions, 

trade-offs and synergies across economic, social and environmental areas” (OECD, 2016) in 

order to achieve sustainable development.  

The 2030 Agenda for Sustainable Development, adopted by the General Assembly of the 

United Nations on 25 September 2015 (A/RES/70/1) provides a shared blueprint for peace 

and prosperity for people and the planet, now and into the future. At its heart are the 17 

Sustainable Development Goals (SDGs), which are an urgent call for action by all countries - 

developed and developing - in a global partnership. They recognize that ending poverty and 

other deprivations must go hand-in-hand with strategies that improve health and education, 

reduce inequality, and spur economic growth – all while tackling climate change and working 

to preserve our oceans and forests (United Nations, 2015) 

Several studies have already begun to explicitly explore the interactions and synergies 

between climate change and international sustainable development. For example, both 

Christoph von Stechow (2016) and Gomez-Echeverri (2018) focused their research on the 

interconnections between achieving the Paris Agreement and the SDGs. A landmark study 

recently published in Nature (Francisco Fuso Nerini et al. 2019) provided new evidence on 

connecting climate action with the SDGs. The researchers found that there is limited literature 
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that has systematically evaluated context-specific synergies and trade-offs between climate 

action and the SDGs and they specifically call on international organizations to devote effort 

into organizing their work in terms of specific SDGs and targets, building as appropriate on 

the recent work of the IPCC. Fuso Nerini et al. (2019) use climate change as a singular process 

and demonstrate the need to further unpack the complexity of climate change in order to better 

understand how the various, simultaneous changes that are occurring to the global climate 

system will affect the SDGs. Our study aims to address this gap by providing a more nuanced 

understanding of specifics of how and why each SDG might be affected by various aspects of 

the changing climate, as well as by addressing identified needs for improved communication 

techniques. 

Effectively communicating the science behind climate change and associated risks has posed 

an additional challenge to scientists, advocates and policymakers for decades. Given the 

sheer complexity of the science, the scale of the potential impacts and the need for cross-

sectoral engagement, such a communication challenge is unsurprising. Sterman (2011) 

highlights that “climate change literature is often rife with technological and scientific language 

that inhibits both civil society and policy-makers from easily grasping the gravity of the risks”. 

In a comprehensive literature review on climate change communication, Wibeck (2013) 

emphasizes the role of visualizations, particularly through images, to make climate change 

evident. Given the complexities of climate processes and the relatively short amount of time 

that politicians have to read and assess such complex information, using clear visualizations 

can assist a wide array of audiences to more quickly understand the scope of climate-related 

risks to sustainable development. Harold et al. (2016) stress that graphics can “support 

thinking and support narratives when communicating with stakeholders” but stress how 

visually representing climate data to inform decision-making can be challenging given “the 

multi-dimensionality of data, the diversity in users’ needs across different stakeholder groups, 

and challenges and limitations in the use of software and tools to create graphics”. Given such 

challenges, how exactly does one go about producing effective visualization for climate 

communication? 

One strategy is to apply systems thinking and mapping techniques. In the publication Systems 

Approaches to Public Sector Challenges: Working with Change, the OECD suggests that 

systems thinking in the public sector is appropriate specifically when “current tools and logics 

that underpin the design of those tools are no longer able to meet expectations or are making 

the problem worse” or when “problem in question cannot be solved under the sole authority of 

the administrative body or even within the whole of government” (2017). The challenges 

presented by both climate change and sustainable development fit this definition well. Work 

in this domain has already begun, with scholars including Weitz et al. (2017) applying systemic 

analysis of how the SDG targets interact with each other, using network analysis techniques 

to present their findings in a visually accessible manner. Here, we similarly apply a systems 

mapping technique to the changing climate system components and their relationship to 

sustainable development and the SDGs, to clearly communicate to various stakeholders the 

risks that climate change poses.  

Mapping the systemic risks of climate change to achieving sustainable development strives 

toward enhancing knowledge about the complex climate/DRR relationships   involved in many 

of the goals laid out in the Sendai Framework for Disaster Risk Reduction. In fact, extreme 

events, such as storms, heat waves drought and flood, etc. and slow onset events such as 

sea level rise and glaciers melting, etc. are driven directly or indirectly by the influence of 
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climate change. Meanwhile, these events form the majority of the natural disasters occurring 

globally which DRR communities ought to deal with. By compiling multidisciplinary knowledge 

from across the various science disciplines into one succinct set of maps, we aim to address 

the need to “focus on monitoring, assessing and understanding disaster risk and sharing such 

information and on how it is created” (UNDRR 2015). Furthermore, by connecting the scientific 

and development communities through improved understanding of the highly interconnected 

nature of climate change risks, the maps aim to contribute to addressing the need to “promote 

and improve dialogue and cooperation among scientific and technological communities, other 

relevant stakeholders and policymakers in order to facilitate a science policy interface for 

effective decision-making in disaster risk management” (UNDRR 2015).  

WMO is the United Nations organization responsible for promoting international cooperation 

on atmospheric science, climatology, hydrology and geophysics. WMO uses climate indicators 

to track climate change as a contribution to the achievement of the goals and targets of high-

level United Nations climate-related policy agendas including the SDGs. The purpose of the 

following sections is therefore to broadly demonstrate how climate affects SDG achievement.  

Methodology 

Towards this end we undertook a comprehensive review of literature on climate change-

related risks. The synthesis of the results of this step helped in grouping, through visual 

mapping, the relationships between seven aspects of the changing climate and its actual or 

potential impacts on the SDGs. The analysis uses the WMO climate indicators to characterize 

the changes that are occurring to the global climate system (Trewin et al., in press). These 

seven indicators -- atmospheric CO2, ocean acidification, global mean surface temperature, 

ocean heat content, glacial mass balance, sea level rise and sea ice extent -- represent a 

broad range of changes that are occurring to the Earth systems due to anthropogenic climate 

change. Following (Trewin et al., in press), each indicator was chosen for its clarity, relevance 

to a range of audiences, and ability to be calculated regularly using an internationally agreed 

upon and published method with accessible and verifiable data. The WMO climate indicators 

are routinely monitored and published in the WMO State of the Global Climate reports, based 

on datasets that have been scrutinized using is the WMO’s Stewardship Maturity Matrix for 

Climate Data (Robert Dunn et al., 2021).  

The relationships between climate indicators and SDGs are demonstrated through a cascade 

of events that lead to impacts on SDGs. We then visually illustrate these relationships with 

modern mapping tools. In a final step, the results were presented to a working group of 

prominent climate scientists and international development experts working on the 

compilation, production and analysis of the annual production of the Global State of the 

Climate report (WMO 2021) for their in-depth review. This group was chosen given their 

familiarity with the indicators and their demonstrated expertise in their field.  

The following analysis addresses each of the seven WMO state of the climate indicators in 

turn, analyzing associated risks to the SDGs1 using visual mapping. A brief background of 

what the indicator measures and the role it plays in the global climate system can be found in 

the annex. 

 

 
1 A detailed list of the Sustainable Development Goals and their indicators can be found here. 

https://sdgs.un.org/goals
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CO2 Concentration 

Risks to the SDGs 

As CO2 concentrations rise, they enhance the anthropogenic component of the greenhouse 

effect. Though naturally occurring and necessary for life on earth, when enhanced in this way 

through human activity the greenhouse effect accelerates planetary warming. Rising CO2 

concentrations and associated rising global temperatures, unchecked, would both signal the 

limitations of the efficacy of efforts to combat climate change and put at risk the efforts to limit 

its impacts (SDG 13). Additionally, as carbon dioxide concentrations increase, photosynthesis 

processes speed up, producing agricultural yields in less time. This process can result in a 

reduction of grain protein concentration, a process known as growth dilution (Dong et al., 

2018). Such reductions in nutrient content can put food security at risk, specifically SDG 

2.1.21. Finally, a recent study (Tyler Jacobson, et al, 2019) has also demonstrated that there 

may be direct health risks associated with increased exposure to high levels of carbon dioxide 

in urban areas in the long term — potentially threatening SDGs 3.4.1, and 3.9.1. In addition to 

these specific risks, because atmospheric CO2 concentration is the principal driver of 

anthropogenic climate change, it is also indirectly responsible for risks related to each of the 

other climate indicators and to the SDGs affected by those indicators. Moreover, CO2 

dissolved in the water causes ocean acidification, providing a pathway for impacts of 

anthropogenic CO2 emissions to affect the achievement of SDGs in other ways as well.  

Figure 1. Risked posed by rising CO2 concentration to achieving the SDGs (Map). 
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Ocean Acidification  

Risks to Achieving the SDGs 

Ocean acidification is unique in that it is the only climate indicator that has its own SDG 

(14.3.1). Its impacts are far reaching; as the ocean absorbs increasing levels of CO₂, its pH 

changes to become more acidic, putting organisms like mussels, crustaceans and corals, and 

the other species along the food chain that depend on them, in danger, risking SDGs 14.2 and 

14.3 (NOAA 2019). Coral reefs are among the marine food chains and ecosystems most at 

risk. Many coral reefs have value beyond their ecosystem services and have been declared 

as UNESCO World Heritage sites. Their demise therefore means significant cultural losses 

(SDG 11.4) as well as economic losses from tourism (SDG 8.9) (UNESCO 2017). Additionally, 

significant changes or losses in marine biodiversity can reduce fishing yields. Reduced fishing 

yields can lead to reduced or diminished livelihoods (SDG 1.4) and food insecurity (SDG 

2.1.2), particularly in low income and rural areas that are more dependent on the local catch 

(Allemand and Osborn, 2019). Given demonstrated gender inequalities, risks to food security 

and livelihoods can have significantly different impacts across genders, thus undermining work 

done toward gender equality (SDG 5) (Agarwal, 2018). Both food insecurity and loss of 

livelihood can also be drivers of conflicts, particularly over territorial disputes and resource 

management, thus threatening regional peace and stability (SDG 16) (Jessica Spijkers et al, 

2018).  

Figure 2. Risked posed by ocean acidification to achieving the SDGs (Map). 
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Global Mean Surface Temperature  

Risks to Achieving the SDGs 

Rising temperatures and increases in extreme events will lead to significant changes and 

losses to both marine and land biodiversity, primarily as a result of habitat loss, migratory 

shifts, and trophic cascades (Gretta Pecl, et al, 2017, Sarahi Nunez et al., 2019). Even slight 

changes for one species could ultimately result in entire ecosystems being lost or species 

going extinct, impacting SDGs 14.2, and 15.5. Biodiversity loss, combined with increased 

temperatures, extreme events and water scarcity all pose risks to agricultural and fishing 

yields, threatening the livelihoods of the communities that depend on them (SDG 1.5) and food 

security (SDGs 2.1.2, 2.4.1) (Chuang Zhao, et al, 2017, FAO 2018, Kabir and Serrao-

Neumann, 2019, Maharjan and Niraj Joshi, 2015). Temperature rise and extreme events also 

threaten the availability and distribution of rainfall, snowmelt, river flows and groundwater, 

leading to higher risk of water scarcity and pollution, directly threatening SDGs 6.1 and 6.4 

(IPCC 2014). In addition, extreme events increase risks to health, displacement and built 

infrastructure. Health is at risk from extreme events which contribute to morbidity and mortality 

(SDGs 3.4 and 3.9), disrupt social and environmental conditions which can in turn allow 

disease to spread more easily (SDG 3.3), and can give rise to significant trauma that can 

impact mental health (SDG 3.4) (Jesse Bell, et al, 2017, Katie Hayes, et al, 2018).  

Climate change and migratory shifts also increase the spread of vector-borne diseases such 

as malaria (D. Campbell-Lendrum, et al, 2015). Extreme events, water scarcity and food 

insecurity also increase the risk of short- and long-term displacement (Hugo, 2011), 

undermining work toward eliminating poverty and establishing land rights (SDG 1.4.2), 

promoting social, economic and political inclusion (SDG 10.2), establishing labor rights (SDG 

8.8) and improving mental health (SDG 3.4). The combination of increased risk of 

displacement, and to health, water and food security, potentially increase the likelihood of 

conflict, threatening SDG 16 (ICRC, 2020, Bellemare, 2014, Hendrix and Salehyan, 2012). 

Extreme events can also have a negative impact on infrastructure, putting health at risk (SDG 

3) damaging homes, businesses (SDG 8.8) and communities (SDGs 1.4, 9.1, 11.7.b), 

disrupting transport (SDG 11.2), causing significant economic losses (SDG 1.5) and setting 

back development (SDG 11.7.b) (Jesse Bell, et al, 2017, Stewart and Deng, 2015). In urban 

areas especially, increased temperatures can destabilize energy systems (SDG 7.1.1) and 

lead to urban heat islands (SDG 11.5) (A Perera, et al, 2020, Galdies and Lau, 2020). Finally, 

temperature increase causes permafrost and glacial melt, further undermining built 

infrastructure (Jan Hjort, et al, 2018) and releasing additional greenhouse gases into the 

atmosphere. This feedback loop undermines any climate action taken (SDG 13.2) by nations. 

Such adverse impacts on food security, water scarcity, health and livelihoods will not be 

equally felt; those already disadvantaged by prevailing systemic race, gender and 

socioeconomic inequalities will be more significantly affected (UN 2017). 
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Figure 3. Risked posed by rising global mean surface temperature to achieving the SDGs (Map). 
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Ocean Heat Content 

Risks to Achieving the SDGs 

Given that the ocean has a central role in maintaining the Earth’s systems, changes in ocean 

heat content (OHC) poses several critical risks to sustainable development. First, rising 

temperatures can cause methane hydrates to melt in surface waters (Gray, 2018). As they 

melt, hydrates release methane, a potent greenhouse gas, into of the atmosphere (Gray, 

2018). Moreover, the ocean’s ability to absorb carbon is hindered by rising water temperature 

and the slowdown of ventilation, thus augmenting the amount of greenhouse gases in the 

atmosphere and threatening the efficacy of climate action (SDG 13.2). Changes in 

temperature dynamics are responsible for Atlantic Meridional Overturning Circulation (AMOC) 

weakening, which is projected to have a significant impact on weather patterns (P Bakker, et 

al, 2016).  

This could lead to cascading impacts on ecosystem structure and functioning, affecting 

species on land and threatening SDG 15.1, 15.3, and 15.5. Ocean circulation is also critical 

for the movement of nutrient content and oxygen. A slowdown could hinder oxygen and 

nutrients from reaching the organisms that need them (SDG 14) (NOAA, accepted for 

publication). Warming, particularly during marine heatwaves, can contribute to an increased 

risk of harmful algae blooms and cause significant impacts to marine biodiversity. Algal blooms 

can be harmful not only to marine species and biodiversity, through deoxygenation, but can 

also affect human health (SDG 3.9) (NIEHS, 2020) through exposure to toxins they release in 

the water. Higher temperatures can also negatively impact keystone species like coral reefs 

(Dahlman and Lindsey, 2018). As reefs are affected, so too are natural heritage sites, tourism 

opportunities, and the livelihoods that depend on them, impacting SDGs 11.4.1, 8.9 and 1.5 

(UNESCO, 2017). Additionally, changes in biodiversity can lead to reduced fishing yields, thus 

further threatening livelihoods (SDG 1.4), food security (SDG 2.1.2), and, potentially, conflict 

(SDG 16) over marine resources (IUCN, 2017, Jessica Spijkers et al., 2018). It is important to 

note that impacts on food security and livelihoods have significantly different implications for 

those already affected by underlying socioeconomic and gender systemic inequalities 

(Agarwal, 2018). 

Figure 4. Risked posed by rising ocean heat content to achieving the SDGs (Map). 
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Sea Ice Extent 

Risks to Achieving the SDGs 

As the extent of sea ice decreases globally, it poses a number of risks to the SDGs. First, as 

changes in surface albedo speed up warming, progress on climate action, specifically SDG 

13.2, is undermined. Additionally, as the ice melts, the various species that depend on it, from 

algae and zooplankton to polar bears and wolves, are at risk (CAFF 2017). Given the trophic 

connections across marine ecosystems, changes in Arctic and Antarctic sea ice could have 

global repercussions, threatening life on both land and water (SDGs 15.5 and 14.2). Such 

changes in biodiversity could also affect livelihoods (SDG 1.4) and food security (SDG 2.1.2) 

that depend on fishing yields (Nilsson, et al, 2013, IPCC, 2007). Finally, with fewer ice 

blockages, new routes for transportation will become available, thus increasing commercial 

traffic and possibly further exacerbating pollution to the further detriment of marine life (SDG 

14.2, 14.C, 6.6) (Guy and Lasserre, 2016, Keil, 2015, Gulas, et al., 2017), and potentially 

resulting in conflict, thus potentially threatening SDG 16.  

Figure 5. Risked posed by declining sea ice extent to achieving the SDGs (Map). 
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Glacial Mass 

Risks to Achieving the SDGs 

Loss of glacial mass poses several risks to the SDGs, particularly in high mountain regions 

that are home to roughly 10% of the population (IPCC 2019). As cold glacial water melts into 

the ocean, it disrupts the ocean thermohaline circulation (see above), which in turn reduces 

the ocean’s capacity to absorb CO2—undermining the efficacy of climate action (SDG 13.2). 

Changing ocean circulation will also significantly alter weather patterns around the globe, 

threatening terrestrial habitats and ecosystems (SDGs 15.1 and 15.3).  As glaciers recede 

and the snow-free season lengthens, plants and animals are forced to shift their range and 

establish habitats in new areas, causing changes in biodiversity and species extinction (SDGs 

15.1 and 15.3) (Cauvy-Fraunié and Dangles, 2019). Reductions in glacial mass balance also 

mean significant changes to local snow melt. As a critical source of freshwater, long-term 

changes to snowmelt and runoff threaten reliable access to safe, clean drinking water (SDG 

6.1) (Alexander Milner, et al, 2017).  

Moreover, as glaciers melt increasingly quickly, there is an additional risk of flooding, which 

can contaminate water sources, further risking SDG 6.1 and 6.3 (IPCC 2019). Flooding and 

water scarcity also risk agricultural yields, threatening the livelihoods that depend on them 

(SDG 1.5) and food security (SDGs 2.1.2, 2.4.1). Furthermore, as glaciers melt, they can 

cause rapid physical shifts, increasing the risk of landslides, mudslides and avalanches. Such 

extreme events threaten lives (SDG 11.5) and built infrastructure providing homes and 

supporting businesses (SDG 8.8) and communities (SDGs 1.5, 9.1, 11.7.b); disrupt transport 

(SDG 11.2); and contribute to significant economic losses (SDG 1.5) and development 

setbacks (SDG 11.b) (Stewart and Deng, 2015). Finally, glaciers offer significant tourism 

opportunities (SDG 8.9) and cultural services (SDG 11.4), associated livelihoods of which are 

threatened as tourism and cultural services diminish (SDG 1.4) (Alexander Milner, et al, 2017). 

It is important to note that many of the risks posed by changing glacial mass will be 

experienced differently around the world given prevailing socioeconomic and gender 

inequalities (UNEP 2011, Denton, 2002).  

Figure 6. Risked posed by declining glacial mass to achieving the SDGs (Map). 

 

Sea Level Rise  
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Risks to Achieving the SDGs 

As sea levels rise, extreme events and coastal flooding are more likely to occur. These events 

damage infrastructure—risking homes, businesses and communities (SDGs 1.5, 9.1, 11.1), 

threaten access to clean water (SDG 6.1), disrupt transport (SDG 11.2) and contribute to 

significant economic losses and development setbacks (SDGs 11.5 and 11.b) (Stewart and 

Deng, 2015). Flooding and extreme events can lead to either temporary or long-term 

displacement (Hugo, 2011). Displacement can undermine work toward eliminating poverty 

(SDG 1.4.2), social, economic and political inclusion (SDG 10.2) and labor rights (SDG 8.8). 

Additionally, sea level rise and coastal flooding can endanger ecosystems, as they can cause 

changes to water temperature and salinity, change available light, and can drown plants and 

animals (Bellard, Leclerc and Courchamp, 2013). Such losses and degradation of coastal 

ecosystems endangers SDGs 14.1, 14.2, and 15.1 Additionally, soils in low-lying coastal areas 

can become inundated with salt water, which contaminates the soil and harms crops, posing 

a significant risk to agricultural yields and threatening both livelihoods (SDGs 1.4, 1.5) and 

food security (SDGs 2.1.2, 2.4.1) (Faisal and Parveen, 2009). Salinization of groundwater can 

also occur. Combined with increased risk of water contamination during flooding events, 

salinization thus risks access to safe and clean drinking water (SDGs 6.1, 6.3). Water salinity 

can also cause detrimental health effects for populations living along the coast and in deltaic 

areas (SDG 3.9) (Rishika Chakraborty et al, 2019, Vineis, Chan and Khan, 2011). As clean 

water, food security and livelihoods are threatened, there is an increased risk of local conflicts, 

potentially further raising the risk of displacement (ICRC 2020). Finally, it is important to note 

that many of the risks posed by sea level rise will be experienced differently around the world 

given prevailing socioeconomic and gender inequalities (WHO 2014, UN 2017). 

Figure 7. Risked posed by sea level rise to achieving the SDGs (Map). 
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Conclusion 

If the Sustainable Development Goals are to be achieved by 2030, it is essential to understand 

the risks posed by anthropogenic climate change. This analysis adds to a growing body of 

literature mapping the complexities of the risks posed by climate change to sustainable 

development. Our results demonstrated that the connections between the global climate and 

the SDGs go far beyond Goal 13 for climate action. Each of the seven climate indicators 

addressed (surface temperature, ocean heat content, atmospheric carbon dioxide 

concentrations, ocean acidification, sea level rise, glacial mass balance and sea ice extent) 

pose significant risks to 13 of the 17 SDGs. In addition, gender disparities (SDG 5) are a critical 

component of many of the highlighted risks, particularly relating to health, food security and 

water scarcity. The three remaining goals for improved education (SDG 4), partnerships (SDG 

17) and sustainable consumption (SDG 12) can each contribute to the managing risks posed 

by anthropogenic climate change. By educating the international community on the 

interconnectivity between climate change and sustainable development, more interdisciplinary 

partnerships for change can occur, contributing to more sustainable behavior and 

consumption.  

The analysis above is subject to several limitations. First, the varying confidence levels of risk 

across the reviewed studies highlight the need for further research across the climate change 

domain. Second, time scales of risk were not addressed and could use further exploration, 

particularly to inform stakeholders of the effects that climate change is already having on our 

ability to achieve the SDGs. Third, the climate indicators are based on data collection and 

generation of data products. The data used to document the behavior of the climate indicators 

used in the analysis have been scrutinized using the WMO Stewardship Maturity Matrix for 

Climate Data (Robert Dunn et al, 2021). Downscaling the same type of analysis to regional 

and national level for linking local climate indicators with specific SDGs, would require fill in 

existing data gaps, and making sure that the required higher-resolution data is maturity 

assessed. Finally, while systems mapping enabled us to easily create a visual representation 

of the risks posed by each indicator to achieving the SDGs, further research is needed to 

analyze their efficacy for communication, as well as to compare differences in understanding 

across digital and print platforms for both civil society and policy makers. It is also important 

to note that mapping relationships and interconnections is just one element of systems 

thinking. By simply mapping out the connections between the indicators and the SDGs at the 

international level, the analysis does not address the current state of mitigation action or 

differentiated levels risk around the world. As such, a potential area of future research is to 

further engage with additional systems concepts such as leverage points in order to identify 

existing policy and risk assessment in order to signal gaps and key areas for intervention 

across stakeholder groups, particularly within the national policy level.  

Overall, extensive literature review of seven global state of the climate indicators 

demonstrated that climate change poses multiple risks to achieving nearly of all of the SDGs. 

Visual mapping of the risks provides a quick and easy tool for stakeholders to understand the 

nature of these risks, with the hope of accelerating climate action and cooperation at the local, 

national and global scale. An area of potential future research is to map the identified risks 

with existing policy in order to identify gaps and improve risk reduction practices. One clear 

action that countries can take not only to improve their risk management, but also to take 

active steps toward achieving the SDGs, is to improve their measurement, management and 

sharing of climate data.  
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Annex 

Background: Indicators & the Global Climate System 

CO2 

Atmospheric CO2 concentration arises from the balance between sources (including 

anthropogenic emissions) and sinks by the biosphere and the oceans. CO2 alone is 

responsible for about 82% of the increase in radiative forcing — the equilibrium between the 

incoming and outgoing energy in the Earth system — over the past decade (WMO 2018). 

Rising atmospheric CO2 concentrations and the subsequent greenhouse effect are causing an 

imbalance in the Earth’s energy budget, shifting its equilibrium and increasing energy 

accumulation (IPCC 2013). Of this accumulation, only 1% warms up the atmosphere, 3% 

dissipates into the ground, 3% melts the cryosphere and 93% is trapped by the ocean. When 

CO2 dissolves into the ocean, it turns into acid ions (H2CO3 and HCO3-) (IPCC 2019). The 

effect of this transformation is a reduction of pH, otherwise known as ocean acidification.  

Ocean Acidification 

As mentioned above, the ocean is the main sink of CO2. Approximately 25 to 30% of all CO2 

emissions are captured by the ocean (NOAA 2019). When CO2 dissolves in water, it turns into 

acid ions, which acidify the ocean. Ocean surface pH declined from 8.2 to below 8.1 over the 

industrial era as a result of an increase in atmospheric CO2 concentrations (NOAA 2019). This 

decline corresponds to an increase in oceanic acidity of about 30%. Ocean acidification is 

linked to a decrease in carbonate ion concentrations which are necessary for marine 

organisms -- like mussels, crustaceans and corals -- to form shells and skeletal material. 

Ocean acidification has been occurring 100 times faster in recent decades than during the 

past 55 million years (IPCC, 2013). This change is particularly significant for corals reefs—

which are not only home to the most biodiverse habitat in the ocean, they also provide 

essential shoreline protection in case of high waves or storm surge. Coral reefs are thus both 

extremely susceptible to climate change and form an integral part of adaptation measures 

(IPCC 2014). 

Global Mean Surface Temperature 

Global mean surface temperature (GMST) is measured using a combination of air temperature 

two meters over land, and sea surface temperature in ocean areas from various databases 

(Trewin, et al, in press). It is typically expressed as an anomaly from a baseline 

period. Depending on greenhouse gas concentration pathway scenarios, global surface 

temperature rise is expected to increase by 2-5°C by 2100 (IPCC 2014; Lindsey, 2020). 

Though seemingly small, such changes are significant. Global temperature has increased by 

4°C over the past 20,000 years (Buis 2019); anthropogenic climate change could to lead to a 

similar degree of warming over the next century. The IPCC has thus urged the world to keep 

warming below 1.5°C in order to “suffer less negative impacts on intensity and frequency of 

extreme events, on resources, ecosystems, biodiversity, food security, cities, tourism, and 

carbon removal” (IPCC 2018). Yet in 2020, warming was already around 1.2°C above pre-

industrial levels (WMO 2021). 

GMST has a major impact on the climate system. As the land and ocean surface warm, 

evaporation and evapotranspiration increase, creating more clouds and changing precipitation 

and streamflow patterns. The change in the water cycle means changing amounts of water 
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precipitation in different places, contributing to droughts to floods. Temperature is also a key 

variable for atmospheric circulation, as it affects the pressure gradient, and therefore wind 

patterns, jet streams and storm tracks (IPCC 2013). Rising GMST also plays a critical role in 

extreme events. Not only are heat extremes and heat waves are increasing in both frequency 

and intensity worldwide, but the rise in sea surface temperatures is also causing more severe 

tropical cyclones and storms and the intensification of El Niño events is bringing droughts and 

floods (IPCC 2012). As drought-affected areas increase in extent, land degradation can follow. 

In contrast, heavy rainfall events can lead to increased soil erosion. Additionally, changes in 

spatial and temporal patterns in temperature, rainfall, solar radiation and winds can also 

exacerbate desertification and wildfires, while a weaker polar jet stream is likely to drive cold 

waves and blocking events (IPCC 2012). Finally, as permafrost (permanently frozen ground) 

thaws, it releases methane stored underground into the air. Given that methane has a global 

warming potential over 20 times higher than CO2 for a 100-year time scale (IPCC 2007), if this 

phenomenon accelerates, there is a high risk of climate change becoming unpredictable, 

especially above +2°C. (Steffen et al., 2018). 

Ocean Heat Content 

Covering more than 70% of the Earth’s surface, the ocean has an incredible capacity to store 

heat without causing a significant increase to the global mean surface temperature. This ability 

to store and release heat over long periods of time gives the ocean a central role in stabilizing 

the Earth’s climate system. Ocean heat content (OHC) is a critical indicator of the state of the 

climate given the significant impacts it has on weather patterns, atmospheric composition, 

ecosystem health, and biodiversity. OHC measures the ocean’s capacity to store and transport 

heat through analysis of subsurface temperature profiles. Similar to those applied to global 

surface temperature, a number of temperature profiles in a given time “window” are spatially 

interpolated to estimate the global average relative to a specific reference period (Trewin, et 

al, accepted for publication). Temperature measurements are typically divided between 

surface (up to 700m) and deep ocean (up to 2000m). Average OHC has been steadily 

increasing, reaching record levels in 2020 (WMO 2021).  

OHC has several impacts on the global climate system. First, as water warms, its volume 

increases—accounting for 30-55% of 21st century global mean sea level rise (IPCC 2013). 

Additionally, as the ocean warms, floating ice shelves become thinner and ice sheets retreat 

(IPCC 2013). This addition of freshwater, in combination with surface ocean warming, makes 

the surface ocean less dense relative to deeper parts. Such density differences inhibit mixing 

between surface and deeper waters, reducing nutrient supply and limiting ocean ventilation, 

which has important consequences for the oceanic uptake of carbon and oxygen (IPCC 2019). 

There has been an 0.5−3.3% oxygen loss since 1970, and oxygen minimum zones are 

extending by 3-8% (Rabalais, 2009, IPCC 2019). As the ocean’s capacity to store carbon 

dioxide from the atmosphere is reduced, CO2 concentration in the atmosphere in increased, 

producing a reinforcing feedback loop (Chris Marsay, et al, 2015). Ocean warming has also 

been found to cause methane hydrates (deposits of frozen methane on the ocean floor) to be 

unstable and release methane into the atmosphere (Gray, 2018). Lastly, it is important to note 

that warming in the ocean is not occurring uniformly. Marine heat waves, or prolonged periods 

of anomalously warm seawater temperatures, have increased by doubling in frequency and 

becoming longer lasting, more intense and more extensive, with significant impacts on marine 

ecosystems and industries (IPCC 2019). 
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Sea Ice Extent 

Sea ice extent, defined as areas covered by an aerial ice concentration greater than 15%, is 

the most widely used climate indicator to assess long term changes in Arctic and Antarctic sea 

ice and is measured by passive microwave satellites that use reflectivity to determine changes 

(Trewin, et al, accepted for publication). It is important to note that there is still much unknown 

about sea ice behavior at the two poles, as demonstrated by the significant difference in their 

respective declines since 1980. In the Arctic, the annual minimum sea-ice extent was the 

second lowest on record and record low sea-ice extents were observed in the months of July 

and October 2020 (WMO 2021). During the winters of 2016 and 2018, surface temperatures 

in the central Arctic were 6°C above the 1981–2010 average, contributing to unprecedented 

regional sea ice absence (IPCC 2019).  

Sea ice extent affects the global climate in a number of ways. Given that light surfaces like 

sea ice are highly reflective of solar radiation (high albedo), as rising global temperatures melt 

sea ice, the albedo decreases and the darker surface of melted water and ocean will lead to 

more absorption of energy from the sun. As a result, surface air and sea temperatures 

increase, thus further accelerating local warming and sea ice melting in a positive feedback 

loop. This accelerated warming together with warmer ocean currents are having a significant 

impact on the polar jet stream (a type of thermal wind that arises due to the strong temperature 

contrast between cold polar air and warm tropical air). As the Arctic is experiencing 

accelerated warming, the temperature difference (temperature gradient force) between the 

pole and the tropics is reduced. The weaker the temperature gradient, the weaker the jet 

stream. Thus, as the jet stream moves, warm air can descend north, and cold air can plunge 

south (James Overland, et al, 2019).  

Glacial Mass Extent 

Glaciers, including ice sheets, are distributed across the planet, with concentrations in the high 

mountain ranges of Asia, and North and South America. As providers of ecosystem services 

and freshwater supply to millions around the world, glacial loss has significant and direct 

impacts on both the global climate and sustainable development. Glacial mass balance is 

defined as the sum of all gains and losses in ice mass2 (Trewin, et al, accepted for publication). 

It is a valuable indicator of the global climate as it integrates the effects of various components 

of the global climate system on snow and ice. Given the sheer quantity of glaciers worldwide, 

estimating their mass on a global scale requires extrapolation of direct observations from a 

worldwide network of national correspondents and principal investigators. Despite only limited 

data before the 1960s, existing glacier models and observations of glacier length reaching 

back until the 16th century indicate significant losses globally since the maximum of the so-

called Little Ice Age around 1850 (Trewin, et al, accepted for publication). Since 1960, there 

have been demonstrated losses, including the complete disappearance of entire glaciers. 

Between September 2019 and August 2020, approximately 152 Gt of ice were lost from the 

Greenland ice sheet (WMO 2021). 

 
2 Ice sheets and ice caps are both glaciers of different sizes. An ice sheet (or continental glacier) is a 
mass of ice that covers surrounding terrain and is greater than 50,000 km2. The only current ice sheets 
are in Antarctica and Greenland. An ice cap is a mass of ice that covers less than 50,000 km2 of land 
area (usually covering a highland area). 
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Melting ice sheets in Greenland and the Antarctic, as well as ice melt from glaciers all over 

the world, are causing sea levels to rise. Over the past decade, mass loss from glaciers has 

made up almost a third of current sea-level rise (M Zemp, et al, 2019) Additionally, the ice 

sheet covering West Antarctica is at risk of sliding off into the ocean. A collapse, while it might 

take hundreds of years, would raise sea levels worldwide by more than three meters 

(J.L.Bamber, et al, 2009). A recent study (Caesar, Rahmstorf and Feulner, 2020) has also 

demonstrated that continued warming and melting in Greenland is contributing to ocean 

circulation slowdown. While surface currents are primarily driven by wind, deep currents are 

driven by density differences, which depend on both the temperature and salinity of water. As 

ocean currents contribute to temperatures and weather patterns, a slowdown will likely drive 

weather extremes such as colder winters and hotter summers (Sutton, 2005). According to 

the IPCC (2019), a slowdown will likely cause weather extremes, storminess and sea level 

rise in the North Atlantic, and an excess of heat in the South Atlantic, leading to increased 

flooding, methane emissions and droughts. 

Sea Level Rise 

Sea level rise is one of the most important indicators, as it reflects changes occurring in 

multiple different components of the climate system and their mutual interactions. Sea level 

rise is primarily affected by ocean heat content as water expands as it warms, and by water 

flowing into the ocean from melting polar ice sheets and mountain glaciers. As sea level varies 

spatially and temporally, a global average is necessary to demonstrate long term change. 

Global Mean Sea Level Rise (GMSL) was historically measured through tidal gauges but since 

1993 it has been monitored with near-full global coverage of high precision satellite altimetry 

(Trewin, et al, accepted for publication.). From 1993 to 2020, global mean sea level has risen 

approximately 3.29 (± 0.3) mm per year (WMO 2021). 

Rising sea levels contribute to various coastal hazards, including flooding and coastal erosion. 

Associated coastal hazards will be exacerbated by projected increases in tropical cyclone 

intensity and precipitation (IPCC 2019). Coastal erosion is influenced by sea level, currents, 

winds, and waves (especially during storms, which can add further energy) and causes the 

shoreline to recede inland (Mitchell Harley, et al, 2017). Vegetated coastal ecosystems can 

protect the coastline from storms and erosion and help buffer the impacts of sea level rise. 

However, nearly 50% of coastal wetlands have been lost over the last 100 years, as a result 

of the combined effects of localized human pressures, sea level rise, warming and extreme 

climate events (IPCC 2019).  
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