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Safeguarding national developments against climate change : cost 

implications on sectors, services, and assets. 
 

Abstract 
The world has come to terms with the alarming impacts of climate change, and their costs 

which are both monetary, and non-monetary. Increasing emissions and their global warming 

bearings, have resulted in disequilibrium of the climate system, and the associated 

ecosystems. This makes mitigation (low carbon strategies) to be essential. With the current 

world being on a high carbon trajectory, there is need for transition. A move in the energy 

sector (away from fossil fuel intensity), building the right financial investments, transitions in 

the planning (e.g. transform market systems for sustainability), policies and livelihood 

choices that acknowledge limits to planetary provisions, and, to safeguard humanity. The 

planet is on an increasingly unfamiliar trajectory, hence uncertainty to support lives as 

before. However, COP26 and the IPCC 2021 report indicated shortfalls in mitigation 

ambitions, which are needed to bring the planet back on track. Emissions need to be cut, to 

realise the Paris Agreement objectives, as well as the Sustainable Development Goals (SDGs), 

as climate change has far-reaching negative impacts, due to its cross-cutting nature. There 

are data gaps on the costs of current climate change i.e. the mitigation and adaptation 

costs, at national levels. The data would enable ease of implementation, build 

standardisation through agreed tables and formats, for accounting and reporting, and the 

necessary targets. Thus national plans, policies, technologies, institutional frameworks, 

business sector response mechanisms, and livelihood choices need to respond, so that the 

planet remains sustainable. The conclusions of this overview indicate that, national plans, 

those of private sector and of the citizenry need to escalate sustainability to a higher level. 

Most impacts of climate change would add to costs of production, heighten risks, and bring 

more uncertainty as well as negatively disrupting services and industries. The climate action 

needs to prioritize costs of climate change, to inform action on the Nationally Determined 

Contributions (NDCs), SDGs, livelihood assets and lead to the building of right investments. 

These are underlined by partnerships for delivery, governance, data interventions, and 



 

inclusion, in a world which is increasingly exhibiting inequalities, and their associated 

vulnerabilities. All these have mitigation and adaptation costs, which need to be part of Paris 

Agreement compliance frameworks for Parties/nations. 
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1. Introduction 
Climate change may reverse development progress made, in addition to limiting 

opportunities for the future (1-5). The UNFCCC has led the planet on a response mandate 

through the Conference of the Parties (COPs) to safeguard the planet from certain ruin e.g. 

Paris Agreement where each nation was to set voluntary targets to address the climate 

change debacle. National advancements must mitigate or adapt to the realities of climate 

change (6), as extremities and new scenarios emerge (7)), which render past success plans 

unreliable (8).  

1.1 Enhancing implementation on climate change 

In fact, climate change may be instrumental in furthering global inequalities e.g. between 

poor hot countries versus cooler more developed nations (9) and there is need for guiding 

principles on research and practice (10). Climate change action addresses reduction in 

emissions – mitigation, and adaptation (how to cope/adjust to new climate realities) e.g. 

(11), hence technologies, policies, investments, trade/market systems and livelihood 

adjustments and consumer choices, are critical. With adaptation, there is need to bring this 

to a higher level of understanding which would enhance participation, ownership, and 

leadership. Adaptation strategies may be instrumental in early warning systems or 

rehabilitative responses for hazards mapping and interventions (5; 10). Mitigating climate 

change goes beyond technologies, thus benefits from policies/plans, and market 

interventions for low carbon development strategies. The renewable energies are equally 

important in the energy and economic transitions, to realise Paris Agreement targets (1). 

SDG13 prioritises action i.e. urgently to combat climate change and its impacts (e.g. targets 

on building resilience, improve adaptive capacity, and develop disaster risk reduction 

strategies). To achieve climate proofing of national developments, there is need to 

implement the UN system of delivering as one; adopt integrated approaches as most issues 

are cross-cutting (10); 8), and to build data systems which are responsive to national needs, 

as a service. 



 

1.2 Costs are central to success of climate change 

Central to mitigation and adaptation success, are determinations of costs (12); 4). Study by 

(13) outlined costs to assets, which are financial, physical, social and knowledge – as being 

critical. The funding needs required for climate action are to be based on best possible 

evidence (10) as well as desired outcomes. For example, funding for adaptation, in some of 

the earlier studies (12) in figure 1 indicated annual expenditure for developing countries, to 

be running in billions of USA dollars. Yet for the period 2014-2018 the received funding to 

Africa was about US$5 per person, well below the required intervention levels (5). Hence, 

more is needed to minimize costs and optimize benefits; reduce vulnerabilities and increase 

resiliencies with equitable and inclusive outcomes and processes (10). Figure 1 illustrates 

costs associated with climate change, with estimates from international organisations, from 

early 2000s.  

 

Figure 1. Annual adaptation costs estimate (12) 

Climate-proofing the national development is about securing/fortifying the present and future 

investments (2; 14; 13). A useful tool to achieve this, is the Enhanced Transparency Framework 

(ETF), which was concluded at COP26. This enables the UNFCCC Article 6 on carbon markets, to 

effect the Paris Agreement operations, for both mitigation and adaptation, including market and 

non-market systems. However, some key challenges for making informed decisions, on what is 

sustainable under new climate change scenarios, relate to data/information scarcity (12); 15); as 

well as chronicling the impacts of adaptation (the extent of avoided risks). Finance, loss and damage, 

Developing countries 
with annual cost of 
$9-41 billion 

Cost of climate 
proofing covered 
FDI, GDI and ODA 
(official development 
assistance) 

World Bank 
(2006) 

estimated 
costs of 

adaptation Adaptation costs of 
$86-109 billion, 
annually 

Included poverty  
reduction  

Disaster responses 

UNDP (2007-) 
adaptation 

costs 
estimates 

Annual cost of 
$50billion 

This included NGO 
projects 

National Adaptation 
Programme of Action 

Oxfam (2007) 
adaptation 

costs 
estimates  



 

capacity building/availability, and technology access – are key to complying with the Paris 

Agreement, through strengthened implementation measures. Thus, this overview aims to chronicle 

literature on i) the most vulnerable sectors to climate change, i.e. what sectors to divest against as 

the world faces new future scenarios of climate change; ii) information on the vulnerabilities of 

services and assets to a changing climate; and iii) make recommendations on climate change-

proofing of national advancements.  

2. Climate change sensitive sectors in national developments 
Sustainable development and the 2030 agenda require a transformative approach – building 

economies and sectors which are resilient to the rigours of climate change (4). The study by (8)) 

reviewed processes/sectors and their impacts on GHGs and the GDP – assessing their relevance for 

sustainability under climate change. Analysis by (15) delineated the green economy pathway, as 

entailing: building low carbon assets, effective strategies on energy and land use systems to reduce 

emissions. Any departure from these, negatively affects industries and escalates costs due to 

inaction. Urgent action is needed on climate change, as (16)) warned that climate change inaction 

may cost 15 times more, when delayed into the future. A health sector perspective by (17)) 

highlighted the costs of climate change to the health sector, and the need to have informed policies 

in place, so that interventions are optimised. However, the estimates mostly omit impacts on 

lives/livelihoods, tipping points, costs on trauma, cultural heritage losses, as non-monetary assets 

are mostly omitted in most cost estimates (18)). The (19) report highlighted financial deficits for 

developing countries, to address challenges for adaptation i.e. often 5-10 times higher in costs than 

the available adaptation financial flows. The report by (4) drew caution on some impacts, which may 

take hundreds or thousands of years to remedy, and some faster warmings at regional levels. Table 

1 gives indicative cost estimates, due to climate change. 

Table 1. Climate change cost estimates and parameters covered 

INSTITUTE OR BODY COST ESTIMATES PARAMETERS COVERED 

 (20) Africa’s cost to climate 

change is 3-5% of the GDP, 

despite the continent not 

responsible for causing 

climate change. 

Increased/longer droughts, floods, 

cyclones, water scarcity, high energy 

demand, increased costs on health and 

food. Need for climate finance, energy 

transition, adaptation, and covering of the 

loss and damage costs. 

 (21) Adaptation cost of US$70-

100 billion per year for 2010-

8 major sectors covered (e.g. human 

health, extreme weather events, sector 



 

2050, across the globe. level costs aggregated within a country). 

 (22) Euro 200-350 billion in 2030 

(equates to 1% of global GDP 

in 2030). 

Reducing GHGs costs through abatement 

cost curve or marginal abatement curve. 

 (23) US$20-30bilion per annum, 

for next 10-20yrs, in Africa. 

Costs of adaptation on national 

economies, future investments. 

 (14) Insurance Development 

Forum on climate risks, 

disclosure and building 

resilience for economies and 

societies. 

Paris Agreement targets compliance, 

through: Data emergency, financial flows, 

and compliant investments. 

 

The (23)) highlighted the need for adaptation in the continent, as it has the most vulnerable sectors 

(e.g. water demand to grow by 200% in some regions); hence need to incorporate climate change 

into planning. Thus adaptation needs to be Africa’s future investment priority. Multiple stakeholders 

need to participate in developing solutions; thus knowledge, awareness and funding on climate 

change are critical empowerment tools. 

 

3. Climate change sensitive businesses, assets, and services in national 

advancements 
Estimating the cost of climate change, is vital for sustainability, especially for businesses (24) 

as the supply chains are negatively affected. Action on the businesses include decarbonising 

supply chains, more awareness needed on commodities which degrade the environment, 

and ensuring more (informed) supplier engagements. Impacts to businesses (25)) indicated 

that climate change extreme events would shift value of prime locations for enterprises, 

optimal places to live and do work, would affect building codes to align with rigours of 

climate change. Emerging data on climate change impacts related to i) weather-related 

insured losses increases and natural loss (disaster) events; ii) EU risk statistics data for some 

sectors highlighted, as share of total exposures; highlighted the following impacts: - real 

estate-related assets costs to rise by 11-12%; wholesale and retail -related assets at 7%; 

construction – related assets range of 1-4%. Thus risk under climate change, and what 

assets to invest in, remain key in climate-proofing businesses in national developments (11; 

26). The (27) (accessed 12 March 2022) has among its 10 principles, advised that: businesses 



 

adopt a precautionary approach to environmental challenges (principle 7), while principle 8 

calls for more environmental responsibility; with principle 9 emphasized the need for 

environmentally friendly technologies, to be adopted. The (24)) report outlined the high 

supply chain costs of US$120 billion for various businesses, in the next 5 years, arising from 

environmental risks, due to climate change. The types of assets which are impacted by 

climate change include financial, physical, social and knowledge assets. Weather disasters in 

2021 cost the world around $170 billion i.e. the costliest on record, thus fires, 

storms/floods, heatwaves show an increasing trend in costs; for the same year, the death 

toll was over 1000 with 1.3 million displaced (28). 

4. Sensitive businesses and services to climate change – and the required 

actions for building resilience 
According to (29), resilient businesses are required to build a resilient world, against the 

shocks of climate change. All institutions need to be resilient to climate shocks (1; 30), as 

part of customer care and duty, of service providers. Table 2 illustrates key actions in 

compliance to climate change stressors. 

Table 2. Building climate change resilience actions for businesses and banking services 

Business services actions Banking services actions Insurance services 

actions 

-Decarbonize value chains, 

processes/operations. 

-Include supply chains risks 

into overall risk management 

measures/strategy. 

-Set targets for compliance 

(mitigation, adaptation, 

financing mechanisms). 

-Optimise on most resilient 

assets. 

-Finance green agenda 

-Build & apply new critical 

skills in finance/climate 

analysis.  

-Transformation measures 

i.e. develop strategies for 

resiliencies under new 

climate scenarios. 

-At high risk due to high 

climate extreme events. 

-Weather disasters, fires 

increasing. 

- Assess and cost risks on 

institutional strategies, 

finances, human 

resources, and on 

multiple sectors. 

 



 

The business services or industries which are vulnerable to climate change impacts (31), 

may include food industry, beverage, transport, and logistics. These are used as examples 

for their implications (resilience) for the future and what possible solutions are required, in 

broad terms (figure 2). For Africa, (32)) estimated that 48% of the continent’s GDP would be 

at risk from extreme events, with the climate change vulnerability index (CCVI) to grow from 

US$895billion in 2018 to US$1397billion in 2023.  

Figure 2. Futuristic outlook of specific services/industries vulnerability to climate change 

 

Labour Force 
Services 

•Extreme events damage to households and infrastructure making life more insecure 
due to hightened risks. 

•Work, health and safety issues and related insurances increase. 

•Climate change to trap people in poverty e.g. the dominating resilient assets have 
low returns, more expensive infrastructure would be needed. 

•Reduced labour productitivity by 11-27% in humid tropics. For output elasticity of 
labor of 0.8, the economic output would reduce by 8 to 22%, for outdoor heavy 
manual work. 
 

Food production 
industry 

•Declines in rainfall and water leading to food and water insecurities, political 
tensions including within country, across sectors, cross-border water resources, 
migrations (environmental or climate change refugees). 

•High risk area for Africa - limited on capacitation, technologies, ICTs/Data, 4IR, 
policies; Loss and Damage strategies required. 

Beverage 
Industry 

•Limits in water, affected production systems and their supply chains. Makes this a 
low resilience game changer for the future. 

•Vulnerability analysis including through market systems e.g. contributions in terms 
of gains and losses. 

•Digital services and technological optimizations required to transform the industry. 

Transportation & 
Logistics 

•More insurance against infrastructure and equipment. 

•Energy transition needed for transportation, storage and cooling (enhance low 
carbon strategies). 

•Water dependent processes need to recycle to conserve more. 

•Electric vehicles to be on the increase, for mitigation (low carbon chains). 

•Future climate scenario planning essential on extent, frequency, severtity of 
extreme events to ensure service delivery to custorers. 

•More digitial solutions required for efficiency. 



 

5. Conclusions and Recommendations 
More studies and data are needed to fully understand and detail the costs of climate change 

or sector impacts on the GDP and GHGs. The current climate change studies, tend to 

chronicle the key impacts, policy implications, as well as the need for mitigation and 

adaptation, but with limited disaggregated data on the costs associated with compliance 

responses at national levels. The loss and damage costs need to be fully addressed and 

unpacked, financing climate change e.g. the 100 billion annual cost needs to have 

measurable, reportable, and verifiable decrees (MRVs in climate finance); as well as 

strengthening implementation measures for climate change (33). These gaps in the climate 

change literature, limit capacities for nations, private sector, and industry to respond. This 

paucity in enabling tools, explains the limited reduction in vulnerabilities, and less informed 

targets under the NDCs (accessed 14 March 2022 (34) to meet the Paris Agreements, 

nationally.  

There is limited data and funding at national levels on the prioritised costs of adaptation and 

mitigation actions. Equally, there is no reference template, for nations, sectors, or 

businesses to use for compliance to the Paris Agreement. The Nationally Determined 

Contributions are well meaning, despite their voluntary nature. These lack a guiding 

template of associated costs, to achieve them, yet hope remains with the UNFCCC Enhanced 

Transparency Framework, concluded at COP26. In terms of the costs related to climate 

change compliance, to implement the National Adaptation Plans (NAPs) or National 

Adaptation Programmes of Action (NAPA), as well as NAMAs (Nationally Appropriate 

Mitigation Actions) the available global funding is also limited for most developing nations.  

The international financing mechanism needs to develop, accountable/transparent system 

to disburse the funds e.g. between developed countries and developing nations. This is one 

of the challenges of implementing the multilateral agreements, where key operational 

issues are overlooked in agreements. Further, the methodologies for assessments, currently 

used to estimate climate change costs vary, and some exclude non-monetary yet critical 

challenges of climate change such as trauma, death, and loss of cultural assets. The long-

term changes tend to be overlooked as well, including rapid regional changes and their 

cumulative impacts, tipping points, irreversible damage, on sustainability of nations. 



 

There is need to build resilience urgently (35), enhance carrying capacities, and take climate 

change actions now, as delays would increase costs up to 15 times, in the future (16). 

Climate change vulnerable sectors, - the overview has indicated some vulnerable sectors, in 

both developing and developed nations. Extreme events impose huge costs and trauma 

arising from floods, fires, drought, and storms e.g. cyclones. Water and energy sectors are 

very key in the world. Their demands are changing globally e.g. energy transitions and 

economic shifts towards green/circular, with greening targets made for the immediate 

future, based on the UNFCCC Conference of Parties, to meet the Paris Agreement. 

Infrastructure, settlements/cities, pollution and waste, agriculture, tourism, the small and 

medium enterprises are some of the sectors which would be adversely affected due to 

climate change, hence areas of escalated costs. The study by (8)) in their review of the 

earth-human integrative system in climate change costing, indicated the following as key: 

land sector (high GHGs), labour productivity (high impact on GDP), with other sectors like 

energy (potential for being high on GHGs). Those sectors which would significantly impact 

both GHGs increases and on GDP included: water resources, sea level rise, natural disasters, 

ecosystem services and diseases (8). Further, the (36) has prioritised some sectors, noted as 

crucial. 

Climate change vulnerable services and assets – high vulnerability has been indicated on 

locations for businesses, insurances, value chains, including their supply chains, production 

systems and various assets (financial, physical, social and knowledge). The following services 

have demonstrated climate change vulnerability, of note: insurances due to extreme 

weather events, beverages, finance (bailing out insolvencies is at 5-15% of the GDP see (8), 

labour, transport, and logistics, as well as risks arising from the climate system, including 

disasters and their response mechanisms to ensure timely service and business deliveries. 

 Climate change-proofing of national developments - needs to: First, outline the priorities 

at the national level e.g. National Development Plans, National Visions, SDGs roadmaps, UN 

Obligations through synergies of the Rio Conventions action plans in a country, harmonising 

policies, and the transformative pathways. Secondly (ii) to integrate solutions e.g. the (37) 

Rwanda country study on climate change vulnerability for different parts of the country, was 

important in informing key areas, sectors, and policy implications, for intervention, both for 

the economy and livelihoods. The methodology by the World Bank (38), offered a simplified 



 

approach to developing country vulnerabilities. And, thirdly, to specify the services and 

assets such as retail which would experience higher costs (26) due to extreme events, and 

experience drops in value. Thus, (iv) data on vulnerabilities, capacities, technological and 

policy interventions would be critical in advancing the Nationally Determined Contributions 

(NDCs). For Botswana’s third national communication (39)) financial costs of mitigation 

projects were detailed.  The noted barriers for mitigation included high investment costs, 

existing subsidies with no tax exemption on renewables or lack of zero interest on 

renewable energy loans, limited capacity to develop bankable green projects and the 

inadequate policy harmonisation (40); as well as ensuring food security (41).  

The analysis on market systems, policies, skilled manpower and livelihoods securities are 

mainly relevant for adaptation scenarios (42); noting cost of carbon to developments (43). 

The global mitigation i.e. emissions gap (44) and adaptation cost estimates are needed to 

achieve the indicated priorities under NDCs. At country level (even at local, 45); showed that 

capacity is needed for stakeholders, i.e. to enable participation across various sectors- 

government, private sector, and civil society for ownership, leadership, and data generation 

(46)) to strengthen the means of implementation. Realising resilience of the nations, is 

instrumental in driving initiatives on shared and broad-based prosperity, through 

inclusiveness (leaving no one behind). The ESG (environment, social and governance) 

framework is pivotal in covering key deliverables of sustainability, in a world that needs to 

build sustainable economic development strategies, underpinned by inclusion (47). The 

observations by (48) bear a strong input on assessing loss and damage e.g. climate 

simulations, observational records, extreme value statistical methods; the economic costs of 

climate change (49) initiatives by (50) (accessed 12 March 2022); also noting the Climate 

Change Performance Index (51). The (52)) assessment on market systems, provides 

additional value assessments for mitigation and adaptation; additionally, with the business 

cases for resilience building underscored by (31). 
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