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Starting in 1880, the rise in global tempe-
ratures has aggravated the well-being of 
populations and the resilience of national 
economies (NASA, 2023). Governments 
and societies cannot ignore the finan-
cial costs that have emerged because of 
climate change. Central authorities have 
devoted a growing number of financial 
resources to offset the damages caused 
by natural disasters. However, the climate 
crisis represents a greater burden for so-
cieties, if one weighs the substantial im-
pact that it has been having on human 
well-being as well as on the disappearan-
ce of entire ecosystems. While ecosys-
tems have not been given enough time to 
adapt to the new external conditions, and 
they are therefore progressively dying out, 
global warming has also significantly in-
creased mortality rates around the world 
(Zhao, et al., 2021). Although it is challen-
ging, it is possible to determine the eco-
nomic value of such damages.

Therefore, the goal of this paper is to set a 
framework to enable the proper quanti-
fication of the environmental, social, and 
economic externalities originated by cli-
mate change through the estimation of 
the Social Cost of Carbon (SCC). In practice, 

the SCC quantify the monetary damages 
associated to the release of an extra ton of 
carbon dioxide (CO2) (Griffiths, et al., 2012). 
In the context of decision-making, the SCC 
has become a widely used tool, employed 
by institutions, such as the Environmental 
Protection Agency (EPA) and the European 
Union (EU), as well as by national govern-
ments to assess the benefits of reducing 
carbon emissions across different sectors 
and regions. Furthermore, numerous busi-
nesses have implemented thanks to the 
SCC internal carbon pricing systems to ac-
count for the climate externalities associ-
ated to their activities. By placing a carbon 
price, both businesses and individuals are 
compelled to adjust their behavior, and 
this, in turn, exerts a significant influence 
on the main dynamics governing national 
and international markets. Finally, aca-
demic establishments, like Harvard Busi-
ness School (Serafeim & Trinh, 2020), have 
incorporated the SCC within their publi-
cations, aiming to systematically appraise 
the efficacy of climate-related policies, 
strategies, and regulatory measures, while 
recognizing that this objective is part of a 
broader agenda, which intends to increase 
the scientific advancement and identify 
the most cost-effective measures to miti-
gate climate change.
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Given that SCC statistics are created using 
long-term scenario-based analyses, that 
rely on rigorous assumptions, they can fluc-
tuate significantly and even exceed market 
values. As a result, many experts call for an 
accurate estimation of the real SCC to fully 
account for the externalities generated by 
the release of CO2 into the atmosphere. The 
necessity to enhance the approaches used 
for the primary computations is stressed by 
Rennert et al. (2022), Aldy et al. (2021), and 
Stern et al. (2021) given that, as shown in 
Table 1, the academic community has not 
yet been able to agree on a single valuation. 

Despite the widespread and still diverging 
adoption of the SCC, researchers tend to fo-
cus primarily on the financial costs related 
to the release of CO2, ignoring other social 
and environmental impacts. To address the 
above-mentioned issue, this study carries 
out a holistic review of the environmental 
and social impacts of climate change.

The first step required to set up a proper 
estimation technique consist in applying a 
forward-looking perspective, that considers 
the long-term evolution of the current cli-
mate crisis. To this end, the present study 
examines several greenhouse gas (GHG) 
concentration trajectories that outline po-
tential changes in future anthropogenic 
GHGs emissions. This is particularly impor-
tant given that the costs triggered by glob-
al warming depend directly on the specific 
emission scenario that is being considered.

Among the several Representative Con-
centration Pathways (RCP) presented and 
adopted by the Intergovernmental Panel 
on Climate Change (IPCC), this study takes 
into consideration the following three: (i) 
RCP2.6, (ii) RCP4.5, and (iii) RCP8.5. These 
pathways outline distinct climate prospects 
with varying GHG emission levels from now 
until 2100. These pathways are selected for 
their intrinsic potential to embody the op-
timistic, the business as usual (BAU) and 
the pessimistic climate scenario. First, the 
RCP2.6, or the optimistic scenario, predicts 
that by 2100, the temperature increase will 
probably be held below 2°C. Second, ac-
cording to the RCP4.5, or BAU scenario, by 
2100 the average global temperature will 
increase by 2°C to 3°C. Finally, the projec-
tions of the pessimistic scenario RCP8.5 re-
veal that by the end of the century global 
temperatures will have risen by more than 
4°C (IPCC, 2022).

While CO2 is the primary GHG emitted 
into the atmosphere, it is important to re-
member that other gases, such as meth-
ane, nitrous oxide, and fluorinated gases 
also contribute to climate change and 
represent more than 26% of all GHG emis-
sions (Rivera, et al., 2023). However, all other 
GHGs can be converted to carbon dioxide 
equivalents (Brander & Davis, 2012). This is 
the reason why total GHG emissions are of-
ten expressed in “CO2 equivalent” terms. As 
a result, the SCC can serve as a decision tool 
that can be extended to GHGs in general.

TABLE 1 
SOCIAL COST OF CARBON ESTIMATES

Publication SCC proposed 
(USD or £ per ton of CO2)

Reference Year Adjusted SCC 
(USD 2023 per ton of CO2)

Watkiss (2008) £70 2000 $101

Nordhaus (2017) $31 2010 $43

Aldy et al. (2021) $135-5500 2010 $189-7684

Sarafeim et al. (2021) $114 2019 $136

Rennert et al. (2022) $185 2020 $218

NOTE: The prices from the articles cited above have been inflated to account for changes in the general price level, thus adjusting 
them first according to the price level prevailing in 2023 and then in conformity with the respective exchange rates (World Bank, 
2023; FRB, 2023; IMF, 2023).

Source: author
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Without neglecting the long-term dimen-
sion mentioned previously, the next section 
presents the methodology required to cal-
culate the true SCC. To do so, certain aca-
demic proxies have been chosen to mea-
sure the damages imposed by the climate 
crisis on societies, the environment, and the 
economy. Thereafter, these methods will 
be applied to a specific case study, carried 
out in the United States, to clarify how to 
perform such analysis with empirical data. 
The United States represents an ideal case 
study for the scope of this examination. 
First off, among the various nations, the 
United States has been one of the biggest 
producers of carbon dioxide, both in abso-
lute and per capita terms. Since 1751, the 
United States ranks as the main historical 
contributor to the cumulative global CO2 
emissions (Hannah, 2019). Second, there is 
a wealth of reliable data and research ana-
lyzing the amount of GHGs emitted in the 
United States and their effects. Finally, new 
environmental initiatives and regulations 
are being developed in the United States, 
making it more crucial than ever for the 
public debate to consider the environmen-
tal, social, and economic damages caused 
by the emissions of CO2. 

This work reveals that the SCC in the United 
States for the year 2023 amounts at least to 
$287. Researchers and organizations risk un-
derestimating the true costs of global warm-
ing if they ignore the environmental and so-
cioeconomic damages resulting from each 
additional metric ton of CO2 released into 
the atmosphere. Consequently, societies all 
over the world would be unable to counter-
act the terrible effects of climate change and 
internalize the adverse impacts brought on 
by a significant temperature increase.

After this introduction, section 2 reviews 
the approaches that researchers have pub-
lished, and which will be necessary for the 
estimation and ensuing monetization of 
the SCC. To demonstrate how the various 
computational techniques should be em-
ployed, section 3 presents a case study that 
has been conducted within the borders of 
the United States. Finally, section 4 con-
cludes by discussing potential policy rec-
ommendations for national governments 
and research institutions.

METHODS

This section outlines the techniques em-
ployed by eminent economists to quantify 
the diverse impacts of climate change. 

Prior to the measurement and monetiza-
tion of such impacts, one must identify 
with precision the most relevant externali-
ties associated exclusively to the onset of 
global warming. To accomplish that, the 
recommendations provided by the IPCC, 
and displayed in the following Figures 
(IPCC, 2022), are followed. This helps pre-
vent data gaps and instances of double 
counting. 

Firstly, it can be asserted that global warm-
ing prompts significant changes in the 
structure of various ecosystems as well as 
in the well-being of the species thriving in 
these habitats. Secondly, Figure 2 reveals 
that an increase in the concentration of 
CO2 in the atmosphere might have a non-
negligible impact on the health and wealth 
of human beings. Finally, with the objective 
of presenting a comprehensive approach, 
the IPCC underlines the importance of 
contemplating the pure financial damages 
caused by climate change on cities, settle-
ments, and infrastructures.

Thanks to the evidence exhibited above, it 
was possible to identify the main environ-
mental, social, and economic impacts re-
lated to a rise in global temperatures. The 
following subsections showcase a range of 
studies stemming from different regions of 
the world. These investigations enable the 
monetization of the consequences of cli-
mate change with a certain degree of ro-
bustness and precision. 

Environmental Costs

The effects of climate change have an enor-
mous impact on natural ecosystems and 
the various animal species inhabiting them 
(United Nations, 2023). The methodologi-
cal analyses needed to identify the primary 
connections between global warming and 
the environment are showcased following 
the guidelines of Figure 1. 
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Terrestrial Ecosystem

The health of the biosphere is closely linked 
to the rapid worsening of the climate cri-
sis. Some of the most relevant climate 
change-induced stressors on ecosystems 
are increased levels of atmospheric car-
bon dioxide, degradation, defaunation, 
and fragmentation (Malhi, et al., 2020). 
Furthermore, climate change gives rise to 
several natural disturbances that endanger 
the health of forests. These include insect 
outbreaks, invasive species, wildfires, and 
storms. 

Thanks to the IPCC report on climate 
change, published in 2022 by the Working 
Group III, it was possible to obtain impor-
tant statistics on how the terrestrial ecosys-
tem will be altered by the escalation of the 
climate crisis (IPCC, 2022). According to the 
considered scenario, the relative change in 
forest land area from 2019 to 2050, or 2100, 
could take on positive or negative values. 
Data for a total of eight climate prospects 
and three different time periods can be ex-
trapolated by analyzing Figure 3.28 of the 

1 The monetary values mentioned in this examination match the results published in the respective research papers. Consequently, 
the reference year of the dollar aligns with the specific year considered in each article. 

above-mentioned IPCC report (IPCC, 2022). 
The preferred choice will be based on the 
study’s specific framework.

Once the long-term relationship between 
climate change and the balance of the ter-
restrial ecosystem has been established, it 
is necessary to quantify the potential dam-
ages through monetary proxies. Thereby, 
researchers can derive the total costs of 
CO2. On this matter, Krieger (2001) con-
ducted a literature review to determine 
the economic value of forest ecosystem 
services in the United States. In practice, 
trees are believed to embody an economic 
value for the entire society, because they 
provide a service, which improves air qual-
ity by trapping airborne particulate matter. 
If there were no trees providing such ser-
vice, governments would have to invest in 
substitute technologies to maintain or im-
prove the level of air quality. Following this 
reasoning, the air quality value of each tree 
in a representative forest was estimated to 
be equal to $4.161. 

FIGURE 1 
IMPACT OF GLOBAL WARMING ON ECOSYSTEMS

�

Source: IPCC (2022)
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Freshwater and Ocean Ecosystem

Climate change and water are deeply inter-
connected. As temperature rises, changes 
in precipitation patterns and water cycles 
reduce water availability and increase wa-
ter-related hazards (Trenberth, 2005). Fur-
thermore, over the last decades, the ocean 
ecosystem has been significantly affected 
by the aftermath of global warming. Due 
to the warming of the ocean, a series of 
concomitant cascading effects can be ob-
served, such as ice-melting, sea-level rise, 
marine heatwaves (Frölicher, Fischer, & Gr-
uber, 2018), and ocean acidification (Burg-
er, John, & Frölicher, 2020). Finally, climate 
change is predicted to worsen water qual-
ity and decrease the supply of fresh water 
(Arnell, 1999).

In this regard, the World Resources Insti-
tute has conducted a study that examines 
potential changes in the amount of renew-
able surface water around the world (World 
Resources Institute, 2023). This analysis 
considers the optimistic, business as usual 
(BAU), and pessimistic climate scenarios 
identified under specific Shared Socio-eco-
nomic Pathways (SSP). On one hand, the 
optimistic scenario (SSP1 RCP2.6), envisions 
a world in which emissions are stabilized 
at 420 parts per millions (ppm) of CO2 and 
temperatures are limited to an increase 
of 1.3-2.4°C by 2100. The business as usual 
(SSP3 RCP7) and pessimistic (SSP5 RCP8.5) 
scenarios, on the other hand, depict a fu-
ture in which CO2 concentrations will reach 
935 and 936 ppm by 2100 and global mean 
temperatures will rise by 2.8–4.6°C and 
3.3–5.7°C, respectively. Simultaneously, the 
impact of global warming on the balance 
of water ecosystems can be analyzed from 
another perspective, as illustrated in the ar-
ticle published by Hanasaki et al. (2013). In 
their investigation, the authors identify the 
regions of the world affected by water scar-
city under a series of SSPs, including the 
ones previously mentioned. 

Based on the selected SSP, the projected 
change in water supply and water scarcity 
in the future must be calculated and then 
multiplied by a monetary proxy. Estimates 
of the value of water quantity, according to 

Krieger (2001), range from $0.26 per acre-
foot for the generation of electricity to as 
much as $50 per acre-foot for irrigation 
and municipal use. Similarly, the average 
financial worth per acre-foot of water used 
for recreational purposes equates to $10 
or less. Finally, Krieger (2001) asserted that 
maintaining water quality has a yearly eco-
nomic value of $64.16 per household. For 
the purposes of this analysis, Henderson et 
al. (2015) have already provided specific sta-
tistics on the monetary damages incurred 
by each water-using sector of the American 
economy due to climate change by 2100. 

Terrestrial, Freshwater and Ocean 
Species

The second category shown in Figure 1 
—species range shifts— becomes the focus 
of the inquiry in the paragraphs that follow. 

As sea levels and global temperatures rise, 
more heat waves, droughts, floods, cy-
clones, and wildfires occur. These condi-
tions reduce the availability of food and 
water while prompting structural changes 
in the local flora. Thereby, a broad range of 
animal species’ survival is threatened. Con-
sequently, this subsection explores the po-
tential contributions of climate change to 
the extinction of various animal species. Af-
terwards, robust evidence for the moneti-
zation of such externality is presented. 

Rather than classifying the distinct species 
according to whether they live in terrestrial, 
freshwater, or oceanic ecosystems, as out-
lined in Figure 1, an alternative clustering 
method is employed. The animals at risk of 
extinction are grouped into four categories: 
mammals, birds, turtles, and insects. This 
approach is implemented due to the cur-
rent data availability.

The percentage of animal species that are 
thought to be in danger of extinction un-
der the various climate scenarios is shown 
on the right side of Figure 2.8 of the IPCC 
report drafted by the Working Group II 
in 2022 (IPCC, 2022b). After a meticulous 
analysis, it was possible to infer that 11.7% 
of mammals, 10.9% of birds, 4.1% of turtles, 
and 24.2% of insects face a very high risk of 
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extinction2 if global warming is contained 
below 2ºC (RCP 2.6). If the rise in world 
temperatures is limited to 3ºC (RCP 4.5) 
a greater proportion of each species is at 
very high risk of extinction: 36.5% of mam-
mals, 35.4% of birds, 24.3% of turtles, and 
53.5% of insects. Finally, if global tempera-
tures increase by more than 4ºC, 56.3% of 
mammals, 57% of birds, 41.3% of turtles, 
and 70.7% of insects would be at very high 
risk of extinction. The focus of this study is 
placed arbitrarily on these four animal cat-
egories. This decision was primarily driven 
by the necessity for monetary proxies in 
the subsequent stages of the analysis, and 
unfortunately economic scholars have not 
yet established economic values for all liv-
ing species. Nevertheless, the entire set of 
information and methodology is provided, 
which can be adapted to meet the require-
ments of researchers.

The studies of Richardson et al. (2009) and 
Losey et al. (2006) managed to link the 
above-mentioned animal categories to their 
economic values. Through a meta-analysis, 
Richardson et al. (2009) investigated a vast 
number of research articles which used the 
willingness-to-pay (WTP) methodology to 
measure the financial worth of several ani-
mal species that are in danger of extinction. 
In turn, in Losey et al.’s (2006) investigation, 
the authors attempted to estimate the eco-
nomic worth of insects using a technique 
comparable to the one employed by Krieger 
(2001). In practice, the authors argued that 
the annual value of the ecological services 
provided by insects in the United States is 
equivalent to $57 billion.

Societal Cost

Global warming is having catastrophic re-
percussions on the health and the liveli-
hood security of millions of people (World 
Health Organization, 2023). 

The methodological analyses required for 
the detection of the principal associations 
between climate change and human so-

2 According to the UCN (2019), a species is anticipated to be at a “very high risk” of extinction if quantitative analyses demonstrate a 
likelihood of more than a 50% decline in the next 10 to 100 years. Conversely, a species is categorized as being at “high risk” when the 
probability of extinction within the next 10 to 100 years is greater than 20%.

cieties are showcased following the guide-
lines of Figure 2.

Diseases and Deaths

Climate change has a variety of effects on 
human health. Due to rising temperatures, 
new health threats are anticipated to emerge 
(Shope, 1991), while certain existing diseases 
may become more severe (World Health Or-
ganization, 2023). Increased respiratory and 
cardiovascular diseases, injuries and early 
deaths from extreme weather events, food- 
and water-borne illnesses, infectious diseas-
es, and threats to mental health are some of 
the health effects of global warming (World 
Health Organization, 2023).

Several studies have managed to uncover 
the relationship between increasing tem-
peratures and the deterioration of one’s 
physical health. Firstly, a study of the IPCC 
states that a 1°C warming can increase in 
Asia and Africa the number of people with 
diarrhea and E. Coli by 7% and 8%, respec-
tively (IPCC, 2022b). Secondly, compared to 
the 1980s mortality rates from cardiovas-
cular diseases might rise by 18.4%, 47.8%, 
and 69% in the 2020s, 2050s and 2080s, re-
spectively, under the RCP4.5, and by 16.6%, 
73.8%, and 134% under the RCP8.5. Thirdly, 
the Swiss RE Institute’s analysis published 
in 2023 found that a moderate climate 
change pathway (RCP 4.5) could result in 
global excess mortality of 1% annually by 
2100 (Swiss RE Institute, 2023). According 
to this examination, if efforts are made to 
keep global warming below 2ºC (RCP 2.6) 
the annual change in global excess mortal-
ity by 2100 could decrease to 0.75%. How-
ever, a pessimistic scenario of unmitigated 
climate change (RCP 8.5) could result in 
5.2% annual excess mortality by 2100.

One could consider using the Value of Sta-
tistical Life (VSL), a well-known instrument 
in the field of economics, to measure the 
financial worth that each lost life has for the 
economy and society. According to a report 
released by the Australian government, a 
plausible estimate of the VSL equates to 
$5.3 million, whereas the value of a statis-
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tical life year amounts to $227,000 (Austra-
lian Government, 2022).

Malnutrition and Hunger

The occurrence of extreme weather events 
destabilizes the productivity of the agri-
cultural sector (Cline, 2007). This poses a 
serious risk to the survival of entire com-
munities residing in the world’s most un-
derdeveloped areas. If local societies are 
highly dependent on agricultural yields, 
then the worsening of the climate crisis 
could result in a growing number of people 
suffering from malnutrition and hunger.

On one hand, according to the IPCC, by 2030 
570,000 additional children under the age of 
five will be suffering from malnutrition due 
to a moderate but significant rise in temper-
atures (RCP2.6) (IPCC, 2022b). This number 
will rapidly increase under the pessimistic 
scenario (RCP8.5). If the temperatures were 
to increase by more than 4ºC in comparison 
to pre-industrial levels, then the statistics 
regarding the number of children suffering 
from malnutrition will increase by one mil-
lion. Similarly, the report published in 2020 by 
the Center for Development Research (ZEF) 
and the Food and Agriculture Organization 
of the United Nations (FAO) asserted that by 

2030, under the Toward Sustainability Sce-
nario (TSS), the BAU scenario, and the Strati-
fied Society Scenario (SSS), 3%, 7% and 12% 
of the world’s population, respectively, will 
be undernourished (Von Braun et al., 2020). 
Even though there is no direct link between 
these climate prospects and the previously 
mentioned RCPs, it can be assumed that 
the TSS represents an optimistic climate sce-
nario, while the SSS can be regarded as the 
pessimistic scenario. Additional estimates 
for the impact of global warming on the 
number of people at risk of undernourish-
ment according to different climate scenar-
ios are provided by Dawson, Perryman, and 
Osborne (2016), Mirzabaev et al. (2023) and 
Richards, Gauch, and Allwood (2023). 

On the other hand, depending on the cli-
mate scenario under consideration, the ef-
fect of global warming on hunger could 
significantly differ. The IPCC predicted that 
due to climate change between 8 million 
(SSP1-6.0) and 80 million people (SSP3-6.0), 
predominantly in sub-Saharan Africa, South 
Asia, and Central America, will experience 
hunger by 2050 (IPCC, 2022b). Furthermore, 
Schmidhuber and Tubiello (2007) argued 
that, depending on the considered climate 
scenario, projected estimates suggest vary-
ing levels of hunger by 2050: approximately 

FIGURE 2 
IMPACT OF GLOBAL WARMING ON HUMAN SYSTEMS

�

Source: IPCC (2022)
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210 to 219 million people under the A1 sce-
nario, around 722 to 730 million under the 
A2 scenario, 242 million under the B1 sce-
nario, and an estimated 336 to 358 million 
people under the B2 scenario. These sce-
narios are not directly correlated with spe-
cific degrees of global warming; however, 
they depict a future where the severity of 
climate change could vary based on differ-
ent assumptions regarding economic and 
population growth, emissions, technologi-
cal advancement, and energy consumption 
(IPCC, 2000). While the B1 scenario can be 
associated to an optimistic climate scenario, 
due to its emphasis on global sustainabil-
ity and environmental conservation, the A1 
scenario is often considered as the business 
as usual scenario, because it depicts a world 
with rapid economic growth and a diverse 
utilization of energy sources. In contrast, the 
A2 scenario leans toward a more pessimistic 
outlook, foreseeing fragmented develop-
ment, slower economic growth, and a heavi-
er reliance on fossil fuels. It is clear that the 
number of people at risk of hunger in the 
future will change depending on the RCP 
or SSP scenario taken into consideration, as 
highlighted by the Hasegawa et al. (2018). 

To calculate the economic damages caused 
by the rise in malnutrition and hunger cases 
across the globe, two different techniques 
are proposed. Firstly, the VSL approach is rec-
ommended to estimate the costs related to 
malnutrition, given that robust statistics on 
global and regional mortality rates are pro-
vided by reliable sources, as Our World in 
Data (Our World in Data, n.d.). Secondly, for 
hunger-related economic estimations, be-
side using information on the regional mor-
tality rates, it is advisable to reference the 
publications of prominent researchers who 
have tried to estimate the financial worth of 
the investments needed to eradicate this dis-
ease. The report published by (Von Braun et 
al., 2020), argued that the yearly investments 
needed to lift 500 million people out of hun-
ger by 2030 should be equal by 2030 should 
be equal to $11-14 billion.

Mental Health

Climate change can cause individuals to 
relocate (Warner, Hamza, Oliver-Smith, Re-
naud, & Julca, 2010), disrupt the job mar-

ket (International Labour Organization, 
2018) and eventually damage community 
resources and social cohesiveness (World 
Health Organization, 2023), all of which 
have an impact on mental health.

The relationship between global warm-
ing and mental health can be approached 
from different angles. This investigation fo-
cuses on two of the most problematic psy-
chological disorders that current societies 
are facing: anxiety and depression (World 
Health Organization, 2022). 

On one hand, according to the World Bank, 
in Bangladesh, individuals who encoun-
tered a 1°C rise in external temperatures 
before the survey rounds were 21% more 
likely to report an anxiety disorder and had 
a 24% higher likelihood of simultaneously 
suffering from both anxiety and depres-
sion (World Bank Blogs, 2015). On the other 
hand, Charlson et al. (2021) reported that 
prolonged exposure to high temperatures 
in Taiwan resulted in a 7% increase in the 
occurrence of major depressive disorders 
for every 1ºC rise in regions where the aver-
age yearly temperature exceeded the me-
dian of 23ºC. These analyses offer a prelimi-
nary understanding of the deterioration of 
mental health disorders due to an increase 
in temperature, even though the robust-
ness and external validity of these results 
remain relatively limited.

Eventually, it is possible to monetize this 
externality by employing statistics regard-
ing the average costs borne by societies to 
treat these mental disorders.

Displacement

The ultimate way to evaluate the aftermath 
of global warming on the well-being of 
citizens can be performed by accounting 
for climate-induced displacements. In re-
sponse to natural disasters and the nega-
tive effects of climate change, millions of 
people worldwide are forced to move or in 
the process of relocation (McAdam, 2010). 
As the intensity and frequency of extreme 
weather events rise, this situation is only ex-
pected to get worse.

The United Nation (UN) Migration Agency 
reveals that there could be as many as 1 bil-
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lion people living in uninhabitable areas by 
2100 because of climate change (RCP8.5), 
even without accounting for the projected 
global population growth. This estima-
tion would fall to 133 million and 16 million 
people if national governments manage 
to limit global temperatures to reach the 
RCP4.5 and RCP2.6 scenarios by 2100, re-
spectively (United Nation Migration Agen-
cy, 2017).

The reallocation costs depend directly on 
the regional level of wealth and techno-
logical advancement. In practice, to get an 
accurate assessment of the costs linked to 
relocating entire cities, researchers must 
consider the type of private and social in-
frastructures that need to be replaced. Ac-
cording to the data presented by Hauer et 
al. (2020) the most conservative estimate 
related to the potential costs of reallocating 
a person within the U.S. borders would as-
cend to $200,000.

Economic Cost

Extreme weather events are predicted to 
occur more frequently and severely, resul-
ting in damages to infrastructures and loss 
of properties (Mirza, 2003). Given that eco-
nomic scholars have widely investigated 
the financial damages caused by climate 
change on cities, settlements, and infras-
tructures, this aspect is not overly empha-
sized in the current study. The annual per-
centage change in national GDP levels due 
to a rise in temperatures ranging from 1ºC 
to 4ºC is summarized in detail in Table 2 of 
Kompas et al. (2018). 

CASE STUDY: UNITED STATES

In this framework the environmental, social, 
and economic costs of CO2 are discussed. 
Following the guidelines of Griffiths et al. 
(2012), these costs are defined as the net 

TABLE 2 
SOCIAL, ENVIRONMENTAL, AND ECONOMIC IMPACTS OF CO2

UNITED STATES

Potential Impact Optimistic Scenario BAU Scenario Pessimistic 
Scenario

Terrestrial Ecosystem 1,717 billion 978 billion -683 billion 

Freshwater and Ocean Ecosystem -156 billion -184 billion -200 billion

Animal Welfare - Mammals -312 billion -969 billion -1,494 billion

Animal Welfare - Birds -150 billion -489 billion  -787 billion

Animal Welfare - Turtles -692 thousand -4.1 million -6.9 million

Animal Welfare - Insects -186 billion -410 billion -542 billion

Diseases -291 billion -594 billion -32,578 billion

Malnutrition -1.8 million -2.5 million* -3.2 million

Hunger Not Applicable Not Applicable Not Applicable

Mental Health -404 billion -809 billion -1,213 billion

Displacement -266 billion -2,215 billion -22,199 billion

GDP -23,996 billion -45,832 billion -66,114 billion

NOTE: The monetary impact presented above have been integrated and subjected to temporal discounting within the specified 
time frames, by assuming a linear growth trajectory supported by the application of a 3% discount rate.

Source: author
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present value (NPV)3 of projected financial 
damages that the United States will incur 
between 2023 and 2100, due to a significant 
rise in temperature. This analysis relied on 
the methods outlined in the previous sec-
tions.

Terrestrial Ecosystem

The calculation of the percentage change 
in forest land from 2019 to 2100 under the 
various climate scenarios began with an 
analysis of the information provided by the 
IPCC in Figure 3.28 of the 2022 report dra-
fted by the Working Group III (IPCC, 2022). 
Thereafter, the absolute change in the po-
pulation of trees within the United States 
territory was predicted by leveraging data 
sourced from the FAO (2020, 2020b) and 
Our World in Data (2020). Their databases 
and reports contain statistics concerning 
the national afforestation rate, measured 
by the number of trees planted per hectare. 

The monetary value of a tree was set at 
$4.164 after analyzing the services provided 
by forests in the southwest region of the 
United States, which served as a represen-
tative sample of the entire nation (Krieger, 
2001). Thereby, it was possible to ascer-
tain the economic value of the forest area 
which will form, or disappear, by 2100 due 
to global warming. Finally, by assuming 
a linear growth of the impact across the 
considered period, the cumulative effect of 
climate change on the expansion of forest 
land from 2023 until 2100 was estimated. 

Freshwater and Ocean Ecosystem

The calculation required to obtain the so-
cial costs of CO2 arisen solely via the impact 
of climate change on the level of water 
availability can be performed on the bases 
of the information published by the World 
Resources Institute concerning the pro-
jected evolution of water supply by 2080 
(World Resources Institute, 2022). Howe-

3 A 3% discount rate is applied in all NPV calculations, as indicated in the Energy Performance of Buildings Directive of the European 
Commission (European Commission, 2018). This decision is in line with the guidelines offered by economic scholars (Quiggin, 1997).
4 Whilst performing the main calculations, adjustments were applied to all monetary proxies in accordance with their respective 
inflation rates. (World Bank, 2023; International Monetary Fund, 2023). 

ver, as the present study aims to assess the 
impact of global warming by considering 
potential damages occurring within a time 
frame extending until 2100, this part of the 
analysis relies on the evidence published by 
Henderson et al. (2015) and Hanasaki et al. 
(2013). These publications provided insights 
into the economic damages resulting from 
an increase in temperature in the United 
States, for the optimistic, BAU and pessi-
mistic climate change scenarios. Finally, as 
before, a linear growth assumption across 
the considered time horizon was emplo-
yed to estimate the total impact of climate 
change on the reduction of water supply 
from 2023 until 2100.

Animal Welfare

The data presented by the Working Group 
II, in the 2022 IPCC report, was fundamental 
to evaluate the influence of global warming 
on the well-being of diverse animal species 
(IPCC, 2022b). In its disclosure regarding the 
projected reduction in animal species due 
to elevated temperatures, the IPCC omitted 
the temporal dimension, not specifying the 
time frame within which this phenomenon 
would occur. Nonetheless, since the RCP 
scenarios chosen in this framework assume 
that a certain temperature increase will be 
reached by 2100, the above-mentioned im-
pacts of climate change were presumed to 
materialize in their entirety by 2100. 

Mammals

Knowing the number of mammals living 
in the United States is crucial for the cal-
culation of the financial costs associated 
with the extinction of these animal species. 
This information is nearly impossible to ac-
quire due to the shifting migration trends 
of wildlife. Nevertheless, a preliminary esti-
mate of the total population of mammals 
in the U.S. was derived by employing a pro-
portional relationship between the count 
of mammal species inhabiting the U.S. and 
the global count of mammal species (The 
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national wildlife federation, 2023; Tomasik, 
2019; IUCN, 2012).

Thereafter, the total number of mammals 
which are expected to become extinct 
within the U.S. borders was multiplied by 
the mean economic value of endangered 
mammals (Richardson & Loomis, 2009). 
This process allowed to assess the financial 
damages associated with climate-induced 
mammalian extinction, which were as-
sumed to grow linearly over the considered 
time span of 77 years.

Birds, Turtles, and Insects

The same technique presented in the pre-
vious subsection was employed to estimate 
the impact of global warming on the po-
tential extinction of the other animal spe-
cies taken into consideration during this 
investigation: birds, turtles, and insects.

As before, data regarding the total number 
of birds, turtles, and insects worldwide was 
gathered to estimate the animal population 
residing within the U.S. borders (Oliver Rid-
ley Project, 2021; Oliver Ridley Project, 2023; 
American Ornithological Society, 2023; 
Xplore Our Planet, 2023; Avibase, 2023; Cal-
laghan, Shinichi, & William, 2021; The Cornell 
Lab of Ornithology, 2023; National Oceanic 
and Atmospheric Administration, 2023; 
Smithsonian, n.d.). Afterwards, the impact 
was monetized through the average eco-
nomic value of each species (Richardson & 
Loomis, 2009; Losey & Vaughan, 2006) and 
the assumption of a linear growth over the 
analyzed period.

Diseases

Khatana et al.’s (2022) investigation found 
that for every extra day of high heat bet-
ween 2008 and 2017, there was a rise of 
0.07 deaths per 100,000 adults. These figu-
res emphasize the importance of conside-
ring the impact of global warming on the 
health of American citizens. 

The Swiss RE Institute’s report provided 
information about the annual percentage 
change in global mortality rates until 2100, 
across various climate scenarios (Swiss RE 

Institute, 2023). Upon estimating the cumu-
lative mortality rate across the entire time 
frame, it became important to calculate 
the level of heat-induced mortality at the 
baseline. The evidence provided by Khat-
ana et al. (2022) enabled the computation 
of the absolute change in deaths caused by 
extreme temperatures in the U.S. by 2100. 
However, to avoid assuming that in the fu-
ture there will be only one day per year with 
extreme heat, comprehensive evidence 
was gathered regarding the anticipated 
increase in the number of extreme heat 
days in the U.S. under the RCP2.6, RCP4.5 
and RCP 8.5 scenarios (Center for Climate 
and Energy Solutions, 2023; Climate Service 
Center Germany, 2018). 

Afterwards, an attempt was made to cor-
relate the rise in fatalities to its economic 
value by employing the VSL. After multiply-
ing this figure by the number of additional 
casualties induced by the climate crisis, it 
was possible to obtain the monetized im-
pact of CO2 on the decline of people’s physi-
cal health. The financial losses displayed in 
Table 2, were obtained by assuming a linear 
growth of the impact during the period un-
der consideration. 

Malnutrition

According to the definition offered by the 
WHO (2023b), malnutrition is characterized 
by an inadequate or excessive consump-
tion of vital nutrients, which can result in 
cases of both under-nutrition and obesity. 
According to Bowen et al. (2018) the dual 
burden of malnutrition affects a vast por-
tion of the American population. Hence, 
this analysis quantified the economic costs 
resulting from an increase in malnutrition 
cases within the U.S. borders.

Thanks to the dataset provided by the IPCC 
(2022b) it was possible to estimate how cli-
mate change will contribute to malnutri-
tion among children under the age of five. 
The IPCC (2022b) does not provide any sta-
tistic for the RCP4.5 scenario. Deriving this 
figure involved assuming a linear relation-
ship between external temperatures and 
the number of undernourished children. 
Given that this calculation relied on stron-
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ger assumptions, which reduced the ex-
planatory power of the consequent finan-
cial impact, the result associated with the 
increase in malnutrition cases was signaled 
with an asterisk in Table 2. For the purpose 
of correctly distributing the impact across 
the globe, it needs to be specified that 
while the United States is home to 4,19% 
of the global population, only 0.53% of the 
children affected by stunting worldwide 
are residing in this nation (Global Nutrition 
Report, 2023; Childstats, 2023; World Health 
Organization, 2021; World Bank, 2023b). 

The mortality rate from malnutrition in the 
country is equal to 0.9 per 100,000 people 
(Our World in Data, n.d.). Therefore, it can 
be stated that the actual rise in deaths due 
to malnutrition in the United States is mini-
mal. A conservative assumption was made 
that the years lost because of this sickness 
amount to 74,11 since the projections es-
timated by the IPCC referred to a specific 
group of children aged 0 to 5, and the life 
expectancy in the U.S. is currently equal to 
79,11 years (Macrotrends, 2023). This data 
was then multiplied by the Value of Statisti-
cal Year (VSY) and, eventually, by the total 
number of excess deaths brought on by 
malnutrition. To assess the overall impact 
up to 2100, this calculation relied on the 
evidence published by Richards, Gauch, 
and Allwood (2023) concerning regional 
starvation deaths per decade, spanning 
from 2000 to 2100 in an accelerated global 
warming scenario. The impact was calcu-
lated for the year 2100 and had therefore to 
be discounted over a period of 77 years, as-
suming a linear growth of the impact.

Hunger

Hunger does not significantly affect U.S. 
citizens today, nor it is expected to in the 
short-term. In practice, the Global Hunger 
Index (GHI) does not exist for developed 
countries such as the U.S., Canada, Austra-
lia, Spain, Sweden, Italy, and so on (Global 
Hunger Index, 2023). This result may be 
attributed to an internal food distribution 
system designed to address regional shor-
tages. Therefore, even though hunger is an 
important consequence of climate change, 

it does not apply for the specific case study 
presented here.

Mental Health

With the aim of calculating the projected 
increase in the prevalence of anxiety disor-
ders due to global warming, the proxy pro-
vided by the World Bank was multiplied by 
the total number of individuals currently 
experiencing anxiety in the United States 
(World Bank Blogs, 2015; Anxiety & Depres-
sion Association of America, 2023). Based on 
Marciniak et al.’s (2005) argument that the 
average costs of treating anxiety amount to 
$6,475, the climate change-induced finan-
cial damages linked to this specific mental 
health disorder were estimated. Also in this 
framework, the assumption was made that 
the impact would increase linearly from 
2023 to 2100.

Similarly, when taking depression into con-
sideration the costs bore by the American 
society rise significantly for each additional 
1ºC. The methodology is similar to the one 
used previously. However, in this context the 
proxy estimated by Greenberg et al. (2021) 
was used to quantify the average costs of 
treating depression in the United States. 
Finally, after having gathered statistics re-
garding the number of people suffering 
from depression in the United States (Men-
tal Health America, 2023), it was possible 
to quantify the impact of climate change 
on the spread of this mental health illness 
(Charlson, et al., 2021). The monetized value 
was discounted over a 77-year period as-
suming a linear growth of the impact dur-
ing the analyzed time horizon.

Displacement 

To estimate the cost associated to the pro-
jected climate-induced displacement of 
the American population, the calculation 
involved multiplying the data provided by 
the UN Migration Agency by the propor-
tion of the global population affected by 
this event within the United States (Climate 
Impact Lab, 2023; United Nation Migration 
Agency, 2017). 
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The net cost of relocating the American pop-
ulation to habitable areas by 2100 was calcu-
lated using estimates provided by Hauer et 
al. (2020). After discounting the integrated 
impact over a time horizon of 77 years, the 
results displayed in Table 2 were obtained.

GDP

Given that Kompas et al. (2018) provided 
data on the annual percentage change of 
the American GDP owing to a rise in tem-
peratures ranging from 1ºC to 4ºC, the cal-
culation needed to estimate the pure eco-
nomic damages caused by climate change 
was rather direct. Following a set of robust 
mathematical regressions, it can be remar-
ked that if by 2100 global temperatures in-
crease by 2º (RCP2.6), 3º (RCP4.5), and 4º 
(RCP8.5) degrees, the American GDP will 
decrease annually by 0.392%, 0.622%, and 
0.885%, respectively. The damages were 
calculated in comparison to the baseline 
scenario of 1ºC of global warming, where 
the GDP was assumed to decrease annua-
lly by 0.182%.

Social Costs of CO2 in the United 
States

With the purpose of ascertaining the true 
SCC for the U.S., it is necessary to quantify 
the amount of anthropogenic CO2 emis-
sions produced by the American economy 
under the distinct climate scenarios and 
during the time period considered throug-
hout the study, which in this case spans 
from 2023 to 2100. This information, displa-
yed in Figure 3, was provided by the Climate 
Watch website, which compiled data from 
a vast collection of models stemming from 
the IPCC, the private sector, and country-
specific sources (Climate Watch, 2023). The 
estimations are based on the Global Chan-
ge Assessment Model (GCAM). The GCAM 
is a dynamic, recursive model that can be 
used to investigate different climate chan-
ge mitigation strategies, such as carbon ta-
xes and carbon trading.

In this framework, the Paris-Continued 
Ambition (2015), Low Policy (2015), and No 
Policy (2015) scenarios were designated as 

FIGURE 3 
MEGATON OF CARBON DIOXIDE EQUIVALENT PRODUCED YEARLY BY THE 

AMERICAN ECONOMY

�

Source: Climate Watch (2023)
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the optimistic, BAU, and pessimistic cli-
mate scenarios, respectively.

In practice, the total financial damages 
originated by climate change were divided 
by the amount of CO2 produced during the 
same period. Given that the optimistic sce-
nario is the only one in which emissions are 
reduced to account for the negative exter-
nalities generated by global warming, the 
process of cost internalization was carried 
out by considering this specific climate 
prospect.

After considering solely the negative ex-
ternalities, it can be argued that each ad-
ditional metric ton of CO2 produced in the 
United States should be taxed by national 
authorities with an amount corresponding 
to $287. By focusing only on the economic 
damages associated to global warming, 
one would underestimate the actual losses 
brought on by an extra metric ton of CO2 by 
about $20. The distinction becomes more 
pronounced when looking at the total 
amount of CO2 produced by the American 
economic system over the course of a year.

Limitations

While this study provides an intriguing an-
gle to examine the societal costs associated 
with the escalating climate problem, it only 
serves as a starting point for future studies 
that should attempt to address as many of 
its shortcomings as feasible.

In the first place, this analysis is constrained 
to the territory of the United States, but the 
SCC estimate will highly vary based on the 
region taken into consideration. However, 
the primary goal of this study is to provide 
a collection of academically accepted and 
robust methodologies that will enable 
academics and institutions all around the 
world to calculate their own national SCC.

In the second place, the analysis relied on a 
series of assumptions to allow carrying out 
the main computations, which, in turn, re-
sulted in a certain level of abstraction from 
the reality of the modern world. Unfortu-
nately, this represents the best estimate 
at this moment due to the limited data 

availability and the practical impossibility 
to accurately predict future climate devel-
opments. On this matter, future scholars 
could focus on addressing some of the ma-
jor limitations outlined in this framework, 
given that they will most likely have access 
to updated and more precise information.

In the third place, it is important to clarify 
that this investigation did not account for 
the tipping points which would results 
from future rises in global temperatures 
(Armstrong McKay, et al., 2022). 

Finally, one might consider focusing on 
additional effects stemming from global 
warming on both society and the environ-
ment. The estimate provided in this analy-
sis constitutes a lower bound, since the 
current information is insufficient to com-
prehensively encompass the myriad poten-
tial long-term consequences originated by 
climate change. Nevertheless, to enhance 
the external validity of this research, it ad-
hered to the IPCC’s framework, depicted in 
Figures 1 and 2.

DISCUSSION

Through a comprehensive literature review, 
this study aims at identifying and emplo-
ying a set of statistically robust methodo-
logies for the computation of the true SCC. 
Upon conducting a case study within the 
U.S. territory, it was determined that the 
minimum estimate for the SCC in 2023 
amounts to $287. 

The goal of the SCC is to internalize, and 
therefore reduce, the negative externalities 
stemming from the release of harmful sub-
stances into the atmosphere, which might 
otherwise exacerbate the climate crisis. 
This approach allows regulatory bodies to 
integrate the true cost of products into the 
global market. However, an effective imple-
mentation of this pricing mechanism re-
quires international collaboration among 
sovereign governments, as the ramifica-
tions of global warming transcend national 
boundaries. International societies possess 
the capacity to restructure market dynam-
ics while also modifying production and 
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consumption patterns, all in the pursuit of 
effectively mitigating climate change.

While this article modestly represents a fur-
ther step in the right direction, it is essential 
for academic researchers to continue eval-
uating the wide-ranging effects of climate 
change on the diverse ecosystems and their 
inhabitants. Novel methodologies and ad-
ditional analyses must be developed with 
the utmost precision to enable policymak-
ers to formulate and enforce science-driven 
adaptation and mitigation strategies. 
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