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Abstract

The “climate bathtub,” originated by Linda Booth Sweeney and John Sterman in 2001, has
provided an elegant metaphor for the physical problem of climate change for 25 years.
In this metaphor, as long as inflows of water into a bathtub from a faucet (greenhouse
gas emissions) exceed outflows through a drain (removals), then the stock of water in
the bathtub (atmospheric concentrations) will rise, with eventual consequences when the
bathtub overflows. This bathtub metaphor is simple, relatable, urgent, and apt. But climate
change is a social problem, not just a physical problem. By adding four new elements
to the climate bathtub—multiple faucets; multiple drains; multiple damage thresholds;
and multiple people—the climate bathtub metaphor can illuminate a wide range of social
challenges related to climate change. This expanded climate bathtub metaphor offers
insights on how individuals prioritize climate actions; why collective disagreements emerge;
and hierarchical levels of climate cooperation. It suggests heuristics that policymakers,
practitioners, and future climate professionals can use to evaluate potential climate actions.
This more complex, but more versatile, version of the climate bathtub can supplement the
original metaphor as a public communications tool and motivator for climate action.

Keywords: climate adaptation; climate communication; climate mitigation; system dynamics

1. The Original Climate Bathtub

Imagine, after a long day, you start to fix yourself a warm bath. You turn on the faucet,
check the water temperature, plug the drain, and then. . your phone rings in the other
room. It’s a call you ve been waiting for and simply must take. You step away from the
bathroom, forgetfully leaving the water running.

You answer the phone and talk. You talk some more. When you finally hang up, you hear
the water in the bathroom sloshing onto the tile floor. Drat! The tub!

You race back to the bathroom to find the sight you feared: water has spilled over the top
of the tub and onto the bathroom floor. As water continues to gush from the faucet, the
puddle of water on the floor continues to grow and spread.

What to do? Well, if you have any sense, you'll do three things, preferably in this order.
First, you’ll turn off the faucet. Second, you'll unplug the drain. And finally, you’ll mop
the floor.

Once you've done these things you can be thankful you caught the problem as soon as
you did. You resolve never to let it happen again, and finally slip into the tub for a
relaxing bath.

Many climate change professionals are familiar with the bathtub as a metaphor for
climate change. In this metaphor, as told in story form above, the level of water in a
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tub represents the concentration of carbon dioxide and other greenhouse gases in the
atmosphere. The faucet represents emissions of greenhouse gases into the atmosphere from
burning fossil fuels, burning forests, and other polluting activities. The drain represents
removals of carbon dioxide from the atmosphere by forests, oceans, and other natural
sinks. If the inflow of water from the faucet exceeds the outflow of water to the drain,
then the water level in the tub will rise and eventually overflow. This overflow represents
damages from climate change: heat waves, fires, storms, disease spread, crop damage,
species extinctions, inflation, and more [1].

The climate bathtub metaphor originated in 2001 in a paper in System Dynamics
Review by Linda Booth Sweeney and John Sterman (Figure 1). In their original paper [2]
the authors proposed the bathtub as a communications tool to test public understanding of
systems involving stocks and flows. The authors elaborated the metaphor specifically for
climate change in follow-up papers [3-6].

Figure 1. The original climate bathtub, captioned “Consider the bathtub shown below. Water flows
in at a certain rate, and exits through the drain at another rate.” Figure 1 in Sweeney and Sterman,
System Dynamics Review, 2001 [2].

In the quarter-century since the climate bathtub debuted, the illustration has been
adapted widely. The climate bathtub has appeared in magazines [7], classrooms [8], and
comic strips [9]. Iterations of the bathtub have been presented by governments [10],
companies [11], nongovernmental organizations [12], and the Intergovernmental Panel
on Climate Change [13]. Throughout the widespread proliferation of the climate bathtub
illustration, the original concept has undergone relatively few changes, aside from graphical
improvements (e.g., [12]). Some bathtub illustrations have added numbers quantifying
the fluxes or concentrations (e.g., [14]). Some images have separated the drain and faucet
into two to distinguish anthropogenic sources and sinks from natural ones (e.g., [15]). One
especially histrionic illustration of the tub added a drowning baby [16].

As far as metaphors for climate change go, the bathtub is a good one. It is simple,
with just four parts (tub; water level; faucet; and drain). It is relatable—most people have
either used a bathtub themselves or understand how one works. It conveys urgency—an
overflowing bathtub triggers an instinctive reaction to contain the water. Furthermore, the
metaphor shows the value of moderation; too much water in the tub is a problem, but
so is too little. One cannot bathe comfortably in a millimeter of water, just as too little
carbon dioxide in the atmosphere would bring its own fatal, albeit improbable, problem of
global freezing.

Rising water is not only an apt metaphor for climate change. It is also one of its
most visible, destructive, and immediate consequences. Torrential rains have brought
deadly floods [17]. Sea-level rise [18] poses an existential threat to many small island
nations, and is challenging low-lying regions worldwide to bolster coastal infrastructure
and manage water intrusion. Intruding waters have led to rising insurance premiums and
loss of insurance coverage for homes in coastal zones (e.g., [19]).
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The bathtub metaphor elegantly illustrates some basic physical facts about climate
change:

(1) Climate damages arise from the accumulation of excessive stocks of water in the
bathtub (atmospheric concentration), rather than a high rate of emissions per se.

(2) As long as inflows (emissions) exceed outflows (removals), the water level in the
bathtub will rise (i.e., climate damages will get worse).

(3) Both inflows and outflows can play a role in solving the climate problem.

(4) Bringing inflows into balance with outflows is a necessary first step to solving the
problem, but this only stabilizes the water level; it does not reduce it.

(5) Reducing the water level requires keeping outflows larger than inflows over a sus-
tained period of time.

These physical facts are crucial to understanding and remedying climate change.
However, climate change is far more complex than a simple physical problem. It is a social
problem too. That is, climate change is caused by people and can only be solved through
actions taken by people.

2. A Modified Climate Bathtub

The classic climate bathtub metaphor on its own sheds little light on social, economic,
and policy questions. However, by making four simple modifications, the climate bathtub
can be expanded to illuminate many social challenges related to climate change. Consider
the following revision of the climate bathtub story:

Once again, you return to the bathroom and the overflowing tub. But this time, instead
of a single running faucet pumping water into the tub, you are confronted by an entire
row of them. And instead of a single drain that can be opened, there are many. Which
faucets should you close? Which drains should you open?

The water is still spilling out onto the floor, but now the stakes are higher. The bathroom
is filled with cardboard boxes storing valuables. The boxes closest to the tub contain
children’s toys and old books. The farther boxes contain the deed to your house and your
great-grandmother’s diary. Some boxes are unlabeled with their contents unknown. As
the puddle on the floor expands outward across the bathroom floor it begins to soak the
boxes stored farther and farther away from the tub. Concentric circles on the floor mark
the water’s expansion.

In a final twist to the story, you are no longer alone in the bathroom. You are joined by
other members of your household. The responsibility falls on all of you to close faucets,
open drains, move boxes, and mop the floor. Where should you begin? And how should
you organize yourselves?

2.1. First Modification: Multiple Faucets

The first of four novel modifications to the climate bathtub metaphor is an expanded
number of faucets pumping water into the tub. Instead of a single faucet there is now a
whole row (Figure 2A). The faucets are labeled with the names of different greenhouse
gas emission sources (coal, oil, gas, deforestation, agriculture, cement, etc.), although we
will revisit these labels later. The amount of water flowing into the tub from each faucet is
proportional to each source’s contribution to total emissions.
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Figure 2. The modified climate bathtub, with (A) multiple faucets; (B) multiple drains; (C) multiple
damage thresholds, represented by concentric circles on the floor; and (D) multiple people.

As in the original metaphor, each of the faucets can be tightened to reduce the flow of
water into the tub. Or they can be loosened, allowing even more water from that source to
flow in. The tightening and loosening of different faucets can happen independently.

This modification of multiple faucets is novel. Most previous illustrations of the
bathtub have had only a single faucet. Occasionally a bathtub illustration has included two
faucets to distinguish anthropogenic emissions from fluxes that are part of natural carbon
cycles (e.g., [15]). Bathtub illustrations that have recognized the role of multiple human
sources (e.g., [11,20]) have still used a single faucet.

By adding multiple faucets to the picture, new and useful insights about climate
change emerge.

(6) Itis not possible to stop climate change by turning off any single faucet.

Tackling the climate problem requires tightening multiple faucets, and ideally all
faucets. This could be accomplished through more mitigation of emissions from coal and
less from deforestation; more mitigation from deforestation and less from agriculture; or
any number of other combinations across sources.

(7) Water flowing into the tub is identical from every faucet, but the faucets themselves
differ.

All the drops of water flowing through the faucets are the same as one another (just as
molecules of carbon dioxide and other greenhouse gases are identical and mix quickly in the
atmosphere). However, the attributes of the faucets can differ greatly. One faucet may be
easier to turn. Another may have been open for a longer time. So too do different mitigation
options have different characteristics. Some are cheaper, are available more quickly, or offer
different sets of co-benefits. We will return to this aspect of the climate problem.
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2.2. Second Modification: Multiple Drains

The second novel modification to the climate bathtub is an expanded number of
drains. The original metaphor contained a single drain. Some later adaptations included a
second drain to distinguish between natural outflows of carbon to the ocean and biosphere
(e.g., [7]). But here we have added multiple drains to illustrate the various options for
removing carbon from the atmosphere, now or in the future. These carbon dioxide removal
methods [21] can be natural (e.g., reforestation, biochar, bioenergy with carbon capture
and storage) or technological (e.g., direct air carbon capture and storage) (Figure 2B).
Each carbon-removal method is represented in the new climate bathtub illustration by its
own drain.

As in the single-drain metaphor, the physical problem is solved when the total flow
of water out through all the drains exceeds the combined flow of water in from all the
faucets. Most of the drains are currently closed. That is, aside from reforestation and
ecosystem regeneration, most potential carbon-removal methods are not yet operating at
a large scale [21]. Technological innovation is beginning to open more drains but their
outflows are still just a small trickle compared to the inflowing faucets.

Again, let us use this addition to the illustration to add to our list of climate
change insights:

(8) The more drains that can be opened, the better.

There is a physical equivalence between water in and water out of the tub (that is,
molecules of greenhouse gases). Expanding the outflows through drains can comple-
ment reducing inflows from the faucets, providing an additional avenue for combatting
climate change.

(9) While water flowing in from faucets and out through drains is identical, faucets and
drains have different properties.

There are some important differences between faucets and drains. For example, as
stated above, closing any single faucet is not enough to solve the climate bathtub problem.
However, in principle it would be possible to solve the bathtub problem by opening a single
drain, if that drain could be opened wide enough. Hypothetically a single carbon-removal
technology, if sufficiently large, could solve the climate problem entirely. This possibility
for a “silver bullet” technology appeals to techno-optimists [22]. However, opening novel
drains to the scale of billions to tons of carbon dioxide per year, consistent with global
climate ambition, would require a growth trajectory in the upcoming decades on par with
electric vehicles, ammonia synthesis, or solar photovoltaic panels [21].

A second difference between faucets and drains is that opening drains may have a
more favorable political economy. Closing a faucet imposes costs on incumbent emitters’
interests. Meanwhile opening new drains does not necessarily impose such costs.

The introduction of multiple drains prompts the question: where does this water
go? If water drains from an overflowing bathtub to an overflowing basement, this is
not a good solution. Indeed, the largest “natural” drain from the atmosphere—carbon
dioxide absorption by the ocean—is problematic for this very reason. It is acidifying the
oceans and disintegrating the calcium carbonate-based life that lives in them [23]. In other
cases, the outflow of water can be benign (e.g., if carbon is stored permanently in geologic
reservoirs [24]) or even beneficial (when carbon is stored in forests’ living biomass [25]).

2.3. Third Modification: Multiple Damage Thresholds

The third novel modification is to draw concentric circles to the floor radiating outward
from the bathtub labeled “1 °C,” “1.5 °C,” “2 °C,” etc. (Figure 2C), representing escalating
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damages from climate change. The addition of multiple concentric circles to the bathtub
illustration illuminates an important insight:

(10) Damages from climate change escalate continuously.

As long as inflows exceed outflows, the water in the tub will rise. It will eventually
overtop the side of the tub and expand on the floor. The longer the climate bathtub problem
goes unfixed, the more water sloshes out of the tub. As the puddle on the floor expands
outward across the bathroom floor it passes circle after circle, causing more and more
damage to the boxes stored on the floor. There is no outer limit to the distance that the
water can flood. This illustration of escalating damage stands in novel contrast to the
original metaphor, with binary damage—either the tub overflows, or it does not.

In the real world too, until inflows and outflows are brought into balance, there is no
point at which climate damages will cease. Consequences escalate, with each half-degree
of damage more severe than the last. Lower degrees of climate change will bring the end of
most coral reefs; higher degrees will cause the inundation of coastal cities [1]. Beyond a
certain point some climate change damages are not foreseeable.

The lines drawn on the floor are only symbolic. They are not solid boundaries and
have no power to contain the spreading water. Damages would be the same whether the
rings are drawn on the floor or not. So too with climate change. There are no all-or-nothing
thresholds at which point climate damage begins or ends or even jumps. Fixed targets (e.g.,
350 ppm, 1.5 °C, “12 years”) may be useful rallying cries for activist campaigns or necessary
benchmarks for setting laws or policies (e.g., [26]). But such “lines on the floor” are social
signposts; they are not physical guardrails. Damages rise continuously in between the
circles, and continuously from the inside of a circle to its outside.

2.4. Fourth Modification: Multiple People

The fourth and final novelty added to the bathtub illustration is people. Climate
change is, as previously stated, a social problem—a problem caused by people and to
be solved by people. The original metaphor had no people. Nor did any of the later
illustrations, aside from the unfortunate baby in [16]. The story told at the beginning had a
single person: you. But in the expanded metaphor there are many people in the bathroom.
Each person has the agency to close a faucet, open a drain, move a box, or grab a mop, if
they choose (Figure 2D).

The multiple people in the illustration represent the more than eight billion diverse
inhabitants of Planet Earth. Adding people to the picture truly transforms the physical
metaphor to a social one. The climate challenge is no longer a simple arithmetic problem of
ensuring A<B but of coordinating actions across people.

Adding people to the bathtub metaphor lets us add more relevant social insights:

(11) Not everyone is harmed equally by climate change nor benefits equally from climate
mitigation or adaptation.

The boxes at risk on the floor can “belong” to different people. Everyone will be
damaged by climate change to some extent but some will be damaged far more than
others [27]. Some people may be wiped out by the flooding of boxes containing their
homes, their livelihoods, their savings, or their entire countries. Others may barely notice if
their effects get wet. Different people have varying levels of interest in turning off faucets
and opening drains.

(12) Not everyone has the same capacity to turn off faucets or open drains.
Some people are richer, have more education, or live in more powerful countries.

(13) Different people can work on different aspects of the bathtub problem.
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This is not just acceptable; it is necessary. Fully addressing the climate bathtub involves
work on all faucets, drains, and boxes.

(14) Not everyone is interested in solving the problem.

Some people are dealing with urgent problems in other rooms of the house: a grease
fire on the stove; a broken window; or a noisy fridge (war, poverty, disease, etc.). Others are
sleeping, or watching tv, or scrolling on their phone. Some have no idea that the bathtub is
overflowing, or are indifferent. Some people are even happy to keep the faucets flowing
into the tub, either for their own benefit or out of malevolence.

(15) There is no single solution to the social version of the climate problem.

This is the case insofar as it is not possible to get billions of people to agree on
anything. However, this statement has an upbeat corollary: there are infinitely many
possible solutions to the climate problem. There are many possible ways to get the combined
outflows from drains to exceed the combined inflows from faucets.

3. Illuminating Social Challenges Related to Climate Change

What this newly renovated climate bathtub model gives up in terms of simplicity, it
makes up for in terms of versatility. Its four new features (multiple faucets; multiple drains;
multiple damage thresholds; and multiple people) can shed light on a variety of social
questions and disagreements related to climate change.

3.1. Labeling the Faucets
3.1.1. By Source

Initially the faucets are labeled with the names of the fuel sources: coal, oil, gas,
deforestation, agriculture, cement (Figure 3A). The logic behind categorizing emissions
this way is that these correspond to the direct, physical ways in which emissions reach
the atmosphere, e.g., from burning fossil fuels, clearing and burning trees, or enteric

fermentation in livestock.

Figure 3. Alternative ways of labeling the faucets. (A) By source; (B) by sector; (C) by country;
(D) by gas.
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3.1.2. By Sector

But this is not the only way to label the faucets. The faucets in the illustration could al-
ternatively be labeled by economic sectors, transportation, electricity, industry, commercial
and residential, agriculture (Figure 3B), forestry, and so on, as in [28]. Labeling the faucets
by sector aligns with how the economy is organized into industries and with how domestic
governments organize responsibilities across ministries. This labeling system lends itself
well to thinking about specific policy solutions and technological advances.

3.1.3. By Country

It is also possible to label faucets by countries, i.e., a faucet for China, one for the United
States, another for the European Union, and so on (Figure 3C). This is how international
negotiators at the United Nations Framework Convention on Climate Change consider the
climate problem. Labeling the faucets by country invites comparisons of the magnitude of
countries” emissions, in aggregate or on a per capita basis, and whose emissions are rising
or falling. National governments have a central role to play in addressing climate change
and organizing the faucets in this way shines a spotlight on how their contributions align
with necessary progress toward aggregate targets and perceptions of fairness [29].

3.1.4. By Gas

In yet another variation faucets can be labeled by greenhouse gas, as in reports of the
Intergovernmental Panel on Climate Change [30]. While the various greenhouse gases
are the most relevant to atmospheric science, this labeling system is also the most abstract
and farthest from the people or institutions who can take action. The multitude of gases
contributing to climate change stands in contrast with the single chemical compound, chlo-
rofluorocarbons (CFCs), responsible for the destruction of the ozone layer and addressed
successfully by the 1987 Montreal Protocol [31].

By source; by sector; by country; or by gas. This is only the beginning of the ways
labels could be applied to the climate faucets. It is common to see greenhouse gas emissions
attributed to companies, or individuals, or classes of people such as income groups. The
existence of many possible labeling systems for the faucets of the climate bathtub is not a
weakness but a strength. It opens up alternative frames for considering solutions to climate
change, from international cooperation to industry-level improvements to personal actions.
Whatever the labeling system, it shows that meaningful progress on the climate challenge
requires actions by many countries, industries, or people. None of this can be considered
in a single-faucet model.

3.2. Individuals” Choice of Actions

A person seeking to help solve the bathtub problem has multiple options. They could
tighten a faucet, open a drain, move a box away from the expanding puddle of water, or
mop the floor. How should a person decide which action to choose? When faced with the
real-life climate problem, where should a well-meaning person direct their time, energy,
financial resources, or career path?

3.3. Attributes of Faucets and Drains

One could start by comparing the faucets’ attributes. A person might decide to tackle
a faucet with a larger flow of water (more emissions) before a faucet with a smaller flow.
This way of thinking leads to focusing on the biggest countries (China, the US, Europe,
India, Russia, Brazil, etc.), or the biggest sectors (industry, electricity, etc.), or the biggest
sources (coal, oil, etc.).
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Alternatively, one might focus prospectively on faucets (countries, sectors, etc.) where
inflows are growing quickly, above those where emissions are beginning to stabilize or
shrink. Or one might target faucets retrospectively that have already released the most
water into the tub (i.e., the highest cumulative historical emitters) as a matter of climate
justice [32].

Or, following economic logic, one might focus on the faucets that are cheapest to
tighten. An influential analysis lined up climate actions from cheapest on the left to
most expensive on the right [33], inviting cost-conscious policymakers to select climate
policies working from left to right. Theoretically, a single policy—putting a price on carbon
emissions, through taxes or permits—can achieve climate mitigation targets while directing
action toward the cheapest options [34]. Carbon pricing instruments are widespread [35].
Alternatively, one could imagine ranking climate mitigation options based on popularity,
from most enthusiastic popular acceptance [36] to greatest political resistance.

3.4. Co-Benefits

People are often drawn to faucet-tightening (climate mitigation) actions based on
attributes of the faucets beyond their direct impact on water inflows (i.e., their “co-benefits”).
For example, people might bike because it is fun and good exercise, eat plant-based foods
because they are healthy, or turn off the lights when they leave the room because it lowers
their electric bill. Conversely, they might drive because it is convenient, eat meat because it
is tasty, or leave the lights on because they are forgetful.

Public policy decisions, too, are made considering faucets’ co-benefits as much or
more than the emission reductions themselves. China curbs coal energy to lower air
pollution [37]. Congressional representatives are interested in rooftop solar panels because
of the green jobs created in their district [38]. Conservationists are interested in reducing
tropical deforestation because of their interest in the treasure trove of plants and animals
these forests are home to [25]. People’s choices of faucet may be motivated not only to
increase co-benefits they like, but also to mete punishment on carbon sources they do not
like for other reasons (an oil refinery for its air pollution, a concentrated feedlot for animal
cruelty, etc.).

3.5. Attributes of the Decision-Maker

People are drawn to work on climate faucets and drains based on their own skills
and preferences as much as faucet attributes or co-benefits. An engineer may be drawn to
renewable energy, a biologist to forest conservation, or a chemist to atmospheric carbon
removal. People choose climate jobs for the same reasons they choose any job—not only
for the work itself, but for the salary, benefits, boss, co-workers, hours, and so forth. Their
choice may be influenced by their political leanings, the promoted solutions of their political
tribe, or by what they saw recently on social media. That is, in all manners in which people
can differ, they can differ about which climate actions to take.

Differences across people also affect decisions about which drains to open (carbon re-
moval) and which boxes to save (adaptation). For this reason the climate bathtub metaphor
is richer when it includes multiple people in addition to multiple faucets and drains.

3.6. Collective Disagreements Among Actions

Since solving the climate bathtub requires multiple faucets being closed by multiple
people, it is a collective action problem [39,40]. Closing faucets comes at a personal cost,
giving rise to disagreements not only about which faucets to turn, but also about how to
distribute effort fairly. A person who is doggedly trying to close a faucet may become
resentful of someone who has shrugged and gone to watch TV while the bathroom floods
(i.e., freeriding behavior; [41]).
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Disagreement about how to apportion a fair level of effort across would-be faucet
closers plays out often in climate policy (e.g., [42,43]). For decades United States politicians
stymied climate action with the excuse that more should be done by fast-growing emitters
like China and India. Conversely, China, India, and other developing economies routinely
insisted that more climate mitigation should be done by those who have historically emitted
more cumulative emissions, such as the US. Countries, industries, and sectors all argue
that a “fair share” involves them doing less work on their own faucet, and others doing
more work on theirs.

Ironically, the dynamic among climate professionals associated with different faucets
is often the opposite. They compete for more action on their faucet, not less. This may
be because climate professionals are more aware of the gravity of the overall problem,
or because they are more attuned to the benefits, rather than the costs, of closing their
chosen faucet.

3.7. Competition

As a result, there is competition for action between proponents of clean energy and
natural climate solutions, even though the climate problem cannot be solved without action
on both [44]. There is competition between reducing emissions and increasing removals,
between blue carbon and REDD+, and between natural vs. engineered carbon removals, as
well as between removals and emission reductions, to give a few examples.

This inter-faucet sparring becomes especially acute in the case of offsets. That is,
credits that allow a company or country to do less work closing one faucet if they pay
someone else to do more work closing another [45]. Nominally the direct effect of offsets
on the climate bathtub is neutral. But the overall effect of offsets can be detrimental if the
reduction associated with the offsets has lower atmospheric integrity than the reduction
being replaced [46], or their net effect can be positive if redirecting effort toward cheaper,
quicker faucets allows for more reductions overall [47]. An offset trade ratio, in which
each ton of emissions that is offset must be compensated for by more than a ton elsewhere,
can ensure that the act of offsetting is climate-positive rather than climate neutral or
negative [48], but would likely do little to stem the dynamic of inter-faucet competition.

There is competition not only between closing faucets and opening drains (mitigation),
but also between moving boxes and mopping the floor (adaptation). Although mops and
boxes are both responses to the climate bathtub problem, their implications are different.
Moving a box is a private good, offering benefits only to the people whose items are stored
in that box. Think of this as an individual adapting to climate change by buying an air
conditioner, or by selling a condo in Miami and moving to Vancouver. In contrast, mopping
is a public good, helping everyone whose box is in that part of the bathroom. Think of this
as adapting collectively, by developing varieties of rice that are better adapted to higher
temperatures, forest health treatments to reduce the risk of catastrophic wildfires [49], or
building sluices and pumps around a low-lying coastal city. Note that neither type of
adaptation will stay successful as long as the water keeps rising unabated—mopping and
box-moving is not enough without closing faucets and opening drains.

3.8. Scarcity

The ability of people to solve the climate bathtub problem is constrained by the
number of people, wrenches, and mops in the bathroom. So too are financial resources
devoted to the climate problem limited and competitive, be they from public grants, private
investments, philanthropic funds, or individual donations. Beyond funding, there is
scarcity of attention, employment, and status.
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Scarcity cannot be completely eliminated. There is only so much money, or time, or
attention, to go around. But present resource constraints do not need to be taken as given.
“Growing the pie” is an important climate strategy. In the bathtub metaphor, this means
getting more people into the bathroom to close faucets and open drains and mop the floor
and pick up boxes. It means more and better wrenches and mops. In the real world, it
means enlisting more people working on the climate problem, more public awareness (e.g.,
through more effective climate communication [50]), more finance, more technological
capability, electing officeholders with more “political will,” and so on. Easing scarcity by
growing resources is a solution to the climate bathtub problem.

3.9. Levels of Cooperation

Since closing faucets and opening drains goes far beyond what can be done by a
single person (or even a single country or industry), the climate bathtub problem requires
cooperation. How can people organize to accomplish the necessary task? Increasing levels
of cooperation are shown as buttons on an elevator in Figure 4; the higher up, the better.
These tiers of cooperation are organized as buttons on an elevator rather than rungs on a
ladder to illustrate that movement between floors can happen in upward or downward
leaps rather than one step at a time.

Optimal (sufficient, efficient, and equitable)

Coordinated (actions in concert)

Strategic (encourages action by others)

Opportunistic (available, uncoordinated action)

Paralyzed (no action)

Antagonistic (discourages action by others)

Q000O®

Figure 4. Levels of cooperation on climate change.

3.10. Opportunistic

Consider what happens when people in the house first open the bathroom door and
encounter the overflowing tub. They are shocked into action, each rushing to do what
comes instinctively. One person might close a faucet; another might look for a mop. One
might start moving boxes; another might run away to the neighbor’s house. The point
being, people’s actions are not cooperative—not at first anyway. People’s initial actions are
opportunistic, doing what they can, where they can.

Individual, uncoordinated, opportunistic actions, even undertaken by many people,
are unlikely to solve the climate bathtub problem, or the real-life problem of climate change.
This is because the costs of working on the bathtub (buying repair tools, opening the drain,
spending a beautiful Saturday afternoon indoors, etc.) are felt individually, while the
benefits (drier boxes) are spread across everybody in the house. On their own, individuals
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may make only a half-hearted stab at the faucet. If co-benefits are considered they may
contribute a little more effort. If they are altruistic, i.e., empathetic to the benefits to others,
they may provide a little more effort again. But they are likely still not enough to solve the
bathtub problem.

3.11. Optimal

Solving the climate bathtub problem requires a level of cooperation that is optimal.
That is, it is sufficient (closing faucets and opening drains until the water level goes down),
efficient (minimizes costs to reach the sufficient level), and equitable (the distribution
of efforts accords with widely shared notions of fairness). In the context of the bathtub
metaphor, this means everyone working in unison with the right tools to close all the
faucets and open all the drains. This level of cooperation likely requires public policy
and enforcement.

Optimal global cooperation on climate change was the goal of the UNFCCC convention
in Copenhagen in 2009. There, delegates sought to achieve a global level of mitigation effort
consistent with avoiding dangerous levels of climate change and to divide up the necessary
reductions across countries, with developed countries bearing the largest share. The
Copenhagen convention collapsed in failure [51]. It is hard to envision its approach being
revived in the near future. Even as the costs of carbon-free renewable energy technology
have plummeted [52] and the benefits of avoiding climate damages have increased [53],
the appetite for global cooperation among some of the biggest emitters has worsened.

3.12. Coordinated

What emerged instead, in Paris in 2015, was global action on climate change that is
coordinated. In this approach nations voluntarily make climate commitments, seek to see
those commitments through, re-convene periodically for global stock-takes of the effect of
their combined actions, and then iterate with ever-stronger national policies. Every country
sees others working hard at closing the faucets, led by US and China, building trust and
motivation to do more themselves. In the context of the bathtub, a coordinated approach
would mean people working in concert to close faucets and open drains, but not necessarily
with enough people nor enough tools.

The Paris Climate Agreement was, as has been widely noted, a glass half-full (e.g., [54]).
The collective level of climate efforts by countries is currently expected to result in a global
temperature rise of +2.8 °C [55]. This is impressive, even heroic, relative to a business-
as-usual world in which global temperatures would rise by +4.3 °C. And yet it remains
woefully inadequate relative to the actions needed to hold temperature rise to a targeted
level of safety (+1.5 °C).

3.13. Paralysis and Antagonism

A decade after the Paris Agreement, not all countries are diligently following through
on a cycle of ever-stronger climate commitments and actions. Instead, some of the most
important players, notably the US, have reversed course. The current US federal administra-
tion has pulled out of international commitments, reneged on domestic climate investments,
shuttered climate science, eviscerated climate work by federal agencies, quashed support
for international climate work by aid agencies and multilateral development banks, and
more [56].

Is the goal of this climate revanchism to induce a state of paralysis, in which no action
at all is taken on climate change? In which everyone takes a coffee break and just lets the
climate bathtub overflow for a while? Or is it something even worse, in which a new set
of people commandeer the bathroom, attack the people fixing the bathtub with wrenches,
stuff mops in the drains, and open the faucets wider out of spite? Maybe the worst-case

https:/ /doi.org/10.3390/cli14090177


https://doi.org/10.3390/cli14090177

Climate 2026, 14, 177

13 of 17

scenario for climate change is not the world associated with making no improvements
(often termed “business-as-usual”) but is one in which people are actively antagonistic
to climate action and to one another. The United States may not yet be a country where
“rolling coal” [57] and extending coal-fired power plants beyond their economic lifespan by
executive order [58] is the norm, but it shows more signs of this today than anyone would
have guessed a decade ago.

3.14. Strategic

Even with the failure to achieve optimal cooperative action, and the attacks on coordi-
nated action by the current US federal administration, global climate cooperation is still far
from paralyzed, let alone truly antagonistic. Where does that leave climate professionals in
the US? Is the American climate community consigned to look abroad for optimism while
taking opportunistic actions at home until the political pendulum swings its way again?
Fortunately, there is another button on the elevator of cooperative action suited for this
moment—below coordinated, but above opportunistic. These actions are strategic, in the
game theoretical sense of individuals encouraging broader contribution to a public good
through their own behavior [59,60]. That is, they not only close faucets and open drains,
but they motivate others to take stronger actions as well.

Strategic actions—those that encourage stronger actions by others by making climate
actions cheaper, more available, more normalized, or with a stronger evidence base—can
take place at all levels. Internationally, recall that a central idea of the Paris Agreement is
that by publicly announcing their commitments in a shared venue, countries will motivate
each other in a race to the top.

At the national level, investments in inventing and refining new and better technol-
ogy bring down the cost of clean energy, encouraging more rapid adoption. Meanwhile
building out infrastructure such as electric vehicle charging stations and electric power
grid extensions make it easier for utilities or consumers to choose clean energy in the
future. Investments in both technology and infrastructure were key pieces of the Inflation
Reduction Act [61].

For climate advocates in the US, strategic actions that can be taken now include those
that will boost action when climate supporters once again hold federal office. One time-
honored example is climate actions by state and local governments [62]. These “laboratories
of democracy” can pass, implement, test, and evaluate new policies that will make it easier
to expand successful measures to other states, or federally when the time is right. This can
also include learning from and adapting actions taken by “laboratories” in other countries.

At the individual level, personal climate actions can encourage friends, neighbors, or
colleagues to do the same, through technological diffusion [63] and shifting norms [64].
When people see their neighbors and friends having fun on an electric bike, or saving
money with rooftop solar panels, they will want to give it a try as well. Even continuing to
speak about climate action can combat hopelessness and climate despair [65], maintaining
and growing the climate community to keep working on the problem.

3.15. Limitations of the Metaphor

As we have seen, the extended climate bathtub provides new insights and can illu-
minate a wide variety of challenges related to climate change. Yet, like every metaphor it
has limitations; it is not all-encompassing. There are important features of climate science,
economics, and policy that are beyond the scope of the bathtub model or would require
additional extensions to incorporate.

The bathtub metaphor does not include positive feedback loops that beyond some
threshold can become irreversible tipping points [66], nor negative feedback loops that can
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attenuate the impact of emissions. It does not include the time lag between when emissions
are released and when they have their maximum climate impact [67,68]. It has little to say
on geo-engineering [69] or loss and damage [70]. Beyond errors of omission, there may
be errors of commission as well. For example, the mere presence of drains in the bathtub
illustration could mislead viewers into thinking that carbon removal is feasible at a greater
scale than is forecasted by current technological assessments [21].

4. Conclusions

The original climate bathtub metaphor has illustrated the physical facts of climate
change elegantly for a quarter-century. Now, by adding four new dimensions to the illus-
tration (multiple faucets; multiple drains; multiple circles representing damage thresholds;
and multiple people), the bathtub metaphor can be expanded to offer insights on a wide
range of social challenges associated with climate change. It offers a shared framework for
understanding and discussing prominent climate disagreements. And it helps distinguish
hierarchical levels of cooperation.

Furthermore, this updated version of the climate bathtub suggests four practical
heuristics that can be used by policymakers, practitioners, or future climate professionals
to evaluate the worthiness of potential actions on climate change within their own contexts:

(1) Does the action directly address the climate bathtub problem? That is, does it close a
faucet, open a drain, rescue a box, or mop the floor?

(2) Does the action encourage others to take action on climate? That is, does it make
climate actions by others cheaper, more available, more normalized, or with a stronger
evidence base?

(3) Does the action help move cooperation on climate change to a higher level? Does it
move from opportunism toward strategic, coordinated, or optimal action, and away
from paralysis and antagonism?

(4) Does the action expand the resources devoted to climate change? Does it bring more
people, funding, time, and positive attention to climate change to relieve competition
between climate actions?

If the answer to any of these questions is yes, proceed. If the answer to any of the
questions is no, re-evaluate.

This more complex, but much more versatile, expanded version of the climate bathtub
can supplement the original metaphor as a public communications tool and inspiration for
effective climate action.

Funding: This research was funded by WWE-Netherlands through a consulting agreement.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: I am grateful to WWF-Netherlands for support for this work as an independent
researcher. I thank Ravic Nijbroek (WWF-Netherlands) for initial conversations leading to this essay
and Maheen Khan (WWEF-Netherlands) for thoughtful input. I credit Mead Over (Center for Global
Development) for the dismal and prescient insight that there are scenarios worse than “business-
as-usual.” Participants at a research seminar at WWF-Netherlands contributed helpful feedback on
an earlier version of this essay, including the idea that shifts between levels of cooperation need
not be incremental. No artificial intelligence (AI) tools were used at any stage of preparation of
this manuscript.

Conflicts of Interest: The author declares no conflict of interest.

https:/ /doi.org/10.3390/cli14090177


https://doi.org/10.3390/cli14090177

Climate 2026, 14, 177 15 of 17

References

1. IPCC. Climate Change 2022: Impacts, Adaptation and Vulnerability; Working Group II Contribution to the Intergovernmental Panel
on Climate Change 6th Assessment Report (AR6); IPCC: Geneva, Switzerland, 2022.

2. Sweeney, L.B.; Sterman, ].D. Bathtub dynamics: Initial results of a systems thinking inventory. Syst. Dyn. Rev. 2001, 16, 249-286.
[CrossRef]

3.  Sterman, ].D.; Sweeney, L.B. Cloudy skies: Assessing public understanding of global warming. Syst. Dyn. Rev. 2002, 18, 207-240.
[CrossRef]

4. Sterman, ].D.; Sweeney, L.B. Understanding public complacency about climate change: Adults” mental models of climate change
violate conservation of matter. Clim. Change 2007, 80, 213-238. [CrossRef]

5. Sterman, ].D.; Sweeney, L.B. Understanding public complacency about climate change. Rotman Magazine, 2007; pp. 60-64.

6.  Sterman, J.D. Risk communication on climate: Mental models and mass balance. Science 2008, 322, 532-533. [CrossRef]

7. National Geographic. The Big Idea. National Geographic Magazine, December 2009. Available online: https://www.smatrixgroup.
com/wp-content/uploads/carbon_bathtub.pdf (accessed on 13 January 2026).

8. Cuenca, J. Think like a Bathtub: Climate Change Education. 2022. Available online: https:/ /eepro.naaee.org/resource/think-
bathtub-climate-change-education (accessed on 13 January 2026).

9. McCauley, S. “Carbon Bathtub” Metaphor Gets More and More Coverage. 2010. Available online: https://climateinteractive.
wordpress.com/tag/carbon-bathtub/ (accessed on 13 January 2026).

10.  United States Environmental Protection Agency. The Carbon ‘Bathtub’ and Its Components; United States Environmental Protection
Agency: Washington, DC, USA, 2012. Available online: https://commons.wikimedia.org/wiki/File:Analogy_between_filling_a_
bathtub_with_water_and_the_increasing_concentration_of_carbon_dioxide_in_Earth’s_atmosphere_(US_EPA).png (accessed on
13 January 2026).

11.  Envirovue. All You Need to Know About Net Zero. 2021. Available online: https://envirovue.io/net-zero/ (accessed on 13
January 2026).

12.  Carbon180. How Reductions and Removals Work Together (A Bathtub Analogy); Carbon180: Washington, DC, USA, 2025; Avail-
able online: https://mailchi.mp/carbon180/the-deep-end-climate-smart-practices-make-perfect?e=0638719344 (accessed on 13
January 2026).

13. IPCC. Worlds Apart: A Story of Three Possible Warmer Worlds; Working Group I Contribution to the Intergovern-
mental Panel on Climate Change 6th Assessment Report (AR6); IPCC: Geneva, Switzerland, 2018; Available online:
https:/ /www.ipcc.ch/report/infographic/worlds-apart/ (accessed on 13 January 2026).

14. Calvin, WH. Why Bathtubs Overflow. 2019. Available online: https://commons.wikimedia.org/wiki/File:Why_bathtubs_
overflow.png (accessed on 13 January 2026).

15.  Skeptical Science. SkS Analogy 10—Bathtubs and Budgets. 2022. Available online: https://skepticalscience.com/SkS_Analogy_
10_Budgets_and_Bathtubs_2022.html (accessed on 13 January 2026).

16. Climate Healers. The Climate Bathtub Model: A Realistic Model to Help Us Make the Right Choices on the Climate Emergency; Climate
Healers: Phoenix, AZ, USA, 2004; Available online: https://climatehealers.org/transform/the-climate-bathtub-model/ (accessed
on 13 January 2026).

17.  Xiong, J.; Yang, Y. Climate change and hydrological extremes. Curr. Clim. Change Rep. 2024, 11, 1. [CrossRef]

18. Elneel, L.; Zitouni, M.S.; Mukhtar, H.; Galli, P.; Al-Ahmad, H. Exploring key aspects of sea level rise and their implications: An
overview. Water 2024, 16, 388. [CrossRef]

19. Sheehan, B.; Mullins, M.; Shannon, D.; McCullagh, O. On the benefits of insurance and disaster risk management integration for
improved climate-related natural catastrophe resilience. Environ. Syst. Decis. 2023, 43, 639—-648. [CrossRef]

20. Brown, D. A Picture To Help Citizens Understand the Justice and Equity Issues That Must Be Faced in Setting National GHG
Emissions Targets. Ethics and Climate Blog. 2014. Available online: https://ethicsandclimate.org/tag/safe-atmospheric-ghg-
concentrations/ (accessed on 13 January 2026).

21. Edwards, M.R;; Geden, O.; Gidden, M.J.; Lamb, W.E,; Minx, ].C.; Nemet, G.F,; Smith, S.M.; Bellamy, R.; Brutschin, E.; Diaz Anadon,
L.; et al. The State of Carbon Dioxide Removal, 3rd ed.; University of Oxford: Oxford, UK, 2026; 295p.

22.  Danabher, J. Techno-optimism: An Analysis, an Evaluation and a Modest Defence. Philos. Technol. 2022, 35, 54. [CrossRef]

23.  Shi, Y,; Li, Y. Impacts of ocean acidification on physiology and ecology of marine invertebrates: A comprehensive review. Aquat.
Ecol. 2023, 58, 207-226. [CrossRef]

24. Albertz, M,; Stewart, S.A.; Goteti, R. Perspectives on geologic carbon storage. Front. Energy Res. 2023, 10, 1071735. [CrossRef]

25.  Seymour, F; Busch, ]. Why Forests? Why Now? The Science, Economics, and Politics of Tropical Forests and Climate Change; Center for
Global Development: Washington, DC, USA, 2016; 429p.

26. Cointe, B.; Guillemot, H. A history of the 1.5C target. WIREs Clim. Change 2023, 14, e824. [CrossRef]

27.  Dorkenoo, K.; Scown, M.; Boyd, E. A critical review of disproportionality in loss and damage from climate change. WIREs Clim.

Change 2021, 13, €770. [CrossRef]

https:/ /doi.org/10.3390/cli14090177


https://doi.org/10.1002/sdr.198
https://doi.org/10.1002/sdr.242
https://doi.org/10.1007/s10584-006-9107-5
https://doi.org/10.1126/science.1162574
https://www.smatrixgroup.com/wp-content/uploads/carbon_bathtub.pdf
https://www.smatrixgroup.com/wp-content/uploads/carbon_bathtub.pdf
https://eepro.naaee.org/resource/think-bathtub-climate-change-education
https://eepro.naaee.org/resource/think-bathtub-climate-change-education
https://climateinteractive.wordpress.com/tag/carbon-bathtub/
https://climateinteractive.wordpress.com/tag/carbon-bathtub/
https://commons.wikimedia.org/wiki/File:Analogy_between_filling_a_bathtub_with_water_and_the_increasing_concentration_of_carbon_dioxide_in_Earth's_atmosphere_(US_EPA).png
https://commons.wikimedia.org/wiki/File:Analogy_between_filling_a_bathtub_with_water_and_the_increasing_concentration_of_carbon_dioxide_in_Earth's_atmosphere_(US_EPA).png
https://envirovue.io/net-zero/
https://mailchi.mp/carbon180/the-deep-end-climate-smart-practices-make-perfect?e=0638719344
https://www.ipcc.ch/report/infographic/worlds-apart/
https://commons.wikimedia.org/wiki/File:Why_bathtubs_overflow.png
https://commons.wikimedia.org/wiki/File:Why_bathtubs_overflow.png
https://skepticalscience.com/SkS_Analogy_10_Budgets_and_Bathtubs_2022.html
https://skepticalscience.com/SkS_Analogy_10_Budgets_and_Bathtubs_2022.html
https://climatehealers.org/transform/the-climate-bathtub-model/
https://doi.org/10.1007/s40641-024-00198-4
https://doi.org/10.3390/w16030388
https://doi.org/10.1007/s10669-023-09929-8
https://ethicsandclimate.org/tag/safe-atmospheric-ghg-concentrations/
https://ethicsandclimate.org/tag/safe-atmospheric-ghg-concentrations/
https://doi.org/10.1007/s13347-022-00550-2
https://doi.org/10.1007/s10452-023-10058-2
https://doi.org/10.3389/fenrg.2022.1071735
https://doi.org/10.1002/wcc.824
https://doi.org/10.1002/wcc.770
https://doi.org/10.3390/cli14090177

Climate 2026, 14, 177 16 of 17

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.
52.

53.

54.
55.

United States Environmental Protection Agency. Figure 2-13: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors.
In Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2022; EPA 430-R-24-004; United States Environmental Protection
Agency: Washington, DC, USA, 2024.

Li, M.; Pelz, S.; Lamboll, R.; Wang, C.; Rogelj, J. A principle-based framework to determine countries’ fair warming contributions
to the Paris Agreement. Nat. Commun. 2025, 16, 1043. [CrossRef]

IPCC. Figure SPM.1. In Summary for Policymakers of the Working Group III Contribution to the Intergovernmental Panel on Climate
Change 6th Assessment Report (AR6); IPCC: Geneva, Switzerland, 2022.

Peloso, C. Crafting an international climate change protocol: Applying the lessons learned from the success of the Montreal
Protocol and the ozone depletion problem. |. Land Use Environ. Law 2010, 25, 305-329.

Ogunbode, C.A.; Doran, R.; Ayanian, A.H,; Park, J.; Utsugi, A.; van den Broek, K.L.; Ghorayeb, J.; Aquino, S.D.; Lins, S.; Aruta, ].J.;
et al. Climate justice beliefs related to climate action and policy support around the world. Nat. Clim. Change 2024, 14, 1144-1150.
[CrossRef]

McKinsey & Company. Pathways to a Low-Carbon Economy: Version 2 of the Global Greenhouse Gas Abatement Cost Curve; McKinsey
& Company: Stockholm, Sweden, 2012; 192p.

Baranzini, A.; van den Bergh, ].C.J.M.; Carattini, S.; Howarth, R.B.; Padilla, E.; Roca, J. Carbon pricing in climate policy: Seven
reasons, complementary instruments, and political economy considerations. WIREs Clim. Change 2017, 8, e462. [CrossRef]
World Bank. Figure: Carbon pricing instruments around the world, 2025. In State and Trends of Carbon Pricing Dashboard; World
Bank Group: Washington, DC, USA, 2026; Available online: http://carbonpricingdashboard.worldbank.org/ (accessed on 13
January 2026).

Sparkman, G.; Ginn, J.; Attari, S.Z.; Weber, E.U. Americans and policymakers underestimate endorsement for the most popular
climate solution narrative, combining personal and political action. Commun. Earth Environ. 2025, 6, 525. [CrossRef]

Ge, W,; Li, J.; Liu, J.; Xu, C.; Wu, H.; Zhou, Y; Ren, Y.; Wang, X.; Zheng, L.; Zhou, |.; et al. Impacts of coal use phase-out in China
on the atmospheric environment: (1) emissions, surface concentrations and exceedance of air quality standards. Atmos. Environ.
2023, 315, 120163. [CrossRef]

Curtis, E.M.; Marinescu, I. Green Energy Jobs in the United States: What Are They, and Where Are They? Environ. Energy Policy
Econ. 2023, 4, 202-237. [CrossRef]

Ostrom, E. A Polycentric Approach for Coping with Climate Change. SSRN Electron. J. 2009, 15, 1934353. [CrossRef]

Ardoin, N.M.; Bowers, A.W. Collective action impacts on climate change mitigation. Curr. Opin. Behav. Sci. 2025, 63, 101503.
[CrossRef]

Olson, M. The Logic of Collective Action: Public Goods and the Theory of Groups; Harvard University Press: Cambridge MA,
USA, 1965.

Rajamani, L.; Jeffery, L.; Hohne, N.; Hans, F,; Glass, A.; Ganti, G.; Geiges, A. National ‘fair shares’ in reducing greenhouse gas
emissions within the principled framework of international environmental law. Clim. Policy 2021, 21, 983-1004. [CrossRef]
Azar, C.; Johansson, D.J.A. Climate justice and a fair allocation of national greenhouse gas emissions. Clim. Policy 2024,
25,815-822. [CrossRef]

Griscom, B.W,; Lomax, G.; Kroeger, T.; Fargione, ].E.; Adams, J.; Almond, L.; Bossio, D.; Cook-Patton, S.C.; Ellis, PW.; Kennedy,
C.M,; et al. We need both natural and energy solutions to stabilize our climate. Glob. Change Biol. 2019, 25, 1889-1890. [CrossRef]
Broekhoff, D.; Gillenwater, M.; Colbert-Sangree, T.; Cage, P. Securing Climate Benefit: A Guide to Using Carbon Credits, 2nd ed.;
Stockholm Environment Institute & Greenhouse Gas Management Institute: Stockholm, Sweden, 2025; 73p.

Romm, J.; Lezak, S.; Alshamsi, A. Are carbon offsets fixable? Annu. Rev. Environ. Resour. 2025, 50, 649-680. [CrossRef]

Fuss, S.; Golub, A.; Lubowski, R. The economic value of tropical forests in meeting global climate stabilization goals. Glob. Sustain.
2020, 4, el. [CrossRef]

Murray, B.C.; Busch, J.; Woodward, R.T.; Jenkins, A. Designing Cap and Trade to Correct for Non-Additional Offsets; Duke Environ-
mental and Energy Economics Working Paper EE 13-05; Duke University: Durham, NC, USA, 2013.

Strabo, F; Bryan, C.; Reimer, M.N. Wildfire damages and the cost-effective role of forest fuel treatments. Science 2026, 392, 629-635.
[CrossRef]

O’Callaghan, K.A.; Nunn, P.D.; Casey, S.; Crimmins, G.; Dugmore, H. Speaking of Climate Change: Reframing Effective
Communication for Greater Impact. Climate 2025, 13, 69. [CrossRef]

Bodansky, D. The Copenhagen climate change conference: A postmortem. Am. J. Int. Law 2010, 104, 230-240. [CrossRef]
IRENA. Figure S1. Renewable energy LCOE decline, 2010-2024. In Renewable Power Generation Costs in 2024; International
Renewable Energy Agency: Abu Dhabi, United Arab Emirates, 2025.

WMO. WMO Atlas of Mortality and Economic Losses from Weather, Climate and Water Extremes (1970-2019); WMO-No. 1267; World
Meteorological Organization: Geneva, Switzerland, 2021.

Bodansky, D. The Paris Climate Change Agreement: A New Hope? Am. |. Int. Law 2016, 110, 288-319. [CrossRef]

UNEDP. Emissions Gap Report 2025; United Nations Environment Programme: Nairobi, Kenya, 2025.

https:/ /doi.org/10.3390/cli14090177


https://doi.org/10.1038/s41467-025-56397-6
https://doi.org/10.1038/s41558-024-02168-y
https://doi.org/10.1002/wcc.462
http://carbonpricingdashboard.worldbank.org/
https://doi.org/10.1038/s43247-025-02496-7
https://doi.org/10.1016/j.atmosenv.2023.120163
https://doi.org/10.1086/722677
https://doi.org/10.2139/ssrn.1934353
https://doi.org/10.1016/j.cobeha.2025.101503
https://doi.org/10.1080/14693062.2021.1970504
https://doi.org/10.1080/14693062.2024.2415400
https://doi.org/10.1111/gcb.14612
https://doi.org/10.1146/annurev-environ-112823-064813
https://doi.org/10.1017/sus.2020.34
https://doi.org/10.1126/science.aea6463
https://doi.org/10.3390/cli13040069
https://doi.org/10.5305/amerjintelaw.104.2.0230
https://doi.org/10.5305/amerjintelaw.110.2.0288
https://doi.org/10.3390/cli14090177

Climate 2026, 14, 177 17 of 17

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

Knox, J.H.; Bodansky, D.; Rajamani, L. The Trump Administration Steps Back from International Environmental Cooperation.
Am. ]. Int. Law 2025, 119, 767-777. [CrossRef]

Feren, Z. Counter Clouds: Rolling Coal to Protest the Protestor. Master’s Thesis, Simon Fraser University, Burnaby, BC,
Canada, 2010.

Brown, C.; Plumer, B. Trump Wants to Halt Almost All Coal Plant Shutdowns. It Could Get Messy. New York Times, 16
January 2026.

Wood, PJ. Climate change and game theory. Ann. N. Y. Acad. Sci. 2011, 1219, 153-170. [CrossRef]

Mason, C.F; Polasky, S.; Tarui, N. Cooperation on climate-change mitigation. Eur. Econ. Rev. 2017, 99, 43-55. [CrossRef]
Bistline, J.; Blanford, G.; Brown, M.; Burtraw, D.; Domeshek, M.; Farbes, J.; Fawcett, A.; Hamilton, A.; Jenkins, J.; Jones, R.; et al.
Emissions and energy impacts of the Inflation Reduction Act. Science 2023, 380, 1324-1327. [CrossRef]

Basseches, ].A.; Bromley-Trujillo, R.; Boykoff, M.T.; Culhane, T.; Hall, G.; Healy, N.; Hess, D.J.; Hsu, D.; Krause, R.M.; Prechel, H.;
et al. Climate policy conflict in the U.S. states: A critical review and way forward. Clim. Change 2022, 170, 32. [CrossRef]
Mandel, A.; Vega, S.H.; Wang, D.-X. The contribution of technological diffusion to climate change mitigation: A network-based
approach. Clim. Change 2019, 160, 609-620. [CrossRef]

Schneider, C.R.; van der Linden, S. Social norms as a powerful lever for motivating pro-climate actions. One Earth 2023, 6, 346-351.
[CrossRef]

Neale, C.; Austin, M.M.; Roe, J.; Converse, B.A. Making people aware of eco-innovations can decrease climate despair. Clim.
Change 2023, 176, 162. [CrossRef]

Ripple, W.]J.; Wolf, C.; Lenton, T.M.; Gregg, ].W.; Natali, S.M.; Duffy, P.B.; Rockstrom, J.; Schellnhuber, H.]. Many risky feedback
loops amplify the need for climate action. One Earth 2023, 6, 86-91. [CrossRef]

Ricke, K.L.; Caldeira, K. Maximum warming occurs about one decade after a carbon dioxide emission. Environ. Res. Lett. 2014,
9, 124002. [CrossRef]

Zickfeld, K.; Herrington, T. The time lag between a carbon dioxide emission and maximum warming increases with the size of
the emission. Environ. Res. Lett. 2015, 10, 031001. [CrossRef]

Wagner, G. Geoengineering: The Gamble; Polity Press: Medford, MA, USA, 2021; 192p.

Boyd, E.; Chaffin, B.C.; Dorkenoo, K.; Jackson, G.; Harrington, L.; N'guetta, A.; Johansson, E.L.; Nordlander, L.; De Rosa, S.P;
Raju, E.; et al. Loss and damage from climate change: A new climate justice agenda. One Earth 2021, 4, 1365-1370. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/cli14090177


https://doi.org/10.1017/ajil.2025.10112
https://doi.org/10.1111/j.1749-6632.2010.05891.x
https://doi.org/10.1016/j.euroecorev.2017.02.010
https://doi.org/10.1126/science.adg3781
https://doi.org/10.1007/s10584-022-03319-w
https://doi.org/10.1007/s10584-019-02517-3
https://doi.org/10.1016/j.oneear.2023.03.014
https://doi.org/10.1007/s10584-023-03635-9
https://doi.org/10.1016/j.oneear.2023.01.004
https://doi.org/10.1088/1748-9326/9/12/124002
https://doi.org/10.1088/1748-9326/10/3/031001
https://doi.org/10.1016/j.oneear.2021.09.015
https://doi.org/10.3390/cli14090177

	The Original Climate Bathtub 
	A Modified Climate Bathtub 
	First Modification: Multiple Faucets 
	Second Modification: Multiple Drains 
	Third Modification: Multiple Damage Thresholds 
	Fourth Modification: Multiple People 

	Illuminating Social Challenges Related to Climate Change 
	Labeling the Faucets 
	By Source 
	By Sector 
	By Country 
	By Gas 

	Individuals’ Choice of Actions 
	Attributes of Faucets and Drains 
	Co-Benefits 
	Attributes of the Decision-Maker 
	Collective Disagreements Among Actions 
	Competition 
	Scarcity 
	Levels of Cooperation 
	Opportunistic 
	Optimal 
	Coordinated 
	Paralysis and Antagonism 
	Strategic 
	Limitations of the Metaphor 

	Conclusions 
	References

