
A half-century ago, the worlds of science, public policy, and economics were

rocked by a prominent book, The Limits to Growth

(https://www.donellameadows.org/wp-content/userfiles/Limits-to-Growth-

digital-scan-version.pdf), authored by four systems scientists (Donella

Meadows, Dennis Meadows, Jørgen Randers, and William Behrens III) from

the Massachusetts Institute of Technology (MIT). The team produced

computer-based scenarios showing that continued increases in population

and industrial output would eventually prove to be unsustainable, and that

the only path to a stable future was one in which levels of both population
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and industrial output were deliberately constrained by government

policies. If growth continued, the crunch would not come immediately; the

team’s “standard run” (or business-as-usual) scenario instead showed major

disruptions to world systems commencing in the first half of the 21

century.

The Limits to Growth sold 12 million copies, was translated into 37

languages, and remains the top-selling environmental book ever published.

However, prominent economists (including Robert Solow, Milton Friedman,

and Julian Simon) bristled at the idea that growth might have limits, and

issued rebuttals that, while failing to address the core arguments of the

book, nevertheless were cited repeatedly over the following years as

authoritative refutations (an excellent overview and history of the debate

can be found in Ugo Bardi’s The Limits to Growth Revisited

(https://link.springer.com/book/10.1007/978-1-4419-9416-5#about)). The New

York Times Book Review dismissed The Limits to Growth as “an empty and

misleading work . . . garbage in, garbage out.” Newsweek (a far more

influential publication then than now) called it “a piece of irresponsible

nonsense.” Policy makers were happy to be relieved of the obligation to

grapple with the book and its implications, and have essentially ignored it

ever since.

Was it really “empty . . . misleading . . . irresponsible nonsense”? As we’ll

see, those judgments apply far more fittingly to the book’s negative reviews.

st
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Caption: This graph, from page 124 of the March 2, 1972 first edition of the

book, provoked panic and fury.

Using a simulation program called World3, the MIT modeling study

generated a series of 12 scenarios that showed how resource depletion,

population growth, industrial output per capita, pollution, and food

production per capita would influence each other under various policy

conditions. While the “standard run” scenario (with no policy intervention)

showed the disturbing feature of peaks and declines in world population

and industrial output in the early-to-mid-21  century, the team had no

desire to see such an outcome materialize. Indeed, all the other scenarios

st
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were based on efforts to achieve a different and more desirable outcome.

What if resources (including minerals and metals) were actually double the

levels then estimated to exist? What if growth of population and/or

industrial output were limited by government policies? In the best case, the

economy could achieve a steady state, at least for the coming century—but

that outcome would require substantial policy intervention.

Now we have the benefit of a half-century of hindsight. But we also have

the great misfortune of living in a world that closely approximates the

“standard run” scenario of the study. In this essay, I’ll compare the

scenarios with reality in broad terms, discuss what factors the Limits to

Growth study didn’t model, survey later re-assessments of the 1972 study,

and explore what can still be done to minimize casualties as the expansive

drive of humanity collides with planetary boundaries in real time.

11997722  SScceennaarriiooss

1. Standard run

2. Double resources

3. “Unlimited” resources with maximum recycling
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4. “Unlimited” resources plus pollution controls

5. “Unlimited” resources, pollution controls, and increased agricultural

productivity

6. “Unlimited” resources, pollution controls, and “perfect” birth control

7. “unlimited” resources, pollution controls, increased agricultural

productivity, and “perfect” birth control

8. Stabilized population (equating birth rate with death rate starting in

1975)

9. Stabilized population and capital (capital investment equals

depreciation)

10. Stabilized world model 1: technological policies (lengthening the

lifespan of industrial capital) added to scenario 9, plus soil restoration

11. Stabilized world model 2: restrictions on growth of population and

capital are phased in, to reflect likely delays in implementation

12. Stabilization policies are delayed until the year 2000

The Data Curves—Then and Now

The Limits to Growth at 50: From Scenarios to Unfolding Reality - Resil... https://www.resilience.org/stories/2022-02-24/the-limits-to-growth-at-50...

5 of 35 04/03/2022, 11:15



Caption: World population and population growth rate from 1700 to present,

with projection to 2100 based only on current demographic trends (i.e., no

feedbacks from changes in pollution, per capita food production, or industrial

output).

PPooppuullaattiioonn. Rather than simply forecasting future population levels based

on the then-current growth rate, the authors helpfully discussed the factors

and feedbacks that lead to either population growth or decline. In 1972,

world population was 3.8 billion and growing at a rate of 2.1 percent per

year. In the following decades some nations (notably China) intervened to

slow growth, helping to reduce the world growth rate to today’s level of 1

percent. Currently, population levels, totaling nearly 8 billion, are actually

declining in a growing list of nations, including Japan, Italy, Cuba, and

several Eastern European countries. While the “standard run” scenario

showed global population peaking around the middle of the current

century and declining rapidly, the world appears to be approaching the

peak a little more gradually than would have been the case without

national interventions, meaning that the peak will be at a somewhat lower

population level—though not as low as in scenarios 6, 7, and 8, in which the

world was assumed to achieve “perfect” levels of voluntary birth control
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starting in 1975, or scenarios 9, 10, and 11, in which population is stabilized

by aligning the global birth rate with the death rate beginning that same

year. Some demographers are now forecasting a population peak

(https://www.nature.com/articles/d41586-021-02522-6) soon after mid-

century, followed by a gradual decline—which would align with the

“standard run” scenario. However, if the trends discussed below are not

somehow reversed, the decline could begin sooner and be far more rapid

than is generally foreseen.

EEnneerrggyy. The authors of The Limits to Growth did not attempt to forecast

when or if the world’s energy supply would peak. However, they did

discuss the central role of energy in industrial production, the

unsustainability of our societal reliance on fossil fuels, and the limits of the

alternative energy source most frequently discussed in 1972—nuclear

power. At the time of the book’s publication, world energy production was

growing rapidly: from 1960 to 1972, it expanded at 5.4 percent per year on

average. Since 1973, that growth rate has slowed, averaging only 2 percent

during the past half-century. This is partly a result of waning demand, due

to the fact that the pace of world economic growth has likewise diminished

(see below), but it’s also important to understand that, as fossil fuels

(representing about 85 percent of total energy) deplete, more effort is

required to identify and extract remaining coal, oil, and gas resources.

Since cheap energy is a key factor enabling economic growth, it is difficult

to tell which trend is in the driver’s seat—whether slowing economic

growth is reducing energy demand, or harder-to-get energy is causing

growth to slow.
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So far, alternative energy sources are not being deployed at rates that

exceed overall energy usage growth, and the world continues to be

overwhelmingly dependent on fossil fuels. Burning these fuels at growing

rates results in increasing levels of greenhouse gas pollution, even though

some mitigation efforts have been undertaken (see the section on

“pollution” below). As fossil fuels continue to deplete, and as governments

and investors sour on coal, oil, and gas due to their carbon emissions and

climate impacts, “peak energy” is a realistic prospect sometime during the

next 20 years, possibly even this decade. Due to the crucial role of energy in

society, its peak in production would probably mark the end of economic

growth as we have known it throughout recent decades.

PPhhyyssiiccaall  rreessoouurrcceess. Humanity currently extracts nearly 100 billion tons of

raw materials each year, up from roughly 30 billion tons in 1972 (according

to UNEP (https://www.unep.org/news-and-stories/story/were-gobbling-

earths-resources-unsustainable-rate)). The Limits to Growth offered a

lengthy discussion of the rate at which various minerals were being

depleted, and the likely limits to extraction of these resources. Renewable

resources can be harvested faster than they can regrow, and this has been

the case with forests and fish during recent decades. Nonrenewable

resources simply deplete as they are mined. In all of the book’s scenarios,

available nonrenewable resources decline, though they decline more

quickly in the “standard run” scenario than in those in which policies limit

population and/or consumption. Negative reviewers of the book seized

upon resource estimates on pages 56 through 60 (which were drawn

primarily from publications by the US Bureau of Mines), claiming that more
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resources certainly exist, awaiting discovery. However, the authors

anticipated this criticism by including a scenario in which available

resources turn out to be double then-current estimates. In this double-the-

resources scenario, industrial production reaches higher levels and collapse

is delayed (though only by a decade or two), triggered by higher pollution

levels. The authors even included a third scenario, in which energy is

unlimited and all resources are recycled. Again, pollution was shown to

trigger a somewhat delayed collapse.

Among policy makers today, relatively little attention is devoted to the

dilemma of resource depletion. During the first decade of this century,

there was a lively discussion about “peak oil;” however, intensive

petroleum production methods (hydrofracturing and horizontal drilling)

and higher rates of investment delayed the decline in world oil production

by roughly a decade, leading to a widespread, though unfounded,

perception that the problem of oil depletion had been solved or was

unworthy of serious interest. Another critical nonrenewable resource,

however, is receiving considerable concern: mined phosphorus

(https://www.tandfonline.com/doi/abs/10.1080/10643389.2013.866531),

which is an essential input to industrial agriculture (scarcity is possible

later this century, and there are no known substitutes). Gold and uranium

are also likely to become scarce later this century, as known deposits are

being drawn down rapidly. Also, some analysts have sounded an alarm

with regard to future resource demand triggered by the planned shift to

renewable energy sources such as solar and wind. Renewable energy and

battery technologies will require enormous amounts of copper, silica sand,
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cadmium, gallium, germanium, lithium, and rare earth elements. Even

assuming high rates of recycling, scarcity (https://iea.blob.core.windows.net

/assets/24d5dfbb-a77a-4647-abcc-667867207f74

/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf) later this century

for some or all of these materials is likely.

One frequent and predictable consequence of resource depletion is the

need for higher investment per unit of output (https://theanalysis.news

/resource-limits-to-american-capitalism-the-predator-state-today/). This is

an unavoidable dilemma that can be only partly or sometimes resolved

through higher rates of recycling or the development of new technologies.

Typically, the effects of depletion (including the need to rely on continually

lower grades of ore) are countered by the application of more energy to

mining efforts. But this strategy will likely become problematic as our

major sources of energy also become further depleted.

Of all our natural resources, freshwater is arguably the most crucial for the

maintenance of human life, let alone advanced civilization, and localized

water scarcity seems extremely likely in the coming decades. Aquifers are

being depleted, mostly for irrigation, and the glaciers

(https://www.imperial.ac.uk/grantham/research/resources-and-pollution

/water-security-and-flood-risk/glacier-melt-and-water-security/) that

provide water for up to 2 billion people are melting. Soil is also being

depleted and degraded (https://www.nature.com/articles

/s41467-017-02142-7) through accelerated erosion and salinization driven

mostly by modern industrial agriculture. Together, the loss of freshwater
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and the ruination of soil threaten future food production (see “food

production” below).

Caption: World greenhouse gas emissions. Source: Our World in Data; data

from Global Carbon Project.

 WWaassttee//ppoolllluuttiioonn. The authors of The Limits to Growth viewed pollution as

an important limit to economic expansion. Already, in 1972, serious adverse

consequences were being attributed to pesticides such as DDT, artificial

fertilizers, and many industrial chemicals. Since then, some success has

been achieved in banning or regulating a few toxic chemicals, including

DDT (at least in most countries), thus preventing some environmental

harms. However, newer neonicotinoid pesticides

(https://www.ipswichma.gov/DocumentCenter/View/11328/How-Neonics-

Can-Kill-Bees) appear to be decimating populations of bees and other

beneficial insects, and endocrine-disrupting chemicals
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(https://www.theguardian.com/commentisfree/2021/mar/18/toxic-chemicals-

health-humanity-erin-brokovich) appear to be causing alarming reductions

in sperm counts in humans and other animal species.

As mentioned above, the most widely discussed pollution problem of our

time is the release of greenhouse gases from the burning of fossil fuels.

Some efforts have been made to curb carbon dioxide emissions, especially

in wealthy countries—though such efforts are not nearly sufficient, as total

emissions are still growing. The Limits to Growth discussed CO  emissions

on pages 72-73, projecting that, if then-current trends continued, the

atmospheric concentration of carbon dioxide would reach 380 parts per

million by 2000. In fact, with somewhat reduced rates of growth in energy

usage in the years after 1973, CO  concentration in 2000 reached only about

370 ppm; the current level is nearing 420 ppm. So, the situation with regard

to carbon emissions is not quite as bad as it might have been, but grim

indeed nevertheless. The last time atmospheric CO₂ amounts were this high

was more than 3 million years ago, during the Mid-Pliocene Warm Period,

when temperature was 2°–3°C (3.6°–5.4°F) higher than during the pre-

industrial era, and sea level was 15–25 meters (50–80 feet) higher than

today.

2

2
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Caption: GDP per capita, 1950-2018 for World and regions. Source: Our

World in Data.

IInndduussttrriiaall  oouuttppuutt. The “standard run” scenario showed a peak and decline

in per capita world industrial output occurring roughly simultaneously

with a peak in food production. Industrial production tracks closely with

inflation-adjusted GDP, data for which are readily available, so it is fairly

easy to compare recent trends with the 1972 scenarios. Growth slowed in

older industrial countries starting in about 1999, while the economies of

China and India have leapt ahead. Growth in energy usage and greenhouse

gas emissions has likewise largely shifted from Europe and America to Asia.

Future increases in industrial output will, of course, depend on the prices

and availability of energy and raw materials, and on the impacts of

greenhouse gases and other pollution.
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Caption: Food supply in kilocalories per person, 1961-2013. Source: Our

World in Data, data from UNFAO.

FFoooodd  pprroodduuccttiioonn. In the 1970s, ecologist Paul Ehrlich voiced concern that

population growth would lead to famine before the commencement of the

21  century. That did not happen. Instead, the amount of land under

cultivation expanded, and more intensive agricultural methods (based on

the expanding use of fertilizers and pesticides, as well as increased

irrigation and more productive breeds of wheat and other grains) led to

soaring harvests and per capita food supplies that more than kept pace

with population growth. However, there are ongoing costs associated with

these strategies, including soil degradation, habitat loss, and pollution. In

many parts of the world, adding new increments of artificial fertilizer is

now yielding diminishing returns (https://grist.org/article/many-countries-

reaching-diminishing-returns-in-fertilizer-use/). Further, there are limits to

the continued expansion of arable land, and climate change could impact

industrial agriculture by, for example, melting the snowpack and glaciers

that supply irrigation water to large and populous regions of the planet.

st
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As of 2022, world food prices (https://www.fao.org/worldfoodsituation

/foodpricesindex/en/) are at the highest levels in two decades due to supply-

chain issues partly related to the COVID-19 pandemic. This fact highlights

the problem of interacting trends: not only do they make predictions more

problematic, they also often make systems more brittle than they might

otherwise be. A financial crisis, for example, can reduce investment in

energy production; resource depletion can hobble industrial agriculture;

higher energy prices can hike the cost of transporting food and raw

materials from one region to another. If even one of the major components

of the world food system fails significantly, the entire system can be

hobbled. As we have just seen, each of those components is facing a

sustainability crisis.

What the Report Left Out

The authors of The Limits to Growth could not hope to model all of the

possible future constraints on society’s ability to continue expanding. For

example, it was well known in the early 1970s that a major war, especially a

nuclear war, could greatly influence the trajectory of growth in population

and industrial output. However, the authors of the report noted that “we

have . . . ignored discontinuous events such as wars or epidemics, which

might act to bring an end to growth even sooner than our model would

indicate. In other words, the model is biased to allow growth to continue

longer than it probably can continue in the real world.”

It was for this reason, among others, that the authors insisted that their

“standard run” scenario should not be regarded as a forecast of future
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events. Many may think of it as a worst-case scenario, in that it did not

reflect policy interventions that could slow population growth, pollution, or

resource depletion. But really, it was a better-than-worst-case scenario,

because it did not reflect the impacts of hard-to-predict events such as the

COVID-19 pandemic.

There was understandably no attempt by the 1972 team to model the

possible interactions of finance and debt with trends in material factors

such as resources, industrial output, and population. In the years after the

book’s publication, the industrial world began inflating a debt bubble,

based on expectations of perpetual growth, that almost popped in 2008;

since then, that bubble has reinflated to unprecedented

(https://blogs.imf.org/2021/12/15/global-debt-reaches-a-record-226-trillion/)

proportions. It is clear to many economists (https://press.princeton.edu

/books/paperback/9780691152646/this-time-is-different) that an

uncontrolled deflationary debt crisis could cause immense damage to the

physical economy, but no one knows if or when the bubble will burst.

Elsewhere, I (among many others) have written about the loss of social

cohesion (https://www.resilience.org/stories/2022-01-13/social-cohesion-is-

vital-and-were-losing-it/) that appears to be occurring in many countries,

notably the United States. Though it was not modeled in the Limits to

Growth study, social cohesion is essential if societies are to respond

proactively to threats such as climate change. However, it is difficult to

quantify social cohesion, or to forecast trends in it (though ecologist Peter

Turchin (https://peterturchin.com/) has made efforts to do both of these
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things, using data and methods that were unavailable in 1972). In Turchin’s

view, declining social cohesion is tied to increasing economic inequality

(among other factors).

The authors of The Limits to Growth discussed inequality on pages 147 and

178-180 of the original edition of the book, pointing out that “present

patterns of population and capital growth are actually increasing the gap

between the rich and the poor on a worldwide basis. . . .” The dramatic

growth of the economies of China and India has reduced world poverty and

inequality by some measures; however, by other measures inequality has

deepened substantially (https://wir2018.wid.world/executive-

summary.html) in the last two decades. How increasing inequality might

interact with other trends was not explored in the 1972 book.

While the book discussed impacts on nature from increasing levels of

pollution, it did not attempt to model the extent of future loss of wild nature

(the word “wildlife” was not mentioned, and the word “biodiversity” had

not yet come into common usage). In actuality, this loss constitutes one of

the most significant global trends of the past few decades. Recent

assessments (https://f.hubspotusercontent20.net/hubfs/4783129/LPR/PDFs

/ENGLISH-FULL.pdf) show that, since 1970, roughly two-thirds of wild

mammals, birds, amphibians, reptiles, and insects have disappeared.

Species are going extinct at roughly 10,000 times the rate that occurred in

pre-industrial times. The full impact on human society of this ongoing

biological holocaust has yet to land.

Although The Limits to Growth mentioned climate change as a likely
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possibility, it did not attempt to forecast specific impacts. The authors noted

(on page 81): “It is not known how much C0  or thermal pollution can be

released without causing irreversible changes in the earth’s climate.” Now

we have a much better idea. A broad scientific consensus has emerged that

global temperatures are increasing, weather extremes are growing worse,

glaciers are disappearing, and sea levels are rising. Hundreds of millions of

climate refugees are forecast by the end of the century, and food systems

could be profoundly impacted. Unfortunately, discussions about threats to

our future have tended to become narrowly focused on carbon emissions to

the exclusion of any other growth limits.

A few critics of The Limits to Growth decried its lack of critical commentary

on politics and economics. Johan Galtung, the Norwegian father of peace

studies, wrote in 1984: “The book gives its message in what looks like a

‘non-political’ form: at no point are political constants and variables

introduced. It presents the world, with rich countries and poor countries,

with oppressors and oppressed, with all of us, as if this were an ecological

system with some animal and some non-animal components, a

thermodynamic system. . . .” When interviewer Christian Parenti asked

Dennis Meadows about this in 2012 (https://www.thenation.com/article

/archive/limits-growth-book-launched-movement/), the latter conceded the

point: “It was outside the scope of our work. We didn’t talk about the

political and economic aspects of the problem because politics—states—are

too diverse. Lumping all states into a single variable is not plausible.”

Later Re-assessments

2
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The Limits to Growth team produced two subsequent books, Beyond the

Limits (https://donellameadows.org/archives/beyond-the-limits-to-growth/)

(1992) and Limits to Growth: The 30-Year Update

(https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-

year-update/) (2004), both authored by Donella Meadows, Dennis Meadows,

and Jørgen Randers. In each, the team discussed progress in systems

science, and updated the data trends that were modeled by World3 back in

1972. In both follow-up books, the authors concluded that humanity has

overshot the limits of what is physically and biologically sustainable, and

that overshoot will lead to industrial collapse if we do not act rapidly and

effectively to reduce resource extraction, pollution, and population growth.

Sadly, with the untimely death of Donella Meadows in 2001, further book-

length efforts by the original team to update its methodology and data have

not been undertaken. However, a book that will be published later this

year, Limits and Beyond: 50 Years on from The Limits to Growth, What Did

We Learn and What’s Next? (Exapt Press, April 2022), will bring together

two of the original authors from the 1972 book, Dennis Meadows and

Jørgen Randers, along with an array of other world-renowned thinkers,

scientists, analysts, and economists to grapple in much more depth with the

issues explored in this article.

Meanwhile, several researchers have made independent efforts to assess

the methodology and results of the 1972 study. Two are especially

noteworthy.

In 2008, Graham Turner of Australia’s Commonwealth Scientific and

The Limits to Growth at 50: From Scenarios to Unfolding Reality - Resil... https://www.resilience.org/stories/2022-02-24/the-limits-to-growth-at-50...

19 of 35 04/03/2022, 11:15

https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/beyond-the-limits-to-growth/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/
https://donellameadows.org/archives/a-synopsis-limits-to-growth-the-30-year-update/


Industrial Research Organisation (CSIRO) published a paper titled “A

Comparison of ‘The Limits to Growth’ with Thirty Years of Reality

(https://www.sciencedirect.com/science/article/abs/pii

/S0959378008000435).” It assessed scenarios laid out in the 1972 book in

light of the past three decades of data and found that changes in industrial

production, food production, and pollution are all roughly congruent with

the “standard run” scenario. “The data do not compare well,” wrote Turner,

“with other scenarios involving comprehensive . . . stabilizing behaviour

and policies.”

In 2020, an analysis (https://advisory.kpmg.us/content/dam/advisory/en/pdfs

/2021/yale-publication.pdf) by Gaya Herrington (Sustainability and

Dynamic System Analysis Lead at KPMG, though acting in a personal

capacity) was published in Yale’s Journal of Industrial Ecology. The study,

which examined models from The Limits to Growth: The 30-Year Update,

looked at data on population, fertility rates, mortality rates, industrial

output, food production, services, non-renewable resources, persistent

pollution, human welfare, and ecological footprint, and concluded that the

“business-as-usual” scenario is a close fit, though a couple of other closely

aligned scenarios also track the data well, and that, if major changes to

resource consumption are not undertaken, economic growth will peak and

then rapidly decline by around 2040.

What to Do—Then and Now

The authors of The Limits to Growth tried to model the results of various

government policies that would affect the interacting parameters of World3
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(population growth, resource depletion, pollution, and industrial output).

The policies that were found to shift trends away from peaks and declines,

at least for the current century, were these:

Stabilizing population by setting the birth rate equal to the death rate in

1975, with an average desired family size of two children. The book

contained little discussion of population growth reduction methods, aside

from full access to contraceptives.

Implementing radical efficiency in resource usage, so that resource

consumption per unit of industrial output is reduced to one-fourth the 1970

value. This could be achieved by recycling as much material as is physically

possible.

Shifting from encouraging consumption to fostering human development.

Instead of maximizing manufacturing and sales of products, focus

economic and priorities and policies on education, health care, and cultural

activities.

Reducing pollution per unit of industrial and agricultural output. This

requires identifying and adopting less-polluting technologies, methods, and

materials.

Diverting capital to making food affordable for everyone. The authors

anticipated that the above conditions would result in changes to the food

system that might increase levels of malnourishment, absent policies to

make food more affordable.
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Prioritizing sustainable agriculture. Devoting more capital to food

production would likely result in more soil erosion and pollution, unless

steps were taken to reform agricultural practices.

Increasing the lifetime of industrial capital. The authors note: “The drains on

industrial capital for higher services and food production and for resource

recycling and pollution control under the above six conditions would lead

to a low final level of industrial capital stock. To counteract this effect, the

average lifetime of industrial capital is increased, implying better design for

durability and repair and less discarding because of obsolescence. This

policy also tends to reduce resource depletion and pollution.”

These have been the key policy recommendations issued by environmental

organizations ever since—in addition to ecosystem protection and

restoration, and energy source switching.

However, timing is of the essence. In the final 1972 Limits to Growth

scenario, stabilizing policies are introduced later (in the year 2000) rather

than sooner (1975); in that scenario, “population and industrial capital

reach levels high enough to create food and resource shortages before the

year 2100.” Sadly, as of 2022, those stabilizing policies still have not been

fully implemented.

Today, policy options are highly constrained: in order to avert peaks and

substantial declines in food and industrial production later this century, so

much would have to be done that the policies themselves would be

extremely disruptive to society. Over the past decade, the world’s efforts to
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avert environmental harms have become focused primarily on climate

change; resource depletion and overpopulation are now largely ignored.

And the fight against global warming is not going well.

Still, while policy makers have failed to prevent sustainability crises that

have already begun and will almost certainly worsen throughout the

remainder of the century, further inaction just ensures the worst possible

outcome. We can do things to minimize casualties and leave the survivors

with more options. As Dennis Meadows put it to me in a recent email:

“The challenge in any retrospective on The Limits to

Growth is to make it more than just ‘I told you so, and now

comes doom.’ The last time greenhouse gas concentrations

in the atmosphere were this high, the sea was 20 meters

higher. There were no Homo sapiens around then, and I

fear there won’t be any around a few centuries from now.

But in the meantime, let’s try to spur constructive action.

For me that means exploring the options and means for a

peaceful and equitable decline and strengthening the

resilience of all our critical systems.”

For suggestions that might lead us toward a peaceful and equitable decline,

see Howard and Elisabeth Odum’s A Prosperous Way Down

(https://upcolorado.com/university-press-of-colorado/item/1845-

a-prosperous-way-down) (2001), my own book The End of Growth

(https://richardheinberg.com/bookshelf/the-end-of-growth-book) (2011), and
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innumerable articles published at www.resilience.org

(https://www.resilience.org). In the near-absence of government efforts to

implement stabilizing policies, organizations such as the Transition

Network (https://transitionnetwork.org/news/evaluation-survey

/?gclid=Cj0KCQiAjc2QBhDgARIsAMc3SqRXtdQvcWv_NlirOzBjnxu_ZtKslIcF-

OHR6PiF3rFvUOrb3-js42YaAuGYEALw_wcB) are fostering people-powered

sustainability change at the community scale. Meanwhile, governments and

the mainstream think tanks that advise them are beginning to invest in

resilience-building (https://www.rand.org/topics/community-

resilience.html) strategies, since it is clear even to them that hard times are

coming.

Thanks to Anna Ostermeier for help with data in the preparation of this

article.

For more on Dennis Meadows’ take on The Limits to Growth after fifty years

of hindsight, you can read the interview I recently conducted with him

(https://www.resilience.org/stories/2022-02-22/dennis-meadows-on-the-50th-

anniversary-of-the-publication-of-the-limits-to-growth/)
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/2021-09-02/a-prayer-for-nonbelievers/)

‘Support for a wellbeing economy grows’
(https://www.resilience.org/stories/2021-12-13/support-for-
a-wellbeing-economy-grows/)

Dear Mr. Paulson, Re Your Recent NY Times Op-Ed about
Mass Extinction (https://www.resilience.org/stories
/2021-10-08/dear-mr-paulson-re-your-recent-ny-times-op-
ed-about-mass-extinction/)

‘The Limits to Growth’ (1972) (https://www.resilience.org
/stories/2021-09-02/the-limits-to-growth-1972/)

(https://www.resilience.org/stories/2021-12-13/support-for-a-wellbeing-economy-grows/)
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Richard Heinberg
(https://www.resilience.org/resilience-author/richard-heinberg/)
" (https://www.facebook.com/richardheinberg)
# (https://twitter.com/richardheinberg)

Richard Heinberg is the author of fourteen books including: - Power: Limits and
Prospects for Human Survival (2021) - Our Renewable Future: Laying  the Path for
One Hundred Percent Clean Energy, co-authored with David Fridley (2016) - Afterburn
(2015) - Snake Oil (July 2013) - The End of Growth (August 2011) - The Post Carbon
Reader (2010)...

(https://www.resilience.org/resilience-author/richard-heinberg/)
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• Reply •

Joe Clarkson • 8 days ago

Unfortunately for Dennis Meadows, "I told you so, and now comes doom" is the reality of limits to
growth as modeled in Limits to Growth. Only fairy tales can avoid that reality so the fairy-tail-
industrial-complex cranks them out regularly to keep business as usual going for as long as
possible. Meadows has never been a purveyor of hopium; I hope he doesn't start doing it now.

And the Standard Run from Limits was a smoothed-out version of growth and collapse. As noted
by Heinberg and others, there are many grave possibilities for abrupt dislocations of that
smoothed-out scenario, so the real likelyhood for the downslope is a precipitous decline, even a
freefall. It could start at any time, especially if war is one of the dislocations (even a cyber-war
could do it).

Despite decades of increasingly frantic warnings, governments don't seem to want to prepare, so
it's up to us as individuals, families and small communities to get ready for inevitable doom as
much as possible. There's no time to lose. The freefall could start tomorrow.
3

• Reply •

BillLoggins • 8 days ago> Joe Clarkson

The freefall started when consumerism became the cool new thing to participate in. And
circa 1970 when Ehrlich and Meadows and others began realizing where such a path
logically might lead, that was a reasonable first call for "gee shouldn't we do something
about it?". Humans seemed to have already answered that question though. So for the next
quarter century or so, more hopium and green washing for everyone!

Joe Clarkson • 8 days ago> BillLoggins

As someone who worked as a renewable energy developer and researcher for 30
years, my sympathies are with the "green washers" and their intentions, but they are
coming to energy politics far too late. We just don't have the wherewithal for an
energy transition anymore.
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• Reply •

The 1970's were indeed the turning point. Energy crises and energy-related inflation
woke everyone up to the fact that something was wrong. The election of Reagan
and the tapping of the oil on the North Slope and under the North Sea meant that
everyone went back to sleep. It's noteworthy that in LTG all the important changes
for a stabilized world needed to start happening in 1975.

The snooze alarm is ringing again, but when people wake up and realize what
modern civilization is faced with they will hit the silence button and go back to
sleepy business-as-usual for as long as possible. In a way, I don't blame them. So
much time and energy has been wasted that there is now nothing to be done but
wait for calamity to strike. Calamity will strike. It might be 50 years away or it might
be tomorrow, but overshoot is overshoot. It's only resolved in one way.
3

• Reply •

BillLoggins • 7 days ago> Joe Clarkson

According to Catton, overshoot is resolved 2 different ways. And he detailed
the non-obvious one quite well in his book, the ability of humans to change
the carrying capacity of their planet through technology and smart
chimpanzee cleverness. He detailed some 5 or 7 important changes that had
allowed exactly this to happen. Including the opening up of new frontiers,
allowing the continued growth and expansion that has been part and parcel
of the clever monkeys taking over the planet. But unless Elon and Co. get
with the program and get some chunk of us to another colonizable planet in
the next 1 to 50 years, the jig might be up! Become Amish early and avoid the
rush!
4

• Reply •

Joe Clarkson • 6 days ago> BillLoggins

change the carrying capacity of their planet through technology

True, but only if the technology involved is sustainable (meaning that it can be
used forever). Fire, rice paddies, and irrigation systems built without fossil
fuels can increase carrying capacity, but if non-sustainable energy is used to
manipulate food supplies upward, it can only be done for a relatively brief
time, only so long as that energy remains available.

So, I think the proper evaluation of carrying capacity requires the discounting
of any increase in food production that can't be maintained indefinitely. By
my estimation we are into extreme overshoot, probably at least 7 billion more
than long-term carrying capacity. That overshoot will be resolved, almost
certainly in this century and very likely in the next 30 years.

BillLoggins • 5 days ago> Joe Clarkson

Areal expansion couldn't be used forever on a single planet, but if memory
served it was in the mix somewhere. Doesn't seem to fit in to your caveat,
which makes perfect sense, but Catton wrote Overshoot about the time it
was becoming obvious there wasn't going to be a Great Dieoff as claimed
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• Reply •

among the 1970-vintage save the world gang, it should have been obvious
by then that colonization of nearby star systems probably wasn't in the cards.
As far as overshoot of the type you describe being "resolved", that was the
same claim of the 1970's gang, and Catton's general idea, and then peak
oilers, and here we still are, repeating ourselves. Predicting stuff is
hard...especially the future.

• Reply •

PattiMichelle Sheaffer • 4 days ago • edited

(Unbelievably for most) can you meld with thoughts on approaching civil war in the U.S. anocracy?
Especially the new B. F. Walter digest book on the state of civil war databases research work.
U.S. downgraded to anocracy: https://kottke.org/21/01/us...
1

• Reply •

Max Kummerow • 11 hours ago

Another good source that examines validity of LTG models is Kerryn Higgs Collision Course, a
book reviewed by Herman Daly at steadystate.org. Book and review both worth reading.
Economists rebutting LTG were "assuming a can opener." (Desert island joke punch line about
economist's disconnect from reality.) Little data, mostly assertions. The fallacies of Simon's
Pollyanna argument for unending growth include the idea that falling commodity prices indicate
increasing abundance. No. Falling prices indicate cheaper extraction technology. The resources are
being depleted. Simon said a 300 year trend would continue. In fact, many past societies collapsed
permanently after 500 to 2000 years of growth. Naive forecasts of trends continuing often fail. We
don't live forever, despite years of uninterrupted breathing. Physics still operates by the first law of
thermodynamics. There is an error in the LTG model graph of pollution that shows it declining as
industrial output falls. In fact, cumulative carbon will remain in the air, and so will many toxic
chemicals and plastic in soil and water, for millennia. There is some good news: Women cut fertility
where they are liberated and educated to levels well below replacement. We have good technology
for birth control, renewable energy, and we know how to rebuild soils. Ecosystems can heal
themselves. Life is resilient. Hopefully, the planet's feedback systems will eventually get climate
back to habitable. And, grim thought, increased density dependent mortality will bring population
down. I agree that the social impacts of these stresses are likely to prove the limiting factor. Simon
was right about intelligence being the key resource for humans. He just didn't notice how limited a
resource our intelligence, wisdom, and civility have become and how those social human
resources can run out if not developed and conserved.

• Reply •

Howard • 19 hours ago

In order to have any chance at funding a non-market-based solution we will need to change the
monetary system from a private for-profit system, run by private banks, to a public for-care system,
to fund the general welfare. Private global profit-motivated interests now control the creation and
allocation of money, not governments. We NEED to put the public back into public policy as
Dennis Kucinich explained years ago. ▶ Dennis Kucinich Breaking Through Power Session 4 May
26 2016 — disq.us

Pete • 4 days ago

Project Drawdown doing v helpful work in this area. Empowering women and girls is a key ready-
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• Reply •

Project Drawdown doing v helpful work in this area. Empowering women and girls is a key ready-
made solution ... https://drawdown.org/sector...

• Reply •

PattiMichelle Sheaffer • 4 days ago> Pete

There are lots of well-meaning ways to exploit our current tragedy with great-sounding
internet domain names. Yet absolutely nobody, not governments, not the wealthy, is actually
helping us meet the need to halt CO2 release - in fact, it continues unabated.

• Reply •

BillLoggins • 8 days ago

Sounds like Richard is more interested now in using the LTG scenarios as a better doomer
mechanism than recycling the most recent peak oil of the century (#6 in 2018 if memory serves?).
I've always been a bit leery of the validity of the original LTG, but maybe the newer and updated
versions are more robust?

1

• Reply •

PattiMichelle Sheaffer • 4 days ago> BillLoggins

It's remarkable the small tolerance we have for facts - we prefer think in black and white
(good vs. doom). I guess that's a way to hide from facts. The 100,000 excess deaths Mr.
trump gave the U.S. was bad - as will our current future be - but it is not "doom." That word
should be avoided as a slur or thought-stopper. Likewise, civil war would be bad, but not
doom.

BillLoggins • 2 days ago> PattiMichelle Sheaffer

I agree with you about the facts. And I state for the record that "doom" is relative,
and some have been quite clear about what it is, and when it is happening, even if
they didn't use the word explicitly. As far as it being a slur...well...obviously you don't
hang out among the more creative types to whom the word "doom" is exactly what
they believe has happened...oops...then is happening...oops...and then use to
describe tomorrow. Civil war certainly is bad, and if it kills you and your family and
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