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  Section 3.2.3

“The Climax of Humanity”
Presentation by George Musser

George Musser is a Staff Editor for Scientific Ameri-
can magazine. While Musser’s primary focus is space 
science, he also writes articles that provide a historical 
perspective for the complexities human societies face 
as they attempt to embrace sustainable development. 
Musser states, “… a thousand years is nothing; I think in 
terms of 13.7 billion years.” Musser coordinated the sin-
gle-topic issue “Crossroads for Planet Earth” (September 
2005), which won a Global Media Award presented by 
the Population Institute. For more information about 
Scientific American, please visit www.sciam.com.

How can we think about the next 50 years 
… in a way that lends itself not to apathy 

or to throwing up our hands in despair, 
but to action? 

MUSSER: I see my role here as providing some context 
as well, so I think my talk follows nicely from the film 
about the past 160,000 years of human migration 
over the entire planet. I’m not going to be saying any-
thing that’s terribly novel or original, especially for 
this audience here. In fact, I may say something that 
you know is actively wrong, so be sure to tell me if I 
do that at some point. 

I was really struck at Bill Calvin’s talk last night by 
the boy who got up and asked, “Is there a hopeful spin 
you can put on the future, or are we just looking down 
the barrel at a lot of threats that we, as a species, face?” 
That gets back to some of the themes we were trying 
to develop in this special issue of Scientific American, 
which is the raison d’être of this session. How can we 
think about the next 50 years especially – but going 
beyond that as well – in a way that lends itself not to 
apathy or to throwing up our hands in despair, but to 
action? I don’t know if everyone saw salon.com this 
past Tuesday; there was an essay by Kevin Sweeney on 

how global warming and climate change have been 
portrayed to the public. He was actually riffing off a 
talk that Al Gore goes around the country giving. 

… fear isn’t the way to get people motivated.  
You really need to show people hope, as well.

Al Gore prances back and forth on stage, showing 
graphs of carbon dioxide and increased temperature. 
Then, at the very end, he gives a couple of minutes 
about what to do. Kevin, in the essay, describes how 
that’s a little imbalanced. People, by and large these 
days, recognize that there are problems out there. 
Obviously, there’s a contingent of people who don’t. 
The question for most people, though, is what to do. 
How do we understand these problems in a way that 
lends itself to our actually doing something about 
them? He argued that fear isn’t the way to get people 
motivated. You really need to show people hope, as 
well. In conceiving this special issue, we tried to bring 
that sense of hope and opportunity to the whole dis-
cussion of environmental questions about sustainable 
development and economic questions as well. We’re 
trying to reframe the discussion of sustainable devel-
opment.

You read a lot of these articles – in fact, we’ve writ-
ten articles in the magazine ourselves – giving long lists 
of problems. We get overwhelmed at a point. There are 
just so many problems; they’re all said to be priority 
Number 1; we need to tackle every single priority at 
once. Obviously, we can’t do that. The other common-
ality in a lot of discussions is the talk of sacrifice. We’re 
all told that we have to give up something; we have 
to give up the standard of living that we have. People 
react against that. Perhaps that’s behind a lot of the 
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skepticism of global warming science; it backwashes 
from people’s unwillingness to do anything about it. 

… business people … do the heavy 
lifting. These are the companies and the 

entrepreneurs … who actually will do  
the things we’re talking about doing.

What I’ll try to present today is an overarch-
ing framework for systematizing the next 50 years 
– the different issues that humanity faces. I’ll try to 
be pragmatic with a very problem-solving approach, 
identifying both problems and opportunities. I think 
the opportunities are really crucial for business. I 
went to a session at Columbia University last week, 
“State of the Planet 2006.” It’s from one of Jeff Sachs’ 
events [http://www.earth.columbia.edu/about/direc-
tor/index.html] that he does every couple of years. 
What struck me about it was the number of business 
people that were there. These are the people who do 
the heavy lifting. These are the companies and the 
entrepreneurs; they’re the people who actually will do 
the things we’re talking about doing. But they won’t 
do it if they don’t see self-interest or don’t see oppor-
tunities involved in it. Before I jump into the rest of 
the presentation I wanted to get some other disclaim-
ers out of the way. 

I’ll be using the word “unique” to describe our 
period in human history. I think it is unique, but I 
think every period of human history thinks it’s unique 
in some way or another. I’ll try to describe the ways 
our period of history is unique, perhaps objectively 
unique. That’s not to say other periods aren’t unique 
in some other way. I’ll paint a very broad brush. There 
are a lot of issues that I’m just sweeping under the 
table or just showing in a very low-resolution way. I’m 
not even going to address a number of issues at all. 

I think there are three big trends that are all 
converging and intertwining with one another: 
demography, economics, and questions of environ-
mental sustainability. A lot of these ideas are, again, 
not unique to our discussion in the special issue. E.O. 
Wilson, Bill McKibben, Stuart Hart, and a lot of other 
people have talked about this; I’ve tried to synthesize 
their perspectives. 

First of all, start with demography. There are a lot of 
transitions occurring demographically, and there are a 
number of sub-transitions underneath the larger ones. 
The broad trend, and the transition the world faces 

globally now, is that we’ve reached a kind of an inflec-
tion point. The demographic projections of the future 
from the United Nations [UN] show a middle range 
leveling off to about 9 billion people by mid-century. 
There’s a huge range of uncertainty; actually, this range 
reflects a 0.5 plus or minus variation in fertility rates. 
It’s not a huge difference in human behavior that results 
in a huge number of people either being on the planet 
or not. Nonetheless, we do seem to be at, in most pro-
jections, a turning point in the human population.

I’m at the Foundation For the Future; I have to 
look at this on a very long time scale. If you plot pop-
ulation growth from 8000 BC to AD 8000, there is a 
huge spike representing the current growth rate of the 
human population globally. We’re at a very interesting 
point in human history, even over the past 160,000 
years when the human population was largely stable, 
with a slight increase. Then we see another huge spike 
that’s really associated with the Industrial Revolution 
and the centuries just prior to that. We’re just on the 
rightward part of that spike. 

I was born in 1965. Actually, that point [referring 
to slide] where the trend peaks is roughly the late 
1960s. For the first time in my life, I think I was actu-
ally ahead of a trend in society. I think the population 
growth rate was about 2% at that peak, and now it’s 
down to half that level. 

Again, going back to the theme of uncertainty, the 
width of a little spike in population growth actually 
results in gigantic changes in the number of people 
who will be living on the planet by the time we resta-
bilize toward the end of the century, assuming we do 
restabilize. Looking at a very long-term perspective, 
three different projections from the UN going out to 
the year 2300 show such a range of population growth 
that it runs off the page. Even the projection for 2250 
has an enormous range. Just as an aside, there’s actually 
a very interesting set of other issues occurring about 
2150 where, in a lot of the scenarios, the population 
growth rate is driven by increases in life expectancy 
beyond that point, rather than changes in fertility. It’s 
assumed in these models that fertility basically stabi-
lizes around replacement value around 2150, and after 
that, there’s a slight upward increase in population just 
due to the fact that people are living longer. 

In looking at population growth, I break things 
down into the West and the rest of the world. If you look 
with a very broad brush at trends for North America, 
Europe, and Japan and then Asia and Africa, the lev-
eling out that has occurred, or very nearly occurred, 
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in the developing countries is the very same pattern 
seen in the rest of the world. I recently visited Mexico, 
where the fertility rate has gone from, I think, seven 
children per woman in 1970, to two today. In the space 
of 30 years, Mexico has reached a developed-country 
demographic fertility profile. Obviously, there’s still a 
huge bulge of people who need to work through the 
population pyramid. But it isn’t just the West – the 
developed countries – that’s seeing this demographic 
transition to lower fertility. 

… probably for the first time ever, the people over 60  
are outnumbering the kids, the toddlers.

Underneath the slow stabilization of the world 
population we’ve got a number of other trends. Again, 
we seem to be living at a very interesting time in his-
tory, where, probably for the first time ever, the people 
over 60 are outnumbering the kids, the toddlers. And, 
for the first time in human history, the people in cities 
are beginning to outnumber the people living in the 
countryside, with obvious implications for infrastruc-
ture in the cities and for agricultural production. 

Let’s move to another set of interesting transitions 
occurring today, and that is economic development. 
I think what we’re really seeing, not just in econom-
ics but in demography as well, is the culmination of 
the Industrial Revolution. The changes that started to 
occur in Britain in the mid-18th century are spreading 
over the entire world. Humanity is basically boot-
strapping itself out of extreme poverty. In looking at 
GDP [Gross Domestic Product] per head, before the 
19th century, basically everyone in the world was liv-
ing at a dollar-a-day level. You can question how those 
numbers translate from the currency at that time into 
currency today, but extreme poverty characterized 
most of human history. 

Today we’re seeing a slow, but hopefully inexora-
ble, rise out of that. (Paul Polak probably will dispute 
that later.) In the past few years, the absolute number 
of people living in dollar-a-day poverty has actually 
started to decrease. There are only a few data points 
here. It’s unclear whether trends could bob up and 
down, but the development goal set by Jeff Sachs and 
the UN Millennium Project is to bring extreme pov-
erty down to zero by 2025, reaching half the relative 
level by 2015 and being all the way down by 2025. 

The Economist magazine showed last year that  
the developing countries’ share of the world GDP –  

on purchasing power parity – passed that  
of the developed world.

Underneath the economic transitions there are a 
number of sub-transitions. The Economist magazine 
showed last year that the developing countries’ share 
of the world GDP – on purchasing power parity – 
passed that of the developed world. That takes us back 
to the way things were prior to the early part of the 
20th century. The economies of the world are coming 
back into relative proportions, which we haven’t seen 
since the 18th century. 

Here’s an interesting sub-transition that I think is 
important for the business community; otherwise, we 
don’t think about this topic much. A Goldman Sachs 
projection of the world economy over the next 250 
years ranks the absolute size of the economies from 
the United States, being the world’s largest economy, 
then Japan, Germany, and going down, showing the 
GDP per capita of those countries. The basic message 
is that big countries are the richest countries. That will 
not be the case in 2050. The largest economies will be 
middle income. China and the United States are still 
up there, but then India is also projected to be there. 
That has big implications for business opportunities 
and for the diffusion of technology around the world.

The Millennium Ecosystem Assessment Synthe-
sis Report provides information that describes part 
of what’s driving the economic transition. Basically 
it shows three different industries that dominate the 
economy: agriculture, manufacturing, or services. 
Over time, agriculture decreases into a relative frac-
tion of the economy; manufacturing increases and 
then decreases; and then the service economy slides 
up again. The developing world – a good portion of 
China and India – are somewhere in this stage, or 
coming out of this early stage. This will actually shade 
into the final of the transitions I’ll get into, which 
is environmental. This is crucial to understanding 
what’s happening environmentally as well. 

Before I get into the environment, I have to give 
a couple of disclaimers. The growth of the world 
economy today is concentrated in East Asia. Obvi-
ously, there are huge disparities in the world. Africa is 
not doing so well; it’s actually regressed even in GDP 
per capita over the past 30 years. Back in the ’70s and 
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’60s there was such a sense of hope about the growth 
of economies around the world, and today that opti-
mism is really concentrated on East Asia. But that’s 
incredible. What’s happening in China; what’s hap-
pening in India; what’s happening to the tigers in Asia 
– it’s really just remarkable in terms of the amount 
of growth we’re seeing with the potential for lifting 
people out of poverty. 

… there are classes of truly global 
problems, such as global warming,  

that, in a sense, are understandable  
only on a global scale.

What I mean by this environmental transition is 
that problems – environmental issues – that used to be 
localized are becoming globalized. And second, there 
are classes of truly global problems, such as global 
warming, that, in a sense, are understandable only on 
a global scale. Fossil fuel emissions over time show 
a sharp rising trend. The IPCC [Intergovernmental 
Panel on Climate Change] projections show fossil fuel 
emissions doubling over the next 50 years to the point 
that the land and oceans can no longer effectively 
absorb carbon in most of the scenarios that have been 
developed. I think that rate of growth probably could 
be disputed a little bit, but the point is that the amount 
of carbon taken up by the biosphere and the oceans is 
less than the amount we’re continuing to put out, so 
the situation is unsustainable. 

I have a really cool movie that didn’t quite work 
out in a PowerPoint presentation. The movie shows 
Japanese long-line catches of large predatory fish. 
The catches and the yields are shown in color-coded 
imagery. The Japanese fleets were really concentrated 
in the Pacific but spread worldwide. The movie shows 
how, as the fleet covered more areas and experienced 
high fishery yields, you see this kind of wave front 
spreading out where the high-yield areas spread out 
around the world, followed by low yields coming 
behind them, showing a depletion of the large preda-
tory fish around the oceans. 

Here’s one of the transitions that has occurred 
environmentally. I’ve plotted reforestation, showing 
carbon emissions due to land use change in North 
America, China, and the tropical Americas. Today, 
North America, or the United States in particular, is 
taking up carbon from the atmosphere due to a net 
reforestation, as opposed to what happened in the 

19th century where we had a net deforestation putting 
carbon into the air. We’ve gone through a transition 
in our land use patterns, such that we’re now taking 
up carbon. 

That’s beginning to occur in China. We’ve actually 
just crossed over the net carbon intake part of this. 
In fact, in the earlier graph I showed the decrease 
in agriculture’s proportion of the Chinese economy. 
There are suggestions that this transition is occurring 
– although there are just a couple of data points – in 
the tropical Americas as well. 

… we’re going through a set of changes on the planet … 
and we’re trying to understand those changes and work  

with them, rather than throwing up our hands.

Let’s talk about three different classes of transi-
tions: demographic, economic, and environmental. 
I’m using the word “transitions” a lot because I want 
to develop a metaphor and an understanding of world 
issues that get away from the downward spiral. I’m 
trying to replace the downward spiral metaphor with 
a transition metaphor. You see, we’re going through a 
set of changes on the planet – some of which are good; 
some of which are bad – and we’re trying to under-
stand those changes and work with them, rather than 
throwing up our hands. Again, think back to what the 
boy asked yesterday about whether we have a hopeful 
future or not. 

I want to try to draw three broad conclusions from 
that transitional paradigm or transitional framework 
I’ve developed. One will involve tipping points; one 
will involve a sense of what will happen after 2050, 
or 2100, or whatever that date is when the transitions 
have really played themselves out; and finally, a kind 
of reintegration of disciplines that haven’t talked to 
each other that much and only now are beginning to 
reengage with themselves. 

Now, when we talk about tipping points, we usu-
ally talk about them in a negative way. I want to 
suggest there are also positive tipping points that are 
occurring, such as ones to do with energy use. From 
the late Victorian period to today the growth rate of 
the US economy went up for a six-fold increase in 
our GDP – in constant dollars, I believe. Before the 
Second World War we steadily put out more carbon 
– a disproportionate growth in carbon compared to 
growth of the GDP. After that, however, in the latter 
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half of the 20th century, we’ve actually been doing 
better. We’ve put out less carbon per unit of GDP. 
The Department of Energy has assessed that carbon 
intensity has decreased by a factor of more than two 
during this post-war period. 

There’s a lot going on here: part is decarbonization 
of energy sources, getting away from coal, oil, and nat-
ural gas; part is more efficiency; part is outsourcing of 
manufacturing to other countries. Nonetheless, there’s 
been a transition and there is an ongoing transition in 
our energy use. The point is, we’re getting richer but 
we’re not putting out carbon at the same pace as we get 
richer. That’s good. That is a hopeful sign. 

… if a given unit of economic output required necessarily  
a given unit of carbon output, we would be in  

very, very serious trouble …

If that were not the case, if a given unit of economic 
output required necessarily a given unit of carbon 
output, we would be in very, very serious trouble, 
because then to stop the growth of carbon emissions 
we would have to fight against people’s self-interest. 
That is just very hard to do. We would really have 
to have a wholesale shift in social values in society. 
People would have to give up their lifestyles to save 
the climate. And maybe they still will, but this gives 
us a potential of reconciling those two. Otherwise, we 
really are in trouble. 

At the Columbia University symposium I went to 
a few weeks ago, there was a talk by Steve Koonin of 
British Petroleum (BP). He made similar points to 
this about carbon intensity. The decrease in carbon 
intensity – the decrease in the emissions per unit of 
GDP – isn’t enough to help us get out of the situation 
that we’re in. The population is projected to go up, 
and energy use is going up as well. So what we really 
would need, when we put those two together by 2050, 
is a four-fold decrease in carbon intensity from what 
we have today. 

People are driving 16% more in the United States,  
so you’ve got this net worsening of a problem.

That isn’t really out of the ballpark. We’ve had a 
factor of two over 50 years; we need a factor of four 
over 50 years. I’m an astronomer; a factor of two, a 
factor of four, it’s all the same to me. A factor of ten 
is what gets more interesting. That factor of four and 
the factor of two are reconcilable in the following 
way. Koonin gave an example of the internal combus-
tion engine efficiency. It’s actually gone up 23% over 
the past 30 years. Car engines are 23% better in their 
fuel economy. But, interestingly, gas consumption, 
oil consumption for transportation, has gone up 11%. 
We’ve had a 23% decrease in the carbon intensity, yet 
we still use more gas. The reason is that, A) Cars are 
heavier, so you get an 18%, according to these figures, 
decrease because cars are heavier; and B) People are 
driving 16% more in the United States, so you’ve got 
this net worsening of a problem. 

But, public policy can steer things. And this is some-
thing my colleague, Wayt Gibbs, will get into later. In 
other words, the efficiency gains aren’t enough, but 
they do give the potential of getting where you need 
to go. Policy then comes in and makes sure that the 
increases in efficiency are translated into decreases in 
consumption. That’s a long way of getting into it, but 
this is basically hopeful. 

I’ll just touch on something that I won’t even 
really go into. David Wasdell, and then Bill Calvin, 
will talk about this topic more: the nonlinearities in 
the transitions obviously cut both ways. You’ve got an 
improvement in energy and a potential for staving off 
devastating greenhouse effects. But you’ve got transi-
tions and nonlinearities in the climate system as well. 
This is an awkward juxtaposition. 

The IPCC projects what will happen in the next 300 years. 
 It looks as if … Greenland’s going to melt; that’s bad.

Temperature in Antarctica is measured by ice 
cores over the past 400,000 years. Data taken from 
these discoveries tells us about the maximum warm-
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ing trends back in the previous interglacial when 
Greenland was melted. The IPCC projects what will 
happen in the next 300 years. It looks as if we’re going 
to rise above that red line, and Greenland’s going to 
melt; that’s bad. But I won’t even go into that any more 
because I’m sure other speakers will. 

I wanted to mention a couple of other transi-
tions and nonlinearities that will help us. Developing 
countries don’t have to follow the same mode of devel-
opment that the current developed world did. They 
can do things differently; they can leapfrog. That’s 
already happening. China has obviously brought 
down its birth rate faster than what happened natu-
rally in the United States and in Europe. That’s not just 
because of one-child policies; that’s also because of 
carrots that were offered. In Mexico, as I mentioned, 
and Iran, a good chunk of the developing world has 
had a decrease in fertility. 

… the trajectory of development and 
the trajectory of transitions that have 

occurred can change … that’s a tipping 
point that can work in our favor.

The point is that the trajectory of development 
and the trajectory of transitions that have occurred 
can change. Again, that’s a pressure point that we 
have; that’s a tipping point that can work in our favor. 
I think the particular pressure points are really China 
and India. They’re so large, so dominant, that what-
ever standards they set for technology and patterns 
of behavior and patterns of development they adopt 
really will become the default global standards, not 
just for the developing world, but for the developed 
world as well. 

Stuart Hart published Capitalism at the Crossroads 
earlier this year, and he argues that sustainable tech-
nologies, fuel efficiency, and so forth can’t really gain 
a foothold in the developed world because they would 
have to push out some other players in the market, yet 
they can make it in the developing world because they’re 
coming into a void, developing a market from scratch. 

Second, this whole paradigm of transitions I talked 
about earlier is also the light at the end of the tun-
nel, the bottleneck that E.O. Wilson talks about as an 
approach to thinking about the next 50 years. Earlier, 
I used the example of video games when I gave a talk 
about this. When you play a video game and you’re 
being attacked by different monsters, or extraterres-

trials, and you’re shooting them, they keep coming. 
You’re the one who eventually will die. They keep 
coming; no matter what you do, there will be more 
monsters attacking you. That’s the way environmental 
problems are depicted. They keep coming; eventually, 
you’re just going to slip up, and that’s it. 

If we’re able to navigate these challenges, we can develop  
a sustainable economy, with a roughly stable population.

That’s not a hopeful message. People have to know 
that there’s a goal to work toward, a specific end point. 
I’m suggesting an end point can be seen in the lat-
ter part of this century. If we’re able to navigate these 
challenges, we can develop a sustainable economy, 
with a roughly stable population. The economy can 
continue to grow after that, but the growth will come 
from productivity increases rather than from input 
increases or population increases. It’s a hopeful sign. 
A bottleneck has another side to it. If you squeeze 
through a bottleneck, you can get through it. That’s 
one of the messages I think we need to be giving, for 
instance, to the boy who raised this point yesterday. 

Fifty years isn’t that far away. It’s well within 
infrastructure investment decisions. It’s well within 
planning for my daughter’s – well, maybe not my 
daughter’s, but my granddaughter’s – education and 
my retirement. These are all decisions we are making 
today. So fifty years is not that far off, certainly not to 
an astronomer, or even to someone who deals with 
human migration. 

This brings me to the three transitions – demo-
graphic, environmental, and economic – that are 
intertwined; they’re really all the same thing occur-
ring. They’re all really, as I said before, the story 
arc of the Industrial Revolution playing itself out, 
spreading worldwide. Economic development obvi-
ously feeds into population; population feeds into 
economic development; health feeds into economic 
development; environment feeds into health. They’re 
all connected, and that really requires an integrated 
approach to understanding the problems. 
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… working on one problem can worsen another.  
We really need to recognize those tradeoffs and  

deal with them in an integrated way.

There are synergies there, helping us to under-
stand and deal with environmental and economic 
inequities and helping with the demographic transi-
tion, speeding it up. Conversely, however, working on 
one problem can worsen another. We really need to 
recognize those tradeoffs and deal with them in an 
integrated way. 

The time of dealing with economic development 
and environmental questions separately, really, I 
think, is actually already over; if it’s not, it certainly 
should be. We’ll be seeing interdisciplinary panels like 
the one we have today. Businesses and aid groups, like 
the ones I talked about last week at Columbia Univer-
sity, are all coming together. The epiphany that needs 
to occur, though, is not any longer really in academia 
or in business or the aid group community; it needs to 
spread more into Washington, into our public policy-
making. Our President talks about not dealing with 
global warming because doing so will hurt the econ-
omy. The obvious response is that we need to deal with 
global warming because the economy will be hurt if 
we don’t. The two aren’t in opposition. That’s the mes-
sage I think we need to start conveying, and I’m trying 
to convey it in my own work at Scientific American. 

And finally, I just want to wrap up with this point. 
The common denominator in all these discussions is 
human beings, human welfare. Why do we care about 
the environment? Why do we care about animals, 
plants? We care about them inasmuch as they meet 
our own needs and desires. We start from those first 
principles and work up to how to deal with the world’s 
issues; that has to be our starting point. We can’t say 
that preserving a butterfly is good and should take 
precedence over other human needs. It needs to be 
factored into those human needs and included in the 
tradeoffs that we’re making. 

Now, let me get into this a little bit. The Millen-
nium Ecosystem Assessment Synthesis Report puts a 
dollar amount on the value of different ecosystems. 
It’s trying to identify, in this case, a common denomi-
nator, a common currency. 

We need to move to this kind of paradigm of putting 
everything in terms of human welfare …

A wetland: It’s worth more undeveloped than it 
is developed, at least in one model from Canada. A 
forest: In dollar terms, you’re better off keeping a for-
est – forget about the whole question of forests and 
their intrinsic value – than turning it into small farms 
in this particular area in Cameroon. That may not be 
the case everywhere, but these are the kinds of calcu-
lations I think need to be made day-in and day-out 
in land use decisions, in any kind of environmental 
decision. We need to move to this kind of paradigm 
of putting everything in terms of human welfare and 
try to adjudicate these tradeoffs that need to be made 
in the world today. 

Thanks very much for your attention. 

SESH VELAMOOR (FACILITATOR): Thank you, George. We’ll 
now have a brief question-and-answer period. 

TREDER: In the earlier part of your talk, you spoke of 
looking at human population growth, and whether it 
will go up or down or stabilize. Do you think it’s worth, 
in looking at those population figures, the extremes 
of either way, and their economic, environmental, 
and so on, impacts, to consider nonhuman or post-
human population growth? That is, whether machine 
intelligences or cyborgs or genetically augmented 
humans are a diversity of the Homo sapien species, 
and should those things be taken into account within 
a time frame if we’re talking about one hundred or, 
certainly, one thousand years? 

MUSSER: That’s a really interesting question; I’ll have 
to think about it. Those projections out to 2300 for 
population are pretty iffy, as is reflected in the uncer-
tainty. And you’ve just added another big uncertainty. 
The UNDP [United Nations Development Pro-
gramme], when preparing those projections, had a 
whole series of essays from people basically arguing, 
“You shouldn’t have made these projections at all,” 
leaving aside the question of where Homo sapiens is 
going in the context you’ve described. The projec-
tions to 2050 are better because they mostly involve 
people already alive and the behavior of those people: 
Do they have 1.5 kids fewer or more than the baseline 
projection? Past 2100, it’s quite likely we’ll have to deal 
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with machine intelligence, as you say, and maybe even 
before that. I don’t go as far as Ray Kurzweil [http://
www.kurzweilai.net/meme/frame.html?main=/arti-
cles/art0635.html] would, but we should talk about 
that more; that’s a good question.

POLAK: What do you think are the main factors that 
will determine whether population on that graph will 
go up, stabilize, or go down? 

The model is that if economies develop, 
people will have fewer babies.  

For whatever reason, that happens.

MUSSER: This is a discussion I’ve had with Joel Cohen, 
the demographer, a lot. I asked him, “How do 
demographers project fertility? What goes into these 
projections? What goes into these models?” He basi-
cally said, “It’s a guess. We’re extrapolating observed 
patterns that we have today.”

He asked me, “Why did you decide to have the num-
ber of children you decided to have?” That’s hard for 
me to articulate. That’s a decision we all make individ-
ually. It goes back to the notion that human decisions 
are very difficult to characterize. Clearly, though, if 
the economic side of the equation – the economic 
transition – isn’t handled well, that will backwash into 
the demographic in a way that will worsen things. The 
model is that if economies develop, people will have 
fewer babies. For whatever reason, that happens. 

If a country such as Niger, which I think has the 
highest population growth today, gets stuck in its cur-
rent state, it will continue to have a high growth rate. 
Quite apart from the issue of having people in poverty 
and the inequity that implies, just demographically, it 
needs to be moved out of that current state. 

The likely greatest factor in what will 
happen to the population is  

what will happen to the economies,  
to the poor people, who have  

the biggest growth rates.

POLAK: I totally agree. I believe if you look at the data, 
the major population growth is in the countries that 
are the poorest. The likely greatest factor in what will 
happen to the population is what will happen to the 
economies, to the poor people, who have the biggest 

growth rates. Just from practical experience, large 
families have survival value for people on the edge of 
survival. 

MUSSER: Absolutely. 

KESAVAN: It’s a very interesting talk, but I am wonder-
ing whether we have taken into account several other 
parameters that are also operating. When one talks 
about the demographic situation improving by 2050, 
at the same time, your agriculture has to ensure food 
security to the people. In doing so, there is another 
problem. I’m sure Paul Polak may agree with me. Take, 
for example, India. With the progress of organization, 
the lifestyle is changing. One would say that more of 
the American people would have to live like average 
Chinese or Indian. But what’s happening in India is 
that more of the average Indians, with the economic 
boom, are changing their lifestyles to achieve the stan-
dards you have. In this kind of scenario, if you take 
into account all these factors, I’m not too sure that 
the situation of the decreasing demographic structure 
would have a favorable impact on the poor Planet 
Earth. That is my problem. We have to think a little bit 
more comprehensively about so many other factors. 
I’m not saying they’re hidden factors; they’re pretty 
obvious factors. These can be taken into account, and 
then we’ll have to see how things go. 

If the world’s population that does not live the  
developed country lifestyle were to live at the current 

lifestyle we have, we’d be in big trouble.

MUSSER: Absolutely. That’s sustainable development in 
a nutshell. If the world’s population that does not live 
the developed country lifestyle were to live at the cur-
rent lifestyle we have, we’d be in big trouble. It would 
be impossible, probably. 

CALVIN: Extrapolating trends is an important way of 
studying this issue and of getting it across to the public. 
But real sustainability has to include getting through 
the glitches that occur. Just take one that’s not exotic 
but fairly familiar, and that’s the matter of droughts 
that are widespread. The United States – the Midwest 
and West – has had century-long droughts in 5 of the 
last 20 centuries. Just on that alone you might say the 
21st century has a 25% chance of something like this 
happening, even without global warming. There are 
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plenty of glitches of that sort around. Sustainability 
has to include having the resilience to bounce back 
out of that, to handle it. 

All of the extrapolations that one makes are fine, but 
if you don’t factor in having the reserve capacity, having 
the social organization, having the economic planning 
that will also allow you to get through those periods, 
from whatever cause, you just fool yourself, in effect, 
because you think you’re on target in meeting goals 
when, in fact, you haven’t built the infrastructure that it 
takes to get through the hard times. 

MUSSER: Absolutely; there needs to be risk analysis 
and risk management, in that sense. 

… can you move from a fear perspective 
to a hopeful perspective purely on the 

basis of data? Is there room for  
some value discussions?

ISHWARAN: I like your idea of looking at things from 
a hopeful perspective instead of a fear perspective. 
I think it’s a good shift in perspective. But can you 
move from a fear perspective to a hopeful perspective 
purely on the basis of data? Is there room for some 
value discussions? Someone said that trying to pre-
dict the future looking only into the past is like trying 
to drive a car by looking only in the rearview mir-
ror. That may not work. Somewhere there have to be 
some discussions about some value systems for the 
future. What do you think about it? 

MUSSER: I couldn’t agree more. What I will say is that 
we have to accept – and here I’m thinking in terms of 
policy-making – things that can be done, rolling up 
the sleeves, what you actually do. I think we need to 
accept that our ability to do things, and I really mean 
our ability – the people in this room and people like 
us – is very limited. We need to work with what we’ve 
got. This is just my perspective – we can debate this 
later – that by attempting to change values, using our 
limited ability and limited resources to go after those 
values, is like pushing on a brick wall. I think we’re 
better off taking specific measures to address specific 
policy objectives, such as the cap-and-trade program 
for greenhouse emissions, making sure that the energy 
efficiency gains are put into decreasing consumption 
rather than increasing performance and just driving 
more. The values have to be there at some level. I tend 
to suspect, and this just reflects my own philosophical 

view of human beings, for better or worse, that we’re 
very situational. I think if the situation changes, the 
values will change, probably in an unpredictable way, 
but they will change. Somehow we need to work with 
our limited policy levers on changing the situation. 
That’s an imperfect response. I think probably the 
question of values will come up again and again. 

FACILITATOR: I guess you’re saying that in terms of val-
ues, preemptive setting of agendas or values is not in 
the cards. We are good at reacting rather than “pro-
acting,” particularly when it comes to values. If our 
circumstance is situational, our behavior will change 
as a reaction rather than being preemptive. 

… people are driven by self-interest or by the situation 
they’re put into. That’s, I think, where we need to go –  

at their behaviors.

MUSSER: Right. That’s part of it. I guess it depends on 
what we mean by “values.” It’s a small word with a 
big meaning. I grew up in a time of environmental-
ism, talking about admonitions: “Drive less; recycle.” 
Some people drove less; my parents bought a smaller 
car. But ultimately, people are driven by self-interest or 
by the situation they’re put into. That’s, I think, where 
we need to go – at their behaviors. Not a direct frontal 
assault on their values, but try to tweak their behaviors 
at the edges. We need to really accept people as they 
are, to accept the human-Earth system as it is, and 
push on the system in the places that we can push. 

FACILITATOR: Put up little traffic signs that say “Change 
course,” rather than saying “Road ends, and now 
you’ve got to go back and do something else.” 

MUSSER: Yes.

FACILITATOR: I have one other question with regard to 
the carbon efficiencies of the United States. Have you 
looked at the improvement in carbon efficiencies that 
may have shifted to another location by virtue of loss 
of manufacturing?

MUSSER: Yes. I alluded to this earlier when I talked about 
outsourcing. Some of the decrease in emissions is pre-
cisely what you can euphemize as a change to a service 
economy. What this really means is that you’re buying 
products from a country that’s not as efficient as you are. 
However – this is something I just saw in, I think, Sci-
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ence magazine this past week – there’s been a decrease 
in carbon intensity even in countries such as China, 
which are the beneficiaries of that outsourcing trend. 

I don’t use “outsourcing” pejoratively in the politi-
cal sense. I’m just using it literally to mean products 
being made elsewhere. The figure went down a 
remarkable amount in China. I’m sorry I don’t have 
the slide here, but I could show a similar plot for 
almost every country except Brazil. It’s remarkable. 

MONTGOMERY: It would seem, if your actual goal is to 
reduce carbon emissions rather than reduce the rate 
of increase, the necessary criterion is not to change 
the exponent on the nonlinearities, sort of what 
fraction you get of carbon for what fraction of GDP 
increase; it’s to change the sign, which is a totally dif-
ferent question. Otherwise, you’re just talking about 
changing the rate of increase. 

MUSSER: You’re not changing the sign; you’re changing 
your factor. You need to get something that multiplies 
and gives you less than one. It’s not a sign change. It 
depends on what you’re looking at.

MONTGOMERY: As long as you posit a further increase in 
the GDP, you’re still going to have a positive increase, 
are you not? 

MUSSER: No. The increase in GDP is offset by a decrease 
in your carbon intensity. You’ll get a net reduction. 

FACILITATOR: I think maybe I understand what you’re 
getting at. It’s like the FBI reporting crime statistics, 
saying that crime is going up but it’s not going up as 
fast as it used to. 

MONTGOMERY: Right. 

MUSSER: Maybe I’m misunderstanding; we can talk 
about it a bit later. 

FACILITATOR: Anyone else have one last comment or 
question? 

POLAK: The comparison of “what is” versus “what can 
be” is not reflected in those examples. Just on the 
potential for automobiles, the potential exists for a 
200-mile-per-gallon car; we’re nowhere near that. 
The potential in terms of energy is vastly greater than 
what our accomplishments are. 

MUSSER: Let me rephrase what I was trying to say, and 
maybe I’ll be more successful this time. If you didn’t 
have this improvement in efficiency, you’d just throw 
up your hands at that point. This is a necessary, but 

not sufficient, condition for bringing about your 
decrease. That’s my point.

POLAK: I agree. 

TREDER: I think this is related, actually, to Dave Mont-
gomery’s question, and Sesh Velamoor’s clarification, 
about things getting worse but they’re not getting 
worse quite as fast. You discussed poverty rates – 
absolute extreme poverty rates – that have declined 
over the last 15 or so years, and the optimistic projec-
tion that they will continue to decline. My question is, 
even as the absolute number of persons below poverty 
rate declines, isn’t there such an increase in those who 
are super wealthy, certainly by comparison to those 
who are poor, that the gap between the greatest and 
the least is still expanding? We can see that the poor-
est are not quite as poor, but the richer are a heck of a 
lot richer, so the gap is expanding. Is that the case? 

… the BP projection for the next 50 
years is a doubling of the world’s energy 
consumption. Doubling. That’s amazing.

MUSSER: Is there an increase in disparity of wealth in 
the world today? Yes, I think that’s certainly happen-
ing, although I don’t have the figures for that here. 
Maybe I can wrap up this discussion by just talking 
about the question of “getting worse, but at a lesser 
rate” in two senses. 

If I were to show a chart of relative numbers of 
people in the world living in poverty, you would have 
seen that number decrease. From 1820, the absolute 
number would probably go up, and then down again. 
So there has been a relative improvement for quite a 
long time in dollar-a-day poverty; that number has 
been offset by the increase in the world population. 
So the absolute number of people has gone up. That’s 
what’s changed. The decrease in relative poverty is 
now finally able, given the decrease in population 
growth rates, to produce a decrease in absolute num-
bers. There’s a case of a sign change in the way that 
you’re saying. That’s a similar kind of change that I’m 
suggesting. I’m hoping – I’m not projecting – that will 
happen in energy. 

Now, to go back to the energy numbers a little 
bit, the BP projection for the next 50 years is a dou-
bling of the world’s energy consumption. Doubling. 
That’s amazing. So another Earth’s worth of the use of 
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energy in the next 50 years will happen. To stabilize it 
at 550 parts per million (ppm), or whatever number 
we choose, you really need to reduce your emissions, 
total emissions, in half. That’s where the four-fold 
improvement in the intensity comes from. If you can 
improve by a factor of four the aggregate world car-
bon intensity, you can stabilize it at 550 ppm because 

you get, again, a turnover occurring like the one for 
poverty. It’s not just a question of things getting worse 
by a lower rate. Things can get better if the factors 
you’re multiplying in bring you less than 1.0. 

FACILITATOR: Thank you very much, George. 
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