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The most important policy-relevant issues facing decision-makers

[ will focus mostly on economic impact and policy, but let me briefly start on the
science, which I believe Dr. Judith Curry and Dr. William Chameides will address
further.

Is global warming happening? Man-made global warming is a reality and will
in the long run have overall, negative impact.

It is important to realize that economic models show that the overall impact of a
moderate warming (1-2°C) will be beneficial whereas higher temperatures
expected towards the end of the century will have a negative net impact. Thus, as
indicated in Figure 1, global warming is a net benefit now and will likely stay so
till about 2070, after which it will turn into a net cost.
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Figure 1 Benefit or cost of global warming.1!

How important is global warming? To get a sense of the importance of global
warming, take a look at the total impact of damage compared to the cumulated
consumption using the discount rates from Nordhaus’ 2010 DICE model. The
total, discounted GDP through the year 2200 (almost the next two centuries) is
about $2,212 trillion dollars. The total damage is estimated at about $33 trillion
or about 1.5% of the total, global GDP, as indicated in Figure 2. This means that
while the global warming impact is not zero, it does not signify the end of the
world, either. It is a problem that needs to be solved.
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Figure 2 Global, total, discounted GDP through 2200, and climate loss.2

How much has the world cut CO2 so far? Very, very little. From Figure 3 it is
clear that the world has seen ever increasing CO2 emissions since 1950, and
likely will see this continue till 2035. The economic downturn in 2008 led to the
reduction in emissions in 2009, but 2010 saw an almost complete rebound. For
the Kyoto period of 2008-2012, the global emissions have increased almost 50%.
The original reduction suggested by the full Kyoto protocol was 36.6% increase
compared to 1990 (the x at 136.6 in 2010). The actual increase came in at 45.4%,
and had there been no Kyoto, it would have increased about half a percentage
point more at 45.9%. The emissions are likely to continue, here from [EA’s 2012
business as usual scenario.
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Figure 3 Global CO2 emissions 1950-2010, with estimates for 2020 and 2035 from IEA. Xs indicate
original Kyoto reduction promise and actual reduction (of 0.5 percentage point).3

We will have lots of renewables by 2035? No. I[EA. The world will even in two
decades run predominantly on fossil fuels. In 2010 81.2% of all energy comes
from fossil fuels. Even with IEA’s most optimistic green energy production
scenario, 78.5% will still be produced with fossil fuels in 2035. See Figure 4.
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Figure 4 Relative contributions of energy sources, 2010 and 2035, assuming the most green energy
production scenario, but keeping the business-as-usual total energy production.*

Economic growth and CO2 growth is strongly correlated. In Figure 5 we see
how there is a very strong correlation between economic growth and CO2
growth. This underscores the fact that nations don’t burn fossil fuel to annoy the
environmentalists but because they support economic growth.
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Figure 5 Economic growth per year 1982-2005, compared with CO2 growth per year for the same
period. Best fit line added.>

What are the uncertainties and certainties of global warming?

There are a large number of uncertainties in global warming science. Dr. Judith
Curry and Dr. William Chameides will undoubtedly address these further.
However, I think it is perhaps more important to realize that there are a small
number of very clear, near-certainties when addressing global warming.

No matter what carbon cuts we make in the next couple of decades, it only
makes a difference towards the end of the century. Many people argue that
global warming is so urgent that we need to cut carbon emissions now. However,
the problem is that almost no matter what we do now, it will only have a
measurable impact in the second half of this century, as is evident in Figure 6.
This matters because many of the cuts that have been proposed are hard to
sustain. Thus, what matters is not necessarily to cut a lot now, but to make sure
we can cut a lot in the long run.
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Figure 6 Reduction in CO2 emissions and its consequent reduction in temperature. 6

What matters in the 215t century is the emissions from the developing
world, not the developed world. Whereas the rich world emitted almost all
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CO2 in the 20t century, it is now only responsible for 43%, as is evident in
Figure 7. Towards the end of the century, that fraction could be down to 23%.
Thus, while first world countries can still make climate policies, it will not matter
much unless China, India, the rest of Asia, Latin America, Africa and the Middle
Eastis in on it
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Figure 7 CO2 emissions from fossil fuels and proportion from developed countries, 1900-2100, data
and SRES scenario A1B. Regions are OECD, REF economies (Russia, East and Central Europe), ASIA
and ALM (Africa, Latin America and Middle East).”

Much of the hyped carbon reductions from the West have simply been
exported to China. Take the Great Britain’s carbon emissions 1990-2010, in
Figure 8. Here Great Britain can comfortably claim that it has reduced emissions
some 14% over the past 20 years. At the same time, however, imports from other
places (typically China) have increased, and when counting both the implicit
content of CO2 in these imports (and deducting implicit CO2 emissions in
exports), Great Britain has actually increased its CO2 emissions over the past 20
years by 18%.

The same holds true for the entire developed world 1990-2008. In Figure 9 we
see how the US has increased its territorial (domestic) CO2 emissions, but
Europe has reduced its emissions, as has the Former Soviet Union (rest of Annex
B). The reductions in the FSU are mainly from the collapse in 1991. But the much
vaulted EU reduction is exactly the same as the increased CO2 emissions import
from China. Overall, the EU emissions have increased, not as the national
accounts seem to indicate, decreased.

This matters because when nations claim to be able to cut COZ2, it often simply
means that they have exported the CO2 emissions to somewhere else, leaving
them feeling better, but obviously with no real environmental benefit.
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Figure 8 CO2 emissions for Great Britain. Blue line shows the national emissions, the red line shows
the emissions including CO2 content in GB import minus CO2 content in GB exports3
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Figure 9 Change in CO2 emissions for developed countries (Annex B) from national (territorial)
changes and from imports from China, India and Brazil, 1990-2008.°

Failed policies to tackle global warming
Ultimately, the central question of global warming is what to do about it.

The first realization needs to be that the current, old-fashioned approach to
tackling global warming has failed, as is evident in Figure 3. The current
approach, which has been attempted for almost 20 years since the 1992 Earth
Summit in Rio, is to agree on large carbon cuts in the immediate future. Only one
real agreement, the Kyoto Protocol, has resulted from 20 years of attempts, with
the 2009 Copenhagen meeting turning into a spectacular failure.

The Kyoto approach is not working for three reasons. First, cutting CO: is
costly. We burn fossil fuels because they power almost everything we like about
modern civilization. Cutting emissions in the absence of affordable, effective
fossil fuel replacements means costlier power and lower growth rates. The only
current, comprehensive global warming policy, the EU 20-20-20, will cost about
$250bn/year.10

Second, the approach won’t solve the problem. Even if everyone had
implemented Kyoto, temperatures would have dropped by the end of the century
by a miniscule 0.004°C (0.007°F). The EU policy will, across the century, cost
about $20 trillion, yet will reduce temperatures by just 0.05°C (0.1°F).11

Third, green energy is not ready to take over from fossil fuels.1? It is generally
much costlier, its deployment does not in general create new jobs (because its
higher, subsidized costs destroy jobs in the rest of the economy)!3, and because it
typically produces electricity, which is not generated with oil, it doesn’t reduce
oil dependence!“. Today, wind supplies 0.7% of global energy and solar about
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0.1%, and even with very optimistic assumptions from the International Energy
Agency, wind will supply only 2.4% in 2035 and solar 0.8%, as shown in Figure
4.15
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Figure 11 Abatement and implicit CO2 reduction cost for biofuels, various nations. $5/ton C02
damage insert for referece. In AUS$, which is almost equivalent to US$.17

Because there is no good, cheap green energy, the almost universal political
choices have been expensive policies that do very little. In Figure 10 we see how
all major nations have managed to enact policies for electricity that cost a lot, yet
do very little (Germany is leading the pack and still only reducing emissions from
the power sector of 19% or 7% of the economy).
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The cost per ton of CO2 avoided is universally far above the most likely $5/ton
CO2 damage, with China at the cheapest at 8 times the damage of at about $40,
and South Korea at a phenomenal $280/ton CO2, 56 times higher than the
damage cost. Germany pays each year about 0.3% of its GDP in electricity
subsidies.

On biofuels, the excess cost is even more pronounced, and yet the emission
reductions even smaller, as can be seen in Figure 11. Germany is paying 62 times
too much or $310/ton CO2, reducing just 0.6% of its total emissions at a cost of
$1.7bn. The US is paying a phenomenal 133 times too much, at $666/ton CO2,
costing $17.5bn/year and reducing just 0.5% of its total emissions.

Yet, the cost is not just in economic terms. There is also increasing dissatisfaction
with high energy costs in countries like the UK and Germany. In Germany the
cost of electricity has risen 61% in real terms since 2000, as is evident in Figure
12. A fourth of all consumer energy costs are now direct subsidies to renewables.
In Rumania, the government just fell because of discontent with high energy
costs.
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Figure 12 Electricity price for households in Germany, 1978-2012.18

Another proposed solution is a carbon tax (or an equivalent cap-and-trade). The
argument is typically based on the assumption that it would be a significant step
toward solving global warming. This is incorrect. If the tax were set high enough
to significantly curtail emissions, it would also curb economic growth because of
renewable much higher costs. This would be economically inefficient and
probably politically impossible to introduce because of the (economic) damage it
would cause.

Bjorn Lomborg, Copenhagen Consensus Center, Wednesday March 6, 2013 12



If the tax were set at the economically efficient level, it would not dramatically
reduce emissions. Economists agree that a negative externality like CO2 should
be taxed at the level of its damage (which is about $5/ton'° or ¢4 /gallon or about
€0.01/liter gas), but at this level a tax would make very little difference to
emissions. If the entire world taxed all emissions at this level, global reductions
would only be less than 10 percent.2? If just one country or region adopted the
tax, the effect would be unnoticeable.

A better policy approach to tackling global warming

It is important to realize that the old-fashioned policies have failed. Current
green technologies just won’t make it?1. The only way to move towards a long-
term reduction in emissions is if green energy becomes much cheaper. If green
energy was cheaper than fossil fuels, everyone would switch.

This requires breakthroughs in the current green technologies, which means
focusing much more on innovating smarter, cheaper, more effective green
energy.

Of course, pursuing an approach of R&D holds no guarantees—we might spend
dramatic amounts on R&D and still come up empty in 40 years — but it has
much higher likelihood of succeeding than our twenty-year futile attempts to cut
carbon so far.

This was the recommendation of the Copenhagen Consensus on Climate, where a
panel of economists including three Nobel laureates found that the best long-
term strategy is to dramatically increase investment in green R&D.22 They
suggested to 10-fold increase the current investment of $10bn to $100bn/year
globally. This would be 0.2% of global GDP, and would entail a commitment of
about $40bn from the US.

This approach would be significantly cheaper than the current policies (like the
EU 20-20) and 500 times more effective. It is also much more likely to be
acceptable to the developing countries.

The metaphor here is the computer in the 1950s. We did not obtain better
computers by mass-producing them to get cheaper vacuum tubes. We did not
provide heavy subsidies so that every Westerner could have one in their home in
1960. Nor did we tax alternatives like typewriters. The breakthroughs were
achieved by a dramatic ramping up of R&D, leading to multiple innovations,
which enabled companies like IBM and Apple to eventually produce computers
that consumers wanted to buy.

This is what the US has done with fracking. The US has spent about $10bn in
subsidies over the past three decades to get fracking innovation, which has
opened up large new resources of previously inaccessible shale gas. Despite
some legitimate concerns about safety, it is hard to overstate the overwhelming
benefits. Fracking has caused gas prices to drop dramatically and changed the US
electricity generation from 50% coal and 20% gas to now 30% coal and 35% gas.
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This means that the US has reduced its annual CO2 emissions by 400-500Mt.
This is about twice the total reduction over the past twenty years of the Kyoto
Protocol from the rest of the world, including the European Union.

Estimates suggest that the cost of achieving a further 330 Mt CO; reduction in the
EU would be $250 billion per year using carbon taxes.23 Yet, the fracking
bonanza in the US not only delivers much more than that reduction for free, it
also creates long-term, social benefits through lower energy costs.?* The total
benefit to US consumers in terms of lower gas prices is about $100bn.

Table 1 Two policy options with CO2 reductions and costs or benefits.

CO2 cut/year Price/year
EU (EU 20-20) 320 Mt Costs $250bn
US (fracking) 400-500 Mt Pays $100bn

Summary
How should we tackle global warming?

Don’t continue with the old-fashioned, failed policy of the past twenty years.
When green energy isn’t ready, we're likely to spend vast sums of money on
cutting CO2 only marginally.

Instead, we should focus on investing dramatically more in R&D of green
energy. This will likely bring about green technologies over the next 20-40 years
that will be cheaper than fossil fuels, which will mean everyone will adopt them.

In short, the solution is not to make fossil fuels so expensive that nobody
wants them - because that will never work - but to make green energy so
cheap that everyone wants them.
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