A Realistic Path to a Bright Future
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- Conférence sur les Changements Climatiques 2015
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Conclusion of COP21 in Paris in 2015

| prepared this presentation in the wake of COP26, the Conference of the Parties of the United-Netiensrk Convention on

Climate Change, held at Glasgow, Scotland, in November 2021. COP meetings are actually Conferences of the Pretécalers. Polit
leaders make statements that they kilaw should know are blatant nonsense. COPs can produce rauseninor

accomplishments, which is sufficient reason to continue with the meetings. However, they ignore the two elephants itthiée room
will determine the future.

| will also criticize three other group&he fossil fuel industryfor disinformationc a mpai gns and f or bribery
organizations that preserves fossil fuel emissions and locks in consequences for youngheem@digor often reporting what they

think the public wants to hear, rather than what the public needs to knowgssaentistgor letting the politicians, fossil fuel

industry, and media get away with doing a poor job of describing reality.

One more introductory comment: the climate story does not need to be gloom and doom. There is a straightforward pgith to a bri
future, but we must be honest about what is needed and follow the science.

To achieve the bright future, young people must understand what is needed and affect the political process accordingly.

The industrial revolutiofiirst raised living standards in Western civilization.

The energy source fueling the industrial revolution in tHecehtury was coal.



In the 20th century oil and gas joined the party.

Their condensed energy wesmparable to that of coal, and more convenient.

One gallon of gasoline contains the work equivalent of 400 hours labor by a healthy adult.
Fossil fuels raised living standards in half of the world.

The other half wants to follow that path, and theye the right to raise their living standard.

Global Energy Consumption Global Fossil-Fuel CO, Emissions
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BP energy consumption data are used from 1968arlier CDIAC data (Gilfillan et al.)are
adjusted by factors near unity to match BP in 1965. C@data are from CDIAC through
2017, followed by BP data as adjusted to match BP in 2017.

(Gilfillan DMarlandG; Boden T; Andres R (2021): Global, Regional, and NationdflrelSSDEmissions: 1752018
CDIA&F, Research Institute for Environment, Energy, and Economics, Appalachian State JUniversity.

They are doing that, and thus global energy consumption is rising.
About 80 percent of the energy is from fossil fuels, so the CO2 emissions from fossil fuel burninggre ris

Note that growth of fossil fuel use was not stopped by even the landmark COP miedimds/oto Protocol in 1997, the Paris
Agreement in 2015.

Energy use and emissions droppe@l percent in the past 2 years due to covid, but growth seems teupeimg now.



Global Surface Temperature Relative to 1880—1920 Mean
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So the world is getting warmer because of the greenhouse effect of increasing CO2, with help from a few other gaslgs, especial
methane and nitrous oxide.

Earth has warmed by 1.29G h a t 6 & sin2e.th2 Bgining of the 20 century.
Global leaders, at the conclusion of the COP, asserted that we can still keep global warming below 1.5°C.

That assertion is pure, unadulterated, bullshiimean blatant nonsengéecause of the-8ecaddong failure ofthe COPs to address
the two basic requirements to stabilize climate.

Before discussing those two requirements, |l et s ex pHatani n wh
two ways.

The first way is from the physics. Earthnow far out of energy balance, and that imbalance almost doubled in the past decade.
Earthds energy i mbal ance i s indithe 2B ppm annualdCircrease, which is @ smalldolrcididy a |
but rather the portion of the historia | forcing that Earth has not yet responded

The physics is simple. Normally, Earth sends back to space as much energy as it receives from the Sun and global imperature
stable However, added Cfblocks heat radiation from Earth to space; thus, with more energy coming in than going out, Earth warms

However, it takes centuries for the ocean to fully warm up and restore energy balance. That delay is both bad and good.
It 6s bad because it means that people donét notice much cli
But the delay is good because it gives us time to fix the probliémwe have our wits about us.



‘ v

RRES

Date transmission \\\;)JJ
R

e 1 ARGO FLOATS AROUND
1 D OCEANS

'

Ascent ajd salinity and

temperatures recording
I

!

=7
i
1
i
1
'
\
)
\
‘ Drifting 8 - 10 days

Descent to drifting
depth - 1000 m

'
,/ Descent to profiling
',/ depth -2000m

We can now measure Earth's energy imbalance by measuring the rate at which the heat content is changing in Earthitsriseat reser

The biggest reservoir, the ocean, is now sampleabloyt 400Argo floats.

WHERE EXCESS ENERGY IS GOING
06
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Upper Ocean Deep Southern  Abyssal Ice Melt  Land (Ground)
(200 m) Ocean Ocean Warming

Rate of heat gain in 2062010, in watts per square meter, averaged over entire planet.

These floats reveal that the upper ocean is gaining a lot of heat. The deep ocean is gaining heat at a smaller rate.
Energy also goes into melting ice and warming the continents to depths of tens of meters.

The total energymbalance during the past half century averaged about half a watt per square meter a decade ago, but in the past
decade it has increased to almost 1 ¥/m



That 6s a 1 motetharR0 tirmas greatgrythan the rate of energy use by all of humanity.
Itds equivalent to exploding about 600 thousand Hiroshi ma

Thatds how much extra enerfgtgoingiamtothehocears gai ni ng each day, mo

Karina von Schuckmann photo: Tereza Bellina

CNBY 4{SyiliAySt HaNCduiiBa etlu2-}¥807tSéptenieri2620 communicatior

Karina von Schuckmannwasapdsb ¢ when she first published the ocean dat a
in the world in analyzing Argo float data at Mercator Ocean hatigonal in France.

| describe her as the sentinel for the home planet h becaus
additional global warming is already in the pipeline.

The energy imbalance also implies how much we madiice atmospheric greenhouse gases to restore global energy balance and
stabilize climate.
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From vonSchuckmanret al.,
Heat stored in the Earth
system: where does the
energy goEarth Syst. Sci
Data, 12, 20132041,2020.

Last year Karina and other expétssonc | uded

that Earthos energy i mbal ance? had

That energy imbalance, by itself, will drive global temperature abov€ 1even if greenhouse gases (GHGs) suddenly stop

increasing.

But is it plausible that GHGs will stop increasing in the near future? Are growth rates of GHGs plummeting toward zero?

That 6s essenti al

i f

we

wa n t1.5AtCa  K.eee 3 sg Icchkeaclk .war mi ng anywhe

von Schuckmann, K., et akteat stored in the Earth system: where does the energadi? Syst. Sci. Dath2, 20132041, 2020.

Climate Forcing & Future Warming Added Each Year
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Greenhouse gas amounts arestabilizing; on the contrary, they are still increasing rapidly, adding more climate forcing every year.

The climate forcing is increasing by about four dnmdredths of a W/fper year, as shown by the scale on the left.

The annual addition to eventuamperature rise is a few hundredths of a degree, which is a few tenths of a degree Celsius per decac

The temperature scale is based on an assumed climate sensitiVi§y gibBal warming for doubled GQorcing of 4 W/n#., in other
words, ¥ of alegree Celsius for each watt per square meter of added forcing.


https://essd.copernicus.org/articles/12/2013/2020/essd-12-2013-2020.pdf
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In principle, we could keep global warming2a¥C by following the IPCC greenhouse gas scenario RCP2.6, which was in vogue at the
time (2015) of the Paris AgreememRRCP2.6isthelowee dge of t he yell ow area. Reality i s
already a huge gap between RCP2.6 and reflitye: target of RCP2.6 i€, not 1.5C; this chart was corrected on 20 Dec. 2021]

We could close that gap by sucking £fédm the air, but the estimateghnualcarbon capture cost in 202 about & trillion, or $300
billion with the most optimistic cost estimate. Thotevem nnua
have technology ready to capture £ such enormous scale.

This cost range is based on the (optimjstiost range iY o u n g P e o p'l($&56-350 futC).Based on the costs derived from
the pilot plant o?{$45D%@ gertC) He dodt forG@sractoa imthesingle year 2021 is%2.illion.

Therefor e, dlobabvearming wilterceed 1.5°@8ndalmost certaithat it will exceed 2°C T twhatt réad data from the
physical sciences tells us.

IHansen, J. and 14 coauthorsungp® p | eds bur den: requi r e npkarthiSystoDynanBe 140, 2014 e CO2
2Hansen, J., P. Kharech@ost of carbon capture: Can young people bear the byrdeue 2, 14051407, 2018.
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Ther ebs an od¢offireof theruarealistic dreamtthht global warming might be kept below +1.5°C: the first payment in
humanityods Fauslthdsaomeduer osol bargain

The proximate cause of global warming acceleration in the last several years is the recentinceeas¢ df6s ener gy i mt
But the underlying cause, almost surely, is reduction of maritime anthropogenic aerosols as a result of tightened i@yblaticers

fuels burned by ships.

Hansen, J.Storns of My GrandchildrenBloomsbury, 319 pp., 2009.



https://esd.copernicus.org/preprints/esd-2016-42/esd-2016-42.pdf
http://www.columbia.edu/~jeh1/mailings/2018/20180816_Hansen.CostOfCarbonCapture.Joule.pdf
http://digamo.free.fr/hansen2010.pdf
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Leon Simons, Director of the Club of Rome, Netherlands, has found a close correspondel
between the regions and timing of reduced sulfur emissions from ships and decreased
reflection of sunlight as measured from space. A paper by Simons et al. is in preparation,
The topic is discussed by Hansen and Satmustian Pavment Comes DUE3 August 2021.

Leon Simons has shown that the temporal and spatialthedi stri
timing of tightened controls on the sulfur content of maritime fuels and with a satediasured decrease of solar radiatigfitected
from the heavilytrafficked regions of the North Pacific and North Atlantic Oceans.

The chief mechanism is the effect of aerosols on cloud cover and cloud albedo. Sulfuric acid aerosols (the same std#frthat th
clouds are made of) arerfoed from the emissions of ship traffic. The aerosols serve as condensation nuclei for cloud drops, so an
increase of aerosol number leads to more and smaller cloud drops, thus brightelivedggouds.

Sulfate aerosols have decreased in the pastse | years in regions of heavy ship tra
decreased. Il ncreased absorption of sunlight increased Eart

Simonsd finding has pr ointhafaldwingcharts.i cati ons, as described
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Most climate models used a (negative) aerosol forcing of magnitude ~1 Admless.

Aerosol scientists suggested that the aerosol forcing may be close2tdV/m2.
1GHG forcing reached +3 W#im 2000 with forcing efficacies included (Hansen, J. el 8eophysRes110, D18104, 2005).

Simonsdé finding confirms a sus piiadaavholétuhdarstateche aemaot ceoling efdéat. | s e

In 2008 Reto Knutti wrote an artiédld Why are c¢cl i mate models reproducing the obs
Knutti wondered why the models could match observed warming while including only a small negative aerosol forcing.
I n fact, most model s di fiket @tcloudsywhichuagresol sciertistsatlougbt svaslthe maindaérasa forting e

Knutti speculated that models compensated for dage net forcing by mixing heat too efficiently into the ocean.

I n 2011 we used Kari na v oonc eSacnh uhcekanta nunpdtsa kaec ctuor actoen fdiartma Konnu t
With the assumption that climate sensitivity3?€ for doubled C@we inferred the aerosol forcing 8%.6 + 0.3 W/m.

If climate sensitivity Is greater tha&iC 1 the likely range is 2:8°C fordoubled CQi the magnitude of the inferred (negative)

aerosol forcing would be even greater.

Knutti, R., Why are climate models reproducing the observed global susfaiceing so wellGeophys. Res. LetB85, L18704,

2008.

’Hansen, J., M. Sato, P. Kharecha and K. von Schuckn@ammelt, sea level rise and superstoravidence from paleoclimate data,
climate modeling, and modern obser v atAtmos Ghem. Plydll, 342018449 | o b a |
2011.
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2008GL034932
https://acp.copernicus.org/articles/16/3761/2016/acp-16-3761-2016.pdf
https://acp.copernicus.org/articles/16/3761/2016/acp-16-3761-2016.pdf
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Simonbdés finding al so i mp Warnarg inthb @ast sevehakyeassdisna & ahaneefflictaationo f gl o b
Indeed, accelerated warming will continue; the relatively cool year 2021 is due to a moderately strong La Nina.

The present large planetary energy imbalance should cause a new global tempercatd to be reached by 2023 or 2024
Barring the unlikely event of a Pinatuiseale volcanic eruptiorthet1.5°C level should be breached within a decade.

One point to emphasize here is that t heaterélevelnl38.hi ng magi ¢
Global temperature surely will rise well above ¥Chbut that is no reason to panic or to frighten young people.
Also, there is nothing magic about year 2030; we are not doomed if do not darstsinch by 2030 or any other arbityatate.

We have already pushed beyond several planetary boundaries. We will need to pull back, but we can do that.
The inertia of the climate system allows us the opportunity to ameliorate consequences, if we understand the climatd t3fstem a
sensilke actions.

Most amplifying feedbacks do not, per se, imply a fAtingppi ng
tundra and methane clathrates on continental shelves are sufficiently slow that the consequenaéwizdadby the global cooling
that will be necessary on the long run to preserve our coastal cities and shorelines.

There is legitimate cause for concern about practically irreversible effects from the potential shutdown of the AtlatitindVeri
Overtuning Circulation (AMOC) and from runaway mass loss of a substantial mass of certain ice sheets. Yet here, too, the most
dangerous consequences can still be avoided, if we have sufficient understanding and take timely actions that aiebtil pract
achieve.
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*Hansen, J., M. Sato, Rharecha D.Beerling R. Berner, V. Massebelmotte, M. Pagan, MRaymq D.L. Royer and Zachos
Target Atmospheric CO2: Where should humanity ajr@pen Atmos. ScR, 217231, 2008.

IPCC climate analyses rely heavily on global climate models (GCMs), which are now ubiquitous. However, our understanding
benefits from a comparable emphasis on information from paleoclimate and from rabderations of ongoing climate processes.
IPCC has begun to pay more attention to paleoclimate data, but modern observations remain shockingly deficient inareas such
monitoring of aerosol climate forcing and observations of ocean and ice procesiseatarctic periphery.

Overshoot of atmospheric GHG levels was already clear in 2008, when a group of scientists concluded that it was nesissary to
atmospheric Ceto a level less than 350 ppm. Greater specificity was not needed, becaude ppen3arget already implied the

need to phase down fossil fuel €€missions as rapidly as practical. By the time a &@@ount of 350 ppm is approached from

above the longerm target will be clearer.

The figure abovef fpameidulary smféraivelyg@abal tE€niperature change during the past 400,000 years is
well accounted for by the GHG and surface albedo climate forcings, albeit most of the GHG and surface albedo changes (ice she
size changes inferred from sea level changaevactually slow feedbacks, with the instigator of those changes being changes of
Earthoés orbit and thHe inclination of the spin axis.

The Holocene is particularly interesting, as significant increase e@@CH beginning several thousand years ags wot

matched with rising temperature. We suggest elsewhereat Bi | | R u d dthanhamadity began affgcting thdse n
greenhouse gas amounts several thousand yearsvégdeforestation and agriculturenay be at least partly correct, MEHG
warming by increasing GHGs is offset by aerosol cooling. Even small aerosol emissions could cause a significant aeobsol indir
effect in the pristine atmosphere when human aerosol emissions were just beginning.

GHG climate forcing, which is knowrcaurately, had already reached aboutV8/&? by 2000 relative to the early Holocene. Global
warming since 1900 was about TC7in 2000, but perhaps barely above the prior maximum Holocene températueenet (GHG +
aerosol) forcing became substantial by about 1970 and global warming has been rapid since then.

Net forcing today (2021) is probably about 2¥8m?, but the exact value is uncertain because of the absence of measurement of the
aerosol clnate forcing. The eventual response to this for¢iifgt is left in placei will be global warming of about°€ (left scale of
figure above). The time required to achieve that full warming could be as long as a few millennia, as long as needé&skfof the

ice sheets to reach equilibrium with the forcing.

Equilibrium global warming in response to 2\m? forcing with fixed ice sheet sizethe Charney probleifor climate sensitivity
0.75°C perW/m?is about 1.8C. That response (which incles fast climate feedbacks) would itself require centuries to be fully
achieved because of i ifthesforcing renaaimeéddixed ah 25rWa | i nertia

Unfortunately, the forcing is not going to remained fixe@.&W/n? 1 instead, it will catinue to rise for some time, even in the best
scenario (Chart 14).

Fortunately, the slow response time of the climate system allows us time to reduce the forcing before equilibrium respsnse oc
However, we need a broad understanding of the climatersad)y systems to help us to achieve the reduced forcing fast enough to
avoid the most threatening climate consequences.

Hansen,Jgr aft Chapter 25 (Pal ead®dp hmiae EBlo&RAI#BN2022,0 Feedbacks)
2Hansen, J., M. Sato, P. Kharecka Russell, D.W. Lea and M. Sidddlllimate change and trace gadekil. Trans. Roy. So@&

365, 19251954, 2007.

SRuddiman, W.F.The anthropogenic greenhouse gas era began thousands of ye@linagBhanges1, 262293, 2003.

“Hansen, J.and 14 coauthoysp ung peopl eds burden: r e q(EarthSysteDynanBpl40, 2087 at i v e
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http://www.columbia.edu/~jeh1/SophiePlanet/Planet.Chapter25.pdf
https://pubs.giss.nasa.gov/docs/2007/2007_Hansen_ha02210k.pdf
https://stephenschneider.stanford.edu/Publications/PDF_Papers/Ruddiman2003.pdf
https://esd.copernicus.org/preprints/esd-2016-42/esd-2016-42.pdf

Climate, Energy, Economic, Social Sciel

2000: Alternative scenario (PNAS paper
Air Pollution & CQ, half-century problem

2002/5: Workshops @ EasWest Center
China, India, U.S., Europe

20058: Postcensorship opportunities
Environmentalists, Utility CEOs & their staff

2008: Workshop in DC, Letter to Obama

By good fortune, | received an intense education in the relevant scieolimsite, energy, economic and social sciericeger the

past 20 years, but especially in the period 22008.

In 2000 | wrote a paper An Alternative Scenabecause IPCC (the Intergovernmental Panel on Climate Change) did not have any
scenario that kept global warming to 2°C or less.

That seemed strange. Did humanity not have any free will? Must we walk straight into climate disasters?

So, in that paper &ggave equal emphasis to air pollution anch.G&e focused on methane, black carbon, and tropospheric ozone, as
well as CQ.

We thought it would take at least half a century to phase off fossil fuge@@sions, but by focusing on other air pollutarstsvall

as CQ, it would be possible to keep global warming from exceeding 2°C.

This paper irritated the relevant scientific commuiiitypost of whom contributed to IPCC repaoitand | found it hard to defend and
publish our perspective.

Nature magazineerpor t ed as fANewso only criticisms of odr paper and
But one of the great things about the U.S. is that it is possible to promulgate an alternative perspective, if you work at it

| was able to get support fromnanderful man, philanthropist Gerry Lenfest, who provided funding for workshops that | organized at
the EastWest Center in Hawaii.

Our idea was that most future emissions would come from developing countries such as China and India. And they hadsteémendo
pollution.

So there was strong incentive for us to work together to find a science and technology pathway to a bright futurerfet #mel pla

future generations.

Well, | thoughtthat | could pursue ideas freely. But in 2005 the White HouseNABIA to prevent me from giving talks or speaking

to the media without prior approval.

Prior restraint is unconstitutional. When | told Andy Revkin of the NY Times about it, the shit hit the fan. Publicitthebou
censorship on the front page of thTimes, on Sixty Minutes television news, and in a book by Mark Bbivied to the opportunity

for interactions across the spectrurstudents, environmentalists, Big Green organizations, utility CEOs such as Jim Rogers of Duke
Energy and Ralph 1zzo ofSE&G and their expert technical staffpeople charged with keeping the lights on.

Interaction with the utility CEOs led to planning a workshop in Washington to discuss energy policies, and then to a letter t
Presidentlect Obama describing the two edsad actions needed to phase out carbon emissions.

Those two essential actions can be clarified with the help of just two graphs, which are each pregnant with information.

IHansen, J., M. Sato, R. Ruedy, A. Lacis, and V. Oi@sbal warming in the twentfirst century: An alternative scenaridroc.
Natl. Acad. Scj.97, 98759880, 2000.

2Hansen, Jdraft Chapter 35 (Dangerous InterferenaE$ o p h i e 0 Bloomdbuayn 2022,

3Bowen, Mark,Censoring Science: Inside the Political Attack on Dr. James Hansen and the Truth of Global Whiewingork:
Dutton, 2008.
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https://pubs.giss.nasa.gov/abs/ha05200y.html
http://www.columbia.edu/~jeh1/SophiePlanet/Planet.Chapters34+35.pdf
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countries for 40+ years; a practitioner of integrative
design for advanced energy efficiency in buildings,
vehicles, and industry; a member of the National

Petroleum Council 20x18; author of 31 books and
over 600 papers; recipient of the Blue Planet, Volv(
Zayed, Onassis, Nissan, Shingo, and Mitchell Prize
MacArthur and Ashoka Fellowships, 12 honorary

R20OG2NJ} GSasx GKS a! f GSNY
National Design, and World Technology Awards. In
HAanpE ¢AYS yIFYSR YS 2y{
influential people, and Foreign Policy, one of the 1(
top global thinkers. In 2016, the President of Germ;
AmoryLovins awarded me the Officer's Cross of the Order of Mel

Fig. 39.1 From Forbes Magazine Contributor Profile

But before | show those two graphs, let me show a photograpAmory Lovins.
Amory is a recognized leading thinker on energy. He advises governments and industry all around the world. He havesgeived
prize imaginable.

Amory visited our Institute in the late 1970s. He had impressive knowledge of energy efficifntye potential to reduce energy
demands, if we remove the barriers to efficiency.

Amory is a persuasive salesman. He was adviser to Arkansas Governor Bill Clinton, and he continued as energy gumito Preside
Clinton and Al Gore.

The most amazing thing thAmory concludes is that there is so much potential in energy efficiency that we can get all of our energy
from soft renewables.
Soft renewables exclude large hydro, which many environmentalists do not like.

Amory says we do not need any fossil fuglil, gas or coal we do not need large hydro, nuclear power, or a carbon tax.
I'tés no wonder that Amory is worshipped by Iliberals. By t
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United States Energy Consumption
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Update of Figure 2 in Hansen, $torms of My GrandchildrerBloomsbury, 320 pp., 2009.

In2001lwas nvited to speak to the first meeting of President B
EPA Administrator, National Security Adviser, and Vice President Dick Cheney as chairman.

| brought copies of our Alternative Scenario papThe Vice President read (out loud) a few sentences of the paper focused on the
non-CO2 (air pollution) climate forcers and invited me to speak to the second meeting.

That second meeting did not go well, from my perspective. As discussed in Stavin&oandchildren, | did not do a good job of
countering Richard Lindzends disinformation about <cli mate

The only good thing was that when | got home | changed the name of my student researdhigdasuhool and college students
participating inour summer program, the Institute on Climate and Planets.

We changed the namel emafm, @durf otre aArh ttea nfathier eA Scenar i o, and we
modeling to energy and climate.

| dug out a graph on U.S. energy consumpthat Amory had left with me in the late 1970s, and we updated the graph to see how the
real world compared with Amoryds projections.

Lovi nsd eneirtheyednd wgs good. Erengy use increased from about 70 to 100 quadrillion BTUs peltysauld

have been greater, but much of our industrial production moved overseas.

However, the soft renewable projectibthe daskdot linei was way off. The green area is much too small, even though about half of
it is large hydro.

Growth of renewbles was due to Renewable Portfolio Standards, which force utilities in most states to get a fraction of their energy
from renewables.

Ités an almost unlimited subsidy, with costs passed on to
However, it is also raising the use of gas to complement intermittent renewable energies, which means fracking, water polluti
pipelines, methane emissions, and CO2 emissions. 1tés al mo
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Carbon Intensity (MtC/Mtoe)
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Fig. 47.5. Carbon intensity (carbon per unit energy) of global and national energies.
MtC : megatons carbon. Mtoe: megatons oil equivalenf Sophi eds Pl anet,

This isthe most important graghcarbon intensity the amount of carbon per unit energy. Carbon intensity must go to near zero to
solve the climate problem.

I n 55 years, global carbon intensity has agpwmackzer cadoomin&Bsiky! It o
will take at least several decades longer for the world to achieve that.

The U.K. is doing a bit better than Germany. They are both doing better than the U.S.

Most important, notice that Sweden and France cut carbon intensity in half guiokd§pout 15 years. How? They built nuclear
power plants to almost completely decarbonize their electricity.

Sweden started with a lower carbon intensity, about 60%usechalf of their electricity was from hydropower. They chose a design
for nuclear plants and built 10 of them, which took about a decade.

Sweden even uses electricity to heat homes. They need one more big step: to make liquid fuels from eleathoitg, kvitiw how

to do.

Now, remembering that gl obal carbon intensity sincegywe&5 d

“ Global Energy Consumption Global Fossil-Fuel CO, Emissions
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Global energy consumption and fossil fuel emissions. BP data are used from 1965
Gilfellan et al. earlier data are adjusted by factors near unity to match BP in 1965.

see Chapter 43: Energy for the Woilp p h i e § availéble awuvecblumbia.edu/~jet

Global energy consumption since 1965 increased by more tharoadétitree.
Renewable$ the green areaare increasing, but not enough to replace other energies.

Because the carbon intensity of the energy decreased only from 80% to 70%, glpbali€bng the graph on the rigfit
increased by a factor of three
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10+ Global Emissions (GtC/year)
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Emerging economies will be the source of most future emissions.
Sowe should work together with China, I ndi a, I ndonesi a, Vi e

In fact we in the West have an obligation to do that, as we used much more than our fair share of the carbon budget.

(a) Fossil fuel Ceemissions by nation/region in 2020, (b) Cumulative emissions in 22620.

Global warming is proportional t@umulativeemissions [Hansen, J., et al., Dangerous huma
made interference with climate: a GIS8odelEstudy, Atmos. Chem. Phy§, 1-26, 2007.]

Today, China has the greatest emissions. China, the U.S. and India produce half of global emissions, as shown bytthe thie char
left.

However, global warming is accurately proportionattionulativeemissiond total historical emissioristhe pie chart on the right.

The Wesi especially the United Statéds responsible for more than half of historical emissions, despite the eglatimall
population of the West.
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