SOS: PLANETARY EMERGENCY
Jim Stewart, Ph.D.

Apollo 17
Photo taken 7 December, 1972



Present climate has been ideal for
human civilization.
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Graph shows that overthe last 800 thousand years, the CO2 level wasneverabove
300 ppm, which caused a temperature rise ofabout 10°C in the Arctic.

Current CO2 level 0401 ppm does notinclude other GHGs, which are shown in the
nextslide.



CO,-equivalent Concentrations Now 485 ppm,
including non-CO, GHGs
485 ppm ->

—=C02 + non-CO2 GHGs

Annual Greenhouse Gas Index
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http://www.esrl.noaa.gov/gmd/aggi

The NOAA Annual Greenhouse Gas Index (AGGI) measures the commitment
society has already made to living in a changing climate. It is based on the highest
quality atmospheric observations from sites aroundthe world. Its uncertainty is very
low.

The AGGI in 2015 was 1.37, which means that we’ve turned up the warming
influence by 37% since 1990.

It took ~240 years forthe AGGI to go from 0 to 1,1.e., toreach 100%, and 24 years
for it to increase by another 37%.

In terms of CO, equivalents, the atmosphere in 2015 contained 485 ppm, of which 399
1s CO, alone. The rest comes from other gases.

CO, is by far the largest contributor to the AGGI in terms of both amount and rate of
increase.

Note: The IPCC suggests that a constant concentration of CO, alone at 550 ppm
would lead to an average increase in Earth’s temperature of~3° C (5.4° F).



Global Warming Gases:
CO, =65%,CH = 17%, Rest = 18%
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Annual Greenhouse Gas Index (AGGI)

CO2 causes about 2/3 of the heating, methane a sixth, and other gases a sixth.

Notes:

http://www.esrl.noaa.gov/gmd/aggi

The Radiative Forcing onthe left axis shows the actual instantaneous heating impacts
of the GHGs.

The AGGI index on the right axis is arbitrarily set at one in 1990.

http://www.esrl.noaa.gov/gmd/aggi/aggi.html

Figure 4 shows radiative forcing forthe major gases, carbondioxide, methane, and
nitrogen oxide, chloroflurocarbon refrigerants, anda set of 15 minorlong-lived
halogenated gases (CFC-113, CCly, CH;CCl;, HCFCs 22,14 1b and 142b, HFCs 134a,
152a,23,143a,and 125, SF¢,and halons 1211, 1301 and2402). Except forthe HFCs
and SF¢, which do not contain chlorine or bromine, these gases are also ozone-
depleting gases and are regulated by the Montreal Protocol.

As expected, CO, dominates the total forcing withmethane andthe CFCs becoming
relatively smaller contributors to the total forcing overtime. The five major
greenhouse gases account forabout 96% ofthe direct radiative forcing by long-lived
greenhouse gas increases since 1750. The remaining4% is contributed by the 15
minorhalogenated gases.



Global Carbon Budget

The International Panel on Climate Change (IPCC) said in 2013:
For a probability >66% of limiting global warming to less than 2°C,

cumulative CO, emissions must be less than 3 trillion tons CO,,.
(which still results in maximum CO, concentrations reaching 421 ppm)*

Since 1.8 trillion tons CO, was already emitted by 2014**,
Maximum remaining emissions budget = 1.1 trillion tons CO,.

Only 30 years left at current rate or 20 years at current rate of 2.5%
annual increases, Emissions must be zero by 2034.

When the country negotiators saw the IPCC Carbon Budget, theyrealized they would
have to make much more drastic cuts thanthey wanted (plus there are a lot ofequity
issues in howto divideup the remaining “budget,” so theyrejected includinga
Carbon Budgetin the 2015 Paris Agreement, opting instead fora 2°C target (plus
1.5°C as an “aspirational” goal).



To have 80%
chance of <22C

Another graphic, based on wanting to have an 80% chance of <22C (instead of the
IPCC 66% chance), shows we have already emitted more than enough to exceed
1.52Cand only have 8 years of emissions left before exceeding 22C.



84% of the world's existing fossil fuels
need to remain forever untouched!
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RL Miller article at http://www.takepart.com/article/2013/09/27 /ipcc-report-climate-
change-bill-mckibben-new-math



World Headed Toward 4.0-6.1°C
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The data shows that emissions are currently above the path ofthe top red line, the
worst predictions included in the IPCC models.



Business As Usual =1435 ppm CO, = +5°C (9°F)
Best Internat’l Proposals = 790 ppm CO,_- +3.3°C (6°F)
“Low Emissions Path™ = 495 ppm CO,~ +2°C (3.5°F)
Is the “Low Emissions Path” Possible???
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Energy Emission Reductions Required

Developing Countries (red) will peak in 2030,
so Developed Countries (blue) must stop all emissions now.

Reduction = % pa

w— Non-annex 3
e AnDEX 3

Emission scenarios for approximately 88—92% chance of not exceeding 2° C.

Both plots illustrate ‘orthodox’ mitigation pathways with (a) C+ for CO2 only
(twenty-first century cumulative emissions: 2741 GtCO2) and (b) B6 for Kyoto
gases (twenty-first century cumulative emissions: 3662 GtCO2e). Blue line,
Annex 1; red line, non-Annex 1; dotted line, total including deforestation.
Anderson K, Bows A Phil. Trans. R. Soc. A 2011;369:20-44
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Projected Earth Temperatures in 2100

Climate model . Photograph: Goddard Space Flight Center Scientific Visualization
Studio/NASA

Jim: Bettermove to Canada ifyou want to survive.

12



Tipping Points Happening Now

» Loss of Arctic Sea Ice increases Arctic Ocean
heating, which decreases Arctic Sea Ice
- a positive feedback loop

Arctic Heating increases emissions of methane
from Arctic methane hydrate deposits, which
increases global temperatures, which produces

more emissions of methane from Arctic
methane hydrates - a positive feedback loop

Loss of glaciers and snow decreases sun
reflections, increases solar heat absorption,
which increases global temperatures, which
decreases glaciers and snow - a positive
feedback loop
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What Can
We Do?

Typical
Approaches
to
Sustainability

Are Important

But Not
Enough

What Can We Do?

Typical Approaches to Sustainability Are Important But Not Enough.
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What Are Other Potential
Solutions, such as Carbon
Removal?

We have to remove the excess carbonto save humanity and the other living creatures.
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This chart shows how many ways ofreducing carbon are profitable (i.e. insulation,
lighting, water heating, etc. have quick paybackofover$150perton of carbon saved.
Planting trees only costs 10-15 pertonofcarbon. Carbon Capture and Sequestration
(CCS)only costs $20-30 perton.
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But Most Technologies to Reverse Global
Warming Are Not at the Scale Required

Global
requrement

200 300
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But Most Technologies to Reverse Global Warming Are Not at the Scale Required.
This analysis from McLaren shows that only Ocean Seaweed Forests can scale up to
the size needed to both negate currentfossil fuel emissions and removethe 2 trillion
tons of excess carbon already emitted. (The bluecircles on the right show cost
estimates over $200 per ton for chemical “trees” to capture carbon, but prices are
coming down now.)

But Seaweed Forests can make money since they replace fossil fuels, and our
projected cost of permanent safe sequestration is less than $20 per ton.



Cumulative carbon dioxide
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Business as usual  "with Ocean forests

The red line shows the disaster on the current path of fossil fuels, plus some solarand
wind renewables.

The green line shows a path back to a human-friendly climate. Hopefully, we can do it
faster, if we get enough funding.
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An Integrated Plan for Addressing Climate Change

Reducing Greenhouse Gas Emissions
to 40% Below 1990 Levels by 2030

0%

reduction Carbon
n petrodeum sequestration
use in vehicles in the land base Caldomu
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renewable efficiency savings short-lived
electricity ot existing buildngs climate poliatants

California is a totally different picture. It shows a path toward a human-friendly
climate. Note that it also includes carbon sequestration on the land (both trees and soil
carbon). However, it will not remove the trillions oftons oflegacy carbon from
previous fossil fuels. Ocean Forests are needed for that.
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This graph shows that until California passed AB 32 in 2006, it was also on the red
line path to climate catastrophe, like the rest of the world. But AB 32 mandated
California’s total emissions (not just CO2, but all GHG emissions) equal 1990 levels
by 2020. Current projections show that Californiacurrently projects beingunder that

target.

In August 2016, the California legislature passed SB 32, which mandates California’s

total emissions equal 40% below 1990 levels by 2030.

In addition, Governor’s Executive Ordersin 2005 and 2015 state a goal of 80% below

1990 levels by 2050.
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Sources of CA Emissions

Recycling/Waste,
o/
e High GWP, 3%

o/
Res & Com, 9% Transportation,

: 38%
Agriculture, 6%

Industrial, 19%

Electricity (Imports), Electricity (In State),
12% 11%

California’s plan addressesall major sources of GHG Emissions. High GWP is high global warming potential
gases including Chloroflurocarbonrefrigerants, long-lived halogenated gases (CFC-113,
CCly,CH;CCl5, HCFCs 22, 141b and 142b,HFCs 134a,152a,23, 143a,and 125, SFg,
and halons 1211, 1301 and 2402).
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e, Success Requires Action in Four

Areas
1. Efficiency and 2. Fuel
Conservation Switching
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Aslide from E3 consultants, based on the CARB discussion draft of the Scoping Plan
Update.
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How Everyone Can Help

What governments can do: sct prices/caps on carbon emissions, etc.

What companies can do: efficiency, zero waste, zero emissions, elc.

What environmental organizations can do: educate, organize, cte,

What community organizations can do: educate, organize, etc

* What individuals can do:

v Become educated on the complex interacting issues

v Become aware of one’s own values vs, new values needed

v Become aware of the impact of one'’s own behavior

¥ Become educated on solutions

v Change one's own behavior

v Become politically active in supporting solutions at all levels
v Organize actions with others, join key organizations

v Lead humanity to sustainability
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How You Can Help

Keep Informed

Sierra Club list: www . SicrraClubCalifornia.org:
Sign up at Take Action for SCC Action Alerts List (< I email'week)

EXPRESS vour Opinions - politicians count on APATHY

Comment on and Support National and Local Legislation and Regulations

Support Earth Day and other educational and action events in your community,
www.350.0rg, EarthDay.net

Help vour business and organizations, church, etc. go GREEN!

Implement ENVISION

Go GREEN vourself!
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Help your family go green!

. Take personal action to reduce emissions by 80% ASAP.
- Stop driving solo: transit, walk, bike, telecommute, car pool

. Stop using fossil fuels: Get a plug-in electric or plug-in
hybrid car

. No more air flights (except emergencies).
. Conserve energy at home
. Grow your own food, buy local organic produce, stop beef

.4 R’ s: Reduce (buy less), Reuse, Recycle, Re-buy (buy
recycled products in your own canvas bag)

. Go carbon neutral with offsets for any remainder:
www. B-E-F.org

. Invest only in environmentally responsible investments

25



“The greatest threat

to our planet
is the belief that
someone else

will save it.”

-- Sir Robert Swan
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Now you are part of the solution
to protect this beautiful planet!

For more information:
Jim Stewart, PhD, Co-chair
Sierra Club California

Energy-Climate Committee
DrJimStewart@gmail.com
o 213-820-4345

S S ——
-
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Responses to Skeptics

Big Climate Effects Already Happening in U.S. and Around the World

Current high CO, level has not yet increased land temperatures because the
ocean has absorbed most of the heat.

Impact of CO, emissions from volcanoes is less than 1% of the human CO,
emissions.

Radiation from the sun is actually decreasing, but earth temperatures are
increasing because the human CO, emissions overwhelm the sun’s effect,

What to do?

- Crash replacement of all energy from fossil fuels,
- Stop building any more fossil fuel plants,

= Sequester CO, with algae in the ocean.

This set of 7 slides provides science data-based responses to several main objections
raised by “climate skeptics.”

https://www.skepticalscience.com/argument.php has one lineresponses (plus data) to
193 climate skeptics’arguments.



More Daily Record Highs in U.S.Than Record Lows

Expectation in
absence of global warming 2009 2010
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If there were no warming, the record high temperatures each year would equalthe
record low temperatures, as shown in the upper left.

The lower left shows that in the 1950s record highs slightly exceeded record lows, but
recently, record highs are 90%, butrecord lows are only 10% ofrecord temperatures
each yearin the US.
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2011 sets a new U.S. record for combined wet and dry extremes

117 » Wettest
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This pattern ofrecord floods in some places and record droughts in other places has

continued.
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Earth’s oceans have absorbed 90% of the heat

Land & Almosphere Meatng
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Because the Earth’s oceans have absorbed 90% ofthe heat, the land temperatures have
risen more slowly than the GHG emissions, but thatis startingto change now.
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Radiation from the sun is actually decreasing, but
earth temperatures are increasing

Temperature vs Solar Activity

The bottom blue line shows radiation from the sun is actually decreasing, but earth
temperatures are increasing, so increased sunlight isnot warming the earth.
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Human CO, Emissions
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The measured increases in CO2 in theatmosphere reflect the emissions from human
burning of fossil fuels, notnatural causes (such as volcanos, whichare a very minor
contribution (less than 1% compared to human emissions).

33



Observed Causes of Climate Change

Climate Change
Attribution
Only
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GHGs
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data,
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The top black lineshows the observed temperature increase. Only the human caused
GHGs can explain the observed temperature increases.

This chart also shows that solarradiation, ozone, and volcanoes are minor
contributors, compared to the GHGs and the observed temperatures.

The Sulfate emissions, primarily from coal and high sulfur bunker fuel from ocean
shipping, have countered the GHG effects and decreased global warming. However, as
these high sulfur fuels are phased out to protect human health, the global warming
impact of GHGs will dramatically increase, leadingus toward dangerous irreversible
tippingpoints.



