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The global average temperature has been increasing at about 0.17°C per decade since about 1970, and the
annual temperature is significantly affected by the EI Nino/La Nina oscillation®

Although the years 2015-2017 were significantly above the average of the preceding 10 years?, they are pretty
much in line with the expected increases based on 1970-2014 temperature increases™**

The global average temperature of the hottest years has been increasing at about 0.20°C per decade since about
1970

A 1.5°C temperature increase is likely within 10-15 years®, implying almost a doubling of the current rate of
temperature increase® (perhaps because it takes a while for atmosphere to adjust to the presence of greenhouse
gases and about 50% of all emissions have occurred in the last 20 years).

Climate models have done a pretty good job of predicting the actual temperature t o date’

The future temperature depends on CO2 emissions (anthropogenic and natural), non-CO2 radiative forcings,
ocean and biosphere uptake of CO2, surface albedo changes, and clouds. Since none of these can be predicted
with any precision, accurately estimating the temperature in 2100 is very problematic

But future temperature increases are likely to be much more than the current models have predicted®®*°

An temperature increase of 2.0°C by 2050 seems plausable™*

If we don't do a good job of reducing emissions and we don't do any significant carbon capture and storage then
we might expect an equilibrium temperature of at least 4° C in 2100"

It is important to use high-end climate sensitivity because some studies have suggested that climate models have
underestimated three major positive climate feedbacks. This would result in a temperature increase of about
5.5-5.7°C by 2100 for the IPCC's 2.0°C carbon budget.™

The "committed global temperature increase" for 2100 could be as high as 10° C*
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(Note: the source did not indicate what the temperature change is relative to)

https://www.skepticalscience.com/graphics.php?q=67
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Based on Berkeley Earth's estimates of the global annual average temperature increase relative to 1951-1980.
Berkeley Earth has a good summary of their 2017 results. http://berkeleyearth.org/global -s-2017/ ..|This figu
makes clear just how much warmer the last three years have been:

Source: Twitter - Gavin Schmidt @ClimateOfGavi n
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By looking at the temperature increase for the five years since 1970 that had the largest temperature increase
relative to the temperature increase of other "nearby" years, there appears to be a linear trend of about 0.2°C
for the maximum expected temperature

https://www.ncdc.noaa.qgov/cag/global/time-series/globe/land ocean/1/12/1880-2018
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2018 Global Average Temperature Estimate
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1.5°C of Warming is Closer than We Imagine, Just a Decade Away

HENLEY and KING: In 2017, Melbourne researchers Ben Henley and Andrew King

published Trajectories toward the 1.5°C Paris target: Modulation by the Interdecadal Pacific

Oscillation on the impact of the Interdecadal Pacific Oscillation (IPO) on future warming. The IPO is
characterized by sea surface temperature fluctuations and sea level pressure changes in the north and
south Pacific Ocean thatoccuronal1l5-3 0 year <cycl e. | n t he cdtdnPedasurep
are warmer due to the transfer of ocean heat to the atmosphere. The IPO has been in a negative phase
since 1999 but recent predictions suggest that it is now moving to a positive phase. The authors found
that Ain t he ab sliagnnfllencesfsuch astvacanit arliptionsy the midpoint of the
spread of temperature projections exceeds the 1.5°C target before 2029, based on temperatures
relativeto 185011 9000. I n more detail,0a transitionoat o
projected exceedance of the target centered around 20260 and Aif the Pacifi
negative decadal phase, the target will be reached around 5 years later, in 20310 .



http://onlinelibrary.wiley.com/doi/10.1002/2017GL073480/full
http://onlinelibrary.wiley.com/doi/10.1002/2017GL073480/full
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Projected temperature rises with IPO in positive mode (red) and negative mode (blue) (Henley and
King, 2017)
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RCP4.5 pathway the central estimates lie in the relatively narrow window around 2030. In all likelihood, this
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KONG AND WAN®@he threshold of 1.5°C warming will be reached in 2027, 2026, and 2023 under RCP2.6,
RCP4.5, RCP8.5, respectively.

XU and RAMANTHANSsuggesting that the 1.5°C would be exceed around 2028.

ROGELJ et ahen SSP5 exceeds 1.5°C in 2029 and SSP4 by 2031.
https://www.resilience.org/stories/2018-04-05/1-5c-of-warming-is-closer-than-we-imagine-just-a-decade-away/

Temp
Incr per Year
Decade 2017 2020 2025 2030 2035 2040 2045 2050

0.17 1.10 1.16 1.24 1.33 141 1.50 1.58 1.67
0.20 1.10 1.17 1.27 1.37 1.47 1.57 1.67 1.77
0.25 1.10 1.18 1.31 1.43 1.56 1.68 1.81 1.93
0.30 1.10 1.20 1.35 1.50 1.65 1.80 1.95 2.10
0.35 1.10 1.22 1.39 1.57 1.74 1.92 2.09 2.27

How well have climate models projected global warming?
By Zeke HausfatherTuesday, October 31, 2017

Climate models published since 1973 have generally been quite skillful in projecting future warming. While some
were too low and some too high, they all show outcomes reasonably close to what has actually occurred,
especially when discrepancies between predicted and actual CO2 concentrations and other climate forcings are
taken into account.



https://www.resilience.org/stories/2018-04-05/1-5c-of-warming-is-closer-than-we-imagine-just-a-decade-away/

Models are far from perfect and will continue to be improved over time. They also show a fairly large range of
future warming that cannot easily be narrowed using just the changes in climate that we have observed.

https://www.yaleclimateconnections.org/2017/10/how-well-have-climate-models-projected-global-warming/

Observed vs 0 R e @lbb@l Temperature. What
thermometers do & d o ny@ettshow!

Posted on August 9, 2016 by Rolf Schuttenhelm

What we conclude about the global temperature trend:
1. Alarge part of atmospheric warming is still masked by (shorter-lived) cooling factors and
by climate system inertia i therefore the CO2-c oupl ed o6 Real 6 GIl obal
(much) higher than currently observed temperatures.

2. Recentglobalt emper at ur e r ec or d butnatler cerreations to p eimatics
temperature trend line that is (much) higher than the statistical trend line.

3. If atmospheric CO2 is stabilised around the current level (404 ppm) there is an uncertain,
but possibly large amountof 6 p i p w & I mEThigwarming in the pipeline may lead
to an additional temperature rise of more than 1 degree Celsius i additional warming
that will manifest itself after stabilisation of the CO2 concentration. The final temperature
rise of the current CO2 concentration could be up to 2 or 3 times as high as the warming
that is currently observed(!)

4. The current atmospheric CO2 level is a dangerous overshoot i to stay below
internationally agreed climate targets (both 1.5 & 2 degrees) the CO2 concentration (that
is currently still rising year by year) should not be stabilised, but should in fact
be lowered.

5. If we keep measuring climate change by the observed rise in live temperatures and the
Earth & climate system responses this temperature rise causes (including extreme
weather events) we keep underestimating the real scientific climate urgency.
The below graph shows 4 different temperature trends, against the observed rise of the
atmospheric CO2 concentration: 1) observed temperatures (plus annual & 30-year average),
an RGT trend based on 6consensus climate se
inertia, and an RGT trend basedonlong-t er m 6 Eart h System Sensi't
Pliocene & Eocene paleoclimate. It shows that at the current CO2 concentration, atmospheric
warming could still double:



https://www.yaleclimateconnections.org/2017/10/how-well-have-climate-models-projected-global-warming/
http://www.bitsofscience.org/observed-vs-real-global-temperature-series-conclusion-7180/
http://www.bitsofscience.org/observed-vs-real-global-temperature-series-conclusion-7180/
http://www.bitsofscience.org/observed-vs-real-global-temperature-series-conclusion-7180/
http://www.bitsofscience.org/author/rolf-schuttenhelm/
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Global Temperatures. What thermometers do & don't yet show!

Global average temperature based on (1) actual observations (NASA GISS, light blue=monthly average, dark blue = year,
red = 30 year), (2) climate sensitivity estimate (brown), (3) ocean thermal climate inertia estimate (orange), (4) Earth
system sensitivity estimate (grey). The last three values are values for the extent of inevitable warming ('Real Global
Temperature) due to inert climate processes if CO2 is stabilized at the level of that year.

Observed & 'Real'* Global Temperature 1880-2016 - 4 different trend lines

0,5
1 ONTLVAONTOVIONTLOLRONTOVRONTLRONTOOCONTODIONTORONTORONTLRONTORONTOOONTO0ONT O
VXV XX NN NN OO OO rr NN ANNANMNMIMMM M ST T TN NUMNOOOOONNNMNSNEARENCDDIRNNNNNNNN OO0 — T
WXV RXXXVOXXDANNNNNNOONP NN OO NN NN O0O0000O0000
R R R R R R R R R R e R R I R R R R I I R R R R R R R R R R R R R R R R R R R R R R R R R R P R R R R I O R RR R RN N
450
400
350
300
250
"
F :
Observed Real
Tpaleoclimate: Temperature based on (Pliocene)
Tobs: Monthly observed temperature (NASA GISS) "Earth system sensitivity' - CO2-coupled
— Tann: Annual observed temperature (NASA GISS) Toceaninertia: Temlpera!:ure based on observed,
including thermal inertia of oceans
——  Tmean: 30-year mean observed temperature (NASA GISS) ——  Tclimatesens: Temperature based on average

climate sensitivity (3C) - CO2-coupled

NOTE: All temperatures are shown as deviations from ‘late pre-industrial’ - a baseline based on the climate average of 1880-1909. This baseline is
supported by high-certainty measurements and is also used in political context. It is however not the 'real pre-industrial' climate, as in 1880-1909
atmospheric CO2 concentrations were already elevated (higher than pre-industrial value of 280 ppm that we use for climate sensitivity temperature
reconstructions) and temperatures were slightly higher than before 1850 or before 1750 - the official onset of the industrial revolution (and start of
the age of fossil fuels).

*) The 'Real' Global Temperature (RGT) we define as the final (‘inevitable') global average temperature that is reached if atmospheric CO2 is
stabilised at any current level. Temperatures will continue to rise after this stabilisation for decades and possibly longer. We define 3 different
values for RCT: an expected (CO2-coupled) temperature rise based on mean (model average & 'expert consensus') climate sensitivity, assuming
a 3 degrees temperature rise for a doubling of atmospheric CO2 (we call this line Tclimatesens), an RGT value based on 'ocean thermal climate
inertia', a decreasing portion of (constantly generated) atmospheric heat that is absorbed in the oceans, creating a warming time lag — here
defined as a certain amount of additional warming that (within a period of 25 to 50 years) comes on top of observed temperatures once CO2
levels are stabilized (we call this line Toceaninertia), and an RGT value for 'Earth system sensitivity'— final (expected) warming that may occur
once CO2 levels are stabilized for a longer time period, exceeding feedbacks speeds an time scales of 'regular’ climate sensitivity and ocean
thermal inertia. This Earth system sensitivity value is based on Pliocene

g: bits Of Science CCO0 2016 - Stephan Okhuijsen, Datagraver.com for Bitsofscience.org I (D;Q-LQIER

http://www.bitsofscience.org/observed-vs-real-global-temperature-series-conclusion-7180/
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Global warming may be twice what climate models predict
July 5, 2018 by Alvin Stone, University of New South Wales

Future global warming may eventually be twice as warm as projected by climate models and sea levels may rise
six metres or more even if the world meets the 2°C target, according to an international team of researchers
from 17 countries.

The findings published last week in Nature Geosciencee based on observational evidence from three warm
periods over the past 3.5 million years when the world was 0.5°C-2°C warmer than the pre-industrial
temperatures of the 19th Century.

https://m.phys.org/news/2018-07-global-climate.html#|Cp
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What Lies Beneatlidownload PDF from https://www.breakthroughonline.org.au/)

Climate Sensitivity (Pages 22-23)

The work on existential climate risks by Xu and Ramanathan, cited above, is also important in assessing what is
an appropriate climate sensitivity for risk-management purposes, for three reasons.

They say that:

1. Taking into account the biogeochemical feedbacks (such as less efficient land/ocean sinks, including
permafrost loss) effectively increases carbon emissions to 2100 by about 20% and can enhance warming by up to
0.5°C, compared to a baseline scenario.

2. Warming has been projected to increase methane emissions from wetlands by 0¢100% compared with
present-day wetland methane emissions. A 50% increase in wetland methane emissions by 2100 in response to
high-end warming of 4.1¢5°C could add at least another 0.5°C.

3. Itis important to use high-end climate sensitivity because some studies have suggested that climate models
have underestimated three major positive climate feedbacks: positive ice albedo feedback from the retreat of
Arctic sea ice; positive cloud albedo feedback from retreating storm track clouds in mid-latitudes; and positive
albedo feedback by the mixed-phase (water and ice) clouds. When these are taken into account, the ECS is more
than 40% higher than the IPCC mid-figure, at 4.5-4.7°C, before adding up to another 1°C of warming as described
in 1. and 2. above. [Total warming would be expected to be in the range of 5.5-5.7°C]



http://www.unsw.edu.au/
https://phys.org/tags/global+warming/
https://phys.org/tags/warm+periods/
https://phys.org/tags/warm+periods/
https://m.phys.org/news/2018-07-global-climate.html%23jCp
https://www.breakthroughonline.org.au/)

11 | The Race of Our Lives Rsited

Exhibit 15: Atmospheric CO2 and Temperature Increase since Pre-Industrial Era
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Source: National Oceanic and Atmospheric Administration, GMO

Data from 2016-2050 is estimated or forecast.

https://www.advisorperspectives.com/commentaries/2018/08/09/the-race-of-our-lives-revisited
12 | Given the following:

9.86 | 2015 Fossil Fuémissions (GTC)
1.6 | 2015 land use emissions (GTC)
2070 | Year when land use emissions reach zero
0.029 | Land use decline/year (GTC)
1% | Annual increase in FF emissions to 2025
1% | Annual decrease in FF emissions after 2025
718 | GTC of fossil fuel and langse emissions (calculated)
0.8 | Radiative Forcing in 2100 from other than CO2 (W2n
Ocean and biosphere uptake similar to MAGICC and CROADS
3.4 | Climate sensitivity to account for natural feedbacks

Then we should expect an equilibrium temperature of about 4.6° C in 2100 (Note that the same result is
obtained with a climate sensitivity of 3.0 and natural feedbacks of 100 GTC)
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Equilibrium Temperature

Note that for CS=3, NonCO2RF=0.8, CO2 emissions of 525 GTC result in an equilibrium temperature of about 3°C

and for CS=3.4, NonCO2RF=0.8, CO2 emissions of 420 GTC result in an equilibrium temperature of about 3°C.

Since natural emissions are apt to be at least 100 GTC! (for a temperature increase less than 2°C), it seems logical

to assume that a climate sensitivity of 3 where natural emissions are included is equivalent to a climate

sensitivity of 3.5 where natural emissions are not included (and the "equivalence" is apt to be wider for higher

temperatures)

http://ccdatacenter.org/documents/CO2EmissionsBudgets.pdf
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Committed Global Temperature Increases

Eventual full equilibrium
temperature increase on

Today's full committed globalwarming due roday s emissions scenario (A1r D)
to climate science is 2.4°C(Ramanathan, Feng B B U renoe 8-5°

formally submitted to the United Nations

Avoiding Dangerous Climate interference ...
PNAS 2008) and warming will continue for over
1000 years

Upper probability risk by 2100 from 7 _geo
today’s global emissions scenario
and from policy commitment

Today’s emissions scenario by 2100 5.5¢

Today we are fixed on the worst case IPCC high
global emissions scenario (A1F1)

wn®yc/ (2 Remgeftare idcraabef |

Policy commitment from combined 4.5°
formal UN national proposals by 2100

wn®tc/ UKA RanfingflomRS F SN
ocean heat lag. The ocean heat lag commits any
temperature increase before 2100 to almost
double after 2100 at temperature equilibrium.

Plus emissions reduction to atmospheric
GHG stabilization time 50 yrs =1°C >3.0°

Possible increase by 2050 3.0°
Climate Prediction net, upper range Met Office

W » 00 0N ®O®OVO

Total climate science commitment 2.4°
including aerosol cooling factor
A R . Ramanathan,Feng Avoiding Dangerous .. PNAS 2008 2
wn q) (p c / q K 7\ Rlﬂrﬂrwa“e tR S -F S N Climate system inertii? (ocean heat lag) 1.5°
aerosol cooling that will be 'unmasked' almost doubles temp increase 1

when fossil air pollution or fossil energy
production stops

Global temperature increase from preindustrial °C

The ocean heat lag almost doubles a temperature
increase before 2100 after 2100 (equilibrium)

wPlus another 1.0°C which is the fastest time
from emergency emissions reduction to
atmospheric GHG stabilization.

https://www.climateemergencyinstitute.com/committed global warming basic science.html

Temperature Increase (°C)

CMIP5 models, RCP scenarios Radiative
. Forcing 50% 66% 83%
 ReP36 ey 26| 155| 184| 214
RCP 4.5 (32)
4 RCP 6.0 (17) 45 229 | 2.60 2.90

- RCP85(0) 6.0 2.64 3.09 3.53
8.5 4.18 4.62 5.06

Implied Climate Sensitivity*
Radiative | (For an Equilibrium Temp)

Global surface warming (°C)
N

" Forcing 50% 66% 83%
2.6 221 | 2.63 3.05
-1 4.5 188 2.13 2.38
1900 1950 2000 2050 2100 6.0 1.63 1.90 2.18
Year 8.5 182 201 2.20

* climate sensitivity = 3.7 * Temp Increase
/Radiative Forcing

(Note: 66% column is average of 50% and 83%
columns)

Ecosystems across Australia are collapsing under climate chapg7/2018
The Great Barrier Reef has become a notorious victim of climate change. But it is not the only Australian
ecosystem on the brink of collapse

Our research, recently published in Nature Climate Change, describes a series of sudden and catastrophic



http://www.pnas.org/content/early/2008/09/16/0803838105
http://www.pnas.org/content/early/2008/09/16/0803838105
http://www.pnas.org/content/early/2008/09/16/0803838105
https://www.climateemergencyinstitute.com/committed_global_warming_basic_science.html

ecosystem shifts that have occurred recently across Australia.

These changes, caused by the combined stress of gradual climate change and extreme weather events, are
2OSNBKSE YAy3d S023aeaiSYaQ ylddaNFt NBaAaAfASYyOSo

We identified ecosystems across Australia that have recently experienced catastrophic changes, including:

kelp forests shifting to seaweed turfs following a single marine heatwave in 2011;

the destruction of Gondwanan refugia by wildfire ignited by lightning storms in 2016;

dieback of floodplain forests along the Murray River following the millennial drought in 2001¢2009;
large-scale conversion of alpine forest to shrubland due to repeated fires from 2003¢2014;
community-level boom and bust in the arid zone following extreme rainfall in 2011¢2012, and
mangrove dieback across a 1,000km stretch of the Gulf of Carpentaria after a weak monsoon in 2015-
2016.

Of these six case studies, only the Murray River forest had previously experienced substantial human
disturbance. The others have had negligible exposure to stressors, highlighting that undisturbed systems are not
necessarily more resilient to climate change.

= =4 -8 -4 -8 -9

http://www.climatechangenews.com/2018/07/23/ecosystems-across-australia-collapsing-climate-change/
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LGiQa 22 fFdS (2 &indeddvesds DaoNdd us.Bit it ivabsaludely bKtboyatd ® slow
the rate of climate change, to accelerate the transition away from coal, and then oil, and then natural gas to the
diverse and increasingly inexpensive and effective suite of renewable energy options available to us. We can, and
must, still act.

la GKS ¢AYSA LIASOS y2iSax ¢SQ@S t2al GKS 2LIJ2 NI
prompt and dramatic efforts £ Y2 a G OSNIFAyfe OFyy20G LINBOSYyld (g2
LINPOIF 6f& adzZFFAOASYG G2 RSaGNRe G4KS ' NODGAO A0S (
mountain ranges and lead to more extreme floods and droughts. But continued inaction will lead to much worse.
Three or four degrees warming ¢ which by the way was enough to mark the difference between planetary ice
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hundreds of billions of dollars or more needed to build massive seawalls, destroy dozens of low-lying island
nations, and make vast areas near the equator brutally ¢ and perhaps unbearably ¢ hot. Five degrees is simply
unthinkable.

The good news is that these doomsday scenarios are not inevitable. Progress is being made almost everywhere,
except at the national level of the U.S. Other nations, many U.S. states, local governments, responsible
companies and individuals are moving forward. Emissions have flattened over the last several years and are
starting to come down in many places. The delays of the past 40 years have committed the planet to
unprecedented changes and will impose severe costs on all of us, especially on the poorest populations without
the resources to adapt. But even more extreme costs can still be prevented if our politicians and the public can
put aside blind ideology, anti-science rhetoric and short-term thinking for the sake of our children and the planet.

https://www.huffingtonpost.com/entry/opinion-gleick-new-york-times-climate-
change us 5b61fafbe4b0bl15aba9f3959
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More than 25 percent of the Earth will experience serious drought and desertification by the year 2050 if the
attempts made by the Paris climate agreement to curb global warming are not met, according to a new study by
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http://www.climatechangenews.com/2018/07/23/ecosystems-across-australia-collapsing-climate-change/
https://www.huffingtonpost.com/entry/opinion-gleick-new-york-times-climate-change_us_5b61fafbe4b0b15aba9f3959
https://www.huffingtonpost.com/entry/opinion-gleick-new-york-times-climate-change_us_5b61fafbe4b0b15aba9f3959

the journal Nature Climate Change.
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or drying of the planet, will increase.
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http://www.newsweek.com/earth-desert-2050-global-warming-768545
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