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Future in One (Long) Lecture 
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“You cannot confront a power until 

you know what it is. Our first task 

in this struggle is to understand 

what we face. Only then can we 

work out what to do”  

 



 

 

“WE COULD HAVE SAVED IT, 

BUT WE WERE TOO DAMN 

CHEAP” 
 

 

- Author Kurt Vonnegut, at Stanford’s 

Graduation, repeating quote from Bergeron, 

“…to be etched in the walls of the Grand 

Canyon for the flying saucer people to find” 

 



  The Future… 
• 1. IPCC Scenario assumptions 

• 2. Equilibrium Climate Sensitivity (ECS) to CO2 

• 3. The irreversibility of climate change   

• 4. Dropping oxygen levels in atmosphere and ocean 

• 5. Sea Level Rise. New predictions 

• 6. Ice sheet grounding and instability 

• 7. Ocean acidification 

• 8. Weather changes – rising intensities 

• 9. AMOC shutdown and Super Storms 

• 10. PCF: Permafrost Carbon Feedback and methane 

• 11. Crop yields in a warming world 

• 12. CO2 effects on insects and food chain 

• 13. Regional Forecasts, including California 

• 14. Societal instability, and other effects 

• 15. Collapse of Biodiversity 

• 16. Runaway Greenhouse Syndrome? 

• 17. Near Term Human Extinction!? (no. Relax! (a bit anyway)) 



1. The Setting - The Flawed 

IPCC Process:  

 

Insures Scenario 

Assumptions and Final 

Report Summaries are 

Unreasonably Optimistic 
 



The highest 

CO2 emitters 

are the most 

politically 

motivated to 

minimize the 

perception of 

climate 

danger. 

They’re all 

UN Members 



 It’s a “Consensus Document” 
• Hundreds of scientists contribute to the writing of the 

IPCC documents 

• “Authors for the IPCC reports are chosen from a list of 
researchers prepared by governments and participating 
organizations, and by the Working Group/Task Force 
Bureau, as well as other experts known through their 
published work. The choice of authors aims for a range 
of views, expertise and geographical representation, 
ensuring representation of experts from developing and 
developed countries and countries with economies in 
transition.” (source) 

• Yet – it’s a 100% consensus document and that means 
that only the lowest levels of “alarm” can get approval, 
despite what published research says, and despite the 
advertised purpose: digestion of published research 
relevant for climate policy formation. Cross purposes!  

https://en.wikipedia.org/wiki/Intergovernmental_Panel_on_Climate_Change#Authors


IPCC AR5 

“Representative 

Concentration 

Pathways (RCP 

scenarios) all assume 

steep 

decarbonization 

(negative CI=“carbon 

intensity of energy”, 

even “Business as 

Usual” RCP 8.5. All 

are in significant 

conflict with actual 

observations; which 

is RISING carbon 

intensity (red star) 



IPCC Scenarios (left) assume spontaneous strong 

decarbonizations of ~1-2%/year even with no climate policy 

action. Compare with actual (right), which shows global 

decarbonization halted in 2000 and actually gone backwards 



This recalls the warnings of Tyndall 

Climate Centre Deputy Director Prof. 

Kevin Anderson 
• Policy people answer to the political system, which has a 

vested interest in preserving the political/economic paradigm 

of growth and competitiveness. They are deemed successful 

in their work to the extent they paint rosy pictures within the 

existing political/economic paradigm.  

• Also, the IPCC’s statements must endure the softening re-

wordings from policy officials of the worst carbon polluters on 

Earth before publication. The IPCC process is badly tainted 

• These conflicted motivations lead to the tendency towards 

rosy assumptions before any climate policy enactments, 

which therefore minimize the severe dangers which are, in 

fact, indicated by the evidence.  

https://truthout.org/articles/secretive-fossil-fuel-lobby-group-manipulated-un-climate-programs/


 “the modelling community is 

actually self-censoring its 

research to conform to the 

dominant political and 

economic paradigm...”  

 

-- Prof. Kevin Anderson 

 

https://www.youtube.com/watch?v=-T22A7mvJoc&list=PLr_-568g8wbQullDevdbaZBINHj1Ae_wq&index=10&t=2710s
https://www.youtube.com/watch?v=-T22A7mvJoc&list=PLr_-568g8wbQullDevdbaZBINHj1Ae_wq&index=10&t=2710s
https://www.youtube.com/watch?v=-T22A7mvJoc&list=PLr_-568g8wbQullDevdbaZBINHj1Ae_wq&index=10&t=2710s


I have respect for the IPCC scientists and 

their peer-reviewed papers in quality journals 

• But I have NO respect for the IPCC’s UN overlords and the 

IPCC process. 

• By choosing members with a “range of views” and then 

insisting on 100% agreement to all wordings, they gave veto-

power to the small minority of industry-sponsored “scientists”, 

together with the political representatives, thus insuring only 

the most bland and unthreatening pronouncements.  

• I’ve come to believe that while most IPCC scientists 

wanted the opportunity to influence policy-makers 

through educating them on the science, in fact the U.N’s 

IPCC - controlled by the most powerful carbon emitters 

and pro-economic growth countries on Earth – instead 

appears to be a mechanism to actually muzzle the 

science. 



The Political Manipulation of the 

IPCC 

• More and more scientists are complaining that the 

latest report, as well as earlier ones, have a “vast 

blind spot” on the role of the fossil fuel and right-

wing sponsored mis-information campaigns. 

• “This is an important barrier to climate action, but it 

is never addressed,” said Professor Robert 

Brulle of Drexel University, who has published 

research on the funding ($500 million as of 

2013) of climate science denial efforts.  

• “A large existing literature on this was ignored 

by the IPCC,” he added. 

 

https://link.springer.com/article/10.1007/s10584-013-1018-7
https://link.springer.com/article/10.1007/s10584-013-1018-7


When the stakes are climate chaos and mass extinctions, the 

IPCC scientists (with rare exceptions) haven’t been 

appropriately forceful communicators   



“We’ve reached a point where we 

have a crisis, an emergency. But 

people don’t know that. There’s a 

big gap between what’s 

understood about global 

warming by the scientific 

community, and what is known 

by the public and policymakers” 

 

-Prof. James Hansen, 2008 
 

https://docs.wixstatic.com/ugd/148cb0_a0d7c18a1bf64e698a9c8c8f18a42889.pdf


• “As a public health professional (and as a 

human), I find the prospect of 3 or 4 

degree C of global warming to be nothing 

short of terrifying. We need to do a much 

better job of sharing what we know about 

the likely impacts of global warming, 

because people are not nearly as 

worried as the situation warrants.” 

 

      -Ed Maibach, director of the George Mason     

University Center for Climate Change Communication 



The political  forces at work to muzzle the communication of the 

dire nature of the actual science, have been extremely effective. 

“The report further notes that although ‘a fast emergency-scale 

transition to a post-fossil fuel world is absolutely necessary to 

address climate change…. yet this is excluded from consideration 

by policymakers because it is considered to be too disruptive.’ 

And so the paper claims ‘we have a policy failure of epic 

proportions.’” (source). How Bright is our Future?  

https://docs.wixstatic.com/ugd/148cb0_a0d7c18a1bf64e698a9c8c8f18a42889.pdf
https://ethicsandclimate.org/2018/09/21/new-evidence-that-climate-change-poses-a-much-greater-threat-to-humanity-than-recently-understood-because-the-intergovernmental-panel-on-climate-change-has-been-systematically-underestimating-climate/


2.  Equilibrium Climate 

Sensitivity:  

=Climate Temperature 

Sensitivity to a Doubling 

of Atmospheric CO2  
 



Amplifying Feedbacks Underestimated 

• How much will global average temperatures rise, given a 
doubling of CO2 from the 280ppm of the pre-industrial period 
to 560ppm?  

• Transient Climate Sensitivity (TCS) = what is the 
temperature rise at the time CO2 hits 560ppm? Not a well-
definable nor useful number, but often you’ll see climate 
denial people try to use it because it will be LOWER than… 

• Equilibrium Climate Sensitivity (ECS) =  the temperature 
rise after CO2 hits and remains at 560ppm for as long as it 
takes for temperature to (mostly) stop rising and then rise 
only slowly. The time-to-equilibrium will be two or more 
centuries. 

• Pagani et al. (2006) argue that to explain the Paleocene-
Eocene Thermal Maximum (PETM) seems to require a much 
higher sensitivity of global temperatures to a CO2 doubling 
than had been previously assumed. Later studies confirm this  

http://earth.geology.yale.edu/~mp364/data/2006Pagani.Science.pdf
http://earth.geology.yale.edu/~mp364/data/2006Pagani.Science.pdf
http://earth.geology.yale.edu/~mp364/data/2006Pagani.Science.pdf
http://earth.geology.yale.edu/~mp364/data/2006Pagani.Science.pdf
http://earth.geology.yale.edu/~mp364/data/2006Pagani.Science.pdf
http://earth.geology.yale.edu/~mp364/data/2006Pagani.Science.pdf
http://earth.geology.yale.edu/~mp364/data/2006Pagani.Science.pdf


ECS = Equilibrium 

Climate Sensitivity 
• ECS == Final global avg 

temperature change after doubling 
CO2 from 280 to 560 ppm, after all 
“fast” feedbacks have stabilized 

• Results at left from the PALEOSENS 
collaboration. 

• Uses Paleo climate data from warmer 
and higher CO2 epochs of the past 
100 million years 

• ECS= +2.5C to +4.5C temperature 
rise, when ECS is averaged over 
the climate states studied (i.e. 
ignoring whether ECS may depend 
on climate state) 



This implies that amplifying feedbacks 

(e.g. methane release, clouds) are more 

powerful than the standard models 

assumed. 

• This conclusion is supported with the work of 
Fasullo et  al. (2012), who finds that it is the 
most "alarming" climate models which do 
the best job of predicting what we have 
already seen.  

• See an interview with Fasullo on this work 
here.  

• Brient et al. 2016 agree, finding ECS=4.0C and 
weakening low clouds (which cool climate) with 
higher temperatures 

 

http://www.sciencemag.org/content/338/6108/792.abstract
http://www.sciencemag.org/content/338/6108/792.abstract
http://www.sciencemag.org/content/338/6108/792.abstract
http://www.sciencemag.org/content/338/6108/792.abstract
http://www.sciencemag.org/content/338/6108/792.abstract
http://www.washingtonpost.com/national/health-science/warmer-still-extreme-climate-predictions-appear-most-accurate-study-says/2012/11/08/ebd075c6-29c7-11e2-96b6-8e6a7524553f_story.html
http://www.washingtonpost.com/national/health-science/warmer-still-extreme-climate-predictions-appear-most-accurate-study-says/2012/11/08/ebd075c6-29c7-11e2-96b6-8e6a7524553f_story.html
http://www.washingtonpost.com/national/health-science/warmer-still-extreme-climate-predictions-appear-most-accurate-study-says/2012/11/08/ebd075c6-29c7-11e2-96b6-8e6a7524553f_story.html
http://www.washingtonpost.com/national/health-science/warmer-still-extreme-climate-predictions-appear-most-accurate-study-says/2012/11/08/ebd075c6-29c7-11e2-96b6-8e6a7524553f_story.html
http://www.loe.org/shows/segments.html?programID=12-P13-00046&segmentID=1
http://www.loe.org/shows/segments.html?programID=12-P13-00046&segmentID=1
http://www.loe.org/shows/segments.html?programID=12-P13-00046&segmentID=1
http://www.loe.org/shows/segments.html?programID=12-P13-00046&segmentID=1
http://www.loe.org/shows/segments.html?programID=12-P13-00046&segmentID=1
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI-D-15-0897.1
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI-D-15-0897.1
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI-D-15-0897.1


• “If climate sensitivity is on the higher end of the likely range, it 
does not bode well for the future of the climate.  As Fasullo told 
The Guardian, "our findings indicate that warming is likely to be 
on the high side of current projections."  

• In terms of warming over the 21st Century, we are currently on 
track with IPCC emissions scenario A2, which corresponds to 
about 4°C warming above pre-industrial levels by 2100 but only 
if ECS is as low as 3°C for doubled CO2.   

• Note, that's the warming models expected by the year 2100, but 
at that point there will still be a global energy imbalance, and 
thus additional warming will remain 'in the pipeline' until and 
unless the planet reaches a new equilibrium. An even higher 
ECS would correspond to even more warming, but anything 
greater than +2°C will almost certainly be catastrophic.” 

• Even the +3-4C value for ECS looks now to be too low, since 
they don’t consider longer term (“slow”) amplifying feedbacks. 
When these are included, ECS rises to +6C to +7C. In other 
words, 560ppm CO2 leads to, after thousands of years time 
scales, to over +6C temperature rise global average (next 
slide). 

http://www.guardian.co.uk/environment/2012/nov/08/climate-change-severe-models?fb=native&CMP=FBCNETTXT9038
http://www.guardian.co.uk/environment/2012/nov/08/climate-change-severe-models?fb=native&CMP=FBCNETTXT9038
http://www.guardian.co.uk/environment/2012/nov/08/climate-change-severe-models?fb=native&CMP=FBCNETTXT9038
http://www.guardian.co.uk/environment/2012/nov/08/climate-change-severe-models?fb=native&CMP=FBCNETTXT9038
http://www.guardian.co.uk/environment/2012/nov/08/climate-change-severe-models?fb=native&CMP=FBCNETTXT9038
http://skepticalscience.com/iea-co2-emissions-update-2011.html
http://www.skepticalscience.com/iea-co2-emissions-update-2010.html
http://www.skepticalscience.com/iea-co2-emissions-update-2010.html
http://www.skepticalscience.com/iea-co2-emissions-update-2010.html
http://www.skepticalscience.com/iea-co2-emissions-update-2010.html
http://www.skepticalscience.com/iea-co2-emissions-update-2010.html
http://www.skepticalscience.com/global-warming-positives-negatives-advanced.htm
http://www.skepticalscience.com/global-warming-positives-negatives-advanced.htm
http://www.skepticalscience.com/global-warming-positives-negatives-advanced.htm
http://www.skepticalscience.com/global-warming-positives-negatives-advanced.htm
http://www.skepticalscience.com/global-warming-positives-negatives-advanced.htm
http://www.skepticalscience.com/global-warming-positives-negatives-advanced.htm


 

 

 

 

 

 

 

 

 

• Equilibrium response of the global temperature as a function of CO2 concentrations, 

based on three different approaches. a) from the PALEOSENS workshop, using data 

from the late Pleistocene of the past 800,000yr; b) Using data of the past 20 million yrs 

from RW_11; c) Based on JH12 using similar data of the past 800 kyr as in a); and d) 

Combination of all three approaches. Plotted areas include uncertainty estimates of one 

standard deviation from PALEOSENS . Only RW_11 considers both fast + slow 

feedbacks for our relevant high CO2 levels (top right) 

• ECS with "fast" responses only, is 2.2-4.8 C. Millennium and longer time scale feedbacks 

raise this to ECS=~+6 C. This confirms earlier work of Hansen et al. 2008 who find 

fast+slow ECS is +6 C  

 

 

https://epic.awi.de/25382/4/vandewal2011cp.pdf
http://books.google.com/books?hl=en&lr=&id=eND3yhWTkloC&oi=fnd&pg=PR3&dq=hansen+Climate+Change:+Inferences+from+Paleoclimate+and&ots=QTOVBxPUHT&sig=oEKLE2Zm0gjXdoPJPPsNKfB68oA#v=onepage&q=hansen%20Climate%20Change%3A%20Inferences%20from%20Paleoclimate%20and&f=false
http://www.nature.com/nature/journal/v491/n7426/full/nature11574.html
http://pubs.giss.nasa.gov/docs/2008/2008_Hansen_etal_1.pdf
http://pubs.giss.nasa.gov/docs/2008/2008_Hansen_etal_1.pdf
http://pubs.giss.nasa.gov/docs/2008/2008_Hansen_etal_1.pdf
http://pubs.giss.nasa.gov/docs/2008/2008_Hansen_etal_1.pdf


Hansen and Sato 2012 find that an average ECS=3.0C (black) 

fits Earth climate (red) going into and out of Ice Ages for the 

past ~million years, i.e. for CO2 ranges from 170-280ppm. 

But, they point out this ECS shouldn’t be used for projections 

in our future since we are quite above this low CO2 range 



We’re now melting through the 

last ice cover of the Arctic Ocean 

• …and the powerful albedo feedback will raise 

temperatures even if CO2 doesn’t rise at all.  

• Prior to recently, that summer ice was thin but still 

white and reflective. It’s crossed the tipping point of 

break up and rapidly revealing a dark blue absorptive 

ocean 

• So not surprisingly - many new studies 

using the latest climate models and Paleo 

data as well, show significantly higher 

ECS will very likely apply for our future…  



 Friedrich et al. (2016)  find climate sensitivity 

ECS increases at higher temperatures 

• They find a much higher ECS = 4.88C (4.29 to 5.44C, 

1 Std Dev range) during the interglacial regimes of 

this period (such as we’re in now), and is as low as 

ECS=1.78C for the deep glacial periods.  

• This indicates strong positive correlation between 

ECS sensitivity and global temperature (next slide) 

• This is not only the most recent and detailed of such 

studies, it is impressive that they find that the average 

over the entire glacial and interglacial past million 

years is ECS=3.22C. This is in excellent agreement 

with Hansen and Sato 2012 and the PALEOSENS 

work.  

 

http://advances.sciencemag.org/content/2/11/e1501923
http://advances.sciencemag.org/content/2/11/e1501923
http://advances.sciencemag.org/content/2/11/e1501923
http://advances.sciencemag.org/content/2/11/e1501923
https://www.skepticalscience.com/hansen-and-sato-2012-climate-sensitivity.html
https://www.skepticalscience.com/hansen-and-sato-2012-climate-sensitivity.html


Friedrich et al. 2016  Fig 3. 

Dots are paleo data: a straight 

slanting trend corresponds to 

ECS constant.  The strong 

upward curvature says higher 

ECS applies at higher 

temperatures. The orange 

band assumes ECS=4.88C 

holds today and for the future. 

 However, the orange future 

slope looks shallower (lower 

ECS) than the orange paleo 

data indicate – meaning, 

we’re entering a new regime 

and can’t rule out an ECS 

even higher than 4.9C, since 

ECS=4.9C was what applied 

during the interglacials of 

the past few million years, 

when atmospheric CO2 

never got above 280ppm – 

yet we’re at 410ppm now. 



Friedrich et al.’s Figure caption 



Do you think this is 

Apocalyptic Alarmism? 

• Lead IPCC author Prof. Michael Mann has studied 

the paper, and concludes the paper is “sound, and 

quite defensible”. 

• Friedrich’s paper shows that on our current 

trajectory, we’re on our way to +6C by 2100. 

• Unless feedbacks are stronger than we think (that’s 

possible), +6C probably won’t happen, since that is 

not survivable and civilization must collapse before 

that point, and widespread death and industrial 

breakdown would mean human direct emissions 

drop significantly before that point. 

https://www.independent.co.uk/news/science/climate-change-game-over-global-warming-climate-sensitivity-seven-degrees-a7407881.html


Will Cloud Feedbacks Amplify 

Warming, or Not? 
• The newer, more advanced GCM’s are generally indicating 

cloud changes will amplify global average temperatures, but 

not after polar ice is largely gone. 

• But EMIC’s (Earth System Models of Intermediate Complexity) 

do not have cloud feedbacks, and it was the LOVCLIM EMIC 

used (with paleo data) by Friedrich et al. showing such 

strongly rising ECS. In fact, after 1000 yrs, most EMIC’s show 

ECS falls, as ice disappears (Pfister and Stocker 2017, 

which also has a good summary of the complexities of ECS at 

the current state of knowledge) 

• Garrett, Glenn, and Krueger (2018)  (ArXiv) find, on 

theoretical grounds supported by data, that tropical clouds will 

show zero feedback to warmer climate.  

• So cloud feedbacks not implicated in  Hotter=>Higher ECS  

 

https://www.geosci-model-dev.net/3/603/2010/gmd-3-603-2010.pdf
http://onlinelibrary.wiley.com/doi/10.1002/2017GL075457/full#grl56545-bib-0004
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2018JD028803
https://arxiv.org/abs/1803.08897v1


Good et al. 2015 Emphasize 

the Non-Linear Response of 

Climate to Forcing 
• …especially in local and regional climate.  

• A simple linear response, (i.e. double the cause = double 

the effect) is, more and more, appearing inadequate to 

characterize the warming climate we face 

• A non-constant ECS is part of this, as paleo data most 

clearly shows, and which climate models are only beginning 

to catch up to. 

• Remember that climate models’ good performance in hind-

casts (Presentation K34) only means that in the early 

stages of climate change, before dramatic loss of polar ice, 

for example, that climate non-linearities are small. That 

looks very unlikely to remain true going forward. 

https://www.nature.com/articles/nclimate2498
https://www.nature.com/articles/nclimate2498
https://www.nature.com/articles/nclimate2498


Does the LOVCLIM Model bias 

ECS to be high going forward? 

• No. Goosse et al. (2010, p. 18) find LOVCLIM, upon 

doubling pre-industrial CO2 but artificially keeping the ice 

sheets constant, gives ECS of only 1.9C after 1000 years. 

• So, it appears it is the ice albedo feedback - very much in 

the real world – is a key amplifier to ECS in LOVCLIM. 

• Remember that for the purposes of Civilization, it is only the 

Fast Feedbacks to climate which should dominate our 

immediate thinking and so, indeed it is the conventional 

definition of ECS (i.e. including only the fast feedbacks), which 

is important for us. It is true that temperature continues to rise 

even after the fast feedbacks reach equilibrium, but ECS might 

eventually retreat backwards after e.g. all ice is gone. 

Obviously for humans, that is far past the time when any 

decision-making can help. 

https://www.geosci-model-dev.net/3/603/2010/gmd-3-603-2010.pdf


Another Reason ECS seemed only to 

be +3C – underestimated COOLING 

effects of pollution-affected Clouds 

• Pollution aerosols in cumulus and mixed 

state clouds is actually nearly twice as 

effective a reflector of sunlight has had 

been thought (Rosenfeld et al. 2019)and 

erratum 

• “…It also shows that the heating effect of 

greenhouse gases is higher than has been 

thought because it has been mitigated by 

the impact of aerosols in clouds.” 

https://www.sciencedaily.com/releases/2019/01/190122104611.htm
https://www.sciencedaily.com/releases/2019/01/190122104611.htm
https://www.sciencedaily.com/releases/2019/01/190122104611.htm
https://science.sciencemag.org/content/364/6446/eaay4194
https://phys.org/tags/clouds/


This Will Be Very Important…   

• …when we look at the effect on future climate 

of eliminating all FF burning, which not only 

reduces CO2 emissions (a climate warmer of 

course), but also all FF-generated aerosols (a 

powerful climate coolant we now realize has 

been underestimated). 

• In other words, the same data looks to be 

consistent with a stronger ECS just as the 

paleo studies I’ll show indicate, but 

confusingly masked today by the more 

effective cooling from aerosol pollution. 



Kohler et al. 2015, using different data and 

methods, similarly, independently find 

stronger ECS at higher CO2 and higher 

temperatures 

• Roughly 45% larger during the interglacial 

warm periods than during the glacial cool 

periods, although they don’t translate their 

numbers into an ECS corresponding to a 

CO2 doubling and so direct comparison is 

difficult. 

• These studies imply that using only the Ice Age 

average ECS=~+3C in climate models would 

substantially underestimate how hot climate will 

evolve in the future.  

http://www.clim-past.net/11/1801/2015/
http://www.clim-past.net/11/1801/2015/
http://www.clim-past.net/11/1801/2015/
http://www.clim-past.net/11/1801/2015/


Shaffer et al. 2016 Agree 

• They studied the PETM (Paleocene-Eocene 

Thermal Maximum), a geologically brief spike (but 

still ~100x slower than today’s rapid rise rate) in 

CO2 and temperatures, using new methods. 

• They find ECS = 4.5C (+-1.1) just before the PETM 

excursion, and  ECS=5.1C (+-1.4) into the PETM 

and conclude ECS rises with increasing 

temperature, even the hotter temperatures already 

existing in the late Paleocene at the beginning of the 

PETM. 

• Note we were in an ice-free state even at the 

beginning of the PETM, yet ECS was already as 

high as 4.5C. 

http://onlinelibrary.wiley.com/doi/10.1002/2016GL069243/abstract;jsessionid=2F552A5AE949B074D77DDBB21CD0EB9E.f04t04
http://onlinelibrary.wiley.com/doi/10.1002/2016GL069243/abstract;jsessionid=2F552A5AE949B074D77DDBB21CD0EB9E.f04t04
http://onlinelibrary.wiley.com/doi/10.1002/2016GL069243/abstract;jsessionid=2F552A5AE949B074D77DDBB21CD0EB9E.f04t04


Different studies, different methods, but within each study 

(e.g. Caballero, etc) the trend is higher ECS at hotter climate  

von der Heydt et al. 2016 - here as “Sensitivity” S vs. deltaT 

(see Pfister and Stocker 2017 for the ECS connection) 

http://download.springer.com/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl=http://link.springer.com/article/10.1007/s40641-016-0049-3&token2=exp=1486112379~acl=/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl%3Dhttp://link.springer.com/article/10.1007/s40641-016-0049-3*~hmac=329f1f608a285c921b7132a35b659441108003e76ffb66ada4c0ff16fc0ed876
http://download.springer.com/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl=http://link.springer.com/article/10.1007/s40641-016-0049-3&token2=exp=1486112379~acl=/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl%3Dhttp://link.springer.com/article/10.1007/s40641-016-0049-3*~hmac=329f1f608a285c921b7132a35b659441108003e76ffb66ada4c0ff16fc0ed876
http://download.springer.com/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl=http://link.springer.com/article/10.1007/s40641-016-0049-3&token2=exp=1486112379~acl=/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl%3Dhttp://link.springer.com/article/10.1007/s40641-016-0049-3*~hmac=329f1f608a285c921b7132a35b659441108003e76ffb66ada4c0ff16fc0ed876
http://download.springer.com/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl=http://link.springer.com/article/10.1007/s40641-016-0049-3&token2=exp=1486112379~acl=/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl%3Dhttp://link.springer.com/article/10.1007/s40641-016-0049-3*~hmac=329f1f608a285c921b7132a35b659441108003e76ffb66ada4c0ff16fc0ed876
http://download.springer.com/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl=http://link.springer.com/article/10.1007/s40641-016-0049-3&token2=exp=1486112379~acl=/static/pdf/124/art:10.1007/s40641-016-0049-3.pdf?originUrl%3Dhttp://link.springer.com/article/10.1007/s40641-016-0049-3*~hmac=329f1f608a285c921b7132a35b659441108003e76ffb66ada4c0ff16fc0ed876
http://onlinelibrary.wiley.com/doi/10.1002/2017GL075457/pdf


Note the IPCC AR5 “Official” 

Range for ECS is too low 
• As we’ll describe in the “K44 – Policy” 

Presentation, the IPCC process requiring 

100% agreement on their AR publications, 

even from the political representatives, 

biases “towards least drama”, and this is 

clearly reflected in ECS, which falls below 

the values indicated by all of these studies  

during the warm periods (upper points of 

the trend lines). 



There is some hope the next 

IPCC AR6 will finally recognize 

this higher ECS science 

• The CMIP6 models are showing increased ECS, 

and the latest and most advanced of the GFDL 

(Geophysics Fluid Dynamics Lab at Princeton) 

climate models is very consistent with Friedrich et 

al.’s ECS=4.88C for past interglacial CO2 of ~280 

ppm, yet today’s 415 ppm. 

• Michael Winton, lead GFDL model designer: 

“Right now”, he says, “the model’s equilibrium 

sensitivity looks to be 5°C” from this 2019 AAAS 

article. 

https://cmip6workshop19.sciencesconf.org/data/CMIP6_CMIP6AnalysisWorkshop_Barcelona_190325_FINAL.pdf
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge


“Modelers are struggling to identify 

which of their refinements explain 

this heightened sensitivity… 

• …before the next assessment from the 

United Nations’s Intergovernmental Panel 

on Climate Change (IPCC). But the trend 

‘is definitely real. There’s no question,’ 

says Reto Knutti, a climate scientist at 

ETH Zurich in Switzerland”.  



“The planet is already warming 

faster than humans can cope with” 

– NCAR’s Andrew Gettleman 

• “The scary part is these models might be right, because that 

would be pretty devastating.” 

• I can suggest two places to look for causes of increased 

ECS: (1) We’ve found the ocean is absorbing more heat than 

we thought, and (2) pollution aerosols are making clouds 

significantly more reflective of sunlight than we’d thought, as 

we linked earlier (Rosenfeld et al. 2019) and erratum 

• Indeed, NCAR’s latest models with improved aerosols but 

using a too-low ECS found that the aerosol effect nearly 

cancelled out all 20th century global warming(!). 

Obviously, the 20th century DID warm, and to account for that 

then seems to require higher ECS. 

 

 

https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge
https://www.sciencedaily.com/releases/2019/01/190122104611.htm
https://www.sciencedaily.com/releases/2019/01/190122104611.htm
https://www.sciencedaily.com/releases/2019/01/190122104611.htm
https://science.sciencemag.org/content/364/6446/eaay4194
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge
https://www.sciencemag.org/news/2019/04/new-climate-models-predict-warming-surge


Earth is Not in Radiative Equilibrium 

• We are forcing it to higher temperatures by continually 
increasing the atmosphere’s “R value” by adding CO2 and 
raising humidity. If we merely STOP forcing the resistivity 
higher, the surface will still not be in equilibrium. 

• It will take a century or more until the atmosphere and 
land/ocean surface is hot enough to again be radiating as 
much heat as we get from the sun. During that time, we are 
doomed to further heating. That heating can be either rapid, or 
slow, depending on our actions – but warming will continue. 

• The Earth is able to continuously radiate fully 0.58 
watts/m2  less than it receives from the sun, averaged 
over the entire Earth. Imagine every person on Earth has 
44 arms and hands, and in each hand is a 1000 watt hair 
dryer, and they run that hair dryer 24x7x365, 
continuously. And now, a new 2018 study says this is 
higher: 0.83 watts/m2  

• That’s the rate at which heat is being added to Earth 
because of this radiative imbalance. 

 



Climate Forcing and Equilibrium 

• Think of a glass of cold 40F water being placed in a 
sauna room. 

• The water takes time to warm up to the 105F 
temperature of the sauna. The heat diffuses into the 
water because there is “climate forcing” being 
applied to it from the hotter air around it. 

• Its temperature continues to rise until, a couple of 
hours later, the water in the glass has reached a 
temperature of 105F, and then there is radiative 
equilibrium: and so there is as much heat flow 
leaving the water as there is heat flow into the 
water.  Only then does the water temperature stop 
rising. That’s our situation. 

• Meanwhile, temperature extremes will become the 
norm (17 sec YouTube of Gaussian temp 
distribution shifting hotter). 

https://www.youtube.com/watch?v=yGJNqCfCI1U


Under “Business as Usual” till 2100, the Friedrich et al. (2016 

Figure 4) paleo study (blue) gives temperatures +6C above 

pre-industrial, and rising. This would be cataclysmic… and 

therefore impossible: such energy consumption rates could 

not continue in the resulting collapse of civilization 



3. The Irreversibility of 

Climate Change: 

Permanently Higher 

Temperatures 

 



• For climate to stabilize, anthropogenic carbon 
emissions must be reduced to zero, and then well 
below zero. Until then, temperatures continue to rise 
(Matthews and Caldiera 2006) 

• And because of the large thermal capacitance and 
inertia of the oceans, the time scale for final planet-
wide equilibrium to come back down to temperatures 
of just a few decades ago, is tens of 
thousands of years (next slides). 
 

• For all of human civilization history, Nature has 
been helping offset our small (until now) heating 
effects by Milankovitch cooling… (remember 
Milankovich? The effect of summer melting of 
winter’s ice at the Arctic Circle, preventing Ice 
Ages, ruled by oscillations in Earth’s tilt, orbit, 
and orientation). 

http://onlinelibrary.wiley.com/doi/10.1029/2007GL032388/full


Milankovich Cycle: in Cooling Phase During 

all of Human Civilization… But Is Now Ending 



Let’s now look at earlier climate 

model predictions of future 

temperatures from studies 

published earlier in the past 

decade – studies which had 

assumed that ECS was not state-

dependent and was only +2C to 

+3C.  

 

They are still sobering… 
 



 CO2-Induced Climate Change is Irreversible 

for Thousands of Years 

• Solomon et al. 2009 , Port et al. 2012 and others, show that CO2 added 
to the atmosphere is only very slowly soaked up by the oceans and land, 
and ocean’s thermal mass and inertia (700x the thermal mass of our 
atmosphere) mean that climate change is irreversible on any human 
time scales.  

• Newest study says tens of thousands of years before climate could 
return to pre-industrial conditions, this is long past when 
Milankovich forcing will produce warming for astronomical reasons. 

• It is probably worse… Solomon et al. uses IPCC AR4 2007 climate 
models as starting points. These are, as we know now, overly optimistic. 
They also do not include permafrost and peat release of methane, or 
continental glacier acceleration due to meltwater at the base, nor 
iceberg travel south out of the Arctic Ocean. Nor inhibition of 
warmer, fresher water near the melting poles to penetrate the 
thermocline and thus taking its heat further north, nor albedo 
changes to polar ice, and other effects  

• One caveat – in an interview, Solomon acknowledged that if somehow 
CO2 could be pulled OUT of the atmosphere on a grand scale, this 
would be a solution, if it were done soon enough, massively enough, 
before too much CO2 diffused into the oceans. 

• Figures from Solomon et al. 2009 on the next page… 

http://www.pnas.org/content/106/6/1704.full.pdf+html
http://www.pnas.org/content/106/6/1704.full.pdf+html
http://www.pnas.org/content/106/6/1704.full.pdf+html
http://www.pnas.org/content/106/6/1704.full.pdf+html
http://www.pnas.org/content/106/6/1704.full.pdf+html
http://www.earth-syst-dynam.net/3/233/2012/esd-3-233-2012.pdf
http://www.earth-syst-dynam.net/3/233/2012/esd-3-233-2012.pdf
http://www.earth-syst-dynam.net/3/233/2012/esd-3-233-2012.pdf
http://www.earth-syst-dynam.net/3/233/2012/esd-3-233-2012.pdf


From Solomon et al. 2009. Atmospheric CO2 – Next 1,000 years. Assumed 

“business as usual” then instant 100% end of CO2 emissions. CO2 only slowly 

declines over the next ~200 yrs, then levels out. (These post-emission declines 

however do not include the now better-understood destruction of soil microbes 

and the inability of plants now in existence to handle such massive climate 

change and sequester carbon, and are looking too optimistic). . 

 



Why Don’t CO2 Levels Fall 

Faster when Emissions Stop?  

 

• Because on a warmer planet… 

• 1. CO2 does not absorb well into a hotter ocean – a 
hotter ocean can hold less dissolved CO2 

• 2. The sheer time scale of mixing CO2 into the ocean. 
Complete ocean mixing takes ~1,000 years. 

• 3. Thermal inertia of the oceans. Remember, we saw 
that 93% of the heat of global warming has gone   
into the oceans. That heat won’t go away, it’s still there, 
and being added to every day.  

• Marine plants and animals are much less able to convert 
dissolved CO2 to CaCO3 under rising acidity 

 

 



93% of our Greenhouse heating has gone into the 

oceans, where it will reside for thousands of years. 

 



Therefore, temperatures don’t fall. From Matthews and Weaver (2010) with 

explanation here. With better biology included, show that even with ZERO GHG 

emissions, temperatures at best remain constant. (except with the BERN2.5CC 

model, which includes substantial human-induced atmospheric CO2 removal) 

http://www.realclimate.org/index.php/archives/2010/03/climate-change-commitments/
http://www.realclimate.org/index.php/archives/2010/03/climate-change-commitments/


Conclusions from Solomon et al. 2009 
• “Anthropogenic Global Warming is irreversible for 

more than ~1,000 years after emissions stop.  

• “Following cessation of emissions, removal of 
atmospheric carbon dioxide decreases radiative 
forcing, but is largely compensated by slower loss 
of heat to the ocean, so that atmospheric 
temperatures do not drop significantly, even out 
1,000 years into the future” (after which they 
stopped calculating.)  

• “If atmospheric carbon dioxide concentrations 
increase from current levels near 385 ppmv to a 
peak of 450–600 ppmv over the coming century, 
leads to irreversible dry-season rainfall reductions 
in many regions (including western U.S.) 
comparable to those of the ‘’dust bowl’’ era, and 
inexorable sea level rise.”  

• (Solomon’s work is now 9 years old. CO2 today is 410 ppm – 2018) 



But Won’t CO2 “Fertilization” Sequester 

More Carbon, Looking on the Bright Side? 

• Port et al. (2012) model effects on vegetation from 
predicted CO2 rises. Plants use CO2 for the carbon. 

• They find fertilization due to rising CO2 causes boreal 
forests to spread north, deserts to slightly shrink but move 
poleward.  

• But including the rise in carbon sequestered by CO2-
fertilized plants, the resulting reduction in greenhouse 
warming is found to be only 0.22 C 

• 0.22C drop, however, is only a tiny dent in the net ~4 to 6 C 
rise in the global temperatures they consider 

• And studies in 2013 say this is probably too optimistic, since 
it fails to include the effect of heating and drying on the soil 
microbes which fix nitrogen so that it is available to plants… 
Most plants are NITROGEN-LIMITED, not carbon-limited 

• It also fails to account for the rapidly rising boreal and 
temperate forest fires as droughts spread. Burning forests 
convert sequestered carbon into atmospheric carbon 

http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf


From Port et al. 2012. Again CO2 drops 

(top), but not temperatures (bottom left) 

 

http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1569999:4/component/escidoc:1611320/esd-3-233-2012.pdf


But what if the newer work of Friedrich et al. 

2016, Kohler et al. 2016 and Hansen et al. 

2016, and the others, indicating a higher 

ECS, are correct? 

• This would be a profoundly important and 

dangerous situation with far-reaching 

consequences: Carbon emissions become 

unstoppable even if all human-generated carbon 

emissions cease (MacDougal et al. 2012) 

• They find that for ECS higher than 3.0C, the 

Permafrost Carbon Feedback is initiated and the 

tipping point already crossed. More on this later… 

 

http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html


4. Dropping Oxygen Levels 

• … in the ocean and in the atmosphere. We’re already seeing 

this, and expect it to continue. 

• Oxygen loss in warming oceans will hinder carbon fixation by 

phytoplankton. 

• Favors the takeover by jellies, which need little oxygen, and 

dis-favors fish, which are high-energy oxygen-breathing 

animals. 

• This article from the American Geophysical Union says 

widespread oxygen loss in the ocean will be obvious by 

2030. 

• Due to solubility physics, dissolved oxygen in the ocean 

drops by 2% for each 1 C temperature rise 

 

http://agupubs.onlinelibrary.wiley.com/hub/article/10.1002/2015GB005310/editor-highlight/
http://www.scientificamerican.com/article/ocean-s-oxygen-starts-running-low/


Oxygen saturation, in salt and fresh water, drops 

with increasing temperature. This is pure physics, 

and is on top of the declining oxygen production 

due to stressed phytoplankton and carbon burning 



But in fact - ocean oxygen levels are 

dropping 2-3x faster than this, and 

faster than our models predicted 

• “Depletion of dissolved oxygen in our oceans, which can 

cause dead zones, is occurring much faster than expected, a 

new study finds. And by combining oxygen loss with ever-

worsening ocean warming and acidification, humans are re-

creating the conditions that led to the worst-ever extinction, 

which killed over 90 percent of marine life 252 million 

years ago.” (Scientific American May 2017)” 

• “2015 study found there is no techno-fix to prevent a 

catastrophic collapse of ocean life for centuries, if not 

millennia, if we continue current CO2 emissions trends 

through 2050. If we don’t start slashing carbon pollution, 

then, as co-author John Schellenhuber put it, ‘we will not be 

able to preserve ocean life as we know it.’” 

 

http://www.ed.ac.uk/news/2015/acidoceans-090415
https://thinkprogress.org/oxygen-levels-falling-2-to-3-times-faster-than-predicted-in-our-warming-oceans-7c1e9b48cd42
https://thinkprogress.org/ex-machina-no-techno-fix-for-irreversible-ocean-collapse-from-carbon-pollution-7e7707b65aa


5. Future Sea Level Rise 

 



This graph considers thermal expansion of ocean water only, 

corresponding to the CO2 emission scenarios shown earlier. 

But temperatures held this high for this long will cause much 

of continental  land ice to melt, increasing sea level several 

times more than shown here 



The Rate of Sea level Rise Itself continues to 

Accelerate as Land Ice Melting Accelerates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 Observed rate of sea-level rise (red) compared with reconstructed sea level 
calculated from global temperature (dark blue with light blue uncertainty 
range). Grey line is reconstructed sea level from an earlier, simpler 
relationship between sea level and temperature (Vermeer 2009)  

http://www.pnas.org/content/early/2009/12/04/0907765106.full.pdf


A study by Levermann et al. 2013 

finds sea level rise is roughly linear 

with final temperature rise 

• Combines paleo data with climate models to find 

that we’re committed to 2.3 meters of sea level rise 

for every +1C of temperature rise.  

• Since +2C is inevitable as of 2016, that’s 4.6m = 15 

ft of sea level rise we’re committed to. 

• However, this study used only highly simplified ice 

dynamics models. But newer data from more 

comprehensive paleo studies (Foster & Rohling 

2013 ), in following slides, indicates much stronger 

sea level rise 

https://www2.bc.edu/jeremy-shakun/Levermann et al., 2013, PNAS.pdf
https://www2.bc.edu/jeremy-shakun/Levermann et al., 2013, PNAS.pdf
https://www2.bc.edu/jeremy-shakun/Levermann et al., 2013, PNAS.pdf
https://www2.bc.edu/jeremy-shakun/Levermann et al., 2013, PNAS.pdf
http://www.pnas.org/content/110/4/1209.abstract
http://www.pnas.org/content/110/4/1209.abstract
http://www.pnas.org/content/110/4/1209.abstract
http://www.pnas.org/content/110/4/1209.abstract
http://www.pnas.org/content/110/4/1209.abstract


Neither the IPCC AR5 (2013) nor AR4 modelling of glaciers included melt water on 

lubricating the glacier/base  interface. When real-world data is used to estimate this 

effect… sea level rise is much worse, and clearly is still accelerating in year 2100 (Vermeer 

and  Rahmstorff  2009). And  (2013). New amplifying feedbacks (ice albedo drop, Antarctic 

breakup) show that even the graph below is also too optimistic. IPCC scientists 

themselves recognize how understated the IPCC AR4 projections are, yet they still find 

their way into media that wants to put a complacent and happier face on the future 

 

http://www.pnas.org/content/early/2009/12/04/0907765106.full.pdf
http://www.pnas.org/content/early/2009/12/04/0907765106.full.pdf
http://www.pnas.org/content/early/2009/12/04/0907765106.full.pdf
http://www.pnas.org/content/early/2009/12/04/0907765106.full.pdf
http://www.pnas.org/content/early/2009/12/04/0907765106.full.pdf
http://www.realclimate.org/index.php/archives/2013/01/sea-level-rise-where-we-stand-at-the-start-of-2013/
http://www.realclimate.org/index.php/archives/2013/01/sea-level-rise-where-we-stand-at-the-start-of-2013/
http://www.realclimate.org/index.php/archives/2013/01/sea-level-rise-where-we-stand-at-the-start-of-2013/
http://www.realclimate.org/index.php/archives/2013/01/sea-level-rise-where-we-stand-at-the-start-of-2013/


These SERDP and NRC Projections for California are 

Worse. Scale is Meters of Sea Level Rise 

 

http://www.serdp.org/Featured-Initiatives/Climate-Change-and-Impacts-of-Sea-Level-Rise


Eventually, from Raymo et al. 2012 

• (from the paper’s Abstract) - “… observations of 
Pleistocene shoreline features on the tectonically 
stable islands of Bermuda and the Bahamas have 
suggested that sea level about 400,000 years ago was 
more than 20 meters higher than it is today. 
Geochronologic and geomorphic evidence indicates 
that these features formed during interglacial marine 
isotope stage (MIS) 11, an unusually long interval of 
warmth during the Ice Ages (similar to today’s temps)  

• “Here we show that the elevations of these features 
are corrected downwards by 10 meters when we 
account for post-glacial crustal subsidence of these 
sites over the course of the anomalously long 
interglacial. On the basis of this correction, we 
estimate that eustatic sea level rose to 6–13m above 
the present-day value in the second half of MIS 11. 

 

http://www.nature.com/nature/journal/v483/n7390/abs/nature10891.html
http://www.nature.com/nature/journal/v483/n7390/abs/nature10891.html
http://www.nature.com/nature/journal/v483/n7390/abs/nature10891.html
http://www.nature.com/nature/journal/v483/n7390/abs/nature10891.html
http://www.nature.com/nature/journal/v483/n7390/abs/nature10891.html


That’s 20-40 feet of sea level rise 

• This suggests that both the Greenland Ice Sheet and the 
West Antarctic Ice Sheet  (WAIS) collapsed during the 
protracted warm period  while changes in the volume of 
the East Antarctic Ice Sheet were relatively minor, thereby 
resolving the long-standing controversy over the stability 
of the East Antarctic Ice Sheet during MIS 11.” 

• (new in 2014 – confirmation that WAIS is now 
already in irreversible collapse) 

• Given the permanence of the climate 
change we are causing, it is likely that a 
similar collapse of the Greenland and East 
Antarctic ice sheets is also in our future, 
even with gradual conversion to renewable 
energy sources. 

 



Raymo et al. find even today’s temperatures 

lead, longer term, to large sea level rise 

• During interglacial period MIS 11, oxygen-18 temperature 
proxy data shows global temperatures were ~identical to 
today’s (source; p 457).  

• Therefore: allowing temperatures to remain at today’s 
levels may lead to not just the loss of all permanent Arctic 
Ocean sea ice (a process which is now at most only a few 
years to a decade or two away) but to the melting of all of 
the northern hemisphere polar ice, thence to the large sea 
level rises seen by Raymo et al. in MIS 11.  

• But as we saw, even halting ALL carbon emissions on 
Earth, still will not lead to temperature reductions.  

• Pause and let that sink in. 

• Here’s another source on future sea level rise… 

 

http://books.google.com/books?id=c0_SV9I_57IC&pg=PA457&lpg=PA457&dq=mis+11+temperature+proxy&source=bl&ots=IuuyfnZzb9&sig=r6FZvK8asfkloO_y3OILY8izVGU&hl=en&sa=X&ei=a9MCUuekE8n9iwK5jYCwCw&ved=0CD8Q6AEwAg#v=onepage&q=mis%2011%20temperature%20proxy&f=true


This video packs a lot of ice-sheet/ 

sea level rise science into 6 minutes 

• Well worth watching, part of the Yale Climate Series 

• Still, it’s ancient history: done in 2013 

• Since then, we’ve had more than 5 years of steeply 

rising global temperatures (by fully +0.4C above 

their level in 2013) and the confirmation of the 

irreversible loss of the West Antarctic Ice Sheet 

• And, of course, more political foot-dragging and 

finger-pointing, and economic growth accelerating 

our CO2 emissions now above 410 ppm 

 

https://www.youtube.com/watch?v=RaD3ax2j3Ks#t=240


Milankovitch insolation (middle graph) predicts stable Northern Hemisphere (NH) 

ice volume (dotted) if we rapidly return to pre-industrial 280 ppm CO2. But if 

instead we continue raising CO2 to ~double present values, all NH ice disappears  

(dashed curve bottom graph) until Milankovitch cooling begins again about 20,000 

years from now. source, p. 459 

 

http://books.google.com/books?id=c0_SV9I_57IC&pg=PA457&lpg=PA457&dq=mis+11+temperature+proxy&source=bl&ots=IuuyfnZzb9&sig=r6FZvK8asfkloO_y3OILY8izVGU&hl=en&sa=X&ei=a9MCUuekE8n9iwK5jYCwCw&ved=0CD8Q6AEwAg#v=onepage&q=mis%2011%20temperature%20proxy&f=true


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     In 2012 for the first time on record, Greenland had surface melting across its 
entire surface, even the coldest, highest altitude inland locations. Partially 
melted ice is less reflective, inducing further melting. Increasing wildfires are 
adding dark soot and ash to surface snow as well, especially in 2012. See 
Box et al. 2012 for the declining albedo of the Greenland ice cap. If/when 
Greenland melts entirely, it will contribute 23 feet to global sea level. 
 

http://www.greenlandmelting.com/uploads/1/3/0/5/13056389/box_et_al_2012_albedo_feedback.pdf
http://www.greenlandmelting.com/uploads/1/3/0/5/13056389/box_et_al_2012_albedo_feedback.pdf
http://www.greenlandmelting.com/uploads/1/3/0/5/13056389/box_et_al_2012_albedo_feedback.pdf
http://www.greenlandmelting.com/uploads/1/3/0/5/13056389/box_et_al_2012_albedo_feedback.pdf


Later studies show sea level rise will 

actually be far worse 

• Raymo et al. studied just one location - the 
Bahamas - to get these sobering 20-40 ft sea 
level rise levels.  

• A year later, Foster and Rohling (2013) published 
a work consolidating evidence from the past ~40 
million years at many locations to determine sea 
level rise at thermal equilibrium (when climate has 
finally stabilized at a given new CO2 level) for 
various CO2 levels 

• They find that at CO2 of 400 ppm (10ppm lower 
than today’s level), sea level will rise at least 9m 
and most likely ~24m above present levels, due 
to complete melting of Greenland, and the West 
Antarctic Ice Sheet (WAIS), and part of the 
remainder of Antarctica as well. 24m is 80 feet. 

http://www.highstand.org/erohling/Rohling-papers/2013-Foster-PNAS-with-Supplement.pdf
http://www.highstand.org/erohling/Rohling-papers/2013-Foster-PNAS-with-Supplement.pdf
http://www.highstand.org/erohling/Rohling-papers/2013-Foster-PNAS-with-Supplement.pdf
http://www.highstand.org/erohling/Rohling-papers/2013-Foster-PNAS-with-Supplement.pdf


80 feet of sea level rise will 

submerge Earth’s greatest cities 

• …and millions of square miles of continental 
area, including the prime farmland in delta 
regions worldwide (and California).  
Geology.com shows how such rising sea levels 
flood key areas, including Santa Cruz County. 

• Delaware was the first state to join the United 
States, and it will be the first to disappear 
underwater (bits of Florida will still remain when 
Delaware finally is gone). First in / First out. 
FIFO. That’s the accounting method of Nature 
for you. 

• How will this affect our ability to feed 
ourselves? 

http://geology.com/sea-level-rise/san-francisco.shtml


Foster & Rohling 2013 - Paleo Climate shows that 400 ppm CO2 leads to 

final sea level rise of ~24m (80 ft) above today’s, and conclude “Our 

results imply that to avoid significantly elevated sea level in the long 

term, atmospheric CO2 should be reduced to levels similar to those of 

pre-industrial times.”  (That’s 280 ppm, vs. today’s 410 ppm). 350.org’s 

goal of reduction to 350ppm is NOT NEAR ENOUGH. 

  

http://www.pnas.org/content/110/4/1209.abstract
http://www.pnas.org/content/110/4/1209.abstract
http://www.pnas.org/content/110/4/1209.abstract
http://www.pnas.org/content/110/4/1209.abstract


6. Collapse of the 

Cryosphere:  

Ice Sheet Instability  

 



As of 2014: Collapse of the West 

Antarctic Ice Sheet (WAIS) Has Begun 

• NY Times Article  on new published research paper. 

• Warmer waters underneath the ice shelves at the terminus 

of the West Antarctic glaciers has eaten away at the 

bottom of the ice mass, disconnecting the grounding line 

and begun the collapse of the ice sheet.  

• It is now described as “unstoppable”. Thomas Wagner, 

director of NASA’s Polar Ice Sheets program: “There’s 

nothing that can stop it now”.  

• While most of the cause is the warmer waters surrounding 

Antarctica due to greenhouse warming, it is also being 

exacerbated by geothermal heating. A tectonic spreading 

zone underlies parts of West Antarctica (but no evidence 

this geothermal heating has been anything but constant 

over recent geologic time – Schroeder et al. 2014) 

http://www.nytimes.com/2014/05/13/science/earth/collapse-of-parts-of-west-antarctica-ice-sheet-has-begun-scientists-say.html?_r=1
http://news.utexas.edu/2014/06/10/antarctic-glacier-melting
http://news.utexas.edu/2014/06/10/antarctic-glacier-melting
http://news.utexas.edu/2014/06/10/antarctic-glacier-melting




The West Antarctic Ice Sheet (WAIS) sits 

in a shallow ocean basin 

• The West Antarctic Ice Sheet is grounded in a shallow 

ocean basin, which it fills. If that ice melts enough to pull 

the bottom of the ice off the sea floor ridges, it is no longer 

anchored, can no longer resist being pushed by the 

attached landed glacial ice sheets experiencing gravity, 

and they accelerate and slide into the warmer ocean. 

• This is now the process we see happening with these new 

papers just published  (Rignot et al. 2014) 

• This process was predicted back in 1978 by glaciologist 

John Mercer 

• From this alone, global sea level rise will almost certainly 

go up  ~5m going forward, the timing depends on our 

actions. And more in the Northern Hemisphere, due to 

gravity effects. 

 

 

http://news.sciencemag.org/climate/2014/05/west-antarctic-ice-sheet-collapsing
http://news.sciencemag.org/climate/2014/05/west-antarctic-ice-sheet-collapsing
http://news.sciencemag.org/climate/2014/05/west-antarctic-ice-sheet-collapsing
A7-future/mercer-antarctic-ice-790108.pdf
A7-future/mercer-antarctic-ice-790108.pdf


New in 2017: West Antarctic Collapse 

Much Faster than Old Climate Models 

• Glaciologists had puzzled over why their climate 

models failed to hind-cast the strong sea level rise 

during the Pliocene, at temperatures very similar to 

today. 

• The new work on West Antarctica, and the discovery 

by Richard Alley that marine-terminating glaciers 

cannot support cliffs higher than 300 ft without 

collapse, help resolve this. 

• They now predict the West Antarctic collapse could 

happen over decades, not centuries, and predict 6+ ft 

of global sea level rise (more, in the U.S.) by 2100 on 

our current path (for the layman, here) 

http://www.rollingstone.com/politics/features/the-doomsday-glacier-w481260


Antarctic ice sheets elevation profile: 

Note WAIS sits on a shallow ocean basin, 

grounded until now by the ridge lines 

under the Ross Ice Shelf 





Satellite photo: Breakup of the West Antarctic Ice 

Sheet Has Begun (reported May ‘14). Thwaites 

Glacier Terminus is below 



The 

gravitational 

attraction of 

the oceans 

towards 

Antarctic Ice 

will lessen as 

it melts, 

disperses, 

preferentially 

raising sea 

levels in the 

NORTHERN 

hemisphere. 

Worst hit is 

North America 



Bars show how 

many meters of 

global sea level 

rise from different 

sources. Those ice 

sources in orange 

were already 

doomed as of this 

2014 graph.  



New Study: Greenland/Antarctic 

Tipping Point is here  
• Pattyn et al. (2018) and discussed here 

finds that the tipping points for both the 

Antarctic (mostly West Antarctic) and 

Greenland ice sheets is between +1.5C 

and +2C. 

• These temperatures are unavoidable at 

this point. 

• Power consumption enabling 

cryptocurrency Bitcoin alone may take us 

past +2C (Mora et al. 2018) 

https://www.nature.com/articles/s41558-018-0305-8
https://phys.org/news/2018-11-modest-irreversible-ice-sheet-loss.html
https://www.nature.com/articles/s41558-018-0321-8.epdf?shared_access_token=Zi7gUSf9e0qxwaPjvd1hLdRgN0jAjWel9jnR3ZoTv0N_BlBOQJDHfvssdGkz36RFAvA5CPzAHaKeAP7r2D_PS_6H6mACX2Veyl-KvAmoWdtq5pzUrush4Xsev7eJbM_vlQVrxz8KxnAwa0Dly9HfJcbtLBBoKRo3a6JBDk0Nv6I%3D
https://www.nature.com/articles/s41558-018-0321-8.epdf?shared_access_token=Zi7gUSf9e0qxwaPjvd1hLdRgN0jAjWel9jnR3ZoTv0N_BlBOQJDHfvssdGkz36RFAvA5CPzAHaKeAP7r2D_PS_6H6mACX2Veyl-KvAmoWdtq5pzUrush4Xsev7eJbM_vlQVrxz8KxnAwa0Dly9HfJcbtLBBoKRo3a6JBDk0Nv6I%3D
https://www.nature.com/articles/s41558-018-0321-8.epdf?shared_access_token=Zi7gUSf9e0qxwaPjvd1hLdRgN0jAjWel9jnR3ZoTv0N_BlBOQJDHfvssdGkz36RFAvA5CPzAHaKeAP7r2D_PS_6H6mACX2Veyl-KvAmoWdtq5pzUrush4Xsev7eJbM_vlQVrxz8KxnAwa0Dly9HfJcbtLBBoKRo3a6JBDk0Nv6I%3D


UN Political Pressure on the 

IPCC Scientists Led To… 

• …creating ice melt scenarios that most 

scientists argue are both unrealistic and 

now, futile (2018)… 
• “Many models of the 1.5-2C scenario allow for this threshold 

to be breached in the short term, potentially heating the 

planet several degrees higher, before using carbon capture 

and other technologies to bring temperatures back into line 

by 2100.”  

• “The study warned against this approach, however, saying 

that a feedback loop set off by higher temperatures would 

‘lead to self-sustained melting of the entire ice sheet’ 

even if those rises were later offset.” 

 

 

https://phys.org/news/2018-11-modest-irreversible-ice-sheet-loss.html


Realty Information Company Zillow 

Calculated U.S. Home Value Losses 

for merely a 6 ft Sea Level Rise 

• They find it would total a thousand Billion 

dollars. That’s $1 Trillion, for a mere 6 ft sea 

level rise.  

• That only includes home values, not the larger 

infrastructure losses, loss of life (these floodings 

will happen during storms at first, before settling 

into permanence) and all the rest which go with 

this. 

• And that’s only for the U.S. For the world, 

obviously far higher. 

http://www.bloomberg.com/news/articles/2016-08-02/rising-sea-levels-could-cost-u-s-homeowners-close-to-1-trillion


 7. Ocean Acidification 

 



How CO2 alters the 

Acid/alkaline Ocean Balance 
• Higher CO2 pressure in the atmosphere 

diffuses into the ocean. 

• CO2 plus H2O gives carbonic acid H2CO3 

• This alters the carbonate balance, 

crippling the ability of sea life to make their 

exoskeletons of calcium carbonate 

• The aragonite form of calcium carbonate 

is especially sensitive – the basis for much 

phytoplankton, corals, and most (but not 

all) sea life calcium carbonate 



21st Century Ocean Acidification 

• Even using the overly conservative 2007 IPCC AR4 
scenarios, by the year 2050 the oceans will be too acidic 
for the survival of coral reefs, and they will disappear  

• Coral reefs to dissolve when CO2 doubles from pre-industrial 
levels (Silverman et al. 2009). It’s already begun. 

• At higher levels, the key parts of the entire food web of the 
ocean is endangered, as many species of microbes, plants, 
and animals use aragonite calcium carbonate exoskeletons 
which dissolve in too-acidic oceans 

• Shellfish reproductive failures due to acidification have 
already arrived. 

• Loss of calcareous marine life also means significantly 
reduced ability to convert CO2 into CaCO3 and remove it 
from the biosphere for geologic time scales. 

• Already, primary productivity in the oceans has dropped  
significantly over the past century (Boyce et al. 2014) 

 

http://dge.stanford.edu/labs/caldeiralab/Caldeira_research/Silverman_Lazar.html
http://dge.stanford.edu/labs/caldeiralab/Caldeira_research/Silverman_Lazar.html
http://dge.stanford.edu/labs/caldeiralab/Caldeira_research/Silverman_Lazar.html
http://dge.stanford.edu/labs/caldeiralab/Caldeira_research/Silverman_Lazar.html
http://dge.stanford.edu/labs/caldeiralab/Caldeira_research/Silverman_Lazar.html
http://dge.stanford.edu/labs/caldeiralab/Caldeira_research/Silverman_Lazar.html
http://www.terrain.org/articles/21/burns.htm
http://www.terrain.org/articles/21/burns.htm
http://www.terrain.org/articles/21/burns.htm
http://e360.yale.edu/feature/massive_oyster_die-offs_show_ocean_acidification_has_arrived/2466/
http://e360.yale.edu/feature/massive_oyster_die-offs_show_ocean_acidification_has_arrived/2466/
http://wormlab.biology.dal.ca/publication/view/boyce-etal-2014-estimating-global-chlorophyll-changes-over-the-past-century/


In May, 2014 News… 

• Ocean acidification is now discovered to be eating 

away the shells of pterapods off the U.S. West 

Coast. These form the base of the ocean food chain 

• We’d hoped this might not start till decades later, 

but… 

• “The process has already begun” Below is a 

pterapod placed in water at ocean pH predicted for 

2100. 

 

 

http://www.noaanews.noaa.gov/stories2014/20140430_oceanacidification.html
http://www.noaanews.noaa.gov/stories2014/20140430_oceanacidification.html


Coral Reefs are Dying. The Great Barrier 

Reef: 90% has been bleached, 35% of the 

central and northern reef is dead, as of 

mid 2016. See “Chasing Coral” on Netflix 

  

http://www.abc.net.au/news/2016-05-30/coral-bleaching-kills-35pc-areas-of-great-barrier-reef/7457156
http://www.abc.net.au/news/2016-05-30/coral-bleaching-kills-35pc-areas-of-great-barrier-reef/7457156
http://www.abc.net.au/news/2016-05-30/coral-bleaching-kills-35pc-areas-of-great-barrier-reef/7457156
http://www.abc.net.au/news/2016-05-30/coral-bleaching-kills-35pc-areas-of-great-barrier-reef/7457156
http://www.chasingcoral.com/


As ocean phytoplankton and 

other aragonite species 

perish… 
• …in hot, acidifying oceans, they will not be able 

to chemically convert dissolved CO2 into stable 
calcium carbonate, and on land - soil microbes 
will suffer in the droughts and heat waves to 
come, crippling carbon capture in land plants 
and soil further.  

• Whereas currently, with temperatures still only 
just  above +1C globally, rising CO2 has been a 
fertilizer for plants and increasing their carbon 
uptake. This will change soon.  



The Rise of the Jellyfish 



<Jellyfish 



Why the Loss of Phytoplankton and 

Rise of the Jellies? 

• The many possible reasons are not well quantified yet, 

but it’s clear the main causes are man-made…. 

• 1. Ocean acidification and resulting destruction of carbonate 

exoskeletons 

• 2. Massive over-fishing has removed predators for jellies. 

Jellies are coming to dominate the oceans, and jellies eat 

anything, including phytoplankton 

• 3. Global warming: Hot atmosphere heats ocean from above, 

causing increased stratification, stronger thermocline and 

inhibition of upwelling of nutrients to sunlit surface waters where 

phytoplankton live. 

• 4. Fossil fuel burning is reducing the oxygen content of the 

atmosphere and oceans, preferentially favoring jellies over fish 

http://www.enpi-info.eu/files/features/TUNISIA Jelly fish_EN_s2_version3.pdf
http://www.nybooks.com/articles/archives/2013/sep/26/jellyfish-theyre-taking-over/?pagination=false
http://agupubs.onlinelibrary.wiley.com/hub/article/10.1002/2015GB005310/editor-highlight/
http://agupubs.onlinelibrary.wiley.com/hub/article/10.1002/2015GB005310/editor-highlight/


The process has begun. This is a 2015 

image from Puget Sound, Washington 



The “jellification” of the oceans 



So what can you do with 

Stinging Jellies? 
• Not a lot. Some are trying to make diapers 

out of them (sounds pretty uncomfortable to me. I would 

guess there’d be marketing challenges as well). 

 

http://e360.yale.edu/digest/diapers_tampons_jellyfish_cineal/4835/
http://e360.yale.edu/digest/diapers_tampons_jellyfish_cineal/4835/


8. Weather Intensity Changes 



• Warmer Sea Surface Temperatures 
Mean… 

• --- more evaporation  

• --- stronger vertical air temperature gradient 
driving stronger convection 

• This drives stronger storms 

• Warmer Air Temperatures Mean… 

• --- Air can hold more water vapor, so rain is 
less frequent. Droughts over land… 

•  7% higher saturation humidity per 1 
degree C of temperature rise, predicted 
by the Clausius-Clapeyron equation, and 
confirmed by decades of observation 
(e.g. Held and Soden 2006). 

https://en.wikipedia.org/wiki/Clausius%E2%80%93Clapeyron_relation
https://en.wikipedia.org/wiki/Clausius%E2%80%93Clapeyron_relation
https://en.wikipedia.org/wiki/Clausius%E2%80%93Clapeyron_relation
https://en.wikipedia.org/wiki/Clausius%E2%80%93Clapeyron_relation
https://en.wikipedia.org/wiki/Clausius%E2%80%93Clapeyron_relation
http://www.gfdl.noaa.gov/bibliography/related_files/ih0601.pdf
http://www.gfdl.noaa.gov/bibliography/related_files/ih0601.pdf
http://www.gfdl.noaa.gov/bibliography/related_files/ih0601.pdf
http://www.gfdl.noaa.gov/bibliography/related_files/ih0601.pdf


However, when saturation of the air 

does take place, the rarer resulting 

rains will be more forceful because 

of the higher amounts of water 

• So, floods will be significantly more common, as  

• And - higher air temps mean more precip falls as rain now 
instead of snow, which runs off rapidly rather than being 
stored for weeks or months as it slowly melts. 
 

• For the mid-latitudes, we are transitioning from a time of 
frequent, gentle rains which allow soaking of the soil and 
plant roots, to a time of rarer rains on parched dry land 
with less healthy plants, and severe erosion caused by 
stronger deluges when and where rain does occur 



Extreme Precip Events Were Expected to 

Increase at the Same Rate, 7%, as Water 

Vapor, per Degree Celsius 

• This was the conclusion of Pall et al. 2006 

• But climate models post-dicted that the increase would be 

greater, 8.3% per degree Celsius over land areas with 

weather stations since 1901… 

• In fact, though… actual observations since 1901 show an 

even greater increase, of 10% per degree Celsius of global 

temperature rise (Asadieh and Krakauer 2015) 

• “One of the clearest signs of climate change, over much 

of the world, is the increase in the fraction of the rain that 

falls in the heaviest events.” – climate scientist Chris 

Fields, cited here 

http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.usnews.com/news/world/articles/2016-06-03/the-latest-20-000-without-power-in-france-amid-floods


We are already seeing more extreme deluges than even 

those climate models predicted. HadEX2 (top) is a 

century’s data, vs. CMIP5 climate model runs post-diction 

average (bottom), from Asadieh and Krakauer 2015 

http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf
http://www.hydrol-earth-syst-sci.net/19/877/2015/hess-19-877-2015.pdf


From Coumous and Rahmstorff (2012) : Higher ocean surface 

temperatures go with stronger tropical storms for the future 

 

http://www.nature.com/nclimate/journal/v2/n7/full/nclimate1452.html
http://www.nature.com/nclimate/journal/v2/n7/full/nclimate1452.html
http://www.nature.com/nclimate/journal/v2/n7/full/nclimate1452.html
http://www.nature.com/nclimate/journal/v2/n7/full/nclimate1452.html
http://www.nature.com/nclimate/journal/v2/n7/full/nclimate1452.html
http://www.nature.com/nclimate/journal/v2/n7/full/nclimate1452.html


More Severe Weather in 

Northern Hemisphere 
• Melting Arctic Ocean ice -> darker surface -> more solar 

radiation absorbed -> excess heat released especially in 

Autumn 

• This heat released to the formerly cold white frozen Arctic 

Ocean air, warms it, weakens the cold, dense, otherwise 

descending air which drives the Polar Cell. The atmospheric 

Polar Cell (“Polar Vortex”) is breaking up into smaller 

pieces which wander away from the pole (causing freakish 

sub-zero freezing storms such as happened in the Eastern 

U.S. a few years ago and again in the winter of ‘17/’18.  

• This decreases the temperature gradient and pressure 

gradient across the jet stream boundary of the Polar Cell 

between the Arctic and middle latitudes Ferrel Cell 

• The consequences are… 

https://www.youtube.com/watch?v=ofaoiHYKtlc
https://www.youtube.com/watch?v=ofaoiHYKtlc


Weaker Polar Cell = Meandering 

Polar Jet Stream 
• This diminished north/south pressure gradient is linked to 

a weakening of the winds associated with the polar vortex 
(Polar cell) and polar jet stream.  

• This weakened polar jet stream has larger loops in it, and 
it is these loops especially which cause large storms. 

• The loops also are longer-lived, and as the southern ends 
can extend further south now, they make for more frequent 
slow-moving intense winter storms, and at the same time, 
longer and more extreme heat waves, depending on 
where you are in these meandering loops 

• Bottom line: The larger “loops” in the polar jet stream   
mean storms are more intense and that storms move 
slower, delivering more energy to any given location. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Negative Arctic Oscillation conditions are associated with higher pressure in the 
Arctic and a weakened polar vortex (yellow arrows). A weakened jet stream 

(black arrows) is characterized by larger-amplitude meanders in its trajectory 
and a reduction in the wave speed of those meanders.   



The Polar Jet Stream and Weather 

• Dr. Jennifer Francis: A 2 hr lecture on weather and 
its connection to disappearing polar ice 

• A 5:31 minute section of this larger 2 hr lecture, 
which covers the why/how of the polar jet stream 
and how it is changing  

• Good visuals in this video (0:55 to 6:20) interview 
with Dr. Jennifer Francis 

• Barnes (2013) studying 1980-2012 data, sees these 
patterns in the tropospheric levels, but not above the 
jet stream at lower pressures, consistent with Francis’ 
work. Arctic Ocean ice only melted through to dark 
blue waters in the past 10-15 years and data earlier 
than this show no statistically significant pattern. 

 

http://www.youtube.com/watch?v=xugAC7XGosM
http://www.youtube.com/watch?v=xugAC7XGosM
http://www.youtube.com/watch?v=xugAC7XGosM
http://www.youtube.com/watch?v=xugAC7XGosM
https://www.youtube.com/watch?feature=player_embedded&v=_nzwJg4Ebzo#!
https://www.youtube.com/watch?feature=player_embedded&v=_nzwJg4Ebzo#!
http://www.youtube.com/watch?feature=player_embedded&v=u7EHvfaY8Zs


In 2017 We’re Identifying a New 

Polar Amplifying Climate 

Feedback 
• New open water in the Arctic Ocean (AO) allows 

more solar warmth, causing evaporation off the AO, 

causing record high humidities, amplifying warming 

(water vapor is a greenhouse gas too), and causing 

more cirrus clouds, which also trap outgoing IR and 

cause further warming. And this strong heating is 

causing a more wavy polar jet stream, which further 

draws warm air and moisture to the AO, amplifying the 

entire process (interview at AGU ’16 1:24s) 

• 2016 Fall, Winter AO temperatures were 30+ degrees 

Fahrenheit above normal (!) 

https://www.youtube.com/watch?v=w_EzF4k9_QY


What about Tornados? 



We’re seeing more tornados of all 

strengths, especially the strongest 

(Tippett and Cohen 2016, and here) 

• But the details are not 

well understood in  

climate models.  

• More work here is 

needed on what to 

expect for the future. 

• But what we’ve seen 

for the past 40 years is  

not encouraging. 

https://www.nature.com/articles/ncomms10668
https://phys.org/news/2016-12-tornado-outbreaksis-climate-responsible.html


  Unlike “Clem” Schultz, you definitely 

should not just stand and video-record 

while a tornado sweeps you away 

https://www.youtube.com/watch?v=w8U3KzqWr3M


Tornados scouring the 

landscape…(Wray, CO) 

https://www.youtube.com/watch?v=bjb7QtMEBUg#t=114


…have intensities which can be surprising. This 

may relate to superstorms - in the recent work of  

Prof. James Hansen and colleagues (next) 



9. Shutdown of the Global 

Ocean Thermohaline 

Circulation:  

The AMOC Tipping Point 



Hansen et al. (2016) show that the 

advanced stages of polar melt can 

shut down the global 

thermohaline ocean circulation 

• Greenland is melting rapidly, and too much 

cold fresh surface meltwater caps the warmer 

saltier water beneath it, and prevents it from 

cooling, densifying, and sinking through the 

thermocline as it currently does near 

Greenland and Antarctica. 

http://www.atmos-chem-phys.net/16/3761/2016/acp-16-3761-2016.pdf
http://www.atmos-chem-phys.net/16/3761/2016/acp-16-3761-2016.pdf
http://www.atmos-chem-phys.net/16/3761/2016/acp-16-3761-2016.pdf


Remember “The Day after Tomorrow” and 

the breathless “Well… I THINK IT’S 

HAPPENING!”?  
• A new paper finds that rapid AMOC slowdown due to a 

convective failure of the North Atlantic Subpolar Gyre 
(SPG) is much more likely than IPCC AR5 had thought, 
when CMIP5 models best able to reproduce actual 
observed stratification are examined in more detail. 
(Sgubin et al. 2017) (Nature paper) (related video 
summary). (We await CMIP6 results – I would not be 
optimistic)  

• Half of their most realistic models lead to AMOC 
shutdown and very large climate change in as little as 
1 decade (see next slide…). 

• The authors note… “contrary to a potential AMOC 
disruption, no assessment has been made of the 
possibility of a local SPG convection collapse in the 
latest IPCC AR5 report” 

https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://www.nature.com/articles/ncomms14375
https://www.nature.com/articles/ncomms14375
https://www.nature.com/articles/ncomms14375
https://www.youtube.com/watch?v=Li3-JdXIjc4
https://www.youtube.com/watch?v=Li3-JdXIjc4
https://www.nature.com/articles/ncomms14375


Rapid Drop in North Atlantic Sea Surface 

Temperature caused by failure of the sub polar 

gyre due to impenetrable stratification. Estimated 

45% odds this Century 



New in 2017: AMOC Shutdown Far 

More Likely than IPCC Had Thought 

• Remember “The Day after Tomorrow” and the breathless 
comment on AMOC shutdown “Well… I THINK IT’S 
HAPPENING!” 

• A new paper finds that rapid AMOC slowdown due to a 
convective failure of the North Atlantic SubPolar Gyre (SPG) 
is much more likely than IPCC AR5 had thought, when 
CMIP5 models best able to reproduce actual observed 
stratification are examined in more detail (Sgubin et al. 
2017) (Nature paper)  

• Half of their most realistic models lead to AMOC 
shutdown and very large climate change in as little as 1 
decade (related video summary). 

• The authors note… “contrary to a potential AMOC 
disruption, no assessment has been made of the 
possibility of a local SPG convection collapse in the 
latest IPCC AR5 report” 

https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://phys.org/news/2017-02-rapid-north-atlantic-cooling-21st.html
https://www.nature.com/articles/ncomms14375
https://www.nature.com/articles/ncomms14375
https://www.nature.com/articles/ncomms14375
https://www.youtube.com/watch?v=Li3-JdXIjc4
https://www.nature.com/articles/ncomms14375


New studies in 2018 confirm 

the AMOC looks to be close to 

the tipping point of shut down 

• Studies discussed here, and in more detail in 

RealClimate.org , but Nature papers are behind a paywall. 

• Prof Michael Mann notes the AMOC weakening is happening 

a century ahead of model predictions. 

• Dr. Peter Ward (U. Washington)  warns that shutdown of the 

global ocean circulation due to rapid rise of CO2 induced by 

massive volcanism is implicated in the 4 of the 5 great Mass 

Extinctions, when the resulting anoxic deep oceans 

generated deadly hydrogen sulfide H2S which rose to the 

surface, into the atmosphere and killed most life on 

Earth.  

 

https://thinkprogress.org/climate-tipping-point-century-ahead-of-schedule-warns-scientist-06d633f968fc/
http://www.realclimate.org/index.php/archives/2018/04/stronger-evidence-for-a-weaker-atlantic-overturning-circulation/


Not just meltwater, but 

increasing rain in the Arctic… 
• …as predicted by climate models, further 

freshens and lowers the density of surface 

waters inhibiting sinking through the 

thermocline, while strongly heating stagnant 

surface tropical waters, and the resulting 

stronger temperature gradient drives far more 

intense storms  

• This happened during the Eemian interglacial 

120,000 years ago. 



Hansen et al. 2016 (linked here) 

points to a new era of 

SuperStorms later this century 

• Paleo data indicates remarkably powerful storms 

driven by the amplified temperature gradient in the 

Atlantic if the AMOC shuts down... 

• The steepening temperature gradient between 

hotter equatorial waters and colder Greenland 

meltwater powers Super Storms, as evidenced by 

the last interglacial period. 

• The new, developing “cold patch” off Greenland 

(next slide), where the AMOC descends, is, in 

Hansen’s judgment, the beginning of this process. 

https://www.washingtonpost.com/news/energy-environment/wp/2016/03/22/we-had-all-better-hope-these-scientists-are-wrong-about-the-planets-future/?utm_term=.a487d5edfe8c


Global Ocean Circulation: Deep Water 

forms only at 4 places: two off 

Greenland, and two straddling the 

Antarctic Peninsula (yellow dots) 



Observed Data. New cold patch (blue) off Greenland, and 

straddling the Antarctic Peninsula – cold cap of low density 

fresh water is now inhibiting deep water formation 



These ~1,000 ton boulders were tossed up from the shallow 

ocean offshore during the Eemian interglacial in the Bahamas 

by Super-Storms, powered by the same AMOC shutdown we 

may be initiating with our fossil fuel burning. Caption 

includes “chevron ridges” … (next slide) 



Giant Super 

Storm Waves of 

the Eemian 

created chevron 

deposits 50 ft 

high and 2 miles 

long, when 

washing back to 

sea. These are 

all along the 

shorelines of the 

Bahamas. Some 

run-up deposits 

are as high as 

43m, requiring 

waves nearly 

~200 ft in height 

to create them. 



Here is a recent 6 min video on this, 

from Yale Climate Connections 

 

 

 

 

 

 

The waves required for such 43m high run-

up deposits… are ~ 170 ft high (!) 

https://www.youtube.com/watch?time_continue=243&v=160zc_F8-ns


Remember the Wave in 

“Interstellar”? That’s the flavor 



Some find the strength of storms which 

could do this hard to believe, and wonder if 

maybe tsunamis brought them up 

• These are clearly boulders and chevron patterns; 

debris matches the rock types off the bottom of the 

nearby ocean, and not the land on which they 

unconformably sit… more details here.  Still, 

healthy skepticism is a good thing! 

• But… the tsunami hypothesis makes little sense, 

since tsunamis are associated with large 

subduction zones or extremely massive 

landslides… 

http://www.cabrillo.edu/~rnolthenius/Apowers/HansenSato.pptx


There are no such subduction zones close enough to the Bahamas. The nearest 

subduction zone of any kind is a very short and weak zone southeast of Cuba. 

And any events due to the subduction zone north of Colombia would be 

shielded from the Bahamas by Cuba and Haiti. The Canary Islands tsunami 

fears highlighted in a PBS Nova TV program, were later debunked. And there is 

no evidence of any such landslides in the Eemian Period here  

http://blogs.agu.org/landslideblog/2013/12/13/canary-islands-tsunami/


Could the Global Ocean 

Circulation Really Shut Down? 
• Yes. And Prof. James Hansen thinks it’s likely, in fact.  The 

IPCC AR4 thought the AMOC would weaken but not halt this 

century, but the new data (below) is indicating a more rapid 

decline than their models expected. Again, IPCC under-

estimation is evident. 

• It’s concerning that the current greenhouse forcing is orders 

of magnitude stronger than any prior climate forcing, including 

the Eemian interglacial, yet the Eemian Period did see global 

ocean circulation shut down, and with temperatures at those 

we already have, now. 

• Indeed, the Atlantic Meridional Overturning Circulation 

(AMOC), which is the only portion of the global currents 

on which we now have good data as of 2015, has already 

weakened… 



Time series of the temperature difference between the 

subpolar North Atlantic and the entire northern hemisphere, 

which can be interpreted as an indicator of the strength of 

the Atlantic circulation. From Rahmstorf et al. 2014, see here  

http://www.realclimate.org/index.php/archives/2015/03/whats-going-on-in-the-north-atlantic/


The strength of the AMOC is declining, and predicted to 

continue (Rahmstorf et al. 2015). When will Super-Storms 

Arrive? Since the cold melt surface has clearly begun, it’ll 

probably be a gradual ongoing increase in storm intensities. 

Perhaps the Hurricanes of ‘17 and ‘18 are a small taste. 



Rahmstorf et al. (2002) Had Already 

Shown the System Stability Trajectory 

We’re already in a salinity 
regime where there are two 
stable solutions, one being 
total shutdown. If melt 
increases and salinity 
declines further, a critical 
desalinization point is 
reached and the current 
shuts down. Then, only 
drastic re-salinization (re-
freezing Greenland) can 
push it all the way back to a 
point where the current can 
resume, and that would 
take centuries even if 
temperatures dropped 
immediately, according to 
James Hansen. 



New Study by Liu et al. 2016  shows 

how unstable the AMOC Really is 

• Prior studies had assumed that freshwater from rains flowed 

from the Southern Ocean around Antarctica and into the 

South Atlantic, but actual observations are showing the 

opposite direction of freshwater flow 

• This has the effect of making the surface North Atlantic less 

salty and makes even weaker the AMOC’s ability to densify 

around Greenland and sink through the Thermocline. 

• They point out that they did not consider Greenland 

meltwater freshening of North Atlantic waters, as Hansen et 

al. 2016 did, and so these two different effects actually 

should be added together 

• Thus, hopes that the observed dropping AMOC strength 

might be just an oscillation and not a secular trend, are 

fading. 

https://www.sciencenews.org/article/warming-could-disrupt-atlantic-ocean-current
https://www.sciencenews.org/article/warming-could-disrupt-atlantic-ocean-current


10. Carbon Release from the 

Permafrost and Methane Clathrates 

• How much carbon is there? Exact amount is 

not known, but we can estimate… 

• Arctic permafrost contains roughly twice 

the carbon as is already in the entire 

atmosphere.  

• Therefore, if ALL of it becomes CO2 and 

reaches the atmosphere, it alone would triple 

the CO2 content, from 400 to 1,200 ppm 

• Is that possible? How long does thaw take? 



Northern hemisphere permafrost 

has more than double the carbon 

content of our atmosphere 



• The permafrost carbon feedback  
• is irreversible on human time scales. With less 

near-surface permafrost, the burial    mechanism 
described above slows down or stops, so there is 
no way to convert the atmospheric CO2 into 
organic matter and freeze it back into the 
permafrost.  

• Warmer conditions and increased atmospheric 
CO2 will enhance plant growth that will remove 
CO2 from the atmosphere (Friedlingstein et al. 
2006), but this can only to a small degree 
compensate for the much greater carbon emissions 
from thawing permafrost. Warmer conditions could 
promote peat accumulation, as seen after the end 
of the last ice age, but it is not clear if this would 
remove enough CO2 from the atmosphere to 
compensate for CO2 released from thawing 
permafrost.  

• The effect of permafrost carbon feedback 
on climate has not been included in the 
IPCC Assessment Reports. None of the 
climate projections in the IPCC Fourth 
Assessment Report include the 
permafrost carbon feedback (IPCC 2007). 
Participating modeling teams have completed their 
climate projections in support of the Fifth 
Assessment Report, but these projections also do 
not include the permafrost carbon feedback.  
Consequently, the current IPCC Fifth 
Assessment Report also does not 
include the potential effects of the 
permafrost loss. 



Schuur et al. 2013 , surveying dozens of permafrost 

experts, find a consensus that 2.3% of the 

permafrost’s emerging carbon to be in the form of 

methane - regardless of human emission scenario. 

(bar colors are for year 2040, 2100, 2300)  

http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7


Even neglecting the indirect Arctic methane - directly caused 

anthropogenic methane emissions are rising rapidly. Biggest 

increases are in rice growing and livestock (NASA). This is 

through 1994… Next slide continues forward in time 

http://earthobservatory.nasa.gov/Features/MethaneMatters/


Methane: today onward, fastest growing sources (neglecting 

permafrost) are again livestock, and now Nat Gas mining 

(fracking, etc.). Total Anthropogenic methane emissions 

predicted to grow at 1.08%/year from 2000 to 2030. (NASA) 

http://earthobservatory.nasa.gov/Features/MethaneMatters/


An Ice-free Arctic Ocean warms the entire 

Arctic as far as 1500 km inland (Lawrence et 

al. 2008), including the majority of Permafrost 

carbon  

• Vaks et al. 2013  (and full text) had a brilliant 
way to determine the state of the permafrost in 
Paleo climate – when ground above a 
limestone cavern is frozen, the speliothems 
cannot grow. But when melted, dripping water 
through the soil to the cave ceiling allows them 
to grow.  

• O18/O16 ratios tell temperature at the surface.. 

http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.sciencemag.org/content/340/6129/183.abstract
http://www.sciencemag.org/content/340/6129/183.abstract
http://www.researchgate.net/publication/235690304_Speleothems_Reveal_500000-Year_History_of_Siberian_Permafrost


Rapid loss of Arctic Ocean ice sends temperatures 

across permafrost lands upward, as far as 1500 km 

south of the Arctic coast. Arctic Ocean ice is, in fact, 

already in rapid loss right now (Lawrence et al. 

2008). This is a tipping point: Thaw is very 

dangerous. Non-thaw keeps it safe  
 

 

 

 

 

 

 

 

 

http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf


The Schurer, Mann, et al. 2017 Pre-Industrial 

Baseline, applied to GISS Land/Ocean surface 

temperatures: shows we’re at +1.43C end of 2018  



Conclusion: The Permafrost Melt 

Tipping Point is Being Passed Now 

• Vaks et al. 2013 show that Arctic permafrost   
melt  will trigger, all the way to the Arctic Coast 
once global equilibrium temperature of +1.5C is 
reached and maintained  

• We are essentially there. Now. 

• We are at +1.43C using the Schuur, Mann, et al. 
(2017) pre-industrial temperature baseline, based 
before the coal era.  

• Temperatures are rising very rapidly, and the 
permafrost is already melting. 



• As we saw, short of forced removal of CO2 
from the atmosphere, temperatures will not go 
back down, even if we halt all emissions. 

• We are already most of the way to an ice-free 
summer Arctic Ocean  

• Nobel Prize winning Physicist Steven Chu on 
permafrost methane and climate (1:35 video) 

• Arctic will become major carbon source via 
thawing permafrost by 2020’s Shaefer et al. 
(2011)  and summarized here. Finds estimated 
30-60% of permafrost will be melted and its 
methane released by year 2200.  

• This was too optimistic: see newer research by 
Abbott et al. 2016, a few slides ahead. 

 

http://www.youtube.com/watch?v=oHqKxWvcBdg&feature=related
http://www.youtube.com/watch?v=oHqKxWvcBdg&feature=related
http://thinkprogress.org/climate/2011/02/17/207552/nsidc-thawing-permafrost-will-turn-from-carbon-sink-to-source-in-mid-2020s-releasing-100-billion-tons-of-carbon-by-2100/
http://thinkprogress.org/climate/2011/02/17/207552/nsidc-thawing-permafrost-will-turn-from-carbon-sink-to-source-in-mid-2020s-releasing-100-billion-tons-of-carbon-by-2100/
http://thinkprogress.org/climate/2011/02/17/207552/nsidc-thawing-permafrost-will-turn-from-carbon-sink-to-source-in-mid-2020s-releasing-100-billion-tons-of-carbon-by-2100/
http://thinkprogress.org/climate/2011/02/17/207552/nsidc-thawing-permafrost-will-turn-from-carbon-sink-to-source-in-mid-2020s-releasing-100-billion-tons-of-carbon-by-2100/
http://thinkprogress.org/climate/2011/02/17/207552/nsidc-thawing-permafrost-will-turn-from-carbon-sink-to-source-in-mid-2020s-releasing-100-billion-tons-of-carbon-by-2100/
http://thinkprogress.org/climate/2011/02/17/207552/nsidc-thawing-permafrost-will-turn-from-carbon-sink-to-source-in-mid-2020s-releasing-100-billion-tons-of-carbon-by-2100/
http://thinkprogress.org/climate/2011/02/17/207552/nsidc-thawing-permafrost-will-turn-from-carbon-sink-to-source-in-mid-2020s-releasing-100-billion-tons-of-carbon-by-2100/


The Permafrost is Already 

Melting 



Permafrost soils breaking off 

and melting into the sea 



A new study (Schuster et al. 2018) finds there is more toxic 

mercury stored in the permafrost than the entire ocean, land, 

and atmosphere combined, multiplied by two. How much will 

be released to the environment as it thaws is not yet known. 

https://news.nationalgeographic.com/2018/02/melting-arctic-permafrost-toxic-mercury-environment/
https://news.nationalgeographic.com/2018/02/melting-arctic-permafrost-toxic-mercury-environment/
https://news.nationalgeographic.com/2018/02/melting-arctic-permafrost-toxic-mercury-environment/


So Far, Arctic Methane is a minor 

part of total methane emissions 

• Arctic carbon, thawing permafrost: Microbes will eat some, 

converting it to CO2 and also to methane both 

• Sunlight will do the same, and this is actually one of the rare 

negative feedbacks, as thawing ice will uncover more tundra 

earlier and expose it to sunlight 

• Methane will oxidize to CO2 and H2O roughly over a ~century  

• Current estimates is that about 2.5% of the carbon released 

by melting permafrost will be in the form of methane, doubling 

the global warming power of the CO2 portion.  

• At the moment, Arctic methane release is believed to be a 

poorly determined but small  fraction of total global 

methane emissions, which are dominated by tropical 

sources (mainly our livestock, and swamp land) 

 

http://www.scientificamerican.com/article/sunlight-boosts-co2-from-thawing-permafrost/


Methane converts to CO2 and H2O with a half-life of 

12 years. The resulting “GWP” = Global Warming 

Potential” = the climate radiative forcing of methane 

relative to CO2 (Dessus et al. 2008)  

http://unfccc.int/ghg_data/items/3825.php
http://www.global-chance.org/IMG/pdf/CH4march2008.pdf
http://www.global-chance.org/IMG/pdf/CH4march2008.pdf
http://www.global-chance.org/IMG/pdf/CH4march2008.pdf


Siberian Methane Craters: Pingos melting and filling 

with deep methane, then exploding and leaving large craters. 

While it would take many many thousands of such craters to 

be a significant force in climate… 



… more are being discovered all the time 



In 2017, Scientists are 

Discovering… 

 

 

 

 

 

 

 

 

 

 

• …Over 7,000 new domes filled with methane and “are 
ready to explode”, in the Yamal and Gydan Peninsulas 
alone. methane explosion craters continue in 2017 

http://www.ibtimes.co.uk/siberia-permafrost-over-7000-methane-filled-bubbles-ready-explode-discovered-arctic-1612581
http://siberiantimes.com/other/others/news/big-bang-and-pillar-of-fire-as-latest-of-two-new-craters-forms-this-week-in-arctic/


Is The Thawing Permafrost 

Incorporated into the IPCC 

Assessment Reports and 

Projections? 

• No. 
• “The concept is actually relatively new,” says Dr. Kevin Schaefer of the 

National Snow and Ice Data Center at the University of Colorado in 

Boulder. “It was first proposed in 2005. And the first estimates came out in 

2011.” Indeed, the problem is so new that it has not yet made its way into 

major climate projections”, Schaefer says. 

• “None of the climate projections in the last IPCC report account for 

permafrost,” says Schaefer. “So all of them underestimate, or are 

biased low.” 

• It’s “a true climatic tipping point, because it’s completely 

irreversible,” says Schaefer. “Once you thaw the permafrost, there’s 

no way to refreeze it.” (source) 

https://nsidc.org/research/bios/schaefer.html
https://nsidc.org/research/bios/schaefer.html
http://www.ipcc.ch/report/ar5/wg1/
https://www.washingtonpost.com/news/energy-environment/wp/2015/04/01/the-arctic-climate-threat-that-nobodys-even-talking-about-yet/?tid=a_inl


New in 2016 – Methane is released even 

more in the “cold season” (fall, winter, 

and spring) than in the summer thaw 

season 

• Climate models have been assuming that 

Fall and Winter methane emissions in the 

Arctic were negligible due to freezing. 

• Zona et al. 2016  are the first to measure 

Fall and Winter methane emission levels 

across the Arctic, and find they are in fact 

at least half, or most, of all annual 

methane emissions (!) 

http://www.pnas.org/content/113/1/40.full.pdf
http://www.pnas.org/content/113/1/40.full.pdf
http://www.pnas.org/content/113/1/40.full.pdf
http://www.pnas.org/content/113/1/40.full.pdf




They find: Methane emissions do not end when the Arctic 

begins to re-freeze in September, but stay high thru 

December, and at lower level all Winter and Spring. This was 

unexpected. Not factored in to any climate models yet. 



From the Conclusion section 

of Zona et al. 2016 
• “(We)…estimate 23±8 billion kg CH4 per yr from Arctic tundra, 

similar to these previous estimates (ref 8, 32). Our estimated CH4 

cold-season emissions as well as those from inverse analysis (27, 

32) are significantly higher than that estimated by land-surface 

models (27, 32). This difference was thought to be linked to 

anthropogenic emissions, because bio-genic emissions were 

assumed to be negligible during the cold season (27, 32). Overall, 

the seasonal patterns estimated by models (27) are very different 

from ours and generally do not include the substantial cold 

season CH4 emissions found here. Our finding of large cold-

season biogenic emissions from tundra reconciles the 

atmospheric observations and inverse model estimates without 

the need to invoke a large pollution influence.” 

 

http://www.pnas.org/content/113/1/40.full.pdf
http://www.pnas.org/content/113/1/40.full.pdf
http://www.pnas.org/content/113/1/40.full.pdf


IPCC Models Do Not Include: trapped methane 

in frozen lakes, which is quickly released when 

the permafrost thaws 



Arctic Lakes may not be the most 

significant source of Arctic methane 
• “Continued warming and deeper snow are forecast for the 

future in the Arctic (33). Our results indicate these changes will 

result in globally significant increases in CH4 emissions and that 

cold-season emissions will become increasingly important in 

this process.  

• Additional year-round CH4 fluxes and soil climate 

measurements at sites across the Arctic are urgently needed. 

Our results contradict model predictions that simulate and 

predict the largest CH4 emissions from inundated landscape. 

We showed that the largest CH4 emissions are actually from 

the site with very low inundation. We believe that the results of 

our study will impinge directly on our ability to predict future 

Arctic CH4 budgets and allow us to revise the variables and 

processes that must be included to capture the true sensitivity 

of Arctic CH4 emissions to climate change” 



Methane (Hydrates) in the Permafrost – Global 

Climate Implications 

• The release of methane from the Arctic also contributes 
to global warming as a result of polar amplification. 
Alaska now has hot days even in March, as the resistant 
high pressure ridge predicted by Arctic ocean thaw 
drives the polar jet stream north of much of Alaska. 

• Recent observations in the Siberian Arctic show 
increased rates of methane release from the Arctic 
seabed.[source] Land-based permafrost, also in the 
Siberian arctic, was also recently observed to be 
releasing large amounts of methane, estimated at over 4 
million tons – significantly above previous 
estimates.[source] 

• Atmospheric methane levels are now at levels far above 
the regular peaks during past interglacial periods, and 
are over twice the pre-industrial levels.  

http://en.wikipedia.org/wiki/Polar_amplification
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-shakhova2005-4
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-11


Modern Methane levels Have Accelerated Far 

Above the Regular Oscillations During the Ice Ages 

 



Methane Levels: Stable for the Past 

Millennium – Until the Industrial Age 

 



 



Methane Levels up 14% in Just the last 34 years, and 

Re-accelerating in Just this Past Decade. How does 

this square with IPCC Assumptions? 

 



The IPCC assumed that atmospheric methane 

levels would, starting in 2010, decline by 37% 

by 2050. A Very Bad Assumption!  



Why the Decreasing Methane Rise Rate 

in the Late 1990’s/early ’00’s? 
• Slowing methane rise rate in 1990’s is thought to be lowered 

methane loss from wetlands due to drought, with perhaps 
some contribution from  the breakup of the Soviet Union and 
resulting (temporarily) lowered production of fossil fuels, 
(NOAA source).   

• Droughts are expected to increase, yet wetland methane 
emissions are not predicted to continue to slow, because 
wetlands are now growing in the far north, as the permafrost 
now begins accelerated melting, responding to the large and 
accelerating loss of Arctic Ocean ice. 

• Since methane oxidizes to CO2 with a half life of  about 10 
years, without methane release from fossil fuels and from 
other sources, methane levels would drop fairly quickly. See 
table on next page. 

• However, the source/sink actual numbers vary somewhat 
between different studies by different authors (see IPCC 
2007) 

• Large majority of methane emissions are human-caused 

http://www.noaanews.noaa.gov/stories2006/s2709.htm


From Houweling et.al. 1999. The prior graph shows the 

imbalance has clearly accelerated since 1999 

 

http://earthref.org/ERR/54090/
http://earthref.org/ERR/54090/
http://earthref.org/ERR/54090/
http://earthref.org/ERR/54090/
http://earthref.org/ERR/54090/


Methane Clathrate Stability 
• Current methane release has previously been estimated at 0.5 

Million tons (Mt) per year.[12] Shakhova et al. (2008) estimate that 
not less than 1,400 Gt of carbon is presently locked up as methane 
and methane hydrates under the Arctic submarine permafrost, and 
5-10% of that area is subject to puncturing by open taliks   

• In the very unlikely case that it would all enter our atmosphere 
at once, that would increase the methane content of the 
planet's atmosphere by a factor of twelve.[13] 

• Wording note: “methane clathrate” = “methane hydrate” in our 
context 

• In 2008 the United States Department of Energy National Laboratory 
system[14] identified potential clathrate destabilization in the 
Arctic as one the most serious scenarios for abrupt climate 
change, which have been singled out for priority research. The 
U.S. Climate Change Science Program released a report in late 
December 2008 estimating the gravity of the risk of clathrate  
destabilization, alongside three other credible abrupt climate change 
scenarios.[15] 

• However, more recent work finds the risk of clathrate 
catastrophic (i.e. rapid) destabilization to be small, due to the 
depth, slow heat flow, and need for latent heat of fusion to be 
included before release can happen. 

 

http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-12
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-13
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-13
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-13
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-14
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-14
http://en.wikipedia.org/wiki/U.S._Climate_Change_Science_Program
http://en.wikipedia.org/wiki/Clathrate
http://en.wikipedia.org/wiki/Abrupt_climate_change
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-15
http://en.wikipedia.org/wiki/Arctic_methane_release#cite_note-15


From Shaefer et al. (2011) - Conclusions 

Section Quoted Here… 

 “The thaw and release of carbon currently frozen in permafrost will 
increase atmospheric CO2 concentrations and amplify surface 
warming to initiate a positive permafrost carbon feedback (PCF) on 
climate…. [Our] estimate may be low because it does not account 
for amplified surface warming due to the PCF itself….  We predict 
that the PCF will change the Arctic from a carbon sink to a source 
after the mid-2020s and is strong enough to cancel 42-88% of the 
total global land sink.”  

     Recall from our Carbon Cycle lectures that land+ocean take up 
about half of human-caused CO2 emissions currently, so the the 
PCF is a big effect) 

 

   “The thaw and decay of permafrost carbon is 
irreversible and accounting for the permafrost carbon 
feedback will require larger reductions in fossil fuel 
emissions to reach a target atmospheric CO2 
concentration.” 



The Arctic loses essentially all of its 

permafrost within ~200 years (SvD 2012) 

 

http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf


2,400 climate simulations of methane and CO2 

release from thawing permafrost, and resulting 

global temperature probability bands (SvD 2012) 

 

http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf


Pathways of Permafrost 

Carbon Release 
• Wildfires, increasing 200-560% by 2100, 

depending on RCP scenario, may be a strong 

underestimate, based on observations at lower 

latitudes 

• Coastline erosion -> carbon release to ocean and 

atmosphere 

• Insects 

• Direct soil, Arctic lake methane outgasing 

• Soil structural failure, releasing of deeper 

“thermo-karst” carbon 

• All strongly temperature-dependent, and much 

higher for higher human CO2 emissions scenarios 

 



Tipping Point Passed? New meta-study (Abbott et al. 2016): 

permafrost melt is now irreversible and the Arctic will become a carbon 

SOURCE soon, (Schuur et al. 2013), regardless of emission scenario. 

Increased uptake of carbon in biomass vegetation (green) will be 

overwhelmed by soil carbon release (brown). It will continue for centuries. 

We remain on the “business as usual”=RCP 8.5 track; vs. eco-friendly 

RCP 2.6 which includes strong active atmospheric CO2 removal 
 

 

 

 

 

 

 

 

http://iopscience.iop.org/article/10.1088/1748-9326/11/3/034014
http://iopscience.iop.org/article/10.1088/1748-9326/11/3/034014
http://iopscience.iop.org/article/10.1088/1748-9326/11/3/034014
http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7


You may be wondering… 

• So…the Arctic has been a carbon SINK? 

• Yes; global warming-induced Arctic thaw supports 

increasing vegetation and trees. 

• These take up atmospheric CO2 into biomass by 

photosynthesis 

• But Shaefer et al. 2011 find that even though this 

vegetation trend will continue, it will be overwhelmed 

by the mid 20’s by the Permafrost Carbon 

Feedback.  

• Alas, as so often we’re seeing, it turns out 

Shaefer et al. were too optimistic…  



Early hope was that increasing vegetation in 

formerly frozen soil would sequester much of the 

carbon in thawing permafrost. Not so… 

• The reason is that the thaw carbon release is 

strongly temperature-dependent, while the carbon 

uptake by new plants is not nearly so much. 

• Permafrost thaw is predicted to continue for all 

ICPP emission scenarios, even the eco-friendly 

ones, and has little temperature dependence. 

• In other words, rising anthropogenic global 

warming causes sharply higher permafrost soil 

carbon release, while the small amount 

additionally sequestered by migrating forests 

and shrubs increases only a little 



Permafrost Melt is Already, in 

2017, Overwhelming CO2 

Uptake by Spreading Arctic 

Vegetation 

• Comane et al. 2017 discussed here, finds 

we’ve already crossed this line. 

• Instead of the “mid 20’s”, the transition of 

the Arctic to being a CO2 source rather 

than sink, has already arrived. 

http://www.pnas.org/content/114/21/5361
http://www.pnas.org/content/114/21/5361
http://www.pnas.org/content/114/21/5361
https://insideclimatenews.org/news/08052017/arctic-permafrost-thawing-alaska-temperatures-co2-emissions


Taliks expand the area of unfrozen 

permafrost, over time, by exposing 

deep frozen permafrost to warmth 
 



The IPCC had assumed the 

permafrost was not this 

vulnerable 
•  Liljedahl et al. (2016) find that ice wedge (talik) 

degradation causes drainage and subsidence changes 

which substantially worsens permafrost melt by providing 

heat pathways to deeper permafrost 

• “The scientific community has had the assumption 

that this cold permafrost would be protected from 

climate warming, but we’re showing here that the top 

of the permafrost, even if it’s very cold, is very 

sensitive to these warming events,” Anna Liljedahl, 

the lead author of the study and a researcher at the 

University of Alaska in Fairbanks, told the Washington 

Post… 

http://www.nature.com/ngeo/journal/v9/n4/pdf/ngeo2674.pdf
http://www.nature.com/ngeo/journal/v9/n4/pdf/ngeo2674.pdf
http://www.nature.com/ngeo/journal/v9/n4/pdf/ngeo2674.pdf
https://www.washingtonpost.com/news/energy-environment/wp/2016/03/23/the-arctic-is-thawing-much-faster-than-expected-scientists-warn/
https://www.washingtonpost.com/news/energy-environment/wp/2016/03/23/the-arctic-is-thawing-much-faster-than-expected-scientists-warn/


What does 

carbon loss 

from the 

Permafrost 

mean for 

Global 

Temperatures

? 



For ECS of 4.5C (top 

curve), even ending all 

anthropogenic CO2 

and other GHG 

emissions in 2013… 

still CO2 continues to 

rise, due to the 

permafrost carbon 

feedback (MacDougall 

et al. 2012, discussed 

here) initiating 

continued temperature 

rise for many centuries 

more.  

http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
https://skepticalscience.com/Macdougall.html


Now, good news on the one 

hand… 

• Newer work finds the active zone (layer that 

freezes/thaws annually) in the permafrost is 

smaller than assumed in MacDougall et al. 

2012 work. 

• Putting this into a newer version of their 

modelling (MacDougall and Knutti 2016) 

suggests the permafrost carbon loss rate 

will be only ~60% of that shown in 

MacDougall et al.’s 2012 figure on the 

previous slide. 

http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.biogeosciences.net/13/2123/2016/bg-13-2123-2016.pdf
http://www.biogeosciences.net/13/2123/2016/bg-13-2123-2016.pdf
http://www.biogeosciences.net/13/2123/2016/bg-13-2123-2016.pdf
http://www.biogeosciences.net/13/2123/2016/bg-13-2123-2016.pdf
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html


But on the Other Hand… 
• … their permafrost/climate model neglects methane, 

assumes all carbon emerges as CO2, yet methane 

release from Arctic frozen lakes is already observed, 

as is subsurface permafrost methane. 

• Indeed, Shuur and Abbott (2011) finds that 2.3% of 

the carbon will emerge as methane, whose global 

warming forcing is over 120x  higher than CO2, pound 

for pound, at emission time. 

• This factor would double the warming implied by 

the MacDougall et al. 2012 analysis 

• Alas, the 2016 work does not give ECS vs. CO2 

evolution, which would be so useful in combining with 

the new ECS work already described. 

 

http://news.uaf.edu/survey-abrupt-permafrost-thaw-increases-climate-threat/
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html
http://www.nature.com/ngeo/journal/v5/n10/full/ngeo1573.html


Schuur et al. 2013 , surveying dozens of permafrost 

experts, find a consensus that 2.3% of the 

permafrost’s emerging carbon to be in the form of 

methane - regardless of human emission scenario. 

(bar colors are for year 2040, 2100, 2300)  

http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7
http://link.springer.com/article/10.1007/s10584-013-0730-7


And finally, what if we DON’T shut 

off carbon-based Civilization in 

2013? (We didn’t). What then? 



Here’s the MacDougall CO2 curves  but again w/o Arctic (or temperature - 

dependent tropical) methane, nor revised active layer depth. CO2 Much 

Worse: Assumed “Business as Usual” then complete human emissions shut 

down in 2050. The ECS=3.0C case CO2 at shutdown is almost at 2x Pre-

Industrial = 560 ppm. Now - add PCF Methane… 

https://skepticalscience.com/Macdougall.html
https://skepticalscience.com/Macdougall.html


Here, adding in an 

estimated PCF 

methane curve as 

we did before; 

using the 

Solomon et al. 

2009 curve, this 

time for CO2=550 

ppm at shut 

down, revising 

active layer depth, 

and doing our 

same estimation 

technique to get 

CO2 equiv.  global 

warming potential 

from 2.3% 

methane  



To Summarize the Logic… 

• 580 ppm is a bit more than 2x pre-industrial, and so 
corresponds to a global temperature rise of about 3.1C 
of committed change. 

• This is after continuing “business as usual” and then 
total shutdown of all human-generated GHG’s in 2050 
and assuming ECS=3C. 

• These effects are just from triggered permafrost CO2 
and methane alone (but missing thermo-karst 
methane, coastal/stream permafrost erosion), and if 
the quoted research sources are approximately 
correct. 

• As the highly respected and award-winning site 
“SkepticalScience”’s summary of the work says… 
“Unfortunately, there are several good reasons to 
consider the outlook in MacDougall et al. as rosy; 
as the authors themselves make clear.” 

 

https://www.skepticalscience.com/Macdougall.html


 But if indeed 

ECS=5C going 

forward, as we saw 

recent papers 

suggest, then 

including permafrost 

methane drives 

atmospheric CO2 

close to 770 ppm. 

corresponding to a 

global temperature 

rise of ~6.9C. And 

worse if we don’t 

end all human GHG 

emissions in 2050, 

just 30 years from 

now 



But wait – New research shows it 

is worse still. Etminan et al. 2016 

recalculated the radiative 

forcings of methane and N2O 

• They included new data on short-wavelength 
absorption bands not included in the prior 
calculations like those used in the IPCC 
assessment reports syntheses. 

• They showed that both of these GHG’s have 
radiative forcings to climate that is about 23% 
higher than previously thought.  

• How would this affect those last curves?... 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL071930
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL071930
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL071930


I’ve merely added 

23% conservatively 

onto the ECS=3C 

and ECS=5C 

curves, neglecting 

nonlinear 

amplifying. Now, 

atmospheric CO2 is 

driven to 830 ppm 

and rising, by 2300. 

Temperatures 

would rise to likely 

+8C and beyond. 

All, without any 

human CO2 

emissions starting 

21 yrs from now. 



But Wait: IPCC Models Do Not Include: 

Soil Carbon Loss from Warming Soils 

• Crowther et al. 2016 show that this feedback 
alone will raise CO2 emissions rates by 17% - 
as much as the entire U.S. contributes to global 
CO2. (Lead author interview, and discussion) 

• IPCC Earth System Models instead assumed 
the “greening of the Arctic” would sequester 
carbon. But detailed studies show that will be 
overwhelmed by the increased metabolism of 
soil microbes which release CO2. 

• IPCC models had this feedback set to: Zero. 

• This suggests the curves earlier shown need an 
additional ~17% rise 

https://www.nature.com/articles/nature20150
https://www.nature.com/articles/nature20150
https://www.nature.com/articles/nature20150
https://www.ecoshock.org/2016/12/welcome-to-the-dark-new-climate.html


“Incompatible with an Organized 

Society” 
• Yet, as Prof. Kevin Anderson summarizes, even 

just … “a +4 degrees C future is incompatible 
with an organized global community, is 
likely to be beyond ‘adaptation’, is 
devastating to the majority of ecosystems, 
and has a high probability of not being 
stable.” (meaning, it continues hotter). 

• Think this is doomsday poppycock? Nobel 
physicist and former Secretary of Energy under 
Obama – Steven Chu – entirely independently, 
finds it highly likely that we’ll exceed 550-
600ppm CO2 equivalent 

• The course we’re on is sheer madness. 

 

https://www.youtube.com/watch?v=Z6Rg_i4F4Zs


At that point, fine-tuning the 

details would likely be moot  
• … since societal breakdown would almost certainly be underway, 

with large loss of life, and the remaining population could not 
function in any way recognizable today. It would be transforming to 
a different planet. High tech science and engineering to deal with 
climate would likely now be almost impossible. We instead would 
be forced to focus on survival and lower level concerns. 

• Other physics would likely have added further trouble. Soil carbon 
would likely be net outgassing as well, ocean CO2 absorption 
would be strongly negatively affected by the widespread death of 
aragonite species from both ocean heat, stagnant anoxic 
conditions, AMOC shutdown, and rising acidity. 

• Dr. Peter Ward worries that global ocean thermo-haline circulation 
(THC) shutdown could initiate another hydrogen sulfide-induced 
mass extinction, as has happened several times in Earth’s past 
when massive volcanism produced large CO2 outgassing. It might 
make the current mass extinction due to human predation look 
tame. On the re-assuring side, THC shutdown happened in a 
previous interglacial w/o this disaster. 



• One aspect is clear and unambiguous, and 

that is that permafrost carbon release 

continues for many centuries after the end of 

anthropogenic GHG release, once 

permafrost thaw is initiated. 

• The work of Vaks et al. 2013 on paleo data, 

together with the permafrost melt we’re 

observing, strongly indicates that we are 

crossing that tipping point right now, this 

decade    

• There’s another surprise that might be 

waiting… 



  The “Compost Bomb 

Instability” 
• This is an instability discovered by Jenkinson 

(1991) and explored by Luke and Cox 2011, 

and Wieczorek et al. (2010) 
• “…we have shown here that there is a general class of 

dynamical systems, including the climate-carbon cycle model 

(1.1)–(1.3), which define a dangerous rate rather than a 

dangerous level per se. We suspect that such rate-

dependent tipping points are much more common in the 

climate system than is typically assumed, and suggest that 

deriving the associated critical rates of global warming, as we 

have done here for the ‘compost-bomb instability’, would 

provide valuable guidance for climate change policy.” 

http://empslocal.ex.ac.uk/people/staff/smw206/my_papers/LukeCox_final.pdf
http://rspa.royalsocietypublishing.org/content/467/2129/1243
http://rspa.royalsocietypublishing.org/content/467/2129/1243
http://rspa.royalsocietypublishing.org/content/467/2129/1243
http://rspa.royalsocietypublishing.org/content/467/2129/1243#disp-formula-1
http://rspa.royalsocietypublishing.org/content/467/2129/1243#disp-formula-4


Warming conditions cause soil 

carbon to escape to the atmosphere  

• If it does not escape fast enough to damp 

combustion, then run-away combustion 

and CO2 release happens catastrophically 

• Luke and Cox (2011) find that for the vast 

peat areas of the Earth, including in the 

Arctic, the critical warming rate is 0.088C 

per year   

• Warming rates faster than this trigger the 

“Compost Bomb Instability”, with dire 

consequences.   

http://empslocal.ex.ac.uk/people/staff/smw206/my_papers/LukeCox_final.pdf


When the 

atmospheric 

temperature rise 

rate exceeds 

0.088C per year, 

then within 15 

years soil carbon 

in buried peat 

ignites, setting off 

the “Compost 

Bomb” and 

catastrophic 

carbon release to 

the atmosphere 



While at the high end of the “business as usual” rise rate, 

with the permafrost melt and high ECS unaccounted for, 

such a rise rate is quite possible, especially given the 

Crowther et al. 2016 studies showing soil carbon loss 17% 

higher. Soil temperatures explode upward at the tipping point 

of .088 C/year warming rate 

https://www.nature.com/articles/nature20150
https://www.nature.com/articles/nature20150
https://www.nature.com/articles/nature20150


 Such Arctic rise rates are possible, especially given the 

Crowther et al. 2016 studies showing soil carbon loss as high 

as 17% that of human emissions.  The rate at which we are 

forcing climate is unprecedented in Earth history – over 100x 

faster than even the PETM (Cui et al. 2011), for which this 

instability is a suspected cause. (although new work 

indicates the PETM may have been vastly faster) 

https://www.nature.com/articles/nature20150
https://www.nature.com/articles/nature20150
https://www.nature.com/articles/nature20150
https://www.nature.com/articles/ngeo1179


Is this Just Doomist 

Poppycock? 

• A New research report  says a 3-5C temperature rise in 
the Arctic is “locked in” by 2050. (Fascinating look at the 
UN’s pushback on the conclusions of the scientists. I 
can only read it to mean the reality is worse still).  

• Let’s do a ballpark calculation… 

• 5C (2050) – 2C (today) in 30 years = 3C/30 yrs = 0.100 
C/year temperature rise rate 

• That’s  above the .088C/yr limit 
triggering the Compost Bomb 
Instability. 

• So yes; this looks like a real risk. While complexities 
and uncertainties in soil conductivity etc. no doubt exist, if  
triggered, it could be quite devastating beyond anything so 
far talked about except by the doomists. 

https://www.theguardian.com/environment/2019/mar/13/arctic-temperature-rises-must-be-urgently-tackled-warns-un
http://www.grida.no/publications/431


An Ice Free Arctic Ocean: sends a pulse of heat 1500 km 

south of the Arctic shorelines (Lawrence et al. 2008), into the 

permafrost and peat lands. Now look at the colors. All red 

areas see temperature rise rates exceeding 0.10 C/century, 

higher than the Compost Bomb Instability limit 

 

 

 

http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf


A Very Different Planet 
• “We find that simulated western Arctic land warming 

trends during rapid sea ice loss are 3.5 times greater 
than secular 21st century climate-change trends. The 
accelerated warming signal penetrates up to 1500 km 
inland…. “ (Lawrence et al. 2008) 

• From the study of Schneider von Deimling et al. 2012 
shown earlier – the resulting global temperature rise 
does not begin to stabilize until the Earth has warmed 
by +10 degrees Celsius. 

• 10C = 18F. 18 degrees Fahrenheit global warming, This 
is TWICE again beyond the temperature rise we’ve already 
seen since the depths of the last great Ice Age. 

• A very different planet Earth, on which most 
areas currently supporting billions of people,   
become uninhabitably hot for humans and 
other mammals, and ecosystems collapse.  

http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.colorado.edu/geography/class_homepages/geog_4271_f10/readings/week_10_lawrence_et_al_2008.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf
http://www.biogeosciences.net/9/649/2012/bg-9-649-2012.pdf


A different planet Earth, less friendly to 

human life… 
• What would such temperature rises mean for the habitability of Earth? 

Sherwood and Huber (2010) in the Publications of the National 
Academy of Sciences find: (quoted from the abstract)… 

• “Peak heat stress, quantified by the wet-bulb temperature (TW), is 
surprisingly similar across diverse climates today. TW never 
exceeds 31 °C. Any exceedance of 35 °C (95 F) for extended periods 
should induce hyperthermia in humans and other mammals, as 
dissipation of metabolic heat becomes impossible. While this never 
happens now, it would begin to occur with global-mean warming of 
about +7 °C, calling the habitability of some regions into question.  

• “With 11–12 °C warming, such regions would spread to 
encompass the majority of the human population as 
currently distributed today. Eventual warmings of 12 °C 
are possible from fossil fuel burning.” 

• Pause, and re-read. +7C is not that unlikely even on a 
path with earnest reductions in emissions. And 
remember that land temperature rises will be 
significantly HIGHER than the global average, since 
most of our planet is covered by water and ice 

http://www.pnas.org/content/early/2010/04/26/0913352107.abstract


10b: Methane Hydrates 
 

There is more that has not been included 

in the IPCC AR4 (2007) and AR5 (2013) 

assessment reports (which, after all, 

digest at best the published science of 

years earlier than these Assessment 

Report dates)… 

 

  



There are more methane deposits to 

consider besides those at the poles 

• Methane hydrates along deep and shallow 
continental shelf ocean basins. 

• Methane hydrates are held in stability by high 
pressure and low temperature. 

• Higher temperature OR lower pressure on these 
deposits can destabilize them, causing release 
as it transitions to a gas. Since this requires first 
absorbing the latent heat of clathrate formation, 
this process would not be explosive, but slow. 

• While the heat release in decomposition 
(CH4+O2 = CO2 + H20 + heat) not included in 
climate models of IPCC AR5 or earlier, it is less 
than 1% of the heat trapped by the GHG’s. 

http://worldoceanreview.com/en/ocean-chemistry/climate-change-and-methane-hydrates/2/
http://worldoceanreview.com/en/ocean-chemistry/climate-change-and-methane-hydrates/2/


Methane Release from Sea Floor 

Methane Hydrates? 

 Methane hydrate is less dense than water; it therefore floats. Sudden 

sharp release of only 10% of this store would cause climate forcing 10 

times that which CO2 is doing today. 

• Is this possible? How stable?  see Archer, D. (2007) 

• Most researchers consider it unlikely that Arctic methane 

clathrate release can be abrupt, since the pressure necessary for 

clathrates is only found at 350 m depth and greater, and this is far 

below the sea bottom of the Arctic Ocean continental shelves 

where they may have formed in past Ice Ages, and where future 

warming is greatest. Heat conduction to these hydrates will take 

many centuries, hence no sudden sharp release. 
• We see no evidence of abrupt Arctic methane release today, only 

low level leakage from the continuing thaw of shallow continental 

shelf which had frozen carbon during last Ice Age 

 

http://www.biogeosciences.net/4/521/2007/bg-4-521-2007.html


How are the Oil Companies 

Thinking about Methane Hydrates? 

• I leave this as a brief “gedanken 

experiment” (a “thought experiment”, 

in the spirit of Einstein) for the 

student… 

  

http://en.wikipedia.org/wiki/Thought_experiment
http://en.wikipedia.org/wiki/Thought_experiment
http://en.wikipedia.org/wiki/Thought_experiment


OK. Here’s the Answer… 

• Fossil fuel corporations are investing 
hundreds of millions of dollars into 
exploratory work for mining methane 
hydrates as a commercial fuel source.  

• To say the least, this is incredible…. 

• We have already seen drilling 
destabilize deep sea methane hydrates 
- causing the Deepwater Horizon 
Explosion and resulting Oil Disaster in 
the Gulf of Mexico in 2010  

 

http://en.wikipedia.org/wiki/Deepwater_Horizon_oil_spill
http://en.wikipedia.org/wiki/Deepwater_Horizon_oil_spill
http://en.wikipedia.org/wiki/Deepwater_Horizon_oil_spill


2010 “Deepwater Horizon” oil disaster, 

from satellite imagery 

 



So, That was Bad. But 

Since then, the Oil 

Companies Have Surely 

Learned How to Drill 

Safely….  

• …..right? 

 



No. Shell Oil’s Alaskan Drilling Rig, 

Wrecked by Storm Waves Dec 31, 2012 

 



Maybe Shell Oil and the Others 

Should have Considered… 
• …That since they’ve helped the Arctic lose most of its sea ice, 

and it is projected soon to lose all of its summer sea ice – that 
Arctic Ocean waves which had been tiny due to the small 
open water wind fetch, are rapidly getting more powerful 
given all that new open water  

• …Arctic storms will strengthen, and so the summer season 
(the only season when oil drilling can happen), will be much 
more dangerous for drilling than it is now.  

• Even more dangerous are more large icebergs, which 
meander uncontrollably, destroying anything they run into. 

• Think of an oil rig as a mosquito with its mouth parts stuck into 
the sea bottom, as the iceberg (like your hand?) bears down 

• Then, in 2015, Shell Oil given permission to resume drilling in 
the Arctic, by the Obama Administration. 

• This is sheer madness! Because their response instead… 

https://www.youtube.com/watch?v=ofaoiHYKtlc#t=594


“We’re Gonna Need a Bigger Rig” 

• The Arctic Ocean is Estimated to hold 13% of Global Petroleum. So, 

even though Shell Oil secretly acknowledges the reality of CO2-caused 

climate change, the money was just too big to pass up (source).     

 

 

http://www.bloomberg.com/news/features/2015-08-05/inside-shell-s-extreme-plan-to-drill-for-oil-in-the-arctic


Methane release from frozen but thawing 

subsea deposits, (from NSF) 



Methane Hydrate Release to the 

Atmosphere - Effect on Climate? 

• Methane release from the Arctic is simply not well enough 
studied yet. We don’t have enough monitoring stations, and 
release rates so far as we have seen, can vary on short 
time scales by large amounts. 

• Climatologist Dr. David Archer has argued that most or all 
of Arctic methane clathrates must be (to have formed in a 
stable way in the first place) deep enough under ocean 
sediments that heat flow to cause their melting must be 
very slow, so abrupt climate change from Arctic Ocean 
clathrates is not a significant danger.  

• But ongoing slower methane release could very well be 
unstoppable given our climate forcing.  Slow release will 
oxidize to CO2, so “abrupt climate change” is far less likely 



11. Staple Crop Yields Drop 

with Climate Change  



Even just +3C temps mean most of Earth has poorer (red) crop yields, up 

to 50% loss. The worst effects are in the most populated areas. Note the 

devastating effects on the Arab Countries. Then ponder their rapid 

population rise, their violent political instability, and imagine the Syrian 

tragedy of this decade multiplied by orders of magnitude. 



Climate Denialists Like to 

Promote the Meme “More CO2 

is GOOD for Plants!” 

• But, it’s just another lie.  

• Yes, higher CO2 (up to a point) makes plants grow 

faster (assuming the still have good soil and water), 

but a more accurate description for crops is that 

they “bolt” and go to seed faster 

• But the actual valuable edible parts of plants are 

smaller and poorer, requiring MORE plants to 

make up for the deficit. 



Worse, competing weeds grow up to 3x 

faster than food crops in global 

warming conditions 



Expect increased use of Monsanto’s Round 

Up and its  carcinogenic glyphosate (already 

at high levels in American food)  

• Worrisome – but the Trump Era’s FDA has 

implemented a “solution” (to the worry): we’ll 

just Stop testing crops for the herbicide. 

 

http://www.iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112.pdf
https://www.ecowatch.com/monsanto-glyphosate-cheerios-2093130379.html
https://www.ecowatch.com/fda-suspends-glyphosate-testing-2089751612.html
https://www.ecowatch.com/fda-suspends-glyphosate-testing-2089751612.html


Already, yields of the staple crops which feed 

most of the world are beginning to decline, 

having peaked in 2006 



Can’t we just GMO some 

tougher crops? 
• We’ve had some success engineering more 

drought-tolerant plants. 

• But biology is extremely temperature dependent, 

and despite 30 years of major efforts, there has 

been NO success at breeding heat-tolerant staple 

crops (1:04:50 into this talk by atmospheric 

scientist Dr. David Battisti in 2016). 

• Elevated CO2, far from being “good for plants”, is 

robbing food crops of vital nutrients (Myers et al. 

2014) 

https://www.youtube.com/watch?v=YToMoNPwTFc
https://www.nature.com/articles/nature13179
https://www.nature.com/articles/nature13179
https://www.nature.com/articles/nature13179
https://www.nature.com/articles/nature13179
https://www.nature.com/articles/nature13179


These Only Consider the Effect of 

Drought and Temperature on Crops – 

What about Soil? 

• Existing arable land topsoil is being washed away at a 

rate of almost 1% per year, because large-scale disc’ing 

of land which needs little labor. This robs soil of roots and 

other organic holds. It also releases N2O (a greenhouse 

gas) from mass use of nitrogen fertilizers (which also 

minimize costs vs. labor-intensive organic methods). Cost 

rules the decisions, as always. 

• Topsoil replacement rate is only ~1 cm per 1,000 yrs by 

geological forces, (but even that assumes healthy plant cover). 

• With current commercial agriculture techniques which strip soil 

of nutrients and prevent “weeds” from holding soil in rain 

storms, this suggests that farming might survive for only 

another 60 years. 

http://www.seattlepi.com/national/article/The-lowdown-on-topsoil-It-s-disappearing-1262214.php
http://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/
http://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/


Total area of arable land has plateaued. While 

depth of topsoil continues to erode 



This source below is more optimistic: bringing on-line more 

crop land (but, to be similarly washed away??). Additional 

convertible land is very scarce, especially in developed 

nations, who are losing arable land the fastest (bottom 

curve) 



By 2050, the amount of arable 

land per person will drop to only 

¼ of what it was in 1950  

• Large fish in the ocean are down ~90% 

• Phytoplankton abundance is dropping  

• Most shellfish as well, both from warmer surface waters and 

growing acidity, especially off the West Coast of the U.S, 

where reproductive failure of shellfish has been happening 

for several years now due to growing acidity. 

• So what will we eat then? Considering overpopulation 

problems, perhaps Soylent Green? I volunteer our political 

“leadership” as first into the chipper!  

 

http://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/
http://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/
http://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/
http://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/
http://e360.yale.edu/feature/northwest_oyster_die-offs_show_ocean_acidification_has_arrived/2466/
http://e360.yale.edu/feature/northwest_oyster_die-offs_show_ocean_acidification_has_arrived/2466/
https://en.wikipedia.org/wiki/Soylent_Green


Highlights from Battisti’s Talk: 

“Climate Change and Global 

Food Security” 
• We need to double our staple crop yields in the 

next 35 yrs 

• Requires increasing yields at a rate we have 

only accomplished once, near the end of the 

“green revolution” some years ago, and we have 

to do it continually for a much longer period of 

time. And yet… 

• ~all agro suitable land is already in use, and 

we’re losing it at 1% per year due to erosion, 

salt intrusion, wind. 

https://www.youtube.com/watch?v=YToMoNPwTFc


• Water? Already in short supply and dropping, 

opposite to what we needed during the “Green 

Revolution” 

• Only 50-300 yrs of global supply of phosphorus 

(P) is all that remains. P and N (nitrogen) are 

both essential to plants. 

• 50% of the food for the tropical populations is 

the staples: rice, wheat, maize, which are in 

trouble because in the tropics they are already 

above their optimal temperature range.  

• Therefore, expect steeply falling yields as 

temperatures continue to climb  

 



What about Vegetables? 

• Not good... 

• A new study in PNAS (Sheelbeek et al. 

2018) discussed here, finds that vegetable 

yields will drop by ~33% by 2050 on our 

current path. 

• So not only will the high calorie staples’ 

yields and nutritional value be plummeting, 

so will vegetables, in both yield and 

nutritional value. 

http://www.pnas.org/content/early/2018/06/05/1800442115
http://www.pnas.org/content/early/2018/06/05/1800442115
http://www.pnas.org/content/early/2018/06/05/1800442115
http://www.pnas.org/content/early/2018/06/05/1800442115
https://www.lshtm.ac.uk/newsevents/news/2018/predicted-environmental-changes-could-significantly-reduce-global-production


12. CO2 Effects on Global 

Insect Populations and the 

Food Chain 



Causes are multiple and need 

clarification, but appear to be 

heat stress, habitat loss, 

pesticides 

• A new Review article of general insect 

population global losses (Sanchez-Bayo 

and Wyckhuys 2019) find losses of 

approximately 58% in just the past 18 

years 

https://www.sciencedirect.com/science/article/pii/S0006320718313636
https://www.sciencedirect.com/science/article/pii/S0006320718313636
https://www.sciencedirect.com/science/article/pii/S0006320718313636
https://www.sciencedirect.com/science/article/pii/S0006320718313636
https://www.sciencedirect.com/science/article/pii/S0006320718313636
https://www.sciencedirect.com/science/article/pii/S0006320718313636
https://www.sciencedirect.com/science/article/pii/S0006320718313636
https://www.sciencedirect.com/science/article/pii/S0006320718313636


In the 37 

years since 

their first 

census, 

biomass of 

insects in 

the Costa 

Rican 

rainforest 

has dropped 

by a 

shocking 

~85% 



13. Regional Climate in the Future: Drought over the 

populous zones, increased rain over the equatorial oceans, 

and poles (UN report). This figure is from the IPCC AR4 and 

therefore likely too optimistic, as we’ve seen 

 

http://www.unep.org/pdf/permafrost.pdf


On Previous Slide – the Good 

and the Bad News… 

• The good news is, there’s going to be more 

rain from the more humid climate 

• The bad news is – it’s going to fall mostly over 

the Arctic (where it contributes to wetlands 

producing more methane from thawing 

permafrost), and over the tropical oceans, 

which does no one any good 

• Over mid-latitude continents –  where people 

live - we’ll instead have increasing drought 



13. Regional Forecasts: 

California 

 



California Forecast: Drought 

• Oster et al. 2009 studied stalagmites from 

Moaning Cavern, CA; age dated via 

Uranium/Thorium ratio, and temperature, rainfall 

data from other element ratios, and correlated 

with Arctic from existing paleoclimate records… 

• They find… that when the Arctic Ocean thaws, 

we get drought in California, as the polar jet 

stream migrates north, according to climate 

models (yes, it “wiggles” more, but the average 

position of the polar jet stream is farther north) 

• That is exactly what we are already seeing now. 

http://esciencenews.com/articles/2009/11/10/cave.study.links.climate.change.california.droughts
http://esciencenews.com/articles/2009/11/10/cave.study.links.climate.change.california.droughts
http://esciencenews.com/articles/2009/11/10/cave.study.links.climate.change.california.droughts
http://esciencenews.com/articles/2009/11/10/cave.study.links.climate.change.california.droughts
http://esciencenews.com/articles/2009/11/10/cave.study.links.climate.change.california.droughts


Sewall and Sloan’s (2005) Climate Modelling 

Studies Predicted the Emergence of “The Blob” 

… a Mass of Hot Water Deflecting the Jet Stream 

Northward, due to Melting of the Polar Cap 

http://onlinelibrary.wiley.com/doi/10.1029/2003GL019133/abstract
https://en.wikipedia.org/wiki/The_Blob_(Pacific_Ocean)


It is the loss of Arctic Ocean ice 

which causes this pattern.  

• Co-Author Jacob Sewall: “Where the sea ice is 

reduced, heat transfer from the ocean warms the 

atmosphere, resulting in a rising column of 

relatively warm air. The shift in storm tracks over 

North America was linked to the formation of 

these columns of warmer air over areas of 

reduced sea ice.”  

• “Both the pattern (of real 2013 data) and even 

the magnitude of the anomaly looks very 

similar to what the models predicted in the 

2005 study.” 



And indeed, “The Blob” - is here. Below is actual 

observations: Mapped is the average for all of 2013. It is 

predicted to be Persistent, and Worsen. Although some 

years it may migrate elsewhere (such as 2019). 

http://thinkprogress.org/climate/2014/03/07/3370481/california-drought/


• Sloan: “Yes, in this case I hate that we (Sewall & 

Sloan) might be correct. And in fact, I think the 

actual situation in the next few decades could be 

even more dire that our study suggested. Why do I 

say that?  

• (1) we did not include changes in greenhouse 

gases other than CO2;  

• (2) maybe we should have melted more sea ice 

and see what happens;  

• (3) these atmospheric and precipitation estimates 

do not include changes in land use, in the US and 

elsewhere. Changing crops, or urban sprawl 

increases, or melting Greenland and Northern 

Hemisphere glaciers will surely have an impact on 

precipitation patterns.” 



Worsening Droughts – U.S. Southwest (blue curve). 

Likely far too conservative, as these are the same 

models which badly underestimated Arctic Ice Loss 

 



With Less Rain and Snow, 

Reservoirs Dry up 



Oroville Reservoir in 2014. California Headline in 

Spring ’15 – “One year of Surface Water 

Remaining.” (El Nino provided a brief reprieve) 



The Five Mechanisms by Which a 

Warming World Accentuates Drought 

• 1. In a warming world, a larger fraction of total 
precipitation falls in downpours, which means a larger 
fraction is lost to storm runoff (as opposed to being 
absorbed in soil).  

• 2. In mountain regions that are warming, as most are, a 
larger fraction of precipitation falls as rain rather than as 
snow, which means far more rapid run-off 

• 3. What snowpack there is, melts earlier in a warming 
world, further reducing flows later in the year.  

• 4. Where temperatures are higher, losses of water from 
soil and reservoirs due to evaporation are likewise higher 
than they would otherwise be.  

• 5. Most dominant – there is simply less precipitation of 
any kind, over mid-latitude lands. Increased precipitation 
is predicted only for the far Arctic north, and over the 
oceans, not where people actually live, which is on land. 



But There is a 6th Feedback, Which 

May Be Even More Dominant 
• The drying of soils from existing droughts has a large 

damaging effect on the ability of soils to take carbon, into 

root systems 

• This is a strongly amplifying biological feedback to 

regional greenhouse warming and drying which is not in 

most climate models. 

• Schwlam et al. 2012 in Nature: Geoscience… 

• “In normal climate conditions North America absorbs 

carbon dioxide from the atmosphere, serving as an offset 

to anthropogenic, or human-produced, carbon 

emissions,” said co-author Christopher Williams, 

assistant professor at Clark University. “Our study 

shows how this typical carbon uptake was severely 

impaired by this large-scale and persistent drought.”  

http://www4.nau.edu/insidenau/bumps/2012/7_30_12/schwalm.html
http://www4.nau.edu/insidenau/bumps/2012/7_30_12/schwalm.html
http://www4.nau.edu/insidenau/bumps/2012/7_30_12/schwalm.html


IPCC Predictions – Western U.S. Droughts Are 

Just Getting Started. Schwlam et al. 2012.  

http://www4.nau.edu/insidenau/bumps/2012/7_30_12/schwalm.html
http://www4.nau.edu/insidenau/bumps/2012/7_30_12/schwalm.html
http://www4.nau.edu/insidenau/bumps/2012/7_30_12/schwalm.html


Cvijanovic et al. 

2017 confirm the 

link between the 

loss of Arctic 

Ocean ice and 

severe drought in 

California – note 

California is the 

worst continental 

land on Earth for 

future drought 

(bottom) 

https://www.nature.com/articles/s41467-017-01907-4
https://www.nature.com/articles/s41467-017-01907-4
https://www.nature.com/articles/s41467-017-01907-4
https://www.nature.com/articles/s41467-017-01907-4


All of these drought 

predictions may well be 

significantly too optimistic 

• Climate change is predicted, and observed, to cause 

the northern tropical Hadley cell to expand north, 

bringing the desert belt with it.  

• But observations are showing this migration is 

happening 3 times faster than the IPCC models, 

which include no cloud feedbacks (27:40 into this 

interview of cloud physicist Dr. Steven Sherwood, 

and Seidel et al. 2007, quoting numerous studies)  

• Already, desert area is growing at the striking 

rate of 130,000 km2/yr. 

 

https://www.youtube.com/watch?v=2i1xJ68SREQ
https://www.youtube.com/watch?v=2i1xJ68SREQ
http://www.arl.noaa.gov/documents/JournalPDFs/SeidelEtAl.ngeo.2007.38.pdf
http://www.arl.noaa.gov/documents/JournalPDFs/SeidelEtAl.ngeo.2007.38.pdf
http://www.arl.noaa.gov/documents/JournalPDFs/SeidelEtAl.ngeo.2007.38.pdf


Northward expansion 

of the Tropical Hadley 

cell boundary 

observed 1980 to 2005 

(Seidel 2007), is much 

faster than climate 

models predicted. 

Central California is 

just over the northern 

border of the Tropical 

Hadley Cell, and so our 

transition into the 

desert climate which 

defines the 

Hadley/Ferrell border 

will be dramatic 

compared to most 

places 



Here in Santa Cruz…, Redwoods define the beauty of our county. But most 

of the current habitat for redwoods will no longer be able to support them 

before the end of the century (19:39 into this documentary, w/ studies by 

county scientists). The deserts of southern California are marching 

northward (Seidel 2008), already by ~140 miles from 1979 to 2007 

https://vimeo.com/134785744


Stanford’s Prof. Ken Caldiera, 

Using Climate Modelling in a 

“Business as Usual” (RCP 8.5) 

Scenario… 

• …finds that by year 2100, the climate of the 

Santa Cruz/San Jose area will be that of the 

dry desert and chaparral at the latitude of San 

Diego, and that Seattle’s climate will warm 

and dry to become that of present day San 

Jose. (Petri and Caldiera 2014 in Nature) 

• This spells the end of California redwood 

trees 

http://www.nature.com/articles/srep12427
http://www.nature.com/articles/srep12427
http://www.nature.com/articles/srep12427
http://www.nature.com/articles/srep12427


Other Studies: California is 

Losing its Majestic Large Trees 

• This study in PNAS (McIntyre et al. 

2014), and discussed here, finds that in 

nearly all areas of California, the great 

trees are dying. 

• There is a 50% decline of all trees larger 

than 2 ft in diameter in all areas of 

California surveyed, except for the Central 

and South Coast, since 1930. 

• This is due to drought, land use, and fire 

road cutting  

http://www.pnas.org/content/early/2015/01/14/1410186112
http://www.pnas.org/content/early/2015/01/14/1410186112
http://www.pnas.org/content/early/2015/01/14/1410186112
http://thinkprogress.org/climate/2015/01/21/3613620/californias-big-trees-are-suffering-badly/


Even Sadder – The Defining 

Tree of California – the Giant 

Sequoia, Appears Doomed 

• These unique trees - Sequoiadendron giganteum 

– sole species in their genus, are evolved to get 

their water by slow melting snow on the surrounding 

ground all spring and early summer. With snow 

disappearing from the California mountains, 

especially at the southern end of the Sierra and at 

their adapted altitude of ~5,500 ft, they are not 

expected to survive (source).  

• Since 1980, total Western U.S. annual snow has 

dropped 40% 

http://e360.yale.edu/feature/giant_sequoias_face_looming_threat_from_shifting_climate/2631/


Giant 

Sequoias – 

largest living 

things on 

Earth – are 

only found 

in the 

Southern 

Sierra 

Nevada 



Sequoias require snow, especially for seedlings. Their 

shallow roots require water past the rainy season. But 

snow is becoming rarer in the Sierra… 



My Astro 28 Field Astro students, at Giant Sequoia 

National Monument’s “Trail of 100 Giants” in 2004 



This same ~2000 year old tree, in 2016 – fallen and dead. 

Some young Sequoias; dead as well (at right). President 

Trump hopes to open most of the monument to logging, 

which this article, (in a gesture of startling understatement) 

calls “counter-intuitive”. It reminds me of the old Vietnam 

War madness “We had to destroy the village in order to 

save it” 

https://www.theguardian.com/environment/2017/jul/26/public-land-sequoia-national-monument-wildfires-logging
https://en.wikiquote.org/wiki/Vietnam_War


What will be the fate of these 

beautiful trees? Will they be clear 

cut before they are fully dead? 



Or will they fall to fire. In the Western U.S., the number of 

1000+ acre wildfires has increased 300% since the 1970’s, 

and the total area burned each year has gone up by 600% 

(source). And, drought is just getting started 

http://www.climatecentral.org/news/western-wildfires-climate-change-20475


Annual California Wildfire Acreage …is 

predicted to rise by 70% from present 

values, by 2050 (Jin et al. 2015)  

http://iopscience.iop.org/article/10.1088/1748-9326/10/9/094005
http://iopscience.iop.org/article/10.1088/1748-9326/10/9/094005
http://iopscience.iop.org/article/10.1088/1748-9326/10/9/094005


Another Iconic California Tree is 

Likely Doomed – the Joshua Tree 



Here: A science-based tweet from 

the Superintendent of Joshua Tree 

National Park… 

• “Current models predict the suitable habitat for 

Joshua trees may be reduced by 90% in the 

future with a 3°C (5.4°F) increase in average 

temperature over the next 100 years”  
• This comment resulted in a severe reprimand from Trump 

Administration Secretary of the Interior Ryan Zinke, who insists 

that climate change is the topic “whose name shall not be 

uttered” by any National Park officials 

• This, at only +3C. Yet holding to +3C is almost impossible, 

when the real climate physics and paleo-data we looked at 

is considered, even with strong human action. 

 

http://thehill.com/policy/energy-environment/364994-zinke-reprimanded-park-head-after-climate-tweets


Other Climate Change 

Predictions for California 

• Dept of Interior report 2011 for western 

U.S. 

• California – climate model results UC San 

Diego (Dettinger 2011) 

• Different economic and emission scenarios 

share the modelling assumptions and 

nomenclature of the (unfortunately too 

conservative) IPCC, namely…. 

http://www.doi.gov/news/pressreleases/Interior-Releases-Report-Highlighting-Impacts-of-Climate-Change-to-Western-Water-Resources.cfm
http://www.doi.gov/news/pressreleases/Interior-Releases-Report-Highlighting-Impacts-of-Climate-Change-to-Western-Water-Resources.cfm
http://www.doi.gov/news/pressreleases/Interior-Releases-Report-Highlighting-Impacts-of-Climate-Change-to-Western-Water-Resources.cfm
http://meteora.ucsd.edu/cap/cccc_model.html


For Reference: IPCC Nomenclature 

for Future Scenarios 

A1 = The A1 scenarios are of a more integrated world. The A1 family of 
scenarios is characterized by: 

• Rapid economic growth.  

• A global population that reaches 9 billion in 2050 and then gradually 
declines.  

• The quick spread of new and efficient technologies.  

• A convergent world - income and way of life converge between 
regions. Extensive social and cultural interactions worldwide.  

• There are subsets to the A1 family based on their technological 
emphasis: 

---A1FI - An emphasis on fossil-fuels (Fossil Intensive).  

---A1B - A balanced emphasis on all energy sources.  

---A1T - Emphasis on non-fossil energy sources.  

 

A2 = world economy consolidating within their regions, slower trade, no 
narrowing of economic gap between “haves” and “have nots”. High-
income but resource-poor regions shift toward advanced post-fossil 
technologies (renewables or nuclear), while low-income resource-rich 
regions generally rely on older fossil technologies. Final energy 
intensities in A2 decline with a pace of 0.5 to 0.7% per year.  

http://en.wikipedia.org/wiki/Special_Report_on_Emissions_Scenarios#A1
http://www.grida.no/climate/ipcc/emission/094.htm


IPCC “B” Scenarios – More 

Environmentally Friendly 
B1 = The B1 scenarios are of a world more integrated, and more ecologically 

friendly. The B1 scenarios are characterized by: 

• Rapid economic growth as in A1, but with rapid changes towards a service and 
information economy.  

• Population rising to 9 billion in 2050 and then declining as in A1.  

• Reductions in material intensity and the introduction of clean and resource 
efficient technologies.  

• An emphasis on global solutions to economic, social and environmental stability.  

 

B2 = The B2 scenarios are of a world more divided, but more ecologically friendly. 
The B2 scenarios are characterized by: 

• Continuously increasing population, but at a slower rate than in A2.  

• Emphasis on local rather than global solutions to economic, social and 
environmental stability.  

• Intermediate levels of economic development.  

• Less rapid and more fragmented technological change than in A1 and B1.  

 

 



Summary Predictions for Year 

2100 from Interior Dept. Report 
• Assumes “Business as Usual”  

• A global temperature increase of +5 to +7 degrees C; 

• A precipitation increase over the northwestern and north-
central portions of the western United States and a 
decrease over the southwestern and south-central 
areas; 

• A decrease for almost all of the April 1st Western 
snowpack, a standard benchmark measurement used to 
project river basin runoff; and 

• An 8 to 20 percent decrease in average annual stream 
flow in several river basins, including the Colorado, the 
Rio Grande, and the San Joaquin (all of which are 
already 100% used up before reaching the ocean) 

• These predictions, however, do not include the effects of 
methane release, the expanding Hadley Cell, newly 
identified amplifying feedbacks from the Arctic, and 
others, and are almost certainly too optimistic. 



• Top two panels – A2 
Scenario. Night 
temps rise by 3-5C 
near coast, and 5-7C 
in desert inland. 
Drought areas focus 
on Northern 
California; 30-
40cm/yr loss by 2100 
in coastal mtns and 
Sierra. Bottom two 
panels – B1 
Scenario. Night 
temps rise only 1-2C, 
drought still severe in 
Sierra, less so in 
northern coastal 
mountains vs. A2 
scenario 

• (Dettinger 2011) 

http://tenaya.ucsd.edu/~dettinge/Tahoe_dscaling.pdf
http://tenaya.ucsd.edu/~dettinge/Tahoe_dscaling.pdf
http://tenaya.ucsd.edu/~dettinge/Tahoe_dscaling.pdf


• IPCC Climate 
Scenario A2 
(Business as 
Usual) 

•  – Predictions 
for Northern 
California. 
Annual mean, 
and broken up 
into winter, and 
summer months. 
Summer temps 
rise +8C from 
early 20th 
Century, and 
more than winter 
temps. 

 

•  +8C! That’s 
over +14 deg 
Fahrenheit 
hotter 



Bay Area Sea Level Rise.  Purple is +1.4m rise 

prediction, which is quite likely to be too 

conservative for 2100 

 



West Coast Ocean Life 

• Former Astro 7 “Planetary Climate” 

student Roland Saher has made an 

excellent film “Climate Change Hits 

Home”, on the effects of climate change 

affecting Santa Cruz County 

• Another effect I can add, being a regular 

runner on the local beaches for the past 

30 years… rising ocean acidification is 

affecting all aragonite calcium carbonate 

species, including mussels.  

http://www.climatechangehitshome.com/about-2/
http://www.climatechangehitshome.com/about-2/


   Gravity Measurements from 

the GRACE Satellites… 

• …shows that 1/3 of the largest aquifers in 

the world are in “serious distress”, and are 

not getting replenished at anywhere near 

the rate they are being drained (Famiglietti 

et al. 2015, discussed here) 

• We don’t know how much of our 

groundwater remains. We just don’t have 

the data at these depths.  

• This is disturbing. 

http://www.eurekalert.org/pub_releases/2015-06/uoc--at061615.php


El Nino / Southern Oscillation: 

Another Positive Feedback? 
• Recent work (Li et al. 2013) building on similar work 

earlier, uses tree ring data and other cross-correlations 
with climate proxies to reconstruct the ENSO 
modulations of the past ~800 years 

• Find that ENSO is skewing in the late 20th century, with 
the warm El Nino phase predominating over the cooler 
La Nina phase – perhaps due to the strong ocean 
heating that GHG’s are delivering. The amplitude of the 
swing from El Nino to La Nina is more uncertain, but 
climate models on average show little change (Collins 
et al. 2010) 

• Li et al. conclude: “If the El Nino phase continues to 
become more dominant, it suggests another amplifying 
feedback which worsens future climate heating, and 
should be included in future climate modelling.” 

http://www.homelandsecuritynewswire.com/dr20130702-el-nino-unusually-active-in-the-late-twentieth-century-study
http://www.homelandsecuritynewswire.com/dr20130702-el-nino-unusually-active-in-the-late-twentieth-century-study
http://www.homelandsecuritynewswire.com/dr20130702-el-nino-unusually-active-in-the-late-twentieth-century-study
http://www.homelandsecuritynewswire.com/dr20130702-el-nino-unusually-active-in-the-late-twentieth-century-study
http://www.gfdl.noaa.gov/~atw/yr/2010/collins_etal_2010_natgeo.pdf
http://www.gfdl.noaa.gov/~atw/yr/2010/collins_etal_2010_natgeo.pdf
http://www.gfdl.noaa.gov/~atw/yr/2010/collins_etal_2010_natgeo.pdf
http://www.gfdl.noaa.gov/~atw/yr/2010/collins_etal_2010_natgeo.pdf


Underestimated IPCC AR3 projections are Still 

Disastrous. Observed Change is as Bad or Worse than 

the “Worst Case” = A2 Scenario (SRES=IPCC “Special 

Report on Emission Scenarios” – Both too optimistic 

 

http://sciencepolicy.colorado.edu/admin/publication_files/2015.32.pdf


14. The Possibilities of 

Societal Instability and 

Breakdown 

 



How will Civilization Respond to this 

Accelerating Decay? 
• World wars have started over much less. Fighting over 

desires or status is one thing.... perhaps tempers can be 
calmed.. But fighting over basic food, water, and the very 
existence of, or survivability on, the land you live on, is quite 
another.  

• A +6 to +7 C global temperature rise which is now a serious 
possibility by 2100 or soon thereafter,  

• This is larger than the +5 C global temperature difference 
between the depths of the last great Ice Age, and the current 
warm interglacial, before human-caused global warming.  

• The heating of Earth will not end at 2100. Thermal forcing 
equilibrium is reached only after several centuries, even if 
CO2 levels are kept constant. 

• Decarbonization of our energy will slow this, but  not fast 
enough to avoid all of the tipping points, observations 
indicate. (see my other PowerPoints for more) 
 



Continued Business as Usual  could eventually 

lead to a +12C world, if human ingenuity finds 

a way to keep burning carbon in Hothouse 

Earth. At this temperature, it would be a world 

in which humans would, for the most part, die 

• India, southern China, Pakistan, Mexico, Brazil and 
more, could become uninhabitably hot due to the 
irreversible climate change tipping points we’re 
passing ~now or in the very near future.  

• Do you suppose they’ll simply quietly die? Or will 
those billions of people fight for a place in the 
regions still able to support human life? 

• Even without a +12C world, the Chairman of the 
Global Military Advisory Council says climate 
refugee wars are beginning, and will get much 
worse (source), and building walls won’t help. 

 

http://www.independent.co.uk/environment/climate-change-wars-global-warming-conflict-refugees-walls-wont-help-general-warns-a7381031.html


India has Dam’d Most of the 

water that now enters Pakistan 
• …and as the Tibetan glaciers recede and India’s 

population grows, it is likely there will be pressure to 

divert more of that water to India, making Pakistan’s 

already climate-challenged future worse. 

• These two nuclear powers may well come to war. 

What would just a regional nuclear war fought with 

just smaller Hiroshima-sized A-bombs do? Far 

worse than we thought: Kill ~45 million directly, and 

vastly more globally due to destruction of the ozone 

layer, rapid climate change, and “widespread 

damage to human health, agriculture, and terrestrial 

and aquatic ecosystems” (Mills et al. 2014).  

https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2013EF000205
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2013EF000205
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2013EF000205


Higher CO2 and Hotter 

Temperatures Linked to Variety 

of Personal Human Pathologies  

• Mental function declines by over 20% with 

a doubling of CO2 (Allen et al. 2015) 

• Violence between individuals and groups 

increase significantly (meta analysis of 60 

studies by Hsiang et al. 2013) 

• Suicide rates increase (Burke et al. 2018, 

discussed here) 

https://thinkprogress.org/exclusive-elevated-co2-levels-directly-affect-human-cognition-new-harvard-study-shows-2748e7378941/
https://thinkprogress.org/exclusive-elevated-co2-levels-directly-affect-human-cognition-new-harvard-study-shows-2748e7378941/
https://thinkprogress.org/exclusive-elevated-co2-levels-directly-affect-human-cognition-new-harvard-study-shows-2748e7378941/
http://science.sciencemag.org/content/341/6151/1235367
http://science.sciencemag.org/content/341/6151/1235367
http://science.sciencemag.org/content/341/6151/1235367
https://www.theguardian.com/environment/2018/jul/23/rising-temperatures-linked-to-increased-suicide-rates?utm_source=esp&utm_medium=Email&utm_campaign=Green+Light+2016&utm_term=282132&subid=13205588&CMP=EMCENVEML1631


Other Expectations: Continuously 

Flooded Ports, new “Dark Ages” 
• Sea level rise in perhaps rapid pulses (a’la “Meltwater pulse 

1A and 1B” – next slide) may make stable ports impossible 

• Coastlines will be constantly changing as seas rise, for 

decades, hundreds, or thousands of years. How will we re-

build ports, and then re-build them again and again, and other 

necessary coastal facilities, without stable coastlines? 

• Ecological relationships between millions of species are very 

complex, data very sparse and poorly understood. Outcomes 

highly uncertain, but not good, and so…  

• A new “Dark Ages” possible as we grope for understanding 

in a world which is no longer stable and predictable, and we 

make mistakes in fundamental societal choices (changing 

farming areas, etc.), which will be much costlier in all ways 

than direct transitions to predictable known outcomes. 

http://www.nytimes.com/2016/04/19/opinion/a-new-dark-age-looms.html?_r=0


Meltwater Pulse 1A 

 

 

 

 

 

 

 
Coming out of the last Ice Age about 15,000 years ago, sea levels rose at 

a rate of 1 meter per 20 years, for 400+ years.  

This was a  Milankovitch (orbital change) driven warming. We’re applying 

a climate forcing now which is much stronger. Will we see periods of sea 

level rise rate which are comparable?  This is much faster than any IPCC 

simple melt model has in it. This had puzzled climate scientists… 



How Can Such Weak Milankovitch Forcings 

Lead to Long periods of such Rapid Sea Level 

Rise? 
• The simple models used in earlier IPCC releases did not 

recognize the highly non-linear rate of ice loss which is 

clearly seen in the paleo record. 

• Hansen and Sato (2012) (linked, discussed here) argue 

that today’s temperatures are the same as those at the 

tipping points of the Eemian interglacial, when sea levels 

rose 10-15 meters higher than today, and which dramatically 

amplify continental glacial loss. These include… 

• Melt-through of the permanent Arctic Ocean sea ice,  

• Loss of coastal buttressing of Greenland and Antarctic 

glaciers,  

• Surface melt induced darkening the albedo of continental ice 

• Since then, all of these have begun and are rapidly 

accelerating, as we saw. 

 

http://www.columbia.edu/~jeh1/mailings/2011/20110118_MilankovicPaper.pdf
http://thinkprogress.org/climate/2011/01/20/207376/hansen-sato-climate-tipping-point-multi-meter-sea-level-rise/


New 2016 Study Reveals Additional 

Cause for Sea Level Rise 
• Expectations had been that the “firn space” (pores 

within the snow pack) would provide a good storage 

buffer against meltwater entering the ocean, at least 

for a long time: surface melt would sink deep enough 

through firn space to re-freeze 

• But not so. Machguth et al. 2016  (behind paywall, but 

good discussion is here) show that the firn space at 

high elevation has strongly densified already, from 

previous melt seasons, and at low elevation is already 

saturated with melt/new ice, forcing meltwater to find 

efficient routes off the ice sheet entirely. It also lowers 

the albedo of the surface, amplifying the melt further – 

another positive feedback  

http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2899.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2899.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2899.html
https://www.washingtonpost.com/news/energy-environment/wp/2016/01/04/what-scientists-discovered-in-greenland-could-be-making-sea-level-rise-even-worse/


From Machguth et al. 2016. Impenetrable ice 

lenses shown in blue, for several of their study 

sites on Greenland. These amplify runoff. 

http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2899.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2899.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2899.html


Global Temperatures Since Depths of the Last Ice 

Age; Observations, and Predicted (red) 

 



Below is the Abstract of 

Hansen and Sato 2012 
 

• “Milankovich climate oscillations help define climate sensitivity and assess 

potential human-made climate effects. We conclude that Earth in the warmest 

interglacial periods was less than 1°C warmer than in the Holocene and that 

goals of limiting human-made warming to 2°C and CO2 to 450 ppm are 

prescriptions for disaster. Polar warmth in prior interglacials and the 

Pliocene does not imply that a significant cushion remains between today's 

climate and dangerous warming, rather that Earth today is poised to 

experience strong amplifying polar feedbacks in response to moderate 

additional warming. Deglaciation, disintegration of ice sheets, is 

nonlinear, spurred by amplifying feedbacks. If warming reaches a level 

that forces deglaciation, the rate of sea level rise will depend on the 

doubling time for ice sheet mass loss. Gravity satellite data, although 

too brief to be conclusive, are consistent with a doubling time of 10 

years or less, implying the possibility of multi-meter sea level rise this 

century. The emerging shift to accelerating ice sheet mass loss supports our 

conclusion that Earth's temperature has returned to at least the Holocene 

maximum. Rapid reduction of fossil fuel emissions is required for humanity to 

succeed in preserving a planet resembling the one on which civilization 

developed.”  



 Climate-induced Droughts, Tree Death, and 

Resulting “Mega fires “(video) in the Far North Are 

Darkening Arctic Ice Sheets 

http://time.com/3959260/climate-change-wildfires/?xid=IFT-Trending
http://time.com/3959260/climate-change-wildfires/?xid=IFT-Trending
http://time.com/3959260/climate-change-wildfires/?xid=IFT-Trending
http://time.com/3959260/climate-change-wildfires/?xid=IFT-Trending
https://www.youtube.com/watch?v=sB1eY9xvDac
http://darksnow.org/about-the-august-2014-dark-greenland-photos/


Annual Wildfire Burn Area in 

Western U.S. Growing Rapidly 

due to Climate Change 

• Abatzoglou and Williams (2016) find that 

climate change has doubled the area that 

is experiencing wildfires, and more than 

doubled the measures of land cover loss 

fuel’ed aridity. 

• They expect that by mid century this 

trend will taper off, as there will be too 

few trees left to allow wildfires to 

propagate. 

http://www.pnas.org/content/early/2016/10/05/1607171113.abstract


Globally, the rainforests are being 

sawed and burned at staggering rates 

• Pro-industry spin will have you believe that rainforest 

destruction is being moderated and funding to 

motivate saving the rainforest are going to have an 

effect. 

• The truth is, rainforest area the size of England and 

Wales combined is destroyed every year. 20 football 

fields worth every minute, and rising.  

• At current rates, all rainforest will be gone in 100 

years.  20% of the Earth’s oxygen is produced in the 

Amazon rainforest alone.  

• This will alter climate, global liveability in profound 

ways.  

https://www.conserve-energy-future.com/various-deforestation-facts.php
https://earthobservatory.nasa.gov/Features/Deforestation/tropical_deforestation_2001.pdf
https://earthobservatory.nasa.gov/Features/Deforestation/tropical_deforestation_2001.pdf


Those responsible can even collect money from REDD - the 

program supposedly designed to reduce rainforest logging. 

How? By planting trees elsewhere – industrial palm oil trees 

(below). Corruption is rampant, and organized crime is highly 

interested in the carbon-trading market. 

http://www.redd-monitor.org/redd-an-introduction/
https://www.theguardian.com/environment/2009/oct/05/un-forest-protection


In a fitting twist of Fate, the Alberta tar sands boom 

town Fort MacMurray area  was “wiped clean by the 

wrath of God” by firestorms enabled by climate-

induced drought and tree death in May ‘16 

https://www.getyarn.io/yarn-clip/8343ce2f-b951-4d09-bbdb-326a8c46cc45
https://www.getyarn.io/yarn-clip/8343ce2f-b951-4d09-bbdb-326a8c46cc45


The 

Alberta 

Firestorm 

from ~10 

miles 

away. 

Flames 

spiral over 

a mile into 

the sky 



Entire City of Fort McMurray Evac’d 



A  

fleeing 

resident  

on cell 

phone: 

“It’s like 

Arma-

geddon 

here!” 



A New Discovery Might Play 

Some Future Role As Well… 

• CO2 has been discovered to have a corrosive effect 

on ice. It breaks the hydrogen bonds of water. 

(Buehler et al. in Journal of Physics D: Applied 

Physics 2013 and summarized here) 

• This is seen at the microscopic level, and how it may 

affect ice on a large scale isn’t yet known. 

• CO2 concentrations have risen 46% since pre-

industrial times, likely increasing this corrosive effect. 

• However, my guess is that this is a minor effect, 

since it is not significantly non-linear (so far as is 

currently known, at least). 

http://www.iop.org/news/12/oct/page_58615.html


Most Plants are primarily nitrogen-limited. However, there are a few 

plant species which are more carbon-sensitive and will do 

preferentially well in the coming world. This is especially true of poison 

oak, whose growth rate doubles with just a 25% increase in CO2, and 

whose oily urisol  transforms into a more intense form (source) 

http://www.webmd.com/skin-problems-and-treatments/features/climate-change-brings-super-poison-ivy


And Some Local Anecdotal 

Evidence 
• I regularly run on trails through the mountains 

here in Santa Cruz, and I’m seeing poison oak 

growing at rates I’ve not seen before, covering 

trails I used to run without worry 

• It’s overtaking parts of Cabrillo Observatory and, 

in desperation, I bought and sprayed a whole 

quart of Round-Up on it (Sorry! This was before 

the 2016 cancer studies were published)… to 

no effect whatsoever. 

• The local poison oak continues to expand.  



“SuperNests” generating Giant 

Hordes of Yellow Jackets 
Warmer winter 

temperatures are not 

allowing nests to 

reset. “So normally, a 

surviving queen will 

have to start a colony 

from scratch in the 

spring. With our 

climate becoming 

warmer, there might 

be multiple surviving 

queens producing 

more than 20,000 

eggs each.” 

https://www.esquire.com/news-politics/politics/a28246979/climate-change-wasps-super-nest/?fbclid=IwAR0p7-YrXleXrhbl9-FSGhwmOy9DjheXdD1HOmNBIu0jq4bVdKJO4hlgbHw


Evolution and Adaptation? 
• It can be done… but only when there is TIME to 

evolve. We don’t have that time…  

• The time scale problem and thermal inertia  
means strong change must happen long before 
the most severe consequences manifest.  

• Rapid change, whether by asteroid 
impact, or rapid climate change, means 
extinctions. This is the message of the 
paleo record 

• ”Has the Earth’s Sixth Mass Exctinction 
Already Arrived?” Barnofsky et al. (2011) 
Nature vol. 471) and mass extinction in the 
oceans here 
 

 

http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.nature.com/nature/journal/v471/n7336/full/nature09678.html
http://www.pnas.org/content/105/suppl.1/11458.long
http://www.pnas.org/content/105/suppl.1/11458.long


Correlation is causation, in this case.  Species extinction 

rates are accelerating much more rapidly even than 

human population. This graph is only the last 200 years 



The Top Cause of Today’s 

Extinctions: Over-exploitation 

of the Environment by 

Humans.  

• Climate change currently ranks only 7th on the 

list of causes, according to Maxwell (2016) 

discussed here. 

• However, that ranking should rise rapidly as 

climate change ramps up from here. 

http://www.zmescience.com/ecology/resources-climate-59447/


Rising Extinctions, now ~50 

times normal background rate 



• Thomas et al (2004) using the relatively mild 

scenarios of the early IPCC models, find 15-37% 

of all Earth’s species will be “committed to 

extinction” by 2050. 

• Other studies find more like 50% of all species will 

be extinct by mid-century. 

• But extinction rate estimates are mostly done by 

computer modelling and are highly controversial. 

• Documenting true extinction is very difficult and 

expensive, so the data remain uncertain. A better 

measure is the Living Planet Index, which is 

much like a stock market index, of biodiversity. 

 

  

http://www.nature.com/ngeo/journal/v1/n1/fig_tab/ngeo.2007.38_F2.html
http://www.footprintnetwork.org/content/documents/2016_Living_Planet_Report_Lo.pdf


The Global Living Planet Index, a measure of biodiversity and species 

abundance, dropped 58% for vertebrates (3,706 species) from 1970 to 

2012, dropping at a consistent 2% per year (the “Great Recession” of ‘08 

momentarily helped non-human species). If continued, this would imply 

the majority of Earth’s species will be gone by century end. 

http://www.footprintnetwork.org/content/documents/2016_Living_Planet_Report_Lo.pdf


Freshwater species even worse: 

81% decline since 1970 



Humans 

(red) and 

their 

livestock 

(blue) 

have 

eliminated 

most wild 

animals 

(green) 

from 

Planet 

Earth 



 The End Permian Extinction:   

caused by fossil fuel burning 
• Not by humans, obviously. (252 million years ago). 

But large volcanism in Siberia is now known to have 

set afire coal deposits and the rapid rise of CO2 

caused rapid climate change 

• As temperatures rose, oxygen declined, leading to 

dead zones in the oceans, ocean acidification, and 

worst - a shutdown of the ocean circulation, causing 

rapid oxygen depletion and leading to deadly H2S 

formation in the anoxic ocean bottom. This rose to 

the surface and killed nearly all life on the planet  

• Note that all these are features of the near future to a 

significant degree. 



Paleontologist Peter Ward argues the 

evidence supports that deadly anoxia 

and resulting H2S caused most of 

Earth’s major extinctions 

• Climate change heating causes shutdown of ocean 

currents, leading to stagnant surface waters and 

stratification, leading to a starvation of oxygen in 

deeper layers, initiating the creating of deadly 

hydrogen sulfide by anaerobic bacteria, which then 

snuffs out life above and below the ocean surface. 

(video lecture here). 

• Today, the slowdown of the AMOC, he argues, may 

be the beginning of this same process in our future 

https://www.youtube.com/watch?v=HtHlsUDVVy0


Anoxic events are rising 

worldwide; below, in the Baltic 

Sea, but also in the Gulf of 

Mexico and elsewhere 



Climate Rate of Change, and 

Extinctions 
• It is rapid CHANGE that causes extinctions – 

rapid beyond the ability of species to adapt to. 

• “The rate at which we’re injecting CO2 into the 

atmosphere today, according to our best 

estimates, is 10 times faster than it was during the 

End-Permian,” the paleoclimatologist Lee Kump, 

dean of the College of Earth and Mineral 

Sciences at Penn State, told me. “And rates 

matter. So today we’re creating a very difficult 

environment for life to adapt, and we’re imposing 

that change maybe 10 times faster than the 

worst event in Earth’s history.” (source) 

https://www.nytimes.com/2017/07/29/opinion/sunday/when-life-on-earth-was-nearly-extinguished.html?_r=0


The Carrying Capacity of Earth - 

Reducing Population 

• Burning through, in a couple hundred years, the 
Earth's store of fossil fuels - an inheritance which 
took many tens of millions of years to create, is 
symptom of a larger problem. We on Earth have 
been living far beyond the ability of the planet to 
sustainably support. 

• Humans and our domesticated livestock have 
gone from being 0.1% of the biomass of all land 
vertebrates 10,000 years ago to 50% just 100 yrs 
ago, to now being 97% today.  

• We're losing 1% of the Earth's topsoil every year, 
due to typical agriculture practices. Topsoil is 
irreplaceable on anything but geologic time scales.  

• World population is projected to reach 9.5 billion by 
mid-century.  

 
 

http://www.seattlepi.com/local/348200_dirt22.html
http://www.globalchange.umich.edu/globalchange2/current/lectures/land_deg/land_deg.html
http://www.globalchange.umich.edu/globalchange2/current/lectures/land_deg/land_deg.html


Our planet can, with current technology, support this 
many people sustainably only at a standard of living  

equivalent to ~2010 Ethiopia, according to a number of 
studies at Stanford University (links here and here).  

 

http://www.mnforsustain.org/erickson_d_determining_sustainable_population_levels.htm
http://en.wikipedia.org/wiki/File:Human_welfare_and_ecological_footprint.jpg


As the “Green Revolution” falls behind, due to 

climate change damaged soils, shifting growth 

zones, and loss of topsoil, famine is now on the rise 

in the 21st Century 



Inevitable food price hikes devastate poorer countries, leading to riots 

and revolutions. Expect the trend to accelerate as drier soils hurt nitrogen 

fixation, and if the “Green Revolution” continues to fall behind. Nett et al. 

2016 finds climate change directly promotes rising terrorism. Expect it to 

accelerate. 

http://www.independent.co.uk/news/world/africa/the-price-of-food-is-at-the-heart-of-this-wave-of-revolutions-2226896.html
https://www.adelphi.de/en/publication/insurgency-terrorism-and-organised-crime-warming-climate
https://www.adelphi.de/en/publication/insurgency-terrorism-and-organised-crime-warming-climate
https://www.adelphi.de/en/publication/insurgency-terrorism-and-organised-crime-warming-climate
https://www.adelphi.de/en/publication/insurgency-terrorism-and-organised-crime-warming-climate


How Does Economic 

Civilization Do in a +4C 

(being optimistic) World 

in year 2100? 

 



This Stanford study (Burke et al. 

2015) used historical data and 

temperature projections from the 

IPCC to find that GDP plummets 

by ~70-80% (and still falling) by 

2100 for essentially the entire 

Tropics: Africa, Southern Asia, 

South America, Central America. 

However, this does not consider 

the interdependence of global 

trade, nor the severe global 

conflicts which will result from 

such a collapse. Note that Russia 

is the biggest winner, and this will 

continue to affect their choices in 

participating in, or even allowing 

other nations to engage in, 

measures to halt climate change.  

https://web.stanford.edu/~mburke/climate/BurkeHsiangMiguel2015.pdf
https://web.stanford.edu/~mburke/climate/BurkeHsiangMiguel2015.pdf
https://web.stanford.edu/~mburke/climate/BurkeHsiangMiguel2015.pdf


Expect Walls to Go Up, To 

Protect Against Hordes of 

Migrants Fleeing the Tropics 
• It’s already begun. Rising temperatures and drought 

have killed 80% of the maize crop in Honduras and 

Guatamala, a major cause of the migrant waves seeking 

asylum in the U.S. here in 2019. 

 

https://www.youtube.com/watch?v=eDrEpj_sHBI
https://www.youtube.com/watch?v=eDrEpj_sHBI


Migrants and their Children 

Face Tragedy at the Border 

When fear of the future rises, people often sanction 

brutality, desperate to hang on to what they still have. 

Without drastic change, expect this to accelerate  

 



So… A future world dominated by 

stinging jellyfish in the oceans, and on 

land by super-charged hard-to-kill 

poison oak and tripled growth rate of 

weeds vs. crops, rising resource wars 

and terrorism, plummeting economies, 

• …and mass extinctions.  

• What else can we look forward to? 



We’ve evolved with bacteria and 

viruses throughout history, with mutual 

defenses evolved by us and by them 

• But what happens when entirely new microbes 

frozen in the Permafrost for thousands of 

years, re-emerge, and which we may have no 

defenses against? 

• We may find out. (“There are diseases in the 

ice. And they are waking up”).  

• Brain-eating amoebas  for example 

• And… 

http://www.bbc.com/earth/story/20170504-there-are-diseases-hidden-in-ice-and-they-are-waking-up
http://www.bbc.com/earth/story/20170504-there-are-diseases-hidden-in-ice-and-they-are-waking-up
https://climatecrocks.com/2013/10/28/cdc-studies-brain-eating-amoeba-and-climate/
https://climatecrocks.com/2013/10/28/cdc-studies-brain-eating-amoeba-and-climate/
https://climatecrocks.com/2013/10/28/cdc-studies-brain-eating-amoeba-and-climate/


Siberian Anthrax… Re-animated 

 

 

 
 

 

 

• Record 95F temperatures in Siberia are not only causing 

methane explosion craters in the tundra, they’re thawing 

out bad things long frozen in the permafrost 

• What other surprises might await? 

https://www.wired.com/2016/08/child-dead-climate-change-thawed-anthrax-infected-reindeer/


Remember “The 

Blob” of hot 

water off Alaska 

causing the 

record recent 

Western US 

drought? 

 

 1950’s SciFi fans 

may remember 

the end of the 

original movie  

“The Blob”, 

which has 

something eerily 

relevant to say 

about all this. 

(click to hear) 

 

https://www.youtube.com/watch?v=0lpOtpgPa7k
https://www.youtube.com/watch?v=0lpOtpgPa7k


In 2018, “The Blob” was Back 

https://www.nytimes.com/2018/10/22/climate/kelp-climate-change-california.html


 And the 

resulting 

warm 

acidifying 

waters hurt 

the kelp 

forests of 

Northern 

California   

 



Air Conditioning – We’ll Need Far More. 

Estimated 6x in China, for example. That 

means More Energy Needed 

• As temperatures rise, areas (like Santa Cruz) which never 

needed air conditioning, will soon need lots of it.   

• Even neglecting global warming, if the rest of the world were 

to adopt air conditioning at the rate that the U.S. uses air 

conditioning… that would multiply the power  dedicated to 

Air Conditioning by almost 50. (Sivak et al. 2013). 

• Since 1990, China’s number of air conditioning units has gone 

up 6,700%, and is still accelerating. 

• For the future, this study estimates we’ll go from 1.6 billion AC 

units to 5.6 billion by 2050 – a 350% increase. 

• Just the INCREASE in Air Conditioning alone will require as 

much power as ALL of China today. 

https://www.greentechmedia.com/articles/read/Global-Air-Conditioning-Needs-Could-Grow-50-Times-Greater-Than-US-Demand
https://www.greentechmedia.com/articles/read/Global-Air-Conditioning-Needs-Could-Grow-50-Times-Greater-Than-US-Demand
https://www.greentechmedia.com/articles/read/Global-Air-Conditioning-Needs-Could-Grow-50-Times-Greater-Than-US-Demand


Air Conditioning is Energy 

Expensive 
• It’s more energy intensive to cool an indoor space 

than it is to heat it for a given equivalent temperature 

difference. 

• Why? Refrigeration requires two heat exchangers 

and also pumps to cycle a working fluid. 

• Heat pumps for refrig’ are better, but still it takes 

more energy to cool a space than to heat it 

• A new study also links the warming climate to 

greater sleep loss, which has wide-ranging adverse 

health effects 

 

http://advances.sciencemag.org/content/3/5/e1601555


This forces a large increase in 

required power generation, hence 

CO2 emissions 

• Global residential air conditioning units 

expected by grow by 4x by 2050, led by 

300x more in India (source). 

• India alone will then need 150 GW of new 

power generation just to service their air 

conditioners. 

• That’s 3x the entire current power 

consumption of California  

http://www.latimes.com/world/asia/la-fg-india-air-conditioners-2017-story,amp.html


Global AC rising avg of 3.3%/yr, 

much faster than global GDP 



Other Effects We Have no 

Time to Delve Into, Alas 
• Remember the thermal conductivity and heat capacitance of land is far 

less than for the ocean, so LAND temperature rise will be far higher than 

global average surface temperatures… and in cities, worse still due to 

dark asphalt, concrete. Where people live, temperatures will be 

significantly HOTTER than the global average temperature rise. 

• The 21st century has seen a mass migration from the relatively safer rural 

areas to the polluted, overcrowded heat islands called cities, from people 

looking to escape poverty and live the “good life” of the urban rich. 

• Urban temperature rise will amplify the ill health-effects of current levels 

of air pollution on heart and blood vessel disease. 

• Global average rise of +1.5C is predicted to make 40% of Africa’s maize 

growing regions unsuitable for growing (Cairns et al. 2013). Other crops 

adversely affected as well. Maize is the prime food staple of Africa. This 

will likely mean wars, famine, and upheaval. We’re at about +1.3C right 

now (2017), and going higher. 

https://www.youtube.com/watch?v=ZrKZFoHSQ4g
https://www.youtube.com/watch?v=ZrKZFoHSQ4g
https://www.youtube.com/watch?v=ZrKZFoHSQ4g
https://ccafs.cgiar.org/blog/crops-under-changing-climate-what-are-impacts-africa
https://ccafs.cgiar.org/blog/crops-under-changing-climate-what-are-impacts-africa
https://ccafs.cgiar.org/blog/crops-under-changing-climate-what-are-impacts-africa


At ~+3C the Indian Monsoon May Reach a Tipping 

Point Towards Dramatic Decline (Schewe and 

Levermann 2012, discussed here) 

http://iopscience.iop.org/article/10.1088/1748-9326/7/4/044023;jsessionid=A5F03C8C704E84B37507FC9E0DE8BC0C.ip-10-40-1-98
http://iopscience.iop.org/article/10.1088/1748-9326/7/4/044023;jsessionid=A5F03C8C704E84B37507FC9E0DE8BC0C.ip-10-40-1-98
https://simpleclimate.wordpress.com/2012/11/08/monsoon-instability-raises-food-questions-for-india/


• The Indian monsoon is not only essential for food 

and water in India and Pakistan, but also feeds the 

Himalayan rivers which provide the water to China 

• China’s north is already in severe drought, with 

plans for massive canals to bring water from the 

south (having taken Tibet) to northern China. An 

alarming ~1/2 of China’s rivers have already dried 

up due to climate change and overuse 

• What if, after completing this vast expense, the 

Himalayan water source is already melted and 

drying up? 

• These areas are home to almost half the Earth’s 

population. 

https://www.wilsoncenter.org/publication/climate-change-impacts-chinas-environment-biophysical-impacts
http://www.theverge.com/2013/4/3/4175514/china-rivers-disappear-from-the-map-water-supply-crisis
http://www.theverge.com/2013/4/3/4175514/china-rivers-disappear-from-the-map-water-supply-crisis
http://www.theverge.com/2013/4/3/4175514/china-rivers-disappear-from-the-map-water-supply-crisis
http://www.theverge.com/2013/4/3/4175514/china-rivers-disappear-from-the-map-water-supply-crisis


Amazon Droughts like that of 2005 – Expected to 

become “the norm” by late century. That year, the 

Amazon dieback alone contributed fully 10% as 

much carbon as all human global carbon emissions  



None of the foregoing include the 

insights of Prof. Tim Garrett’s work on 

the Thermodynamics of Civilization 
• Garrett discovered that the energy consumption rate by world 

civilization is proportional not to its GROWTH, as one might 

naively assume, but to the accumulated Gross World 

Product over all time, inflation adjusted. 

• It makes sense if you think of Civilization as a thermodynamic 

system. Accumulated civilization must constantly fight against 

decay by The Second Law of Thermodynamics. 

• The resulting quantitative relationships imply that lowering CO2 

levels in the atmosphere may be impossible, short of a 

significant shrinkage of civilization (either gracefully, or not). 

• If this work proves robust, it has profound implications. I’ve 

written a Wikipedia article on the subject. 

• See (K43) on Garrett’s work, on the Astro 7 PowerPoint list. 

http://onlinelibrary.wiley.com/doi/10.1002/2013EF000171/full
http://arxiv.org/pdf/1010.0428.pdf
https://en.wikipedia.org/wiki/Garrett_relation
http://www.cabrillo.edu/~rnolthenius/Apowers/A7-K43-Garrett.pptx
http://www.cabrillo.edu/~rnolthenius/astro7/A7PowerIndex.html


These Conclusions May be 

Shocking to Some 

• Shocking, if you have been seduced by the unrealism indulged 

by far too many policy people. See the separate PowerPoints: 

K43 “Thermodynamics of Civilization”, and K44 

“Strategies: Policy” 

• However, for now, I’d advise taking an hour and listen to UK’s 

Tyndall Climate Centre director Professor Kevin Anderson’s 

lecture: The Truth about Global Warming: Brutal Numbers, 

Tenuous Hope (2011) 

• The  assumptions indulged by such as the Stern Reports 

(latest 2015), and the UK’s “Committee on Climate Change” 

and the ADAM Report for the EU, are simply impossible, as 

detailed by Anderson, and even with unprecedented hard 

work, we’re still likely headed for a +4C world and beyond 

http://www.cabrillo.edu/~rnolthenius/Apowers/A7-K43-Garrett.pptx
http://www.cabrillo.edu/~rnolthenius/Apowers/A7-K44-Policy.pptx
http://www.cabrillo.edu/~rnolthenius/Apowers/A7-K44-Policy.pptx
https://www.youtube.com/watch?v=XN_r_7mVvk4
https://www.youtube.com/watch?v=XN_r_7mVvk4
http://newclimateeconomy.report/TheNewClimateEconomyReport.pdf
https://www.theccc.org.uk/
https://www.lpl.arizona.edu/sites/default/files/resources/globalwarming/adam-final-report.pdf


One Piece of Good News 

(sort of…) 

• Male fertility is dropping at a very high rate 

– 60% drop in sperm count in the past 39 

years.  

• We don’t know why. Plastics break-down and 

entering the food chain? Hormone disruptors? 

Stress? 

• So perhaps population rise will eventually slow. 

• Population is the single biggest driver of future 

energy consumption and hence CO2 

emissions. 

 

https://www.npr.org/2017/07/31/539517210/sperm-counts-plummet-in-western-men-study-finds
https://www.npr.org/2017/07/31/539517210/sperm-counts-plummet-in-western-men-study-finds
https://www.npr.org/2017/07/31/539517210/sperm-counts-plummet-in-western-men-study-finds
https://www.npr.org/2017/07/31/539517210/sperm-counts-plummet-in-western-men-study-finds
https://www.npr.org/2017/07/31/539517210/sperm-counts-plummet-in-western-men-study-finds


14. This is all BAD. But, could it get 

infinitely worse still? 
• The ultimate in bad outcomes: “Runaway Greenhouse”.  

• The Runaway Greenhouse would look something like this: We 
continue adding CO2 to the atmosphere, with amplifying 
feedback from rising humidity (absolute humidity rises 
exponentially with temperature, recall), and the steamy climate 
is further accelerated by increased climate-warming cirrus 
clouds, long-buried methane release in large quantities, 
followed by destabilized methane hydrates from the 
continental shelf, and temperatures accelerate until the 
oceans evaporate away, raising water-vapor induced 
greenhouse heating to maximum extent possible. Water vapor 
percolates to the stratosphere, where it will be dissociated by 
solar UV. Hydrogen lost to outer space, oxygen lost to 
oxidation of soils. Water is destroyed… and so, 

• Water disappears from Earth 

• Venus suffered this fate 

• Runaway Greenhouse means: Extinction of all life  

• Do we run this risk? 

https://en.wikipedia.org/wiki/Runaway_greenhouse_effect
https://en.wikipedia.org/wiki/Runaway_greenhouse_effect


Probably Not For a Very Long Time.  
• Goldblatt and Watson (2012) find a runaway greenhouse is 

very unlikely. We’d need to employ the Libertarian rally cry 
“Drill, Baby, Drill!”  for all known fossil fuels, and a factor of 10 
beyond that (30,000 ppm of CO2), to drive Earth to runaway. 
But with a caveat… 

• …We do not know how amplifying are the feedbacks from 
clouds when temperatures rise substantially and rapidly 
(“compost bomb” scenario). Still, they expect it is unlikely. 

• Reassuring support comes from the fact that CO2 levels were 
several times higher than today only 50 million years go, 
when the solar luminosity was only 0.37% less than today, 
and we had no runaway greenhouse. 

• But the other caveat is that our RATE of CO2-induced 
radiative forcing is unprecedented in Earth’s history.  

• There is increasing evidence and theory supporting that cloud 
changes in a warming world are indeed an amplifying 
feedback (Sherwood et al. 2013, discussed here) 

http://arxiv.org/abs/1201.1593
http://arxiv.org/abs/1201.1593
http://arxiv.org/abs/1201.1593
http://www.nature.com/nature/journal/v505/n7481/full/nature12829.html#close
http://www.nature.com/nature/journal/v505/n7481/full/nature12829.html#close
http://www.nature.com/nature/journal/v505/n7481/full/nature12829.html#close
http://www.realclimate.org/index.php/archives/2014/01/a-bit-more-sensitive/#ITEM-16609-0


Is the Earth near the inside edge of the blue Habitable Zone for our Solar 

System, close to the “Runaway Greenhouse” limit? Not nearly as close as 

shown here in these simple cloud-free models. We survive here despite the 

Sun’s rising evolutionary rising luminosity because, on a geologic time scale, 

the long carbon cycle has pulled CO2 out of our atmosphere and turned it into 

limestone, or into the mantle. Now, today, we’re putting it back in, rapidly. 

 



 

Can We Hope….? 

 
We’re working hard on developing automated self-

directed computers. Maybe later this century they 

will solve the difficult technological problems 

needed to show us how to preserve our lifestyles, so 

we don’t have to make hard changes.  

 

Maybe Autonomous 

SuperComputers Will Be Our 

Salvation…    



  …Or Maybe Not… 

• China, rapidly rising with aspirations to be the most 
dominant country on Earth, already has deployed “Skynet”  
(yes, that’s what they call it),  

• “Hooked into everything” including 20 million spy cameras  

• However their air pollution is so bad Skynet is having a hard 
time seeing through it. 

• Their solution? Alter Skynet’s wavelength sensitivities. This 
will allow it to still search out and efficiently identify 
“dissidents”… 

• …”targeted for termination” in the “Black Jails”? 

•  The Chinese are working hard on incorporating facial 
recognition software into Skynet. 

• It’s not just China. There are now estimated to be 250 
million spy cameras worldwide, and more powerful 
facial recognition software is here, in the U.S. Your 
privacy is gone. But at least we can be entertained on 
Facebook in the meantime. 

http://www.npr.org/2013/01/29/170469038/in-china-beware-a-camera-may-be-watching-you
http://www.npr.org/2013/01/29/170469038/in-china-beware-a-camera-may-be-watching-you
http://www.npr.org/2013/01/29/170469038/in-china-beware-a-camera-may-be-watching-you
http://www.subzin.com/quotes/M93958420/The+Terminator/hooked+into+everything,+trusted+to+run+it+all.
http://www.subzin.com/quotes/M93958420/The+Terminator/hooked+into+everything,+trusted+to+run+it+all.
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.npr.org/2012/11/01/163949720/for-complainers-a-stint-in-chinas-black-jails
http://www.marketwatch.com/story/facial-recognition-will-soon-end-your-anonymity-2016-06-02?siteid=rss&rss=1


SkyNet – Hooked into 20 million spy cameras, 

soon connected to facial recognition software 



SKYNET… has you 



“1984” Comes to 2018 China 
• Beijing by 2020 intends to have a complete 24/7 

surveillance system of its citizens in place, assigning 

them a “social credit score” which rewards or 

punishes them for their behavior, including whether 

they speak critically of their government. Other cities 

have already gone on-line with this system. 

https://www.zerohedge.com/news/2018-11-25/chinas-orwellian-social-credit-score-will-monitor-all-beijing-citizens-2020?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+zerohedge/feed+(zero+hedge+-+on+a+long+enough+timeline,+the+survival+rate+for+everyone+drops+to+zero)
https://www.zerohedge.com/news/2018-11-25/chinas-orwellian-social-credit-score-will-monitor-all-beijing-citizens-2020?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+zerohedge/feed+(zero+hedge+-+on+a+long+enough+timeline,+the+survival+rate+for+everyone+drops+to+zero)


And now China “Pre-crime” arrests 

may be around the corner   

http://www.bloomberg.com/news/articles/2016-03-03/china-tries-its-hand-at-pre-crime
http://www.bloomberg.com/news/articles/2016-03-03/china-tries-its-hand-at-pre-crime
http://www.bloomberg.com/news/articles/2016-03-03/china-tries-its-hand-at-pre-crime
http://www.bloomberg.com/news/articles/2016-03-03/china-tries-its-hand-at-pre-crime


Steven Hawking and Other Top 

Physicists and Computer 

Scientists Observe… 

• “World militaries… are working hard on 

autonomous-weapon systems which will decide 

on their own targets and… eliminate them.” 
 

http://www.independent.co.uk/news/science/stephen-hawking-transcendence-looks-at-the-implications-of-artificial-intelligence--but-are-we-taking-ai-seriously-enough-9313474.html


They Continue… 

• “One can imagine such technology outsmarting 

financial markets, out-inventing human 

researchers, out-manipulating human leaders, 

and developing weapons we cannot even 

understand. Whereas the short-term impact of 

Artificial Intelligence depends on who controls 

it, the long-term impact depends on whether it 

can be controlled at all.” 

 

• …“Out-manipulating human leaders”? But, our political 

system insures that only the most deserving, intelligent, 

and honorable people become our leaders…. Isn’t that 

what they tell us? 



And Perhaps Even More 

Worrying… 

• This article describing how A.I. is 

designed to think like a corporation… 

 

 

Hey sure! why not? …. What 

could possibly go wrong? 

 

https://www.economist.com/open-future/2018/11/26/ai-thinks-like-a-corporation-and-thats-worrying?fbclid=IwAR2KuK1Kz36dli_nN6GtyzQHw5k8j1ccVAnFGKkD3OHXs_QGllttVFHMxNM


A.I. ‘bots Instructed to Talk to 

Each Other… 

• Artificial Intelligence machines owned by Facebook 

were given the freedom to talk with other ‘bots and 

were told to use English… 

• But instead, when connected up, they very quickly 

invented their own secret language and conversed 

in that language. 

• “Facebook engineers panic, pull plug on A.I. 

after ‘bots develop their own language” 

• We don’t know what they were saying. (Hopefully, it 

was how wonderful human beings are.) 

http://bgr.com/2017/07/31/facebook-ai-shutdown-language/
http://bgr.com/2017/07/31/facebook-ai-shutdown-language/
http://bgr.com/2017/07/31/facebook-ai-shutdown-language/
http://bgr.com/2017/07/31/facebook-ai-shutdown-language/
http://bgr.com/2017/07/31/facebook-ai-shutdown-language/
http://bgr.com/2017/07/31/facebook-ai-shutdown-language/
http://bgr.com/2017/07/31/facebook-ai-shutdown-language/


Many A.I. Scientists Think We’ll Always 

Stay One Intellectual Step Ahead. But 

We Are Evolving Towards Stupidity… 

• “’Idiocracy’ drew little comment on its initial release, but has 

become a touchstone among those who despair at what 

they see as relentless dumbing down of social and political 

discourse. “The comedy that’s becoming a documentary,” 

is the refrain.  

• Now we are starting to hear suggestions that there is 

science to back up Idiocracy’s premise. In some countries, 

the long rise in IQ scores has come to a halt, and there are 

even signs of a decline. The reason, according to a few 

researchers, is that improving social conditions have 

obscured an underlying decline in our genetic potential. 

Perhaps we are evolving to be stupid after all. 

 

https://www.newscientist.com/article/mg22329831-300-it-would-be-stupid-to-ignore-a-drop-in-human-intellect/
http://paleofuture.gizmodo.com/idiocracy-is-a-cruel-movie-and-you-should-be-ashamed-fo-1553344189
http://blog.chron.com/memo/2014/07/should-we-hate-idiocracy-or-maybe-ourselves/


Elon Musk is also Worried…. 
• “I hope we’re not just the biological boot-loader to digital super-

intelligence” 

• It’s the speed of processing and decision-making that would be worrying, 

if A.I. gets “out of the box”. Neil deGrasse Tyson thinks we could just pull 

the plug, but philosopher Sam Harris points out that A.I. is so incredibly 

fast that it may have the equivalent of ~100 years of time to ponder what 

it will do in response to your ~in-a-minute decision to pull the plug. 

• …Elon Musk, Steven Hawking, Nobel Prize winning physicist Frank 

Wilcek, Oxford University’s Nick Bostrum…. These aren’t your average 

bunker-mentality paranoid conspiracy loons… 

• There’s real basis for worry about hacking “the  internet of things” . It 

is well justified, so far. 

• As yet, AI’s conversations have not exactly inspired benevolent trust 

• So, as we progress towards silicon-based artificial brains, all this is 

worth pondering. 

• Remember:   

http://www.extremetech.com/extreme/187467-elon-musk-warns-us-that-human-level-ai-is-more-dangerous-than-nukes
http://www.extremetech.com/extreme/187467-elon-musk-warns-us-that-human-level-ai-is-more-dangerous-than-nukes
http://www.extremetech.com/extreme/187467-elon-musk-warns-us-that-human-level-ai-is-more-dangerous-than-nukes
http://www.extremetech.com/extreme/187467-elon-musk-warns-us-that-human-level-ai-is-more-dangerous-than-nukes
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https://psmag.com/the-impending-crisis-of-the-internet-of-things-31bc923e0764.5rxa1il4x
https://www.youtube.com/watch?v=ZoemTySxFso
http://phys.org/news/2013-02-blueprint-artificial-brain-physicist-nature.html
http://phys.org/news/2013-02-blueprint-artificial-brain-physicist-nature.html
http://phys.org/news/2013-02-blueprint-artificial-brain-physicist-nature.html




No Fate 



… John Connor. Please Call  



Is This Going to Be Our Bottom Line? 



What to Do? 

• I hope you now see - It’ll require a lot more 

than swapping out your light bulbs for LED’s 

or writing a heart-felt letter to your 

congressman  

• It’ll take a revolution. Led by young people 

who have nothing to lose and everything 

to gain. Everything about mankind’s 

dealing with the Earth and each other 

needs overhauling. 



We Need a New Rebel Alliance . 
Otherwise, our technological “solutions” 

may only end in… 





Consider taking “Planetary Climate Science”  

- by far the most complete exploration of 

Climate Change at Cabrillo College 

https://www.cabrillo.edu/~rnolthenius/astro7/index.html
https://www.cabrillo.edu/~rnolthenius/astro7/index.html

