Unsettled-Steven Koonin

“European cities will be plunged beneath rising seas as Britain is plunged into a Siberian
climate by 2020’- Mark Townsend and Paul Harris, quoting a pentagon report in the Guardian
in 2004.

“Although Schnieder later spent many words trying to explain his statement about the ‘double
ethical bind’, I blieve the underlying premise is dangerously wrong. There should be no
question about ‘what the right balance is between being effecting and being honest.’ It is the
height of hubris for a scientist even to consider deliberately misinforming policy discussions in
service of what they believe to be ethical. This would seem obvious in other contexts: imagine
the cooutcry if it were discovered that scientists were misrepresenting data on birth control
because of their religious beliefs, for example.”

IPCC uses likelihood scale-- “virtually certain” has at most a 1 percent likelihood of being
incorrect, “likely” has 2/3 chance of being true.

Climate vs Weather: “Weather anywhere varioes constantly... on the other hand, a location’s
climate is the average of its weather over decades. In fact, the UN’s World Meteorological
Organization defines climate as a thirty-year average, althouth climate researchers will
sometimes discuss averages over a period as short as ten years....climate is not weather....while
we can’t predict with much detail how individual bubbles will arise in a boiling pot of water, we
can confidently predict how the average level of the water will decline as a result of all that
boiling.”

pg. 29 How to actually measure surface temperature? ... a landmark paper in 1987 by Hansen
and Lebedeff showed that locations less than 750 miles apart have, on average, similar
temperature changes. In other words, if the average temperature ruses by a degree in one
location, it’s likely (but not guaranteed) to do the same in other locations nearby. This lets us
judge temperature changes over a large area using only a sparse network of stations, and the
gaps in coverage can be filled in probabilistically.”

pg. 29 on the classic chart “tempterature anomolies” vs “temperature”. “Anomalies” measure
how much the observed condition-- in this case, temperature-- at a location deviates from the
baseline (average) value at that location. Using values relative t oa baseline puts changes in the
Arctic on the same footing as changes in the Tropics.... The baseline is usually chosen as the
average over a thirty-year period in the middle of the time span being considered.”

“Trends are often highly dependent on the time span being considered; here we can get almost
any trend we want depending upon which interval we choose.”

“While the article might have you believe otherwise, the Post’s maps do not illustrate the arrival
of ‘extreme climate change’. The localized blobs in these maps are not due to global climate



changes, but instead are very likely the result of urbanization or the growth of human activities
in rural areas that began producing oil and gas. In toehr words, the local climates of these areas
may indeed have changed since the Industrial Revolation. Yet despite the artice’s frequen
mention of greenhouse gases, these local changes have very little to do with global influences
like these. For instance, carbon dioxide-- the most important himan-influenced greenhouse gas--
exists in the atmosphere at roughly the same concentration all over the globe.”

“In 2000, an international program called Argo began setting a fleet of robotic floats adrift on
the oceans to record their properties. The argo float system first achieved worldwide coverage
in 2005, and there are now more than 3900 of those drigers covering the world’s oceans. The

floats usually drift at a depth of 3300 feet but every ten days, they descend to more than 6600

feet and measure the temperature and salinity profile through the water column during a six-

hour ascent to the surface, where they transmit their results via satellite before returning to 1km
depth.”

“Although crude thermometers were around in the mid-seventeenth century, Daniel Fahrenheit
created the first reliable instrument in just 1714, and these weren’t widespread until the
mid-1800s. So past climates have to be inferred in other ways. We have historical records such
as weather diaries and crop yields going back a few millennia... paleoclimatologists can infer
climate even further back by using proxies...one example is the analysis of the thickenss and
composition of tree rings...another is by temperature measutements of the water in boreholes.”

“Because the earth is not completely black, it absorbs only 70% of the sunlight that reaches it;
the other 30% is reflected back into space and doesn’t contribute to the planet’s warming. That
30% number, corresponding to the earth’s freflectivity, is called the ‘albedo’”.When the albedo
is higher, the earth reflects more sunlight and so is a bit cooler....The French astronomer Andre
Danjon first measured the earth’s albedo in the early 1930s. His very clever method was to
observe ‘earthshine’, the faint glow of the ‘dark’ part of the lunar disk most visible when the
moon is less than half-full.”

“Precision measurements of the global albedo are important to understanding the climate
system. If the average albedo were to increase from 0.3 to 0.31, say because of a 5% increase in
cloudiness, that additional reflectivity would largely compensate for the warming influence of
doubling the atmosphere’s C02”

“Knowing the earth’s albedo (as averaged over the globe and daily and seasonal cycles), we can
determine its equilibrium temperature by balancing the sunlight absorbed against the infrared
cooling. As we discussed that cooling becomes stronger as the temperature increases-- if the
earth gets hotter, it emits more heat-- making it a kind of thermostat. Determining the earth’s
equilibrium temperature by calculating that balance is a basic problem aassigned at the start of
every seriosu climate course. It gives an average surface temperature of.... 0 fareinheight. But
this is wrong, far below the earth’s actual global average temperature of 59 fareinheight. What’s
missing is the insulation provided by the greenhouses gases in the atmosphere.”



“The most common of the gases making up the earth’s atmosphere are nitrogen (78%) and
oxygen (21%). Combined, then, these two account for 99% of the dry atmosphere, and because
of the peculiarities of molecular structure, heat passes through them easily. The largest part of
the remaining 1% is the inert gas argon. But while even lesss abundant, some of the other
gases-- most significantly water vapor, carbon dioxide, methane, nitrous oxide, and ozone--
intercept, on average, about 83% percent of the heat emitted by the earth’s surface....on
average, water vapor amounts to only about 0.4% of the molecules in the atmosphere. Even so,
it accounts for more than 90% of the atmosphere’s ability to intercept heat...C02 currently
accounts for about 7% of the atmosphere’s ability to intercept heat. It’s also different in that
human activities have affected its concentration (that is, the fraction of air molecules that are
C02)...Since 1750, the concentration has increased from 280 ppm to 410ppm in 2019, and it
continues to go up 2.3ppm every year. Although most of today’s CO2 is natural, there is no
doubt that this rise is, and has been, due to human activities, primarily the burning of fossil
guels..Such an increase in concentration would amount to an increase of just 2.8 molecules per
10,000-- in other words, an increase of fewer than 3 moleculues of CO2 out of every 10,000
molecules of air would increase the amount of heat intercepted from 82.1% to 83.2%, or by
about 1%.”

“There are natural forcings: erupting volcanoes loft aerosols high into the stratosphere, where
they remain for several years reflecting a bit more sunlight than usual and so exerting a cooling
influence....for example, the earth was about 0.6 degrees celcius cooler during the 15 months
that followed the eruption of Mt. Pinatubo in June 1991.”

“The energy that flows in and out of the climate system is measured in watts per square
meter....the planet raidates heat as if there were a bit more than two light bulbs in every square
meter of it’s surface. Human influences today amount to just over 2 W/m”2, or slightly less

than 1% of that natural flow (about the same influence as half a cucumber on the daily human
diet).”

“The fact that human influences currently amount to only 1% of the energy that flows through
the climate system has important implications, and measns there’s a lot to understand. To
usefully measure them and their effects, we have to observe and understand the larger parts of
the climate system (the other 99%) with a precision better than 1%. Small natural influences
must also be understood to that same precision, and we’ve got to be sure they’re all accounted
for. This is an enormous challenge in asystem for which we have limited observations for a
limited time, and about which our uncertainties are still large.”

“Powerful natural processes move the earth’s carbon among those reservoirs, often by changing
its chemical form. The most important of these processes is the season flow of about V4 of the
atmospheres carbon to the surface as plants grow-- they use photosynthesis to turn atmosphereic
CO2 into organic matter-- then return that carbon back to the atmosphere through respiration
and as their organic matter decays....The CO2 emitted by burning fossil fuels disrupts the



balance of this great annual cycle, since that carbon has been pulled out of the deep
underground, where it was isolgated from these natural processes. The amout of carbon that
fossil fuel use adds to the cycle is currently about 4.5% of what flows each year. About half of
that increase is taken up annually by the surface (the rising C02 has increase vegetation over
much of the planet.”

“Carbon dioxide is the single human-caused greenhouse gas with the largest influence on the
climate. But it is of greatest concern also beacuase it persists in the atmosphere/surface cycle for
a very long time. About 60% of any CO2 emitted today will remain in the atmosphere twenty
years from now, between 30 to 55% will still be there after a century, and between 15 and 30%
will remain after 1000 years.”

“There are several important differences between methane and carbon dioxide. One is that
methane concenterations are much lower (1/200th that of CO2s 400ppm). Another difference is
that a methane molecule lasts in the atmosphere for only about 12 years. And a third is that,
because of the peculiarities of how molecules interact with the different colors of infrared
radiation, every additional methane molecule in the atmosphere is 30 times more potent in
warming than a molecule of carbond dioxide.”

“Historically, two of the most important drivers of emissions have been growing population and
growing economic activity....Since GDP grows by a larger multiple (6x-10x from 2020 to
2100) than population (7.8B-9B) in all scenarios, the world in 2100 is projected to be more
prosperous on a per capita basis in any future....a crucial point to take away from this
discussion is that human influences will continue to grow in any scenario short of ceasing all
emissions.”

“So why not use a finer grid to make the subgrid assumptions less ambigious? Aside from the
number of boxes, a finer grid introduces another complication: any computation is obly accurate
if things don’t change too much over one time step. So if the grid is finer, the time step has to
be smaller as well...Unfortunately, that would dramatically increase the size of the computation
(on scientific computers in 2020, 10" {18} operations per second .... As an illustration, a
simulation that takes two months to run with 100km grid squares would take more than a
century if it instead used 10km squares.”

“Even with the grid, the basic physics, the subgrid assumptions, and the initialization in hand,
we’re not ready to generate a useful climate simulation. The last remaining step is to ‘tune’ the
mode... althought ‘tuning’ sounds like a minor detail, as in ‘fine-tuning’, there isn’t naything
‘fine’ or minor about it. It’s the process of adjusting the model to deal with troublesome
inconsistencies or paper over irksome uncertainites...A paper laying out the details of one of
the most esteemed models, that of German’ys Max Planck Institute, tells of tuning a subgrid
parameter (related to convection in the atmosphere) by a factor of 10 because the originally
chosen value resulted in twice as much warming as had been observed.”



“Here we need to pause. The implication is that the models generally agree. But that isn’’t at all
the case. Comparisons among models within any of these ensembles show that, on the scales
required to measure the climate’s response to human influnces, model results differ framatically
both from each other and from observations... Only then would you discover that the results
being presented are ‘averaging’ models that disagree wildly with each other....One particularly
jarring failure is that the simulated global average surface temperature (no the anomaly) varies
among models by about 3 degrees celcius, three times greater than the observed value of the
20" centruy warming they’re purporting to descibe and explain.”

“One stunning problem is that the spread of the CMIP5 ensemble in the years after 1960 is
larger than the models in CMIP3-- in other words, the later generation of models is actually
more uncertain than the earlier one. So here is a real surprise: even as the models became more
sophisticated-- including finer grids, fancier subgrid parameterizations, and so on-- the
uncertainty increased rather than decreased.”

“Apart from the computational challenge of simulations that can take moths to run on even the
world’s fastest computers, there’s the ambiguity in tuning, ill-quantified natural variability, and
intricacies like the trade-off between greenhouse gas warming and aerosol cooling to conted
with.”

“Here are some (perhaps surprising) summary statements from the [IPCC’s AR5 WGI report: ...
‘low confidence regarding the sign of trend in the magnitude and/or frequency of floods on a
global-scal’ ‘low confidence in trends in small-scale severe weather phenomena such as hail
and thurderstorms’ ‘low condience in large scale changes in the intensity of extreme
extratropical cyclons since 1900°....there are many reasons for science’s generally low
confidence in detercting changes in extreme weather events and then attributing them to human
influences, all of which we’ve discussed earlier: short and low-quality historical records, high
natural variability, confounding natural influences, and disagreements among the many models
used.”

“Practitioners argue that evet attributiong studies are the best climate science can do in terms of
connecting weather to changes in climate .But as a physical scientist, I’'m appalled that such

studies are given credence, much less media coverage. A hallmark of science is that conclusions
get tested against observations. But that’s virtually impossible for weather attributiong studies.”

“The public perception that extreme high temperatures are on the rise-- fostered by headlines
like ‘Daily temperature records run rampant as the globe roasts!’-- is simply incorrect. In the
US, which has the world’s most extensive and highest-quality weather data, record low
temperatures have indeed become less common, but record daily high temperatures are no more
frequent than they were a century ago.”

“I quickly understood that there’s a big problem with running records-- they tend to become
less frequent as the years go on because each new record ‘raises the bar’ and makes it more



difficult to achieve a subseuent record. Think about it: two years in from the start of the period
of observation, a daily temperature only had to be higher than that in 1930 and 1931 to be a
‘record high’. In 1980, to be a record high, the temperature would have to be higher than any on
that day over the past 50 years....because of the low bar ot a record and the random fluctuations
of temperature variations, about half the stations will fall on either side of the previous year’s
temperature, so that 255,500 record warms (365*1400/2) will be tallied that year. Similarly,
about the same number of record colds will be tallied, so tha thte ratio of record warms to
record colds in 1931 (and in the years soon thereafter) will be close to 1. Because these numbers
are lare, the ratio won’t vary much from 1:1 early in the period of observation. However, in
later years, as the bar to a new record increases, the number of records becomes much smaller,
and so the ratio fluctuates much more. The upshot is that by using the running records method,
the ratio graph is guaranteed to show a long period of values around 1 at the start of the record,
followed by dramatric variations toward the end, creating the impression of large changes in
recent decades (but the CCSR Figure 6.3 shows the coldest temperature of the year increasing
since 1900, while the average warmest temperature hasn’t moved since 1900 (and in fact
decreased since 1940)....There’s another way of counting record,s as illustrated below. For a
given station on a given day of the year, a running record high temperature occurs in any year
where the maximum temperature exceeds that of all the years before it. So there are many of
these records over a period of observation. In contrast, an ‘absolute record’ high temperature
occurs only onve ocer the period of observation, in the year that has the highest daily maximum
temperature....The academies (The National Academies of Science, Engineering, and
Medicine) criticised the CSSR publication in the diplomatic language of an academic review: ‘it
is difficult to understand how a statmeent that includes increases in extreme warmyh can be
associated with high confidence or extremely likely statement, given that most of the graphics
in this chpater show a decrease in extreme warmth in the historical record.”

“I dug into the main research paper cited by the assessment. To my surprise, I found it state
quite expolicity that there are no significant trends beyond natural variability in hurricane
frequency, intensity, rainfall, or storm surge flooding. This seemed directly at odds with the
Naitonal Climate Assessment’s alarming figure, so I went back and searched the NCA more
thoroughlt. On page 769, buried in the text of Appendix 3, I found this statement: there has been
no significant trend in the global number of tropical cyclones nor has any trend been identified
in the number of US land-falling hurricanes.”

“There bottom-line conclusion reads: ultimately, there are many factors that contribute to the
characteristics and observed changes in TC intensity, and this work makes no attempt to
formally disentangle all of these factors. In particular, the significant trends identified in theis
empirical study do not constitute a traditional formal detection, and cannot precisely quantify
the contribution from anthropogenic factos. Yet the second sentence of the USA Today articele
says unequivocally; human-caused global warming has strengthened the wind speeds of
hurricans, typhoons, and cyclones around the globe.”



“We can correct for the past observation bias against counting weak stormss (in past, weak
tornados aren’t counted because don’t know they are there) by looking at only storms in
category EF1 and stronger (those most likely to cause destruction)...In other words, as human
influences have grown since the middle of the twentieth centruy, the number of significant
tornadoes hasn’t changed much at all, but the strongest storms have become less frequent.”

“As for changes in floods globally, ARS expresses ‘low confidence’ regarding the sign of trend
in the magnitude and/or frequency of floods on a global scale’. In other words, we don’t know
whetehr floods globally are increasing, decreasing, or doing nothing at all.”

“The past half-million years tell a story of repeating episodes in which sea level dropped slowly
by about 400 feet every 100,000 years as continental scale glaciers built up, but then rose back
up rapidly over about 20,000 years as the glaciers melted again. The last Glacial Maximuim
occurred about 22,000 years ago,... according to he geological record, sea level has risen by
about 400 feet since the last glacial maximum, as rapidly as 5 inches per decade until about
7000 years ago, when the rate of rise slowed dramatically... so the question is not whetehr sea
level is rising-- it’s been doing that for the past 20,000 years!”

“One takeaway from this graph is that weather-related death rates fell dramatically during the
past 100 years even as the globe warmed 2.2 degrees F; the’re about 80 times less frequent
today than they were a centruy ago. That’s largely due to better tracking of stoms, better flood
control better medical care, and improved resilience as countries have developed.”

“Astoundingly, the article conflates deaths due to ambient and household air pollution (which
cause an estimated 100 per 100k premature deaths each year, or about 1/8 of total deaths from
all causes) with deaths due to human-induced climate change. The World Heatlth Organization
itslef has said that indoore air pollution in poor countries-- the result of cooking with wood and
animal and drop waste-- is the most serious environmental problem in the world, affecting up to
3 billion people. This is not the result of climate change, this is the result of poverty.”

“Indeed, annual deaths due to famine have average about 2-4 people per 100k since 1980; the
rate was 10-20 times larger in the first half of the 20" century.”

“Despite the yield improvements over the past decades, the SRCCL makes the following claim:
“...climate change between 1981 and 2010 has decreased global mean yields of maize, wheat,
and soybeans by 4.1, 1.8, and 4.5% repectively, relative to preindustial climate, even when CO2
ferilisation and agronomic adjustments are considered. ..” In other words, although the actual
wheat yield went up by about 100% from 1981 to 2010, it would have gone up even more
(104%) if there hadn’t been any human-caused changes in the climate. Similarly, the maize
yield would have gone up by 77%, instead of by 70%. Unfortunately, it’s far from simple to
judge how, and by how much, yields have been affected by human-caused changes in the
climate. You need to know both what the climate would have been absent human influences and



how agriculutre was affected by those differences. In other words, we’d need to do a
counterfactual analysius, one tha tcan never be tested against observations.”

“Like the UN report, NCA2018 fails to put this in context...in other words, an adidtional
warming of 9 degrees F by 2090, under their own estimates, would delay the growht of the US
economy to that time-- seventy years from now-- by only 2 years.”

“Carl Wunsch, a prominent oceanographer from MIT who has long urged scientists to be
realistic in their portrayal of the sceience, has written about the pressures on climate scientists to
produce splashy results: ‘The centeral problem of climate science is to ask what you do and say
when your data are, by almost any standard, inadequate? If I spend 3 years analyzing my data,
and the only defensible inference is that ‘the data are inadequate to answer the question’, how
do you publish? How do yhou get your grant renewed?.... A lot of this is somewhat like what
goes on in the medical business: small, poorly controlled studies are used to proclaim the
efficacy of some new drug or treatment. How many such stories have been withdrawn years
later when enough adequate data became available.”

“Michael Crichton’s converstations with Caltech professor Murray Gell-Mann led him to
describe the ‘Gell-Mann Amnesia’ effect: “You open the newpaper to an article on some subject
you know well. In Murray’s case, physics. In mine, show business... In any case, you read with
exasperation or amusement the multiple errors in a story, and then turn the page to national or
internation affairs and read as if the rest of the newpaper was somehow more accurate about
Palestine thatn the baloney you just read, You ruen the page, and forget what you know.”

“As administration interest in a Red Team review continued through mid-2019, there were
further objections from non-scientist politicians who have been misled into believing that the
science is settled. On March 7, 2019, Senator Schumer (together with Carper, Reed, Van
Hollen, Whitehouse, Market, Schsatz, Smith, Blumnethal, Shaheen, Booker, ....Feinstein)
introduced Sentate bill S.729 “...to prohibit the use of funds to Federal agencies to establish a
pane,, taks force, advisory committee, or oother effort to challenge the scienticic consensus on
climate change, and for other purposes.”

“The EU, which accounts for les than 10% of today’s emissions, has pledged a 40% reduction
by 2030 and has legislated a 100% net reduction by 2050..... In our globalized world, emissions
restrains would have to be in place everywhere to be effective, or else carbon-intensive
activities like heavy manufacturing will simply shift to regions without restratins.”

“About 200 Bt of carbon flow up and back between the earth’s surgace and atmosphere each
year as part of a season cyucle, more or less in equilibrium, as discussed in Chapter 3. By
diggin fossil fuels out of the ground, humans are adding about 8 Gt of carbon )in the form of 30
Gt of CO2) to that cycle each year. About half of that excess is absorbed throug
hphotosynethsis....recent estimates are that it would cost upward of $100 to caputre and
compress one ton of Co2, meaning a cost of at least $1T to remove 10 Gt of CO2 per year”



