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predictions if, in the end, all we’re willing to do is stand around and
wait for them to come true?” – F. Sherwood Rowland

Gavin Schmidt is a climatologist, climate modeler, and Director of the NASA Goddard Institute for Space Studies
(GISS) in New York, and co-founder of the award-winning climate science blog RealClimate. He has written over
120 publications that specialize in simulations the past, present, and future.
GUEST POINT-OF-VIEW
Climate models help us understand the past, present, and future conditions of Earth and how they are affected
by the impacts of multiple drivers of climate change. Although these models enable us to make impressive
predictions about the future, they are relatively useless on their own. These models are only powerful if we
listen to what they are telling us and make the necessary changes and implement policies to create the future
we would like to see. Gavin Schmidt asserts that the most important change that must be made to prevent
further global warming is to reduce the emission of greenhouse gases, particularly CO 2.
 In the last 650,000 years there have been seven cycles of glacial advance and retreat
 7,000 years ago, was abrupt end of ice age – beginning of modern climate era and human civilization
 Most of these climate changes attributed to small variations in Earth’s orbit that change the amount of solar
energy our planet receives
 The current change is deemed significant by
the scientific community because it is
increasingly likely to be the result of human
activity and because it is preceding very
rapidly.
 The main cause of the current global warming
trend according to the scientific community is
human contribution to the greenhouse effect
(warming that results when the atmosphere
traps heat radiating from Earth toward space)
 Evidence for rapid climate change:
 Global Temperature Rise: Temperature
has risen about 2.0°F since late 1800s
change driven largely by increased CO2
and other human-made emissions into
the atmosphere
 Warming Oceans: oceans have absorbed
much of this increased heat, with the top
about 2,300 feet of ocean showing
warming of 0.302 degrees Fahrenheit
since 1969
 Shrinking Ice Sheets: Greenland lost 36 to
60 cubic miles of its ice sheet per year
between 2002 and 2006, while Antarctica
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ice sheet lost about 36 cubic miles of ice between 2002 and 2005
Glacial Retreat: Glaciers are retreating almost everywhere around the world – in the Alps, Himalayas,
Andes, Rockies, Alaska and Africa
Decreased Snow Cover: amount of spring snow cover in the Northern Hemisphere has decreased over
the past five decades and that the snow is melting earlier
Declining Arctic Sea Ice: Both the extent and thickness of Arctic sea ice has declined rapidly over the last
several decades
Sea Level Rise: Global sea level rose about 8 inches in the last century
Upper Atmospheric Cooling: The cooling of the upper atmosphere is consistent with the effects of
greenhouse warming
Extreme Events: The number of record high temperature events in the United States has been
increasing, while the number of record low temperature events has been decreasing, since 1950
Ocean Acidification: Since the beginning of the Industrial Revolution, the acidity of surface ocean waters
has increased by about 30 percent

“Models are not right or wrong. They are approximations. The question you have to ask is whether a model tells
you more information than you would have had otherwise. If it does, it’s skillful” – Gavin A. Schmidt
“A model result is skillful if it gives better predictions than a simpler alternative.” – Gavin A. Schmidt
“If we had observations of the future, we obviously would trust them more than models, but unfortunately
observations of the future are not available at this time.” – Tom Knutson and Robert Tuleya

My objective in this discussion is to explore the perspective, thought-process, and ideas of a climate scientist
who has spent decades formulating models that attemp to predict future weather – be that temperature,
phenomena like hurricanes, droughts, melting icecaps, or rising sea levels. This is an opportunity to advance my
understanding of our climate system. We cannot live without a climate system that is conducive to our narrowly
adapted biological requirements. I want to better understand where our data comes from, how we collect/have
collected it, how reliable it is (is some more reliable than others, and if so, which ones), how we have used it to
help us generate models about the climate, how effective those models have been in predicting climate change
(and if they have gotten better, and if so, how, over what time horizon, etc.), what they are predicting for the
next 10, 20, and 50 years, and how we expect them to improve and how those improvements can help our
future responses.
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DATA
1) What is the relevant data that climate scientists are looking at? Have the selection of inputs changed
over the years?
2) How do we think about the reliability of data? Is some data more reliable than other forms? Where does
it come from (proxy vs. instrumental)? How does this all get internalized into our models?
3) We only have extensively recorded data on climate for a couple of centuries. How do we use proxy data
to estimate conditions previous to the instrumental period in our models? What are the challenges of
using such proxy data to model climate?
Instrumental Period: we have rigorous measured
climate data (began around mid 1800s)
Paleoclimatology is the study of changes in
climate taken on the scale of the entire history of
Earth. It uses proxy methods to obtain data
previously preserved within:
 deep sea cores
 ice cores
 tree rings
 ‘the skeletal remains of corals
 speleothems (cave deposits)
The main difficulty is that the proxy data are
records of multiple processes and hence, it is
difficult to unambiguously ascribe a climatic
cause to any particular recorded event, hence incorporating 'forward models' of the proxies themselves is a
key step in being able to assess the proxy 'fingerprints' of change” – use proxy data for feedforward control
GENERALLY ACCEPTED CAUSES OF CLIMATE CHANGE
Earth’s Orbit: Wobbles in Earth’s Orbit change the climate
Solar Cycles: Changes in Solar Cycles every 11 years or longer change the climate
Volcanos: Volcanic eruptions can temporarily
cool the earth by decreasing the influx of solar
radiation
Combustion: Changes in biomass burning,
smoke, and aerosol particles change the
climate
Ozone: The ozone and changes in the size of its
hole changes our climate
Deforestation: Deforestation changes surface
properties and the way water evaporates and
circulates
Contrails: Contrails change the climate by creating clouds where there were none before
Greenhouse Gasses: Greenhouse gas emissions change the climate
Q: How do we measure change in the above-mentioned variables? (Q: How do we measure global temperature,
solar cycles, deforestation, etc.) Q: How significant is each in affecting climate. Q: How do we know?
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MODELS
1) Q: How has the science of modeling climate evolved over the years? Q: How have the models
evolved?
***Thermal Equilibrium of the Atmosphere with a Given Distribution of Relative Humidity by Syukuro
Manabe and Richard T. Wetherald, May 1967
2) Climate models are complex-dynamic systems with emergent properties - hurricanes, tornadoes,
heat waves, blizzards, fogs, etc. Help us understand how these phenomena manifest as a mater of
course – what’s the process, and what are the drivers – and how climate models may be able to tell
us useful things about them (specifically, when/where they might manifest and the range/duration
of their likely magnitudes) ***For new listeners, let’s make sure to point out why you can’t take a
reductionist approach to complex systems or rely on deductive explanatory methodologies. Mention
our conversation with Brian Arthur on Complexity Science.
3) Speaking of magnitude, according to you there are 14 orders of magnitude that would need to be
coded for in order to create a truly comprehensive climate model. Q: How many have we coded for?
How much better would be the predictive power of such a model vs. what we have today?
14 Orders of Spatial Magnitude:
 i.e. 10-6 m is the size of a
nucleating particle for a cloud
droplet – this is what causes
clouds and clouds impact global
climate on a scale of 108 m
14 Orders of Magnitude in Time:
 i.e. it takes 10-3 s for the sun to
come out from behind a cloud
and start heating water on the
ground
 i.e. 1011s - there is water in the
ocean that hasn’t come in
contact with air for thousands
of years – circulation is on a very
slow time scale
 Today’s weather models span
around 5 orders of magnitude.
Climate models in 2010s span
around 4 orders of magnitude. Climate models in 1990s span around 3 orders of magnitude.
 Increasing our capability of simulating at about 1 more order of magnitude a decade – 1 order of magnitude
in space is around 10,000 times more calculations
4) Q: Why is scale in climate models so important? How do we think about the complexity of a climate
model as a function of scale? Q: What sort of challenges does this present when you or anyone else
is trying to scale a climate model? Q: Why do we need a way to approximate subscale processes?
5) How do you actually go about building a climate model? Q: H ow do you capture and incorporate the
informational complexity of climate into software? Q: How do you study the big picture of climate
change using models that illustrate the endlessly complex interactions of small-scale environmental
events?
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Code one line at a time. For example, look at different equations that address:
 Making ice grow or melt or change shape
“Models are not right or wrong;
 Fluxes
they're always wrong. They're always
 What happens when you have clouds?
approximations. The question you
 What happens when clouds form, when they dissipate, when have to ask is whether a model tells
they rain out?
you more information than you
 What happens when we have radiation coming from the sun, would have had otherwise. If it does,
going through the atmosphere, being absorbed and reflected? it's skillful.” – Gavin Schmidt
 How do winds change the ocean currents?
 What is the role of vegetation in transporting water from the soils back into the atmosphere?
***Each of those pieces ends up adding to the whole (allowing you to model emergent patterns) – these models
are around 1 million lines long and growing by tens of thousands of lines a year
***The basis of the predictions we are able to make and our knowledge on climate change is based on climate
models.
6) Q: What are the predominant climate models? Q: How do we make them?
7) Q: What does it mean for a model to be skillful? Q: How can these measures of skill in representing
past climate changes through paleoclimate comparisons be directly used to inform the accuracy of
future projections?
FORECASTS
1) Q: How do you use these models to make predictions about the future?
2) Q: How has the accuracy of climatological predictions evolved since the earliest years of the science?
Is there some quantitative measure by which we can rate the improvement of these models, and can
we make predictions about how much the predictive capacity of the models will improve in the
coming years?
3) Q: How do you use these models? Q: How do you play with them? Tell me everything.
Once we have a model, we kick the system (introduce a disturbance) and observe the effect on the emergent
properties – introduce impacts that drive climate change and observes systems response:
External forcing:
 Orbital variations
 Solar variations
 Big volcanoes
 Internal variations:
o Changes in biomass
o Ozone depletion
o Deforestation
o Contrails
o Greenhouse gases
***Compare observed data with modeled
data to see how well model makes
predictions
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4) Q: What types of predictions have these models allowed us to make? Q: What are some of the most
impressive ones? Q: Has accuracy increased over time, and if so, how do we measure that increased
accuracy?
5) Q: Are our climate models better at predicting certain climate events than others? What about
hurricanes? These have been at the forefront of people’s minds as of late. Q: What is the significance
of Irma, Maria, and Jose? Q: What about the significance of hurricane Ophelia? Q: What does this
mean?
6) Q: What is a hurricane? Q: Can you walk us through the science behind how they manifest – what
causes them? Q: How good are our models for predicting hurricanes (size and intensity), and how
does thos models relate to other models we have for climate?
7) Q: What role or place to earthquakes have in the debate around climate change?
8) Q: Can we measure our own level of responsbility for the prevalence of these phenomena? How
reliable are our assesments in this regard relative to other assesments?
Gavin’s view is that our models are only potentially useful, because regardless of their accuracy, they’re only as
useful as what we are willing to do with them, and what they tell us. In the spirit of inquiry:
9) Take us through some scenarios. Q: How the future might look, depending on how we respond to
these models? Q: What if we stay on our current course? Q: What if we change? Q: What if we
change a lot, really work to mitigate CO2 emissions?
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OPTIONS
1) Q: What should we do? Q: What changes do you think would be most impactful in reducing our emissions
and carbon footprint? Q: Do we treat this as a risk management problem similar to securing cyber
infrastructure? Q: Regulate emission reductions? Q: Adapting current private/public practices and
infrastructure to future climate conditions? Q: What are some examples? Q: Electrification of vehicles
(mandates on auto manufacturers and imports?) Q: Coal vs. Oil vs. Natural Gas. How do these rank in
priority of reduction? Is there a role for carbon pricing, and how would this work? Q: Infrastructure
investments. If we had a “smarter grid” how much more of our renewable energy resources could we
use? (%?) Q: Agricultural practices – is there a need to reduce harmful practices? Q: Less meat?

2) Q: Are there complementary options to reducing emissions? Q: Have you spent any time looking at
potential technologies for sequestering carbon or for removing it from the atmosphere? Q: What about
geoengineering? (There is a new movie out about exactly this)
3) Q: What measures can we take as individuals? Q: Are there places in the US and in the world, that are
safer than others at various degrees of warming? Q: Would Norway be a better place to live in the coming
decades because of natural resources, a warming climate, and relatively smaller impact from a migrant
crisis?
4) Q: How much must we depend on governments to solve this problem, and how much can individual
citizens and company’s do to meaningfully address climate change?
5) Q: Do you have any feelings about the politicization of science and the environment? Q: How do we
uncouple ourselves form this unproductive relationship of viewing so much of our lives and the world
through partisan spectacles?
***There are always people
on the side of an issue that
you agree with, who use
misinformation to further
that agenda, and in so doing,
compromise the credibility
of everyone. There is also
confusion in the public mind
around what constitutes
science. This is, also, in part,
a result of political activists
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on the left conflating science with fact. The difference between probability and certainty. Science is
always “updating” the facts.
***Cowspiracy: The Sustainability Secret - film has been criticized for its significant statistical error that
threatens to undermine its core message. Problem is not only on the right, but on the left. We live in an age
where “the means justify the ends.” 2014
“What’s the use of having
*** Q: Why are there still people who trust the opinion of doctors on medical developed a science well
concerns, or seek the advice of lawyers on legal matters but refuse to accept enough to make predictions
if, in the end, all we’re willing
what climate scientists are telling us about climate change?
to do is stand around and
*** Q: Why did we withdrawal from the Paris agreement? Q: What does the wait for them to come true?”
Paris climate deal look like without the United States? The withdrawal – F. Sherwood Rowland
process is to be completed in 2020, which will be after the next presidential
election. Q: Does this mean that we won’t necessarily withdrawal from the agreement? Q: How valuable is this

agreement?
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