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Remembering Steve Schneider
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The legacy of Steve Schneider
 Steve Schneider made a difference in our world

 His science, his actions, and his words forever changed the way we think

about human influences on climate
 Steve made us realize that we are not just innocent bystanders – we are

now active agents of change in the climate system
 Because of Steve’s science, and because of his tireless efforts to tell

people why the science matters, our collective future is a little brighter

3

Structure of tonight’s Kuehnast lecture
 Introduction: Studying cause and effect in the climate system

 Evaluating climate models

 Problems in identifying the “best” and “worst” models

 Can we reduce uncertainties in model projections of future climate

change?

 Conclusions
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Average surface temperature change ( C)

Computer models can perform the “control experiment”
that we can’t do in the real world

Meehl et al., Journal of Climate (2004)
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Models are the only credible tools we have for projecting
the climatic “shape of things to come”

A2
A1B
B1
Constant composition
20th century

Source: IPCC Fourth Assessment Report (2007)
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We routinely test how well current climate models
simulate:


Today’s annual average climate



The daily cycle of temperature, clouds, and rainfall



Changes over the seasonal cycle



The response to massive volcanic eruptions



Ocean uptake of products of atmospheric tests of nuclear weapons



The climate changes of the past 30 to 150 years



Climates of the “deep past” (like the last Ice Age)



Weather



Modes of natural climate variability (like El Niño)
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Evaluating how well computer models simulate seasonal
changes in climate
“Worst”

Latent heat flux at surface
Sensible heat flux at surface
Surface temperature
Reflected SW radiation (clear sky)
Reflected SW radiation

Climate variable

Outgoing LW radiation (clear sky)
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Total cloud cover
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Total column water vapor
Sea-level pressure
Meridional wind stress
Zonal wind stress
Meridional wind at surface
Zonal wind at surface
Specific humidity at 400 mb
Specific humidity at 850 mb
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Zonal wind at 200 mb
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Geopotential height at 500 mb
Meridional wind at 850 mb
Zonal wind at 850 mb
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Gleckler, Taylor, and Doutriaux, Journal of Geophysical Research (2008)
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“Fingerprinting” with temperature changes in Earth’s
atmosphere
Model Changes: CO2 + Sulfate Aerosols + Stratospheric Ozone
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Understanding different fingerprints: The case of the Sun
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Santer et al., CCSP Report (2006)

Earth’s temperature has increased over the last 30 years,
despite no overall increase in the Sun’s energy output

U.S. Climate Change
Science Program State
of Knowledge Report
(2009)
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The climate system is telling us a physically-consistent
story. We have identified human fingerprints in…
TEMPERATURE FIELDS
1. Temperatures over the global land and ocean surface
2. Continental-scale surface temperatures
3. Temperatures through the vertical extent of the atmosphere
4. The heat content of the global ocean
5. Stratospheric and tropospheric temperatures
6. The height of the tropopause
7. The vertical structure of temperatures in the upper-ocean
8. Sea-surface temperatures in hurricane formation regions
9. Arctic and Antarctic temperatures
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We’ve moved beyond “temperature only” fingerprint
detection studies…
ATMOSPHERIC CIRCULATION, SEA-ICE, AND THE HYDROLOGICAL CYCLE
1. Surface pressure patterns
2. Continental-scale runoff from major rivers
3. Atmospheric water vapor over oceans
4. Humidity at Earth’s surface
5. Rainfall over land
6. Snowpack depth and timing of streamflow in the western U.S.
7. Arctic sea-ice extent
8. North Atlantic salinity
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Fingerprint evidence provides scientific support for
findings of a “discernible human influence” on climate

“The balance of evidence suggests
a discernible human influence on
global climate”
“There is new and stronger evidence that
most of the warming observed over the
last 50 years is attributable to human
activities”

“Most of the observed increase in globally
averaged temperatures since the mid-20th
century is very likely* due to the observed
increase in anthropogenic greenhouse gas
concentrations”
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Can we improve the representation of clouds and rainfall
in climate models?
Cloud fraction at Point Barrow ARM site

Xie et al., Journal of Geophysical Research (2008)
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How do we make the best use of scientific information
from a large archive of climate model output?
 Not all computer models are of equal quality

 Because of differences in model quality, there is increasing interest in

“weighting” computer projections of future climate change
 Most studies have weighted individual models by simple measures of their

performance in simulating today’s average climate

 Is it a model democracy (“One model, one vote?”) Or should we pay

more attention to “better” models?

 Can we define a Letterman-like list of “top 10” climate models?

How do we make the best use of scientific information
from a large archive of climate model output?
Santer et al., Proceedings of the U.S. National Academy of Sciences (2009)

Rankings based on 20
different “performance
metrics”

Rankings based on 50
different “performance
metrics”
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Can we reduce significant uncertainties in the climatic
“shape of things to come”?
5.2 C
A2
A1B
B1
Constant composition
20th century

2.0 C

Source: IPCC Fourth Assessment Report (2007)

27

Degrees C

Can we reduce uncertainties in regional-scale projections
of future climate change?

Slides courtesy of Dr. Mike Wehner, Lawrence Berkeley National Laboratory

Why is it difficult to assess the reliability of climate model
projections?

 In weather forecasting, we make predictions days, weeks, or months in

advance
 We have the data necessary to test the skill of the forecast

 In climate change experiments, we make “projections” years, decades,

or centuries into the future
 Limited data available for assessing the skill of the projections

 The relationship between a climate model’s skill in simulating present or

past conditions and its predictive skill is largely unknown

So how can we assess the reliability of climate model
projections?
 We can evaluate model physics
 We can build confidence by testing a model’s ability to simulate a wide variety
of phenomena

 We can study individual “feedback” processes that determine how sensitive
the climate system is to CO2 increases

 We can see how well we did with projections made 5–15 years ago

 We can make true decadal “predictions” of future climate
 We can start (“initialize”) a model with present-day (or past) ocean and
land surface conditions, and then make a true forecast of the climate of the
next decade

The quest for the Holy Grail: Uncovering relationships
between present-day “observables” and future changes

Response of snow cover to global warming in models is related to their snow
response to spring warming (Hall and Xu, Geophysical Research Letters, 2006)

Conclusions


We have identified human “fingerprints” in many aspects of the climate system
 The climate system is telling us an internally-consistent story
 The story’s bottom line: Natural causes alone cannot explain the observed changes



We routinely evaluate climate model performance in a variety of different ways
 Claims that models are never confronted with observations are without merit



Computer model errors are complex
 It is not easy to identify the “top ten” models
 In selecting “better” models, current best practice is to do the selection/model weighting in
different ways, and determine whether different selection approaches affect things you care
about



The science is not “done and dusted”
 There may be ways of reducing uncertainties in projections of future climate change
 There are plenty of interesting problems for the “next generation” of climate scientists
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Why all of this matters: Change in the “once in a lifetime”
daily temperature

In the Northern mid-Western states, by the end of the
21st century, the hottest day our grandchildren will
experience in their lifetimes could be more than 17
degrees Fahrenheit hotter than the hottest day we
experienced in our lifetimes

Degrees Fahrenheit

Slide courtesy of Dr. Mike Wehner, Lawrence Berkeley National Laboratory

