
CLIMATE SYSTEM BASICS   

Mark J. McCready
Chemical and Bimolecular Engineering

3/28/17



OUTLINE
• Goal today is to try to attain a basic understanding of how the climate of the earth 

is determined

• Incident radiation by sun

• Earth radiates back

• Atmosphere is absorbing and re-emitting 

• Large-scale natural convection flows in atmosphere cause mixing

• Water evaporation and condensation is very important (clouds… 

• Ocean currents carry heat around…



PREQUEL:WHAT WE THOUGHT THE EARTH’S 
TEMPERATURE WAS BEFORE ~2001  

 



THE “HOCKEY STICK”

 

IPCC 2001

This figure catalyzed various actions and processes that made the climate a high intensity, contentious topic



THE SUN

We know that the sun has 
not been constant over 

geologic time scale and has 
various ongoing cycles of 

~decade/+ length 



A SUN CYCLE



WOULD REALLY LIKE: ENERGY (IM)BALANCE

Need comparative fluxes over decades

1368+/-45 W/m2

~ ε T4surfaceS/4 *(1-albedo)



SOLAR RADIATION

• Sun: 



SOLAR FLUX

• Evaporation rate for water would be:

• This explains why solar power is limited, but also that this flux must be essentially 
balanced by the outgoing radiation



TEMPERATURE PURE RADIATION

• I think that the flux out 
~ equals the flux down, 
the question is what 
temperature(s) are 
necessary for this to 
occur



TEMPERATURE PROFILE
• Radiative 

perturbations (e.g., 
CO2 
concentration 
increases) should 
be considered a 
perturbation of 
the red profile, 
not the green one!



KEY PROCESS

• Without atmospheric absorption, the earth 
temperature would be ~0 F instead of ~59 F

• Re-absorption of Infra-red wavelengths by water, 
carbon dioxide and methane constitute the 
“greenhouse” effect.



GREENHOUSE GAS ABSORPTION
http://www.barrettbellamyclimate.com/page19.htm



“RADIATIVE” CONTRIBUTION 
FROM CO2

http://www.barrettbellamyclimate.com/page28.htm



DETERMINATION OF CLIMATE

http://www.barrettbellamyclimate.com/page9.htm





EFFECT OF LATITUDE

• Atmospheric/oceanic circulation processes cause a large flow of heat 
from the low latitudes to higher latitudes.



OCEAN CURRENTS

• The ocean currents have various (significant) 
oscillations that vary on the scale of years and 
decades



GULF STREAM



PACIFIC DECADAL 
OSCILLATION



ATMOSPHERIC CIRCULATION



CLOUDS
• You may have noticed that precipitation processes 

come with some associated clouds(!)

• Clouds can be either cooling or warming, although 
“moderating” might be a nominal result

• We don’t understand this well and we have no idea 
how the clouds have changed over the 20th 
century



EFFECT OF CLOUDS?

We don’t know which it is?



EFFECT OF WEATHER

• As noted in the “green line” from about 15 
minutes ago, the processes of weather mix the 
atmosphere, contribute to water evaporation, 
cloud formation and destruction and cause a 
net cooling, although the higher latitudes are 
warmed. 



TEMPERATURE

• We might worry about ocean pH, ice extent, or 
storm frequency…

• Since it gets the most attention, let’s focus on 
temperature for a while



GEOLOGIC  
SCALES
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TEMPERATURE VARIATION  
MILANKOVICH CYCLES





“RECENT” TEMPERATURES

• Proxies: ice cores, lake/marine sediments tree rings, coral, pollen

 



TEMPERATURE MEASUREMENTS



SATELLITE TEMPERATURES

http://www.drroyspencer.com/latest-global-temperatures/



EARTH STATIONS V. SATELLITES
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US AVERAGE TEMPS

http://www.cpc.noaa.gov/products/global_monitoring/temperature/northeast_1yrtemp.shtml



EFFECT OF TEMPERATURE ON GROWING 
SEASON



WHAT DIRECT EFFECT OF CO2 
INCREASE CAN BE SEEN?

• Day v. Night Temps (nights got warmer during 1950-1997)

•



BEST INSTRUMENTAL CO2 RECORD



SEA LEVEL



IPCC 2007



NOW IT’S A SCYTHE!



SO, WHAT ARE THE ISSUES?
• Will the temperature continue to increase and if so, at what rate? 

(depending on rate of CO2 emissions)

• The only way to access this is by computer models of the climate!

• How will precipitation be affected?

• Will crop yields be affected?

• Does the CO2 in the atmosphere cause a change in ocean pH and affect 
marine life

• Will the sea level increase at a higher rate?

• Could anything (actually) be done about the CO2 emissions?



SOME MUSINGS
• Missing Carbon(http://www.nature.com/climate/2007/0708/full/climate.2007.35.html)

• Things we thought we knew:

• Margarine was considered a health food

• Stomach Ulcers are caused by stress

• Plants absorb CO2 and emit O2

• The adult brain has no capacity to regenerate itself

• Komodo Dragons bit their prey and waited for them to succumb to bacterial infections

• Planets, other than earth, that are in “Goldilocks” orbits around stable stars are very 
rare.



• You lost me at hello!

• https://www.youtube.com/watch?v=AyrP-pwDayE

Geoff Hewitt Tom Hanratty



THE BASIC CORRECTNESS AND RELIABILITY OF THE 
MODELS IS IN DOUBT

https://science.house.gov/sites/republicans.science.house.gov/files/documents/HHRG-115-SY-WState-JChristy-20170329.pdf



https://science.house.gov/sites/republicans.science.house.gov/files/documents/HHRG-115-SY-WState-JChristy-20170329.pdf



https://science.house.gov/sites/republicans.science.house.gov/files/documents/
HHRG-115-SY-WState-JChristy-20170329.pdf



MODEL BASICS

• The next few slides give some overview of the 
general circulation climate models 



Climate system



Schematic of climate 
system



Basic Equations



Variables in 
equations



“Conceptual” calculational 
grid



“Key” modeling result

Here is the temperature modeling result 
from Stott et al.[2000] Science 290, p 2133 

ing over the last three decades at a rate con-
sistent with that observed (Fig. 1, middle).
However, these latter simulations are consis-
tently too cool during the 1940s and 1950s,
unlike the simulations that include natural
forcings (Fig. 1, top and bottom).

One of the ALL simulations has been ex-
tended to the year 2100, using estimates of
future greenhouse gas and tropospheric ozone
concentrations and sulfur emissions based on
the B2 scenario of the Intergovernmental Panel
on Climate Change (IPCC) Special Report on

Emissions Scenarios [SRES (23)]. This scenar-
io is one of the marker scenarios that the IPCC
has developed to provide more self-consistent
and up-to-date scenarios for climate prediction
than hitherto possible. Its assumptions about
future demographic changes, economic devel-
opment, and technological change result in
more modest increases in greenhouse gases
than the alternative A2 marker scenario (24).
Stratospheric ozone is assumed to recover as
atmospheric chlorine loading diminishes (25).
Only the anthropogenic contribution to future
climate change is forecast, since solar and vol-
canic forcings are assumed to remain at 1999
levels. The rate of change of global mean tem-
perature predicted over the 21st century is sim-
ilar to that already encountered (both in obser-
vations and in model simulations) since 1970,
reaching 3 K by 2100 relative to 1880–1920
(Fig. 1).

When we include both anthropogenic and
natural forcings, our model successfully sim-
ulates not just the observed global mean re-
sponse, but also some of the large-scale fea-
tures of the observed temperature response.
Recent warming (26) has been greater over
land (0.24 K/decade) than ocean (0.16 K/
decade) (Fig. 2), and this is also seen in the
model [ensemble mean trends of 0.25 ! 0.11
and 0.13 ! 0.06 K/decade over land and sea,
respectively, with uncertainties calculated
from the HadCM3 control run (27)]. The
model captures much of the decadally
smoothed evolution of land temperatures
(Fig. 2A), including temperature fluctuations
early in the century, but appears to underes-
timate the observed rate of increase of sea
temperatures seen between 1910 and 1939
(Fig. 2B). Before 1940, data are sparse in the
Pacific Ocean and in the Southern Hemi-
sphere, but splitting Northern Hemisphere
temperatures into land and sea components
shows that the model underestimates the ear-
ly-century increase in Northern Hemisphere
Atlantic temperatures.

The roughly three-way split in the evolu-
tion of near-surface temperatures is captured
by considering three 30-year trends starting
in 1910, 1940, and 1970 (Fig. 3). In the first
and last of these periods, global mean ob-
served temperatures were increasing whereas
in the second period, observed temperatures
were gradually declining, and the simulations
capture this approximately three-way divi-
sion in the 20th-century history of Earth’s
near-surface temperatures. Global mean
trends in ALL are consistent with observed
trends in all three periods at the P " 0.1
(two-tailed) confidence level, i.e., differences
between modeled and observed trends are
within the 5 to 95% range expected from the
control variability. For the 30-year trends
from 1910 to 1939, the difference between
the observed trend of 0.41 K per 30 years and
the ensemble mean model trend is 0.28 K;

Fig. 1. Annual-mean global mean near-surface (1.5 m) temperature anomalies (relative to 1881–
1920) for the NATURAL, ANTHRO, and ALL ensembles. Ensemble members are shown as colored
lines, and observations [updated versions of surface temperature data set of Parker et al. (39 )] are
shown as a black line. All model data up to November 1999 are masked by the observational
missing data mask and expressed, like the observations, as anomalies relative to 1961–1990. Future
model data are masked by observational mask for year December 1998 to November 1999. Global
means are then calculated and expressed as anomalies relative to 1881–1920.

Fig. 2. Running decadal-mean global mean surface (1.5 m) temperature anomalies for (A) land, (B)
ocean (sea), (C) Northern Hemisphere (NH) land, (D) Northern Hemisphere ocean (sea). Data are
expressed as anomalies relative to the period 1961–1990 and masked as in Fig. 1. Solid black line,
observations; dashed line, ALL ensemble mean. The gray shading shows the 5 and 95 percentiles of
the expected uncertainty distribution of possible deviations from the model ensemble mean
calculated from a long control simulation of HadCM3.

R E P O R T S

15 DECEMBER 2000 VOL 290 SCIENCE www.sciencemag.org2134



More simulations

ing over the last three decades at a rate con-
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forcings (Fig. 1, top and bottom).

One of the ALL simulations has been ex-
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(Fig. 1).

When we include both anthropogenic and
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ulates not just the observed global mean re-
sponse, but also some of the large-scale fea-
tures of the observed temperature response.
Recent warming (26) has been greater over
land (0.24 K/decade) than ocean (0.16 K/
decade) (Fig. 2), and this is also seen in the
model [ensemble mean trends of 0.25 ! 0.11
and 0.13 ! 0.06 K/decade over land and sea,
respectively, with uncertainties calculated
from the HadCM3 control run (27)]. The
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smoothed evolution of land temperatures
(Fig. 2A), including temperature fluctuations
early in the century, but appears to underes-
timate the observed rate of increase of sea
temperatures seen between 1910 and 1939
(Fig. 2B). Before 1940, data are sparse in the
Pacific Ocean and in the Southern Hemi-
sphere, but splitting Northern Hemisphere
temperatures into land and sea components
shows that the model underestimates the ear-
ly-century increase in Northern Hemisphere
Atlantic temperatures.

The roughly three-way split in the evolu-
tion of near-surface temperatures is captured
by considering three 30-year trends starting
in 1910, 1940, and 1970 (Fig. 3). In the first
and last of these periods, global mean ob-
served temperatures were increasing whereas
in the second period, observed temperatures
were gradually declining, and the simulations
capture this approximately three-way divi-
sion in the 20th-century history of Earth’s
near-surface temperatures. Global mean
trends in ALL are consistent with observed
trends in all three periods at the P " 0.1
(two-tailed) confidence level, i.e., differences
between modeled and observed trends are
within the 5 to 95% range expected from the
control variability. For the 30-year trends
from 1910 to 1939, the difference between
the observed trend of 0.41 K per 30 years and
the ensemble mean model trend is 0.28 K;

Fig. 1. Annual-mean global mean near-surface (1.5 m) temperature anomalies (relative to 1881–
1920) for the NATURAL, ANTHRO, and ALL ensembles. Ensemble members are shown as colored
lines, and observations [updated versions of surface temperature data set of Parker et al. (39 )] are
shown as a black line. All model data up to November 1999 are masked by the observational
missing data mask and expressed, like the observations, as anomalies relative to 1961–1990. Future
model data are masked by observational mask for year December 1998 to November 1999. Global
means are then calculated and expressed as anomalies relative to 1881–1920.

Fig. 2. Running decadal-mean global mean surface (1.5 m) temperature anomalies for (A) land, (B)
ocean (sea), (C) Northern Hemisphere (NH) land, (D) Northern Hemisphere ocean (sea). Data are
expressed as anomalies relative to the period 1961–1990 and masked as in Fig. 1. Solid black line,
observations; dashed line, ALL ensemble mean. The gray shading shows the 5 and 95 percentiles of
the expected uncertainty distribution of possible deviations from the model ensemble mean
calculated from a long control simulation of HadCM3.

R E P O R T S
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Simulations of the past106 SURFACE TEMPERATURE RECONSTRUCTIONS FOR THE LAST 2,000 YEARS

FIGURE 10-4 Estimates of Northern Hemisphere surface temperature variations over the last
two millennia. Shown are 40-year smoothed series. Models have been aligned to have the same
mean over the common 1856–1980 period as the instrumental series (which is assigned zero
mean during the 1961–1990 reference period). The model simulations are based on varying
radiative forcing histories and employ a hierarchy of models. SOURCE: Jones and Mann
(2004b). Reproduced by permission of American Geophysical Union; copyright 2004.

Differences among the model simulations of the last millennium are related to
several factors. The volcanic and solar forcing reconstructions used by the models
differ as do their geographic and seasonal implementation. Most climate model simu-
lations published to date used one of the earlier reconstructions of solar irradiance that
included an increase in solar irradiance from the Maunder Minimum to present of
around 0.2–0.4 percent. None of the long transient simulations have included wave-
length-dependent changes in solar irradiance, although this effect has been investigated
with shorter sensitivity simulations and has been shown to impact regional surface
climate (Shindell et al. 2001). Volcanic reconstructions used in the various climate
model simulations show similar timing of major volcanic eruptions and temporal
clusters of eruptions. The models differ in the conversion of volcanic sulfate loading
into optical depth and in the seasonally dependent horizontal and vertical dispersion of
the aerosol cloud. The models also vary with respect to the specifics of the radiative
transfer calculations included for volcanic aerosols. For example, in some energy
balance models and intermediate complexity models, volcanoes are represented as a
negative deviation of the solar irradiance.

Differences between the various model simulations can also be related to differ-
ences in the sensitivity of the models (Goosse et al. 2005). Two of the models, CSM
and GKSS, are full three-dimensional climate models and have equilibrium climate
sensitivities of 2°C and 3.2°C, respectively, for doubling of atmospheric CO2. Some
simpler models have an adjustable climate sensitivity (i.e., the Gerber 1.5 × CO2 and
2.5 × CO2 simulations). Different models also exhibit different sensitivities to different
external forcings. The full three-dimensional climate models, which include
parameterizations for the size distribution and transport of volcanic aerosols, show

Copyright © National Academy of Sciences. All rights reserved.

Surface Temperature Reconstructions for the Last 2,000 Years 
http://www.nap.edu/catalog/11676.html





MODEL PREDICTIONS



• No change in tornados



EFFECT OF CO2 DOUBLING

Most recent results 



EXTRA SLIDES
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OTHER “RECONSTRUCTIONS”

the CPS (or EIV) reconstructions (SI Text and Fig. S8). However,
we observed that the pronounced cooling between approximately
A.D. 750 and A.D. 1000 in the current CPS reconstruction is based
on prominent excursions in a relatively small number (see Fig. S9)
of the 15 NH proxy series available in the screened network back
through the 9th century and that the amplitude of the cooling is
somewhat sensitive to the removal of individual proxy records (see
Fig. S10). Analysis of synthetic ‘‘pseudoproxy’’ proxy networks (SI
Text, Figs. S12–S14, and Tables S2–S4) indicates that such apparent
pronounced hemispheric temperature anomalies in the reconstruc-
tions can arise as purely spurious features with the CPS approach,
given such sparse networks, an artifact of the statistics of averaging
a small number of noisy local temperature estimates. By contrast,
we find in these experiments that the EIV reconstructions are
significantly more skillful, given a particular synthetic data network.
Where the two methods no longer yield reconstructions that agree
within uncertainties, it is therefore likely that the EIV reconstruc-
tion is the more reliable, although with the caveat that this finding
has been demonstrated only under the assumptions implicit in the
pseudoproxy analyses (e.g., that proxies have a linear, if noisy,
relationship with local temperature variations). For this reason, we
place greatest confidence in the EIV reconstructions, particularly
back to A.D. 700, when a skillful reconstruction as noted earlier is
possible without using tree-ring data at all.

SH and Global Temperature Reconstructions. Conclusions for SH
mean temperatures are somewhat weaker (Figs. S5 and S6), plau-

sibly due to the relative paucity of proxy data in the SH (Fig. 1).
Nominally, recent warmth appears anomalous in the context of the
past 1,500 years from the CPS reconstructions, but skillful CPS
reconstructions are not possible without tree-ring data before A.D.
1700, implying additional caveats as discussed above. Recent
warmth exceeds that reconstructed for at least the past 1,800 years
in the EIV reconstructions, and this conclusion extends back at
least 1,500 years without using tree-ring data. However, the esti-
mated uncertainties are compatible with the possibility that recent
SH warmth might have been breached during brief periods in the
past. Similarly, for global mean temperature, the CPS reconstruc-
tion suggests that recent warmth is anomalous for at least the past
1,500 years, but with the caveat that tree-ring data are required for
a skillful long-term reconstruction. The EIV reconstruction indi-
cates recent warmth that exceeds the reconstructed warmth (past
1,500 years with caveats related to the use of tree-ring data, and the
past 1,300 years if tree-ring data are excluded), but like the SH, the
uncertainties are compatible with the possibility of brief periods of
similar warmth over the past 1,500 years. More confident state-
ments about long-term temperature variations in the SH and globe
on the whole must await additional proxy data collection.

Conclusions
We find that the hemispheric-scale warmth of the past decade for
the NH is likely anomalous in the context of not just the past
1,000 years, as suggested in previous work, but longer. This
conclusion appears to hold for at least the past 1,300 years
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Fig. 3. Composite CPS and EIV NH land and land plus ocean temperature reconstructions and estimated 95% confidence intervals. Shown for comparison are
published NH reconstructions, centered to have the same mean as the overlapping segment of the CRU instrumental NH land surface temperature record
1850–2006 that, with the exception of the borehole-based reconstructions, have been scaled to have the same decadal variance as the CRU series during the
overlap interval (alternative scaling approaches for attempting to match the amplitude of signal in the reconstructed and instrumental series are examined in
SI Text). All series have been smoothed with a 40-year low-pass filter as in ref 33. Confidence intervals have been reduced to account for smoothing.
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the CPS (or EIV) reconstructions (SI Text and Fig. S8). However,
we observed that the pronounced cooling between approximately
A.D. 750 and A.D. 1000 in the current CPS reconstruction is based
on prominent excursions in a relatively small number (see Fig. S9)
of the 15 NH proxy series available in the screened network back
through the 9th century and that the amplitude of the cooling is
somewhat sensitive to the removal of individual proxy records (see
Fig. S10). Analysis of synthetic ‘‘pseudoproxy’’ proxy networks (SI
Text, Figs. S12–S14, and Tables S2–S4) indicates that such apparent
pronounced hemispheric temperature anomalies in the reconstruc-
tions can arise as purely spurious features with the CPS approach,
given such sparse networks, an artifact of the statistics of averaging
a small number of noisy local temperature estimates. By contrast,
we find in these experiments that the EIV reconstructions are
significantly more skillful, given a particular synthetic data network.
Where the two methods no longer yield reconstructions that agree
within uncertainties, it is therefore likely that the EIV reconstruc-
tion is the more reliable, although with the caveat that this finding
has been demonstrated only under the assumptions implicit in the
pseudoproxy analyses (e.g., that proxies have a linear, if noisy,
relationship with local temperature variations). For this reason, we
place greatest confidence in the EIV reconstructions, particularly
back to A.D. 700, when a skillful reconstruction as noted earlier is
possible without using tree-ring data at all.

SH and Global Temperature Reconstructions. Conclusions for SH
mean temperatures are somewhat weaker (Figs. S5 and S6), plau-

sibly due to the relative paucity of proxy data in the SH (Fig. 1).
Nominally, recent warmth appears anomalous in the context of the
past 1,500 years from the CPS reconstructions, but skillful CPS
reconstructions are not possible without tree-ring data before A.D.
1700, implying additional caveats as discussed above. Recent
warmth exceeds that reconstructed for at least the past 1,800 years
in the EIV reconstructions, and this conclusion extends back at
least 1,500 years without using tree-ring data. However, the esti-
mated uncertainties are compatible with the possibility that recent
SH warmth might have been breached during brief periods in the
past. Similarly, for global mean temperature, the CPS reconstruc-
tion suggests that recent warmth is anomalous for at least the past
1,500 years, but with the caveat that tree-ring data are required for
a skillful long-term reconstruction. The EIV reconstruction indi-
cates recent warmth that exceeds the reconstructed warmth (past
1,500 years with caveats related to the use of tree-ring data, and the
past 1,300 years if tree-ring data are excluded), but like the SH, the
uncertainties are compatible with the possibility of brief periods of
similar warmth over the past 1,500 years. More confident state-
ments about long-term temperature variations in the SH and globe
on the whole must await additional proxy data collection.

Conclusions
We find that the hemispheric-scale warmth of the past decade for
the NH is likely anomalous in the context of not just the past
1,000 years, as suggested in previous work, but longer. This
conclusion appears to hold for at least the past 1,300 years
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Text

Proxy-based reconstructions of hemispheric
and global surface temperature variations
over the past two millennia
Michael E. Mann*†, Zhihua Zhang*, Malcolm K. Hughes‡, Raymond S. Bradley§, Sonya K. Miller*, Scott Rutherford¶,
and Fenbiao Ni‡

*Department of Meteorology and Earth and Environmental Systems Institute, Pennsylvania State University, University Park, PA 16802; ‡Laboratory of
Tree-Ring Research, University of Arizona, Tucson, AZ 85721; §Department of Geosciences, University of Massachusetts, Amherst, MA 01003-9298;
and ¶Department of Environmental Science, Roger Williams University, Bristol, RI 02809

Communicated by Lonnie G. Thompson, Ohio State University, Columbus, OH, June 26, 2008 (received for review November 20, 2007)

Following the suggestions of a recent National Research Council
report [NRC (National Research Council) (2006) Surface Tempera-
ture Reconstructions for the Last 2,000 Years (Natl Acad Press,
Washington, DC).], we reconstruct surface temperature at hemi-
spheric and global scale for much of the last 2,000 years using a
greatly expanded set of proxy data for decadal-to-centennial
climate changes, recently updated instrumental data, and comple-
mentary methods that have been thoroughly tested and validated
with model simulation experiments. Our results extend previous
conclusions that recent Northern Hemisphere surface temperature
increases are likely anomalous in a long-term context. Recent
warmth appears anomalous for at least the past 1,300 years
whether or not tree-ring data are used. If tree-ring data are used,
the conclusion can be extended to at least the past 1,700 years, but
with additional strong caveats. The reconstructed amplitude of
change over past centuries is greater than hitherto reported, with
somewhat greater Medieval warmth in the Northern Hemisphere,
albeit still not reaching recent levels.

climate change ! global warming

Knowledge of climate during past centuries can both improve
our understanding of natural climate variability and help

address the question of whether modern climate change is unprec-
edented in a long-term context (1, 2). The lack of widespread
instrumental climate records before the mid 19th century, however,
necessitates the use of natural climate archives or ‘‘proxy’’ data such
as tree-rings, corals, and ice cores and historical documentary
records to reconstruct climate in past centuries. Many previous
proxy data studies have emphasized hemispheric or global mean
temperature (3–14), although some studies have also attempted to
reconstruct the underlying spatial patterns of past surface temper-
ature changes at global (15, 16) and regional (6, 17, 18) scales.

Most attempts to reconstruct hemispheric temperatures have
used some variant on the ‘‘composite plus scale’’ (CPS) method-
ology (10), in which proxy data (such as tree rings, ice cores, or
corals) considered to be sensitive to past surface temperature
variations are standardized and centered, potentially weighted, and
then composited to form a regional or hemispheric series. The
resulting series is then regressed or simply scaled against the target
instrumental series (e.g., the Northern Hemisphere mean annual
temperature series) to yield a reconstruction of hemispheric or
global mean temperature. Variants on this approach have used
proxies selected specifically for their retention of low-frequency
variability (9, 19) or have included low-resolution (decadal- or
centennial-scale) proxies that might be well suited to reconstructing
low-frequency climate variability (11) but which are consequently
difficult to calibrate robustly against the instrumental record (20).
More recently, Hegerl et al. (13) use a weighted composite of proxy
temperature series, but scaling is accomplished by a so-called
‘‘error-in-variables’’ (EIV) regression method (‘‘total least
squares’’) to allow for errors in both predictors (i.e., proxy com-

posite) and predictand (i.e., the instrumental hemispheric mean
temperature series). Lee et al. (21) have recently compared a
number of variants on the CPS approach.

Distinct from the CPS methods are the so-called climate field
reconstruction (CFR) approaches, which instead assimilate proxy
records into reconstructions of the underlying spatial climate
patterns (15–18, 20, 22–26). Hemispheric or global means, as well
as particular indices of interest, can be computed directly from the
spatial pattern reconstructions. The CFR method offers the obvi-
ous advantage over the CPS method in that the spatial pattern of
changes are available, e.g., for comparisons with model-predicted
patterns of past climate change (27, 28). Most CFR methods make
use of nonlocal ‘‘reduced space’’ relationships between predictors
(e.g., sparse early instrumental measurements or longer-term proxy
climate data) and predictand (the full spatial field targeted for
reconstruction) through the use of large-scale covariance informa-
tion (15, 17, 18, 29, 30). Such methods are useful in the context of
proxy-based climate reconstruction because they take advantage of
climate information embedded in remote proxies in the reconstruc-
tion of a continuous climate field. CFR approaches depend more
heavily on assumptions about the stationarity of relationships
between proxy indicators and large-scale climate patterns than do
simpler methods (e.g., CPS method) that are based on the assump-
tion of local statistical relationships but make greater use of the
available statistical information. The two approaches are therefore
complementary.

If one replaces the spatial field in the CFR approach by a single
time series (e.g., hemispheric mean surface temperature), then the
approach reduces to an EIV variant on multivariate regression.
When a regularized (‘‘Reg’’) version of the expectation-
maximization (EM) is used (RegEM, see ref. 31), the procedure has
the added benefit of providing an explicit regularization scheme to
protect against statistical overfitting. Previous tests with synthetic
proxy climate data derived from long model simulations demon-
strate that this EIV procedure yields a very similar hemispheric
mean reconstruction to that obtained from the application of the
associated spatially-explicit CFR procedure when an estimate of
only a single time series, e.g., the hemispheric mean temperature,
is sought (32).

In this study, we employ a greatly expanded global multiproxy
database to develop hemispheric and global mean decadal surface
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FORTUNATELY...
• As far as I can tell, there is no impending climate calamity on the horizon

• Co2 levels have increased, but this does not directly mean that there will be

• more extreme weather events

• reduced crop yields, more insects, more disease spread...

• Even if we cut CO2 emissions, there is no evidence that China and other big growth countries 
will

• Even if there was hardship coming, society has two choices, mitigate or adapt

• Adaptation would be possible and substantially cheaper

• Even if there is a chance of cataclysmic event, the normal course of action is a proportioned degree 
of prevention
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