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Roy Spericer’s testimony to US Congress.

"Despite decades of persistent uncertainty over how sensitive the climate system is to
increasing concentrations of carbon dioxide from the burning of fossil fuels, we now have new
satellite evidence which strongly suggests that the climate system is much fess sensitive than is
claimed by the U.N.s Intergovernmental Panel on Climate Change (IPCC).

If true, an insensitive climate system would mean that we have little to worry about in the way
of man made global warming and associated climate change. And, as we will see, it would also
mean that the warming we have experienced in the last 100 years is mostly natural. Of course,
if climate change is mostly natural then it is largely out of our controf, and is likely to end — if it
has not ended already, since satellite-measured global temperatures have not warmed for at
least seven years now.”

Full testimony at:
http://epw.senate.gov/public/index.cfim 2FuseAction=Files. View&FileStore _id=e12b56c0-4¢7b-
4c21-bd4a-7arbcdee/213

Response

Spencer’s testimony is based in part on a Journal of Climate article by R. Spencer and

W. Braswell (“Potential biases in feedback diagnosis from observational data: a simple model
demonstration”, J. Clim., 2008, in press). This paper deals with a narrow scientific point and
does not contain (nor support) Spencer’s conclusion that recent satellite data indicate that the
climate system is much less sensitive than IPCC concluded. The reminder of his testimony
comprises non-peer reviewed scientific results and Spencer’s interpretation of them.

In our assessment, Spencer’s results are of some scientific interest, but they do not materially
alter current scientific understanding of climate change. Spencer’s testimony exaggerated the
implications of his work.

Specific points:

e Spencer notes that diagnosing cloud feedback from atmospheric observations may lead to
estimates biased toward a more positive feedback (higher climate sensitivity) than really
applies. This is interesting, but climate modelling does not depend on this diagnosis.
Feedbacks that apply in climate models are a consequence of model representations of
more fundamental, and better observed, climate processes. Spencer’s result is of little
relevance to climate change modelling.

e Spencer’s argument focuses just on cloud feedback. It does not address water vapour
feedback which is a far more important feedback process for the climate change issue.

s In a non peer-reviewed study Spencer also presents estimates of (aspects of) cloud
feedback based on satellite observations of natural climatic variability. He compares this to
model-derived feedback and notes that the observed feedback is more negative
(representing a less sensitive climate system) than any of the models. This is comparing
apples and oranges. There are many factors that confound our ability to diagnose
feedbacks that would apply under secular warming from those that may appear to operate
with natural variability. This is why climate change feedback is not usually assessed in this
way.




Spencer also uses a simple model to demonstrate that there may be an explanation for
much of the warming observed over the past century based on natural variability. Although
Spencer says otherwise, this issue has been extensively assessed by climate scientists using
a variety of techniques that appropriately address the complexity of the issue. This work led
to IPCC's conclusion that most of warming since 1950 is very likely due to enhanced
greenhouse conditions. Spencer’s simplistic calculation neglects key issues and does not
have implications for IPCC's conclusion.










Background
Key figures released today indude —

Atmospheric CO; growth

Annual mean growth rate of atmospheric CO2 was 2.2 ppm per year in 2007 (up from 1.8 ppm in 2006), and
above the 2.0 ppm average for the period 2000-2007. The average annual mean growth rate for the previous 20
years was about 1.5 ppm per year. This increase brought the atmospheric CO> concentration to 383 ppm in
2007, 37% above the concentration at the start of the industrial revolution {about 280 ppm in 1750). The present
concentration is the highest during the last 650,000 years and probably during the last 20 million years. [ppm =
parts per miliion]).
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Emissions from land use change

Land use change was responsible for estimated net emissions of 1.5 PgC per year to the atmosphere. This is
largely the difference between CO2 emissions from deforestation and CO; uptake by reforestation. Emissions for
2006 and 2007 were extrapolated from the previous 25-year trend of 1.5 PgC per year. Land use change
emissions come almost exclusively from deforestation in tropical countries with an estimated 41% from South
and Central America, 43% from South and Southeast Asia, and 17% from Africa. An estimated 160 PgC were
emitted to the atmosphere from land use change during the period 1850-2007 {1 Pg = 1 billion tons or 1000 x

million tons].
Emissions from fossil fuel and cament
Emissions increased from 6.2 PgC per year in 1990 to 8.5 PgC in 2007, a 38% increase from the Kyoto reference
year 1990. The growth rate of emissions was 3.5% per year for the period of 2000-2007, an almost four fold
increase from 0.9% per year in 1990-1999. The actual emissions growth rate for 2000-2007 exceeded the
highest forecast growth rates for the decade 2000-2010 in the emissions scenarios of the Intergovermental Panel
on Climate Change, Specal Report on Emissions Scenarios ({IPCC-SRES). This makes current trends in
emissions higher than the worst case IPCC-SRES scenario. Fossil fuel and cement emissions released
-approximately 348 PgC to the atmosphere from 1850 to 2007.

Regional fossil fuel emissions

The biggest increase in emissions has taken place in developing countries, largely in China and India, while
developed countries have been growing slowly. The largest regional shift was that China passed the U.S. in 2006
to become the largest CO. emitter, and lndia will soon overlake Russia to become the third largest emitter.
Currently, more than half of the global emissions come from less developed countries. From a historical
perspective, developing countries with 80% of the world’s population still account for only 20% of the cumulative
emissions since 1751; the poorest countries in the world, with 800 million people, have contributed less than 1%
of these cumulative emissions.

Carbon intensity of the economy
After decades of improvements, the carbon intensity of the giobal economy, the carbon emitted per unit of Gross
.Domestic Product (GDP), was stalled during the period 2003-2005. This change was largely caused by China’s
rapidly growing share in economic output and carbon emissions. Since 2005 China’s energy intensity (which
underpins carbon intensity) has decreased(improved)by 1.2% in 2006 and 3.7% in 2007 compared to 2005
levels (according to the National Energy Administration in China).

CO. removal by natural sinks
Natural land and ocean CO: sinks have removed 54% (or 4.8 PgC per year) of all CO2 emitted from human
activities during the period 2000-2007. The size of the natural sinks has grown in proportion to increasing
atmospheric CO2. However, the efficiency of these sinks in removing CO2 has decreased by 5% over the last 50
years, and will continue to do so in the future. Thatis, S0 years ago, for every ton of CO. emitted to the
atmosphere, natural sinks removed 600 kg. Currently, the sinks are removing only 550 kg for every ton of CO2
emited, and this amount is falling.

Natural Ocean CO: sinks
‘The global oceanic CO: sink removed 25% of ail CO; emissions for the period 2000-2007, equivalentto an
average of 2.3 PgC per year. The size of the CQO2 sink in 2007 was similar to that in the previous year butlower
by 0.1 PgC compared to its expected increase from atmospheric CO growth. This was due to the presence of a
La Nina event in the equatorial Pacific. The Southem Ocean CO; sink was higher in 2007 compared to 2006,
consistent with the relatively weak winds and the low Southem Annular Mode (a circumpolar pressure oscillation
between Antarctica and southem mid-latitudes). An analysis of the long term trend of the ocean sink shows a
slower growth than expected of the CO- sink over the last 20 years.

Natural Land CO: sinks

Terrestrial COz sinks removed 29% of al anthropogenic emissions for the period 2000-2007, equivalent to an
average of 2.6 PgC per year. Terrestrial ecosystems removed 2.9 PgC in2007, down from 3.6 Pg in 2006,
largely showing the high year-to-year variability of the sink. An analysis of the long tenn trend of the terrestrial
sink shows a growing size of the CO; sink over the last 50 years.

Conclusions. Anthropogenic CO, emissions have been growing about four times faster since 2000 than during
the previous decade, and despite efforts to curb emissions in a number of countries which are signatories of the
Kyoto Protocol. Emissions from the combustion of fossil fuel and land use change reached the mark of 10 billion
tones of carbon in 2007. Natural CO: sinks are growing, but more slowly than atmospheric CO, which has been
growing at 2 ppm per year since 2000. This is 33% faster than during the previous 20 years. All of these changes
characterize a carbon cydle that is generating stronger climate forcing and sooner than expected























































ATTACHMENT A
METHANE CLATHRATES MEDIA RELEASE

24 April 2009
Ref 09/62

Greenland’s ‘good news’ methane finding

Ice core research has revealed that a vast, potential source of the potent greenhouse gas, methane, is
more stable in a warming world than previously thought.

Based on international research published today in Science, the finding includes Australian contributions
from CSIRO and the Australian Nuclear Science and Technology Organisation (ANSTO)

Wetlands in the tropics and emerging from under receding Northern Hemisphere glaciers have been
considered the primary source of rising atmospheric methane in a warming world. But scientists have
known of another potential source.

Massive quantities of methane are locked away in permafrost and in the ocean floors as methane
clathrate anice-like material which can return to gas if temperatures increase or pressures drop. Just a
10 per cent release of methane would have the equivalent impact on global warming of a ten-fold
increase in carbon dioxide concentration.

So began a US, New Zealand and Australian research project to understand ice core records spanning
hundreds of thousands of years, profiling periods of high-methane increase and focusing on the Younger
Dryas period. The cause of the large increase in methane 12,000 years ago as the Earth warmed and
the Younger Dryas ended has been a source of much debate among scientists.

“The result is a good news outcome for climate scientists monitoring greenhouse gases and investigating
the likely sources of methane in a warming world,” says CSIRO’s Dr David Etheridge, from the Centre for
Australian Weather and Climate Research who helped show how the air could be extracted from polar
ice to measure past methane changes and identify their causes.

“There are vast stores of methane clathrates beneath the ocean and in permafrost and there is evidence
that millions of years ago release from these storages caused significant climate change, although none
in more recent times.

“The objective of the research was to determine how stable the clathrate methane stores were as the
Earth warmed rapidly from its last glacial state and whether clathrates might be a source of future
climate change as global temperatures rise.”

Dr Andrew Smith, from ANSTO, studied the source of methane by using a technique called accelerator
mass spectrometry to detect individual radiocarbon atoms from ancient atmospheric methane samples
over the Younger Dryas period.

“Radiocarbon provided the key insight to decide whether the extra methane was derived from clathrates
or from wetlands,” Dr Smith says.

“A multi-disciplinary team of scientists from the US Scripps Institution of Oceanography, New Zealand's
National Institute of Water and Atmosphere, and from Australia’s ANSTO and CSIRO combined their
resources to tackle this challenging project.”

The project involved years of field-work in West Greenland where scientists accessed samples located in
‘outcropping’ ice, a cross-section of ice formed over tens of thousands of years that is exposed at the
surface. A tonne of ice was excavated to provide sufficient air from trapped bubbles for each
measurement of the methane carbon isotopes.

Extremely sensitive analysis was required because of the low concentration of methane in air and
because only about one trillionth of that methane contains radiocarbon ~ the carbon-14 isotope that is
the key indicator of clathrate emissions. The analysis was undertaken at ANSTO in southern Sydney.
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OVERVIEW OF THE CSIRO CLIMATE STRATEGY
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NEW GREENHOUSE GASES (GHG) GRAPHS WEBSITE

Purpose:

To inform you of a2 new website about atmospheric GHG levels that will be launched by CSIRO
on Monday, 20 June 2011.

Background:

In June 2009, CSIRO cstablished the Carbon Strategy, a cross organisational initiative to
deliver a systematic approach to assisting Australia to respond to climate change. The
release of “State of the Climate’, a joint CSIRO-Bureau of Meteorology statement of our
understanding of climate science in March 2010 (refer B10/1087) was an early activity under
the Strategy.

As part of the Carbon Strategy communication plan, CSIRO is launching a website to enable
access to historical recorded levels of GHG concentrations measured for the Southern
Hemisphere atmosphere at the Cape Grim Baseline Air Pollution Station (Cape Grim) since
1976.

Cape Grim is an internationally recognised meteorological station located on Tasinania’s
north-west coast. It is one of three Baseline Air Pollution Stations in the World
Meteorological Organization-Global Atmosphere Watch (WMO-GAW) network and is
managed by the Burean of Meteorology (BoM) in a joint program led by CSIRO and BoM.

The Southern Hemispheric air samples collected at Cape Grim are analysed to determine
concentrations of GHG, ozone-depleting gases, other air pollutants including aerosols and
reactive gases, and radon. Also measured are weather and climate indicators such as wind
speed and direction, rainfall, temperature, humidity, and solar radiation.

Issues:

CSIRO’s new GHG website will provide data collected over the past 1000 years that
graphically traces the rise in carbon dioxide levels from about 280 parts per million (ppm)
before the start of the industrial era around the year 1800, to 388 ppm in 2010. This is an
increase of almost 40 per cent, largely due to human activities.

The measurements testify to a steady rise in carbon dioxide concentrations in the Earth’s
atmosphere, as has been reported in the peer-reviewed literature. This can be attributed
(through isotopic analysis) mainly to the burning of fossil fuels and deforestation.

The new website will make observed GHG concentrations more accessible and more easily
explored by members of the public.

The website employs a user-friendly dynamic interface to allow users to analyse the
behaviour of the three important GHG influenced directly by human activities and natural
variability: carbon dioxide, methane and nitrous oxide. In addition, data for the synthetic
GHG and ozone depleting gases, such as chlorofluorocarbons, are available.




















































































FOR OFFICIAL USE ONLY (FOUO)

ATTACHMENT A
Key Findings

Background

e First published in 2010, the State of the Climate Report Series provides a biennial update on
climate change, including the latest observations, trends, future scenarios and scientific
developments.

¢ Global average annual carbon dioxide (CO>) levels are steadily increasing; they reached 399
parts per million (ppm) in 2015, and the annual value for 2016 is almost certain to be higher
than 400 ppm. Current levels are likely the highest in the past two million years.
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ATTACHMENTS

A: Australia’s Chaniini Climate Brochure

D: Background
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ATTACHMENT D

Background

The Australia’s Changing Climate Brochure

This brochure is a deliverable under the ACCSP Project 6.1 ‘Regional Climate Projections
Science’. It was requested by the Department to provide an accessible summary of national level
climate change projections information produced by CSIRO and the Bureau in 2015 and funded
under the Government’s Regional Natural Resource Management Planning for Climate Change
Fund.

The projections information summarised in the brochure is based on the most recent data produced
by climate models. Confidence in the projections is based on multiple lines of evidence including
(i) degree of model agreement, (ii) physical understanding, (iii) ability of models to represent
current climate, (iv) consistency with observed changes.

The brochure supports the conclusions of the IPCC Fifth Assessment Report, and other national and
international climate science reports, which state that human influence has been the dominant cause
of the observed global warming over the last five or more decades.

The brochure summarises:

e The state of the science in global and Australian variability and change
e Climate projections science

e Main results from climate projections released in 2015

e Using and interpreting climate projections

e (Climate impacts in Australia

e How to use climate projections for adaptation research.
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Response to issues raised with references at the 26 July 2017 briefing

This document responds to questions raised by Senator Roberts and his team in relation to
references presented by CSIRO at the Climate briefing on 26 July 2017.

1. Marcott et al. (Science, 2013)

2. Harries et al. (Nature, 2001)

CSIRO reaffirms its conclusion that changes in radiative spectra provide direct empirical
evidence of an enhanced greenhouse effect.

Studies published since 2001 confirm that less energy is leaving the top of the atmosphere in
the wavelengths absorbed by carbon dioxide and other greenhouse gases [e.g. 6-8], and more
energy is reaching the surface in these wavelengths [e.g. 9-10]. These measurements provide
further direct empirical evidence of the enhanced greenhouse effect.

The more recent studies confirm and extend the conclusion reached by Harries et al. (2001).
These studies use new data sets and methods that are not subject to limitations noted by the
original Harries et al. study. Specifically, the new studies use improved instruments and
satellites, span the spectral range of the main CO; absorption band, and most are based on
continuous measurements from single instruments (satellite or ground-based), which avoids
introducing uncertainties or errors that might potentially arise as a result of intercalibrations
between different sensors/satellites.
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References:

Chapman, D.; Nguyen, P.; Halem, M., 2013. A decade of measured greenhouse forcings from AIRS. Proc. SPIE,
8743,874313.

Griggs, . A,; Harries, . E., 2007. Comparison of spectrally resolved outgoing longwave radiation over the
tropical Pacific between 1970 and 2003 using IRIS, IMG, and AIRS. Journal of Climate, 20, 3982-4001.
Worden, H. M.; Bowman, K. W.; Worden, ]. R.; et al., 2008. Satellite measurements of the clear-sky
greenhouse effect from tropospheric ozone. Nature Geoscience, 1, 305-308.

Philipona, R; Durr, B; Marty, C; et al., 2004. Radiative forcing - measured at Earth's surface - corroborate the
increasing greenhouse effect. Geophysical Research Letters, 31, L03202.

Feldman, D. R., W. D. Collins, P.]. Gero, M. S. Torn, E. ]. Mlawer & T. R. Shippert ,2015. Observational
determination of surface radiative forcing by CO2 from 2000 to 2010. Nature, 519, 339-343,
doi:10.1038/nature14240.
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6. Chapman, D.; Nguyen, P.; Halem, M., 2013. A decade of measured greenhouse forcings from

AIRS. Proc. SPIE, 8743, 874313.

Increased greenhouse gasses reduce the transmission of Outgoing Longwave Radiation
(OLR) to space along spectral absorption lines eventually causing the Earth’s temperature to
rise in order to preserve energy equilibrium. This greenhouse forcing effect can be directly
observed in the Outgoing Longwave Spectra (OLS) from space-borne infrared instruments
with sufficiently high resolving power 3.8. In 2001, Harries et. al observed significant
increases in greenhouse forcings by direct inter-comparison of the IRIS spectra 1970 and
the IMG spectra 19978. We have extended this effort by measuring the annual rate of change
of AIRS all-sky Outgoing Longwave Spectra (OLS) with respect to greenhouse forcings. Our
calculations make use of a 2°x2° degree monthly gridded Brightness Temperature (BT)
product. Decadal trends for AIRS spectra from 2002-2012 indicate continued decrease of -
0.06 K/yr in the trend of CO2 BT (700cm-! and 2250cm-1), a decrease of -0.04 K/yr of 03 BT
(1050 cm1t), and a decrease of -0.03 K/yr of the CH4 BT (1300cm-1). Observed decreases in
BT trends are expected due to ten years of increased greenhouse gasses even though global
surface temperatures have not risen substantially over the last decade.

Griggs, ]. A;; Harries, ]. E., 2007. Comparison of spectrally resolved outgoing longwave
radiation over the tropical Pacific between 1970 and 2003 using IRIS, IMG, and AIRS. Journal

of Climate, 20, 3982-4001.
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The observation of changes in the earth’s spectrally resolved outgoing longwave radiation
(OLR) provides a direct method of determining changes in the radiative forcing of the
climate system. An earlier study showed that satellite-observed changes in the clear-sky
outgoing longwave spectrum between 1997 and 1970 from the Infrared Interferometer
Spectrometer (IRIS) and Interferometic Monitor of Greenhouse Gases (IMG) instruments
could be related to changes in greenhouse gas composition. The authors present a new
study that extends this to 2003, through the first use of a new, independent source of global
atmospheric infrared spectra, from the Atmospheric Infrared Sounder (AIRS) experiment.
AIRS is a dispersion grating spectrometer, while the other two were Fourier transform
spectrometers, and this is taken into account in the analysis. The observed difference
spectrum between the years 2003 and 1970 generally shows the signatures of greenhouse
gas forcing, and also shows the sensitivity of the signatures to interannual variations in
temperature. The new 2003 data support the conclusions found in the earlier work, though,
interestingly, the methane (CH4) Q branch centered at 1304 cm-! exhibits more complex
behavior, showing a decrease in intensity in the difference spectrum between 1997 and
2003. Sensitivity analysis indicates that this is due to changes in temperature structure,
superposed on an underlying increase in CH4. Radiative transfer calculations based on
reanalysis data are used to simulate the changes in the OLR spectrum; limitations in such
data and possible variations that could account for several observed effects are discussed.

Worden, H. M.; Bowman, K. W.; Worden, |. R,; et al,, 2008. Satellite measurements of the
clear-sky greenhouse effect from tropospheric ozone. Nature Geoscience, 1, 305-308.

Radiative forcing from anthropogenic ozone in the troposphere is an important factor in
climate change!, with an average value of 0.35 W m-2 according to the Intergovernmental
Panel for Climate Change! (IPCC). IPCC model results range from 0.25 to 0.65 W m-2, owing
to uncertainties in the estimates of pre-industrial concentrations of tropospheric ozonel.2.3,
and in the present spatial and temporal distributions of tropospheric ozone%-5.6.7.8, which
are much more variable than those of longer-lived greenhouse gases such as carbon dioxide.
Here, we analyse spectrally resolved measurements of infrared radiance from the
Tropospheric Emission Spectrometer? on board the NASA Aura satellite, as well as
corresponding estimates of atmospheric ozone and water vapour, to obtain the reduction in
clear-sky outgoing long-wave radiation due to ozone in the upper troposphere over the
oceans. Accounting for sea surface temperature, we calculate an average reduction in clear-
sky outgoing long-wave radiation for the year 2006 of 0.48+0.14 W m-2 between 45° S and
45° N. This estimate of the clear-sky greenhouse effect from tropospheric ozone provides a
critical observational constraint for ozone radiative forcing used in climate

model predictions.

Philipona, R; Durr, B; Marty, C; et al., 2004. Radiative forcing - measured at Earth's surface -
corroborate the increasing greenhouse effect. Geophysical Research Letters, 31, L03202.

The Intergovernmental Panel for Climate Change (IPCC) confirmed concentrations of
atmospheric greenhouse gases and radiative forcing to increase as a result of human
activities. Nevertheless, changes in radiative forcing related to increasing greenhouse gas
concentrations could not be experimentally detected at Earth’s surface so far. Here we show
that atmospheric longwave downward radiation significantly increased (+5.2(2.2) Wm-2)
partly due to increased cloud amount (+1.0(2.8) Wm-2) over eight years of measurements at
eight radiation stations distributed over the central Alps. Model calculations show the cloud-
free longwave flux increase (+4.2(1.9) Wm-2) to be in due proportion with temperature
(+0.82(0.41) °C) and absolute humidity (+0.21(0.10) g m-3) increases, but three times larger
than expected from anthropogenic greenhouse gases. However, after subtracting for two
thirds of temperature and humidity rises, the increase of cloud-free longwave downward
radiation (+1.8(0.8) Wm-2) remains statistically significant and demonstrates radiative
forcing due to an enhanced greenhouse effect.
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10. Feldman, D. R,, W. D. Collins, P.]. Gero, M. S. Torn, E. ]. Mlawer & T. R. Shippert, 2015.
Observational determination of surface radiative forcing by CO2 from 2000 to 2010. Nature,
519, 339-343, doi:10.1038/nature14240.

The climatic impact of CO, and other greenhouse gases is usually quantified in terms of
radiative forcing?, calculated as the difference between estimates of the Earth’s radiation
field from pre-industrial and present day concentrations of these gases. Radiative transfer
models calculate that the increase in CO2 since 1750 corresponds to a global annual mean
radiative forcing at the tropopause of 1.8 + 0.19 W m-2 (ref. 2). However, despite widespread
scientific discussion and modelling of the climate impacts of well-mixed greenhouse gases,
there is little direct observational evidence of the radiative impact of increasing atmospheric
CO.. Here we present observationally based evidence of clear-sky CO; surface radiative
forcing that is directly attributable to the increase, between 2000 and 2010, of 22 parts per
million atmospheric CO». The time series of this forcing at the two locations—the Southern
Great Plains and the North Slope of Alaska—are derived from Atmospheric Emitted
Radiance Interferometer spectra3 together with ancillary measurements and thoroughly
corroborated radiative transfer calculations*. The time series both show statistically
significant trends of 0.2 W m-2 per decade (with respective uncertainties of +0.06 W m-2 per
decade and +0.07 W m-2 per decade) and have seasonal ranges of 0.1-0.2 W m-2, This is
approximately ten per cent of the trend in downwelling longwave radiation>-7. These results
confirm theoretical predictions of the atmospheric greenhouse effect due to anthropogenic
emissions, and provide empirical evidence of how rising CO; levels, mediated by temporal
variations due to photosynthesis and respiration, are affecting the surface energy balance.
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