Some complicating factors in
understanding climate change and
making policy plans
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What do we mean by
“global warming”?
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IPCC Working Group | # Assessment Report (AR4)
http://www.ipcc.ch/ipccreports/ar4-wgl.htm

CCSP Report
http://www.climatescience.gov/Library/sap/sapl+idfreport/default.htm
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Tropical troposphere
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Predicted warming centers
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Predicted warming centers

10



IPCC
indcast

1890-
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Each graph panel shows:

-latitude on horizintal axis (N to S = left to right

-altitude on vertical axis.

Thus equator is on horizontal axis in centre, npdle at surface is in bottom left, etc.
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Figure 9.1. Zonal mean atmospheric Eemperature change from 1680 to 1999 (°C per century) as simuiated by the PCM modei from (a) solar forcing, (b) voicanoes, (c) well-
mixed greenfouse gases, (d) rapospheric and sirabbspheric aeane changes, (g) direct sulphate aerosal forcing and (§ the sum of all farcings. Plot is fom 1,000 hfa to 10 hPa
(shown on it scale) and from 0 km to 30 km (shown on right). See Appendix 9. for aduitional information. Based m Santer et al, (2003a).

Each graph panel shows:

-latitude on horizintal axis (N to S = left to right

-altitude on vertical axis.

Thus equator is on horizontal axis in centre, npdle at surface is in bottom left, etc.
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Figure 9.1. Zonal mean atmospheric Eemperature change from 1680 to 1999 (°C per century) as simuiated by the PCM modei from (a) solar forcing, (b) voicanoes, (c) well-
mixed greenfouse gases, (d) rapospheric and sirabbspheric aeane changes, (g) direct sulphate aerosal forcing and (§ the sum of all farcings. Plot is fom 1,000 hfa to 10 hPa
(shown an left scale) and from 0 kim to 30 km (shown on right). See Appendix 9. for additional information. Based o Santer et ai. @0033)
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US Climate Change Science Program Report (2006)
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Future projections in IPCC AR4 (Figure
10.7)
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This and next 11 all taken from IPCC Supplementaiy web site
http://ipcc-wgl.ucar.edu/wgl/Report/suppl/Ch10/Cha@iv-maps.html
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure

10.7)
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure

10.7)

Firi -l

FGEOALE-Q1.0
E -5

18§

e

LT

20



Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure
10.7)
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Future projections in IPCC AR4 (Figure
10.7)




Concentrated, rapid warming expected
in tropical troposphere
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Upper-tropospheric warming reaches a maximum in the tropics
and is seen even in the early-century time period. The pétern
very similar over the three periods, consistent with thelrapi
adjustment of the atmosphere to the forcing. These changes are
simulated with good consistency among the models.
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The Predictions
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Arctic region
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Arctic region — Other influences
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Arctic region — Other influences
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Standardized Seasonal Mean (JFM) AO index (1950-2007)
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GRL = Geophysical Research Letters

Morison, J., J. Wahr, R. Kwok, and C. Peralta-Zgj2007), Recent trends in Arctic Ocean
mass distribution revealed by GRACE, Geophys. Rets., 34, L07602,
doi:10.1029/2006GL029016



Arctic region — Other influences

Vol 541[3 January 2008]d0i10.1038/nature06502 nature

- LETTERS

Vertical structure of recent Arctic warming

Rune G. Graversen', Thorsten Mauritsen', Michael Tjemstrom', Erland Kallén' & Gunilla Svensson®

“Our results do not imply that studies based on models forced by
anticipated future CO2 levels are misleading when they point to the
importance of the snow and ice feedbacks. It is likely that a further
substantial reduction of the summer ice-cover would strengthen these
feedbacks and they could become the dominant mechanism underlying a
future Arctic temperature amplification. Much of the present warming,
however, appears to be linked to other processes, s  uch as
atmospheric energy transports "

33



Arctic region — Other influences
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Antarctica
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——Gordard InsBute for
Space Studies (2006)

6+!

Temperature Anomaly
=

a0 ——Mears & Wentz, 2006

1 Hemisphere Sea Ice A
Anomaly from 1979-2000 mean

T wnwm T

2
6>67 !l

Ice Anomaly (million square km)
& ° ax

Data compiled for the ISPM Figure 8:
http://www.uoguelph.ca/~rmckitri/research/ispm.html

Sources:

Goddard Institute for Space Studies (2006). Anmuedn Land-Ocean Temperature Index
in 0.1C selected zonal means. Data available oaline
http://data.giss.nasa.gov/gistemp/tabledata/ZonPswd SST.txt

Mears, C.A., and F.J. Wentz (2006). MSU Data, Rens&nsing Systems, Santa Rosa,
California. Data available online at

http://www.remss.com/data/msu/monthly time_seri8&8RMonthly MSU_AMSU_Chann
el TLT_Anomalies_Land_and_Ocean_v03_0.txt.




Good data exist for
troposphere
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RSS = Remote Sensing Systems
http://www.remss.com/msu/msu_data_description.html

UAH = University of Alabama-Huntsville
http://www.nsstc.uah.edu/data/msu/
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Weather Balloons & Satellites
1979-1999 (CCSP p. 116)
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Tropical Troposphere
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Tropical Troposphere (Monthly RSS Data)
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UAH tropical tropospheric data record
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Compilation of current trends
(IPCC AR4, Fig 3.4.3)
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Tropical trends 1979-2004
S —

This is from the Second Order Draft of the IPCC WAZEessment Report
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8 data comparisons (CCSP)
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8 data comparisons (CCSP)
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US CCSP page 11

Temperature Trends in the
Lower Atmosphere

Steps for Understanding and
Reconciling Differences

U.S. Climate Change Science Program
Synthesis and Assessment Product 1.1

Apri 2006
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Preliminary conclusions
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Why is the issue complicated?
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Fluid dynamics on climate scales
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Fluid dynamics on climate scales
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Fluid dynamics on climate scales
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Fluid dynamics on climate scales
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Diagram and discussion from Essex&McKitri€eken By Storm
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Natural variability: Paleoclimate context
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Paleoclimate context

Left: IPCC 2001 Hockey stick graph (Mann, BradleygHes); Right: IPCC 2007 spaghetti
graph
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Measurement problems
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Diagrams show availability of weather monitoringtgins over 20) century

Peterson T.C. and R.S. Vose (1997) “An Overviewhef®lobal Historical Climatology
Network Temperature Databas8dlletin of the American Meteorological Society
78:2837—2849.



Incomplete sampling at surface

G

This map and the next 5 were compiled by John Gastry the GHCN archive. See
http://www.climateaudit.org/?p=2711. The same sagaavas developed by the Center for
Climatic Research at the University of Delaware, se
http://climate.geog.udel.edu/~climate/index.shtml.
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Incomplete sampling at surface
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Incomplete sampling at surface
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Incomplete sampling at surface
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Incomplete sampling at surface
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Incomplete sampling at surface
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Number of weather records
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See http://www.uoguelph.ca/~rmckitri/research/nvstltior sources



Number of weather records
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See http://www.uoguelph.ca/~rmckitri/research/nvstltior sources
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Problems of interpretation:
Surfaces
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De Laat, A.T.J., and A.N. Maurellis (2006). “Evidentor Influence of Anthropogenic
Surface Processes on Lower Tropospheric and Suf@ogerature Trends.” International
Journal of Climatology 26:897—913.



Problems of interpretation:

Surfaces
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Biases in surface record

McKitrick & Michaels, J. Geophys. Res.-Atmos (2007)

See http://www.uoguelph.ca/~rmckitri/research/jgi@@/7.html for paper and sources
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Biases in surface record

McKitrick & Michaels, J. Geophys. Res.-Atmos (2007)
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Summary
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Making Policy Plans
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See http://ross.mckitrick.googlepages.com/#t3taxdiecussion and details
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T3 Formula

35

1(sqt-i)+RSSt- i)
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T3 Rate since 1981

T3 Tax Rate (US $ per tonne of Carbon) Dec 1981 - Dec 2007
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IPCC Projections
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The T3 Tax
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Everyone expects to get their preferred
outcome
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But it kicks in too late! The warming will
already have happened when the price
changes
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Added benefit:
market for ACCURATE climate forecasts
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Summary
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The End
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Stratospheric Cooling
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Arctic region — Ice variability
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Why isn’t it a simple issue?
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Argument from simple physics
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Energy is not just temperature
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Background: CO, and Climate
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Diagram and discussion from Essex&McKitri€eken By Storm

80



Background: CO, and Climate

09

81



Background: CO, and Climate

09

82



Background: CO, and Climate
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Diagram and discussion from Essex&McKitri€eken By Storm
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Navier-Stokes: the unsolved problem
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Clay Institute
http://www.claymath.org/millennium/Navier-Stokes _UEdjions/
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Climate Forecasting
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But what about the cartoon
Greenhouse Effect?
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It is complicated because
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Marginal Damages
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T3 Rate since 1981 — 12 MA

T3 Tax Based on 12-month MA
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