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“Climate | L e;
over space or tlme Ei
urbanization, and part
have complex geogra
longer-term effects on tempe
precipitation, and cloud propertles In
addition, human-induced climate change may
alter atmospheric circulation, dislocating
historical patterns of natural variability and
storm/ness
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1)
2)

3)

adaptation—increasing s
changes in climate;

geoengineering or climatg ring—additional,
deliberate manipulation of the earth system that is
intended to counteract at least some of the impacts of
greenhouse gas emissions; and

knowledge-base expansion—efforts to learn and
understand more about the climate system, which can
help support proactive risk management. -
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“Climate change - caused by carbon
‘pollution - is one of the m ij signific
public health threats of our time,"

Environmental Protection Agenc y H -—*,LJ‘ Ging™

McCarthy
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ks Climate Change Is ‘A Bunch
Of Bunk’

gtonpost.com/entry/donald-trump-climate-
ge_us_583b16e3e4b000af95ee85dd
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on external f
forcings.

Hypothesis #2 Skill at projecting
emerges on time period bey
forcings from added CO2 an
dominate over natural variabi




In hindcast runs (the
predictions must
include:

several decades
3. The statistics of extreme weather events

4. The changes in the probabilities of these
| ex_tremes over the Iast several decades.
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Tropical Mid-Tropospheric Temperature Variations

Models vs. Observations
5-Year Averages, 1979-2014 Trend line crosses zero at 1979 for all time series
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Distribution of Tropical Tropospheric Trends 1979-2013
102 RCP4.5 CMIP-5 Model Runs
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Model-Data Comparison
Global Sea Surface Temperature Anomalies
Models: CMIP5 (IPCC ARS5) Multimodel Ensemble Mean (TOS)
Historic/RCP6.0
Data: Reynolds Ol.w2
Nov 1981 to Jul 2015 (Data & Models Shifted to Zero the Trends at Start)
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Model V\yarming Rate =+0.17 Deg C/Decade

Data V\farming Rate =+0.09 Deg C/Decade
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Bob Tisdale
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Santer et al 2014: http://www.nature.com/ngeo/journal/v7/n3/fig_tab/ngeo2098_F1.html

Raw TLT data
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Vonder Haar, T. H., J. Bytheway, and J. M. Forsythe (2012), Weather and climate
analyses using improved global water vapor observations,
Geophys. Res. Lett.,d0i:10.1029/2012GL052094.
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bal, (b) tropicaly (c) temperate,
en and Liu (2016 -JGR Atmosphere
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onlinelibrary.wiley.com/doi/10.1002/2016)JD024917/abstract

Global water vapor variability and trend from the latest 36 year (1979 to 2014) data of ECMWE
and NCEP reanalyses, radiosonde, GPS, and microwave satellite Chen and Liu, 2016
JGR-Atmosphere

Positive global PWV trends, defined as percentage normalized by annual average, of
0.61 0.33%decade™', 0.57 0.28%decade!, and 0.17 0.35%decade™!, have been
derived from the NCEP, radiosonde, and ECMWEF, respectively, for the period 1979-2014.

1992-2014 and 2000-2014. The linear relationship between PWV and surface
temperature is positive over most oceans and the polar region.

Based on the 36 year (1979-2014) ERA-Interim reanalysis data set, the simulation of
Clausius-Clapeyron relation shows that global PWV should increase in the range of 6%—
13% K-=1 accordingly with air temperature increase... Global PWV-temperature regression
slopes of 2.4 1.7% K-'and 4.5 1.4% K-! are obtained for the period 1979-2014 from
ECMWEF and NCEP, respectively.

The regression slopes grow rapidly in the recent years 2000-2014, and slopes of
10.1 2.7% K-'and 11.4 2.9% K-! are yielded from the ECMWF and NCEP, respectively.

Like the PWV, surface temperature trends estimated from NCEP are larger than those
derived from ECMWEF. However, the surface temperature trends derived from both
reanalyses indicate global surface warming slowdown in the recent period 2000-2014.




Peer-Reviewed Papers Of
Hindcast Multi-Year
Climate Model
Prediction Skill
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Ronald van Haren, Geert Jan van Oldenborgh, Geert
Lenderink, Matthew Collins, and Wilco Hazeleger,
2012: SST and circulation trend biases cause an
underestimation of European precipitation trends
Climate Dynamics, DOI: 10.1007/s00382-012-1401-5

o
“To conclude, modeled atmospheric circulation and SST
trends over the past century are significantly different
from the observed ones. These mismatches are
responsible for a large part of the misrepresentation
of precipitation trends in climate models. The causes
of the large trends in atmospheric circulation and

summer SST are not known.”
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Anagnostopoulos, G. G., Koutsoyiannis, D.,
Christofides, A., Efstratiadis, A. & Mamassis,
N. 2010: A comparison of local and
aggregated climate model outputs with
observed data. Hydrol. Sci. J. 55(7), 1094—

1110 B s e

'.... local projections do not correlate well with
observed measurements. Furthermore, we
found that the correlation at a large spatial
scale, i.e. the contiquous USA, is [even] worse
than at the local scale.”
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Sun, Z., J. Liu, X. Zeng, and H. Liang, 2012:
Parameterization of instantaneous global horizontal
irradiance at the surface. Part lI: Cloudy-sky component,
J. Geophys. Res., doi:10.1029/2012JD017557

“Radiation calculations in global numerical weather
prediction (NWP) and climate models are usuallyN
performed in 3-hourly time intervals in order to reduce
the computational cost. This treatment can lead to an
incorrect Global Horizontal Irradiance (GHI) at the
Earth’s surface, which could be one of the error sources
in modelled convection and precipitation. ...... An
important application of the scheme is in global climate
models....It is found that these errors are very large,
exceeding 800 W m-2 at many non- radlatlon tlme steps

rrrdueto tqnormq the' ef_fec*tsnf douds i I |
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Stephens, G. L., T. L'Ecuyer, R. Forbes, A. Gettlemen, J.-C.

1]

Golaz, A. Bodas-Salcedo, K. Suzuki, P. Gabriel, and J.
Haynes , 2010: Dreary state of precipitation in global
models, J. Geophys. Res., 115, D24211,
doi:10.1029/2010JD014532.

...models produce precipitation approximately-twice as~

often as that observed and make rainfall far too
lightly.....The differences in the character of model
precipitation are systemic and have a number of
important implications for modeling the coupled Earth
system ....... little skill in precipitation [is] calculated at
individual grid points, and thus applications involving
downscaling of grid point precipitation to yet even

finer-scale resolution has little foundat:on and

" relevancetorthevealEarth system:”
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”

Xu, Zhongfeng and Zong-Liang Yang, 2012: An

improved dynamical downscaling method with
GCM bias corrections and its validation with 30
years of climate simulations. Journal of Climate
2012 doi: http://dx.doi.org/10.1175/JCLI-D-12-

00005.1

o g
/"/_F’

...the traditional dynamic downscaling (TDD) [i.e.

without tuning) overestimates precipitation by
0.5-1.5 mm d-1.....The 2-year return level of
summer daily maximum temperature simulated
by the TDD is underestimated by 2-6°C over the
central United States-Canada region”.

Owww.extremeinstabilit



Fyfe, J. C., W. J. Merryfield, V. Kharin, G. J.
Boer, W.-S. Lee, and K. von Salzen (2011),
Skillful predictions of decadal trends in global

mean surface temperature, Geophys. Res.
Lett.,38, L22801, do0i:10.1029/2011GL049508

o g
/"/_F’

”....for longer term decadal hindcasts a linear
trend correction may be required if the model
does not reproduce long-term trends. For this

reason, we correct for systematic long-term
trend biases.”
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Taylor et al., 2012: Afternoon rain more likely
over drier soils. Nature.
doi:10.1038/nature11377. Published online 12
September 2012

o

.’/—F’

“..the erroneous sensitivity of convection
schemes demonstrated here is likely to
contribute to a tendency for larqge-scale models
to lock-in’ dry conditions, extending droughts
unrealistically, and potentially exagqgerating the
roIe of so:l mo:sture feedbacks in the cllmate
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Driscoll, S., A. Bozzo, L. J. Gray, A. Robock, and G.
Stenchikov, 2012: Coupled Model
Intercomparison Project 5 (CMIP5) simulations
of climate following volcanic eruptions, J.
Geophys. Res., 117, D17105, :
doi:10.1029/2012)D017607. - e

/
v

“The study confirms previous similar evaluations
and raises concern for the ability of current
climate models to simulate the response of a
major mode of qlobal circulation varlab:htm

_ external forcmq_ o T —
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“Climate models fail to reproduce the observed
annual cycle in all components of the albedo with
any realism, although they broadly capture the
correct proportions of surface and atmospheric
contributions to the TOA albedo. A high
bias of albedo has also persisted since-the time of
CMIP3,mostly during the boreal summer season.
Perhaps more importantly, models fail to produce
the same deqree of interannual constraint on the
albedo variability nor do they reproduce the same
deqgree of hemispheric symmetry.”
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http://wind.mit.edu/~emanuel/Lorenz/Lorenz Workshop Talks/Stephens.pdf

“Models don’t have the
observed Earth — th 3

It seems so.”
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‘http://judithcurry.com/2015/03/10/the-albedo-of-earth/ |
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Necessary Conditions For Skillful Multi-
Decadal Predictions of Extreme Events

In hindcast runs (the last several decades), skillful
predictions must be demonstrated which include:

1. The average (annual, monthly, etc.) global, regional
and local climate. POOR PERFORMANCE

2. The changes in these averaqges over the past several
decades. POOR PERFORMANCE

3. The statistics of extreme weather events. NOT DONE
YET?

4. The changes in these extremes over the last several
decades NOT DONE YE T?

- "'u-v' —r T~ .T-f ey ':;5 —~.V R — _“ ~ Sl _A o = v ,
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emerges on ti

forcings from
dominate over natura
SHOWN TO HAVE SKILL

Testing of these two hypotheses must be accomplished using
hindcasts.
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in press.
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But lets look at Global
where so much atte
concentrated.
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Global Warming/Coo

Global warming involves the accumulation
eat in Joules: j] r”m the QJIIJ:)JIJ'-’IJSJ ot

trend is an inadequate metric to diagnose
this warming/cooling
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http://www.climatechange2013.org/report/reports-graphic/report-graphics/

Resulting atmospheric
drivers

Radiative forcing by emissions and drivers

Level of
confidence

Anthropogenic

Well-mixed greenhouse gases

CO

2

CH

4

Halo-
carbons

N,O

CcO

2
CO, H,0* O, CH,
O, CFCs HCFCs

N, O

2

T T |
1.68 [1.33 to 2.03]

0.97 [0.74 to 1.20]

0.18 [0.01 to 0.35]

0.17 [0.13 to 0.21]

Short lived gases and aerosols

CcO

NO,

CO, CH, O,
€0, ©H, O,

Nitrate CH, O,

0.23 [0.16 to 0.30]

0.10 [0.05 to 0.15]

-0.15 [-0.34 to 0.03]

Aerosols and

precursors
(Mineral dust,
, NH.,
QOrganic carbon
and Black carbon)

Mineral dust Nitrate

Organic carbon Black carbon

Cloud adjustments
due to aerosols

&

\ g

-0.27 [-0.77 to 0.23]

-0.55 [-1.33 to -0.06]

Albedo change
due to land use

-0.15 [-0.25 to -0.05]

Changes in
solar irradiance

0.05 [0.00 to 0.10]

Total anthropogenic
RF relative to 1750

2.29 [1.13 to 3.33]

1.25 [0.64 to 1.86]

0.57 [0.29 to 0.85]
L |

1 3

Radiative forcing relative to 1750 (W m2)
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decadal vanatfons m sur,
changes in the planetary ¢
constraints on the transi
forcings. “

Finally accepts what is written in

Pielke Sr., R.A., 2003: Heat storage within the Earth system.
Bull. Amer. Meteor. Soc., 84, 331-335.
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Seminal paper on this subject: Ellis . J.S., T.H. Vonder Haar, S. Levitus, and A.H. Oort
1978: The annual variation in the global heat balance of the Earth. J. Geophys. Res.,
83, 1958-1962.

GLOBAL HEAT BALANCE

NET: RADIATION FLUX
TOP ATMOSPHERE

Cwww.extremeinstabilit
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“The net warming of the ocean impl
0.64 + 0.44 W m~ from 2005

“the [global]1955-2010 warming ,
al 2012

‘a fairly steady mean global rate of 0.9 + 0.8 W m-2 for the period 1995—2002

that drops to 0.2 + 0.6 W m-2 for the period 2004—2006” Palmer et al
2015
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flora, snow cover, etc whick

longer. Climate variability: en be de
which occur on shorter time p'e'ri‘o.ids-. - &‘3

-

Also Climate Is Much More Than Climate Change.

Indeed, the addition of the word “Change” is redundant.
Climate is always changing, just like the weather.
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Source: National Research Council, 2005: Radiative forcing of climate
change: Expanding the concept and addressing uncertainties.

- Soill moisture
- Fauna and
flora

Atmosphere

- Temperature

- Humidity, clouds, and winds
- Precpitation

- Atmospheric trace gas and

aerosol distnbution

owww.exreinemnstabilib



ww.extremeinstabilit




Human CJ.'J mate Forcings

* The influence of the human input of CO, and
other gree nk ases f;:i_)n regional and global
radiative heating ,

 The influence of human-caused aerosols on
regional (and global) radiative heatmg e

* The effect of aerosols on clouds and
precipitation A \

T

* The influence of aercfsol deposmon (e.g. soot;
nitrogen) on climate

* The effect of land cover/ land use on climate

* The b|0ﬁeochem|cal effect of added
.atmosp eric C B
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There are no benefits for these criteria
pollutants at EPA standards levels. CO2 does at
levels being discussed to limit to in the
atmosphere. Not all are positive but some are
(some plants like enriched CO2).

Thus, calling added CO2 a pollutant rather than
a climate forcing is scientifically misleading
even though politicians use the label.

CO2 is not an air pollutant. It is a climate forcing.




ielkeclimatesci.files.wordpress.com/2012/01/r-167.pdf

"Need to Know"

In compiling this information, we fo
from some countries as opposed to ot
difference between public rights t
States, for example, the federal la
Seveso Directive (#67/548) of the |

," while the
pean comm umty perm: access
based on a "need to know." This fundamental difference provides further
impetus for an ambient based standard, in addition to emission based
standards, since the public and other interested parties could monitor air

quality.”

Thus in terms of modeling of the effect of air pollution that is used to
determme a regulatory response by the EPA thereis a rlght to know in the
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where reductlons |n
benefit.

'\"\

* This may be a way to move forward to limit
CO2 emissions with A broader group of
support.
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From Marshall et al. 2004

Pre-1900s

Open Water

EvGrn NL Tree

Decid BL Tree

EvGrn BL Tree

Grasses

Shrubs

Mixed Woodland
Crop/Mixed Farming
Slough, Bog, or Marsh
Urban/Roads, Rock, Sand
Saw Grass/Other Marshes
EvGrn Shrub Wetland
Mangroves

Decid NL/Swamp (Cypress)
Wet Prairie Marsh

Mixed Residential

Woody Wetlands

Saltwater Marsh

AN
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“Land-use and

significantly mod
patterns around the:
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Matsui, T., and R.A. Pielke Sr., 2006: Measurement-based estimation of the spatial gradient of
aerosol radiative forcing. Geophys. Res. Letts., 33, L11813, do0i:10.1029/2006GL025974.

TOA ADRF (Mean=-—1.59W/m?)
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Surface ADRF (Mean=-5.12W/m?)

120W E0W 0 120E
Atmosphere ADRF (Mean=3.53W/m?)

‘ - e
b A > — | -
e -
1=

Cwww.extremeinstabilit



Nitrogen Deposition
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heterogeneou
major atmospheric




The IPCC and ot ' ents h
failed to properly assess these

.
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Solar
Volcanic

Internal atmospheric/ocean (‘]_{‘ JJJJJM
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Hypothesis 2a: Although the natur
changes are undoubtedly importa

significant and involve a diverse o] g
including, but not limited to, the human inp carbon d| X|de (CO i,
Most, if not all, of these human ir i é’lonal and global cllmate

will continue to be of concern during the coming decades 7

Hypothesis 2b: Although the natural causes of climate variations and
changes are undoubtedly important, the human influences are
significant and are dominated by the emissions into the atmosphere of
greenhouse gases, the most important of which is CO,. The adverse
impact of these gases on regional and global climate constitutes the )
primary climate issue for the coming decades. [IPCC]
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REJECTED

« Hypothesis 2a: Although the natural causes of climate var tlons and
changes are undoubtedly important, the human influe nces are
significant and involve a dlverse ranée of first- order cllmatla forcings,
including, but not limited to, the human input of carbon dioxide (co,).
Most, if not all, of these humanrmfluences on reglonal and global cllmate
will continue to be of concern during the coming decades.

Hypothesis 2b: Although the natural causes of climate variations and
changes are undoubtedly important, the human influences are

significant and are dominated by the emissions into the atmosphere of
greenhouse gases, the most important of which is CO,. The adverse
impact of these gases on reglonal and global climate constltutes the
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REJECTED

Hypothesis 2a: Although the natural caus
undoubtedly important, the human in lue

human input of carbon dioxide (CO,).
on regional and global climate will c"‘
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As Mike Hulme of the University of East Anglia writes of two views:

JJr human g
t cannot be e
‘J,JJJnJ it, anc

varlablllty in climates brought abo "cai:lse ‘-‘fﬁBeca se humans are

contributing to climate change, itis hﬁ‘ppening now and in the future for a
much more complex set of reasons than in previous human h|Story

As Mike Hulme writes

...these two different provocations — two different framings of climate
change open up the p055|b|I|ty of very different forms of public and pollcy
engagement with the issue. They shape the response.
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Future Environmental / JruJ Risk \ VJ th | *\ Ju r*umug

Resource-Based Assessment of Vulnera c)JJii v~
. r..@';'fxf _

Our Key Resources Are Water, Food, Ene
Function and Human Healt --

sxm} ?\- 3
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How Vulnerability Can Change
Over Time
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O’Brien et al., 2007: Why different
interpretations of vulnerability matter in climate
change discourses. Climate Policy 7 (1): 73—-88

Outcome Vulnerability Contextual Vulnerability

) Political and
Climate Change Institutional Climate Variability

Structures and and Change
| Changes

[

Contextual Conditions

J' Institutional c onte—xtm Socio-Economic

) ' Vulnerability \
Biophysical Technological

Economic and
Social Structures
and Changes

Exposure Unit

Responses -

l 4

Responses

Qutcome Vulnerability
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Questions For Stakeholders On The
Bottom-Up Approach

1. Why is this resource important? How is it used?
To what stakeholders is it valuable?

2. What are the key environmental and social—" ~
variables that influence this resource?

3. What is the sensitivity of this resource to
changes in each of these key variables? (This may
include but is not limited to, the sensitivity of the
resource to climate variations and change on
short (days); medium (seasons) and long (multi-

- - decadal)-time scales)ip—arprrmir e
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4. What changes (thresholds) in these key
variables would have to occur to result in a
negative (or positive) outcome for this resource?

5. What are the best estimates of the probabilities
for these changes to occur? What tools are

available to quantify the effect of these
changes? Can these estimates be sklllfuiw
predicted?

6. What actions (adaptation/mitigation) can be
undertaken in order to minimize or eliminate
the negative consequences of these changes (or
to optimize a positive response)?

7. What are specific recommendations for

—policymakers-and-other:stakeholders?:

Cwww.extremeinstabilit



Ecosystem
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Ecosystem
Function

Water
Resources




Ecosystem
Function




Ecosystem
Function
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Land use
Changet-4:1.6




energy, humah health, anc
function resources ’fro .

ter ti esé threats
are identified for eaéh resource, then the
relative risks can be compared with other risks
in order to adopt optimal preferred
mitigation/adaptation strategies.
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scales. _

2. Climate is much more than climate c
more than global warming.

3. The climate system has self
not properly simulated in

4. A number of observed clir
predicted by the global even i _»

5. The regulation of CO2 and a few other greenhouse gases is

much more than just about climate. It is a framework that is

being used for a range of other policy and political actions
including with respect to energy.

6. Added CO2 is just one of a dlverse spectrum of human
. cllmate forcm S,
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NHAT SCIENTISTS and POLITICIANS WON'T TELL
YOU ASOUT GLOBAL WARMING

- The Climate Fix

ROGER PIELKE, JR.
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THE RIGHTFUL
PLACE OF SCIENCE:

DISASTERS &
CLIMATE CHANGE
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them advance‘m’en‘t and honor
blood on the ground to shiel
bureaucratic and political qu:

maturity and toughness to share K "Develop
a thick skin toward being disliked —ever smany people.
This is bound to happen if y ' ssful.

| was reminded of her quotes as | just completed reading the AMS
autobiography of Bob Simpson -
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http://cires.colorado.eduyscience/groups/
pielke/

atesci.wordpress.com/

—
-

Thanks, as usual, to Dallas Staley in the
preparation of the PowerPoint slides!
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