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Recent research and observations of the climate system have shown that the 
climate system is more complex than concluded in the 2007 IPCC WG1 report, 
and, moreover, is not evolving as predicted by the multi-decadal global climate 
models. Moreover, these models do not appear to be capable of providing skillful 
predictions of regional and local societally and environmentally important impacts 
in the coming decades. Examples and reasons for this lack of forecast skill are 
presented.  This includes the failure of a global average surface temperature 
trend as a robust metric of global warming, and, more generally, of climate 
change. 

As an alternative approach, we are developing a bottom-up, resource-based 
vulnerability assessment perspective. There are 5 broad areas that we can use to 
define the need for vulnerability assessments : water, food, energy, human health 
and ecosystem function. Each area has societally critical resources. The 
vulnerability concept requires the determination of the major threats to these 
resources from climate, but also from other social and environmental issues. 
After these threats are identified for each resource, then the relative risk from 
natural- and human-caused climate change (estimated from the GCM projections, 
but also the historical, paleo-record and worst case sequences of events) can be 
compared with other risks in order to adopt the optimal mitigation/adaptation 
strategy. Examples of this approach will be presented.



Global Warming is typically defined as an increase 
in the global average surface temperature.  A 
better metric is the global annual average heat 
content measured in Joules. 

Global Warming in Joules  = The radiative 
imbalance in global annual average flux in Watts 
per meter squared.

1.63 x 10**23 Joules per decade = 1 Watts per 
meter squared 







Global warming involves the accumulation of 
heat in Joules within the components of the 
climate system.  This accumulation is 
dominated by the heating and cooling within 
the upper layers of the oceans. 



Global Warming = Radiative forcings + 
Radiative feedbacks

Global Warming = A Positive Radiative 
Imbalance





1993–2003 Hansen from the GISS model  

0.6 Watts per meter squared

1993-2003 Willis from observations  

0.62 Watts per meter squared

2004-2010 Willis (preliminary)  

0.16 Watts per meter squared



The global annual average upper ocean heating 
rate in the last 6 years is about ¼ of that for 
the previous decade

In other words, global warming has been about 
25% of that in the previous decade. The 
heating rate will need to be about double the 
rate in the 1993 to 2003 time period in order 
to “catch up” with the model predictions.



Climate Change is any multi-decadal or 
longer alteration in one or more physical, 
chemical and/or biological components of 
the climate system. Climate change includes, 
for example, changes in fauna and flora, 
snow cover, etc which persist for decades and 
longer. Climate variability can then be defined 
as changes which occur on shorter time 
periods.



Global warming << Climate Change





The influence of the human input of CO2 and other 
greenhouse gases on regional and global radiative heating

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

The effect of aerosols on clouds and precipitation 

The influence of aerosol deposition (e.g. soot; nitrogen) on 
climate 

The effect of land cover/ land use on climate 

The biogeochemical effect of added atmospheric CO2 

















Solar 
Volcanic
Internal atmospheric/ocean 
circulation variability [PDO, NAO, 
ENSO, etc]
Other





Surface Radiative cooling to space is proportional to 
T**4
Global warming (and cooling) is not the same as trends 
in the global annual average surface temperature
Concurrent trends in absolute humidity influence 
trends in global warming and cooling
Global annual average surface temperature trends are a 
function of height near the surface
Observations of surface temperatures over land are 
frequently  made at poorly sited locations
Surface and lower tropospheric temperature trends are 
diverging from each other, with the surface having the 
larger increase



Analysis of the impacts of station exposure on 
the U.S. Historical Climatology Network 
temperatures and temperature trends

By Fall et al. 2011 JGR Under Review 
based on the siting evaluations of Anthony 
Watts, Evan Jones and volunteers.









Temperature trend estimates vary according to site 
classification, with poor siting leading to an overestimate 
of minimum temperature trends and an underestimate of 
maximum temperature trends, resulting in particular in a 
substantial difference in estimates of the diurnal 
temperature range trends. 
The opposite-signed differences of maximum and 
minimum temperature trends are similar in magnitude, 
so that the overall mean temperature trends are nearly 
identical across site classifications.
Homogeneity adjustments tend to reduce trend 
differences, but statistically significant differences remain 
for all but average temperature trends.
Comparison of observed temperatures with NARR shows 
that the most poorly-sited stations are warmer compared 
to NARR than are other stations, and a major portion of 
this bias is due to siting characteristics.







Hypothesis 1: Human influence on climate variability and change is 
of minimal importance, and natural causes dominate climate 
variations and changes on all time scales. In coming decades, the 
human influence will continue to be minimal.

Hypothesis 2a: Although the natural causes of climate variations and 
changes are undoubtedly important, the human influences are 
significant and involve a diverse range of first- order climate 
forcings, including, but not limited to, the human input of carbon 
dioxide (CO2). Most, if not all, of these human influences on regional 
and global climate 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 CO2. The 
adverse impact of these gases on regional and global climate 
constitutes the primary climate issue for the coming decades. [IPCC]

Hypotheses 1 and 2b, however, are inaccurate characterizations of 
the climate system. 





With respect to weather patterns, for 
the downscaling regional (and global) 
models to add value over and beyond 
what is available from the historical, 
recent paleo-record, and worse case 
sequence of days, however, they 
must be able to skillfully predict 
the changes in the regional weather 
statistics



There is also only one-way interaction 
between regional and global models which is 
not physically consistent. 
Since the global multi-decadal climate model 
predictions cannot accurately predict 
circulation features such as PDO, NAO, El 
Niño and La Niña they cannot provide 
accurate lateral boundary conditions and 
interior nudging to the regional climate 
models.





Dynamic and statistical regional downscaling 
yield higher spatial resolution, however, 
the regional climate models are strongly 
dependent on the lateral boundary conditions 
and interior nudging by their parent global 
models (e.g., see Rockel et al. 2008). 
As a necessary condition for skillful prediction, 
the multi-decadal global climate model 
simulations must include all first-order climate 
forcings and feedbacks.  However, they do not 
(see for example: NRC, 2005; Pielke et al. 2009). 

http://www.nap.edu/openbook/0309095069/html/
http://pielkeclimatesci.files.wordpress.com/2009/12/r-354.pdf


The parent global models inaccuately represent 
critically important climate feedbacks; e.g., 
Dreary state of precipitation in global models, 
Stephens et al. 2011 where they write

“…..these models produce precipitation 
approximately twice as often as that observed 
and make rainfall far too lightly ….This implies 
little skill in precipitation calculated at individual 
grid points, and thus applications involving 
downscaling of grid point precipitation to yet 
even finer‐scale resolution has little foundation 
and relevance to the real Earth system.”

http://europa.agu.org/?view=article&uri=/journals/jd/jd1024/2010JD014532/2010JD014532.xml&t=jd,2010,stephens


“…high-resolution downscaling can be 
misconstrued as accurate downscaling 
(Dessai et al., 2009). In other words, our 
ability to downscale to finer time and space 
scales does not imply that our confidence is 
any greater in the resulting scenarios”



Lateral boundary conditions for input to 
regional downscaling require regional scale 
information from a global forecast model. 

However the global model does not have this 
regional scale information due to its limited 
spatial resolution. 

This is, however, a logical paradox since the 
regional model needs something that can 
only be acquired by a regional model (or 
regional observations). 

Therefore, the acquisition of lateral boundary 
conditions with the needed spatial resolution 
becomes logically impossible.



There is sometimes an incorrect assumption 
that although global climate models cannot 
predict future climate change as an 
initial value problem, they can predict future 
weather statistics as a boundary value 
problem (Palmer et al. 2008).

However, weather statistics, such as mean and 
variance, just involve different averaging 
times than what we usually consider as 
weather.



Imagine A World Without Climate Models” By Rob 
Wilby Of Loughborough University

“….calls for even greater investment in high-resolution climate 
modelling… – justified partly by more cost-effective adaptation 
strategies – require pause for thought.”

“The “top down”, climate-impact framework is now firmly enshrined 
in the psyche of the climate science community. It is implicit in 
the order of the Working Groups of the Intergovernmental Panel 
on Climate Change (IPCC).”

“With no climate models to drive our adaptation thinking we would 
have to approach risk and vulnerability from the “bottom up”. 
Measures that are low regret, reversible, incorporate safety 
margins, employ ‘soft’ solutions, are flexible, and deliver multiple 
co-benefits would be our starting point.” 

http://pielkeclimatesci.wordpress.com/2011/01/17/imagine-a-world-without-climate-models-by-rob-wilby-of-loughborough-university/


“The IPCC would almost certainly not exist in its 
present form. The Working Groups and Fifth 
Assessment Reports would be re-structured 
around cross-cutting themes …. These are better 
suited to Earth systems thinking and for 
evaluating multiple anthropogenic pressures. We 
would be developing a more integrated set of 
strategies for tackling poverty, biodiversity loss, 
resource exploitation, pollution, and so forth. 
Climate change would not be singled out.”



Outcome Vulnerability

Contextual Vulnerabity

Source of these terms: O’Brien 
2007 and Fussel 2009





Faisal Hossain (Tennessee Tech Univ):   water
Tim Seastedt (U. of Colorado) and Katie 
Suding (UC-Berkely): ecosystem function
George Kallos (Univ of Athens): energy
Dev Niyogi (Purdue): food
Jimmy Adegoke (CSIR); human health 



Water
Food
Energy
Human health
Ecosystem function

Each sector is critical to societal well-being. The 
vulnerability concept requires the determination 
of the major threats to these resources from extreme 
events including climate, but also from other social 
and environmental pressures. After these threats are 
identified for each resource, relative risks can be 
compared in order to shape the preferred 
mitigation/adaptation strategy.



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).

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 skillfully 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?







The top-down GCM driven approach to provide 
skillful regional and local impact assessments for 
policymakers and stakeholders is not inclusive of 
the spectrum of risks that we face and is unable 
to provide skillful local and regional impact 
information decades from now. 
The top-down GCM driven approach has not 
shown sufficient skill in multi-decadal regional 
and local predictions for accurate impact 
assessments.
The contextual bottom-up, resource-based focus 
provides a more effective way to develop policies 
reduce the risks that our key resources face in 
the future.





http://cires.colorado.edu/science/groups/pielke/

http://pielkeclimatesci.wordpress.com/
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