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Questions

1. What is Climate?

2. What is Ecology?

3. What is Climate Change?

4. How Have Humans Affected the Climate?

5. How Should We Assess Risks To Climate 
Change?



Confusion From The Top

UNFCC and IPCC Missions



UNITED NATIONS FRAMEWORK CONVENTION 
ON CLIMATE CHANGE - UNFCC

The ultimate objective of this Convention and any related 
legal instruments that the Conference of the Parties 
may adopt is to achieve, in accordance with the 
relevant provisions of the Convention, stabilization of 
greenhouse gas concentrations in the atmosphere at a 
level that would prevent dangerous anthropogenic 
interference with the climate system. Such a level 
should be achieved within a time frame sufficient to 
allow ecosystems to adapt naturally to climate change, 
to ensure that food production is not threatened and 
to enable economic development to proceed in a 
sustainable manner. 

https://unfccc.int/resource/docs/convkp/conveng.pdf



UNFCC Definition of Climate Change

"Climate change" means a change of climate 
which is attributed directly or indirectly to 
human activity that alters the composition of 
the global atmosphere and which is in 
addition to natural climate variability 
observed over comparable time periods.

https://unfccc.int/files/essential_background/background_publications_htmlpdf/appli
cation/pdf/conveng.pdf



BUT IPCC definition of Climate Change

• Climate change A change in the state of the 
climate that can be identified (e.g., by using 
statistical tests) by changes in the mean and/or 
the variability of its properties and that persists 
for an extended period, typically decades or 
longer. Climate change may be due to natural 
internal processes or external forcings, or to 
persistent anthropogenic changes in the 
composition of the atmosphere or in land use.

• https://archive.ipcc.ch/pdf/special-reports/srex/SREX-Annex_Glossary.pdf



IPCC Report Structure

Working Group I deals with The Physical Science Basis of 
Climate Change  -> Focuses on UNFCC not IPCC Mission!

Following reports are derivatives

Working Group II with Climate Change Impacts, Adaptation 
and Vulnerability -> Released Feb 2022

Working Group III with Mitigation of Climate Change.

https://www.ipcc.ch/about/



IPCC Versus UNFCC Framing

Hypothesis A: 

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  [Should 
be IPCC Report Focus; its not]

Hypothesis B:

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. {Focus of UNFCC]



How Do Physical Scientists Define Climate?





How Do Ecologists Define Ecology?



Earth’s Ecological System





Earth’s Climate = Earth’s Ecology

Ecology and the climate provide two 
perspectives of the same biogeophysical 
system at all spatiotemporal scales 

Pielke Sr., R.A., D. Peters, and D. Niyogi, 2022: Ecology and climate of the Earth - the same 
biogeophysical system. Climate, in press

Pielke, Sr. R.A., J. Adegoke, F. Hossain, and D. Niyogi, 2021: Environmental and social risks to 
biodiversity and ecosystem health – A bottom-up, resource-focused assessment 
framework. Earth, 2, 440–456. https://doi.org/10.3390/earth2030026

https://doi.org/10.3390/earth2030026




Framing

• First – Apocalyptic Over-the Top 
Messaging by the 2022 IPCC 
WG2,  Media and Even Some 
Scientists

• Second Human Caused Climate 
Change is Real and is a Serious 
Issue



An Example of Hype

“The treeline is out of control’: how the climate 
crisis is turning the Arctic green”

“The trees used to creep forward a few centimetres
every year; now they are leaping north at a rate 
of 40 to 50 metres a year.”

That’s 5 km in 100 year rate!

• https://www.theguardian.com/news/2022/jan/20/norway-arctic-circle-trees-sami-reindeer-global-heating

https://www.theguardian.com/news/2022/jan/20/norway-arctic-circle-trees-sami-reindeer-global-heating


Examples of Human Climate 
Forcings Besides the Radiative 

Forcing From the Human Addition 
of GHGs





https://pixels.com/featured/teco-smoke-stacks-allen-williamson.html





https://en.wikipedia.org/wiki/Cultural_landscape#/media/File:Neckertal_20150527-6384.jpg

Neckertal 20150527-6384.jpg



Biogeochemical Effect of Added CO2



Change in leaf area between 2015 and 1982 presented as 1982 minus 2015; from  Zhu, Z 2016: et al. Greening 
of the Earth and its drivers. Nat. Clim. Change 2016, 6, 791–795.  



Effects of Human Input of Aerosols



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



Finding wrt Direct Aersol Heating

1. Zonal average at TOA is -1.59 W m-2  
(considered by IPCC)

2. Atmospheric heating average is  +3.53 W m-2 
(considered by IPCC)

3. Important Regional Variations of up to over 
+30 W m-2  (NOT adequately considered by 
IPCC)



Unlike GHG, aerosols have much greater spatial 
heterogeneity in their radiative forcing. The 
heterogeneous diabatic heating can modulate the 
gradient in horizontal pressure field and 
atmospheric circulations, thus altering the 
regional climate…. Although the GHG has a larger 
forcing (+1.7 Wm-2 ) as measured than those of 
aerosol direct (-1.59 Wm-2 ) and possible indirect 
effect (-1.38 Wm-2 ) in terms of a spatially 
averaged top-of-atmosphere value, the aerosol 
direct and indirect effects have far greater NGoRF
values (0.18) than that of GHG (0.003). 



“One scientific study suggests extreme cold 
weather events could be attributed to Arctic 
warming, a study released in the Journal 
Science suggests. Although it was conducted 
in the US, it predicts that cold waves can 
become more likely all over the world as a 
result of global warming.”

https://www.euronews.com/green/2022/01/23/snow-falls-in-the-sahara-desert-for-the-
fifth-time-in-40-years

https://www.science.org/doi/10.1126/science.abi9167
https://www.euronews.com/green/2022/01/23/snow-falls-in-the-sahara-desert-for-the-fifth-time-in-40-years


An Example of a Neglected Natural 
Climate Feedback and why the claim 

on last slide is not robust. 

• Chase, T. N., B. M. Herman, R. A. Pielke Sr., 
2015: Bracketing mid-tropospheric 
temperatures in the Northern Hemisphere: An 
observational study 1979 - 2013. J. Climatol. 
Wea. For., 3,2



We examine mid-tropospheric temperatures in the Northern Hemisphere 
using the 500 mb pressure surface from reanalysis data as a 
representative level. This standard analysis level is significant 
meteorologically (i.e. for frontal identification and jet stream dynamics) 
and climatologically (e.g. changes in long term front and jet structures 
would be expected to extend throughout the troposphere as would 
tropospheric warming). We find that 500 mb temperatures are bracketed 
between about –42°C and –3°C with very few excursions beyond these 
brackets suggesting a limiting physical process or processes. In this paper 
we update the data for the –42°C limit which we have proposed in 
previous papers, document the –3°C limit for the first time, and briefly 
discuss the possible physical mechanisms responsible for this observed 
temperature bracketing concluding that the limits on both maximum and 
minimum temperatures are due to convective processes. This self-
regulation of tropospheric temperatures constrains changes in jet stream 
and baroclinic storm dynamics and therefore constrains changes in climate 
variability.









Conclusion of Significance of the 500mb Temperature 
Self Regulation

Extratropical cyclone intensity, waviness of the 
Polar Jet,  and Arctic outbreaks will not change 
unless ocean SSTs significantly increase 
significantly.  This has not yet happened yet. 



Climate Metrics 









Atmospheric Water Vapor is Expected to be 
Increasing. However, next is a data point that 
needs to be explained.  Mauna Loa 
Observatory in Hawaii has Measured Column 
Water Vapor for 32 Years. 



Atmospheric Total Precipitable Water measured by the LED sun photometer 
(blue) at Mauna Loa Observatory exhibited no trend from 1990 to 2020”



“While total precipitable water (TPW) 
responded to El Niño–Southern Oscillation 
conditions, TPW exhibited no trend over the 
30 years”

Mimm III (2022) BAMS. https://doi.org/10.1175/BAMS-D-21-0010.1

https://doi.org/10.1175/BAMS-D-21-0010.1






Message is Examine Data Yourselves. 

Reality is more nuanced and complex than in 
sound bites in the media and even in 
assessment reports such as the IPCC reports



Several Summary Bullets

Global Warming a Subset of Climate Change

Term Climate Change is Redundant. Climate has 
always been changing on all time scales.

With the definition of climate as multidecadal and 
longer averages, the only difference in what we 
call weather and climate, in this context, is the 
temporal averaging time.



Some Examples of One Human Climate Forcing – Land Use 
Change/land management 



GRAINEX – Documentation of Land Management Effect on Weather and 

Climate – Led by Rezaul Mahmood of the University of Nebraska 

• Rappin, E., R. Mahmood, U. Nair, R.A. Pielke Sr., W. Brown, S. Oncley, J. 
Wurman, K. Kosiba, A. Kaulfus, C. Phillips, E. Lachenmeier, J. Santanello Jr., 
E. Kim, and P. Lawston-Parker, 2021a: The Great Plains Irrigation 
Experiment (GRAINEX). Bull. Amer. Meteor. Soc.,E1756–
E1785, https://doi.org/10.1175/BAMS-D-20-0041.1

• Rappin, E.D., R. Mahmood, U.S. Nair, and R.A. Pielke Sr., 2022: Land-
atmosphere interactions during GRAINEX: Planetary boundary layer 
evolution in the presence of irrigation. J. Hydrometeorology,, submitted.

https://doi.org/10.1175/BAMS-D-20-0041.1
















Effect on minimum temperatures during a 
winter polar outbreak



Urbanization increased maximum daily temperatures by several 
degrees, particularly around the Miami-Ft. Lauderdale area on 
the state’s southeastern tip. In the center of the peninsula, the 
daily temperature differences were amplified, with daytime high 
temperatures up to four degrees Celsius warmer with the 
present-day land cover, and nighttime lows up to 4 degrees 
cooler

News Article at Deep Freeze and Sea Breeze: Changing Land and 
Weather in Florida, NASA Earth Observatory 2005

http://earthobservatory.nasa.gov/Features/DeepFreeze/




Effect on rainfall and near surface winds in July-
August time period







Effect on thunderstorms along Great Plains 
dryline when land is converted to agricultural 
and grazing land from short grass prairie. 





Gordon Bonan is a climate modeler for the 
National Center for Atmospheric Research in 
Boulder, Colorado. “It’s definitely true that 
historically, the emphasis in global climate 
change research has been on other climate 
forcings—greenhouses gases, solar variability, 
aerosols—and that the role of land cover has 
been neglected.



So far, what research has been done on the 
global-scale influence of land cover change on 
climate seems to suggest it plays a minor role. 
That’s not surprising, says Bonan, considering 
how small the Earth’s land surface is compared 
to its oceans and that our most common 
metric for climate change is global mean 
temperature. Even significant changes in the 
temperature where we live can get “washed 
out” (at least for a while) in the global average 
of a world mostly covered by oceans.



“Nobody experiences the effect of a half a 
degree increase in global mean temperature,” 
Bonan says. “What we experience are the 
changes in the climate in the place where we 
live, and those changes might be large. Land 
cover change is as big an influence on regional 
and local climate and weather as doubled 
atmospheric carbon dioxide—perhaps even 
bigger.”



That’s the idea Pielke says he has been trying 
to get across for years. “Climate change is 
about more than a change in global 
temperature,” he says. “It’s about changes in 
weather patterns across the Earth.” Even if it 
turns out that land cover change doesn’t 
significantly alter the globally-averaged surface 
temperature of the Earth, it’s still critically 
important. “The land is where we live. This 
research shows that the land itself exerts a first 
order [primary] influence on the climate we 
experience.”



Progress since 2005 still too slow to 
recognize these issues.

Pielke Sr., R., K. Beven, G. Brasseur, J. Calvert, M. Chahine, R. Dickerson, D. Entekhabi, E. Foufoula-
Georgiou, H. Gupta, V. Gupta, W. Krajewski, E. Philip Krider, W. K.M. Lau, J. McDonnell, W. 
Rossow, J. Schaake, J. Smith, S. Sorooshian, and E. Wood, 2009: Climate change: The need to 
consider human forcings besides greenhouse gases. Eos, Vol. 90, No. 45, 10 November 2009, 
413.DOI:10.1029/2009EO450008, Copyright (2009) American Geophysical Union.

https://pielkeclimatesci.files.wordpress.com/2009/12/r-354.pdf

Pielke Sr., R.A., R. Mahmood, and C. McAlpine, 2016: Land’s complex role in climate 
change. Physics Today, 69(11), 40, https://doi.org/10.1063/PT.3.3364. 
https://pielkeclimatesci.files.wordpress.com/2016/11/r-384.pdf

Pielke, Sr. R.A., J. Adegoke, F. Hossain, and D. Niyogi, 2021: Environmental and social risks to 
biodiversity and ecosystem health – A bottom-up, resource-focused assessment 
framework. Earth, 2, 440–456. https://doi.org/10.3390/earth2030026

https://pielkeclimatesci.files.wordpress.com/2021/08/r-400.pdf

https://pielkeclimatesci.files.wordpress.com/2009/12/r-354.pdf
https://doi.org/10.1063/PT.3.3364
https://pielkeclimatesci.files.wordpress.com/2016/11/r-384.pdf
https://doi.org/10.3390/earth2030026


1. What is Climate?
2. What is Ecology?

Same Earth System Perspectives from the Biological and Physical Science Communities

3. What is Climate Change?

Change in Any Part of the Earth System

4. How Have Humans Affected the Climate?

GHGs, Aerosols, Land Cover Use, Land Management 

5. How Should We Assess Risks To Climate Change?

A Bottom-Up Resource Based Framing 



• Thanks for Inviting me to speak! 


