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AMS Definition of WeatherAMS Definition of Weather
(http://amsglossary.allenpress.com/glossary/search?p=1&query=weather&submit=Search)

WeatherWeather ——The state of the The state of the atmosphere, atmosphere, mainly with mainly with 
respect to its effects upon life and human activities.respect to its effects upon life and human activities.
As distinguished from As distinguished from climate, climate, weather consists of weather consists of 
the shortthe short--term (minutes to days) variations in the term (minutes to days) variations in the 
atmosphere. Popularly, weather is thought of in atmosphere. Popularly, weather is thought of in 
terms of terms of temperature, humidity, precipitation, temperature, humidity, precipitation, 
cloudiness, visibility, cloudiness, visibility, and and wind. wind. 

2. As used in the taking of surface weather 2. As used in the taking of surface weather 
observationsobservations, a category of individual and combined , a category of individual and combined 
atmospheric phenomena that must be drawn upon to atmospheric phenomena that must be drawn upon to 
describe the local atmospheric activity at the time of describe the local atmospheric activity at the time of 
observation.observation.



AMS Definition of Atmospheric AMS Definition of Atmospheric 
ChemistryChemistry
(http://amsglossary.allenpress.com/glossary/search?p=1&query=atmospheric+chemistry&submit=Search)

Atmospheric chemistryAtmospheric chemistry ——The study of the The study of the 
composition of and chemical transformations composition of and chemical transformations 
occurring in the occurring in the atmosphere. atmosphere. 

The discipline of atmospheric chemistry The discipline of atmospheric chemistry 
includes field measurements, computer includes field measurements, computer 
modeling, and laboratory measurements, and modeling, and laboratory measurements, and 
requires an understanding of the interaction requires an understanding of the interaction 
of the atmosphere with the biosphere and of the atmosphere with the biosphere and 
anthropogenic anthropogenic influences in order to be able influences in order to be able 
to explain current conditions and to predict to explain current conditions and to predict 
future changes. future changes. 



AMS Definition of Air QualityAMS Definition of Air Quality

•• NoneNone



AMS Definition of Climate AMS Definition of Climate 
(http://amsglossary.allenpress.com/glossary/search?p=1&query=climate&submit=Search)

Climate Climate ——The slowly varying aspects of the The slowly varying aspects of the 
atmosphereatmosphere––hydrospherehydrosphere––land surface system. land surface system. 

It is typically characterized in terms of suitable averages It is typically characterized in terms of suitable averages 
of the of the climate system over periods of a month or climate system over periods of a month or 
more, taking into consideration the variability in time more, taking into consideration the variability in time 
of these averaged quantities. Climatic classifications of these averaged quantities. Climatic classifications 
include the spatial variation of these timeinclude the spatial variation of these time--averaged averaged 
variables. Beginning with the view of local climate as variables. Beginning with the view of local climate as 
little more than the annual course of longlittle more than the annual course of long--term term 
averages of surface temperature and precipitation, averages of surface temperature and precipitation, 
the concept of climate has broadened and evolved in the concept of climate has broadened and evolved in 
recent decades in response to the increased recent decades in response to the increased 
understanding of the underlying processes that understanding of the underlying processes that 
determine climate and its variability. determine climate and its variability. See alsoSee also climate climate 
system, climatology, climate change, climatic system, climatology, climate change, climatic 
classification. classification. 



AMS Definition of Climate System AMS Definition of Climate System 
(http://amsglossary.allenpress.com/glossary/search?id=climate-system1)

Climate systemClimate system ——The system, consisting of The system, consisting of 
the the atmosphere, hydrosphere, lithosphere, atmosphere, hydrosphere, lithosphere, 
and biosphere, determining the earth's and biosphere, determining the earth's 
climate as the result of mutual interactions climate as the result of mutual interactions 
and and responses to external influences responses to external influences 
(forcing). (forcing). 

Physical, chemical, and biological processes Physical, chemical, and biological processes 
are involved in the interactions among the are involved in the interactions among the 
components of the climate systemcomponents of the climate system



AMSAMS Definition of Air Pollutants Definition of Air Pollutants 
(http://amsglossary.allenpress.com/glossary/search?id=air-pollution1)

Air pollutionAir pollution ——The presence of substances in the The presence of substances in the 
atmosphere, particularly those that do not occur atmosphere, particularly those that do not occur 
naturally. naturally. 

These substances are generally contaminants that These substances are generally contaminants that 
substantially alter or degrade the quality of the substantially alter or degrade the quality of the 
atmosphere. The term is often used to identify atmosphere. The term is often used to identify 
undesirable substances produced by human activity, undesirable substances produced by human activity, 
that is, anthropogenic air pollution. Air pollution that is, anthropogenic air pollution. Air pollution 
usually designates the collection of substances that usually designates the collection of substances that 
adversely affects human health, animals, and plants; adversely affects human health, animals, and plants; 
deteriorates structures; interferes with commerce; or deteriorates structures; interferes with commerce; or 
interferes with the enjoyment of life. interferes with the enjoyment of life. CompareCompare
airborne particulates, designated pollutant, airborne particulates, designated pollutant, 
particulates, criteria pollutants. particulates, criteria pollutants. 



National Research CouncilNational Research Council
Definition of ClimateDefinition of Climate

National Research Council, 
2005: Radiative forcing of 
climate change: Expanding the 
concept and addressing 
uncertainties. Committee on 
Radiative Forcing Effects on 
Climate Change, Climate 
Research Committee, Board 
on Atmospheric Sciences and 
Climate, Division on Earth and 
Life Studies, The National 
Academies Press, Washington, 
D.C., 
http://www.nap.edu/books/030
9095069/html/12.html 



What Have We Learned What Have We Learned 
Over The Last 50 Years?Over The Last 50 Years?



Definition of Dispersion and Definition of Dispersion and 
RequirementsRequirements

• Dispersion = = Turbulent Mixing + Differential Advection Turbulent Mixing + Differential Advection 
• Non-Reactive Gases and Aerosols:   realistic :   realistic 

atmospheric concentrations requires accurate atmospheric concentrations requires accurate 
determinations of dispersion down to the spatial scale determinations of dispersion down to the spatial scale 
of the actual concentrationsof the actual concentrations

• Reactive Gases and Aerosols: realistic atmospheric : realistic atmospheric 
concentrations require accurate determinations of concentrations require accurate determinations of 
dispersion down to the spatial scales of the actual dispersion down to the spatial scales of the actual 
concentrations in which the chemistry is occurring.concentrations in which the chemistry is occurring.

• Dry Deposition requires assessment of surface requires assessment of surface 
turbulent fluxes (not just a “deposition velocity”).turbulent fluxes (not just a “deposition velocity”).



Limitations of Gaussian Puff Limitations of Gaussian Puff 
and Plume Models With and Plume Models With 
Significant LargeSignificant Large--Scale Wind Scale Wind 
FlowFlow



Pielke, R.A. and M. Uliasz, 1993: Influence of landscape variability on atmospheric 
dispersion. J. Air Waste Mgt., 43, 989-994.

http://blue.atmos.colostate.edu/publications/pdf/R-142.pdf



Pielke, R.A. and M. Uliasz, 1993: Influence of landscape variability on 
atmospheric dispersion. J. Air Waste Mgt., 43, 989-994. 
http://blue.atmos.colostate.edu/publications/pdf/R-142.pdf
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Pielke, R.A. and M. Uliasz, 1993: Influence of landscape variability on atmospheric 
dispersion. J. Air Waste Mgt., 43, 989-994.
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Conclusion for Significant Conclusion for Significant 
LargeLarge--Scale WindsScale Winds

•• With significant synoptic flow, dispersion is With significant synoptic flow, dispersion is 
enhanced over heterogeneous terrain as enhanced over heterogeneous terrain as 
contrasted with the same flow over contrasted with the same flow over 
homogeneous terrain.homogeneous terrain.

•• The importance of the heterogeneity The importance of the heterogeneity 
becomes less as the wind speed increases becomes less as the wind speed increases 
and/or the spatial scale of the heterogeneity and/or the spatial scale of the heterogeneity 
becomes smaller.becomes smaller.

•• The use of standard Gaussian plume or puff The use of standard Gaussian plume or puff 
models in heterogeneous landscapes will models in heterogeneous landscapes will 
lead to erroneous estimates of lead to erroneous estimates of 
concentrations. concentrations. 



Limitations of Gaussian Puff Limitations of Gaussian Puff 
and Plume Models With Light and Plume Models With Light 
LargeLarge--Scale Wind FlowScale Wind Flow



From: Pielke, R.A., 
R.A. Stocker, R.W. 
Arritt, and R.T. 
McNider, 1991: A 
procedure to 
estimate worst-
case air quality in 
complex terrain. 
Environment 
International, 17, 
559-574.

http://blue.atmos.colostate.edu/publications/pdf/R-118.pdf
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From: Eastman, J.L. R.A. Pielke, and W.A. Lyons, 1995: Comparison of 
lake-breeze model simulations with tracer data. J. Appl. Meteor., 34,
1398-1418. http://blue.atmos.colostate.edu/publications/pdf/R-197.pdf



Conclusion for Light LargeConclusion for Light Large--
Scale WindsScale Winds

•• Inability of Gaussian puff and plume Inability of Gaussian puff and plume 
models to include recirculation.models to include recirculation.

•• Under light largeUnder light large--scale flow, dispersion scale flow, dispersion 
estimates from Gaussian puff and estimates from Gaussian puff and 
plume models overestimate dispersion plume models overestimate dispersion 
in heterogeneous terrain.in heterogeneous terrain.



Climate is Becoming a Climate is Becoming a 
Integrator of Weather and Integrator of Weather and 
Atmospheric ChemistryAtmospheric Chemistry



Estimated radiative forcings since preindustrial times for the Earth and Troposphere system (TOA) radiative forcing with 
adjusted stratospheric temperatures).  The height of the rectangular bar denotes a central or best estimate of the forcing, 
while each vertical line is an estimate of the uncertainty range associated with the forcing guided by the spread in the 
published record and physical understanding, and with no statistical connotation.  Each forcing agent is associated with a 
level of scientific understanding, which is based on an assessment of the nature of assumptions involved, the 
uncertainties prevailing about the processes that govern the forcing, and the resulting confidence in the numerical values 
of the estimate.  On the vertical axis, the direction of expected surface temperature change due to each radiative forcing is 
indicated by the labels “warming” and “cooling.” From:  National Research Council, 2005: Radiative Forcing of Climate 
Change: Expanding the Concept and Addressing Uncertainties, Committee on Radiative Forcing Effects on Climate, 
Climate Research Committee, 224 pp.     http://www.nap.edu/catalog/11175.html



From:  National Research Council, 2005: Radiative Forcing of Climate Change: 
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From:  National Research Council, 2005: Radiative Forcing of Climate Change: 
Expanding the Concept and Addressing Uncertainties, Committee on
Radiative Forcing Effects on Climate, Climate Research Committee, 224 pp.     
http://www.nap.edu/catalog/11175.html



From:  National Research Council, 2005: 
Radiative Forcing of Climate Change: 
Expanding the Concept and Addressing 
Uncertainties, Committee on Radiative 
Forcing Effects on Climate, Climate 
Research Committee, 224 pp.     
http://www.nap.edu/catalog/11175.html



Summary of Aerosol Direct Summary of Aerosol Direct 
Radiative Forcing EffectRadiative Forcing Effect

““The average global mean aerosol direct forcing from fossil fuel The average global mean aerosol direct forcing from fossil fuel 
combustion and biomass burning is in the range from −0.2 to −2.0combustion and biomass burning is in the range from −0.2 to −2.0 W W 
m−2 (IPCC, 2001). This large range results from uncertainties inm−2 (IPCC, 2001). This large range results from uncertainties in
aerosol sources, composition, and properties used in different aerosol sources, composition, and properties used in different 
models. Recent advances in modeling and measurements have models. Recent advances in modeling and measurements have 
provided important constraints on the direct effect of aerosols provided important constraints on the direct effect of aerosols on on 
radiation (Ramanathan et al., 2001a; Russell et al., 1999; Conanradiation (Ramanathan et al., 2001a; Russell et al., 1999; Conant et t et 
al., 2003). Critical gaps, discussed further below, relate to spal., 2003). Critical gaps, discussed further below, relate to spatial atial 
heterogeneity of the aerosol distribution, which results from thheterogeneity of the aerosol distribution, which results from the short e short 
lifetime (a few days to a week) against wet deposition; chemicallifetime (a few days to a week) against wet deposition; chemical
composition, especially the organic fraction; mixing state and composition, especially the organic fraction; mixing state and 
behavior (hygroscopicity, density, reactivity, and acidity); andbehavior (hygroscopicity, density, reactivity, and acidity); and optical optical 
properties associated with mixing and morphology (refractive indproperties associated with mixing and morphology (refractive index, ex, 
shape, solid inclusions). shape, solid inclusions). 

The chemical composition of particles is in general not well knoThe chemical composition of particles is in general not well known.”wn.”

(from National Research Council, 2005: Radiative forcing of climate change: Expanding the 
concept and addressing uncertainties. Committee on Radiative Forcing Effects on Climate 
Change, Climate Research Committee, Board on Atmospheric Sciences and Climate, 
Division on Earth and Life Studies, The National Academies Press, Washington, D.C.,
http://www.nap.edu/books/0309095069/html/35.html)



Challenges for the FutureChallenges for the Future



Model IssuesModel Issues

•• The only basic physics in atmospheric models are The only basic physics in atmospheric models are 
advection and the pressure gradient force.advection and the pressure gradient force.

•• All other components of the models are parameterized All other components of the models are parameterized 
as column or box modules using tunable coefficients as column or box modules using tunable coefficients 
and functions. and functions. 

•• The tuning is completed for idealized situations (i.e., The tuning is completed for idealized situations (i.e., 
“golden days”).“golden days”).

•• There is a mismatch between the model grid volume There is a mismatch between the model grid volume 
and the observed volume of measurement.and the observed volume of measurement.

•• There is a mismatch between the atmospheric model There is a mismatch between the atmospheric model 
grid volume and what is required for accurate reactive grid volume and what is required for accurate reactive 
chemistry.chemistry.
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Meteorological monitoring aircraft from NCAR.



Use of LookUse of Look--Up Tables as a Up Tables as a 
Computationally Efficient Computationally Efficient 
Procedure for Model Procedure for Model 
Parameterizations (An Increase in Parameterizations (An Increase in 
Model Performance by a Factor Of Model Performance by a Factor Of 
10 Times or More Without Any 10 Times or More Without Any 
Loss of Accuracy).Loss of Accuracy).

Pielke Sr., R.A., T. Matsui, G. Leoncini, T. Nobis, U. Nair, E. Lu, J. Eastman, S. 
Kumar, C. Peters-Lidard, Y. Tian, and R. Walko, 2005: A new paradigm for 
parameterizations in numerical weather prediction and other atmospheric 
models. National Wea. Digest, accepted with minor revisions). 
(http://blue.atmos.colostate.edu/publications/pdf/R-296.pdf)



Model OpportunitiesModel Opportunities

•• Decomposition of model equations into Decomposition of model equations into 
linear and nonlinear components. The linear and nonlinear components. The 
linear part is solved analytically.linear part is solved analytically.

•• Diagnosis of the nonhydrostatic portion Diagnosis of the nonhydrostatic portion 
of an atmospheric system.of an atmospheric system.

•• Combined numerical and wind tunnel Combined numerical and wind tunnel 
modeling.modeling.



Avissar, R., M.D. Moran, R.A. Pielke, G. Wu, and R.N. Meroney, 1990: Operating ranges of 
mesoscale numerical models and meteorological wind tunnels for the simulation of sea and 
land breezes. Bound.-Layer Meteor., Special Anniversary Issue, Golden Jubilee, 50, 227-275. 
http://blue.atmos.colostate.edu/publications/pdf/R-89.pdf



Avissar, R., M.D. Moran, R.A. Pielke, G. Wu, and R.N. Meroney, 1990: Operating ranges of 
mesoscale numerical models and meteorological wind tunnels for the simulation of sea and 
land breezes. Bound.-Layer Meteor., Special Anniversary Issue, Golden Jubilee, 50, 227-275.  
(Basis for proposed collaboration between David Neff, Ken Eis, and R. Pielke Sr.)
http://blue.atmos.colostate.edu/publications/pdf/R-89.pdf



ConclusionsConclusions

•• The Meteorological, Air Quality and The Meteorological, Air Quality and 
Atmospheric Chemistry Communities have Atmospheric Chemistry Communities have 
come closer together. We still have work to come closer together. We still have work to 
do, however, to make it a real merger.do, however, to make it a real merger.

•• Modeling opportunities exist to improve our Modeling opportunities exist to improve our 
skill at understanding air pollution issues on skill at understanding air pollution issues on 
all time and space scales, and to better all time and space scales, and to better 
assessing the predictability of the assessing the predictability of the 
consequences of weather and air quality consequences of weather and air quality 
interactions.interactions.



Visit our website at:Visit our website at:
http://blue.atmos.colostate.edu/
and our and our weblogweblog at:at:
http://climatesci.atmos.colostate.edu
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