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1. Past climate is a useful guide to the future - Assessing 

past climate conditions provides a very effective analysis 
tool to assess societal  and environmental vulnerability to 
future climate, regardless of the extent the future climate 
is altered by human activity. Our current and future 
vulnerability, however, will be different than in the past, 
even if climate were not to change, because society and 
the environment change as well. Decision makers need 
assessments of how climate vulnerability has changed. 

2. Climate prediction is complex with many uncertainties. 
The AASC recognizes climate prediction is an extremely 
difficult undertaking. For time scales of a decade or 
more, understanding the empirical accuracy of such 
predictions - called “verification” - is simply impossible, 
since we have to wait a decade or longer to assess the 
accuracy of the forecasts. 



Views of Climate Views of Climate 
Change ScienceChange Science
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Climate change including regional impacts can 
be skillfully predicted by knowledge of the 
concentration of well-mixed greenhouse 
gases.
Surface temperatures are the most appropriate 
metric to assess “global warming.”
The global average temperature provides a 
useful assessment of climate.
The surface temperature data has been 
adequately homogenized in the regional scale 
using adjustments such as time of 
observations, instrument changes, and 
urbanizations.
Arctic sea-ice cover and Northern Hemisphere 
snow cover are continuously diminishing in 
areal coverage.



The atmospheric hydrological cycle is 
accelerating.
The earth’s atmosphere is warmer today than 
it was in 1979 when accurate global satellite 
coverage became available.
The GCM models have skillfully predicted the 
evolution of the earth’s atmospheric 
temperature since 1979.
We understand climate change and can 
introduce policies to prevent our “dangerous 
intervention in the climate system.”
The IPCC and U.S. National Assessment 
document a clear scientific understanding of 
the human disturbance of the climate system.



The Lack of Spatial The Lack of Spatial 
Representativeness of Representativeness of 
Surface TemperatureSurface Temperature

From Davey, C.A., and R.A. Pielke Sr., 2003: Microclimate exposures of surface-based 
weather stations - implications for the assessment of long-term temperature trends. 
Bull. Amer. Meteor. Soc., submitted.

R-274 http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml



Maximum-minimum temperature sensor (MMTS) installation near Lindon, Colorado. 



MMTS installation near John Martin Reservoir, Colorado. 



Map of study region, showing all surveyed COOP sites.  The USHCN sites are 
indicated by stars.



Photographs of the temperature sensor exposure characteristics of the NWS 
COOP station at Eads, CO. Panel a) shows the temperature sensor, while 
panels b)-e) illustrate the exposures viewed from the temperature sensor 
looking N, E, S, and W, respectively. 



Photographs of the temperature sensor exposure characteristics of the NWS 
COOP station at Holly, CO. Panel a) shows the temperature sensor, while 
panels b)-e) illustrate the exposures viewed from the temperature sensor 
looking N, E, S, and W, respectively. 



Photographs of the temperature sensor exposure characteristics for the NWS COOP 
station near Rocky Ford, Colorado. Panel a) shows the temperature sensor, while 
panels b)-e) illustrate the exposures viewed from the temperature sensor looking N, 
E, S, and W, respectively. (CRS-Cotton Region Shelter)



Photographs of the temperature sensor exposure characteristics of the NWS 
COOP station at Trinidad, Colorado. Panel a) shows the temperature sensor, 
while panels b)-e) illustrate the exposures viewed from the temperature 
sensor looking N, E, S, and W, respectively. 



Photographs of the temperature sensor exposure characteristics of the NWS 
COOP station at Cheyenne Wells, Colorado. Panel a) shows the temperature 
sensor, while panels b)-e) illustrate the exposures viewed from the 
temperature sensor looking N, E, S, and W, respectively. 



Photographs of the temperature sensor exposure characteristics of the NWS 
COOP station at Lamar, Colorado. Panel a) shows the temperature sensor, 
while panels b)-e) illustrate the exposures viewed from the temperature 
sensor looking N, E, S, and W, respectively. 



Photographs of the temperature sensor exposure characteristics of the NWS 
COOP station at Wray, Colorado. Panel a) shows the temperature sensor, 
while panels b)-e) illustrate the exposures viewed from the temperature 
sensor looking N, E, S, and W, respectively. 



Photographs of the temperature sensor exposure characteristics of the NWS 
COOP station at Las Animas, Colorado. Panel a) shows the temperature 
sensor, while panels b)-e) illustrate the exposures viewed from the 
temperature sensor looking N, E, S, and W, respectively. 



The Lack of Added The Lack of Added 
Regional Simulation Skill Regional Simulation Skill 
By Dynamic DownscalingBy Dynamic Downscaling

From Castro, C.L., and R.A. Pielke Sr., 2003: Dynamical downscaling: An 
assessment of value added using a regional climate model. J. 
Geophys. Res. - Atmospheres, submitted.

R-276 at
http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml



Dynamical downscaling with a RCM never 
adds more value to predictability of the large-
scale over and above that which exists in the 
larger global model or reanalysis when 
downscaled from the larger global model or 
reanalysis using one-dimensional boundary-layer 
theory to interpolate to higher spatial resolution 
terrain height, and land and water surface values.  
The utility of the RCM is to resolve the smaller-
scale features which have a greater dependence 
on the surface boundary. 







GCM Models Have Not Yet GCM Models Have Not Yet 
Succeeded In Skillfully Succeeded In Skillfully 
Predicting 1980Predicting 1980--2000 2000 

Global ClimateGlobal Climate

Chase, T.N., R.A. Pielke Sr., B. Herman, and X. Zeng, 2003: Tropospheric 
temperature structure and the utility of recent climate model configurations for 
attribution and impact studies. Climate Res., submitted.

R-271 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml 













Simulated January reference height temperature difference (current-natural) (C); 
regions of statistically significant differences are shaded (from Chase et al. 2000).



From Chase, T.N., B. Herman, R.A. Pielke Sr., X. Zeng, and M. Leuthold, 2002: A 
proposed mechanism for the regulation of minimum midtropospheric
temperatures in the Arctic. J. Geophys. Res., 107(D14), 10.10291/ 2001JD001425.

R-246 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml 

The Lack of Warming in The Lack of Warming in 
the Arctic Tropospherethe Arctic Troposphere



Reanalysis monthlyReanalysis monthly--
averaged area enclosed averaged area enclosed 

by indicated isotherm by indicated isotherm 
during the period 1950during the period 1950--

1998  north of 601998  north of 60°°N. (a) N. (a) --
4040°°C isotherm, (b) C isotherm, (b) --4242°°C C 

isotherm, and isotherm, and 
--4444°°C isotherm.C isotherm.



The Global Spatial The Global Spatial 
Redistribution of Energy by Redistribution of Energy by 

HumanHuman--Caused Caused 
Landscape ChangeLandscape Change

From Pielke Sr., R.A., G. Marland, R.A. Betts, T.N. Chase, J.L. Eastman, J.O. Niles, 
D. Niyogi, and S. Running, 2002: The influence of land-use change and 
landscape dynamics on the climate system- relevance to climate change policy 
beyond the radiative effect of greenhouse gases. Phil. Trans. A. Special Theme 
Issue, 360, 1705-1719.

R-258 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml 



Examples of land-use 
change from (a) 1700, 
(b) 1900, (c) 1970, and 
(d) 1990.  The human-
disturbed landscape 
includes intensive 
cropland (red) and 
marginal cropland 
used for grazing 

(pink). Other 
landscape includes 
tropical evergreen 

forest and deciduous 
forest (dark green), 

savannah (light green), 
grassland and steppe 

(yellow), open 
shrubland (maroon), 
temperate deciduous 

forest (blue), 
temperate needleleaf 

evergreen forest (light 
yellow) and hot desert 

(orange). Note the 
expansion of cropland 

and grazed land 
between 1700 and 

1900.  (Reproduced 
with permission from 
Klein Goldewijk 2001.)



The tenThe ten--year average year average 
absoluteabsolute--value change in value change in 
surface latent turbulent surface latent turbulent 
heat flux in W mheat flux in W m--22 at the at the 
locations where landlocations where land--use use 
change occurred for  (a) change occurred for  (a) 
January, and  (b) July. January, and  (b) July. 
(Adapted from Chase et (Adapted from Chase et 
al. 2000.)al. 2000.)



The tenThe ten--year average year average 
absoluteabsolute--value change in value change in 
surface sensible  heat flux surface sensible  heat flux 
in W min W m--22 at the locations at the locations 
where landwhere land--use change use change 
occurred for  (c) January, occurred for  (c) January, 
and  (d) July. (Adapted and  (d) July. (Adapted 
from Chase et al. 2000.)from Chase et al. 2000.)



The tenThe ten--year average year average 
absoluteabsolute--value change in value change in 
surface latent turbulent heat surface latent turbulent heat 
flux in W mflux in W m--2 2 worldwide as a worldwide as a 
result of the landresult of the land--use use 
changes for  (a) January, changes for  (a) January, 
and (b) July. (Adapted from and (b) July. (Adapted from 
Chase et al. 2000.)Chase et al. 2000.)



The tenThe ten--year average year average 
absoluteabsolute--value change in value change in 
sensible turbulent heat flux sensible turbulent heat flux 
in W min W m--2 2 worldwide as a worldwide as a 
result of the landresult of the land--use use 
changes for  (c) January, changes for  (c) January, 
and (d) July. (Adapted from and (d) July. (Adapted from 
Chase et al. 2000.)Chase et al. 2000.)



A Change In Any Single Term In A Change In Any Single Term In 
The Surface Heat BudgetThe Surface Heat Budget

Will Result In a Spatial Will Result In a Spatial 
Redistribution Of EnergyRedistribution Of Energy



The Adoption of a More The Adoption of a More 
Appropriate Metric to Appropriate Metric to 

Monitor “Global Warming Monitor “Global Warming 
(or Cooling)”(or Cooling)”

Pielke Sr., R.A., 2003: Heat storage within the earth system. Bull. Amer. Meteor. 
Soc., 84, 331-335. 

R-247 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml 



Planetary energy imbalance (heat storage in the upper 3 km 
of the world ocean)  observations expressed in units of 
watts m-2 (adapted from Levitus et al. 2001).  (Figure 
prepared by Alan Robock, Rutgers University, 2001, 
personal communication.)





The Importance of the The Importance of the 
Biological Effect of Biological Effect of 

Enhanced COEnhanced CO22

Eastman, J.L., M.B. Coughenour, and R.A. Pielke Sr., 2001: The effects of CO2

and landscape change using a coupled plant and meteorological model. 
Global Change Biology, 7, 797-815.

R-229 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml



From Pielke, R.A. Sr., 2002: Overlooked issues in the U.S. National Climate and IPCC assessments. Climatic 
Change, 52, 1-11.





Climate as an Initial Climate as an Initial 
Value ProblemValue Problem

Pielke, R.A. Sr., 2002: Overlooked issues in the U.S. National Climate and IPCC 
assessments. Climatic Change, 52, 1-11.

R-225 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml





Regional LandRegional Land--Use Use 
Change Effects on Change Effects on 

Climate in the WinterClimate in the Winter

Marshall, C.H. Jr., R.A. Pielke Sr., and L.T. Steyaert, 2003:  Has conversion of 
natural wetlands to agriculture increased damaging freezes in south Florida? 
Nature, submitted.

R-277 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml















Regional LandRegional Land--Use Use 
Change Effects on Change Effects on 

Climate in the SummerClimate in the Summer

Marshall, C.H. Jr., R.A. Pielke Sr., L.T. Steyaert, and D.A. Willard, 2003: The impact 
of anthropogenic land cover change on warm season sensible weather and sea-
breeze convection over the Florida peninsula. Mon. Wea Rev., submitted.

R-272 at http://blue.atmos.colostate.edu/publications/reviewedpublications.shtml















Two-month average of the surface 
latent heat flux (W m-2) from the model 
simulations of July and August 1994 
with pre-1900s land cover (top), 1994 
land use (middle), and the difference 
field for the two (bottom; 1994 minus 
pre-1900s case).







A More Appropriate A More Appropriate 
Measure of the Measure of the 

Radiative Forcing Radiative Forcing 
of COof CO22



From Lenton, T.M., 2000: Tellus, 52B,1159-1188



Arctic Sea Ice and Arctic Sea Ice and 
Northern Hemispheric Northern Hemispheric 
Snow Cover ChangesSnow Cover Changes











From Vinnikov et al. 1999, Science, 286, 1934-1937.



CONCLUSIONCONCLUSION
The earth’s climate system and human 
disturbance of the climate system is more 
complicated and multi-dimensional than 
commonly assumed.  This may make skillful 
prediction of the future climate impossible!

There is a new direction emerging.

Kabat, P., Claussen, M., Dirmeyer, P.A., J.H.C. Gash, L. Bravo de Guenni, M. Meybeck, R.A. 
Pielke Sr., C.J. Vorosmarty, R.W.A. Hutjes, and S. Lutkemeier, Editors, 2003: Vegetation, water, 
humans and the climate: A new perspective on an interactive system. Global Change - The IGBP 
Series, Springer, in press.


