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What Are The New Conclusions
Of The Role Of Land Use Within the 

Climate System

• The recognition that land use, land cover, land management 
and vegetation/soil dynamics are all part of the climate system

• Land use, through its role in the water, energy, carbon and other 
trace gas and aerosol effects, has a first order role in human 
and natural climate forcings and feedbacks

• The identification of global atmospheric teleconnections due to 
land use/land cover change which appear to alter weather and 
other aspects of the climate system as much or more than would 
occur due to the radiative effect of doubling CO2

• These conclusions are based on the outstanding research of 
many of our colleagues at this meeting!
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IPCC Perspective



• The 2007 IPCC Focuses On The Role 
of Global Average Human-caused 
Radiative Forcing Relative To Other 
Measures of Human Climate Forcings
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Test and improve the ability of climate models to 
reproduce the observed vertical structure of forcing for a 
variety of locations and forcing conditions.
Undertake research to characterize the dependence of 
climate response on the vertical structure of radiative 
forcing.
Report global mean radiative forcing at both the surface 
and the top of the atmosphere in climate change 
assessments.
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different timescales (e.g., seasonal, interannual), and 
report results in climate change assessments.
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National Research Council Report PRIORITY 
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Improve understanding and parameterizations of aerosol-
cloud thermodynamic interactions and land-atmosphere 
interactions in climate models in order to quantify the 
impacts of these nonradiative forcings on both regional 
and global scales.
Develop improved land-use and land-cover classifications 
at high resolution for the past and present, as well as 
scenarios for the future.
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Niyogi et al., 2007. Accepted

Potential Impacts of Aerosol-Land –Atmosphere Interactions



U.S. Geological Survey land-cover classes for pre-1900’s natural conditions (left) and 1993 land-
use patterns (right).   From Marshall, C.H. Jr., R.A. Pielke Sr., L.T. Steyaert, and D.A. Willard, 
2004: The impact of anthropogenic land-cover change on the Florida peninsula sea breezes 
and warm season sensible weather. Mon. Wea. Rev., 132, 28-52. 
http://blue.atmos.colostate.edu/publications/pdf/R-272.pdf
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From Pielke Sr., R.A., 2001: Influence of 
the spatial distribution of vegetation and 
soils on the prediction of cumulus 
convective rainfall. Rev. Geophys., 
39,151-177. 
http://blue.atmos.colostate.edu/publicatio
ns/pdf/R-231.pdf
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The ten-year average 
absolute-value change in 
surface latent turbulent 
heat flux in W m-2 

worldwide as a result of 
the land-use changes for  
(a) January, and (b) July. 
(Adapted from Chase et al. 
2000.)

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.

http://blue.atmos.colostate.edu/publications/pdf/
R-258.pdf
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DJF temperature differences due to land-cover change in each of the scenarios. Values were calculated 
by subtracting the greenhouse gas–only forcing scenarios from a simulation including land-cover and 

greenhouse gas forcings.
Feddema et al. 2005: The importance of land-cover change in simulating future climates., Science 310



Changes in the annual average diurnal temperature range due to land-cover change in each of the scenarios. 
Values were calculated by subtracting the greenhouse gas–only forcing scenarios from a simulation including 

land-cover and greenhouse gas forcings. Shaded grid cells are
significant at the 0.05 confidence level.

Feddema et al 2005
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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.    
http://blue.atmos.colostate.edu/publications/pdf/R-258.pdf
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Globally-Average Absolute Value of Sensible 
Heat Plus Latent Heat

Only Where 
Land Use 
Occurred

July
January

1.08 Watts m-2

0.7 Watts m-2

Teleconnections
Included

July
January

8.90 Watts m-2

9.47 Watts m-2

Global redistribution of heat is on the same order as an El Niño.
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From Pielke Sr., R.A., 2001: Influence of the spatial distribution of vegetation and soils on 
the prediction of cumulus convective rainfall. Rev. Geophys., 39,151-177. 
http://blue.atmos.colostate.edu/publications/pdf/R-231.pdf
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with a Spatial Redistribution of Water
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Global Water Cycle Metric

Prepared by T.N. Chase, CU, Boulder, CO.

Absolute Value of Globally-Averaged Change is 1.2 mm/day.



Global Water Cycle Metric

Prepared by T.N. Chase, CU, Boulder, CO.

Absolute Value of Globally-Averaged Change is 0.6 mm/day



Importance of Spatially 
Heterogeneous Heating
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From: 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. 

http://blue.atmos.colostate.edu/publications/pdf/R-312.pdf
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Figure 1. Shortwave aerosol direct radiative forcing (ADRF) for top-of atmosphere (TOA), 
surface, and atmosphere.  From: 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. http://blue.atmos.colostate.edu/publications/pdf/R-312.pdf

http://blue.atmos.colostate.edu/publications/pdf/R-312.pdf


Figure 2. Vertical profile of atmospheric heating rate (K day-1) due to shortwave ADRF. Vertical 
coordinate is pressure level (mb). From: 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. http://blue.atmos.colostate.edu/publications/pdf/R-312.pdf

http://blue.atmos.colostate.edu/publications/pdf/R-312.pdf


Figure 4. Comparison of Mean TOA radiative forcing between infrared GRF, shortwave ADRF, 
and shortwave AIRF. From: 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. http://blue.atmos.colostate.edu/publications/pdf/R-312.pdf
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Figure 5. Comparison of the meridional and the zonal component of NGoRF between infrared 
GRF, shortwave ADRF, and shortwave AIRF for atmosphere and surface. From: 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. 
http://blue.atmos.colostate.edu/publications/pdf/R-312.pdf
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The Same Analysis Needs To Be 
Applied For Land Surface 

Forcings

What is the fraction of the present
Earth’s heterogeneous diabatic 
heating from land use/land cover 
change and vegetation/soil dynamics 
that can be attributed to human 
activity on different horizontal 
scales?



Importance of Vegetation/Soil 
Feedbacks



Assessing Effects of Drought and Land 
Use Change on Diurnal Temperature 

Range over the Sahel

Dickinson research group

Georgia Institute of Technology



Observed DTR Trends: Global View

(Data sources: Vose et al., 2005)

• DTR declines most over semi-arid regions such as the 
Sahel



Observed DTR Trends: Global Statistics

• The drier the climate, the stronger the warming in Tmax and 
Tmin, and the larger the DTR reduction - the warming and the 
reduction of DTR are strongest over the driest regions.



Observed DTR Trends: The Sahel
• Tmin has a strong/significant warming trend while Tmax shows a 

small/insignificant trend, and thus the DTR declines. 

Normalized time series anomalies of annual mean Tmax,Tmin, 
DTR, cloud cover and rainfall for the period of 1950-2004.





Observed vs Simulated Temp: 
Spatial Pattern

DTRTminTmax

OBS

A-CTL

B-CTL

Observed and simulated annual mean Tmax,Tmin, and DTR
Control run (CTL): no changes in vegetation and ε =0.96 
Exp A: remove all vegetation and ε =0.89   Exp B: remove all vegetation and ε =0.96

• Stronger warming for Tmin than Tmax over the Sahel



Conclusions

• Our simulations show that the reduction in vegetation and 
soil emissivity warms Tmin much faster than Tmax and thus 
substantially declines the DTR. 

• Drought and land use change induced vegetation removal 
and soil aridation over semiarid regions like the Sahel could 
initiate an important soil-vegetation positive feedback on 
warming land surface air temperature and decreasing the 
DTR. 

Results from: 
Zhou, Dickinson, et al., PNAS, in revision, 2007 
Zhou, Dickinson, et al., JGR, to be submitted, 2007 



Prescription of Land Use















Reconstructed Historical Land Cover 
and Biophysical Parameters for 

Studies of Land-Atmosphere 
Interactions Within the Eastern 

United States

L.T. Steyaert and 
R.G. Knox

Manuscript in ReviewNASA Land-Cover and Land- Use Change 
Science Team Meeting

April 4-6, 2007

http://www.nasa.gov/index.html


Land Use Intensity:  1850  vs
1920

Reconstructed Historical
Land Use Intensity Showing
Fractional Areas: 

Top:  Remaining Old-Growth               
and  Pre-settlement 
Vegetation
(a) 1850 and (b) 1920

Middle:  Disturbed/Semi-natural
Vegetation/Village 
(c) 1850 and (d) 1920

Bottom:  Mixed Agriculture
(e) 1850 and (f) 1920

Source: Steyaert and Knox (in review ) 

http://www.nasa.gov/index.html


Albedo: 1650, 1850, 1920, 1992
Historical Patterns 
of Broadband 
Solar Albedo:

(a)   1650

(b)   1850

(c)   1920

(d)   1992

Source: Steyaert and Knox (in review)

http://www.nasa.gov/index.html


Surface Roughness 
Length:

1650, 1850, 1920, 
1992Historical Patterns 

of Surface 
Roughness 
Length (cm):
(a)   1650

(b)   1850

(c)   1920

(d)   1992

Source: Steyaert and Knox (in review)

http://www.nasa.gov/index.html


Results for the Eastern United 
States

• Land-use intensity maps characterize major historical changes in 
land cover between the 1650, 1850, 1920, and 1992 time-slices.

• Land use fractions were mapped to biophysical land cover classes
and parameters for each time-slice.

• The effects of land cover change are evident in the maps of 
average biophysical parameters.

• These changes potentially affect land-atmosphere interactions, 
altering the water, energy, and carbon cycles.

http://www.nasa.gov/index.html


Where Do We Go From Here

• The quantification of all of the first order 
climate forcings and feedbacks that affect the 
land surface part of the climate system

• The need to further assess the role of land 
surface processes in altering regional and 
global weather patterns including not just 
TOA radiative forcing but also the gradient of 
radiative forcing and precipitation processes



Where Do We Go From Here

• The improvement in the prescription of 
the landscape and the provision of 
scenarios of land use change in the 
future

• The identification of important land 
surface related vulnerabilities and the 
risks posed to critical resources 



Schematic of the relation of water resource vulnerability to the spectrum of the environmental 
forcings and feedbacks (adapted from [3]). The arrows denote nonlinear interactions between and 

within natural and human forcings. From: Pielke, R.A. Sr., 2004: Discussion Forum: A broader 
perspective on climate change is needed. IGBP Newsletter, 59, 16-19. 

http://blue.atmos.colostate.edu/publications/pdf/NR-139.pdf



Vulnerability – An Overarching 
Theme

• What are the critical threats to important 
societal and environmental resources?

• Many of these resources involve land 
use/land cover and vegetation/soil dynamics

• Can we use “impacts” models to identify risks 
to these resources from climate and other 
environmental variability and change?



Humans are significantly altering the global 
climate, but in a variety of diverse ways 
beyond the radiative effect of carbon dioxide. 
The IPCC assessments have been too 
conservative in recognizing the importance of 
these human climate forcings as they alter 
regional and global climate. These 
assessments have also not communicated 
the inability of the models to accurately 
forecast the spread of possibilities of future 
climate. The forecasts, therefore, do not 
provide any skill in quantifying the impact of 
different mitigation strategies on the actual 
climate response that would occur.
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