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For modeling runs downscaled from the global to the regional and urban scales, we defined a modeling domain that 
included the eastern half of the United States.  The health impacts domain was defined as the 31 county New York 
metropolitan region (NYMR), comprised of parts of northern New Jersey, western Connecticut, and southern New 
York State and Long Island.  Within this region, we assessed impacts at a range of grid scales, with the finest scale being 
4x4 km.   
 
General circulation model (GCM) outputs were available on an hourly basis from the 1990s through the 2080s.  
Regional climate and air quality simulations on 36 km grids over the eastern US domain were carried out for the 
summer months of June-August for five consecutive mid-decadal years (i.e., 1993-97) of the 1990s, 2020s, 2050s, and 
2080s.  For finer resolution simulations at 12 and 4 km within the NYMR, episodes of high temperature and ozone 
levels were selected.  For assessing public health impacts, we focused the analysis on the effects related to premature 
mortality.   
 
 
Global Climate Modeling 
Global climate modeling was carried out using the Goddard Institute for Space Studies’ coupled atmospheric-ocean 
global climate model (GISS GCM), version III, with a grid resolution of 4º x 5º latitude and longitude.  In this model, 
computations are made for nine vertical atmospheric layers and thirteen vertical ocean layers with realistic bathymetry.  
Global climate was simulated for the period 1850-2100 with the IPCC A2 and B2 greenhouse gas forcings. These 
include projected changes in CO2, CH4, N2O, sulfates, CFC11, and CFC12.  Full sets of general circulation model 
variables from these simulations for the selected 5-year time-periods were provided to the regional climate model 
groups for use as boundary conditions in their simulations.  In addition, the GCM outputs for daily mean temperature 
at the earth’s surface were used directly in health impact analyses within the New York metropolitan region. 

 
Figure 3 plots surface temperature projections over Central Park 
for three decades of the 21st century under the A2 and B2 
scenarios expressed as changes from model estimates for the 
1990s.  Decadal values represent tri-decadal averages (e.g., 2020s 
= average of the 2010s, 2020s and the 2030s). Results show 
progressive regional warming in both the A2 and B2 scenarios, 
with stronger climate effects present in the A2 scenario with the 
greater greenhouse gas forcing. By the 2080s, the projected 
temperature increases for the region range from 2.0-2.5oC in B2 
scenario and 3.0-3.5oC in the A2 scenario.  

Figure 3.  Projected temperature increases for Central Park, NYC.  
(“Current Trend” is based on 1900- 2000 data.) 
 
 
Regional Climate Modeling 
To assess regional and local impacts of climate change in the New York metropolitan region, we first had to devise a 
way to link the global GISS GCM model with a smaller-scale regional climate model, known as MM5.  We utilize MM5 
simulations driven by the GISS GCM through boundary and initial condition inputs that were performed for the 
summer seasons (June–August) for five consecutive mid-decadal years (e.g., 1993-1997) in the 1990s, 2020s, 2050s, and 
2080s. The MM5 was applied in a nested-grid mode, with an inner grid having a horizontal resolution of 36 km over the 
eastern U.S. and an outer grid having a horizontal resolution of 108 km covering most of the continental U.S.  Figure 4 
shows observed and simulated surface temperatures for the 1990s generated from the GISS GCM and by MM5 running 
at 108 and 36 km scales.  Recent MM5 modeling at 4 km has incorporated altered land surface characteristics associated 
with land use projections for the region.  The 36 and 4 km simulations capture some of the spatial detail that is missed 
at lower resolution, such as over the Appalachian Mountains and the higher temperatures associated with urban areas 
through the “heat island” effect.  Results from these simulations were used to evaluate regional health impacts of 
temperature extremes and were used to perform air quality simulations.  
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We also employed land use projections to alter land surface parameters used as inputs to the regional climate and air 
quality models.  Land surface characteristics derived from satellite (Landsat) imagery–vegetation fraction and albedo–
were used to help define predicted changes in urbanization in the 31-county region.  Using these land surface qualities, 
the land use change estimates projected for the region were divided into three urban vegetation categories–low, medium 
and high density urban.   
 
The model results have utility for both public health exposure and risk analysis.  Project work is being planned to use 
the urban land use model results to develop estimates of future population growth in the suburbanizing parts of the 
region at the US census tract level (spatial areas defined by approximately 5000 residents).  The amount of urban land 
development in each tract will be associated to a relative increase in population.   
 
 
Regional Ozone Modeling 
For air quality simulations, we use the Community Multiscale Air Quality (CMAQ) model.  The GCM/MM5 linked 
model provides the meteorological inputs needed for the air quality simulations.  The outputs from the air quality 
simulations have been used to evaluate the modeling system against observed ozone data, to project future ozone 
concentrations throughout the 36 km eastern US modeling domain under different climate scenarios, and for assessing 
potential public health impacts based within the NYMR. 
 
Climate change can influence the concentration and distribution of air pollutants through a variety of direct and indirect 
processes, including the modification of biogenic emissions, the change of chemical reaction rates, mixed-layer heights 
that affect vertical mixing of pollutants, and modifications of synoptic flow patterns that govern pollutant transport. For 
example, warmer temperatures can result in increased concentrations of photochemical oxidants, while many past 
studies have revealed the impact of meteorological conditions on episodes of high ozone concentrations.  
 
Using this modeling system under the A2 scenario, we estimated hourly surface ozone concentrations over the 36 km 
domain for five mid-decadal summers in the 1990s, 2020s, 2050s and 2080s; results for the 1990s and 2050s are shown 
in Figure 6.  This figure illustrates changes that may occur in summertime average daily maximum ozone concentrations 
due purely to projected climate change (top right panel), due purely to projected emissions changes (bottom left panel) 
and due to the combined effects of changes in both drivers (bottom right panel). 
 
 
 
 
 

Figure 5.  Maps of land use classifications for the 1990s (observed) and 2050s 
(projected by SLEUTH in the A2 scenario).





NYCHP Investigative Team:    
Public Health Impact Assessment and Project Coordination:  Patrick Kinney, Joyce Rosenthal, Kim Knowlton, 
Mailman School of Public Health, Columbia University 
Climate Modeling:  Cynthia Rosenzweig, Richard Goldberg, Barry Lynn, NASA-Goddard Institute for Space Studies 
Land-Use/Land-Cover Change:  Christopher Small, Lamont-Doherty Earth Observatory of Columbia University 
Land-Use/Land-Cover Change and Modeling:  William Solecki, Jennifer Cox, Hunter College-City University of  
New York  
Air Quality Modeling:  Christian Hogrefe, University at Albany-State University of New York; 
Michael Ku, Kevin Civerolo, New York State Department of Environmental Conservation  
Reduced Form Assessment Methods:  Tracey Holloway, Scott Spak, University of Wisconsin-Madison 
RAMS Modeling:  David Werth, Roni Avissar, Duke University 
 
Editors:  Joyce Rosenthal, Patrick Kinney, Kim Knowlton, Jennifer Freeman  
Contributors:  Patrick Kinney, Joyce Rosenthal, Kim Knowlton, Cynthia Rosenzweig, Richard Goldberg, Barry 
Lynn, Christian Hogrefe, Michael Ku, Kevin Civerolo, William Solecki, Jennifer Cox, Charles Oliveri, Christopher Small 
Design:  Zineb Morabet, Mark Inglis 
 
For further information:   
http://www.mailman.hs.columbia.edu/ehs/research.html 
http://www.geography.hunter.cuny.edu/luca/ 
http://metroeast_climate.ciesin.columbia.edu 
Contact:   Joyce Rosenthal, jr438@columbia.edu 
 
Acknowledgements: 
This work was supported by the U.S. Environmental Protection Agency’s National Center for Environmental Research 
(NCER) STAR Program, under grant R-82873301. Although the research described has been funded in part by the U.S. 
Environmental Protection Agency, it has not been subjected to the Agency’s required peer and policy review and 
therefore does not necessarily reflect the views of the Agency and no official endorsement should be inferred.  
Additional support was provided by grant ES09089 from the National Institute of Environmental Health Sciences 
(Center for Environmental Health in Northern Manhattan).  Additional funding and support was provided by NIEHS 
Center Grant #ES09089 and by the Earth Institute at Columbia University.  Thank you to Stuart Gaffin, Zineb 
Morabet and the NYCHP External Advisory Committee for their contributions. 
 
 

   
 

 
 

 
 

Columbia University 
Mailman School of Public Health 

Division of Environmental Health Sciences 
60 Haven Avenue, B-1 
New York, NY  10032 

 
 

 


