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Introduction 
• The conventional measure of population density for, 

e.g., a city or metro area is an areal-based average 

of the more local-scale densities at which people live 
 

• An alternative, “people-based” perspective is to 

calculate average densities on a per capita basis 
 

• Population-weighted average density is often more 

revealing than conventional, overall density 
 

• This work stems from recent  research with the staff of 

the Population Distribution Branch of the   

U.S. Census Bureau  





Overview of the talk 
o Patterns of 2000-2010 population distribution and change 

at two scales 

• Across the landscape of U.S. metropolitan / micropolitan 

statistical areas 

• At the neighborhood scale within individual metro areas 

(using census tracts, the closest Census proxy to urban 

neighborhoods)  
 

o Density “profiles” of U.S. metro areas 

• Population-weighted density for one-mile-wide distance 

bands from the largest principal city’s “city hall” (a 

consistent basing point for metro areas’ historic cores) 

• Results demonstrate the recent revival of downtown 

residential development in the main principal cities of 

many U.S. metro areas.  

 

 



Overview (cont.) 
o Maps of tract-level density and population change 
 

o Population-weighted density analysis at nationwide scale 

• Regional results 

• Density trends for U.S. coastal populations:  

Climate vulnerability—a timely topic! 
 

o  Thoughts for further extensions 

• Continuous density measures 

• 3-D density measures 



Population-Weighted Density 

o  Conventional population density is an attribute of land: 
 

d = P / A 
 

o John Craig (1984) “Averaging Population Density,” Demography 

•  Any region’s density statistic is inherently an areal average 

of the densities of more localized areas: 
                   

di ≡ Pi / Ai         d = ∑ (Ai di) / ∑ Ai 
 

• He proposed using, instead, the geometric mean of the 

population weighted density of subareas 
 

o Our “people-based” or population-weighted measure is the 

arithmetic mean of each and every metro area resident’s tract 

density:   
   

        dAM = ∑ (Pi di) / ∑ Pi 
    

     where Pi  is the population of tract i and di is its density 



‘Perceived Densities’ and a    

‘Concentration’ Ratio 

Gary Barnes (2001), Minnesota travel behavior study: 
 

• Used weighted population and employment densities at traffic 

zone level to derive ‘perceived densities’ of urbanized areas (UAs). 
 

• ‘Concentration’ ratio: 
 

              CR = population-weighted density / overall density 
 

• Measures extent to which actual local densities at which 

people live diverge from average density of all UA land  
 

• If all land developed at same density: CR = 1 
 

• Overall density of Los Angeles UA greater than New York UA 

• But, New York’s concentration index: 6.29 

• Los Angeles: 1.78 

• Greater disparity of density levels in New York, with its high-rise 

apartment core, but low density outlying suburbs. 



“Weighted densities straighten out a 

lot of other counterintuitive ‘facts.’” 

Austin, Texas blogger, Chris Bradford  

(“The Austin Contrarian”): 

  

Weighted densities straighten out a lot of other 

counterintuitive "facts."  Austin and Tampa are not 

really denser than Boston (as the standard density 

figures suggest), and the sprawling suburbs of 

Riverside County are not actually denser than 

Chicago.  Note that Portland's urbanized area  

is less dense than Houston's.   

 





“Top 5 / 

Bottom 5” 

Table 

 

For Overall 

Density 



“Top 5 / 

Bottom 5” 

Table 

 

For Population-

Weighted 

Density 



Metros Ranked by Overall 

Population Density 

People 

per 

square 

mile 

Metros Ranked by Population-

Weighted Population Density 

People 

per 

square 

mile 

        

Highest Density   Highest Density   
        

1.  New York 2,826.0 1.  New York 31,251.4 

2.  Los Angeles 2,646.0 2.  San Francisco 12,144.9 

3.  San Francisco 1,754.8 3.  Los Angeles 12,113.9 

4.  Trenton 1,632.2 4.  Honolulu 11,548.2 

5.  Honolulu 1,586.7 5.  Chicago 8,613.4 

        

Lowest Density   Lowest Density   
        

1.  Flagstaff, AZ 7.2 1.  Jefferson City, MO 522.7 

2.  Fairbanks, AK 13.3 2.  Rocky Mount, NC 525.7 

3.  Casper, WY 14.1 3.  Brunswick, GA 539.0 

4.  Anchorage, AK 14.5 4.  Morristown, TN 554.2 

5.  Lake Havasu-Kingman, AZ 15.0 5.  Anniston-Oxford, AL 566.6 





Population-Weighted Density Profiles 

 Colin Clark’s (1951) seminal article, “Urban Population 

Densities” 
 

 Density Gradient (aka, Density Profile, Density-Distance 

Profiles) have been our primary tool for visualizing 

population distribution within metro area 
 

 Ground zero: heart of the historic, pedestrian-city 

downtown core of the metro’s largest principal city 
 

 Clark fit negative exponential functions to overall densities 

of each mile-wide ring (calculated from tract data) 
 

 Newling’s (1969) modification for ‘central crater effect’ 
 

 Population-weighted density provides an alternative 

measure of the densities at which people live in each ring 

 



…The population-weighted density within two miles of 

City Hall for metro areas of under 250,000 is about the 

same as the density 30–39 miles out in metros of 5 million 

or more 



Report includes 

both density by 

distance and 

population by 

distance 

profiles. 

 

 

 

The on-line 

content 

includes a fun, 

interactive, 

metro 

comparison 

tool 



…Land availability 

is a factor that 

strongly mediates 

the relationship 

between density 

and accessibility.  

 

 

Miami and Dallas-

Ft. Worth have 

approximately 

same total 

population 

 

 

But Miami is 

denser in almost 

every distance 

band from City 

Hall 

 

 

 



Metro Areas with Highest Numeric Change in 
Population within 2 Miles of City Hall: 2000‒2010 

Rank Metro Area   

(Largest Principal City) 

Numeric 

Change 

Percent 

Change 

1. Chicago  48,288 36.2 

2. New York 37,422 9.3 

3. Philadelphia 20,769 9.7 

4. San Francisco 19,712 5.9 

5. Washington, DC 19,502 14.2 

6. Portland, OR 14,857 22.3 

7. Boston 14,776 8.8 

8. Oxnard, CA 14,637 16.3 

9. Seattle 14,006 15.3 

10. Los Angeles 12,381 7.4 









Regional trends  

in population-weighted density 

o Due to population growth, overall density necessarily increased 

• Nation’s overall density grew from 51 (in 1960) to 87 (in 2010) 
 

o But population-weighted density decreased substantially 

• Using counties as subunits, it declined from 
3,012 (in 1960) to 2,132 (in 2000) and to 2,096 (in 2010) 

• At the tract scale for 2000-2010 it went down from 5,654 to 5,369  
 

o Regional differences are quite striking 

o 2010 overall density of the West: 41, versus 132 for the South 

o But population-weighted densities are the opposite! 

o If counties used, West more dense than South:  1,117 versus 903  

o At tract scale, huge difference: West 5,924 vs. 2,491 South 

o West’s population-weighted density also higher than the 
Midwest’s 

 



Regional trends  

in population-weighted density 

o All four Census regions had increased population and thus 

higher overall density in 2010 than in 2000 
 

o At the tract scale, however, all four registered lower 

population-weighted density in 2010 
 

o At the county-scale the trends were highly variable: 

 
Region 1960-2000 trend 2000 to 2010 trend 

Northeast Decrease Increase 

Midwest Decrease Decrease 

South Increase Increase 

West Increase Increase (slight) 



Coastal Population Growth  

 

 

Source:  

Henrie and Plane (2006) Decentralization of 

the Nation’s Main Street: New Coastal-

Proximity-Based Portrayals of Population 

Distribution in the United States, 1950–2000. 

Professional Geographer 58: 448–459 

Percentage Growth Rates, 
2000-2010 

United States 9.71 

   In Coastline County 6.10 

      Atlantic 7.11 

      Gulf of Mexico 13.73 

      Pacific 6.67 

      Great Lakes -1.76 

   Not in Coastline 
County 11.74 



Population-Weighted Density 

Overall Population Density County-Based  Tract-Based 

Geographic Area   1960 2000 2010   1960 2000 2010   2000 2010 

United States 50.5 79.6 87.4 3,012.0 2,131.6 2,096.2 5,654.7 5,369.0 

By Coastline County Status 

   In Coastline County 96.5 161.0 171.7 6,782.1 4,661.5 4,620.3 11,202.6 10,708.9 

      Atlantic 446.0 652.8 699.2 13,588.5 8,828.3 8,690.9 17,296.8 16,608.0 

      Gulf of Mexico 121.0 273.2 310.8 805.6 1,183.0 1,287.7 3,541.6 3,266.4 

      Pacific 40.1 70.4 72.2 1,628.6 1,952.0 2,007.9 9,238.6 9,007.7 

      Great Lakes 277.9 297.6 292.4 3,009.9 2,708.9 2,558.5 6,864.7 6,120.6 

   Not in Coastline County 39.7 62.0 69.3 848.5 708.7 748.1 2,534.2 2,517.1 

Overall and Population-Weighted Density by 

Coastline County Status: 1960, 2000 and 2010 

o Overall population density: only decreased on Great Lakes, where 

there was 2000 to 2010 population loss 
 

o But population-weighted density 

• at census tract scale, decreased on all coasts for 2000 to 2010 

• at county scale decreased on coastlines overall, on Atlantic, and 

Great Lakes, but increased on Gulf of Mexico and Pacific Coasts  

 

 



Thoughts for further extensions 

o Continuous density measures 

• Geocoded micro data increasingly common 

• 2010 Census housing unit addresses geocoded 

• Imagine “2-mile” or “50-mile” point densities 
mapped as continuous surfaces 
 

o Debates in planning circles on optimal type of 
density 

• How best to incorporate 3rd dimension into density 
measures? 






