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Infroduction

- 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
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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 fracts, 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
« Confinuous 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

« Anyregion’s density statistic is inherently an areal average
of the densities of more localized areas:

d=P./ A d=2 (Ad)/2A

* 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 =2 (Pid) /2P

where P; is the population of fract i and d; is its density




‘Percelived Densities’ and @
‘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).

« ‘Concenftration’ rafio:
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

« |f 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
ot of other counfterintuifive ‘facts.’

Austin, Texas blogger, Chris Bradford
(“The Austin Conftrarian”): I

Weighted densities straighten out a lot of other
counferintuitive "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.




Table 3.1.

Population Density by Core Based Statistical Area (CBESA) Status and

Population Size Category: 2010

(For Information on confidentiality protection, nonsampling error, and definitions, see

WWW.census.gov/prod/cen2010/doc/sf1.pdfi

CBSA status and Land area e dﬂna::um
- i in squsre -
CBSA population size categony! ) iles weighted
United States. . ..................../ 308,745,538 3,531,905.4 87.4 5,360.0
Ingide core based statistical area ... .. _.._.| 289281315 1,649,928 .4 Q7sa)
In metropolitan statisticalarea. ... .........| 258317763 812,902 1 282.9 6.320.8
B.000,000 or more .. ... ] 75,886,632 60,103.4 3 @
26000000 4,0990999 .. ... ... ......] 42 D66 846 89,8880 470.2 55409
1,000,000 02490999 .. ... .._.......] 48,033,037 128,131.3 381.9 3,480 .4
E00,000 10999009 .. .. ... ...........] 35,655,887 146,113.5 244.0 20855
250,000 10499009 .. .. ... ...........] 28,724,493 160,814.0 158.9 2321.4
Lessthan 250,000 ... ... .. .._.......] 26,840 068 307,973.7 a7.2 1,697.0
In micropolitan stafistical area . ... ... ... ] 30,043 552 736,936.9 420 T0A.0
100,000 OF MOME. . . ..o e en ] 6,003,560 72,7753 B2S 7235
EO000to 99990 ... .. ... .. .. ..., 13,572,401 2594727 52.3 7777
Lessthan 80,000 . ... ... ... ... ...... 11,367,491 404,688 3 28.1 6165
Outside core based statistical area . .. ........ ] 10,484,203 1,881,977.0 10.4 152.1

1 Size categories basad on 2010 Census population data.

¥ Population density expressed as everage number of people per square mile. Population-weighted density is an average density of =l

census frects in each anea.

Mote: CBSAS [metropolitan end micropolitan statistical aress) defined by the Office of Management and Budpet =5 of December 2000
Sowrce: U.S. Census Bureau, 2010 Census.




Table 3.2.

Core Based Statistical Areas (CESAs) With Highest and Lowest Overall
Population Density: 2010

{(For Information on confidentiality protection, nonsampling error, and definitlons, see
b ‘TO p 5 / WWW.CEnsus. gov/prod/cen2 01 O/doc/ 1. pdf

CESA Land area in Population

'Y Population | square miles density”
B O TTO m 5 METROPOLITAN STATISTICAL AREA
Highest Denslty
TO b | e New York-Morthern New Jersey-Long Island, NY-NJ-PA_ ... 18,807,109 6,686.9 2,826.0
Los Angeles-Long Beach-Santa Ana, CA . .. .......oovooonee .. 12,828,837 48485 2,646.0
San Francisco-0akiand-Fremont, CA . . .. ..o ooneeeeeeeennn .. 4,335,301 24705 1,754.8
Tromtor-Ewing, B0 . .o ..o 368,513 2246 1,632.2
HOGI, HI - o oo oo 053,207 600.7 1,586.7
For Overall Lowest Densty
FISGSERH, AZ - - oo oo 134,421 18,618.9 72
. FRIFDANKS, AK - . o 97,581 7.338.2 133
D ensl -I-y CaSPEr WY - 75,450 53404 14.1
Anchorags, AK - ..o 380,821 26,3126 145
Lake Havasu City-Kingman, AZ. . ... ... ... 200,186 13.311.1 15.0

MICROPOLITAN STATISTICAL AREA

e e, 78,506 208.4 aTes
162,878 ER2.T 2047
105,151 3572 204 4
169, 842 &608.3 2732
159,437 E7iag 2778

18,546 10,180.9 148

13,582 65496 21

50,805 213455 2.4

43 045 18,181.9 2.4

13,477 4 B58.4 2.8
= Areas with highest density.

= Areas with lowest density.

! Among CBSAS in the 50 states and the District
of Columbia.

# Populstion density exprassed 25 averaps
numizer of pecple per squane mile.

Mote: CBSAs (metropolitan and micropolitan
sististical areas) defined by the Cifice of
Management and Budgst as of December 2009,

Souwrce: US. Census Bureau, 2010 CGensus.




“Top &/
Bottom 5"
Table

For Population-
Weighted
Density

Table 3.3.

|

Core Based Statistical Areas (CESAs) With Highest and Lowest Population-

Weighted Density: 2010

{For Informatlon on confidentiality protection, nonsampling error, and definltions, see

WWw.Census. govprod/cen2 01 0/doc/sF1.pdpn

Population-
CESA! Land area in waighted
Population | square miles density®
METROPOLITAN STATISTICAL AREA
Highest Density
Mew York-Morthern Mew Jersey-Long Island, NY-MJ-PA . ... ... ... 18,897,109 6,686.9 31,2514
San Francisco-Oakland-Fremaont, CA . ..o oo 4,335 391 24705 12,1449
Loa Angeles-Long Beach-Santa Ana, CA . . ... ... ... .. .. ... ..., 12,828,837 48485 12,1139
Honolulu, HI. - .. i 953 207 6007 11,6482
Chicago-lolist-Napenlle, IL-IN-WI . ..o oL 9,461,105 7,196.8 86134
Lowest Density
efferson City, MO . i 140 807 22477 227
Rocky Mount, MG . . ... e 152,392 1,045.7 257
Brunewick, Gl . . .o 112,370 1,286.4 530.0
Momistown, TH . .. i 135 608 7159 554 .2
Anniston-Codord, AL .. . ... L. 118572 &05.9 5668
MICROPOLITAM STATISTICAL AREA
Highast Density
B4 75T 038 2.950.8
3,090 983.3 26149
35299 42738 24903
50,778 23327 24705
94 528 458.4 24236
20,878 29791 19.8
21,118 20813 485
27,094 e08.4 4T
27,038 30747 58.T
27 469 9588.8 70.2
= Areas with highest density.
= Areas with lowest denaity.
" among CBSA= in the B0 states and the District
of Columbia

? Piopuletion-

-weighted density is an everage
denzity of all c2nsus tracts in each area
Moie: CBSAs (metropolian and micropolitan
sefistical areas) defined by the Crifice of Management
and Budget as of Decembsar 2009,

Source: 5. Census Buresu, 2010 Census.




Metros Ranked by Overall People Metros Ranked by Population- People
Population Density per Weighted Population Density per
square square
mile mile




Population-Weighted Density by Metropolitan
Statistical Area: 2010

Population density expressed as average number of people per square mile of land area. Densities calculated on
a population-weighted basis across all census tracts included in the metro areas.
200 Miles (For information on confidentiality protection, nonsampling error, and definitions, see www.census.gov/prod/cen2010/doc/sf1.pdf)

Average number of
people per square mile

®m 5000 or more
® 4,000 to 4,999
® 3,000 to 3,999
® 2,000 to 2,999
o 1,000 to 1,999
O Less than 1,000

U.S. density: 5,369

Ll
: ®
° -
Office of Management and Budget as of December 2009. P

Note: Metropolitan statistical areas defined by the

0 100 Miles ' 0 100 Miles 0 50 Miles
[— [—1 [E—

Source: U.S. Census Bureau, 2010 Census.




Population-Weighted Density Profiles

o

Colin Clark’s (1951) seminal arficle, “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




Population-Weighted Density! in Metropolitan Statistical Areas by Distance From City Hall and Population Size

Category: 2010

(For information on confidentiality protection, nonsampling error, and definitions, see www.census.gov/prod/cen2010/doc/sf1.pdf)

Distance to city hall (miles)?

Population size category? All

distances | Less than 2 2to4 5t09 10to 14 15t0 19 20to 29 30 to 39 40 to 49 50to 59| 60 or more

All U.S. metro areas . | 6,320.8 5,485.6 3:2724 1,860.8 1,245.1 915.4 614.8 334.5 156.9 98.3 411
5,000,000 ormore. ......... 13,328.3 25,358.8 20,329.4 15,426.7 9,735.4 5,898.3 4,161.7 3,119.9 2,019.6 1,684.7 665.0
2,500,000 t0 4,999,999 . ... .| 5,549.9 15,086.5 9,820.7 6,590.4 4,821.5 3,519.1 2,902.6 1,791.0 698.9 559.2 342.6
1,000,000 t0 2,499,999 . ... .. 3,489.4 7,429.2 5,673.7 3,865.9 2,781.5 2,032.2 1,253.1 650.9 354.3 48.4 97.0
500,000t0999,999 ........ 2,985.5 6,687.6 3,904.8 2,347.2 1,819.3 1,313.7 1,036.0 437.5 179.4 453 24.7
250,000t0499,999 ....... . 2,321.4 4,969.9 2,969.7 1,604.3 937.1 821.6 430.8 241.4 107.4 108.8 6.7
Less than 250,000.......... 1,597.0 3,444.9 1,559.9 527.0 314.1 243.9 148.3 61.6 12.6 7.9 12

' Population-weighted density is an average density of all census tracts in each area. Population density is expressed as average number of people per square mile.

2 Size categories based on 2010 Census population data.

? Based on spherical (“straight-line” or “crow-fly”) distances between the city hall or similar main municipal building of each metropolitan statistical area’s first-named principal city and the 2010 population
centroids of the metro area’s census tracts. Average tract-based densities within each distance category are averaged across all metro areas in each population size category.

Note: Core based statistical areas (metropolitan and micropolitan statistical areas) defined by the Office of Management and Budget as of December 2009.
Source: U.S. Census Bureau, 2010 Census.

...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
bo’rh density by

Figure 3.2a.

Population-Weighted Density by Distance From City Hall: 2010
(For Information on confidentiality protection, nonsampling error, and definitlons, sea
WWW.CEnsus. gov/prod/cen 201 0/doc/sf1 . pdfl

a0 People per square mile (in thousands)

&0
70
50 1 Mew York-Morthern New Jersey-Long Island, NY-NJ-PA Metro Area
50
40
307
20 Los Angeles-Long Beach-Santa Ana, CA Metro Area
10
a 1 I 1 1 I I 1 I 1
o 5 1o 15 20 25 30 35 40 a5 50 55 B0+
Distance from city hall Gin miles)
Populstion dansity’
Mistropofitan ststistical Percant Mumeric
A changs: | Al census change:
Todel | 200020410 frecis | 20002010
MNew York-Morthern Mew Jersey-Long Island, MY-M-Pa Metro Ares. _ 18,887,108 ai 31,2614 —45232
Los Angeles-Long Baach-Santa Ana, CA Metro Area. . . J 12828837 ar 12,1139 —328.1
! Population density calculated on & pnnm-mﬂmd hma across all census tracts (using 2010 boundarnes) included in the
meiropolien stafistical area
Population by Distance From City Hall: 2010
1.200 Population {in thousands)
| 000 New York-Morthern Mew Jersey-Long Island, NY-M]-PA Metro Area
B0
8004 Los Angeles-Long Beach-Santa Ana, CA Metro Area
400 —
200
o T T T T T

T T T
o 5 i [+] 15 20 25 30 35 40 45 50 55 B+
Distance from city hall (i milesh

Mote: Population density expressed as the average number of people per sguare mile of land area. Distances are
measured to the city hall or similar municipal building of the metro area’s first-named principal city. Metropolitan

statistical areas defined by the Office of Management and Budget as of December 2009.
Source: U5, Census Bureaw, 20010 Census and Census 2000.




..Land availability Figure 3.2b.
iIs a factor that Population-Weighted Density by Distance From City Hall: 2010

(For Information on confildentiality protectlon, nonsampling error, and definitlons, see
. WWW.CERSUS. gov/prod,cenz201 0/doc/sf1 . pdf)
strongly mediates

People per square mile (in thousands)

. . 20
the relationship 18 -
16
:: 7] Miamni-Fort Lauderdale-Pompana Beach, FL
10
s —
5 -
4 -
2 4 Dallas-Fort Worth-Arlington, TX
u T T T T T T T T T I T 1
o 5 10 15 20 25 30 35 40 45 S0 5% a0+
Distance from city hall {in miles)
Popul B ’ . —
Metropolitan statistical Percent Mumeric
ran e change: All census 2
Tolal|  2000-2010 tracis | 20002010
Dallzs-Fart Worth-Ardington, TX Metro Area . . £.371,773 234 39003 3868
HMPFMLWMWWMFLM%MH . 5,564,635 111 7.395.3 166.7

¥ Population density calculsted on apnpum-aq'la-dhmamaajl C2nsus tracts (using 2010 boundaries) indluded in the
mietropolitan statetical aea.

Population by Distance From City Hall: 2010
fnpula.ﬁnn {In thousands)

Dallas-Fort Worth-Arlington, T

300

2504

200 _|

Miami-Fort Lauderdale-Pompano Beach, FL

T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 &0 L 1
Distance from city hall {in miles)
Mote: Population density expressed as the average number of people per square mile of land area. Distances are
measured to the city hall or similar municipal building of the metro area's first-named principal city. Metropolitan
statistical areas defined by the Office of Management and Budget as of Decernber 2009,
Source: LS. Census Bureau, 2010 Census and Census 2000,




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

Meitro Area Numeric Percent
(Largest Principal City) Change Change

1. Chicago 48,288 362 |
2. New York 37,422 9.3
3. Philadelphia 20,769 9.7
P 4. San Francisco 19,712 5.9
5. Washington, DC 19,502 14.2
6. Portland, OR 14,857 22.3
/. Boston 14,776 8.8
8. Oxnard, CA 14,637 16.3
9. Seattle 14,006 15.3
10. Los Angeles 12,381 /.4
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Big city downtowns are becoming people places — again or, for some, for the first time. New
1gures [PDF] out from the U.S. Census Bureau show that downtown areas saw huge jumps in




Numeric Change in Population by Census Tract: 2000 to 2010

(For information on confidentiality protection, nonsampling error, and definitions, see www.census.gov/prod/cen2010/doc/sf1.pdf)

Numeric change

Increase

1 Dot = 25 people

—— Metro area

—— Largest principal city
County or equivalent

— State

Water
Chicago metro area

change: 362,789
U.S. change: 27,323,632

New York metro area
change: 574,107

Chicago-Joliet-Naperville, IL-IN-WI Metro Area

bl X )

o ,.':_:;; il _{ s A

|;_~.\‘.'.~.a_,.,,-&‘.... e Lo e :

New York-Northern New Jersey-Long Island,
NY-NJ-PA Metro Area

v

T v
. RO

0 10 Miles

10 Miles
L —————

Note: Metropolitan statistical areas defined by the Office of
Management and Budget as of December 2009,
Source: U.S. Census Bureau, 2010 Census and Census 2000



Percent Change in Population by Census Tract: 2000 to 2010

(For information on confidentiality protection, nonsampling error, and definitions, see www.census.gov/prod/cen2010/doc/sf1.pdf)

Percent change
100.0 or more
50.0 to 99.9
40.0 to 49.9
30.0 to 39.9
20.0 t0 29.9
10.0to 19.9
0.0 t0 9.9
-10.0 to -0.0
Less than -10.0

Il
. Not applicable

Metro area

Largest principal city

County or equivalent
— State

Water
Dallas metro area
change: 23.4
U.S. change: 9.7

Phoenix metro area
change: 28.9

Dallas-Fort Worth-Arlington, TX Metro Area

10 Miles

10 Miles

Note: Metropolitan statistical areas defined by the Office of
anagement and Budget as of December 2009
Source: U.S. Census Bureau, 2010 Census and Census 2000.



Regional trends
INn 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) I

- 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

- 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 fract scale, huge difference: West 5,924 vs. 2,491 South

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




Regional tfrends
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:

1960-2000 trend | 2000 to 2010 frend

Northeast Decrease Increase
Midwest Decrease Decrease
South Increase Increase

West Increase Increase (slight)




Coastal Population Growth

20
s 2000 s Percentage Growth Rates,
o L . 2000-2010
= 1 1 =
= 2 .
I . £ United States 9.71
o DT In Coastline County 6.10
; T , Atlantic 7.11
P b b D b P g P RS \\@\Q 50 0 @ 2P PP P o .
TETEEEETES FEE S Gulf of Mexico 13.73
Distance from West Coast (Miles) Distance from East Coast (AMiles) e
Pacific 6.67
Source: . 12006) . f Great Lakes -1.76
Henrie and Plane Decenftralization o . .
the Nation's Main Street: New Coastal- Not in Coastline
Proximity-Based Portrayals of Population County 11.74

Distribution in the United States, 1950-2000.
Professional Geographer 58: 448—-459




Overall and Population-Weighted Density by
Coastline County Status: 1960, 2000 and 2010

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 3.0120 2,131.6 2,096.2 5,654.7  5369.0
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 11,1830 1,287.7 3,541.6  3,266.4
Pacific 40.1 70.4 72.2 1,628.6 11,9520 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 2,5342 2,517.1

o Overall population density: only decreased on Great Lakes, where
there was 2000 to 2010 population loss

o But population-weighted density
« at census tfract 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

- Debates in planning circles on optimal type of
density

- How best to incorporate 3@ dimension intfo density
measurese




Figure 3.2h.

Population-Weighted Density by Distance From City Hall: 2010
{For Information on confidentiality protectlon, nonsampling error, and definitions, see

www.census.govy/prod/renz0 1 0/doc/ 51 pdfi

People per square mile (in thousands)

20
18
16
:: N Miami-Fort Lauderdale-Pompano Beach, FL
10
a —
E —
4 —
2 - Dallas-Fort Worth-Arlington, TX
0 T T T T T T = —i‘j\fu
0 5 10 15 20 25 30 35 45 50 55 B+
Distance from city hall {in miles)
Population lation-weighted density!
Metropoliian statistizal Percent Numeric
= e change: All cansus -
Total 2000-2010 tracls 20002010
Dalles-Fort Worth-Adingion, TX Metro Arsa . - 8371773 234 38083 -3868
Miami-Fort Lauderdzle-Pompanc Beach, FLMa'h'l:-Araa 5 5B4,635 11.1 7.385.3 168.7

! Population density calculsied on a pcpul.anm—we-gl'ned beum across all census tracts (wsing 2010 boundaries) included in the

metropolitan statetical area.

Population by Distance From City Hall: 2010

300 Population {In thousands)

250

200

{l T T

Dallas-Fort Worth-Arlington, TX

& & 10 15 I 1%

40 45 5D

Distance from city hall {in miles)
Note: Population density expressed as the average number of people per sguare mile of land area. Distances are
measured to the city hall or similar municipal building of the metro area's first-named principal city. Metropolitan
statistical areas defined by the Office of Management and Budget as of December 20:09.

Sgurce: U5, Census Bureau, 2010 Census and Census 2000,

55 B0+

Miami-Fort Lauderdale-Pompano Beach, FL




Percent Change in Population by Census Tract: 2000 to 2010

(For information on ¢

protection, ling error, and defi see www.census.gov/prod/cen2010/doc/sf1.pdf)

Percent change
100.0 or more
50.0 to 99.9
40.0 to 49.9
30.0 to 39.9
20.0 t0 29.9
10.0t0 19.9
0.0t0 9.9

-10.0 to -0.0
Less than -10.0
. Not applicable

—— Metro area

—— Largest principal city
""" County or equivalent
— State

Water
Detroit metro area
change: -3.5
U.S. change: 9.7

St. Louis metro area
change: 4.2

Detroit-Warren-Livonia, Ml Metro Area

10 Miles

0 5 Miles
e

ote: Metropoltan stastical areas defined by the Office of
Janagement and Budget as of December 2009,
Source: U.S. Census Bureau, 2010 Census and Census 2000.



