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Computer Engineer, Department of Physics and Astronomy, Dartmouth College,
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al discussions on the study, and to Dr. Thomas Adler (Thayer School of
Engineering, Dartmouth College) and Dr. McKim for their technical reviews
of this report.

The coantents of this report are not to be used for advertising or
promotional purposes. Citation of brand names does not constitute an

officlal endorsement or approval of the use of such commercial products.
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REGRESSION MODEL FOR PREDICTING BUILDING MATERIAL
DISTRIBUTION IN FOUR NORTHEASTERN CITIES

Carolyn J. Merry and Perry J. LaPotin

INTRODUCTION

The Corps of Engineers conducted a field sampling program for iaven-—
torying building materials in the northeastern United States during 1984
and early 1985. Data were collected from March through April 1984 in New
Haven, Connecticut, from July through August 1984 in Portland, Maine, from
December 1984 through February 1985 in Pittsburgh, Pennsylvania, and from
January through February 1985 in Cincinnati, Ohio (Fige. 1). The field in-
ventory program and the collected data for each of the cities are described
in previous reports (Merry and LaPotin 1985a,b,c and d). The purpose of
this report is to describe the correlation coefficients found between the
variables collected during the field survey and the surface area of the

five building material types. The Statistical Package for the Soclal

NEW HAVEN

PITTSBURGH

Figure 1. Site location map of the four cities.

............
............

v \ et G AR A ST AL s "-
- \ - - D . wt e . PRI T S
RS AR AOARS MER WIS T T I TR SV TR O




Sciences (SPSS) software was used in our statistical analyses (Nie et al.
1975). The correlation coefficients between the variables were used in an
optimal stepwise regression model developed for each material class for
each city.

The building material types inventoried during the field sampling pro-
gram are shown in Table l. The 21 material classes were grouped into five
building material classes based on the recommendation of Interagency Task
Group G members* (Table l; Rosenfield 1984). The five building material
classes included painted (APAINT), mortar (AMORT), galvanized (AGALV),
stone (ASTONE), and other (AOTHER) exposed materials (Table 1). The five

Table 1. The 21 material types grouped into five material classes.

APAINT
Painted wood (excl. stained)
Painted steel
Painted aluminum
Painted masonry
Painted concrete
Painted stucco
Painted other material
Painted other material (cannot identify)

AMORT
Bare brick
Bare block
Bare field stone

AGALV
Bare galvanized steel

ASTONE
Bare marble
Bare limestone
Bare granite

AOTHER
Bare wood (incl. stained)
Bare concrete
Bare glass
Bare vinyl
Bare other material
Bare other material (cannot identify)

*F.W. Lipfert, Dept. of Energy and Environment, Brookhaven National
Laboratory, pers. comm., 1984,
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classes were chosea principally to correspond with available damage/cost
functions,*

A number of classification variables were collected in addition to the
building material types and exposures. The independent variables were
chosen for the regression analysis because they were available for the four
northeastern cities and at other large cities throughout the United
States. The four major types of classifiers were the following: sampling
frame, land use, building type, and census demographic data.

The sampling frames for each of the cities were developed using iafor-
mation from census variables and the U.S. Geological Survey digital land
cover data base (Rosenfield 1984, Wray 1984)., Each s;hpling frame consists
of a number of census tracts that have a commonality on the basis of popu-
lation density, number of single-unit dwellings and land use (Rosenfield
1984). Five to six sampling frames were defined for each city. Land use
categories were obtained from the U.S. Geological Survey land use/land
cover data at a 1:250,000 gcale (Anderson et al., 1976, Mitchell et al.
1977).

Census variables were taken from the 1980 census data. (In the case
of New Haven, Connecticut, only the 1970 census data were available for de-
fiaing the sampling frames.) The census variables included tract popula-
tion, number of residential dwelling units, number of one-unit structures,
area of built residential land, area of built nonresidential land, area of
open land with buildings, and the area of open land without buildings.

Building types were determined during the fileld inventory by Corps
field personnel. Information about the building was recorded on a building
worksheet form designed by a committee of the Corps, EPA and the Bureau of
Standards (Merry 1985 in prep). The building type variable describes the
usage of the building (e.g. education, hospital, one-unit housing, etc.).
The building type variable may not be available at other cities in digital
form like the land cover, census information and sampling frame definition
(using the land use and census variables). However, building type had been
found to be a good variable for use in predicting building surface area
(Merry and LaPotin 1985). Therefore, the variable was included in our

analysis.

*P.W. Lipfert, Dept. of Energy and Eavironment, Brookhaven National
Laboratory, pers. comm,, 1984,
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DESCRIPTION OF THE CLASSIFICATION VARIABLES

In the analysis, the classification variables of sampling frame, land
use and building type were clustered and subdivided into a series of
"dummy” or indicator variables. The clustering of the dummy variables was
based on their associated regression weights (or coefficients)s The vari-
ables with coefficients not significantly different (at the 10Z level) were
clustered together. All other variables remained as separate dummy vari-
ables to be eatered into the final regression model. The data used in our
analysis were from only the sample points that contained buildings (Table
2). The "empty footprints" were not considered in our analysis.

There were five sampling frame indicators used in our correlation
analysis (variables SFl to SF5, Table 3). Sample frame 6 (NRUR) was not
used as an indicator variable, since data were only obtained for the NRUR
sampling frame in Portland. Data were not obtained for NRUR in the other
three cities. Pittsburgh and Cincinanati each contained four frames, and
therefore show empty rows in the correlation matrices discussed below
within sampling frame indicator SF5. (Sample points within the NSUB [SF5]
and NRUR [SF6) were not inventoried in Pittsburgh and Cincinnati because of

Table 2. The number of footprints with buildings (and without) for the
four sampled cities,

Sampling frame*

City UCBD ULIC UMFR USFR NSUB NRUR
Portland, 42 (42) 59 (23) 44 (34) 35 (39) 24 (46) 16 (57)
Maine
New Haven, 90 (17) 53 (65) 66 (45) 35 (78) 41 (86) -
Connecticut
Pittsburgh, 60 (22) 85 (14) 82 (23) 90 (12) -— -
Pennsylvania
Cincinnati, 72 (27) 48 (45) 47 (51) 69 (28) —-— -
Ohio

*UCBD -~ Urban Central Business District

ULIC - Urban Livelihood Industrial Commercial
UMFR - Urban Multi-Family Residential

USFR -~ Urban Single-Family Residential

NSUB - Nonurban Surburbanizing

NRUR ~ Nonurban Rural
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Table 3. Description of the variables used in the correlatioan analysis.
Variable Description of variable
SFl Sampling frame l, UCBD, Urban ceatral business district
i SF2 Sampling frame 2, ULIC, Urban livelihood industrial
' commercial
! SF3 Sampling frame 3, UMFR, Urban multi-family residential
‘ SF4 Sampling frame 4, USFR, Urban single-family residential
, SF5 Sampling frame 5, NSUB, Nonurban suburbanizing
l LUL1 Land use type 11, Residential
. LU12 Land use type 12, Commerial and services
. Lvl13 Land use type 13, Industrial
. LUl4 Land use type l4, Transportation, communications and
: utilities
. LU1617 Land use types 16 and 17, Mixed urban or built-up land and
I other urban or built—up land
. Lu2122 Land use types 21 and 22, Cropland and pasture aad
orchard, groves, vineyards, nurseries, and ornamental
agricultural areas
. Tl Building type: One housing unit, residential
- TMULTI Building type: Multi-unit residential housing (includes 2,
i 3to4, 5to9, 10 to 19, 20 to 49, and 50 or more
housing units)
TOFFICE Building type: Office buildings
TCOMMIND Building type: Commercial and industrial buildings
TRELIGED Building type: Religious and educational buildings
N POP Total population within a census tract
I i) Number of dwelling units within a census tract
. Ul Number of one~unit structures within a census tract
. ALAND Total land area of a census tract
= ABR Area of built residential land
- ABNR Area of built non-residential land
- AOB Area of open land with buildings
l AOQ Area of open land without buildings

monetary and time constraints.) Five sample frames were used ia
§ New Haven. Portland contained six sampling frames; five are displayed in
the correlation tables. (SF6 is contained within the constant term in

a predictive model discussed later.)

: Land use classes were clustered ianto six classes labeled LUll, LU12,
! LUL3, LU14, LUL617, and LU2122, The numbers identify the U.S. Geological
Survey land use class, with four digit numbers indicating combined categor-
ies (for example, LUL617 implies land use classes 16 and 17), The remain-
ing land use classes were either observed with low frequency across the

i sampled cities, or were not significant within the clustering program.
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Table 4. Correlation matrix for the Portland, Maine, data variables.

APAINT AMORT AGALY ASTONE AOTHER
SF1 2113« 2010# . 0544 1024 . 1376
sE2 0717 -. 0026 ~. 0645 . 0324 -. 0718
25 -. G430 G972 ~-. G533 -. 0305 . 0243
sF4 ~ 1685% - 1216 ~. 0465 -. 04446 -. 1049
SF3 - 0420 - 1336 . 1699+ -. 0353 . 0164
Luil - 1703+# - 2722#» ~. 1032 -. 0982 -. 0750
Li2 0845 27704#» ~. 04697 . 1470 . 1418
w13 -. Q571 . 1591 . C493 ~. 0183 ~. 0015
LUi4 . 1878+ -. 0154 . 0916 -. 0248 -. 05351
Lulel? - 0120 -. 0335 ~. 0267 -. 0253 -. 0345
LuU2122 -. 0423 -. 04a8 SSP6#% -. 0097 -. 0071
T1 - 1706+ -. 3394+ -. 0933 -. 0884 -. 1815
THMULTI 0240 -. 0535 ~. 0502 -. 0472 -.0872
TOFFICE . 0480 . 1336 -. 0238 . 2115 . 0287
TCO:MIND . 14460 . 1426 ~. 0221 -. 0431 . 0851
TRELIGED - 0819 . 1269 ~. 0162 ~. 0154 . 0189
PP ~ 1742% - 2119## . 0541 -. 0780 -. 1011
Ty - 1445 -. 0857 . 0299 -. 0252 -. 0107
Ut - 1624% —. 2446x% 1124 ~-. 0753 -. 0784
A_and - 0779 -.1791» L1227 -. 0449 -. 0249
A3R -. 0903 - 1797+ . 2460%4 -. 0479 -. 0494
AZhR - 0687 - 1704# . 0778 —-. 0402 -. 0186
~0B - 0624 ~. 1740» . 1009 ~-. 0406 -. 0174
] -. 0699 -. 1822 111t -. 0436 -. 0210

* - Significance ¢ 0.01
** - Significance < 0.001

between the combined land use class LU2122 (the cropland plus orchard cate-
gory) and the amount of galvanized material exposed. However, this may be
due to the galvanized material used to construct the barns and other sheds
on farm property. One would expect that galvanized material would be posi-
tively correlated with urbanized classes, where {t is often observed, and
would be negative 1in rural cropland categories where it is less frequeatly
sighted. This correlation suggests that efither an anomalous amount of gal-
vanized material was observed ian the rural cropland/orchard category or an
intervening variable (outside of our analysis and not being accounted for)
1s pulling the correlation sign opposite to that anticipated.

As anticipated, one—unit housing structures (Tl) show below—average
exposures across each composite class because of their smaller size. The
exposure 138 shown to be significantly smaller in the paint, mortar and
other materifal classes. In addition, Portland structures tend to have a
larger stone exposure in the office buildings (the 0.001 significance level
between stone exposure [ASTONE] and TOFFICE shows a positive correlation of
0.21).
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Painted and stone materials appear to decline in one-unit structures
(Ul) in a similar maaner as in the one—unit housing type (Tl). Mortar and
N other materials also decline in the Ul variable, but approximately 10% less
than the corresponding Tl variable, Correlations between population and

painted and mortar exposures suggest that more populated tracts tend to

P il >y

have below—average exposure of painted and mortar surfaces. A negative

D
RS A D)

association exists between population with stone and the other classified
materials above the 0,01 significance level. In addition, population
appears positively correlated with galvanized material exposure, suggestiang
the reverse relationship between population and galvanized material
exposure. The exposure of stone and other materials appears essentially
independeat of all the census variables for the Portland SMSA (all
correlations above the 0.0l significance level). The area of built
residential land is positively correlated with galvanized materials, and is
;: as expected, since galvanized material is more commonly observed in the

' urbanized area. The remaining census varilables are essentially

uncorrelated with AGALV,

New Haven

The New Haven results (Table 5) indicate that sampling frame l, the

UCBD, 1s significantly correlated with the exposure of mortar, galvanized
steel, and other classified materials. The positive correlation implies
that sighted exposures for these materials increase significantly, given
the buildiag is located within the UCBD, The negative association between
painted material exposure and the UCBD {indicator SFl implies that painted

surface exposure tends to decline in the New Haven UCBD, rather thaa in-
crease as was noted in the Portland UCBD. In addition, the exposure of
~ galvanized materials, shown to be significant in the rural NSUB class in -
Portland, is significant in the urbanized UCBD class in New Haven. S
New Haven land use indicators suggest that the transportation land use

category (LUl4) accounts for the significantly larger exposure of galvan-—

ized and other classified materials. The mixed urban and built-up land -;f;l
=’ accounts for the increased exposure of mortar, stone, and other material :;

facings., Painted surface exposure is iandependent of land use class. 51.
;: However, the mixed and other urban categories appear to exhibit below- ﬁz

‘s
® Al

average exposurese.

- W
-, L
- ' . "
. L ety
- e e
- et e
‘ 8 AN
. - .
- .*'. -
* a’a
.A
- —3
o
- .. _— . st . PR PO SN . - . PR ’ ."*
~ N P I T S e A TV U P Y N T o 1
T e T e e e b e e e e e LY e e T e e ST e e et Tt
PU. WP PR LRI PR P PO L FRNASTS PG TG ST W QISR TS R TS AT A QU R ST ST S B S T T T G e e At et A ) e deieda




o

Table 5. Correlation matrix for the New Haven, Connecticut, data variables.

o

10
S T Tl )

AFAINT AMORT AGALY ASTONE AOTHER
=F1 - 1185 19054+ 2570%+ . 0937 L 27554%
sF2 ~. 0562 - CO6é - o817 1066 -. 0177
. =F3 1271 - 0177 - 0957 ~. 0920 -. 1294
XYy aFa . 0336 - 1112 ~. 0669 - 0658 -. 1242
- SF5 . 0354 - 1186 - 0721 -. 0699 -. 0735
- Lutt . 0873 -. 1104 - 123t -. 1188 - 1677
= Lui2 . 0602 - 0367 ~. 0429 -. 0422 -. 0821
1 LU13 . 0391 -. 0485 -. 0426 -. 0422 . 0009
Luid 0246 -. 0816 _27674% -, 0001 19024
a LU1617 ~. 1307 2676w _o7at  1953%# . 1806#
- Lu2122 -. 0339 -. 0566 ~. 0400 -. 0393 -. 0424
~ Tt _osas - 2989#%  ~ 1294 - 1261 - 2248%%
- TMULTI . 0501 . 0016 ~ 0658 -. 0627 - 0612
. TOFFICE - 0792 0679 0336 28354 . 2686#%
» TCOMMIND - 0573 0997 _23274%  -. 0905 1150
TRELIGED - 0358 211é%% -~ 0545 1229 . 0650
s PP 0417 - 1489% -~ 1980#% - 0573 - 2551 %%
. i 0830 - 1274 - 1693 - 1562% ~. D613#%
- g1 0194 - 21492%  ~ 1468w - 1378 ~. DoBE*s
= ALAKND 0064 ~. 1543 ~. 0836 -. 0787 -. 1260
- ABR . 0132 - 1421 - 1646 ~. 0994 -. 1505%
= ABNR - 0483 -. 1038 ~ 0551 -. 0348 ~. 0844
AGB 0067 - 1513% ~. 0662 -. 0635 -. 1056
. AO -. 0504 -.1350 ~. 0857 -. 0846 -. 1347

)
.

* - Significance £ 0.01
% - Significance < 0.001

v

A}

IR0

Single-unit residential housing in New Haven (T1) is negatively cor-

el
v ‘e

related with mortar and other materials at the 0.001 level and above.

.

-, These structures tend to be below average in their matzrial exposure in all
| categories, except the painted category in which the correlatioa is close
to zero. This relationship was similar in Portland. New Haven office
buildings are positively assocfated with the exposure of stone and other
material facings. Also, commercial and industrial buildiangs exhibit
above—average galvanized material exposures. Religious and educatioanal
buildings in New Haven (primarily associated with the Yale University
campus) show above average exposures of mortar and stone. The mortar
material class also showed minor correlation in Portland with religious and
educational buildings.

Painted material exposure appears independent of the census variables
" in New Haven, with correlations below 0,08, However, the exposure of

&) mortar, galvanized steel, and other materials is significantly assoclated
with tract population, the number of dwelling units, and the number of one-

unit structures. These relationships were not as appareant in Portland,
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except for the continued significant association between mortar exposure
and the census variables,
Pittsburgh

In Table 6 the Pittsburgh correlations are provided. As with the
findings in the Portland and New Haven samples, the UCBD appears to be the
significant classification variable responsible for above-average material
exposures. The UCBD tract in Pittsburgh is significantly correlated with
each composite material type at the 0.001 level and above. Unlike New
Haven, however, Pittsburgh has painted material that is significantly asso-
ciated with the sampling frames of UCBD. The negative association between
USFR and painted material for Pittsburgh is of the same order of magnitude
as that for the Portland data. Negative assoclations appear between the
less urban sampling frames (UMFR and USFR) at significance levels exceeding
those found in New Haven (UMFR and USFR) and Portland (only UMFR).

The land use variables suggest that the Pittsburgh residential class
accounts for significantly smaller exposures of each composite material

type, whereas buildings classified in commercial services account for sig-

nificantly above—average material exposures.

These patterns agree well

Table 6. Correlation matrix for the Pittsburgh, Pennsylvania, data variables.

AFAINT AMCRT AGALY ASTONE AJTHER
SF1L . 261Qn% 2783%+# . 2100#+# . 3224+ . 37C3#n
SFE2 .. 0773 . Q746% -. 0485 . 0464 - Q742
&F3 . 1423» . 1073 - 0662 . 1436% - 1149
SF4 . 1645» . 2132%% -. 0706 . 1861 2% —-. 1353#
SFS . . . . .
Uit . 2397 %% . 2495%% - 1124 . 2520%% —-. 20434+
LuU12 . 1853%« . 2665%% . 1225 . 3557%» . 3068%n
LU13 . 1765%% . 0865 -. 0088 . 0061 -. 0441
LUL4 . 0139 . 0336 . 0853 . 0493 -. 0293
LU1617 . 0110 . 0439 -. 0180 . 0515 -. 0186
Lu2122 . 0695 . 0915 -. 0291 . 0756 -. 0550
T1 . 2502%+ . 3098%x» -. 1069 . 2638%x» -. 2064 %%
TMULTI . 0664 . 16324 . 0119 . 1250 . 1239
TOFFICE . 3147 x» . 1199 . 0056 . 1565+ -. 0122
TRELIGED 0092 . 0309 . 0847 . 0254 . 0940
POP . 15996# . 2300+#4# - 0899 . 21478% ~. 1832x%»
Du 1121 C23i11as -. 0948 . 2152%% —-. 1870%%
vl . 1839%#+ 2446 - 0977 . 2377 %x -. 1887 #% -
ABR . 0z46 .0118 -. 0097 . 0020 -. 0188 -
A3NR . 1040 . 0895 . 0766 .1616% . 0990 ’
~0B . 1000 . 1273 -. 0401 . 1109 -. 0777 SRR
AD . 1151 . 1955» -. 0511 . 1353 -. 0969 i\jﬂ
..\ ."\

* - Significance < 0.01
% - Significance < 0.001
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with findings in Portland. The New Haven data show a negative rather than
positive assocliation between mean material exposure and buildings categor-
ized in commercial services. Painted material exposure ian Pittsburgh is
sigaificantly lower in residential sections of the city (LUll), and signi-
ficantly higher in commercial (LU12) and industrial (LU13) areas. A simi-
lar pattern was not observed in New Haven, where painted material exposure
was roughly independent of land use category.

As previously indicated, single~unit housing buildings tead to exhibit
below—average material exposures. This association is shown to be signifi-
cant in Pittsburgh for all materials, except galvanized steel, at the 0,00l
level and above. Correlations also indicate that Pittsburgh office build-
ings tend to display painted, mortar and stone facings at above—average
levels. In addition, multi-unit residential structures are shown to be
roughly independent of each composite material class except mortar. The
religious and educational buildings are shown to be iandependent of material
exposure with correlations of 0.1 and below.

The exposure of painted, mortar, stone and other materials in
Pittsburgh is significantly correlated with tract population, the number of
dwelling units, and the number of one-unit structures. For the remaining
census variables, the correlations are close to zero and independent, if
not negatively correlated. The galvanized steel exposure is independent of

all census variables.

Cincinnati

The Cincinnati correlations (Table 7) suggest that the UCBD accounts
for the majority of material exposure in all classes, except bare galvan-
ized steel, which is essentially uncorrelateds The level of correlation is
particularly strong between the other categorized materials (AOTHER) and
the UCBD sampling frame. The AOTHER category 1is also negatively correlated
with the USFR sampling frame. The remaining sampling frames are shown to
be either independent or negatively associated with the composite material
exposures. Therefore, below average exposures of materials in the more
rural Cincinnati sampling frames and above average exposures for structures
in the urban central business district would be expected.

Buildings classified in the residential land use category (LUll) are
shown to be negatively associated with material exposure, as with findings

in the three previous cities. In Pittsburgh and Cincinnati, the level of
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Table 7. Correlation matrix for the Cincinnati, Ohio, data variables.

*' APAINT AMORT ACALY ASTONE ADTHER
TF1 3047w 3008R* 0060 "3013%% . 4030kw
. =2 -. 0658 -. 0534 -. 0511 -. 1024 -. 1427
N SF3 -. 1333 -. 1025 -. 0315 -. 0884 - 1629
SF4 -. 1335 - 1673% . 0463 -. 1367 -. 2208%%
o SFS . . ) . )
o LUiL -, 2959a+ ~. 2701 ##» -. 1055 —. 204F#% —. 3670%%
"y tut2 . 1929 . 0689 . 1109 . 1935% . 1857%
LU13 . 0648 . 1981 % . 0602 -. 0468 . 0508
;n. Lui4 . 1575» . 1644% -. 0340 . 14462 . 3383#+
o LU1617 -. 0486 -. 0205 -. 0093 -. 0203 -. 0409
- Lu2122 -. 0422 -. 0360 -. 0115 -. 0250 -. 0440
- T1 -. 3277 %% —. 3052#+ -. 0929 -. 19465+ —. 3627 %%
}} THMULTI -. 0771 -. 0283 -. 0273 -. 0565 -. 0606
- TOFFICE . 0188 . 2375#% —-. 0093 -. 0203 -. 0131
’ TCOMMINDG - 1057 . 1950% -. 0201 . 1272 . 0404
o TRELIGED -. 0409 -. 0254 -. 0044 -. 0144 -. 0305
. pPOP —. 26F0## —. 2205#% ~-. 0155 —. 2192#% —. 3512%»
ot V] - 27467#% - 2023# -. 0105 ~. 2104# —. 3354%»
" U1 - 2628%# —. 2256+ . 0067 -. 2131# —. 3466
}: A3R —-. 2288+ —-. 2084#» . 0405 -. 1910#% —. 3072%»
-, ABNR . 2756%# . 1041 -. 0065 . 0128 . 1281
‘ AOB -. 0989 -. 0843 . 1005 -. 1000 -. 1273
) &0 -. 1061 -. 1105 . 0823 -. 0806 -. 1248
L * - Significance ¢ 0.0
- % - Significance < 0.001
- correlation is significant at the 0.001 level and above for each composite
%ﬁz material category, except for bare galvanized steel. Bulldings observed in
o the transportation land use class are shown to exhibit above—-average
v paint, mortar, and particularly other classified materials, at significance e
o levels above 0.01 (0,001 for the other materials category). This Y
. correlation 13 reversed, however, in Pittsburgh where similar cate- t:fj
Ef gorization produced below—average exposures in the paint, mortar, stone f"ﬁf
_ and other material categories. In Portland, the transportation land use =
class was roughly independent of all materials other than the painted ,1:;
category. In New Haven, the class was shown to be significantly correlated ;fz'
with galvanized steel and other material categories. ::ff
s As in the three previous cities, single—unit building types (Tl) were iﬁiﬁ
b shown to produce below average exposures in Cincinnati. In contrast, the e
" office, commercial and industrial buildings show above—average exposures ;f}f
' of mortar, Eﬁ“k
e Several census variables are significantly correlated with the materi- Eh?
-fn al types in the Cincinnati sample. All materials, except galvanized steel, st
12
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are shown to be negatively correlated (at a significant level) with tract

population, number of dwelling units, number of one—unit structures, aad

the area of built residential land. As anticipated, given the negative

assoclation with area of built residential land, the painted material is

positively associated with the area of built non-residential land (ABNR is

essentially the complement of ABR). In general, the association between

all the material types and the census variables appears consistent across

all the cities sampled (correlations are negative, usually significant at

the 0.0l level, or simply close to zero and independent, if not negatively

correlated).

REGRESSION ANALYSIS

The correlation coefficlents shown in Tables 4-7 indicate that the

composite material classes from each city are, at best, moderately asso—

ciated with the classification/predictive variables. The degree of asso-—

ciation is low, with paired correlation values below 0.3. Values of this

magnitude ia the simple correlation matrix suggest that simple univariate

regression analysis of the exposure of the composite material types will

yield low multiple correlations and corresponding small values for R2,

Therefore, an optimal stepwise regression approach was used to increase the

level of explanation derived from sampling frame, land use, building type,

and census variables. The independent variables shown along the left side

of the correlation matrices (Tables 4-7) were entered into the regression

model by use of an F-test (based on the partial correlations between

variables in the model and the variables ready to eater into the model).

The significance level for variables to enter into the model was set at the

0.05 level, which is a level customary in stepwise models of this type.

The footprint size (FOOT) was entered into each model as a covariate vari-

able and appears as the last independent variable next to the coastant

terms With this technique, the size of the footprint adjusts the magnitude

of the material exposed within the footprint area used for each sampling

frame (Table 8). This factor was necessary because the exposed walls in

?: footprint variable (EWIF) were used in calculating the surface areas of

the five composite material classes. The number of cases for each city

shown for the regression models does not always equal the number of sample

points with buildings (Table 2) because census variables were missing for

several observations.
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Table 8. Footprint sizes (in ft) of the sampling frame for each
sampled city.

City UCBD ULIC UMFR USFR NSUB NRUR

A ... .* .N -‘)‘J pd

Portland, 139 144 90 87 364 364
Maine

-

*
»

New Haven, 139 144 90 87 364 -
Connecticut

> o

B e

Pittsburgh, 310 264 207 481 1164 2139
Peansylvania

*

)
e e

Cincinnati, 435 223 201 321 790 1608
Ohio

The results of the optimal stepwise regression model runs are shown in

D
AN
W

Tables 9-13. Models for each of the five composite classes are presented

5

AL«

along with corresponding standard error terms, t and F statistics, and
significance levels. Independent variables are presented in the order in
which they entered into the stepwise model. For example, variables with
the highest partial correlation are entered in ranked order, adjusting for
the components currently in the model. As an illustration, the painted
material model for Portland was constructed by first entering the variable
2% SF1, since SFl had the highest correlation (0.21) with the variable APAINT
“iz (see the Portland correlation matrix, Table 4). The next variable entered,
. SF2, had the largest partial correlation of the remaining sampling frame
e variables given the variable SFl1 (current entered into the model). In this
EE step, groups of two are examined tc see if any other pairs explain larger
N portions of the variability in the data. This is continued until no more
variation is explained by the addition of variable pairs,

When examining the R? values and the regression standard error terms,
additional indicators other than sampling frame, land use class, building

type, and census variables are required to adequately explain the majority

of the variability in building material exposure. Most of the models do

3 display an F-statistic significant at the 0.0l level and above. The

models for paint in New Haven and for galvanized steel in Cincinnati,

however, show much less than adequate operating characteristics and have

a-‘.

.

)
"

been listed only for completeness. Each t-statistic is shown to be signi-

14 alfff
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N Table 9. Regression models for painted materials.
$.-'
2
3 PORTLAND: n = 205
N
Paint = 3618.92 SF1 + 1846.44 SF2 + 0.95 FOOT + 1893.31
(1028.30) (915.84) (4.75) (908.04)
t = 3.52 t = 2,02 t = 0,20 t = 2,08
o {0.00} {0.05} {o0.84} {0.04}
- RZ = 0.06 std err of regr = 5614.06 F = 4,41 [0.01]
- NEW HAVEN: n = 276
5 Paint = -1202.02 LUL617 - 0.38 FOOT + 2949.65
- (539.69) (3.16) (599.39)
= t = -2,23 t =112 t = 4,92
{0.03} {0.90} {0.00} )
R% = 0.02 std err of regr = 4382.79 F = 2.48 [0.09] e
PITTSBURGH: n = 291 L
- Paint = 22552.13 TOFFICE + 11705,87 SF1 - 5,20 FOOT + 3651.97 L
A (3889.48) (2415.24) (9.27) (3315.95) o
N t = 5.80 t = 4,85 t =-0,56 t = 1.10 e
% {0.00} {0.00} {0.58} {0.27} Sl
: R? = 0,17 std err of regr =~ 16589.70 F = 19.24 (0.00] -
- CINCINNATI: n = 179 B
£ Paint = 3546.83 SF1 + 517.56 ABNR - 1,98 FOOT + 1732.67 T
- (1855.84) (221.71) (9.32) (2586.26) .
. t = 1091 t = 2.33 t = -0.21 t = 0.67 .
: {0.05} {0.02} {0.83} {0.50} S
= R? = 0.14 std err of regr = 5340.90 F = 9,70 [0.01] Lo
‘ e
" = gtandard error of regression coefficient
. = gignificance of the t ordinate
> [] = significance of the F ordinate
-
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:; Table 10. Regression models for mortar materials.

<,

A ’ .

o PORTLAND: n = 205 5

4 Mortar = -5585.83 Tl- 4007.93 TMULTI- 3076.42 LUl4~ 6.21 FOOT + 7034.17 N
(867.39) (1078.96) (1222,11) (4.53) (919.67) RS

t = 6,44 t = =3,72 t =~2.52 t=-1.37 t =7.65 9

{0.00} {0.00} {0.01} {0.17} {0.00} e

R%Z = 0.19 std err of regr = 5330,33 F = 11.53 [0.01]

SRR 7

NEW HAVEN: n = 276

Mortar = -1888,76 Tl + 2129,94 TRELIGED + 1357.61 LU1617 + 0.54 FOOT + 2016.03

(663,70) (908.20) (608, 48) (3.24)  (635.74)
t = -2,84 t = 2,35 t =2,23 t =017 t = 3,17
{o0.01} {0.02} {0.03} {0.87} {0.00}

R? = 0,12 std err of regr = 4340,06 F = 9,51 [0,01]

PITTSBURGH: n = 291

Mortar = ~5625,54 Tl + 5487,10 SF1 - 1.29 FOOT + 7612.31

(2079.28) (2059.3) (8.6)  (2481.83)
t =-2,71 t = 2,67 t =-0,15 t = 3,07
{o0.01} {o.01} {0.88} {0.00}

R = 0.11 std err of regr = 12285.41 F = 12,08 [0.01]

CINCINNATI: n = 179

Mortar = 44237.49 TOFFICE + 5508.86 SF1 + 9720,07 TCOMMIND -2.68 FOOT + 2473,23 T
(7435.4) (2441,01) (3076.31) (12.76)  (3470,12) o
t = 5.95 t = 2,26 t = 3,16 t = -0,21 t = 0,71 -FfJ

{0.00} {0.03} {o.00} {0.83} {0.48}

2 = 0.26 std err of regr = 7379.62 F = 15.43 [0.,01]

~
L}

() = standard error of regression coefficient e

{} = signiftcance of the t ordinate ANASE

[] = significance of the F ordinate Oy

Y

\.‘\ -,
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Table 1l. Regression models for galvanized materials.

n".-. ,"

b

PORTLAND: n = 205

Galvanized = 6434.50 LU2122 + 277,77 ABR - 0,14 POP + 0,15 FOOT + 160.45

e A A

(730.63) (80.32) (0.05) (1.04) (149.60)
t = 8.81 t = 3.46 t = -2,87 t =0.,14 ¢t =1,07
{0.00} {0.00} {0.00} {0.89} {0.28}

R? = 0.35 std err of regr = 982,79 F = 27,50 [0.01]

N [

: NEW HAVEN: n = 276 R
- Galvanized = 4369.88 LUl4 + 1451.70 TCOMMIND + 1267.78 SF1 + 0.74 FOOT - 357.27 e
- (1209.32) (617.45) (612.61) (3.04)  (576.02) e
i t = 3.6l t = 2,35 t = 2,07 t = 0,24 t = ~0.62 e

- {0.00} {0.02} {0.04} {0.81} {0.54} R

3 \.> '-n.'\'.

. LSS

S R? = 0.13 std err of regr = 4207.15 F = 9,83 [0.01] <L

ﬁ ek

I PITTSBURGH: n = 291 .
Galvanized = 5854.13 SF1 - 0,62 FOOT + 333,58 S

(1635.72) (6.22)  (2191.74) S

t = 3,58 t = -0.10 t = 0,15 :~..‘ ...:

{0.00} {0.92} {0.88} NSRS

R? = 0.04 std err of regr = 11249.67 F = 6,48 [0.01]

CINCINNATI: a = 179
Galvaaized =

No variables entered in the model; no variables sigaificant at the 0.05 level

() = standard error of regression coefficient
{} = stgatfticance of the t ordinate
[] = significance of the F ordinate
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i Table 12, Regression models for stone materials.

PORTLAND: n = 205

Stone = 1534.16 TOFFICE - 0.01 FOOT + 90.91

(502.29) (1.48)  (252.47)
t = 3.05 t = -0.01 t =0.36
{0.00} {0.99} {0.72}

RZ = 0.04 std err of regr = 1751.69 F = 4.67 [0.01]

NEW HAVEN: n = 276

:; Stone = 2682.05 TOFFICE + 1090.94 SF2 + 768.03 LU1617 + 0.33 FOOT ~ 310.22

- (580.38) (402.81)  (324.95) (1.85)  (364.34)
t = 4,62 t =2.71 t =236 ¢t =0.18 t = -0.85
N {0.00} {0.01} {0.02} {0.86}  {0.40}

R2 = 0,12 std err of regr = 2568.14 F = 9,32 [0.01]

PITTSBURGH: n = 291

e L
.-“. L A T I

Stone = 946.30 LUl2 + 1125.22 TOFFICE + 702.63 SF1 - 0.23 FOOT + 125.62

X (247.57) (360.57) (273.59)  (0.87)  (322.37)
x: t = 3.82 t = 3.12 t=2.56 t=-027 ¢t =0.39
{0.00} {0.00} {0.01} {0.79} {0.70}

RZ = 0.17 std err of regr = 1533.79 F = 14.82 [0.01]

N A

CINCINNATI: n = 179

LRI R
a4 s v

? Stone = 1650.97 SF1 - 1050.12 LU13 + 1854.4]1 TCOMMIND - 0.73 FOOT + 227.12

il (695.78) (444 .55) (851.68) (3.53) (960.96)

.- t = 2,37 t = -2,36 t =2.18 t =-0,21 t =0.23

;; {0.02} {0.02} {0.03} {0.84} {0.81}

o

- R2 = 0.13 std err of regr = 2035.98 F = 6.77 [0.00]

3

j%ﬁ () = standard error of regression coefficient RN
o {} = gignificance of the t ordinate SRS
- [] = significance of the F ordinate o]
£
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Table 13. Regression models for other building materials.

PORTLAND: n = 205

Other = -2594.41 T1 ~ 2345.51 TMULTI - 1879.04 LUl4 + 2.18 FOOT + 3037.03

(607.34) (755.48) (855.71) (3.17) (643.94)
t = -4,27 t = -3,10 t =-2,20 t =20.69 t=4.72
{0.00} {0.00} {0.02} {0.49} {0.00}

R2 = 0.10 std err of regr = 3732.24 F = 5,28 [0.01]}

NEW HAVEN: n = 276

Other = 1963.25 SF1 + 3150.15 TOFFICE + 2.00 FOOT + 1040.,51

(648.08) (1095.94) (3.26)  (603.41)
t = 3,03 t = 2,87 t =0.61 ¢ =1,72
{0.00} {0.00} {0.54} {0.09)

R2 = 0.10 std err of regr = 4534.90 F = 10.24 [0.01]

PITTSBURGH: n = 291

Other = 29767.56 SF1 + 12646.30 LUl12 - 0.26 FOOT + 91.15

(6992.91) (6310.74) (22.07)  (8009.63)
t =4.26 t =2,00 t = -0.01 t = 0.01
{0.00} {0.05} {0.99} {0.99}

R2 = 0.15 std err of regr = 39203.51 F = 16.37 [0.01)

CINCINNATI: o = 179

Other = 7671.51 SF1 - 2908.40 LU13 - 5.02 FOOT + 2664.83

(2021.28) (1290.74) (10.24)  (2779.70)
t = 3,80 t = -2,25 t = -0.49 t = 0.96
{0.00} {0.03} {0.63} {0.34}

=
N
'}

0.22 std err of regr = 5933,30 F = 16.64 [0.01]

standard error of regression coefficient
significance of the t ordinate
significance of the F ordinate

————~
y——— s
]
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ficant to the 0.05 level and above for the stepwise entered variables in

all the models. The footprint variable (FOOT) is a covariate in the models

and often yields t-values above the 0.05 level.

Painted materials

For the painted material regression models, the indicator for the UCBD
sampling frame (SFl) appears with a significant t-statistic in three of the
four sampled cities. In each instance, the positive weight for the coeffi-
clent suggests that painted material rises significantly as one samples
structures in the UCBD sampling frame. In New Haven, where the sampling
frame did not eater ianto the model, land use category LUL617 (the mixed and
other urban category) explains the largest proportion of the variability in
painted material exposure. However, the negative association between urban
land use and painted exposure (between APAINT and LU1617) appears
counter—intuitive, with respect to the positive association usually
displayed in the other indicators of urbanization, such as SFl. The
negative association holds for all the cities, except Pittsburgh (Tables
4-7). The R% value and the significaace of the F-statistic for the New
Haven regression model suggest that the variables available for the
regression were inadequate to formulate a cohesive model of painted
material exposure.

The models for Pittsburgh and Cincinnati explain 17% and 14%, respec-—
tively, of the variability in painted material exposure. In Pittsburgh the
standard error of the regressioan is large (16,590 ftz); however, the cor-
responding F-statistic {s shown to be significant at the 0,001 level and
above.

A census variable (area of built residential land) is contained within
the Cincinnati model and shows a postive correlation with painted materi-
als, The Portland model also shows that SF2, the ULIC, is positively
correlated with painted materials with a coefficient about one-half the
value associated with SFl. The Cincliannati and Portland models display
similar standard errors and corresponding significance levels for the

F-statistic.

Mortar materials

The exposure of mortar materials Is shown to be significantly asso-
ciated with the presence of single—unit housing (Tl). The Tl indicator

appears in the predictive models for Portland, New Haven and Pittsburgh as

20
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' models for the other three cities ia any significant manner. For New

X used for commercial and industrial purposes are shown to be the two most
k important factors affecting galvanized exposure, In New Haven and

:i above-average galvanized exposure was sighted within the UCBD in both

i citiess The fact that no other variable enters lato the Pittsburgh model
h

the first entered variate that corresponds to the highest correlated
component. In each case, the variable Tl is significant to the 0.0l level
and above (strongly significant in the Portland model to the 0,001 level
and above). The signs appear reasonable in each of the models for mortar
exposure. In Portland, the preseace of single-unit and multi-unit housing,
and the transportation land use (variables Tl, TMULTI, LULl4) were stroagly
assoclated with below—average mortar exposure. Ian New Havea, the mortar
exposure rose substantially within the religious/educational category
(TRELIGED) and the mixed and other urban category (LUL617), only to decline
withian the single—~unit housing variable. Mortar exposure in Pittsburgh is
strongly associated with the UCBD, where it is most often sighted, and is
shown to be significantly lower within the single-uait housing that
surrounds the city. Similarly, Cincinnati displays positive association
for mortar exposure in the UCBD, but also indicates that office and
commercial buildings ia that city exhibit above—average exposures of mortar
materials,

The R? values for the mortar predictive models are, generally speak-—
ing, more substantial than those found for the painted material exposure.
In addition, each model displays an F-value significaat at the 0.01 level

and above,

Galvanized materials

The predictive models for galvanized material exposure indicate that a
wide raange of factors affect the level of exposure for this material. In
Portlaad, the cropland/orchard land use category is shown to be the most
important siangle variable in explaining galvanized metal exposure. Con-

versely, the cropland/orchard land use category does not eater iato the

Haven, buildings located within the transportation land use aad structures

Pittsburgh, the iandicator for buildings withia the UCBD (SFl) entered posi-
tively into the models. This variable loading suggests that sigaificantly

(other than the footpriat covariate) iadicates that the variable SFl is the

only factor, at the 0.005 significance level, associated with the exposure
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of galvanized steel. Also, no variables were found to significantly affect

galvaaized material exposure in Cincianati.

Ceasus variables are showan to be significantly assoclated with the
galvanized steel exposure in Portland, and are shown to be insignificant
for the other three cities (the variables did not step iato the model at
the 0,005 level). The coefficients in the Portland model indicate that
average galvanized steel exposure rises with the area built residential
(ABR) category and declines with rising population (POP)., The respective
units of these coefficients are average square feet of exposed galvanized
steel per square foot of residential land area aand average square feet
exposed galvanized steel per capita.

The regression summary statistics indicate that each developed model
is significant at the 0.01 level and above. The R? values indicate that in
Portland, 35% of the varlability in galvanized exposure is explained within
the model. The cropland/orchard land use category is the siagle factor
producing this higher R? value (the correlation between AGALV and LU2122 is
0.56, see Table 4). As stated previously, this relationship may be spuri-

ous or non-representative of the normal galvaalzed steel exposure.

Stone materials

The exposure of bare stone materials is shown to be strongly associat-
ed with the presence of office buildings (TOFFICE). In three of the four
surveyed cities, this factor enters positcively iatc the predictive models :;f
with a high t-statistic and corresponding low significance values (0,001
and above in Portland, New Haven and Pittsburgh). In Portland and New
Haven, the office building iandicator is shown to be the siagle most import-
ant predictive variable (it is the only non-covariate variable to eater
iato the Portland model)s In New Haven, mixed and other urbaa structures
(LU1617) and buildings contained within the UMFR (SF2) are positively
assoclated with above-average stone exposures. For Pittsburgh, this posi-~
tive relationship is primarily due to buildings in the commercial services
land use class (LUL2) and the UCBD (SFl). Cincinnati structures fouad
within the UCBD associate with above-average stone exposure; however,
buildings categorized by the industrial land use class show declinlng stone
exposure (the negative coefficient with LUL3, Table 7). As with the SFl
variabl>», the variable for commerclal and industrial buildings in

Clacinnati 1s also positively associated with stone exposure,
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The R? values for each of the stone models explain between 4 aad 17%

vl

A

of the variability. Each model for predicting stone exposure is shown to
be significant at the 0.0l level and above (0.001 for Cincinnati).

nx

Other materials

e 7,

The distribution of other categorized materials is closely linked to

L4

the indicator for the UCBD in New Haven, Pittsburgh and Cincinnati, 1In

bs [ 2ol
ol

each case, this variable entered first into the corresponding model, yield-~

ing a strongly significant value for the t-statistic (significant at the
f 0.001 level and above). The Portland model suggests that single- and
" multi-unit housing tend to have below~average exposure in the other materi-
al class. In addition, buildings found within the transportation land use
category are negatively associated with the average size of other materials
- exposure. One additional problem with this model is in the operating range
with which it is usable, As an extreme example, buildings located within

the transportation land use category (LUl4 = 1) of the USFR sampling frame

» P
/u'-ll‘l .

(FOOT = 87) that are single-unit structures (Tl = 1) yield an average expo-

sure for the category of other materials that is below zero. Therefore,

N
'al
LRI

the model's capacity to predict other material exposure should only be

P B
.‘l'l.l.

accepted in light of the standard error associated with the model.

The preseace of office buildings in New Haven suggests that an average
of 3150 ft2 of other material exposure should be added onto the estimate.
Buildings located within the UCBD of New Haven tend to have 5113 ft2 more
E: of other material types (3150 + 1963) exposed than corresponding non~UCBD

office buildings. Similarly, structures in Pittsburgh tend to be larger in
the UCBD and prevalently exposed with other material types. The commercial
. services indicator enters into the Pittsburgh model with a fairly strong t
- significance (0.05). Together, buildings found within the UCBD under the
commercial land use category tend to be greater than 42,000 £t2 (29768 +

12646) more exposed with other materials than corresponding non-commercial

l,.,k

UCBD structures. The Cincinnati model suggests that buildings found within

v Tt

IS

the industrial land use category (LUl3) are less exposed in the other

-
[ ]

materials category.
X Summary statistics indicate that each model has a corresponding
F-statistic significant to the 0.0l level. In Cincinnati, the R? value
S suggests that 22% of the other exposed materials is explained in the
regression model; the remaining models for other building materials explain

a somewhat lower percertage.
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Distribution of residuals et
S

In linear statistical models of the type presented, the residuals are AR

2 TR

known to have an expected value of zero with some positive variance o<¢.

These residuals are contained within Appendix A. For each model, a stand-

-
.'- b

v, -
)

ardized histogram is presented to check for symmetry in the residual's dis~

lﬁi

tribution and to identify the frequency of outliers. Superimposed on the

r Y

standardized residual histogram is an expected residual distribution, given

that the residuals come from a normal distribution with a mean of zero, and

variance o2 (estimated from the sampling distribution). For each residual f‘-i.
diagram, the frequency of occurrence (labeled N), the corresponding expon- v
ential value of the occurrence (labeled EXP N), and the standardized value '5"
of the residuals (along the histogram axis) are provided. Also shown for 9%274

each model is a normal probability (or P-P) plot for the standardized
residuals. These plots show the behavior of the predictive models at dif-
ferent operating levels. Along the vertical axis of the P-P plot is the
observed value for the standardized residual from the model. The horizont-

al axis represents the expected residual magnitude from the normal distri~

KN

bution. Residual values below the 45° line suggest that the expected

residuals are greater than those actually observed. Under these condi-

.
o
Y W W P

tions, the model tends to underpredict the actual value of the dependent

1

1}
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’
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variable (Y-Y = residual). Conversely, the model overpredicts values whose

»
ry

residuals are above the 45° line. Using the P-P plots, one may therefore
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examine the adequacy of the model at varying magnitude levels.

The residual distributions for the painted material models indicate
that the residuals are somewhat non-symmetrical. The means appear centered
about the expected value of zero with a frequency far in excess (particu-
larly for Pittsburgh) of that expected by the theoretical normal distribu-
tion. Also, the diagrams indicate that two observations in Portland and
Cincinnati, three in Pittsburgh, and five in New Haven have standardized
residuals above 3.0 (these are labeled within the OUT category). The
normal P-P plot suggests that the painted material models tend to
underpredict the size of exposed paint surfaces with smaller paint
magnitudes, but tends to overpredict these values for larger buildings. In
general, the behavior of these residuals appear quite good consideriang the

less than adequate R? values corresponding to the painted material models.
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The residuals for the mortar material models lie along the 45° line
more closely than for the painted material models. This is not surprising
siace the R? values are about 10% higher. However, more outlier values are
observed above the 3.0 or -3.0 standardized residual values. The P-P plots
show essentially the same relationship as the palnted material models for
underpredictiag exposed mortar surfaces with smaller mortar magaitudes, but
overpredictiang mortar surfaces for larger buildings.

The galvaaized steel models are shown to strongly underpredict low
magnitude exposures and strongly overpredict high magnitude exposures.
Also, small deviatioans from the expected produce wide deviations in the
observed values around the 0.5 expected probability. This implies that the
models are relatively unstable in their predictive capabilities. In
Portland the galvanized steel exposure was stroagly assoclated with the
croplaad/orchard land use category. Two observations for galvaalzed
exposure are below the standardized residual level of -3.0 and one observa-
tion is above the standardized residual level of 3.0 on the residual
diagrame The normal P-P plot suggests that although this model has a
comparatively high R2 value, its usefulness for predicting galvaanized steel
exposure is limited. There is only one indicator variable (SF1) in the
Pittsburgh model (Table 1l1) affecting the residual distribution. The R?
value for the Pittsburgh model was close to zero.

In the stone material regression models, the Portland residuals
strongly overpredict high magnitude exposures and underpredict low magnitude
exposures, similar to what was found in the galvanized material residuals.
There is ouly one indicator variable (TOFFICE) in the Portland model (Table
12) that is affecting the residual distribution. The R? value for the

Portland model was close to zero. On the other hand, the R? value for the

remaining three cities was slightly higher. As a result, the residuals for
New Haven, Pittsburgh and Cincianati are more stable and similar to the .
residual distributions found for the palnted and mortar models. Z}t;f

The residuals for the other materials regression models are again :f:;ﬁ
similar to what was found for the painted and mortar materials residual
distributions. 1In general, the residuals appear encouragiag consideriag
the low R? values observed €or the regression models. The residuals should
be compared with the regression model statistics to fully determine the

predictive behavior of each model.
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SUMMARY AND CONCLUSIONS

Four clties have been surveyed to examine the distribution of exposed
materfals on buildings. In each city, information oa the sampling frame
containing the observation, the correspoanding land use class, the building
type or usage identifier, and the census variables indexed by the census
tract have been collected and organized within a composite data base.
Simple correlational analysis between the primary predictive variables and
the exposed composite material per structure was examined. The results
indicate that a low level of association exists between the indepeadent
variables and the actual building material exposed (usually with absolute
magaitude below 0.3).

An attempt to adequately explain the variability of exposed material
was tried using an optimal stepwise regression for each material type. As
a function of the stepwise methodology, the models displayed the importance
of each independent variable within the overall composite model. Summaries
for these models suggest that the census variables (population, number of
dwelling units, number of one—unit structures, total land area, area built
residential, area built non-residential, area open with buildings, and area
open) contribute little to the prediction of material exposure. In 17 of
the 19 presented models, census variables did not enter {ato the regression
equatioa at the 0,05 level. In the two developed models contalning census
variables, one for the prediction of exposed paint ia Cincinnati and the
other for the prediction of galvaaized metal in Portland, the respective
census variables (area built non-residential, area built resideatial and
tract population) were found to be significaant at the 0.02 level and above,

Of the sampling frame variables examined, the indicator for the UCBD
(variable SFl) was shown to most often affect the degree of material expo-
sure. As anticipated, the loading for this variable is always positive,
reflecting the larger than average building size and, therefore, larger
than average exposure for selected materials. For example, 1in both
Portland and Cincinnati, the contribution of the variable SFl to paianted
exposure is close to 3500 ftz; the contribution in Pittsburgh is approxi-
mately six times larger.

A aumber of land use factors were shown to significantly affect the
mean material exposures For stone and other materials in Pittsburgh, the

commercial services land use class positively affected the degree of expo-
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N sure. Conversely, the industrial land use category in Cincianati negative- 'y
2 ly associates with stone and other exposed materials. Buildings found ?\ﬂb#
N ;
within the transportation land use category were shown to contain below- v 4

average mortar and other materfals exposure in Portland and above-—average

=
3

. galvaaized material exposure in New Haven. ::":'?-:
5 The mixed and other urban land use class significantly affects the ’:xéw

- degree of exposure in New Haven. For painted buildings the assoclatioa is

negative, whereas a positive coatribution exists for the mortar and stoae

499
P Ef?
g PP

. materials. The final land use indicator, the cropland/orchard category,
.~ was strongly associated with increased galvanized steel exposure in
Portland, but was found to be an insignificaat factor in all other ctities.
| The sfagle most important series of variables for predicting material
.% exposure in the four sampled locations are the building type iadicators.
- The office buildiag indicator (TOFFICE) is shown to be strongly significant
g (with positive contribution) at the 0,001 level and above for palated
exposure in Pittsburgh, mortar exposure ian Cincinnati, stone exposure in
. Portland, New Haven and Pittsburgh, and other materials exposure ia New
S Haven. 1In additioan, the indicator for single-unit housiag (Tl) appears to
. be the single most important negative factor ia Portland, New Haven aad
Pittsburgh mortar exposure. as well as the single most importaat aegative
factor in other exposed materials in Portland. For each model where Tl
eaters as an independent variable, it 1is significant to the 0.0l level and
above (0,001 ia Portland).

In summary, the basic set of independent variables that have been

AL

collected for the four cities appear to inadequately explain the variabil-
ity in composite exposed materials at the building level. The analysis
presented suggests that a number of factors appear to be sigaificaantly
associated with the distributioan of material exposure. However, they do
not strongly correlate at levels required to coastruct adequate predictive
- models that would be applicable to other sampliang locatioas. The behavior
>, of these models implies that a series of critical variables (for example,
the UCBD, the office buildings, and single—uait housing indicator) show
promising levels of assoclation with material exposure 1ia multiple
locations. However, the actual degree of correlation and subsequent low

degree of explanatioan limits the practical usefulness for these factors.

In conclusion, we find little iandication for accepting the basic premise

. 27

R R P N R P - . . . L T A
e L R U S e o et e . - . R Pt T e et LTy IR S S e
L T R P RN S L L St S, S L P R AL S I

.

K o ST Ce e e .
- - . . - . ., . - . - « e - . . - . N . - . - R A ] Lt M - - - - L R T T 4

P W IR I S I PRSI DT APCI Wit S . W P I S . TV P P IATU U PV UV TRE TRy S, W WA T DUy iy e | WY VA VR YU




oA CAACA L A A SUASAEMEINL . 40 e e aien s do Aninh A A a6t A il At et A

that ceansus/demographic variables are significant in explaining the nature
of building material exposure. We believe that additional factors should
be examined to adequately explain the exposed material distribution 1in

other locations.
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RESIDUAL DISTRIBUTION HISTOGRAMS AND PLOTS

FOR THE REGRESSION MODELS FOR THE FOUR CITIES.
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