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The goal of our work is to prevent children from getting sick in the first place!

Credit: FatCamera
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Our work strives to identify housing-based
lead risks before these children come to
our attention due to high blood lead levels
or other lead related problems.

Differentiate at the address level the lead
risk posed by a home to its youngest
occupants.

Use publicly available information to
economize on the use of resources.
(cheap, fast, and unintrusive)

Identify and Estimate unrecognized
benefits from existing programs
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Two Translations of Housing Data into Health Data.

Investigation of Secondary Effects of Lead-Safe

Housing Interventions:
Capitalize on our institutional partnerships and research
experience to design an investigation into the effect of
housing-based lead interventions on severe asthma.

External Housing Based Lead Risk Index:
Using public information to identify differences in lead risk
at the parcel level. Generally, this means quantifying
house-by-house variation in lead risk.
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Making the Case for Housing Level Analysis

Example community-based
risk factor data sets include:

Demographic data
Community data

Air pollution data

Point sources

Traffic density

Rail traffic

Poverty

Crime

Neighborhood conditions
Code violations

Housing Conditions

—
s
N..\‘ !
. Clay County
*
i
L4
( Platte County 1O
e, —— Liberty
andotte Y Sl
County ‘a ”5’ ®
NKC ;
KCKs 2
Jackson County
w Independence
71
G KCMO
1 v ml
_
Shawnee RIE
| 3
Prairie
> Village
Lenexa ov:arlrak d :
N -
"
on 71
Johnson County § » ) A
] n Grangview Lee's Summit
" Olathe -
i L~
« B ~ = s

Air

Traffic Density

| Pouunos?“3

h.;:" \
Clay County ’/ |

7,
Jackson County

)71

KCMO

Housing
Conditions

Maps from CEl archive




GIS i1s a powerful tool but there are Issues to Keep in Mind (l)

Asthma Acute Care Visits

Modifiable Areal
Unit Problem

Changing the geography of
analysis can change the
findings

(]
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GIS is a powerful tool but there are Issues to Keep in Mind (ll)

Adult Current Asthma Prevalence (%) by State or Territory, 2021 ]
The Ecological

Fallacy

<8.8%
8.8-<9.6% What is descriptively true
®9.6-<10.3% about a geography may or

may not be true for an
individual within the
®11.1%+ population.

No data

®10.3-<11.1%

. Puerto Rico

D Guam

[ virgin Islands

Image Source: Asthma Surveillance in the United States, CDC
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GIS is a powerful tool but there are Issues to Keep in Mind (lll)

Uncertain
Geographic
Context Problem

Itis nearly impossible to track
individuals as they move within
and between geographic units.
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Image source: Yoo Min Park & Mei-Po Kwan “Revisiting the Uncertain Geographic Context Problem” Annals of the American Association of
Geographers (2025) 115, 5
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Housing Level Analysis of Children Addresses these Problems

And yet most public health analyses is not done at the household level

The Housing level analysis addresses the first two issues

Looking at the pediatric population addresses the third issue.
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Health Impact of Housing Interventions: Severe Asthma Encounters

Metropolitan
ENERGY CENTER

The Impact of a Weatherization
Program on the Health Outcomes for
Children with Asthma

A Preliminary Study Commissioned by
the City of Kansas City, Missouri, and
Metropolitan Energy Center

Neal Wilson PhD, UMKC CEI; Claude Aloumon, UMKC CEI;
Linwood Tauheed PhD, UMKC CEI; Kevin Kennedy, MPH,
Children’s Mercy Kansas City

June 2023

Impact of Energy Efficiency Improvements on the Frequency of
Acute Asthma Exacerbation: A Quasi-Experimental

Investigation

Meal J. Wilson, Ph.D. (njw2bTi@umsyvstem.edu) - Associate Director, University of Missouri-
Kansas City — Center for Economic Information

Kevin Kennedy, MPH, CIEC - Healthy Indoors Training and Consulting, LLC

40% reduction in Acute
Asthma Exacerbation after
Energy Efficiency
Improvements, aka
Weatherization

Ay Addresses Receiving
Energy Efficiency Improvements
2009-2013 (n = 6,029, detail) |
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Health Impact of Housing Interventions: Severe Asthma Encounters

Weatherization Activity Includes:
. . ‘esses Receiving
» Insulation, Window Replacement, gy Efficiency Improvements |
2 )-2013 (n = 6,029, detail) |
Door Replacement, Weather 7=

Stripping, etc

Lead-Safe Housing Activity Includes:
The Impact of a Weatherization WindOW Replacement’ Door
St Replacement, Weather Stripping,

A Preliminary Study Commissioned by

the City of Kansas City, Missouri, and etC
o

Metropolitan Energy Center

Neal Wilson PhD, UMKC CEI; Claude Aloumon, U

@ = Healthy Homes Supplement
Includes: Insulation

June 2023




Estimating Secondary Effects of Lead Safe Housing Interventions

Kansas City Missouri
Health Department
Lead Safe KC (LSKC)

. | Home Interventions.
- 2016 - 2021 L
Kansas City (n = 1,829)

Pediatric Health and the Built Environment (PHBE)
One aim of the Initiative: Quantify Secondary Benefits from
Lead Safe Housing Interventions in Terms of Fewer Acute

Asthma Encounters : ZLJH o
Independence
Capitalizing on our Research Network RS it 5 -
* KCMO Health Department: 27 years of Lead Safe Interventions 55%5 - h.,
o & w: - R
& .{e-'%% -
e Children’s Mercy KC: 25 Years of Asthma Observations - :,' e T
* And Billing Records! S e
. . _ N i
* CEl research Experience: Research Environment and — TN
Experience with address-level analysis e U
x ? 1 ? ﬂ‘lMiIes




All Pediatric Asthma

Encounters (2000 — Structure of this Natural Experiment
2024, n ~ 400,000)
= After Estimating Changes in
Filter Asthma E ters Through
o e e e Rates of Severe Asthma We
will be able to Estimate
Lead Safe KC Unmatched Encounters Savings in Terms of
Program (1997 — ‘ Asthma Encounter
at home without
2023, n~2,000) intervention * Trips to the ER (and other
types of health encounter)
‘Mamhed Encounters‘ * Parental/Guardian Time
- * S Cost to hospital
Asthma encounter || Asthma encounter Comparison > P :
at home with at home with of rates * 5 Cost to the family
interventions Lead-Safe
before intervention after
intervention Intervention center for D
— CEl:z.

Comparison of rates



Estimating Lead Risk from Housing Conditions

Image Source: Google Street View
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Most Lead Risk Indicators are at the Census Geography

il IMies
0 125 25
(2a) New York State, Quartile Risk by County (2b) New York State, Albany County, Quartile Risk by Tract

Identifying Jurisdictions at Risk of Containing Housing Units With Deteriorated Paint: Results and
Targeting Implications for the US Department of Housing and Urban Development
https://journals.lww.com/jphmp/fulltext/2021/11000/identifying_jurisdictions_at_risk_of_containing.3.aspx

Race/Ethnicity, Household Education Level, Household Income Level, )
Census Region, Housing Tenure CE I Center for

Economic
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Exterior Housing Based Lead Risk Index (LRI)

Quantifying our intuition that homes in disrepair are more likely to pose a lead-
exposure risk to residents.

Based on 2 pieces of public information

* Exterior Address-Level Housing Conditions as ldentified by Center for Economic
Information’s Neighborhood Housing Conditions Survey

* Year of Building Construction

Provides consistent, systematic, warranted information that can be used to
 Better understand the scale of need
* Focus attention and resources where need is most pronounced

Trained / Tested on Pediatric Blood Lead Observations

(]
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ERAs of Housing Construction based on Lead Paint is in our LRI

Pre-1952: Assume lead paint was used on exterior and interior of home
1952: US paint industry ends promotion and production of interior lead paint
1953 — 1977: Assume lead paint was used on exterior of home

1978: End of residential lead paint production in the US

1978 — present: Assume lead paint was not used on home surfaces

nb. other important sources of lead risk exist in and around the house. But we do not

attempt to incorporate them in our LRI.
C E I Center for ‘
Economic
Information



-
Introducing the CElI’'s Neighborhood Housing Conditions Survey

NHCS

* In-person “windshield” | . UMKC-CElI
survey Ne]ghborhood Housing Conditions Su.rvey: .

F
.-

T2

* Data recorded via web-based §& | 4l
database e ' |

e Average time: 3-5 min/home
e Cost: ~S8/home

* Designed as a “benchmarking
tool” for Urban Blight Studies &%
ouses rateg ove
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-
Introducing the CElI’'s Neighborhood Housing Conditions Survey

NHCS

* Training Program : . UMKC-CElI
Neighborhood Housing Conditions Survey .

* Two days in class ;

.-

T2

] ’
- o
- z '»

.

* One day in field

e Certification through field
examination

* Absolute mean diff <1
* 3 Month “refresher course” == ouses rated ove
. Pos.t-.sur.vey clean-up and CElz )
verification information




-
Introducing the CElI’'s Neighborhood Housing Conditions Survey

NHCS

* 25 Categories of Observation | ; UMKC-CEI
Neighborhood Housing Conditions Survey .

* 15 Categories of Home, ]
grounds, and Infrastructure & ko o
conditions Fy : |

e 5-level Ordinal Rating System

e <3 indicates code violation

ouses rated ove

 Kennedy (2011) innovates
the use of NHCS for Public B e
Health CElz:

Information




Category 1 2 3 4 s U/R=6 N/A=T
Roof Rating Hole-sagging-rot. F& § No hole-sagging-rot. F&S | Scrioes detenoration Slight deterionation No detenoration Cannot be seen If it is a vacant Jot
Foundation & Walls Hole. bulges, <25% gone Slight leaning, <25% rot No leaning. -25% replace Nocding some paint Well protected If it is a vacant Jot
Windows & Deors Open 1o entry, W&D miss | No catry, few openings Some broken, nooding paint | No broken. neod paint No broken, no painting If it is a vacant Jot
Porches Serious leaning. rot, unsafe | Slight leaning, rot, safe Evidence of lcan, paint noed | No leaning. paint needed No leaning or paint needed If it is a vacant Jot
Exterior Paint +50% nced paint, +2wks 50-10% nced paint 2wk -10% neod paint. no rot No pecling. some fading Paint in great shape If it is a vacant Jot
Private Sidewalks & +1 trip & miss, grvl, weeds | No mip, +eracks, all +507 needs 1o be replaced | Few cracks, some patching | No cracks present If they are not present
| Drive replaced
Lawa & Shrubs 3" high, shrubs cover entries | 1-3" high, shrubs unkempt | 17 high shrubs some shape | -1”" high weods, shrubs ok | -67 high, shrubs great
Vehicles +3 auto,disabled unlicensed | 1-3 suto <1dis or unlicensed | 1 auto, parked in vasd, drive | lauto unBicensed, disabled | No vehicles in yard, dis, unl
Litter Trash & brush, dump truck | Trash & beush, pick up load | Trash & brush |-Strashbags | Trash & boush, | trash bag | No Trash & brush present
Open Storage Would fill 2 car garage Would fill | car garsge Would fill a storage shod Clumcred appaarance No unacceptable items
| Sidewalk +| trip & + ; missing Vel missing ltip | No trip, cracks-1/4 replace | Cracks preseat, no replace | No cracks, in good shape If it is not preseat on propty |
| Curb No curb, but cxists on block | +1/2 curb needs replacing -1/2 curb needs replacing Some wear, ne replace No wear, in good shape If it does not exist on block
Street Lights No street lights on block +8 houses apart, troe issue | +6 houses spest. troe issue | 5 howses apart. some tree 5 houses apart, no tree
Catch Basins Severe condition: Severe condition; Leaf wash blocking drain | Some leaf, trash, still works | No blocking, good cond. No catch basin prescat

dangerous, H0 oo danger

Street Condition +7 potholes, scrious hazards | 6-3 potholes, detenioratod -2 potholes, just patching No pot holes just cracks No cracks, smooth surface

21



Category

3

Roof Rating Hole-sagging-rot. F& S No hole-sagging-rot. F&S Scnioes deterworation Shight detenonation No detenoration

Foundation & Walls Hole, bulges, <25% goae Slight leaning, +<25% rot No leaning. -25% replace Nooding some paiat Well protected

Windows & Deors Open 1o eotry, W&D miss | No catry, few openings Some broken, ncoding paint | No broken. neod paint No broken, no painting

Porches Sericas leaning. rot, unsafe | Slight lcaning, rot, safe Evidence of lean, paint noed | No keaning paint necded No leaning or paint needed

Exterior Paint +50% nced paint. +2wks 50-10% noed paint +2wk -10% nced pamt. no rot No pecling. some fading Paint in great shape

Private Sidewalks & +1 tip & miss, grvl weeds | No tnp, +eracks, all +50° nceds 1o be replaced | Few cracks, some patching | No cracks present

 Drive replaced

Lawa & Shrubs 3" high, shrubs cover entries | 1-3" high, shrubs unkempt | 17 high shrubs some shape | -1" hugh weods, shrubs ok | -6™ high, shrubs great

Vehicles +3 auto,disabled unlicensed | 1-3 auto <1dis or unlicensed | | auto, parked in vasd, drive | lawto unbcensed, disabled | No vehicles in yard, dis, unl

Litter Trash & boush, dump truck | Trash & beush, pick up Joad | Trash & brush |-Strashbags | Trash & brush, | trash bag | No Trash & brush present

Open Storage Would fill 2 car garage Would fill | car garsge Would fill 2 storage shod Clumcred appaarance No unacceptable items

Sidewalk +| trip & + V5 missing ¥e-1/4 missing | uwip No tnp, cracks-1/4 replace | Cracks presest, no replace | No cracks, in good shape

Curb No curb, but exists on block | +1/2 curb needs replacing | -1/2 curb needs replacing | Some wear, ne replace No wear, in good shape

Street Lights No street Eghts on block +8 houscs apart, troe issue | +6 houscs spast. tree issue | 5 howses apart. some tree 5 houscs apart, no tree

Catch Basins Severe coadition: Severe condition; Leaf wash blocking drain | Some leaf, trash, sull works | No blocking, good cond
dangerous, H,0 oo danger

Stroct Condition +7 potholes, scrious hazards | 6-3 potholes, deteriorated | -2 potholes, just patching | No pot heles just cracks No cracks, smooth surface

22



tool

ining

©
(7p)
®
e
©
7
©
>
@)
>
| -
=
7))
(7p)
-
O
=
-
)
O
o0
=
%
5
O
I
e,
o
o
c
| S
)
e
c
=
0
Z

=

O
QP
L
at
0w
2.9 —
[l @©
o og3 =
c aDe c
= sHogo 2
o\ S+ Cc>539 8B
X < TG = © ©'®
~ [} += o = = 0
o w—=_H32cQw?
eO OV OoOO®m®mA 1
LO 0oo9aocTc >0 c c
m?_Rxoueeanoo
. =wOnnunmn>>053zZ2Z
uee
© c 2
hua
OsS o

ld
ol ¢
Em

o

o4
E
= E
J

—

=

ay

8
5% &
at
~ e...mma..m
o 0
O SSER S
=9 ¢ ® O c
mn/_rleaoo
D>
S 0B
£ S5
O=Swm

=
N43RD TER

S

7 [T

=

—

A

.

=]

=

%
o
o

] 0= =

et 1 | ] =

ay H

Center for
Economic
Information

CEl

From 2001 KCMO Neighborhood Housing Survey



Historical Footprint (detail) of Neighborhood Housing Conditions Survey
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City Y
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Initial Analysis of Neighborhood Housing Conditions Survey

‘ = | | AR ‘\I O?:i’xgig IGIadstone J ?Sla(a?nég;égmo Liberty 20 .
| Neighborhood Housing voa'ad
. 6 ( 3 iver B.Pb = + + -H,_+ P1+L
Condition Survey \ \pen - Zﬁ : ;ﬁ Y ;’G e
Years 2000 - 2014 (detail) sohrsthr
) fanddph Oldest homes with Substandard
.LEI...,'!—;F}U. | i, 4 sercee | @Xt. paint +.95ug/dl
?ﬁt.ﬂsﬁ 1 el
it
NHCS o 2 sy 1953-1977 homes with
T o I 0 d = Substandard ext. paint +.59pug/dl
2001 o011 | 000 i, | die |
2002 B 2012 ;
2003 Bl 2013 .
—tad b Oldest Homes with Seuv.
| 2006 [ s bt - Deteriorated ext. paint: +1.34pg/dl
"f* — —Westwood
Lake Quwlra j {Rc;ealf}?d nﬁztl\\(lj{vsgg &, fi —
T awnee ’ Fairway, | \‘ .
"3?%% | Mo |Mission 7 s | 1953-1977 homes with Sev.
'I.ll!i?.h-'g - ‘ [ [Missio . .
| e '| Deteriorated ext. paint: -.04pg/dl
,_.[,;»rz;g G, SN Jie o
" y 1 smmil = 8,077
AR |

A from Wilson (2021)
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Looking at relationships to develop our lead risk index

% Over/Under Ref. Value

>3.54

< 3.51

>3.54

< 3.5

>3.54

<3.54

Foundation and Wall Condition

>3.54

<3.51

>3.54

<:3.54

Roof Condition

Blood Lead Level

>35
<35

>35-

<35-

1952.1977 Pre-1952
Year Built

Center for ‘
N = 6,589 CEl.E::;:s.::‘;m')

From Wilson et al (2023)




Looking at relationships

% Over/Under Ref. Value

< 3.51

>3.54

< 3.5

>3.9

<3.54

Foundation and Wall Condition

% Over/Under Reference Value

>3.5

<35

'
1952-1977

Odds of BLL over 3.5 pug/dL

Exterior Paint

0.31

0.2 1

0.1

0.3 1

0.2 1

0.11

0.0 1

4 3 2
Foundations and Walls

0.3+

0.2~
d
0.1
0.0 4
) 4 3 2 1
Windows and Doors
0.3 9
0.2~
0.1 e
0.0 4
b 4 3 2 1
Roof

=i Pre-1952 Homes

i 1952 - 1977 Homes

N = 6,589
From Wilson et al (2023)




Calculating the Lead Risk Index

Era of Home Construction @ Value  Condition of Housing Category Value

1978 or later 0 Excellent or Good 0
1953-1977 1 Substandard 1
1952 or before 2 Seriously Deteriorated 2
Severely Deteriorated 3

The next step is to calculate the Lead Risk Index. 5
For Home 1 the LRI is calculated as (2*3) + 2*1) + 2*1) + 2*2) + 2*1)=16. [ R], = Z era; x condition;;

For Home 2 the LRI is calculated as (2*2) + (2*%3) + (2*0) + (2*1) + (2*0) = 12. =1
Home (i) Yearof Home Windows Exterior Porch Roof Foundation LRI
- Construction  and Doors Paint i ‘and Walls -
11 2 3 1 1 2 0 16
22 2 2 3 0 1 0 12
33 1 0 3 0 2 1
44 1 0 2 1 0 0 3 Center for
. 5 5 0 o 1 o CEl:.




Training the Lead Risk Index: Logistic Lasso Regression Results

Variable Observations Coe fﬁcil:!;StSEs Hmate Variable Observations Coe fﬁcil:;lstsgs tHimate
(Intercept) —1.909
LRI Contrasts Child-focused Variables
LRI1 368 . Test Before 2005 1983 1.52
LRI2 1399 0.3109 18-36 months 1709 0.4067
LRI3 36 . 37-72 months 2987 .
LRI4 899 0.1289 Public Walks Contrasts
LRI5 21 . Ordinal Rating 2 2162
LRI6 548 0.127 Ordinal Rating 3 1082
LRI 8 488 . Ordinal Rating 4 3k 5
LRIO9 2 . Ordinal Rating 5 51 L.
LRI 10 205 0.0859 Curbs Contrasts LRI; — Z E€rd; * cﬂ”dlhﬂﬂﬁ
LRI12 88 . Ordinal Rating 2 25 j:]
LRI 14 60 0.4393 Ordinal Rating 3 101
LRI 16 48 . Ordinal Rating 4 69y
LRI 18 16 . Ordinal Rating 5 358
LRI 20 8 - Streetlights Contrast
LRI 22 7 1.3288 Ordinal Rating 2 300 :
LRI 24 1 . Ordinal Rating 3 21 . )
LRI 26 1 Ordinal Rating 4 2 C E I Economic
LRI 30 1 Ordinal Rating 5 4 - Information




Visualizing the Lead Risk Index
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From Wilson et al (2024) LRI Value
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Exterior Housing-Based Lead Risk (LRI)
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 _ 1 Vacant Lot
I Built before 1953
[ ] Built 1953 - 1977
[ Built After 1977
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Limitations and Next steps for the LRI and the NHCS

,,,, T g NN
Sl SRS - - . 12022-2023 IL-KC

-
-
—-
L —

NHCS Based on Kansas City building codes and building
types

Neighborhood Housing
Conditions Survey

NHCS Complements does not replace traditional
community outreach activities

- Overview w/ Zip Codes :

|

_——

LRI does not replace home assessments

Humans on the ground are important! L“"f" s T e, B
* Itis public health surveillance f | 6 //';'., _
* A type of community engagement DRERNE SRR T i , £la:
* Find information about the built environment we e L sy 7/\—
didn’t know we were looking for f \\Aéﬁ

Be thoughtful if/when sharing these maps
)
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Working to Develop New Predi

ctive tools Using the NHCS

Houming and Health 28
Contusions, Fracdisnes, poisinings, 4k

| |

Ansociate by Address

-[_step 1 Spatially Associated u-au]

- 5
- ____... I Gr

x'\'-\.\. i __—____ _-F'-. - R‘h"\.
'\'-‘. _ --'-____—__ ._-F'-.
cambins ino o p— "

—# C¥H EHER i

resesroh archiee —_ | i &
o | Healthy Homas F-rn:um{.:.lj Srep 1 Anahysis
r \ {1} review existing research for associatian

____-" " (il] idertify eritical vanables theaugh

. data mining aperations
M EHR Cuigries ", -
Contusions, Fractures, poisorengs, etc .
Ballirgfcasting infarmation .
-,

Hausing
Coanditiors
Quryey

|

Asthma
Broken Bones
Contusions
Poisoning

) _--:":' Assoclate by sddross

h-'..
|, Step 2 Spatiall Assodated Cata |

™~

W
Ste=p 2 Analyses
Camngnical Correlation of Variables
gssanated with CHMH EHRE

in G5

™ ssociate Addres
in G5

n*';
”*’1 ———+{Step 3 Spatially Associated Dats |

E
St=p 1 Analysiz
Cavalep Predictive Tndicas
using Lasso Moded

Exteriar Mouwsing Condition Based
Irjury Risk Tndicias
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CEl
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Summary of Major Points

Collaboration and data sharing make this work possible

Address-level work embodies a powerful range of tools that help us overcome some of the
issues associated with GIS

Our Neighborhood Housing Conditions Survey allows us to see meaningful differences at a
meaningful level

We can use this information to prevent kids from getting sick in the first place, help
economize on the use of resources and estimate benefits for programs that have gone
unrecognized

Address-level analysis has the possibility to expand our understanding of the impact of the
built environment on health outcomes )

Center for
Economic
Information



Thank You!

Please, don’t hesitate to contact us with your thoughts and/or comments.

Neal Wilson
nealwilson@umkc.edu
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