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0. Spatial & computational
turns in public health

Computational turn: data analytics

Spatial turn: precision & area-
adaptable

Bridging quantitative & qualitative

divide via GIS

B Hybrid (mixed)
e J) -




1. Spatial Accessibility for 4As

Accessibility as a classic location issue

Spatial vs. aspatial in accessibility

B 5As in access to healthcare: Approachability,
Acceptability, Availability, Affordability,
Appropriateness

2SFCA for spatial access in residents
I2SFCA for crowdedness in facilities
2SVCA for telehealth

Applications of spatial accessibility in 4S




Spatial Accessibility by 2SFCA
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From 2SFCA to i12SFCA

Capture availability
at each supply:

Sum up accessible
supplies around

. 4/ \l
each demand: 50

2(S/2P) “Z

Resident accessiﬁ@

;__

g:>Facility crowdedness

-!. 1 Capture competition

intensity at each
demand: P/2S

Sum up reachable
demands around
each supply:
2(P/2S)




2SFCA/i12SFCA

Demand <

Supply

2SFCA
I2SFCA

Euclidean
Geodesic
External Table

Discrete
Continuous
Hybrid

Use ; as
delimiter

Multiplier
of Score

Yes / No

<

Geoprocessing =1

(© Generalized 25FCA / 125FCA Pro ()
Parameters Environments @

Customer Layer

| MSAbkg1 3
Customer ID Field

| oBJECTID <
Customer Size Field

[ POP100 “|
Facility Layer

| PcPmsa .
Facility 1D Field

| oBJECTID «|
Facility Size Field

| pcp «|
General Model

| 25FCA «|

v Distance Type
Distance Type

I Euclidean v|

Distance Unit
Conversion Factor

¥ Distance Decay
Distance Decay Function Category

I Discrete s ]

Discrete Value
[32180 |

4 ng
Weight Scale Factor

[ 1000 ]
Accessibilty Field Name

I DocpopR }
Export ODmatrix Result

| Yes i J
ODmatrix Result Table

| MSAresult I

¥ Distance Type
Distance Type

l External Table

Distance Unit
Conversion Factor

v Distance Decay

. 1..

Distance Decay Function Category

I Discrete

Discrete Value

[30

v External Table
OD Matrix Table

I MSAtime

Customer ID Field in OD Matrix

| OriginID

Facility ID Field in OD Matrix

DestinationID

Travel Cost in OD Matrix

Minutes

(b)

¥ Distance Type
Distance Type

Euclidean

Distance Unit
Conversion Factor

v Distance Decay

Distance Decay Function Category

Continuous

«|

Continuous Function

[ Power

-]

Distance Decay
Coefficient Beta

(c)

(@)

v Distance Decay

Distance Decay Function Category

' Hybrid

Continuous Function

‘ Power

Distance Decay
Coefficient Beta

Discrete Value

11530

(d)




Virtual accessibility by 2SVCA

. Captures effects of
broadband
availability b vs.

. affordability a
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2SVCA

Geoprocessing
® 2SVCA Pro

Parameters Environments

¥ Demand Data
Customer Layer

MSAbkg1

Customer ID Field

OBJECTID

Customer Size Field

POP100

Customer Band Availability ( 0 or 1)

| MSAbb
Customer Band Affordability ( 0-1)

bandR

¥ Supply Data
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Facility 1D Field

OBJECTID

Facility Size Field
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Facility Band Affordability (0-1)

v Distance Setting
pistance Type
Euclidean

Threshold Value

32180

¥ Output Setting
Weight Scale Factor
1000

Accessibilty Field Name

DocpopR_2SVCA

») Run |v

Demand
Point or Polygon Feature

(if using Euclidean or Geodesic
for Distance Type,

it MUST be in Projected
Coordinate System, and the
centroid of Polygon will be used)

If blank : use 1 for default value

Supply
Point Feature

(if using Euclidean or Geodesic
for Distance Type

MUST be in Projected
Coordinate System)

If blank : use 1 for default value

Euclidean
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Defining HPSAs

Existing Health P&)fessional Shortage Area (HPSA Integrated Designation
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Accessibility matters for "4As”

1) for anything (e.g., healthcare, job, education,
recreation, food),

2) to anyone (e.g., on disparity in access between
socio-demographic groups),

3) by any means (e.qg., via different
transportation modes, challenges by the
handicapped), and

4) at any time (e.g., accounting for temporal
variability of supply, demand, and

transportation between daytime vs. nighttime,
seasonally, normal vs. natural disasters)




Recap

Captures proximity, availability &
complexity of S-D interaction

[heoretical derivation
Empirical validation

Popularity aided by intuitive
interpretation & GIS automation

Starting point of tackling disparity




2. Constructing areas for
cancer data dissemination

Incidence Rates' for South Carolina by County

Brain & ONS, 2015 - 2019
All Races (includes Hispanic), Both Sexes, All Ages

Age-Adjusted
Annual Incidence Rate

(Cases per 100,000)
Quantile Interval

B 30to 55

—[] >55to 62
~[ ] »62 to 6.8
[] 68 to 8.1
B >81t0091

E Suppressed * f*%

LS {SEER + NPCR)
Rate {95% C.I)
64 (64-6.5)

South Carolina
Rate (95% C.I)
62 (59-6.5)




Spatial clustering for homogeneous
regions: From REDCAPc to MLR

(A)

Mixed-level Clusters
- Tract clusters

- Single-parish clusters
- Multi-parish clusters

1
100 Miles
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Geoprocessing v 1 X||Geoprocessing v R X | |Geoprocessing v B X
(©) One level, step 1: cluste... @ | | € One level, step 2: one-l... P (© One level, step 3: Tackl... )
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list of attributes; e.g. 0.5,0.5, use Use the + sign below to add capacity
the + sign below to add weights) values) COUNTO6 l
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above variables, e.g. 20000; 16. Use
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100)

L:J Run ~ (b) Run ~ (® Run v




3. Defining hospital service
areas (HSAs)

HSA is a functional region

Other terms

Hospital Referral Regions (HRRS)
Catchment areas for NCI Cancer Centers
Pediatric surgical areas (PSAs)

Primary care service areas (PCSAs)

B Cancer service areas (CSAs)

Spatializing network community
detection methods (e.g., SclLeiden)

B Maximize flows within HSAs & minimize flows
- between HsAs——— — — — — — — — — — —




Delineating functional regions: HSAs
from Dartmouth to SclLeiden

ZIP code points

ZIP code points

Service volume between

Z1P code points Service volume between

Z1P code points
LI of 136 TISAs by refined
Dartmouth method (No. HSAs)
0.18 - 0.30 (8)

[ 1030 -0.45 (46)

1045 -0.60(31)

0 0.60 - 0.75 (19)

B 075 -1.00(12)

LI of 136 ScLeiden-denved HSAs
(No. HSAs)

T 10.001-0.18 (13)
C10.18-0.40 (33)
I 0.40-0.60 (58)
I 0.60-0.80 (17)
B 0.80-1.00 (14)

¢ 25 50 100

e iles 0 25 50 100
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Cancer Service Areas in the U.S.

Proportional flow volumes between ZIP codes [ ] US states 0 ' 200 400
10 100 =500 == 1,000 NIRRT TN 39 CSAs e Miles




Geoprocessing v & X

|
S C Le I d e n (© Network Community Detection Meth... @)

Parameters Environments (2)

Input Polygon Layer

ZIP_Code_Area - Inppt Polygop
Projected coordinate system
Unique ID Field
ZonelD - . ID Field

Population Field (Optional)

POPU - Population

Input Edge File

OD_All_Flows
Origin ID Field

PatientZipZonelD N

Input Edge File

Destination ID Field
Hosp_ZonelD

\d
Service Flow Field
-

AllFlows

Distance (or Travel Time) Field (Optional)

Total_Time_min

Delineation Method

Scleiden - ScLouvain method

: ScLeiden method
Input Resolution (>0)

29.64 Default value of 1 : global maximal modularity
Impose Spatial Contiguity
Yes - Spatial Constraints
Input Spatial Adjacency Matrix File IF YES for Spatial contiguity, need provide Spatial
EACMS_GISV3\Case04Au\FLplgnAdjUp.npz Adjacency Matrix
Threshold Size (Optional . . . .
1(;3;10 ize Optional Threshold size refers to population size of each derived
community

Output Polygon Layer
Sd_HSAs I Dissolved input polygon layer with Several indices




Recap for 2&3

Explicitly optimize an objective
B Eliminates uncertainty & enables replication

Automated in GIS

Flexible scale enables studies of
MAUP & UGCoP

Homogenous regions are comparable,
with reliable rates, free of spatial
autocorrelation

Functional regions are used for

management & planning



4. Spatial optimization:
location-allocation problems

Model Objective Constraints

p-median problem Minimize total | Locate p facilities; cover all
distance/time demands

Location set covering|Minimize the number | Demand must be within a

problem (LSCP) of facilities specified distance/time

Maximum covering | Maximize coverage |Locate p facilities; cover

location problem demand if within a specified

(MCLP) distance/time

Center model (Minmax)

the
maximum distance

Minimizes

Locate p facilities; cover all
demands




The Maximum Accessibility Equality
Problem (MAEP)

Scenarios:
(Ag)enc;]gljrrl‘lan;;]Zilcng (1) allocating Al
disparities resources A2
Bl
=— B2
(B) n:érélig}lzmg (2) locating
facilities

disparities




Planning NCI Cancer Centers in the U.S.

L)
Legend
= Other AMC
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Planning top-tier hospitals in China

Km
b 250 500 1,000 1,500 2,000
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Current and optimized spatial allocation of top-tier general hospital beds.

Counties Numberof  Weighted SD Weighted
beds of spatial median spatial
; access' access”
Current m 2,853 802,168 1.03 0.15
Optimized  (2) 2,853 802,168 0.49 0.38
Ratio 2y 100.00% 100.00% 47.57% 253.33%

Changes in spatial accessibilty
(beds per thousand people)
W <005 0-0.1 WNz05
B -0.05 - 0 B0 0.1 - 0.5 I No data

&)

Note: 1 and 2 refer to the population-weighted SD of spatial accessibility and the
population-weighted median spatial accessibility, respectively.




EMS planning in Shanghai
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MAEP

Geoprocessing

MAEP

Parameters Environments

Input ODmatrix Table
| ODdistCh
Origin D
OriginlD
Destination ID
DestinationlD
Distance
| Dist
Input Demand Table
: Village
Demand 1D

| OBJECTID

Demand Population

:Popu

Input Fixed Facilities Table

i Hosp41

Fixed Capacity Field

. CHCI

Input New Capacity Amount

Accessibility Mode
Gravity

Beta for Gravity Model

Output Capacity Table
ODdistCh_MEAP

Output Accessibilty Table
| ODdistCh_acC

=
S @ x




Recap

A new paradigm in location-allocation

A rich set of MAEP in various stages
of disparity, various measures,
various applications

Complexity in formulating objective
function, decision variables and
constraints

Computational efficiency in
algorithms




Integrating as easy as 1-2-3

« Measuring accessibility - Linking access to - Planning for minimal
disparities .»N utilization and then 'm disparities

I outcome I




Overall Reflections

GIS made a name with integrating data
& visualizing spatial pattern/process

Spatial simulation & optimization are the
frontiers
Precision public policy & planning
attracts funding
GIS automation brings down the
barriers
Geography is the reality of complexity

ive in. Survive & thrive in it!




Thank You!

Contact:
fwang@lsu.edu
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