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What I wanted to do…

Spatial Smoothing of Rates by Small Regions
Implementation of the BYM model

Map Smoothed Rates



Small Regions

Predi ct ed -1. 02418958 -  -0. 64156873 -0. 61490266 -  -0. 35296235
-0. 33661687 -  0. 00849744 0. 04775726 -  0. 22625037
0. 22668833 -  0. 50576691 0. 51166296 -  0. 58162170
0. 58926720 -  0. 85726784



Map Boundary Files

In a GIS format (MapInfo, ESRI)
So it should be easy to import

SAS has that GIS wizard solution

GIS Spatial Data Importing…



Map Boundary Files



Map Boundary Files
*this is a nice summary file*;
Data whois;

infile kramer dlm=",";
format subRHA_name $60.;
input subRHA subRHA_text $ subRHA_name $ junk1 junk2;
subRHA_text = dequote(subRHA_text);
subRHA_name = dequote(subRHA_name);
RHA = int(subRHA/100);
RHA_text = substr(subRHA_text,1,2);
myregion = _N_; **note: myregion is 1..70 in the data order, 

not RHA order*;
subRHAorder = input(put(subRHA,sRHAord.),5.0); *1..70 in 

same order as subRHA values*;
drop junk:;

run;

*this is the raw text boundary file - ugly*;
Data boundaryraw;

infile gordon missover;
format t1 $255.;
format t2 $255.;
input t1 $ t2 $;

run;

*process the file*;
Data boundary2;

Set boundaryraw;
retain region;
retain myregion 0;
retain mifcount;
true=0;
if t1="Region" then do;

region=input(t2,3.0);
myregion + 1;

end;
lagt1=lag(t1);
if lagt1="Region" then do;

mifcount=input(t1,6.0);
end;
if (-1000 < input(t1,best.) < -1) and (0 < input(t2,best.) < 1000) 

then do;
lat = input(t2,best.);
lon = input(t1,best.);
true=1;

end;
run;

*remove junk lines*;
Data boundary;

Set boundary2;
if true then output;

run;

*QA only - no idea what mifcounts are, but they uniquely identify 
subRHAs*;
proc tabulate data=boundary; 
class myregion region;
var mifcount;
table myregion*region, n mifcount*mean; 
run;

*merge only boundaries*;
Data tempmymap;

Set boundary;
x=lon;
y=lat;
keep x y myregion;

run;

Data tempmymap;
Merge tempmymap whois;
By myregion; *merge by order in raw data*;
drop myregion;

run;

*Create mymap dataset*;
Proc GProject Data=tempmymap

Out=subRHAmap
project=lambert
polelong=50
polelat=50

eastlong
degree
;
id subRHA;

run;

***Create Adjacency Matrix from Boundary Data***;
Data tempadj;

Set tempmymap;
*x y myregion*;

run;

Proc Sort Data=tempadj;
By x y subRHAorder;

run;



Projecting the Map

*Create mymap dataset*;
Proc GProject Data=tempmap Out=subRHAmap

project=lambert
polelong=50 polelat=50
eastlong
degree;
id subRHA;

run;



Mapping

*Map Something*;
Proc GMap Data=subRHArates

map=subRHA_projected;
id subRHA;
choro pred;
run;

quit;



It all works!

Predi ct ed -1. 02418958 -  -0. 64156873 -0. 61490266 -  -0. 35296235
-0. 33661687 -  0. 00849744 0. 04775726 -  0. 22625037
0. 22668833 -  0. 50576691 0. 51166296 -  0. 58162170
0. 58926720 -  0. 85726784



Besag-York-Mollie (1991)
Rates in each region    are related by:i

i i i irates x u v

BYM model in brief

β∝ + +

Covariates

Random effects

Spatially structured 
effects



Modeling Spatial Relationships

Rates in each region    are related by:i

i i i irates x u vβ∝ + +

Spatially structured 
effects

101 102 201

101 1 0

102 1 1

201 0 1



Adjacency Matrix in SAS

101 102 201

101 1 0

102 1 1

201 0 1



Adjacency Matrix in SAS
Stop-gap solution was to use the GIS map data 
and find regions that shared latitude-longitude 
points.

Proc SQL;
Create Table adjacency as
/*cross product of all possible coordinates*/
Select a.subRHA as reg1, b.subRHA as reg2
from tempadj as a, tempadj as b
/*save same coord with different subRHAs*/
where a.x = b.x and a.y=b.y and a.subRHA ne b.subRHA

;
quit;



Modeling time

title "full BYM model";
%glimmix(data=subRHArates,  procopt=covtest,

stmts=%str( class subRHAorder;
model avgcount = / solution  ddfm=sat;
random subRHAorder / ldata=ICAR type=lin(1)  solution;
random subRHAorder / solution;
parms (0.5) (0.3)  (1)/eqcons=3;
),

error=poisson, link=log, maxit=5, converge=0.0001, offset=logexpected

);



Predi ct ed -1. 02418958 -  -0. 64156873 -0. 61490266 -  -0. 35296235
-0. 33661687 -  0. 00849744 0. 04775726 -  0. 22625037
0. 22668833 -  0. 50576691 0. 51166296 -  0. 58162170
0. 58926720 -  0. 85726784

Smoothed Regional Estimates



I have a lot to learn.
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