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Exploratory Data Analysis

SAS JMP Spatial Map of Fine Amount SAS JMP Contour Plot of Fine Amount
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Exploratory Data Analysis

Histogram of Fine Amount Histogram of Log Fine Amount
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Coordinate Transformation
Difference in
longitude. 
Distance varies.
~ 69 miles per
degree at equator. 

Except at equator, distance of a degree is 
not the same in EW direction as NS 
direction. 

~ 69 miles / degree latitude

Project onto cylinder and unwrap.
Still imperfect, but distortion minimal 
over a UTM zone. 

UTM Zone 18, band S
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Variogram Histogram

Empirical Variograms
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Empirical Variograms

Variogram with Binned Averages and Confidence Limits

The VARIOGRAM Procedure
Dependent Variable: LogFine

Empirical Semivariogram for LogFine

(meters)
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Directional Variograms

Directional Variograms

Empirical Semivariogram for LogFine
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Directional Variograms

Directional Variograms

Empirical Semivariogram at Angle=135Empirical Semivariogram at Angle=90Empirical Semivariogram at Angle=45Empirical Semivariogram at Angle=0
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Distribution of Pairwise Distance for Log Fine

Kriging
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Models & Parameter Estimates

Kriging
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Kriging Example 1

Kriging
Kriging Example 2 Standard Error Scatterplot
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Regression

Fit Regression Calculate Residuals
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Regression

Fit Regression ResidualsInterpretation
Non-Binary

• X increases by 1-unit it is expected that 
the log (fine) increases 72.5%

• Y increases by 1-unit it is expected that 
the log (fine) decreases 32.9%

• Issue time increases by 1 minute it is 
expected that the log (fine) decreases
.01%

• Week of year increases by 1-week it is 
expected that the log (fine) increases
1.5%

Binary
• If it is a Holiday then log (fine) increases

7.9%

• If it is a Rush Hour then log (fine) 
increases 23.6%

• If it is a N/A Violation then log (fine) 
decreases -914.6%

• If it is a Parking Violation then log (fine) 
decreases 9.4%
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Modeling
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Modeling

Distribution of Pairwise Distances

Distribution of Pairwise Distances Semi-Variogram of the Full Dataset
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Modeling

Semi-Variogram of Quadrant Data
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Modeling

Fit Regression on 80% Train Dataset

AIC Scores REML ML 
gau 1064.7 1053.6 
mat 1070 1058.9 
exp 1067.6 1056.4 
sph 1076 1065.6 

 

AIC on 20% Test Dataset

PROC MIXED covtest data=train method=ml 
scoring=5 convf=1e-1;
model LogFine = RushHr NAVIO PARKVIO HOLIDAY/ 
solution;
repeated / subject=intercept local 
type=sp(gau)(Easting Northing);
run;

*LOWEST AIC  1053.6  residual vars created*;
resid_MLgauEN = LogFine - (4.4229 + 
0.2242*RushHr - 9.0339*NAVio - 0.919*ParkVio

+ 0.2261*HOLIDAY);

ML gaussian w/ Easting Northing ML exponential w/ Easting Northing 

SAS Code: Proc Mix for Regression & Parameters
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Modeling
proc krige2d data=lik outest= 
Proj3.krigresidresid_MLgauEN; 
coord xc=Easting yc=Northing;
grid gdata=validate xc=Easting 
yc=Northing;
pred var=resid_MLgauEN;
model scale =0.06296 Range = 
2.8369 nugget = 0.1552
form=gau;

data
Proj3.krig_validate_MLgauEN;
set
Proj3.krigresidresid_MLgauEN;
set validate;
final = estimate + (4.4229

+0.2242*RushHr
-9.0339*NAVio
-0.919*ParkVio
+0.2261*HOLIDAY);

error = final - LogFine;
error2 = (final - LogFine)**2;
abs = abs(final - LogFine);
run;

title1 "Validation data kriging 
results.";
title2 "Covariance modeled with 
ML_gauEN";
proc means
data=Proj3.krig_validate_MLgauE
N;
var LogFine final error error2 
abs;
run;

Krig Values using the Residuals

SAS Code: Proc Krige2d: 
Target, Coordinates, Parameters

SAS Code: Validation Set used to 
Compare Actual and Predicted 

REML X Y 
Coordinates

UTM 
Shifted

ML X Y 
Coordinates

UTM 
Shifted

gau MSE 0.2511789 0.2462179 gau MSE n/a 0.2461608
gau MAE 0.3716209 0.3623198 gau MAE n/a 0.3618963
mat MSE 0.2541386 0.2487546 mat MSE 0.2511674 0.2487108
mat MAE 0.3910720 0.3646501 mat MAE 0.3695892 0.3646516
exp MSE 0.2529205 0.2479724 exp MSE n/a 0.2478817
exp MAE 0.3863332 0.3620828 exp MAE n/a 0.3620768
sph MSE 0.2518858 0.2501950 sph MSE n/a 0.2503963
sph MAE 0.3807165 0.3655414 sph MAE n/a 0.3664073

Val. Set: Performance Presented
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REML All Data SE Data SW Data NW Data NE Data
gau MSE 0.2462179 0.2467948 0.2513917 0.1809254 0.3409958
gau MAE 0.3623198 0.3213962 0.4139875 0.3329316 0.3795189
exp MSE 0.2479724 0.2453665 0.2516336 0.1848097 0.3182412
exp MAE 0.3620828 0.3199048 0.4152326 0.3503073 0.3890685

ML All Data SE Data SW Data NW Data NE Data
gau MSE 0.2461608 0.2470418 0.2642446 0.1809266 0.3472765
gau MAE 0.3618963 0.3217213 0.4334895 0.3329576 0.3808527
exp MSE 0.2478817 0.2457904 0.2544688 0.1848774 0.3114972
exp MAE 0.3620768 0.3204898 0.4183122 0.3504072 0.3780639

X-Y Plots & Semi-Variogram of Quadrant Data

Gau and Exp Model Errors Comparing Quadrant Data and Initial Data Analysis

NW Kriged Values  gau

NW Kriged Values  exp
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