
Regression analysis of high resolution aerial photography viewing
Chelsea Welker

INTRODUCTION

METHODOLOGY

RESULTS RESULTS

ACKNOWLEDGEMENTS

The Automated Geographic Reference Center’s
(AGRC) Discover server hosts Google’s licensed
high resolution (6 inch pixels) aerial photography
imagery service. The imagery is statewide, but
different areas are viewed more often than others
(Fig. 1). It makes sense then, to only update the
annual license where those views are higher to help
mitigate budget costs. The aim of this study was to
determine possible relationships between imagery
views (base map views) and what is physically on
the ground in those locations. Through statistical
regression methods, the possible relationships were
revealed.

For the regression modeling, the dependent
variable data are the base map views (BMV) of the
high resolution aerial photography. The independent
variable datasets include roads, trails, natural
resources, golf courses, campsites and boat
marina’s, Indian reservations and Utah Department
of Transportation (UDOT) road projects.
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Fig. 3. For each independent dataset, the Euclidian Distance ArcGIS tool was run to calculate, for each cell, the
Euclidean distance to the closest source. (ESRI Help) a) Distance to trails, b) distance to roads, c) distance to
golf courses, d) distance to Indian reservations and e) distance to UDOT road projects.

Fig. 1. Base map views of the high
resolution aerial photography imagery
service at scales at or below 1:2000.
This is the dependent variable for the
regression modeling. Note extreme
range of values.

Figure 2 is an abbreviated description of the methodology:
1. To prepare the data, a Euclidian distance map was created for each independent dataset

(Fig. 3). The resulting square mile polygons (for each dataset) were then spatially joined to
the BMV polygons to ultimately achieve one feature class (one table) to which the
regression methods would be applied.

2. Once the data was prepared, statistical exploratory methods, such as scatter plots and
histograms (Fig. 4), were used to determine the distribution of the data and possible
variable correlations.

3. Ordinary Least Squares (OLS) was utilized to refine the possible list of independent
variables and inspect preliminary regression results (Fig. 6). As part of OLS, the Global
Moran’s I spatial statistic tested for spatial autocorrelation (Fig. 5).

4. Random Forest Regression (RFR, 500 tress and 4 variables per test) was finally applied to
handle the highly right-skewed data distribution, extreme range of values of the dependent
variable and also test the variable importance (Fig. 7).
Final analyses were performed using statistical software R and ESRI’s ArcMap (Fig. 8).

Fig 2. Simplified chart of methodology. See text below for further explanation.

DISCUSSION

Variable Coef R. Pr VIF
DIST_TRAIL 0.0015 0.0011* 2.8789

DIST_NRES -0.0006 0.4212 1.0830

DIST_BIA -0.0013 0.0258* 1.0526
DIST_ROADS -0.0221 0.0000* 1.1088
DIST_CB -0.0011 0.0358* 2.9442
DIST_GLF -0.0010 0.0351* 1.7438
DIST_EPM -0.0060 0.0000* 1.5694
* statistically significant

Regression method R square
OLS .003%

RFR 13.23%

RFR (sq.rt BMV) 44.6%
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Fig. 4. Histogram of the base map views (BMV) with log
scale showing the highly right-skewed distribution of data.

Fig. 6. OLS output from ArcGIS. While the R square was unfortunately near zero, there were some encouraging
items to note. First, the sign coefficients were all negative, with one exception. This reveals that the regression is
correlating the relationship as expected. Second, the robust probabilities are all showing statistical significance,
again with one exception. Finally, the variance inflation factor (VIF) are all below the recommended threshold of
7.5, indicating no multicollinearity. (ESRI Help)

Fig. 5. The Global Moran’s I statistic output from
ArcGIS. As expected the data are spatially
correlated, indicated by the residual clustering.
(ESRI Help).

Fig. 8. Regression method results. Ordinary Least Squares (OLS) results are very low because of data 
distribution and spatial autocorrelation. Random Forest Regression (RFR) does slightly better because RFR 
doesn’t need a normal distribution of data nor do extreme ranges of data values matter. RFR using the square 
root of the base map values (BMV) removes the extremes for further correlation improvement. OLS was 
computed in ArcGIS and RFR was calculated in R.

Fig. 7. Variable importance output from R. Interestingly, distance to golf courses was the most important variable. 
Surprisingly, distance to roads was the least important.

The best model of the independent variables explained the BMV by 44%. While this
percentage may seem low, for the complexities involved in these datasets, 44% is
satisfactory.

Possible reasons for low regression results:

1. Missing key explanatory variables                           3. Data too nonstationary
2. Data too complex to model                                      4. Misspecified model

Where to go from here:

1. Test alternative variables 
2. Investigate the top 1% of the BMV for missing variables 
3. Transform non normal datasets
4. Employ other analytical techniques

While these regression results are interesting, there are too many unknown factors to
recommend relying solely on these results for planning annual budgets. Nonetheless, these
results are a good starting point for further discussion and investigations.
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