Overview of Neural Network-assisted Predictive Modeling
1. Process Summary
The Center of Higher Learning’s Geospatial Applications Laboratory at Stennis Space Center, Mississippi has developed an inductive modeling process that creates a predictive spatial profile for features of interest.  One application of this technology is a predictive map showing the likely areas within a state for the outdoor cultivation of marijuana.

The predictions are made on the basis that historical cultivation plots are located in patterns that can be identified using a neural net classification algorithm.  The environmental factors that match those patterns can be mapped out, showing areas where marijuana is most likely to be cultivated relative to other regions in the study area (e.g. a state or National Forest).  The map layer that shows the predicted areas is termed the cueing layer, because it cues pilots and observers where to begin their searches.
The general process flow illustrated in Figure 1 can be summarized as follows.  GIS layers are standardized to facilitate analysis, including a Principal Components Analysis (PCA) of some of the more highly correlated GIS layers (i.e. redundant information across several layers).  Next, the standardized GIS layers, including principal components layers, and historical plot locations are used to train the neural net.  Once trained, the neural net can take the input layers and map out the relative likelihood that any given location in the study area matches the site conditions for growing.  The steps used to build the model are discussed in more detail  below in section 2.
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Figure 1.  General illustration of the cueing layer creation process.

2. Predictive Modeling Process in Detail
The process consists of seven steps: (1) acquiring all applicable spatial data in geographic information system (GIS) format, (2) acquiring the latitude and longitude of historical outdoor marijuana grow sites, (3) generating sets of random locations, (4) performing a principal components analysis, (5) training a neural network, (6) using the neural network to produce the cueing layer, and (7) using the GIS software to produce a map of the cueing layer.

Step 1: All applicable GIS data for the state to be processed is collected. These data consist of the 36 demographic parameters in the U.S. Census Summary File, 30 parameters calculated from the National Elevation Dataset (e.g., elevation, slope, and a number of roughness parameters), and the commonly available GIS coverages (e.g., political boundaries, federal land, roads, streams, soil type, vegetative cover).

Step 2: The latitude and longitude of historical outdoor cultivation sites in the state of interest are acquired. These data are sometimes maintained by the National Guard and sometimes by the lead civilian counterdrug agency, but it should be noted that not all states maintain these data. Twenty percent of these data points are randomly selected and withheld from the analysis to be used later for estimating the predictive ability of the cueing layer.

Step 3: A set of random locations (latitude and longitude) equal in number to the historical cultivation location set are generated.

Step 4: A principal components analysis is performed on the GIS data to reduce the number of data layers.

Step 5: A neural network analysis of the principal components, GIS data that were not processed with PCA, and point locations (both plots and random) is performed to identify patterns in the data (i.e., what characteristics differentiate the plot locations from the random locations).

Step 6: The neural network uses the patterns it previously identified to create a predictive map layer showing the likelihood for marijuana cultivation relative to random chance.  This essentially assigns each pixel in the cueing layer a value indicating the similarity of the conditions (e.g. environment, demographics, etc) at the pixel to known conditions at previously found grow sites.
Step 7: A GIS combines the predictive map layer with additional GIS layers (e.g., county boundaries, roads, topography) to make a statewide map using a continuous color scale (blue to red) with hot colors representing areas more likely than random and cold colors indicating areas less likely than random.

3. Interpreting the Cueing Layer

Simply stated, the cueing layer describes the relative likelihood of an area represented by a pixel on the map being similar to the characteristics of actual marijuana plots.  The values in the cueing layer illustrate the relative likelihood along a continuum, ranging from least likely to most likely.  It should be noted that this is not to be confused with a measure of statistical probability.  The cueing layer is based on the probability that any given pixel matches the characteristics of the average historical cultivation plot characteristics.  This is different from stating the probability that any given pixel will contain a cultivation plot, because conditions can be perfect for marijuana and yet not contain a plot.  Conversely, a site with poor conditions (e.g. an urban backyard in an arid region) may actually have a cultivation plot.  
There are several ways of displaying the predicted likelihood as determined by the neural network.  The full range of values, from least likely to most likely, can be shown along a color gradient (see Figure 2).  Alternatively, the range of values can be grouped into classes, the most simple classification being areas ‘less likely than random’, ‘as likely as random’, or ‘more likely than random’ (see Figure 3).

The factors in California that were correlated with outdoor-grown marijuana were primarily driven by rainfall and area human population demographics (e.g. population density).  The prediction was made using all cultivation data available for the state to provide the neural network with a representative statistical sample for training the prediction algorithm.  Even though the areas of specific interest of NDIC are limited to federal land, using statewide data to make the prediction ensured that the most accurate prediction possible was made for federal lands.

If only the predictions for federal lands are of interest, the cueing layer values must be rescaled to properly encompass the range of likelihood found in those areas.  This is especially important because proximity to federal lands was a predictive factor in the analysis (i.e. marijuana cultivation locations are partially correlated with federal land). Rescaling the data for the federal lands essentially improves the contrast of the colors in those areas.  Figure 4 shows the cueing layer predictions after they have been rescaled for federal land.
4. Summary

CHL has taken techniques used in natural resource management, archaeology, crime mapping, and other disciplines, and combined them to provide law enforcement with the unique capability of characterizing a complex set of relationships with a simple map.  These techniques also provide insight into the factors present in determining the distribution of outdoor-grown marijuana across the landscape.  For further information on the techniques used, and for the applications of these methods, contact the Geospatial Applications Laboratory of the Center of Higher Learning at geolab@usm.edu.
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Figure 2. Cueing Layer displayed using a continuous color scale.  Hot colors indicate likely areas for finding marijuana, and cold colors indicate relatively unlikely areas.
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Figure 3. Cueing Layer displayed using a 3-class scheme.  Red indicates likely areas for finding marijuana, and blue indicates relatively unlikely areas.  Areas where you have the same chance as throwing darts at the map are white.
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Figure 4. Cueing Layer for only the federal lands in California.  The cueing layer values have been rescaled for those pixels representing federal lands.  Note that this accentuates the detail in those areas more than the statewide cueing layer (Figure 2).

