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A Service Area (SA) is the fundamental geographic area of the Connect America Cost Model.  A Service Area can be thought of similarly to a wire center where all of the demand (residences and businesses) are served from a common network node—a Node0.  In a copper network the Node0 may be a TDM switch.  In the modeled fiber to the premise (FTTp) network, the Node0 represents an optical line terminal (OLT).[footnoteRef:2]  The boundary of a Service Area represents the furthest geographic extent that can be served from a given Node0. [2:  Within a Service Area, a remote OLT may be placed when demand is further than 60,000 feet from the Node0.] 

In developing the Service Areas for A-CAM modeling, the starting data source was the Study Area Boundaries (SABs) and exchanges that were submitted to the FCC.[footnoteRef:3]  Like many other types of geospatial data, the submitted data were not entirely ready for use in A-CAM modeling.  A data transformation process was developed to modify the submitted information into a format that could be used to meet the particular requirements of the A-CAM model. [3:  SAB information is posted to GitHub for public review at https://github.com/FCC/SABdata.] 

In summary, modifications to the downloaded files included:
a. Addressing overlaps among the Study Area Boundaries of Rate-of-Return (RoR) carriers.
b. Addressing cross state situations in which the same exchange was likely submitted from two different states.
c. Developing candidate central office, Node0, locations.
d. Splitting submitted exchange polygons where an exchange appears to have multiple Node0 locations in it.
e. Consolidating submitted exchange polygons where those exchanges appear to be served by one Node0 location and that Node0 location is within a certain distance of their shared boundary.
f. Repairing errors in polygon geometry which prevent final polygons from loading into PostGIS. 
Process Overview
For A-CAM modeling, the SAs are the building blocks within a Study Area..  The Node0 locations represent the starting point for network modeling within a Service Area.[footnoteRef:4] [4:  Additional information on how the modeled network is developed can be found in the A-CAM methodology document available at http://www.fcc.gov/wcb/ModelMethodologyACAM10v3.pdf.] 

The process used to develop Service Areas for A-CAM modeling consists of the following phases.
1. Starting with Study Area Boundaries posted to GitHub, fix Rate of Return/Rate of Return overlaps when the overlap areas have roads intersecting them. 
2. Align  the Study Area Boundaries with the exchange polygons posted to Github.  Identify exchanges which should be considered coastal islands.
3. Identify potential Node0 locations.
4. Develop A-CAM Service Areas.
Each of these phases is broken down into the following tasks.
Address RoR Study Area Boundary Overlaps
1. Retrieve GitHub supplied Study Area Boundaries (SABs) and exchanges.
2. Analyze RoR/RoR overlaps.
3. Repair RoR/RoR SAB overlap in regions where there are roads; ignore other overlaps.
Divide Study Areas into Exchanges
1. Align submitted exchanges with the modified SABs.
2. In cases where submitted exchanges differ from modified SAB edges, make the submitted exchanges edge match the modified SAB edge.
3. Find coastal islands.
4. Re-aggregate multi-part exchanges to the GitHub composition, keeping coastal islands separate.  
5. Consolidate for cross state situations where two exchange polygons that share the same Study Area Code (SAC) are intersected by a state boundary.  In some cases, this required modifications to the retrieved SAB.
Identify Potential Node0 Locations 
1. Start with  all Hybrid Cost Proxy Model (HCPM) central office (CO) points and find the nearest USGS GNIS[footnoteRef:5] point  within the same exchange.   These locations will be referred to as GNIS-HCPM points. [5:  United States Geological Survey, Geographic Names Information System (http://geonames.usgs.gov/domestic/download_data.htm).  The populated place gazetteer was used and is referred to as GNIS in this document.] 

2. Develop a resource table of GNIS-HCPM point locations and GeoResults 4Q2012 (GR) Node0 points. These will form candidate Node0 locations for exchanges.
3. Analyze the location of candidate Node0 points in exchange polygons.  De-duplicate where an GNIS-HCPM and a GR Node0 location are inside the same exchange but closer than 10 miles (mi) by air.  If air distance is <10mi, remove GNIS-HCPM location.  
Develop A-CAM Service Areas (SA)
1. Split exchanges with more than one Node0 location greater than 10 airline miles apart into smaller exchange polygons.  In this case, the exchange contains multiple GR or GR and GNIS-HCPM locations with different Central Office identifiers in the same polygon greater than 10 airline miles apart.
2. Review remaining polygons where a GeoResults Node0 point is within 1 mile of another adjacent exchange boundary within the same SAC with a Node0 not originating from GeoResults.  In that circumstance, consolidate exchanges.  The GeoResults point becomes the Node0 for the remaining polygon.
3. If there is neither a GeoResults Node0 point nor GNIS-HCPM point in an exchange, use the most central GNIS point in the polygon.  If no GNIS point, use interior centroid of exchange as Node0 location.
4. Identify each SA polygon using the Study Area Code of the Node0 point.
5. Run a check geometry function and repair geometry of any invalid SA.
Address RoR Study Area Boundary Overlaps
As described above, Study Area Boundaries were obtained from the FCC GitHub repository.   
In large part, the submitted files were used as-is.  Modifications were made to address Rate-of-Return carriers with Study Area Boundaries that overlap other Rate-of-Return SABs.[footnoteRef:6] [6:  In situations where a RoR boundary overlapped with a Price Cap Study Area Boundary, the boundary submitted by the rate-of-return carrier was used.] 

Examples of RoR/RoR SAB overlap are shown in figure 1, below.
[image: ]
Figure 1--Example of SAB overlap, overlap areas shown in green
Repairs were also made to interior holes within SABs.  The holes were removed so that later A-CAM routing steps can take advantage of all road segments within a greater RoR SAB.  Care was taken to retain “holes” derived from Price Cap Study Area Boundaries which are entirely contained in RoR SABs.  If a gap was present between two nearby RoR SABs, that gap was not addressed.
Overlap Repair
After isolating the regions of overlap among Rate- of-Return carrier SABs, a process was developed to fix RoR/RoR overlaps only in overlapping areas which contained roads.   
The area overlap resolution process worked as follows.  Tiger 2010 roads that intersected regions of RoR/RoR overlap were identified.  These road segments were buffered 500 feet.  Convex hull polygons that bounded the buffered road segments were developed.   The only areas of SAB overlap that were fixed were those SAB overlap areas that intersected the road buffer bounding polygon.  Figure 2 illustrates areas of overlap which were fixed in subsequent steps.
[image: ]
Figure 2--Red areas designate SAB overlaps which were fixed, other portions of overlap (green) are not addressed
By definition, the overlap polygons represent areas that could be part of multiple study areas.  For modeling purposes, these areas had to be attributed to one SAB.  A process was designed to yield an unbiased and consistent ‘tie-breaker’ for areas of overlap.
To do this, a shared boundary measurement process was implemented.  In this process, the overlapped polygon was attributed to the single study area boundary in which the overlap polygon had the longest intersecting boundary.  Once the overlap polygon was attributed to the appropriate SAB, it was retained in the selected SAB and removed from the other(s).  This removed the RoR SAB overlap in areas with roads.
Figure 3 shows a hypothetical example of the overlap resolution process.  When Study Area Boundaries overlap, the portion that overlaps both polygons (only) is considered an overlap polygon.  This overlap polygon shares some portion of its boundary with each overlapping study area.  The portion of the overlap polygon boundary that is common to a specific study area is the shared boundary of that study area.  The portion of the overlap boundary that is not common to a specific study area is the intersected boundary for that study area.  With the intersected boundaries identified for each study area, the SAB with the longest intersecting boundary is selected as the ‘winner’ of the overlap area. In this illustration, the overlap polygon remains in Study Area 2 and is eliminated from Study Area 1, because Study Area 2 has a longer intersecting boundary than that of Study Area 1.

[image: Overlap Boundary]
Figure 3--Hypothetical SAB showing intersecting and shared boundaries
SAB Interior Hole Repairs
A number of interior holes are present within the RoR SABs. These were removed to minimize internal routing disruptions in A-CAM clustering.
After the initial removal of SAB holes, there remain some topological issues with the SAB.  These topology issues are addressed in subsequent processing.
Divide Study Areas into Exchanges
With the modified Study Area Boundaries, processing turned to the task of dividing SABs into exchanges.
Using the submitted exchange files, exchanges were reviewed to ensure their edges match their parent Study Area.  In other words, if any portion of a submitted exchange is outside the Study Area Boundary, the supplied exchange boundary was trimmed.  If any portion of the Study Area was  not covered by an exchange, exchange polygons were expanded to meet the SAB boundary.[footnoteRef:7] [7:  The process to edge match the exchanges to the Study Area Boundaries resulted in a number of very small changes in exchange area.  Prior FCC processing modified Study Area Boundaries to address overlaps.  This edge match process worked to align the exchanges within the modified SABs.] 

When reviewing the submitted exchange data, it was apparent that there were a few errors that had to be fixed manually.  Some were topological such as loops in the polygon boundary or dangled nodes.[footnoteRef:8] [8:  Dangled nodes are an artifact of precision in creating vector data.  A discussion of topology in GIS is available at, http://docs.qgis.org/2.2/en/docs/gentle_gis_introduction/topology.html.  ] 

There were also some Study Area Code (SAC) attribution issues in the exchange files.  These included QWEST-NE; 371543 corrected to 375143 and South Canaan Tel Com; 170204 corrected to SAC 170205.  
Break-Up SAB by Submitted Exchange Polygons
After completion of the manual updates, an automated script was employed to create exchanges.  The script used the modified exchanges to divide the cleaned Study Area Boundaries.  Only exchanges which matched the SAB’s SAC code were used.  The Study Areas  were broken up into exchanges by following the ‘edges’ of the submitted exchange files.
At this point, each Study Area was split into one or more exchanges closely corresponding to the exchange polygons available for download, as shown in figure 4.  The SAB boundary was honored when the SAB and exchange polygons conflicted.[footnoteRef:9]   [9:  In the case where submitted exchange polygons within the same SAB did not edge match, no modifications to the submitted gap were performed. ] 

[image: ]
Figure 4--Study Area Boundaries divided by exchanges, exchanges are shown in lighter black lines.  Study Area Boundaries in thicker boundaries. Polygons are colored by their SAC.
Identify Island Exchanges
The resulting exchange polygons were broken into single-part features.[footnoteRef:10]  The single-part features were tested to determine if any of the polygons were lacking a connection to the Continental United States.  The disconnected exchanges were then labeled as Continental Island (Island) exchanges.[footnoteRef:11]  Exchange polygons determined not to be Island Service Areas were then dissolved to re-create multi-part features.  [10:  A discussion of single part and multi-part polygons can be found at, http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=Finding_multipart_polygons. ]  [11:  These islands are referred to as Continental islands because of their proximity to the Continental United States.] 

Address Cross State Exchanges
In reviewing the processed exchanges, in some cases submitted exchange polygons of the same SAB intersected the state boundary—exchange polygons of the same SAC were on both sides of the state boundary.  To address cases where SABs cross state boundaries, a process was developed to merge exchanges in the same Study Area that cross a state boundary.  In the case where an exchange polygon had no GeoResults Node0, but the center of the exchange polygon and the center of the Study Area were located in different states, the exchanges that intersect the state boundary were merged together.  The out-of-state exchange polygon was merged into an exchange in the adjacent state which contains the center of the Study Area.  Figure 5 shows the condition before the modification.  Figure 6 shows it after the modification.
[image: ]
Figure 5--Exchanges in same SAC 381611 in adjacent states before fix.  SAC label in adjacent state represents distinct submitted exchange polygon
[image: ]
Figure 6--Exchange polygons after cross state modification, single SAC label indicates single polygon crossing state boundary.
Identify Potential Node0 Locations
In A-CAM, the Node0 location represents the point from which a modeled network originates.  Specifically in the fiber Gigabit Passive Optical Network (GPON) design, an OLT is placed at a Node0 location.
Two methods were used to identify potential Node0 locations.  The first was to use the Node0 locations used in CACM/CAM modeling—GeoResults Central Office (CO) locations.[footnoteRef:12]  The second method was to place Node0 locations in populated places that are closest to the Central Office locations previously used in the Commission’s High Cost Proxy Model (HCPM).[footnoteRef:13]  The HCPM CO location was not used, rather the nearest GNIS[footnoteRef:14] populated place within the same exchange polygon as the HCPM CO location was used. This point location is referred to as the GNIS-HCPM location. [12:  GeoResults, Fourth Quarter, 2012.]  [13:  Derived from the HCPM *.in files.  HCPM, in turn, placed central offices based on available information regarding  actual central office locations at the time HCPM was developed.]  [14:  USGS Geographic Names Information System, Populated Place Topical Gazetteer.] 

For each submitted exchange, the exchange polygons were examined against the candidate Node0 locations.  If an exchange had multiple Node0s, and the Node0s were closer than 10 miles apart by air, the GNIS-HCPM point was removed, with the GeoResults Node0 being the remaining location.
At this point in processing, most exchanges had one candidate Node0 location.  Some had multiple Node0 locations greater than 10 miles apart.  Others had no Node0 candidate locations.
Develop A-CAM Service Areas (SA)
To complete the Service Area development process, several tasks had to be completed.
Divide Exchanges with multiple Node0s
Exchanges that had more than one Node0 location greater than 10 airline miles apart were split into smaller exchanges.[footnoteRef:15]  The exchange polygon split was designed to minimize the distance from a location in the exchange to a candidate Node0 location. [15:  An exception was made in the case where a single exchange polygon contained a GeoResult Node0 and GNIS-HCPM Node0 with the same Central Office identifier.  In this case the GNIS-HCPM point was removed, and that exchange polygon was not split.] 

Exchanges containing multiple Node0s were split by assigning Census blocks in the original exchange, as submitted in the data collection, to the closest Node0.  This was done by measuring the distance from each Census block centroid in the original exchange polygon to each Node0 in the exchange.  Census blocks were then assigned to the nearest Node0 to form new exchange polygons.  Small discontinuities in the resulting polygons were removed.  Because Census blocks did not match the original exchange boundaries submitted in the data collection, the new exchange polygons were trimmed to match the original submitted exchange polygon boundaries.  Figure 7 demonstrates the situation before the original exchanges were divided.  Figure 8 shows the result after modification.
[image: ]
Figure 7--Submitted exchanges with multiple Node0 candidate locations
[image: ]
Figure 8--Exchanges after split due to multiple Node0 points in submitted exchange
Remove Small Exchanges Lacking a GeoResults or GNIS-HCPM Node0
In the circumstance where a GeoResults or GNIS-HCPM Node0 point was within 1 mile of an adjacent exchange boundary within the same SAC with a Node0 not originating from GeoResults, the exchanges were merged together.  The GeoResults or GNIS-HCPM point becomes the Node0 for the merged polygon.
Assign Node0 Where Neither GeoResults Nor GNIS-HCPM is Available
In the case where there was neither a GeoResults Node0 point nor an GNIS-HCPM point in an exchange, the most central GNIS point in the polygon was used as the Node0 location.  If no GNIS point was available, the polygon’s interior centroid was used as the Node0 location.
Identify Service Areas and Clean / Standardize Polygons
Each exchange polygon was identified with a code based upon the Node0 contained within.  This provided the SA name used in A-CAM.
Because the geographic processing described above was performed within the ESRI[footnoteRef:16] platform, final Service Area polygons were loaded into PostGIS.  To ensure valid polygon construction in PostGIS, check geometry and repair functions[footnoteRef:17] were run.  Upon completion, the exchanges polygons were valid Service Areas (SAs) for use in A-CAM modeling.  [16:  ESRI ArcGIS Desktop, Advanced version 10.3]  [17:  ST_IsValidReason (PostGIS 1.5) was used to identify any invalid geometries.  To repair them, a zero distance buffer was performed.  The buffer with no offset caused a polygon of the same area to be created and that polygon construction (ring orientation, node ordering, etc.) was suitable for PostGIS.  Calculations were performed under US National Atlas Equal Area projection, EPSG=2163.] 
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