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ABSTRACT:
This case study describes the processes involved in creating a GIS dataset to be used in evaluating risk at a
sub-building level.  The presentation will describe project scope (areas of interest, final products, accuracy,
level of detail), production (photogrammetry, attribution from ESRI’s Streetmap USA, customized ArcPad
field work), and data sources (50 year-old insurance maps, aerial photography).   Solutions to various
technical problems will be highlighted, as well as the use of the dataset to determine risk from various
hazards.

Motivation for the Project

Since the attack on the World Trade Center, the insurance industry has recognized an urgent need for better
tools to locate and manage concentrations of exposure.   Exposure is used here to describe the amount of
insurance being issued for specific locations.  For property insurance, exposure is found to be most highly
concentrated in the central business districts of large cities.

In early 2002, Risk Management Solutions (RMS) began building tools to capture, monitor, and manage
exposure.  These tools were built into their existing software packages, RiskBrowser and RiskLink.

In addition to these tools, detailed geographic data was required to spatially locate exposure, and to analyze
it in relation to high risk locations, such as potential terrorism targets.  Traditionally, all of the data required
to do this work has an associated street address.  By using those tools and data already available, addresses
could be georeferenced to the city block level.  RMS saw the need for an address dataset that was
georeferenced to within the building level for the areas of highest exposure concentration.

A good example of these need is shown by the large geographic area affected by the Kobe, Japan
earthquake, and the small geographic area affected by the World Trade Center attack.  Though the
geographic areas were greatly different, the magnitude of financial loss was similar.  The threat of terrorism
creates a need for detailed maps showing not just what block a property is on, but if a property is across the
street, on the same block, or even facing toward or away from a potential terrorist target.

RMS turned to the Sanborn Map Company to build a dataset that would include detail about buildings, but
also extremely accurate placement of addresses within those buildings.



Defining the Area

It is known that the highest property values are concentrated in Central Business Districts (CBDs).  This is
where RMS started to define the project areas, by roughly outlining those CBDs of highest interest.  As the
cost of data capture increased with the increase of project area, boundaries were restricted to just the
highest property value areas, notably those areas with skyscrapers.

Example project boundary for Los Angeles.  Only those areas with the highest concentration of property
values were mapped.

Once a rough outline was placed by RMS, Sanborn refined the boundary.  This was done by using available
street maps for each city.  The boundaries were adjusted to maximize the area covered, avoiding areas of
water, parks, and major roadways, and including structures noted on maps that would increase the value of
the dataset (universities, hospitals).

The result was a project area covering 27 U.S. cities, for a total of 121 square miles.

Cities with project areas.



Production Procedures

Sanborn produced these datasets by using a blend of many different technologies and procedures.  Here is
the overview of the process flow, and how this paper is organized:

I.     Data Acquisition
A. Aerial photography
B. Ground control captured; photos scanned and aerial triangulated
C. Buildings compiled in stereo

II.    Definitions for Building Data
III.  Attribution
IV.  Definitions for Attributes
V.   Field Survey
VI.  Data Quality Control

The following sections will detail these production steps, as well as describe how specifications to which
the data was captured.

Data Acquisition

Aerial Photography
Over the summer of 2002, Sanborn obtained aerial photography of each city in color at 1”=800’ photo
scale.  For the downtown areas, it was determined that “leaf on” conditions would not inhibit capturing the
buildings.  All photography was flown to produce stereo pairs, or with 30% side overlap and 60% front
overlap between exposures.

One problem area for this effort was Washington D.C., where Sanborn was restricted from flying at low
elevations that would produce 1”=800’ photography.  Sanborn was able to obtain 1”=1625’ scale
photography for this area, resulting in 200 scale mapping.

Ground control was captured via GPS receivers on the ground at each site.  These ground control points
were then used to accurately position the scanned photographs during the aerotriangulation phase.

This work was done to tolerances assuring the final product would meet National Map Accuracy Standards
(NMAS) for 1”=100’ scale photos.  This means that 90% of features are within 3.33 feet of true horizontal
ground position, and that 90% of vertical measurements are within 5 feet of true position.  Spot checks of
the final data show it to be well within this standard.

Buildings Compiled in Stereo
Compilation was performed from the stereo pairs by trained stereo-compilers.  Building outlines were
captured, along with rooftop elevations.  For complex commercial buildings, multiple roof heights were
measured, along with rooftop breaklines for more detail of the building.

Street centerlines and selected geographic features were also compiled from the photography.

Definitions for Building Data

What is a Building?
Within each project area, it was decided that buildings would be captured as the primary source of data.
Building outlines (or the building footprint) would be captured and attributed.  For the purposes of this
project, a building was defined as the occupy-able space of an enclosed, above-ground, permanent structure
one story or greater in height, and greater than 100 square feet in size.  Structures such as covered parking
lots, covered walkways, and bridges were not captured.   Parking garages were captured.



What is a Separate Building?
Residential buildings were typically subdivided into separate building polygons (with separate addresses)
where there was a change in roof height of 11 feet or more (one story), and/or where it is obvious that there
was an address division.  An example of this is row houses:

Ground level frontal view

Commercial buildings were typically subdivided into separate building polygons when rooftops showed
changes in height more than 3 stories.  The exception to this rule was the “compact skyscraper”; a multi
story building, with a building footprint not exceeding the roof outline at several stories up.  These
buildings were captured as a single building footprint with multiple addresses.  For example:

This is a skyscraper with a three story base, and a 10 story tower.  Since the
outline is basically compact, it shall have one building polygon, with multiple
addresses (if applicable).

Other uniform commercial buildings, such as shopping malls, were captured as a single building footprint
with multiple addresses.

Commercial buildings without a compact footprint were subdivided into multiple addresses at the
attribution stage.  For example:

The low building area between B and the adjacent buildings is 1 story.  In this case, A, B, and C each have
separate polygons with addresses.

A B C
D

A
B C



Where is the Top of the Building?
Building heights were measured at the highest point of the roof over occupy-able space. For example:

Chimney
                                            Building height measured here.         HVAC unit

Stair access
            Antenna

The distance between the building height and the average ground level around the building is shown in feet.
At least one building height was placed on each building.  Residential buildings typically had only one
point measured for each building polygon, at the highest occupy-able rooftop.  90% of the building height
measurements were within 5 feet of the true height of the measured point.  The building height calculation
therefore shall be accurate within 10 feet 90% of the time.

Commercial buildings (as interpreted by the photogrammetry technician) and any building over 8 stories
had a building height point measured for each rooftop breakline polygon.  A rooftop breakline shall be
placed where there is a change in elevation of three stories (33 feet) or more.  For example:

A rooftop breakline polygon shall be placed at every line
intersection with the roof.  A building height measurement
shall be taken for each of those polygons with any horizontal
area, placed as shown.  HVAC, roof access, chimneys,
antennas, etc shall not be taken into consideration for these
breaklines.

Sanborn calculated a number of stories attribute by using data from existing Sanborn maps when possible.
When this data is not present, Sanborn shall take the building height (highest for that building), divide by
twelve (12), and round down.

Sanborn also calculated a building size attribute, shown in square feet, calculated by multiplying the outline
of the building by the number of stories.  On commercial buildings, rooftop breaklines were used to more
accurately calculate this number.

For commercial buildings, the number of square feet was calculated, but an accuracy statement was not
made.  The reason for this is that commercial buildings may have open space inside (undetectable by
photogrammetry or exterior survey), such as a central atrium the whole height of the building.



Attribution

Once the features were collected, attributes were attached to each feature.  These attributes were to
primarily come from the Sanborn Fire Insurance Maps.  These maps exist for over 12,000 cities and towns
across the U.S.   While many of these map sets are now out of date, several large cities are updated on a
regular basis through street survey done on location.

For this effort, the Sanborn maps were scanned, and georeferenced by means of a 4 point warp to the streets
and buildings captured by compilation.  The Sanborn Maps could then be viewed within Sanborn’s in-
house software, along with the vector data from compilation.  By means of pull down menus, attributes
were added to each building.

The Sanborn maps include multiple door addresses within single buildings.  Many commercial buildings
would therefore have many addresses.  One address was selected to be primary for that building, either
through notation on the maps or by referencing other public sources regarding the building.  This primary
address was assigned to the building polygon, and associated with a latitude and longitude based on the
centroid of the building polygon.

All other addresses (alternate addresses) were given point locations along the edge of the building,
coinciding with the door location associated with that address.

Sample data with primary addresses shown at the building
centroid, and alternate addresses shown at door locations.

The street centerlines were attributed with street names.  This was done by bringing up the ESRI Streetmap
data, and drawing a “connector line” from the Streetmap vector to the appropriate compiled street
centerline vector.  The street name attribute could then be automatically transferred.  This data was then
QC’d to ensure the street name agreed with the street name from the Sanborn map.  Discrepancies were
modified to match the Sanborn map name.



Once the street centerlines had street names, the building addresses were associated with them to transfer
the street name to the appropriate address line.  This was done to avoid manual input of street names and
the associated errors.

Definitions for Attributes

Here is the detail of the attributes captured for each building, under the primary address record.  The
alternate address records included the identical building ID as that of the primary for that building, address
information, and latitude/longitude only.

Shape Attribute Table
Field Name Definition Size
BLDGNAME CHARACTER 50
BLDGNUM CHARACTER 10
STPRE CHARACTER 6
STNAME CHARACTER 50
STTYPE CHARACTER 6
STSUF CHARACTER 6
UNITTYPE CHARACTER 6
UNITNUM CHARACTER 10
CITY CHARACTER 50
STATE CHARACTER 2
COUNTRY CHARACTER 2
BLDGID CHARACTER 10
LAT FLOAT(7) 20
LONG FLOAT(7) 20
YRBUILT INTEGER 4
YRRANGE CHARACTER 35
OCCUP CHARACTER 35
CONST CHARACTER 35
DRCONST CHARACTER 50
EXTERIOR CHARACTER 35
FIREPROOF CHARACTER 35
HEIGHT INTEGER 4
STORIES INTEGER 3
DRSTORIES INTEGER 3
SQFOOT INTEGER 8

BLDGNAME:
  Name of building as captured from Sanborn Maps, updated by field survey.

BLDGNUM, STPRE, STNAME, STTYPE, STSUF:
  The building number was input manually, while the street information was populated by means of
connector lines from the address point to the appropriate street centerline.

BLDGID:
  Unique ID for each building.



LAT/LONG:
   Latitude and Longitude of building centroid for primary addresses, or of the manually input door location
of alternate addresses.

YRBUILT:
   As shown on Sanborn Maps, or from field survey, when possible.

YRRANGE:
   When the year built was not shown on Sanborn Maps, the field surveyors would estimate a range of when
the building was constructed.  The categories are as follows:
• Pre 1940
• 1940 - 1970
• Post 1970
• Pre 1970
• Post 1940

OCCUP:
  Occupancy type for each building, categories are as follows:
• Unknown
• Residential
• Hotel
• Parking Garage
• Commercial
• Warehouse
• Manufacturing
• Public/Institutional
• Utility
• Abandoned

CONST:
  Construction type for each building, categories are as follows:
• Unknown
• Masonry
• Non Masonry
• Steel Frame

DRCONST:
  This is derived construction, calculated from combinations of other attributes to determine the appropriate
ATC classifications, categories are as follows:
• Wood Frame
• Light Metal
• Un-reinforced Masonry Wall
• URM Wall with Frame
• Reinforced Concrete Shear Wall with Frame
• RC Shear Wall without Frame
• Reinforced Masonry Shear Wall
• RM Shear Wall with Frame
• Braced Steel Frame
• Moment Steel Frame (Distributed)
• Ductile RC Frame (Distributed)
• Non-Ductile RC Frame (Distributed)
• Precast Concrete (Non Tilt-Up)
• Tilt-Up

EXTERIOR:



  When field survey was performed, the exterior construction materials were entered for each building.
Categories are as follows:
• Unknown
• Brick
• Cinder Block
• Concrete
• Corrugated Metal
• Stucco
• Structural Stone
• Siding
• Glass
• Other Architectural Finishes

FIREPROOF:
  This field was populated when information was found on the Sanborn map.  The maps note when
buildings were constructed to “fireproof” or “non combustible” standards.   This was done on the Sanborns
by updating the map as buildings were put up, talking to builders, etc.  This data could not be captured
during field survey as the interior of each building could not be viewed.  Categories are as follows:
• Unknown
• Fireproof
• Non Combustible

HEIGHT:
  This value was calculated as the difference between the top of the building (as defined earlier in this
paper), to the average ground level.  Units are US survey feet, above mean sea level.

STORIES:
  The number of stories as shown on the Sanborn maps.

DRSTORIES:
  Derived number of stories; calculated from HEIGHT / 12 and rounded down.

SQFEET:
  Calculated square footage of the building.  Derived by multiplying the footprint area by DRSTORIES.

UNITTYPE:
  The unit type if applicable.  Blank for most of the addresses.

UNITNUM:
  The unit number if applicable.  Blank for most of the addresses.

Field Survey

Methodology
For those cities where the Sanborn Maps had not been updated within the last 3 years, field surveyors were
dispatched to update the data.  The surveyors were given the datasets as complete as possible; compiled
streets and buildings, and as many attributes were transferred as could be.  This data was loaded on Trimble
GeoXT hand held units, running ArcPad 6.

The Trimble units proved to be more cumbersome than required for this project, as the GPS functionality of
the unit was not used.  However, the units were subjected to 30 degree Fahrenheit weather in Arlington,
VA in January, and to rain in Seattle in March.  While they seemed to handle the elements admirably,
various odd breakdowns resulted in 4 out of 5 units being sent in for repair over the 5 month surveying
effort.



During repairs to the Trimble units, the surveyors used Compaq IPAQ units.  These units were very easy to
use, but were not designed for the rigorous outdoor conditions they were subjected to.  As a result, the
surveyors swapped between various units regularly during repair cycles, and extra units were always in
demand.

Each city area was divided into portions that were approximately 1 days work.  A shape file for that portion
was sent to the surveyors via email.  The shape files were downloaded to a laptop computer where the
surveyors were staying, then transferred daily to the handhelds.  When an area was complete, the shape file
was downloaded from the hand held unit back to the laptop, then emailed to the office for QC before the
team left the city.

This quality control step included running routines to ensure that every building had been visited, every
required field had data in it, and a manual overview for any oddities.

ArcPad
A customized ArcPad interface was used to input the data.  The surveyor could view an entire area on
screen at one time, then zoom in and pan around as the day’s work progressed.  The surveyor walked every
street in the project area and reviewed the attributes for every building.

Each building had a house symbol for the primary address, and a small dot for any alternate addresses
present.  Each one of these existing attribute records were reviewed to ensure accuracy.  New alternate
address records could be added as needed.

Within each attribute record, the various fields had pre-populated pull down menus from which to choose
the value to put in each field.  This saved time typing and promoted accuracy.

When all of the attributes for one building were reviewed, the primary address record would be changed
from unvisited to visited, and the display of they house symbol would change from red to green.

Sample data from ArcPad display.

 Typing in street names was a challenge on the units.  In some cases, a street that had been labeled “Clark”
in the data had actually been changed to “Martin Luther King Memorial.”  To manually input this new
name on each address field, by means of a small on screen digital keyboard, while in inclement weather or
bad neighborhoods, was not ideal.  To address such large scale changes, the surveyor could mark up a plot
of the city with street name changes.  The surveyors could then draw a “connector line” from each address
point to the appropriate street.  Back at the office, these connectors were used to automatically populate the
address fields with the street information.



At times the surveyors had to request permission to enter restricted areas, such as large residential
complexes and corporate compounds (such as movie lots).  Surveyors were given letters stating their
business on company letterhead, and surveyor picture identification badges.  If access could not be gained,
the data was left as it had been captured from the photogrammetry and the Sanborn Maps.

Data Quality Control

Once the shape files came in complete from the field survey crews, several quality control steps were run.
These checks were designed to catch those errors caused by human data entry.

Data Integrity routines
  This sorted all fields, checked that values matched possible valid categories, and that all required fields
were populated.

Street Centerline edit and street name check
  During this step, technicians reviewed street segments to ensure they were snapped together properly, that
there was only one segment between intersections, and that segments did break at every intersection.
  The street name attributes were reviewed against the Sanborn Maps, and the Sanborns were used as the
valid source, unless more valid data was brought in from field survey.

Building update if street change
  If a street name changed, the building street name attributes were changed as well in that area.

Null numbers filled
  A query was run for all addresses without a building number.  These were checked against the Sanborn
maps and filled when possible.

Stories versus building height check
  A query was run for all buildings that met the two following criteria:

 Where “Number of Stories” multiplied by 7 was greater than “height”
and where “Number of Stories multiplied by 30 was less than “height”.

Any buildings meeting these criteria had the number of stories checked against the source documents and
corrected.

Spell check on building names
  The original source was consulted for accuracy.

Preferred abbreviations used for street types
  The U.S. Postal Service preferred street type abbreviations were used to standardize street type.

Multiple buildings with same address
  This occurred with multi-building complexes, such as hospitals, where one street address would be
applied to more than one building (such as a utility building or other outlying building in a hospital
complex).  One primary building was chosen to keep the address, while the rest of the building addresses
were changed to null.

Check for oddities
  Each field was sorted alphabetically, and any odd entries were researched and corrected.

Sagent
After the other checks were complete, Sanborn With Sagent’s Centrus software to check all addresses
against a U.S. Postal Service database of valid addresses.  Centrus listed addresses as non-standardized



where a match was not found.  Centrus was able to offer “suggestions” for certain addresses as to how a
non-standardized address could be modified to become standardized.

These suggestions were reviewed before accepting or rejecting the change.  All non-standardized addresses
were researched against the original source (Sanborn Maps).  If the Sanborn Maps showed the address as
being correct, it was listed in a separate document as a historical Sanborn address, and left in the database.

Resulting Products

The data that resulted from this effort was organized into shape files.  3D building outlines with building
specific data and address attributes are joined by attributed street centerlines and geographic features.
Buildings with more than one address show those alternate addresses as accurately placed door locations
within the building.

Additional products produced through this effort include color orthophotography at _ foot pixel resolution
for each project area, detailed 3D building and ground surface models, and georeferenced digital Sanborn
maps.

This data is now available for use in assessing the exposure for portfolios from individual companies in
detailed geographic areas.
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