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Figure 1: Study Area - Evergreen Fire Protection District



Hoff-10

Data Sources

Data for this research is sourced from the Jefferson County Communication
Authority Microsoft SQL CAD Database, Jefferson County Road and Bridge
Maintained Roads GIS data, CDOT Highway Pavement and Driveability GIS data,
Denver Regional Council of Governments (DRCOG), and the IPUMS National and
Historical GIS dataset. The CAD AVL data is a primary data source and provides
clear details from the time the first unit was assigned to the first unit on the scene,
which is used in calculating the total response time. Jefferson County and Colorado
Department of Transportation (CDOT) GIS data is utilized as a secondary data
source for road width and pavement condition. Census data is derived as a
secondary source to establish zones as determined by the NFPA. One-way
accessibility is derived from the already available CAD services and GIS data. The
Slope will be calculated from Jeffcom’s existing Digital Elevation Model (DEM)
dataset provided by the Denver Regional Council of Governments (DRCOG). The
DRCOG DEM is derived through Light Detection and Ranging (LiDAR) methods

utilized in the Regional LiDAR Project (DRCOG, Regional LiDAR Project).

Design and Implementation

Population Zones

Response standards are determined by the National Fire Protection
Association (NFPA) which provides research, training, education, codes, and
maintains standards for fire services. The NFPA 1720 Standard recommends calls

made in Urban Zones receive a response time of 9 minutes or less, Suburban Zones
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of 10 minutes or less, Rural Zones in 14 minutes or less, and Remote Zones in 14
minutes or less than 80-90% of the time. As these zones are not specifically
defined by the US Census, the NFPA has provided qualifications for each zone
(NFPA, 2022):
e Urban Zones with >1000 people/sq. miles.
e Suburban Zones with 500-1000 people/sqg. miles.
e Rural Zones with <500 people/sq. miles.
¢ Remote Zones with a travel distance of 8 miles or over.
To determine population zones within Evergreen Fire Protection District, census
blocks with 2020 population data were obtained and clipped to the Evergreen Fire
protection district boundary. Evergreen, Colorado is a census-designated place
located in unincorporated Jefferson and Clear Creek Counties. The Evergreen Fire
Protection District boundary includes this area and extends beyond. Given the
unincorporated nature of the study area, census blocks did not fit perfectly within
the Evergreen Fire Protection District, and intersecting blocks were divided by the
boundary line. This spilt required adjusting the population data to accommodate
the change in block area provided by the following:
Adjusted Population = (Population of the Split Block / Total Area of the Split
Block) x Area of the portion of the Split Block within the boundary
Population zones are then derived by applying the following formula to the table:
Population density = Total population / Area
Predetermined remote areas were requested by the fire department to remain
intact based on the prior analysis. This prior analysis found the northwest and

southeast regions to be considered remote areas, consistently exceeding the 14-
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minute response time, and using PPGIS methods with local knowledge of the
general area, these areas were drawn into the original population zones. These
remote areas were confirmed through a service area analysis using the original
network dataset from the CAD system with a maximum service distance of eight
network-based miles from each station, although initial drawings displayed these
areas in aggregated polygons. The Service Area Analysis leverages the network
dataset to determine serviceable areas based on time and distance perimeters

(GIS Geography, 2022).
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EVERGREEN FIRE PROTECTION DISTRICT
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Figure 2: 8 mile service area coverage from each Evergreen Fire Station
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Spatial Autocorrelation

Once population zones were achieved, SQL annual response data for
Evergreen Fire Protection District could be derived from the CAD database table,
dbo.response, and the GPS data was spatially joined to the population zones with
ArcGIS Pro. Each record was then determined if it met the NFPA standard based
on population zone.

Response records, classified by Master Incident Number, which were
determined to be over the 1720 benchmark were retrieved for an annual response
delay cluster analysis. Moran’s I is a measurement of spatial correlation, used to
find clustering of patterns across a study area. Counts of individual points are
aggregated into a grid or polygons and observed for density clustering. Census
blocks were retained for the cluster analysis. Moran’s I suggest data are clustered
when the average distance of neighboring clusters is less than the distance
between the observed features (Levine, 2013). Moran’s I is represented in Figure

1 (ESRI, “"How Spatial Autocorrelation (Global Moran's I) works”):

The Moran’s I statistic for spatial autocorrelation is given as:
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The zy-score for the statistic is computed as:
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Figure 3: Moran’s | equation
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Regression Analysis

Results of the cluster analysis narrowed the focus for regression analysis
based on areas with the greatest clustering significance or “hot spots”. Annual
Response Delay points represented by their destination coordinates were selected
from the greatest clustered blocks. Automated Vehicle Location (AVL) data was
then pulled from the SQL database.

AVL data records vehicle location in GPS coordinates around every 100
meters of the moving target. The Department of Homeland Security reports AVL
accuracy between 15-20 feet on differential-GPS compatible systems (Department
of Homeland Security, 2009). AVL data was used to select road data from
Jefferson County Road and Bridge Maintained Roads GIS data and Colorado
Department Of Transportation (CDOT) Highway Pavement and Driveability GIS
data by a 5-meter buffer of each point. These road sources provide Pavement
Condition Indexes and width data for all public roads within the unincorporated
Jefferson County portions of Evergreen, Colorado.

CDOT determines pavement conditions based on road fatigue, longitudinal
and traverse cracking, road roughness, and pavement rutting. The conditionals
are then normalized into pavement condition indices ranging from a scale of 0 in
the road segments' worst state and 100 in its best (Colorado Department of
Transportation, 2021). Similarly, Jefferson County pavement conditions were
classified by scores from 0-100 with breaks of 20 per quality ranging from failing
to excellent. These scores were merged into a single scoring system for

consistency.
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Roads selected by intersecting AVL data were sorted by Master Incident
Number and merged to single features with averaged condition indices and
widths. The slope was then calculated from DRCOG DEM and the degree of slope
per path of response was found by extracting slope values to vertices and finding
the mean. Delay in response from the 1720 standard was calculated over the
distance traveled to maintain consistency within the data.

Utilizing multivariate regression methods, linear analysis was conducted to
observe the correlation, significance, and collinearity of the dependent delay over
distance traveled variable as it is tested against the independent variables of
slope, pavement condition, and road width. Of the 100 selected responses from
the cluster analysis, 37 had recorded AVL data which was retrieved. The 37 paths
were then used as the units for observation and sample size. Data for the
independent variables was not normally distributed so a log transformation was
applied.

Original observations of the correlation matrix suggest that pavement
condition, width, and slope all had a negative linear relationship to the delay in
response. None of the variables were statistically significant at the 0.1 statistical
level.

A factor analysis was performed to observe if there was a need for
redundancy reduction between the time delay data. Results of the KMO and
Bartlett’s test produced a significance score of <0.001 indicating a small need for a
reduction but the KMO value of 0.588 landed between miserable and mediocre

indicating not worth the reduction factor analysis.
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Origin-Destination Cost Matrix

An Origin-Destination (OD) Cost Matrix was created to determine predicted
travel times in minutes from each originating station in Evergreen Fire Protection
District and the centers of each census block using the original CAD network
dataset where impassible road impedance, tabular speed, and travel direction were
honored as restrictions and the ESRI traffic layer was incorporated. “"The OD cost
matrix finds and measures the least-cost paths along the network from multiple
origins to multiple destinations.” (ESRI, "OD Cost Matrix”). The results from this
analysis were then summarized by census block for the minimum travel time to
determine the average drive time from each station.

A second OD Cost Matrix was performed with slope, width, and pavement
condition indices added in conjunction with the original road network restrictions.
Per CDOT'’s Maximum Grade for Design Speed, the maximum grade for
mountainous rural areas is suggested to be no greater than 16% for local rural
roads (Colorado Department of Transportation, 2018). This percentage was
factored in for the slope restriction. Using NFPA standards for fire apparatus access
road specifications, a minimum restriction of 20ft in width was applied as a second
restriction (NFPA, 2021). Pavement condition indices were applied with a minimum
restriction based on qualifying failed to poor conditions from the merged datasets.
As in the first analysis, minimum travel time was determined through field

calculations and applied to each census block.
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Flowcharts

The following tasks were generated in ArcGIS Pro Model Builder for enhanced workflow.
The first model displays the process for determining population zones from the Census derived
data and generation of the Moran’s | autocorrelation statistic. The second model displays the
workflow for obtaining multiple street dataset sources, merging them, and joining the
independent variables within that data to the AVL derived delayed response paths. The result of
this process is a table prepared for use in SPSS for regression analysis. The final is the
workflow for creating the network dataset and generating the OD cost matrices with and without

restrictions.
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Figure 4: Flowchart for finding population zones and creating Moran’s | autocorrelation statistic.
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Figure 5: Flowchart for finding response delay paths, joining independent values, and preparing for SPSS.
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Population Zones
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Evergreen Fire Protection District was found to have higher concentrations of

population near highways and population centers. Suburban and Urban areas occur

along highways and major county roads, predominantly in the East of Jefferson

County. The Suburban areas contain 20% of the population with a total of 3.5

square miles in area coverage. 32% of the population belongs to the Urban areas

which cover 6.4 square miles of the district. Rural areas were found scattered

throughout the district, predominantly in Clear Creek County and further from main

access roads. These areas contain 48% of the district population and 91.5 square

miles of the district. Remote areas were kept intact by request with known

accessibility issues as suggested by the protection district, totaling 14.3 square

miles.
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Figure 7: Population Zone Area.
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EVERGREEN FIRE PROTECTION DISTRICT

POPULATION ZONES
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Figure 8: Population Zones for Evergreen Fire Protection District



