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ABSTRACT  49 
In late 2010, the City of Colorado Springs and the Pikes Peak Area Council of Governments (PPACG) 50 
completed a cooperative wildfire evacuation planning process. The process was supported by simulation 51 
of wildfire evacuation scenarios using an adaptation of the PPACG’s four-step travel model. The adapted 52 
model was used to assess times-to-evacuate, identify choke points, and develop traffic control plans for 53 
identified at-risk neighborhoods.  Evacuation simulations used a worst-case scenario in which the wildfire 54 
event took place during the PM peak hour and affected households were included in both background 55 
commuter traffic and neighborhood evacuation traffic. Link-based hourly volume/capacity ratios were 56 
used as a metric to estimate times-to-evacuate and to identify egress bottlenecks. Route closures, route 57 
restrictions, no-entry restrictions and contraflow operations were evaluated as measures for inclusion in 58 
neighborhood-level traffic control plans.  59 
 60 
On Tuesday, June 26, 2012, the simulated worst case became reality. Nearly 34,000 persons were 61 
evacuated during the event, more than half during the six hour period between 1530 and 2130.  Before the 62 
wildfire was fully contained, 18,247 acres had burned, 347 homes and other structures had been 63 
destroyed, and 2 individuals had perished. That the no-notice, mandatory evacuation was as successful as 64 
it was can be attributed to extensive advance planning, the accuracy of modeled evacuation simulations 65 
and the effectiveness of the final traffic control plans. This paper examines how the model results were 66 
borne out by actual experience. Recommendations to improve no-notice evacuation planning from the 67 
perspective of “lessons learned” are also presented.   68 
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1 BACKGROUND 69 
In the wake of recent increases in both planned and unplanned evacuations in the U.S. and internationally, 70 
increased attention has been directed on tools that can be used to prepare emergency responders for 71 
disaster.  The literature includes a number of examples of Dynamic Traffic Assignment (DTA) 72 
microsimulation tools as well as tools that combine DTA with four-step and activity-based travel demand 73 
modeling applications [1,2,3,4,5,6]. These examples are generally applied to large urban areas and are 74 
designed to address large-scale notice evacuation for hurricane incidents. An exception to this is a paper 75 
by Noh, Chui, Zheng, Hickman and Mirchandari [7] that proposes a methodology for estimation of 76 
location and number of evacuees for short-notice evacuation, in this case for flash flooding. In many 77 
instances wildfire incidents pose an even higher level of complexity because they can not be predicted, 78 
may not be quickly identified and may be exceedingly fast-moving. These and similar incidents often 79 
require rapid, “no notice” evacuation. Regardless of the type of incident and the lead time involved, for 80 
each incident “the rubber meets the road,” that is, exit roadways are jammed with both responding and 81 
departing in motorized vehicles. Without planning, localized or regional traffic gridlock can occur and 82 
place evacuees, as well as responders, in jeopardy.   83 
 84 
In Colorado Springs, the terrain, weather, and settlement patterns make wildfires the incident that occurs 85 
most often and must be addressed. Drought [8], rising temperatures and continued human settlement in 86 
the fire-prone ecosystems, dubbed the Wildland Urban Interface (WUI), have been cited as factors that 87 
have contributed to an increases in the incidence, size and destructive impact of wildfires in recent years. 88 
The July 2013 issue of Planning magazine cites a Colorado state forestry official’s estimate that a quarter 89 
of the state’s population living within WUI areas [9].  The second largest city in the state, the City of 90 
Colorado Springs fits or exceeds that profile. The full extent of the western city limits border the Pike 91 
National Forest and all neighborhoods located in the favored area lie within the WUI.  92 
 93 
The 2002 Hayman Fire brought the wildfire threat to Colorado Springs into clear focus and signaled the 94 
need to put in place a management plan to support incident response including evacuations.  The Hayman 95 
Fire still holds the distinction of being the largest wildfire in Colorado’s history. The fire impacted four 96 
counties, burning over 138,000 acres (52,650 hectares) immediately to the west and north of the Colorado 97 
Springs area. Extremely fast moving, in its first day the Hayman fire burned 60,000 acres (24,300 98 
hectares). Hundreds of forestry officials and firefighters fought the Hayman fire that caused nearly $40 99 
million in damages, burned 600 structures (including 133 homes), and forced the evacuation of 5,340 100 
persons. Before the Hayman fire, wildfire incidence had primarily affected rural areas. However, the 101 
wildfires described above signal a change in this pattern. This changes occurred due to drought 102 
conditions, which produced extremely dry vegetation (fuel availability), placing Colorado’s urban areas 103 
increasingly at risk from wildfires. 104 
 105 
2 PLANNING PROCESS AND MODELING RESULTS 106 
The City of Colorado Springs’ response to recognized wildfire threat has been many-faceted and includes 107 
aggressive wildfire mitigation programs, personnel incident response training, and wildfire emergency 108 
response management planning. The planning efforts produced: a comprehensive Wildfire Mitigation 109 
Plan (WMP, 2001), the Colorado Springs Community Wildfire Protection Plan (CWPP, 2011, update to 110 
WMP) and the WUI Fire Evacuation Appendix to the Colorado Springs Emergency Operations Plan 111 
(2008, updated in 2012). The Colorado Springs Fire Department (CSFD) developed the WMP and CWPP 112 
update. The WUI Fire Evacuation Appendix was developed jointly by CSFD and the Colorado Springs 113 
Police Department Office of Emergency Management and includes model-supported traffic control plans 114 
that were developed with support of the Pikes Peak Area Council of Governments (PPACG).  115 
 116 
The PPACG and their consultant team led development of the traffic control plans, ultimately using an 117 
adapted version of the MPO four-step model for screening-level analysis of evacuation constraints and 118 
iterative testing of traffic control strategies that were supported by expert panel review. Operational 119 
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microsimulation, DTA and travel demand forecasting tools, as well as combinations of the two tools were 120 
considered as options to model evacuation performance and test traffic control strategies. Ultimately, 121 
several factors influenced the decision to adapt the MPO four-step model to support screening analysis of 122 
evacuation constraints and iterative testing of traffic control strategies. Either microsimulation or a DTA 123 
approach would have required that the team build new models, while the local MPO Travel model 124 
provided a readily adaptable tool to support this element of the plan. Perhaps more daunting was the 125 
added burden of defining evacuation population and location for new models. Indeed it was said in the 126 
aftermath of the Waldo Canyon Fire incident that the team had modeled an event for which you could not 127 
plan. Finally there was a clear understanding that no notice evacuation would produce saturated flow 128 
conditions that outstrip microsimulation model processing of traffic through the network. There really 129 
wouldn’t be queues; there would be gridlock. The challenge then would be to maximize the capacity of 130 
egress routes (using contraflow) to allow more traffic to flow through evacuation routes in the shortest 131 
possible time and to restrict use of evacuation routes to evacuees (egress route restrictions/closures, 132 
evacuation area entry restrictions). The functionality of the MPO four-step model was well suited to these 133 
requirements. The model’s GIS data base structure and mapping capabilities also offered essential 134 
functionality to support multiple scenario testing and expert panel operational screening of alternative 135 
traffic control strategies. 136 
 137 
The 2010 model year scenario was selected for Fire Evacuation Analysis as it most closely represented 138 
the “existing condition” as far as population and employment.  The PM Peak Hour time-of-day sub-model 139 
was selected to represent background traffic because it represented the worst case scenario for regional 140 
roadway network traffic congestion. Individual evacuation sub-areas were built within the PPACG model 141 
zone structure to represent eight districts (screening geography) within which were nested twenty-one 142 
neighborhoods at risk for wildfire.  Together, these areas are identified as the WUI by the Colorado 143 
Springs Fire Department (CSFD) Wildfire Mitigation Plan. 144 
 145 
Figure 1 shows the general layout of the greater Colorado Springs area with the eight fire evacuation 146 
districts.  These neighborhoods are all located in the interface between the relatively flat city streets and 147 
the beginning of the Rocky Mountains. There are limited access routes into and out of these 148 
neighborhoods, making them “islands” in highway network terms. Note also the presence of I-25 as a 149 
north-south facility with a limited number of east-west access points that are available to serve vehicles 150 
exiting from the western neighborhoods.  First responders already knew that these intersections would be 151 
the first to back up during a wildfire evacuation.  It must be noted also that in Colorado Springs, a city of 152 
over 500,000 persons, the remainder of personal business goes on as usual when a wildfire is in progress.  153 
A large majority of the homes and businesses lie in the flat eastern sections of the city and county. The 154 
people residing in these areas would be aware of a wildfire if one started, but would not necessarily 155 
change their activity patterns because of it.  This fact means that in the case of wildfire evacuation, the 156 
emergency responders need to handle background traffic as well as the flow of evacuees from the areas in 157 
jeopardy. 158 

A necessary piece is an approach or methodology that could take the typical demand peak hour and build 159 
a simple set of assumptions creating an evacuation traffic model.   PPACG started by assembling a team 160 
of modelers and planners and conducting a listening session with the emergency responders.  This step 161 
was important in that the PPACG could grasp the thoughts and needs of the emergency responders 162 
directly.  Several “real-time” directives came out of that meeting including the need for: 163 
 164 

 A set of fire evacuation districts, corresponding to the natural boundaries of fire influence zones. 165 
 An intersection-focused approach, since intersections are the natural “pinch points” formed by 166 

outgoing evacuees, incoming responders, and background traffic. 167 
 Contra-flow lane responses, particularly in the I-25 interchange areas. 168 
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 Evacuation traffic control plans with a focus on key evacuation routes including the I-25 169 
interchange areas. 170 

 171 
FIGURE 1  Colorado Springs Wildfire Evacuation Districts. 172 

 173 
 174 
Some of the needs for wildfire evacuation response related directly to assigning personnel to key 175 
locations in real time.  Given a fire in District 1, for example, police officers could be immediately 176 
dispatched to the critical intersections and begin evacuation traffic control.  If establishing contra-flow 177 
traffic lanes was indicated, the material necessary for this activity, such as emergency lights, cones, and 178 
additional personnel, could be dispatched to the appropriate areas and staged for contra-flow operations. 179 
The district system and traffic assignment/simulation tools needed to conduct the fire evacuation 180 
modeling work are familiar to transportation planners and modelers.  What was new was the opportunity 181 
to apply those tools in the service of larger ideas such as the protection of life, livelihood and property in 182 
Colorado Springs. 183 
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 184 
Data Needs for Evacuation Models 185 
Table 1 organizes the data needs for planned or unplanned evacuations.  A brief discussion of each topic 186 
provides better means of understanding the Colorado Springs methodology: 187 
 188 
TABLE 1  Data Needs for Evacuation Models. 189 
Data Type Characteristics or Attributes

Scenario 
Impacted area, notice vs. no-notice, impact on transportation network 
and resources 

Demographic Data 
Automobile ownership, number of households, number of persons and 
age distribution of households, auto ownership levels, disabled 
representation within households 

Land Use / Geography 
Geographic characteristics of the focus area, terrain, elevation, wind 
conditions/ profiles, micro-climate 

Road Network 
Roadway geometrics, number of lanes, free flow speed/speed limits, 
other roadway characteristics for microscopic model 

Traffic Control 
Intersection control, signal preemption/emergency operation, route 
closures, traveler information system, contra-flow, route guidance and 
other ITS deployment 

Background Traffic Background (non-evacuating) traffic volumes

Evacuation Plan/Strategy 
Designated evacuation routes, evacuation rate depending on hazard 
nature/type and evacuation order type, staged evacuation, time frame, 
shelters/reception centers, notification means 

Evacuee Behavior Mobilization time, activity sequence, vehicle occupancy rate 

Assisted Evacuation 
Information 

Transit routes, schedule, and capacity for transit-dependent evacuees 

Special Facilities 
Evacuation information (populations, procedures) for schools, jails, 
nursing homes, hospitals and other. 

 190 
 Scenario – To begin planning, it is important to define the disaster scenario, both to focus the 191 

planning steps and to share the response personnel/responsibilities.  This task is composed of 192 
“zone” building where zones may be understood as municipal jurisdictions, islands with a single 193 
escape point, at-risk watersheds, low-lying land, land in the path of a hurricane, or, in the case of 194 
Colorado Springs, a fire impact area.  The scenarios are directly related to the type of disaster that 195 
is being faced.  As an example, in Colorado Springs, evacuation planning scenarios were 196 
established for each of a set of fire evacuation districts.  Each had a unique plan. 197 

 Demographic Data – To continue planning, it is important to know the number of households 198 
who are in the impact zone.  Knowledge of households includes having access to the number and 199 
age distribution of the persons in households, auto ownership levels, and the disabled population 200 
within households. 201 

 Land Use / Geography – The land use of geographic components of the scenario building set is 202 
an important planning step.  The local emergency response team knows the terrain, elevation, 203 
wind conditions / profile and any micro climates that may affect the definition of the scenario or 204 
the strategy to address it. 205 

 Road Network – The highway network needs to be refined to the point of containing typical 206 
demand attributes such as number of lanes, speed limit, turn bays, and shoulders. 207 
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 Traffic Control – Knowledge of the highway network should be extended to include 208 
understanding of traffic signal devices, any signal plan, contra-flow capability, route closure 209 
protocol, traveler information system, route guidance and other ITS deployment in the impacted 210 
area.  211 

 Background Traffic – Knowledge of background (non-evacuating) traffic volumes is important.  212 
In Colorado Springs, for example, I-25 has been closed for traffic incidents, and traffic diverted at 213 
the same (logical) north and south interchanges where a good north-south alternate route is 214 
available. 215 

 Evacuation Plan/Strategy – A temporal aspect comes with this consideration.  There may be 216 
known and designated evacuation routes which have previously delivered an evacuation rate 217 
depending on the nature of the hazard.  As an example, hurricane evacuations in coastal cities 218 
may well have a multi-day time frame.   The evacuation order type must also address where the 219 
evacuees are requested to remove themselves to.  What shelters/reception centers are available to 220 
them?  Finally, what is the means of notification of a mandatory evacuation? 221 

 Evacuee Behavior – The temporal aspect is extended with this consideration.  The mobilization 222 
time (which is tied to the safety of the evacuees), the activity sequence, and the vehicle 223 
occupancy rate enter the equation here. 224 

 Assisted Evacuation Information – Knowledge of transit routes and schedules and the potential 225 
carrying capacity for transit-dependent evacuees is needed.  In Colorado Springs, the transit 226 
system was not utilized in the evacuation planning as the percentage of zero vehicle households is 227 
very small. 228 

 Special Facilities – Knowledge of any institutional evacuation plans for schools, jails, nursing 229 
homes, hospitals and other are important to have. In Colorado Springs, the evacuation of 230 
institutional facilities was handled in a separate effort from household evacuation.  231 

 232 
3 METHODOLOGY 233 
The team understood the problem posed by the City of Colorado Springs and began the process of 234 
establishing a methodology.  There are five main conceptual steps in the process as shown in Figure 2. 235 
 236 
FIGURE 2  Modeling and Screening Process. 237 

 238 
 239 
3.1 Model Run Mechanics   240 
The evacuation model steps were appended to the official PPACG 2010 travel model run. The reason for 241 
this step is that the integrity of the model run could be transferred to the evacuation steps.  The zonal data 242 
such as population and autos available, and network data such as the PM traffic results were right at hand.  243 
If a 2010 network or socioeconomic change was contemplated, the entire 24 hour model could be re-run 244 
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and the new PM auto trip table would be available.  In most cases the evacuation add-on steps, a final 40-245 
50 commands, were run alone.  These steps followed this general flow: 246 
 247 

 Trip Generation/Distribution of Evacuation Traffic - Prepare the households for an evacuation 248 
model run. Use the U.S. Census 2000 auto ownership data to estimate household vehicles present 249 
for evacuation.  The household was assumed to be full (i.e. everyone home from work or school) 250 
establishing the worst case scenario.  The trip attractions (evacuee destinations) were developed 251 
based on consultation with emergency management personnel with oversight roles during the 252 
Boulder Colorado Fourmile Canyon Fire: official shelters (15%); the homes of relatives or friends 253 
(60%); hotels (15%); and out of the county to Denver or Pueblo areas (10%) [12,13]. The 254 
households where 60% of the evacuees go to are not keyed by family or friend connections, but 255 
developed using established household totals and a gravity model.  The PPACG hotel database by 256 
TAZ proved useful since 15% of people are expected to use a hotel.  Once out of the affected 257 
area, evacuees are not permitted to return, meaning that most traffic in the affected area is 258 
effectively one-way. Only emergency vehicles are permitted into the affected Fire Evacuation 259 
District.  A set of candidate refugee zones also had to be generated for each district to prevent 260 
illogical movements. 261 

 262 
 Implementation of Background Traffic Destination Restrictions – The PM Peak Hour sub-263 

model was generally allowed to function as if there was not a wildfire event. That is, no attempt 264 
was made to remove residents from their daily commute. Thus the integrity of the PM Peak sub-265 
model as worst-case background traffic was preserved. According to established protocols, 266 
however, no one would be allowed to enter the evacuation areas during a wildfire event except 267 
emergency responders. In addition access to destinations to the west of the foothills, wildfire 268 
source and spread areas would also be restricted. These realities were handled through limiting 269 
the trip destinations allowed for background traffic. 270 
 271 

 Preparation of the Evacuation Network – The PPACG model network was set to a one-hour 272 
PM capacity.  Background traffic, in the form the existing PM all-purpose vehicle trip table was 273 
assigned to the network together with the evacuation trip table using a multi-class assignment 274 
procedure.  The threads were kept separate.  The travel demand software, like many of them, 275 
would not perform an assignment if access was removed from even one zone in the region.  276 
Centroid connector links were an important element in the network preparation; they had to be 277 
maintained even if access to the evacuation area was prohibited.  Although background traffic 278 
destinations within evacuation areas had been eliminated, review of initial assignment results 279 
revealed some instances of non-evacuation travelers (background traffic) cutting across affected 280 
evacuation zones.  This phenomenon was handled by limited use of turn prohibitors applied at the 281 
entry portals to the affected areas.  Some trial and error was necessary to blend the realities of 282 
evacuation to the demands of travel models. 283 
 284 

 Initial Screening Level 1 – With modeling protocols in place the first level of modeling and 285 
screening ready for testing. District level runs and screening were completed for the 8 Colorado 286 
Springs Fire Evacuation Districts. The volume to capacity (V/C) ratio was used as a performance 287 
measure with time-to evacuate target of 1 hour (V/C ratio less than or equal to 1.0).  While this is 288 
a rough metric, it is understandable and immediately provides a guide to the “hot spots”.  The 289 
beauty of the multiclass assignment is that the V/C ratio can be calculated for either class of 290 
traffic or for the sum of the two.  A GIS mapping atlas was developed as a tool to generate a 291 
stakeholder review and comments.  An example using District 1 is show below. 292 

 293 
  294 
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3.2 Initial Screening at the District Level 295 
Figure 3 shows the main characteristics of the district including the area, number of households and 296 
major portals with detailed street network shown in the background.  Figure 4 shows the assigned model 297 
network with both evacuation and PM background traffic shown in bandwidth plots.  The model network 298 
is much less detailed.  Note that there is little “pass-through” traffic in District 1. 299 
 300 
FIGURE 3  District 1 Characteristics. 301 

 302 
FIGURE 4  District 1 Evacuation and Background Traffic. 303 
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Figure 5 shows the result of the traffic bandwidth translated into volume/capacity ratios.  As expected, 304 
many of the road segments have values well over 1.00 a rough indicator that they cannot clear during an 305 
average hour.   306 

 307 
FIGURE 5  Volume/Capacity Ratio of Evacuation and Background Traffic. 308 

 309 

 310 
District 1 is an example of a district that did not attract pass-through traffic.  The reason is that the 311 
shortest path does not flow through this district; instead it follows I-25.  A look at the configuration of the 312 
other districts (Figure 1) will show that some of them will get pass-through traffic.  They needed to 313 
receive network edits with turn prohibitors at the entry portals that would not allow illogical movements 314 
such as driving into an area that is on fire.  The initial screening at the district level also brought forward 315 
the need to break the districts into smaller units.  This decision was not a modeling concern.  The local 316 
terrain and street network drove the district and neighborhood boundary setting.  The emergency officials 317 
knew well where the “natural” fire boundaries lay and which portals would need to be monitored.  District 318 
1 is made up of three distinct neighborhoods based on the roadway configuration: North “Cap”, 319 
Southwest, and Southeast.  These three are physically separated by terrain and thus fire would not spread 320 
easily from one to the other. 321 
 322 
3.3 Neighborhood Screening 323 
Neighborhood screening for fire evacuation was the next step.  Figure 6 shows the location of the nine 324 
neighborhoods that were the focus of the first round of detailed application. The blue north “cap” of 325 
District 1 will be shown as an example of the next step of analysis.  326 
 327 
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FIGURE 6  Location of First Cut Neighborhoods. 328 

 329 
Figure 7 illustrates, in a three-image sequence, the process (baseline analysis, initial contraflow solution, 330 
final contraflow solution) used to develop traffic control recommendations when a “pinch point” is 331 
identified. Through iterative screening contra-flow options are tested: excess capacity is found at one or 332 
more of the portals, though in the opposite direction, network edits are performed to free up and use the 333 
excess contra-flow capacity, and the volume/capacity is recalculated.  The outcome is a given – traffic 334 
congestion is moved away from the evacuation area and there is a reduction in the overall time to clear 335 
the neighborhood.  Note that the traffic is posted on the outgoing highway segment only.  The opposite 336 
direction is added to it in order to ramp up the lanes available to exiting traffic.  337 
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FIGURE 7  Three-Step Contraflow  Evaluation Process. 338 
 339 
Baseline 340 

 341 
 342 
Initial Contra-flow Solution 343 

 344 
  345 
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Final Contra-flow Solution 346 

 347 
Contra-flow operations in District 1 Neighborhood 2 were tested in varying scenarios involving selected 348 
facilities, ranging from a single roadway segment to the majority of the major street network within the 349 
neighborhood.  The most effective combination, shown below as part of the final Traffic Control Atlas 350 
involved: 351 

 Westbound/southbound contra-flow on Orchard Path/Centennial Boulevard between West 352 
Woodmen Road and Allegheny. Eleven access points must be controlled. 353 

 Southbound contra-flow on Flying W Ranch Road/30th Street between Vindicator Drive and 354 
Garden of the Gods Road.  14 access points must be controlled. 355 

 356 
It should be noted that contra-flow operation was an extraordinary strategy needed for only the most 357 
constrained neighborhoods. It did not replace baseline strategies including: restriction of egress routes to 358 
evacuation traffic only and prohibition of entry into the evacuation area by non-responder traffic. 359 
 360 
4 IMPLEMENTATION OF MODEL FINDINGS  361 
The evacuation travel model, conducted at the neighborhood level, provided actionable information for 362 
planned evacuation.  While the results were based on a set of assumptions and the known scaling issues of 363 
travel models such as centroid connector locations, continuing involvement of the Colorado Springs 364 
emergency response team provided needed local knowledge and expertise to compensate for known 365 
regional model shortcomings. The results of the iterative modeling process provided to the emergency 366 
community of Colorado Springs an actionable traffic-based scenario that had been tested and is known to 367 
be the optimum. Once the final traffic control strategies were approved by the Colorado Springs 368 
emergency responders, the project moved to the implementation phase.  A hardcopy Traffic Control 369 
Manual was deemed the most effective way to implement the final evacuation traffic control strategies. 370 
The quick availability of the hotspot exit portals locations, names of the streets and traffic control 371 
protocols would be invaluable in meeting the challenges of rapid response to wildfire events, and could be 372 
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most effectively conveyed through hardcopy manuals.  A B-size operations manual was already carried in 373 
emergency responder vehicles, so this would be a familiar tool. The Colorado Springs emergency 374 
responders were actively involved in shaping the format and content of the manual.  They dictated, size, 375 
colors, icons and map grid to be used. The final Fire Evacuation Traffic Control Plan field atlas includes a 376 
section for each evacuation area in which a key map shows the overall traffic control plan (see Figure 8), 377 
and is followed by larger scale detail maps (see example as Figure 9) using Fire Department map grid. 378 
The scale and nomenclature already used by the Fire Department in their field operations map books are 379 
used for consistency.  The symbols on the traffic control plan, such as turn back or contra-flow can be 380 
readily translated into a required number of emergency personnel at specific locations.  Again, the traffic 381 
control plans have a scientific basis and provide an objective means of handling a planned evacuation.  382 
 383 
FIGURE 8  Traffic Control Plan Key Map - District 1 Neighborhood 2. 384 

  385 
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FIGURE 9 – Example Traffic Control Plan Grid Map – District 1 Neighborhood 2. 386 

 387 
5 TEST OF FIRE – COMPARISON OF MODEL RESULTS VERSUS ACTUAL EXPERIENCE 388 
On Tuesday, June 26, 2012, the simulated worst-case scenario that was modeled by the planning team 389 
became reality. The City of Colorado Springs’ Waldo Canyon Fire - Final After Action Report [10] cites a 390 
convergence of conditions that began early in the afternoon of June 26th and culminated with the fire 391 
cresting the easternmost ridge of Queen’s Canyon and raging through Wilson Ranch and the Mountain 392 
Shadows neighborhood, driven by 65 mph winds. In all, nearly 34,000 persons were evacuated for the 393 
Waldo Canyon Fire, more than half during the six hour period between 1530 and 2130 on June 26th.  394 
Before the Waldo Canyon Fire was fully contained, 18,247 acres had burned, 347 homes and other 395 
structures had been destroyed, and many others had been damaged. Tragically, two individuals lost their 396 
lives as a result of the fire.  397 
 398 
At 1426 on the afternoon of June 26th,  fire activity was reported in the Quarry above Cedar Heights. By 399 
1500, converging winds combined with continued low humidity caused by the fire to develop a large 400 
column with a pyro-cumulus cloud on top, and at 1530 CSFD lookouts reported increased fire activity in 401 
Queen’s Canyon. At 1608 fire was reported on east side of the most east-facing ridge of Queen’s Canyon 402 
via CSFD radio. In response, an order for mandatory evacuation of Zone 3, including the Oak Valley, 403 
Peregrine and North Mountain Shadows neighborhoods, was requested at 1610 and commenced at 1624. 404 
As evacuation of Zone 3 continued, assisted evacuation (with 2 CSFD buses and 17 American Medical 405 
Response vehicles) of 103 patients from the Mount Saint Francis Nursing Center was initiated beginning 406 
at 1700. Staged evacuation of an area including WUI neighborhoods 2,3, 4 and part of neighborhood 5 407 
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was initiated on approximate two-hour intervals for the next six hours, with the final mandatory 408 
evacuation notice issued at 2146 for the Kissing Camels neighborhood.  409 
 410 
As for the modeled worst-case scenario, the wildfire incident was a no notice event that took place during 411 
the evening peak hour commute. Surprisingly, residents went home from work and then evacuated from 412 
their homes; thus the intended double-count contingency was reality. Full traffic control measures, 413 
including ramps closures, no-entry and contraflow were implemented as modeled and included in the 414 
traffic control plans. 415 
 416 
Because evacuation for the Waldo Canyon Fire included four modeled neighborhoods, and because the 417 
neighborhoods were evacuated incrementally as intermixed combinations of their parts, a precise 418 
comparison of model results encompassed to actual experience is not possible. As shown in Table 2, 419 
however it is possible to make a broad comparison of the individual modeled V/C ratios (Evacuation 420 
Times) for neighborhood sections to the implied Evacuation Time (based on duration of incremental 421 
evacuation stage) experience during the Waldo Canyon Fire event. For purposes of comparison actual 422 
time to evacuate was calculated as the elapsed time between initiation of evacuation of one zone and 423 
initiation of evacuation of the next zone in the phased evacuation sequence. Modeled time-to-evacuate 424 
was calculated as the modeled one-hour volume to capacity ratio multiplied by 60 minutes per hour.  The 425 
comparison of estimated actual time-to-evacuate (E-Time) to the modeled time-to-evacuate demonstrated 426 
that, though seemingly naïve, the modeled one-hour link volume to capacity ratio proved to be a 427 
remarkably accurate metric of actual time-to-evacuate.   428 
 429 
TABLE 2  Comparison of Modeled and Actual Times-to-Evacuate. 430 

WUI Area Location Notice Type Date-Time E-Time1 V/C (E-Time)2 Count
D4-N6 Garden of the Gods Notice: Mandatory 6/23 - 1410  Closed
D4-N7 Cedar Heights Notice: Mandatory 6/23 - 1422  405
Part D1-N4 Zone 2: South 

Mountain Shadows  
Notice: Voluntary 6/23 - 1458  1,875

D9 Manitou Springs Notice: Mandatory 
Allowed to return 6/25 

6/23 - 1930  4,000

Part D1-N4 
Part D1-N2 

Zone 3: Oak Valley, 
Peregrine, North 
Mountain Shadows 

No Notice: Mandatory 6/26 - 1624 1:58 1.54 (1:32)
2.04 (2:02) 

8,570

Part D1-N2 Zone 4: Mount Saint 
Francis Nursing 
Center 

No Notice: Mandatory 6/26 - 1700 103

Part D1-N2 Zone 4: North 
Rockrimmon 

No Notice: Mandatory 6/26 - 1822 2:12 1.71 (1:43) 10,660

Part D1-N2 
Part D1-N3 

Zone: 5 Southeast 
Rockrimmon 

No Notice: Mandatory 6/26 - 1937 1.60 (1:36)
1.35 (1:21) 

Part D1-N4 
Part D1-N3 

Zone 6: Popes Valley, 
Pine Cliff, Woodmen 
Valley,  
Pinon Valley 

No Notice: Mandatory 6/26 - 1950 1:56 1.54 (1:32)
1.35 (1:21) 

6,770

   6:06  26,103
Part D4-N5 Zone 8: Kissing 

Camels 
No Notice: Mandatory 6/26 - 2146 1.43 (1:26) 1,620

 Total Evacuated   33,900
Notes: 1) Actual implied time-to-evacuate as the time between issuance of the evacuation notice for that evacuation 
zone and that for the next zone evacuated. 2) Highest modeled link V/C ratio within the included modeled 
neighborhood section (conversion of hourly V/C ratio to time-to-evacuate). 

 431 
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6 CONCLUSIONS 432 

Major strengths of the Colorado Springs response to the Waldo Canyon Fire that were identified by both 433 
the After Action Report [10] and a Wildfire Evacuation Planning Team Debriefing [11] include: 434 
 435 

 Planning: CSFD, CSPD and CSOEM worked collaboratively with all City Departments (and the 436 
PPACG) for several years to develop policies, plans and procedures for a WUI fire. These plans 437 
were used in training and tested during emergency response exercises. 438 

 WUI Fire Evacuation Appendix to the Colorado Springs Emergency Operations Plan 439 
(including traffic models and traffic control plans): The WUI Fire Evacuation Appendix to the 440 
Colorado Springs Emergency Operations Plan provides detailed information for the City on 441 
wildfire risk in the WUI as well as resources and plans for first responders to use during a WUI 442 
evacuation (including traffic control plans). 443 

 WUI “Up in Smoke” Exercises (implementing model-based traffic control plans): The WUI Fire 444 
Evacuation Appendix to the Colorado Springs Emergency Operations Plan was further tested 445 
during the “Up in Smoke” WUI exercise series. 446 

 447 
Will the west continue to burn? The incidence of wildfires has continued to grow in Colorado and 448 
throughout the mountainous west.  This is in due to residential encroachment into vulnerable and 449 
relatively inaccessible areas, poor stewardship by outdoors enthusiasts, weather events (lightning), 450 
weather trends (dryer summers), mountain pine beetle and other insect infestations, and arson.  It may 451 
also be that there are fewer financial resources to fight fires as cities and counties pull back from or 452 
charge a fee for providing a wide variety of services, including fighting fires where human life is not at 453 
stake.  Regardless of where the future leads, it is cost-effective to use valuable resources to plan for 454 
wildfire evacuation.   The methodology and approach that was used to adapt the PPACG travel model for 455 
use in the Colorado Springs area for wildfire evacuation could easily be transferred to another region. 456 
 457 
The key elements for success in developing the Colorado Spring the wildfire evacuation models and 458 
evacuation traffic control plans included consultation with the emergency community and heeding their 459 
advice, integrating local knowledge early and often, and understanding the strength and the limits of 460 
travel models.  Adaptation of the MPO four-step model to assess times-to-evacuate, identify choke points, 461 
and develop traffic control plans for identified at-risk neighborhoods provided a cost-effective, “right-462 
size” solution to the community’s wildfire evacuation planning needs. The principle of Occam's razor 463 
holds that the simplest explanation is usually the correct one.  In the case of evacuation road capacity 464 
assumptions, this principle proved true.  Though seemingly naïve, the one-hour link volume to capacity 465 
ratio proved to be a remarkably accurate metric of actual time-to-evacuate.   466 
  467 
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