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The Wildfire Evacua0on Dilemma -- How Not To Become Lahaina 
 

Robert W. Byren, TESA Tech Team 
 

Abstract 
 
 According to public records obtained from the Caltrans Division of Research, InnovaFon 
and System InformaFon1, Nevada does not "currently use or have plans to use modeling tools 
and other pracFces to evaluate potenFal emergency wildfire evacuaFon routes when designing 
road improvements for highways in areas with high fire potenFal."  Neither the Nevada 
Department of TransportaFon (NDOT) nor Tahoe Regional Planning Agency (TRPA) have 
conducted a detailed analysis of traffic congesFon issues associated with the evacuaFon of the 
City of South Lake Tahoe, Stateline casinos, and residents and visitors along the Tahoe East 
Shore, should a substanFal wildfire breakout in the Lake Tahoe Basin.  This paper reports the 
conclusions of a traffic flow analysis conducted by the Tahoe East Shore Alliance Tech Team that 
clearly shows the massive loss of life that would occur if a Caldor-like wildfire were to devastate 
the South and East shores of Lake Tahoe.  It also shows a consistency with the real-world 
condiFons leading to the massive loss of life in Paradise, CA2 and Lahaina, Maui, HI3, when 
wildfires broke out in these evacuaFon-constrained communiFes. 
 
 In an effort to understand the magnitude of the evacuaFon problem along the South and 
East Shores of Lake Tahoe, we developed several traffic flow macrosimulaFon models, ranging 
from very opFmisFc to very conservaFve.  Even in the most opFmisFc case, we conclude that 
the condiFon of the naFonal forest, exisFng fire management policies, staging of emergency 
equipment, evacuaFon Fmelines, and traffic flow condiFons prevalent at the Fme of the Caldor 
wildfire are insufficient to prevent a disaster similar to Paradise and Lahaina.  We further 
conclude that reducing the number of available egress lanes from three to two as a result of a 
"road diet" would reduce the lives that could be saved by approximately 25%, reflecFng 
experience with the road diet in Paradise, CA. 
 
 AcFons that can (and should) be taken by government authoriFes to improve the 
survival rate include: 

• Improve Forest Management Policies and PracFces in the Lake Tahoe Basin to lessen the 
risk and severity of wildfires. 

• Reduce Fme between wildfire detecFon and evacuaFon order. 
• Reduce wildfire spread rate through addiFonal personnel and enhanced firefighFng 

infrastructure. 
• Increase (not decrease) road capacity within the US 50 East Shore corridor, i.e., no road 

diet! 
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Problem Statement 
 
 According to the Tahoe Fund4, "[The] year-round resident populaFon [in the Tahoe 
Basin] is 40,000. Total populaFon can reach 300,000 on peak days. About 15 million people visit 
Lake Tahoe each year."  Should a wildfire break out at the West end of the US Hwy 50 corridor, 
for example near the Lake Lucille (5.7 miles west of Meyers, CA) a significant number of these 
residents, visitors, and vacaFoners would need to evacuate the region, traveling East along US 
50 as the "main route out of town"5, with a substanFally smaller number egressing along 
Kingsbury Grade (SR207).  Simultaneously, one lane of US 50 and one lane of Kingsbury Grade 
would need to be kept open allowing for ingress of firefighFng equipment, earth-moving 
equipment (e.g., bull dozers), command & control vehicles, and emergency vehicles. 
 
 The US 50 East Shore Corridor is a 4-lane mountain highway from Spooner Summit to 
Stateline, with occasional turn, acceleraFon, and deceleraFon lanes; mulFple curb breaks for 
the residenFal communiFes; and six intersecFons controlled by traffic lights.  The speed limit 
ranges from 25 mph near the Stateline casinos to 50 mph between Glenbrook and Spooner 
Summit.  The predominant speed limit is 45 mph, but yellow cauFon signs reduce the posted 
speed at horizontal curves in several locaFons. 
 
Evacua;on Scenario 
 
 For the purpose of evaluaFon, we presume that a wildfire flares up near Lake Lucille, 5.7 
miles due west of Meyers, CA.  Both US 50 and SR89 are assumed blocked to westbound traffic 
and SR89 north of "the Y" and the capacity-constrained northbound SR89 is used only for the 
evacuaFon of D. L. Bliss State Park, Eagle Falls (Vikingsholm), Fallen Leaf Lake, Taylor Creek, 
Tallac historic site, Valhalla, and Camp Richardson.  We assume that the SR28 intersecFon at 
Spooner Summit remains in the free-flow zone and is not a factor in any evacuaFon scenario, 
despite the proposed SR28 - US 50 roundabout in the NDOT Corridor Management Plan6.  We 
further assume that Kingsbury Grade is used only for evacuaFon of the residenFal areas that 
have direct access to it.  These assumpFons constrain the number of people that must evacuate 
eastbound along US 50 over Spooner Summit. 
 
 In addiFon to these assumpFons, we set the following condiFons to simplify the 
analysis: (1) all evacuaFng vehicles entering from the South Shore (South Lake Tahoe, Meyers, 
and unincorporated areas to the West) are available at the Stateline boarder when needed to 
opFmize traffic flow; (2) all local evacuaFng vehicles within a segment enter at a single point at 
the downstream end of the segment; (3) all vehicles within a segment are consumed when the 
wildfire reaches the downstream end; (4) no vehicles have special status regarding evacuaFon 
priority; and (5) no behavioral or decision making alributes are assigned to the drivers.  The last 
condiFon ensures that the traffic flow will resemble a fluid dynamics macrosimulaFon rather 
than an agent-based microsimulaFon. 
 
 Once the presumed Lake Lucille wildfire is detected, we assume that the 4 total lanes of 
US 50 will be reassigned under emergency order to allow 3 lanes for evacuaFon egress, with 
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one lane reserved for inbound firefighFng and support vehicle ingress.  For the purpose of this 
analysis, the East Shore Corridor of US 50 is divided into segments characterized by the number 
of lanes, lane width, and posted speed limit.  Each is idenFfied by a list of road characterisFcs 
that remain constant within each scenario. 
 
Road Segment Characteris;cs 
 
 As shown in Table 1, the numbered road segments are the same as those idenFfied in 
the by Nevada Department of TransportaFon6, however, several are further subdivided by leler 
where road characterisFcs change, and one (Segment 7*) is added to represent the enFrety of 
South Lake Tahoe.  In all cases, we assume intersecFons are controlled to opFmize evacuaFon 
condiFons and would not present an independent bolleneck to egress.  The iniFal number of 
local vehicles seeking to enter the segment through one or more major entry points (vehicle 
queue) is esFmated in Appendix A, based on summer peak-season resident and vacaFoner 
staFsFcs. 
 

Table 1.  Road Segment Characteris;cs 
 

 
 
 The distance from wildfire origin for each segment is the straight-line distance from Lake 
Lucille origin to state-line plus the length of the current segment and all upstream segments.  
This puts the datum for determining the cumulaFve number of exiFng vehicles and vehicle 
alriFon at the downstream end of each segment.   
 
 For the Caldor wildfire, the order to evacuate Grizzly Flats and Pollock Pines (where the 
fire started) was delayed 24 hours aoer the rapid spread phase began.  For the traffic flow 
models described in the next secFon, we used a range of values for the delay in issuing the 
evacuaFon order: 24, 12, and 9 hours.  The laler two assume an improvement in State and local 
decision-making policy regarding emergency response.  
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Traffic Flow Models 
 
 Three traffic flow models were developed to bound the problem posed by the 
evacuaFon of the residents and guests from the South and East Shores of Lake Tahoe. 
 
1.  Op&mal Flow Rate 
 
 The most opFmisFc model assumes the opFmal traffic flow rate for a 3-lane evacuaFon 
corridor, based on the second-order capacity flow vs. speed relaFonship from Dougherty7.  This 
sets the flow rate throughout the corridor at a constant 2060 vehicles per hour per lane (vphpl) 
or 6180 vehicles per hour (vph).  The corresponding constant speed at this opFmal flow rate is 
16 miles per hour (again according to Dougherty), and the traffic density is 386.25 vehicles per 
mile (vpm).  We use the "delay in issuing evacuaFon order," the fire-front progression in 
Appendix B, and this opFmal flow rate to calculate the vehicle alriFon and lives lost as the fire 
front catches up with the evacuaFng vehicles in the corridor.  
 
2.  Flow Rate based on Caldor Evacua&on Transit Time 
 
 The second model uses the transit Fme observed for the Caldor wildfire evacuaFon to 
calculate the average flow rate.  According to SFGATE8 regarding the Caldor wildfire evacuaFon:  

"It was a tense few moments I think for our ciFzens in south Lake Tahoe today," South 
Lake Tahoe Police Chief David Stevenson said. "Three and a half hours of being stuck on 
Highway 50.  I'm so appreciaFve that our ciFzens listened to the warning and the order 
and evacuated the city.  Their response was fantasFc, and we appreciate them.  I'm glad 
to know they are safe." 

Given that approximately 3.5 hours may be needed to traverse the 12.9-mile East Shore 
corridor, the average vehicle speed would be 3.69 mph. 
 
 " 'Jam density' refers to extreme traffic density when traffic flow stops completely, 
usually in the range of 185–250 vehicles per mile per lane9,10."  We assume an average density 
that is half of the most opFmisFc jam density of 250 vpmpl, which equates to 375 vpm for the 
three egress lanes.  We may expect the actual vehicle density to be less than this number at 
Lake Tahoe, due to the number of large SUVs, pickup trucks, and recreaFonal vehicles typically 
seen there. 
 
 The average traffic flow rate is the traffic density Fmes the average vehicle speed or 
1290.9 vph.  We use this flow rate to determine the vehicle alriFon and lives lost, as before. 
 
 We also scaled the flow rate down, assuming two egress lanes, as would be the case if 
the NDOT CMP "road diet" were implemented. 
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3.  TESsim Traffic Flow Macrosimula&on 
 
 Appendix C describes the methodology used to build our TESsim traffic-flow 
macrosimulaFon model.  This model reasonably represents variable flow rates, speeds, and 
densiFes that would occur in a real wildfire evacuaFon.  In parFcular, it captures the 
compressibility of the traffic flow in a congested evacuaFon condiFon leading to wave-like flow 
dynamics.  Several state variables are used to characterize the evacuaFon process as a funcFon 
of Fme, and these variables are advanced with Fme using equaFons-of-state, described more 
fully in the appendix.  Vehicle alriFon is then calculated as the fire front advances through the 
traffic column.  The "conveyor-belt" approach used to approximate vehicle speed and traffic 
density variaFons produces alriFon results that are considered pessimisFc (and may be overly 
pessimisFc), suggesFng the need for a higher-fidelity evacuaFon traffic-flow microsimulaFon. 
 
Simulated Wildfire Evacua;on Results 
 
 Table 2 compares the vehicle alriFon and lives lost for each of the traffic flow models 
described above.  Assuming the same 24-hour delay in issuing an evacuaFon order experienced 
during the Caldor wildfire, approximately 90% of all evacuaFng vehicles and their occupants 
would be lost under best-case condiFons.  The alriFon is reduced substanFally given a 12-hour 
delay, and more so given a 9-hour delay.  Yet these alriFon numbers are sFll very disturbing, 
indicaFng the need for improved forestry management and more effecFve fire-containment 
emergency response to slow the wildfire spread rate.     
 

Table 2.  Vehicle aHri;on and Lives Lost in Presumed Lake Lucille Wildfire 
 

 
 
 
 The last three lines in Table 2 show average flow rate and corresponding transit Fme,  
vehicle speed, and vehicle density required to achieve zero alriFon (no fataliFes).  Given the 
Caldor 24-hour delay in issuing an evacuaFon order, the fire front would have nearly reached 
the Stateline border by the Fme the formal evacuaFon began; and the required vehicle speed to 
bring the enFre populaFon to safety would be that of a Mach 0.85 jet aircrao -- totally 
unrealisFc.  The only numbers even approaching reality are for the 9-hour delay case. 
 
 Table 3 compares the vehicles and lives that would be saved for three egress lanes 
(exisFng US 50 configuraFon) and two egress lanes (CMP "road diet").  As shown, with two 
evacuaFon lanes, the number of lives saved decreases by approximately 25% under the same 
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transit Fme and vehicle speed condiFons.  The clear conclusion from this analysis is that a road 
diet would significantly increase fataliFes and makes absolutely no sense for the US 50 East 
Shore corridor.  
 

Table 3.  Vehicles and Lives Saved: Exis;ng US 50 vs. Proposed CMP 
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APPENDIX A: VEHICLE QUEUE CALCULATIONS 
 
 This appendix calculates the summer high-season populaFon of residents, their visitors, 
and vacaFoners for the City of South Lake Tahoe (including the Stateline Casinos) and the 
residenFal communiFes plus resorts along the East Shore between Stateline Ave. and Spooner 
Summit. 
 
South Lake Tahoe Vehicles 
 
 The year-round resident populaFon within the Lake Tahoe Basin in 2019 was 53,66811.  
The summer high-season populaFon for residents, their visitors, and vacaFoners is esFmated to 
be 300,0004. 
 
 The year-round resident populaFon for the City of South Lake Tahoe, CA in 2023 is 
21,63612.  We esFmate that the summer high-season populaFon for residents, their visitors, and 
vacaFoners in just South Lake Tahoe is in direct proporFon to the year-round resident 
populaFon, which is esFmated to be 121,000 persons, including the Stateline casinos.  We 
believe this to be reasonable given that there are a proporFonal number of casinos and hotels 
in the CalNeva and Incline Village areas along the North Shore. 
 
 According to Wikipedia13, there are 0.803 vehicles per capita in Nevada.  The per capita 
number for visitors and tourists in a desFnaFon resort would be less for several reasons: public 
transportaFon from airports and other transportaFon hubs, one car per visiFng family, 
carpooling by out-of-area workers, etc.  We thereby esFmate a smaller number, say 0.4 vehicles 
per capita in South Lake Tahoe.  This equates to 48,400 vehicles that would need to be 
evacuated during a wildfire. 
 
Tahoe East Shore Vehicles 
 
 The number of vehicles that would need to be evacuated within each segment of the 
East Shore corridor comprises vehicles of local residents and visitors, vacaFon home renters, 
campers, local resort vacaFoners, and daily non-lodging tourists. 
 
 We esFmate the number of local resident vehicles from the number of parcels recorded 
in Douglas County.  Since not all parcels are developed, we include a parcel overcount factor 
taken from the raFo of developed parcels to the number of recorded parcels in the Glenbrook 
community (0.88).  We assume that the average number of vehicles per living unit for the low-
density parcels is the 2017 naFonal average of 1.8814, and that the high-density parcels have 
half that number of vehicles per living unit.  We further assume that the number of vehicles 
added by residenFal visitors and upper-Fer vacaFon home rental occupants is relaFvely small 
and can be ignored. 
 
 The number of campers and other vehicles at local resorts is limited by the number of 
camping sites and parking spaces.  Similarly, the number of vacaFoner vehicles will be limited to 
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a large extent by the number of legal parking spaces, once on-road parking is eliminated along 
the corridor.  These numbers have all been determined by counFng the number of spaces in 
satellite imagery. 
 
 Table A1 provides an esFmate of the number of vehicles within each segment requiring 
evacuaFon, and this data is used in the traffic-flow models as the iniFal number in the vehicle 
queue. 
 

Table A1.  Vehicles Requiring Evacua;on per Segment 
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APPENDIX B: WILDFIRE SPREAD RATE CALCULATIONS 
 
Wildfire Spread Distance 
 
 The extent of the 2021 Caldor wildfire on Oct 6, 2021, was mapped using NASA ScienFfic 
VisualizaFon Studio imagery15.  Figure B1 shows the results of this visualizaFon and idenFfies 
the origin, near Grizzly Flats.  The wind direcFon is predominately Southwest, which is the same 
as the average wind direcFon in the Lake Tahoe Basin, and the elongated shape of the wildfire 
follows the shape of the valley.   
 

 
 

Figure B1.  Caldor Fire Spread Rate 
 
 Table 2 shows the area burned each day of the Caldor Fire16.  The fire was started on 
August 14, 2021, and an evacuaFon order for Pollock Pines and Grizzly Flats was issued August 
17, 2021, at which Fme the fire had already consumed to 2,261 acres.  The following day saw a 
rapid growth in burned area to 22,919 acres.  From August 18 to Sept 1, the fire grew to 
207,931 acres.  The shape of the fire front was approximately ellipFcal with an eccentricity of 
0.947 and radiated with one of the foci remaining at the fire's origin near Grizzly Flats.  In this 
approximaFon, the fire front progressed linearly from Aug 16 to 18 at a rate of 0.324 mph and  
linear thereaoer at 0.047 mph. 
 
 We can reasonably assume that a postulated Lake Lucille wildfire, which could threaten 
the South and East Shore communiFes of Lake Tahoe , would have a similar spread rate and 
direcFon.  We further assume that a mandatory evacuaFon order is announced within the first 
day the fire is detected, specifically 12 hours aoer the fire has spread 2,250 acres.  This 
represents an improvement over the Caldor response Fme, but certainly within the capability of 
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CalFires and the respecFve government authoriFes.  We also assume that US 50 and its 
intersecFons are reconfigured for emergency evacuaFon when the announcement is made.  
 

Table B1.  Caldor Fire Spread Rate 
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APPENDIX C: TESsim Model 
 
 In an effort to understand the traffic flow dynamics for rapid evacuaFon should a major 
wildfire directly threaten the City of South Lake Tahoe and the surrounding communiFes, the 
Tahoe East Shore Alliance developed a low-fidelity traffic-flow macrosimulaFon model, "TESsim.  
The model presumes the breakout of a fast-expanding wildfire, similar to the Caldor wildfire, 
with origin near Lake Lucille, which is located 5.7 miles East of Meyers, CA.  The populaFon to 
be evacuated and the spread rate of the fire are described in Appendices A and B, respecFvely.  
The model is built on Microsoo Excel as a platorm and, as such, lacks the fidelity that an agent-
based microsimulaFon17, such as Vissim or TransModeler. 
 
 The results obtained from TESsim are considered pessimisFc, as the jam condiFons tend 
to be amplified, extending corridor transit Fmes.  Therefore, the results obtained for a parFcular 
set of fire miFgaFon, emergency response Fme, and UD 50 East Shore Corridor capacity, while 
useful in idenFfying the macro problem, cannot accurately predict evacuaFon Fmes and 
casualFes.  Moreover, TESsim should NOT be used to contrast different road configuraFons, as 
that approach would only reveal the model's idiosyncrasies (e.g., jam condiFons, local queueing 
delays, capacity vs. speed relaFonship) rather than provide accurate comparaFve results.  
 
 The breadth and depth of the Excel spreadsheet used in TESsim to calculate vehicle 
alriFon rates are too large to represent in this paper, and the reader is encouraged to request a 
copy.  The TESsim spreadsheet is open source and can be made available upon formal request 
through TESA.  The following secFon describes the general methodology used to build TESsim. 
 
TESsim Modeling Methodology 
   
 The state variables for each road segment are updated in Fme using equaFons-of-state, 
which include Greenshields traffic flow equaFons18 and a conFnuity equaFon.  A Fme interval, 
dt, is chosen such that the state variables will not change appreciably from one Fme point to 
the next.  A reasonable Fme interval is found to be the minimum Fme it takes a vehicle traveling 
at flow capacity speed to traverse one third the length of any segment (Segment 5A being the 
limiFng case), which is approximately 26 sec (0.0073 hrs).  This ensures that there will be at 
least three bins per segment. 
 

𝑑𝑇 = 𝐷𝑏!/(3 ∗ 𝑣𝐶!),			𝑍	𝑠𝑢𝑐ℎ	𝑡ℎ𝑎𝑡	𝑑𝑇	𝑖𝑠	𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒𝑑 
 
 The TESsim macrosimulaFon is run as part of a Microsoo Excel spreadsheet, with 
segment characterisFcs and state variables listed across the horizontal axis, and Fme points 
incremented along the verFcal axis, which also reports progression of the wildfire and calculates  
vehicle alriFon.  
 
 A macrosimulaFon of this sort could be based on various flow models (fluid dynamics, 
macro-parFcles, etc.), each providing similar results.  Our use of an Excel spreadsheet best lends 
itself to a conveyor-belt flow model, as shown in Figure C1, where vehicles are grouped into 
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bins that run along an imaginary conveyor belt moving at a fixed velocity, vZ.  The number of 
evacuaFng vehicles in a given bin is determined by flow parameters from the upstream 
segment.  When a bin reaches the downstream end of the segment belt, vehicles from a 
segment-specific queue of local vehicles (seeking evacuaFon) are added to those in the last bin 
and transferred to a bin at the upstream end of the downstream segment within the current 
Fme segment, t.  If a downstream traffic jam occurs, the model allows traversing vehicles to be 
added to the local queue.  While not representaFve of actual flow, this parFally compensates 
for the fixed speed of the conveyor (a modeling arFfact), essenFally enabling compressibility 
(traffic density increase).  The downside of this model is that propagaFon delays are not 
accurately represented.   This issue is diminished somewhat as the selected Fme interval, dt, is 
reduced. 
 

 
Figure C1.  Road Segment Traffic Flow Conveyor-Belt Model 

 
 The 85-percenFle operaFng speed within the 35-mph porFon of Segment 5 was 
reported by Wood Rogers19 as 48 mph.  As such, we assume a maximum operaFng speed that is 
13 mph over lowest posted limit (or speed limit at horizontal curves) in segments where the 
posted limit is less than 45 mph.  SecFon 3.1 of the NDOT Road Design Guide20 states: "For all 
other routes [other than rural freeways], the design speed shall be set at 10 mph over the 
posted speed."  We shall adopt this philosophy and set maximum operaFng speed at design 
speed (10 mph above the posted speed limit) for segments where the posted limit is 45 mph or 
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greater.  This is in accordance with observed behavior within the US 50 corridor and considered 
appropriate for evacuaFon. 
 

According to Greenshields18, average vehicle speed at traffic flow capacity, vC, is half the 
free-flow speed (i.e., maximum operaFng speed), vf.  This is the assumed operaFng speed 
within each segment and is equivalent to the constant conveyor speed.  
 

𝑣𝐶! = 𝑣"/2 
 
For the conveyor-belt flow model to converge, it is important that the number of bins, WZ, 
within each segment be an integer.  To accommodate this, average vehicle speed is adjusted 
downward accordingly. 
 

𝑣! ≤ 𝑣𝐶!	𝑠𝑢𝑐ℎ	𝑡ℎ𝑎𝑡	𝑊!	𝑖𝑠	𝑡ℎ𝑒	𝑛𝑒𝑥𝑡	𝑙𝑎𝑟𝑔𝑒𝑟	𝑖𝑛𝑡𝑒𝑔𝑒𝑟	𝑣𝑎𝑙𝑢𝑒 
 
State Variables 
 
 State variables are ascribed to each road segment, Z, and are updated by TESsim at each 
Fme point (idenFfied as ti, where i represents the present Fme increment).  These are listed 
below in the order they are calculated within TESsim. 
 

• distance from fire front (miles), BZ(ti) 
• vehicles per bin entering from upstream segment (vehicles), nbZ(ti) 
• vehicles entering from segment queue (vehicles), mZ(ti) 
• traffic flow rate at upstream end of segment (vehicles per mile), qZ(ti) 
• total number of vehicles within segment (vehicles), nZ(ti) 
• traffic density within segment (vehicles per mile), kZ(ti) 
• number of local vehicles remaining within segment queue (vehicles), mrZ(ti) 
• cumulaFve number of vehicles having exited the segment (vehicles), pZ(ti) 
• new vehicle alriFon from segment due to fire (vehicles), FZ(ti)  

 
Equa;ons-of-State 
 
 EquaFons-of-state are used to advance the state variables within a given segment, Z, 
from the previous Fme interval, ti-1, to the present Fme interval, ti.  EquaFons-of-state and 
other formula used in TESsim are listed below in order of calculaFon.    
 
(1)  For each new Fme point, the distance from the fire front to the downstream end of each 
segment, BZ(ti), is calculated; where BYZ is the distance of the segment from Lake Lucille origin, 
and A(ti) is the distance the fire front has progressed at Fme ti from Appendix B. 
 

𝐵!(𝑡#) = 𝐵𝑌! − 𝐴(𝑡#) 
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(2)  The iniFal traffic flow rate for each segment is the capacity flow rate, qCZ, at the free-flow 
vehicle speed, vMZ.  Traffic flow capacity is the maximum number of vehicles that can pass a 
parFcular point along a single or mulF-lane roadway.  Table C1 compares various models for 
single-lane free-flow traffic capacity, including both first- and second-order equaFons.  These 
are ploled in Figure C2. 
 

Table C1.  Free-Flow Traffic Capacity Models 
 

 
 
 

 
 

Figure C2.  Traffic Flow Traffic Capacity vs. Average Opera;ng Speed 
 
 We chose the second-order equaFon according to Dougherty7 as a reasonable 
compromise within the range of vehicle speeds-of-interest, where speed is in miles per hour.  
Note, however, that none of these models consider addiFonal factors, such as road condiFon, 
road width, sight distance, horizontal curvature, verFcal curvature, and superelevaFon.  
 	

𝑞𝐶(𝑠𝑖𝑛𝑔𝑙𝑒	𝑙𝑎𝑛𝑒) =
5280	𝑣

15 + 0.056	(𝑣)$ + 0.73	𝑣 
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 As shown in Figure 2 for the Dougherty second-order model, there is a maximum traffic 
flow capacity, qC, of 2060 vehicles per mile, corresponding to an average operaFng speed of 16 
mph.  The shape of this curve is determined by an average driver's percepFon of reacFon Fme 
and stopping distance.  Note that flow capacity at speeds below the opFmum is severely 
curtailed, and this condiFon should be avoided.  However, flow capacity at speeds above 
opFmum is much less diminished, so operaFng in the region to the right of the peak is 
acceptable, but excessive speeds should be avoided. 
 
 We make a simplifying assumpFon that during an evacuaFon, egressing vehicles will 
largely stay within their lane, so that mulF-lane capacity can be calculated as the single-lane 
capacity Fmes the number of lanes, LZ, without adjusFng for passing and other condiFons.  As 
the model progresses in Fme, flow rate for each segment is determined from the flow 
characterisFcs of downstream segments.   

 
𝑞𝐶	(𝑚𝑢𝑙𝑡𝑖	𝑙𝑎𝑛𝑒) 	= 	 𝐿!	𝑞𝐶(𝑠𝑖𝑛𝑔𝑙𝑒	𝑙𝑎𝑛𝑒) 

 
(4)  The number of vehicles (per bin) that can flow into the downstream segment, nbZ(ti), is the 
product of downstream flow rate from the previous Fme point, qZ+1(ti-1), and Fme interval, dt. 
 

𝑛𝑏!(𝑡#) = 𝑞!&'(𝑡#(')𝑑𝑡 
 
(5)  A conFnuity equaFon is then used to calculate the number of local vehicles that can be 
added within each segment, mZ(ti).  This can be a negaFve number, and flow rates within the 
upstream secFons are adjusted in future Fmes to achieve posiFve flow out of the queues. 
 

𝑚!(𝑡#) = 𝑛𝑏!&'(𝑡#) − 𝑛𝑏!(𝑡#()&') 
 
(6)  The average Fme it takes for a local vehicle to enter the roadway, tL, was measured at 10:00 
AM on Oct 12, 2023, to be 13.49 sec or 0.0037 hrs.  Under actual evacuaFon condiFons, 
maximum flow rate from a single entry point, qLZ, would be the reciprocal of tL. 
 

𝑞𝐿! = 1/𝑡𝐿 
 
The maximum number of local vehicles that can enter in a Fme interval, mMZ(ti), would be 
maximum flow rate Fmes the Fme interval. 
 

𝑚𝑀*(𝑡#) = 𝑞𝐿!𝑑𝑡 
 

𝑚!(𝑡#) ≤ 𝑚𝑀*(𝑡#) 
 
 However, because we are modeling segment compressibility by adding congested 
vehicles to the local vehicle queue, we do not limit local queue flow rate in TESsim.  This feature 
may overesFmate the evacuaFon rate of local residents, but it does not significantly affect 
overall evacuaFon metrics. 
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(7)  ConFnuity also demands that the total number of vehicles remaining within the local queue, 
mrZ(ti), is the total from the last Fme point, mrZ(ti-1), minus  vehicles currently leaving the 
queue, mZ(ti). 
 

𝑚𝑟!(𝑡#) = 𝑚𝑟!(𝑡#(') − 𝑚!(𝑡#) 
 
(8)  The traffic flow rate, qZ(ti), is set iniFally at the capacity flow rate, qZ(ti), and maintained at 
capacity unless a downstream traffic jam occurs, as discussed below. 
 
(9)  The total number of vehicles traversing the segment, nZ(ti), is then calculated, which is the 
total across all bins within the segment.  Since there are W bins per segment, the total is: 
 

𝑛!(𝑡#) =Q 𝑛𝑏!(𝑡#(+)
,

+-)('
 

where: 𝑊~𝐷!/(𝑣!dt) 
 
(10)  The traffic density for each segment, kZ(ti), is the number of vehicles traversing the 
segment divided by segment length. 
 

𝑘!(𝑡#) = 𝑛!(𝑡#)/𝐷! 
 

(11)  Jam density, kj, is the average number of vehicles per mile that the roadway can handle 
during a traffic jam, when the velocity reaches standsFll.  According to Greenshields18, the jam 
density is twice the density at capacity, while other traffic models extend jam density.   
 

𝑘. = 2	𝑞𝐶!𝑣!			 
 
A traffic jam is detected in the TESsim model when the number of vehicles entering from the 
local queue goes negaFve (i.e., vehicles begin to stack up in the local queue).  When this 
happens, traffic flow rate is adjusted downward in all upstream segments unFl the jam has 
cleared, at which point flow rate is returned to capacity. 
 
(12)  The cumulaFve number of vehicles that have exited the segment, pZ(ti), is then calculated 
as the vehicles exited in the previous Fme point, pZ(ti-1), plus the new vehicles that exit the 
segment, nZ(ti).  Vehicles arFficially introduced into the pipeline to begin the simulaFon are 
subtracted from the alriFon numbers. 
 

𝑝!(𝑡#) = 𝑝!(𝑡#(') 	+	𝑛!(𝑡#) 
 
(13)  When the calculated distance from the fire front to the downstream end of the segment at 
the present Fme point, BZ(ti), goes negaFve; the fire front has consumed the segment and all 
vehicles within the segment are considered lost.  At that point, new vehicle alriFon, FZ(ti), is the 
number of vehicles originally in the local queue, mrZ, plus the number of vehicles presently 
traversing the segment, nZ(ti).  
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𝑖𝑓	𝐵!(𝑡#) 	< 	0,				𝑡ℎ𝑒𝑛		𝐹!(𝑡#) = 𝑚𝑟! − 𝑛!(𝑡#),			𝑒𝑙𝑠𝑒	𝐹!(𝑡#) = 0 
 
(14)  The cumulaFve number of vehicles that have been lost at the current Fme point,  is then 
calculated. 

𝐹𝑇(𝑡#) = 𝐹𝑇!(𝑡#(')Q 𝐹!(𝑡#)
/00	!

'
 

 
 The macrosimulaFon is allowed to run unFl all vehicles in South Lake Tahoe and the East 
Shore communiFes, not consumed by wildfire, have exited the final segment. 
  
 Formulae used in the macrosimulaFon are listed in Tables C3 through C5 for iniFal 
parameters, segment characterisFcs, and equaFons-of-state, respecFvely. 
 

Table C3.  TESsim Ini;al Parameters 
 

 
 

Table C4.   TESsim Segment Characteris;cs 
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Table C5.  TESsim Equa;ons-of-State 
  

 
 

Simula;on Results and Conclusions 
 
 Table C6 records the results of the TESsim analysis for The Lake Lucille wildfire scenario.  
The average number of vehicles per capita in South Lake Tahoe is esFmated in Appendix A as 
0.4.  The number of persons per vehicle used in the fatality calculaFons must therefore be 2.5 
for consistency.  Given the vehicle alriFon data resulFng from the TESsim wildfire evacuaFon 
simulaFon, we conclude that for the presumed Lake Lucille wildfire under the stated evacuaFon 
condiFons,  120,496 lives of the original 133,633 residents and vacaFoners would be lost.  A 
fatality rate exceeding 90 percent.  A truly devastaFng result! 
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Table C6.  Vehicles and Lives Lost in Tahoe Basin Given Postulated Wildfire  
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