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Roadways  in  the  US  states  of  Washington  (WA),  Oregon  (OR),  and  California  (CA)  incurred  extraordinary  damage  during  the  2020  Labor  Day
wildfires. However, the cost and risk of these fires have not been placed in a historical perspective. This study examines the damage to roadways
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When assessing management and policy actions, it is critical to
understand how and why the WUI is growing. Fuel treatments
and the promotion of fire-adapted communities in the WUI are
prioritized  under  federal  wildfire  control  policy  in  the  USA[9].



megafires  that  were  reported  in  WA  between  1902  and  2020,
the 36 megafires that were recorded in OR between 1845 and
2022, and the 21 megafires that were recorded in CA between
1889  and  2021  (Supplemental  Table  S2−S7).  Summarized
breakdowns from the 2020 Labor Day wildfires were generated
from the Detailed Damage Inspection Reports (DDIRs) from the
WA  State  Department  of  Transportation  (WSDOT; Supplemen-
tal  Table  S9−S11)  and  the  OR  Department  of  Transportation
(ODOT; Supplemental  Table  S12−S15),  and  from  the  Damage
Assessment Reports  (DARs)  from the CA Department of  Trans-
portation  (Caltrans; Supplemental  Table  S16 & S17),  including
physical and financial roadway damage. All sources were miss-
ing  statistical  data  in  one  form  or  another,  which  made  the
comparative  analysis  challenging.  Each  cost  impact  was  item-
ized,  with  additional  detailed  on-site  location  as  well  as  a
description of the damage. The data received were in standard
units  and  preserved  as  such  in  the  supplemental  tables  but
were later converted to metric units.

The highways in each state that were investigated along with
the  wildfires  that  affected  them  are  shown  in Figs  1−3,  and
Supplemental  Table  S18 summarizes  the  routes  and  wildfires.
To  reveal  more  about  the  completeness  and  accuracy  of  the
information in the DDIRs and DARs, local emergency managers
across  all  three  states  were  contacted  to  clarify  the  tools,
processes,  and  approaches  used  in  the  compilation  of  the
reports.  These  contacts  resulted  in  several  referrals,  strings  of
email  correspondence  with  local  emergency  managers,  and
further questions by telephone. 

Characterization  of  historical  highway  damage  from
megafires in WA, OR, and CA over the last 100+ years were first

analyzed to determine whether any relationships exist between
size, causes, or locations of the wildfires vs damage to highway
infrastructure.  Scarcity  of  historical  categorization  of  roadway
damage  made  comparisons  to  the  2020  Labor  Day  wildfires
impracticable, with WA only identifying one previous megafire
in 2014 – the Carlton Complex being recorded for federal reim-
bursement,  but  without any infrastructure damage specifically
called  out  or  recorded.  OR  only  identified  two  previous
megafires in 2015 – the Canyon Creek Complex and the Cornet-
Windy  Ridge,  which  only  recorded  hazard  tree  damage,  while
CA  is  so  familiar  with  wildfires,  that  they  weren't  sure  when
they  began  keeping  records  of  highway  damage  due  to  wild-
fires – which  is  believed  to  be  sometime  in  the  21st century.
Roadway impacts  to  the  highways  due to  the 2020 Labor  Day
wildfires  include  the  costs  of  hazard  tree  removal;  slope/scal-
ing damage from rocks, dirt, and debris that slid onto the road;
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    (a)  Location  of  2020  Labor  Day  wildfires  in  OR[34]
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alongside  their  highways.  Their  findings  support  the  evalua-
tion of  infrastructure  risk,  which  can be  utilized to  rank  places
for  treatment,  provide  a  method  for  monitoring  regions  that
have  been  treated  and  have  had  their  risk  reduced  over  time,
and involve local governments and wildfire fighting units in the
coordination of landscape fire risk reductions[45].

Plausible  factors  that  influence  roadway  damage  from
megafires  are  the  result  of  a  century  of  fire  exclusion  policies,
increased fuel loading, the lengthening of the 'fire' season—the
annual period during which vegetation fuels are susceptible to
combustion—increased  tree  mortality  and  shifting  topogra-
phy/terrain.  While  these  large-scale  wildfires  are  associated
with dry, easterly winds and concurrent drought, the regionally
distinct patterns of wind, fuel, fire size, and drought in the 2020
event point to a more complex mechanism than the mere coin-
cidence  of  wind  and  drought[11].  A  more  complex  'recipe'  for
major  westside flames than just  wind and drought  happening
at  the  same  time  includes  the  presence  of  mountainous  areas
and valley margins that appear to have affected fire growth and
spread.  The  variation  in  fire  size  appears  to  be  partially  ex-
plained by geographic patterns of wind speed and drought[11].
The  general  public  generally  agrees  that  the  main  reason  for
this rise in megafire incidents is climate change, which involves
increased human activity and affects drought and extreme heat
events.

In  addition  to  the  statistical  data  gathered  and  examined
(Supplemental  Table  M)  to  assess  the  damage to  the  highway
infrastructure of WA, OR, and CA resulting from the 2020 Labor
Day  wildfires,  multiple  interviews  were  held  with  personnel
from  each  state  to  enhance  the  understanding  of  the  impacts
of the megafire to their highway systems.

Interviews  with  WSDOT  emergency  personnel  indicated  a
focus  on  the  post-fire  activities  associated  with  debris  flows
(slides)  and  plugged  ditches  (flooding),  which  are  both  attri-
buted to continuous proper maintenance throughout the year.
Structural damage seems to be their biggest expense (Supple-
mental  Table  S11),  but  they  work  with  the  WA  State  Depart-
ment of Natural Resources as well to identify and predict post-
fire  slide  areas  along  roadways.  Replacement  of  wooden
guardrail  posts  with  metal  posts  is  likely  to  increase  resiliency
but  is  expensive  and  time-consuming  to  implement.  Another
resiliency task related to maintaining the highways is removing
more  hazard  trees  from  around  the  roads  before  a  megafire.
Such actions are currently taking place in the medians of many
highways  in  OR.  WA  does  not  maintain  a  disaster  budget  and
therefore  must  deal  with  natural  disasters  like  megafires  with
the state's funds until they initially assess and provide FHA with
the  characterizations  of  the  damage  and  the  estimated  costs.
Once  the  financial  threshold  limit  has  been  met  for  funding,
FEMA can then be engaged, and additional financial resources
can  be  requested  as  well.  Another  item  that  stood  out  during
the interviews is that planning too often fails to provide conclu-
sive  answers,  with  success  dependent  on  the  extent  of  the
disaster  as  well  as  the  topography,  weather,  and  elevations  of
the disasters.

Based  on  an  assessment  of  interviews  among  the  three
states, OR appears to have had the most challenges with deal-
ing with the megafire disasters, simply because they had never
encountered the magnitude of facing five megafires simultane-
ously throughout the state and the amount of destruction that
they caused so quickly.  In addition, there were already numer-
ous  smaller  wildfires  occurring  throughout  the  state  that

firefighters  and  emergency  personnel  were  already  battling
when  the  Labor  Day  wildfires  hit.  While  interviewing  ODOT
personnel,  who  participated  in  the  emergency  recovery  and
response  effort  throughout  the  state,  it  was  evident  that  OR
was  unprepared  for  such  a  natural  disaster  or  the  amount  of
devastation  it  caused.  Since  OR  officials  were  inexperienced
with  a  wildfire  catastrophe  of  this  scale,  they  chose  ODOT  to
handle the overall recovery operation whether it was related to
roads  and  highways  or  not,  to  utilize  their  experience  with
handling the response and recovery effort similar to their capi-
tal  improvement  plan  (CIP)  contractual  process.  ODOT  did
reach  out  to  Caltrans  for  ideas  and  assistance  since  they  were
more acquainted with this type of natural  disaster and how to
approach the response and recovery  operations  the most  effi-
ciently.  The  delivery  and  operations  division  within  ODOT  led
the  work  during the  response  and recovery  operations  during
the megafires throughout the state. The state of OR does main-
tain a bi-annual contingency budget at the statewide level and
each  of  the  five  ODOT  regions  maintain  a  small  budget  for
emergencies as well, but none were even remotely adequate to
address  a  natural  disaster  of  this  magnitude.  The  emergency
operations  group  within  ODOT  undertook  the  challenge  of
clearing  and  cleaning  up  debris  from  the  highways  as  well  as
assisting FHA and FEMA in recovering financially from the wild-
fire  disasters.  This  included  ODOT  staff  first  going  out  to  the
roads that were being affected and determining how fast they



as  disaster  funding  is  built  into  their  annual  budget.  Caltrans
described  the  same  scenario  as  the  WA  officials – specifically,
that  planning  cannot  anticipate  where  a  disaster  will  strike  or
how extensive it will be.

Given  the  increasing  frequency  of  destructive  megafires  in
the  three  states  and  the  ensuing  destruction  and  financial
effects  on  highways,  the  data  produced  by  this  work  enables
the  identification  of  specific  highway  damage  areas  and
provides a quick and efficient way to estimate the overall finan-
cial damage ramifications for local,  state, and federal agencies,
particularly  FEMA  and  FHA.  Some  of  the  challenges  encoun-
tered in this study included obtaining the research data in the
first place, identifying, and decomposing the data into distinct
features,  and realizing that a large portion of the financial  and
physical  damage  data  provided  for  each  wildfire  was  consis-
tently lacking.

As  with  any  research,  caution  should  be  exercised  in  the
interpretation  of  results  because  of  several  limitations  in  the



against  highway  damage  to  capture  similar  settings  and  cate-
gories of damage. As more data is accumulated, the results can
become  stronger  and  validated  in  additional  forms  to  deter-
mine  relationships  and  develop  potential  future  highway
damage modeling parameters and associated risks.

Without question, obtaining the limited data for this research
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