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Abstract Wildfires in the snow zone can brighten winter and spring landscapes by removing forest canopy,
revealing underlying snow cover. Land surface albedo (LSA) alterations associated with transitioning from a
canopied, snow‐hiding vegetation regime to a snow‐revealing landscape have impacts on the surface energy
balance, with implications for climate and water supply. Forest fires are increasing in frequency, size, and
elevation, but the change in LSA due to fire in the seasonal snow zone (SSZ) is poorly understood. This study
addresses this knowledge gap for the Sierra Nevada, where recent climatic changes have contributed to
droughts, earlier and more rapidly declining snowpacks, and worsening wildfire impacts. Remotely sensed
snow fraction and LSA data from Moderate Resolution Imaging Spectrometer were used to assess the impact of
wildfire on landscapes in the Sierra Nevada SSZ by comparing LSA in burn scars to unburned control areas and
the historical average LSA, then quantifying the surface radiative forcing (RF) associated with change in LSA.
Among high and moderate burn severity fires, winter LSA varied depending on snow cover, land characteristics,
and burn severity, ranging from 0.12 in low‐snow fire scars to 0.47 in snow‐covered fire scars. This study adds
to understanding of how landscapes respond to wildfires and the subsequent impacts on the surface energy
balance.

Plain Language Summary Wildfires alter how the landscape absorbs and reflects sunlight by
removing forest canopy and exposing the underlying ground surface, leading to changes in surface temperature.
This impact is particularly pronounced in areas that are snow‐covered due to the brightness of snow contrasted
with dark canopy. As wildfires become more frequent, intense, and larger, it is crucial to understand how they
affect seasonally snow‐covered landscapes. This study focuses on the Sierra Nevada, CA, where recent climate
changes have led to more droughts, earlier melting of snow, and intensifying wildfire. We used satellite data to
study how wildfires impact landscape reflectance by comparing burned areas to both nearby unburned areas and
historical data. We found that great variability was present in landscape response but overall, in the first 4 years
after a high or moderate severity wildfire, the snow‐covered areas were brighter in winter compared to unburned
areas. Quantifying how absorption of sunlight changes following wildfire helps us understand how landscapes
respond to wildfires and how they affect the local climate.

1. Introduction
Wildfire frequency and intensity are increasing across the western United States (Abatzoglou & Williams, 2016;
Dennison et al., 2014; Ghimire et al., 2012; Westerling, 2016; Westerling et al., 2006; Williams & Abatzo-
glou, 2016; Williams et al., 2022), a trend particularly evident in the California Sierra Nevada (Schwartz
et al., 2015; Williams et al., 2019). The increase in wildfires in the mountains of the Western US has been driven
by climatic factors including rising temperatures, drier summers, below‐average winter precipitation, and earlier
spring snowmelt (Littell et al., 2009; Morgan et al., 2008; Westerling, 2016; Westerling et al., 2006). Wildfire
potential in the Sierra Nevada is extremely susceptible to climatic changes, with a 1°C increase in daily summer
temperature causing a 19%–22% increase in likelihood of fire occurrence and 22%–25% increase in area burned
(Gutierrez et al., 2021).

Hydrology in the Sierra Nevada is dominated by snowmelt; trends in snow cover and melt timing are particularly
relevant contributors to wildfire potential (Bales et al., 2011; Harpold et al., 2015; Li et al., 2017; Miller &
Urban, 1999). Declining spring snow storage, earlier melt onset, and reduced streamflow have been attributed to
climate warming, and trends are expected to continue through the 21st century with direct implications for fire
frequency and intensity, including in the Sierra Nevada (Gergel et al., 2017; Westerling et al., 2006). Studies
suggest wildfires that burn at elevations where most precipitation falls as snow, referred to as the SSZ, in turn
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Key Points:
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varies with snow cover, land
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• Contrary to current understanding,
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e x ert i m p ort a nt c o ntr ols o n s n o w p att er ns i n t h e Si err a  N e v a d a f or y e ars aft er fir e o c c urr e n c e ( Ali z a d e h

et al., 2 0 2 1 ;  Gl e as o n et al., 2 0 1 9 ;  H at c h ett, 2 0 2 1 ). Fir e alt ers s n o w a c c u m ul ati o n a n d a bl ati o n p att er ns t hr o u g h

r e d u cti o n of c a n o p y s n o w i nt er c e pti o n, i n cr e as e d tr a ns missi o n of s ol ar r a di ati o n t o t h e s n o w p a c k s urf a c e, a n d

d e p ositi o n of li g ht‐ a bs or bi n g p arti cl es ( L A Ps) i n t h e f or m of bl a c k c ar b o n a n d c h arr e d  w o o d y d e bris ( C W D) o n

t h e s n o w s urf a c e ( B o o n, 2 0 0 9 ;  B url es  &  B o o n, 2 0 1 1 ;  Gl e as o n et al., 2 0 1 3 ;  Gl e as o n  &  N oli n, 2 0 1 6 ;  Li u

et al., 2 0 0 5 ;  U e c k er et al., 2 0 2 0 ;  Wi n kl er, 2 0 1 1 ).

Als o,  wil dfir es t h at b ur n i nt o t h e S S Z a n d r e m o v e f or est c a n o p y i m p a ct t h e br o a d er s urf a c e e n er g y b al a n c e l ar g el y

b y e x p osi n g s n o w a n d p ert ur bi n g t h e l a n ds c a p e al b e d o, t h e r ati o of r efl e ct e d t o i n c o mi n g s ol ar r a di ati o n. S n o w is

si g nifi c a ntl y bri g ht er t h a n t h e f or est c a n o p y, r efl e cti n g t h e  m aj orit y of i n c o mi n g s u nli g ht; t h e al b e d o of n e wl y

f all e n s n o w c a n r a n g e fr o m 0. 9 0 t o 0. 9 5, a n d c a n d e cr e as e t o ∼ 0. 6 f or a g e d  m elti n g s n o w ( Wis c o m b e  &  W ar-

r e n, 1 9 8 0 ). I n c o ntr ast, t h e al b e d o of Si err a  N e v a d a s n o w‐fr e e f or ests is 0. 1 0 – 0. 1 3 ( B ar n es  &  R o y, 2 0 1 0 ;  R ot h er

et al., 2 0 2 2 ).  Al b e d o of f or est e d l a n ds c a p es bl a n k et e d i n s n o w c a n b e  m or e r efl e cti v e, fr o m 0. 1 5 t o 0. 2 4,

d e p e n di n g o n t h e pr es e n c e of c a n o p y s n o w.  Al b e d o i n s n o w‐ c o v er e d tr e el ess  m e a d o ws, h o w e v er, c a n b e as hi g h

as 0. 8 0 ( B ar n es  &  R o y, 2 0 1 0 ;  B ur a k o ws ki et al., 2 0 1 5 ; P o m er o y  &  Di o n, 1 9 9 6 ;  R o bi ns o n  &  K u kl a, 1 9 8 4 ).  T h e

c a n o p y  m as ks t h e u n d erl yi n g s n o w p a c k fr o m s ol ar r a di ati o n, b ut  w h e n t h e c a n o p y is r e m o v e d d u e t o dist ur b a n c es

s u c h as  wil dfir e, t h e f or est st a n d e n er g y b al a n c e c h a n g es t o  m or e cl os el y r es e m bl e a n o p e n, u nf or est e d ar e a.  E v e n

w h e n s n o w is n ot pr es e nt, t h e e x p os e d u n d erl yi n g gr o u n d c o v er is t y pi c all y bri g ht er t h a n t h e tr e e c a n o p y, l e a di n g

t o a p ost‐fir e i n cr e as e i n al b e d o i n c o nif er o us f or ests ( V er a v er b e k e et al., 2 0 1 2 ).

T h o u g h  wil dfir es d e p osit  L A Ps o n t h e s n o w s urf a c e, d e cr e asi n g t h e s n o w al b e d o, t h e o v er all l a n d s urf a c e al b e d o

( L S A) h as b e e n s h o w n t o i n cr e as e i n b ur n e d s n o w‐ c o v er e d f or est st a n ds i n  W y o mi n g ( G ers h, et al., 2 0 2 2 ).

I m p a cts, t h o u g h, ar e n ot  w ell u n d erst o o d i n t h e Si err a  N e v a d a as b ur n s e v erit y, pr e‐fir e v e g et ati o n str u ct ur e, s oil

m oist ur e, c h ar d e p ositi o n, a n d p ost‐fir e pr e ci pit ati o n a n d v e g et ati o n r e c o v er y all c o ntri b ut e t o t h e d e gr e e of

c h a n g e i n  L S A (Ji n  &  R o y, 2 0 0 5 ;  R ot h er  &  D e S al es, 2 0 2 1 ). I n cr e as es i n  L S A d u e t o l a n d c o v er c h ar a ct eristi cs

c h a n gi n g fr o m s n o w‐ hi di n g t o s n o w‐r e v e ali n g r es ult i n d e cr e as es i n s urf a c e r a di ati v e f or ci n g ( R F), c o ntri b uti n g

t o a cli m at e‐ c o oli n g eff e ct ( B ar n es  &  R o y, 2 0 1 0 ;  B etts, 2 0 0 0 ;  E us kir c h e n et al., 2 0 0 9 ), b ut t o d at e t his eff e ct h as

n ot b e e n q u a ntifi e d i n t h e Si err a  N e v a d a S S Z.

H er e, c h a n g es i n  L S A a n d s urf a c e  R F d u e t o  wil dfir e ar e q u a ntifi e d f or si x fir es t h at h a v e b ur n e d p arti all y or f ull y

i n t h e Si err a  N e v a d a S S Z.  T his fills a g a p i n pr e vi o us st u di es t h at h a v e us e d fi el d  m et h o ds a n d r e m ot e s e nsi n g

s o ur c es t o f o c us o n i m p a cts of  wil dfir e o n pl ot‐t o l a n ds c a p e‐s c al e s n o w c o v er a n d al b e d o ( B url es  &  B o o n, 2 0 1 1 ;

Gl e as o n et al., 2 0 1 3 , 2 0 1 9 ;  H ar p ol d et al., 2 0 1 3 ;  Mi c h el ett y et al., 2 0 1 4 ) or r e m ot e s e nsi n g‐ d eri v e d l a n ds c a p e‐

s c al e  L S A c h a n g es i n s n o w‐ off p eri o ds ( R ot h er  &  D e S al es, 2 0 2 1 ;  R ot h er et al., 2 0 2 2 ; S hr est h a et al., 2 0 2 2 ;

V er a v er b e k e et al., 2 0 1 2 ;  Vl ass o v a et al., 2 0 1 4 ), l e a vi n g a n i n c o m pl et e u n d erst a n di n g of t h e i m p a cts of  wil dfir e

o n t h e S S Z.  T h e a n al ysis l e v er a g e d o v er 2 0 y e ars of d at a fr o m  M o d er at e  R es ol uti o n I m a gi n g S p e ctr o m et er

( M O DI S), i n cl u di n g  L S A a n d s n o w‐ c o v er e d fr a cti o n ( S C F), t o q u a ntif y t h e p ost‐fir e c h a n g e i n  L S A a n d s urf a c e

R F. P ost‐fir e c h a n g es i n  L S A ar e i n cr e asi n gl y i m p ort a nt t o u n d erst a n d i n t h e Si err a  N e v a d a as fir e i nt e nsit y,

fr e q u e n c y, a n d i m p a ct i n t h e  m o u nt ai n  w est ar e pr e di ct e d t o  w ors e n ( B ar b er o et al., 2 0 1 5 ;  W est erli n g

et al., 2 0 1 1 ).

2. St u d y  A r e a a n d  D at a

2. 1. St u d y  A r e a

T h e Si err a  N e v a d a e xt e n ds o v er 4 5 0  mil es b et w e e n t h e l atit u d es of 4 0. 5 ° N a n d 3 5. 6 ° N.  T h e r e gi o n is d o mi n at e d

b y hi g h i nt er a n n u al pr e ci pit ati o n a n d t e m p er at ur e v ari a bilit y,  wit h 6 0 % – 8 0 % of pr e ci pit ati o n f alli n g as s n o w i n

t h e  wi nt er.  T h e ar e a us e d i n a n al ysis c o nsists of t h e S S Z i n 1 0  w at ers h e ds ( H U C 8) o v er t h e  w est er n sl o p e of t h e

Si err a  N e v a d a ( Fi g ur e 1 ), s p a n ni n g 5, 0 0 0 – 8, 0 0 0 f e et i n el e v ati o n.  T h e S S Z is d efi n e d, f or t his st u d y, as pi x els

wit h gr e at er t h a n 5 0 % s n o w c o v er b et w e e n J a n u ar y 1 a n d  A pril 1 o v er t h e  M O DI S r e c or d ( 2 0 0 1 – 2 0 2 2).

Si x fir es t h at b ur n e d i nt o t h e S S Z  w er e s el e ct e d f or a n al ysis d u e t o  m e eti n g t h e f oll o wi n g crit eri a: ( a) at l e ast 2 5

M O DI S pi x els  wit hi n t h e o v erl a p b et w e e n t h e fir e s c ar a n d S S Z a n d ( b) at l e ast 1 0 y e ars of r e c or d pr e‐fir e

( T a bl e 1 ).  D u e t o t h e l e n gt h r estri cti o n of t h e  M O DI S d at a s ets,  m ost of t h es e (fi v e) o c c urr e d aft er 2 0 1 2.  As

o n e e x c e pti o n  w e i n cl u d e d t h e  M c N all y fir e t h at b ur n e d e arl y i n t h e r e c or d ( 2 0 0 2).  W e  m a d e t h e e x c e pti o n d u e t o

t h e o v erl a p  wit h t h e S S Z, b ut n ot e t h at f or t his fir e, t h er e is o nl y 2 y e ars of pr e‐fir e d at a fr o m  M O DI S.

E a rt h's  F ut u r e 1 0. 1 0 2 9/ 2 0 2 3 E F 0 0 4 1 7 2
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2. 2.  D at a

T h e  L S A d at a s et us e d i n t his a n al ysis  w as s o ur c e d fr o m t h e  M o d er at e

R es ol uti o n I m a gi n g S p e ctr o m et er ( M O DI S) a b o ar d t h e  N A S A s at ellit e  T err a.

T h e  M O DI S s e ns or  m e as ur es r efl e ct e d s ol ar r a di ati o n fr o m t h e e art h's s urf a c e

e v er y 1 t o 2 d a ys a cr oss 3 6 s p e ctr al b a n ds; t h e first s e v e n “l a n d b a n ds ” ar e i n

t h e visi bl e‐s h ort w a v e i nfr ar e d ( V S WI R) r a n g e a n d h a v e a s p ati al r es ol uti o n of

5 0 0  m.  T h e  M O DI S  L S A pr o d u ct,  M C D 4 3 A 3 ( S c h a af  &  W a n g, 2 0 2 1 ),

pr o vi d es 1 6‐ d a y a v er a g e d r efl e ct a n c e c e nt er e d o n t h e d at e of t h e s at ellit e

i m a g er y o v er p ass f or e a c h of t h e l a n d b a n ds, as  w ell as i n visi bl e, n e ar‐

i nfr ar e d, a n d br o a d b a n d r a n g es f or dir e cti o n al h e mis p h eri c al r efl e ct a n c e

( bl a c k‐s k y al b e d o [ B S A]) a n d bi h e mis p h eri c al r efl e ct a n c e ( w hit e‐s k y al b e d o

[ W S A]).  T h e a ct u al bi dir e cti o n al r efl e ct a n c e al b e d o ( “ bl u e‐s k y ” al b e d o) is a

r ati o of  B S A a n d  W S A;  w h at  w e r e p ort as  L S A is a si m pl e 1: 1 r ati o of  B S A t o

W S A ( Fr e n c h et al., 2 0 1 6 ).

T h e S C F d at a s et, als o s o ur c e d fr o m  M O DI S‐ T err a,  w as g e n er at e d usi n g t h e

S n o w  C o v er a n d  Gr ai n Si z e ( M O D S C A G) al g orit h m.  M O D S C A G r etri e v es

p er‐ pi x el S C F b y a p pl yi n g s p e ctr al  mi xt ur e a n al ysis ( S M A) t o  V S WI R s urf a c e

r efl e ct a n c e ( M O D 0 9 G A) ( P ai nt er et al., 2 0 0 9 ).  T h e S M A  w or kfl o w is b as e d

o n a s et of li n e ar e q u ati o ns t h at s ol v e f or s u b pi x el fr a cti o n of cl e a n s n o w ( o v er

a  wi d e r a n g e of gr ai n si z es), s h a d e, v e g et ati o n, r o c k, a n d ot h er s urf a c e c o v ers.

T o a d dr ess c h all e n g es i n  m a p pi n g “ n o n‐ vi e w a bl e ” s n o w c o v er i n d e ns e c a n-

o p y c o v er,  M O D S C A G i nt er p ol at es vi e w a bl e s n o w fr a cti o n t h at is c a n o p y‐

a dj ust e d ( Ritt g er et al., 2 0 2 0 ).  T h e c a n o p y a dj ust m e nt c orr e cts f or t h e  m as k-

i n g eff e cts of v e g et ati o n at off n a dir vi e wi n g a n gl es a n d is b as e d o n c a n o p y

h ei g ht a n d c oi n ci d e nt p er pi x el v e g et ati o n fr a cti o n ( Ritt g er, et al., 2 0 2 0 ).  T h e

l o w er li mit of s n o w d et e cti o n h as n ot b e e n q u a ntifi e d; a n d tr a diti o n all y 1 5 %

h as b e e n us e d as t hr es h ol d b el o w  w hi c h S C F b e c o m es l ess r eli a bl e ( P ai nt er

et al., 2 0 0 9 ). F or t his a n al ysis  w e us e d t h e s p ati all y a n d t e m p or all y c o m pl et e

( S T C) v ersi o n of  M O D S C A G,  w hi c h g a p fills t h e c a n o p y c orr e ct e d S C F

t hr o u g h s p a c e a n d ti m e t o pr o d u c e a d ail y pr o d u ct ( Ritt g er et al., 2 0 2 1 ).

C o m p ar e d t o hi g h r es ol uti o n s n o w c o v er d eli n e at e d fr o m li d ar  m a p p e d s n o w

d e pt hs, i n cl u di n g  m ulti pl e  w at ers h e ds i n t h e Si err a  N e v a d a, t h e bi as ( − 0. 1 %),

r o ot  m e a n s q u ar e d err or ( 1 2 %), a n d F st atisti c ( 9 5. 6) i n di c at es i m pr o v e d p erf or m a n c e r el ati v e t o b a n d‐r ati o b as e d

s n o w c o v er pr o d u cts (i. e.,  M O D 1 0 A 1) ( Stilli n g er et al., 2 0 2 3 ).  T h e c o m p aris o n als o s h o w e d t h at  M O D S C A G‐ S T C

u n d er esti m at es S C F at hi g h s n o w e xt e nts  w h er e as it o v er esti m at es S C F at l o w s n o w e xt e nts a n d i n d e ns e c a n o pi es

( Stilli n g er et al., 2 0 2 3 ).

D at a o n b ur n ar e a a n d s e v erit y  w er e o bt ai n e d fr o m  M o nit ori n g  Tr e n ds i n  B ur n S e v erit y ( M T B S), a n i nt er a g e n c y

pr o gr a m  m a n a g e d b y t h e  U. S.  G e ol o gi c al S ur v e y  C e nt er f or  E art h  R es o ur c es  O bs er v ati o n a n d S ci e n c e a n d t h e

U nit e d St at es F or est S er vi c e ( U S F S)  G e os p ati al  T e c h n ol o g y a n d  A p pli c ati o ns  C e nt er ( G T A C) ( Ei d e ns hi n k

et al., 2 0 0 7 ).  T h e  M T B S pr o d u cts l e v er a g e  L a n ds at 3 0‐ m et er s p ati al r es ol uti o n d at a a n d d at a fr o m si mil ar s e ns ors

t o g e n er at e b ur n s e v erit y  m a ps.  T o d et er mi n e b ur n s e v erit y, a  N or m ali z e d  B ur n  R ati o ( N B R)  w as g e n er at e d fr o m

r efl e ct a n c e i n t h e n e ar‐i nfr ar e d s p e ctr al r a n g e ( L a n ds at b a n d  T M 4) a n d t h e s h ort w a v e i nfr ar e d s p e ctr al r a n g e

( L a n ds at b a n d  T M 7) f or s c e n es pr e‐ a n d p ost‐fir e ( K e y  &  B e ns o n, 2 0 0 5 ). S u btr a cti n g t h e p ost‐fir e  N B R fr o m t h e

pr e‐fir e  N B R r es ults i n a diff er e n c e d  N B R ( d N B R) a n d di vi di n g d N B R b y t h e pr e‐fir e  N B R r es ults i n a r el ati vi z e d

d N B R ( R d N B R) ( Mill er  &  T h o d e, 2 0 0 7 ).  B ot h d N B R a n d  R d N B R ar e us e d t o cl assif y e a c h pi x el i nt o o n e of fi v e

cl assifi c ati o ns: u n b ur n e d, u n b ur n e d t o l o w, l o w,  m o d er at e, a n d hi g h. F or t his st u d y, t h e  M T B S d at a  w as

r es a m pl e d t o  M O DI S r es ol uti o n usi n g a  m o d al r es a m pli n g  m et h o d.

E c or e gi o n, tr e e c o v er, a n d f or est t y p e l a n d c o v er d at a s ets  w er e us e d t o h el p u n d erst a n d c h ar a ct eristi cs of e a c h

pi x el.  E c or e gi o n b o u n d ari es  w er e o bt ai n e d fr o m t h e  U. S.  E n vir o n m e nt al Pr ot e cti o n  A g e n c y  L e v el I V  E c or e gi o n

m a p ( Griffit h et al., 2 0 1 6 ). F or est t y p e  w as s o ur c e d fr o m t h e  U S F S  G T A C a n d F or est I n v e nt or y a n d  A n al ysis

( FI A)  N ati o n al F or est  T y p e  D at a s et,  w hi c h us es l a n d c h ar a ct eristi cs a n d cli m at e d at a t o  m o d el f or est t y p e o v er t h e

c o nti n e nt al  U. S ( R u ef e n a c ht et al., 2 0 0 8 ).  Tr e e c o v er d at a  w er e o bt ai n e d fr o m t h e  U S F S  G T A C a n d FI A  Tr e e

Fi g u r e 1. Si err a  N e v a d a  w at ers h e d b o u n d ari es o utli n e d i n  w hit e, s e as o n al

s n o w z o n e s h o w n i n bl u e, t h e si x a n al y z e d fir e b o u n d ari es s h o w n i n or a n g e,

a n d  C alif or ni a  C o o p er ati v e S n o w S ur v e ys sit e l o c ati o ns as bl u e d ots.
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C a n o p y  C o v er ( T C C) d at a s et,  w hi c h c o nt ai ns p er c e nt tr e e c a n o p y esti m at es f or e a c h 3 0‐ m pi x el a cr oss t h e

c o nti n e nt al  U. S. as p art of t h e  N ati o n al  L a n d  C o v er  D at a b as e ( C o ulst o n et al., 2 0 1 2 ).  W e us e d t h e  T C C d at a s et

fr o m 2 0 1 1 as it  m a ps  T C C pri or t o t h e o c c urr e n c e of t h e a n al y z e d fir es (t h e  M c N all y Fir e o c c urr e d i n 2 0 0 2 a n d

d o es n ot h a v e pr e‐fir e tr e e c o v er d at a).  T h e e c or e gi o n, f or est t y p e, a n d tr e e c o v er d at a s ets  w er e r es a m pl e d t o

M O DI S r es ol uti o n usi n g a  m o d al r es a m pli n g  m et h o d f or e c or e gi o n a n d f or est t y p e, a n d a bili n e ar r es a m pli n g

m et h o d f or tr e e c o v er.

3.  M et h o ds

3. 1.  C h a n g es i n  P ost‐ Fi r e  L S A

T o q u a ntif y c h a n g es fr o m  wil dfir e,  L S A  w as q u a ntifi e d f or t h e f oll o wi n g t hr e e c o n diti o ns: pr e‐fir e i n t h e b ur n

s c ar, p ost‐fir e i n t h e b ur n s c ar ( L S A b ), a n d p ost‐fir e o utsi d e t h e b ur n s c ar ( L S Au ).  All d at a  w as  m as k e d t o  M O DI S

pi x els  wit hi n t h e S S Z. If b ur n e d, e a c h pi x el  w as cl assifi e d as eit h er  m o d er at e or hi g h b ur n s e v erit y.  T h e u n b ur n e d

pi x els s el e ct e d f or c o m p aris o n  w er e  wit hi n 1 ° l atit u d e a n d l o n git u d e ( ∼ 7 0  mil es) fr o m t h e fir e s c ar,  wit hi n t h e

s a m e  w at ers h e d b o u n d ar y, h a d gr e at er t h a n 4 0 % tr e e c o v er, a n d h a d n ot b e e n b ur n e d b y a n y ot h er fir e  wit hi n t h e

pr e vi o us 1 0 y e ars.  T h e pr e‐fir e hist ori c al a v er a g e  L S A  w as c al c ul at e d b y a v er a gi n g  L S A i n all  m o d er at e‐t o hi g h‐

s e v erit y b ur n e d pi x els  wit hi n t h e fir e s c ar f or e a c h c al e n d ar  m o nt h o v er t h e y e ars l e a di n g u p t o t h e i g niti o n d at e.

T h e  M c N all y Fir e (i g nit e d 2 0 0 2)  w as t h e o nl y fir e  wit h o ut at l e ast 1 0 y e ars of pr e‐fir e r e c or d, s o t h e hist ori c al

a v er a g e  L S A  w as c al c ul at e d o v er t h e 2 y e ars pr e‐fir e c o v er e d b y t h e  M O DI S r e c or d.

T h e c h a n g es i n  L S A  w er e t h e n a n al y z e d at t h e fir e s c ar s c al e i n t w o  w a ys: first, t h e diff er e n c e b et w e e n  L S A b t o

L S A u , a n d s e c o n d, t h e diff er e n c e b et w e e n t h e pr e‐fir e hist ori c al a v er a g e  L S A t o  L S Ab .  C o m p aris o ns of e a c h  w er e

m a d e b y c al c ul ati n g t h e  m e a n  L S A v al u es f or  wi nt er ( D e c e m b er t hr o u g h F e br u ar y) a n d s pri n g ( M ar c h t hr o u g h

M a y).  W e t h e n a n al y z e d a ti m e s eri es c o m p aris o n b et w e e n pr e‐fir e  m o nt hl y a v er a g e  L S A v al u es,  L S A u , a n d

L S A b i n t h e first 4 y e ars f oll o wi n g e a c h fir e.  T h e S C F d at a  w er e r es a m pl e d t o a 1 6‐ d a y  w ei g ht e d a v er a g e t o ali g n

wit h  L S A.

3. 2. S n o w‐ F r e e  D at e  A n al ysis

T h e s n o w‐fr e e d at e  w as d efi n e d as t h e d a y t h at t h e a v er a g e  L S A dr o p p e d b el o w t h e s n o w‐fr e e t hr es h ol d a n d

r e m ai n e d t h er e f or o v er 7 d a ys ( C o x et al., 2 0 1 7 ).  T his a p pr o a c h  w as a d a pt e d t o  M O DI S b as e d o n  m et h o ds i n

St o n e et al. ( 2 0 0 2 ) a n d  C o x et al. (2 0 1 7 ) t h at f o u n d  L S A t hr es h ol ds  m at c h e d vis u al o bs er v ati o ns of s n o w

dis a p p e ar a n c e i n t h e t u n dr a.  T h e u n b ur n e d t hr es h ol d  w as c al c ul at e d as t h e a v er a g e p ost‐fir e J ul y – A u g ust  L S A i n

T a bl e 1

C h ar a ct eristi cs of  B ur n e d  Pi x els i n t h e S S Z  Fr o m t h e Si x Si err a  N e v a d a  Wil dfir es  A n al yz e d i n T his St u d y a n d  C h ar a ct eristi cs of  U n b ur n e d  Pi x els  Us e d i n  C o m p aris o n

W at ers h e d Fir e

I g niti o n

y e ar

T ot al b ur n

ar e a ( a c)

A v er a g e

el e v ati o n (ft)

Pri m ar y b ur n

s e v erit y Pr e d o mi n a nt e c or e gi o n

A v er a g e 2 0 1 1

tr e e c o v er ( %)

Pr e d o mi n a nt

f or est t y p e

St a nisl a us  D o n n ell 2 0 1 8 3 6, 2 0 0 7, 1 0 0  Hi g h  N. S.  U p p er  m o nt a n e f or ests 4 9  C A  mi x e d c o nif er

U n b ur n e d 7, 0 0 0 N. S.  U p p er  m o nt a n e f or ests 4 8  C A  mi x e d c o nif er

S a n J o a q ui n  Cr e e k 2 0 2 0 3 8 1, 4 0 0 6, 9 0 0  L o w S. S.  Mi d‐ M o nt a n e f or ests 4 7  C A  mi x e d c o nif er

U n b ur n e d 7, 3 0 0 S. S.  Mi d‐ M o nt a n e f or ests 5 4  C A  mi x e d c o nif er

K er n  M c N all y 2 0 0 2 1 4 6, 6 0 0 6, 8 0 0  Hi g h S. S.  Mi d‐ M o nt a n e f or ests C A  mi x e d c o nif er

U n b ur n e d 7, 3 0 0 S. S.  Mi d‐ M o nt a n e f or ests C A  mi x e d c o nif er

K a w e a h  R o u g h 2 0 1 5 1 4 6, 4 0 0 6, 1 0 0  L o w S. S.  L o w er  M o nt a n e f or est a n d  w o o dl a n d 5 1  C A  mi x e d c o nif er

U n b ur n e d 6, 4 0 0 S. S.  L o w er  M o nt a n e f or est a n d  w o o dl a n d 5 3  C A  mi x e d c o nif er

T u ol u m n e  Ri m 2 0 1 3 2 5 7, 1 0 0 5, 6 0 0  L o w S. S.  U p p er  m o nt a n e f or ests 3 0  C A  mi x e d c o nif er

U n b ur n e d 5, 9 0 0 S. S.  U p p er  m o nt a n e f or ests 4 4  C A  mi x e d c o nif er

F e at h er  N ort h c o m pl e x 2 0 2 0 3 1 6, 6 0 0 5, 1 0 0  L o w  N. S.  Mi d‐ M o nt a n e f or ests 5 6  C A  mi x e d c o nif er

U n b ur n e d 5, 3 0 0 N. S.  Mi d‐ M o nt a n e f or ests 6 6  C A  mi x e d c o nif er

N ot e. B ur n ar e a r ef ers t o t h e e ntir e fir e e xt e nt; all ot h er c h ar a ct eristi cs ar e r e pr es e nt ati v e of o nl y t h e o v erl a p pi n g ar e a b et w e e n fir e s c ar a n d S S Z ( N. S.:  N ort h er n Si err a; S.

S.: S o ut h er n Si err a).
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u n b ur n e d pi x els a n d t h e b ur n e d t hr es h ol d  w as c al c ul at e d as t h e a v er a g e p ost‐fir e J ul y – A u g ust  L S A i n b ur n e d

pi x els.  T h es e  m o nt hs  w er e s el e ct e d b e c a us e t h es e ar e t h e  m o nt hs t h at  w er e t h e  m ost r eli a bl y s n o w fr e e a n d  L S A

e x hi bits l o w v ari a bilit y.  T h e  L S A t hr es h ol d  w as pr ef err e d r el ati v e t o a S C F t hr es h ol d b e c a us e ( a) S C F is bi as e d

hi g h at l o w s n o w e xt e nts a n d i n d e ns e c a n o p y c o v er, ( b) t h e l o w er li mit of S C F d et e cti o n fr o m  M O D S C A G‐ S T C

is n ot k n o w n, a n d ( c) S C F is i nt er p ol at e d i n t h e f or ests  m a ki n g t h e s n o w fr e e d et er mi n ati o n d at es i n u n b ur n e d

ar e as l ess r eli a bl e.  A d diti o n all y,  L S A is t h e  m etri c of i nt er est f or s urf a c e e n er g y b al a n c e a n d usi n g t h e  L S A

t hr es h ol d  m a k es t h e a n al ysis s elf‐ c o nsist e nt  wit h t h e r a di ati v e f or ci n g a n al ysis ( S e cti o n 3. 3 ).  R el at e dl y,  w e n ot e

t h at usi n g a n  L S A t hr es h ol d t o d efi n e t h e s n o w‐fr e e d at e  m e a ns t h at t h e s n o w‐fr e e d at e is diff er e nt t h a n t h e  m elt‐

o ut d at e —t h e  m elt‐ o ut d at e i m pli es t h e t ot al s n o w p a c k h as a bl at e d o n t h at d at e,  w hil e t h e s n o w‐fr e e d at e r ef ers t o

t h e d at e t h at s n o w is n o l o n g er s e ns e d b y  M C D 4 3 A 3 r etri e v als.

3. 3. S u rf a c e  R a di ati v e  F o r ci n g

C h a n g es i n  m o nt hl y  L S A  w er e t h e n us e d i n c o nj u n cti o n  wit h at‐s urf a c e d o w n w ar d s h ort w a v e r a di ati o n ( D S R) t o

c al c ul at e t h e al b e d o‐i n d u c e d s urf a c e  R F.  W e c al c ul at e d  R F usi n g t h e e q u ati o n:

R F = (L S A b − L S A u ) ∗ D S R

w h er e  L S A b a n d  L S A u r e pr es e nt t h e  L S A f or b ur n e d a n d u n b ur n e d ar e as, r es p e cti v el y.  D S R  w as o bt ai n e d fr o m

t h e  N A S A  G e o N E X  D S R/ P A R pr o d u ct,  w hi c h us es t o p of at m os p h er e r efl e ct a n c e t o g e n er at e a p h ysi c al‐ b as e d

l o o k‐ u p t a bl e f or h o url y at‐s urf a c e  D S R at 1 k m r es ol uti o n ( Li et al., 2 0 2 2 ),  w hi c h  w e a v er a g e d i nt o d ail y v al u es

a n d r es a m pl e d t o 5 0 0‐ m s p ati al r es ol uti o n. F or t his a n al ysis, a  m o nt hl y a v er a g e  D S R v al u e  w as c al c ul at e d fr o m

t h e d ail y d at a, a v er a g e d o v er t h e a v ail a bl e d at a r e c or d fr o m J a n u ar y 2 0 1 8 t hr o u g h  D e c e m b er 2 0 2 1 ( Li u

et al., 2 0 0 5 ).  T his  w as us e d i n c o nj u n cti o n  wit h t h e  m o nt hl y a v er a g e  L S A b a n d  L S A u fr o m t h e first 4 y e ars p ost‐

fir e t o d et er mi n e s urf a c e  R F f or hi g h a n d  m o d er at e b ur n s e v erit y ar e as, r es p e cti v el y.

4.  R es ults

4. 1.  C h a n g es i n  L S A i n a  Hi g h S e v e rit y,  Hi g h  El e v ati o n  Fi r e

G e n er all y, t h e r es ults of t h e a n al ysis s h o w e d t h at i n s e as o ns  wit h  wi d es pr e a d a n d l o n g‐l asti n g s n o w c o v er,

wil dfir e i n t h e S S Z c a n r ais e t h e  L S A, bri g ht e ni n g t h e l a n ds c a p e pri m aril y b y e x p osi n g s n o w c o v er.  As a

d e m o nstr ati o n of t his,  w e st art b y pr es e nti n g r es ults fr o m t h e  D o n n ell Fir e i n t h e St a nisl a us  B asi n,  w hi c h i g nit e d

i n 2 0 1 8 a n d b ur n e d 3 6, 2 0 0 a cr es.  Alt h o u g h n ot a l ar g e fir e r el ati v e t o t h e ot h ers i n t h e d at a s et, it  w as a hi g h‐

i nt e nsit y, hi g h‐ el e v ati o n fir e t h at b ur n e d f ull y i n t h e S S Z,  m a ki n g it a n i nt er esti n g e x a m pl e a n d c as e st u d y.

T h e n  w e c o m p ar e  D o n n ell  wit h t h e ot h er l ar g er fir es, r e pr es e nti n g a br o a d er r a n g e of el e v ati o ns, l a n d s urf a c e

c h ar a ct eristi cs, a n d fir e s e v erit y.

F or t h e  D o n n ell Fir e,  w e f o u n d t h at  L S A i n t h e b ur n e d ar e a  w as c o nsist e ntl y hi g h er t h a n  L S A i n f or est e d pi x els

o utsi d e t h e b ur n ar e a, a n i m p a ct t h at l ast e d f or y e ars f oll o wi n g t h e fir e.  T o vis u ali z e t h e c h a n g e t h at s n o w

e x p os ur e c a n h a v e o n  L S A, hi g h‐r es ol uti o n tr u e c ol or r e m ot e s e nsi n g i m a g er y ( S e nti n el‐ 2  L 2 A  R G B) a n d  L S A

fr o m p ost‐fir e s n o w‐ off a n d s n o w‐ o n c o n diti o ns  w er e c o m p ar e d o v er a d o m ai n e n c o m p assi n g t h e fir e s c ar

( Fi g ur e 2 ).  T h e fir e s c ar is visi bl e i n t h e s n o w‐ off d at e ( A u g 2 5) c o ntr asti n g  wit h t h e d ar k er, v e g et at e d u n b ur n e d

ar e a; c orr es p o n di n gl y, f or pi x els i n t h e b ur n s c ar t h at pr e vi o usl y h a d a r el ati v el y hi g h tr e e c o v er fr a cti o n, t h e  L S A

is hi g h er r el ati v e t o si mil ar pi x els o utsi d e t h e b ur n s c ar ( T a bl e 2 ).  T h e  L S A is hi g h er still i n u n b ur n e d pi x els  wit h

l o w v e g et ati o n fr a cti o n, d e m o nstr ati n g t h e i m p ort a nt c o ntr ol t h at tr e e c o v er h as o n  L S A.  T h e i m p ort a nt r ol e of

s n o w e x p os ur e a n d c a n o p y r e m o v al o n  L S A is a p p ar e nt i n t h e s n o w‐ o n i m a g e ( M ar c h 1 8), e v e n t h o u g h t h e fir e

s c ar its elf is l ess o b vi o us i n t h e i m a g er y.  T h e b ur n ar e a pi x els h a v e a  m u c h hi g h er  L S A t h a n t h e u n b ur n e d f or est e d

ar e a e v e n t h o u g h t h e S C F is l o w er, d u e t o gr e at er e x p os ur e of s n o w t h at is pr es e nt ( T a bl e 2 ).  T h e  L S A r e m ai ns

hi g h est i n t h e n e ar b y pi x els  wit h l o w tr e e c o v er,  w h er e e x p os e d s n o w e xt e nt is hi g h est ( T a bl e 2 ).

C o m p ari n g all b ur n e d pi x els i n t h e S S Z t o t h os e o utsi d e of t h e fir e s c ar, t h e  D o n n ell Fir e s h o w e d a si g nifi c a nt

i n cr e as e i n  wi nt er a n d s pri n g  L S A. I n t h e  wi nt er f oll o wi n g t h e  D o n n ell fir e, t h e a v er a g e  L S Ab w as 0. 4 7 ( ± 0. 1 3)

a n d t h e a v er a g e  L S A u i n f or est e d pi x els  w as 0. 4 0 (± 0. 0 6), a ∼ 1 8 % i n cr e as e. I n t h e s pri n g t h e a v er a g e  L S A b w as

0. 4 6 ( s ± 0. 1 0) a n d t h e a v er a g e f or est e d  L S A u w as 0. 3 6 ( ± 0. 0 8), a ∼ 2 8 % i n cr e as e.  B ur n e d a n d u n b ur n e d  L S A

v ari e d a n n u all y  wit h r es p e ct t o t h e hist ori c al a v er a g e, b ut t h e  L S A b w as c o nsist e ntl y gr e at er t h a n t h e  L S A u i n t h e
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first f o ur y e ars‐ p ost fir e ( Fi g ur e 3 ). I n t h e first y e ar f oll o wi n g t h e  D o n n ell Fir e, t h es e i n cr e as es l e d t o t h e a bs or b e d

D S R i n t h e b ur n e d ar e a b ei n g 3 3 % l o w er r es p e cti v e t o pr e‐fir e c o n diti o ns i n b ot h  wi nt er a n d s pri n g.

S e as o n all y, p att er ns i n  L S A b a n d  L S A u i n t h e St a nisl a us  B asi n i n di c at e c h a n g es ar e dir e ctl y r el at e d t o e x p os e d

s n o w c o v er i n t h e  D o n n ell Fir e s c ar.  Alt h o u g h b ot h  L S A b a n d  L S A u i n cr e as e d i n r es p o ns e t o s n o w a c c u m ul ati o n

i n  N o v e m b er,  L S Ab r e a c h e d a hi g h er  m a g nit u d e a n d r e m ai n e d hi g h er t hr o u g h t h e a c c u m ul ati o n p eri o d ( Fi g ur e 4 ).

T h e i n cr e as e i n  L S A b r el ati v e t o  L S Au w as  m ost n ot a bl e  w h e n t h e b asi n  w as c o nsist e ntl y s n o w‐ c o v er e d, as

i n di c at e d b y t h e S C F.  D uri n g t his p eri o d, fr o m  mi d‐ F e br u ar y t o e arl y  A pril, t h e  L S Ab r e m ai n e d hi g h er t h a n  L S Au,
b ut t h e al b e d o d e c a y o c c urr e d at a si mil ar r at e.

T h e S C F i n b ur n e d ar e as  w as c o nsist e ntl y hi g h t hr o u g h t h e  wi nt er a n d i nt o t h e s u m m er,  w ell aft er S C F i n u n-

b ur n e d ar e as d e cli n e d.  T h o u g h t h e S C F i n b ur n e d ar e as r e m ai n e d c o nsist e ntl y hi g h, c h a n g e i n s n o w c o v er is  m or e

a p p ar e nt i n t h e  L S A b ti m e s eri es,  w hi c h fl u ct u at e d t hr o u g h t h e  wi nt er a n d s pri n g i n r es p o ns e t o n e w s n o wf all. I n

t h e s pri n g,  L S Ab d e cli n e d b ef or e S C F, s h o wi n g t h at as e x p e ct e d, al b e d o d e c a y pr e c e d e d s n o w m elt.

Fi g u r e 2. S at ellit e i m a g er y ( S e nti n el‐ 2  L 2 A  R G B) of t h e  D o n n ell Fir e i n ( a) s n o w‐ off a n d ( b) s n o w‐ o n c o n diti o ns a n d t h e l a n d s urf a c e al b e d o ( L S A)  m a p f or t h e s a m e

( c) s n o w‐ off a n d ( d) s n o w‐ o n d a ys,  wit h t h e  D o n n ell Fir e o utli n e d.  C orr es p o n di n g ar e as ar e s h o w n i n c o n n e cti n g b o x es, a n d c h ar a ct eristi cs f or e a c h l a b el e d b o x p air
( e. g.,  A 1,  M 1) ar e s u m m ari z e d i n  T a bl e 2 f or r ef er e n c e.  T h e  L S A  m a ps ar e 1 6‐ d a y a v er a g es c e nt er e d o n t h e d at e of t h e s at ellit e i m a g er y o v er p ass.

T a bl e 2

L a n d  C o v er  C h ar a ct eristi cs f or  E a c h of t h e  B o x es S h o w n i n  Fi g ur e 2

B ur n cl assifi c ati o n 2 0 1 1 tr e e c o v er ( %) E c or e gi o n S C F ( %)  L S A

A 1  U n b ur n e d 5 0. 5 N ort h er n Si err a u p p er  m o nt a n e f or ests 0. 0 0. 1 0

A 2  B ur n e d — Hi g h s e v erit y 4 7. 5 N ort h er n Si err a u p p er  m o nt a n e f or ests 0. 0 0. 1 5

A 3  U n b ur n e d 1 8. 0 N ort h er n Si err a s u b al pi n e f or ests 0. 0 0. 2 0

M 1  U n b ur n e d 5 0. 5 N ort h er n Si err a u p p er  m o nt a n e f or ests 9 2. 8 0. 3 0

M 2  B ur n e d — Hi g h s e v erit y 4 7. 5 N ort h er n Si err a u p p er  m o nt a n e f or ests 8 7. 6 0. 5 8

M 3  U n b ur n e d 1 8. 0 N ort h er n Si err a s u b al pi n e f or ests 9 4. 3 0. 7 5

N ot e. Tr e e c o v er d at a is fr o m pr e‐fir e c o n diti o ns; all ot h er v ari a bl es r e pr es e nt c h ar a ct eristi cs o n t h e s h o w n d at e.
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4. 2. S n o w‐ F r e e  D at es

T h e l a n ds c a p e  wit hi n t h e  D o n n ell Fir e b ur n s c ar h a d a l at er‐t h a n‐ a v er a g e s n o w‐fr e e d at e t h a n t h e s urr o u n di n g

u n b ur n e d ar e as i n e a c h of t h e 4 y e ars f oll o wi n g t h e fir e ( Fi g ur e 5 ).  T h e diff er e n c e  w as gr e at est i n t h e first s pri n g

p ost‐fir e  w h e n  L S A b r e a c h e d t h e “s n o w‐fr e e ” t hr es h ol d 1 8 d a ys aft er  L S Au . I n t h e t hr e e s u bs e q u e nt y e ars, t h e

diff er e n c e i n s n o w‐fr e e d at es  w as 1 4, 1 0, a n d 1 3 d a ys, r es p e cti v el y.  T h e  L S A t hr es h ol d  w as 0. 1 4 f or t h e b ur n e d

ar e a a n d 0. 1 1 f or t h e u n b ur n e d ar e a ( pr e‐ a n d p ost‐fir e), d e m o nstr ati n g t h at t h e s n o w‐ off  L S A b w as si g nifi c a ntl y

i m p a ct e d b y l oss i n f or est c a n o p y ( p ‐ v al u e = 0. 0 0 8) e v e n i n t h e a bs e n c e of s n o w c o v er.

E x p a n di n g t h e a n al ysis t o i n cl u d e all ot h er fir es i n t h e d at a s et,  w hi c h i n cl u d e d b ot h  m o d er at e a n d hi g h s e v erit y

pi x els, r es ults i n t hr e e of si x fir es ali g ni n g  m or e  wit h t h e c urr e nt u n d erst a n di n g of  wil dfir e i m p a cts o n  m elt‐ o ut

d at es: t h at t h e hi g h s e v erit y pi x els h a d a n e arli er a v er a g e s n o w‐fr e e d at e t h a n t h e s urr o u n di n g u n b ur n e d ar e a

( T a bl e 3 ).  T h e hi g h s e v erit y fir es t h at  w er e t h e e x c e pti o n (t h e  N ort h  C o m pl e x,  M c N all y, a n d  D o n n ell fir es) as  w ell

as t h e v ari a bilit y i n p ost‐fir e  m elt o ut d at es a cr oss all fir es i n di c at e, t h o u g h, t h at a n e arli er s n o w‐fr e e d at e is n ot

c o nsist e ntl y t h e o ut c o m e p ost‐fir e. F or t h e t hr e e fir es  wit h  m o d er at e b ur n pi x els t h er e  w as als o v ari a bilit y i n

s n o w‐fr e e d at e p ost‐fir e; t w o of t h e fir es ( R o u g h,  Cr e e k) h a d c o nsist e ntl y e arli er s n o w fr e e d at es  w hil e t h e

M c N all y fir e h a d b ot h e arli er a n d l at er s n o w fr e e d at es.  T o l e n d c o nfi d e n c e t o o ur ass u m pti o n t h at u n b ur n e d pi x els

Fi g u r e 3. D o n n ell Fir e ( St a nisl a us  B asi n)  wi nt er a n d s pri n g  L S A b a n d  L S A u a n o m ali es r el ati v e t o t h e hist ori c al a v er a g e, s h o wi n g t h at b ot h  wi nt er a n d s pri n g  L S A b

i n cr e as es  w er e si g nifi c a nt f or at l e ast 4 y e ars p ost‐fir e.

Fi g u r e 4. A ti m e s eri es of l a n d s urf a c e al b e d o ( L S A) a n d s n o w‐ c o v er e d fr a cti o n ( S C F) f oll o wi n g t h e  D o n n ell Fir e. Fi g ur e

( a) s h o ws a ti m e s eri es of  L S Ab ,  L S Au , a n d t h e hist ori c al a v er a g e  L S A ( pr e‐fir e  wit hi n t h e b ur n s c ar) a n d ( b) s h o ws t h e S C F

i n t h e b ur n e d ar e a a n d u n b ur n e d ar e a of t h e St a nisl a us  B asi n f or t h e 1 y e ar f oll o wi n g t h e  D o n n ell Fir e.
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ar e si mil ar t o pr e‐fir e c o n diti o ns, t h e  L S A u t hr es h ol ds  w er e c o m p ar e d a g ai nst t h e a v er a g e pr e‐fir e s n o w‐ off  L S A

v al u es a n d f o u n d t o b e  wit hi n 0. 0 0 5 f or all b asi ns.

4. 3.  L S A  C h a n g es b y  Fi r e a n d  B u r n S e v e rit y

C h a n g e i n  L S A f oll o wi n g fir e e x hi bit e d  m or e v ari a bilit y a cr oss t h e ot h er fir es i n t h e d at a s et r el ati v e t o t h e

D o n n ell fir e,  w hi c h  w er e all si g nifi c a ntl y l ar g er  wit h  m or e v ari a bilit y i n b ur n s e v erit y ( Fi g ur e 6 ).  T h e  D o n n ell

Fir e e x hi bit e d t h e hi g h est a v er a g e  D e c e m b er – F e br u ar y  L S A b , 0. 4 7 ± 0. 1 3,  w hil e t h e l o w est  wi nt er  L S A b w as

0. 1 2 ± 0. 0 5 i n t h e  Ri m Fir e.  Hi g h b ur n s e v erit y  L S A  w as c o nsist e ntl y hi g h er t h a n  L S A u f or t h e  R o u g h Fir e, b ut

si mil ar or l o w er i n t h e  Cr e e k,  T u ol u m n e, a n d  N ort h  C o m pl e x Fir es. Fir es  wit h  m o d er at e b ur n e d pi x els i n t h e S S Z

( Cr e e k,  M c N all y, a n d  K a w e a h) s h o w e d hi g h er  m a g nit u d e  L S A b i n t h e  wi nt er, b ut n ot c o nsist e ntl y a cr oss t h e y e ar.

C h a n g es i n  L S A  w er e h e a vil y i nfl u e n c e d b y b ot h s n o w c o v er a n d a c c u m ul at e d s n o w  w at er e q ui v al e nt ( S W E), as

w ell; dr o u g hts a n d l o w‐s n o w p eri o ds o c c urr e d aft er t h e  Cr e e k Fir e,  N ort h  C o m pl e x Fir e, a n d es p e ci all y t h e  Ri m

Fi g u r e 5. A ti m e s eri es of  L S A b ,  L S Au , b ur n e d a n d u n b ur n e d ar e a s n o w‐ c o v er e d fr a cti o n, a n d t h e hist ori c al a v er a g e l a n d s urf a c e al b e d o f or e a c h of t h e 4 y e ars f oll o wi n g

t h e  D o n n ell Fir e.  Gr a y s h a di n g s h o ws t h e diff er e n c e i n s n o w‐fr e e d at es,  wit h t h e d as h e d v erti c al li n e d esi g n ati n g t h e b ur n e d ar e a s n o w‐fr e e d at e.

T a bl e 3

C h a n g e ( N u m b er of  D a ys) i n S n o w‐ Fr e e  D at e f or  E a c h  Fir e S c ar, S h o wi n g t h e  F o ur‐ Y e ar  P ost‐ Fir e  A v er a g e a n d t h e  R a n g e

of  Mi ni m u m a n d  M a xi m u m  C h a n g e  V al u es  O v er t h e  F o ur‐ Y e ar  P eri o d

Fir e

M o d er at e Hi g h

C h a n g e i n s n o w‐fr e e d at e ( d a ys)  L S A t hr es h ol d  C h a n g e i n s n o w‐fr e e d at e ( d a ys)  L S A t hr es h ol d

D o n n ell 1 4 ( + 1 0/ + 1 8) 0. 1 4 ( ± 0. 0 0 5)

Cr e e k a − 1 4 ( − 1 5/ − 1 2) 0. 1 0 ( ± 0. 0 0 4) − 2 6 ( − 3 6/ − 1 5) 0. 1 0 ( ± 0. 0 0 2)

M c N all y 2 ( − 6/ + 8) 0. 1 2 ( ± 0. 0 0 3) 4 ( 0/ + 1 1) 0. 1 1 ( ± 0. 0 0 4)

R o u g h − 4 ( − 2 5/ − 6) 0. 1 0 ( ± 0. 0 0 2) − 1 1 ( − 3 2/ + 3 2) 0. 0 9 ( ± 0. 0 0 2)

Ri m − 1 2 ( − 1 8/ 0) 0. 1 0 ( ± 0. 0 0 4)

N ort h  C o m pl e x a 1 9 ( + 3/ + 3 4) 0. 0 9 ( ± 0. 0 0 1)

N ot e. T h e c h a n g e  w as c al c ul at e d b y s u btr a cti n g t h e d a y of y e ar t h at t h e c o ntr ol  L S A u r et ur n e d t o t h e u n b ur n e d t hr es h ol d fr o m

t h e d a y of y e ar t h at t h e  L S Ab r et ur n e d t o t h e b ur n e d t hr es h ol d. a Fir es t h at us e 2 y e ars of p ost‐fir e d at a.
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Fir e,  w hil e a v er a g e t o a b o v e‐ a v er a g e s n o w y e ars o c c urr e d aft er t h e  D o n n ell Fir e,  M c N all y Fir e, a n d  R o u g h Fir e

( Fi g ur e 7 ).  T h e  D o n n ell Fir e s c ar r e c ei v e d  m or e s n o w t h a n t h e hist ori c al  m e di a n a n d  w as  m or e c o nsist e ntl y

c o v er e d i n s n o w i n t h e y e ar aft er t h e fir e.  T h e  Ri m Fir e, o n t h e ot h er e xtr e m e, r e c ei v e d si g nifi c a ntl y b el o w‐

a v er a g e S W E a n d  w as c o nsist e ntl y l ess s n o w‐ c o v er e d t h a n y e ars pri or.  T h e  Cr e e k Fir e a n d t h e  N ort h  C o m-

pl e x Fir e s h o w e d l o w er t h a n  m e di a n S W E i n t h e y e ar p ost‐fir e, b ut n o si g nifi c a nt diff er e n c e i n  m e di a n S C F.  T h e

M c N all y Fir e r e c ei v e d a n a b o v e‐ a v er a g e s n o w p a c k t h e y e ar f oll o wi n g t h e fir e, b ut a si mil ar  m e di a n S C F t o t h e

hist ori c al  m e di a n.  T h e  R o u g h Fir e s c ar s h o w e d a n a v er a g e s n o w p a c k,  wit h si mil ar  m e di a n a n d hist ori c al S C F.

Fi g u r e 6. A ti m e s eri es of  L S A b f or  m o d er at e a n d hi g h s e v erit y b ur n e d pi x els,  L S Au , a n d t h e hist ori c al a v er a g e l a n d s urf a c e al b e d o ( L S A) f or b ot h b ur n e d a n d u n b ur n e d

ar e as.  V al u es r e pr es e nt  L S A i nt h e y e ar i m m e di at el y aft er e a c h fir e o c c urr e d.

E a rt h's  F ut u r e 1 0. 1 0 2 9/ 2 0 2 3 E F 0 0 4 1 7 2

G A Y L E R  A N D S KI L E S 9 of 1 6

 23284277, 2024, 6, 
Do

wnloaded fro
m https://agupubs.onlinelibrary.

wiley.co
m/doi/10.1029/2023

E
F004172, 

Wiley 
Online 

Library on [02/06/2025]. 
See the 

Ter
ms and 

Conditions (https://onlinelibrary.
wiley.co

m/ter
ms-and-conditions) on 

Wiley 
Online 

Library for rules of use; 
O

A articles are governed by the applicable 
Creative 

Co
m

mons 
License



W h e n gr o u p e d b y fir e s e v erit y,  L S A a n o m ali es o v er t h e first 4 y e ars f oll o wi n g fir e o c c urr e n c es (t w o f or  Cr e e k

a n d  N ort h  C o m pl e x Fir es) s h o w t h at t h er e is a l ar g e a m o u nt of v ari a bilit y i n  L S A c h a n g es c o m p ar e d t o pr e‐fir e

c o n diti o ns a cr oss b ur n s e v eriti es a n d y e ars f oll o wi n g fir e ( Fi g ur e 8 ). I n t h e  wi nt er,  L S A i n hi g h‐ a n d  m o d er at e‐

s e v erit y b ur n e d pi x els c o nsist e ntl y i n cr e as e d fr o m t h e hist ori c al a v er a g e,  w hil e t h e  L S A r es p o ns e i n s pri n g v ari e d

m or e. I n t h e first 2 y e ars p ost‐fir e, u n b ur n e d,  m o d er at e‐s e v erit y, a n d hi g h‐s e v erit y pi x els all s h o w e d a n e g ati v e

a n o m al y. I n t h e 3r d a n d 4t h y e ars f oll o wi n g fir e, t h e  m o d er at e‐s e v erit y a n d hi g h‐s e v erit y b ur n e d pi x els s h o w e d a n

i n cr e as e o v er t h e r es p e cti v e hist ori c al a v er a g es,  w hil e t h e u n b ur n e d pi x el  L S A  w as l ess t h a n t h e hist ori c al

a v er a g e.

4. 4. S u rf a c e  R a di ati v e  F o r ci n g

I n  m ost b asi ns, t h e fir e s c ar  R F v al u es gr e w i n cr e asi n gl y n e g ati v e i n e arl y  wi nt er, b ef or e i n cr e asi n g i n t h e s pri n g

( Fi g ur e 9 ). I n t h e first y e ar f oll o wi n g t h e c o nsist e ntl y s n o w‐ c o v er e d  D o n n ell Fir e, t his eff e ct  w as  m or e pr ol o n g e d,

l e a di n g t o t h e  m ost i nt e ns e  R F i n t h e s pri n g ( a v er a g e  R F =  − 1 4. 9  W m − 2 ),  w h e n s n o w i nfl u e n c e o n  L S A p ersist e d

i n t h e b ur n e d ar e a p ast t h e u n b ur n e d ar e a s n o w‐fr e e d at e, a n d l ess i nt e ns e i n  wi nt er ( a v er a g e  R F =  − 1 0. 1  W m − 2 ).

T h e 4‐ y e ar p ost‐fir e a v er a g e  R F d u e t o t h e  D o n n ell Fir e s h o ws t h e l ar g est  R F v al u es s hifti n g e arli er i n t h e y e ar t o

M ar c h a n d  A pril. I n t h e  M c N all y Fir e a n d  R o u g h Fir e s c ars, t h e 4‐ y e ar p ost‐fir e a v er a g e  R F  w as gr e at est i n

D e c e m b er – F e br u ar y f or  m o d er at e a n d hi g h b ur n s e v erit y pi x els. I n t h e t hr e e fir es  wit h c o nsist e ntl y l o w p ost‐fir e

s n o w c o v er ( Cr e e k,  Ri m,  N ort h  C o m pl e x Fir es), t h e  R F tr e n d e d i n cr e asi n gl y p ositi v e i n l at e  wi nt er i nt o s pri n g,

w h e n d ar k e n e d, c h arr e d f or ests a n d l o w s n o w c o v er li k el y c o ntri b ut e d t o t h e l o w er  L S A b , t h e n  mi ni mi z e d i n t h e

l at e s pri n g i nt o s u m m er.  T h e a v er a g e  D e c e m b er – F e br u ar y  R F a cr oss all fir es  w as − 2 1. 2 ± 8 6. 4  W m − 2 a n d t h e

a v er a g e  M ar c h – M a y  R F  w as − 1 6. 0 ± 1 3 6  W m − 2 , e x hi biti n g t h e br o a d r a n g e of fir e i m p a cts.

Fi g u r e 7. C o m p aris o ns of p ost‐fir e s n o w c h ar a ct eristi cs c o m p ar e d t o hist ori c al v al u es. ( a) S h o ws t h e  D e c e m b er – M a y p er c e nt

of 1 9 9 1 – 2 0 2 0  m e di a n s n o w  w at er e q ui v al e nt f or t h e First y e ar p ost‐fir e  wit h err or b ars r e pr es e nti n g o n e st a n d ar d d e vi ati o n.
( b) S h o ws t h e  D e c e m b er – M a y b o x pl ots f or hist ori c, 1‐ y e ar p ost‐fir e, a n d a v er a g e d 4‐ y e ar p ost‐fir e s n o w‐ c o v er e d fr a cti o n.

* * = p v al u e < 0. 0 1, * * * = p v al u e < 0. 0 0 1 fr o m  W el c h's t‐t est.
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A n al y zi n g  R F tr e n ds b y b ur n s e v erit y r e v e als t h at t h e  m e di a n  R F i n  m o d er at el y b ur n e d pi x els is c o nsist e ntl y

n e g ati v e i n t h e  wi nt er o v er t h e first 4 y e ars ( Fi g ur e 1 0 ). I n t h e s pri n g,  m o d er at e‐s e v erit y b ur n e d pi x els s h o w

mi ni m al  R F i n t h e first 2 y e ars. I n b ot h s e as o ns, t h e  R F  m a g nit u d e is gr e at er i n t h e t hir d a n d f o urt h y e ars f oll o wi n g

t h e fir e. I n hi g h‐s e v erit y b ur n e d pi x els, t h e  m e di a n  R F i n t h e first 2 y e ars is  mi ni m al or sli g htl y p ositi v e, b ut als o

d e cr e as es i n t h e pr o c e e di n g y e ars.  V ari a bilit y is gr e at est i n hi g h‐s e v erit y b ur n e d pi x els i n t h e t hir d a n d f o urt h

y e ars f oll o wi n g fir e.

5.  Dis c ussi o n

T h e  L S A, a  m aj or dri v er of t h e s urf a c e e n er g y b al a n c e, i n cr e as e d i n fir e s c ars  wit h a v er a g e t o hi g h er‐t h a n‐ a v er a g e

S W E a n d S C F d uri n g b ot h s n o w‐ o n a n d s n o w‐ off c o n diti o ns.  C o nsi d er a bl e v ari a bilit y  w as pr es e nt i n t h e

m a g nit u d e of c h a n g e i n  L S A a cr oss fir e s c ars, d e p e n di n g o n ti mi n g aft er a fir e, S W E, S C F, a n d fir e s e v erit y.  T h e

D o n n ell Fir e, a n e x a m pl e of a hi g h‐ el e v ati o n, hi g h‐ b ur n s e v erit y fir e f oll o w e d b y a si g nifi c a ntl y a b o v e‐ a v er a g e

s n o w y e ar, s h o w e d t h at s n o w‐ o n  L S A c a n i n cr e as e fr o m 0. 1 9 – 0. 2 4 t o 0. 4 5 – 0. 4 7 aft er a fir e. I n t h e  Ri m Fir e s c ar, a

r el ati v el y l o w‐ el e v ati o n fir e f oll o w e d b y a hist ori c all y l o w s n o w y e ar l e d t o d e cr e as es i n  L S A b , i n di c ati n g t h at

p ost‐fir e  L S A  w as d e p e n d e nt o n p ost‐fir e s n o w pr es e n c e as  w ell as pr e‐fir e dr o u g ht c o n diti o ns.  Diff er e nt r es ults

b et w e e n t h es e t w o e xtr e m es s u g g est t h at  wi nt er a n d s pri n g  L S A b t e n d t o i n cr e as e  m or e o v er  L S Au w h e n t h er e is

s u bst a nti al a n d  wi d es pr e a d s n o wf all,  w hi c h a d ds t o t h e e vi d e n c e t h at s n o w c o v er pl a ys a  m aj or r ol e i n t h e s urf a c e

e n er g y b al a n c e.  M or e  w or k is n e e d e d t o u n d erst a n d t his r el ati o ns hi p a n d t o d et er mi n e if t h er e is a t hr es h ol d of

s n o w c o v er at  w hi c h  wi nt er  L S A b i s gr e at er t h a n  L S Au , b el o w  w hi c h  L S A is dri v e n b y v ari a bl es ot h er t h a n s n o w

c o v er s u c h as d e p ositi o n of  L A Ps a n d  C W D a n d e ns ui n g f e e d b a c ks t h at a c c el er at e s n o w d ar k e ni n g.  A d diti o n all y,

t h e diff er e n c es b et w e e n a n n u al S W E a n d S C F a n o m ali es, p arti c ul arl y f or t h e  Cr e e k Fir e a n d t h e  M c N all y Fir e,

r ei nf or c e t h at S C F is n ot a pr o x y f or s n o w a c c u m ul ati o n, a n d f urt h er  w or k n e e ds t o b e d o n e t o u n d erst a n d h o w

c h a n g es i n s n o w al b e d o b et w e e n st or ms  m a y i m p a ct  L S A.

T h e  D o n n ell Fir e s c ar s n o w‐fr e e d at e  w as, o n a v er a g e, 1 4 d a ys l at er t h a n t h e u n b ur n e d ar e a.  T h e  m o d er at e b ur n

s e v erit y pi x els i n t h e  M c N all y Fir e als o s h o w e d a l at er s n o w‐fr e e d at e.  T his p ot e nti all y i n di c at es t h at f or t h es e

ar e as, s n o w c o v er d e pl et e d f ast er i n u n b ur n e d, o p e n ar e as t h a n i n ar e as t h at  w er e o p e n d u e t o fir e.  T his c o ul d b e

d u e t o hi g h er a c c u m ul ati o n i n b ur n e d ar e as, i m pr o v e d d et e ct a bilit y of e x p os e d s n o w c o v er, or a c o m bi n ati o n of

t h e t w o. I n d e p e n d e nt of t h e r e as o n f or a l at er s n o w‐fr e e d at e, t h e r es ult is still a n i n cr e as e i n  L S A o v er a l o n g er

p eri o d r el ati v e t o n e ar b y u n b ur n e d ar e as. Pr e vi o us r es e ar c h h as s h o w n t h at s n o w a bl at es e arli er i n b ur n e d ar e as

c o m p ar e d t o c o ntr ol u n b ur n e d ar e as ( Gl e as o n et al., 2 0 1 3 ;  K a m pf et al., 2 0 2 2 ;  M c Gr at h et al., 2 0 2 3 ) i n st u di es

usi n g fi el d o bs er v ati o ns a n d  M O D 1 0 A 1 S C F t o d et er mi n e a  m elt‐ o ut d at e.  O ur r es ults l ar g el y a gr e e  wit h t h es e

r es ults, b ut  w e ar g u e s n o w d e pl eti o n d at e al o n e d o es n ot t ell t h e  w h ol e st or y.  B y usi n g c h a n g es i n  L S A  w e  w er e

a bl e t o s h o w t h at e v e n  w h e n s n o w a bl at es e arli er t h a n s urr o u n di n g u n b ur n e d ar e as, t h e r e m o v al of c a n o p y a n d

e x p os ur e of bri g ht er s n o w o v er t h e  wi nt er s e as o n c a n e x ert i m p ort a nt c o ntr ols o n s urf a c e e n er g y b al a n c e.  B y

usi n g diff er e nt  m etri cs t o l o o k at t h e e ntir e s yst e m, i nst e a d of o nl y s n o w a bl ati o n d at es, r es ults pr es e nt e d h er e a d d

t o t h e gr e at er pi ct ur e of fir e i m p a cts o n t h e S S Z l a n ds c a p e.

Fi g u r e 8. S e as o n al l a n d s urf a c e al b e d o ( L S A) a n o m ali es f or u n b ur n e d,  m o d er at e‐s e v erit y b ur n e d, a n d hi g h‐s e v erit y b ur n e d pi x els f or e a c h of t h e first 4 y e ars p ost‐fir e.

A n o m ali es  w er e c al c ul at e d as t h e diff er e n c e fr o m t h e hist ori c al a v er a g e  L S A f or e a c h b ur n r e gi m e.
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I n cr e as es i n  L S A c o ntri b ut e d t o n e g ati v e  R F i n fir e s c ars  wit h a b o v e‐ a v er a g e p ost‐fir e s n o w p a c ks.  El e v at e d

R F v al u es i n t h es e fir e s c ars s u g g est t h at r e m o vi n g tr e e c a n o p y a n d i n cr e asi n g u n d erl yi n g s n o w e x p os ur e

l e d t o a n i n cr e as e i n r efl e ct e d s h ort w a v e r a di ati o n,  w hi c h, c o m bi n e d  wit h a l at er s n o w‐fr e e d at e i n b ur n e d

ar e as a n d a hi g h er s n o w‐ off  L S A b ,  m a y c o ntri b ut e t o a l o c ali z e d c o oli n g eff e ct i n b ur n e d ar e as.  T h es e

r es ults r efl e ct t h e fi n di n gs of p ast r es e ar c h i n t h e  U S a n d i n b or e al f or ests t h at tr a nsiti o ni n g fr o m a s n o w‐

hi di n g t o a s n o w‐r e v e ali n g l a n d s urf a c e i n cr e as es al b e d o a n d d e cr e as es s urf a c e  R F ( B ar n es  &  R o y, 2 0 1 0 ;

B etts, 2 0 0 0 ).  Cli m ati c c h a n g es ar e c a usi n g s n o w t o  m elt e arli er i n t h e s pri n g a cr oss t h e  W est er n  U S,

p ot e nti all y cr e ati n g a s n o w/ al b e d o f e e d b a c k l o o p  w h er e  L S A d e cli n es e arli er, t h e l a n ds c a p e a bs or bs  m or e

s ol ar r a di ati o n, a n d  m or e e n er g y is tr a nsf err e d t o t h e at m os p h er e, a pr o c ess t h at r ei nf or c es l o c al  w ar mi n g.

I n b ur n e d, s n o w‐r e v e ali n g f or ests,  m or e n e g ati v e s urf a c e  R F  m a y h a v e t h e o p p osit e eff e ct.  H o w e v er,  L A Ps

Fi g u r e 9. M o nt hl y  R F v al u es f or 1 y e ar p ost‐fir e a n d a v er a g e d o v er 4 y e ars p ost‐fir e.  Err or b ars s h o w o n e st a n d ar d d e vi ati o n.
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distri b ut e d a cr oss s n o w i n b ur n e d ar e as als o i n cr e as e t h e s ol ar f or ci n g c o m p ar e d t o cl e a n s n o w ( Gl e as o n

et al., 2 0 1 9 ), alt h o u g h  L A P d ar k e n e d s n o w is still li k el y bri g ht er t h a n t h e u n d erl yi n g l a n d s urf a c e; t h e li n ks

b et w e e n i n cr e asi n g  L S A b a n d d e cr e asi n g s n o w al b e d o h a v e y et t o b e e x pl or e d.

T h e c h a n g e i n  L S A ass o ci at e d  wit h v e g et ati o n dist ur b a n c e a n d s u bs e q u e nt s n o w e x p os ur e c a n alt er t h e l a n d-

s c a p e's a bs or pti o n of s ol ar r a di ati o n.  E ns ui n g  R F  m a y r es ult i n a c o oli n g eff e ct i n p ost‐fir e  W est er n  U S f or ests i n

a d diti o n t o s urf a c e e n er g y fl u x alt er ati o ns d u e t o t h e r e m o v al of v e g et ati o n ( B o n a n et al., 1 9 9 2 , 1 9 9 5 ).  T h es e

v ari a bl es ar e i m p ort a nt f a ct ors i n cli m at e  m o d els t h at s e e k t o d es cri b e  m es os c al e a n d r e gi o n al  w e at h er, s n o w m elt

ti mi n g a n d r at es, s oil  m oist ur e, e v a p otr a ns pir ati o n r at es, a n d p ot e nti all y o c e a n cir c ul ati o n p att er ns ( A n dr e ws

et al., 2 0 1 7 ; Pi el k e et al., 2 0 1 1 ).  H o w e v er,  m ost h y dr ol o gi c  m o d els a n d l a n d s urf a c e  m o d els d o n ot a c c ur at el y

i n c or p or at e p ost‐fir e  L S A c h a n g es, l e a di n g t o u n c ert ai nt y i n r es ults ( K os h ki n et al., 2 0 2 2 ).  H er e, u n c ert ai nt y i n

L S A c h a n g es  w as li k el y h ei g ht e n e d b y n ois e ass o ci at e d  wit h s m all s a m pl e si z es, a c o ns e q u e n c e of c o ars e s p ati al

r es ol uti o n  M O DI S pi x els c o m bi n e d  wit h fir es t h at b ur n e d pr e d o mi n a ntl y at l o w s e v erit y i n t h e S S Z.  H o w e v er, t h e

M O DI S r e c or d is c urr e ntl y t h e b est a v ail a bl e d at a s et a n d e n a bl es l a n ds c a p e‐s c al e a n al ysis, a n i m p ort a nt

c o m p o n e nt of cli m at e a n d e n er g y b al a n c e  m o d els.

6.  C o n cl usi o ns

L S A is a n i m p ort a nt c o m p o n e nt of t h e s urf a c e e n er g y b al a n c e; c h a n g es i n  L S A c a n l e a d t o stri ki n g c h a n g es

i n l o c al cli m at e.  B ot h  wil dfir e a n d s n o w aff e ct  L S A, b ut t h e i nt er a cti o ns b et w e e n t h e t w o a n d t h eir i m p a ct

o n fir e s c ar‐s c al e  L S A h a v e n ot pr e vi o usl y b e e n f ull y e x pl or e d. I n t his st u d y,  w e i n v esti g at e d t h e i m p a ct of

wil dfir e o n  L S A i n t h e Si err a  N e v a d a S S Z usi n g  M O DI S r e m ot e s e nsi n g d at a.  W e a n al y z e d  L S A, S C F,

b ur n s e v eriti es, a n d l a n d s urf a c e c h ar a ct eristi cs t o f or m a gr e at er u n d erst a n di n g of h o w  L S A c h a n g es i n fir e

s c ars a n d t h e gr e at er i m p a cts o n s urf a c e  R F.  O ur r es ults s u g g est t h at ( a)  wi nt er a n d s pri n g  L S A r es p o ns e t o

fir e v ari e d  wit hi n t h e S S Z; ( b) t h e  m a g nit u d e of t h e c h a n g e  w as i nfl u e n c e d b y b ur n s e v erit y, S C F, l a n d

c h ar a ct eristi cs, a n d cli m at e c o n diti o ns,  wit h t h e l ar g est i n cr e as es i n  L S A f o u n d i n t h e hi g h‐ el e v ati o n,

hi g h‐ b ur n s e v erit y, a n d e xt e nsi v el y s n o w‐ c o v er e d  D o n n ell Fir e s c ars; ( c) p ost‐fir e s n o w‐fr e e d at es v ar-

i e d c o nsi d er a bl y a n d fir e, i n s o m e c as es, d el a y e d t h e s n o w‐fr e e d at e; a n d ( d)  R F ass o ci at e d  wit h fir e s c ar‐

s c al e c h a n g e d i n  L S A  w as g e n er all y  m or e n e g ati v e i n  m o d er at el y b ur n e d pi x els t h a n hi g h‐s e v erit y

b ur n e d pi x els.

T h e  D o n n ell Fir e r es ults s h o w t h at i n a hi g h s e v erit y, hi g h el e v ati o n fir e, c h a n g es i n  L S A ar e p arti c ul arl y str o n g.

R es ults a cr oss all fir es  w er e  m or e v ari e d a n d  w er e hi g hl y i nfl u e n c e d b y s n o w c o v er. F urt h er r es e ar c h is n e e d e d t o

u n d erst a n d h o w t h e S C F, fr e q u e n c y of st or ms, a n d s n o w a c c u m ul ati o n aff e ct  L S A c h a n g es o v er ti m e.  Usi n g

M O DI S S C F pr o d u cts is li miti n g d u e t o l ess a c c ur at e s n o w d et e cti o n u n d er f or est c a n o p y a n d l ess a c c ur a c y at l o w

S C F, b ut t h er e is p ot e nti al f or i m pr o v e m e nt i n u n d erst a n di n g  wit h f ut ur e r e m ot e s e nsi n g  missi o ns.

Fi g u r e 1 0. S e as o n al  R F d u e t o c h a n g e i n l a n d s urf a c e al b e d o fr o m u n b ur n e d t o b ur n e d ar e a f or e a c h of t h e first 4 y e ars p ost‐fir e. Pi x els ar e gr o u p e d b y  m o d er at e a n d hi g h

b ur n s e v erit y.
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T h e i m pli c ati o ns of t his  w or k ar e f ar‐r a n gi n g, fr o m i n c or p or ati n g al b e d o f e e d b a c ks i nt o cli m at e  m o d els t o

i m pr o vi n g b asi n‐s c al e r u n off f or e c asti n g.  As cli m at e  w ar mi n g c o nti n u es,  w e  will li k el y c o nti n u e t o s e e  wil dfir es

i m p a cti n g t h e S S Z, c oi n ci d e nt  wit h d e cli n es i n s e as o n al s n o w, p arti c ul arl y i n t h e  W est er n  U S. St u d yi n g h o w t h es e

s n o w a n d  wil dfir e pr o c ess es i nt er a ct is criti c al t o pr e p ar e f or c h a n gi n g cli m at e i m p a cts o n  m o u nt ai n e c o‐ a n d

h y dr ol o gi c s yst e ms.

D at a  A v ail a bilit y St at e m e nt

T h e  M O DI S  L S A d at a ( M C D 4 3 A 3 v 0 6 1) ar e fr e el y a v ail a bl e fr o m  N A S A‐ L P D A A C ( S c h a af  &  W a n g, 2 0 2 1 ).

T h e  M O D S C A G S C F d at a ar e p u bli cl y a v ail a bl e fr o m t h e S n o w  D at a S yst e m at  N A S A‐J P L,  wit h t h e S T C

v ersi o n a v ail a bl e b y r e q u est fr o m  N SI D C S n o w  T o d a y at htt ps:// nsi d c. or g/s n o w‐t o d a y ( Ritt g er et al., 2 0 2 2 ). Fir e

s e v erit y d at a ar e p u bli cl y a v ail a bl e fr o m  M T B S at htt ps:// w w w. mt bs. g o v/ ( Ei d e ns hi n k et al., 2 0 0 7 ).  E c or e gi o n

i nf or m ati o n is a v ail a bl e at htt ps:// w w w. e p a. g o v/ e c o‐r es e ar c h/ e c or e gi o n‐ d o w nl o a d‐fil es‐st at e‐r e gi o n‐ 9 ( Griffit h

et al., 2 0 1 6 ).  Tr e e c o v er d at a ar e a v ail a bl e fr o m t h e  M ulti‐ R es ol uti o n  L a n d  C h ar a ct eristi cs  C o ns orti u m at htt ps://

w w w. mrl c. g o v/ ( R u ef e n a c ht et al., 2 0 0 8 ).

R ef e r e n c es

A b at z o gl o u, J.  T.,  &  Willi a ms,  A. P. ( 2 0 1 6). I m p a ct of a nt hr o p o g e ni c cli m at e c h a n g e o n  wil dfir e a cr oss  W est er n  U S f or ests. Pr o c e e di n gs of t h e

N ati o n al  A c a d e m y of S ci e n c es , 1 1 3 ( 4 2), 1 1 7 7 0 – 1 1 7 7 5. htt ps:// d oi. or g/ 1 0. 1 0 7 3/ p n as. 1 6 0 7 1 7 1 1 1 3

Ali z a d e h,  M.  R.,  A b at z o gl o u, J.  T.,  L u c e,  C.  H.,  A d a m o ws ki, J. F., F ari d,  A.,  & S a d e g h,  M. ( 2 0 2 1).  W ar mi n g e n a bl e d u psl o p e a d v a n c e i n  W est er n

U S f or est fir es. Pr o c e e di n gs of t h e  N ati o n al  A c a d e m y of S ci e n c es  U S A , 1 1 8 ( 2 2), e 2 0 0 9 7 1 7 1 1 8. htt ps:// d oi. or g/ 1 0. 1 0 7 3/ p n as. 2 0 0 9 7 1 7 1 1 8

A n dr e ws,  T.,  B etts,  R.  A.,  B o ot h,  B., J o n es,  C.  D.,  & J o n es,  G. S. ( 2 0 1 7).  Eff e cti v e r a di ati v e f or ci n g fr o m hist ori c al l a n d us e c h a n g e. Cli m at e

D y n a mi cs , 1 0 ( 1 1 – 1 2), 3 4 8 9 – 3 5 0 5. htt ps:// d oi. or g/ 1 0. 1 0 0 7/s 0 0 3 8 2‐ 0 1 6‐ 3 2 8 0‐ 7

B al es,  R.  C.,  H o p m a ns, J.  W.,  O' G e e n,  A.  T.,  M e a d o ws,  M.,  H arts o u g h, P.  C.,  Kir c h n er, P., et al. ( 2 0 1 1). S oil  m oist ur e r es p o ns e t o s n o w m elt a n d

r ai nf all i n a Si err a  N e v a d a  mi x e d‐ c o nif er f or est. V a d os e Z o n e J o ur n al , 1 0 ( 3), 7 8 6 – 7 9 9. htt ps:// d oi. or g/ 1 0. 2 1 3 6/ v zj 2 0 1 1. 0 0 0 1

B ar b er o,  R.,  A b at z o gl o u, J.,  L ar ki n,  N.  K.,  K ol d e n,  C.  A.,  & St o c ks,  B. ( 2 0 1 5).  Cli m at e c h a n g e pr es e nts i n cr e as e d p ot e nti al f or v er y l ar g e fir es i n
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