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            R  esearch on the  in ter ac tion be tween non na-
tive grasses and fi re in Hawai ‘ i has brought 
wide spread at ten tion to the im pacts of novel 
wild fi re re gimes on na tive eco sys tems glob ally 
(D ’ Antonio and Vitousek 1992). Yet the ex tent 
to which wild fi re has be come a per va sive fea-
ture of Hawai ‘ i ’ s land scapes has not been well 
quan ti fi ed. Wildfi re in Hawai ‘ i dif fers greatly 
from that of most of the con ti nen tal United 

States in that fi re oc curs year - round (Chu 
et al. 2002) and is supported by vast, un bro-
ken ex panses of highly fi re - prone, non na tive 
eco sys tems dom i nated by in va sive grasses and 
other fi re - adapted plants (Elmore et al. 2005, 
Varga and Asner 2008, Ellsworth et al. 2014) 
( Figure 1 ). These non na tive spe cies reg u larly 
en croach into Hawai ‘ i ’ s na tive eco sys tems, 
which con tain one of the world ’ s highest rates 
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   Abstract:     Wildfi re is a ma jor threat to nat u ral re sources and na tive spe cies in 
Hawai ‘ i, but the fre quency and ex tent of wild fi res across the ar chi pel ago has not 
been well quan ti fi ed. Our ob jec tive was to sum ma rize the avail  able wild fi re data 
for Hawai ‘ i and syn the size the so cial and eco log i cal di men sions of wild fi re driv-
ers, im pacts, and man age ment re sponses. We constructed a 110 - yr span of 
wild fi re re cords for the state of Hawai ‘ i to ex am ine his tor i cal trends (1904 – 2011) 
and sum ma rized re la tion ships be tween con tem po rary wild fi re oc cur rence (2005 –
 2011) and land use / land cover types and hu man pop u la tion. Total area burned 
state wide in creased more than four fold from 1904 to 1959 to peaks in the 1960s –
 1970s and mid - 1990s to pres ent. From 2005 to 2011, on av er age, 1,007 wild fi res 
were reported across the state per year ( ±   77 SE), burn ing an av er age of 8,427 ha 
yr  − 1  ( ±   2,394 SE). Most fi res (95 % ) were < 4 ha, while most area burned (93 % ) was 
at trib uted to fi res  ≥   40 ha. Ignition fre quency was pos i tively cor re lated with 
hu man pop u la tion across is lands. Wildfi res were most fre quent in de vel oped 
ar eas, but most ar eas burned oc curred in dry non na tive grass lands and shrublands 
that cur rently com pose 24 %  of Hawai ‘ i ’ s to tal land cov er. These grass - dom i nated 
land scapes al low wild fi res to prop a gate rap idly from ar eas of high ig ni tion fre-
quen cies into the for ested mar gins of the state ’ s wa ter sheds, plac ing na tive hab-
i tat, wa ter shed in teg ri ty, and hu man safety at risk. There is an ur gent need to 
bet ter as sess fi re risk and im pacts at land scape scales and in crease the in te gra-
tion of pre fi re plan ning and pre ven tion into existing land man age ment goals.  
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of spe cies en de mism and the larg est pro por-
tion of en dan gered plant spe cies in the United 
States, where they sup press na tive plant re-
gen er a tion, in crease eco sys tem fl am ma bil ity 
and fi re fre quen cy, and ac cel er ate rates of hab-
i tat loss (Hughes et al. 1991, Smith and Tuni-
son 1992, Ainsworth and Kauffman 2013, 
D ’ Antonio et al. 2011). There is grow ing con-
cern among nat u ral re source man ag ers, fi re 
re spond ers, re search ers, and land own ers 
about wild fi re im pacts (DOFAW 2010). How-
ever, re sources for pre fi re mit i ga tion and 
wild fi re re sponse in Hawai ‘ i are lim ited and, 
given the state ’ s geo graphic iso la tion, Hawai ‘ i 
lacks ac cess to the im pres sive ar ray of in ter-
agency sup port for fi re man age ment avail  able 
on the main land United States (DOFAW 
2014). 

 The hu man di men sions of wild fi re in 
Hawai ‘ i have also re ceived lit tle at ten tion de-
spite the dom i nance of hu man - caused ig ni-
tions and the con tri bu tion of land use change 
to the cur rent ex tent of fi re - prone, non na tive 
eco sys tems. Before hu man ar riv al, wild fi re ig-
ni tion sources in Hawai ‘ i are thought to have 
been lim ited to vol ca nic ac tiv ity and in fre-
quent dry light ning strikes. In line with this, 
soil char coal ev i dence sug gests wild fi res were 
in fre quent with highly lo cal ized ef fects (Smith 
and Tunison 1992, Burney et al. 1995), and as 
a re sult, many na tive Ha wai ian plants have 

lim ited ad ap ta tions to fi re as a fre quent eco-
log i cal dis tur bance (LaRosa et al. 2008, but 
see Vogl 1969). Humans have in creased wild-
fi re oc cur rence across the ar chi pel ago both by 
greatly in creas ing ig ni tions and by in tro duc-
ing fi re - prone plant spe cies, es pe cially non na-
tive grasses. Especially in dry and me sic ar eas 
and in all  eco sys tem types dur ing droughts 
(Dolling et al. 2005, Cram et al. 2013), these 
fac tors cur rently drive re cur rent wild fi res in 
Hawai ‘ i that in cur eco log i cal and so cio eco-
nomic costs in terms of wa ter shed func tion, 
nat u ral re source deg ra da tion, com mu nity 
safe ty, and emer gency re sponse (DOFAW 
2010, 2014). 

 The fi rst reported  “ di sas trous ”  wild fi re in 
Hawai ‘ i was an es caped ag ri cul tural fi re in 
1901 that burned > 12,000 ha of ag ri cul tural 
and for ested lands over 3 months on the 
H ā m ā kua Coast of Hawai ‘ i Island (Commis-
sioner of Agriculture and Forestry 1903). The 
H ā m ā kua Fire di rectly led to the es tab lish-
ment of Hawai ‘ i ’ s Forest Reserve System, the 
in te gra tion of wild fi re into gov ern ment for est 
man age ment pol i cy, and the ini ti a tion of an-
nual wild fi re reporting in 1904. Previous 
stud ies have sum ma rized state wide wild fi re 
fre quency and ex tent (Burgan et  al. 1974, 
Cuddihy and Stone 1990, Chu et  al. 2002, 
Weise et al. 2010); how ev er, they have not cov-
ered the full range of re cords and, un til now, 

  

 Figure  1.   Fires in non na tive grass lands in Hawai ‘ i il lus trat ing ( a ) a high in ten si ty, ex per i men tal fi re in guinea grass 
( Megathyrsus maximus ) in which fl ame heights reached 4 – 5 m (poles at right are 3 m) un der rel a tively be nign en vi-
ron men tal con di tions (i.e., 8 km hr  − 1  winds, 70 %  rel a tive hu mid i ty) (photo by C. Trauernicht); and ( b ) high fuel bed 
con ti nu ity ev i dent in an ae rial photo of a rel a tively low in ten sity wild fi re burn ing in foun tain grass ( Cenchrus seta-
ceus ) (photo by E. Moller).
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there has been no avail  able in for ma tion on 
spa tial pat terns of fi re oc cur rence. Our ob jec-
tives are to syn the size pre vi ously avail  able 
wild fi re in for ma tion along with a newly avail-
 able, spa tially ex plicit wild fi re his tory for 
Hawai ‘ i (HWMO 2013 b ) to de scribe: (1) wild-
fi re fre quen cy, ex tent, and long - term trends; 
(2) so cial, eco log i cal, and his tor i cal fac tors 
con trib ut ing to wild fi re risk; (3) eco log i cal and 
so cial im pacts of wild fi re; (4) re sponses to 
 re duce wild fi re im pacts; and (5) rec om men-
da tions for fi re man age ment and sci ence 
mov ing for ward. 

  ma te ri als and meth ods  

 All an a ly ses con sider only wild fi res, de fi ned 
here as un planned, wild land fi res as op posed 
to pre scribed, ex per i men tal, or struc ture fi res. 
We drew on mul ti ple sources of fi re his tory 
data to achieve the fi rst ob jec tive of sum ma-
riz ing wild fi re fre quen cy, ex tent, and long -
 term trends across Hawai ‘ i ’ s six ma jor 
is lands – Kaua ‘ i, O ‘ ahu, Maui, Moloka ‘ i, Lana ‘ i, 
and Hawai ‘ i Island. The lack of reporting, es-
pe cially of small wild fi res among ear lier re-
cords, can be prob lem atic when com pil ing 
and an a lyz ing fi re his to ries. In ad di tion, the 
data sets do not in clude wild fi res set by train-
ing ex er cises on mil i tary lands that re sult in 
nu mer ous ig ni tions on O ‘ ahu and Hawai ‘ i Is-
lands (Beavers et al. 1999, Beavers and Burgan 
2002). Therefore, the avail  able data pro vide 
con ser va tive es ti ma tes of wild fi re oc cur rence. 

 We used an nual area burned to ex am ine 
his tor i cal trends (1904 – 2011) in wild fi re oc-
cur rence be cause it is less sen si tive to under-
reporting of small fi res as large fi res typ i cally 
ac count for > 90 %  of to tal area burned (e.g., 
Niklasson and Granstr ö m 2000). Annual 
sum ma ries of area burned were drawn from 
three sources: (1) a com pi la tion of Hawai ‘ i ter-
ri to rial and state re ports of to tal area burned 
by wild fi re for 1904 – 1977 by Schmitt (1977; 
Schmitt data set here af ter); (2) Hawai ‘ i Divi-
sion of Forestry and Wildlife an nual re ports 
for 1994 – 2007 (avail  able online at  http://dlnr.
Hawaii.gov/forestry/fi re/data/ ; DOFAW data 
set here af ter); and (3) the fi rst spa tially ex plicit 
(i.e., re cords with in ci dent lo ca tions) fi re his-
tory for Hawai ‘ i state for 1967 – 2012 com piled 

from agency re cords by the Hawai ‘ i Wildfi re 
Management Organization (HWMO 2013 b;  
HWMO data set here af ter). 

 The Schmitt data set and the gov ern ment 
fi re re ports upon which it was based have been 
cited in pre vi ous pub li ca tions (Burgan et al. 
1974, Cuddihy and Stone 1990). Over the 
 73 - yr time span in the Schmitt data set, 9 yr 
were miss ing data and 10 yr pro vided un der-
es ti mates of to tal area burned as not all  fi re 
re ports in cluded fi re size. These underesti-
mated val ues are in di cated and presented in 
the re sults ( Figure 2 ) but were ex cluded from 
all  an a ly ses of trends in wild fi res over time. 
There were also eight in stances in the 
Schmitt data set where to tal area burned was 
reported for a 2 - yr time span (due to bi en nial 
reporting), in which case, we split the value 
and al lo cated half of the area reported to each 
of the 2 years. The DOFAW data set pro-
vided state wide an nual sum ma ries of to tal 
area burned and num ber of fi res from 1994 to 
2012. However, data af ter 2007 were ex cluded 
as re ports ceased to in clude county agency 
re cords af ter 2007 (W. Ching, pers. comm.). 

 In con trast to the Schmitt and DOFAW 
data sets in which only an nual sum ma ries 
were avail  able, the HWMO data set pro vided 
re cords of in di vid ual wild fi re in ci dents from 
all  coun ty, state, and fed eral fi re re sponse 
agencies with the ex cep tion of the Department 
of Defense (Pierce and Pickett 2014). The 
HWMO data set contained state (DOFAW) 
re cords span ning the 47 - yr pe riod from 1967 
to 2013 and National Park re cords from 1922 
to 2012, but com plete county fi re de part ment 
re cords were avail  able only from the early to 
mid - 2000s. The HWMO data set in cluded 
date of oc cur rence and fi re size for 12,906 
wild fi res, with spa tial lo ca tions of ig ni tions 
for 11,109 reported fi res (86 %  of to tal) de-
rived from GPS co or di na tes, maps, and / or 
nar ra tive ac counts. The cause of ig ni tion was 
reported for 6,218 reported fi res (48 %  of to tal). 

 To ex am ine tem po ral trends in wild fi re oc-
cur rence over the past cen tury in Hawai ‘ i 
(1904 – 2011), we com bined the Schmitt, 
DOFAW, and HWMO data sets and used a 
lin ear mixed model of area burned (trans-
formed to ar ea 0.2  to meet as sump tions of ho-
mo ge ne ity of var i ance) as a func tion of year 
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with data source as a ran dom ef fect. Instead 
of ar bi trarily ex clud ing re cords for overlap-
ping years, we an a lyzed all  avail  able re cords 
for all  years with data source as a ran dom ef-
fect and in cluded a tem po ral cor re la tion term 
in our mod els (Pinheiro and Bates 2000). The 
ran dom ef fect accounted for expected var i a-
tion in the slope and in ter cept among data sets 
while pro vid ing a pre dic tion of any over all 
tem po ral trend supported by the da ta, whereas 
the cor re la tion term accounted for tem po ral 
au to cor re la tion in her ent in hav ing mul ti ple 
ob ser va tions for overlapping years. Years for 
which area burned was underestimated in the 
Schmitt da ta base were ex cluded from the 
anal y sis. 

 To sum ma rize cur rent wild fi re con di tions 
state wide, we used re cords from the HWMO 
data set span ning the years 2005 – 2011 for 
which com plete re cords from all  agencies were 
avail  able ( N   =  7,054). We fi rst cal cu lated mean 
val ues ( ±  1 SE) for num ber of ig ni tions and 
area burned per year for this 7 - yr time span, 
both across all  re cords as well as across fi re 
size clas ses as de fi ned by the National Wild-
fi re Coordinating Group ( Table 1 ). We also 
cal cu lated mean val ues ( ±  1 SE) for num ber of 

ig ni tions and area burned across months to 
char ac ter ize in ter an nual var i a tion. We used 
in for ma tion on the cause of ig ni tion across all  
years in the HWMO data set to cal cu late the 
per cent age of fi res resulting from nat u ral 
causes, ar son, or ac ci den tal hu man ac tiv i ties. 

 We also ex am ined the spa tial dis tri bu tion 
of to tal wild fi re ig ni tions and to tal area burned 

  

 Figure  2.   The avail  able state wide re cord for an nual area burned span ning 1904 – 2011 us ing com bined data sets 
from Schmitt (1977), online Hawai ‘ i Division of Forestry and Wildlife (DOFAW) re ports, and the Hawai ‘ i Wildfi re 
Management Organization (HWMO). Data were an a lyzed us ing a lin ear mixed model (dashed line) of area burned 
(transformed to ar ea 0.2 ) as a func tion of year with data source as a ran dom ef fect and assessed against the null 
model us ing Akaike ’ s in for ma tion cri te rion (explained de vi ance [ R  2 ]  =  0.20; Akaike ’ s weight [ w i  ]  =  0.91). In the case 
of bi en nial reporting (8 re cords in Schmitt ’ s data set), we split the bi en nial area burned value and al lo cated half of 
the area reported to each of the 2 yr. Missing data points are in di cated by  “ x, ”  and years with un der es ti mates of 
area burned are in di cated by as ter isks (*) and were ex cluded from the anal y sis.

  TABLE 1 

Wildfi res in Hawai ‘ i over the 2005 – 2011 Period: 
Wildfi re Size Classes Based on National Wildfi re 

Coordinating Group Categories 

Fire Size Class 
(ha)  Fires (yr  − 1 )

Area burned 
(ha yr  − 1 )  

<0.1  709 ( ±  40.2) 27.4 ( ±  2.7) 
0.1 – <4 247.9 ( ±  39.3) 150.6 ( ±  22.3) 
4 – <40 32.3 ( ±  5.8) 387.5 ( ±  69.3) 
40 – <160 8.1 ( ±  2.1) 499.6 ( ±  128.8) 
160 – <400 6.1 ( ±  1.3) 1,129.7 ( ±  256) 
400 – <2,020 3.6 ( ±  0.9) 3,044.6 ( ±  737.4) 
>2,020 0.7 ( ±  0.3) 3,187.7 ( ±  1,465) 
Total 1,007 ( ±  77.1) 8,427.0 ( ±  2,394.0)  

 Note:  From 2005 to 2011, most wild fi res (95 % ) in Hawai ‘ i 
were 4 ha or smaller, whereas fi res > 40 ha accounted for 93 %  
of the to tal area burned. Values reported are state wide means 
( ±  1 SE).    
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across newly re vised Hawai ‘ i gap anal y sis (HI -
 GAP) land use / land cover (LULC) types in a 
geo graphic in for ma tion sys tem (Gon et  al. 
2006; unpubl. re vi sions by J. Jacobi). Impor-
tantly, be cause each re cord in the HWMO 
data set rep re sents a sin gle ig ni tion point at-
trib uted with area burned, these sum ma ries 
pro vide a rel a tive de scrip tion of area burned 
across LULC types as op posed to ab so lute 
val ues for the ex tent of each LULC af fected 
by fi re. We also used the spa tial dis tri bu tion 
of wild fi res from the HWMO data set to ex-
am ine the cor re la tion be tween ig ni tion den-
sity (fi res km  − 2 ) and pop u la tion den sity per 
island for the six larg est is lands in the ar chi-
pel a go. In or der to place Hawai ‘ i ’ s wild fi re 
sum mary in a na tional con text, we com pared 
the per cent age of to tal land area burned an-
nu ally in Hawai ‘ i with that of the en tire con-
ti nen tal United States (in clud ing Alaska) and 
the 12 west ern - most states for each year from 
2005 to 2011 us ing data from the National In-
teragency Fire Center (WMFI 2012). 

 We used the re sults from these meth ods 
along with the avail  able lit er a ture and dis cus-
sions with var i ous fi re re sponse and land 
man age ment pro fes sion als to ad dress the 
remaining ob jec tives in the Discussion: (2) 
con trib ut ing fac tors; (3) im pacts; (4) re sponses; 
and (5) fu ture di rec tions for fi re man age ment 

in Hawai ‘ i. Nomenclature for all  plant spe cies 
re ferred to is de rived from the Missouri Bo-
tanical Garden ’ s Tropicos da ta base ( http://
www.tropicos.org/ ). 

  re sults  

 Temporal pat terns across the three avail  able 
state wide fi re his tory data sets in di cated a var-
i able but over all in creas ing trend in an nual 
area burned over time (Akaike weight [ w i  ] 
> 0.99,  R  2   =  0.28) (Figure 2). Fire ac tiv ity re-
mained rel a tively con sis tent for the fi rst half 
of the twen ti eth cen tury af ter which there 
were two dra matic in creases in area burned. 
The fi rst oc curred in the late 1960s and early 
1970s, peaking in 1969 at 18,423 ha. The sec-
ond be gan to in crease in the late 1990s and 
peaked at 18,752 ha in 2005. 

 The HWMO data set for 2005 – 2011 in di-
cated Hawai ‘ i ex pe ri enced an an nual av er age 
of 1,007 ( ±  77 SE) wild fi res, burn ing on av er-
age 8,427 ha yr  − 1  ( ±  2,394 SE). Ninety - fi ve per-
cent of these wild fi res were < 4 ha in size, but 
93 %  of the area burned an nu ally resulted from 
wild fi res > 40 ha in size, which accounted for 
only 1.8 %  of to tal ig ni tions (Table 1). Igni-
tions oc curred year - round with peaks in the 
sum mer (June, Ju ly, Au gust) and win ter 
months (Jan u ary, De cem ber), whereas area 

  

 Figure  3.   Mean monthly wild fi re ig ni tions and area burned ( ±  1 SE) in Hawai ‘ i over 2005 – 2011 ( N   =  7,054) 
(HWMO 2013 a ) il lus trate year - round wild fi re oc cur rence with ig ni tion peaks in July and De cem ber / Jan u ary and 
peak area burned dur ing dri er, sum mer months.



 432  PACIFIC SCIENCE  ·   Oc to ber 2015

burned showed a large in crease dur ing the 
sum mer months ( Figure 3 ). 

 Among the 6,218 fi res for which cause of 
ig ni tion was reported, 81 %  were listed as un-
de ter mined or un known, 16 %  were at trib uted 
to hu man ac ci den tal causes (e.g., camp fi res, 
welding, ve hi cle en gines), 2 %  were listed as 
 ar son, and 1.5 %  were at trib uted to nat u ral 
causes (light ning and la va). The spa tial dis tri-
bu tion of wild fi re ig ni tion and area burned 
across LULC types from 2005 to 2011 re-
vealed very high num bers of ig ni tions in de-
vel oped ar eas, and ig ni tion den sity was highly 
cor re lated with pop u la tion den sity across is-
lands (Pearson ’ s  ρ   =  0.99) ( Figure 5 ). This re-
la tion ship still held (Pearson ’ s  ρ   =  0.86) when 
O ‘ ahu was ex cluded as a po ten tial out lier due 
to its ex tremely high pop u la tion den si ty. Most 
of the area burned was at trib uted to dry, non-
na tive ( “ alien ” ) eco sys tems, es pe cially dry, 
non na tive grass lands ( Figure 4 ). 

 The mean an nual area burned in Hawai ‘ i 
from 2005 to 2011 (8,427 ha yr  − 1 ) accounted 
for 0.48 %  of Hawai ‘ i ’ s to tal land ar ea, which 
was greater than the pro por tion of land area 
burned across the en tire U.S. main land 
(0.30 % ), and even across the 12 states in the 
fi re - prone, west ern United States (0.46 % , in-
clud ing Alaska) over this same time pe riod 
(WMFI 2012). Even for two of the worst fi re 
years on re cord for the con ti nen tal United 
States in terms of area burned, Hawai ‘ i had a 
larger per cent age of its land area burned 
(WMFI 2012) ( Figure 6 ). 

  dis cus sion  

 The syn the sis of the Schmitt, DOFAW, and 
HWMO data sets pro vi des the most com plete 
sum mary of wild fi re oc cur rence for the state 
of Hawai ‘ i to date. The fi rst fi ve de cades 
(1904 – 1959) of re cords av er age only 800 ha 

  

 Figure  4.   In Hawai ‘ i over the pe riod 2005 – 2011, the ma jor ity of wild fi re ig ni tions (light gray bars) oc curred in 
de vel oped ar eas (66 % ), whereas the ma jor ity of area burned (dark gray bars) oc curred in dry grass lands and shrub-
lands dom i nated by non na tive grasses (54 % ). Land use / land cover clas ses are from Gon et al. (2006, with unpubl. 
re vi sions by J. Jacobi) and wild fi re re cords are from HWMO (2013 a ) ( N   =  7,054).
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burned per year and sug gest in ci dents such as 
the 12,000 ha H ā m ā kua Fire of 1901 were rare 
events. Most avail  able ev i dence in di cates that, 
prior to hu man ar riv al, fi res were in fre quent 
and largely re stricted to ac tive vol ca nic events 
(Smith and Tunison 1992, Burney et al. 1995). 
The dra matic his tor i cal in crease in area 
burned (Figure 2) and the cur rent prev a lence 

of wild fi re in Hawai ‘ i (Table 1) — es pe cially 
rel a tive to the ar chi pel a go ’ s lim ited land area 
(16,636 km 2 ) (Figure 6) — in di cate that the 
trans for ma tion of Hawai ‘ i ’ s land scapes since 
hu man ar rival has greatly in creased wild fi re 
oc cur rence. Fire was un doubt edly a prin ci ple 
ag ri cul tural tool of early Poly ne sian set tlers in 
Hawai ‘ i; how ev er, the in tro duc tion of most 

  
 Figure  5.   There is a strong cor re la tion (Pearson ’ s    ρ   =  0.99) be tween pop u la tion den sity per island (from 2010 U.S. 
Census) and the to tal ig ni tions per square ki lo me ter dur ing 2005 – 2011 ( N   =  7,054) (HWMO 2013 a ). The over all 
pat tern re mains in tact when O ‘ ahu is re moved from the anal y sis, al though the cor re la tion is slightly weaker (Pear-
son ’ s    ρ   =  0.86).
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fi re - prone spe cies (e.g., Af ri can pas ture 
grasses) and large - scale con ver sion of na tive 
eco sys tems oc curred well af ter Eu ro pean con-
tact, near the turn of the nineteenth cen tu ry. 
We there fore fi rst draw on the spa tial pat terns 
of wild fi re from the HWMO data set to un-
der stand the con se quences of these changes in 
the con text of ig ni tions, fuel avail abil i ty, and 
cli ma te — the fun da men tal driv ers of wild fi re 
oc cur rence (Bond and Keeley 2005). We then 
con sider the cur rent eco log i cal and so cio eco-
nomic im pacts of wild fi re, Hawai ‘ i ’ s ca pac ity 
for wild fi re re sponse and man age ment, and, 
fi  nal ly, point to cur rent ef forts to im prove 
wild fi re man age ment in the state. 

 Contributing Factors: Human - Caused Ignitions 

 People are the pri mary driver of wild fi res in 
Hawai ‘ i. Natural causes of ig ni tion are rare, 
with lava cur rently re stricted to ac tive fl ows 
on Hawai ‘ i Island, and light ning strikes ac-
count ing for < 0.2 %  of at trib uted wild fi re 
causes. The in fl u ence of peo ple also supported 

the high fre quency of ig ni tions in de vel oped 
ar eas (Figure 4) and the strong, pos i tive cor-
re la tion with island pop u la tion (Figure 5). 
The de vel op ment of Hawai ‘ i ’ s ag ri cul tural 
econ omy from the mid - nineteenth to early 
twen ti eth cen tu ries ac cel er ated pop u la tion 
growth and likely had sig nifi   cant im pacts on 
the num ber of wild fi re ig ni tions. However, 
the ar rival of Poly ne sians as re cently as 800 yr 
ago (Wilmshurst et al. 2011) likely marked the 
fi rst sig nifi   cant in crease in wild fi re ac tiv ity in 
Hawai ‘ i (Kirch 1982, Cuddihy and Stone 
1990). In ad di tion to ag ri cul tural uses, there 
are ac counts of larg er - scale, in ten tional land-
scape burn ing to man age plant re sources such 
as the na tive pili grass ( Heteropogon contortus ) 
for thatching, and other plants for food and 
an i mal fod der (McEldowney 1979, Kirch 
1982). The ef fects of re peat ed, in ten tional 
burn ing on veg e ta tion in Hawai ‘ i were likely 
sim i lar to pat terns ob served else where in the 
Pacifi c. Burning by Maori in New Zealand 
(McWethy et al. 2010), by Fi ji ans on Viti Levu 
(King 2004), and by Mi cro ne sians in Yap and 

  

 Figure  6.   The an nual area burned as a per cent age of to tal land area in Hawai ‘ i (black bars) was on par or exceeded 
the 12 west ern - most states of the United States, in clud ing Alaska (light gray bars), and the United States as a whole 
(dark gray bars) for all  years in the 2005 – 2011 pe riod ex cept 2011 (WMFI 2012). The years 2005, 2006, 2007, 2011, 
and 2012 (not shown) were the worst wild fi re years on re cord for the con ti nen tal United States in terms of to tal area 
burned.
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Guam (Dodson and Intoh 1999, Athens and 
Ward 2004) was — and on some is lands con-
tin ues to be — used for farm ing and nat u ral 
re source ma nip u la tion and has resulted in the 
ex pan sion of fi re - adapted veg e ta tion types 
(e.g., sa van nas). Given the scar city of dry 
light ning strikes, it is pos si ble that fi re man-
age ment by Ha wai ians also maintained cer-
tain grass land and shrubland ar eas with 
na tive, fi re - tol er ant spe cies such as pili grass 
(e.g., Daehler and Goergen 2005). 

 Contributing Factors: Fuel Availability 
and Landscape Change 

 The cur rent pre dom i nance of area burned 
among Hawai ‘ i ’ s non na tive grass lands and 
shrublands il lus trates how changes in land 
cov er, es pe cially since Eu ro pean ar riv al, have 
also con trib uted to in creases in wild fi re oc-
cur rence (Figure 4). Nonnative grass lands 
and mixed non na tive grass lands / shrublands 
are cur rently the state ’ s most ex ten sive veg e-
ta tion type, cov er ing 24 %  of the to tal state 
land area (> 400,000 ha) (re vised HI - GAP, 
Gon et al. 2006). These ar eas are dom i nated 
by highly in va sive, fi re - prone grasses in tro-
duced by Eu ro pe ans since at least the nine-
teenth cen tury (Ripperton et al. 1933) such as 
guinea grass ( Megathyrsus maximus    [Jacq.] 
B. K. Si mon & S. W. L. Ja cobs), foun tain grass 
( Cenchrus setaceus  [Forssk.] Morrone), mo las-
ses grass ( Melinis minutifl ora  P. Beauv.), and 
buffel grass ( Cenchrus ciliaris  L.). These spe-
cies form con tin u ous, nearly mono typic fuel 
beds, ig nite eas i ly, at tain ex tremely high fi ne 
fuel loads, and are ca pa ble of resprouting 
and / or establishing from seed more vig or-
ously in the post fi re en vi ron ment than is the 
ma jor ity of na tive veg e ta tion (Freifelder et al. 
1998, Beavers et al. 1999, Castillo et al. 2003, 
Ellsworth et al. 2014). Nonnative grasses also 
read ily in vade existing na tive wood lands 
(D ’ Antonio et  al. 2000, Litton et  al. 2006, 
D ’ Antonio et al. 2011), with some spe cies ca-
pa ble of col o niz ing young, bar ren lava fl ows. 
Grass in va sions else where in both tem per ate 
and trop i cal eco sys tems have led to sim i lar 
eco log i cal changes in terms of in creas ing fi ne 
fuel loads and con ti nu ity and in creas ing re sul-
tant fi re in ten sity (Platt and Gottschalk 2001, 

Rossiter et al. 2003, Hoffmann et al. 2004, 
Veldman and Putz 2011). In Hawai ‘ i, the ex-
ten sive area cov ered by non na tive grasses 
 (Elmore et al. 2005, Varga and Asner 2008) 
(Figure 1) sup ports fre quent wild fi res that kill 
woody plants and erode the mar gins of for-
ested ar eas, lead ing to in creased grass cov er, 
for est con trac tion, and of ten for est frag men-
ta tion (Blackmore and Vitousek 2000, Ells-
worth et al. 2014). This in va sive grass - wild fi re 
cy cle has had large im pacts on na tive dry for-
est and in creas ingly threat ens me sic for ests as 
well (D ’ Antonio and Vitousek 1992, Ellsworth 
et al. 2014). 

 In ad di tion to in creas ing wild fi re risk in re-
mote ar eas, fi re - prone grass spe cies are now 
prev a lent in much of the state ’ s  “ wild land -  
ur ban in ter face ”  (WUI) — de fi ned as the 
tran si tion be tween de vel oped and un oc cu-
pied land (Butler 1974) — which, in Hawai ‘ i, 
ex tends from ar eas where most of the state ’ s 
pop u la tion re sides at lower el e va tions, up ward 
into the lower mar gins of for ested wa ter sheds 
(HWMO 2013 a ). In con trast to WUI is sues 
on the U.S. main land, where the risk to val-
ued re sources posed by wild fi re has in creased 
as de vel op ment pushes into na tive, fi re - prone 
hab i tat, the in creas ing wild fi re risk in Hawai ‘ i ’ s 
WUI is more closely linked to ag ri cul tural 
aban don ment and the ex pan sion of fi re - prone 
veg e ta tion, pri mar ily non na tive grasses. Land 
use in Hawai ‘ i un der went ex ten sive change 
with the pri vat iza tion of land in 1848, the 
dis in te gra tion of tra di tional Ha wai ian sys-
tems of wa ter shed - scale land man age ment 
(Kame ‘ eleihiwa 1992), and the es tab lish ment 
of large - scale plan ta tion ag ri cul ture and 
ranching. By the mid - twen ti eth cen tu ry, ac tive 
graz ing lands had ex panded to nearly 850,000 
ha (> 50 %  of to tal state land ar ea) and sug ar-
cane to more than 90,000 ha (> 5 %  of state land 
ar ea) (Schmitt 1977). The sugar in dus try also 
in tro duced the pre har vest burn ing of cane 
fi elds, which may have in creased the risk of es-
caped fi res; how ev er, the cen tral i za tion of 
land hold ings also sim pli fi ed ac cess and com-
mu ni ca tion for wild fi re re sponse via the co op-
er a tion of plan ta tion fi re war dens with state 
agencies (DOFAW 2010). 

 More re cent ly, Hawai ‘ i has un der gone 
ma jor de clines in ranching and plan ta tion 
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ag ri cul ture. Between peak pro duc tion es ti-
ma tes in 1959 – 1960 and sur veys in 2012, ac-
tive crop land de clined by 65 %  from > 200,000 
ha to 70,000 ha, and ac tive graz ing lands de-
clined by 62 %  from 850,000 ha to 324,000 
ha (Schmitt 1977, USDA 2012). It is es ti-
mated that 90 %  of the > 760,000 ha of suit-
able ag ri cul tural land in Hawai ‘ i is cur rently 
fal low (Suryanata 2002). Unmanaged, fal low 
ag ri cul tural lands in Hawai ‘ i typ i cally be-
come dom i nated by non na tive grasses (e.g., 
Cramer et al. 2008, Veldman and Putz 2011), 
mak ing ag ri cul tural aban don ment a pri mary 
driver of the cur rent dom i nance of fi re -
 prone, non na tive grass lands state wide (e.g., 
24 %  of state land cov er). Many of these lands 
are ad ja cent to hous ing and other in fra struc-
tures, which in creases both the prob a bil ity of 
ig ni tions and wild fi re risk for com mu ni ties. 
Furthermore, as ag ri cul tural lands go un-
man aged, ac cess roads and crit i cal wa ter re-
sources (i.e., ir ri ga tion ca nals and res er voirs) 
be come de grad ed, fur ther com pli cat ing wild-
fi re re sponse. Finally, the di vi sion of ag ri-
cul tural lands into smaller par cels with the 
de vel op ment of new res i den tial ar eas com pli-
cates ac cess for fi re re spond ers and in creases 
the prob a bil i ties of hu man - caused ig ni tions. 

 Contributing Factors: Climate 

 Climate is a cen tral de ter mi nant of wild fi re 
oc cur rence and be hav ior (Krawchuk et  al. 
2009) and cli mate change has been linked to 
re gion ally spe cifi c in creases in fi re ac tiv ity 
(Moritz et al. 2012). Fuel ac cu mu la tion and 
fuel mois ture are driven by pre cip i ta tion, tem-
per a ture, and hu mid ity over short to me dium 
time scales, whereas wind speed and di rec tion 
strongly in fl u ence fi re in ten sity and the di rec-
tion and rate of spread at the time of fi re oc-
cur rence. Hawai ‘ i ex pe ri ences a wide range 
of cli mate con di tions over rel a tively small spa-
tial scales be cause of the is lands ’  steep and 
com plex to pog ra phy, dom i nant north east erly 
trade wind – driven weather pat terns, and as-
so ci ated oro graphic pre cip i ta tion pat terns. 
Evidence sug gests these con di tions have re-
mained rel a tively con stant, with cy cli cal in-
creases in pre cip i ta tion tied to de creased sea 
level dur ing gla cial pe ri ods over mil len nial 

time scales (Gavenda 1992, Sheldon 2006) and 
to  “ cool ”  phases of the Pacifi c Decadal Oscil-
lation on shorter time scales (Frazier et al. 
2012). However, within the past cen tu ry, there 
is strong ev i dence for both de creas ing rain fall 
(Frazier et al. 2011, Chen and Chu 2014, Kruk 
et al. 2014, Elison Timm et al. 2015) and in-
creas ing tem per a ture (Giambelluca et  al. 
2008). The fi re his tory data dem on strate an 
in crease in an nual area burned and ig ni tions 
dur ing the warm er, drier con di tions that pre-
vail dur ing sum mer months (June – Au gust) 
(Figure 3). In terms of in ter an nual var i abil i ty, 
larger fi res have been pre vi ously cor re lated to 
drought con di tions in Hawai ‘ i (Dolling et al. 
2005, Cram et al. 2013), while Chu et al. (2002) 
found a sig nifi   cant in crease in area burned in 
the sum mers fol low ing El Ni ñ o events. These 
pat terns sug gest that wild fi re oc cur rence may 
con tinue to in crease across the state with fu-
ture warming and dry ing, yet ex plic itly link-
ing cli mate trends to past changes in wild fi re 
oc cur rence in Hawai ‘ i is dif fi  cult due to the 
con tem po ra ne ous in creases in both hu man 
pop u la tion and ac tiv ity (i.e., ig ni tions) and the 
fl am ma bil ity of veg e ta tion (i.e., non na tive 
grass ex pan sion) across Hawai ‘ i ’ s land scapes 
over the past cen tu ry. 

 Ecological and Societal Impacts 

 The con tem po rary wild fi re re gime in Hawai ‘ i 
af fects nat u ral and cul tural re sources on all  is-
lands, with im pli ca tions for hu man health 
and safety as well as eco nomic de vel op ment. 
Wildfi re is a ma jor cause of hab i tat deg ra da-
tion and na tive spe cies de cline in Hawai ‘ i (see 
re view by LaRosa et al. 2008) and the po ten-
tial for wild fi re to cause spe cies ex tinc tions 
is far greater in Hawai ‘ i than in con ti nen tal 
re gions. The state con tains 41 %  of the 845 
fed er ally listed threat ened and en dan gered 
plant spe cies, of which > 50 %  are re stricted 
to three or fewer pop u la tions (U.S. Fish and 
Wildlife Service, unpubl. da ta), mak ing them 
ex tremely vul ner a ble to a sin gle wild fi re. 
Wildfi re ’ s com plex in ter ac tions with non na-
tive plants and an i mals also pose unique 
chal lenges. The sta tus quo ap proach to con-
ser va tion of bi o log i cal di ver sity in Hawai ‘ i is 
to fence ar eas and remove non na tive un gu-
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lates, such as fe ral sheep, goats, pigs, and cat-
tle, be cause these an i mals re duce na tive plant 
cov er, re gen er a tion, and sur vival (Mueller -
 Dombois and Spatz 1975, Cole and Litton 
2014, Mur phy et al. 2014). However, re mov-
ing graz ing an i mals may also re lease non na-
tive plants (Kellner et  al. 2011, Cole and 
Litton 2014) and could in crease fi ne fuel loads 
and thus fi re in ten sity (e.g., in ferred from 
greater fl ame lengths and rates of spread) 
when wild fi res oc cur (Blackmore and Vi-
tousek 2000). Ungulate re moval is crit i cal for 
na tive hab i tat con ser va tion; how ev er, the 
trade - offs with wild fi re risk need to also be as-
sessed, es pe cially in drier eco sys tems (e.g., 
Scowcroft and Conrad 1992, Thaxton and 
Jacobi 2009), to de ter mine when and where 
fu els re duc tion mea sures are also re quired. 

 In ad di tion to the di rect threat posed to 
 na tive spe cies, wild fi re can have neg a tive 
 im pacts on crit i cal eco sys tem ser vices that di-
rectly af fect the qual ity of life for Hawai ‘ i ’ s 
res i dents and vis i tors. The loss of veg e ta tion 
im me di ately fol low ing wild fi re has been 
found to greatly in crease soil ero sion (Ice et al. 
2004) and the amount of sed i ment car ried into 
streams and other wa ter re sources down slope 
in tem per ate eco sys tems (Neary et al. 2003). 
In the Pacifi c, ero sion from grass lands on 
Guam in creased six fold im me di ately af ter 
burn ing and remained twice that of un burned 
grass lands up to 18 months fol low ing wild fi re 
(Minton 2006). Over the lon ger term, re duc-
tions in woody plant cover due to re peated 
wild fi res can de crease wa ter ta ble depth and 
in fi l tra tion into the soil, both of which can 
dra mat i cally in crease dis charge vol umes and 
peak stormfl ow, and hence down stream fl ood-
ing and sed i men ta tion dur ing rain fall events 
(Le Maitre et al. 1999). Postfi re im pacts on 
land scape aes thet ics have se ri ous po ten tial 
im pli ca tions for Hawai ‘ i ’ s tour ism in dus try, 
whereas sed i ment load ing in near - shore coral 
reef eco sys tems threat ens crit i cal bio di ver si ty, 
food, and rec re a tional re sources for res i dents 
and vis i tors (Minton 2006, DOFAW 2010). 
Burned ar eas in Hawai ‘ i re main closed to the 
pub lic for days to months (e.g., state lands fol-
low ing the 2007 Polipoli fi re on Maui and 
the 2012 Hikimoe Ridge fi re on Kauai) due to 
land slide and tree - fall dan ger, thereby lim it-

ing ac cess for hik ing, hunt ing, gath er ing 
plants, and tending of cul tural sites. Frequent 
fi res in de vel oped ar eas also im pact power and 
com mu ni ca tion in fra struc ture and lead to 
road clo sures and other mu nic i pal chal lenges 
(Figure 4). Despite the spa tial ex tent and di-
ver sity of re sources cur rently af fected by wild-
fi re in Hawai ‘ i, there has been lit tle in te gra tion 
of wild fi re risk and im pacts into as sess ments 
of eco sys tem ser vices, com mu nity plan ning, 
di sas ter pre pared ness, or cli mate change mit-
i ga tion. 

 Prevention and Management of Wildfi re 
in Hawai ‘ i 

 The risks and im pacts of wild fi re can be re-
duced through ex panded pre ven tion, more 
pre fi re man age ment to im prove the ef fec tive-
ness of fi re sup pres sion, and en hanced post-
fi re re sponse. Given that nearly all  wild fi res in 
Hawai ‘ i are hu man - caused, out reach and ed-
u ca tion are crit i cal in Hawai ‘ i and lo cal pro-
grams, in clud ing DOFAW and HWMO, have 
al ready adapted na tional re sources such as 
Ready, Set, Go!, and Firewise Communities 
to lo cal con texts (e.g.,  http://hawaiiwildfi re.
org/ready-set-go2.html ). Directly re duc ing 
wild fi re risk re quires man ag ing veg e ta tion to 
re duce the quan tity and con ti nu ity of avail  able 
fu els, which has been shown to re duce costs 
and in crease ef fec tive ness of fi re sup pres sion 
else where (Hurteau and North 2009, Syphard 
et al. 2011). However, ev i dence for the ben e-
fi ts of fu els man age ment is lim ited in Hawai ‘ i 
(e.g., Beavers et al. 1999, Castillo et al. 2003, 
Ansari et al. 2008). Traditional fuel breaks in 
which veg e ta tion is re duced or elim i nated by 
me chan i cal and / or chemical means can dis-
rupt fuel con ti nu ity and pro vide fi re fi ght ers 
with ac cess and de fen si ble space, but are costly 
to main tain in Hawai ‘ i given the is lands ’  dif-
fi  cult ter rain and rapid rates of year - round 
plant regrowth, es pe cially in non na tive grass-
lands (D ’ Antonio and Vitousek 1992). 

 These chal lenges have raised a call among 
Hawai ‘ i ’ s fi re man age ment com mu nity for 
cost - ef fec tive, al ter na tive fu els man age ment 
strat e gies (Pacifi cFireExchange.org). Grazing 
has been pre scribed to re duce fu els in grass-
land ar eas of Hawai ‘ i, al though the trade - offs 
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be tween wild fi re risk re duc tion and long - term 
for age sus tain abil ity are not well quan ti fi ed 
(M. Thorne, pers. comm.). Still, graz ing has 
been shown to ef fec tively re duce fi ne fuel 
loads through fi eld as sess ments (Blackmore 
and Vitousek 2000), ex per i men tal pre scrip tive 
tri als (Castillo et al. 2003, Ansari et al. 2008), 
and re mote sens ing (Elmore et al. 2005). An-
other al ter na tive is veg e tated fuel breaks, 
or  “ greenstrips, ”  that in te grate fi re - re sis tant 
shrubs and grasses (St. John and Ogle 2009) 
and / or use trees to re duce her ba ceous fu els via 
shad ing (e.g., Trauernicht et al. 2012). How-
ever, plant spe cies suit abil ity and the ef fec-
tive ness of greenstrip implementation in 
Hawai ‘ i is only be gin ning to be quan ti fi ed 
(Ellsworth 2012). 

 Postfi re needs for soil sta bi li za tion and 
lon ger term re veg e ta tion have resulted in in-
vest ments to in crease seed stor age ca pac ity 
through both re gional ef forts such as the 
Hawai ‘ i Island Native Seed Bank Coopera-
tive and site - based pro jects such as the 
Pu ‘ u   Kukui Watershed Preserve on Maui 
(P. Kaniaupio - Crozier, pers. comm.). There is 
also in creas ing dis cus sion among the man age-
ment com mu nity about tak ing ad van tage of 
post fi re con di tions to in crease na tive spe cies 
res to ra tion and land scape resilience to fu ture 
fi res (e.g., Loh et al. 2009). Scaling up the ca-
pac ity for eco log i cal res to ra tion, re for es ta tion, 
and wa ter shed man age ment more gen er ally 
can also in form post fi re strat e gies. The Au-
wahi Dry Forest on Maui has ex cluded fi re -
 prone non na tive grasses on the or der of 
hect ares, al beit through highly in ten sive 
weeding and plant ing of na tive trees and 
shrubs (Medeiros et al. 2014). Larger - scale re-
for es ta tion pro jects, such as those at Hawai ‘ i 
Volcanoes National Park and Hakalau Forest 
National Wildlife Refuge on Hawai ‘ i Island 
and the Kula Forest Reserve fol low ing the 
2007 Polipoli fi re on Maui, have targeted tens 
to hun dreds of hect ares (R. Loh, A. Kikuta, 
and L. DeSilva, pers. comm.). Reducing fi re 
risk, how ev er, is more com plex than sim ply 
ramping up res to ra tion ef forts. For ex am ple, 
high plant ing den sity and can opy clo sure are 
crit i cal to re duc ing fi ne fuel loads (McDaniel 
and Ostertag 2010, R. Loh, pers. comm.). 
Native plants used in res to ra tion also vary in 

their abil ity to re cover from fu ture fi res (Ain-
sworth and Kauffman 2009, Loh et al. 2009, 
Ammondt and Litton 2013), as well as their 
pro pen sity to burn. The com monly used 
shrub spe cies  Dodonaea viscosa  (L.) Jacq., for 
in stance, is ex ten sively planted at dry for est 
sites but has been found to have ex tremely 
low live fuel mois ture (Ellsworth 2012). Ul-
timately, many eco log i cal res to ra tion sites 
and crit i cal wa ter sheds in fi re - prone ar eas of 
Hawai ‘ i will con tinue to de pend on  “ tra di-
tion al ”  strat e gies such as fuel breaks and on-
go ing co op er a tion with fi re re sponse agencies 
to pro tect these ar eas from wild fi re. 

 Fire Suppression Challenges 

 Wildfi res in Hawai ‘ i ’ s non na tive grass lands 
cre ate dif fi  cult and dan ger ous con di tions for 
fi re sup pres sion per son nel. Rates of spread can 
be rapid and fi re in ten si ties high (W. Ching 
and M. Nakahara, pers. comm.) be cause of 
very high fi ne fuel loads (Beavers et al. 1999, 
Castillo et  al. 2003, Ellsworth et  al. 2013). 
Furthermore, Hawai ‘ i ’ s rug ged ter rain pro-
vi des few op tions for safe in gress / egress, of ten 
lim it ing sup pres sion ef forts at a fi re ’ s lead ing 
edge to wa ter drops from he li cop ters, which 
sub stan tially in creases sup pres sion costs. 
Wildfi re re sponse ju ris dic tions in Hawai ‘ i are 
split among var i ous agencies, many of which 
main tain mu tual aid agree ments to share re-
sources. The four county fi re de part ments 
(Hawai ‘ i, Kaua ‘ i, and Maui Counties, and the 
City and County of Honolulu on O ‘ ahu) pro-
vide ini tial re sponse to the ma jor ity of wild-
fi res in the state, but they are pri mar ily trained 
and equipped for struc tural fi res. The Hawai ‘ i 
Division of Forestry and Wildlife is the pri-
mary fi re re sponse agency for wild fi res on 
state lands (41 %  of state land ar ea; > 640,000 ha) 
and of ten as sists county fi re de part ments. 
However, DOFAW em ploys no full - time fi re-
fi ght ers, act ing in stead as a re serve or mi li tia -
 style re sponse agen cy. Federal agencies fund 
the only full - time wild fi re sup pres sion pro-
grams in the state at Hawai ‘ i Volcanoes Na-
tional Park and the U.S. Army gar ri sons on 
Hawai ‘ i and O ‘ ahu Islands. Importantly, 
Hawai ‘ i ’ s ge og ra phy also pre vents the rapid 
mo bi li za tion of heavy equip ment such as 
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wa ter trucks, brush trucks, and doz ers among 
is lands, al though per son nel are typ i cally mo-
bi lized in the event of large wild fi res. 

 Future Directions 

 A sig nifi   cant chal lenge fac ing fi re man age-
ment in Hawai ‘ i is the lack of sci ence - based, 
re gion ally rel e vant in for ma tion that is ac ces-
si ble to land man ag ers and fi re re spond ers 
(Pacifi cFireExchange.org). Our un der stand-
ing of wild fi re dy nam ics in Hawai ‘ i, and on 
trop i cal is lands more gen er al ly, is lim ited rel-
a tive to the de vel op ment of fi re re search and 
man age ment knowl edge in con ti nen tal eco-
sys tems. For in stance, established tools for 
fi re pre dic tion and op er a tional re sponse, such 
as stan dard fuel and fi re spread mod els and the 
National Fire Danger Rating System, have 
un cer tain ap pli ca bil ity in Hawai ‘ i due to high 
en vi ron men tal var i abil i ty, com pletely novel 
fuel types, lim ited weather da ta, and lim ited 
op por tu ni ties to con duct ex per i men tal burns 
(Beavers et al. 1999, Fujioka et al. 2000, Ben-
oit et al. 2009, Weise et al. 2010, Ellsworth 
et  al. 2013). Given the existing knowl edge 
gaps and lim ited re sources for pro jects, it is 
im per a tive that ef forts to fur ther de velop fi re 
sci ence in Hawai ‘ i ex plic itly meet the needs of 
and be made ac ces si ble to on - the - ground 
prac ti tion ers. To that end, in 2011 the U.S. 
Department of Agriculture Forest Service 
partnered with the non profi t group Hawai ‘ i 
Wildfi re Management Organization, and the 
College of Tropical Agriculture and Human 
Resources of the University of Hawai ‘ i at 
M ā noa to cre ate the Pacifi c Fire Exchange 
(Pacifi cFireExchange.org), a mem ber of the 
na tional Joint Fire Science Program ’ s Fire 
Science Exchange Network ( www.fi rescience.
gov ). The pur pose of the Pacifi c Fire Ex-
change is to im prove com mu ni ca tion be tween 
the sci ence and prac ti tioner com mu ni ties in 
Hawai ‘ i and U.S. Affi liated Pacifi c Islands by 
in creas ing col lab o ra tion and de vel op ing and 
dis sem i nat ing sci ence - based, best prac tices 
for fi re man age ment based on stake holder 
needs. 

 Due to the scale of Hawai ‘ i ’ s fi re - prone 
eco sys tems, the com plex ity of fac tors driv ing 
wild fi re oc cur rence, and lim ited avail  able re-

sources, part ner - driven and col lab o ra tive ap-
proaches will be crit i cal to im prov ing fi re 
man age ment. Partnerships such as the Big Is-
land Wildfi re Coordinating Group, the West 
Maui Fire Task Force, and the Oahu Wildfi re 
Information and Education Group pro vide 
ex cel lent ex am ples of co op er a tion among fi re 
re sponse agencies. The key re sources im-
pacted by wild fi re, such as fresh wa ter pro vi-
sion ing, na tive for est hab i tat, and near shore 
eco sys tems, also in di cate that fi re man age-
ment goals are di rectly aligned with ob jec-
tives iden ti fi ed by land and wa ter shed 
man ag ers more broadly (e.g., DOFAW 2010). 
This pro vi des op por tu ni ties to link wild fi re -
 fo cused part ner ships with existing col lab o ra-
tive land man age ment ef forts such as the 
Hawai ‘ i Association of Watershed Partner-
ships to ex pand the scale and im pact of wild-
fi re pre pared ness and mit i ga tion ef forts. The 
ex plicit re la tion ship be tween wild fi re and 
hu man ac tiv ity in Hawai ‘ i (Figures 4 and 5) 
also strongly sug gests that re duc ing wild fi re 
im pacts will re quire bridg ing the eco log i cal 
di men sions of land man age ment with so cial 
is sues such as hu man be hav ior, pub lic safe ty, 
ed u ca tion, eco nom ics, and di sas ter re sponse. 
HWMO has played a piv otal role in this area 
through on - the - ground wild fi re ed u ca tion 
and the fa cil i ta tion of Community Wildfi re 
Protection Plans across the state. These ef-
forts have brought to gether the in ter ests and 
ex per tise of fi re re spond ers, large land man-
ag ers, and the gen eral pub lic and pro vided 
 im pe tus for col lab o ra tive, com mu ni ty - based 
wild fi re mit i ga tion pro jects. Additional op-
por tu ni ties to ad dress and bet ter un der stand 
the hu man di men sions of wild fi re in Hawai ‘ i 
in clude col lab o ra tions with place - based ed u-
ca tion pro grams that fos ter en vi ron men tal 
and cul tural stew ard ship, and pro jects that ad-
dress land scape - scale is sues of land de vel op-
ment and plan ning. 

  con clu sions  

 Increases in wild fi re oc cur rence in Hawai ‘ i 
(Figure 2) are likely to con tinue given a grow-
ing hu man pop u la tion, expanding in va sive 
grass cov er, and projected tem per a ture in-
creases and pre cip i ta tion de clines (Giambelluca 
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et al. 2008, Frazier et al. 2011, Elison Timm 
et al. 2015). Wildfi re threat ens hu man com-
mu ni ties and a mul ti tude of nat u ral and 
 cul tural re sources. There are for mi da ble chal-
lenges fac ing fi re man age ment to day and into 
the fu ture in Hawai ‘ i. However, aware ness of 
Hawai ‘ i ’ s wild fi re prob lem is spread ing from 
those di rectly in volved with fi re re sponse into 
the wider land man age ment com mu ni ty, pol-
icy mak ers, and the gen eral pub lic. Due to its 
dis re gard for prop erty lines and the di ver sity 
of re sources it af fects, wild fi re pro vi des an im-
me di ate and ex plicit in cen tive to bring fi re 
re spond ers, land man ag ers, re search ers, and 
lo cal com mu ni ties to gether to pro mote the 
pro tec tion of val ued nat u ral and cul tural 
re sources. 
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