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The {988 version of the National
Fire Danger Ratng System (NFDRS)
hat been completed and shonid be
operational by the first part of 1991,
The NFDRES has an important rew
addidon: The Keewh/Byram (K/B)
Orougin Index calculations have been
added to the system. As a part of the
NFDRS. the /B index will be the
most widely used drowght index for
fime danger raomg. Fire personpel will
reed to khow specifically rhe effect
of drought on both wildfiee and pre-
scnbed fire and the significance of
ths index and its relationship 1o the
fire environment. This means fine
managers tnust enderstand the KB
index sysiem. be able to interpret the
data from the system. and apply that
knowledge ta the local fioe situation.

The K/B Index

John Keetch and George Byram
devetoped the KiB index at the
Southern Forest Fire Laboratoty
evaiuare the effects of iong-term
drying on hwer and duff and subse-
quently. on fire activiry (19681, The
index 15 based on 2 measurement of
8 inches (0.2 m). of availabie mpis-
e in the upper soil lavers that can
be used by vegelation for evapo-
wanspaztion. The mmdex measuore is
in hundredths (0.01) of an inch of
warer arsl bas & range of O theough
800. with O beng saturared ard 800
represenung the worst drought condi-
tion. The index mdicates deficit
imches of available water in the soH.
A KJ/E reading of 250 means there 15
a deficit of 2.5 inches (6.4 cm) of
groend wawer avalabie o the vegeta-
tion. As droveit progresses. there is
more avalable fuel that can conmb-
uee ror Fire iensity.

Flre Behavior at Sekected K/'B
Levels

The following information is a
compilation of data and pbservations
fire managers and i have made from
field observations of both wild and
prescabed five at nurnerous lecations,
it is an attermpt to quatify and quan-
tify in common erms the effect of
continued drought on forest fzeis and
the probiems arising from drought
conditions during the course of wild-
fire and prescribed borms. This
informanon should help fire pracui-
tiorers to more fully undersiand the
melationship betwetn the K/H index
readings—which indicate the extent
of drouphi—and the fire
ENVIRoRMEnT.

As 2 part of the NFDRS, the K/B
imdex will be the most widely used
drought Index for fire danger
rating.

The effect of drought on fire
behavior will vary between fuei types
and topogmphic regions. Moun-
inous hardwood fuels will meact
differentiy than the Scouthem pine
fuels to droueht and consequentiy
fire cfiects will also differ. Rain or
relative humidity and wind may aise
require an adjestment o KB level
interpretation. For instance, even f
the /B level is extremely high. a
brief rmin wnli rempocarily render
fuels incapabie of burmmg. Yet on
the ather hand. the K/B index can be
low (<1007 and high wind and Jow
reloove hunudities can create an
extremne siteation i some fesl types.
The following desevipnons of condi-

tions at various K/E levels is
primarily related to the Southern
Coastal Plain and Piedmont regions.
bu these can be considered applica-
bie in many areas of the country.
Fire persormel should remember that
specific simarions may be different
than those described and should use
this informarien o complemert his or
her expenences at a particular
locanon.

K/B Levels 0—150. Dudng fhis
stage of drought, the fiels and
ground are quire moist. Fine fueis
exhibit daily diying, burmning readily
at times but also recovenng o a high
maisture eontent 8t night. This level
iz ideal for winter or spring pre-
scribed burns. Most fires are easily
suppressed with pormal prachices and
generaily are not a prablem. The
lower litier apd humos lavers are
maist and not affected by fire. Most
fires die out at mght dee o humidity
recavery and its dampening cffect on
the fine fuels. Some ' fuel types
{grassesi burn acovely, but seldom
create much problem with coniral
effarts. Generally, exiensive mop-up
i5 not requited. since Most heavy
fuels [ 0D and G300 k) are o0 wet
o ignite. [gnition of snags is no
nommally a problem on wild or pre-
scribed Gres. The spong fine season
can stil generoie somes ¢XRemEs In
behavior on wildfires dee to the
rabuwe of fine fuels, especially in fisf
tvpes with a heavy loading of
grasses. Drymg s pererally limited
12 the fine surface fuels and the
organic layers still rerain sufficient
meisturs o resist buming. This could
be considered the business-as-usual
period.

K/B Levels 150-3My. Within this
range. scattered patches of surface
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{itter remain in low-kying or damp
arcas toliowing a fire, and the
organic layer remains basicalbly
undisturbed. Both pine and bardwood
stzmps may (gnite but seldom burn
below ground. Most will go out.
Hardwood snags less than 10 inches
or G.3 meer in diameter 8t braast
teight mayv 1zmite and bum while
larger spags (=14 in or 0.4 m still
resist deep burning due to igh fnes-
nor moisidre levels, Cenerally snags
are not a serious threat to controf
efforts, and most will go out duning
the might. However. snags within
falling distance of the lines shouid be
congidered a mgor threat for poten-
tial fire escape. Notmally. escaped
fires pose little problem to standard
suppression tacacs. Fire behavior is
predicrable. Spotting is usually
minimal.

When the K/B level exceeds 200
and approaches 300. a more intense
and aetive fire sitpgtion devejops,
requiring closer attention by fire per-
sonmel. Uspally at this lewel,
mnimum mop-up 5 required. Nor-
mal fire personnel and equipment
levels are adeguate, especially for
most forest (ype fuel models. Wild-
firgs can generally be suppressed
with direct arack. Humidity recovery
at night wili aid in the conrat of
fires durng the mgin bowrs makinge
suppression simple. Fire personnei
shouwld keep in mind that the 300
level represenis the ppper range that
can be considersd acceprabie for nor-
mal winter or sprang bumning. Large
acreages (300 acres or 202.4 ha)
ignited at this level can create infense
conditions thar are difficult to control
during the peak burming period and
can do unnecessary damage to timber
stands (scorch and bole damage),
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A dacling prexcribed fire carried ol witen K08 Index was befaw [0, Note absence of papke fm-
lowerng Hire fire. This indecates only fine surface firels are being consumed and no deep burrimng af

fmer or sodd ergame daver.

Fire personnel should be especially
carefu] with helicoprer operzuens tiat
ignite large areas of fuel: simal-
tznecusly. Larger downed fuels will
lgnite. sometimes creatime hazardous
smeke conditions at mght along
nearby highways. Topographic {ea-
tures and drainages normalty used for
conirol lines can be expecred 1o hold
both wild and prescribed fires.

K/B Levels 300-500. At the K/B
300 o 300 level, fire consumes most
surface litter along with 2 sienificant
loss mn organic scil matenal. Site
preparation burny expose mineral
soil. producing areas causing erosion
problems. The heavier fuel com-
plexes ([0 and 1000 k) ignie
readily, conmibulmg w fire intensity.
For instance. stumps are ignited read-
ily and burm undergreund. Pine
“highter™ stumps are totatly con-
sumed, but moast hardwood stumps
still resist deep burning. cspecially
underground. Both pine and hard-

woend spags ignite at this level.
aithough larger snags (20 inor 0.5 m
apd over) still resist deep buming.
Hardwood snapgs ignite readily and
pose control problems when located
near tines,

Eire intensity increases dramat-
ically in this range due to the
increased burning of heavier fuel
classes. Spotting begins to be a
major preblem and in some fuej
types couid be considered the rule,
Escaped hire 15 difficelt to conwal
because heavwer fuels are contnmbuting
to intensity. especially during the
peak burming period. Fire behavior s
stilli predictable bux simearions may
require additjonal personnel and
cquipment to conirot a fire. Escaped
fire 1n both prescribed and wildfire
siteations holds aver during the mght
and burms zzain the next day.
Humidity recovery is generalty insat-
ficient to extinguish heavier fuels,
resulting in a large nomber of hold-
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over (irey. Increased mop-up and

patrol activities ane required. All por

mally pianned witter or spang
understory fure should be canceled

when the K/B index exceeds 350,

Dhrect artack on wildfires 15 difficule

due to intensity. Topographic (Ea-

turas used for lines in prescribed fire
and wildfire suppression will hoid,
but smaller dratns begin to dry up,

and drifted debris is dry enough o

allow tires 10 cregp across drains.

Swamps begin ta show seduced warer

levels.

K/B Levels S00-700. Generally,
all saurface liker and most of the
organic layer 15 consumed by fire,
Site preparation Operations consisting
of broadeast chemical application Fol-
fowed by fre (' 'brown apd bum™)
mesndt 1in almost complete removal of
organic materiaf from the site. At
this level, {000 hour fuels connbue
readily to fire Loiensiy.

When the K/B index 15 above 600,
expect the following:

# Stumps bum w the end of the noors
and ali large downed fueis (logs
and 50 on are wollly consemed
aver a pericd of 43-T2 hours. This
wifl result in a massive amount of
smoldenng fire in the bumed ares,

& Dead snags fonite. Large dead
snags will creare a safery hazard
due to the potentind for falling.

& Dead limbs on trees igoite from
sparks, sometitmes ot concidarable
beigtn above the ground (50 £t or
15 m and over}.

& Spoting 15 difficult w control,

# Escaped fire continues to bum
through the night and into the next
day.

® Homs leave excessive siie damage.
Above the 600 KB jevel, fire sup-

pression is 2 major probiem. Direct

A Sumumer sile preparaiion hent darea, §ovear after @ enenge fire cottsamed Bastoally afl e
argote laver. peverrditng the mereral sof. The KiB rueler wen over o6 ar the ame of the burm
Now eiest sl XpOshne of S0l W g @retnd ceter refiRreg ang only ane sprour shomang

attack iz penerally not effective due
to Increased intensity and spothing.
Extreme intenstties add o the conto!
efforts, When wmds approach 10
miles per hour (16 km}, spotnng i
the rule, Some neghtlime aenvicy can
be extreme. dependent on fuels avail-
able. Fire personnel should expect
and prepare tor the previcus day’s
fire to escape the next day during the
peak burnimg period. Summer site
preparzhicn bums should be canceled
when the K/B index teaches the
mid-500"s. Fire bethavior is soll pre-

dictable bot 1ends 10 be underpre-
dicted. since extreme intensity tevels
cauzed by the heavier fuel complaxes
might be overlooked. Extensive mop-
up is critical to fire xuppression.
Increased need for fire suppréssion
personnel and equipment can be
expected.

As the KB level approaches 700,
understory vegetatron wilts and is
eonsumed by fire. All ephemeral
dratps and intermpent drains o dry,
Omly larger dver drainages contam
enough water 1o be usefui in fire
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control, and these are easily compro-
mised by spotting. Most larger
swamps will show sipnificant water
loss and intense fires can be expected
if they occur in these areas,

As the K/B index goes into the
upper 500 range, fire personnel can
expect to epcounter more urban inter-
face type Iue siarts. Experience has
shown that the gencml public 15 tot
aware of the volatile situation and
mmore wildfire starts will tend te orig-
inate from *“oormal”™ burming by the
public. At this point, onfy a major
rainfall will reduce the fire hazard.

K/B Level 700 Plus. Expect more
of the same, only worse! At the T00-
plus level, many understory species
with shallow rool systems continuae o
exhibit extensive wiiting and commib-
we to fire activity by acting as ladder
fuels and intreasing the chance of
extreme fire behavior. All buring
should be bammed until the KB index
falis below 500, the minimum. Only
rapid response time to wildfires along
with intense suppression efforts will
keep 2 major fire sintation from
deveioping, Mast fire agencies
and State organizalions will issue
burning bands on all cutside bum-
ing, especially if wildfires have
developed. Al this KfB level, urban-
imerface fires become a2 major prob-
lem. Inereasing nuesbers of wildfires
criginate from the vicinity of homes
and residences since the gereral pub-
lic does not adequately understand
the care that must be taken in tins
kind of drought situaticon.

Additipnal Observations
There are two other conditions

warth mentioning bere that may
affect the danger level 2% indicated in

the K/B index. These are days-since-
rain and pumidity recovery. During
the normal fire year, there will be a
rise and fall of the drought condi-
tians. The irdex is usuailly low in the
spring and rises a5 summer prog-
resses on inte fall and then begins a
stow decline as witker rains retum,

Days-Since~-Rain. During the early
spring when ihe K/B index would
narmally show g8 ievel below 200,
the days-since-tain number represents
valpable imformaticen to the fire man-
ager. §f focusing on the drought
index a5 2 chief indicator for denger
of wildfire coccwarence, ir is easy 1o
forger that fine fuels readify bum and
cat create relatively iotense condi-
tions even al low K/B levels. At low
¥/B levels, days-since-rain is o beter
indicater of aciual burning potenriai
than the drought index. Asg the index
tiges into the 300 mnge and above,
days-sinte-raim is of less impontance
because of the deep drying occuming
in the lower fuel lavers and in larger
fuels with reselting increase in fire
inmensity. Very intense fires can
occur in ondy 2 or 3 days following
rain, if the drying of fuels is deep
and reqoires significant moisture 1o
saturate b0 near the moistere of
extinction point. Consexjuently, the
more advanced the droaght, days-
since-rain becornes less important, At
this point, more emphasis should be
placed cn the EJB level.

Humidity Recovery. Humidiry
recovery normally happens to some
gxtent each night. [0 the South, nor-
mal night humidities can average
over ¥) percent, while in the West
40 percent might be considered high.
Regardless of the location, this
increase in humidity hes an effect on
the avaitability ¢f fusls w be con-

sumed by fire. During the early
stages of drought (below the 300
level}, hemidity recovery can aciu-
ally control fires at night by rzising
the fuel moisture of fine fuels near or
above the extinction level. Motsture
is mansferrsd from the atmosphere 10
the fuels and alse from the lower fuel
favers and soil which are very moist.
As the drought increases, there is
f¢ss moisture available from the
lower fued layers and soil and conse-
quently fires can continue o burm
through these deeper fued layers at
night. The resulting inceease in fire
intensity can effectively counter any
inerease in pight bumidity. Gener-
ally, as the K/B index approaches
and exceeds the 500 level, humidity
recovery zlone will not sevp the com-
bastion process,

Summary

In review, and this is pardcolarly
e in the Southern States, normal
spring or winter prescobed fires
should be curtailed when te KB
index exceeds 350, and summer siie
preparation fire should be reduced
when the K/B index exceeds 500.
Wild and prescribed fires that ocour
when the K/B index approaches and
exceeds 300 will cause increasing
difficulty of control as the index goes
higher. Wildfires that ocour below
the 300 level in fine fuel types or in
steep topogrephy can siill be
extremely difficudt to contrel even
though the soil and lower fuel layers
ArG Moist.

Fire personnel need to be
especially camious m using pre-
scribed fire if the KB index has besn
hiph and s Fatling inta the upper
200-10-200) range. The heaviet fucl
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ctasses will still be sufficiently dry
inawde 1o bum for extended penods
and can result i smeldermg fuels
and subsequent smoke probtems il
near any smoke sensitive bocations.
Hazardoos mghtnme smoke condi-
tions can reoccur tor several nights.
These heawier fuels will contimue to
smelder and burn oanl the next
rain or untl they are essentially
constmed.

Fire personmed should be alent for
KB levels that depart from the nor-
mal procipitation yearfy patterns,
especizlly dunng spring or fall Fire
seasons. Figure 1 ilivstrates the typ-
cal K/B index repdings for a yeat of
normal precipitation. Figere 2 shows
herw the KB mpdings in ope pariod
of the wyear can be wsed to predict fire
danger later in the year, Spring fite
seasons that concide with increasing
K/B levels of 300 and above can lead
w inereasingly bazardous fire condi-
tons. Since most of the smalfer fuel
clusses ure ocured at this bme, they
readiby burm wath increasing ntenswy
ux deep-drving continues. Likewise.
tall fire seasons thag coincide with
KB tevels of 400 and above through
October and November are usazlly
busy scasons for fire persornel. Fall
itres that oceur during this siteation
will be exrmemely difficult to controd
gnd requing cxANSive map-ip. since
all of the fuel clusses and so0il were
abnormally dev from the summer's
heat. and fires will basically consume
every class of fuel that can be 1zni-
ed. For example. the fall fire season
of 1987 hud K/B level readings in
excess of 700 throvugh Movember,
talling o the 600 level in Decem-
ber. Consequently, the spring season
of 1988 was basically a cumyover
from the previows season with KB
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readings 1n the &00 level common
until mud-fune in many parts of the
South, =
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