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Abstract.--The 1978 National Fire-Danger Rating System does not work well in
the hunid environnent of the Eastern United States. System nodifications to
correct problens and their operational inpact on System users are described.

A new set of 20 fuel nodels is defined and conpared graphically with the 1978
fuel nodels. Technical documentation of System changes is provided.
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INTRODUCTION

The 1978 National Fire-Danger Rating (NFDR) System (Deenming and others 1977)
has been used without nodification since it was inplenented. During the |ast
10 years some deficiencies in performance in the Eastern United States have
become apparent. These deficiencies were outlined at a National Fire-Danger
Rating Wrkshop held at Harper's Ferry, W (Gale and others 1986). Workshop
participants included a cross section of researchers and State and Federal
users. The consensus was that research should find and inplenment solutions to
system shortcomngs as quickly as possible. Accordingly, |ong-termresearch
i ssues were shelved, as were some managenent issues that were identified.

The research priorities addressed here were:

.Inprove the capability of the NFDRS to respond to drought in
hum d environments.

.Provide systemflexibility to reflect greening and curing of
live fuels.

Correct the problem of overrating fire danger in the autum.
.Correct the problem of overrating fire danger after rainfall.

.Adjust the fuel nodels to better predict fire danger in humd
climates.



This publication describes the reasons these problems exist, and documents the
nodi fications made to correct them Each problem and solution is described,
then operational inpacts on users and System options are discussed. Fuel nodel
descriptions and technical documentation are provided in the Appendixes.

In revising the System certain constraints were accepted:

The revisions should be collapsible back to the original
(1978) NFDRS to minim ze conplications for western users, who
were not seeking System changes.

« The nechanismfor reflecting drought should utilize a currently
available and relatively sinple index that does not require
observation of new weather paraneters.

«Basic research to develop a new live fuel noisture nodel could not
be performed in tine to be used in this System revision,

« The revisions shoul d expand user capabilities and user
responsibilities to influence the System

In this paper, the version of the NFDRS inplenented in 1978 is referred to
as the "1978 NFDRS." This revision of the 1978 NFDRS is referred to as the
"1988 NFDRS." The 1978 NFDRS is fully docunented (Bradshaw and others 1983),
so its technical concepts will not be repeated here.

The 1988 NFDRS revisions required devel opnent of a new set of 20 fuel
model s, but the 20 fuel nodels devel oped for the 1978 NFDRS al so remain
avai |l abl e for use. Selection of the 1978 fuel nodel set disables nost of the
1988 NFDRS revisions, while selection of the 1988 fuel nodel set enables them

PROBLEMS AND SOLUTI ONS
Response to Drought

The 1978 NFDRS relies largely upon 1,000-hour timelag fuel noisture to
express the effects of normal annual drying and wetting cycles. This is
acconplished directly through the effect of changes in 1,000-hour noisture on
Energy Rel ease Conponent (ERC) and Burning Index (Bl) calcul ations and
indirectly through the algorithmin which 1,000-hour noisture is used to
calculate live herbaceous and woody fuel moistures. This concept works well in
relatively arid climates that have low mninum relative humdities, and linted
hunmidity recovery at night. However, in humd environnents such as the Eastern
United States, the daily mninumrelative humdity in sumrer is normally
greater than 40 percent, and the maximumat night is normally at |east 80
percent. Such high humdities prevent the 1,000-hour fuel moisture from
decreasing bel ow about 15 percent, even during extended droughts. For exanple,
typical 1,000-hour and |ive woody fuel noistures conputed with the 1978 NFDRS
are conpared in figure 1 for a dry environment in California and a humd
environment in Georgia. Even though 1986 was a severe drought year in CGeorgia,
the 1,000-hour and |ive woody fuel noistures remained relatively high,

It is not suggested that the theory behind these calculations is incorrect:
in fact, the theory is supported by studies (Blackmarr and Fl anner 1968;
Li ndennuth and Davis 1970; Rei fsnyder 1961) showing that foliar noistures
typically attain lower values in arid than in hunid environments. Therefore no
attenpt was made to modify current theory; rather, a drought index (Keetch and
Byram 1968) was inplenented in the 1988 NFDRS and used to nodify the amount of
dead fuel available for consunption.
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Figure 1. ~-1,000-hour timelag (above) and live woody fuel moisture (below) comparisons
for a relatively dry western environment (Stonyford Ranger Station in California) and
a humid eastern environment (Athens. GA) in 1986. A generally high relative humidity

prevents low 1,000-hour fuel moistures in the humid environment.
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The Keet ch-Byram Drought Index (KRDI) is well known in the Southeastern
United States and has also been used to sone extent in the Northeast. Its
purpose is to estimate deep drying of litter and duff. It is assumed that, as
deep drying occurs, additional fuel beconmes available for consunption within
the flanmng front of a fire.

The 1978 NFDR fuel nodels had no reservoir of additional fuel that could be
used to simulate increased fuel availability as drought progressed. Therefore,
they were nodified to include a potential dead fuel l|oad that can be added to
the fuel nodel as a function of the KBDI. The functional relationship is shown
infigure 2. The total dead |oad increases above a threshold KBD val ue of
100, which signals that drought has progressed beyond the "zero or incipient”
stage (Keetch and Byram 1968). The added fuel is distributed in proportion to
the predrought dead fuel |oads, with depth increased to preserve the packing
ratio. The total potential dead load increase is not realized until the KBD
reaches 800.

Figure 3 presents the KBDI at Athens, GA, for 1986, and the | o-hour timelag
fuel load to illustrate the adding of dead fuel to the nodel when the KBD
exceeds 100. The concept of drought adding available fuel is sinlarly
extended to other dead fuel classes in a fuel nodel

Al though this added drought response capability was devel oped to alleviate
eastern problens with the 1978 NFDRS, it could al so prove hel pful in the
Vestern United States. It can be disabled by selecting the 1978 NFDRS f uel
nmodel set however.

FRACTION OF DROUGHT FUEL LOAD ADDED
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Figure 2.--runctional relationship of fuel |oad addition due to drought. as defined by
the Keetch-Byram Drought | ndex.
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Figure 3. --As the xeetch-Byram Drought Index fluctuates above 100 (above). | o-hour
fuel loading in the 1988 NPDRS changes, while that for the 1978 NPDRS is constant
(below). Values are for 1986 in Athens. GA (nodel c¢).
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Geening and Curing Flexibility

Fundanmental changes in the 1978 NFDRS nodel for live fuel noisture (Burgan
1979) may be required. Because it was obvious such changes coul d not be
implemented in time for this effort, they are left for future research.

In the 1978 NFDRS, users of the AFFIRMS System (Hel fman and others 1980)
could signal the start of greening at any time. \Wereas the sinulated greening
process was relatively gradual, the time over which it was assumed to occur was
fixed by the climate class assigned to the weather station, and automatically
control l ed by AFFIRVS

Curing in the autum was not assunmed to be gradual. The user could sinulate
the autumm transition fromsumrer to winter only by entering an AFFI RVE conmand
to indicate that vegetation had frozen. The change in cal cul ated nmoi stures of
l'ive herbaceous and woody fuels to dormant-season values was instantaneous
The actual fall curing process is gradual.

Differences between the AFFIRVME System used for current daily operation of
the 1978 NFDRS, and the FI RDAT program of FIREFAMLY (Main and others 1982),
used for historical data analysis, caused another problem Hstorical analyses
of fire danger produced by FIRDAT did not use greening and curing dates entered
by the AFFIRVS user. The historical fire-danger profile often differed from
conditions during a particular fire season, and fire planning was adversely
affected

The 1988 NFDRS requires users to enter greenness factors that express actua
greening and curing of both Iive herbaceous and |ive woody vegetation.
G eenness factors values are entered separately for |ive herbaceous and woody
vegetation and included as part of each day's weather record. This feature
permts the user to control each greenness factor independently, and inclusion
of greenness factors in the daily weather record solves the problem of matching
historical fire-danger profiles with the actual conditions.

G eenness factors represent your visual estimte of the current genera
greenness of herbs and grasses, and shrubs, conmpared with their naximm
greenness. The greenness factors range fromO to 20, where O represents fully
cured herbaceous plants or dormant shrubs, and 20 represents a condition in
which the herbs and/or shrubs are as green as they ever get. Intermediate
values represent internediate greenness. A factor of 10 indicates that the
herbs or shrubs are about half as green as they ever get. The greenness
factors are independent of climte class; that is, they range fromO to 20 for
all climte classes.

As the herbs and shrubs green in the spring, increasingly larger greenness
factors are entered for each. Because herbs and grasses may green at different
tines or rates than shrubs, the herbaceous and |ive woody greenness factors do

not have to be the same. In addition, it is not necessary to increase the
greenness factors by one each day. |If greening is proceeding slowy, the sane
values may be entered for several days. |If greening is rapid, the greenness

factors may be increased nore than one per day. The curing process is handl ed
simlarly. That is, the greenness factors for herbs and shrubs are decreased
gradual Iy as curing progresses.

The greenness factors for herbs and shrubs al so provide a mechani smfor
reflecting the effect of summer droughts. If a drought becomes so severe that
herbs and grasses begin to cure and shrub | eaves wilt, the herb and |ive woody



greenness factors can be reduced appropriately. |If the drought is later
broken, the greenness factors can be increased again to reflect increased

nmoi sture. However, the user shoul d make such changes gradually to reflect what
is actually occurring in the fuel type

The user nust determne the greenness factors to enter for herbs and
shrubs. This is an exanple of added systemflexibility resulting in added user
responsibility. Geenness factors nust be entered by all system users,
regardl ess of whether they use the 1978 or the 1988 NFDRS fuel nodel set.
Qui del ines for adjusting greenness factors are provided in the section titled
"(perational Considerations."”

Figure 4 illustrates the effect of varying the woody greenness factor. In
this figure, live woody (shrub) moisture calculated with the 1978 NFDRS is
conpared with calcul ated values fromthe 1988 NFDRS. Geening was started at
the sane time in each case. The 1988 NFDRS strongly reflects the effect of
summer drying on live woody noistures. This effect was produced by reducing
the |ive woody greenness factor during the dry periods, then increasing it
after significant precipitation occurred

The difference in fall curing can also be seen. The 1978 NFDRS decreased the
live woody moisture to the dormant period mninumof 70 percent for clinmate
class 3, on the day a freeze occurred. But with the 1988 NFDRS, the |ive woody
fuel noisture was gradual |y decreased to this value as the user slowy reduced
the live woody greenness factor to O.
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Figure A.--An exanple of inproved capability to calculate reduced |live fuel moisture
through use of reduced greenness factor values in the 1988 NPDRS. as conpared with
live fuel nmoisture calculations from the 1978 NPDRS. The Y-axis scale references both
percent noisture and greenness factor. Values are for 1986 in Athens, GA



Overrating Fire Danger in the Autum

A primary reason the 1978 NFDRS overrated autumm fire danger is its poor
ability to simulate fall curing. Herbs and shrubs may cure at different tines
and the shrubs may be deciduous. Neither of these circunstances can be
recogni zed within the 1978 NFDRS; the vegetation is assuned to cure inmediately
when a freeze occurs. The result of this assunption is an instantaneous
increase in fire danger, due to the sudden reduction of live fuel mistures to
their dormant season mnimuns. The greenness factors in the 1988 NFDRS permit
simulation of gradual fall curing, resulting in a gradual increase of autum
fire danger.

In addition, the live woody fuel load can be defined as deciduous or
evergreen. Deciduous nodels allow simulation of |leaf fall by pernitting |oad
transfers between the |ive woody class and the fine dead fuel class as a
function of the greenness factor for live woody vegetation. This is an
extension of the concept in the 1978 NFDRS that |ive herbaceous fuel |oad can
be transferred between the live and dead categories. \Wen the |ive woody
greenness factor is 0, all the live woody load is transferred to the fine dead
fuel class. Wen it is 20, the live woody load is at its full assigned val ue
for the fuel nodel, and the fine dead fuel load is correspondingly reduced

Figure 5 illustrates the difference between fuel |oading profiles for the
1978 NFDRS and the 1988 NFDRS with the deciduous option selected. The live
woody | oad is constant at 0.5 ton per acre for the 1978 NFDRS nodel C, while it
fluctuates from0.0 to its maxi mumval ue of 0.8 ton per acre for the revised
nodel C.  These | oad changes occur as the |ive woody greenness factor is
changed during the year.

The 1988 Systemtransfers fuel fromthe |ive woody and herbaceous classes,
as well as the drought fuel class, into the fine dead class during a sumrer dry
period. By conparison, the 1978 NFDRS shows only a slight transfer of fue
into the fine dead fuel class during sumrer for two reasons: (1) the live woody
load is held constant, and (2) high calculated herbaceous noistures permtted
little herbaceous |oad transfer into the fine dead fuel class during the
Jul y- August dry peri od.

The 1988 NFDRS offers the capability to sel ect between an evergreen and a
deci duous live woody fuel load. The evergreen node should be selected if the
live shrubs are not deciduous, or if you do not want to permt this fuel |oad
transfer for some other reason. Selection of the 1978 NFDRS fuel nodel set
elimnates the option of indicating whether or not the live woody vegetation is
deci duous.

Overrating Fire Danger After Rainfall

The 1978 NFDRS can overrate fire danger after rainfall, especially if strong
winds or low humdities occur after a frontal passage. The Spread Conponent
(SC, Ignition Conponent, and Burning Index rise rapidly wth increasing
wi ndspeed, and | ow calcul ated fine dead fuel noistures associated with | ow
relative humdity. Fine dead fuels are defined as any dead plant material |ess
than one-fourth inch thick.

If fuel noisture sticks are not used, fine dead fuel noisture calculation in
the 1978 NFDRS is unaffected by precipitation, unless it is occurring at
observation tinme. If lo-hour timelag fuel moisture sticks are used, they
provide a 20-percent influence on the fine dead fuel noisture. The remainder
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Figure 5.--Live woody (above) and fine dead (below) fuel load profiles from nodel C
for the 1978 NPDRS and the 1988 NPDRS during a drought year (1986) in Athens, GA.  1he
live woody |oad was decl ared deciduous.

3.0

2.7

0.0

JAN TFEBIMARTAPR IMAYIJUN IJUL TAUGISEP IOCT INOVIDEC



10

PERCENT MOISTURE

PERCENT MOISTURE

1988 NFDRS option of fine fuel moisture set

/equal

\ 1978 N

to measured fuel stick mosture

<3
-7,

FDRS calculated fine fuel moisture

LY VYV

00 - —
|JAN" IFEB IMARTAPRIMAYTJUN [JUL TAUGISEP IOCT INOVIDEC
Pigure 6.--Differences between fine-fuel npisture determ ned by weighing fuel sticks
and fine-fuel noisture estimated by the 1978 NPDRS (above) and the 1988 NPDRS
(bel ow) . Val ues are for 1986in Athens. GA
50
45
40
35 4
1988 NFDRS option of fine fuel moisture set
30 ) .
equal to measured fuel stick moisture
25 / :
204 HH I
15 4 2
10 AR HF i
A
Fine fuel moisture calculated by the 1988 NFDRS when
00 measured fuel stick moistures are unavailable

mrriaeee.
ey

1JAN TFEB IMARIAPR IMAYIJUN [JUL 1AUGISEPIOCT INOVIDE(C]




of the calculation is a function of current dry-bulb tenmperature and relative
hum dity. Experience has shown that both nethods produce fine dead fuel

noi sture values that are too low In addition, recent research (Anderson 1985)
has shown that few fine dead fuels actually have a |-hour timelag as has been
thought in the past. Rather, their response tinme, while variable, is closer to
10 hours.

The 1988 NFDRS provi des an option to set the fine dead fuel moisture equa
to the lo-hour timelag fuel stick noisture. The effect of choosing this option
is shown in figure 6. In general, this revision produces higher fine dead fuel
moi stures and much nore response to rainfall events. Wiether or not this
option is selected, use of fuel noisture sticks and entry of measured val ues is
strongly recommended. When fuel noisture sticks are not used in the 1988 NFDRS
the fine dead fuel noisture is calculated as a function of 100-hour timelag
fuel rmoisture, and observed dry-bulb tenmperature and relative humdity. Use of
t he 100-hour timelag fuel moisture provides a mechanism for including the
effect of precipitation events that do not occur at observation tine.

If the user chooses the 1988 NFDRS fuel nodels but does not want to set fine
dead fuel nmoisture equal to |o-hour timelag fuel moisture, the 1988 NFDRS stil
does soonthe day of and day following a precipitation event of nore than 0.1
inch to reduce the problem of overrating fire danger after rain. Qherwise the
fine dead fuel noisture calculation is not affected.

Fire danger can also be overrated after a rain if strong w nds persist after
frontal passage. The 1978 NFDRS uses an adjustnment factor that depends on the
fuel nodel to reduce w ndspeeds neasured at the standard hei ght of 20 feet
above surrounding vegetation to midflame |evel. Subsequent research (A bini
and Baughman 1979) i ndicates that wind adjustnment factors for closed stands
such as hardwood or hardwood/ conifer forests in the East shoul d be about 0.2
during the summer and about 0.5 during the winter. The 1988 NFDRS revision
provi des a variable w ndspeed adjustment factor for fuel types that have
deci duous live woody fuel. The windspeed is reduced nost during the sunmmer or
whenever the shrubs are fully green, |east when the shrubs have lost their
| eaves, and an internediate amount at intermediate greenness levels. These
conditions are indicated by user entry of a greenness factor for |ive woody
fuels. The w ndspeed adjustment factor remains constant for fuel nodels whose
live woody fuel load is declared evergreen (nondeci duous) or for nodels that do
not have a live woody fuel | oad.

The 1988 field tests indicated that with only the above revisions fire
danger was still often overrated on the day of and day fol | ow ng
preci pitation. Therefore, the wind adjustment factor is now multiplied by 0.3
on those two days only. This correction reduces the sensitivity of the 1988
NFDRS to wind until the dead fuels have had at least 1 day of drying

Figure 7illustrates the effect of this change for fuel model C.  Choice of

the 1978 NFDRS fuel nodels elimnates the above-described changes to the
wi ndspeed adj ustment factor.
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Figure 7.--For some fuel models. the variable wind adjustment factor of the 1988 NPDRS
tends to produce higher windspeeds than the 1978 NPDRS during the winter and lower

windspeeds in the summer. Values are from model C for 1986 in Athens, GA.

Revi sed Fuel Mddel s

The changes described required nodification of all 20 1978 NFDRS fue
nodels. A second set of 20 fuel nodels was created. In some cases, fuel |oads
were changed to inprove the seasonal response, but the nmajor changes invol ved
addi ng a m ni num and maxi mum wi nd adj ustnent factor and a reservoir of dead
fuel to inprove the drought response. The user can choose which set of fue
model s to use: the original 1978 NFDRS nodel s or the 1988 revision of those
nodels. Both the 1978 and 1988 NFDRS fuel nodels are listed in appendix A As
noted previously, the fuel nodel set chosen determ nes whether the system

revisions are inplenented.

Syst em Response Conpari son

SC, ERC, and Bl profiles for the 1986 fire season at Athens, GA (fig. 8)
illustrate the conbined effects of the revisions. Values of SC are reduced
during the January-April dormant season, but slightly increased-during a
m dsunmer and early fall drought. For this exanple, fine dead fuel noisture
was set equal to the measured fuel stick noisture. This usually results in
hi gher fine dead fuel noisture values than are obtained through the standard
1978 NFDRS cal cul ations. Because the SC is strongly affected by fine dead fuel
noi sture, the effect is to produce a general reduction in SC throughout the
year, with the effect being greatest during the cool, moist period of wnter
and early spring. During the May-June period, the 1988 system SCis near 0 for
the additional reason that the 20-foot w ndspeeds undergo their greatest
adj ustment to midflame | evel wi ndspeeds when the vegetation is in full leaf. A
smal | effect of drought on the SC can be seen during the July-August and
Cct ober periods when deep drying increased the anount of available fuel



The ERC (fig. 8) is slightly higher for the 1988 NFDRS than for the 1978
NFDRS during the spring because the |ive woody | oad was designated to be
deci duous, and was thus transferred to the fine dead fuel class during the
dormant season. The nost dramatic difference, however, occurs during the
sumer drought, when the ERC is significantly increased for the 1988 System
This increase reflects a conbination of both increased dead fuel |oad due to
deep drying, and coincidental reduction of I|ive fuel moistures, sinulated
t hrough reduction of greenness factors to help reflect the severity of the
drought. Geenness factors were added to the historical weather data for the
Stonyford, CA, and Athens, GA weather stations, after consultation with |oca
fire managers. The FIREFAM LY prograns have been restructured to use greenness
factors as they becone available in new weather records, or to process ol der
data without them

The Bl (fig. 8)is a function of both the ERC and the SC. Thus, it is nost
effective in illustrating the conmbined effects of all the System revisions.
Wnter and early spring Bl values are reduced primarily by letting fine dead
fuel noisture equal measured fuel stick noisture. Summer drought is better
reflected through a conbination of increasing dead fuel availability and
reducing live fuel moisture. The fire danger increases slower in |ate Novenber
and Decenber, as a result of a nore gradual simulation of the fall curing
process.

OPERATI ONAL CONSI DERATI ONS
I npacts on Al Users

The revisions to the 1978 NFDRS have been structured to enable fire managers
to use the System nearly unchanged or to select those nodifications that
address specific local problens. The exceptions are mandatory entry of
greenness factors for |ive herbaceous and woody fuels, and addition of the
KBDI. First, let us consider the inpacts this revision will have on all users
of the NFDRS

The KBDI conputation requires entry of average annual precipitation amount at
your weather station to the station catalog. This includes both rainfall and
the water equivalent of snowfall. If you do not take weather all year, or do
not know what this value is, a reliable estimate can be obtained from the
nearest National Weather Service Ofice. The KBD conputation also requires
daily entries of precipitation anount.

At the beginning of the fire season, you need to enter a starting KBDI
value. Normally, this value would be near 0O because wi nter rainfall or snow
melt have recharged soil noisture. However, this inquiry provides an
opportunity to enter an estimated value if significant drying occurs before you
activate the weather station and begin calculating the KBDI. [In such
instances, use table 1 to make your best estimate. It indicates the nunber of
rainl ess days to reach KBD values of 100, 200, 300, or 400 for various nean
annual precipitation amounts and at various average maxi numdaily dry-bulb
tenperatures. (oviously, this table can only serve as a rough guide to a
reasonable starting KBDI value. It is preferable to begin calculations after a
significantly wet period, when soils are fully charged wth moisture.

13
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Pigure 8.--Cumulative effects of the 1988 NPDRS revisions on Spread Component (top).
Energy Release Component (middle). and Burning Index (bottom). for the 1978 NPDRS and
the revised NPDRS. Values are from model C for 1986 in Athens, GA.
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Table 1. --Rainless days required to reach various KBD val ues

Aver age daily naxingn1dry-bu|b t enperature

Mean 60 °F 70 °F 80 °r
annua
preci p. KBDI KBDI KBDI
(i nches) 100 200 300 400 100 200 300 400 100 200 300 400
10 100 200 300 400 50 loo 189 289 27 60 95 145
15 100 200 300 400 49 99 149 238 23 48 81 118
20 100 200 300 4oo 34 77 127 177 20 41 66 99
25 61 161 261 361 32 65 lo7 157 16 35 56 82
30 14 29 47 70
35 05000105 250 W05 uB W B 110 12 25 41 59
40 9 19 35 51
45 4y qn o Wm o s (U 3 A 18 17 30 45
50 34 67 112 162 15 31 50 74 15 39
55 27 60 95 145 13 28 45 66 7 13 24 35
60 6 22 32
65 BB 8% n% B3 on BB Uy w 6 12 20 29
70 20 45 74 107 19 21 34 50 6 11 18 27
75 20 43 69 102 9 20 32 47 5
80 19 40 65 97 19 30 44 5 ul0 05 pu

Use of greenness factors requires entry of the season of year as part of the

daily weather record.

Season

W nt er

Spring

Sunmmer

This may seem a trite entry, but proper inplenentation
of the greenness factors was inpossible without it. The follow ng tabulation
provi des guidelines for both season and greenness factor entries.

Qui del i ne

Enter winter only when herbs are cured; and
shrubs are dormant. Enter both herb and woody
greenness factors as 0 (zero).

Enter spring fromthe time either the herbs or
shrubs first begin a new season's growth until
the herbs complete their spring growth flush. If
the shrubs begin to green but the herbs are stil
cured, continue to enter a greenness factor of 0
for the herbs until they too begin to green, then
start increasing it. Gadually increase the

live woody greenness factor as the shrub growth
flush increases. Follow simlar reasoning if the
herbs and grasses green before the shrubs.

Enter sunmer fromthe tine the herb growth flush
is conpleted until the shrubs begin to show signs
of fall curing. Enter separate val ues that
represent the relative greenness of herbs and
shrubs. Oten herbs cure during the sumrer,
while shrubs remain quite green. In this case,
the herb greenness factor should be reduced to O,
whil e the woody greenness factor remains at sone
value internediate between 1 and 20

15
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Fal | Enter fall from the time deciduous shrubs begin
to lose their |eaves, or evergreen shrubs begin
to enter dormancy, until the shrubs and herbs
are fully dormant. As fall progresses, gradually
reduce the greenness factors for grasses and
shrubs if either. is above 0. |If grasses are
cured, enter the herb greenness factor as 0.

When grasses are cured and shrubs are dormant,
enter a greenness factor of 0 for both, and cycle
the season entry back to winter

Wien entering |ive herbaceous and woody greenness factors, it is inportant
to avoid large changes. It is reasonable to increase or decrease the greenness
factors gradually, or to hold themconstant for a number of days, but you
shoul d not vacillate between increasing and decreasing values over short tine
periods. Basically, the values should be O in the winter and increase from1
to 20 in the spring. Then, during dry periods, as plants begin to show signs
of noisture stress, decrease the herbaceous greenness factor to help reflect
obvious curing of grasses or other herbaceous plants, especially annuals. For
perenni al s and shrubs that may not show i mredi ate obvious signs of drying, the
following guideline is adapted from work by Johnson (1980) for the Southeastern
United States. It is just a guideline and is no substitute for commn sense or
visual observation of what is actually occurring in the field. Wth experience
you may want to revise the guideline for your |ocation.

Suggested (reenness Factors During Dry Periods

KBDI val ue G eenness factor KBDl val ue G eenness factor
G200 20 401-420 9
201- 220 19 421-440 8
221- 240 18 4h1-460 7
241- 260 17 h61-480 6
261-280 16 481-500 5
281-300 15 501-520 4
301- 320 14 521- 540 3
321- 340 13 541- 560 2
341- 360 12 561- 580 1
361- 380 11 581+ 0
381-400 10
If the KBDI drops suddenly due to significant rainfall, increase the

greenness factor gradually, rather than junping it to a higher value just to
follow the above guideline. The vegetation is not likely to green
significantly in 1 day.



User Options

The nechani cs of new selections in the 1988 NFDRS are provided in revised
users manuals for the AFFIRVS, FIREFAMLY, and personal conputer NFDRS
(Donal dson 1988) prograns, or in specific pronpts presented during program
operation

Your first choice is between the 1978 and the 1988 NFDRS fuel nodels. Your
sel ection shoul d be based on whether the 1978 fuel nodels have served you well
in the past. Remenber that if you select the 1978 NFDRS fuel nodels, you stil
need to enter greenness factors, season, and precipitation amount in your daily
weather record. The KBDI will be provided regardless of your choice. If you
select the 1988 fuel nodels, you will need to reanal yze your historical weather
data and redefine your manning class breakpoints. Cbviously, the 1988 fue
model s are going to produce different seasonal fire-danger profiles.

I f you use the 1988 NFDRS fuel nodels, your second choice is whether or not
to set the fine dead fuel noisture equal to the observed |o-hour timelag fue
stick moisture. If this option is selected, the fine dead fuel noisture wll
al ways equal the lo-hour timelag fuel noisture. [If it is not selected, fine
dead fuel noisture will equal the lo-hour fuel moisture only on the day of and
the day after precipitation. In general, if your fine dead fuels are conposed
primarily of conifer needles and/or hardwod |eaves that have a waxy surface
when fresh, select this option. But if your fine fuels are conmposed primarily
of grasses, lichens or other very small nonwaxy fuel particles, do not select
this option. Before making this decision, consider whether the 1978 NFDRS has
been overrating fire danger in the past.

The last choice is whether or not to define the |ive woody vegetation as
deci duous or evergreen. Broadleaf shrubs that do not |ose their |eaves are
defined as evergreen

Users who want to minimze the effect of the 1988 NFDRS revi sions shoul d:

.Select the 1978 NFDRS fuel nodels.
.Do not set fine dead fuel noisture equal to | o-hour fuel stick moisture.

.Enter live woody and herbaceous greenness factors as foll ows:

. Increase both live herbaceous and woody greenness factors
fromO to 20 during spring greening period (7, 14, 21 or 28
days for climte classes 1, 2, 3, or 4, respectively).

. Enter the live herbaceous greenness factor as 20 until the
cal cul at ed herbaceous noisture decreases bel ow 30 percent, or
a killing frost occurs, then begin entering O.

.Keep entering the live woody greenness factor as 20 until a
killing frost occurs, then begin entering O.

.Enter 0 for both greenness factors when the grass is cured and
the shrubs are dormant.

Your selection of options provided with the 1988 NFDRS can make a
significant difference in the seasonal fire-danger profile, depending on the
fuel nodel used. You are encouraged to use the FIRDAT program of FIREFAMLY to
exanmne the effects of different choices for dry, wet, and average fire
seasons before making your decisions

17
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SUMMARY

Field personnel at the Harpers Ferry NFDRS Wrkshop asked that the utility
of the 1978 NFDRS be inproved for the hum d environnent of the Eastern United
States and that the nodifications be nade as soon as possible. Users in the
Western United States did not ask for System changes. The revisions described
here have been structured to mninize inpacts on western users, while
permtting nodifications that solve eastern problens.

Field testing at several locations in the Eastern United States, California
and Al aska has shown that these revisions effectively deal with the concerns of
the eastern users. It nust be renenbered, however, the NFDRS absol utely
requires proper weather station |ocation and maintenance, as well as consistent
and accurate observations and data entries. Wthout strong, conpetent field
support, the National Fire-Danger Rating System can never be expected to
produce useful results.
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APPENDI X' A:

FUEL wmoDeL DESCRI PTI ONS AND SEASONAL PROFI LES

1978 NFDRS Fuel Model Descriptions

Fuel nodel
Fuel nodel
paraneters A B c D E F G H J K L N 0 P Q* R B T u
Load (tons/acre)

| -hour dead 0.2 3.5 0.4 2.0 1.5 2.5 2.5 1.5 12.0 7.0 2.5 0.25 1.5 2.0 1.0 2.0 0.5 0.5 1.0 1.5

| O hour dead L 4.0 1.0 1.0 0.5 2.0 2.0 1.0 12.0 7.0 2.5 1.5 3.0 1.0 2.5 0.5 0.5 0.5 1.5

100-hour dead 0.5 0.25 1.5 5.0 2.0 10.0 6.0 2.0 3.0 0.5 2.0 0.5 0.5 1.0

| OO0 hour dead -- -- -- -- L 12.0 2.0 12.0 55 2.5 2.0 1.0 0.5 --

Woody - 11.5 0.5 3.0 0.5 9.0 0.5 0.5 -- 2.0 7.0 0.5 4.0 0.5 0.5 2.5 0.5

Her baceous 0.3 0.8 0.7 0.5 __ 0.5 0.5 0.5 0.5 0.5 05 05 05 0.5
Surface-area-to-volunme ratio (1/ft)

| -hour dead 3.000 700 2,000 1,250 2.000 700 2,000 2,000 1,500 1,500 1,500 2.000 1.600 1,500 1,750 1,500 1 500 1,500 2,500 1,750

| O hour dead L 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109

| OO hour dead -- 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

1000-hour dead -- a - - - a a a a a __  -- a - a a a --

Woody _ 1.250 1,500 1,500 1.500 1,250 1,500 1,500 1,500 1,500 1,500 1.200 1,500 1.200 1,500 1.500

Her baceous 3, 000 2,500 1.500 2.000 -- 2.000 2.000 2.000 -- 1,500 2,000 1,500 2.000 1,500 2,000 2.000
Heat content (all fuels)

(Btu/1b) 8,000 9,500 a.000 9,000 a.000 9,500 a.000 a.000 8,000 a, 000 a.000 a, 000 a, 700 9,000 a.000 a.000 a.000 8,000 8.000 8,000
Mbi sture of Extinction (%)

Dead 15 15 20 30 25 15 25 20 25 25 25 15 25 30 30 25 25 25 15 20
Fuel Bed Depth (ft) 0.8 4.5 0.75 2.0 0.4 4.5 1.0 0.3 2.0 1.3 0.6 1.0 3.0 4.0 0.4 3.0 0.25 0.4 1.25 0.5
W nd adj ustnent factor

0.6 0.5 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.6 0.6 0.5 0.4 0.4 0.4 0.6 0.6 4
SC 301 58 32 68 25 24 30 a 65 44 23 178 167 99 14 59 6 17 96 16

max

*Data for model @ obtained from field neasurenents by Rod Norum. 1977-1978.

On file with:
station,

u.s. Departnment of Agriculture,

Forest Service,
Institute of Northern Forestry. 308 Tanana Dr.,

Paci fic Northwest

Fai rbanks AK 99775-5500.
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1988 NFDRS Fuel

Model

Descriptions

Fuel nodel
Fuel nodel
paraneters A B [ D E F G H J K L N o P Q* R S T U
Load (tons/acre)
| -hour dead 0.2 3.5 0.4 2.0 1.0 2.5 2.5 1.5 12.0 7.0 2.5 0.25 1.5 2.0 1.0 2.5 0.5 0.5 1.0 1.5
| O hour dead 4.0 1.0 1.0 0.5 2.0 2.0 1.0 12.0 7.0 2.5 -- 1.5 3.0 1.0 5.4 0.5 0.5 0.5 1.5
100-hour dead 0.5 -- -- 0.25 1.5 5.0 2.0 10.0 6.0 2.0 3.0 0.5 2.9 0.5 0.5 -- 1.0
| OO0 hour dead 12.0 2.0 12.0 5.5 2.5 -- -- 2.0 1.0 0.5 -- --
Woody _ 11.5 0.8 3.0 1.0 7.0 0.5 0.5 -- -- -- -- 2.0 7.0 0.5 3.0 0.5 0.5 2.5 0.5
Her baceous 0.3 -- 0.8 1.0 0.5 1.0 0.5 0.5 -- -- -- 0.5 -- -- 0.5 1.0 0.5 0.5 0.5 0.5
Dr ought 0.2 3.5 1.8 1.5 1.5 2.5 5.0 2.0 12.0 7.0 2.5 0.25 2.0 3.5 1.0 3.5 0.5 1.5 1.0 2.0
Sulrfﬁce-area-to-vol ume ratio (1/ft)
-hour dead 3.000 700 2.000 1.250 2.000 700 2,000 2,000 1,500 1,500 1.500 2,000 1.600 1.500 1.750 3.500 1.500 1,500 2,500 1,750
| 0-hour dead 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109 109
100-hour dead 30 30 -- 30 30 30 30 30 30 30 -- -- 30 30 30 30 30 -- 30
\%gog-hour dead  -- 8 - - - -- 8 8 8 a 8 __ a - 8 8 a _
o
Herb);ceous ;OOO 1,250 1.500 1,500 1.500 1.250 1,500 1.500 -- -- -- - 1,500 1,500 1.500 1,500 1.500 1.200 1.500 1.500
. -- 2,500 1.500 2.000 1.500 2.000 2.000 2.000 1,500 2.000 1,500 2,000 1.500 2.000 2,000
Heat content (all fuels)
(Btu/1b) 8.000 9,500 8,000 9,000 8.000 9,500 8.000 8.000 8.000 8,000 8,000 8.000 8,700 9.000 8.000 8,000 8.000 8,000 8,000 8.000
Mbi sture of extinction (%)
Dead 15 15 20 40 25 15 2 5 20 25 25 25 15 40 30 30 } 18 25 25 15 20
I
Fuel bed depth (ft) 0.8 4.5 0.25 2.0 0.4 45 1.0 03 20 13 06 1.0 30 4.0 0.4 [2.0 025 0.4 1.25 05
M ni mum wi nd adjustnment factor ;
0.6 0.5 0.3 0.4 0.3 0.5 6.3 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.3 J 0.2 0.3 0.6 0.6 0.3
Maxi mum wi nd adjustment factor { |
0.6 0.5 0.5 0.4 0.5 0.5 0.3 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.3 { 0.3 0.5 0.6 0.6 0.3
i
scmax 301 58 32 68 25 24 30 d 65 44 23 178 167 99 14 1 59 6 17 96 16

*Data for npdel @ obtained fromfield neasurenents by Rojd Norum. 1977-1978.

On file with:
Station,

u. s
Institute of Northern Forestry,

Departnent of Agriculture, Forest sdrvice. Pacific Northwest
308 Tanana Dr;, Fairbanks AK 99775-5500.



The fol lowing series of graphs for 1986 present seasonal Bl conparisons
between the 1978 (dotted lines) and 1988 (solid |ines) NFDRS fuel nodels.
Stonyford, CA and Athens, GA data were used to illustrate the general
fire-danger profile that can be expected from each nodel in subhumid western
and humd eastern situations. Coviously all 20 fuel nodels are not applicable
at both Stonyford and Athens. The profiles are meant only to provide the user
a convenient first assessment. Proper fuel nodel selection requires simlar
work by the user with |ocal weather data.

Because the NFDRS indexes are prinmarily a function of weather patterns, the
20 fuel nodels all produce simlar profiles for each weather station; however,
they are nuch different between the two weather stations. Note particularly
that the Bl range varies greatly among the fuel nodels.

Drought response is produced in part by increased dead fuel availability as
duff and litter dry, but it is also significantly affected by the live
her baceous and woody fuel load, the live fuel moistures, and whether or not the
live woody component is deciduous. The greatest drought response can be
expected from those fuel nodels that have a relatively high |ive herbaceous
and/or woody load, with the woody |oad declared deciduous. For exanple, the
drought response of fuel nodel C, for the Athens data, is largely due to
reduction of the greenness factor to about 6 during the driest nonths. The
greater response of model C for Stonyford results from both low |ive fuel
moi stures and the addition of nost of the 1.8 tons of dead "drought" fuel when
the KBDI approached 800. The KBDI profiles are presented for reference.

The followi ng tabul ation defines the options selected to produce the 1988
NFDRS. profiles.

Fi ne dead fuel

moi sture equal Annual or
Fuel fuel stick Deci duous or perenni al
nodel noi st ure evergreen her baceous
A No N/A Annual
S T UYes Evergreen N A
c Yes Deci duous Perenni al
D Yes Evergreen Per enni al
E Yes Deci duous Per enni al
F Yes Evergreen Per enni al
G Yes Deci duous Perenni al
H Yes Deci duous Perenni al
I Yes N A N A
J Yes N A N A
K Yes N A N A
L Yes N A Per enni al
N Yes Evergreen N A
0 Yes Evergreen N A
P Yes Deci duous Perenni al
Q Yes Deci duous Perenni al
R Yes Deci duous Perenni al
S Yes Evergreen Per enni al
T Yes Evergreen Per enni al
U Yes Deci duous Perenni al

23



24

APPENDI X B: TECHNI CAL DOCUMENTATION
Response to Drought

1. Calculate the fraction of predrought dead fuel load for each size class

F, = W, /W,
wher e
F; = fraction of the dead load in the ith dead fuel size class
W, = load of the i*" dead fuel size class
Wy = total predrought dead fuel load for the fuel nodel

2. Calculate the packing ratio for the fuel nodel
R =W./D,
wher e
R= the packing ratio
L total predrought live and dead load for the fuel nodel
D, -the predrought fuel bed depth

3. Calculate the total dead fuel load to add per unit increase in the
KBDI above 100.

Ui = W/(800-100) = W/700
wher e

u. = unit increase of dead fuel load per unit increase in the KBD
above 100

w= potential total dead fuel load that could be add due to drought



4. Calculate the dead fuel load to be added to each dead fuel class, at the

current

=
1

KBDI val ue.
(KC-100)Ui

W, + F.W
i i'a

total dead fuel load to be added at the current |evel of
dr ought

t oday' s KBDI

- drought-induced | oad of the ith dead fuel class

5. Calculate the depth required to preserve the predrought packing ratio

D. =

d
wher e

Dy

W

(W147™%1 000’ /R

fuel bed depth at the current |evel of drought

total live and dead load at the current level of drought

14 =

W) 000 =

Fromthis
unchanged.

Effect of &

Season of

t he 1,000-hour dead fuel |oad

point on, the algorithns that cal culate SC and ERC are used

eenness Factor on Live Fuel Misture Calcul ations

the year, as entered by the user, defines which of the follow ng

live fuel noisture calculation procedures is followed.

Live herbaceous and woody noistures are set to their mninmuns.

1. Wnter.
G eenness factor values are 0.

Mho = Mpg

M =M
w cm

wher e

M = l'ive herbaceous noisture content (percent)

Mg = fine dead fuel noisture (percent)

M =live woody fuel noisture (percent)

Nkm = dormant - season woody noisture for the weather stations'

climate class (50, 60, 70, 80 for climate classes 1, 2, 3,4)

25
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2. Spring. Live woody and herbaceous fuel moistures are increasing rapidly
as greenness factor values increase from1l to 20.

The equation for |ive herbaceous noisture calculation is

Mh = MspGg/ZO
wher e
Moo= 1988 NFDRS |ive herbaceous noisture (percent)
h@ = |ive herbaceous noisture as calculated in the 1978 NFDRS for

spring greening conditions
Gg = current live herbaceous greenness factor
The equation for live woody noisture calculation is
Mw = MWOGW/ZO

wher e

1988 NFDRS |ive woody noisture (percent)

live woody noisture as calculated in the 1978 NFDRS

O 5 o=
I

= current |ive woody greenness factor
3. Summer. Live herbaceous and woody noistures fluctuate in response to
drying and wetting cycles. Geenness factor values vary between 0 and 20
Annual herbaceous vegetation should cure sonetime during this period.
The equation for l|ive herbaceous noisture calculation is
M
where

=M G /20
su g

“@u = |ive herbaceous noisture as calculated in the 1978 NFDRS, for
the growi ng season, after conpletion of greening

The equation for |ive woody noisture calculation is

M -M G /20
w WO W



4. Fall. Live herbaceous and woody noistures are decreasing. Vegetation is
entering dormncy.

Calculation for live herbaceous moisture is

Mh = MsuGg/20
wher e
N%u = |ive herbaceous noisture as calculated for transition

conditions in the 1978 NFDRS
Calculation for live woody noisture is
M =M G /20
w WO W

Dynam c¢ live woody fuel load--In addition to the above changes in live fue
moi sture cal cul ations, the revised NFDRS provides the option to define |ive

woody fuel as being either deciduous (dynanic) or evergreen (static). If the
evergreen option is selected, the live woody |oad remains constant at all l|ive
woody fuel moistures. [If the deciduous option is selected, the |ive wody |oad

Is transferred between the |ive woody class and the fine dead fuel class as a
function of the live woody greenness factor, where:

me = (1—Gw/20)w1
where
MQf = live woody load to be transferred to the fine dead class

Wy total |ive woody load in the fuel nodel

The fraction of the live woody | oad not nmoved to the fine dead fuel class
remains in the |live wody class

27
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Variabl e wind adjustment factor--The wind adjustnment factor varies seasonally
when the live woody vegetation is designated to be deciduous. In this case the
wind adjustment factor is set to its maxinum value during the winter. This
provi des the mni num midflame w ndspeed adjustnment. During the spring it
decreases, and during the fall it increases, as a function of the woody
greenness factor. During the sumer it is set to its mninmumvalue. It is

hel d constant all year if the live woody vegetation is designated to be
evergreen.

Wf =W T (me“wmn)cw/20
wher e

Wy
Wik
Wi

If more than 0.1 inch of precipitation occurred either on the current or the
previous day, the wind adjustment factor is multiplied by 0.3 to reduce the
sensitivity of the NFDRS to wind imediately following a rain.

wind adjustnent factor

maxi num value for the wind adjustment factor

m ni mum value for the wind adjustnent factor

Fine Dead Fuel Mbisture

The user has an option of whether or not to set fine dead fuel noisture
equal to the measured fuel stick moisture. If this option is not selected,
then the fine dead fuel moisture will be equal to the |o-hour timelag f uel
moi sture only on the day of and the day follow ng precipitation. Standard fuel
moi sture sticks provide the best method to obtain |o-hour timelag noisture, but
if they are not used, the fine dead fuel noisture calculation is nodified as
fol | ows:

M = 1.03E 0.8 + M, ,.0.2
mc

100
wher e

M = fine dead fuel nmoisture

™
I

equilibrium fuel noisture

M _ 100 hour timelag fuel noisture
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The Forest Service, U.S. Department of
Agriculture, is dedicated to the principle of
multiple use management of the Nation’s forest resources
for sustained yields of wood, water, forage, wildlife, and
recreation. Through forestry research, cooperation with the
States and private forest owners, and management of the
National Forests and National Grasslands, it strives-as
directed by Congress-to provide increasingly greater
service to a growing Nation.

USDA policy prohibits discrimination because of race,
color, national origin, sex, age, religion, or handicapping
condition. Any person who believes he or she has been
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