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AUTOMATED FIRE WEATHER FORECASTS

Mark A. Mollner and David E. Olsen
National .WeatherService Forecast Office

Boise, Idaho

ABSTRACT.. The Automated Fire Weather Forecast (AF\~F)

is a computer program designed to forecast seven of
the eight fire weather forecast parameters issued
dai Iy during the fire-weather season at the Boise
Weather Service Forecast Office (WSFO). The program
uses the Limited Fine Mesh (LFM) prognosis and
various' dynamic meteorological equations and forecast
studies to compute the forecast. The chief advantage
of the AFWF is that it produces fire weather forecast
guidance at least four hours before the main fire
weather forecast is issued to the fire-cQntrol agen
cies. This gives the fire-weather forecaster plenty
of'time to analyze and process the guidance forecast
and extra time to concentrate on the more difficult
forecast problems.

I. INTRODUCTION

The' mq i n f i re-weatherforecast issued by Bo ise ~JSFO for the i r f i re
weather distr.ict. (Figure i) is at 4 p.m. MDT dai Iy during the fire-
weather season, June through October. The fire-weather district is
divided into three forecast areas which are further broken into a total of
seventeBn zones. General worded forecasts are issued for each area and
more specific numbered forecasts, in the form of eight frre-weather-related
parameters, are issued for each zone (Figure 2). The eight parameters are
the state of the weather at 1400 MDT for the next day; the temperature,
humidity, wind speed, and 10-h time lag fuel moisture at 1400 MDT tomorrow;
the Lightning Activity Level (LAL) for the period 1400 MDT to midnight this
evening and for midnight-to-midnight tomorrow; and the precipitation dura
tion from 1400 MDT today to 0600 MDT tomorrow and 0600-1400 tomorrow.
Forecast values for seven out of these eight parameters are obtained from
the AFWF output--precipitation duration being omitted. The seven parame
ters are tai lored to one verifying fire-weather station in each of the
seventeen zones (Figure 3). The .computer is the Boise WSFO upper-air
minicomputer which is operated by a Si lent 700 electronic data terminal.
The program language used is Single User Basic.

I I. GENERAL PROCEDURE·

The general procedure is to use 12-h and 36-h LFM 1200Z prognoses
received from the .National Meteorological Center (NMC) and to forecast
the fire-weather observation for today (Day I) and tomorrow (Day 2) at
seventeen ver i fy.i ng stat ions. By subtract i ng the former f rom the latter,
a change (trend) between the two days is computed for four of the seven
parameters--temperature, relative humidity, wind speed, and 10-h time lag



fuel moisture .. ThJe two-period LAtLtforefcasts are
t

basefdon each of the
d

C)
progs, respective y, whi Ie the s a e-o -the-wea her orecast is base on
the 36-h LFM prog. An example of the AFWF computer printout is given in
Figure 4. This is the way that numbered forecasts are made by BoiseWSFO
and the way that they are entered into the AdminJstrative and Forest Fire
Information Retrieval and Management System (AFFIRMS) (Helfman, et ai,
1975) time-share computerized system for the National Fire Danger Rating
System (NFDRS) (Deeming, et ai, 1977).

Meteorological data are extracted from the LFM 12- and 36-h progs by
using a numbered grid scaled to the LFM maps (Figure 5). The grid has
seven forecast points from which numbers for 50-kPaheight, 70-kPa height,
relative humidity, and sea-Jevel pressure fields are wrritten directly onto
the AFWF worksheet (Figure 6), The forecaster, or forecaster ai(ie, only
takes a few minutes to move. the grid from panel to panel on each prog whi Ie
recording the data onto the AFWF worksheet. This, along with the month and
daY of each prog, is the. sole input into the computer program. Since the
LFM prog ser ies is rece ived by I 100 MDT on the forecasT day, the computer
run can easi Iy be made by 1200 MDT--four hours before the scheduled issu
ance of the main fire-weather foreqast.

I I I. INITIAL MANIPULATION OF DATA

The first calculation performed by the computer is to adjust the'gridded
data to a more usable form for each·of the seven grid points. By use of I c-'
the gridded height fields extracted from The LFM progs and the hypsometrk ,J
formula, the temperature at 85 kPa and 70 kPa can be computed as fol lows:

( I )

where H7 and H5 are the geopotential heights at the 70-kPa and 50-kPa
levels, respectively, and Ps is the sea-level pressure.

Assuming a standard atmospheric lapse rate of 3.5°F!1000 feet, which
approximates 2°C!1000 feet, and a difference of 8000 feet between the
70-kPa and 50-kPa surfaces, the 50-kPa temperature can be approximated
sufficiently well by sUbtracting 16°C from the 70-kPa temperature.

Next, the dew-point temperatures at the 85-kPa and 70-kPa levels need
to be calculated. The only moisture input into the program is the
relative humidity from the 70-kPa map panel on t~e LFM progs. This rela
tive humidity is the mean relative humidity in The lowest three tropo
spheric layers of the LFM model (Forecasters Manual 1976). This corres
ponds to the 1000-450 mi I I ibar interval. In order to keep the technique
as simple and efficient as possible, it's assumed that This relatIve
humidity is the humidity at the 70-kPa level, Since the temperature at
the 70-kPa level has already been computed, the Clausius-Clapeyron equa
tion can be applied to compute the dew-point temperature.
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~5420.51

(J
In (RH x e (21.65 - 5420!T)) - 21.65

( 2)

()

RH = relative humidity at 70 kPa
T = temperature at 70 kPa

Using the dew-point temperature lapse rate of 10F/1000 feet or .55°C/
1000 feet and a difference of 5000 feet between the 70-kPa and &5-kPa
levels, the 85-kPa dew-point temperature can be approximated by adding
3°C to the just computed 70-kPa dew-point temperature.

Finally, the K-stabi lity index (George, 1960) is computed frqm the above
calculated data.

K stabi I ity = (85-kPa Temperature + 85-kPa' dew point) - (3)
(70-kPa dew-point depression) -
(50-kPa temperature) ,

The above calculati9ns are computed from the 12-h LFM prog for Day I
and from the 36-h ~FM prog for Day 2. These progs verify at 1800 MDT on
each of the days, respectively. At this point, the fol lowing meteorolo
gical data are available for use at each of the seven grid points for the
two days.

I. Sea-level pressure.
2. Relative humidity at 70 kPa.
3. Temperature at the 85-kPa, 70-kPa, and 50-kPa levels.
4. Dew-point temperature at the 85-kPa and 70-kPa level9'
~. The K-stabi lity index,

IV. FORECASTING THE SEVEN FIRE WEATHER PARAMETERS

The above meteorological data are now used to forecast the seven fire
weather parameters. Each of the parameters wil I be discussed separately.
For the convenience of presyntation, the forecast parameters are discussed
in a different order than they ,appear on the forecast form (Figure 2).
Radians, not degrees, are used in al I trignometric functions.

I. Lightning Activity Level (LAL)

Lightning Activity Level is a numerical rating of I to 6, keyed to the
start of thunderstorms and the frequency and character of cloud-to-ground
I ightning, forecast or observed on a rating area (an area 25-30 mi les in
radius) during a rating period (Deeming, et ai, 1977), It's a major input
into the NFDRS. Only LALs I to 5 are considered here. LAL 6 is omitted,
because by definition, although it's a special and,significant event
characterized bya "lightning bust", it's a rare event and does not fit
systematically into the other LAL categories.

-3-



The forecast of LAL is based on a Boise WSFO fire weather forecast study
by McCoy and Gift (1974). The study found a fair correlation between K
stabi I ity indexes, daylight cloud cover, and LAL. To al low for length-of
day change and other seasonal effects, McCoy and Gift developed a separate
prediction equation for each of the fire weather months of June through
September. Due to I imited storage in the Boise minicomputer and to
simpl ify the programming, an equation, to cover not only the above four
months but also May and October, was written. In addition, McCoy and
Gift found. the J. R. Sims cloud-cover forecasts (Sims, 1973), although
not the best possible, a good predictor for cloud-cover amount over Idaho.
The relative-humidity and vertical-velocity forecasts from the NMC LFM
FOUS messages were used to forecast Sims' cloud-cover amount. Since a
moisture input that can be related directly to cloud cover is already in
the program, .namely the relative humidity at 70 kPa which in real ity is·
the mean humidity in the 100-45-kPa interval, the more involved Sims'
cloud-cover technique was abandoned. The authors feel very I ittle, if
anything, is lost in this decision because the dominating term in the
McCoy/Gift LAL equation is by far the K-stabi I ity index term.

The LAL forecast equation is:

LAL =~ x

K-stabi I ity
term

pOS (.0Ix(CMx30) + n -210))),+ ..SIN3 2 (RH - .1) ,
v v

Time-of-year term cloud-cover term

(4)

K = K-stabil ity index.
M = Month of year (numbered 5 to 10).
D = Day of month (numbered I to 31).

RH = Relative humidity at the 70-kPa level.

The K and RH values are an average of surrounding K and RH values computed
at each of the seven grid points. Depending on station location, either
one,two, three, or four, surrounding grid points are used to compute the
average values. Similar averaging of the other grid-point variables is
performed before they are used in subsequent forecast equations.

Possible values for the
below: CI d Cau over

RH s i n3 2CRH - . I )

. I 0

.2 0

.3 . I

.4 .2

.5 .4

.6 .6

.7 .8

.8 1.0

.9 1.0

cloud-cover and time-of-year terms

Time of Year
Month/Day cosC.OI x

May I
May 15

June I
June 15
J u I Y I
Jul Y 15

August I
August 15

September I
September 15

October I
October 15
October 31

-4-

are tabulated

( CMx30) + D- 210) )

.83

.90

.96

.99
1.00

.99

.95

.90

.82

.73

.61

.50

.35 IJ



() It can be read i Iy seen that as the amount of cloud cover increases, i .,<:l.,
the moisture in the 100- to 45-kPa interval increases, the more contribu
tion the cloud-cover term wil I have toward increasing the LAL forecast.

The time-of-year term does I ittle to modify the LAL forecast during the
majority of the summer. However, as the dayl ight hours decrease in The
fal I, it scales the LAL forecast down rapidly.

Before the K-stabi lity index is used in the LAL equation, a correction
for elevation is added'on. This is to take into account tha~ mountainous
terrain acts as an elevated heat source. The correction js (h/IOOO x 3),

'where h is the station elevation in meters.

LAL f~recasts are computed for two periods--1400 MDT to midnight on the
day of the forecast and from midnight to midnight on the fol lowing day.
The first period LAL is' forecast from the 12-h l-FM prog and corresponds
to "L1" in the computer printout. The second period LAL forecast comes
from the'36-h LFM prog and corresponds to "L2" in the printout.

2. State of the Weather.

The state-of-the-weather forecast is a forecast of general weather at the
1400 MDT observation time tomorrow (Day 2). Essentially, it's a twenty
four-hour terminal forecast. State-of-the-weather categories are:

() o
I
2
3
4
5
6
7
8
9

Clear (less than 1/10 of sky cloud covered)
Scattered clouds (I to 5 tenths cloud coverd)
Broken clouds (6 to 9 tenths cloud covered)
Overcast (more than 9 tenths cloud covered)'
Foggy
Drizzl ing or misting
Ra in i ng
Snowing or sleeting
Showers (in sight or reaching ground at station)
Thunderstorm (I ightning seen or thunder heard).

iJ'\

Categories 4, 5, and 7 are nof forecast by the AFWF. The occurrence of
these is fairly rare. It is hoped, however, when larger computer storage
is available, that category 7 can be added. Since upper-air temperatures
are calculated, a freezing level can be computed and,then evaluated against
the elevation of each verifying station.

On many days in the summer, air-mass characteristics of stabi I ity and
moisture take on a greater importance than surface and upper-air charts
(MacDonald, 1974). With this in mind, it was decided to make the state
of-the-weather forecast dependent upon the LAL forecast, which is mostly
a measure of atmospheric stabi I ity and the relative humidity in the 100
45-kPa interval. The state of the weather is chosen by matching the
second period LAL Forecast, L2, with the forecast 70-kPa relative humidity.
For example, for a LAL forecast of 3 and a relative humidity of 40% or
less, the state-of-the-weather category I is forecast for 1400 MDT tomorrow.
If the humidity forecast is greater than 40% but less or equal to 60%,
category 2 is forecast. If the humidity for a station averages out to
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petween 60% and 75%, then·category 8 is forecast. If between 75% and
85%, then category 9 is printed out. If above 85%, then category 6, rain, i~
is forecast. Simi lar relative humidity inquiries are performed on the
other LAL categories when they are forecast.

Since·the LAL and relative-humidity forecast are based on the 36-h LFM
prog, the forecaster should view the state-of~the-weather forecast as
the genera [ weather for tomorrow afternoon and evening, and not necessari Iy
as the terminal weather forecast at 1400 MDT. This becomes more evident
on days when fronta·[ movements and vertical velocitiEls associated with
upper-air troughs come into play. Remembering these I imitations wi I I
obviously put the state-of-the-weather forecast in a more real context,

3. Temperature.

The surface temperat~re forecast is calculated by adjusting the already
computed 85-kPa ·temperature to the altitude of each verifying station.
This temperature is thEln modified by the amount of solar radiation expected
on the particular day. The amount of solar radiation avai [able for warming
on any day is dependent upon the time of the year, the amount of .cloudiness,
and the stabi I ity of the lower atmosphere. This technique was originated
by 0 I sen ([ 969) •

The temperature equation reads:

T = T
85

+ (1500-h ) x 10 +
[500

'\-.---,..·vr ----'

A[titudEl
Correction

[2A

1
Solar

Radiation
Cloud
Cover

'-----,-y-----'

Stability

(5)

= Temperature at the 85-kPa [evel.

the slope of the temperature sounding
between the 85-kPa and 70-kPa temper
atures. A measure of the stabi I ity
of the layer (Figure 7).

120)), solar radiation
variable.

= Station elevation in meters.

M= Month of year
o = Day of month

= ~~ean re 1at ive hum id ity in the 100- to 45-kPa interva I .

= The acute angle between the 85-kPa [evel and the line
drawn between the 85-kPa and 70-kPa temperatures
(Figure 7).

= «T85 ~ T70 )/17),

= .7(80 + 60sin(.02(M(30)) + 0

RH
o

coto

The ideas behind modifying the amount of solar radiation avai lab[e by
cloud cover and the stabil ity of the lower atmosphere are straightforward.
As cloud cover increases, the amount of sunshine received is reduced;
thus, lowering the maximum surface temperature. The less stable the (:J
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lower atmosphere, the more· mixing of the lower atmosphere; thus,. the more
energy needed to attain a given maximum surface temperature.

~ooking closer at the cloud-cover term, it's readi Iy seen that it does little
to alter the solar radiation unti I at least five-tenths'of the sky is cloud
covered. In I ike manner, the stabil ity term only becomes significant when
the 85-kPa to 70-kPa lapse rate exceeds the standard atmospheric lapse rate
and approaches the dry adiabatic lapse rate. The stabi I Ity term is con
servative. At the extremes--an isothermal lapse rate on Day I versus a
superadiabatic lapse rate on Day 2--the stabi I ity term under clear skies
on July 1st would cause a surface maximum-temperature change of 23.4°F.

The above temperature calculation is made from each of the two progs .for
each verifying station for Day I and Day 2. Day J is then subtracted from
Day 2 to obtain the forecast maximum-temperature change.

4. Relative Humidity.

The first step in forecast Ing the surface re Iati ve hum i di ty is to adj ust
the already calculated 85-kPa dew~point temperature to the altitude of
each verifying station. This is accompl ished by applying an altitude
correction term to the 85-kPa temperature:

Surface dew-point temperature = 85-kPa dew point +
((3000 -h)/3000)) x 10

h = station eievation in meters

(61

The Clausius-Clapeyron equation is used to Gombine the surface dew-point
temperature with the previously calculated surface drY-bulb temperature to
arrive at the re Iat ive hum iaity.

Surface RH =
t5420.51 (.00366 - I/Ta ) + 1.81

t5420.51C .00366 - liT) + 1.81
x 100 (7)

= surface dry-bu'l b temperature
= the exponential function, 2.7138

C)

Td = surface dew-point temperature

T
t

Again, the above relative humidity calculation is made for each verifying
stat ion for Day I and Day 2. The Day I hum id ity va Iue is subtracted from
the Day 2 value to 'obtain a forecast re'lative humidity change.

5. 10-h Ti me LagFue I Mo i sture.

Fosberg (1977) provides a good discussion on the basic concepts behind fuel
moisture calculations in his paper on 10-h time lag fuel moisture forecasting.
It's noted that the moisture content of the 10-h time lag fuei moisture
sticks is dependent upon the ambient air temperature, the relative humidity,
the wind speed, and the precipitation duration and amount in the twenty-four
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hours before the weather observation. Of all these, relative humidity and i/)
precipitation duration play the dominant role in determining the moisture -~

content of the 10-h time-lag fuels.

Cramec (1964) and Fosberg-both developed forecast models for forecasting
the 10-h time lag fuel moisture sticks. Cramer chose to ignore the effects
of precipitation whi Ie Fosberg appl ies a singular precipitation correction
of 15 grams if precipitation is forecast in either of the 1400-0600 MDT or
0600-1400 MDT time periods before the 1400 MDT observation time.

The difficulty in foreca~ting precipitation duration and amount is self
evident, especially when the variabi I ity in areal extent and intensity of
summertime shower regimes in the Boise fire weather district are considered.
Thus, it was decided to use relative humidity as the sole predictor of the
10-h time lag fuel moisture.

This was accompl ished by writing an equation for Fosberg's table .of potential
10-h time iag fuel moisture values. In analyzing the table, it was decided
to ignore the effectsof temperature. Looking ,at all humidity values (except
100%), it's observed that the fuel moisture wi I I change only 2 grams or
less as the temperature changes from 30°F to 100oF. For the purposes of
the AFWF, this change was considered insignificant. The equation is:

10-h Time Lag Fuel ~oisture = R-
3RH

R- = 2.7138, the exponential function
RH = surface relative humidity

(8)

")
This calculation is performed for each verifying station for Day I and
Day 2. The difference in the two is the IO-h time lag fuel moisture fore
cast change.

Although precipitation duration and amount are disregarded in the AFWF,
there are forecast guides avai lable to assist fire weather forecasters in
applying this correction to the fuel moisture forecast. Gift (1977)
developed a guide to forecast the change in the 10-h time lag fuel moisture
due to expected precipitation (Figure 8). This easy, step-through pro
cedure can be appl ied manually to the AFWF fuel moisture change.

Another problem arises in drying out the fuel moisture sticks after pre
cipitation occurs. Boise WSFO fire weather forecasters have had success
in using Cramer's fuel moisture composite aid (Figure 9) to dry out the
fuel moisture sticks after precipitation. Again, this is a simple manual
calculation which can be appl ied for each fire weather station as the need
ari sese

6. Wind Speed.

The wind-speed forecast is based on the surface-pressure gradient, the
transfer of momentum of upper-level winds to the surface, and the normal
afternoon upslope winds at the seventeen verifying stations.

-8-
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The norma·!. afternoon ups lope winds were determ i ned by look ing up past da i IY
weather maps on summer days when surface-pressure gradients over the Boise
fire weather district were at a minimum. Ten such daily weather ma~s were
used. The observed wind speed and direction for the~e days were then ob
tained from the actual fire weather observations for each of the Seventeen
verifying stations. These were averaged, and given a sl ight empirical
modificati9n. The upsloPe winds were then broken down into tr and ~ compo
nents. In the final wind equation these components are modified by the
forecast cloud cover. A list of the seventeen stations and their upslope
win~s are in Figure 3. .

The transfer of momentum of upp~r~level winds to the surface is a function
of the stabil ity of the lower atmosphere and the magnitude of the winds
at the 70-kPa level. The lower atmospheric stabi lity I~ determined as in
the section on temperature. Again, it's a fUnction of the temperat~re

difference between the 85-kPa and 70-kPa levels.

The 70-kPa wind speed is computed by using the 70-kPa height field from
the numbered· grid (Figure 5) <;lnd the ge,?strophic wind equation. The
70-kPa geostrophic wind speeds are qalculated at points A, B, an~ C shown
on the numbered grid in Figure 5. .

The geostrophic wind is scaled down by a tran~fer of momentum coefficient.
This coefficient is determined by how susceptible each verifying station
is to receiving winds aloft, i.e:, its elevation and whether it'·s located
in a wide open valley, such as the Snqke River Valley, or in a "tight-knit"
mountain enclose9 valley. The proximity of the fire w~ather station to
points A, B, or C determines which geo?trophic wind is used in that station'p
Wind-speed calculation. .

As with the geostrophic wind, surfa~e-pressure graqlentS are computed only
for points A, B, and C. The pressure gradient used is based on each station's
proximity to points A, B, or C.

A TI and ~ component of the surface-pressur~ gradient is calculated for points
A, B, and C bY using the sea-level pre,sure data from the seven grid points.
Since most weather stations are more susceptible to stronger wind speeds
from certain directions, the Q and ~ components are multiplied by constants
tai lored to take this into aacount, These components are then adjusted by

~ + ~ +the u and v upslope components to form resultant u and v components whose
magnitude is calculated.

This last wind speed is adjusted by the transfer of momentum of the 70-kPa
geostrophic wind to arrive at the wind-speed forecast. Forecasts are com
puted for Day I and Day 2, the difference being the foreCast change in·
wind speed.

-9-



The formulas are as fol lows.

Wind Speed = [{cx(PXi-PXj ) + i'i(1.09-RH2 )}2 +

{c (P -P )+ V(I.09_RH2 )}2J I/2 +
y ym yn .

(2A ( I-cot/l) ) II? + h 2
[89{(3000( I-cota) } 3000J Vg ll.

Where,

cx' cy

PXi ' Pxj
Pym' Pyn
-> ->
u, v

RH

A

cota

h

·constants used to adjust the strengths of the x and y
components of the pressure gradient.

the values of the surface pressure at points i, j, m, n,

x and y components of the upslope wind.

relative humidity at the 70-kPa level:

equals 7(80 + 60 SIN(M(30) + 0-120)(1 .09-RH2),
the expected solar radiation.

s lope of temperature sound·i ng between the 85-kPa and
70-:-kPa level s.

station elevation in meters.

()

Vg magnitude of the geostrophic wind

{(G .-G .)2 + (G -G )2}1/2
Vg =£. [ x J xJ ym yn J

f d

where, 9 = the force of· gravity,
f = Coriol is effect at Lat. 43°18'30"

II

G
xi

' Gxj = values of 70-kPa heights at points i, j, m, n..

Gym' Gyn

d = distance between grid points

transfer of momentum coefficient.

V. VERIFICATION

Each day during the 1977 fire weather season, the fire weather forecaster
fil led out an AFWF worksheet using the 12-hour and 36-hour LFM progs from
the 122 NMC computer run and the scaled, gridded overlay map. Obviously,
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()
those days were omitted on which th~ LFM progs were not received or were
only partially avai lab Ie. Th~ 1977 ~epsonls data were then run through
the AFWF program In the fal I and winter of 1977-78.

Two program runs were made. After
changes were made to some equations.
were then conducted.

verification of the first run, minor
A second computer run and verification

It should be noted that two somewhat different LFM progs were ~sed in
yerlfying the AFWF. On September I, 1977, the LFM prog received a requction
in grid length. This "new" prog was coined the LFM-II prognosis. Thus,
the 1977 verification incorporated three months (June-August) of the "old"
LFM prog and one month (September) of the LFM-I I prog. It wil I be interesting
to see if any improvement in the AFWF wil I be noted in the 1978 fire weather
season when the LFM-I I progs wi I I be used for the entire season.

The AFWF was verified against actual weather observations taken across
the Boise fire weather district in 1977. A I ist of the monthly and seasonal
verification for each of the seventeen verifying stations fol lows. The
numbers under the "LI" and the "L2" headings are the percentage of the AFWF
LAL forecasts which were either equal to or within one category of the
observed LAL. AI I other numbers are the average AFWF error versus the
actual observed weather observation. No monthly or seasonal verification
for the individual stations was done for "W", the present weather parameter.

AFWF Verification for 1977

() Code: T = Temperature, R = Relative humidity, S = Wind $peed, LI = Lightn ing
ActiVity Level 1400 MDT-midnigh~ L2 'i Li ghtn i ng Activity Level
midnight-midnight (Day 2), F= 10-h Time Lag Fuel Moisture

McCa II Chamber Ia i n Basi n

T R S LI L2 F T R S LI L2 F
June 5. I 13.0 3.4 85 70 5.3 4.3 10.4 4.7 94 78 4.3
Ju Iy 7. I 14.7 4.1 82 79 4.0 6.9 13.2 4.5 89 89 3.4
Aug. 6.4 14.0 4.4 71 68 5.4 5.4 15.1 6.8 69 83 4.1
Sept. 4.6 14.4 3.0 91 68 9.9 6.4 15.2 5.3 82 76 4.6
Season 6.0 14. I 3.8 82 72 5.9 5.8 13.6 5.4 84 84 3.9

Cascade Island Park
June 5.0 12.8 3.0 82 71 4.8 5.7 14.7 4.9 75 ·83 3.9
Ju Iy 7.2 II .2 3.2 90 90 3.2 6.7 16.7 4.4 83 83 4.5
Aug. 6. I II . I 2.9 84 84 4.6 5.7 9.8 2.4 90 76 3.1
Sept. 5.0 16.7 3.3 92 67 5.7 4.5 i3.3 3.5 84 84 3.3
Season 6.0 12.7 3. I 87 79 4.5 5.6 13.4 3.6 85 82 3.7
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Black Rock Lester Creek

T R S LI L2 F T R S LJ L2 F
June 5.3 7.8 3.8 92 100 2.5 3.2 5.3 2.9 67 87 3. I C)
J uIY 5.8 10.0 3.6 88 83 3.0 6.6 14.4 3.0 79 69 3.8
Aug. 6. I 14.3 4.7 67 74 5.0 6.2 I I .4 4.2 77 74 3.9
Sept. 5.6 10.5 4.6 100 83 4. 1 4.2 II . I 4. I 87 87 3. I
Season 5.8 II. I 4.2 85 83 3.8 5.4 11.2 3.6 79 78 3.6

Burns Junction Salmon
June 3.2 . 6.0 4.6 75 75 I. I 5. I 10. I 7.4 79 68 3.2
July 5.6 10.5 6.5 76 72 I . a 6.6 14.8 4.3 68 79 2.9
Aug. 5.2 10.0 6.4 52 52 2.3 5.6 . 12.3 4.6 77 87 3.0
Sept. 5.3 12.3 7.2 95 50 4.4 6.2 . 13. I 3.4 95 74 2.5
Season 5.0 10.0 6.3 73 60 2.2 5.9 12.8 4.9 77 77 2.8

Cha II is Stanley
June 5.6 11.5 3.3 94 89 4.4 5.5 9.6 3.6 79 86 3. 1
Ju Iy 6.8 14.4 2.8 9[) 90 5.3 6.9 15.9 4.8 86 93 3.3
Aug. 7.2 10.8 2.4 87 77 3. I 5.7 14.2 4.8 87 81 4.7
Sept. 6.2 I I .6 4.1 83 75 3.4 4.9 15.4 5.3 83 79 6.6
Season 6.5 12.1 3.1 88 82 4. I 6. 1 14.5 4.8 85 85 4.6

Boise Notch Butte
June 3.6 10.6 2.7 89 85 3.4 3.9 5.7 9.5 76 71 I .5
July 6.2 11.2 2.6 83 86 3.9 7.0 12. I 6.9 83 86 3.0
Aug. 5.8 6.2 3.4 87 81 1.2 5.5 9. I 5.5 73 73 1.6
Sept. 6.0 14.0 4.7 96 83 5.0 5. I 13.7 7.2 86 68 3.0
Season 5.4 10.3 3.3 88 84 3.3 5.5 10.3 7. I 80 76 2.3 (J

Crystal Ice Caves Rock Creek
June 4.2 9.4 5.2 50 56 I .5 4.8 8. I 3.3 93 87 1.6
Ju Iy 6.5 8.3 4.5 72 86 2.6 6.0 15.2 3.4 86 86 3.7
Aug. 5.8 7.8 5.2 65 71 2.0 5.0 9.9 3.7 87 81 3.1
Sept. 5.9 13.2 3.9 86 95 3.7 7.0 20.9 3.5 87 83 4. I
Season 5.7 9.1 4.7 69 79 2.4 5.7 13.6 3.5 88 84 3.3

Montpe Ii er Big Piney
June 4.4 7.2 5. I 100 80 0.8 5. I 9.2 7.9 75 92 3.3
Ju Iy 6. I 11.9 2.3 74 84 I .8 5.2 10.6 6. I 75 83 2.9
Aug. 6.2 12. I 4.0 76 57 3.4 5.8 11.2 4.4 79 86 3.3
Sept. 4.8 I I .5 2.0 92 92 5.8 6.9 I I .6 7.0 87 83 2.6
Season 5.6 10.9 3.5 80 73 2.6 5.8 10.8 6. I 79 85 3.0

Mammoth
June 6.2 15.2 5.5 88 65 5.2
Ju IY 6.7 12.3 4.6 62 72 3.5
Aug. 6.8 13.0 4.7 55 69 7.6
Sept. 5.6 18.6 3.2 88 81 6.2
Season 6.5 14.0 4.6 69 71 5.5
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The seasonal AFWF temperature errors were fairly consistent among the
seventeen stations. Most stations had seasonal errors between 5,5°F and
6.0o F. The extremes were 5.0o F at Burns Junction and 6,5°F at· Mammoth·.
and Chall is.

The relative humidity errors show seasonal extremes'of 9.1% at.Crystal
Ice Caves and 14.5% at Stanley. The lower elevation stations had the
smaller relative humidity error compared to. the higher ~Ievation stations.
This may be due to a "moisture lag" at higher elevations. When the LFM
prog begins drying out the atmosphere, in reality, it takes a longer time
to dry out the higher elevations as compared to the lower elevations.
Reasons for this are that the mountain stations are more susceptible to
precipitation, in occurrence, areal variabil ity,and amount, which tends
to distort the moisture Held; mountain stations have more convective
cloud activity to restrict drying as compared to the lower elevations;
and there is normally' less exposure to the free air drying wind, especially
in "tight-knit" mountain valleys, which bui Ids a longer lag into the
dry i ng pe r iod •

The seasonal wind-speed errors are considered outstanding. The greatest
wind-speed errors of 6-7 mph occurred only at the normally windier stations.
After another season of verification, a change in the constants in these
stations' wind equations' may be in order.

Eighty percent of the LAL forecasts for al I seventeen stations were
within one category of the observed LAt.,. This is felt -fo be adeCJuate con
sidering the sUbjectivity involved in observing LAL. The Fire Data' (FIRDAT)
program (Furman and Helfman, 1973),can be intercogated·to observe the
past hi·story of each station's I ightning activity levels: Thus; a
" I ightn i ng eli mato logy" ,can be deve loped for, each stat ion to mod i fy the i r
LAL forecasts in the AFWF. This hopefully wil I be incorporated into the
AFWF for 1979. . '.'

.The IO-h time lag fuel moisture errors are good con?ider'ing that relative
humidity is.the only predictor. This speaks for the'persistent and dry
summer weather across the Boise fire weather district.

Since the AFWF only puts the LFM progs into fire weather terminology,
its performance is only as good as the LFM progs and its interpreting
technique. Thus ,the weaknesses and strengths of these two systems should
be spelled, out to the forecaster .. For example, our experien,ce' at Boise
WSFO, indi cates that the LFM progs often tend to for.ce West Coast troug'hs
inland too fast or too deep,ly. This results in excessively low height
fields and distorted moisture fields. This obviously would affect the
AFWF output. On the other hand, when the LFM prog is correct on the '
movement and intensity of inland moving troughs, the AFWF gives an
admirable account of the resultant weather change.
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Summer shower regimes .in the Boise fire weather district often originate
with moisture moving north from the Desert Southwest .. Looking at the AFWF
gri din Figure 5, the southernmost gr id po i nts are. in southwest Wyom i ng
and extreme northern Nevada. The forecaster should be sure that the LFM
progs have the moisture field initialized correctly and that its north
ward movement is at the proper speed. July 24, 1977 was a good example
of northward moving moisture not caught by the LFM progs. The LFM prog
indicated a dry and warmer forecast. Occasional showers fel lover about
half of the Boise fire weather district with some clouds and light shower
activity elsewhere. This corresponded to the largest dai Iy error recorded
by the AFWF in 1977.

This al I points to the Importance of the man-machine mix concept. The
forecaster must first evaluate the overal I weather.situation against the
expected guidance performance of the LFM progs before putting faith into
the AFWF. Of course, due to the early reception of the AFWF guidance, the
forecaster wil I have plenty of time for this evaluation.

The folloWing table shows the difference between the Boise WSFO forecast
staff and the AFWF during the 1977 fire season. The "L1" and "L2" categories
are combined into one parameter, "L", for this comparison.

-C)

AFWF and Boise WSFO in 1977

T R S L F
AFWF 5.8°F 12.0% 4.4 mph 80% 3.6 gms.
Bo ise WSFO 4.5°F 10,3% 3.7 mph 83% 3.1 gms. (JDi fference 1.. 3°8 1.7% 0.7 mph 3% 0.5 gms.
% Improvement 22.0% 14.0% 15.0% 3% 14.0%

A m<ljor weakness of fhe.AFWF is its ha·ndl ing ofrel<ltive humidity ana
temperature when showery weather hangs in over the fire weather district
for several days. The LFM and AFWF grid lengths are too large to completely
handle the variabi I ity that relative humidity and temperature experience in
such varying precipit<ltion and cloud-cover regimes. In these cases, the
fire weather forecaster would be wise to use the AFWF with caution.

Since the Boise WSFO does not verify the "present-weather" forecast, the
"W" parameter, no eV<lluation is.presented. However, the AFWF "present
weather" forecasts were compared to the actual observations on a seasonal
.basis. They were broken down i~to the number of wet and dry forecasts
that verified. Seventeen percent of the wet forecasts verified and 97
percent of the dry forecasts verified. The low verification of the wet
forecasts rests in the I imited forecasting technique used by the AFWF and
in the fact that precipitation must be observed at the 1400 MDT observa
tion time for a wet AFWF to verify. Such verifying stringency speaks for
itself.

V I. CONCLUS ION

For the first time, the Automated Fire Weather Forecasts provide the
fire weather forecaster with a definite set of fire weather forecast
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guidance. Its comparable performance with the Boise WSF-Q forec~st staff
during the 1977 fire weather season dictates its usefulness as fire
weather forecast guidance. In addition, the early reception of the AFWF
guidance provides plenty of time to evaluate it and to investigqte other
synoptic and sUbsynoptic weather events that may be affecting the fire
weather district during the forecast period.

·VII. EXTENSION

A more advanced technique to develop fire weather forecast gUidance is
to use Model Output Statistics (MOS) (Glahn, et al., 1972a) for each of
the seventeen verifying stations.. With the advent of AFFIRMS and FIRDAT,
station climatology for Fire Wea+her/~ire Danger stations is being com
pi led for use In the MOS technique. However, the time and computer
capab iii ty for such a task are not ava i Iab Ie at the WSFO Ieve I. Unt i I
then, modifications and sophistications of the current AFWF equations can
be made as experience is developed with the system.

VI I I• ACKNOWLEDGMENTS

Special acknowledgments go to Sandra Ferderber for her typing of this
paper; to Donna Evans and Rebecca Bates who helped process the verifying
data; to John C. Plankinton, Jr., whose programming expertise helped in
the writing of the AFWF program; tq John Gilbert whose general assistance
with the Boise WSFO minicomputer proved most valuable; and to Leonard W.
Snellman for his useful comments.

IX. REFERENCES

Cramer, Owen P., May 1961; Preqicting Moisture Content of Fuel-Moisture-
Ind icator-Sfi cks.· Pac if ic Northwest Forest and Range Exper imentStat ion,
Portland, Oregon, Research Paper 41, 13 pp.

Deeming, John E., Burgan, Robert E., Cohen, John D., 1977: The National
Fire-Danger Rating System - 1978. USDA Forest Service General Technical
Report, INT-39, p. 19.

Fosberg, Michael A., June 1977: Forecasting the la-Hour Timelag Fuel
Moisture. USDA Forest Service Research Paper, RM-187, 10 pp.

Furman, R. William, and Helfman, Robert S., 1973: A computer program for
processing historic Fire Weather data for the National Fire Danger
Rating System. USDA Forest Service Research Note RM-234, 12 pp.
Rocky Mountain Forest and Range Experiment St~tion, Fort Collins,
Colorado. .

-15-

----_~_-------_.._--



George, J. J., 1960: Weather Forecasting for Aeronautics, Academic Press, ,(,'
pp. 409-41 5. " )

Gift, ~rank C., 1977: Forecasting 10-Hour Timelag Fuel Moisture. Un
pUbl ished paper given at Western Region Fire Weather Forecasters
Conference, Sacramento, Cal ifo'rnia, 6 pp.

Glahn, H. R. and Lowry, D. A., 1972a: The Use of Model Output Statistics
(MOS) in Objective Weather Forecasting. Journal of Appl ied
Meteorology, Vol. II, pp. 1203-1211.

Helfman, Robert S.; Deeming, John E.; Straub, Robert J.; Furman, R./Wi II iams;
1975: User's Guide +0 AFFIRMS: Time Share Computerized Processing
for Fire-Danger Rating. USDA Forest Service General Technical Report,
RM-15, pp. 3.1-3.2.

Hess, Seymour L., 1959: Introduction to Theoretical Meteorology, Holt,
Rinehart and Winston, New York, pp. 46-51.

MacDonald, Alexander E., 1975: Modification of Moisture Fields by Vertical
Motion. Western Region NWS Technical Attachment No. 75-24, National
Weather Service Western Region, Salt Lake City, Utah.

McCoy, James J. and Gift, Frank C." 1974: A Method for Forecasting
Lightning Risk in the Boise Fire-Weather District for the National
Fire-Danger Rating System. Paper presented at the Third National,
Conference on Fire and Forest Meteorology of the American Meteorol'ogical::~
Society and the Society of American Foresters. National Weather
Service, WSFO Boise, 46 pp.

National Weather Service Forecasting Handbook No. I, Facsimi Ie Products,
July 1976: National Weather Service, Washington D.C., p. 8-1.

oisen, David E., 1969: Forecasting Maximum Temperatures at Helena, Montana.
Western Region Technical Memorandum WR-43, National Weather Service
Western Region, Salt Lake City, Utah.

Sims, J. R., June 1973: An Objective Method of Preparing Cloud Cover
Forecasts. Journal of Appl ied Meteorology, Vol. 12, No.4, pp. 726-728.

-16-

:.~



o o • o

'.
\

R«.,Ylf"';\
.yIn'"'' \,

~.

\

14
~

""1.1/11

~.........~
• •
f'./~'"

<I\~::z: -
<t:~

t1~
M.,.mud" ;1•fllJl'#'

CA••,," 11_•or I#J.I~

13

1!IIo,$•/t1~#"

10

~
1t1:J~A9

"""'.. lit:. ~".,." .ar.• e u .
//1,14/,,/ /63U185"..", ,tIr.•/o3Z'"

J'..~~
~S'~iuhl1

12"'"/It....,,"" ~9
,fl".;,.r.. • .~

QRE.&llN I IDAHll • ~ ",,w~ .....,~ I'/A~d' ~1",;;;.::,.:.:.:~ .JIL_"';/:::/1~to/~~~_... _' /Dt
2t1

( -
} --_..

631

--J
I

~HS1,1.,-.
~S3""

~""'bl>c
.~"9

1
FIGURE I. MAP OF BOISE FIRE WEATHER DISTRICT. UNDERLINED STATIONS IN EACH ZONE ARE THE ZONE'S VERIFYING STATION.



A'I!J:,f;. r (Zo>JF.5 411 -41'-)
n:>AlI';'MT •••

-----l(~)

A,(l DISP~SAI.. ••• TONIGIIT '~elQou..)_~ L"L _

%DIE. !2, 1"1- I~ Z3 P.t ..,p. . Tt!-P ~ ~ 32- ab
TMP ~H ....0 001 O·,l. "II;. ..,,, V'M/ ,,,oJ AL Tl. FI'I

4\1 4 I~ O. 0 M ..., ..., ...,
41:2- ~ 13 0 0 M M III M
41" ~ 13 0, ,0 M M ..., M
414 4 3 0 0 1'/ .. M 1'/
41$ 4 13 0 0 .., M M M,
"III. 14 I~ 0 0 M 1'1 M N\

A«J;A It (z:o.,£-:, "\:Oe.. 41 0 Ii' 1,,37)

ro~tc:;tJr •••

----~'/)

AIR. or;~L ... TO'l,GoHl_:.- TO<'t'OitC1.~ lAL _

zoNt ,!.e J4 19 ~~ !"ot 1<:-"" n p IE 1+ ' ze !Z ~;:.TMP 1<1\ WIlD 0-1 pO;; "'I>¥ ... ,,, ""'. MIN' AL. Tl.
1037 b 13 0 0' fotl 10'1 1"1 1M
408 14 13 a 0 M M' M :1'
40Cf 4 II?> 0 0 1"1 II" 1M I"
41" 4- ~

-, 0 0 , ~

"
II" II"

ARE.,.. m:. (ZONEs 401 -407)

7O'l11O.UT • ••

~---~)

A,re. D,!:REJl.SAL. ••• lbt-llGHT "'"lD'NIoeecw LAL _

"'ON" , '0 1"1 19 23 p~ c.,P. 'l"i; P , ~ H 12.8 32- '31"
"'" , , ~ Ifijj(O I ~COf D·:z. ..., '0'" "'.. ,.."oJ L L.

401 4 I~ 0 0 N\ M M M
4020 i I~ " " M M M M'

4"3 "I 13 " a M M M ,..,
404 4 13 0 0 M '" "', M
"\05 "! I~ 0 0 M M M M
40(" 4 13 0 " M "I "" M

401 "\ I~ " " M M {oJ\ M

FIGURE 2. WSFO, BOISE FIRE WEATHER FORECAST FORM.

-1'3-

,',J
"

o



Fi re Weather Verifying Elevation Upslope Wind (mph)
Zone Stati on (meters)
401 McCa 11 1508 SW 3.7
402 Chamberlain Basin 1730 SW 6.8
403 Cascade 1424 W 4.3
404 Lester creek 1448 SW 6.5
405 Salmon 1290 SW 5.6
406 Challis 1553 NE 2.6
407 Stanley 1886 N 6.3
408 Boise 851 NW 6.9
409 Notch Butte 1272 SW 6.2
410 Cyrstal Ice Caves 1548 SW 4.3
411 Island Park 1885 SSW 5.9

() 412 Rock Creek 2010 NW 7.2
413 Montpelier 1783 S 4.5
414 Big Piney 2046 SW 5.1
415 Black Rock 2040 W 4.2
416 Mammoth 1872 NW 3.2
637 Burns Junction 1185 NE 8.0

FIGURE 3. VERIFYING STATIONS, ELEVATIONS, AND UPSLOPE WINDS.
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R ." L1 L2 F'-'
-::. 7 1 'j 0'- '-

1 2 1 -::. 0'-

2 4- 1 2 0
-2 1 1 2 0

0 0 2 2 0
1 4- 2 2 0
2· 'j 2 2 0'-

0 0 'j 2 0'-

0 1 2 2 0
5 5 1 2 0
1 1 1 'j 0'-

4· -2 1 2 0
3 2 2 2 0
5 2 2 'j 0'-

3 1 'j 2 0'-

3 0 2 2 0
1 1 1 2 0

1
o
o
o
o
o
o
o

1
2

2

2
o
1

2

2

1,1
401 1
402 1
40:3 1
4-11 1
415 1
404 1
~ 'j,? 1_, __, I .
405 1
406 1
407 1
408 1
409 1
410 1
412 1
413 1
414 1
416 1

-PEAl'"
5 DATA 583,578,584,583,580~58S,584~576,57~,580,578,577

E, IlATA- 5:30!' 581, :31~:, :31 0, :314, 31:3, :311, :315, :31:3!'-:306",:=:07, :309-,30'3
7 DATA- 310. :311. 311 • 101 O. 1010. 1010. 100';:', 1009-,0 10 O',h 1 007. 1 00:3
8 DATA 1007,1004,1005,1008.1005.1005
9 DATA- .. 4-, .. 4·, .. 3, .. :3, .. 4,. :3,. 4!'. 4,- .. 4, .. 4,..4, .. 5,". 4, .. 4
10 DATA- 8.12.8,13
RUtl

BDT FI RE t..IX FeST FOP. 8 ./ 13 /77
T

+READY
5 DATA--· 571,57"6-,575,577,5"82,5"81, 58:3, 6_5'~~,570, 570,,571,578
6 DATA 575.57:3.30,;.3 O'?-.:3 0';'. 310.312,312.31:3. :306.:307.308..308
7 DATA- 31 0 .. 31 0.311 , 1 005. 1 004.. 1 012·. 1 007, 1 011 • 1 007..t 0O~d 01';
8 DATA- 1012.1016.1011,1008,1011,1008 _
'3 DATA- .. 5, .. 5, .. 4·,". 5", .. 6·,. .. 5, .5, .. 5, .. :3-, .4-, .. 9-, .. 8·,-. 7, .. 8·
1 0 DATA 7. 1 .7, 2
RUtl

Bor FIRE WX FeST FO~ 7 / C /77
1,1 T R S L1 L2 F

401 :3 -15 15 -3 2 3 1
402 8 -18 20 -'3 .-, :3 2~,

40:3 'j -15 17 0 2 3 'j'-' '-
411 6· -13 35 -2 3 4- !'i'
415 6 -13 :36· 0 3 4 6-
41)4· '3t . -·13 20 -5 3 4· 3
h'-'''''' -::. -1:3 11 3 3 :3 1- .,;. j '-
405 2 -17 14 -1 3 :3 2
406 'j -17 15 -1 3 :3 2'-

407 .~ -14- 23 -3 3 4 4-
408 '?- -1:3 16- 0 :3 4 2
409 9· -14· 21 -1 3 5 3
410 '?- -16 ....... -5 'j 5 4Co_I ..,
412 '3, -14 27 -1 'j 5 5..,
413 ,=< -12 24· -1 --. 5 4.~

414 '?- -12 25 -2- 3 .... 5'-'41E, 6 -·16 30 0 :3 5 6·

JFIGURE 4, AFWF DATA AS ENTERED INTO COMPUTER AND RESULTANT PRINTOUT.
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AUTOMATED FIRE WEATHER FORECAST WORKSHEET

DAY 1--12-HR LFM

POINT

500-MB
HEIGHT 5 DATA

700-MB
HEIGHT 6 DATA

700-MB
R.H.** 7 DATA

SURFACE
PRESSURE 8 DATA

DATE 9 DATA
Month/Day

2 3 4 5 6 7

DAY 2--36-HR LFM

POINT

500-MB
HEIGHT 15 DATA

700':'MB
HEIGHT 16 DATA

700-MB
R.H.** 17 DATA

SURFACE
PRESSURE 18 DATA

DATE 19 DATA
Month/Day

-
1 2 3 4 5 6 7

**NOTE: R.H. MUST BE ENTERED IN TENTHS, I.E., 70% EQUALS .7.

FIGURE 6
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AFTERNOON COMPOSITE AID
FOR PREDICTING TOMORROW'S 4:30 P.M. FUEL MOISTURE
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FIGURE 9, CRAMER'S AID FOR DRYING OUT THE IO-HR TIME LAG FUEL MOISTURE
STICKS AFTER PRECIPITATION .
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