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AUTOMATED FIRE WEATHER FORECASTS 

Mark A. Mollner and David E. Olsen 
National Weather Service Forecast Office 

Boise, Idaho 

ABSTRACT. The Automated Fire Weather Forecast CAFWF) 
is a computer program designed to forecast seven of 
the eight fire weather forecast parameters issued 
daily during the fire-weather season at the Boise 
Weather Service Forecast Office CWSFO). The program 
uses the Limited Fine Mesh CLFM) 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
w~ather forecast is issued to the fire-control agen­
cies. This gives the fire-weather forecaster plenty 
of time to ana I yze and proces's the guidance forecast 
and extra time to concentrate on the more difficult 
forecast problems. 

I. INTRODUCTION 

The main fire-weather forecast issued by Boise VJSFO for their fire­
weather district (Figure I) is at 4 p.m. MDT daily 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 
seventeen zones. General worded forecasts are issued for each area and 
more specific numbered forecasts, in the form of eight fire-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 Activi~y Level CLAL) 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 tal 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 Silent 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 WMC) and to forecast 
the fire-weather observation for today (Day I) and tomorrow (Day 2) at 
seventeen verifying stations. By subtracting the former from 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. The two-period LAL forecasts are b~sed on each of the 
progs, respectively, while the state-of-the-weather forecast is based 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 Boise WSFO 
and the way that they are entered into the Administrative and Forest Fire 
Information Retrieval and Management System (AFFIRM$) (Helfman, et al, 
1975) time-share computerized system for the National Fire Danger Rating 
System (NFDRS) <Deeming, et al, 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-kPa height, 70-kPa height, 
relative humidity, and sea-level pressure fields are written directly ont0 
the AFWF worksheet (Figure 6). The forecaster, or forecaster aide, only 
takes a few minutes to move the grid from panel to panel on each prog while 
recording the data onto the AFWF worksheet. This, along with the month and 
day of each prog, is the sole input into the computer prcgram. Since the 
LFM prog series is received by I 100 MDT on the forecast day~ the computer 
run can easily be made by 1200 MOT--four hou~s before the scheduled issu­
ance cf the main fire-weather forecast. 

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 useof 
the gridded height fields extracted from the LFM progs and the hypsometric 
formula, the temperature at 85 kPa and 70 kPa can be computed as follows: 

(H5) X .34 

In Ps/500 
( 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 r~te of 3.5°F/IOOO feet, which 
approximates 2°C/IOOO feet, and a difference of 8000 feet between the 
70-kPa and 50-kPa surfaces, the 50-kPa temperature can be approximated 
sufficiently wei I by subtracting I6°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 the 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) 1 This corres­
ponds to the 1000-450 mi II 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 

- 21 .65 

RH = rel~tive hymidity at 70 kPa 
T = temperature at 70 kPa 

(2) 

Using the dew-point temperature lapse rate of I°F/IOOO feet or .55°C/ 
1000 feet and a difference of 5000 feet between the 70-kPa and 85-kPa 
lev~ls, the 85-kPa dew-point temperature can be ~pproxjmated by adding 
3°C to the just computed 70..-kPa dew-p9int temperature. 

Finc:JIIy, the K-stabi I ity index <-George, 1960) is computed from the above 
calc~lated data. 

K stabi I ity = (85-kP;;:J Temperature + 85-kPa· dew point) - (3) 
(70-kPa dew-point depression) -
(50-kPa temperature) 

The above calculations ~recomputed from the 12-h LFM prog for Day I 
and from the 36-h LFM prog for Day 2. These progs verify at 1800 MDT on 
each of the days, respectively. At this point, the following meteorolo­
gical data are avai !able for use at each of the seven grid points for the 
two days. 

I. Se~-level pressure. 
2. Relative humidity at 70 kPa. 
3. Temperature at the 85-kPa, 70-~Pa, and 50-kPa levels. 
4. Dew-point temperature at the 85-kPa and 70..-kPa levels, 
5, The K-st9b iIi ty index. 

IV. FORECASTING THE SEVEN FIRE WEATHER PARf\METERS 

The above meteorological data are now used to forecast the seven fire­
weather parameters. Each of the parameters wil I be discussed separately 7 
For the convenience of presentation, the forecast parameters are discussed 
in a different order than they appear on the forecast form (Figure 2). 
Radians, not degrees, are used in alI trignometrlc functions. 

I. Lightning Activity Level (LAL) 
' ' . 

Lightning Activity level is a numerical rating of I to 6, keyed to the 
~tart of thunderstorms and the frequ~ncy and character of c I oud-to-ground 
I ightning, forecast or observed on a rating area (an area 25-30 miles in 
radius) during a rating period (Deeming, eta!, 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 i~'s a special and significant event 
characterized by a "I ightning bust", it's a rare event and does not fit 
systematically into the other LAL categories. 
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The forecast of LAL is based .on a Boise WSFO fire weather forecast study 
by McCoy and Gift ( I 97 4) . The study found a fair corre I at ion b.etween K­
stabi I ity indexes, day! ight cloud cover, and LAL. To allow 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 
simp! ify the programming, an equation, to cover not only the above four 
months but ~lso 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-cov~r amount over Idaho. 
The relative-humidity Qnd 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 reality 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 

COS (.Oix((Mx30) + n -210))) + SJN3 2 (RH- . I) 

Time-of-year term cloud-cover term 

K = K-stabi I 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. 

(4) 

The K and RH va I ues are an average of surrounding K and RH va I ues 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 cloud-cover and time-of-year terms are tabulated 

below:Cioud Cover Time of Year 

RH s i n3 2 ( RH - • I ) Month/Day cos (. 0 I x ( ( Mx30) + D - 21 0)) 

.I 0 May I .83 

.2 0 May 15 .90 

.3 .1 June I .96 

.4 ·.2 June 15 .99 

. 5 .4 . J u I y I I .00 

.6 .6 J u I y 15 .99 
• 7 ·. 8 August I .95 
.8 I .0 August 15 .90 
. 9 I .0 September I .82 

September 15 .73 
October I .61 
October 15 .50 
October 31 . 35 
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I~ can be readily s~en that as the amount of cloud cover increases, i.e., 
the moisture in the 100- to 45-kPa interval increases, the more contribu­
tion the cloud-cover term wi I 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 day! ight hours. decrease in "the 
fa! I, ·~t scale~ th~ LAL forec~st down rapidly. 

Befor~ the K-stabi lit~ index is used in the LAL equat~on, a corre~tion 
for elevation is added. on;·· This is to take into account that mountainous 
terrain ~cts a~ an elevated heat source. The correction Is (h/1000 x 3), 
wh~re h is the station elevation ~n meters. 

LAL forecasts are computed for two periods--1400 MDT to midnight on the 
day of the forecast and from midnight to midnight on the fol ldwi~g da~. 
The fi~st perrod LAL is fbr~cast from the 12-h LFM prog, and corresponds 
to 11 LI" in the computer printout. The second period LAL forecast comes 
from the 36:...h LFMprog 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 foreca~t. State-of-the~weather categories are: 

0 tlear (less than 1/10 of sky cloud covered) 
I Scattered clouds ~I to 5 tenths cloud coverd) 
2 Broken c lauds (6 to 9 tenths doud covered) 
3 Overcast (more than 9 tenths c I cud ·covered) 
4 Foggy 
5 Dri :z:z I i ng or misting 
6 Raining 
7 Snowing or sleeting 
8 Showers (in sight or reaching Braund at station) 
9 Thunderstorm (I i ghtn i ng seen or thunder heard). 

Categories 4, 5, and 7 are not forecast by the AFWF. The occurrence of 
these is fair I y rare. It is hoped, however, when I arger computer storage 
is available, that category 7 can be added, Since upper-air temperatures 
are calcUlated~ a freezing le0el can be computed and.then evaluated against 
the elevation of .each ve~ifying statiori. 

On many days in the summer, air-mass characteristics of stability and 
moisture take on a greater importat~ce than surface and Upper-air charts 
CMacDona·ld, 1974):· \'lith this in mind, it was decidec,j to make the state­
of-the-weather forecast dependent upon the LAL forecast, which is mostly 
a measure of at~ospheric 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 

·. I ess, the state.;_of-the-weather category· I is forecast for 1400 MDT tomorrow. 
If the humidity forecast is great~r 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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between 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, 
is forecast. Similar relative humidity inquiries are performed on the 
other LA~ c~tegorles when they are forecast. 

Since t~e LAL and relativ~-humidity forecast are based on the 36-h LFM 
prog, the forecaster should view the state-of-the-weather forecast as 
the general weather for tomorrow afternoon and evening, a~d not necessarily 
as the terminal weather forecast at 1400 MDT. T~is becomes more evident 
on days when frontal movements and vertical velocities 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. Temperi=Jture. 

The surface temperature forecast is calculated by adjusting the already 
computed 85-kPa temperature to the altitude of each verifying station. 
This temperature is then modified by the amount of solar radiation expected 
on the particular day. The a~ount of solar radiation avai !able for warming 
on any day is dependent upon the time of the year, the amount of cloudiness, 
and the stab! I ity Qf the lower atmosphere. This technique w~s originated 
by 0 I sen ( 1969) . 

The temperature equation reads: 

T = T + (I 500-h ) X 10 + [2A 2 (I . 09- RH ) 
85 1500 

l 4., v I ~ 

Altitude Solar Cloud 
C:orrection Radiation Cover 

T85 =Temperature at the 85-kPa level. 

h = Station elevation in meters. 

X C I - coto)] 112 

~ 

Stability 

A = .7(80 + 60sin(.02CMC30)) + D 

M ~ Month of year 
D = Day of month 

120)), solar radiation 
var iab I e. 

( 5) 

RH =Mean relative humidity in the 100- to 45-kPa interval. 

o The acute angle between the 85-kPa level and the I ine 
drawn between the 85-kPa and 70-kPa temperatures 
(Figure 7). 

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

The ideas behind modifying the amount of solar radiation avai !able by 
cloud cover and the stabi I ity of the lower atmosphere are straightforward. 
As ~loud cov~r increases, the amount of sunshine received is reduced; 
thus, lowering the maximum surface temperature. The less stable the 
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lower atmosphere, the more mJxJng of the lower atmosphere; thus, the more 
energy needed to attain a given maximum surface temperature. 

Looking closer at the cloud-cover term, it's readily seen that it does I ittle 
to alter the solar radiation unti I at least five-tenths of the sky is cloud 
covered. In I ike manner, the stabi I ity term only becomes significant when 
the 85-kPa to 70-kPa lapse rate exceeds the standard atmospheric lapse ~ate 
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 stability 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 arid Day 2. Day I is then subtracted from 
Day 2 to obtain the forecast maximum-temperature change. 

4. Relative Humidity. 

The first step in forecasting the surface relative humidity is to acjjust 
the already calculated 85-kPa dew-point temperature to the ~ltitude of 
each verifying station. This is accomplished by ~pplying an altitude 
correction term to the 85-kPq temperature: 

Surface dew-point temperature = 85-kPa dew point + (6) 
((3000 -h)/3000)) X 10 

h = station elevation in meters 

The Clausius-Clapeyron equation is used to combine the surface dew~point 
temperature with the previously calculated surface dry-bulb temperature to 
arrive at the relative humidity. 

Surface RH = 25420.51 (.00366- l/Ta) + I .81 

25420.5!(.00366- 1/T) +' 1.8! 

Td = surface dew-point temperature 

T = surface dry-bulb temperature 
2 =the exponential function, 2~7!38 

X !00 (7) 

Again, the above relative humidity calculation is made for each verifying 
station for Day I and Day 2. The Day I humidity value is subtracted from 
the Day 2 value to obtain a forecast relative humidity change. 

5. 10-h Time Lag Fuel Moisture. 

Fosberg (!977) 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 fuel 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 alI these, relative humidity and 
precipitation duration play the dominant role in determining the molstu~ 
content of the 10-h time-lag fuels. 

Cramer (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 whl le Fosberg appl les 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 forecasting precipitation duration and amount is self­
evident, especially when the variabl 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 accomplished by writing an equation for Fosberg's table of potential 
10-h time lag fuel moisture values. In analyzing the table, It was decided 
to Ignore the effects' of 'temperature. Looking at alI humidify values (except 
100%), It's observed that the fuel moisture wl I I change only 2 grams or 
less as the temperature changes from 30°F to 100°F, For the purposes of 
the AFWF, this change was considered Insignificant. The equation Is: 

10-h Time Lag Fuel Moisture = ~3RH 
~ 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 ln the two is the 10-h time lag fuel moisture fore­
cast change. 

Although precipitation duration and amount are disregarded In the AFWF, 
there are forecast guides aval !able 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 led 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 applied for each fire weather statlon as the need 
arises. 

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 wind~ at the seventeen verifying stations~ 
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The normal, afternoon upslope winds were determin~~ by looking up past daily 
weather maps on summer days when surface-pr(jlssure gradients over the Boise 
fire weather 9istrict were at ~ minimum. Ten such oai ly weather maps were 
used. The observed wind ~peed an9 dir~ction for th_e~e d?lys were then ob­
tained from the actual fire 'feather ot)servati0n9 for each qf the seVE;lnteE?n 
verifying stations. These were averag~d, and ~lven ~slight e~pirical 
modification. The upslope win'ds were then broken down into IT and ?i compo­
nents. In the final wind equation thes~ components are modified by the 
forecast cloud cover. A I ist of the seventeen stations and their upslope 
winds are in Figure 3. 

The transfer of momentum of upper-level winds to the sur-face i~ a function 
of the stabi I ity of the lower atmospher-e and the magnituc;le of the winds 
at the 70-kPa level. The lower atmqspheric stabi I ity is determined as in 
the section on temperatur~. Again, it's a fu~~tlon of th(;3 temperature 
difference between the 85-kPa and 70-kP~ levels. 

The 70-kPa wind speed i~ computed by u~ing the 70-,.kPa height fi~ld from 
the numbered grid (Figure 5~ and the gijostrophi~ ~ind eq~ation, The 
70-kPa geostrophlc wind speed~ are ca1culated at pqlnts A. 8, and C shown 
on the numbered grid in Figure 5. 

The geostrophic wind is seated down by a transfer of momerrntum coefficient. 
This coefficient is determined by how susceptible each verifying station 
is to receiving winds aloft, i.e., its elevqtion anq wh€1ther it's located 
in a wide op(;3n valley~ suc;h as the Snake Ri\:'Efr Valley, or in a "tight-knit" 
mountain enclosed valley. The pro:;.:imity of the f.ire weather stc:Jt.ion tc:.> 
points A, B, or G d(;3termines whlch geostrophic vdnd is used in. that station's 
wind-speed calculation. · · 

As with the geostrophic wind, surfac~~pressur~ gradients are com~~ted only 
for points A, B, and C. The pressure gradient used is based on each station's 
proximity to points A, B, or G.· 

A IT and~ comp0nent of the s~rface-presswre gr9dient is calculated for points 
A, s_ and C by using the s~a-level pressure data from the sev~n grid points. 
Since most weather stations are more susceptible to stronger winq speeds 
from certain directions, the D and t components are multiplied by constants 
tal lored to take this into account. These componentp are then adjusted by 

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

This last wind speed is adjusted by the trqnsf13r of momentum of the 70~kPa 
geostrophic wind to arrive at the wind-;;peed forecast. Forecqsts are com,­
puted for Day I and Day 2, the difference being the foracast chang~ fn 
wind speed. · 
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. . 

The formulas are as follows. 

Wind Speed = [{cx(Pxi-~xj) +"tic 1.09-RH2)}2 
t· 

{c (P -P ) +~(I .09-RH2)}2] 1/ 2 + 
y ym yn, . 

(2A(I-cot8))l/? · h 2 
[ 89{(3000( l-cot8) } + 3000] Vg ll 

Where, 

c x' 

p 
Xi' 

p 
ym' 

cy 

p 
xj 

p 
yn 

•\ 

constants used to adj~s} 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 c;omporients·· of the ups I ope wind. u, v 

RH 

A 

cot8 

h 

relative humidity at the 70-kPa level. 

equals 7(80 + 60 SIN(M(30) + 0~120)(1 .09-RH2), 
the expected s·o 1 ar radiation . 

slope of temperature sounding between the 85-kPa and 
70-kPa levels. 

station elevation in meters. 

Vg m·agn'itude of the' geostroph k wind 

{(G .-G .)2 + (G -G )2}1/2 
Vg = 2_ [ x 1 XJ ym y n ] 

f d 

where, g = the force of gravity. 
f = Corio! is effect at. Lat. 43°18 1 3011 

G ., G . =values ot 70-kPa heights at points i, j, m, n. 
XI Xj 

G G ym' yn 

d = distance between grid points 
1 

transfer of momentum.coefficient. 

V. VERIFICATION 

Each day during the 1977 fire weather season, the fire weather forecaster 
filled out an AFWF worksheet using the 12-hour and 36-hour LFM progs from 
the 12Z NMC computer run and the scaled, gridded overlay map. Obviously, 
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those days were omitted or which the LFM progs wer~ not received or were 
only partially avai !able. The 1977 season's data were then run through 
the AFWF program in the fa I I and winter 0f 1977-78. 

Two program runs were made. After verification of the first rwn, minor 
changes were made to some equations. A second computer run and Merification 
were then cqnducted. 

It should be noted that two somewhat different LFM progs were used in 
verifying the AFWF. On September l, 1977, the LFM pr9g received a reduction 
in grid length. This "new" prog was coined the LFM-1 I prognosis. Thus, 
the 1977 verification incorporated three months (June-August) of the "old" 
LFM prog and one month (September) of the LFM-1 I prog~ It wll I be interesting 
to see if any improvement in the AFWF wil I be noted in the 1978 firelt{eather 
season when the LFM-11 progs will be used for the entire set;Json. 

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 follows. The 
n\Jmbers under the "LI" and the 11 L2" headings are the percentage of the AFWF 
LAL forecasts which were either equal to or lt{ithin one category of the 
observed LAL. AI I other numbers are the average AFWF error versus the 
actual observed weather observation. No monthly or sea~onal 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 Speed, Ll = Lightning 
Activity Level 1400 MDT -midnight, L2 = Li g htn i ng Activity Level 
midnight-midnight (Day 2), F = I Q-h Time Lag Fue I Moisture 

McCa L1 Chamberlain Basin 

T R s Ll L2 F T R s Ll L2 F 
June 5. l 13.0 3.4 85 70 5.3 4.3 10.4 4.7 94 78 4.3 
July 7. I 14.7 4. I 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. I 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 14.1 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 
July 7.2 I! .2 3.2 90 90 3.2 6.7 16.7 4.4 83 83 4.5 
Aug. 6. I I I • ! 2.9 84 84 4.6 5·. 7 9.8 2.4 90 76 3. I 
Sept. 5.0 16.7 3.3 92 67 5.7 4.5 13.3 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 Ll L2 F T R s Ll L2 F 
June 5.3 7.8 3.8 92 100 2.5 3.2 5.3 2.9 67 87 3.1 
J u I y 5.8 10.0 3.6 88 83 3.0 6.6 14.4 3.0 79 69 3.8 
Aug. 6.1 14.3 4.7 67 74 5.0 6.2 I I . 4 4.2 77 74 3.9 
Sept. 5.6 I 0. 5 4.6 100 83 4.1 4.2 II. I 4.1 87 87 3.1 
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 10.1 7.4 79 68 3.2 
J u I y 5.6 10.5 6.5 76 72 1.0 6.6 14.~ 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 13.1 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 l I'i s Stanley 
June 5.6 II .5 3.3 94 89 4.4 5.5 9.6 3.6 79 86 3. l 
July 6.8 14.4 2.8 90 90 5.3 6.9 15.9 4.8 86 93 3.3 
Aug. 7.2 10.8 2.4 87 77 3.1 5.7 14.2 4.8 87 81 4.7 
Sept. 6.2 II. 6 4. I 83 75 3.4 4.9 15.4 5.3 83 79 6.6 
Season 6.5 12. I 3.1 88 82 4.1 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 1 :5 
July 6.2 II. 2 2.6 83 86 3.9 7.0 12.1 6.9 83 86 3.0 
Aug. 5.8 6.2 3.4 87 81 1.2 5.5 9.1 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 

Cr:tstal Ice Caves Rock Creek 
June 4.2 9.4 5.2 50 56 I .5 4.8 8.1 3.3 93 87 1.6 
J u I y 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. l 
Sept. 5.9 13.2 3.9 86 95 3.7 7.0 20.9 3.5 87 83 4.1 
Season. 5.7 9. I 4.7 69 79 2.4 5.7 13.6 3.5 88 84 3.3 

Montpe I i er Big Piney 
June 4.4 7.2 5. I 100 80 0.8 5. I 9.2 7.9 75 92 3.3 
July 6.1 I I . 9 2.3 74 84 1.8 5.2 10.6 6.1 75 83 2.9 
Aug. 6.2 12.1 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 II. 6 7.0 87 83 2.6 
Season 5.6 10.9 3.5 80 73 2.6 5.8 10.8 6.1 79 85 3.0 

Mammoth 
June 6.2 15.2 5.5 88 65 5.2 
J u I y 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 
6.0°F. The extremes were 5.0°F at Burns Junction and 6.5°F at Mammoth 
and Challis. 

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 elevation 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 variabi I ity, and amount, which tends 
to distort the moisture field; mountain stations hav12 more convective 
cloud activity to restrict drying as compareo 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 
drying period. 

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 alI seventeen. stations were 
within one category of the observed LAL. This is. felt :fo be adequate con­
sidering the subjeCtivity involved in observing LAL~ The Fire Data CFIRDAT) 
program (Furman and Helfman, 1973) can be interrogated to observe the 
past history of each station's I ightning activity levels. Thus, a · 
"I i ghtn i ng c I i mato I ogy~' can be deve I oped for each station to modify their 
LAL forecasts in the AFWF. This hopefully w'i II be incorporated into the 
AFWF for 1979. . . 

The 10-h time lag fuel moisture errors are good considering 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 experience at Boise 
WSFO indicates that.the LFM progs often tend to force West Coast troughs 
inland too fast or too deeply. 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 co'rrect 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 i~ the Boise fire weather district often originate 
with moisture moving north from the Desert Southwest. Looking at the AFWF 
grid in Figure 5, the southernmost grid points are in southwest Wyoming 
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 I over about 
half of the Boise fire weather district with some clouds and I ight shower 
activity elsewhere. This corre~ponded to the largest daily error recorded 
by the AFWF In 1977. 

This alI points to the importance of the man-machine mix concept. The 
forecaster must first evaluate the overql 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 wi I 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 "LI" and "L2" categories 
are combined into one parameter, 11 L", for this comparison. 

AFWF and Boise WSFO in 1977 

T R s L F 
AFWF 5.8°F 12.0% 4.4 mph 80% 3.6 gms. 
Boise WSFO 4.5°F 10.3% 3.7 mph 83% 3.1 gms. 
Difference 1.3°G I. 7% 0.7 mph 3% 0.5 gms. 
% Improvement 22.0% 14.0% 15.0% 3% 14,0% 

A major weakness of the AFWF is its hand! ing of relative humidity and 
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 varlabl I ity that relative humidity and temperature experience in 
such varying precipitation 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 evaluation is presented. However, the AFWF "present­
weather" forecasts were compared to the actual observations on a seasonal 
basis. They we~e broken dawn into 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. 

VI. CONCLUSION 

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 comparab~e performance with the BoisEl W~F-0 forecast st9ff 
during the 1977 fire weather season dictat~s 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 investigate other 
synoptic and sub~ynoptic weather events that may be affecting tha 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 Weather/Fire Danger stations is being com­
pi led for use in the MOS technique. HoW?Ver, the time and computer 
capabi I ity for such a task are not available at the WSFO level. Until 
then, modifi.cations and sophistications of the current AFWF equations 9an 
be made as experience is developed with the system. 
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Fire Weather Verifying Elevation Uesloee Wind (mph) 

Zone Station (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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~EA!I'r' 
s DATA ss3~s7e,ss4,583~sao~sss~ss4,576~574~seo~s7a~s77 
6 DATA- sao~sst,3t3~31o~314~313,311,315~313,306~3o7,30~~3o~ 
7 DATA- :31 0 ~ :311 ~ :311 , 1 01 0, 1 01 0 ~ 1 01 0' 1 0 0'?, 1 0 09-, 1 0 0'3, 1 0 07 ~ 1 0 0:3 
a DATA 1007,tOo4~1oos,toos,1005·1005 
9 DATA· • 4-, II 4·~ D :3' a :3 !f a 4-~ a :3 !f • 4 !f • 4 ,. II 4' a 4,. a 4 !f II 5· !f a 4' II 4 
10 DATA- E:, 12'8' 13 
RUf'i 

BOT FIF?E t..IX FCST FOP. :3 / 13 ... ··77 
1.~1 T R 

----
._;. L1 L2 F 

401 1 2 2 7 1 .-. .:: 0 
402 1 1 1 2 1 2 0 
40:3 1 2 .-. .:: 4-- 1 2 I) 

4-11 1 2 -2 1 1 2 I) 

415 1 2 0 (I 2 2 0 
404 1 0 1 4- 2 2 0 
.:.37 1 1 2 2 2 2 (I 

405 1 2· 0 0 2 2 (I 

406 1 2 I) 1 2 2 0 
4-07 1 1 5 5 "1 2 0 
41)8 1 0 1 1 1 2 0 
409 1 0 4- -2 1 2 0 
4-10 1 0 .-. .:;. 2 2 ·::. ..... 0 
4-12 1 I) 5 2 2 ·::. ..... 0 
413 1 0 :3 1 2 2· I) 

4-14 1 0 :3 0 ·::. ..... 2 (I 

416 1 0 1 l 1 2 0 

+READY 
5 ItATA-· 571, 57-6-, 575 • 577, 5-:32,5-81, 58:3, 6_564-, 57 Ol57 0,-571, 5"78 
6 DATA 575, 578,:3 06-, :3 o·~, 3 o·;:., 31 0, :~: 12.,:312, 31:3, :3 06, :307,. 308,·308 
7 DATR- 31 o,-:31 Ch :311, 1005, 1 004~ 1012-, 1007",.1 0.11, 1007, 1 00~,-1016-
8 DAT~ 101a,1016,1011,101)8~1011,1008 _ 
'3 DA-TA- • 5' . 5 ~ • 4, • 5-, • 6-,. • 5, • 5 !I' • 5, • 8-, • +.. • 9-., • 8·!1' • 7, • 8 
10 DATA 7,1,7,2 
RUI'~ 

BO I FIRE l_..l:x: FCST FOP 7 / 2- .-'77 
1.~1 T R ·::- Ll L2-·~· 

401 .;:, ·-· -15 15 -3 2 3 
402 .-. 

'=' -18 20 -:3 .-. ._:, :3 
403 ·::. ·-· -15 17 0 2 3 
411 6· -13 "'='""' ·-··-' -2 :3 4-
4·15 6 -13 :36· 0 3 4 
4(14- •:;.. --1:3 20 -5 -~ .:;. 4--
6::::7 2 -1:3 11 :3 3 :3 
4(15 2 -17 14 -1 :3 -~ .:;. 

406 2 -17 15 -1 ·j .... :~: 

407 ·~ -14 23 -:3 ·':! ·-· 4· 
4-0:3 '?- 1.-. - .:;. 16- 0 3 4 
40'3 ·;a~ -14- 21 -1 3 5 
410 ·?M -16 ·~II:'" -5 ·j 5 .:. ·-· -~ 

412 ·?· -14 27 -1 ·j ·-· 5 
41:3 ·? -12 24- -1 .-, 

.;:. 5 
414 ·;.- -12 25 -~ :3 1:'. 

·-' 
41E. 6 --16 :30 I) :3 5 

FIGURE 4. AFWF DATA AS ENTERED INTO COMPUIER AND RESULTANT 
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AUTOMATED FIRE WEATHER FORECAST WORKSHEET 

DAY 1--12-HR LFM 

POINT 2 3 4 5 6 7 

500-MB I 

HEIGHT 5 DATA 

700-MB 
HEIGHT 6 DATA 

700-MB 
R.H.** 7 DATA 

SURFACE ,. 

PRESSURE 8 DATA 

DATE 9 DATA 
Month/Day 

DAY 2--36-HR LFM 

POINT 2 3 4 5 6 7 

500-MB 
HEIGHT 15 DATA 

7oo.:.MB 
HEIGHT 16 DATA 

700-MB 
R.H.** 17 DATA 

SURFACE 
PRESSURE 18 DATA 

DATE 19 DATA 
Month/Day 

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

FIGURE 6 

-22-



:\ 1 '•I ~ I\ I \' \ '\ !\ .\i',j\1'\_i\\t ''i{~'l.' •, · '\., 'j i'i _ 
'!.'I j\, , \., '\'b. 1'.1 liN ~~~, ·~ "1,1\ .,)ol.l I : '. 800 

!'h t'SJYI !lllil~ i , ,\, ' '·"- •' } 1,\...::J, I" • l'o 

~ i'l 
I I '\ 

, r.-
.'t'\ 

',}, I 

\\ "' ' '.1 

'l~ 
'."\ 

) 

N' 

>JII 

':\ 

rl\ 

'·' ., ''i, _'! ' 
)\ 

..M 

\'hi' I 

~~~ ~ ;,::,- 900 
"'..':>.' _:j_~ 

..:1. J_'i 

"~ 
.!'. ' I~· 950 
u~~ 

.N ''li 

"-" 
+ 

L"i. l'1 

cs 

~----·,·· 1111000 ~ 1050 ·,'ol ~ ::1.1. 'Lil. _:lL .l.L .Jl 

10' 20' 30' 40' 50' 
i' I I I 

50' 60' 70' 80' 90' 16o· 1'n' >u 120' 

Th.e. 

"telltl.perA tu.t' e. 
th~ 7D fJo.. 

13 

! ll uvul.i rltj 
I e ue.l.s. 
= +he 

the 

J 

betLilee"-. 

th.e. sl~re o-\:- -t-he. 

+he. X5 ~~}4. -~L 

lE /J~.... +empefltJ.·h.uL. 

7tJ /YA- tewa pefia.+u~e.. 
l~·e s Jop e. .a.~ -t~e J;n.e is. .J...efenJen..:J e.l'\ A c..nJ. B, 
wh ; c h i .s .a. .me c...sLL,. e. ..o t +le s tc.J, U; 'J ~A +~ e. ltlJ e,. 
b L.s l!.lln.lftt..ni 

FIGURE 7. EXPLANATION OF o, cot o. 

-23-

-]4 

~ 
::::; -- - ... 

c ~ 
,... 
_.J 

< -::-12 
UJ 

J 0:: ,.._, 
~ [ I 

---1: Bs 
- 0 ~ 

::E -- < -t-Jo 3--' @ - E ~ t-9 z 
" '- ::: 

'-
:f) 

-1 ;:-s ui 
-; ::i J t 
j 1-

t::-7 
2-i t 

j ~ -c-o 
- 1-
~ 

;-

.., :-5 
~ 

~ i:-4 
J ~ 1~ 
~ r3 
l 

~ l2 
--1 t 
J 1-

~ 
1-
;_I 

j t: 
o-i ~0 

J 1-
J f-

J t: 



'\ 

• G JfT I PCPN FRCTOI( FcJR /fJ .. NI( T.~. "'"· 

PtPN Fltc.'l' Df< = [ Pe.pn Dur .. t; ...... { f/ ...... 1'.~:) X 

fc.pn Rwaou.ni l fi4i.6.) X 

T• r..e Pe. r <...J. Lfcu:t.,)] 
~ f'A&iAt" , 

P t!fn Rwa .... ".f F~ .. 1AII' :: • o 1 .. • 1 
.1o :;.o 
I ,o = /0 

Time. f' ._,..;.._,!. fc:Lc.tcr.r : Pe.ri.:..l. F~t:.. 'f-or-
I .5 

.2. / .. 0 

3 ~.s 

Rf s.o 
I e,. .. ; ~~ I j ee \P i (jJ). ~ I P~3 I P~¥ J 

oG oiS 
TNW ,(I,.,. .,,..,... NooN TIME 'h_,Ay n..-.oaoe.l' 

fi3aa"e.. 8. GIFI fR£c.rPJTATillN FACTD/l FoR. 

ID-Htl TlMEJ.,.AG FUEL, MtUSTUfE.. 

-24-



\' 

. 

AFTERNOON COMPOSITE AID 
FOR PREOlCTING TOMORROW'S 4:30P.M. FUEL MOISTURE 
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FIGURE 9. CRAMER'S AID FOR DRYING OUT THE 10-HR TIME LAG FUEL MOISTURE 
STICKS AFTER PRECIPITATION. 
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