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AUTOMATED FIRE WEATHER FORECASTS

Mark A. Mol lner and David E. Olsen
National Weather Service Forecast Office
Boise, ldaho

ABSTRACT.  The Automated Fire Weather Forecast (AFWF)
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 (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-control 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.

. INTRODUCTION

" The main fire-weather forecast issued by Boise WSFO for their fire-
weather district (Figure [) 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 Activity Level (LAL) for the periocd 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 fomorrow.
Forecast values for seven out of these eight parameters are obtained from
The AFWF output--precipitation duration being omitted. The seven parame-
ters are tailored 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'l.  GENERAL PROCEDURE

The general procedure is to use |2-h and 36-h LFM 1200Z prognoses
received from the Netional Meteorological Center (NMC) and to forecast
the fire~-weather observation for today (Day 1) and tomorrow (Day 2) at .
seventeen verifying stations. By subtracting the former from the latter,
a change (frend) 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 based 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 *he Administrative and Forest Fire
Information Retrieval and Management System (AFFIRMS) (Helfman, et al,
1975) fime~share computerized system for the National Fire Danger Rating
System (NFDRS) (Deeming, et al, 1977).

Meteorological data are extracted from the LFM [2- 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,
refative humidity, and sea-level pressure fields are written directly onto
the AFWF worksheet (Figure 6). The forecaster, or forecaster aide, only
takes a few minutes fo 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 program. Since the
LFM prog series is received by 1100 MDT on the forecast day, the computer
run can easily be made by 1200 MDT--four hours before the scheduled issu-
ance of the main fire~weather forecast.

Pit.  INITIAL MANTPULATION 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
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:

S (H7) X .34 (H5).x .34

e | T = —2 ()
s 000 0 in Psss00

where Hy and Hg are the geopotential heights at the 70-kPa and 50-kPa
levels, respectively, and Py 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 the LFM progs. This rela-
tive humidity is the mean relative humidity in t+he lowest three tropo-
spheric layers of the LFM model (Forecasters Manual 1976), This corres-
ponds to the [000-450 millibar inferval. In order to keep the fechnigue
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-
tTion can be applied to compute the dew-point temperature.
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Using the dew-point temperature lapse rate of 1°F/1000 feet or .55°C/

1000 feet and a difference of 5000 feet between the 70-kPa and 85-kPa

levels, the 85-kPa dew-point temperature can be approxijmated by adding
3°C to the just computed 70~kPa dew-point temperature.

Finally, The K-stability index (George, 1960) is compufed from +he above
calculated data.

K stability = (85-kPa Temperature + 85-kPa dew point) - (3)
(70-kPa dew=-point depression) = »
(50~kPa temperature) |

The above calculations are computed from. the 12-h LFM prog for Day |
and from the 36-h LFM prog for Day 2. These progs verify at [800 MDT on
each of the days, respectively. AT This point, the following meteorolo-
gical data are available for use at each of the seven grid points for the
two days. ‘

Sea- !evei pressure.

Relative humidity at 70 kPa _

Temperature at the 85-kPa, 70-kPa, and 50-kPa leveis.
Dew-point temperature at the B85- kPa and 70-kPa Ieveis
. The K-stability index.

T NN —

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 will be discussed separately,
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 atll +r|gnome+r1c funcflons

I. nghfnlng Ac+1v1+y Level (LAL)

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




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-
stability indexes, daylight 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 limited storage in the Boise minicomputer and to
simplify 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 ldaho.
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 fo 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 ltittle, if
anything, is lost in this decision because the dominating term in the
McCoy/Gift LAL equation is by far the K-stability index term.

The LAL forecast equation is:

LAL = (01K , x £0S (.01x((Mx30) + D =210))) + SIN° 2 (RH=-.D, 4

/

K-stability Time-of-year term cloud=-cover term
Term
K = K-stability index.
Month of year (numbered 5 to 10).
- Day of month (numbered | fo 3!1).
Retative humidity at the 70-kPa level.

M
D
RH
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 tThe

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:

Cloud Cover ' Time of Year
RH lsin3 2(RH-.1) Month/Day cos (.0l x ((Mx30) + D-210))
. 0 May | : .83
.2 0 May 15 .90
.3 o June | .96
.4 W2 June 15 : .99
.5 L4 July | [.00
.6 .6 July 15 .99
.7 .8 August | .95
.8 1.0 August 15 .90
.9 1.0 September | .82
September |5 .73
October | .6l
October 15 .50
October 3l .35

4



[+ can be readily seen that as the amount of cloud cover increases, i.e.,
the moisture in the 100~ fo 45-kPa interval increases, the more contribu-
tion the cloud-cover term will have toward ‘increasing the LAL forecast.

The time-of-year ferm does littie +o medify the LAL forecast during The
maJorITy of the summer. ' However, as the dayllghT hours. decrease in The
fall i scales- theé LAL forecasT down rapldly

Before the’ K-s+ab1]s+y lndex is used in The LAL equa+xon, a correc+ron
for élevation  is added on:: This is to take into account that mountainous
terrain acts as an elevafed-heaf ‘source. The correc+|on is (h/1000 x 3),
where h is the station elevation in meters.

LAL forecasts are computed for Two pertods——|400 MDT To midnigh¥.on The

"day of the forecast and from midnight to midnight on the followxng day.

The first period LAL is forecast from the 12-h:LFM prog. and corresponds
to "LI" in the computer printout. The second period LAL forecast comes

‘from the 36 h LFM prog and corresponds to "L2" |n the pr|n+ou+

o 2. SfaTe of +he Wea+her

The state-of-the~ weaTher forecas+ is a forecas+ of general wea+her a+ The
1400 MDT observation time tomorrow (Day 2). Essentially, it's a twenty-
four-hour ferminal forecast. State-of-the-weather categories are: .

-- Snowing or sleeting :
-~ Showers (in sight or reaching ground at station)
—-— Thunderstorm (lightning seen or thunder heard).

- 0 --Clear (less than /10 of sky cloud covered)
| == Scattered clouds (I to 5 tenths cloud coverd).
2 —— Broken clouds (6 to 9 tenths cloud covered).

3. —-= Overcast (more Than 9 +en+hs cloud covered)

4 -- Foggy Lo -

5 -=- Drizzling or mls+ing

6 ~- Raining

-

8

9

Categories 4, 5, and 7 are not forecast by the AFWF. . The occurrence of
These is fairly rare. |t is hoped, however, when larger computer storage
is available, that category 7 can be added, Since upper-air temperatures
are calcilated, a freezing level can be computed and then evaluated against
the elevation of .each verifying stafion.

- On many days-iﬁ %He summer, air-mass charécTerisfics of stability and

moisture take on a greater importance than surface and upper-air charts
(MacDonaid, 19743 With this in mind, it was decided to make the stafe-
of-the-weather forecast dependent upon the LAL forecast, which is mostly

a measure of atrospheric stability .and the relative humidity in the [00-
45-kPa interval. The state of The weather is chosen by matching the
second period LAL Forecast, LZ, 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. .| is forecast for 1400 MDT tomorrow.

If the humidity. forecast is greater than 40% but less or equal to 60%,
category 2 is.forecast.. |f the humidity for a station averages out fo




between 60% and 75%, then category 8 is forecast. |f 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 LAL cgtegories when they are forecast.

Since Tthe LAL and relative-humidity forecast are based on the 36-h LFM
prog, the forecaster shauld view the state~of~the-weather forecast as

the general weather for fomorrow afternoon and evening, amd not necessarily
as the Terminal weather forecast at 1400 MDT. This becomes more evident

on days when frontal movements and vertical velocities associated with
upper-air troughs come into play. Remembering these [imitations will
obviously put the state-of~the~weather forecast in a more real context.

3. Temperature.
~ P T

The surface temperature forecast is calcplated 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 amount of solar radiation available for warming
on any day is dependent upon the time of the year, the amount of cloudiness,
and the stability of the lower atmosphere. This technique was originated

by Olsen (1969). '

The femperature eguation reads:

: [500-h 2 /2
= 4+ (——rm——— + . — -
T T85 ( 500 ) x 10 + [[2A (1.09-RH™) x (I cotéd) ] (5)
A . J [ 3 L "
T TN l ' N E Y i
Altitude . "Sotar - Cloud Stability
Correction Radiation Cover
T85 = Temperature at the 85-kPa level.

Station elevation in meters.

A = .7(80 + 60sin(.02(M(30)) + D -~ 120)), solar radiation
M = Month of year variable.
D = Day of month
- RH = Mean relative humidity in the 100~ fo 45-kPa interval,
§ = The acute angle between the 85-kPa level and the line
drawn between the 85-kPa and 70-kPa temperatures
(Figure 7). _ »
cots§ = (.(T85 - T7O)/I7), the slope of the temperature sounding

between the 85~kPa and 70-kPa temper-
atures. A measure of the stability
of the layer (Figure 7).

" The ideas behind modifying the amount of solar radiation available by
cloud cover and the stability of the lower atmosphere are straightforwerd.
As cloud cover increases, The amount of sunshine received is reduced;
thus, lowering The maximum surface temperature. The less stable the



lower atmosphere, the more mixing Qf the lower atmosphere; thus, the more
energy needed to atfain a given maximum surface femperature.

Looking closer at the cloud-cover term, it's readily seen that it does little
to alter The sotar radiation unti!l at least five-tenths of the sky is cloud
covered. In tike manner, the stablility 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 stability term . is con=~
servative. AT The extremes--an isothermal lapse rate on Day ! versus a
superadiabatic lapse rate on Day 2--the stability term under clear skies

on July Ist would cause a surface maximum-temperature change of 23.4°F.

The above temperature calculation is made from each of the fwo progs for
each verifying station for Day | and Day 2. Day | 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 adjust
the already calcuiated 85-kPa dew-point temperature to the altitude of

" each vernfylng station. This is accomplished by aoplyxng an al+|+ude
correction ferm fo the 85-kPa +empera+ure

Surface dew-point temperature = 85-kPa dew pdin+ + - (6)
, ((3000 h)/BOOO)) x 10
h = s+a+ion elevation in metfers

The Clausius-Clapeyron equation is’ used +o combxne the surface dew=point
temperature with the previously calcula+ed surface dry-bulb +empera+ure o
arrive at the relaTuve humidity.

5420 51(.00366 - I/T ) + 1.8
25420'5|('00366 - 1/T) + 1.8l

x 100 (7

Surface RH =

il

Td surface dew-poinT Temperature
T surface dry-bulb temperature
2 +he exponential function, 2.7138

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

5. 10~h Time lLag Fuel Moisture.

Fosberg (1977) provides a good discussion on the basic concepfs behind fuel

moisture calculations in his. paper on 10-h time lag fuel moisture forecasting.

I+'s noted that the moisTure content of the 10-h time lag fuel moisture
sticks is dependent upon the ambient air temperature, the relative humidiTty,

‘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
precipitation duration play the dominant role in determining the moisture
content of the Ith time-lag fuels.

Cramer (1964) and Fosberg both developed forecast models for forecasting
the 10-h time lag fuel moisture sticks. Cramer chose fo ignore the effects
of precipitation while Fosberg applies a singular precipitation correction
of |5 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 variability in areal extent and intensity of
summertime shower regimes in the Boise fire weather district are considered.
Thus, it was decided 1o use relative humidity as the sole predictor of the
10-h +ime lag fuel moisture. '

This was accomplished by writing an equation for Fosberg's table of potential
[0-h time lag fuel moisture values. In analyzing the table, it was decided
to ignore the effects of ‘temperature. Looking at all humidity values (except
[00%), it's observed that the fue! moisture will 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 = g0 - (8)

2
RH

2.7138, the exponential function
surface relative humidity

This calculation is perfofmed_for each verifying station for Day | and
Day 2. The difference in the ftwo 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 available o 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 applied manually to tThe 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 station 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, apd the normal
afternoon upsiope winds at The seventeen verifying stations.

-8~
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The normal, afternocon upsiope winds were determined by looking up past daily
weather maps on summer days when surface-pressure gradients over the Boise
fire weather district were at a minimum. Ten such daily weather maps were
used. The observed wind speed and direction for these days were then ob-
tained from the actual fire weather ohbservations for each of the seventeen
verifying stations. These were averaged, and given a sllghT emp|r1cal
modification. The upslope winds were then broken down into T and V 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
‘winds are in Figure 3. ' o

The transfer of momentum of upper—{evel winds to the surface is a function

of the stability of the lower atmosphere and the magnitude of the winds
~at the 70-kPa level. The lower atmgspheric stability is determined as in
the section on temperaturg. Again, it's a function of the temperature
difference between the 85-kPa and 70—kPa levels. '

The 70-kPa wind speed is computed by u5|ng the 7OvKPa helghf field from
the numbered grid (Flgure 5) and the geostrophic wind eqqaflon, The ,
70-kPa geostrophic wind speeds are calculafed at paints A, B, and C shown
on the numbered gr:d in Figure 5. ;

The geostrophic wind is scaled down by a transfer of momentum coefficient.

This coefficient is determined by how susceptible each verifying station

is to receiving winds aloft, i.e., its elevation and whe+her it's located -
in a wide open vailey, suqh as The Snake River Valley, or in a "tight=knit""

. mountain. enclosed valley. The proximity of fhe fire weather statien to
paints A, B, or C determines which. geos*rophic wind Is usea zn Thaf station's

wind- speed ca!cuia%ion.

As wlfh the geos?rophlc wind, surfaceapressure gradren+s arg compu+ed 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 ¥ and V component of the surface-pressure gradient is calcuiated for p01n+s
A, B, and C by using the sea-level pressure data from the seven grid points.
Since.most weather stations are more susceptible to sfronger wind speeds

from certain directions, the U and V components are mulfiplied by constants
Tallored To take This into account. These componenTs are then adjusted by
the G and v upslope componen+s o form resuitant U and Vv components whose
magnitude is calculated. '

This last wind speed is adjusted by the fransfer of momentum of the 70-kPa
geostrophic wind fo arrive at the wind-speed fotecast. Forecgsts are comr
puted for Day | and Day 2, the dlfference being the forecast change in
wind speed.




The formulas are as follows.
. _ o > _puZinl .
Wind Speed = [{CX(Pxi EXJ) + u(I.O? RHS) } .+
{c (P _-P )+ V(|.09-RHZ)}2]'/2 +
y ym-yn
/2

(2AC1-cot8)) h 2
+
L6894 Z500(—cotsr 2 * 30004 V',
Where,
C.s C ' constants used to adjust the strengths of the x and y
Y components of the pressure gradient.
Pxi’ ij the values of the surface pressure at points i, j, m, n.
, P
ym® - yn
e -
U, v "x and y components of the upslope wind.
RH relative humidity at the 70-kPa level.
A equals 7(80 + 60 SIN(M(30) + DAIZO)(I.O9-RH2),
the expected solar radiation.
cots . slope of femperature sounding between the 85-kPa and
70-kPa levels.
h station elevation in meters.
Vg ) - magriitude of the deostrophic wind
2 2.1/2
{(G_.~G_.)" + (G -G )}
Vg==%—[ X7 U] . ym “yn ]
where, g = the force of gravity.
f = Coriolis effect at Lat. 43°18'30"
Gxi’ ij = values of, 70-kPa heights at points i, Jj, m, n.
G , G
ym® yn
d = disfance between grid points
u : 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 |2-hour and 36-hour LFM progs from
The [2Z NMC computer run and the scaled, gridded overiay map. Obviously,

-} 0-



those days were omitted op which the LFM progs were not received or were
only partially available. The 1977 season's data were then run through
the AFWF program in the fall and winter of 1977-78.

Two program runs were made. Affer verification of the first run, minor
changes were made to some equations. A second computer run and werification
were then conducted.

It should be noted that two somewhat different LFM progs were used in
verifying the AFWF. On September 1|, 1977, the LFM prog received a reduction
in grid length.. This "new" prog was coined the LFM-1! prognosis. ‘Thus,
the 1977 verification incorporated three months (June-August) of the "old"

LFM prog and one month (September) of the LFM-I{ prog. It will be interesting
to see if any Improvement in the AFWF will be noted in the 1978 fire. weather
season when the LFM-I! progs will be used for the entire season.

The AFWF was verified against actual weather observations taken across
the Boise fire weather district in 1977. A list of the monthly and seasonal
verification for each of the seventeen verifying stetions follows. 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. ~ All 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 presen+ weather parameter.

AFWF Verificafion for !977

Code: T = Temperature, R = Relative humidity, S = Wind Speed, LI Lighfning
Activity Level 1400 MDT-mldnxgh+ L2 = Lightning Activity Level

mldnlghf—mldnlghT (Day 2), F=10=-h Time Lag Fuel Mo;s+ure
McCal.l ‘ Chamberlaln Basin
. T R. S L L2 F T R .S LI Lz F
June 5.1 13.0 3.4 85 70 5.3 4.3 10.4 4.7 94 78 4.3
July 7.0 14,7 4.1 82 79 4.0 6.9 13.2 4.5 8% 89 3.4
Aug. 6.4 14.0 4.4 71 68 5.4 5.4 I5.1 6.8 69 83 4.]|
Sept. 4.6 14.4 3.0 91 68 9.9 6.4 15.2 5.3 82 76 4.6
Season 6.0 4.1 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 7! 4.8 5.7 14.7 4.9 75 83 3.9
July 7.2 11.2 3.2 90 90 3.2 6.7 16.7 4.4 83 83 4.5
Aug. 6.1 11.1 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 13.3 3.5 84 84 3.3
Season 6.0 12.7 3.1 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 LI L2
June 5.3 7.8 3.8 92 100 2.5 3.2 5.3 2.9 67 87
July 5.8 10.0 3.6 88 83 3.0 6.6 4.4 3.0 79 69
Aug. 6.1 14.3 4.7 67 74 5.0 6.2 1.4 4,2 77 74
Sept. 5.6 10.5 4.6 100 83 4.I 4.2 1l.1 4.1 87 87
Season 5.8 Ii.l 4.2» 85 83 3.8 5.4 11.2 3.6 79 178
Burns Junction Salmon
June 3.2 6.0 4.6 75 75 [I.| 5.1 10.1 7.4 79 68
July 5.6 10.5 6.5 76 72 1.0 6.6 14.8 4.3 68 79
Aug. 5.2 10.0 6.4 52 52 2.3 5.6 12.3 4.6 77 87
Sept. 5.3 12.3 7.2 95 50 4.4 6.2 13.1 3.4 95 74
Season 5.0 10.0 6.3 73 60 2.2 5.9 2.8 4.9 77 77
Challis Stanley
June 5.6 1.5 3.3 94 89 4.4 5.5 9.6 3.6 79 86
July 6.8 14.4 2.8 90 90 5.3 6.9 15.9 4.8 86 93
Aug. 7.2 10.8 2.4 87 7 3.1 5.7 4.2 4.8 87 8]
Sept. 6.2 1.6 4.1 83 75 3.4 4.9 15.4 5.3 83 79
Season 6.5 2.1 3.1 88 82 4.lI 6.1 14.5 4.8 85 85
Boise Notch Butte
June 3.6 10.6 2.7 89 85 3.4 3.9 5.7 9.5 76 7l
July 6.2 1.2 2.6 83 86 3.9 7.0 12.1 6.9 83 86
Aug. 5.8 6.2 3.4 87 81 1.2 5.5 9.1 5.5 73 73
Sept. 6.0 14.0 4.7 96 83 5.0 5.1 13.7 7.2 86 68
Season 5.4 10.3 3.3 88 84 3.3 5.5 10.3 7.1 80 76
Crystal lce Caves Rock Creek
June 4.2 9.4 5.2 50 56 1.5 4.8 8.1 3.3 93 87
July 6.5 8.3 4,5 72 86 2.6 6.0 15.2 3.4 86 86
Aug. 5.8 7.8 5.2 65 71 2.0 5.0 9.9 3.7 87 8]
Sept. 5.9 13.2 3.9 86 95 3.7 7.0 20.9 3.5 87 83
Season 5.7 9.1 4.7 69 79 2.4 5.7 13.6 3.5 88 84
Montpelier Big Piney
June 4.4 7.2 5.1 100 80 0.8 5.1 9.2 7.9 75 92
July 6.1 11.9 2.3 74 84 1.8 5.2 10.6 6.1 75 83
Aug. 6.2 12.1 4.0 76 57 3.4 5.8 1.2 4.4 79 86
Sept. 4.8 [1.5 2.0 92 92 5.8 6.9 1.6 7.0 87 83
Season 5.6 10.9 3.5 80 73 2.6 5.8 10.8 6.1 79 85
Mammoth
June 6.2 5.2 5.5 88 65 5.2
July = 6.7 2.3 4.6 62 72 3.5
Aug. 6.8 3.0 4.7 55 69 7.6
Sept. 5.6 18.6 3.2 88 8! 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 Juncticn and 6.5°F at Mammoth

~and Challis.

The relative humidity errors show seasonal extremes of 9.1% at Crystal
lce 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 fo
precipitation, in occurrence, areal variability, and amount, which tends
to distort the moisture field; mountain stations have more convective
cloud activity to restrict drying as compared fo the lower elevations;
and there is normally less exposure To the free air drying wind, especially
in "tight-knit" mountain valleys, which builds a longer lag into the
drying period. '

The seasonal wind-speed errors are considered outstanding. The‘gkea+es+

~ wind-speed érrors of 6-7 mph occurred only at the normaliy windier stations.

After another season of(verifica+ion, a change in the constants in These
stations’ wind equations may be in order.

Eighty percent of the LAL forecasts for all seventeen stations were ,
within one category of The observed LAL. This is fel+ +o be adequafe con-
sidering the subjectivity involved in observing LAL.. The Fire Data (FIRDAT)
program (Furman. and Helfman, 1973) can be lnTerrogaTed +o observe the:
past history of each station's lightning activity levels. Thus, a

‘"lightning climatology! can be developed for each station fo modify their

LAL forecasts in the AFWF. This hopefully will be incorporated xn+o The
AFWF for 1979.

The 10-h time lag fuel moisture erroré are good cbnsidérihg +hat 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 inferpreting
Technique. Thus the weaknesses and strengths of these fwo systems should
be spelled out fto the forecaster. For example, our experience at Boise
WSFO indicates that .the LFM progs often tend to force West Coast froughs
inland foo 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 correct on the
movement and lnTenSITy of inland moving troughs, the AFWF gives an
admirable account of the resultant weather change.
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Summer shower regimes inm 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 molisture not caught by the LFM progs. The LFM prog
indicated a dry and warmer forecast. Occasional showers fell over about
ha!lf of the Boise fire weather district with some clouds and [ight shower
activity elsewhere. This corresponded to the largest daily error recorded
by the AFWF in [977.

This all points to the importance of the man-machine mix concept. The
forecaster must first evaluate the overall 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 +he AFWF guidance, the
forecaster will have plenty of fime for this evaluation.

The follow}ng 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, "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 [.3°G [.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 handling of relative humidity and
t+emperature 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 variability that relative humidity and temperature experience in
such varying precipitation and cioud=cover regimes. In these cases, the
fire weather forecaster would be wise to use the AFWF with caution.

Since the BO|se WSFO does not verify the "present-weather" forecast, the
e parameter, no evaluation is presented. However, the AFWF "present-
weather". forecasts were compared to the actual observations on a seasonal
basis. They were 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 limited forecasting ftechnique 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 sfringency 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 comparable performance with the Bojse WSFO forecast staff
during the 1977 fire weather season dicfates 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 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
+o 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-
pited for use in the MOS technique. However, the fime and compufer.
capabilify for such a taskare nof available at the WSFO level. Until
then, modifications and sophistications of the current AFWF equations can
be made as experience is developed with the system.

Vill. ACKNOWLEDGMENTS

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

IX. REFERENCES =

Cramer, Owen P., May.l96l Predicting Moisture Content of Fuel-Moisture-
Indicator-Sticks. - Pacific Northwest Forest and Range Experiment Station,
Portland, Oregon, Research Paper 41, I3 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. I9. ‘ o

Fosberg, Michae! A., June 1977: Forecasting the 10-Hour Timelag Fugl
Moisture. USDA Forest Service Research Paper, RM-~{87, 10 pp.

Furman, R. William, and Helfman, Robert S., 1973: A_compufer program for
processing historic Fire Weather data for the National Fire Danger
Rating System. USDA Forest Service Research Note RM-234, |2 pp.
Rocky Mountain Forest and Range Experlmen+ Station, Fort Collins,
Colorado.

-15-




" George, J. J., 1960: Weather Forecasting for Aeronautics, Academic Press,
pp. 409-415.

Gift+, Frank C., 1977: Forecasting |0-Hour Timelag Fuel Moisture. Un-
published paper given at Western Region Fire Weather Forecasters
Conference, Sacramento, California, 6 pp.

Glahn, H. R. and Lowry, D. A., 1972a: The Use of Model Output Statistics
(MOS) in Objective Weather Forecasting. Journal of Applied

Meteorology, Vol. I, pp. 1203-121t.

‘He!fman, Robert S.; Deeming, John E.; Straub, Robert J.; Furman, R. Williams;
1975: User's Guide to 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. 46-5].

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 Meteorological

Society and the Society of American Foresters. National Weather
Service, WSFO Boise, 46 pp.

National Weather Service Forecasting Handbook No. |, Facsimile Products,
July 1976: National Weather Service, Washington D.C., p. 8-1.

Olsen, 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 Applied Meteorology, Vol. 12, No. 4, pp. 726-728.

-16-



e

A A LA

o reast Z i
JOro¥ 2
/( Ii’ﬁiye.t.

Iy r01206 -
Y 701207 _ : ir
; g I Bt A pareF
f wizov 3 Gonne3 A 15,903 e ,.,9,,
ar @7 i ro/0f ke
b V. Rror2/¢ 3
\&0‘ fq%d Yy Laversd G’
or s ,‘,g =7 [o196/
Triase 2wy 4 ,
1o090p DS 4. .
A Q’:‘ Mg,c [ hone L. £ ) 10
il P/ . '
ﬁwr fcand .,, ® : Swrant Fip N
é) 3 P) Y & 19309 s
b Be s
| - e
Jeapp .
NS Jo). @fUnuit! Dwalyr
; 35:10\ L ) fost & Chmus Flnd < ,
353608 rozref %, iz o Be 7 /s
Vhredotse " R Sewrn AV 8 . 1:1 % @107
’.153‘07 ® . . 7 . H = yariol
. /0320/! ‘ _I 2 J 3 g '
| S m o MonTeicea \
! ; fenp1sed ‘ ' ‘ g
l ﬁ‘i Ce. ,oz‘ powes M"”«/ rovvel : %
1 ’M B
OREG ON IDRAHD ro0y00h say20f /(tms e s
S £ e
‘ ’ 4/8/50; \
. ‘ J
4
: }
FIGURE |. MAP OF BOISE FIRE WEATHER DISTRICT. UNDERLINED STATIONS IN EACH ZONE ARE THE ZONE'S VERIFYING STATION.



Namoual WEaTHER Stdoice FokecasT OFFicc, Bost, Toara (date)
AFre@uecn Five WeaTHER FopecasT Tssoed |00 moT (day)

Adea T (zores 411 —41L)

TOMIGHT , . o
{ofet)
AR DISPERSAL .o TONIGHT - Tomoerew) _. LAL
ZONE 10] 14 19 | 23| Pedew. | TEMWP ﬂrl 28|32 |30
™R R {wuO| O | p-aj Mg MW | mv | AL | TL | FM
an_[4 113 SO MMM IM
412 1413 0 foMm MM M
413 14 13 0 loiMIMIiMIiIM
41 Jali3 0 |o MM MM
4\S 14 13 Qo iMmMimiMim,
Al |4 [12 o lo | M|MIMIM
AREA TL (zow€s 408 -410 ¢ 637)
TONIGHT o 4 »
—_— 1))
A2 DISPERSAL ... TOMGHT . TOMORROUS LAL
zone 10] 14 | 19 | 23 | Precm | Teqe & 1283236
WK|TMP | RN WND| D] 1D-2 | mAx jmin [ mavimiv |AL | TL [FM
037 16]12 cjo MMM IM
ac8 [4]13 S (oM MMM
309 (415 SO0 TM ™ (MM v
<iol4lls v OC[6 M MMM T R
ARE~ TIT. (Zowgs <o) -407) [
TONIGHT . . . ’
(e
At DisPeRsAL oo TOMGHT oo R0 __LAL
ZONE 0] 14 |19 | 23 | PRYciP. | TEMP A NE-NEERES
ax | TP | KA LND | O -1 | D-2 [mAv [ #id | max | iial] AL | Th ]
40| {4 13 oo MM Iimim -
402 (4 113 o le ImIMImMIm,
403 (4 13 ol ™M m]mMm
<404 (4 |13 Sl oM MMM
405 |4 11y O] olmimmlm
4010, 14 |13 Ol oM [ MMM
407 |4 |12 QoMM MM
TDANO STATE LANCS DEFT. - Bowse. Plone. 384-3488
‘G-A 5 WXitmP{ RA [WNOf AL | TL | Fm ABLo LUTE VALUES - Nom TRENDS
N VAUEY = Usé =
E‘B%cu_ S& wolped Fest From ARes IIT

FIGURE 2. WSFO, BOISE FIRE WEATHER FORECAST FORM.



Fire Weather
Zone

501
402
403
14Ok
405
406
Loy
408
1509
L10
1411
412

413
L1y
 b15
416
637

Verifying
Station
McCatll
Chamberlain Basin
Cascade
Lester creek
Salmon
Challis
Stantey
Boise
Notch Butte
Cyrstal Ice Caves
Isiand Park
Rock Creek
Montpelier
Big Piney
Black Rock
Mammoth
Burns Junction

Elevation

' gmetersz

1508
1730
1424
1448
1290
1553
1886

851
1272

1548
1885~
2010
1783
2046
20L0 .
1872
1185

Upslope Wind (mph)

SW
SW
W
SW
SW
NE
N.
NW
SW
SW
SSW
NW
S
SW
W
NW
NE

ONONN VT ON OV
e o o o o & @
VW oONONTWw o~

coOw £~ E o
)
ONN=\INOWN

FIGURE 3. VERIFYING STATIONS, ELEVATIONS, AND UPSLOPE WINDS.

-1 0~




«PERTIY

S DRATH G238 7 2024 3322020 S35+ 5234+ 578 573+ 520 ST 577
£ DATH S20s 5231313210313 2139311215 3123 208+ 207 205303
v DRTH 3109311-:1:'11'1“1”!1”1”~1Ul“~1':“3':491!“!'-41:1:l:l':'!‘.-'lm:'?.'ll:“'.ﬂ
2 DARTH 100F« 100431 00S 1002 10051005
S TDRATH .ds ., 3s T, Te.ds ., Ta .35 . de ds 3.3 .Sa. 4>, 2

10 DRTHA S 12213
PN

EOT FIFE WX FCET FOR 8 ~ 13 ~77
W T F T Lt L& F

401 ) O CY = T 1 = 0

432 1 1 i g 1 2 0

S$032 1 2 c 3. 1 2 0

411 1 2 -2 1 1 2 0

415 . i 2 0 0 2 c A

4ng. 1 0o 1 4 2 2 0

s37 11 2 P z 2 0

305 12 0 ] 2 e 0

405 1 = 0 1 2 e o

407 .11 3 b T = 0

303 1.0 1 1 1 2 0

409 1 0 4 -2 1 2 0

310 y R (- S A -

312 1 0 S 2 2 e N

313 1 0 3 i 2 2 0

414 1 0 3 ] P 2 o

15 1 0 1 1 1 2 0

+RERDY S :

T DRTA ST1s 57075 57V 7» SR+ T2 o D332 5 504 570 ST 0571+ 573

B DRATR S7FS ST 208 30 3059 31 00 2122 212 3132 306 307 s J0Be 202
7 DRATH qlﬂvBI[-?lisIDDEs1004&101’119D?i1&11y10ﬂ?~1ﬂ09r101&
S DRTA 1012x 1016101210031 011-1008 o

= DRTH .EV..13.4-3'.5'.».5'&.5!.59.5!.::".4-0.'5‘9.8-.?v.'_

10 IRTH Tel1s7e

FUM

EOI FIRE WX FCET FORP 7 .

01
40z
402
411
415
404

- -

aav
405
S 0a
307
40
403
410
412
413
414
316

FIGURE 4.

“
X
“\
=)
-

-

} P = L1 L& F
2 -15 15 -3 & 3 1

5 -18 20 -3 3 3 2
2 -15 17 0 & 3 2
& —-1% 25 -2 3 4 S
5 -13 3% 0 3 4 &
2--13 20 -5 3 4 3
2 -1z 11 2 3 3 1

g -17 14 -1 3 23 2
2 -17 15 -1 2 3 2
% -14 23 -3 = 4 4
F-13 16 0 2 4 2
3 -14 21 -1 3 5 3
* -6 25 -5 3 5 4
% -14 2T -4 32 5 S
% -2 24 -1 = 5 4
& -1z 25 -2 3 S S
& =16 30 0 03 S5 &

AFWF DATA AS ENTERED INTO COMPUTER AND RESULTANT PRINTOUT.

-20-



g

*Q1¥9 1SY03dod AMdY TG FWNOt4

—21-




AUTOMATED FIRE WEATHER FORECAST WORKSHEET'

DAY 1--12-HR LFM

POINT ! 2 3 4 5 6
500-MB !
HE IGHT 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
500-MB
HE IGHT I5 DATA
700-MB
HEIGHT 16 DATA
700-MB
R.H.*¥ [7 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
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