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INTRODUCTION

The Canadian Forest Fire Weather Index (FWI) System ratings determined
from fire weather observations taken at 1200 local standard time'are proe |
jected to apply to the peak fire danger period which generally occurs short]y
after mid-day (say.1600 h)! - The components of the FWI System that undergo
the greatest change during the 24-h d1urna1 cycle are the F1ne Fuel Mo1sture
Code (FFMC), In1t1a1 Spread Index (ISI), and the Fire Weather Index (FWI)
The FFMC diurnal adJustment tab1e (Van wagner 1972; A1exander 1982) prov1des
a s1mp11st1c means of est1mat1ng the FFMC, and 1n turn the 1SI and FWI for
d1fferent times throughout the day. Its ab111ty to use current weather a
‘ readings ts very limited. Van wagner (1977) has developed a method wh1ch
prov1des the basis for round-the-clock assessment of total forest f1re danger ‘" |
it continuous hourly weather obseryat1ons and a oomputer,or programmab]er '
' ca]cd]ator are available. R : | |

The introduction of programmab]e'hand-her ca1cu1ators into fire manage-
ment p1ann1ng and dec1s1on mak1ng has made 1t poss1b1e to conven1ently per-
form complex ca]cu]at1ons that formerTy requ1red ma1n frame computers -_For

example, Kourtz (1980) progranmed the 1978 vers1on of the FwI System equat-

- :1ons for the Texas Instruments Mode1 59 (TI 59:'hand he1d ca1cu1ator2‘ p{_.

| The equat1ons for ca]culat1on of the FFMC, ISI,dand FNI (Van Wagner 1977:_,f5h’

Van Wagner and P1ckett 1984) on an hour1y bas1s have been programmed for the f:fde?*

TI- 59 The purpose of th1s report is to prov1de* (1) a summary of the ;';“gr}[;‘:?ﬁ
' requat1ons and procedures used 1n the program, (2) a program f]ow d1agram, and
(3) a 11st1ng of the program statements The documentat1on of operat1ng '

instructions and data reg1sters can be found in Tab1e ]3"j€ﬁ°

'Simard, A.J. 1970. Normal d1urna1 var1at1on of the Canad1an Forest F1re .
Weather Index in New Brunswick. Can. Dep. Fish. and For., Can For. Serv s
For. Fire Res. Instit., Ottawa, Ont. Unpubl. Rep. 6 p. OB

2The exclusion of certain manufactured products does not imply. reJect1on nor - .
does the mention of other products 1mp1y endorsement by the Canad1an Forestry
Service. _ . Lo

~ *Mk. IIT version.
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A proposed NoFRC Forest Management Note entitled "Hourly Computation of
Forest Fire Danger with a Programmable Hand-held Calculator" is curréntTy‘in
~ preparation by the authors. This publication will detail the procedures i

required for field application of the TI-59 progran.




o " 13 “ Enter Bu1!dup Index (BUI)

Table 1. Operating instructions for hourly computation of the Fine Fuel Moisture Code, Initial
Spread Index, and Fire Weather Index with the Texas Instruments Model 59 hand-held

calculator.

Step . ' Procedure .. . ' Enter . Press _ 'Display
1 Turn calculator on. ' | ‘ ' i 0.
2 Clear memory. . 22ndOp 17 799.19
3 Read program Side.l1 {Card 1), | 1 INV 2nd Write and I.

. ' LRI ' insert card Side 1
% Read program Side 2{Card1). =~ 2 INV 2nd Write and 2.
. _— : : insert card Side 2 _
5 Read program Side 3 (Card 2). ' © 3 INV2nd Writeand 3. -
‘ ' insert card Side 3 L
6 Read program Side & (Card 2). 4 INV2nd Writeand - 4.
S - T “insert card Side %
7 Initiate program. - ' A ] o 4,
8  Enter initial Fine Fuel Moisture Code (FFMC) .nn.n‘1 R/S - 7 -. nn.n
9 Enter dry~bulb temperature( C)Z S ._:nn.n ~R/S ' | o N
10 Enter relative humldlty (%) R _ o nnn _ RfS. o | nnnn _‘

11 Enter wind speed (km/h) 2"3 : t"

12 _ Enterfr h ram amount (mm)z

Flickering C

14 FFMC calculated for the hour 1s dxsplayed

15 Dlsplay Imtlal Spread Index (ISI)

17 To compute FFMC, ISI and FWI for next hour, press 2nd A and begm at Step 9. e q
‘Return to Step 7 for a new case. 3 :_' f_' S L B '
\ .



IThe 1abel n refers to any user-defined input,number

2Fire weather observations can be converted from EngTash to SI un1ts using the
TI-59 Master Library Module as follows:

°F to %c: press 2nd Pgm 25, enter F and press A, % is displayed.
m1/hr to km/h: press 2nd Pgm 24, enter mi/hr and press D km/h is d1sp1ayed
in. to mm: press 2nd Pgm 24, enter in. and press X 10 = A, mm is displayed.
3As measured at a height of 10 m in the open on level terrain.
*The input data, intermediate calculations, “and output data are contained in

the following storage registers and can be recalled simply by press1ng RCL
fo]Towed by the appropr1ate two-digit reg1ster number._ :

Register number Symbol | Contents
00 - Not used. _
01 F FFMC calcuTated for the hour
02 i ‘Dry-bulb temperature (°c)
03 H ‘Relative humidity (%)
04 W Wind speed @ 10 m in the open (km/h)
05 T, 1-h rain amount {mm)
06 U BUL
07 R ISL
08 ‘S FUI R - :
'-_09 . 'm . Fine fuel mo1sture content after drying (%) '
0 ,.;" ;'Ed ) i‘ Equ111br1um mo1sture content for dny1ng (%) )
'__;:Equ111br1um mo1sture content for wett1ng (%)LT

mo. o E



SUMMARY OF EQUATIONS AND PROCEDURES

Fine Fuel Moisture Code (FFMC) Drying Routine:
{1] m

o 147.2 (101 - Fo)/(59.5 + FO)

(2] E 0.679 , 41 ,(H -100)/10

0.942 H

+ 0.18(21.1 - T)(1 _,eﬂ01115”H)

[2b] 0.753 (H -‘100)/10 +0.18(21.1 - (1 - 6-0.]15 H)

I
i

= 0.618 H + 10 e

[3a] k )1 7

0424 [1 - (1/100)'-] + 0.0694 0+ [1 - (H/100)%]

0.0579 k 0 0365 T

[3b] k

—
1]

[4a] 0.424 1 - ((Toog-;ﬁ)/i00)1'7] +0.0694 W02 [1°2 ({100 - H)/100)3]

[4b] k

1}

0.0365 T
y = 0-0579 ky &t 730%

—2.303 kd

4 e

A o -2.303
B - (Ew_',mo)_e;_ _ ;kwf:.

[5a] m Eq +.(m0 - E

[5b] m

[}

[6] F = 59.5(250 - n)/(147;2 iinj‘--' . “_ff't'f. f "_-;';je:“jéjffi:'f o

(Equations [1] and [6] are equat1ons (1) and (]0) From Van wagner and P1ckett SRR
19843 Equat1ons [2} to [5] are from Van Wagner 1977) i e T o

- where m0 = 1n1t1a1 f1ne fue] 1sture content,

a'
1]

'_ f1na] f1ne fuel mo1sture content %

=_1n1t1a1 FFMC '

n -
o
"

f1na1 FFMC

= equ111br1um mo1sture content for dry1ng, %_]t'f;;g] L

o,

= equ111br1um moasture content for wetting, z'=]f;‘;;-_?;;e]j:‘;'f‘f_:T;jn?*‘

=

 1ntermed1ate step to kd i,f :

1]

e_1ntermed1ate step to k

-

x & _m m
i

='1og dny1ng rate for hourly computat1on, Tog to base 10'7

=N

o
=
1]

_ Iog wett1ng rate for hour]y computat1on 1og to base 10 S




"-Q} g;i Ca1cu1ate Ed by Equat1on [Za]

" H = relative humidity, %
W = wind speed at a height of 10 m in the open.on Tevel terrain, km/h
T = dry-bulb temperature,-oc

Fine Fuel Moisture Code (FFMC) Rainfall Routine:

[7a] rhr- = my *42.5 ro(e_]OO/(Z?] _'WP))”(1.f e_G:QB/rqxv

m, < 150
[7b] m o =m +42.5 ro(e‘10Q/(251 —‘mo)) - ee6.93/rq)
+ 0.0015(m - 150) ro 5 :fj“f e ;M > 150

(Equ§t1ons [7a] and [7b] are equat1ons (3a) and (3b) from Van Wagner and Pickett
1984

where m, = fine fuel moisture cqntent from preVious hour, %
m, = fine fuel moisture content after rain, %
r, = 1-h totai:rainfalj measured invthe_opeﬁ, mm
Tﬁe'FFMcris calculated as follows:
1. Previous hour's F becomes F
2.. Calculate m from F by Equat10n [1]

:“31“iIf ra1n observed Ga]cu]ate m from o by Equat1on [7a] or
f}:ﬁff;?z[7b] - o o
.._” 5;;If m‘ < 150, use Equatlon.[7a] - . zes
If m | > ]50,.use Equatwn [7b]> Ag ml} > 25@ &M’"mf =8

zsée_lf m, > Ed; Ca'lcu'late kd by Equat10ns [3a] and [3b] Calculate m by = 7t Co

; _,?Equat1on [5a]

_ ' §$f}1f m < Eda ca]cu]ate E. by Equat1on [Zb] ,fﬁfﬁff%_'¢;y;;_ ,; T
'-_e7e, If m <E.» ca]cu1ate k by Equatlons [4a] and [4b] Calculate m by
"_L::Equat1on [5b] '

"Mn the standard da11y FFMC ra1nfa11 rout1ne the f1rst 0.5 mm of rain 1s d1scarded'
{€FS 1984; Van Wagner and Pickett 1984). For the hourly FFMC rainfall - PR
“routine, it is better not to discard the first 0.5 mm, but to use the ent1re 'l'”
hourly b1ts of ra1n every hour (C E. Van wagner, pers. comm., -5 April 1983). -



7b. If m = Eqor Epm=m,.

c., If Ed > m0 > Ew’ m = mo._

8. Calculate F by Equation [6].

Initial Spread Index (ISI):
[8]. f(i) = &0-05039 W
[91 f(F) =919 ¢

[io] R = 0,208 f(W) f(F)

0.1386 mA[]

- 3]/(4 93 x 107)]

1984)
where f(W) = wind function
W | =
f(F) = fine fuel moisture function |
m = fine fde] moisture éontent_éfter drying,_%
R = ISI | -

The ISI,is ca]cu]ated as fol]ows:

1. Calculate f(w) and f(F) hy Equat10ns [8] and [9]

2. Calcu]ate R by Equat1on [10]

Fire weather Index (FWLl

[113] f(D) = 0 526 U

[11b] f(D} =

[12]_ 3 = 0.1 R (D)

[13a] In S = é.72(o.434 n B)
[13]S =B |

0 809 2 |

1000/(25 + 108.64 £ 0-023 Uy

0.647

(Equations [8] to [10] are equatibns (24) to (26) from Van Wagner and Pickett

wind speed at a height of 10 m in the open on 1eye1 terrain, km/h ,

B > 1

B <1

(Equations [11] to [13] are equations (28) to (30) from Van Wagner and Pickett

1984).



duff moisture function

where f(D)

R = Initial Spread Index (ISI)
U = Buildup Index (BUI) '
B = FWI (intermediate form)

S = FWI (final form)

The FWI is calculated as follows:

1. Calculate (D) by Equation [11a] for values of U up to.80. If U > 80,
use Equation [11b].

2. Calculate B by Equation [12]. |

3. IfB>1, ca1cﬁ1ate S from its logarithm, given by Equation [135]; If

B<1, Tet S =B according to Equation [13b].

A flow diagram of the TI-53 hourly forest fire dangef program is given in

Figure 1.
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11
LISTING OF PROGRAM STEPS

The program can be stored on four sides of two magnetic cards and should
be Tabeled "HOURLY FOREST FIRE DANGER = Mk. II1" and "CARDS % and 2" with
fast-drying ink. The four sides should be labeled as well (sides 2 and .4
inverted): : T I —

Users are referred to sections Iv-10, 1v-21, V-52, VI-4, and VII-2 of the
TI-59 Personal Programming Manual for programming and editing instructions,
program key Tocations and codes, program 1istings and magnetic card writing.

In order to verify the program Tisting, the following example is provided.
The fire weather observations and fire danger ratings (from Stocks 1975) are
for a day (July 13) of major fire activity in 1974 near the town of Red Lake
in northwestern Ontario. '

From Table 5 of Stocks (1975): 1300 CDT FFMC on July 12 is 89.
- 0900 CDT Relative Humidity on July 13 is 35%.
Initial FFMC is 82 using the FFMC Diurnal
Adjuitment Table (Van Wagner 1972; Alexande 4
1982). . ,

N

From Table 6 of Stocks (1975): Hbur]y weather data given 1n Table 2. No rain.

Table 2. Hourly computations of forest fire danger at Red Lake, Ontario,
~between 1000-1800 CDT on July 13, 1974,

Dry-bulb Relative Wind 1-h " .
Hour temperature  humidity speed!  rain BUI FFMC _ 1ISI FWI & o .
o) . (0 (%) = (m/h)  (mm) ey
0900 B 3 25 00 ;2 s20 - -t
1000 25.0 30 257 00 32 skl "--"._s'.y C1sa 7.8
1100 25.6 32 257 00 32 857 84 155 15.6 0
1200 25.6 29 29,0 0.0 = 32 871 12.2 205 14.0
1300 25.6 28 322 00 36 &4 17.1 275 12.6 v’
1400 256 28 . 322 0.0 36 893  19.6 302 11.6 v
1500 25.0 29 290 0.0 36 9.0  18.3 289 10.9 v
1600 25.0 31 257 0.0 3 904  16.5 268 10.5 7
1700 24 34 193 0.0 36 - 90.6  12.2 218 10.3°
1800 2.4 34 161 0.0 ° 36 907 10.6 197 10.1

1 As measured at a height of 10.m.in the open on level terrain.
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Program Steps: 165-329
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Program Steps: 330-494 - S _ .
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NOTE

For the latest details on the Hourly Fine Fuel Moisture Code contact Dr. B.M. Wotton,
Canadian Forest Service, Great Lakes Forestry Centre (mike.wotton@utoronto.ca).
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