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Preface

In May 1969 a provisional new system of forest fire danger
rating was completed and soon afterwards was issued to interested
forest fire control pecple across Canada. It resulted from the joint
efforts of Forestry Branch staff, in several locations across Canada,
who turned out informal papers on many aspects of the new system during
its development period., To preserve the record of this development,
the Program Coordinator for Forest Fire Research has recommended that
these papers be issued as Information Reports.

The three papers incorperated in this single Information
Report were produced separately by personnel associzted at that time
with the Eritisa Columbia Regional Office.

Not all of the proposals outlincd in tiiese papers could be
incorperated into the current version of the danger rating system; they

are presented here only as a matter of record,
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A DROUGHT INDEX TC SLIULATE MOISTULE CONTENWT OF THE

BULL ORGANIC LAYER
The Drought Index Paradox

Ary index of drought or of build-up is a mathemaztical model
representing the moisture content of some specific slow-drying fuel,
The fuel may be a large log or a moderately deep organic layer. This
paper deals specifically with a deep organic layer,

Drying in such a fuel is generally well represented by an

exponential relationship associated with a particular time constant or

lag coefficient, referred to a standard day having specified drying
conditions,

Wetting of the fuel is assumed to take place only as a result
of precipitation. Any excess over that required to produce saturation
of the layer is assumed to be lost as runoff, but any amount less tnan
this is taken to be fully effective in wetting the fuel.

This is essentially the moisture budget approach used so
successfuily by Thornthwaite and subsegquent investigators. The U. S.
National Drought Index also uses this approach.

This simple mocel resulls in a paradox which is particularly
disturbing when the index 1s expressed in time units rather thnan in terms
of moisture content. The paradox is simply the reduction in drought index
for a given rainfall at high valu=ss of the index is much greater than it
would be for the same rainfall at a lower index. In other words, it takss
longer to return to the pre-rain value of the index when the organic layer

is dry tnan when the fuel is more moist,



Figure 1 (P. 12) shows the reduction in the Drought or Zuild-up
Index for given values of rainfall and initial index, To make the results
completely general, the rainfall has been expressed as a fraction of the
rainfall equivaient ©f the range from equilibrium to saturation of the
layer. The index has been plotted in units of Time Constant or Lag
Coefficient.

Dissatisfaction with the relatively exaggzerated effect of
small rains at high Index values led to the development of the model
discussed in this paper. This dissatisfaction was presented in a paper
at the 1966 Fire Weather Conference.*

The Basic Drought Index
The Drought Index is similar in concept to the U. S. National

Drought Index. As in the U, S. National Build-up Incdex, each drying day
contributes a specific number oi drying factor units to the cumulative
index. A standard drying day with a temperature of 70°, a relative
humidity of 20% and a 3 mph wind contributes 3 drying factor units. The
time constant is 48 drying factor units or 16 of thsse "standard" days.

The Accelerated Drying Rate

Examination of fire histories, and discussion with experienced
fire control personnel, failed to disclose evidence in support o. the

concept that the effective period of a small rain should be any longer

* 1nCorrelation of Build-up Index znd Fire Season 3everity", Jas. li. Tyrrel
and Geo. Re Miller, Mineo. Paper. presented at ./estern Fire .eather

Conference, Portland, Ore. 1966,



under severe drought conditions that it woula be for the same rain under
less severe conditions. It was therefore assuned tnat a given amount of
rain should have the same effective period, regardless of the level of
Drougnt or Build-up Index. Tais may be an over-simplification, but it
appears to be essentially true.

The last assumption can be made compatable with the two previous
ones, provided that the drying rate following the rain is appropriate
to the saturated state rather than the moisture content of the whole
layer. Figure 2 (P. 12) illustrates this effect.

Such a drying regime would be about the same as that of a layer
saturated from the top down as the rainfall progresses. Tnis is not true
in all duff layers but appears to be ths case in some deep organic layers.

It is also consistent wita the fact that root systems in a
layer of pronounced moisture stratification will extract moisture where
it is most readily available,

Such stratification is oiten observed. Figure 3 (P. 13) presents
two examples of such stratification observed during the past summer .

The drying rate, during the time tne moisture is assumec to be

EY
strongly stratified, is called tae Accelerated Drying Rate as opposed to

the Standard Drying Rate.

The Standard Drying Rate appropriate to a given value of the
index is based on the profile which results from thc uniform upward
diffusion of moisture through the layer.

The ratio of the accelerated rate to the standard rate is

called the Acceleration .uotient or Acceleration Coefficient.

* The term "Accelerated" in this connection has some erroneous

connotations and could more accurately be replaced by "Enhanced" or

simply "stratified".



Figure 4 (P. 13) shows the relationsulp between tne guotient
and the two factors on which it depends. The acceleration guotient is
just sufficient to bring the index back to its pre-rain level after the
appropriate number of drying units have been accumulated.

Figure 5 (P. 14) shows how a section of the rainfall tables
might be set up.

The accelerated drying rate is used only until the pre-rain
value of the index is reacihed again. Once that level has been attained,
the Acceleration . uotient goes to 1 and the drying factor units are
accumulated without further acceleration.

Figure 6 (P. 14) shows the results of calculation for two fire
seasons based on readings from the Prince George airport in central
British Columbia. During the last three weeks in August, 1961, two fires
burning within 20 miles of the airport covered a total of 90,000 acres,
consuming almost all of the available organic material., It is significant
that trails 3-4 inches deep in ash on August 25 were impassable on September
5th because of mud.

During the 1967 fire season, one of the authors (S. J. huraro)
conducted a series of test burns on 46 plots in spruce-balsam slash,
averaging two acres per plot in the McLeod Lake area, about 80 miles north
of Prince (George.

Figure 7 (P. 15) shows the relationsuip between the percentage
depletion of the organic layer as a result of these burns ana the Drought
Index calculated according to our system. The resulting correlation co-

efficient was 0,89, confiming that the index is a useful predictor of the



fuel available for combustion in the moderately deep organic layer.

Figure 8 (P. 15) shows the equivalent moisture content based
on the proposed index plotted against the measured values for the full
organic layer, taken in a seed block adjacent to the test area. This
sampling technigue was not started until mid-August; still, the 14 points
suggest a strong correlation (r = 0,98).

Figure 9 (P. 16) shows the same relationship as Figure 8,
except that the index was calculated without any acceleration in the
drying rate. The correlation is still good, but the absolute values of
moisture are no longer represented (r = 0,93).

The accelerated drying tends to shirt the peak value of the
index later in the season. For example, at McLeod Lake in 1967, the peak
value indicated with the ummodified index was 127 on July 18, with a
secondary peak of 87 on August 31.

By contrast, the modified system indicated a maximum index
value of 204 on jugust 31 as opposed to 144 on July 18. The behavior of
slash fires and moisture content measurements indicates that the latter
picture was much more representative of the true situatiocn than the one
given by the ummodified index.

Conclusions

A modification to the accepted form of Drought Ipdex is
presented. This modification is designed to eliminate the apparent
paradox that results when light rains occur during a period of severe
drought. Preliminary results suggest that this model simulates actual

conditions better than the conventicnzl model,



APPENDIX

DROUGHT INLEX CALCULATIONS
(Victoria Mark II)

General: The Drought Index is calculzted at 1600 hours each day
unless rain is falling at that time. Calculations are bzsed on
the previous value of the Index, current relative humicity,
temperature and wind speed. If rain is falling at 1600 hours
the Drought Index is not calculated for that day; instead the
index is calculated for the following day using the accumulated
rainfz1]l since the last observations was made,

To Start Calculations: Index calculations will normally be

started on the third day that the snow has been gone from the
area or on the first day after a rainy period totalling 1.5 inches

or more. On that day assume the previcus index to have been

ZEero.

Then go to instructions in Column 4.




A.

STANDAKRD DRYING PROCEDURZ

1) Took up the Drying Facter (DF) for the day
in Table 1.*

2)  Add this value ol the DF to Yesterday's Drought
Index (DIc) to give the Drought Index for

today (DI).

3) For each successive day that po rain falls or
rainfall is less that .06 inches repear 1) and 2)

zbove.

Until a daily rainfzll of .06 inches or more is

recorded

) Then circle tahe last value ol LUl beicre the
rain.

5 Look ur the values for the jiccelerztion Coefficient
(JF and the Drought Index at Cessation of Rainfall
(UIr) in Table IX

6) Go to instructions in Column B.

Remember to subtract 1 from the Drying Factor Ior rain of
.02 inches or more.
+ Aflter Sestember 1lst & ssasonal seffect may oe introduced

by using (Q+1)/2 instead of L.



B.

ACCELERATEL DRYING PRCC .DURE

1) Look up the Drying Factor Ifor the day
in Table 1.*

2) 1ultiply tais by the value of ..
Round this result oif to nearest
whole number ance add this to IIr
to get the value ol the Drought

_Index for that day.

3) For eacn successive day that less
than .06 inches is recorded, rspeat 1)
and 2) above usin, the same value of
«<» = but adding the product to the
previous value (DIc) of the Drought

_Index insteau of to DIr.

e

UNTIL = UNLESS _
L - i
The Drought Index for today or more 1is recorded.
would have exceeded the last
circled value of the Drought
Index
THEN
THEN
L) look up new values of
41) Take the latest circled value and OIr in Table TI.
of the index as the Drought
Index for today. 5) If this new value of _
is greater than the
5') Return to Column A and Drevious one - continue
continue as in 4 1). to use the smaller value.
QOtherwise use tne new
value, **
6) Go back te i) in tkis
column (E).

® Kemember to subtrsct 1 from the Drying Factor for rain of .02 incnes or more.

A x — "
Always use this new DIr value.




TiBLE I. Drying ractor

Temperature (°F)

Less than 70 70 or higher
Relative
Humidity (%) Wind Speed (m.p.h.)
0 - 4 5-9 10+ | =l 5.=9 10+
Drying Factor
76 or more 2 2 2 2 2 2
66 - 75 2 2 3 2 2 3
b6 - 65 2 3 3 2 3 3
36 - 45 2 3 3 3 3 -
16 - 35 3 3 L 3 4 4
15 or less 3 L L 4 L 4

For any day on which the rainfall is .02 inches or more, tne Drying

Factor obtained above will be reduced by 1 unit,




TABLE II Acceleration Quotient and Drought Inder at Cessation of Rain

Drought Index before Rain (DIo)

Rainfall in Inches ¢ 3 10 17 = 31 38 45 52 59 66 73 82 91 100 109 118 127 138 149 162 175 188 201 214 227
to to to to to to to to to to to to to to to to to to to to to to to to to or
2 9 16 23 30 37 4 51 58 65 72 8 90 99 108 117 126 137 18 161 174 187 200 213 226 wnore
Acceleration Quotient (Q) and Drought Index at Cessation of Rain (DIp)

06 -~ .10 Q .0 1. 1.2 Y4 1.6 1.9 2.2 2.5 2.9 3.3 3.8 L. 5.2 6.2 7.2 8.5 9.2 11.7 13.9 16.7 20,1 23.1 28,1 32.6 37.5 42.5
# z DI ¢ 2 10 17 =3 30 36 43 49 55 61 68 75 8 89 95 101 107 113 119 125 130 135 138 141 143
1 - .15 Q@ 1.0 1 1.8 1 1.6 1.8 2.1 204 2.7 31 3.5 4 4.8 5.6 6.6 7.6 8.7 10.2 11.8 140 16,5 19.2 22,1 25.1 28.3 31.7
* ) DI 0o 2 9 15 2 28 34 40 45 51 57 63 63 75 &l g6 91 37 100 106 110 114 117 119 121 123
16 - .20 Q@ 1.0 1.0 1.2 1.3 2.5 1.7 2.0 2.3 2.6 3.0 3.3 3.9 4.5 5.2 6.0 6.9 7.9 9.C 10,4 12.1 4.1 16,1 18:3 20,6 23.1 25.4
DI 0 1 7T 13 20 25 31 37 L2 47 53 58 &4 69 T 79 83 gs 91 95 99 102 1 106 107 108
g L0 101X A3 1:5 1.7 2e9 2.1 264 247 3 35 LY KT 5k 6.1 6.9 7.8 2.6 10.2 11.7 13.3 1.4.9 16.5 18.3 20.0
- 30 pr. 0 0 5 11 17 22 28 33 38 43 47 52 57 6 61 T T 78 8 & 8 & 90 91 93 93
1 40 Q L0 1.0 1.4 1.2 Lk 1o 1.7 2.0 2.2 2.5 2.8 3.2 3.6 4.1 L.7 5.2 5.8 6.6 T.4h 8.4 9.5 10,6 11.7 13.0 Li.2 15.4
S ® DI, 0 o 2 8 13 18 23 28 33 37 41 45 50 54 57 60 63 66 68 71 3 75 7% 77 78 78
a 50 o] 1.0 140 1.0 1.2 1.3 14 2.6 1.8 2.0 2.3 2.5 2.8 3.2 3.6 4.1 4e5 5.1 5.6 6.3 6.5 7.2 8.8 9.7 10.6 11.5 12.5
= % DIp 0o 0 0 5 10 15 19 24, =28 32 35 39 43 L6 49 52 54 57 59 61 &4 65 65 66 &b
51 - .60 Q 1.0 1.0 1.0 XaT L2 1.3 1.5 1.7 1.9 2. 2,3 2.6 2.9 3.3 3.6 4.0 44 4.9 5.5 5.8 6.2 7.5 B.Z2 8.2 9.5 10.2
. ' DIp 0 0 0 2 7 11 16 19 23 27 30 33 37 40 42 45 47 48 51 52 54 55 55 56 57 57
a 80 Q. 5.0 30 1.0 .00 25X 1.2 1.3 1.5 1.6 1.8 2,0 2.2 2.5 2.8 3.1 34 3.7 4 4.5 5.0 5.5 6.0 6.5 7.1 7.7 B.2
EAPE & DIp c o o0 o 3 9 11 14 17 20 23 26 29 32 34 36 37T 39 4 42 3 4L A4S 45 46 46
81 - 1.00 D? 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.3 1.4 1.5 1.7 1.8 2,1 2.3 2.5 2.7 3.0 3.2 3.5 3.9 4s3 4.7 5.1 5.4 5.8 6.2
r 0 0 0 0 0 1 A 7 0 13 5 18 21 23 2, 26 27 29 30 31 J2 32 33 33 34 34

Q 1.0 1.0 1.0 1.0 1.0 1.0 250 1.1 6d 1.3 14 1.5 1.7 1.8 2.0 2.2 2.4 2.6 2.8 3.1 3.3 3.6 3.9 4.2
|o0L = 1.2 . s . = . 4.5 4.8
L DIy 0o o o0 o0 o0 8 0 2 % 7 9 11 13 15 16 18 19 20 21 22 23 23 24 2 2 2
.21 =~ 1.50 Q 1.9 1.0 3.0 1.0 1.0 1.0 1.0 1.2 1.0 1.0 Ll ‘1.2 A8 Td 1.5 1.7 1.8 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5
DI 0 o0 0 0o 0 o0 0 0 0 0 2 3 5 9 8 9 10 1 12 13 13 BV I FA 4 15 15
.51 + n? 1,0 ‘1.0 1.0 1.0 1.8 1.0 1,0 1.0 1.0 ‘1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 o S 5 | .2 3.3 i L35 1.5 <
r 0o 0 0 0 0 0 0 o0 0 0 0 0 0 o 0 0 0 0 0 0 1 1 2 2 2 2
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Examples illustrating the calculztion of DROUGHT IEDEX, VICTCRIA ILihx IX

M = missing record, R = raining

3 fani=e] ol = 2
g 1 53| .3 Helwd| E| @
: e g5 58 €3 8€ | u<| £
; &5 Hk| 24 ZEl 3R B 8°
| S Sp b8 TR o H o
5 & 5 S o ., | XG o
¢ 2 E 5 2 | ER| S| §
® = 5 Q e £ &
Datel (“F)| (m.p.h.)| (%) [in.)] (DF) | (4| (DF x )| (DI.)) (DIr) (of)
Snow disagpeared from operational arsas on Aoril 29
MAY
1 0
2 58 3 48 2 0 2 Al+2
3 60 2 30 3 2 5 Al+2
4 63 4 28 3 5 8 Al+2
5 65 10 22  L01 4 8 iz Al42
6 M M M R M 12 rainirg
7 60 11 34 Trace 4 12 16 Al+2
8 N M M R M 16 raining
g 58 5 64 L03 3-1=2 16 18 A3
10 60 2 50 J04 2-4st . 18 19 A3
11 M M M R N 19 raining
12 63 2 76 o285 2-1=1 1,3 E.9xi=t.3 19 11 12 Al ,5,+6
13 66 6 37 3 1.3 1.3x3=3.9 12 16  Bl+2
iy 68 Calm 26 3 1,3 1.3x3=3.9 16 19 B2,41,51
15 70 7 24 by 19 23 al+2
16 62 5 64 .05 3-1=2 23 25 A3
i7 70 6 33 b 25 29 Al+2
18 71 5 24 L 29 33 Al42
JULY
20 76 6 21 4 76 80 Al42
21 69 1 72  J0 2-1=1 3.2 3.2x1=3.,2 80 L5 48  A4,5,+6
22 72 2 37 3 3.2 3.2x3=9.6 42 58 B
23 68 Calm 58 2 3.2 3.2x2=6,4 58 64 B2
2u 69 5 48 3 3.2 3.2x3=9.6 64 74 B
25 70 g 60 12 3-1=2 3,2 3.2x2=6.,4 74 63 69 BY 5,46
26 7R 1 38 3 342 3.2x3=9.6 69 79 Bl+2
27 76 5 22 b 3.2 3.2x4=12.8 79 &0 145
28 78 6 21 4 80 84 Al+2
29 72 5 L9 3 8l o7 Al+2
30 70 9 34 .05 A=l=2 87 90 L3

|
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COMPARISON OF PETAWA.&A MARK IV AND B, C. ARK IT

DROUGHT INDEXES

Se Js Muraro & J. A, Turner

Presentation to Heetinz of Fire Research Personnel - QOttawa

Feb, 25-28, 1968



The periodicity and amount of pr-cipitation uuring the summer
months dictates the severity of a fire season. In forests ol tune ncrta
temperate region the proportion of fuel availatle for combustion is
largely dependent on the cumulativs drying of the large, slow-arying

A Y
fuel components. 4 parameter of the moisture content of these fuels
is an integral component of all Fire Danger Natings Systeus designea
for this zone.

The decision to revise the Canadian Fire Danger Rating System
resulted in the proposal of a numoer of parameters of the moisture comtent
of the slow-drying fuel components. The Petawawa ilark III, developed by
Van wagner at Petawawa and the EB. C, liark II, developed oy Turner, in co-
operation with members of the B. C, neglonal Fire iesearcn oSection, were
two such indexes discussed at tie Calgary meeting in hay, 1967. Pursuant
to field testing anu further work, both indexes have been cnanged; the
Be C, Hark II only in computation techniques, tut the Petawwa enoygh to
Justify tne new nomer of Petawawe kark IV,

The B. C, lark II index wss designed to simuleste the moisture
regime in organic layers having molsture-noldinz properties similur to
the samples displayed. These organic layers are common to all arezs of
the Coast, Subalpine, Columbia and Horeal Forest rszions ol critisai Columbis,
In the liontane Forest Region they occur on all but the extremely dry
lodoepole pine and noncerosa pine sites.

These orgainic layers are usually composed of integrated moss
litter overlyin; a dense fermentation and humus layers often consisting
largely of rotten wood containing a fair proportion of living roots,
These organic laycrs are generally deeper on wet or poorly drained sites
and more snallow on drier sites. Characteristics of the samples are

incluaed in Table I,



Table I. Characteristics of organic samples.

Sample wt* depth area vol. 1ts/ o2
1bs inches f£t2 fto
1 o35 ' 2,5 17 036 2.06
2 «26 340 W17 029 1.53
3 25 2.2 al? 032 L.47
L - «53 3.5 15 . Ol 353
* Alr dried only -- 9 montas in laboratory wnere average couditions are

70° F and 305 R. H.

If we presuppose that the index is a satisfactory reflecticn of
the general drying trend of tne organic layers described, and if similarity
of surface appearance is any criteria of the general moisture retention
characteristics, then the B. C. Mark IT Index would probably be applicatle
to the remainder of the Canadian Boreal Region and to the wetter areas of
the Great Lakes and Acadlan negions. The B. C. iiark II is tnought to be
applicable to forests occurring in all but the shaded areas on Figure 1,

As a result of the discussions concerning the two indexes at the
Calgary meeting in May, 1967 every opportunity was taken to compare the
indexes.during the 1967 fire season. All readily available data from
field studies and wild fire action were analyzed and related tc the two
drought indexes in juestion. The data accumulated were from four main
sources.

(1) Wild fire action in British Columoia during the 1367 fire

sSeason



(2) Destructive sampling for organic layer woisture content
(3) Fire impact studies for 8. C, 608 and 5. C, 606
(4) Observation and experience

The fourth source must be recognized because, regardless of the results

of these discussions, this factor is most important from tae user's point

of view.
Wild Fire Action

If the droucht index is accepted as being a good relative index
of fire seascn severity, then the general fire load should be reflected
in the drought index. The Petawawa lark IV Inuex and the B, C. lark II
Index were calculated for four stations in the Helson and Kamloops Forest
District for general comparisons and collaticn with fire activity.

Figure 2 shows tne Petawawa bMark IV Index and the B, C. ¥Mark IT
Index with the date and amount of rain for the 1967 fire season., There
are two areas of significance. The first is the striking similarity of the
two indexes at the lower values ana the similar drying rates wnen the E. C.
Mark II Index is on the standard drying rate. ‘The second is the pronounced
difference in length of period affected by rainfall st the higher drought
index numbers. Consider the three rains of July 7, 19 and August 4; the
bracketed numbers following the effective period is the mean daily moisture

loss in inches shown by the recovery rates of the two indexes.
sffective Period (Days)

Date of Rain Amount (inches) B. C. M. II Pet. s IV
July 7 o27 3 (.09) 11 (.024)
July 19 .12 2 (.06) 7 (017



The drought indexes for Cranbrook ( :ig. 3) reveal the same
cnaracteristics as Figure 2. The essentially similar reaction at the
lower levels and a similar rate of drying durin: the standard rate are
apparent. Bven more striking is the difference caused by the .15 inches
of rain on August 7, because the season2l peak is displaced by three
weeks, tne Petawawa Index never recovering from this rain even after the
23 days shown., The effect of the rainfall of .07 on July 19 is also
different but does not have the psychological impact of displzcing the
period of relative severity.

Figure 4 snows the similarity of standard drying rates indicated
in the previous two figures. From this figure, the effective periods for
the rain occurring on the same day as these at Shuswap falls are compared
below; as in Figure 2, the bracketed figures are the daily moisture loss

in inches.

Bffective Period (Days)

Date of Rain Amount (inches) 5. C. k. II Pet, & IV
July 7 15 2 (.075) 14 (if continued) ,015
July 19 53 10 (.053) 18 (if continued) .029
Aug. 4-6 18 + .08 3 (.086) 14 .018

Ramlocops Forest District fire action in terms of total manpower
is snown on a logarithmic scale. Periods of verying degress of activity
which coincide with high perioas of both indexes are obvious. The man power
peaks coinciding with the rains mentioned previously are in part lue to
the ligntning fires associated wita the rains. The leveling oif in the latter
part of august indicates the fire load saturation point rather than a

decreasing severity,



The comparison of drought indexes and fire action in the lelson
Forest District during 1967 reveals many of the same characteristics as
that for Chase. Again, the similarities at the lower inuex levels and
the similar drying rates are apparent. The inconsistencies in fire
action are due to the same causes as those mentioned for Chase. Note
the difference in the Petawawa index value calculated at Creston (Fig. 5)
and Cranbrook (Fig. 3) caused by the .13 inches of rain on August 7.

The regression of the weekly burned acreaze in the Nelson
District and the highest drought index for the week calculated at
Creston is shown in Figure 6. The equations for the regression lines
(not shown) are Y = 1,05 + ,015 and Y = 1,11 + ,02X for the B. C, Mark II
and Petawawa Mark IV indexes, respectively. The respective correlation
coefficients are .80 and .75. The similarity of these correlation co-
efficients are understandable when the similarity of the indexes from
Figure 5 is recalied. In Figure 7, the rsgression of burned acrez-e in
the Kamloops District and the drought indexes calculated at Chase, B. C.
are saown.
In this figure there is a significant difference in the

correlation coefficients of the two indexes; for the B. C. hark II it
it .77, and for tne Petawawa hark IV it is ,61. This is meaningful when
the difference in the drougnt indexes shown in Figure 4 is considered.
The figures beside each point in both figures are the chronological order
of the weeks commencing in June. The larger acrea:es burnead in the last
few weeks verify the reascn of fire-load saturation for the leveling off

of man power on Figures 4 and 5 for the latter part of Auszust,




Destructive Samples of Organic Layers

Project 3. C. 608, "Development of a Burning Index and Guidelines
for Prescribed Burning in Spruce Salsam Logging Slasn", offered an opportunity
to test the ability of the two drought indexes to indicate the moisture
content of the organic layer. On this area (2,300'z.s.l.), located near
the south end of kaclecd Lake, the organic layers are typical of those
displayed, with the exception of having a less luxuriant growth of moss

and being generally more shallow. Two samples are described below.

Sample wt depth arga lbs/ft 2
0. D. g inches ft
1 379.8 1.8 <73 1.14
2 575.4 2.4 <79 1.59

Samples 1 and 2 included 27 and 144 grams of roots, respectively.
These roots were large and easily removed; an unknown proportion of
smaller roots remained.

From sach of the 46 plots shown in Figure 8, three composite
samples of the upper and three of the lower organic layers were taken
prior to each burn.

The Macleod Lake plots were burned from June 19 to August 24,
The Be C. Mark II drought indexes and the Petawawa pkark IV for tne season,
including this period,are shown in Figure 9.

The regression of the destructive samples of the uprer and full
organic layer moisture contents and the two drougnt indexes are shown
in Figure 10,

The inconsistencies in moisture content due tc location are
more siriking when Figure 11 is examined. The relation snown in this
fizure is from tine mean of four samples of the full organic layer under

a seed block adjucent to the study area. Shortage of help prevented
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this type o. sampling for the major part of the summer and those shown
commenced on August 19 and continued on a daily basis to September Z,
The sample at the lower right of 157 per cent was taken on Septemver 11
after a total of 1.28 inches of rain had fallen since September 1. The
point on September Z at 79 per cent .. C. had sustained a rainfall of
«26 inches since the previous day's . C. of 37.7 per cent. The ejuations
for these lines are Y + 188.4 - .75x ard Y = 124,0 - 2,46X for the B. C.
and Petawawa indexes, respectively; their correlation coefficients are
-+95 and =.63, respectively. The moisture content of the upper mineral
soil on September 11 Was 13 per cent, relatively dry for these fine
textured soils, indicating that the 1.28 inches of rainfall that occurred
from September 1 had not penetrated the entire organic layer. This s ain
illustrates the strong stratification of mcisture in organic layers
similar to those displayed.
Fire ct Siudies

The last means of comparing the two drought indexes is pernaps
the most meaningful; this is the comparison through analysis of the amount
of organic material removed by prescribed fires. An index that can te
confidently applied to this purpcse becomes an invaluable tool for selecting
necessary weather regimes tc accomplish a predetermined treatment. Such
an index can also be applied tc determine damage potential of wilc fires
to wildland values cther than timber. A meaningful index tnat can be
related to fire impact is a necessary priority before relating the fire
characteristic of intensity to the fire danger rating system. Figure 1Z
shows the regression cf organic layer depletion in per cent znd the 5. C.

lark II drought index, Note the strong correlation coefficient of .&0



using the Macleod Lake datz. To test this prediction capability,
depletion data from the six burns on habel Lake were plotted; with

this datz the correlation coefficient is increased to .G5. Only

the B. C. HMark I index and Turner's soil moisture index shcwed regressions
that even approached the Mark II. In this regression, per cent depletion
rather than absolute depletion was used to aveid the complicaticns of a
transition in organic layer depths.

Various other indexes, including the Petawzwa lark IT and Liark IV
U. S. national buildup, anc the Canadian 25 day system, are on the subsidiary
scattergrams, Regressions for these systems u:ers not calculated because of
the btimodal cistritution of the samgple population,

To conclude this comparison some Derscnzl observations during
the Macleod Lake project are added. There is nc doubt that conditions
were much drier at the end of Auvgust than on July 19 vhere tae Petawzwa
index snows the most extreme condition. Surface water wes still present
on July 19 and continued to decrease up to the time of the September rains.
A small creek which had to be forded during the early part of the season
ceased showing surface water on about July 10, Surface water showed for
cne day on July 20, never to reappear in 1967, not even after the early
September rains. Traversing the arez with vehicles was still extremely
difficult in mid-July and it wes not until mic-August that this condition
was alleviated, The rate of drying of surface drainage from puddles
coincided rcughly with recuperation of the Mark II, The increzsing
severity of the situstion was verified by the increasing fire intensity

on the test plots.




These observations are supported,in principle, by the feelings
of the Prince Ceorge Protection Personnel, who had no doutt of the
greater severity during the late-August period over that which existed
in July.

The evidence offered in this paper shows the E, C, lLiark II
index to be a more realistic parameter of moisture conmtent in organic
layers similar to those displayed than the Petzwzwz Mark IV, Tae
Petawawa Mark IV index is probatly more applicable to the relatively
uncomp;cted organic layers in the drier areas of the Great Lakes Forest
region; however, the relative scarcily of these organic layers precluaes
the use of the Petawawz hiark IV index as a compenent oi the revised

fire danger rating system.
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A MODULAR APPROACH TO A REVISED NATIONAL

FIRE DANGER RATING SYSTEM

We live in an era of change; obsolescence precedes perfection.
Industry meets the challenge of changing demand with the modular concept of
design. This modular concept, pioneered by the electronics industry, maximizes
product versatility by confining each function to a specific but inter-
changeable block or module. A change in function requires only a change of
module rather than a change of the entire product.

Fire researchers concerned with modifying the fire danger rating
system face the same challenge as the innovators of the modular concept. New
and increasingly more expensive suppression techniques; increasing wild land
values; variations in regional application and climates and the increasingly
important role as a decision making aid are factors that contribute to the
varied requirements of a fire danger rating system. As researchers, we have
the responsibility of providing operations with a rating system that accurately
defines the characteristics of fire behavior while retaining flexibility to
meet a variety of applications. For the researcher, a rating system is
equally important; in addition to its use as a research tool, it is the yard-
stick by which operations implement researche

This proposal for the revised Canadian National Fire Danger Rating
System suggests a modular concept to facilitate development and applications
The advantage of this approach is that further sophistication is easily
accomplished by refinement or addition of tables without having to alter the
basic framework, This would allow an easy program of updating instead of the
crash program with which we are presently involved. The modular concept
would be extended to the expression of the index, each table ylelding a defined

value related to some characterlstic of fire behavior which has a definite



meaning to the user,

Moisture Content
The two basic building blocks are the moisture contents of two

standardized fuels. The first is the moisture content of a standard fine
surface fuel and is derived through the use of a mumber of modules dependent
on the particular application. For the standard operational procedure of
daily index calculation, two modules are used: one to obtain the daily
maximum moisture content of the fine fuels at 0600 hr; the other to obtain
the dally minimum moisture content at 1600 hr., (Tables I and IT in Appendix
I)y To determine the fine fuel moisture at other times of day, additional
modules, Tables Ia to Id, are applied for the times of 0800, 1000, 1200 and
1400 hre To determine the fine fuel moisture content after 1600 hr, Tables
IIa to IIc are applied at the times of 1800, 2000 and 2400 hr, The moisture
content of the standardized fine fuels are determined from a mathematical
transformation of the pine mat data or from composite samples of needles on
the surface of the forest floor on the drier pine sites. A large segment
of this work has been completed. Lawson has compiled a series of tables
from the work in the Prince George area by Russell, Lawson and Péche

The tables developed by Lawson predict the moisture content of a
composite sample of surface needles on a dry pine site, using current relative
humidity or precipitation and initial moisture content. (The original

v Subsequent decisions to incorporate moisture regimes of three fuels
resulted in changing the flow chart shown by Appendix I,
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tables by Lawson are appended to a later publication dealing with their
revision (Muraro and Russell, 1969ﬂb/). The initial moisture content is
the moisture content from either the 0600 table or the 1600-hr tables,
depending upon which of these calculations were most recent.

This combination of modules replaces the Drying Code Table in
the previous rating system., The twice-a-day calculation reduces the need
for a rainfall table if rains between the operational periods are corrected
according to the tables,

The previous drying code was entirely satisfactory to determine
moisture contents of these fine surface fuels in mid-afternoon when noon
relative humidity was used as the independent variable. Field work to gather
data for the new tables was initiated primarily to increase the flexibility
of the rating system to allow application at other times of day and to
restrict the effect of the nighttime humidity to the fine fuel moisture
index rather than to the final index, This approach of using the approximate
maximum and minimum weather to determine fuel moisture ilncreases accuracy
because extremes are defined and intermediate calculations are confined to
one phase of the diurnal moisture cycle. Insofar as British Columbia is
concerned, the addition of a second table to determine the fine fuel moisture

code is of little consequence since it replaces the overnight R.H. correction
tables

l/Huraro, S. J. and R. N. Russell with appendix by B. D. Lawson. 1969,
Development of Diurnal Adjustments Table for the Fine Fuel Moisture Code.

Info., Report BC-X-35. Forestry Branch, Dept. of Fisheries and Forestry
Victori&, B. C.



Values in this table are expressed in percent moisture content,
rather than the coded values previously used, and the tables are called the
Fine Fuel Mojsture Index. In the National Fire Danger Rating System, the
fine fuel moisture index is dependent only on weather and is completely in-
dependent of regional differences. Adherence to the modular concept pre-
cludes correction for the drying effect of wind in this module because the

magnitude of this effect is at least partially dependent on the particular
fuel complex.
sture 1

The moisture content of the slower drying fuels is the second
basic building block of the revised Danger Rating System. This parameter
will be called the Build-up Index because of the common usage and under-
standing of this term, The Build-up Index consists of two modules or
tables: one table to define the rate of drying; the other to define the
wetting effect due to precipitation. The most important requirement of this
table is that it can be an accurate relative parameter of the moisture
regime of the slow drying fuels. Because of the preceding discussions con-
cerning the choice of this particular index, no further discussion is
warrantody « The Build-up Index, like the Fine Fuel Moisture Index, is

dependent only on weather, (The proposed set of tables for the Build-up

Y Mararo, 8, J. and J. A, Turner, 1968, A Comparison of Petawawa Mark IV
and Be C. Mark II Drought Indexes. Working paper for meeting of Fire
Research personnel, Ottawa, Feb. 25-28, 1968,
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Index is appended to a paper by Turner et al, 1968L/.) The relevance of
these modules to the rating system is shown in Appendix I by Tables III
and IV,

The Weather Ipd
The Fine Fuel Moisture Index and the Build~up Index are the
foundation of this proposal to the revised Danger Rating System. In
principle, they offer nothing new, as all Fire Danger Rating Systems for
the north temperate regions include parameters of at least two fuel
moisture regimes. To review the previous discussion, the proposal consists
of two indexes that express the moisture regimes in standardized fuels having
unique drying rates dependent only on weather. Integrating these moisture
indexes to obtain a strictly weather dependent model of fire growth to use
as a national rating system requires the selection of a fuel complex for
use as a growth media. The fuel complex selected, for the fire growth
model should have two important qualifications.
(a) It must be common to most areas in which the index is to apply.
(b) It should be as normal as practical to obtain, offering a
minimm of unique characteristics such as loading, distribu-
tion or size.
The various pine fuel complexes, lodgepole pine in the west and
Jack pine in the east, have previously been selected as media for the weather

dependent fire growth model. These stands fulfill the agbove qualifications

Y Turner, Jo A., S. J. Muraro, Gy Pech and R. N. Russell, 1968, A Drought
Index to Simulate the Moisture Content of the Full Organic Layer.

Presented to Conference on Fire and Forest Meteorology of the A. M. S. and
S. A, F, March 12-14, 1968, Salt Lake City, Utah,
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and are further recommended because of the potentially large cuantity of
applicable test fire data. It is appropriate that a weather dependent
model of fire growth be termed the Fire Weather Index.

Derivat of Ind

Integration of the moisture content of the two sizes of fuels
parametered by the Fine Fuel Moisture Index and the Bujld-up Index to
obtain a fire behavior model is based upon established principles, In a
particular fuel complex in the absence of wind, fire spread is well correlated
with the moisture content of the fine fuel components. This relation is
different for each fuel complex dependent on the proportion of fuel in the
smaller size classes. Wind has a far stronger effect on rate of spread than
does fuel moisture. Again, this effect is partially dependent on the
distribution of size classes. In general, the &fect of wind on frontal fire
spreed is most pronounced at the moderate velocities and lesser at the low
and high velocities,

The obvious course of action is to develop a module using the Fine
Fuel Moisture Index and wind velocity as independent varisbles to predict
the dependent fire spread. The spread module should be expressed in relative
terms on a scale of 0 to 100, This table constitutes the fif'th module shown
as Table V in Appendix I,

The values for this table would be derived directly from test fire
data for the less critical periods. Modeling techniques would be applied
to test fire data for the more criticel periods because, until crowning
occurs, fires under stands are not fully influenced by ambient winds, Wild
fires could be used as another source of data of fire spread. If these

methods fail, a program of large-scale test fires should be instituted. If
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the proper conditions are selected, good rate of spread values should be
obtainable from a maximum of 20 well-instrumented areas. This spread index
is used primarily to maintain continuity toward derivation of the Fire
Weather Index; however, it does have limited operational applications. In
the modular concept, it isclates a specific characteristic of fire behavior
and thus allows internal modifications as better information becomes avail-

able.

Effect of Moisture Content of Large Fuels
The proportion of the large, slow-drying fuels available for combus-

tion is dependent on the moisture content of these fuels. In Byram's
equation of fire intensity

I = HWR,
H is the heat combustion in BTU's per pound of fuel, For forest fuels, this
averages about 8600 BTU's per pound and is considered nearly constant. The
two strongest variables are W, the weight of available fuel in pounds per
square foot and R, the rate of spread in feet per second.

In pine fuel complexes, the potential available fuel, not consider-
ing stem volume, attains fuel loadings up to three pounds per square foot.
The proportion of this fuel available for combustion is highly dependent on
the Build-up Index, For other fuel complexes, the influence of the Build-
up Index on the available fuel variess In grass, for example, the Build-up
Index would have relatively little effect on available fuel.

Because the moisture content of the large fuels is dependent upon
the Build-up Index, a value of fire intensity for a specific fuel complex
is obtained by the product of availeble fuel and rate of spread determined

by the spread index. The result of this step is the sixth and final module
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for the Fire Weather Index and is shown on Appendix I as Table VI,

The F Weathe

The fire weather is defined as: the € & ative i
of fi tensi i1 zed fuel o This index is proposed to
express the National Fire Danger Rating System for use as a basis of comparing
and disseminating a measure of fire weather on a national scale. Because this
is a standard index, this index is expressed in relative terms on a scale of
0 to 100 unitse In principle, only two values from the computation form would
be reported to Central Conirol, the Fire Weather Index and the Build-up Index.
The Build-up Index is submitted because it is the most realistic measure of
presuppression activities handled usually by Central Control. Activities of
this nature would include tanker dispersement and allocation of initial attack
crews. Establishment of fire action classes would be on a zonal system
dependent on the usual range of drying regimes, although identical index
numbers would be obtained.

If weather data were submitted to a central point for machine

conmputation, three values would be returned to the users Fire Weather Index

for local public relation purposes; Build-up Index, and Fine Fuel Moisture
Index for local computation of the appropriate Burning Indexes,

:.'On .;t -

The relation of Burning Indexes to the Fire Weather Index is shown
in Appendix I by Tables V and Via. A Burning Index is defined as: An index

expressing the influence of the total fire environment on fire behavior in

absolute units of spread and intensity.
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Each Burning Index applies to a specific and recognizable fuel
complex defined at this stage according to cover type, and contains two
modules; the first expresses the relation of the standard Fine Fuel Moisture
Index and wind velocity to obtain a Fire Spread Index in the particular fuel
type, and a second integrates the weight of available fuel as dictated by
the Build-np Index with rate of spread to obtain the Fire Intensity Index,
These modules result in absolute values of lineal spread and intensity. The
values so obtained for a mumber of fuel complexes provide the land manager
with a criteria by which he may mske attack priorities on wild fire, or a
tool to determine fire impact and control difficulty of prescribed fires.

The distinetlon between the Burning Indexes and the Fire Weagther
Index is best illustrated by their respective index units; the Burning Indexes
are expressed in absolubte units, while the Fire Weather Index is expressed on
a relative scale of one hundred units.

The modular concept offers most advantage to the Burning Indexes.
Because these indexes offer a variety of applications, they must be capable
of accepting adjustments for unique fire environments at the proper phase of
index calculation. Topographic effects and atmospheric stability are examples
of such unique environments. To illustrate, aspect affects fuel moisture;
therefore, only the Fine Fyel Moisture Index from Table I or II is modified,
Slope affects spread in somewhat the same manner as wind, so only the Fire
Spread Tgble of the particular Burning Index is adjusted. Stabllity affects
intengity, so this adjustment is made to the Fire Intensity Index. The

definitive nature of this gystem eliminates the accumlative
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effect that could result from similar adjustments to other rating systems.

Adventages of Thig Proposal

(1)

(2)

(3)

(4)

(5)

Values are meaningful in terms of fire behavior and to the
user,

Adjustments for unique situations can be applied to affect
only the appropriate module and the extent of such adjustments
are incorporated by subsequent modules.

Bach Burning Index calculated offers new information; there-
fore, the use of each additional table has the incentive of
need.

General up-dating and improvement of the tables can be
accomplished on a modular basis without affecting subsequent
modules.

The system offers complete flexibility to arrive at an index
value at any time of day using either current weather

parameters or forecasted parameters.
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