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- FORECASTING FOREST FIRE DANGER

by
““"Pe He KOURTZ

D&ily toi'uf ﬁﬁ ﬁu% forecasts and specisl fire weather
forecasts for "going" ﬁ.rn have been prepared in the Maritime Provinces,
by the Department of Fo r and Rural Development, since 1964. During
the wammer of 1967, : ige Will be provided to the Province of Quebeq,
and in the mt too dil fu‘hﬁ'& uy be extended to other Canadian provinces.

‘The work :h'wolm £ iﬂv:lding this service can be classified as
‘routihl and non-routin®, Thh rohitine work involves the daily calculation
‘of current and predioted fire dafiyer indexes based on fire danger index
tables and current and predicted fire-weather elements. Once the predicted
indexes have been calculated thay are immediately sent to interested agencies
by means of a telstype M‘hm'h :

R T m—mtina tmrk involves the preparation, on request, of
special fire weather and fire danger index forecasts for areas in which
thaﬁ are golng ﬂru or !or ap‘oeiﬁo fires,

"~ 'The routine part of this eervice appeared to be ideally suited

for a mur operation, Conveguently, in early 1967 a project was set

up by the Forest Fire Rusearch Institute to examine the role that a computer
might play in the ou:pmﬁing ﬁi‘o--weather forecasting program. To this end
a computer program was written to handle the routine work for the Maritime
Provinces, Also, an experiment was designed to test the feasibility of
using’ this program tn ive’ fire danger index forecasts on a daily basis
~for the Ma¥itimes, 2

- To mmxm ‘m&ra and how the computer fits into this program it
is necouiry %o know the structure of the Canadian danger rating system and
th o\h'nnt procadurel uaed tb give a fire danger forecast,

THE GMIADIA!{ FIRE DANGER RATING SYSTEM

_The Canadian fire dmgar rating system 1s composed of a drought
and danger index. The ‘drought index accounts for the long-term effect of
dry weather on heavy fuels. The danger index is obtsined by combining the
drought index lnd 4n éstimats of fine fuel moisture content, It is the
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expression of the ease with which a fire could start and spread in apecific
foreat types of the arsa that afternoon. Both indexes are found by adding
to yesterday's indexes values dictated by the current day's noon weather,
The current day's noon weather factors that are required are relative
humidity, wind speed, and precipitation.

The initial danger index cslculation assumes that the previous
night's relative humidity approached 100 per cent. If this is not the case,
a correction factor may be applied to the current day's danger index.

A fast drying and a slash index may also be calculated. Both
indexes are based on the current day's drought and danger indexes. The
' fast drying index is used to indicate inflammability in open, well-exposed
fuel types such as roadsides, old cut-overs, or burned-over aress. The slash
index is used for relatively recent oconifercus ocut-over where the slash has
not been burned or otherwise removed,

To obtain a predicted danger index for the following day, the
current day's danger index must first be calculated., This is done by
combining in the fire danger tables yesterday's values of the drought and
danger indexes with the current day's noon weather. The current day's
drought and danger indexes are then used as yesterday's indexes and are
combined with tomorrow's predicted weather in the tables t-o give tomorrow's
predicted drought and danger indexes,

CURRENT FIRE DANGER FOREGASTING PROCEDURE

The details of the Maritimes' current fire danger forecasting
procedures are desoribed in "Steps in Forecasting Forest Fire Danger in
the Maritime Provinces". # In brief, the three Maritime Provinces are
divided into 12 forecast regions. BEach region is further subdivided into
either 3 or L forecast areas. The approximate siges of a reglon and an area
are 4,500 and 1,200 square miles respectively. With the aid of the
Meteorological Service psrsonnsl and facilities, 2li-hour fire.weather
forecasts are prepared for the regions or areas, depending on how
accurately the forecasters feel the breakdown can be made.

While the follcuing day's forecast is being prepared the current
day's weather, drought and danger index data from the forestry and synoptic
stations are collscted at Fredericton, New Brunswick. These data are sent
to Fredericton by way of teletype and telesphone and usually arrive before
2130 pems The average current day's drought and danger indexes are
calculated for each forecest area. These data are then combined with the
2h-hour forecasted weather for each forecast area to find a corresponding
danger and drought index forecast.

# Paul, P, M,1 1966, Steps in forecasting forest fire danger in the
Maritime Provinces. Background paper for the Canadian Institute of
Forestry, Session on Forest Fire Control, Banff, Alta., Oct. 1966,
Canada Dept, of Forestry, Forest Research Laboratory, Fredericton,
New Brunswick.
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Speclial forecasis are prepared at the same time for the press, radio
and television. These forecaats are based on averages of the forecast areas
and in some cases are expreassed in the broad danger classes rather than on a
numeric rating. By Li30 p.m. the forecasts are completed and sent out to the
requesting agencies by way of teletype. The forecasts are revised, if necessary,
the following morming, using updated weather forscast data.

THE FIRE DANGER COMPUTEH PROGRAM

E‘rly in 1967 'y 8 cm‘ber program was written to handle the routine
daily fire danger forecasting work of the Maritimes. Some of the more
important festures of this program are listed below.

(a) Current and predicted drought, danger, slash and fast drying indexes
are caloulated for each station. The current and predicted danger
indexes are corrected for low night relative humidities if enough
information is presented to make this correction,

(b)  The data from up to LUO weather stations can be handled by the program.
(¢) - Aoy existing nwmerio identification coding system for weather stations,

forecast regions and forescasi areas may be used. The program redefines
axy axternal coding system to a form sultable for the computer.

(d) Carrent relative humidity for each station is calculated based on dry
and wet bulb or dry bulb and dew point temperatures.

(o) Weather may be forscasted for regions or areas or combinations of
regions and arsas or combinations of regions, _

(£) The weather forscast input data required for each forecast area
or region ares:

1) = forecast area or region code number
2)  forecasted poon relative humidity
3) Ioremto& 2h-hour precipitation
k)  forecasted noon wind speed
'5)  forsomsted maximum night relative humidity (optional).
(g)  The current weather imput data required for each station ares
1) weather station code number
2) m wat and dry bulb temperatures
3} noon prce:l.pitation
k) noon wind speed

5} previous night's maximum relative humidity (optional).
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(h) The forecast and weather station data can be presented in any order,
Missing stations are allowed, but their missing data must be
assembled before the following dey's run.

(1) The current day's drought, danger and relative humidity for each
: station are sutomatically punched on cards. These are used the
following day as yesterday's drought, danger, and noon relative
humidity.

(3) For each station, a record is prepared on cards and printed paper
of the station code number, date, previous day's drought and
danger, current weather, current indexes, predicted woather and
predicted indexes.

A more detailed description of the steps uken in the program may
be seen in Appendix I. A sample of the current and predicted indexes as
they come from the computer may be seen in Appendix II

The computer program occupies approximately 85 ,000 core memory
locations in the computer. Loading time (with binary decks) and execution
time for & program having 135 stations providing input data are
approximately 1.3 mimtes and 1.l minutes respectively. The approximata
cost per run is 15 dollars, The computer used is an 360/65. A copy
of the program may be obtained from the Forest Fire Research Institute,

USE OF THE PROGRAM

For the 1967 fire season an experiment hae been set up to test
the feasibility of using this program in Ottawa to predict the deily fire
danger for the Maritimes., There are several reasons why the program will
be uased in Ottawa (a distance of 700 miles from Fredericton). 'First, there
ia no computer available in the Maritimes that is capable of efficiently

 executing this relatively large program. Secondly, it is of interest to

know if one central computer might be able to handle all the fire danger
forecasting for moat of Canada, It is obvious that a central computer is
capable of doing all the necessary work, but the telecommunications
equipment required to perform this task in the tine requiroé might not be
feasible from the technical and economic aspects.

During this summer's trial, the manual method of computing the
fire danger indexes will be used aimilar to the previocus summer's operation.
This will be carried out in Fredericton. However, immediataly after all
the current weather data from the reporting stations and the predicted !
weather data are received, they will be forwarded to Oﬁ‘ttawa by teletype.
This operation should be completed by about 2:30 peme (AJDeT.)s

In Ottawa these data will output from the teletype in the form of
punched paper tape. This tape will be converted to punched cards and placed
in the computer program. The program will then be exgcuted and the output
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will be in the form of printed paper., Unfortunately, there arc no facilitiea
in Ottaws to.convert the computer output to paper tape suitable for teletype
‘trmmiuion. The only alternative available will be to manually type the
‘computer output (ocurrent and forecasted weather station indexes)} into the
teletype. These data will be transmitted to ¥Fredericton as quickly as possible.
It 1e hqp‘d. that the Fredericton fire danger office will have this information
by 4130 p.m. each day. In Fredericten the computer-calculated answers will be
comparsd to the manually-calculuted anawers.

Yo plm bave been made to use the computer to update the forecast
each morning. However, thias summer a computer program will be written for
this purpcse, It will be a simplification of the present program and should
entall no tectnical problems,

Bach day, it ilﬂ.}. be the duta' of the technician in charge at
Frederioton to supply the current day's drought and danger indexes for any of
the missing stations to Otteawa. These will be used s yesterday's indexes the
following day. This will insure that the missing stations will not be skipped
if they report ths following day,

8hould the answers produced by the computer be accurate and arrive
before thes manual caloulations can be completed the Fredericton office may
rely on the computer anawers sntirely.

FUTURE PLANS

1L, st tha end of this aumer's trials, it is found that a computer-
ised forecasting system is desirable and a centralized operation is feasible,
" & more elaborate telecommnications system will be devised. This system will
conglst of a group of high-epeed data transmimsion sets, located at central
pointa such as Frederioton, that would send the previously collected weather
data directly to the central computer. These data would be held in the
computer memory and processed by the computer program at specified times
throughout each day. The computer output will be channelled immediately to the
correct location by means of the same telecommunicatlion equipment,

This procedure is fessible even todsy in Ottawa. The Post Office

Department is currently operating a very similar system, Very llkely the
sams equipment that they use would be aveilable for the fire danger forecasting,

BENEFITS OF A COMPUTER ORIENTATED FORECAST SYSTEM

1) Human errors made during the calculation of the relative humidity
and indexes are eliminated,

2) More information can be provided than ordinarily would be calculated
in the field. This program calculates the current and predicted
drought, danger, slash and fast drying indexes for each station. The
mamal forecast procedure provided only the predicted drought and danger
indexes for forecast arscas.
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L)

5)

6)

n

8)

9)

n6w

Record keeping by fleld personnel can be significantly reduced
or eliminated. “

Daily weather records can automsticelly be punched on cards or printed
on magnetic tape. Monthly weather summaries for each station can
be made on the last day of sach month.

Forecast reliasbility can easily be checked throughout the fire
season. Punched records are kept of forecasted fire danger and actual
fire danger.

More complex and accurate dsnger rating aystems may be used. No
longer will the rating system nave to be simplified in the number
of variables considered or the ease in making the calculations.
Complex equations involving many varisbles can easily be handled
by a computer,

. The ult.imate computerized fire danger forecast system will be

mch faster than s mamual system.

Updates of the forecast can b» made at any time throughtout the
day as new forecast information becomes available. Long-tem
forecasts may alsoc be made,

A computerived system frees the fire weather forecaster from the
routine tasks so that he can spend more time improving forecasts
and making speclal forecasts for going fires,

-

e el



AFPENDIX I

GE!ERAL DESCRIPTI(N OF THE STEPS TAKEN IN THE COMPUTER PROGRAM

1) ~ The appropriate fire danger tables are read into the computer's
LT ImREYe o
2) . The relationship between the two different station coding methods

is defined.  Theé computer coding system for the stations and fore-
casting areas permits the computer to interpret in which forecast
2, area each weather:station is located simply by the station code

number, -
3) The current day's date, station names and corresponding code numbers
S are read.
) “Yestarday's drought and ‘danger indexes and noon relative humidity

for ‘uch station are read,

5) .. .-The predicted weather data for each forecast region or area are
Tead. These:data include the relative humidity, wind speed, rain
=t and meoeksem night ‘$elative humidity - they are printed for later
verification and for the permanent weather records.

6) ©If the weathen is foreecast for larger areas than the finest possible
-liit bywilkdesth, the. Toreoast weather data are allocated to the finest
v Brdgkdowns For example, ‘the weather may be forecast for a region
that contains 3 forecast areas; the program will allocate this
" one set of predicted weather data to all 3 areas. From this point
-oul, “the computer program only deals with the smallest possible
- 'woathier forecasst breakdown. In the process of allocating these
dnt-a a new forecast. area coding system is developed.

Frnn stop 7 to st-ep 23 the progran deals with data from individual
lutim It raplltl thm lups until all stations have been dealt with.

7) 'rho current day'u noon weather for a particular station is read.
- These data include the field code station number, dry, wet and
. dew point  temperstures, wind, rain and night maximum relative
'~Md¢t'y, cll theu are print.ed as part of the permanent weather

»reeoz-d
8) | 'nu ﬂmld cndc mﬂnhar for the et.ation is changed to the revised,
or computer,  oode number.

9% . If a walue for the dew point is given, a sub-routine is called that
calculates the relative l’lumidi‘t.:,pr based on dry bulb and dew point
tampera.ture.

10) | If no delt point temperature is present, a sub-routine is called that

. calculates the r-&at:lw h’umidity based on the dry- and wet-bulb
Totmperatures,



11) |

12)

13)

14)
15)

16)

17)

18)
19)

20)

The current day's weather for'tha station is checked. These checks
are:

a) The rain muat. be leaa than 2 inchea (2hnhonr rainfall).

b)  The relative mmidit.y must be less than 100, but groaﬁer than

10 per cent,
¢) The wind spaed mmt be less than 30 miles per hour.

d) The maximum night relative m:lclity must be less than 100
but greater than 10 per cent.

e) The wet and dry bulb temperatures must be less than: 100°F
but greater than 35°F,

£f) The wet bulb temperatire must be less than the dry bulb
temperature.

If these conditions sre not met, the program printa out a.message

listing the current weather values and bypasses all further
caloulations with the data from that station. Another station's

_data mre then rud.

If the data pase these checks, the forscast ares in which the

- station occurs is determined. This is done by knowing the relation;

ship between the revised station coding system and the rwi,sed
forecast ares numbering mtu. ,

The values of the predicted weather variables taken :m the
lppropriate forecast area are defined for this particular. statian.

A midity check is made of thaae va}.uea, similar to that of step 11.

The current day's drought and da.nger indexes are ca.lcnlated based
on yesterday's drought and dangsr indexes for that autinn nnd the
surrent dsy’a weather, L :

If there has been no rain for the. past 24 hom's and if anaagh
information is available (yesterday's noon relative humidity

and last night's maximum relative humidity), a sub-routine is called :
that will correot the danger index for maximum night relative humidity.

- If it rained, or if the appropriete humidity values are not available,

the program skips the calling of this sub-routine.

‘l'he ourrent day's slash and fast drying mdexeo are then calculat-ed
for the station. .

The four current day's indexes for the station are hold 15.}; memory.
The current day's danger and drcught MéexesAmd the cm'mt day's

relative humidity are redefined as yesterday's drought, danger and
relative humidity,

The predicted weather variasbles are redefined as today's weather
variables,



21)

22)
23)

2L)

25)

26) -

27)

These redefined values are put through the same steps as used to
caloulate the current day's four indexes. In this manner the same set
of tables ls used twice and the necessity of having two duplicate

sets of tables is avolded.

The resulting indexes are redefined as tomorrow's predicted
indexss and are stored in memory.

The currsnt weather from another weather station is read (step B)
and the preceding ateps are repeated.

When the index caleulations for all stations have bsen completed,
a printout is made of each station's code number, name and the
four current and four predicted indexes., The stations are listed
according to a pre-arrangsd order. An example of this may be seen

The ocurrent day's drought and danger indexes and noon relative
humidity for each station are punched on cards. These are used
the following day as yesterday's drought, danger and noon relative
humidity. Also, the complete weather and index data for each
station are punched on cards.

For each foreoast ares, the number of stations and thelr predicted
drought and danger indexes are used to calculate the average
predicted drought and danger. These values are then printed.

The program automatically switches from the spring and summer

index tables to the fall index tables, depending on the current

- day's date,
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APPENDIX IX

SCOYTIA 24 HOUR FDRECAST FOR AUGUST

23 1967,

. NOVA'

1D NAME CURRENT INOEXES PREUOICTED (NDEXES
- : DRT DAN SLH FST  0ORT DAN SLH FST

654 BRIDGEWATE 10 L3 le 16 11 12 16 15

661 SHERWKUOD 11 14 16 16 iz 12 16 15 _
. 662 WESTCALEDGC 11 8 15 11 0 5 13 7

691 MILTON 14 12 16 15 0 5 13 7

663 MIDDLEOHWIO 12 14 - 1¢ 16 12 9 15 12

650 YARMOUTH = - 6 . 4 12 8 0 A 12 6

651 EASTKEMPYL 10 13 1¢ 16 ¢ 4 12 6

698 YARMOQUTH 8 11 15 4. 0 4 12 6

664  LAKEJOLLY 12 10 15 13 12 4 g9 5

652 LAWRENCETK 8 9 15 12 8 7 14 10

653 KENTVILLE 9 11 15 14 3 4 12 8

665  LAKECEURGE 13 12 16 15 7 & 14 g

699 GREENWOUD *+ 8 12 16 15 2 4 12 8

753 STANLEY 18 14 .16 15 19 16 16 16

162 WILLOWHLLL 5 10 15 14 6 12 16 15

754 CHIGAECTQO 1é 8 1% 11 17 13 16 15 o

T52 WENTWORTH 17 g 15 11 18 14 16 15

T91 WILLIAMSDA 0 -1 6. Q 1 6 13 9

792 FTLAWRENCE 25 16 16 16 25 16 16 16

750 TRURGC ‘ 15 12 16 15 16 13 le 16 .

757 SHUBENACAD 21 16 16 16 22 15 16 18

761 NUTTBY 22 16 16 16 23 15 16 16 o
797 TRUKC 7T 12 16 15 8 12 16 13

851 BLUEMY 1 4 12 7 -2 T la 11

861  GREEAHILL 4 7 14 11 5 10 1% 14

863 GARCMBOFEDE. S 11 15 14 6 11 15 14 N

650 ANTIGUNISH 19 8 1% 10 20 13 le 15

862 FAIRNONT 5 [0 15 14 6 11 15 14

899  COPPER L 4 10 1% 14 5 11 15 14
" Te4  HAMMONDPLA LT 4 1 4 18 10 i&a 12

798 HAL [FAX 5 11 15 14 6 L3 16 1lo
. 799 SHEARWATER 9 10 1% 14 6 11 15 14
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