‘GUIDE TO THE MEASUREMENT OF FOREST FUZL QUANTITY
- R.J. Sneeuwjagt

 INTRODUGTION

When planning for prescribed burning and fire
control operations it is esgsential to know the quantities
~of fuels present within the forest area. Litter quantities
may often be estimated in the office from records of past
burning and forest canopy cover. However litter guantities
may. have altered due to unforseen factors such as insect :
infestation of tree crowns, trade cutting 'and incomplete /‘
“burning. K o \ o ' -

Other forest fuel compornents such as forest under-
storey vegetation (called scrub) and trash fuels, made
. up of twigs and dead scrub, cannot be calculated in the.
“foice”from_maps or records. o S

~ . . The need for an objective field checking and fuel

"~ quantity assessment method has led to the development

of rapid and reliable sampling techniques based on direct
measurements of litter depth, trash height and scrub
density and height.. S ‘ : - '

,"The asséSsméntftechniques\are~de3igned tO'eﬁable
~two assessors to cover an average size aerial-burning
block (10,000 acres) in two to four days depending on

the forest types of the area,.

For pine plantations and other valuable, high risk
areas, a system of mapping litter depths has been devel-
oped which provides a quantitative measure of risks from
changes in fuel and provides a basis for deciding' correct
conditions for lighting. = : . -

- Thesé notes describe  sanpling and mapping techniques
~ for ground and serub fuels and provide an-example of field
‘/_sheets,-fuel‘Quantity'tables]and appropriate assessment

-aids. Lo SRR S S ‘
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 ing to Lable 1 and 2 (Appendlx 1).
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A, ABRIAL PRESCRIBED BURNS

I Assesslng thter Quantlty by Depthlng

Litter depthlng is - conducted with a lltter depth
gauge which consists of a wooden slide between metal

- rails attached to a scaled stand. The instrument is

used by inserting the slide into a small hole made in §
the litter bed, and reading off the depth on the rule.

It is essential that the base does not rest on tw1gs,

stones and other debris and that there is no dlsturbance

‘or moundlng of the surroundlng lltter.k

A reliable depth estlmate is obtained by taking
twelve measurements in a line at ten—yard intervals.

Space is provided on the Fuel Assessment Sheet’

No. 1 (Appendix 4) to record these depths, and to

calculate the totals-and the mean depth.

Convert depth to weig ht (tons per acre) oy referr-

To ensufe that the assessment line is in the correct'
fuel type and ag ge, it is advisable to "walk .in" another .
5~10 chains from the line and 1nspect the surrounding
area." v

- N.B, Locate line well in from edges of roads or compart—

ments as thiese edge zones often receive dlfferent flre

' treatment to the 1nternal areas.,

| ‘II Asse331ng Trash Quantlty by Helghtlng

nPragh" ig the term' given to the Stick layer present
in nearly all karri and mixed karri forests. The trash

' consists of- dead branch and stem debris of trees and

understorey shrubs. .

A rough relatlonshlp ex1sts between trash welght ‘
and top helght whlch is the general trash ceiling. 1evel




and Wthh ‘excludes irregularities caused by the occas1onal
tall uprlvht branch of dead scrub ,

An average trash top heignut is determlned from 24
height measurements per line, preferably one on either
side of the 12 sites selected for depthing. - The trash
containg a large proportion of heavy sticks and scrub
stems, syarse trash usually cons1sts of llghter tree and
scrub debris. o .

Convert to tons per acre by referrlng to Table 3
»(Appendlx 2). This table also includes the Welghts of
the trash portion with a diameter less than + inch, ‘
which is the fractlon ‘burnt under normal prescrlbed burn

conditions,:

' ITI. Scrub Type and Quantlty Assessment

mstlmates of scrub welght are obtained by class1fy1ng
the scrub into one of six recognized scrub structural
types. These types are identified according to their
density profiles gnd top heights. 3Zach structural type
may have a variety of. domlnant species. types, but these
must have a similar height-density profile in order to
belong to that structural type. ' That is, scrub classif-
~ lcation is based on structural rather than botanlc dlfferences.

Each type covers a range oOf cover densities rated as
either sparse, medium or dense., "Appendix 5 shows the six
‘types in histogram form, and which, with practice, can
- be used to class1fy scrub by appearance only.

Before the assessor can utlllze “these histograms, it
is necessary for him to conduct a small point-sampling
trial each time he encounters a new scrub type.  The
trial requires twenty point-sample-.observations to be
made in both the sparse and dense communltles within the
type. It is suggested that these be taken along a llne
at ten (lO) feet 1ntervals. \

P01nt sampllng is simply the recordlng of the number ‘
of contacts and the height at which ‘the shrub foliage make
with a tall (up to 13 ft ) thin, rod marked at one-foot
intervals,  The rod is carefully ‘inserted vertically 1n ,




. standard types provided.

with litfer and trash a.Sessments. ,
(12) observation points on the line, the following scrub

‘and the estimated percentage of dead foliage.
-5 (4ppendix 3) lists the multiplicative factors for
~ the common scrub communities.-‘ o '

(Bossiae aquilfolium) as a dominant species.
. considered to be relatively highly‘inflammable;,,

the ‘scrub at each gite. The scrub - top Height»and'the

- species type are also recorded on Field Sheet No. 2.
~ at each site (See Appendix 4). - e :

The number of contacts are totalled and an average

*vélue determined for each one-foot height interval. a
density profile is drawn up for both scrub density

extremes, and these are matched with one of the six
Future,classification_may be
done visually by reference to these density profile

histograms.

. Assessment of scrub is carried out simultaneously .

At each of the twelve

features must be recorded; structural type, density
rating, average top height, dominant species and an

estimate of the percentage of scrub dead or cured. Scrub

. fuel loadings are determined from, Table 4 in Appendix 3.
- Added to this table is the list of weights .of foliage
- below four (4) feet. This is the amount usually burnt
- in mild prescribed.burns. : ' Co o

Becausé scrub inflammability varies with species,

it is necessary to introduce an inflammability factor

which is directly related to the foliage dimensions -
' Table

The following is an example of how to calculate

scrub fuel loading. o

Consider a Structural Type 5 of mediup density
and with an average top height of 14 f+., with nectic
Netic is

: If prescribing for an all-foliage consuming burn,
then foliage weight (Table 4) = 2.0 tons per acre. If
foliage is 20 per cent dead, then inflammability factor .
for a high serub is 1.5 -~ = . : R
Therefore, scrub fuel loading = 2.0 x 1.5 = 3.0 t.p.
~For total‘scrub‘consuming_burn, loading = 7.0 x 1.5

a; 
= 10.5

© t.p.a. .




IV. Location of Plot Lines ‘
.. A stratified random sampling is employed in

T

“V‘“ibbafihgﬁﬁlotf1iﬁésww1thinﬁlarg@wagrial-burps;_$mhe i e e i

. -office procedure is as follows:

(i) ©  From past burnihg{piaﬁsrtfacé the areas of
~ Same age burns onto the A.P.I; map of the proposed
area. Label with the year. and season of last burn.

(ii)  Outline the major forest types within the
areas of same burning age., . T

(iii)  Select the upyer and lower eitremes‘of tree
~canopy cover infeachiforest;type_withiq éach‘burn, .

o (dv) ,  Randomlyfselectfsifes fbf7twb’sample”lines[
- . within each canopy extreme for each forest type. .

. If there‘atéfmdrevthan three ages”of bufning h
or:more than three major forest types, ‘the number
- of sampling lines may be reduced to one line for -

- each canopy extreme,

R Locate the linés-nb-cloSérwthén five_chéins_;
- from the edge of rQadSSorjcompartmentsnas.theSe'~;?
© edge zones often receive different  fire treatment

%o the internal areas, .

~(v) . TFrom the fuel accumulation tables (Peet. 1970),

.. . determine the Litter quantity in tons per acre for .
N eachfsample'site.“ﬂThiégdal¢ulated’Value_islcomparedﬂ.
~ with the field estimate as a check of the information:

iprdvided-erm_burning'plans,ande.P;l.,maps.-,v.

(vi) = The litter, trash and scrub fuel quantities at

- * ‘each site are added together, the values of which

- may be used to determine the range of expected fire.
-~ behaviour within forest type and burning age classes. -
" The prescriptionsare-thenwdraftedAindicatingvthe‘ ’

. number. and sequence of lightings required to burn -
. the area within-acceptable‘fire<intensity,limits;r:
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B. VALUABLJ, HIGH ?ISK SLANDS .

High rlsk areas such as plne plantdtlons and young
regrowth stands require more accurate assessment of.
fuels present within individual compartments. A fuel.
mapping technigue was developed which provides a
quantitative. measure of rlsks from change in fuel.

Pine Plantatlons

Litter depthmO is conducted on a grld bas1s the
spacing of which depends on uniformity of fuels. DMost
stands are measured on a 3 chain x 3 chain grid. iZdges

' ‘of compartments are measured more 1nten51vely, i.e. at 1%

chain spacing, because of the heav1er fuel accumulatlon
1n these zZones.

Mapplng is done: dlrectly on the fleld sheet (Fleld
Sheet No. 3) which is ruled into 4 inch x 4 inch squares.

The. field sheet is orientated to the planting line and the ,
" north-directing arrow marked in. Depths are: recordéd in each
.square: commen01n@ at the approprlate corner of the sheet.

Also recorded Wlthln each square is the scrub types

"present their top helghts,‘and estimated percentage

ground cover. Space is also prov1ded to record details
about the stand thlnnlng and prunlng hlstory, and period

“since last burn.

In the office, the fuel contours at selected depth

~or fuel quantity intervals are shaded in and scrub areas
marked in. Areas requiring attention are noted for

possible excluslon or spe01al treatment.

In thinned stands 1t is- necessary to assess the
needle fuel present on thinning tops. The method developed

requires a butt girth measurement of 50 thinning crowns -

throughout the compdrtment. The mean girth value is

-read into Table 6 (Appendix 6) which gives the tonnage
. of needles and twigs per 100 tops. The number of tops
. present is squal to the number of trees thlnned . The
~.calculated weights of thinning tops -are added to the
' weight of avallable lltter fuel for burnlng prescrlptlon
,purposes. : , , _

/




d"Hardwood Regrowth Stands

It is not necessary to ‘assess fbel quantluy w1th1n

. ,regrowth stands to the same degree as pine plantations.

'1 This plus the fact of limited access within these stands
‘make it necessary to reduce sampllng somewhat ‘

- The overall area should be lelded 1nto convenlent

-_blocks of about 200 to ‘300 acres, bounded by roads. . '

Measurements of litter depth, trash height and scrub type,

. height and denS1ty are conducted at ten—chaln 1ntervals -
" one chain in”along the perlmetero Two: lines either

. parallel to, or ‘bisecting each. other are’ also taken

o ’through the heart. of each block. >

_ After lltter, trash and scrub fuels have been con—

, verted to tons per acre,. these can be mapped on A,P,I.

base plans showing forest type and canopy. Topographlc
‘features such as ridges and gullies should be marked in
as these help to define boundaries of scrub and forest
types. From these well-defined zones become evident

- which give guidelines to the probable fire behaviour -

~and: thé number and sequence of lightings required to burn

';the area within acceptable scorch and - butt damage llmlts.

LTy '
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S APPENDIX v

Table l
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“«;_f@Fuel Depth - delghtATable for Hardwood Forest Types
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CUAPPENDIX'L  Table 2. - ot c(b)

Fuel Depth -Weight Table for Needle Litter Typesxf‘

Iitter Monterey, . Maritime - -  'vKarriéoak_
Depth ) - Pine , Pine " (Casuarina
Inches | (P.radiata) = (P.pinaster) decussata)

= ‘,-/1‘3.:0 | R : ‘8',7

Tons per acre (0.D. W&.) .
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PEDIX 2 Teble 3.
Trash Veight Tables

Ce

{
1
1-

. Dense (heavy sticks) =~ -Sparse (old dead scrub) |
Depth | Total  Less than ‘4" diam. . Total Less than %" diam. |
~ feet | tons per acre - ST

L0 TS5 4 AT 2.1
s 13 67 T 3
Coo 1.0 sa 95 4
2,5 0 18.8° 1.3 0 0. 11.8 5.2
3.0 22,5 0 136 142 6.3
| 3.5 2.3 . 15.8 16,0 T3
| 40 3.0 180 - 180 - 8.4
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© Scrub Weight Tables
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' APPENDIX 3

Table 5 T (e)
S'crub' Inflammability‘ F‘aétors | .
Scrub Communities Typé- Ybuhg'_(Percentage'Dead Examples
' : ;Noso.‘Green 20 .50 80+ |
Heath (nb'tb 4£%.) 6 ‘ ,
High inflammability | 1.0 |1.5 | 3.0 | 5.0
Low inflammability 0.2 |1.0 | 2.0 3.0
Ti-tree types 0.5 | 1.5 | 3.0 5.0 | Agonis parviceps
Medium Scrub o ‘
(4-12 ft.) 3,5 , S .
High inflammability | 0.3 |1.5 | 2.5 | 4.0 | Prickly Moses,
s s 1 a b ’ - | 5 5 | Netic Karri
;_Low 1nflammablllty' 0.1 [1.0. | 1.5 2.0 wattleo'
 H1gh Scrub 1,2, {
(12-25 ft.) 5 o R e ‘
| High inflammability |~ | 0.5 |1.5 | 3.0 | 4.0 |Casuarinas . .
__Low»inflammability}*,", 0.1 0.5 1.0 | 2.0 |Hazel .~
'Grasses ngh Inflam i}_6)1 1.0 '52;0 3.0 g 4;0f;Ker¢£Grésé :
| Low Inflam.«: - 0.1 |0.5 [ 1.0 | 2,0 |Bushes

determlne Scrub Fuel Loadmgo

QfMultlply Scrub WE1ght (Table 4) by Inflammablllty Factor to 5 "
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CUMRPENDIX 4 g
' FUEL ASSESSMENT SHEET NO. 1 R

AREA LOCATION «evvnvenvenenennecnnnaecnase  DATE.eunennnssnnanssnn
LINE NO..o-oocoono-coo.c'..o'ooo-o.‘-‘ouooo.":\FOREST TYPE o-ooooooooov-‘c.oo‘o-oo
AV. TREE HT. (FT)eecoevoreveneeaaess . CANOPY COVER .u'vvvdivneencsas®

v

YEAR OF LAST B[]'RN......‘;‘{.......,.‘.’ SEASON...’..O.OC.V'.v...l.‘.._.bl‘_..(.‘.

. I\IIAJOR SCRUB ‘S.P‘.ECIES.V»'.-.....o“q-o’o.-cooom;n'--o’oo--‘on-oo,ooo...o'aoocoa-o.o

OBSERV. No. 1|2/ 3|4|5(6|7|8[9]|10| 11|12 |rorar| avem.
- Litter Depth (ins) | » | B

Trash Ht.
(FT.)

Scrub No.

Density
Top Height -

% Foliage Dead

* Litter Wt. (K, Mor J) = T.P.A.  Trash Wt. = T.P.A.
Total Live Scrub wt. = T.P.A, » Foliar Wi, = T.P.A.
Wt. of-Foliage Below 4 ft. = T.P.A. Grass Dens. '

LINE NOuvuo'soosnonsuensocesnacsaces  FOREST TYPE. .eveinsnvnnnnonenns
AV. TREE HI. (FD)...evvvieevuseeees  CANOPY COVER...evvvevnnnennnsnth
YEAR OF LAST BURNeveuvroreovnionees  SEASON.eearivernnneenneneennnns
MAJOR SCRUB SPECIES. .+ v resesuaossaonessnussanutsntatsesnsieiionns
 OBSERVE. NOo. ~ [1]2|3{4]5]6]7|8]|9{10| 11|12 | TOTAL| AVER.
 Litter Depth (ims) | { | 1 | [ 1411 1 a R
‘Trash Hb. i
v(FTb) ’ { .
‘Scrub No. R y
- Density '
 Top Height , .
| % Foliage Dead - | | A : -
" Litter wt. (X, M or J) = T.P.A.  Trash Wt. = D.P.A.
. Total Live Scrub wt. = T.,P,A - Foliar Wwbt. = T.P.A,
 Wt. ‘of Foliage Below 4 ft. = T.P.A, Grass Dens. = L




 APPENDIX 4  FIELD SHEET NO. 2 . 1

SCRUB POINT SAMPLING LOCATION: - DATE:
/ . HBIGHT INTERVALS *

9

BT

AT
18
19
20
TOTATS
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"' Contacts/rod.
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M = Medidm
N Sparse

. MOCK-OAK
KARRI-.

T,

o

APPENDIX 5
AV. TOP HEIGHT
" OF SCRUB

)/

~ SCRUB DENSITY PROFILES OF SIX_COMMON STRUGTURAL TYPES"
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. IYPE 1.
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N APPENDIX 6  Table 6 R T (1)

P plnaster Thlnnlng Crown Jelﬂhts in Tons per acre (O D Wt )

ll-v»per 100 tops

. Crown’ Foliage Twigs BE Crown-  Foliage Twigs

- Buth Girth Weight Weight - Butt | Weight  Weight

Tins. . T.P.A.  T.P.A. Girth T.P.A.  T.P.A.
6.0 1T .04 ©13.5 .95 .23
6.5 22, .05 , 14,0 1,00 .24
7.0 . ..27 .07 14,5 1,07 .26
7.5 . .32 .08 . | 15,0 1.1 .27
8,0 .38 . .09 1545 1.16 - .28

8.5 - .43 L1000 | 6.0 L.21 .29

9.0 ' .48 AL | - 16,5 1.27 .30
195 53 W15 17.0 1.31 . .31
10.0 59 .14 | 1T.5 0 13T .33
10,5 . .63 .15 | 18,0 1l.42 .34
1.0 .69 .27 . 18,5  1.47 36
11.5 T4 - .18 1 19,0 1553 .37

C 12,00 79 .19 0 | 19,5 . 1.58 .38
125 0 .85 .00 10.0  1.65 . .39
13,0 .90 .21 | 20,5 = 1.68 .40

lif‘Enter‘Table 3.with mean bﬁtt girth of'thinning cfowns (from 50

'.measurements) and read off Follage and Tw1gs welght in T.P. A

per .100 tops. To derive at total tons per. acre multiply the
1‘table value by the number of trees thlnned per acre, d1v1ded by

o 1006 - b ' ‘

\
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- APPENDIX 6 PINE FUEL DATA SHEET MNo3. . 7 (4)
Date: 6/9/71 .L,ocation’):/ Ludlow "Co'mpt.i.'48 ~Date’ Planted: 1936 - Spacing: 8x6
Fuel Type:  Needles - pruned - yes tops: No - Codom height - 457
Siock{ng: 450 Green cr'owﬁ height : 25’ Scrub type : Hib. hypericoides H'éight: 2’ -73'
- Density: - Med. Slope: 2° ASpect:“Nort‘h - Aea: 18 ac. |
“Date thinned: 1950 ‘Date previously burned :- 1968 - Type of burn: edge only

Scale: .1"" -3 Ch,ain‘ | e ‘» |
%))38 24 | 15 %//"l 24
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