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Abstract

The amount of available wildfire fuel is one of the critical factors for determining fire
behaviour and is the only factor that can be easily managed. Knowledge of the rates and
patterns of fuel buildup is therefore essential to effective fire management, both for wildfire
incident management and on-going land management. Fifty-nine sites throughout south-
eastern Tasmania were sampled for fuel loads, floristic and environmental data. A curve-
fitting process was applied to the field data to produce fuel accumulation curves for the major
dry sclerophyll vegetation types in the study area. Once developed, the fuel accumulation

curves can be used to underpin other tools, such as GIS systems and field guides.

A range of ordering schemes were applied to the data to determine whether the
traditional classification of sites by canopy dominant species yielded the best results. Sites
were categorised by phytosociological association, by geological substrate, by average rainfall
and by the density of the canopy trees. These orderings were chosen as they conform to
known major environmental determinant factors in dry sclerophyll bushland and were shown

to have statistically reliable relationships to fuel loads.

The potential for developing a field guide for land managers and field officers based
on the modelled fuel curves was recognised, and a system developed for trialling. This
method for rapidly assessing fuel weight in the field relies entirely on simple field
measurements and provides an acceptable estimate in a mere fraction of the time required

using more traditional methods.

The results of these studies provide new tools for managing fire in the south-eastern
Tasmanian region and an appropriate methodology for further studies. The possibility of using

other fuel classifications is demonstrated and indicates new avenues of investigations.



Acknowledgments

Supervisors Prof. Jamie Kirkpatrick and Dr. Mick Brown provided excellent

assistance, support and advice.

The members of the Fire Research Fund: Tony Blanks, Mark Chladil, Dick Chuter, Jill

Hickie, Murray Jessup & Adrian Pyrke.

Paulus Toonen of the Hobart City Council and Mick Bidwell of the Glenorchy City

Council who provided information and access to HCC and GCC reserves.

Dr. David Ratkowsky (Dept. of Agricultural Science, University of Tasmania), Kathy
Allen (Dept. of Geography and Environmental Studies, University of Tasmania), Steve Candy
(Forestry Tasmania) and Adrian Goodwin (Forestry Tasmania) gave statistics advice and

direction.
Jon Marsden-Smedley provided advice and Macintosh software support.
Darren Turner provided computers, system support and software training.

Angela Crawford (now Bresnehan) assisted greatly in all stages of this study,

including ensuring the author stopped work to eat occasionally.

And lastly, my friends and colleagues at the School of Geography and Environmental

Studies, University of Tasmania, and Hydro Tasmania's Environmental Services Department.



S| Bresnehan Dry Scterophyll Fuel Accumulation

L.

5

Table of Contents

TIEEOAUCTION ..ttt ettt ettt be et ebe b e st ese e b e s s esees e s esseseesessessesesasseseesessessesessensessesensessnsan
WVALATITE ¢ttt b ettt e b et eb bttt e bt bt e bt e bt b et e st e b et est b e b e st ebeeb et ebeebenn et eben
WILASIre 1€SEAICH ....cuviviiiiiiciceeitcie e
Wildfire in Tasmania.........ccceceveeeeinieieinenieinereeeseset et
The relevance of fuel modeling..........ccocceiverieiiiineniiiieeeeeeeen
Wildfires and 1and MAanagemENnt.............coueieiriirieiririerieiertet ettt sttt sttt st eae st e et b et et s b ae e ene e
Fuel reduction for riSk Mana@eMENT ...........eouerieiriiiieietiieete ettt ettt ettt ene e
Fuel accumulation studies

1- to develop a model for fuel accumulation in dry sclerophyll forests in south-eastern Tasmania.............. 16
2- to test a range of easily-determined predictors of fuel loads and fuel components
3- to develop a simple field technique for determining fuel loads in south-eastern Tasmania....................... 17
SEUAY AT ....venveiietiieieteetet ettt ettt ettt e b et et et e se et e beseeseesessesees e seseesessessesessasseseesesessasensensaseesensasensensensasenne
General Methods ..
Introduction...........
Data Acquisition.......
FIEld tECRMIGUES ...c.veueieetieicete ettt ettt ettt et se st et e st e be e st s be st enees e b e e enesbenteneetens
FUel Weight SAMPIINE .....c.ooviieiiiiieiet ettt ettt ettt et st e st b e s be e et ebe b e e eaesbeeeneetens
Point cover measurement
LabOratory tECHNIQUES ......eeviieieiieieietietite ettt ettt ettt et et e e et et e st e st eseesestes e et esenseneesessensenesseseneanens
CUTVE FIEHIE .ttt ettt e et et e st be s b et e st e b e e ne e bt s s e e ene b et eneese et et eneebeseneeneeee
Conceptual model..................
Non-linear curve fitting
Data Normality and Heteroscedasticity ............
Normality Tests ......cccevereevienerieeeieienenene ... 39
Residual Tests for Data Homoscedasticity
Fuel Accumulation as Predicted by Forest Community Type
INEEOQUCTION. ...ttt ettt sttt e e
The vegetation COMMUINILIES .......c..ecuetiririeietirteiee ettt ettt ettt ettt ettt e st ete st eseesesbe st e st eaesbenseneesesseneeseaseseneeneeee
Allocasuarina verticillata forest and woodland [Ave]
Eucalyptus pulchella TOTeSt [EPU...cveeeiriiiiiiee ettt sttt st
Eucalyptus amygdalina heathy forest [EAmh].........ccocoiiiiioiiiieeeeeeee e
Eucalyptus amygdalina woodland [Eamg].........cccccvveveneiinenencnennnne.
Eucalyptus tenuiramis & E. risdonii forest and woodland [Etr]
Eucalyptus globulus & E. viminalis forest [EZV] ...coccocvvvvreviecieiiiinen, ... 44
Fuel ACCUMUIAtION CUIVES......o.eeriiiiiiriiieiinieieiirteieiest ettt ettt ettt ettt et sttt ettt sttt st b et be e st be et s 46
Alocasuaring VertiCillAtA . ................ccooiiieieieieeee ettt ettt ettt ettt s be ettt saeeaean 49
Eucalyptus pulchella
Heathy Eucalyptus amy@daling..................ccoccoocoiiiiiiieiiiiieieeeeee ettt ettt et aeeneenes 49
Eucalyptus tenuiramiS/ E. FISAONII.............c.cccooieieieiieniieieiecieieee ettt ettetessessesssesesseesesseessensessesnsensans 50
Eucalyptus globulus/E. viminalis
Grassy Eucalyptus AMYGAAIING ................cccooveoirieviiciiiiiiiiiisieieeetseeteet ettt ettt sttt saeie b
TOLAL TUCL....ceiiiicice ettt ettt bbbkttt
Total live fuel........
Total dead fuel
Litter fuel...............
Non-litter fuels
. Fuel Accumulation as predicted by Phytosociological roups .........ccoceverirerierieiriesieisereeeese e 59
Introduction
IMIETNOMS ...ttt ettt et e et st e et et et et e et esbes e et e ese st et e s esseseese s esses e sensesees e s esa et e b ensesees e s eseeseseneenene
Fuel Accumulation Curves
TWINSPAN group 1.............
TWINSPAN group 2.............
TWINSPAN group 3.............
TWINSPAN group 4.............
TWINSPAN group 5.............
TOLAL TUCL ...ttt ettt bbbttt a e




S| Bresnehan Dry Scterophyll Fuel Accumulation

TOLAL TIVE TUCL...vitiieeietiee ettt ettt ettt et et e esesaeseese s ese et e sasseseesessensesessensesessenseseasens 71
TOtAl A TURL.....cveuiiiiiicit ettt ettt b et be bt es e bt et e bt s b et ebeeben 72
LIEEET TUCL ...ttt ettt ekt s et e b et e st e s e s s e st esessessesesanbesaeseesessanseseesessensesessensesessenseseasens
Non-litter fuel
6. Fuel Accumulation as Predicted by Environmental Variables and Indices ............cccceveeciniciicincinnicinieennns 77
IIEEOAUCTION. ...ttt ettt b et b st eb e b et et s bt eheeb e e st bt et e st e bt ettt et ebeeee 77
IMIEEROMS ...ttt ettt etttk et et ekt et s e e bt n e bt e e ae b et ne ket n e se et et e sttt be e eneeee 77
GEOLOZY OTAEIING ...ttt sttt st ettt ettt ek et e st et e st et esessenteneeaesbe e eaeeb e b eneesess et eneesenseneeneeee 78
FUET ACCUMUIALION CUIVES......ooviiiiiiiiiieietieteieiete sttt ettt sttt ettt s ae et es et e b et e b e st ene b et e st se et e e eseeseseneeneeee 79
EUCALYPLS ON AOLETIEE ... .ottt ettt et et e et et et e st et et eneesesae st eneesessenseneesenseneanens 82
EUCAlyPtS 0N SANASLIOMNE .......euieuiiiiieieiiieietete ettt ettt et et e s e et e teste e e st et e seneesesse e eneesessenseneesenseneesens 82
Total vegetation 0N AOIETILE. ........ceirieieirieiei ettt ettt et et ese st et esesaeseeneesessensenesteaeneesens 83
TOLAL ULttt ettt et ettt et e b e st et e s et eseesesseseese s esteseesenseseesesentesessensesessenseneatens 84
TOLAl TIVE FUCL ...ttt ettt bttt ettt tebenea 85
TOtAl AEAA TUCL.....cveeieiieiiieiieeie ettt ettt ettt e b e seese b eseese s assesessessessesessensesaesensaseasens 86
LIEEET TURL ...ttt bbbt st eb e bbbt e bt ea e ea b eb e s bt et bbb e b b et b eben 87
INON-TIEEET TUCT ..ttt ettt ettt te et et e st esesbe st eseesessess et eeseesessesaesessensesessensessasan 88
RAINTAIL ClASS OTAETING ...ttt sttt ettt ettt ettt ettt st et eb st e e eb e bt e st b st et eb e bt se e ebeeee 90
FUET ACCUMUIALION CUIVES ...ttt ettt sttt ettt s ae st eb et e st e b e st ene b et ene s e et et enesbeseneeneene 91
VEry LIoW TAINTALL ....coviiiiiiiiie et ettt sttt st et b et e st sbe e ent b nben 94
LOW TAINTALL ...ttt a etttk et et s e et e st es e es e s be st et ese b e e eaesbenseneenens 94
Hi@h TAINTALL ...ttt ettt et et et s et e s e st esessenseseesesseneenessenseneeseseneenens 95
TOLAL TUCL...... ettt ettt ettt s bt st et e bt st en e es e e b e st et ebe b et ene e benteneeten 96
TOLAl TIVE FUCL ...ttt bttt ettt et benea 97
TOtAl AEAA TUCL.....cvieieieeieieieete ettt ettt ettt e et e b et e se s e st et e b assesesse s essesessenseseesaseseasens 98
LIEEET fUCT ..ttt ettt ettt bbbkttt be e 99
INON-TIEEET TUET ..ttt ettt ettt et ettt s b e st esessesseseesesbessessesesesseseeseesasseseesansan 100
TTEE DENSILY OTAETING ... cuveuetiieiieiirtitetet sttt ettt eb ettt b et et eb et s b et ebesb et es e e be s b et ebe b enbeneebenrenee 107
FUCT ACCUMUIALION CUIVES.......cuiitiieeieeiiienietieteteie et et iteteste e testesteseesesseseesessessesessesessesessansesessenseseesansensasensanes 108
VEIY LOW EIISIEY ....vevinteiitiieteert ettt ettt et sttt et b bbbt s b et et eb et et e bbb estebesbeneen 111
LLOW AENSILY ..ttt ettt ettt ettt ettt st s b et e st e b et en e st et et es e et e ete s eneeb e st entenesbe e eneenebens 111
IMEAIUIM AEIISIEY .ttt ettt ettt ettt et sttt st ebe bttt b e b b eb e bt e st e st ebe st estenesbe s eneebenbens 112
HIGR QONSIEY ...ttt sttt ettt b et s et et e st ettt et ene et e st entenesae e eneenebens 112
TOLAL TUCL. ...ttt b et ekttt e st et e et e st st eae b et et st e st eneebe e eneenentene 113
TOLAL TIVE FUCL ...ttt b ettt ettt be et et e st e st enesbe e eneebennens 114
TOtAl dEAA FUCL......viiiiiirice ettt ettt sttt 115
LIEEET UCL ...ttt ettt bbbttt ettt b et n e
Non-litter fuel
7. AssessMEnt Of ClaSSTTICATIONS .......c.eeveieirieieiieiisietete ettt ete sttt e st ete st et sesbe s eseetesseseesessenseseesessesseseesensas 120
TIEEOAUCTION. ...ttt ettt ettt ettt ea e et et e be e st es e et et e eseenee s ebeeseentensensesseeneeneasensene
Accumulation patterns
EXPlanatory POWET: 17 COIMPATISONS ............veeveeeeeeeeeseeeseeseeeseeessesesesesesseeseessseeseaesesesesseessesesesseaesessesseesseessasees 122
Residual Scatter COMPATISOMS. .......c.eeuieieierieerietietestesteeteitetesteeseestessessesseeseessesesseessessessassesssessessessesseessessensanns 123
Revision of statistical MEthOAOLOZY .....c.ce.erviiiiriiiiieiiee ettt 124
CONCIUSION ..ttt ettt ettt ettt ae et et et a et et e s b et e st es e eseaten e e st e b et eneeb e s entebesbe e eneebenseneeseesenes 125
8. Predicting Fuel Weight from Field-based Measurements ...........cccceeeveererieeeinenieinerecee e 127
IIEEOAUCTION. ...ttt ettt ekttt e st eb et e st bt s b et ene et e b eneebe s be e eneebenseneeneesenes 127
PhOtOZraPNic GUIAE ......oueeuireeieeieiiie ettt ettt ettt ettt et st s e st e st s ae s ese et e s eneeseste s eneesenseneesensenes 129
INEEOAUCTION .ottt ettt ettt bbbt be et b bt eaesens 129
Fuel estimation photOgraph SUDSEL. .........ccvvirieiiirieieirese ettt s se e s sbe e eneesennens 130
Assessment of photography-based fuel weight prediCtion..........c.cveveeveirerieieireeeeeeeeee s 136
Assessment Based on Field MEASUICIMENLS ..........ccceirierieieinieietisieieeetesieetesesteseesessessesessessesessessessesessessesessenes 138
TIEEOAUCTION ..ttt ettt ettt et ete st et et e b e st e st e be s ess et e s esseseesesesseseesessessesessessessssensensesensans 138
Relationship of litter weight to total WeIGNt ........cociviiieiiiiieieeseee et nens 139
Relationship of litter weight to litter field characteriStics ..........coevevererieriiininieeree e 144
Predicting total weight from litter field CharaCteristiCs ..........occevurueiniiieerinieeniicccee e 157
A suggested field weight estimation MEthod...........c.ccoeiiiiiiiniiiiiii e 170
DISCUSSION ...tttk ettt ettt ete e st st et et ea et et eae s b e se e st b et ene e st ebeates et e s enteb e esemeeseeae e entebessentenesbeneeneesennens 172
Technique developments- Tl dENSILY .......c.evveuieiiriiieiriirie ettt sttt e 175
0. COMCIUSION ...ttt et b et e st e bt st et e bt s b e e n e e be s b en e e stk e s eneebe et enees et enteneese et eneeneesenean 176



S| Bresnehan Dry Scterophyll Fuel Accumulation

L0, RETEIEINCES ....viveuieeiitiieeietertet ettt ettt ettt ete st e st e be st e st et e sesseseesesseseesessesaesesessaseesasseseesasesseseesassessssensansasensans 178
APPENAIX 11 DALAL....oiiciieiieieetict ettt ettt et et e et et e esbesbeebe e st et e beeseeseenbese st entensebeeseessensesennean 190
Appendix 2: Field GUIAE DOOK.......ccoiirieieiiieieesieie ettt ettt sbesa et be s seste s esaesessessesessenes 193

INEEOAUCTION ...ttt ene e 193
HOW 10 USE thiS ZUIAE. ...eveeiieiiciiite ettt ettt ettt ettt eae b e e et ebebens 194
Part 1: Defining the SILE.......ccerueiiiriiiririet ettt ettt b ettt b ettt e st eaesbe e et ebetens 196
Part 2: Assessing fuel loads for sites of known time since l1ast fire. ..........ccocoveeeveneneieiineneeeee 199
Part 3: Assessing fuel loads for sites of unknown time since 1ast fire. .........cooceeeeeeneneineneineecee 200
Part 3 fuel TeCKONET ChAIt. ........cooiiiiiieiiiicie ettt be et 201
RETEICIICES. ..ttt ettt ettt bttt et bbbt b bt etebens 202
The MEASUTTING STICK. .. .euieuiitiieieititese ettt ettt s et e b e te e s e s e s e et esseneeseesesseneenesaeseneenensens 203
FIeld WOTKSREEL. ..ttt ettt et 204
Appendix 3: ReSIAUALS PIOLS......ciuiiieiiiiieietieieieteesiette ittt sttt e st e bt beseesesbesseseeseetesesaesansenseseesanes 205
CANOPY OTACTINE ...ttt ettt et et e et e teste st e st esesseseeseesenseseesenseneeseesenseseeseseneeneesessensenesseseneenensans 205
Category Ave: AHlocasuaring VertiCillQta .................c.ccoooueviiiiieieieet ettt 205
Category Epu: Eucalyptus PUICHEIIA . ...........c..ccovevieiiciiiiiiiiiesieteeeieeteeet ettt et 206
Category Eamh: Heathy Eucalyptus amygdaling ...............cccceeueceeueseeieesieieiieieieieesiesesssseseesssessesesessens 206
Category Eamg: grassy Eucalyptus mygdaling .................coccoceeeveveiieininieieninieinineneeseee et 207
Category Egv: Eucalyptus globulus/ E. VIMIRQLLS ..........ccccoeieeeeiiriiiieieesieeeeeieeitee ettt 208
Category Etr: Eucalyptus tenuir@mis/ E. FISAONIT ...........cc.ccoeveeeiiinieiiiiniinieieiinieteese ettt 209
PhytoSOCIOI0@ICAL OTAETING.......iiveuieiiitiieieese ettt sttt b ettt st se et enesbe e eneebesens 210
TWINSPAN SIOUD 1 ettt ettt ettt ettt be e b bt eaenens 210
TWINSPAN SIOUD 2 .ttt ettt ettt sttt sttt ettt a et a ket be et b et enenens 210
TWINSPAN SIOUD 3 ottt ettt ettt ettt bbbt b bttt b bt eaenens 211
TWINSPAN GIOUP 4 ...ttt ettt ettt et et s te et e st et e et e eaeeatenteeseeseente s e beeneensansesseeseensensennean 212
TWINSPAN SIOUD 5ottt ettt ettt bbbttt bttt be e b bt eaebens 213
GEOLOZY OTACTING ... veeieetetitenteiteteet et teete e et et s este st eseseseesesesseseesasseseesassensesaesessaseessasessessesessessessssansessesensans 213
EUCALYPLS 0N AOLETIER .....cvieeeiiiiteieeet ettt sttt b ettt ettt et et be e et ebebens 213
EUCALYPLS ON SANASIONE ....viveeieiiitiieiieiietete ettt et ettt ae s te st eseete b esaeseesesseseeseesesseseesessessessssensensesensans 214
Total vegetation 0N AOIETILE. .......c.e.ertirieieirterteir ettt ettt ettt sttt sttt st et be et ebenens 215
RAINTAIL OTAETING ...ttt st b et s et et s et ebe e st eb e s s et enesae e eneenesens 216
VEry IoW TAINTALL ..c..ouiiiiiiieiie ettt bbbt b et b bbbt st estebesbeees 216
LOW TAINTAIL ..ottt ettt bttt et 216
High TAINTALL ...t ettt b et s et et e sttt eae s e sttt st et eae b e e et enebens 217
TTEE AENSILY OTACTINE......cvetiuienieiiiteteiet ettt ettt ettt sttt sttt e st et e bt ete st es e ebesseneenesbeneeneenensens 218
VETY LOW Q@INISTLY ...ttt ettt ettt ettt e et e st e te s e st es e s eneese et e sese et eesenseneesessensenessenseneenensans 218
LLOW QENSILY ..evieeeieeieieeiet ettt ettt ettt et e e s e e st e st e ae s e st es e s enees e et e seneesesenseneesesseneenessenseneenensens 219
IMEATUM AENISILY ..nevieeieiietitet ettt ettt et et b et e st e te s eseese st eneese et e seseesesenseneesesseneenessenseneesensens 219
HIGN QONSILY ...eutetiteieiieteete ettt ettt ettt st et et e b e b e st teebess et e s essesees e sesseseesesseseesessassensesensensesensans 220
Appendix 4: TWINSPAN OULPUL ....cueetiieeietiteieietesietietitesie e stesteseesetessetessessesesseseseesessessasessasseseessesesessesessenes 222
OFAET OF SAMPLES......cuiiviieiieiiiieieieteetete ettt ettt te st et esesbesbeseebessess et e sesseseesesassassesassessesessassessasansensesensans 222
TWINSPAN output (SIMPLFIEA) ...c.vervieiieieiiiiciieieieee ettt ettt besseesaessensenneas 223

Table of Figures

Figure 1: Idealised fuel curve for dry sclerophyll fOrests........cceoiririiieirinieieeree e 33
Figure 2: Fuel accumulation- total fUel...........cc.oieiiiiiiiie ettt 46
Figure 3: Fuel accumulation- total dead fUel .............ccoeoiriiiiieiieee et e 46
Figure 4: Fuel accumulation- total 1iVe fUEL..........ccooeiieiriiieieieece ettt 47
Figure 5: Fuel accumulation- TItter TUEL .........c.cciiuiiieiiieieicieieesee ettt e 47
Figure 6: Fuel accumulation- NON-Itter fUEL........c.ccovuirieieiiieieisieieiee et 48
Figure 7: Fuel accumulation- total fUEL............ccviiiiiriiieiieicieieeseeee ettt s e 52
Figure 8: Fuel accumulation- liVe fUEL..........coveiiiriiiiiiiinicieeeeet ettt sttt e 53
Figure 9: Fuel accumulation- dead fUEL ...........ccveieiriiieiieiiieieeseeee ettt 54
Figure 10: Fuel accumulation- tter fUEL .........cooooioiiiiiiiiiiiiiiiccccccceeee e 55
Figure 11: Fuel accumulation- non-litter fUel............ccoverieiiiniiieet e e 56
Figure 12: Comparing canopy and TWINSPAN classifiCations...........coecererieirenieinenieneenienieesieseeeresiceeseene e 64



S| Bresnehan Dry Scterophyll Fuel Accumulation

Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44:
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:
Figure 63:
Figure 64:
Figure 65:
Figure 66:
Figure 67:
Figure 68:
Figure 69:
Figure 70:
Figure 71:
Figure 72:

Fuel accumulation- total fUEL...........ociivuiiiiiieiicicceeeee ettt ettt ettt erae et e ere e 65
Fuel accumulation- total dead fuel .. 65
Fuel accumulation- total live fuel........ ... 66
Fuel accumulation- litter fuel ..................... ... 66

Fuel accumulation- nON-Htter TUCL...........ceoeieiiiiiiiiieiecce ettt e ereeereeeaeeeaae e 67

Fuel accumulation- total fUCL...........cceiviiiiiiiiiiiicccee ettt e e e ere s 70
Fuel accumulation- live fuel
Fuel accumulation- dead fUEL..........cc.vooviieiioriieicceee ettt ereeenas 72
Fuel accumulation- THEr fUCL .........cceioviiiiieii ettt et ereereeereeereeeaee e 73
Fuel accumulation- non-litter fuel..........ccccoovvevieviecicvieenenen. -
Comparing sites by canopy and geology ordering schemes ... 79
Fuel accumulation- Total fuel ..........c.oooveeviiviieiiiieeeceeeeeeee ... 79
Fuel accumulation- dead TUEL ..........ocviiuiiiuiiciiceccecee ettt ettt e er e 80
Fuel accumulation- TIVE fUEL.........c.oooviioiieieceecce ettt ettt ettt erteeraeereereennas
Fuel accumulation- litter fuel
Fuel accumulation- nON-Itter TUEL...........cvoeiiiiieiiiiiieiecce ettt e e eveesreeereeeaae e 81
Fuel accumulation- total fUEL...........cc.iivuiiiuiiiiicicceee ettt ettt et e rae e e e ennas
Fuel accumulation- total live fuel
Fuel accumulation- total dead fUCL..........cc.oooviieiioiiieieceeeee ettt e e 86
Fuel accumulation- Ter fUCL ..........coooviiiiiiii ittt eveeereeereeeane e 87
Fuel accumulation- non-litter fuel............c.ccveeveennnnn. ... 88
Comparing sites by canopy and rainfall schemes ... 91
Fuel accumulation- total fuel............cccovveeveerveennn. .91
Fuel accumulation- total dead fUEL..........cc.oovviieuiiciiieieceee ettt e 92
Fuel accumulation- total lIVE TUEL...........ooouiiiiiiiiiceiicie ettt et et 92
Fuel accumulation- litter fuel

Fuel accumulation- NON-HEEET TUEL.......c..ooviiiiiiiiciieiece ettt et ettt eaeesaae e
Fuel accumulation- total fUCL...........cceiviiiiiiiiii ettt e e ere s
Fuel accumulation- total live fuel.........cc.ooovvviiiiiiiiiiieeeeeeeeeeeeee s

Fuel accumulation- total dead fuel...........cceevveiiieiiieiieieiceeeceeeee e

Fuel accumulation- litter fuel ..........cccoooveevvieeiieeiienns

Fuel accumulation- non-litter fuel...........cccocoveevvieiivevieiiicieeiens

Fitted line plot regression- accumulated rainfall to total fuel................

Fitted line plot regression- accumulated solar radiation to total fuel....

Fitted line plot regression- fire age to total fuel..........cocooeiiiieriiiiiince e
Fitted line plot regression- accumulated rainfall to live fuel...........cocooeriiniiineieieeee e
Fitted line plot regression- accumulated solar radiation to live fuel

Fitted line plot regression- fire age to 1ive fuel.........ccooeiieiiiieieieceee e

Fitted line plot regression- accumulated rainfall to non-litter fuel............ccccooiveeieinineceeiieieiee
Fitted line plot regression- accumulated solar radiation to non-litter fuel
Fitted line plot regression- fire age to non-litter fuel............ceceeviveviecrnievieeriennne
Comparing sites by canopy ordering and tree density schemes
Fuel accumulation- total fuel
Fuel accumulation- dead fuel
Fuel accumulation- live fuel.........
Fuel accumulation- litter fuel
Fuel accumulation- non-ltter fUel..........ccccvieiinieiniieiiceecce e
Fuel accumulation- total fuel
Fuel accumulation- total 1ive fUel...........ccvueiriiiiiniiiiiccc et
Fuel accumulation- total dead fUel...........cooeviiiiuiiiniiiniicce e
Fuel accumulation- litter fuel .....................
Fuel accumulation- non-litter fuel..............
Mean r* values across the five fuel types
Best-subset regression output for non-litter fuel (non.1) and live fuel (tot.l)
Predicting total fuel from litter fuel: canopy Ordering...........cocceeceverieeneneireneneenceeeeseeeeeseeeen
Predicting total fuel from litter fuel: geology ordering
Predicting total fuel from litter fuel: rainfall class Ordering............cccoeeeerieveciniecnineccinecnccieene
Predicting total fuel from litter fuel: tree density Ordering...........cooceeererierieerieneneereeeee e
Litter weight relationship to litter depth: canopy ordering
Litter weight relationship to litter cover: canopy ordering



S| Bresnehan Dry Scterophyll Fuel Accumulation

Figure 73: Litter weight relationship to litter volume: canopy ordering............ccecvvevveveerieriereeeeesesieeseesreseneas
Figure 74: Litter weight relationship to litter depth: geology ordering.........

Figure 75: Litter weight relationship to litter cover: geology ordering.........

Figure 76: Litter weight relationship to litter volume: geology ordering
Figure 77: Litter weight relationship to litter depth: rainfall class ordering...........ccoceceeevicineecinerneicneinnenens
Figure 78: Litter weight relationship to litter cover: rainfall class ordering..........c.cccoececeveuevincecneinnieccnnenns
Figure 79: Litter weight relationship to litter volume: rainfall class ordering
Figure 80: Litter weight relationship to litter depth: canopy tree density Ordering...........coceeeverveevrereneeeeennennes
Figure 81: Litter weight relationship to litter cover: canopy tree density ordering............ccceceeevereeirerenennnens
Figure 82: Litter weight relationship to litter volume: canopy tree density ordering....
Figure 83: Total weight relationship to litter depth: canopy ordering ............cccocevevevrenens
Figure 84: Total weight relationship to litter cover: canopy ordering .................

Figure 85: Total weight relationship to litter volume: canopy ordering
Figure 86: Total weight relationship to litter depth: geology ordering
Figure 87: Total weight relationship to litter cover: geology ordering
Figure 88: Total weight relationship to litter volume: geology Ordering..........c.ceceveveieerenenieieenenereeeeenenen
Figure 89: Total weight relationship to litter depth: rainfall ordering
Figure 90: Total weight relationship to litter cover: rainfall ordering
Figure 91: Total weight relationship to litter volume: rainfall ordering ...........c.cccoceveiiiniininenereneeceeeee
Figure 92: Total weight relationship to litter depth: tree density Ordering .........cccocevevveneneneeeneneneneeenesenen
Figure 93: Total weight relationship to litter cover: tree density ordering ..........

Figure 94: Total weight relationship to litter volume: tree density ordering

Table of Equations

Equation 1: Basic €qUAtiON fOIM..........ccieiiieieieieeieie ettt ettt et sa ettt etesaesees e sesseneesessenseneanan
Equation 2: Accession, decomposition and decay constant
Equation 3: Equation with after-fire residue (after Fensham 1991)
Equation 4: Final model form ..........ccccoeeeveiienieeeieieeene

Equation 5: Predicting litter weight in WA jarrah forests

Table of Maps

Map 1: Tasmania, Showing SOUth €aSLEIN TEZION. ......cveiririeeieiirieiee ettt ettt ettt e sttt se s e e esesseneeneanes 18
Map 2: South-eastern Tasmania, showing built up areas and location of sampling Sites............ccecerveeveerrerreeennnes 19
Map 3: Topography of the STUAY QIEa ........ccccueieuiiieieieieieieceeee ettt et s e te b s te s seseesene
Map 4: Geology of study area..........ccocveeeereenieinerieieeiens

Map 5: Rainfall classes, modified from Davies (1988)
Map 6: Vegetation communities of the study area (from Kirkpatrick and Dickinson 1984) .........cccccccveuicineucnnne 23
Map 7: Sites coded according to canopy dominant SPECIES. ........eveeverueruerererierieererieerentetresieseeennens
Map 8: Sites coded according to TWINSPAN classification
Map 9: Sites coded according to ZEOIOZY tYPE. ....eveveuietiriiieiietirteet sttt sttt ettt sttt 78
Map 10: Sites coded according to rainfall class. ...................
Map 11: Sites coded according to tree denSity ClaSS. ......coccererieirierieiieieieieiee ettt eee e een 107

Table of Tables

Table 1: Sites in canopy ordering ClassifiCation ...........ccceciierieiiierieiierieieee ettt eb e seesessesseseeeas
Table 2: Equation coefficients for category Allocasuarina verticillata
Table 3: Equation coefficients for category Eucalyptus pulchella.................................
Table 4: Equation coefficients for category Heathy Eucalyptus amygdalina
Table 5: Equation coefficients for category Eucalyptus tenuiramis/E. risdonii
Table 6: Equation coefficients for category Eucalyptus globulus/E. Viminalis ................c.cccovevcnecvneinnccnn.
Table 7: Equation coefficients for category Grassy Eucalyptus amygdaling .................ccoecevoeeeevoeneneceneneennes



S| Bresnehan Dry Scterophyll Fuel Accumulation

Table 8: Species percentage frequencies across the five TWINSPAN groups........c.cceevevrerierieesresieeeenseseeeessenns 63
Table 9: Sites grouped in each TWINSPAN CateZOTY ...cc.evveuieuirieiiirienieiniesiet sttt sttt ettt 64
Table 10: Equation coefficients for cateZory TW1 ....ccooeieieiiieeieesieieesieee ettt se e eas 67
Table 11: Equation coefficients for cateZory TW2 ....cooouciiiniiiiririereee ettt 68
Table 12: Equation coefficients for cateZory TW3 ..ottt 68
Table 13: Equation coefficients for cateZory TW4 .....co.oouiiiiniieieer ettt 69
Table 14: Equation coefficients for cateZory TWS ..ottt s 69
Table 15: Sites grouped in each Ze0logy tyPe CALEZOTY ....eveuveuiruerieirierieirteie ettt ettt sttt see e saes 79
Table 16: Equation coefficients for category EOD ......ccccoeoiiiriiiiininieiciieee et 82
Table 17: Equation coefficients for category EOS .......cccooiiiiiriieieeeeee et 82
Table 18: Equation coefficients for category TOD .......cccceoieirieieireieieeee ettt 83
Table 19: Sites grouped in each rainfall Class CAtEZOTY ........cueiruerieiriirieirere ettt eas 91
Table 20: Equation coefficients for category VLR ........ccccooieieiieieirieiceieee ettt ese e nes 94
Table 21: Equation coefficients for category LR........cccoireieiriieieieeieee et 94
Table 22: Equation coefficients for category HR .......c.ccooeieiriiieieirieiceeee ettt 95
Table 23: r* values for time/resource analogue rEIESSIONS ..............ovv.rverveerreeeeeeseesseeesseseeesseeeseeeseeesseeeeeeeeeen 106
Table 24: Sites grouped in each tree denSity ClaSS.......cooeieirieeieiierieieieetee ettt es e ese s naas 108
Table 25: Equation coefficients for category VLD ........ccccocoiriniiiiininicininerietreteeese ettt 111
Table 26: Equation coefficients for category LD .......c.ccooivieiiiieiieinieee et 111
Table 27: Equation coefficients for category MD ..........ccocooieiiiriiiieininicrieeeseee et 112
Table 28: Equation coefficients for category HD .........ccooiriiiiiiiiieiicee e 112
Table 29: Details Of PROtOZIAPIS ......oveuieiirieieieii ettt sttt sttt aeste e esees et e se e esesseneeneesenan 136
Table 30: Look-up chart for determining fuel loads in sites with known fire age..........coccoeeeeenenevcninenccenenne. 171
Table 31: Look-up chart for determining fuel loads in sites with unknown fire age...........cccoeverveeveveeenecceenennn. 172
Table 32: Field predictions in tonnes per hectare as trialled against original field data.............cccceveverreieinnen. 173

Table 33: Mean residuals and standard deviations in tonnes per hectare for field predictions across all sites. .. 174

Table of Photographs

Photograph 1: 2.1 t/ha- 1andScape VIEW, SILE 47 ......cceiieuirieiriirieieie ettt ettt ettt ettt eseeae s 130
Photograph 2: 2.1 t/ha- ground SUrface VIEW, SIt€ 47 ......cc.cerirueriririeieirieniet ettt ettt st 130
Photograph 3: 4.7t/ha- 1andScape VIEW, SIEE S4........ccoeieuirieiririeieerieie ettt ettt ene b 131
Photograph 4: 4.7t/ha- ground SUrface VIEW, STt 54 .......ccoeirieiieiieieiieiesieie ettt sttt ene e ean 131
Photograph 5: 7.6t/ha- 1andScape VIEW, SIEE 53.....c..cciiiriiieiririeiee ettt ettt 132
Photograph 6: 7.6t/ha- ground SUrface VIEW, STt 53 .......ccieirieiieiieieeieieeiee ettt ese e ean 132
Photograph 7: 9.2t/ha- 1andScape VIEW, SIE 32.......c.cceeieirieieieieieieieieiiee et ete st e st sa e ssessesaesessesseseesesseseesensas 133
Photograph 8: 9.2t/ha- ground SUIrface VIEW, STt 32 .......ccivirieiieiiieieeieieietee ettt ene e ean 133
Photograph 9: 9.2t/ha- 1andSCape VIEW, SIt€ 4........c.ccveirierieirieieieeierieeietisieieeestetesessesse e stessessesessessesseseesesseseesensas 134
Photograph 10: 9.2t/ha- ground SUIface VIEW, SItE 4 .......cc.coeririiriririeieiirienee ettt ettt 134
Photograph 11: 12.5t/ha- 1andSCape VIEW, SILE 52 ......cceeivieieirieieieieieeiee ettt se et s et se e eseeseseesessennas 135
Photograph 12: 12.5t/ha- ground surface VIEW, SIt€ 52 ........cccuvueriririeieinenieinienieisiestesteie sttt et 135



S| Bresnehan Dry Scterophyll Fuel Accumulation

1. Introduction

Wildfire

Anno Domini 1077. This year was London burned, one night before the Assumption of St. Mary, so
terribly as it never was before, since 1t was built... This year also was the dry summer; and wild fire came

upon many shires, and burned many towns; and also many cities were ruined thereby.

This quotation from the Anglo-Saxon Chronicle (written between 890 AD and the
mid-12" century) shows the problems of managing wildfire and protecting assets is by no
means a recent phenomenon. Throughout the world, anywhere with forests or woodlands is a
candidate for a wildfire given the right conditions and a source of ignition. A fire has the

potential for damage and tragedy anywhere a forest or woodland abuts human habitation.

Fire management at the urban-bushland fringe, sometimes termed the WUI, or
Wildland-Urban Interface (Fried et al. 1999) is a major focal point for fire research across the
globe. This research, in all its forms, has as its ultimate goal the understanding of fire and the
factors contributing to fire behaviour, to protect lives as well as to protect assets or

ecosystems from damage or destruction.

Fire science has grown as a discipline over the last thirty-five years, moving from
what was essentially a purely asset-protection philosophy to a broader and more academic
stance. Today, the field incorporates a wide range of established disciplines. Elements of
botany, zoology, geography, meteorology, ecology and the newer technological disciplines of
remote sensing and Geographic Information Systems are all incorporated into modern fire
research. The rise of cheap, powerful computers and the development of statistical and
modelling software have contributed to the advance of fire science a great deal, permitting

greater and more varied amounts of data to be processed quickly and accurately.
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Today, there still remains an echo of the original fire-fighter’s philosophy in the
science, with much of the literature in circulation over the last three decades being easily
categorised into either 'operational' or 'academic'. Increasingly the operational works can be
seen to be incorporating the findings of previous academic studies, and the academic studies
are mostly bent toward a practical land management outcome. The last fifteen years has seen
a convergence of the two camps and the emergence of a new philosophy, one of providing

research with both scientific integrity and practical usefulness.

Wildfire research

Wildfire research appears to arise from areas of the world with large forested tracts of
land and universities or government bodies with an interest or responsibility for these lands.
Predictably enough, the United States, Canada and Australia feature highly as the country of
origin for the bulk of recent research work. These countries have a considerable need for this
research and have made available the necessary resources to develop the expertise. Fire
research from the rest of the world, while lesser in quantity, is not less in quality or intent.
Work is being produced in countries such as New Zealand, Africa, South America and in the
Mediterranean, all places where fire is an issue for land management. While these works are
usually addressing specific management problems unique to these places, the development of

methodologies, tools and procedures is globally useful.

In recent years, fire science has seen its own dedicated publication, The International
Journal of Wildland Fire (now into its 120 volume), as well as a noticeable increase in the
size and quality of fire science conferences, such as the biennial Bushfire series in Australia

and New Zealand.
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Wildfire in Tasmania

Early in the morning on the 7™ of February 1967, a fire was spotted in the hills behind
the Hobart suburb of New Town. It was considered to be no immediate threat and no actions
were taken to contain the fire (Ahern and Chladil 1999). Between 11am and 4pm that day, 62
people lost their lives and approximately 264 000 hectares of Tasmanian bush and agricultural
land was burned by this and 109 other fires burning that morning (McArthur 1969). In the
Hobart municipality alone, 20 people were killed and 433 houses destroyed (Ahern and

Chladil 1999).

The 1967 wildfire event marked a turning point in wildfire management in Tasmania.
The need to develop both better disaster response systems and to equip emergency services
with the appropriate technology and training became patently obvious. Among the emergency
services and those responsible for the management of bushlands around built-up areas, the
recognition of the need for research into fires for both natural resource management and asset
protection increased enormously. A rural fire brigade was organised and control burns were
instituted, initially on an ad hoc basis, with guidelines being drawn up later in the mid-1970s

(Gledhill 1993).

Many of the areas burned in South-Eastern Tasmania in 1967 now support a much
larger population and in some cases have become major suburbs in their own right. The new
suburbs have grown with a diffuse urban-bushland boundary characterised by houses built
well into the bushland, to provide a 'natural' setting and surroundings for the occupants. The
desire to live in a natural setting is much more prevalent in the Australian urban community
compared to pre- 1967 times. This increased area of mixed suburbia and bushlands has
increased the importance of managing the fringing bushland to reduce fire risk and protect life
and property (Gledhill 1993, Bradstock, Gill, Kenny and Scott 1998). It is also salient to

remember the words of McArthur, in his 1969 report on the 1967 fires:
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"Human memory is notoriously short lived and it is disturbing ro find that many people consider the

conditions of 7th February are unigue..."
The complacency of the general public when faced with the possibility of major
wildfires entering the urban areas remains one of the major hurdles in planning for wildfire

events.

The relevance of fuel modeling

Fire behaviour is a product of the interplay of a number of factors, such as air
temperature, air humidity, fuel moisture levels, wind speed, wind direction and available fuel
(Cheney 1981). These factors can be considered to be either environmental or meteorological
in origin.

Meteorological factors influencing fire behaviour are capable of changing very
quickly and in many cases in an unpredictable manner. A sufficiently large hot fire is capable
of altering many of these factors by itself, through its own radiant heat and thermal
convection. These meteorological factors cannot be modified effectively by human

intervention to assist in fire threat minimisation or wildfire fighting.

Available fuel is the only fire behaviour factor to exhibit a sufficiently stable pattern
of variability to permit the development of accurate predictive tools capable of projecting
potential fire hazard years into the future. Fuel loads are linked to site productivity and are
controlled by biomass growth and decomposition rates, so statistical models taking these
factors into account should be able to predict the accumulation of fuel through time, and are
often shown graphically as a curve plotted on axes representing fuel weight and time. Such
models and suitable fuel curve graphs will allow the development of an appropriate timetable

for the application of fuel reduction procedures.

10
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Wildfires and land management

A fire does not remove all biomass as it passes. Large items, such as trunks and
branches are charred but remain largely intact after the fire front has passed. The hottest and
most active area of a wildfire is the leading edge, or fire front. This front burns the smaller,

finer proportion of the vegetation: leaves, twigs, grasses and low shrubs.

The fine fuel component is termed 'flash fuels' by many researchers. Flash fuels are
generally considered to be in the order of 2 mm or less along their narrowest axis (Dickinson
and Kirkpatrick 1987) although some authors consider this fuel category to be 6 mm or less
along the narrowest axis (Cheney 1990). Materials of a larger diameter require more energy to

kindle and do not actively support the fire front (Burrows and McCaw 1990).

Fuel accumulation modelling is concerned solely with the accumulation of the fine
fuel biomass, as it is this fuel component that supports the front - the most dangerous and
difficult to manage part of a wildfire. The actual size of the fine fuels consumed in the fire
front is variable. The size of fuel particles consumed in the fire front is determined primarily
by fuel moisture levels, fuel pre-heating and fire intensity (Burrows 2001) and the size of fuel

residue left behind the fire front gives an indication of fire intensity (Cheney 1981).

Fuel reduction for risk management

Fuel loads can be managed quite easily by using biomass removal processes that
traditionally include fire itself. Controlled fuel reduction fires are an important management
tool for fire risk minimisation in dry sclerophyll forests, particularly on the urban fringe where
asset protection might be categorised as more important than protecting ecosystem values.
These fires are planned for spring and autumn, when climatic conditions will support a low
intensity or ‘cool’ fire with little risk of the fire escalating into an uncontrollable state

(Gledhill 1993) and an acceptable reduction in fuel loads. Cheney (1981) gives an average

11
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intensity of a fuel control fire in open eucalypt forest at 500 kWm™ or less and average flame
heights of 1.5 metres. High intensity wildfires have intensities in the order of 3000 kW/m™ or

greater, and flame heights above 15 metres.

The decision to apply a fuel reduction fire is essentially a process of risk assessment.
For any particular sites' fuel load to be considered 'manageable’ in case of a wildfire, a
decision is made based on incorporating the current fuel load (measured or modelled) with
known climatological data (Gill ef al. 1987). It is possible to calculate the expected number of
days per year where the weather conditions and fuel load will combine to make for a
potentially uncontrollable fire should one occur, using an established tool such as the Forest
Fire Danger Meter, Mark 5 (McArthur 1973). By lowering the available fuel, the number of
days per year when a potential wildfire could not be controlled by emergency services is

reduced.

A fuel reduction fire lowers the available fuel to an acceptable level from a
management perspective, but leaves considerably more unburnt fuel behind than hotter
summer fires. The amount of moisture held in the fuel particles and the cooler ambient
temperatures at optimum controlled burning conditions (Conroy 1993) result in less pre-
heating of fuels, diminishing the fire intensity and rate of spread (Hatton and Viney 1991).
The lower heat intensities result in relatively less damage to understorey vegetation than after
wildfire, and this in turn leads to a quicker post-fire recovery time, potentially returning to
significant fuel loads within two to four years (Tolhurst 1996a). Jasper (1999) notes that this
combination of cool fire and fast recovery leads to short-term fuel reduction but long term
ecological change. Tolhurst (1996b) attributes this ecological change likely to result from a
fire interval of too short a duration to allow plant species to recover from one fire and

establish sufficient reserves to permit the survival of the next.

12
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Fuel accumulation studies

Fuel accumulation in Australian forests has received considerable scientific attention
over the last fifteen years. Studies have been either management-oriented while covering a
limited range of vegetation types, or theoretical re-appraisals of the statistical method and

modelling procedures used for the management oriented studies.

Studies of the former type provide management tools for the target vegetation types,
such as Jarrah and Karri forests in Western Australia (Peet 1971, McCaw et al. 1992) and
Silver-top Ash (Eucalyptus sieberi) forests (Gould 1993, Neyland and Askey-Doran 1994).
The results of these studies have little direct applicability outside the chosen vegetation types,
but are capable of indicating broad trends or patterns that might be expected in similar
vegetation types elsewhere. Once the fuel curves have been generated for the vegetation
community or communities being studied, the curves themselves can be used as predictive

tools.

Statistical and methodological investigations provide key insights for the development
of appropriate methodologies and the incorporation of appropriate measurement techniques
(McCaw 1991), canopy and understorey litter variability (Birk 1979) and decay rates across

seasons (Mercer et al. 1996, Birk 1979) or for different litter components (O’Connell 1991).

Fensham (1991) used a statistical model that has been widely employed in fuel
accumulation studies in Australia, such as Fox et al. (1979), Birk and Simpson (1980) and
Neyland & Askey-Doran (1994). This model, while having some debatable assumptions, is
both robust and logical and is accepted by many as appropriate. The assumption of the model
that is a matter of concern is the use of single coefficients for litter accumulation and decay,

when studies of litter accumulation show considerable seasonal variability in dry sclerophyll

13
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forest litter resulting from differences in accession and decomposition rates (Mercer et al.

1996).

Alternative litter accession models require long-term site-specific litter collection as
part of the data acquisition process and will produce an accurate picture of the litter processes
for the duration of the sampling period, but not necessarily beyond that. Should the sampling
period have unusual weather patterns or another uncommon event, the data will not be
representative of average conditions. For studies involving a wide field area or a narrow
timespan for field sampling, the process used must by necessity contain some form of
averaging in the modelling process. The single-value accession and decomposition
coefficients in the model used by Fensham (1991) and others functions well as a means of
averaging across time or space, and are therefore unlikely to disrupt the accuracy of the

results.

The increased availability of computer processing power has allowed for new ways of
managing fire and fuel load data. Specialised software packages such as FIREPLAN have
been developed as tools for wildfire threat analysis (Malcolm et al. 1995) and include fuel
accumulation models as part of the software's predictive structure. Output from FIREPLAN
as depicted in Malcolm et al. (1995) indicates a simple model of fuel accumulation that does

not appear to take immediate post-fire effects into account.

Incorporating fuel accumulation curves into a Geographic Information System (GIS)
software system gives land managers a highly effective means of handling spatial data and
provides a tool to support management decisions. The rapid rise of GIS as an inexpensive and
relatively easy to use land management tool has seen a proliferation of studies incorporating
predictive models for wildfire fuel accumulation and potential fire behaviour throughout the

world. Systems are being developed and refined throughout much of the Western world

14
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across a range of scales and resolutions depending on purpose and data availability (Hardy et

al. 2001).

The Hobart bushfire danger mapping work by Smith (1999) typifies the use GIS
systems can make of existing or current fire research. Smith's study used the fuel
accumulation model and accumulation curves from Bresnehan (1998) and topographic Digital
Elevation Models to develop a fire hazard map for the greater Hobart area. This information

has the potential to provide a reliable desktop tool for land management.

Studies and tools based on state-of-the-art computer software packages for predicting
fuel accumulation will always have at their cores a model or equation that has been developed
beforehand. The model can be considered to be the critical element of a software package or
GIS system- an inappropriate or overly simple model will not produce high quality output for
management purposes regardless of the complexity of the system built upon it. This is echoed
by Gollberg et al. (2001), who recommend "Management tools including databases, maps and
models should be grounded in ecological research and principles." Despite the importance of
accuracy and appropriate use of research, not all fire management worldwide employs this

philosophy when it comes to fuel accumulation (Keane et al. 2001).
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Aims
This study intends to meet the need for accurate predictive models of fuel
accumulation for land management, based on easily and cheaply obtainable data. The three

major components of the study are:

1- to develop a model for fuel accumulation in dry sclerophyll forests in
south-eastern Tasmania

This study will examine the nature of fuel accumulation in South Eastern Tasmania
and develop a standard set of techniques for data acquisition. The current practice of
classifying sites according to dominant canopy species will be used to permit comparisons
with previous studies. The use of dominant canopy species classification schemes will be
examined for relevance and reliability, and alternative classifications suggested by recent

literature will be tested and compared.

The statistical model currently used to prepare the fuel curves currently in use for the
study area has a demonstrable flaw in the use of a single constant value for post-fire fuel
residue. It is intended to develop and refine a more powerful and logical model while keeping
the basic structure of the process model equation structure. This new model will be used to
develop an array of new fuel accumulation curves for the common dry sclerophyll vegetation

types within the study area.

2- to test a range of easily-determined predictors of fuel loads and fuel
components

Other factors likely to impact on fuel accumulation will be investigated to determine
their importance in fuel modelling. The value of the current practice of assigning site
classifications by the dominant canopy species will be investigated, using both environmental

determinants and phytosociological data to derive alternative site classifications that can be

16
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compared to the canopy species based classifications. These alternative classifications can
then be compared to the fuel curves from aim 1 above, to determine if there are more

appropriate means of classifying vegetation types for fuel accumulation studies.

Studies investigating this possibility are often concerned with classification systems
that permit remote sensing, such as Oswald et al. (1999), through the use of recognisable
features such as tree basal area or crown closure estimation, and incorporating existing fuel
models. The production of fuel curves from aim 1 above are likely to indicate if remotely-
sensed environmental factors can be used in fuel accumulation prediction in south eastern

Tasmanian dry sclerophyll vegetation communities.

3- to develop a simple field technique for determining fuel loads in south-
eastern Tasmania

There is a recognised need amongst land managers for rapid, simple and reliable field
assessment techniques for fuel loads. The fuel accumulation data will be re-examined for the
possibility of such a field technique and if possible, an appropriate method will be developed.
The potential for a simple field technique to be derived from aims 1 and 2 above will be
investigated along the lines of existing successful field guidebooks and techniques. This is
considered a practical approach as it builds on the advances in layout and readability made by

previous field guides.
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2. Study Area

The area covered by this study comprises the dry forests and woodlands of South
Eastern Tasmania within the general area shown in Map 1. Including cleared land and built-up
areas, the study covers approximately 246 000 hectares. This includes all of the Greater
Hobart area and the bushland reserves maintained by the Hobart, Glenorchy and Clarence
City Councils, as well as bushland areas managed by the Department of Primary Industry,
Water and Environment (DPIWE), Hobart Water and private landowners. The study sites are
distributed throughout the area, primarily within the urban-bushland fringe areas (see Map 2).
For the exact location of the study sites, the grid reference coordinates, derived from the

1:25000 Tasmanian Map Series, are contained in appendix 1.

Map 1: Tasmania, showing south eastern region

18
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Map 3: Topography of the study area

The study area is located along the southern extremity of the Midlands 'Rift Valley'
(Scanlon 1990), which has the typical stepped appearance of a dissected horst-and-graben
landscape. Given the steep-sided hill-slopes (see Map 3), rising from sea level to over 1200
metres in a very short distance and Tasmania's relatively high latitude of 42° south, the
combination of solar angle of incidence and slope aspect governs the arrangement of wetter
and drier vegetation communities (Nunez 1983). Many of the sites sampled were on northerly

or northeasterly facing slopes.

There are three main geological units throughout the study area: dolerite, the
Parmeener Supergroup sedimentary units and basalt, as shown on Map 4. The dolerite is
Jurassic in age and forms virtually all the hilltops and high ground. It is the most prevalent

geological type of the southeastern region of Tasmania. The Permian to Triassic Parmeener
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sediments range from coarse yellow sandstone to very fine grey mudstone. This sediment
underlies much of the dolerite and is often found on hillsides and valley bottoms. The basalt is

Tertiary in age and has a very limited distribution, outcropping in occasional hilltop peaks and

hillside lobes.

Glacial Sediments Siliceous Sediments - Tertiary

Siliceous Sediments - Quaternary Calcareous Sediments - Permian

Dolerite - Jurassic and Devonian Dykes Carbonaceous Sediments - Triassic

Basalt - Tertiary Siliceous Sediments - Permian-Triassic

Other Unconsolidated Sediments |:| Calcareous Sediments - Tertiary

A 0 5 10 15 20 Kilometres
—

Map 4: Geology of study area

Davies (1988) Land Systems classifications for the study area groups all the sampling
sites into substrate and rainfall based zones. Study sites fell into the classification zones D1,

D2, S1, S2, M1 and B.

Zones D1 and D2 are low rainfall dolerite hilly country and high rainfall dolerite hilly

country respectively. Similarly, zones S1 and S2 are low rainfall sandstone hilly country and
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high rainfall sandstone hilly country respectively. Zone M1 is low rainfall mudstone hilly

country, and Zone B is deep sand of marine origin (Davies 1988).

Rainfall classes
O Below 600mm/yr
O 600 to 700mm/yr
O Above 700mm/yr

New Egﬁ’Eirigh’con
Norfolk \‘*}

e

20 30 Kilometres

Map 5: Rainfall classes, modified from Davies (1988)

Map 5 shows the distribution of rainfall across southeastern Tasmania as divided into
three classes- under 600 mm per year, 600 to 700 mm per year and over 700 mm per year.
These division points were chosen to broadly divide the dry sclerophyll communities into
classes based on available moisture. The upper limit for dry sclerophyll forest is considered to

be approximately 1000 mm annually (Laffan et al. 1998).
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Map 6: Vegetation communities of the study area (from Kirkpatrick and Dickinson 1984)

The vegetation of the study area is very diverse (see Map 6), reflecting the wide range

of substrates, topography and rainfall found throughout southeastern Tasmania. Much of the

land is cleared and built up, particularly along the wider valley floors and the coastal and

estuarine shores. The dry sclerophyll vegetation types are classified in Map 6 into an array of

generalised communities.

The vegetation communities chosen for this study do not align directly with the

communities outlined in Map 6 above as some of those mapping units were seen to be too

broad, encompassing too wide a range of community sub-types. The more precisely defined
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communities of Duncan and Brown (1985), which were based on canopy dominant species

and understorey type, were adopted in the present study.

The dry sclerophyll vegetation communities are mostly found on north-facing slopes
and in most lower altitude areas. Much of the dry sclerophyll vegetation has been cleared or is
in some way impacted upon by human habitation. Many of the hillside suburbs of Hobart
have a diffuse interface with dry sclerophyll communities, particularly in the foothills of

Mount Wellington.
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3. General Methods

Introduction

The raw data are the basis for all further investigations, so logically it follows that the
quality of the data acquisition and statistical processes underpin the quality of the entire set of
results. This chapter discusses the methods by which the data set was built and the basis for
the use of these methods. Fensham (1991) used an essentially robust and proven method, and

so this was used as a starting-point.

Data Acquisition

The concept of using 'space' as an analogue for 'time' was adopted to allow the fuel
accumulation data to be based on sites with as broad a range of fire ages as could be found
within the study area. The use of a data set derived from a number of similar sites of differing
age rather than one single site studied over a long period has both advantages and
disadvantages. The advantages are primarily practical and logistical, with the potential to

develop a data set containing as wide a range of fire ages as practicable.

The greatest disadvantage with the use of space-for-time is that each site is
fundamentally a different place to the other sites. Factors such as altitude, local moisture
dynamics, slope, aspect, soil depth and type, and species compositions differ from one site to
the next. This variation is in part diminished by the use of a site classification scheme that
incorporates environmental or vegetation community variables in the decision-making

process.
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Field techniques

Site selection

The primary aim in site selection was to gain a suitable number of sampling sites from
each of the major forest and woodland communities in South-eastern Tasmania, with a
particular reference to the urban/bushland interface. Sites were initially grouped according to
the community descriptions described in Duncan and Brown (1985). This was intended to
provide an initial classification scheme for the study, as fuel accumulation characteristics
were already demonstrated to be different across vegetation community groupings in the

study area (Fensham 1991).

A small number of control burns and wildfires occurred within the study area during
the preliminary and fieldwork stages of this study, permitting close scrutiny of immediate
post-fire fuel levels and behaviour on these sites. Effectively the entire study area was burnt in
the fires of 1967, making the greatest possible time-since-fire for any site in the study area
something in the order of thirty years. The remaining sites were chosen to fill in the

intervening fuel ages.

Sampling sites were selected using five criteria. These criteria were ordered in
importance and each potential sampling site was assessed for suitability. The criteria were, in

order:

Primarily, the site had to display minimal levels of disturbance. Sites that displayed
evidence of disturbance, and particularly of firewood gathering, were not sampled. This
evidence was usually in the form of wheel tracks from four-wheel drive vehicles, tree stumps
and sawn branches. The sites with recognisable signs of firewood gathering invariably had
noticeable levels of discarded twig and leaf material, often termed 'slash material'. Areas
undergoing commercial logging are known to have vastly increased fuel loads (Marsden-

Smedley, Slijepcevic, Hickey and Chuter 1999) from the slash material left behind. It follows
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that sites undergoing firewood gathering have a similar impact, albeit on a lesser magnitude.
The presence of an artificial source of litter accession in addition to the natural processes
leads to the assumption that sites undergoing firewood gathering were not representative of

natural fuel accumulation rates.

Secondly, the site had to have minimal levels of weed infestation. Sites with high
levels of weed infestation have visibly different vegetation structures and floristics. They are
therefore likely to have altered fuel loads and spatial arrangements of this fuel load (van Etten
1995). Many potential sites in the study area, particularly along the urban-bush interface, were
found to carry high weed loads. A wide range of weed species was encountered, with South
African Boneseed (Chrysanthemoides monilifera ssp. monilifera) and Gorse (Ulex europaeus)
being the most prevalent in terms of both extent and degree of infestation. Weed-dominated
sites showed marked fuel differences in the near-surface layer, as well as considerably more
live flash-fuel biomass when compared to non-infested sites. The fire management regimes of
many urban fringe sites leads to a persistence of weeds on infested sites (Downey 1999). The
invasive habit of weeds in the immediate post-fire recovery stage can lead to marked
alteration in community structure and therefore fuel structure (van Etten 1995). Thus, any
potential sampling site found to contain more than occasional individuals of a weed species

was not included in the study.

Thirdly, where possible, sites of known fire age were selected. Sites of known fire age
were sampled in preference to sites of unknown fire age, to provide a means of comparing the
accuracy of field-based fire age indicators. This also provided greater data reliability for the
statistical procedures and fuel curve fitting process. Most sites throughout the Greater Hobart
Area have good records of fire history, although in some cases this record is not a written one.
Recollections of fire age by researchers and land managers were corroborated or checked

against field-based methods before being accepted.
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Fourthly, the sites had to be within a recognisable canopy dominance class. Sites that
did not clearly belong to any of the six canopy categories (see chapter 4), or were intermediate
between two categories, were not sampled. The primary cause of sites exhibiting features
intermediate between two classes was the presence of sharp change in a major environmental

variable, such as slope or geology.

Fifthly, the site had to be accessible by safe and simple means. Site accessibility was
considered in the selection procedure, both for speed and safety of collection and for any
subsequent re-sampling. Many locations with easy access were also those with the greatest
amount of disturbance, and as such this selection criteria was given the least weighting of the

five.

Site descriptions

Once selected, each site was described in terms of its basic physical, spatial and
vegetation characteristics. A survey of vascular plants was made, along with details of the

major environmental characteristics.

Eucalypt identification followed Duncan (1996). Tasmania has a high degree of
endemism in its eucalypt species, and hybridising in eucalypts is common and well
documented (Williams and Potts 1996), leading to difficulty in identifying canopy dominant
species. The 'half-barked' Eucalyptus amygdalina studied by Kirkpatrick and Potts (1987)
exhibits characteristics intermediate between E. amygdalina and E. pulchella, and is found in
the eastern portion of the study area. For the purposes of this study, a decision was made to
treat the half-barked population as E. amygdalina. Community identification was based on

Duncan and Brown (1985).

Tree basal area was calculated using the Bitterlich Variable Radius Method, or

'Bitterlich Wedge', as described in Mueller-Dombois and Ellenberg (1974). This method uses
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a sighting block to select trees to be added to a count. This count can be geometrically
transformed to give an estimate of tree basal area in m” per hectare. For this study, a sighting
block was constructed in the 1:50 width to length ratio suggested in Mueller-Dombois and
Ellenberg (1974), which produced a field measure that required no geometric transformation.

For details of the measuring tool see appendix 2.

Geology was determined in the field from surface float rock or outcropping bedrock
and crosschecked with geological maps. Details of site elevation, slope and aspect were taken
from 1:25 000 map data, an estimation of average rainfall was derived from Davies (1988)
and an estimate of yearly total solar radiation was calculated from slope and aspect

measurements using the method of Nunez (1983).

Dating methods

The time since last fire for each site was determined from written records and reliable

recollections and, where possible, assessed using simple field methods.

Ring counts were taken from individuals of Leptospermum species (Marsden-
Smedley, Rudman, Pyrke and Catchpole 1999) when present. Cross-sections were sawn from
the base of the Leptospermum, smoothed using coarse and fine grade sandpaper and the rings
counted under a magnifying lens. At least five individuals were counted on sites where this

method was available.

Node counts were made for individuals of Banksia marginata when individuals of this
species were found at a sampling site. Banksia marginata usually produces one new whorl of
branches per year on each branch (Brown and Podger 1982). A careful count from the top of
the oldest branch to the tree base will give an accurate estimation of the minimum age of the
tree and provide an estimate of time since the last fire. For sites where this method was being

used, at least five individuals were counted per site.
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Corollary evidence from eucalypts was also examined. The signs of recovery from
fire, such as regrowth around scorch scars and the presence and condition of sprouted
epicormic or lignotuber buds can be used to infer fire intensity and vegetation recovery

(Strasser et al. 1996).

Fuel weight sampling

Field and laboratory techniques were modified from Cheney et al. (1990) and McCaw
(1991). The technique was based on collecting all fine fuels from ten quadrats of 1 m? at each
site. The quadrat was extended as a rectangular column to 2.5 m above the ground, to include
the understorey shrubs and small trees. This method differs from transect-based fuel load
estimation techniques, such as that outlined in Nalder et al. (1999), which require the use of a

formula to transform the field measurements into a weight estimate.

The protocol for distributing the quadrats within each site began by determining the
extent of the site. The edges of each site were considered to be the places where slope, aspect,
fire age, vegetation community type or substrate type changed. The first sampling point was
chosen by hurling the wooden quadrat frame from the perimeter towards the centre to start a
run of random quadrat locations. Subsequent quadrats were determined by a random over-the-

shoulder hurl from the previous quadrat.

The fuel collected was limited to the flash fuels, which were 6 mm or less across the
narrowest axis (Cheney 1990). For each quadrat sampled, the fuel load was partitioned into
three height-based categories. Each quadrat was then further divided into live versus dead

fuel, giving six separate sample categories as follows:
surface fuels, below 10 cm height, including litter and low grass,
near surface fuels to approximately 60 cm, or low shrub and bracken height,

elevated fuels to approximately 2.5 m, or understorey canopy height.
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Most fuel divisions consider litter as surface fuel and all low vegetation as near-
surface. For ease of collection everything less than roughly 10 cm in height was considered
‘surface’. When sorted into live and dead fractions, the grasses and other low vegetation are in
the surface live category and the litter and low cured grasses fall into the surface dead

category.

The samples were collected in a ‘top down’ approach using hand pruners, starting with
elevated fuel and progressing to the near-surface and finally the surface fuel layers. A hand-
held gardening fork was used to rake the loose litter into piles and ensure the fine late-stage
decomposition material, often termed the 'leaf duff, was collected in its entirety. Materials

collected were placed into labelled plastic bags for later sorting.

Point cover measurement

At each quadrat, a metre rule was used to determine the height of the fuel layers. The
point to be measured was chosen by tossing the rule over the shoulder into the quadrat to be
sampled. A series of measurements from within each quadrat was then taken for the litter

depth, near-surface vegetation height and elevated vegetation height.

Litter depth was measured using a rule, with ten measurements taken- one from each
quadrat. If there was no litter at any one measurement point (i.e., the ruler was sitting on bare
soil or rock), a zero depth was recorded. From these ten measurements, an estimation of the

quadrat litter cover in square metres per hectare, and litter depth in millimetres, was derived.

Vegetation strata heights were determined at the litter depth measurement points,
using a metre rule. Heights were recorded for all strata present within each quadrat. These
measures were then averaged to provide an estimate of fuel strata height and continuity across

the entire site.
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Laboratory techniques

Sorting, drying and weighing

The sampled material was hand-sorted into the six fuel categories and placed into
paper bags. These were then oven-dried at 105°C for 24 hours. This temperature and duration
is considered hot enough to drive off free moisture but not sufficiently hot to drive off the

volatile oils contained within the fuel samples (Fox et al. 1979, Fensham 1991).

Strong brown paper bags were used to contain the drying samples as the paper allows
passage of water vapour through the walls of a sealed bag, whereas trays and plastic bags
must remain open to allow vapour loss. Open containers are vulnerable to spillage and

contamination and were therefore avoided.

After drying, the samples were weighed immediately upon removal from the oven. It
was found to be essential that the samples were weighed as they were removed from the oven,
as the sample material was observed to take up atmospheric moisture at a rate of up to 0.02 g

sec”! (pers. obs.). Samples were weighed to an accuracy of 0.05 g.

Each bag containing sample material was weighed first, the bag emptied and the
empty bag weighed to derive the net dry fuel sample weight. For each of the fifty-nine sites
sampled, an average of 45 bags of approximately 250 grams weight of material was

processed.

Site sheets

Fuel dry weight data were collated on Microsoft Excel™ spreadsheets, one per canopy
class. For each site, mean weights were derived for all six of the fuel categories. These were

then combined to form:
total fuel load, composed of all six fuel categories,

total dead fuel load, combining the three dead fuel categories,
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total live fuel load, combining the three live fuel categories,
litter fuel load, solely made up of the surface dead fuel category, and

non-litter fuel load, comprising all categories except surface dead fuel.

Curve Fitting

Conceptual model
The expected theoretical pattern for a fuel accumulation curve is set out below in

Figure 1. The form of this curve was derived from raw data presented in published fuel

accumulation studies.

Typical fuel curve

Fuel weight (T/Ha)

0 5 10 15 20 25 30

Time since fire (vears)

Figure 1: Idealised fuel curve for dry sclerophyll forests

The accumulation pattern is based on the following fire recovery sequence:

Time zero- occurrence of fire. Not all of the available fuel is removed; the size of the

residue is dependent on fire intensity and flame residence time.

The few months immediately following the fire usually sees the scorched and dead
leaves, bark and twigs fall from the canopy. This 'leaf drop' forms a thin, patchy surface litter

layer that slowly decays as the low vegetation recovers and litter organisms recolonise the
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site. Decay rates are low, as the soil and litter invertebrate populations are still likely to be

recovering from the fire (Norris and Conroy 1999).

Between three and six months will elapse in dry sclerophyll forest communities before
the regrowth of low vegetation becomes properly established. This time span can vary
according to species present, fire intensity and season of fire occurrence (Noble 1989).
Canopy trees will be sprouting new growth, often from epicormic buds on the trunks. Soil
nutrients freed by the fire permit faster than normal growth of the surviving individuals of
some plant species and the activation of dormant seeds in the soil of plant species that may
have been killed outright by the fire (Odgers 1996). This return of the plant community in turn
supports a returning invertebrate community (Radho-Toly et al. 2001). The litter layer
deepens, providing more habitat for the return of decomposer organisms. Also during this
period the vertebrate fauna begins to recolonise (Sutherland and Dickman 1999) through
immigration and natural increase. The fuel curve is now onto the 'main sequence’', as from this

point litter accession outstrips litter decomposition and fuel loads begin increasing in weight.

After the first six months to a year, the recovery of taller understorey vegetation is
well progressed. The regrowth of the understorey communities will continue for the next ten

to twenty years.

A point will be reached where litter accession and litter decomposition are
approaching equilibrium; the maximum fuel load a site is likely to exhibit. The stage at which
this occurs is not connected to the recovery of the pre-fire vegetation community, but a
significant understorey community must build up to provide the solar protection for ground
layer moisture levels and habitat for decomposer organisms before the accession

/decomposition equilibrium point is reached.
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It is worth noting at this point that the accession/decomposition equilibrium point is
not fixed, but is rather a likely average maximum fuel load. Accession and decomposition
rates will vary seasonally and from year to year (Fox er al. 1979, Mercer et al. 1996),
responding to medium and longer-term temporal differences in rainfall and solar energy.
Many other factors influence fuel accession, such as storm damage, canopy tree disease or

infestation, or physical disturbance (Birk 1979, Birk and Simpson 1980, Pook et al. 1997).

Non-linear curve fitting

Accumulation curves were fitted using Systat™ to an equation form based on that
presented by Olson (1963) and Landsberg (1977). Modified forms of this basic equation
(Equation 1 below) have been presented by Birk and Simpson (1980), Walker (1981),

O'Connell (1991) and Fensham (1992):

— -kx
Y = Ymax (1-exp™)
Equation 1: Basic equation form

The variable x is the elapsed time since the site was last burnt. The yn.x component of
the equation is the point at which the values for y have reached a steady state. The &
component indicates the rate of litter decomposition. At ym,x the litter accession (4) is equal to

litter decomposition (k) (Olson, 1963).

The variable y can represent total fuel weight or a separate component of the total,
such as bark fuel or leaf fuel (O'Connell 1991). For this study, the intention was to treat the
fine fuel material in its totality, to look for the broad-scale patterns in accession and
decomposition. Separate fuel components exhibit a variable accession pattern across time,
particularly across the seasons (Pook et al. 1997). Given the design of the fuel sampling

procedure involved fuel sampling during all seasons of several years, the incorporation of fuel
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component data collected during different seasons across a number of years introduces a new,
uncorrectable source of data variability which has the potential to diminish the overall

reliability of the output and may violate the basic assumptions of the statistical method.

When ymax is reached, the litter accession rate 4 can be determined from the decay
constant k previously determined from Equation 1, as shown in Equation 2 (Birk and Simpson

1980):

A
k= 1/ Ymax therefore k * Ymax = A

Equation 2: Accession, decomposition and decay constant

Not all fuel accumulation studies have used a model which accounts for the fuel
residue left behind following a fire, but rather simply starts at time = 0, weight = 0, such as
the model used by Fox et al. (1979). As the after-fire residue in a control burn can be several
tonnes per hectare, this can be seen as a serious limitation. Fensham (1992) estimated the
average after-fire residue at 1.92 tonnes per hectare for southeastern Tasmanian dry
sclerophyll bushland. The after-fire residue is represented as a fixed average coefficient that
then diminishes over time to a point where the accession of fuel begins to outstrip the decay
rates. At this point, the curve form moves onto the main sequence. Equation 3 shows the

model used by Fensham (1992) and Neyland and Askey-Doran (1994).

— -kx -kx
V= Ymax (1-exp™) +1.92(exp™)
Equation 3: Equation with after-fire residue (after Fensham 1991)

The after-fire residue is highly variable on both meso- and micro- scales, depending
on the fuel and fire behaviour conditions at burning (Robichaud and Miller 1999). It follows

that the use of a constant residue coefficient across a range of vegetation classes is not
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representative of observed conditions and may be likely to force the regression into

inaccuracies.

In addition to this, it is unlikely that a single average post-fire residue constant will be
representative of a set of sites with a mix of both controlled and uncontrolled burns in their
fire histories. By allowing the regression procedure the capacity to predict the best-fit post-
fire residue for that particular data set, the resultant curve will theoretically return a higher

level of explanatory power. The equation then becomes:

— -kx -cx
Y = Ymax (1-exp™) +a(exp™)
Equation 4: Final model form

In this equation, the litter decomposition variable k is divided into two separate
decomposition variables: ¢ for the immediate after-fire fuel dynamics and £ for the build-up of
fuel after the initial post-fire effects have passed. The variable a is an estimate of the likely

after-fire residue for the category as a whole.

The after-fire fuel residue was observed to occur only within the surface dead fuel
category during sampling of recently burnt sites. As such, the equation component a(e™) was

added to the accumulation model only for data sets containing the surface dead fuel category.

Equation 4 provides the form of the curve suggested in the conceptual model, and was
accepted as an appropriate statistical model. It should be noted there are two assumptions of
the model that are not representative of natural conditions - an assumption that the decay rates
are constant and the assumption the community will reach a steady-state point where

accession equals decomposition.

Studies into litterfall (Attiwill et al. 1978, Birk 1979a, Birk 1979b, Birk and Simpson

1980, Mercer et al. 1996, Clarke and Allaway 1996) all indicate that litter accession is not a

37



S| Bresnehan Dry Scterophyll Fuel Accumulation

steady process. Litter accumulates at different rates through the seasons and decomposition
rates vary according to temperature and moisture availability. Storm or wind events, disease
in the crown or understorey species or invertebrate infestations all produce pulses of higher
litter fall. Significant long-term litterfall studies are required to determine the processes and

patterns of variability (Mercer ef al. 1995).

Similarly, environmental and climatological variability produces a situation where the
theoretical 'steady-state' point of accession-equals-decomposition is not a constant. Wetter
times may see greater decomposition rates; drier times may result in greater litter fall and less
decomposition activity. Any single forest community will have litter accession and

decomposition rates that vary according to prevailing environmental conditions.

The fuel accumulation model is not able to take this variability into account, relying
on a single decomposition coefficient for the post-fire litter accumulation and an estimate of
the likely point at which accession rates equals decomposition rates. For the purposes of the
production of community-wide fuel curves indicating general patterns across a wide range of

environmental variables, the model is not limited in its usefulness by these assumptions.

Data Normality and Heteroscedasticity

The data sets were examined for statistical normality to determine the types of
statistical procedures that could be applied. The regression process, goodness of fit measures
(r*) and other statistical methods employed are all parametric procedures, which require data
exhibiting a normal distribution as a precondition. If the data are not normally distributed, it is
not valid to apply parametric statistical methods and less powerful non-parametric methods

must be substituted.
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Normality Tests

An initial examination of the fuel accumulation data set normality was made to ensure
the validity of the statistical tests used. A series of XY plots comparing the field data in all
classifications to normally distributed random number sequences using Microsoft Excel™ 7.
Any sign of data non-normality in classification data sets was investigated. Following this, the
more rigorous Anderson-Darling test (MINITAB™ version 12.23) was applied to confirm the

results of the initial tests.

Residual Tests for Data Homoscedasticity

Graphing the regression residuals (observed minus predicted) against time for each
site in each category gives an insight into two critical areas: data heteroscedasticity and
goodness of data/model fit throughout the time series. According to Ratkowsky (pers.
comm.), a consistent increase in the magnitude of residuals with the increase of the magnitude
of the predicted fuel load itself indicates the data set is exhibiting a heteroscedastic
distribution and the regression procedure employed cannot be relied upon in a statistical
sense. Using this post-hoc heteroscedasticity test procedure in addition to the normality
checks applied prior to the regression process permits a greater reliance on the explanatory

power of the resultant fuel curves.

Residual plot graphing also gives a clear indication if the model is consistently over-
predicting or under-predicting fuel weight in any section of the accumulation curve. Should
such patterns appear consistently in the residuals, it would indicate a process or accumulation
pattern for which the model has failed to account (Hamburg 1983, Ratkowsky pers. comm.).
The presence of these patterns would prompt further refinement of the model equation, the
possible need for a transformation of the data or the abandonment of the original model and
development of a new equation form. Residual plots from all regression curves developed are

contained in Appendix 3.
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4. Fuel Accumulation as Predicted by Forest Community

Type

Introduction

The sclerophyllous habit of Australian dry vegetation is a result of adaptation to
drought conditions and low nutrient availability (Williams 1991) and is considered to enhance
the flammability of both the living plants and the litter they shed. Six dry sclerophyll
vegetation communities were found in the study area. Five of the communities correspond to
those outlined in Duncan and Brown (1985), with the sixth community being a type
commonly encountered in the study area. These vegetation types were identified by the

dominant tree species in the canopy layer and the understorey type.

These types were used to order the fifty-nine sites into groups in preparation for

generating the fuel accumulation curves.

The vegetation communities
Allocasuarina verticillata forest and woodland [Ave]

Allocasuarina verticillata dominated forest and woodland was found on dolerite
slopes and ridges, generally with a northerly aspect. Canopy height was generally below eight
metres. A sparse shrub and small tree assemblage, with a mixed heathy and grassy ground
layer typify the understorey. The shed needles of 4. verticillata, which forms a characteristic
thick, unbroken carpet capable of suppressing most understorey species, dominated the litter

layer.

Understorey trees were commonly Bursaria spinosa and Dodonaea viscosa, and a
medium to high density of tussock graminoids such as Lomandra longifolia occupied the

lower fuel layers. Species of Olearia and Ozothamnus were common low shrubs.
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Agrostis spp., Poa spp., Themeda triandra and Austrostipa spp. dominated the grasses,
often in the inter-canopy spaces where light penetration to the ground layer was high and
needle fall from A. verticillata was relatively minor. Astroloma humifusum was a common

heath species in the low fuel layer and herbs such as Chrysocephalum spp. were also found.

Eucalyptus pulchella forest [Epu]

Largely found on soils derived from dolerite-based substrates, Eucalyptus pulchella
dominated vegetation ranged from medium density forest to open grassy or heathy
woodlands. Fucalyptus viminalis, E. ovata and E. globulus were common canopy sub-
dominant species. Understoreys ranged from dominantly heath species to grasslands, with

most sites exhibiting a mix of grass and heath species.

Understorey trees were commonly only slightly shorter than the canopy height.
Exocarpos cupressiformis, Acacia dealbata, A. verticillata, A. mearnsii and Banksia

marginata were typical of the understorey tree and tall shrub layer.

Heathy shrubs and tussock graminoids dominated the lower vegetation layers.
Lomandra longifolia, Pteridium esculentum and Epacris impressa were typical species in this

layer.

Grasses included Ehrharta spp., Dichelachne spp., Themeda triandra, Austrostipa spp.,

Poa spp. and Danthonia spp.

Eucalyptus amygdalina heathy forest [Eamh]

Dry sclerophyll communities with Eucalyptus amygdalina dominating the canopy
layer were found solely on sandstone, sandstone-derived or deep sand substrates. Throughout
the study area, there was a clear delineation between E. amygdalina communities with a
grassy understorey and communities with heath dominated understoreys. Fensham and

Kirkpatrick (1992) suggest the differences may be based in soil moisture and organic content,
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fire history and past land use. Data checking showed marked differences in the fuel
accumulation patterns between the heathy understoreys and grassy understoreys. These
differences were sufficient to cause data heteroscedasticity problems. When separated into the
two separate communities, as in Duncan and Brown (1985), the new data subsets conformed

to the preconditions for the curve fitting and were adopted as separate canopy classes.

In addition to the dominant E. amygdalina, the canopy often included E. obliqua and
E. viminalis. Acacia dealbata, Exocarpos cupressiformis, Leptospermum lanigerum, L.
scoparium and Banksia marginata most commonly form the tall shrub layer. Bursaria spinosa

and Allocasuarina littoralis are also found in this layer.

A low heathy layer, ranging in height from approximately 20 centimetres up to 1.2
metres above the litter surface was made up mostly by Lomandra longifolia, Pteridium
esculentum, several species of Leucopogon, Diplarrena moraea, Epacris impressa and

Ozothamnus obcordatus.

Heath-dominated understorey communities differed markedly in the relative
prominence of bracken fern, Pteridium esculentum. Sites were either thickly blanketed in the
low to medium heath layer by P. esculentum, or were dominated by a diverse community of
other shrub species. While in floristic terms the difference between the fern-dominated and
non-fern-dominated sites is minor, in terms of fuel structure the sites were appreciably

different.

Eucalyptus amygdalina woodland [Eamg]

Eucalyptus amygdalina sites with a grass-dominated understorey generally showed an
open structure, with grasslands containing wide-spaced small tree and shrub species and
tussock graminoids. Canopy tree density was generally lower than heath-dominated E.

amygdalina sites, leading to much higher light penetration to the low vegetation levels.
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Canopy sub-dominant species typically included Eucalyptus viminalis, E. globulus
and E. obliqua. Understorey trees were mostly Acacia dealbata, A. mearnsii, Exocarpos

cupressiformis, Dodonaea viscosa and Allocasuarina littoralis.

Lomandra longifolia, Diplarrena moraea, Dianella revoluta and D. tasmanica were
commonly found in the low heath layer, sparsely dispersed throughout a typically thick sward

of grasses, including Themeda triandra, Austrostipa spp., Poa spp. and Austrodanthonia spp.

Eucalyptus tenuiramis & E. risdonii forest and woodland [Etr]

Occurring solely on mudstone-derived soils, this community category is characterised
by a sparse heathy understorey and significant areas of bare ground. Typically found on dry
locations and mostly on north-facing slopes, these communities generally had very low

species numbers and low vegetation densities on all structural levels.

Eucalyptus tenuiramis and E. risdonii generally formed monotypic canopies, but
occasional individuals of E. viminalis and, on higher altitude sites, E. obliqua were found to

occur.

Exocarpos cupressiformis, Acacia dealbata and Banksia marginata were present but
sparsely distributed in the understorey tree layer, although it should be noted that the
generally low canopy height of the dominant eucalypts meant the canopy and understorey
trees were often of very similar heights. 4. dealbata in some cases was a canopy sub-

dominant rather than understorey tree.

Understoreys were typically sparse shrub and heath species, with few grasses and
heath species present. Tussock graminoids were very rare, but low or prostrate heath species

such as Pultenaea spp. and Daviesia spp. were often found.
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Eucalyptus globulus & E. viminalis forest [EgV]

This community type does not correspond directly with Duncan and Brown (1985).
This community occurs on dolerite and sandstone based substrate types found throughout the
study area. Canopies dominated by Eucalyptus globulus and E. viminalis were found most
often in the wetter areas and more southerly-facing slopes. Eucalyptus amygdalina, E.
obliqua, E. ovata and E. pulchella form canopy sub-dominants. Understorey trees included

Acacia verticillata, Dodonaea viscosa, Exocarpos cupressiformis and Bursaria spinosa.

Many sites dominated by Fucalyptus globulus and E. viminalis exhibit an open, mixed
heathy and grassy species assemblage. The low fuel stratum was largely dominated by
tussock graminoids, particularly Lomandra longifolia and Diplarrena moraea. Heathy shrubs
included Epacris impressa, Astroloma humifusum and species of Olearia. The low graminoid
Dianella revoluta is found at some sites. A thick frond layer of Pteridium esculentum often
dominated other sites. Grasses ranged in dominance of the ground layers from very minor to
approaching 30% cover. Austrodanthonia spp., Austrostipa spp., Poa spp., Themeda triandra,

Ehrharta stipoides and E. distichophylla were all commonly found.

44



S| Bresnehan Dry Scterophyll Fuel Accumulation
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Map 7: Sites coded according to canopy dominant species.

The 59 sampling sites were classified as shown in Table 1, with between 8 and 13 sites

in each category. The raw data are contained in Appendix 1.

Category Site numbers
Ave Allocasuarina verticillata 23,24, 25, 26,27, 28,29, 30
Epu Eucalyptus pulchella 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22

Eamh Heathy Fucalyptus amygdalina | 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59

Etr Eucalyptus tenuiramis/ E. risdonii | 1,2,3,4,5,6,7,8,9

Egv Eucalyptus globulus/ E. viminalis | 31, 32, 33, 34, 35, 36, 37, 38, 39

Eamg Grassy FEucalyptus amygdalina | 41,42, 43,44, 45, 46, 47, 48

Table 1: Sites in canopy ordering classification
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Figure 3: Fuel accumulation- total dead fuel
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The total fuel load of any single classification category (Figure 2) appears to be very
strongly related to litter fuel accumulation (Figure 5). Litter makes up as much as 90% by

weight of the total fuel weight for any single site and as such the accumulation pattern of all

Figure 6: Fuel accumulation- non-litter fuel

flash fuels is controlled by the behaviour of the litter fuels.

Table 2 to Table 7 (below) shows the equation coefficients for the accumulation
curves of all sites sampled, in canopy-dominant ordering. Wy, is the Yy,,x component of the
model equation- the maximum or steady-state estimate predicted fuel load. The variables k, a

and c are, respectively: predicted fuel decay, after-fire fuel residue and immediate post-fire

fuel residue decay.
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Allocasuarina verticillata

Fuel type Wi k a C 1% value
Total 12.105 0.689 -7.982 0.689 0.78
Live 1.16 0.83 0.37
Dead 10.993 0.647 -7.199 0.647 0.65
Litter 10.788 0.499 -6.339 0.79 0.81
Non-litter 1.515 0.822 0.21
Table 2: Equation coefficients for category Allocasuarina verticillata
Eucalyptus pulchella
Fuel type Wis k a C 1% value
Total 18.31 0.114 1.791 3.153 0.93
Live 2.687 0.237 0.72
Dead 15.499 0.105 2.028 3.415 0.87
Litter 13.783 0.117 1.811 3.729 0.83
Non-litter 4.645 0.097 0.73

Table 3: Equation coefficients for category Eucalyptus pulchella

Heathy Eucalyptus amygdalina

Fuel type Wi k a c r* value
Total 1199.5 0.0005 2.92 0.0103 0.92
Live 2.813 1.142 0.49
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Dead 2799.8 0.0002 1.459 0.153 0.88
Litter 2500 0.0002 1.068 0.149 0.81
Non-litter 5.308 0.199 0.52

Eucalyptus tenuiramis/ E. risdonii

Table 4: Equation coefficients for category Heathy Fucalyptus amygdalina

Fuel type Wi k a C 1% value
Total 10.57 0.0001 -19.54 0.734 0.69
Live 1999.4 0.0001 0.64
Dead 8.899 0.564 -19.84 0.564 0.69
Litter 8.52 0.593 -21.69 0.593 0.64
Non-litter 2998.3 0.0003 0.62

Eucalyptus globulus/E. viminalis

Table 5: Equation coefficients for category Eucalyptus tenuiramis/E. risdonii

50

Fuel type Wis k a C 1% value
Total 28.169 0.034 2.959 0.034 0.87
Live 1.471 1.609 0.16
Dead 68.069 0.011 1.976 0.011 0.94
Litter 27.554 0.03 1.557 0.03 0.92
Non-litter 1.821 1.583 0.18
Table 6: Equation coefficients for category Eucalyptus globulus/E. viminalis
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Grassy Eucalyptus amygdalina

Fuel type Wi k a C 1% value
Total 10.51 0.154 2.248 1.665 0.83
Live 2.402 0.482 0.5
Dead 12.988 0.055 4.694 4.139 0.91
Litter 10.542 0.061 58 16.004 0.95
Non-litter 3.206 0.451 0.47

Table 7: Equation coefficients for category Grassy Eucalyptus amygdalina

The r* value is a measure of the "goodness of fit' of the data to the equation: r* values
approaching 1 indicate a high level of agreement between the equation and the raw data from
which the equation was derived. Table 2 to Table 7 show consistently high r* values for total
fuel, dead fuel and litter fuel categories, indicating an explanatory power of 70% to over 90%
of the pattern shown in the raw data. This is not seen in the live fuel or non-litter fuel
categories, where explanatory power varies from 70% in Eucalyptus pulchella to less than

20% in E. globulus/E. viminalis.

The accumulation of fuels in the live and non-litter classes did not consistently exhibit
patterns consistent with the conceptual model (Figure 1). Whether this is an actual
inconsistency or an artefact of the site classification scheme is likely to be illustrated in the
results from phytosociological or environmental variable based re-classifications of the data
set, where classification is based on not solely the canopy dominant species. The assumption
can be made that the pattern of litter fuel accumulation is likely to be the underlying factor

behind the goodness of fit of the model.
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Figure 7: Fuel accumulation- total fuel
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Figure 8: Fuel accumulation- live fuel
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Figure 9: Fuel accumulation- dead fuel
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Figure 10: Fuel accumulation- litter fuel
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Figure 11: Fuel accumulation- non-litter fuel
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The six categories of the canopy ordering appear to fit into two classes. Eucalyptus
tenuiramis, Allocasuarina verticillata, E. pulchella and grassy E. amygdalina exhibit a steep
initial buildup to around 10-12 t/ha in the first 5-15 years following a fire, with little
subsequent fuel accumulation. Heathy E. amygdalina and E. globulus/E. viminalis have a
much slower initial rate of accumulation but appear to continue accumulating well beyond the

25-year mark.

This suggests that E. tenuiramis, A. verticillata and grassy E. amygdalina may not
attain fuel loads significantly higher than 10-12 tonnes per hectare (t/ha) regardless of the
site’s fire age and as such may only require fuel reduction burns on a scale of once per 20

years or more.

Heathy E. amygdalina, E. globulus/E. viminalis and E. pulchella all appear to be
reaching total fuel loads of around 15 t/ha at 15 to 20 years since the previous burn and to be
approaching 20 t/ha by 30 years. These are heavy fuel loads; above 10-15 t/ha is considered to
be the upper limit of manageable fuel weight (Good, 1981; Raison ef al. 1986) and as such

would require careful monitoring.

Canopy class E. fenuiramis exhibits a much slower re-establishment of live fuel and a
steady continual increase in fuel weight. This steady increase is driven by a single data point
and as such may be an artefact: the apparent build-up for all other E. tenuiramis sites reflects

a similar pattern to 4. verticillata.

The fuel curves that have resulted from this section of the study have shown that the
modifications to the previously published form of the fuel accumulation model can produce
fuel accumulation curves of sufficiently high statistical reliability for use as planning tools.

The use of the dominant canopy species as a classification method has produced sensible and
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useful results, but whether this method is the most appropriate has not thus far been

determined.

There is a strong likelihood that a different method of classifying sites may produce
more useful results. Given that fuel accession rates are in part controlled by site productivity,
and fuel decomposition rates are controlled in part by moisture availability, it is likely that a
classification method that takes more of the site productivity and general environmental
conditions into account will produce fuel accumulation curves with a greater explanatory

power than those produced by the established method of using dominant canopy species.

The entire assemblage of flora species at any one site is more finely attuned to
environmental conditions and site productivity than the canopy dominant species (Hogg and
Kirkpatrick 1974). A classification scheme based on a system of phytosociological grouping
is expected to group sites much more closely along environmental gradients and this has the
potential to produce fuel accumulation curves of a greater explanatory power than those

presented in this chapter.
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5. Fuel Accumulation as predicted by Phytosociological

groups

Introduction

The sites sampled and ordered by canopy type often displayed within-category
differences in species composition, particularly in the low heath and grass layers. The
possibility of using a more complete vegetation community classification as a basis for
developing fuel accumulation curves was suggested by the work of Hogg and Kirkpatrick
(1974), who investigated the phytosociology of dry forests and woodlands in southeastern
Tasmania. The understorey floristics were found by Hogg and Kirkpatrick (1974) to be
important factors in community differentiation. Tolhurst (1996b) indicates dry sclerophyll
understorey communities were largely the same post-fire as pre-fire, so classification
according to species presence data is not likely to have significant artefacts produced by fire
age. Bradstock, Bedward, Kenny and Scott (1998) suggest that in fragmented urban fringe
bushland, such as is found in some sites within the study area, the risk of fire-driven local
extinction is greater than in unfragmented bushlands. The degree of fragmentation in the
study area is not likely to be such as to prevent the natural re-introduction of species from

nearby areas.

The fifty-nine sites were re-ordered by phytosociological affiliation to determine
whether this method provides a stronger explanation of fuel accumulation patterns than the

canopy-dominant based classification scheme.
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Methods

TWINSPAN (Hill 1979) is a Two-Way Indicator Species Analysis software
application developed to produce a hierarchical classification of community data. As
described by van Groenwoud (1992), it classifies the communities through determining
indicator species that are more common in one group of samples than the other. This is
accomplished by a process of dividing an initial Correspondence Analysis (CA) axis into two
parts using indicator species. Subsequently, another CA process is performed on each of the
groups divided by the previous iteration, with new indicator species being chosen, and on into
third and later iterations. It should be noted that the pattern of vegetation communities
resulting from the TWINSPAN analysis is essentially descriptive (Minchin 1987b). The

technique does not model the processes that produce these patterns.

For this study, the limitations of the TWINSPAN analysis are twofold. Firstly, the
technique gives equal weight to all species as it uses presence/absence data only. As fuel
loads are largely a product of litter and the litter arises from only a small number of species,
TWINSPAN may skew the community classification away from the structurally important or
numerically dominant species in favour of other species that do not contribute to litter
production. Whether this is an important issue will be seen in comparing the fuel curve results
from this classification system to the fuel curves produced from the canopy ordering

classification.

Secondly, both Minchin (1987a) and van Groenwoud (1992) indicate caution
concerning the use of TWINSPAN, particularly in the second and later iterations of the
procedure, as the process of dividing the CA axis can displace sample points. To minimise
this and provide suitably large data sets for the curve fitting process, the community groups

were drawn from the TWINSPAN output at second and third order iterations (Appendix 4).
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Five classes were selected from the TWINSPAN sorted table and were labelled 1 to 5.
The distribution of the five groups across the study area is shown in Map 8. The proportions

of species across the TWINSPAN groups are shown in Table 8.

SPECIES 1 2 3 4 5
Acacia deaibata 90 84 62 BB 67 5833 I
Acacia genistifolia 10 7649 333 833 833
Araria mearsy - 2308 333 25 33.33
Acacia malanoxylon 20 15.38 25 25 833
Acacia myriifola 10 - - - 533
Acacia stricta 20 7649 - - -
Acacia suavenlens - 7.69 - - -
Arvacia terminals - 7649 16.67 - 833
Acacia verticilata - - - 8.33 -
Acaena echinata 40 61.54 16 67 50 25
Acrofriche serruiata - 7.69 - - -
Agroshia spp. a0 077 25 S0 £8.33
Allocasuanna lifforals 10 53.85 3333 3333 533
Allocasuaring moniifara 10 789 8.33 - 833
Alfocasuarina verticilata 10 15.38 16 67 66.67 41.67
Amiperaa xiphooiada 10 15.38 25 - 833
Aotus ericoides 10 - 8.33 8.33 8.33
Arthronodice millefionam 10 1538 16.67 16.67 16.67
Aspherula spp. 10 30.77 - 16.67 833
Asfroloma humifusum 60 69.23 58.33 75 83.33
Ay strodanthonia spp. 90 8462 75 66.67 75
Austrostipa spp. 100 92.31 91.67 100 75
Banksia margnata &0 3546 4167 - 16687
Bedfordia salicina 10 - - 8.33 16.67
Boronia pilasa - - 8.33 - -
Bossiges cimeres - 15.38 16.67 - -
Bossiaea prostrala 40 53.85 58.33 3333 41.67
Brachyscorme spp. 20 1538 - 16.67 -
Bracteantha bicoir - - 8.33 - -
Bulbine buibosa - 15.38 8.33 - -
Burearia spinosa 40 53.85 25 S0 75
Callistemon palidus 10 - - - -
Carmex brevicuins 20 7659 8.33 16.67 16.67
Camobrotus rossi - - 8.33 - -
Cassytha glabela - 7649 8.33 - 833
Cassyltha pubescens 30 3846 3333 41.67 833
Chiysocephalum apiculatum 20 38.486 41.67 25 41.87
Chiysocenhaluiit Seminanng sum - - - - 833
Claimratie gentianoidas - - 8.33 - 833
Convolviiis erubescens - - - 8.33 -
Copmsma hirfelia 10 - - - -
Crassula sieberiana 20 789 8.33 - -
Cyathodes divancata - - 8.33 - 833
Daviesia iatifalia - - - 833 16.67
Daviasta uiicifolia 30 23.08 8.33 16.67 16.67
Deyeuwxia spp. 80 £1.54 75 s 41 67
Dianalla revoluta 70 59.23 4167 66.67 58.33
Dianella tasmanica 10 - 8.33 - -
Dichelachne spp o 53.85 75 91.67 91.67
Dichondra rapens 30 - 16 67 - -
Difkwynia giaherrima - 15.38 - - -
Diplarrana latfolia 60 48.15 25 3333 25
Daodonaa viscosa 10 3077 8.33 50 50
Drosera spp. - - - 8.33 8.33
Efrharta distichonhylia 10 38.46 - - -
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Ehrharta stinoides
Elymus scabear

Enacris imparessa
Eriosferman verricosus
Eucalyotus amyodaling
Eucalyptus giobulus
Eucalyptus abliqua
Furalynfus nuizhelia
Eucalyntus risdomi
Eucalyotus fenuiramia
Eucalyptus viminalls
Exocarnos cupressiformis
Exocanos sinclus
Gahnia radula

Geranium spp.
Graphalivim colfingm
Gompholobivm huegeli
Gonocarnnus tefragynus
Goodenia fanata
Goodenia ovata
Helichrysum scorpioidas
Hibbertia hirsuta
Hibbertia pracumbens
Hibbertia prasfrata
Hypearicum graminewm
Hynaolaana fastioata
Juncus spp.

{agenifera stinitata

L epidosnenma concaviim
Lanidosperma gunni

[ enidognenma nons
Lanidosperma laterale

[ epfomena drupaces
Lepforfynchos squamalus
Lgpfospermum gladcescens
{ enfosnsmmim Sooariim
Leycopogon colings
{eucopogon ericoidas
Ledcopogon vingatus
Linum marginale
{is=anthe sirgosa
Lomaindra fongifola
Lamatlia tinctoria

Ofearia amonhylia
Olsaria enicoides

Olsaria erubescens
Ofearia phiogonanng
Olearia ramulosa

Ofearia viscosa
Opercyiang varia

Oxalis perannans
Ozothaminus ferrg neus
Oz othamnus obcordatus
Oz othaminus DUy escens
Ozothamnue scutelifolus
Persaonia junipenng
Pimeafea humilis

15.38
23.08
38.46

84.62
769
23.08
23.08

61.54
53.85
769
15.38
769
769
769
84.62

46.15

7.69
7.69
38.46
769

769
769

769
769

23.08
7.69
3077
15.38
30.77
15.38
769
53.85

91.67
833

16.67

833
25
833
833

833
4167
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Primalaa infolia 20 7E9
Pimelea nivea - 23.08
Pianfago spp 40 3077
Poa spp. g0 76.92
Podolanis jacecides - -
Paomadearns pilffera - -
Plerdivm esculentum 50 48.15
Pulfenasa daphnoiles - 1538
Pulftenasa qunmi - -
Pulfenasa funinering 40 15,38
Pulfenasa pedunciiata - -
Pultenasa stricta 10 -
Ranuncull s lannaceuss 10 7649
Riytdosnanma procymbens 20 7E9
SChOS IS anog Qi an 2308
Sckeraniine bfiors - -
Senacio spp. 40 38.46
Shylicivm gramimfolum 40 769
Slypandra cassaifosa 10 -
Tetfratheca labillardiaral 30 23.08
Tefratheca piosa 20 15.38
Themeda friandra 20 2077
Ulex eurmonasus - -
Vinla hederaces 10 -
Waklenbema spp. 50 077

16.67
33.33
16.67
91.67

3333

833

8.33

33.33
8.33
3333
23

3333

833
8.33

16.67

1667
8333
8.33
8.33
833

33.33

16.67

235

68.33
8.33

25

16.67

25
8333

833
25
8.33
25
833

833
33.33

66.67

41.67
3333

25

Table 8: Species percentage frequencies across the five TWINSPAN groups
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Map 8: Sites coded according to TWINSPAN classification.
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Category Site numbers

TWINSPAN group 1 9,42, 43,32, 35,37, 38, 20, 29, 30
TWINSPAN group 2 23,24,12, 13,21, 22, 26, 27,28, 14, 33, 44, 45
TWINSPAN group 3 18,19, 34, 11, 17, 25, 39, 40, 10, 15, 16, 36
TWINSPAN group 4 1,2,3,8,4,5,7,31, 53,52,54, 55
TWINSPAN group 5 41, 50, 51, 46,47, 48, 57, 58, 59, 6, 49, 56

Table 9: Sites grouped in each TWINSPAN category

Figure 12 shows the degree of similarity between the canopy-dominant and
TWINSPAN classifications. The two classifications have a pattern of broad similarity, with
some canopy classifications, such as heathy E. amygdalina and E. tenuiramis/risdonii, being

found in only two or three TWINSPAN groups.

Ay Epu Eamh Eamg Eav Etr
1 2 1 0 2 4 1 10
2 5 5 0 2 1 0 13
3 1 7 0 0 4 0 12
4 0 0 4 0 1 7 12
S 0 0 7 4 0 1 12
B 13 11 B 10 9

Figure 12: Comparing canopy and TWINSPAN classifications
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Fuel Accumulation Curves

Total fuel curves- TWWINSPAN ordering
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Figure 13: Fuel accumulation- total fuel
Total dead fuel curves- TYWINZFAN ordering
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Figure 14: Fuel accumulation- total dead fuel
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Total live fuel curves- TWINSPAM ordering
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Figure 15: Fuel accumulation- total live fuel
Litter fuel curves- TWWINSPAN ordering

20
o 18
i
iz
i)
£
T
o
o
i)
c
=
o
'_

a 5 10 15 20 25 30
Time since fire

Figure 16: Fuel accumulation- litter fuel
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Mon-litter fuel curves- TWINSPAN ordering
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Figure 17: Fuel accumulation- non-litter fuel

Table 10 to Table 14 (below) show the equation coefficients for the accumulation

curves for all sites as classified in TWINSPAN ordering.

TWINSPAN group 1

Fuel type Wi k a c r* value
Total 8.417 0.354 0.723 0.374 0.6
Live 2.049 0.533 0.23
Dead 7.092 0.18 1.37 0.18 0.64
Litter 8.44 0.09 1.641 0.09 0.62
Non-litter 2.444 0.51 0.24

Table 10: Equation coefficients for category TW1
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TWINSPAN group 2

Fuel type Wi k a c r* value
Total 14.69 0.191 1.225 0.191 0.69
Live 1.66 0.378 0.55
Dead 13.38 0.162 1.343 0.1621 0.61
Litter 12.781 0.136 1.245 0.024 0.61
Non-litter 2.038 0.524 0.44
Table 11: Equation coefficients for category TW2
TWINSPAN group 3
Fuel type Wis k a C 1% value
Total 18.327 0.095 1.175 1.363 0.97
Live 3.053 0.163 0.62
Dead 15.45 0.084 0.797 1.741 0.71
Litter 13.413 0.096 -0.066 0.096 0.95
Non-litter 4.759 0.102 0.64

Table 12: Equation coefficients for category TW3
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TWINSPAN group 4

Fuel type Wi k a C 1% value
Total 8.375 0.196 0.758 -0.77 0.7
Live 1.719 0.51 0.01
Dead 16.069 0.054 0.795 0.014 0.57
Litter 12.559 0.086 -0.347 0.086 0.56
Non-litter 2.276 0.394 0.02

Table 13: Equation coefficients for category TW4

TWINSPAN group 5

Fuel type Wis k a C 1% value
Total 1500.014 | 0.0004 2.547 0.016 0.85
Live 2.432 0.956 0.39
Dead 1950.01 0.0003 1.449 0.07 0.81
Litter 1999.998 | 0.0002 1.061 0.068 0.71
Non-litter 4216 0.516 0.43

Table 14: Equation coefficients for category TWS
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Total fuel
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Figure 18: Fuel accumulation- total fuel
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Total live fuel
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Figure 19: Fuel accumulation- live fuel
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Total dead fuel
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Figure 20: Fuel accumulation- dead fuel
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Litter fuel
Twinspan group 1 litter fuel Twinspan group 2 litter fuel
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Figure 21: Fuel accumulation- litter fuel

73




S| Bresnehan Dry Scterophyll Fuel Accumulation

Non-litter fuel
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Figure 22: Fuel accumulation- non-litter fuel
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The TWINSPAN class based fuel accumulation curves have a general appearance very
similar to the canopy dominant species based curves. As for the canopy classes, there are two
basic patterns of fuel accumulation. One pattern is of fast recovery and the reaching of a
quasi-steady state level within twenty to thirty years, and the other a pattern of slow recovery
and steady increase, with a suggested continual increase above the thirty-year mark.
TWINSPAN total, total dead and litter fuel groups 3, 4 and 5 match the latter pattern whilst

groups 1 and 2 match the former.

The different TWINSPAN fuel accumulation curves have r* values with a similar
pattern to the equivalent fuel groups in canopy ordering, but with slightly reduced explanatory
power. As before, the total fuel, dead fuel and litter fuel categories have the highest r* values,
ranging from 0.55 to 0.95. Live and non-litter fuels are much more variable, ranging from

0.60+ in TWINSPAN group 3 down to 0.02 or below for group 4.

The ordering of sites according to TWINSPAN has resulted in a set of fuel
accumulation curves that are very similar to those produced from the canopy ordering
classification, but with statistically slightly less reliability. This lesser reliability is not of
practical significance for field fuel load assessments, as it is within acceptable error margins,

but it is nevertheless unexpected.

The source of the diminished reliability is most likely a result of the dynamics of the
litter sources. The canopy species have been shown to be the major source of surface litter in
dry sclerophyll sites (O’Connell 1991, Hart 1995). It is likely that while phytosociological
association is more closely linked to site productivity and environmental conditions, it is the
canopy dominant species as major litter source that requires more attention in fuel

accumulation studies.
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A second consideration in the use of phytosociological association as a classification
method is that it is not a simple matter to determine this association in the field. The
usefulness of site fuel assessments is limited if a site is not easily attributable to an existing
fuel accumulation curve or category. Given this, there are a number of easily-recognised
environmental indices that are known to have an effect on dry sclerophyll vegetation. The

potential for using these formed the next path of investigation.
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6. Fuel Accumulation as Predicted by Environmental

Variables and Indices

Introduction

There is a range of environmental factors that are well known to have some controls
on the structure or productivity of dry forests. Moisture, temperature and nutrient availability
are among the critical factors likely to impact on fuel accumulation, affecting both accession
and decomposition rates (Attiwill et al. 1978, Birk 1979a, Clarke and Allaway 1996). This
indicated that classifying sites for fuel accumulation curves according to controlling
environmental factors might be as valid as classifying according to canopy dominant or

vegetation community.

Methods

Three classification schemes were chosen, based on geology type, annual average
rainfall and tree density. Hogg and Kirkpatrick (1974) indicate geology plays a role in the
nutrient levels of the soils and that this has a recognisable impact on vegetation communities
in the southeast of Tasmania. Similarly, Duncan and Brown (1985) suggest moisture
availability plays a role in the distribution of dry vegetation communities in Tasmania. Laffan
(1998) suggests mean annual rainfall is a critical determinant of forest type, but this can be
strongly modified by topographical and soil properties. Tree density was chosen as the third
scheme based on observations of the proportions of litter and non-litter fuels in the sites
sampled. As litter was often over 80% of the total fuel load and virtually all of the litter is
derived from the canopy and larger understorey species, the density of small and large trees

was considered likely to have an effect on fuel loads.
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Geology Ordering

All sites sampled were ordered into geological substrate-based classes. Given that
throughout the study area there is a clear link between certain canopy dominant species and
geology types, a series of categories were collated to best investigate the phenomenon. These
were: Eucalyptus on dolerite (EoD), Eucalyptus on sand and sandstone (EoS), Allocasuarina
on dolerite (AoD), Eucalyptus on mudstone (EoM) and total vegetation on dolerite (ToD).
These new categories were modelled on the same equation form as the canopy and
TWINSPAN classification schemes. The categories Allocasuarina on dolerite and Eucalyptus

on mudstone were found to be identical to the 4. verticillata and E. tenuiramis canopy classes

respectively.
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Map 9: Sites coded according to geology type.

The geology ordering and canopy ordering schemes show a marked degree of
similarity. Figure 23 shows that ordering sites by geology types only splits up one of the
canopy ordering groups- Eucalyptus globulus/viminalis, but other groups either remain intact

(E. tenuiramis/risdonii) or are grouped into a larger unit. The link between geological
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substrate and dominant eucalypt species is well understood (Duncan and Brown 1985,

Williams 1996), so the correlation shown here between the two schemes was expected.

Ave Epu Eamh Eamg Eqv Etr
Dolerite ] 13 ] ] 8 0 27
Mudstone 0 0 1] 1] 1] g g
Sandstone 0 0 11 g 4 0 23
g8 13 1 5] 10 El
Figure 23: Comparing sites by canopy and geology ordering schemes
Geology Site numbers
Dolerite 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25, 26,27, 28, 29, 30, 32, 33, 35, 36, 39,
40
Sandstone 31, 34,37, 38,41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59
Mudstone 1,2,3,4,5,6,7,8,9

Table 15: Sites grouped in each geology type category

Fuel Accumulation Curves

Total fuel curves- geology ordering
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Figure 24: Fuel accumulation- Total fuel
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Total dead fuel curves- geology ordering
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Figure 25: Fuel accumulation- dead fuel
Total live fuel curves- geology ordering
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Figure 26: Fuel accumulation- live fuel
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Litter fuel curves- geology ordering
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Figure 27: Fuel accumulation- litter fuel
Mon-litter fuel curves- geology ordering
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Figure 28: Fuel accumulation- non-litter fuel

Table 16 to Table 18 (below) shows the equation coefficients for the accumulation

curves of all sites as classified in geology type ordering.
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Eucalypts on dolerite

Fuel type Wi k a C 1% value
Total 17.994 0.1071 1.4817 2.07 0.91
Live 2.286 0.321 0.59
Dead 15.469 0.098 2.011 3.278 0.87
Litter 13.789 0.109 1.866 3.89 0.84
Non-litter 4.334 0.093 0.56

Table 16: Equation coefficients for category EoD

Eucalypts on sandstone

Fuel type Wis k a C 1% value
Total 377.59 0.001 3.251 -0.038 0.86
Live 2.465 0.821 0.33
Dead 1999.9 0.0003 1.802 0.174 0.87
Litter 1.998.9 0.0003 1.421 0.158 0.82
Non-litter 3.814 0.401 0.34

Table 17: Equation coefficients for category EoS

82



S| Bresnehan Dry Scterophyll Fuel Accumulation

Total vegetation on dolerite

Fuel type Wi k a C 1% value
Total 15.645 0.156 2.192 4.808 0.8
Live 1.972 0.33 0.48
Dead 15.469 0.098 2.011 3.278 0.79
Litter 12.73 0.15 2.136 5.217 0.79
Non-litter 2.563 0.308 0.41

Table 18: Equation coefficients for category ToD
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Total fuel
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Figure 29: Fuel accumulation- total fuel
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Total live fuel
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Figure 30: Fuel accumulation- total live fuel
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Total dead fuel
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Figure 31: Fuel accumulation- total dead fuel

86




SJ Bresnehan

Dry Scterophyll Fuel Accumulation

Litter fuel
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Figure 32: Fuel accumulation- litter fuel
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Non-litter fuel
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Figure 33: Fuel accumulation- non-litter fuel
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Classes EoD and ToD of the geology ordering both reach 10 t/ha in less than 10 years
and 15 t/ha in less than 20 years, whereas EoS exhibits a much slower initial buildup. This
may be connected with the different nutrient levels in the soils based on the two different
substrates. The more nutrient-rich dolerite soils (Laffan 1998) could be permitting a quicker
post-fire vegetation recovery and thus a quicker return of the litter layer, trapping moisture

and providing a suitable habitat for leaf-litter decomposer organisms.

Fuel curves based on geology ordering exhibit r* values very similar to those for the
corresponding class in the canopy fuel curves. Explanatory power seems to be better than the
TWINSPAN fuel curves, particularly in the live and non-litter categories. These categories
have r* values in the order of 0.35 to 0.59. This increase in explanatory power is likely to be

connected to the close relationship between eucalypt species and geological type.

The validity of ordering sites by geology is of a similar reliability to the canopy class
ordering, indicating a greater usefulness than the phyto-sociological ordering. Geology type
ordering has the advantage of being easily determined in the field or remotely from geology
map data. There are detailed geology maps available for the entirety of the study area, making

remote fuel weight prediction techniques a simple matter.
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Rainfall Class Ordering

All sites sampled were also re-ordered into three rainfall classes based on Davies
(1988). Very low rainfall (VLR) included all sites with a mean annual rainfall of 599 mm or
less. Low rainfall (LR) is comprised of all sites with an annual rainfall of between 600 and

699 mm. High rainfall (HR) includes the remaining sites, all of which have an annual rainfall

of 700 mm or higher. Sites are shown in rainfall classes on Map 10.

Figure 34 shows the relationship between the canopy dominant and rainfall class

ordering schemes. There is essentially a random pattern between the two schemes, although

all Allocasuarina verticillata sites are found in the Low Rainfall category.
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Map 10: Sites coded according to rainfall class.

90



S| Bresnehan Dry Scterophyll Fuel Accumulation

Ay Epu Eamh Eamg Eav Etr
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Figure 34: Comparing sites by canopy and rainfall schemes
Rainfall class Site numbers
High 6,10, 12, 13, 15, 16, 21, 22, 33, 36, 37, 38, 42,
46,47, 48, 51, 59
Low 1,2,3,5,8,9, 11, 14, 18, 19, 20, 23, 24, 25, 26,
27, 28, 29, 30, 34, 39, 40, 41, 43, 49, 50, 52, 55
Very low 4,7,17,31, 32, 35, 44, 45, 53, 54, 56, 57, 58

Table 19: Sites grouped in each rainfall class category

Fuel Accumulation Curves

Total fuel curves- rainfall ordering

25

20
ail
=
O —
= 15 Wery low
lg-‘_ — — Low
@ - e High
E 10 -
=) -
= /,—"

g /

I:I T T T T T

] =] 10 15 20 25 30

Time since fire

Figure 35: Fuel accumulation- total fuel
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Total dead fuel curves- rainfall ordering
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Figure 36: Fuel accumulation- total dead fuel

Total live fuel curees- rainfall ordering
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Figure 37: Fuel accumulation- total live fuel
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Litter fuel curves- rainfall ordering
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Figure 38: Fuel accumulation- litter fuel
Mon-litter fuel curves- rainfall ordering
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Figure 39: Fuel accumulation- non-litter fuel
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Table 20 to Table 22 (below) shows the equation coefficients for the accumulation

curves of all sites as ordered in rainfall classes.

Very low rainfall

Fuel type Wi k a c 1? value
Total 1205.47 0.0005 3.243 0.027 0.93
Live 1.645 4.623 0.04
Dead 10.143 0.069 1.003 -0.076 0.95
Litter 34312 0.023 6.71 4.593 0.95
Non-litter 2.071 4.85 0.04
Table 20: Equation coefficients for category VLR
Low rainfall
Fuel type Wis k a C 1% value
Total 17.298 0.077 1.892 0.77 0.74
Live 2.399 5.35 0.01
Dead 8.393 0.288 0.164 -0.123 0.69
Litter 7.792 0.287 0.123 -0.129 0.67
Non-litter 3.598 0.126 0.33

Table 21: Equation coefficients for category LR
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High rainfall
Fuel type Wi k a C 1% value
Total 15.574 0.135 1.339 0.135 0.78
Live 2.246 0.59 0.4
Dead 12.063 0.168 1.872 2.963 0.69
Litter 10.274 0.221 1.676 4.941 0.64
Non-litter 17.987 0.015 0.47

Table 22: Equation coefficients for category HR
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Figure 40: Fuel accumulation- total fuel
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Total live fuel
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Figure 41: Fuel accumulation- total live fuel
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Total dead fuel
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Figure 42: Fuel accumulation- total dead fuel
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Litter fuel
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Figure 43: Fuel accumulation- litter fuel
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Figure 44: Fuel accumulation- non-litter fuel
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Both low and high rainfall classes exhibit a build-up of total fuel loads to
approximately 12 t/ha in 15 years and increase by no more than 3 t/ha in the next decade. The
very low rainfall class however, builds up far slower, to 12 t/ha in 20 years. This class appears
to continue building up fuel, to a projected fuel load approaching 20 t/ha at 30 years whereas
the other two classes of this category are projected to be still around 15 t/ha at 30 years. Live
fuel accumulation is uniformly low across all classes; with the curve suggesting live fuel

weights will not exceed 3 tonnes per hectare.

Non-litter fuels show a marked difference, with Very Low Rainfall sites quickly
reaching but not exceeding 2.5 tonnes per hectare, Low rainfall sites accumulate slower and
reach a 3.5 tonne per hectare fuel weight in 20 years. High rainfall sites show a steady, almost
linear increase in weight, reaching 6 tonnes per hectare in 25 years with no indication of a

lessening of the accumulation rate.

Annual rainfall can be seen as being as valid a classification method as geology type
or canopy type, with r* values very similar in pattern and explanatory power across the
categories. As annual rainfall is not the only determinant of site moisture balance, this
suggests a model that incorporates more of the environmental variables that impact on
moisture balance may provide a better means of predicting fuel accumulation rates. Candy
and McQuillan (1998) put forward a growth model for immature red-headed cockchafer
beetles that was both time and temperature-linked. There is a possibility model that links time
and resource in an accumulative sense may be as valid for fuel accumulation as it is for some

soil-dwelling juvenile members of the genus Coleoptera (Candy pers. comm.).

Using this concept of resource accumulation over time, two analogues for fire age
were developed. Analogue 1 was accumulated rainfall, the product of annual mean rainfall

and time since fire. Analogue 2 was accumulated solar energy, based on time since fire and
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the annual sunlight received at each site calculated using Nunez (1983). This method uses
slope angle and aspect to calculate solar energy in megajoules per square metre. Quadratic
fitted line plots were used as an initial tool of investigation using MINITAB (1999) and the

results are shown in Figure 45 to Figure 53.
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Figure 45: Fitted line plot regression- accumulated rainfall to total fuel
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Figure 47: Fitted line plot regression- fire age to total fuel
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Regression Plot
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Figure 49: Fitted line plot regression- accumulated solar radiation to live fuel
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Figure 50: Fitted line plot regression- fire age to live fuel
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Regression Plot
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Figure 51: Fitted line plot regression- accumulated rainfall to non-litter fuel
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Figure 52: Fitted line plot regression- accumulated solar radiation to non-litter fuel
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Figure 53: Fitted line plot regression- fire age to non-litter fuel
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Figure 45 to Figure 53 (above) show that the two time/resource analogues are very

similar to time since fire alone. Explanatory power (1 values) are set out in Table 23 below.

Fuel Fire age Accumulated Accumulated
Rainfall Solar energy
Total 0.74 0.75 0.72
Live 0.21 0.22 0.2
Nonlitter 0.26 0.31 0.26

Table 23: r* values for time/resource analogue regressions

The levels of explanatory power shown in the time/resource analogues do not show
any significant improvement over the time since fire measure alone. Incorporating factors that
might have significant impact on site moisture balance makes logical sense and is supported
by studies of litter accumulation and decay (Pook 1997). The initial investigations above,
however, shows that it adds a layer of complexity to the curve fitting process without

necessarily adding to the explanatory power of the result.
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Tree Density Ordering
The sites were re-ordered into tree density classes: very low density (vld)- 12.49 m*/ha
or less, low density (Id)- of between 12.5 and 14.49 m*/ha, medium density (md)- of between

14.5 and 17.49 m*/ha, and high density (hd)- of above 17.5 m*/ha (see Map 11).

Figure 54 shows the comparison between tree density ordering and canopy type
ordering. The patterns are apparently random between the two schemes, although

Allocasuarina verticillata does not have any representation in the high tree density class.
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Map 11: Sites coded according to tree density class.
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Figure 54: Comparing sites by canopy ordering and tree density schemes

107



SJ Bresnehan

Dry Scterophyll Fuel Accumulation

Tree density class

Site numbers

High 2,6,10, 14, 15, 16, 36, 39, 40, 43, 49, 50, 51, 53

Medium 9,11,17,18, 19, 23, 29, 30, 33, 34, 46, 47, 48,
52, 54,59

Low 1,3,4,8,12,21, 22,24, 26, 27, 28, 35, 38, 42,
57,58

Very low 5,7,13,20, 25,31, 32,37, 41, 44, 45, 55, 55, 56

Table 24: Sites grouped in each tree density class

Fuel Accumulation Curves
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Figure 55: Fuel accumulation- total fuel
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Total dead fuel curves- tree density ordering
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Figure 56: Fuel accumulation- dead fuel
Total live fuel curves- tree density ardering
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Figure 57: Fuel accumulation- live fuel
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Litter fuel curves- canopy ardering
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Figure 58: Fuel accumulation- litter fuel
Mon-litter fuel curves- tree density ordering
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Figure 59: Fuel accumulation- non-litter fuel

Table 25 to Table 28 show the equations for the accumulation curves of all sites as

classified into the four tree density classes.
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Very low density

Fuel type Wi k a C 1% value
Total 31.32 0.025 2.98 0.025 0.73
Live 1.55 0.782 0.22
Dead 7.431 0.145 1.026 1.078 0.74
Litter 28.749 0.024 1.3 0.0004 0.69
Non-litter 2.082 0.731 0.23
Table 25: Equation coefficients for category VLD
Low density

Fuel type Wis k a C 1% value
Total 11.199 0.405 1.049 0.405 0.63
Live 1.631 3.026 0.18
Dead 9.104 0.283 1.45 0.046 0.59
Litter 8.803 0.288 1.15 0.045 0.6
Non-litter 800.001 0.0002 0.01

Table 26: Equation coefficients for category LD
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Medium density

Fuel type Wi k a C 1% value
Total 17.597 0.087 0.505 0.024 0.95
Live 2.18 0.232 0.62
Dead 15.535 0.083 1.22 1.998 0.94
Litter 15.484 0.075 -0.095 0.075 0.94
Non-litter 2.636 0.292 0.51
Table 27: Equation coefficients for category MD
High density

Fuel type Wis k a C 1% value
Total 1999.9 0.0002 3.7 0.0002 0.8
Live 2.805 0.3 0.34
Dead 1198.0 0.0004 2.243 0.039 0.75
Litter 1197.6 0.0002 2.264 0.028 0.62
Non-litter 5.134 0.117 0.42

Table 28: Equation coefficients for category HD
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Figure 60: Fuel accumulation- total fuel
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Figure 61: Fuel accumulation- total live fuel
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Total dead fuel
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Figure 62: Fuel accumulation- total dead fuel
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Figure 63: Fuel accumulation- litter fuel
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Non-litter fuel
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Figure 64: Fuel accumulation- non-litter fuel
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Tree density classes VLD, MD and HD each show steady rates of accumulation
whereas LD displays a faster initial rate followed by a lower overall fuel load. The
mechanism behind this may centre around forest floor moisture levels and tree density- a very
low tree density site would logically have a higher proportion of the forest floor exposed to
full sunlight and thus the litter would be drier than the higher tree density sites. Moisture
levels affect the rates of decomposition and so the dry litter layer would not decompose at a
fast rate. The higher tree density categories would have wetter forest floors and faster
decomposition rates as a result, but also have higher rates of litter fall. The category of LD, or
low density, may be dense enough to maintain sufficient moisture at the forest floor for a high
level of decomposition to occur but not as high a rate of litter fall as the more dense sites in

this category.

Tree density as a means of site classification displays approximately the same
explanatory power as canopy dominant species, rainfall or geology type, with r* values
virtually identical in magnitude for each of the fuel categories as the aforementioned
classifications. Total, total dead and litter fuel categories are all in the order of 0.6 to 0.95,

while live fuel and non-litter fuel range from 0.01 to 0.5.

Tree density as defined for this study, using the Bitterlich Wedge method (Mueller-
Dombois and Ellenberg 1974), is quickly determined in the field using simple equipment (see
appendix 2). This technique cannot be reproduced using remote sensing means. Desktop or
GIS studies will require another means of calculating tree density and this measure will need
to be tested and new fuel curves developed to permit the use of tree density as a classification
means for remote sensing of fuel loads. In its current form, tree density is as valid a

classification as canopy dominant species.
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The overall usefulness of classifying fuel accumulation study sites by environmental
indices appears to be similar for the three indices studied. The results are also of a similar
statistical reliability to the canopy dominant species classification and phytosociological
classification. The relative worth of using any of these schemes can be assessed, and this

formed the next stage of the study.
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7. Assessment of Classifications

Introduction

In general terms, predicting the weight of flash fuels in the dry forests of south eastern
Tasmania can be accomplished using a wide variety of classification methods with acceptably
high levels of confidence in the predictions. These include classifications that can be
determined remotely, which is of immense practical benefit for wide-scale fire management

planning.

The geological substrate type and rainfall levels are environmental variables that
appear to play a major role in vegetation community and therefore fuel accumulation patterns.
Similarly, the density of the forest or woodland alone, regardless of substrate or vegetation
community, is also a suitable means of classifying study sites for fuel accumulation
assessments. The traditional use of canopy dominant species as a tool for site classification is

still valid and has explanatory levels as good or better than other classification schemes

Accumulation patterns

As can be seen from the accumulation curves, there exists a wide array of curve forms
across the ordering categories. This indicates that some sites will require fuel reduction
regimes that differ to those required by other sites. The two main concerns for determining the
appropriate regime (without regard to any special site considerations such as nearby land uses
or species conservation, which will require individually tailored risk minimisation methods)

are the rate of fuel build-up and the maximum projected fuel load.
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Live fuel and non-litter fuel accumulation rates in general are initially quite fast and
plateau in 5 to 10 years. This may be indicating the re-establishment of the understorey flora

to a pre-fire state.

Live fuel weights in general were low- only rarely will the model suggest weights in
excess of 3 t/ha. The importance of live fuel from a structural perspective is considerably
more than the low weights would suggest- hanging bark, tall shrubs and understorey trees can

act as ‘ladders’, allowing a fire access to other fuel layers- most notably the canopy itself.

As the largest component of total fuel weight and dead fuel weight is litter fuel weight,
it is not surprising to discover near-identical accumulation patterns in these three categories.
Litter is the most significant fuel layer in terms of weight, to the point of masking the

accumulation patterns of other fuel strata within total and dead fuel classes.

The litter layer invariably contains 75% or more of the total fuel weight for any site.
As such, the litter component is by far the single most important layer of bushfire fuel in
terms of total weight. However, the significance of litter weight may be less critical than the
structural arrangement of the standing live and dead fuels fuel layers. Litter fuel is very much
ground-based- a litter fire without the means of accessing the taller understorey and canopy
levels is not as potentially dangerous as a fire in a site where the vegetation will permit the
fire to reach the canopy. Ladder fuels are in themselves a very small component of fuel

weight but are critical in the fire’s ability to access higher fuel layers.

Site productivity, in the form of geological substrate nutrient status and moisture
availability, seems to be the major controller of the rates of litter fall and decomposition. As
each site has a microclimate controlled as much by topography as by overall annual rainfall,

slope and aspect may have some importance in this regard. It may be the separate cycles of
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litter accession, understorey development and litter decomposition respond to moisture levels

and site productivity in different ways- one cycle masking the effects of the others.

Explanatory Power: r» Comparisons

The r* values averaged for each classification type are shown in Figure 65 below. It
shows that in broad terms, the traditionally used classification of sites by canopy-dominant
species is slightly stronger than other classifications in almost all fuel strata. The classification
scheme with the least explanatory power is the TWINSPAN based phytosociological
groupings, which may be caused through the equal weighting of all plant species in the

communities where only a small number of species contribute most of the flash fuels.
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Figure 65: Mean r” values across the five fuel types

The accumulation curves for total, dead and litter fuel in most ordering schemes
exhibit r* values in the order of 0.6 to 0.9, indicating a high to very high agreement between
the original data and the modelled curve. The accumulation curves for live and non-litter fuel,
however, exhibit r* values in the order of 0.1 to 0.5, suggesting these two fuel types are

considerably less well explained by the model. It may be these two categories require a
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different model or a modification of the model presented here, or it may be the live and non-

litter fuel categories are simply much more variable than the other three categories.

In terms of the prediction of total, dead or litter fuel weight, the accumulation curves
have a high enough level of agreement between original field data and modelled predictions
for reliable fuel load estimation. Not only can the accumulation of fuel weight be predicted
for any site conforming to the selection method used in this study, but conversely, the
estimation of the fire age of any site conforming to the selection method can be made based

on measured fuel weight.

Residual Scatter Comparisons
The patterns of residuals indicate both the state of data heteroscedasticity and the

goodness-of-fit of the model. Data heteroscedasticity has been discussed in chapter 3.

The residual plots are presented in appendix 3. Very few of these plots show anything
other than a random scatter of residuals, indicating there are no variables or processes
unaccounted for in the form of the accumulation curve model. The residuals vary in amplitude
from one category to another, but no single fuel stratum depicts a pattern suggesting the
model requires re-evaluation. This indicates that despite the fact the live and non-litter fuel
categories fit the model less well than the total, dead and litter fuel categories, time since fire
is likely to be the major determinant of fuel loads in the live and non-litter categories as much

as the others.

A best-subsets regression (MINITAB™ 12.23, 1999) was used as an exploratory tool
to confirm other environmental factors were not playing a significant role in live and non-

litter fuel accumulation (see Figure 66).
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Figure 66: Best-subset regression output for non-litter fuel (non.l) and live fuel (tot.l)

In both cases, fire age is indicated as the variable with the most explanatory power.
Geology and tree density are frequent subordinates, which is in accord with findings earlier in
the study. The relatively high importance of topographic position may be a product of site
moisture balance, although the low importance of mean rainfall indicates available moisture
and fuel responses may be responding to a number of inter-related factors. Of these, mean

annual rainfall is not shown as being as significant as aspect, slope and topographic position.

Revision of statistical methodology

Litter is assumed to have a constant within-year rate of accumulation for the purposes
of this study. This is rarely the case, however, with dry sclerophyll forest and woodland.
Generally, there is a spring to early summer peak in rates of litterfall for eucalypts (Pook et al.
1997). In addition to the variations in seasonal litter fall, fuel dynamics also alter with the
development of the understorey layers. Investigations into the characteristics of each
understorey layer and the common species within these layers would complement the live fuel
and non-litter fuel accumulation curves. The use of a smooth exponential accumulation curve
masks these wvariations and as such, models based on different statistical bases and

accumulation curve forms may be more appropriate.
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In employing a different model structure, it may prove necessary to dispense with
parametric statistics. The nature of biological data is typically one of non-normal
distributions; the range of the observations usually increases with the magnitude of the
observations. The data sets for this study conformed to the requirements of the parametric
statistical tests used and as such were appropriate. Parametric models attempting to cater for
seasonal litter fall may, however, encounter just such a fatal flaw as data non-normality,
leading to the necessity of non-parametric methods, where data normality is not a pre-

requisite.

Conclusion

The classification schemes assessed in this part of the study have shown a broadly
similar pattern of explanatory power. In fuel strata that include the litter layer, the form of the
model is clearly suitable, able to account for 70-80% of the variability regardless of the
classification scheme. This is largely a result of the time since last fire being a major
determinant of fuel load. Non-litter and live fuel classes are far less well explained by the
model form used- in the order of 40% or less- and may require a very different process for

accurate fuel accumulation modelling.

The investigations up to this stage of the study have the potential to form the basis of
field techniques for assessing fuel loads. For a field technique to be useful, it requires a simple
method and an intuitive process that does not rely on a high level of knowledge in the user.
The greatest value of a field technique in fire research is repeatability and rapidity, followed
by accuracy. As has been shown by the field studies, the fuel load at any one site is variable
across short distances, and as such the concept of accuracy in determining fuel loads in the

field is more a case of achieving an estimate within the variability found at the site. A
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technique capable of permitting an estimation of fuel loads to within 3 tonnes per hectare is

perfectly acceptable for use in the field.

There are established types of field techniques in fuel load and fire risk studies. These
have proven to be useful and well understood by field users. The use of these as a structure to

trial methods forms the first step in the development of a field technique.
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8. Predicting Fuel Weight from Field-based Measurements

Introduction

One of the limitations of most fuel weight survey methods (including those used for
this study) is that they involve a considerable amount of time for the collection of fuel in the
field, followed by (typically) 24 hours of oven drying. Should a rapid assessment be required,
as is often the case in emergency situations, fuel loads are often simply guessed at from the
appearance of the site and the experience of the person making the assessment. This can result

in inaccuracies, as estimations of fuel weight vary from one observer to the next.

Land managers and researchers agree that rapid field techniques for assessing fuel
loads will not approach the level of accuracy of the oven-drying technique outlined earlier in
this study. The value of rapid field-based techniques for predicting fuel weights lies in the
speed with which the assessments can be made and in the simplicity of design, so that any
field operative may use it effectively. Perhaps more critically, the results of the technique are

no longer dependent on the experience and knowledge of the person using it.

Field-based techniques are already in existence for some regions and vegetation
communities. These are generally one of two basic types- photographic guides and look-up
charts, or are a combination of both, such as McCarthy et al. (1999). Broadly speaking, the
usefulness of existing field methods reflect the rigorousness of the development of the

method. Each method has both advantages and limitations.

Photographic guides depict typical conditions in a predetermined set of vegetation
communities or fuel structure classes, such as cured grass, bark or understorey vegetation, and
outlining the critical factors used to assess fuel load conditions. The value of photographic

guides is in training the users to quantify their observations and to balance the interpretation
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from one observer to the next. The photographic guide is limited by the site choice and

conditions of the original photography and by the print quality of the booklet itself.

Look-up charts rely on a tabular presentation of existing fuel curves. This technique
links community type to determinable factors such as time since last fire to indicate the likely
fuel loads for the site. The accuracy or usefulness of a look-up table field guide is dependant
on the research used to prepare the data upon which the tables are based and the applicability
of the community typing. Lookup tables can be further limited if the classification schemes

used are poorly explained or difficult to interpret.

Despite the known limitations, a rapid fuel weight assessment guide can still be seen

as a useful tool for initial site investigations for the following reasons:

A field-based fuel weight prediction technique would permit a fuel load assessment to

be conducted over a wide area with very little time required.
Training, infrastructure and logistical requirements would be small, and
Much of the subjectivity of mere observation would be largely removed.

These factors can be critical in emergency situations where fire-fighting logistics are
being determined by fire behaviour tools such as McArthur's Forest Fire Danger Meter Mk. 5
(McArthur 1973) or Rothermel's (1972) mathematical model for predicting fire spread in

wildland fuels, which require information concerning fuel loads.

The following sections present the results of investigations into the possibility of

developing a rapid fuel weight assessment method for the study area.
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Photographic Guide
Introduction

There are a number of photographic guide booklets in current use in fire management
planning, including grass curing guides and fuel hazard guides. These guides, while not
rigorously accurate, nevertheless form a useful tool for field operatives (McCarthy et al.
1999). McCaw (1991) suggested an image-based guidebook to fuels in dry sclerophyll forests

would permit rapid assessments but would be of limited accuracy.

The possibility of developing a photographic guide to fuel loads in the study area was
investigated using paired photographs taken at each sampling site. The photographic
technique employed was similar to that used by Garvey (1992) and is typical of the general
technique seen in these publications. One photograph was taken at head-height looking out
across the site, the second from head-height looking directly at the litter layer, to mimic the
standard observer's perspective. Scale bars in each photograph indicated the size and
structural array of the vegetation and the continuity of the litter layer. Photograph 1 to
Photograph 12, on the following pages, are a six-site subset of the full array of site

photographs used to investigate the possibility of producing this type of field guide.
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Fuel estimation photograph subset

{
VAT L Al
CER R A 1 LR 3
Photograph 1: 2.1 t/ha- landscape view, site 47

Photograph 2: 2.1 t/ha- ground surface view, site 47
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Photograph 4: 4.7t/ha- ground surface view, site 54
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Photograph 8: 9.2t/ha- ground surface view, site 32
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Photograph 10: 9.2t/ha- ground surface view, site 4
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Photograph 12: 12.5t/ha- ground surface view, site 52
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Assessment of photography-based fuel weight prediction

Photograph 1 to Photograph 12 depict a range of fuel loads typical of urban fringe dry

sclerophyll forest. Details of these sites are contained in Table 29.

Site number Fire age Fuel weight Canopy dominant
47 1 2.1 t/ha Eucalyptus amygdalina
54 6 4.7 t/ha Eucalyptus amygdalina
53 6 4.7 t/ha Eucalyptus amygdalina
32 13 9.2 t/ha Eucalyptus viminalis
4 12 9.2 t/ha Eucalyptus tenuiramis
52 10 12.5 t/ha Eucalyptus amygdalina

Table 29: Details of photographs

The full photographic set was tested among a group of fire researchers and students.
Initially, the photograph pairs were given to each tester without details of fuel load or
community association. Testers were asked to rank the sites from lightest to heaviest and
determine the point at which sites were likely to be too heavily loaded with fuel for safe
firefighting. Following this, the actual fuel loads measured at each site were attached to the

photograph pairs and the discrepancy between estimated and actual fuel loads were discussed.

It became quickly apparent that the use of photographs in a field guide for fuel loads
had some limitations. While it was not difficult for the testers to determine sites with a very
light fuel load, such as site 47 depicted in Photograph 1 and Photograph 2, assigning an
accurate fuel load estimate for the remainder of the test sites was a more difficult matter. Sites
53 and 54 (Photograph 3, Photograph 4, Photograph 5 and Photograph 6) show two sites with

identical fuel loads, but most testers thought that site 53 had a heavier fuel load than site 54.

Similarly, sites 32 and 4 (Photograph 7, Photograph 8, Photograph 9 and Photograph

10) also have identical fuel loads but all testers considered site 32 to have a heavier fuel load
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than site 4. Some testers considered site 53 (Photograph 5 and Photograph 6) to have a heavier
fuel load than site 4. Both sites 32 and 52 were often put forward by the testers as being likely
to be 'too heavy for firefighting safety', which for these community types is 10-15 tonnes per
hectare (Good 1981, Raison et al. 1986). Site 52, at 12.5 t/ha, is well inside this criteria. Site
32, at 9.2 t/ha, is still below the level considered dangerous. This alone could have major

implications if fuel reduction burns were being planned from these estimates.

The limitations of the photograph based guide to fuel loads were twofold. Firstly, there
were no quantifiable visual cues to assist in determining an estimate of fuel loads, and
secondly, the estimate was based on the knowledge and experience of the person doing the
estimation. A photograph does not convey all information necessary for a field estimate,
particularly the depth or density of the litter layer. Inexperienced testers regularly produced

results wildly different from more experienced personnel.

In an operational sense, the results of the photographic guide testing showed that the
spatial variability of litter and understorey fuels is too high for inexperienced field staff to
accurately estimate. Given this fact and the visual similarity of sites with quite different fuel
loads, the possibility of creating an effective visual guide for fuel loads in southeastern
Tasmanian dry sclerophyll vegetation was considered too small to warrant further

examination.
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Assessment Based on Field Measurements
Introduction

The fuel curves produced earlier in this study can be readily expressed as a look-up
chart to enable sites of known fire age to be assessed. If the details of the site canopy
dominant species, geology, rainfall and tree density are known, the site need not be visited at
all. GIS systems use this structure as a basis for providing management information,
combining vegetation, topography, geology and other data layers with a mosaic of fire ages
from previous studies. A look-up chart was developed for field estimation and is presented in

Table 31.

Assessment techniques based on field measures, while not necessarily as accurate as
time-based charts, confer a greater degree of reliability and repeatability in prediction than
photographic guides. This is essentially a product of the fact there are actual measurements
involved, which removes a degree of subjectivity (Beck 1994). The key to producing a rapid
field technique is in the identification of an environmental condition or variable that permits
easy measurement and has a demonstrable and consistent relationship with the variable being
estimated. The relationship between the variable being measured and the variable being
estimated must be based on solid data and appropriate statistical methods. Baxter and
Woodward (1999) used field and satellite data spanning three years in the development of a

grass curing guide based on measures of soil dryness and pasture quality.

The information collected during fuel weight sampling appeared to be both
sufficiently accurate and compendious as to permit the investigation of a field measure based
fuel weight prediction tool. McCaw (1991) and Beck (1994) discussed the potential for simple
and rapid flash-fuel weight assessment methods. The methods proposed rely on linking litter

weight with litter cover or litter depth, usually in the form of a multiplier model. To illustrate:
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for West Australian jarrah forests, litter weight (W) can be estimated from litter depth (Dyiy)

and a multiplier constant (Sneeuwjagt and Peet 1985):

Wi = Dy * 5.27

Equation 5: Predicting litter weight in WA jarrah forests

As the data collected for this study included litter cover and depth measurements as
well as litter weight, the potential for developing a rapid fuel weight estimation method could

be explored.

Relationship of litter weight to total weight

Estimating the litter fuel weight will only indicate the fuel load within that fuel
stratum, not the total flash fuel for the site. As the near-surface and elevated fuel weights are
usually much less than the litter fuel weight but contribute to fire behaviour in a much
different manner, to be able to assess total fuel weight from litter weight would provide an

estimate of the weight within other fuel strata.

Litter fuel weight was compared to total fuel weight, effectively showing the pattern
of the relative proportion of litter fuel through time in each fuel ordering category.
Throughout the full set of fuel categories, a simple linear relationship was observed to exist

between total fuel weight and litter fuel weight.

A process of linear regression was employed to give a series of equations allowing the
prediction of total fuel weight from the litter weight, and an r* value indicating the reliability
of the prediction. The following array of graphs will permit the estimation of total fuel weight

from litter fuel weight.
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Figure 67: Predicting total fuel from litter fuel: canopy ordering
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Figure 68: Predicting total fuel from litter fuel: geology ordering
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Figure 69: Predicting total fuel from litter fuel: rainfall class ordering

142



SJ Bresnehan

Dry Scterophyll Fuel Accumulation

Predicting total fuel weight from
litter fusl weight:

Predicting total fel weight from
litter fuel weight:

Litter fuel: T/Ha

very low density loww density
y = 20833 + 09913 v = 14244 + 10389«
r* = 0.9412 2 =
} 5 i‘i 5 = 0.9014
20
£ — = -
o # /,?S(f
= 10 = 10
T = i 3 51
'_ D {-— '_ [:] T T T
0 s 10 is 50 0 =) 10 15 20
Litter fuel: T/Ha Litter fuel: T/Ha
Predicting total fuel weight from Predicting total fuel weight from
litter fuel weight: litter flel weight:
rmedium density high density
w = 08859 + 1.153x v = 25531 + 1.0996x
z _ z_
i 55 r- = 09819 i 55 r- = 0.8459
I I =
T s ~ s -
é 10 ® é 0 N / %
i o i o
P > %@s&f 2 EE
D T T T [:] ul T T T
0 =) 0 15 20 0 5 10 15 20

Litter fuel: T/Ha

Figure 70: Predicting total fuel from litter fuel: tree density ordering
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Relationship of litter weight to litter field characteristics

Litter fuel weight was examined for correlations with all field measures taken during
sampling. There were consistent strong positive correlations for litter cover, litter depth and
litter volume results across all categories in all site orderings. Beck (1994) discussed
predictive modelling using litter depth and cover to determine litter fuel weight. Linear
regression modelling showed the potential for determining litter fuel weight from these simple

field measures.
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Figure 71: Litter weight relationship to litter depth: canopy ordering
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Figure 72: Litter weight relationship to litter cover: canopy ordering
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Figure 73: Litter weight relationship to litter volume: canopy ordering
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Figure 74: Litter weight relationship to litter depth: geology ordering
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Figure 75: Litter weight relationship to litter cover: geology ordering
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Figure 76: Litter weight relationship to litter volume: geology ordering
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Figure 77: Litter weight relationship to litter depth: rainfall class ordering
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Figure 78: Litter weight relationship to litter cover: rainfall class ordering
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Figure 79: Litter weight relationship to litter volume: rainfall class ordering
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Figure 80: Litter weight relationship to litter depth: canopy tree density ordering
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Figure 81: Litter weight relationship to litter cover: canopy tree density ordering
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Figure 82: Litter weight relationship to litter volume: canopy tree density ordering
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The relationship of litter weight to litter cover, litter depth and litter volume is
variable, but for the most part the regression r* values presented in Figure 71 to Figure 82
indicate a greater than 40% explanatory power. The only category to exhibit no clear
relationship for litter weight is canopy class Eucalyptus tenuiramis, with r* values of 0.04,
0.00 and 0.02 for litter depth, cover and volume respectively. For this reason, the F.

tenuiramis class was deleted from further investigations.

Predicting total weight from litter field characteristics

Given the clear relationship between litter fuel weight and total fuel weight, and the
relationships between litter weight and litter depth, cover and volume, there is the potential to
derive total fuel loads from the litter field characteristics. The relationships between total fuel

weight and litter depth, cover and volume are shown in Figure 82 to Figure 94, below.

157



SJ Bresnehan

Dry Scterophyll Fuel Accumulation

Total weight ¥ litter depth: Ave

y = 28339 + 2.0604

Total weight ¥ litter depth: Efr

y = 2,1763% + 5.0713

r¢ =0.7124 r¥ = 0.2267
20 20
1] [14]
I 15 " T 15
= w 2 - u 3
£ 10 £ 10 =
= * =3 u ®
2 s 2 s
ks § #
D T T D T T
] 2 4 ] ] 2 4 ]
Depth: cm Depth: cm
Total weight ¥ litter depth: Eamh Total weight x litter depth: Epu
y = 4.8051x + 0.0866 ¥ = 63279 - 2.38995
ré = 0,706 r¥ =0.7835
20 20
2t
I 15 L15 Ve
: xx - /-
% 5 k) k) g 5
D T T I:I T T
0 2 4 0 2 4 B
Depth: cm Cepth: cm
Total weight x litker depth: Egv Total weight x litter depth: Eamg
y = 3.253% + 2,7720 y = 3.0283x + 1.0292
r¥ = 0.2767 r¥ = 0.4167
20 " 20
I 15 15
— x I—
£ 10 = £ 10 %
= * " L=y /
= 2 z =
:X y/{x
D T T D T T
0 2 4 0 2 4 B
Depth: crm Depth: cm

Figure 83: Total weight relationship to litter depth: canopy ordering
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Figure 84: Total weight relationship to litter cover: canopy ordering
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Figure 85: Total weight relationship to litter volume: canopy ordering
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Figure 86: Total weight relationship to litter depth: geology ordering

161




SJ Bresnehan

Dry Scterophyll Fuel Accumulation

Weight: T/Ha

Total weight ¥ litker cover: EoD

y = 0, 166701403
¢ =0.733

w * o

10 f:
5 e
e

D T T T T T
0o 20 40 &80 80 100

Cover: %

Total weight % litker cover: EoS

Weight: T/MHa
[ (N I (%
[ ) N ]

o o

y = 0,219
= 06422

s

Ly
——

a

20 40 a0 20 100
Cover: %

Weight: T/Ha

Total weight ¥ litter caver: ToD

y = 0.16972" 0408

r¥ = 0.7169
20
w M ow
15
.
by
10
s
5
s
I:I T T T T T

Cover: %

Figure 87: Total weight relationship to litter cover: geology ordering
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Figure 88: Total weight relationship to litter volume: geology ordering
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Figure 89: Total weight relationship to litter depth: rainfall ordering
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Figure 90: Total weight relationship to litter cover: rainfall ordering
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Figure 91: Total weight relationship to litter volume: rainfall ordering
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Figure 92: Total weight relationship to litter depth: tree density ordering
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Figure 93: Total weight relationship to litter cover: tree density ordering
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Figure 94: Total weight relationship to litter volume: tree density ordering

169



S| Bresnehan Dry Scterophyll Fuel Accumulation

The relationships between total fuel weight and the litter field measures are not as
strong as with litter fuel weight and the same field measures, which makes logical sense.
Nevertheless, the explanatory power of the regression equations can be used to provide a
means of developing a fast and reasonably accurate field estimation tool. The simplest, and
therefore most widely understood method of presenting information of this nature is in the
form of a look-up chart, which is presented in Table 31. This look-up chart provides an
estimation method for fuel weight that is independent of laboratory processing and requires

only low-level understanding of ecological principles.

A suggested field weight estimation method

A simple method of estimating total flash-fuel for any dry sclerophyll site conforming

to the categories identified in this study would proceed as follows:
Determine the area to be studied.

Determine the site's geology type, canopy dominant tree species, rainfall class and tree
density. Rainfall class will require a precipitation map and tree density class will require a

Bitterlich wedge measurement block (Mueller-Dombois and Ellenberg 1974).

If the fire age for the site is known, use the chart depicted in Table 30.
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Part 2 | |Rainfall class Tree density class Canopy type
Age VLR LR HR YLD LD MWD HD Ave Eah Eag Ep Etér Evig
2 43 4.1 47 44 6.7 33 45 70 29 4.1 37 0o 34
3 438 5.1 5.1 50 8.2 45 49 96 39 46 53 38 4.1
4 53 5.0 73 57 9.2 56 53 108 438 52 57 5.1 438
5 5.8 58 83 53 99 6.7 57 M5 56 58 80 75 55
5] 6.4 76 92 59 103 76 6.1 1.8 6.3 5.3 91 83 6.2
7 5.9 83 10.0 75 1086 85 6.5 119 5.9 59 101 9.0 5.9
8 74 90 107 8.1 108 92 69 120 74 75 Mo 94 75
g9 3.0 96 114 8.7 09 10.0 73 121 79 8.0 11.8 97 8.2
10 8.5 0.2 1189 92 1.0 106 77 121 8.3 86 125 99 5.9
11 9.0 07 123 9.8 111 11.2 3.1 121 3.6 9.2 131 101 95
12 9.6 112 128 103 111 1.8 85 121 5.9 9.8 137 102 10.1
13 101 117 131 108 11.1 123 3.9 121 9.1 103 14.2 103 10.8
14 106 121 134 113 112 128 93 121 9.3 09 146 104 114
15 112 125 137 118 112 132 97 121 95 115 150 104 120
16 1.7 1238 138 123 112 136 101 121 9.6 120 154 104 126
17 123 132 141 128 112 138 105 121 97 128 157 105 132
18 12.8 135 14.3 133 112 14.2 109 121 99 132 16.0 105 138
19 134 138 14.5 137 112 145 11.3 121 9.9 137 16.2 105 144
20 139 14.0 14.6 141 M2 14.8 1.7 121 10.0 143 164 105 15.0
21 144 143 147 146 112 151 121 121 10.1 149 166 105 156
22 15.0 14.5 14.8 150 M2 153 125 121 102 154 16.8 105 16.2
23 155 147 14.9 154 112 155 129 121 102 16.0 17.0 106 167
24 161 149 15.0 158 112 157 133 121 102 166 171 106 173
25 16.6 151 151 162 112 1548 137 121 103 172 17.3 106 17.9
26 17.2 152 151 165 112 16.0 141 121 103 177 174 1086 184
27 177 154 152 169 M2 162 145 121 103 183 175 106 1890
28 183 155 152 172 112 16.3 14.8 121 104 189 176 1086 195
29 138 157 153 176 M2 164 15.2 121 104 194 176 106 | 200
30 194 158 15.3 179 11.2 16.5 15.6 12.1 104 | 200 17.7 106 | 206

Table 30: Look-up chart for determining fuel loads in sites with known fire age

If the fire age is not known, the relationship between litter weight and litter depth can
be employed to gain an estimate. Using a metre rule, range across the site randomly
measuring litter depth, recording a zero for bare ground or rock. The recording of zero values
permits the use of litter volume as the predictive element in the lookup chart, as this is shown
to have the best predictive strength (see Table 32). Take a minimum of ten measurements and

find the average values. For each depth measurement, find the average value from Table 31.
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Fart 3 | |Rainfall class Tree density class Canopy type
Depth LR LR HF YLD Lo 1) HO Arve Eah Ean Ep Ewin
08 54 43 42 5.1 59 25 57 33 43 28 35 47
1 59 55 5.1 58 69 40 6.4 47 52 3B 46 56
12 6.4 6.2 59 65 76 53 71 57 6.1 4.4 57 6.4
14 6.8 69 6.7 72 83 6.4 78 6.7 69 52 6.8 73
16 73 76 76 79 88 73 85 75 78 6.0 78 8.1
18 78 g2 g4 86 93 8.1 92 g2 87 6.8 g9 9.0
2 83 g9 92 93 98 88 99 88 95 76 100 99
22 88 96 100 100 102 95 1086 94 104 g4 1M1 107
24 93 103 109 107 105 101 113 99 113 92 122 1186
26 98 M0 "My 114 109 107 121 104 121 100 133 124
28 103 1186 125 121 112 112 128 1038 130 1038 144 133
3 1038 123 134 128 115 "My 135 112 139 1186 155 142
3z 113 130 142 135 "My 121 142 1186 147 124 166 150
34 1138 137 150 142 120 125 149 120 156 132 177 159
3B 123 144 159 149 122 129 156 123 165 140 188 167
38 127 150 167 156 125 133 163 127 173 148 198 176
4 132 157 175 163 127 136 170 130 182 156 209 185
42 137 164 183 170 129 140 177 133 191 164 220 193
4.4 142 171 192 177 131 143 185 135 199 172 231 202
46 147 178 200 184 133 146 192 138 208 180 242 210
43 152 184 208 191 134 149 199 141 217 189 253 219
5 157 191 217 198 136 152 2086 143 225 197 264 2238
52 162 198 225 205 138 155 213 146 234 205 275 236
54 167 205 233 212 139 157 220 148 243 213 286 245
56 172 212 242 219 141 160 27 150 251 221 297 253
58 177 218 250 226 142 162 234 152 260 229 a0s 262
] 182 225 258 233 144 165 241 154 269 237 319 271

Table 31: Look-up chart for determining fuel loads in sites with unknown fire age

Lastly, average the predictions, whether age-based or measurement-based, gained
through the different ordering categories to arrive at a single estimate. The use of all orderings
for a single prediction will produce an estimate that takes into account the effects of canopy

type, geology type, tree density and rainfall class for any site being assessed.

Discussion

The field assessment methods outlined above are not intended to replace the use of
fuel accumulation curves based on sampling and weighing methods. These field methods are
as an adjunct to the fuel accumulation curves themselves and as a tool of initial examination
or rapid assessment. The explanatory power of the field method is not as strong as the age-
based predictions from the fuel curves (see chapters 4, 5 and 6), and so this method is suited
to being used only on sites where age is not known. Table 32 and Table 33 show the

predictive power and relative strength of the field prediction method.
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depth r values cover r values volume r values
Canopy Etrl] -12+38 008 21+34 019 -02+33 013
Fpu| -24+35 073 29+5 045 -01+372 077
Ave| -08+34 05 2+38 042 0+33 054
Egy| -11+42 0386 08+35 053 0+36 055
Eamg| -16+33 043 25+21 0r7 0+18 084
Eamh| -46+44 049 43+5 039 0+35 0 63
Geology EoD -2+338 061 26+48 04 0+33 054
FoS| -22+472 041 36 +41 049 0+3 0 63
ToD| -1.2+41 048 24 +473 043 0+38 07
Rainfall High| -23+43 033 28+41 05 01+34 0 66
Lowy -1.2+4 048 25+4 044 0+36 057
Very Low| -06+386 024 3+35 028 0+34 032
Tres Density High| -16+31 074 43+49 026 0+3 073
hdedium 2244 0.33 2.1£31 0.7 0x34 0.69
Low| -1.1+£38 0.4 24+38 0.34 0.1+£36 042
Very Low| -12+43 022 3+4 0.38 -0.2+37 0.44

Table 32: Field predictions in tonnes per hectare as trialled against original field data

The use of litter cover alone as a surrogate for estimating fuel weight appears to over-
predict fuel loads by 2-3 t/ha and has an error band of 4 t/ha about this. Litter depth will
generally under-predict fuel loads by 1-2 t/ha, with an error band of 3-4 t/ha above and below
the mean. Litter volume, which is calculated from litter cover and depth, appears to have a
mean predictive error of zero and a 1-3 t/ha error band. In fuel weight prediction terms, the
use of only litter depth or litter cover will give an initial estimate error of approximately two
tonnes before the variability about the estimate is taken into account. This may lead to as

much as a 5 or 6 t/ha error in the estimation, which is significant in management terms.

As litter volume has a zero mean predictive error, this makes the use of litter volume
as a predictive tool slightly stronger than litter cover or litter depth. The error likely in any

prediction is in the order of 1-3 t/ha only, which is acceptable for field estimation.

The r* values also indicate that the use of litter volume is slightly stronger than litter
depth or litter cover across the whole data set. Classes are generally in the order of 40% to

70% explainable through the field method, although class Etr (Canopy ordering, Eucalyptus
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tenuiramis) is only 13% explained. For this reason, fuel weights for sites dominated by

Eucalyptus tenuiramis cannot be accurately predicted by canopy class.

Ordering Mean residuals and SD ~ values
Zanopy 003+ 307 0.63
eology 0+347 0.61
Rainfall -0.01+ 345 057
Tree Density 0+333 059
Mean- all -0.01+ 312 0.65

Table 33: Mean residuals and standard deviations in tonnes per hectare for field predictions across all
sites.

Table 33 shows the predictive power of the fuel weight prediction method using the
four different classification schemes on all 59 sites of the original fuel load and environmental
data. The rationale for averaging the predictions from as many of the classification schemes as
possible is that this process allows for more of the environmental factors that determine fuel
load to be incorporated. In general, a slightly stronger prediction is gained using all
classification schemes when compared to using any one single classification. The use of all
classifications gives an estimate with a similar mean residual and a slightly narrower standard
deviation when compared to the single classifications, however the 1* value for the single

classifications are slightly lower than using all classifications for the one estimate.

Canopy ordering appears to have a stronger predictive power than the other three
classification schemes but does not permit predictions to be made for Eucalyptus risdonii and
Eucalyptus tenuiramis dominated sites. These sites can still be estimated using tree density or

rainfall ordering classifications and still return acceptable results.

The method discussed above was collated and developed into a guidebook format
(Bresnehan and Pyrke 1998) and trialled successfully by both students and professional field
operatives. The guidebook text and pertinent information is included as Appendix 2. The

guidebook has also been trialled by three classes of third-year vegetation management
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students during 1998 and 1999 on sites of known fuel loads. The results from this trial have
shown if sufficient care and attention to the method is paid, estimations within 3 tonnes per

hectare of the actual fuel loads can be reliably and repeatably gained.

Technique developments- litter density

This study relied on calculating litter density from litter volume and litter weight. As
such, any correlation between litter density and litter weight, cover, volume and depth would
be reflecting the method of calculation and not the actual litter density. The reliability of the
field assessment methods would be greatly enhanced was there to be a technique for litter

density to be measured developed that was independent of measures of litter depth and cover.

Litter compaction may be a viable surrogate for litter density, and if so, brings the
possibility of developing a simple hand-tool based method for assessing litter density. The
measurement tool outlined in McCarthy et al. (1999), a simple sliding disc on a ruler, may

lend itself to just such a purpose.
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9. Conclusion

This study has shown that fuel curve modeling is a suitable tool for fire management
planning if the techniques and modeling equation are suitably rigorous. The previously
published equation form has been modified to better explain the immediate after-fire fuel
dynamics while retaining the basic process model structure, keeping its original usefulness as
a model in which the coefficients are recognizable field variables. Pre- and post-hoc data
checking techniques have demonstrated the statistical reliability of the accumulation curves
developed with the refined model, leading to a greater confidence in the results than previous

studies have had.

The traditional classification of sites by the canopy dominant species has been shown
to be of equal or greater usefulness than other logical classification criteria. This includes both
simple environmental factors and combinations of factors in an approximation of a
‘productivity score’ rating. Further investigation along these lines may well produce a more
robust and efficient scheme by which sites can be classified, but in practical terms the curves

presented in this study are perfectly acceptable management tools.

The potential for using the results of the fuel curve fitting process to develop a fast
field assessment tool was recognized as a practical benefit to this study. It has been
demonstrated that, while of lesser reliability than the traditional fuel drying procedure, the
results are more consistently within an acceptable range of the site fuel weight than other

currently accepted methods.

This study has shown the growth of computer statistical processing power has
provided a considerably greater scope for data investigation and the discovery of patterns

within very complex biological systems than was previously possible. It is expected this

176



S| Bresnehan Dry Scterophyll Fuel Accumulation

processing power will continue to increase, and as statistical and spatial mapping systems

become more integrated, new insights may be gained from the data generated in this study.
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Appendix 1: Data

Site| Geology |Tw class|Rain_class|Tree densi|Land zone Canopy X _coord |Y coord|fire-age
1 | Mudstone 4 low oy m1 E tenuiramis/risdoniy | 527552 |5242583| 295
2 | Mudstaone 4 loww high mi E tenuiramis/riadomi | 820514 8258423 175
3 | Mudstone 4 low lowy i E tenuiramisirisdoni | 518464 | 5258781 14
4 | Mudstone 4 wery low | oy m1 E tenuiramisirisdony | 514816 | 5270714 12
5 | Mudstaone 4 loww vary low mi E tenuiramis/risdomi | 532060 | 5255867 12
6 | Mudstone = high high i E tenuiramisriadomi | 523604 | 5249573 g
7 | Mudstone 4 wary low vary low m E tenuiramis/risdomi | 534048 | 5250534 5
8 | Mudstone 4 low oy m1 E tenuirarmisirisdany | 517516 | 5262662 35
9 | Mudstone 1 Iow medium mi E tenuiramisisdoni | 519332 |5258718| 2.5
10 | Duolerite 3 high high di E pulchella 523282 |5248255( 281
11 | Dolerite 3 louir medium d1 E puichella 526572 5247944 28
12 | Duolente 2 high lowy di E puichella 527144 | 5248152 12
13 | Daolerite 2 high vary low d1 E pulchella 227372 | 5247504 12
14 | Dolerite 2 low high di E pulchella 527964 5247100 11
15 | Dolerite 3 high high di E puichella 523848 |5251552 8
16 | Daolente 3 high high di E puichella 523912 | 524831 7
17 | Daolerite 3 wary low rmediurm d1 E pulchella 532568 | 5253571 35
18 | Dolerite 3 lowy medium d1 E puichella 526532 5249344 1.5
19 | Dolerite 3 loww medium d1 E pulchella 526932 5249344 09
20 | Dalerite 1 I vary low d1 E pulchella 526345 5249303 0.3
21 | Dolerite 2 high [y di E pulchella 527420 |5248076( 0.1
22 | Dolerite 2 high lowe di E puichella 527168 |5248340( 0.1
23 | Dalerite 2 Iow medium di A verticillata 526657 | 52539304 27
24 | Dolerite 2 low lowy di A verticillata 526608 | 5254217 13
25 | Dolerite 3 lowy very low d1 A verticilata 526876 | 5245200 10
26 | Dolerite 2 low oy d1 A werticiliata 526574 | 5254435 55
27 | Dalerite 2 low lowy di A verticillata 525791 5254470 4.5
28 | Dolerite 2 low [y di A verticillata 526057 |5254513 3
29 | Dolerite 1 louir medium d1 A werticiliata 526736 5249260 1.5
30 | Dalerite 1 Iow medium di A verticillata 525736 |5249260( 0.8
31 | Sandstone 4 wary low vary low 51 E globulusfiminglls | 527937 |5261274| 284
32 | Daolerite 1 wary low vary low di E globulusiviminalls | 520616 |5253581 13
33 | Dalerite 2 high medium d2 E globulusiiminalis | 518805 |5258100 10
34 | Sandstone 3 I rmediurm d1 E globulusiirinalis | 529056 | 5246740 5
35 | Daolerite 1 wary low low di E globuwlusivirminalis | 514960 |5284993 4
36 | Dolerite 3 high high d2 E globulusfiviminalis | 5188258 5268295 25
37 | Sandstone 1 high vary low sl E globulusiiminalis | 528026 [5262073 | 16
38 | Sandstone 1 high lowy 51 E globwlusiviminglis | 5275386 [5261813] 16
39 | Daolerite 3 low high di E globulusiviminalls | 526660 (5248304 1.2
40 | Dalerite 3 low high d1 E globulusiiminalis | 526764 |5248736) 0.2
41 | Sandstone = loww vary low g1 E amygdaling grassy | 524448 |5251215 18
42 | Sandstone 1 high lowy sl E amygdaling grassy | 532053 | 5255582 12
43 | Sandstone 1 louir high sl E armygdaling grassy | 524510 |5251879 10
44 | Sandstone 2 wary low vary low sl E amygdaling grassy | 520488 52533510 7
45 | Sandstone 2 wary low vary low sl E amygdaling grassy | 528618 |5256395 3
46 | Sandstone 5 high rmediurm 52 E amygdaling grassy | 521211 [5228274] 15
47 | Sandstone = high medium s2 E amygdaling grassy | 521211 |5228274 1
45 | Sandstone = high medium g2 E amygdaling grassy | 521211 |5228274| 02
49 | Sandstone 5 I high 51 E amygdaling heathy | 524458 [5251431 29
50 | Sandstone a louir high sl E armygdaling heathy | 526526 | 5240771 19
51 |Sandstone = high high 52 E amygdaiing heathy | 521078 |5228302 18
52 |Sandstone 4 I rmediurm s1 E amygdaling heathy | 524301 | 5251732 10
53 |Sandstone 4 wary low high s1 E amygdaling heathy | 533955 | 5254300 5
54 | Sandstone 4 wery low medium sl E armygdaling heathy | 534037 | 5250368 5]
25 |Sandstone 4 loww vary low g1 E amygdaling heathy | 524852 |5251717 =
56 | Sandstone 5 wary low vary low b E amygdaling heathy | 540356 | 5240472 3
57 |Sandstone a wery low oy sl E amygdaling heathy | 551832 [5254316) 08
58 | Sandstone = wary low lowy sl E amygdaling heathy | 551832 |5254316| 05
29 |Sandstone = high rmediurm 52 E amygdaling heathy | 521203 |5223594] 02
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Site |topo pos|mean rain|solar| tot.f |tot.d | tot.d | s.d | sl [ns.d|nsl|ed] el
2 g0 5 [128 |477| 805 | BB4 |052)1022|0583[118[3.71

—_

2 3 G50 52519458 |07 [ 877 | 664 |018)007 [013[0.05[0.35
3 3 650 525 1127|1096 10291012 | 023|004 1022|012 | 0.53
4 3 5480 5251921 1039|881 (866 01701 (1011005016
5 3 B50 25| BY7 045|832 | 615 |011)011(019(0.02[0.15
G 2 740 525 (12586 057 [11.95)11.95|016|003 (015 O [0.24
7 2 550 525 75 |0B1|BE3 [B37 |017)035]|0.22(013) 02
] 3 Ba0 5 | 501|052 4458 | 443 [019|0.03 (025|001 |0.07
9 3 B0 4251225 (012215 | 1.84 |005|007 (002 [0.21[0.03
10 1 850 45 [ 17 |33 [ 137 |11.06|062|259)1.2210.041.45
11 3 B50 5 17221291 143113852058 |0.38 (025|003 |0.53
12 3 al 5 165315514598 |1485] 1 |0.04(023)0.02]0.31
13 3 740 45 |16.55)1.58 | 1495|1445 (097 |0.44|029|005]0.32
14 2 650 45 [981 (222|758 | 676 |057|0682)06 | 0 [1.04
15 2 74l 445 [ 834 |26/ 566 | 54 115|024 )085|0.02 | 066
16 3 al 8 | MB |377| 783 | 766 [296|015(065|0.01(0.15
17 2 540 4751 52 |07 [ 449 | 405 |035)0171(0.29(0.31[0.02
18 3 650 525|243 1099|143 [ 1.24 |0585|014|011|004| O
19 3 Bal 525 16 |0B1| 089 (083 |06 |011) 0O |004) 0
20 3 B0 5 [182 ] 0 |1B2 (147 0 |01 0 |[013] 0
M 3 750 45 (128|001 126 | 115 |001|007) O |005) O
22 3 750 5 139 ] 0 [139 118 0 |06 0 |003] 0
23 3 Ba0 4 14568 16 129612830593 | 0221 (038|004 |0.28
24 2 B0 A5 12121051107 | 11.02|064 | 002 (021 [0 [ 02
25 3 650 5 105 (114935 | 9158 |0562|0.05(026)|0.11]0.34
26 4 B50 5 | /782|046 | 752 |74 027 |0.06(009)001({0.13
2 3 B2l 2251134 |1.29] 121 [1046 | 074163032 (0.01 0.2
28 2 G50 475 (1851221032 )1022|075|009 (01 [ O [0.34
29 3 650 525|297 (109|188 [ 172 |032|007|076|005| O
30 3 Bal 5251131 |024| 106 [ 053 019007005005 0O
E) 2 5480 9 | 188 [1.49 173 | 1683|026 | 0.58 (066 | 002|056
32 4 540 o [917 |0687] 83 | 812 |026)009(021[0.09[0.41
33 2 750 525 1221|148 1072 (1047 | 0.3 | 02 |0.38(005) 06
34 3 Ba0 45 [ 782 (139|643 | 57 |023|065) 0.3 |0.06|0.65
35 2 550 5 [ B2 1236|437 4 |015)034|203[003[0.15
36 4 750 525|313 |01 | 272 [ 262 |016)|0.03|0.23|0.07 | 0.02
37 2 700 48 [5636 034|501 [ 481 |02 |001)014|005( O
3 2 700 445 [754 |3.41]393 | 372 |022)012)318 (008 0O
39 3 B0 45 3 124011751123 [111|0.33[012]018] @
40 3 650 45 [125 001124 | 1.01 |001|015) O |00O7| O
41 2 B50 4 1107 176|854 | 745 04112 1 103|034
42 4 al 45 [671 |13 [ 441 | 435 |0.47|004)036|0.01|0.46
43 3 G50 45 110291394 635 | 537 (164|069 (164025045
44 4 550 5 | 7892|257 505|432 [134|059(096)|013|0.55
45 3 5480 425 312 115196 [ 1584 |072)022)1039(0.19 | 0.03
45 4 700 5 [225 136|085 | 064 |075)005(051[014[0.11
47 4 700 8 [211 113|081 | 038 |076|021|063(021] O
45 4 700 5 | 185|001 185|122 1001|036 0 |023] 0
43 1 Ba0 4.8 (22191352083 | 186 |013 218|051 (004 [ 0.3
50 1 B0 46 |14.59)403 1055 782 (1258|242|2058]| 0.5 |0.6B
51 2 700 48 (M7 (421|705 | 467 |08 |237|272] 0 069
52 3 G50 5 12567 2541002 562 [0589]1.31(0599|0053|0.55
a3 3 5450 45 [7BS |31 [ 4585 4 0750220152031 |0.82
54 3 550 45 | A7 158 31 | 289 ([081]014|034|0.05]0.43
55 2 650 48 [643 |275]| 367 | 306 |0.62|056)061(0.04(1.51
ab 3 5480 8 | B35 277|361 | 299 052 |005(225)10586] 0
af 1 5480 48 [326 (191135 | 08 |051|005) 1.4 (049 O
s 1 540 48 | 282|156 146 [1.07 0450061091031 0
59 4 700 5 | 185|001 183|122 1001|036 0 |023] 0
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Site [non.l|lit.vel |lit.dens|lit.cov|lit.dep |slope | aspect|tree dens
1 |G16| 240 | 2769 | 100 | 24 3 2 13
2 |082| 90 860 60 1.5 3 1 2
3 | 114129 | 7808 | 90 1.4 2 1 13
4 |053) 95 | 9022 | KO 16 3 1 14
5 | 053] 180 | 3438 | EO 3 3 2 12
6 | 06 | 210 | 565221 70 3 3 2 23
7111 ]300 | M23 | 80 a7 3 1 11
g |055) 109 | 4039 | ¥0 16 3 2 14
9 |033) 90 | 2045 | 70 1.2 3 4 17
10 | 592 | 329 | 33524 | 80 b 1 2] 25
11 1335 [ 249 554 a0 27 1 2 17
12| 16 [ 220 | 6615 | 8O 27 2 2 14
13 | 207 | 230 | 628.3 | 100 [ 23 2 3 12
14 | 303 [ 180 | 3755 | 8O 22 1 3 19
159 | 292 | 280 | 1929 | 100 [ 28 1 4 21
16 | 392 270 | 2837 | 100 [ 27 2 1 24
17 | 111 [ 129 | 3133 | &0 1.4 1 3 17
18 | 117 90 | 1386 | KO 1.5 3 1 15
19 1075 70 | 1187 | &0 1.4 3 1 15
20 |014) 79 | 1837 | KO 1.3 3 2 11
21 |013 | 70 | 1656 | 40 1.7 1 3 13
221019 B9 | 1689 | &O 1.1 2 2 14
23 | 184 | A40 | 2351 | 100 | 54 3 2] 17
24 | 108 260 | 4241 | 100 | 26 1 3 14
25 |1.28) 260 | 3533 | 8O 3.2 2 1 12
26 | 066 | 330 | 21965 ) 100 | 33 2 2 14
27| 282)| 279 | FF37 | 90 3.1 2 2 14
28 |13 170 | 606 | 80 2.1 1 3 13
29 | 143 140 | 1233 | 8O 1.8 3 1 15
30 |035| BO | 1562 | 40 1.5 3 1 15
31 | 208 280 | 5683 | 100 | 28 1 1 12
32 11065 150 | A41.3 | 100 1.5 3 2 g
33 | 174 200 | 5234 | 100 2 2 1 17
34 | 209 140 | 4075 | 7O 2 3 4 15
35 | 273 260 | 1429 | 100 | 28 1 2 13
35 |0A1) 100 | 2516 | 8O0 1.2 3 1 19
F | 043 B9 | 7067 | EO 1.2 1 3 "
38| 36| 84 | 4432 | 70 1.2 3 3 13
39| 174 75 | 1649 | AO 1.4 3 3 21
40 |023 ) 70 | 1453 | 40 1.7 3 3 21
41 1325 240 | 3099 | 90 27 3 4 g
42 1 1.34 | 140 | 3111 an 1.8 1 4 13
43 | 49 | 270 | 1985 | 100 | 27 3 3 18
44 | 357 | 180 | 240.5 | 100 1.8 3 2 10
45 | 165 100 | 1645 | 8O 1.2 2 4 g
46 | 157 &0 | 1298 | &0 1 1 1 15
47 1171 | &0 63.6 30 2 1 1 15
48 | 06 | 140 | B7 8 a0 28 1 1 15
49 | 366 | 369 | A029 | 90 4.1 1] 2 23
S0 | 674 | 240 | 3261 | 100 | 24 1] 4 A
A1 |BAB| 279 | 1669 | 490 3.1 1 2 18
52 | 382 230 | 3751 90 25 1 1 15
53 | 362|126 | 3182 | 90 15 2 4 19
64 | 178 192 | 1507 | 8O 2.4 2 4 17
55 | 334 | 230 | 1334 | 100 | 23 1 3 g
56 | 338 | BO | 4984 | &0 1.2 1 2 12
67 | 245 30 | 2578 | 40 0.7 1] 1 13
88 | 173 35 | 3075 | AO 0.7 1] 2 13
59 | 06 | 140 | B7.8 50 28 1 1 15
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Appendix 2: Field guide book

Introduction

This guidebook has been written with the aim of providing a quick method for
estimating the available flash fuel in dry bushland in Southeast Tasmania. Flash fuel is made
up of smaller material like leaves, bark and twigs; it is the fuel that supports the fire front. The
research and statistics behind this guidebook are based on the report “An assessment of fuel
characteristics and fuel loads in dry sclerophyll forests in Southeast Tasmania” (Bresnehan,

1998).

This guidebook is not intended to replace the current methods of fuel weight
estimation. Sampling, oven-drying and weighing procedures will give a more reliable
estimation of fuel weight for any site. The intention of this book is to provide a quick field-

based method requiring few tools and no laboratory or oven-drying time.

This guidebook was developed on the six most common dry bush vegetation types for

South-east Tasmania. These are:
White peppermint (Eucalyptus pulchella),
Black peppermint (E. amygdalina) with grassy understorey,
Black peppermint (E. amygdalina) with heathy understorey,
Silver and Risdon peppermints (E. tenuiramis & E. risdonii),
White gum and Bluegum (E. viminalis & E. globulus),

She-oak (Allocasuarina verticillata).
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How to use this guide.

To easily use this guide, the following items are required: a copy of the worksheet on
page 12 of this booklet, a measuring stick built to the description in the appendix (page 11),

and a pen or pencil.
When estimating the fuel load for a site, follow this procedure:

Determine the extent of the site- make sure you do not cross into different canopy or

geology types, or cross fire boundaries.

Write the site identification at the top of the worksheet. This can be a name or map

grid reference. Write the date the estimates were made next to the site identification.

Define the site according to Part 1 of this guide. Write the results in the Part 1 section

of the worksheet.

If the time since the last fire is known or can be reliably determined in the field, use
the charts in Part 2 to estimate the fuel load. Write the estimates in the Part 2 section of the

worksheet.

If the time since the last fire is not known, use Part 3 of this guide. Follow the method

and calculate the fuel load using the Part 3 section of the worksheet.

Whether you use Part 2 or Part 3, there will be three separate estimates of fuel load,
one for each of the major site characteristics. Average these to arrive at a general field
estimate for the site. Write this in the Part 4 section of the worksheet. File the completed

worksheet for later use and comparisons.
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The charts throughout this guide use shortened titles for the site characteristics. They

are as follows:

Canopy types
She-oaks: SO
Heathy Black Peppermint: H BP
Grassy Black Peppermint: G BP
White Peppermint: WP
Silver and Risdon Peppermints: S&RP
White gum and Bluegum: W&BG

Tree Density classes

Very low tree density: VLD
Low tree density: LD
Medium tree density: MD
High tree density: HD

Rainfall classes

Very low rainfall: VLR
Low rainfall: LR
High rainfall: HR
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Part 1: Defining the site.

The method for defining the site to be assessed is based on three major factors: the
type of canopy tree, the density of the canopy trees and the amount of rainfall the site

receives. Write the assessment results on the worksheet.

Canopy type.
The following key, simplified from that presented by Duncan (1996), should be used

to determine to which of the six communities a site belongs.

la. Small to medium sized trees with long thin droopy needle-like green foliage: She-

Oak category.

1b. Medium to tall trees with well-defined leaves ranging from 5 to 12cm long:

Eucalypts. Go to 2.

2a. Leaf length generally over 7-10cm. Bark generally smooth and white, possibly
with a brown flaky ‘sock’ of thicker bark at the base of the trunk. White gum and Bluegum

category.

2b. Leaf length generally less than 8cm. Trunk and limb bark may be smooth or rough.

Peppermints. Go to 3.
3a. Trunk bark is generally dark and rough. Black peppermints. Go to 4.
3b. Trunk bark is generally pale and smooth. Go to 5.
4a. Understorey is mostly grasses. Grassy Black Peppermint category.

4b. Understorey is mostly heath, ferns and/or low bushes. Heathy Black Peppermint

category.

Sa. Leaves very narrow and straight, quite green coloured. White Peppermint category.
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5b. Leaves narrow and noticeably bluish/silver in colour or leaves very round in shape

and silvery white in colour. Silver Peppermint and Risdon Peppermint category.

Note: Some wetter sites may have stringybarks (Eucalyptus obliqua) or ironbarks

(Eucalyptus sieberi) present. These types of forest fall outside the scope of this booklet.

Tree density- Bitterlich wedge method.

Tree density in square metres of trunk area per hectare of land can be estimated using

the Bitterlich method (Mueller-Dombois and Ellenberg 1974).

Using a measuring stick constructed to the specifications outlined in the appendix,
stand in the approximate centre of the site and hold the stick up to your eye and parallel to the
ground. The sighting block should be at the far end of the stick. Sight down the length of the
stick and slowly rotate in a full circle, counting every tree trunk wider than the sighting block.
At the end of the circle, the count of tree trunks is equivalent to the tree basal area in square

metres per hectare.

Density counts of less than 13 are considered very low density, counts of between 13
and less than 15 are low density, counts of between 15 and less than 18 are medium density

and anything at or above 18 square metres per hectare is considered high density.
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Rainfall class.

Locate the site on this map to determine rainfall class.

Rainfall classes
O Below 600mm/yr
[0 600 to 700mm/yr
O Above 700mm/yr

New
Norfolk

—

e

EE‘Brigh’l:cn

20 30 Kilometres
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Part 2: Assessing fuel loads for sites of known time since last fire.

This section is for determining fuel loads for sites where there exists reliable

information indicating when the last burn occurred.

The approximate date of the last fire can sometimes be determined in the field, using
tree-ring counts from leptospermum and fire-scarred eucalypts. Banksia node counts are
another method useful in the field; these understorey trees will put on one extra node of
growth each year (Brown and Podger 1982). However, ring and node counting are dating
methods requiring both practice and patience and as such, if there is any doubt over the

accuracy of a fire age estimate, the part 3 section of this guide should be used instead.

Assess the fuel loads for the site along the relevant categories (canopy, rainfall and
tree density) according to the elapsed time since the site was last burnt. Write the relevant

information on the worksheet.

Use the Part 2 reckoner charts to estimate the total fuel load.

Fart 2 | |Rainfall class Tree density class Canopy type

Ane VLR LR HF YLD LD WD HD Awe Eah Eag Ep Etér Evég
2 43 41 47 44 6.7 a3 45 70 29 4.1 a7 0o 34
3 43 51 6.1 50 g2 45 49 96 39 46 53 38 4.1
4 53 60 73 57 92 56 53 1038 43 52 6.7 6.1 43
5 58 63 83 63 99 6.7 57 115 56 58 g0 75 55
B 6.4 76 92 69 103 76 6.1 118 6.3 63 9.1 83 6.2
7 69 83 100 75 1086 85 65 119 69 69 101 90 69
g T4 90 107 8.1 1038 92 69 120 T4 75 Mo 94 75
9 g0 96 114 87 109 100 73 121 79 g0 1138 a7 g2
10 85 102 119 92 M0 1086 N 121 83 86 125 99 g9
" 9.0 107 123 98 1M1 112 8.1 121 86 92 131 101 95
12 96 M2 128 103 1M1 1138 85 121 g9 98 137 102 101
13 101 mi 131 108 1M1 123 g9 121 9.1 103 142 103 1038
14 1086 121 134 13 12 128 93 121 93 109 146 104 114
15 112 125 137 118 112 132 97 121 95 "5 150 104 120
16 1.7 128 139 123 112 136 101 121 96 120 154 104 1286
17 123 132 141 128 112 139 105 121 97 126 157 105 132
18 128 135 143 133 112 142 109 121 99 132 160 105 138

14 134 | 138 145 BT M2 | 145 | 113 121 949 137 | 182 105 | 144
20 139 | 140 146 141 M2 | 148 | 117 121 10.0 143 | 164 105 | 150

21 14.4 143 14.7 148 1.2 151 121 121 1041 1448 16.6 105 156
22 15.0 145 4.8 150 1.2 153 125 121 0.2 154 16.8 105 16.2
23 155 4.7 144 154 1.2 155 129 121 0.2 6.0 17.0 108 16.7
24 16.1 144 150 158 1.2 157 133 121 0.2 166 171 108 17.3
25 16.6 151 15.1 16.2 1.2 154 137 121 103 7.2 173 n0s 7.9
26 7.2 152 151 165 1.2 16.0 14.1 121 0.3 77 174 108 184
27 177 154 152 164 11.2 16.2 14.5 121 103 183 17.5 108 19.0
28 18.3 155 152 172 1.2 163 14.8 121 104 1848 7.6 108 19.5
29 18.8 157 153 178 11.2 164 15.2 121 104 194 176 106 | 200

30 194 | 158 | 153 || 179 | 112 | 165 | 156 || 121 | 104 | 200 | 177 | 108 | 206
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Part 3: Assessing fuel loads for sites of unknown time since last fire.

Using the measuring stick, wander about the site and take ten random measures of
litter depth. Record these measurements on the worksheet. If any of the random depth

measurements are bare ground or exposed rock, record a zero.

Add up all measurements and divide this number by ten. This is the average litter

depth (in centimetres) for the site.

Use the reckoner charts on the next page to estimate total fuel loads based on the site

categories and the average litter depth. Write them in the Part 3 section of the worksheet.

NB: Silver and Risdon peppermint fuel loads cannot be predicted in this manner, as
the distribution of the litter is highly variable in these forest types. Calculate fuel loads for

these canopy types using tree density and rainfall classes.
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Part 3 fuel reckoner chart.

Fart 3 | |Rainfall class Tree density class Canopy type
Depth YILR LR HR YLD LD wWO HD Ave Eah Ean Ep Eviay
ns 54 48 432 5.1 59 25 57 a3z 43 28 35 47
1 59 55 51 538 59 4.0 54 47 52 3B 46 56
1.2 5.4 5.2 59 B5 76 53 71 57 6.1 44 57 5.4
14 6.8 6.9 67 72 83 64 18 67 69 52 68 7.3
16 T3 76 76 749 88 73 85 75 738 5.0 78 8.1
1.8 IR 82 g4 86 93 8.1 92 g2 87 68 849 9.0
2 8.3 89 92 93 98 8.8 9.9 83 95 76 100 99
22 8.8 96 10.0 10.0 102 9.5 106 a4 104 g4 11.1 107
24 9.3 103 109 107 105 101 13 99 113 92 122 116
26 9.8 11.0 1.7 114 109 107 12.1 104 121 100 133 124
28 103 116 125 121 112 112 128 108 130 108 144 133
3 108 123 134 128 1158 i 135 "2 139 118 1558 142
az 113 13.0 142 135 17 121 142 M6 147 124 166 150
34 118 137 15.0 1432 12.0 1258 149 120 156 1332 177 159
B 123 144 158 149 122 129 156 123 165 14.0 1588 167
X 127 15.0 16.7 156 125 133 163 127 173 148 198 176
4 132 157 175 163 127 136 17.0 130 182 156 209 185
42 137 164 183 17.0 129 14.0 177 133 19.1 164 220 193
44 142 171 19.2 177 131 143 185 135 199 172 231 20.2
46 147 178 200 184 133 146 192 138 208 18.0 2472 210
48 152 184 208 19.1 134 149 199 141 217 189 253 2189
5 157 19.1 217 198 136 152 206 143 225 197 264 228
52 162 198 225 205 138 155 213 146 234 205 275 238
54 167 205 233 212 139 157 220 148 243 213 266 245
56 1732 212 2472 219 14.1 16.0 227 150 251 221 297 253
58 177 218 250 2286 142 162 234 152 260 229 308 26.2
] 182 225 258 233 144 165 241 154 269 237 319 271
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The measuring stick.
The measuring stick is used for determining litter depth and cover, and also for

measuring tree density.

2em wide sighting block 7

Stick 15 1 metre long

Diwide stick into 10cm interwvals _)__)_f——f—”'

using plastic tape or similar.

N

Final 10cm segment is divided into

lctn sections for litter depth measures.
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Field worksheet.

Site identification and/or name

clate
/1

Part 1: Defining the site

Canopy type
Tree density:

Rainfall class:

Part 2: For sites of known fire age:
Approximate date of last fire:

Canopy

Elapsed time since last fire (years)

Tree density Rainfall class

Mean

Lse the charts for known fire age to estimate fusl loads

t'ha

tha

tha

tha

Part 3: For sites of unknown fire age.:
Malee ten random measurements of litter depth in centimetres

1 cm 6 cm
2 cm 7 cm
3 c 8 C
4 C 9 C
5 C 10 C
Total

Average (divide by 10) cm

se the reckoner charts for each category to estimate total weight

Canopy Tree density Rainfall class Mean
tha ttha ttha ttha

Part 4: Final estimate

Estimate (part 2 or part 3) tha
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Appendix 3: Residuals plots
Note: Time since fire is presented here in units of years, and residuals in units of tones

per hectare.

Canopy ordering

Category Ave: Allocasuarina verticillata
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Category Epu: Eucalyptus pulchella

Tine since fire

Epu Total fuel Epu Total dead fuel
] 5 ”
=
% 0 = T T —g 0 T T
1] @
(= ¥ 20 B 2 10k 20
' -5
Tirne sinee fire Tirne since fire
Epu Total live fuel Epu Litter fuel
3 ]
E 0 al T T E a T T
@ ® = o ® s
P 10 20 P 10 20
-3 B
Titrie sinee fire Titrie sinee fire
Epu Non-litter fuel
3
'_'g k3
T 0 — .
3 2
£ 10 20
-3

Category Eamh: Heathy Eucalyptus amygdalina

Fesidual

Lo}

|
[a

Eamh Total fuel

Titre sitce fire

Earmh Total dead fuel

Fesidual

=
O PR 3 T T

5 101 20

Titne sinee fire
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Earrh Tetal live fuel

Earnh Litter fuel

Tirne since fire

3 5
i e a w
"g = -g S
= 0 3 T A 0 T T
a w 3 x
e 10 20 e R 10 =20
-3 -0
Titre since fire Titre since fire
Eamh Mon-litter fuel
3
—'[G ®H
= 9
=2 0 T T
% k4
R w10 20 E
-3

Category Eamg: grassy Eucalyptus amygdalina

Earng Tetal fuel

Earng Total dead fuel

5} 5
i “ i
.rg 0 = - T x| —g 0 - >'< T
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Category Etr: Eucalyptus tenuiramis/ E. risdonii
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Appendix 4: TWINSPAN output
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TWINSPAN output (simplified)
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