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MAPPING BUSHFIRE HAZARD AND IMPACT

Developing spatial information on fire hazard for planners,
land managers and emergency services

Marta Yebra, Albert Van Dijk and Geoff Cary

Fenner School of Environment and Society, Australian National University College of Medicine, Biology and
Environment, ACT.
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PROJECT END-USERS

. John Bally, Bureau of Meteorology (Lead-end-user)

. Adam Leavesley and Neil Cooper, ACT Parks and Conservation.

. Robert Preston, Public Safety Business Agency (QLD).

. Andrew Sturgess and Bruno Greimel, QLD Fire and Emergency

. Laurance McCoy and Stuart Matthews, NSW Rural Fire Service

. Andrew Grace, Attorney-General’s Dept, ACT

. Richard Wald, SA Country Fire Service

. Simeon Telfer, Department of Environment, Water and Natural
Resources. SA

. Belinda Kenny, Office of Environment & Heritage, NSW

. David Taylor, Tasmania Parks and Wildlife Service.

New end-users: Bruce Murrell and Michael Konig (Boeing Defence Space &

Security)



PROJECT EXTERNAL COLLABORATORS

* Darius Culvenor (Sensing Systems)

« Jim Gould (CSIRO)

« Tom Jovanovic (ANU)

 Alex Held, Arantxa Cabello and Michael Schaefer (CSIRO/ TERN-AUSCOVER)
« Emilio Chuvieco (University of Alcala, Spain)

e Philip Zylstra (UOW)

¢ Samsung Lim (UNSW)



PROJECT STUDENTS

PhD students on “Mapping forest fuel load and structure from LIDAR”.

* Narshima Garlapati (ANU-APA+ BNHCRC top-up scholarship )
* Yang Chen (University of Monash-APA + BNHCRC top-up
scholarship)

Undergraduate students

* Lois Padgham (ANU-Independent Research Project, ACT Parks).
Topic: Cosmic ray soil moisture probe for fuel monitoring

« Lauren de Waal (Engineering Honours student at ANU)
Topic: “Grassland curing and moisture content monitoring with
automated sensing systems for bushfire prediction”

Academic study visitors

 Susanne Marselis (Graduated Msc Earth Sciences, University of
Amsterdam)- (February-April 2015).
Topic: Terrestrial LIDAR and fuel structure.

« Xingwen Quan (PhD student, University of Electronic Science and
Technology of China, Chengdu) (October 2015-October 2016)

Topic: Remote Sensing of Fuel Moisture Content




GOAL

» Produce reliable and operationally useful
spatial information on critical aspects of
bushfire hazard (fuel structure, load and

flammability)

» Determine the impact of unplanned and
prescribed burning on fuel accumulation as

well as landscape values (habitat, water
resources and carbon storage) over time, in
support of fire management.
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TWO DIFFERENT SET OF TRACKING METHODS

1) IN-FIELD methods

a) Local scale

b) End-user may need to collect and post-process the data
using standardized protocols

c) Provide objective, detailed and consistent observations at
real time

2) Spatial information at national scale
a) National scale
b) Freely available and in most cases at near real-time

'll bnhcrc.com.au



DISPLAY SCREEN

RECHARGEABLE BATTERY
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AUTOMATED AIRBORNE LIDAR FUEL STRUCTURE

? HAZARDSCRC
/W

. Black Mountain and Arboretum Canopy Base Height
Mulligans Flat Canopy Cover

USING LIDAR FOR FOREST AND FUEL
STRUCTURE MAPPING: OPTIONS,
BENEFITS, REQUIREMENTS AND COSTS

Yebra, M.14, Marselis, 5.2!, van Dijk, A.'4, Cary, G.'4 and Chen, Y.24
1Australion Nafional University

Monash University

Hniversity of Amsterdam

‘Bushfire and MNatural Hazards CRC
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AIRBORNE LIDAR FOR FUEL STRUCTURE MAPPING

New Airborne Full-wave LIDAR
collected across ACT July 2015
(funding from ACT Government
and TERN)

Mapping forest fuel load and structure
from airborne LiDAR data

Narsimha Garapati'-2, Albert Van Dijk'2, Marta Yebra'2, Geoffrey Cary'2
1 Fenner school of Environment & Sociefy, The Australian Hariondl Univessity, Canbema
2 Bushfire & Nofurl Homos: CRC | Email: narsmiba patopati @anu eds au
Cluster: ing and p Project: Mapping bushfire hazard and impacts
AUSTRALIA IS A DRY CONTINENT, WITH HIGH CLIMATE VARIABILITY, AND IS CONTINUALLY
VULNER ABLE TO NATURAL HAZ ARDS LIKE BUSHFRES. IN ORDER TO BETTER EVALUATE & REDUCE
THE RISK OF BUSHFRES, FIRE MANAGEMENT AGENCIES AND LAND MANAGERS NEED TIMELY,
ACCURATE AND SPATIALLY EXPLICIT UNDERSTOREY FUEL METRICS ALONG WITH CLIMATIC AND
OTHER SPATIAL TOPOGRAPHICAL INFORMATION. THE LIGHT DETECTION AND RANGING (LIDAR)
DATA AND TECHNOLOGY IS A PROVEN ALTERMNATIVE TO TRADITIOMALLY TIME CONSUMING

AND LABOUR INTENSIVE FUEL ASSESSMENT METHODS.
INTRODUCTION

Did you know?
Today airborne LIDAR sysiems (ALS) and
fechnotogy with full-waveform LIDAR daka
(Pw) copabifity, hos

b LDAR technoiogy and full-waveform
form oc?a nas wide potential in forestry
fus mapping. Tis i becouse of become a very
increcsed capotilities in captuing e [ Ergmer At am T iggrf e
unaerstorey and ned suriace fusl icoas foresiry mapping covering larger areas in
and ofher structord information witn [T TF TR Jr R
highest precision in o recsonabie time.

} How Busnfire rsearen must overcome
many chalenges (fime &4 spatia
accuracies| with the wutilsztion of the

THS PhD RESEARCH

b Investigates and utifses cutting-=dge
active remote sensing technoioges like
LDAR fo ovonce AusTdion Dushire
mseqren and utiise the next genetion
spotial informasion.

b Asesses the competence of fulk
wavefom LIDAR fo map fne understorsy
forst fueis and structures for the whoie
of the ACT.

b identify ond develop high resciution

Narsimha Garlapati PhD project

otvanced ALS-FWNL  fechroiogies fo splicl procircts which are of porficuir
develop more gocurdte fusl dof abases inferest to busnfie and emergency
wrich cre crucidl for fire ik cssessments. k... i 1 ) pa
= _ = agement.
A 7 tion
guwe 3 Adl-wavelorn sgaal Rspotse on b Wil deveiop an accurate fire sk index Hlumina
vegetalon Mo etal. 2015 ana ood vaue To exsting spatia aarg,
o make informed decisons in oitical
Times.
RESEARCH GUESTIONS Return Signal
¥ IsFW LIDAR any Detter ihan the discrete ‘Waveform
form?
Fguie 1 ek survey pits (Mool crec: PRl Iybtra, Doy } How ond to what extent the can Fiv- 04 N F'“.t Return Mu]l':lple Return
} EARLER fire management was making :iﬁmdmufgi;ﬁc [ mapping Leading Edge|  Distance Distance 1
reliobie esfimates about the fuels witn : of Peak
the comoingtion of extentive ground b 5 the owdlabie LDAR data compiying 20 1
UNVEy OOTa daiong With ofner Emote with me Amefican Society of *+— Pak
sersing data [Figure 1), Photogrommetry and Remots Sensing Ml.l]ﬁplfn furn
} Even giter ihe evolution of LIDAR, e |”.P£:-‘ l[?"‘;ﬁaﬁmuz sfandars and 40 s 2
remats ioentificarion and cssessment of preject specilicanenss o Distance
the elevared and nearsufoce fuel (NSF) } Caon we estabiish an objective way o E
under denser conopies was chalengng define the nafiond fuel ciasification - "
(Pdoce ef o 015 Tns is becouse system and tne fuel narard dssesments 2 £ 60 4 Multiple Return GOVeI'nn'lel"lt
dsorete puises coot  dsfect e bmed on ihe LDAR oefved fuel H H Distance 3
ungerstorey fuslfother stuctures due to metrics2 g £
weokening of pulses which wese unaoie =
e e e L a1, Sorg - and Warg L, LS. forme Cancpy L wed S8
gound (Figurez). a
Multiple Return
100 1 Distance 4
Fgure 2. el ul] . 5
MWD EEMENTS: Last Return  Multiple Return
[LACT Governmert-Endranmert & Flanning, Parks & . ) . . i i
f— | fairden Conservation for the AW LIDAR. ;‘;_x _m“':’“'u”“‘::"": Distance Distance §
s Nai [2. BNHCRC for topup scholarship and project support. 1= = L 4
Unversfy  CSIRD far the providon of disoete UDAR and TERN | [IE i e e e e NN a 140
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AUTOMATED GROUND-BASED LIDAR FUEL STRUCTURE
CLASSIFICATION

Marselis, S., Yebra, M., Jovanovic, T., van Dijk, A.
Automated classification of mobile laser
e scanning observations to automatically derive

! Faculty of Science. Monash University
2 Fennes School of Environment and Socisty, AHU Colege of Medicine, Biclogy and Environment, The Ausitalian Nafional University, ACT
3 usnfire & MOTUND! Hazads Cooperatfve Resaarch Center, Melboume, Ausralia

—— — information on forest structure and biomass.

MODELLING FOREST FUEL CHANGE OVER y/ o _
TIME USING LIDAR TECHNOLOGIES /?\ HAZARDS -

meqsUre Kandscape- i after e fuel smuctre ciosification,
in order to generate a A P forest fuel eharacteris
cheap and objective )
forsst fusl nazara

accunately and effci
By 2Tl (33 o

T T Submitted to Environmental Modelling and
] Software . Under review.

F Eievated shrubs regssignment
suctures and  assess  forest  fues .

haz: t wil gso a: F Brancnes and Leaves assighment

:’:ﬂ;ﬁ‘;’?’”‘”'“ fa mpact on A i3 TOOL DEVELOPMENT
s Tris stugy deveioped g GiS-based method
RESEARCH QUESTIONS for forest fuss STaNa ciossfication. IT con be

appliec to effcienty ana obiectively o P
Tris research aims to arawer tne folowing. 0 ¥ Tree heights can be estmared oy

forsst fusl charoctaristics in dense searching for e highest pains witin @

uestions: "
9 sucaypt forests as well ar 1o estimare distance of a Tresnoia 1o me indviua o
e EREEIERST Sniamhemmes Chen, Y., Zhu, X., Yebra, M., Harris, S., Tapper, N
improve forest fuel siucture mc"GGe"‘é'W using various (assr seanring the maximum radius of crowns. Tne DEH ) ) Vi °) ) ) ) ) ) .
megsuements on d landscape scale? ens (eg. WDG‘ﬂ mounted devices and is the dgiometer ot breast nesght [1.3 m
} How to infegrate arbome LDAR Wit Ds" ie devies| gpove e temdn| ot can be .o . .
temestiol LDAR for forast ful The @45 teol suppers esfimated by @ Hougn croe firing
characterisic measurements2 3 s dlgorthm. T"‘E getected circes can oe -
afivestage process %5 o o areq (8A] s e ross-
b How forest fuel nazards ore relared to forine aulomarc —— - aven of Tree TUMKS Wrich con
forest age and environmental factors OREST fLe kayers - = esfmatea Dased on e calcuate:

ciassification and

e.g. weaiher, fopography. and soil
l=g PograRy: rventony and

fypel? =

fues nazard
CURRENT FINDING esfimates: raw data

exraction. Lo H
CONVENTIONAL FUEL LAYER

- - fire hazard assessment using terrestrial LiDAR

data. Submitted to ISPRS Journal of
Photogrammetry and Remote Sensing. Under
review.

conversion, fuel
structure
ciossification, fuel

CLASSIACATION

Fusd Iu, er ciassfication dims to verficaly

classy fues info groups including sofoce oo
ues, sevated stib  coaeree ™

story fusls aooording 10 aeimores,

vertican neigns ranges. However, directy
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LoaR poir"mq =0 to tne olioaing iss-

[ cme ]
[ e g = K
efficienty and objectively prefomn
strata-based forest fuel characteristics

END USERS STATEMENT

reigtionship.
UDAR BASED FUEL STRUCTURE
CLASSIFICANION

LiDAR derived fusi stucture classfication
invoives the following procedures:

¥ Hordzomal siicing aims to separate lasar
points info grouns Dased on e neignt
ntenval

b Reference tree unis identification (Fig.

2

MONASH Ut
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MOVING TOWARDS A MORE OBJECTIVE
FUEL ASSESSMENT

Traditional visual assessment Terrestrial LIDAR (Zebedee)

I W

Xt Overall fuel hazard
= assessmentguide
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CLASSIFIED POINT CLOUD

The classification algorithm is able to automatically recognise
98% of the trees in the study site and 80% of the elevated
vegetation components with an error of commission of 20%.

classification
- Tree Elevated Not Total
observed

49 1 2 52
0 12 1 13
1 2 0 3
3

50 15 68
Marselis, S et al. (2015, Submitted to EMS)
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AUTOMATICALLY DERIVED INFORMATION

ON FUEL STRUCTURE

1) Fractional cover and depth of near surface,
elevated and canopy fuels

2) Diameter at breast height

35
Fuel Propert m
T Fuctpropery |0 __
@ gR,\;SE;a;?g - Litter-bed depth 0.87 10.97mm
%25 ............. .............. o ¢ .......... B ............. L itter Cover 0.8 5.38 %
fg IOk .............. ........ ‘4 ........... .............. ............. 4 NS Cover 0.94 6,9%
% 7 _____________ 1 ______________ ______________ _____________ | Elevate cover 0.87 9.86%
R ________ _____ “ ______________ ______________ _______________ Chen, Y et al. (2015, Submitted to ISPRS JPRS)
£ i | i i i
[ 10 15 20 26 30 35

Field measured DBH (cm)

Marselis, S et al. (2015, Submitted to EMS)
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LIDAR DERIVED OVERALL FUEL HAZARD RATINGS

N

Plot2 surface A
fuel hazard ratings

N

Plot2 elevated A
fuel hazard ratings

Plot2 near-surface
fuel hazard ratings

Low

Low

High Moderate
Moderate

Very High High

- Moderate

Very High

- Extreme

Very High

B -

Plot2 overall
hazard ratings

- Moderate

High

Very High

Extreme

Chen, Y et al. (2015, Submitted to ISPRS JPRS)
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SUMMARIZING

1) An algorithm has been developed to
automatically derived forest fuel structure and
OFHA from Zebedee LIDAR

2) This does not obviate field assessment but it will
provide more objective and consistent way to
assess the fuels in comparison to traditional
visual assessments
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INTEGRATED SENSOR SYSTEM FOR GRASSLAND
CURING AND FMC

'S S S SN NSNS NN NN

Understanding Grassland Curing for Fire and Land
Management Operations in the Australian Capital Territory

Gale, M_J." 2 Yebra, M. **Martin, D.* Culvenor, b * Leavesley, 4 J_"2Gill, & M. % *Cary, G_J. **
De Waal, L.*Farguiiar, 5. 1.2

1. ACT Parks and Conservation Service

2. Bushfire and Natural Hazards Cooperative Ressarch Centre

3. Fenner schoal of Environment and society, australian National University
+. Victorian Country Fire Authority

5. Environmental Sensing Systems

‘G of the § sensars locaced at e amay
understanding Grassland Curing e

Parks and Conservation Service is hosting a collaborative methodological study comparing the outputs fmm different grassland curing
n—und-, the P satallite-based grass curing modsl, a ground-based array of Normalised Difference Vegstation Index (NDVI) sensors, the “Green
seshera” (handheld NOVI sensor), and human field ohservations. A trial since September 2014 in the ACT has been undertaken which routinely collects
wvisual curing levels using the CPa Grassland curing Guide.

Grass curing, is a key consideration for bushfire planning and operations. Accurate determination of the degree of grass curing is required for four
public policy abjectives: public wamings, fire response readiness level, fire behaviour pradictions and fuel management activities such as slashing and
grazing

These images illustrate the change in Grass Curing _over the summer period. The observed grass curing using the CFA Grassland Curing guide was

imversely related to the NDVI measured at the amray (Figure 1a). The Fuel Moisture Content (percentage of oven dried weight) of the grass samples was
directly related to the NDVI measurements from the handheld Green seeker @ (Figure 1b).

Methodalogy
Objective .‘ ??JIIIS 24“'& An array of five NDVI sensors
‘ ~ linked %0 a weather station

m : T

The objective of the study
collecting NOVI data every 3

was to the
different  grass  curing

minutes and weather
information every 2 minutes.

estimation methods and to
At the site, in addition to

wisual curing  assessments,
two samples of grass at each
sensor are measured with
the “Green SeekerE”
collected and transpartad to
the laboratory 1t be
weighed, dried (for 24 hours
at 105°) and re-weighed to
determine the Fual Moisture
Content (FMC).

Rretults
Early results appear to show
agreement  between

wisual

These images are developed in :nn]mmen with field sboervations using the CFA
Grassland Curing Guide and satellite NDWI data. The images are produced weekly
providing a regional view of the grass curing level and can be produced with or
without mazking of foreted areas.

Conclusion
The advantages of such systems would be a reduction in the reliance on staff and volunteers for checking

satellite data and reduced exposure to human subjectivity.
6’ environmental @
7J SENSING SYSTEM

=

Australian
Mational

A

GRASSLAND CURING AND MOISTURE CONTENT

MONITORING WITH AUTOMATED SENSING
SYSTEMS FOR BUSHFIRE PREDICTION

Lauren de Waal

Supenvised by Marla Yebra & Geoff Cary
Fenner School of

P tiazanssti

ANU College of Medicne, mohgy:.emonm

Envronment & Socaty,
Ressarch School of Engineering, AHU Colisge of Enginesting & Computer Scienc

1. BACKGROUND
Austraiia has a hot and dry climate, prone fo bushfre events

b Remote lncatons present manitoring issuss for agensies as they
are difficut 10 0ccess and requite ExCessive manpowes

} Emvirormental Sensing Systems, dlongsice the CSIRO and ANU,
are tesfing a set of stafionary speciral sensors (Alexander ef o,
2014). These sensors are depioyabie in remote dreds as fney
measure Normalised Difference Vegetation Indsx (HDVI] and
fransmit resuits fo a base station for oniine upicod

2. GOALS
Tris res=orch had two main purposss:

1) To @ef as on expanged i, Testing SPECTOl sersor MDVI
‘estimates in a different gecgraphic location. Infial sensars tests
were conducted in Victoria, 2014 (Alesanderef al. 2014)

2) To increase understanding of interacrions between visual curing
percenfage, MOV, Fuel Mgstre Confent [FMC] and
metecroiogical effects

3. METHOD

} A grossand on Coppins Crossing Road in the Ausraian Capital
Temmitory [ACT] was Used for weekly dota collection

} Five sefs of speciral sensors were used on ste, spoced gong @
transect of opproximarely 700m. The SEensofs Measured MOV
every thres mirutes and frarsmitted this information. A base
stafion gathersd wedther data ond took photos of the
grasana curing processes, Upoadng ae informarion 1o an
ariine repostory

P weeny fiela ste somping includea fve visua cuing
percentoge estimotes, ten handhed GreenSesker device
megsurements and ten FMC sampies collected for further
aboratory processing

+ Satslite products were used fo derive anotner vaue of NOVI
over me sampiing time parioa, for furner comparison of specmal
sensor results

=

4. RESULTS

b Winile the specirol sensors, Greensesker and satelite folowed the
same greenng Tends over e SUMMEr perod, The mMEmoos
preicted sgnificantyy different values of HDWI

b An ANOVA furiner confirmed differences between methods

asus ases asem Mo
aswsar aama sz -
Swsar asex aous -

b Two regresion anayses wese Used 10 OSTEMINE N DEST SUBSETS
for expiaining vanation in visual curing and FMC results

Vi Curng 3T 2m oo - ame

ranc = use oo > amr

¥ It was founa me best posible combingtion wnen predicting
curing and FVIC was using the Greensesker and satelite products,
WANGUT INGILEION Of SPECTl Sansor resUlts

5. CONCLUSIONS

The spectal sensors snould be further considered for bushfie
monitoring purpeses, undergoing odditional testing in diffesent

‘employment. s the frial restarts in e 201516 summer seascn, it &
recommended Nar metnod changes include CGresenseeker
measrements directly undemeath specTl sensor lecations and
mmmndognmlamcmsamjng_m
WoUId ensure befler practice dara colection and monitoring
Ulfimatedy, fhe measurement technique chosen for maritoring
ospencs on e oumoriry opemtional pions, access 1o
cl\clnuagel uiising a i of
methods would allow management agencies fo
mnﬁnmgummmh—nmwmmmmngd
by

a1 bt B Mihim, 6., i, [, bl & s B,
Py

" =, Conlmance o Ergiveee Shdent bl Prjech 3
msmim " ohnmering i o gremand v 2sreny o ety e, aowaks

== Natonal CEtoer 216 [RORP S —
Unhersity Crtoct: K Sewaohrn s s
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INTEGRATED SENSOR SYSTEM FOR GRASSLAND
CURING AND FMC

Trial with in-situ sensors
for monitoring grass
curing and FMC

« Detailled and
consistent
observations

o Useful for models
evaluation

E? environmental
SENSING SYSTEM ]

bnhcrc.com.au ‘







COSMIC RAYS FOR FIRE RISK WARNING
M5 75y S ke A

b rain gauge
Gungahlin o
Holt . Mitchell Pl _ ; L
Bungend i L .
. Canberra _ : satellite telemetry
ate Forest 3 ¥ '- e e
Woden Valley : : (|r|d|um)
Kambah B 3 :
Calwell
.
Namadgi National Park
Tallagand = ’ g

cosmic ray detector

data logger (bespoke, tube (Boron)

room for ancillaries)

solar panel

Funding: Actew/ActewAGL

IN-FIELD METHODS bnhcre.com.au




bnhcrc.com.au

IN-FIELD METHODS

v
ad
<
al
<
Z
O
—l
<
Z
O
a
<
>
<
Z
=
¢
ad
O
=
a
0L
LL




SPATIAL INFORMATION ‘

' l l cccccc -




SOIL MOISTURE DATA TO IMPROVE FFDI

. nazaros

ANALYSIS OF THE SUITABILITY OF
OPERATIONAL COARSE RESOLUTION
NEAR-SURFACE SOIL MOISTURE DATA
TO IMPROVE THE MCARTHUR FOREST

FIRE DANGER INDEX

Chiara Holgate, Albert van Dijk, Geoff Cary and Maria Yebra
Fenner School of Environment & Society

The Ausitralion Motional University

Canbera, ACT

0-11 |
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KBDI IS A RELATIVELY POOR PREDICTOR OF SOIL
MOISTURE CONTENT

NSW-01NSW-02NSW-03NSW-04 VIC-01 VIC-02 NT-01 NT-02 NT-03 NT-04 QLD-01 QLD-02 QLD-03

-0.9

1 mKBDI mAPI mSMOS L3
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-0.

-
N
o
D w
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-0.

-0.

(o)}

-0.

~N

-0.
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(2010-2013)
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SUMMARIZING

1) Better soil moisture estimates than KBDI are
freely and readily available, both from models
and satellite products.

2) Replacing the KBDI with more accurate soill
moisture estimates is not straightforward, as it
requires scaling of the soil moisture units.

3) This highlights the lack of physical basis and
interpretation for the McArthur FFDI
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FUEL MOISTURE CONTENT DERIVED FROM
MODIS
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FUEL MOISTURE CONTENT DERIVED FROM MODIS

Model

Fuel Moisture Content based on the inversion of Radiative Transfer
Models using MODIS data (Yebra et al 2008, 2009; Jurdao et al
2013a,b,c)

Basic data

« 500 m MODIS reflectance, 8 days (daily)
« 250 m Dynamic Land Cover map (GA)
 Look up table

Data for validation:

 Grassland (Coppins Crossing+Braidwood) and woodlands
(Namadgi) (2014-2015)- in collaboration with ACT Parks

o 79 sites located in NSW, ACT, VIC, QLD, WA, TAS (2006-2015)
thanks to Glenn Newman, Gabrielle Caccamo, Brendan
Pippen, Ross Bradstock.

 Data for the NT requested to Andrew Edwards.
» SA?
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13 YEARS OF FUEL MOISTURE CONTENT

01.01.2002

120 130 140 150

50 100 150
FMC (%)

https://youtu.be/0OacMUz048il
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https://youtu.be/OacMUz048iI

SUMARIZING

1) The first prototype of a satellite-based Fuel Moisture
Content product for Australia at 500m resolution has
been produced at 8-day intervals

2) Potential to apply it to Landsat (30m) but loosing
temporal resolution (ca. 16 days at best)

3) What is more useful from an operational point of
view?
a) Absolute values
b) Anomalies

c) Probability of ignition (Moisture of Extinction (Chuvieco et al
2004) or logistic models (Jurdao et al 2012))

d) Integrated in the new National FD RS based on physical
parameters.
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HIGH-RESOLUTION FIRE RISK AND IMPACT (HIFRI)
FRAMEWORK

bnhere.com.au |"J HAZARDSCRC
| Remote Sensing of Emvironment 163 (2015) 206-216

Contents lists available at ScienceDirect

Remote Sensing of Environment

A MODEL-DATA FUSION FRAMEWORK FOR LSEVIT
ESTIMATING FUEL PROPERTIES, VEGETATION

GROWTH, CARBON STORAGE AND THE WATER Global vegetation gross primary production estimation using @c_,,,w_.c
BALANCE AT HILLSLOPE SCALE satellite-derived light-use efficiency and canopy conductance

Marta Yebra *“#, Albert IJM. Van Dijk ““*, Ray Leuning ", Juan Pablo Guerschman *
FEASIBILITY STUDY IN NAMADGI NATIONAL PARK, ACT * Femner Schsol of Exviromment s Socery, The Aussrakon Nt Univeriy, AT, Canberms, Ausiralia

B {SIR (hcemns and Atmasphere Flgship, ACT, Cobee, Austoli
£ Buurhiim £ Mminerd Limer £imermestiuis Duaneerb Fixveime: b alboere. Sysirgliy

Questions:

Al e m]k,ﬂlﬂrfﬂ Yebra, Geolf d physiological controk of vegstar imary produwetion (GPP) vary ins psce and time. In ma
= hwsiological controks of vegetation gress primary production (GPP) vary ins pace and time. In many
Fenner School of Environment & Soc 5, GPPis primary limited by alsorbed photosynthetically-active radiation; in ofhers by canopy con-
The Australiaon Mational Uni\u'E!lSi‘h( These contrals further vary in importance over daily toseasonal time scales. We propose a simple
ve concepual model that estimates GPP a5 the lesser of a conductance-limited (F.) and radistion-
) assimilation rae. Fis e stimated from canopy conductance while Fris estimated using a light use
model Both can be related 1o ve getation properties observed by optical remote sensing. The madel
A A o fiting parameters: maimum light wse efficiency. and the minimum schisved ratio of intemal o
1}, concentration. The two parameters were estimated using data from 16 eddy covarlance fhux towers
What is the impact of planned ot
derived GPP compared Txvourably to that of plex models, for ) ped: et day [ =
nean square ermor, RMSE = 248 pmol © m® s, relative percentage emor, RPE = — 11%),over 8-day
=078 RMSE = 209umal O s~ RPE = — (], over months 079, RMSE = 183 pmal O 5=,
) and over years (r* =054, RMSE = L& pmol Cni* s~ RPE= — 9E). Using the model weestimated

.

O r u n I a n n e d b u rn I n O n of 107 Py C y=" for 2000-2011_This value is within the range reported by ather GPP models and the spa-
er-anmal pa pared | bly. The main advantages of the proposed model are its simplidty,
1@ wse of whoertain bome- or Land-cover clas muppEing and i nehusion of explicit cupling betwesn GPP

ARSI

t bon, habitat?
water, carbon, naplitat:

In a previous study, Yebra, Van Dijk. Leuning Huete, and Guerschman
. . [2013) used eddy covariance measurement s of water vapour fluxesat 16
eaves, where it sites distributed globally to establish rel ation ships between G, and Mod-
OW O e S I Va ry I n S p a Ce Ove r + simultaneous erate Resolution Imaging Spectroradiometer (MODIE) reflectance obser-

transpiration ). vations. When the derived estimates of G, were combined with net
'rted by stoma- radiation, wind speed and humidity deficit data, the resulting edtimates

f stormatal con- of evapotranspiration [ ET) were compared favourably with those

1 0_ 100 m Sca I e ? wes for water  from altemative approac hes. Moreower, the method allowed asingle
. nspiration and parameterization for all land cover types, which avoids artefacts

uctance can be resulting from ermors in vegetation classification. In principle, the

wes in the can- same zatellite-derived G values can be used within a process-bhased
* inferred from midel for Gross Primary Production (GPF) while providing a direct link

Can that knowledge hel e
to be suitable In many ecosystems, GPP is limited by the amount of absorbed

) derive region- photoeynthetically-active radiation (APAR), rather than by canopy con-
emote sensing ductance The simplest approach to estimating G PP for these conditions
s to multiply APAR by a light-use efficiency term (LU Eor £ md Cmaol—*

.
I I l a n a e I I I e nt e re S C rI b e d APAR) representing the plant's capacity to convert light into fixed
) L L carbon [Running, Nemani, Glassy, & Thornton, 1999; Sims etal, 2008;
Sjostrém et al., 2011). This approach requires maximum LLE to be
b ing?
urning:
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HIGH-RESOLUTION FIRE RISK AND IMPACT
(HIFRI) FRAMEWORK

Model

Spatial forest growth, water use and carbon uptake model based on
the BoM AWRA model.

Basic data
« 30m Data Cube Landsat data (vegetation)

« 1km TERN e-Mast daily precipitation and temperature ::
 5km BAWAP/SILO daily short-wave radiation P
 30m relief and landscape morphology (TERN, GA)

[i]]a
!

Data for validation and investigation of added value:

« airborne LIDAR (forest structure)

« airborne hyperspectral data (canopy density, moisture)
« field measurements (vegetation and fuel attributes)

 TERN OzFlux site data @ Tumbarumba (water and carbon fluxes,
vegetation structure)

* CosmOz cosmic ray sensor @ Corin Dam (large area soil moisture,
micro-climate)
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OUTPUT: SOIL MOISTURE PATTERNS

estimated moisture vol.% in top 10 cm mineral soil

T,

6 August 2002 16 October 2002 29 December 2003

0
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CASE STUDY: CORIN DAM CATCHMENT

' CJact
' I Namadgi NP T

Case study area

300

Gross Primary Production (g m2 mo)

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Gross primary production (gC m-2 month-1

0 137 273 410 546 683
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SUMMARISING

» Spatial estimates of various aspects of vegetation
(fuel/carbon/biomass) and water can be generated
» anywhere in Australia
» at 30 m detall
» dalily time step

» What are the most useful applications? What mapping products could
you potentially see an application for?

» Although driven by observations, it is still essentially a model, and so
prediction gquality assessment is paramount to gain confidence in the
predictions.

» This can be achieved using a comprehensive range of observations :
» vegetation, weather, water or soil
» point-based or airborne

' l l SPATIAL INFORMATION SRESLS CRRENR




TAKE HOME MESSAGE

1) An algorithm has been developed to automatically derived
forest fuel structure and OFHA from Zebedee LIDAR

2) We are testing two integrated sensor systems (curing
sensors-COSMOS) for fire risk warning

3) Much better soil moisture estimates than KBDI are freely and
readily available. However replacing the KBDI with more
accurate soil moisture estimates is not straight forward.

4) A satellite-based Fuel Moisture Content product for Australia
500m resolution has been produced and can be converted
Into probability of ignition or integrated in the new National
FD RS based on physical parameters.

5) HIFRI provides estimates on forest fuel load and moisture
content and fire impacts on landscape values such as water
resource generation and carbon storage by integrating
satellite observations into an environmental model.
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CURRENT PRIORITIES FOR FUTURE WORK

1) Complete documentation of outputs

2)Decide on next priorities based on end-
user feedback
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THANK YOU!

Dr. Marta Yebra
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