Airborne LiDAR in forest
management: forest inventory, fuel
models and scale change

R. Alonso Ponce*; I. Lizarralde; J. Blanco; F. Rodriguez; F.J). Diez;
S. Martinez; A. Martinez; A. Roldan; M. Cabrera; J.J. Fernandez;
J.B. Garcia

*rafa.alonso@fora.es

SENN
L S



Regional Forest inventory and fuel
model inventory

Using low point-density airborne LIDAR
liie YA and remote sensing for:

Objectives
Forest Forest
resources resources Fuel models
planning management (large scale)

(large scale) (short scale)




Project for a regional government

GINFOR

Web platform for forest management and
planning
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Project for a regional government

GINFOR

Web platform for forest management and
planning
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challenge

3 main challenges:

methodology

information
volume / scale

time







Forest Inventory

* LiDAR (PNOA): 30.000 .laz files

* Spanish Forest Map + Spanish National Inventory
- Field work: 720 field plots
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Fuel models

+ Spectral Info: combination of spectral, temporal and spatial resolution information
+ LiDAR (PNOA)
* Field data: +1700 polygons in field




Mosaic MODIS-SPOT-LANDSAT

Temporal, spatial and spectral resolution
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LANDSAT

Composite invierno
RGB: 453

NODVI verano
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11 strata: main
forest types

Stratification
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Regional
Forest
Inventory



LiDAR inventory
methodologies

- Stand level

Processes

* Individual tree
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Processes

Thematic cartography

Phases (SV, Ho, G, Dg, N, V1)

- Plot calculation

- LiDAR data processing
- LiDAR metrics in plots
- Model fitting

- Validation

- Calibration

Forest Inventory flux p
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N=a,+LFCC"-LHL LI},

LIDAR model Field data

LIDAR processes
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Examples

. arm arm arm
Potential models —» V =T.I-var“™ - var/ ™2 - oo o par?4Mn

Exponential models —» V = e(T.I+parm1-var1+parm2~var2+---+parmn~varn)

Li DAR - Unbiased, precise, parsimonious models

mOdel - Biological sense of independent variables: cover, height percentiles...

ﬁtting - Simultaneous fitting in order to constrain worst fitting variables
Results - Validation:

- Other inventories (from forest management projects)

- Independent samples: relascopic plots
- Comparison with NFI data
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Forest inventory in 25x25m pixels

for 11 strata covering 3M ha

Locatian: 490,475,722 4.625.145,25 -”'l
| j i?'

Field | Yalue | 53
EstLIDAR o Masas puras nigra
I celda 12135

MUP g9

EstLIDAR, Masas puras nigra
Identifier 12135

LHPz5 9,691625
LHP?S 12,291545
LHP25 14,108473
LFiZiC 92, Fe2aTT
Ho 16,159026
M 955,206617
Cg £1,958224
( 36,679409
W 234,85191
WS 193,275623
IANC 5, 265942
WLE 11,6413537
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CALIBRATION

Calibration

Scale change

Volume

Lidar variables




CALIBRATION

Calibration °

Scale change

Volume

Lidar variables




CALIBRATION
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Calibration //
Scale change

Lidar variables

Volume




CALIBRATION

Procedure
* On the fly calibration system

« For every variable, takes the dependent and every independent
variable related

Calibration

« All calibration alternatives with significant changes are set to a
short list

Procedure

» Among the short list, the calibration equation chosen is the one
that maximizes the RMSE reduction




Hotspots

Priority areas

Differential
results

Calibration tool

On the fly calibration based on dependent/independent
variable effect on model errors. Iterative system.




Fuel model
Inventory




Most used classification

¥ Modelos estandar / de Rothermel (1973) / de Anderson (1982) /
NFFL. 13 modelos

¥ “Ampliacion” de los modelos estandar de combustible (Scott y
Burgan, 2005). 40 modelos

Fuel
models
% Aids to Determining P Standard Fire Behavior Fuel
==, Fuel Models mam  Sot for Use with Rothermal's
:" For Estimating S Surface Fire Spread Model
B Fire Behavior ':J pantes
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IMAGE
Preprocessing

. , ! Dayof year (position) ——

N X
3 ' f X

Different values along the vegetative period
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Definition of basic unit

Object Based Image
Analysis (OBIA)

Preprocessing




Some examples

Preprocessing

Polygons




Processing
Fuel model

classification

== 128 4425050945

Maodo 1
Categoria % n
B R oo oo
5 oga 2
HB a2.2 326
B zH 0ga =
T oo oo
Tl oo o
Total a7 3 332
I:
MW _wer

M ejora=0,002

== 135,82 15077090

Mado 2
Categoria % n
B 3R oo o
5 oo o
NB 99,7 326
B sH 0z A
BT oo o
BTU oo o
Tatal 36,7 327

|:
inl_ﬁ

b ejora=0,000

== G20 BTEEA3150

# G20 BTERE3E150

<= 154 821918755

* 1.35,881507 7090

Modo g
Categoria % n
B R oo oo
35 GO0 3
HB oo o
B 5H 400 2
BT oo o
B Tu oo o
Tuotal og &
|:
|:-ri|_4

Mlejora=0,003

=154 831918755

Moda 7 Modo & Modo 9 Modo 10
Categoria % n Categoria % n Categoria % n Categoria % n
B GR oo u} B GR o0 u} B GR o0 u} B GR o0 u]
=5 oo u} =5 o0 u} 5 o0 u} G5 1000 3
HB 1000 312 HB 922 14 HB 0.0 u} HB 0.0 u]
By oo 0 By 67 1 oy 000 2z sy 0o o0
BTL o0 u} B TL a0 u} B TL o0 u} B TL o0 u]
B TU oo u] ETU a0 u] BTy [yn} u] BTy [yn} u]
Total 25,0 212 Total 17 14 Total 0.2 2 Total 03 ]
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Assign de LiDAR, spectral, geographic
variables... to polygons

Rule definition (training areas)

Goodness of fit assessment (validation)

Assign rules to a whole (polygons)

Expert revision (node analysis)

Verification (fire behaviour)

Cartography

Fuel modeling



Scott and Burgan

Combustibles
no forestales

Cultivos regadio
Cultivos secano
= Cult. bajo plastico

Olivar
*Otros lefiosos
Urbano agregado
Urbano aislado
= Urbano consolidado
Urbano disperso
=\IALES
=\/iiedo

Clasiffication Combiistities
Results: forestales

SCOTT AND BURGAN

GR1
GR2
GS1
GS2
=NB8
=NB9
SH1
= SH4
=SH5
-Tx

N o, B
' ‘ Gea( ecns '-

A rene
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Behaviour
modeling
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Fuel model guide
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