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Presentacién Personal Publicaciones Lineas y proyectos de investigacién Enlaces Equipamiento
Resultados/Transferencia Galeria de Imagenes Contacto i

Personal

Juan de la Riva Fernandez [vercv]

Investigador responsable. Profesor Titular

e-mail; delariva@unizar.es. Tfno. (34) 876553925

M2 Teresa Echeverria Arnedo [vercv]
Profesora Titular: e-mail: mtecheve@unizar.es, Tfno. (34) 876553929

Paloma Ibarra Benlloch fvercv)
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Alberto Garcia Martin [vercv]
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Research areas in the 90s: Forest management / Erosion processes / Vegetation dynamic / Landscape dynamic-analysis /
LU-LC digital classification

Forest fires

Enviornmental variables cartography

and modelling

e

Fire risk
modeling

Post-fire
environmental
dynamic
monitoring and
modelling

——

e

Measuring of
vegetation
parameters

—

Geo-hazards and

Landscape
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Fire ocurrence ................... Spatial statistics / Point pattern analysis — GIS — Model.
Fuel moisture content .............................. Field work — Mspect — GIS — Model.
Fuel mapping ......... Field work — MSpect / SpectRad / SAR / LIDAR - GIS - Model.
Humanfire risk ..............cooooiinnn, Machine learning / GWR - GIS — Model.
Ezologic vulnerability ..................... Map algebra / Inductive models — GIS — Model.

Fire severity ................................. Field work — MSpect / SpectRad / SAR / LiDAR

Vegetation Fieiq (Exp.) work - FDARE — MSpect / SpectRad / SARILIDAR — Model.

recovery
Hydro-geomorpho- Soil disturbances ...Field (Exp.) work — FDARE / SpectRad
i Erosion predic-
edaphic processes tive rlnodgls ... Field work - MSpect - GIS — Model.
“Biomass estimation.................. Field work — MSpect / SAR / LIDAR - GIS — Model.
ggzgrggeéizgeSt ................... Field work — MSpect / SAR / LIDAR — GIS — Model.

Biophysical parameters Field work — MSpect / HypSpect / Thermal — GIS

Geo-resources mapping

_of mediterranean vegetation
......................................... Field work — Ortoph / MSpect — GIS / 3D — Model.

..................................................... Field work — Ortoph — GIS / 3D - Model.

mapping and diagnosis
Species distribution pattern .................cooooii i Mspect — GIS — Model.
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SERGISAT

SEVERIDAD Y REGENERACION EN GRANDES INCENDIOS
FORESTALES MEDIANTE TELEDETECCION Y S.1.G.
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SERGISAT

DATOS BASICOS DEL PROYECTO

TITULO: SEVERIDAD Y REGENERACION EN GRANDES INCENDIOS FORESTALES
MEDIANTE TELEDETECCION Y S.I.G. (SERGISAT)

Referencia: CGL2014-57013-C2

Universidad Zaragoza

Organismo/Centro: Departamento de Geologia, Geografia y Medio
Ambiente. Universidad de Alcala; Departamento de Geografia y Ordenacion
del Territorio, Universidad de Zaragoza

Modalidad: B Individual / Coordinado: Coordinado

IP1/2 (SP1): Emilio Chuvieco Salinero / Inmaculada Aguado Suarez
IP1 (SP2): Juan de la Riva.
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SERGISAT

« MOTIVACION, HIPOTESIS Y ESTRATEGIA DEL PROYECTO

MOTIVACION CIENTIFICA:

Mejorar la estimacion de los dainos causados por grandes incendios
forestales, analizando los procesos de regeneracion post-fuego en
funcion de los distintos escenarios de severidad.

HIPOTESIS DE PARTIDA:

La severidad del fuego afecta a la regeneracion de la zona afectada. Por
tanto, podemos estimar la regeneracidon en una superficie quemada a
partir de su severidad.
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SERGISAT

2

SEVERIDAD

> > > > REGENERACION

Trabajo de Campo
SP1-SP2

Relaciéon con
Gestores
SP1-SP2

Seleccion de Areas
de Estudio SP1-SP2

Severidad
Post-

incendio
SP1

Regeneracion
Actual
SP2

N/

Difusion de
Resultados
SP1-SP2




Instituto Universitario de Investigacién Departamento de

‘ en Ciencias Ambientales , = — “ --- Geografiay
a,Cd_ del_\ragé!l 0 | St :R | w@ AB80  ordenacién del Territorio
Universidad Zaragoza = o ) “isaz  Universidad Zaragoza

SELECCION DE LAS AREAS DE ESTUDIO

Grandes incendios 1994
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AREA ESTUDIO

A VEIGA (Ourense)
CASTROCONTRIGO (Ledn)
EL TIEMBLO (Avila)
ESPADILLA (Castellon)
LAZA (Qurense)
MILLARES (Valencia)
MONTMAJOR (Barcelona)
MORATALLA (Murcia)
REQUENA (Valencia)

SAN MARTIN (Cuenca)
UNCASTILLO (Zaragoza)
VILLARLUENGO (Teruel)
YESTE (Albacete)

OF RoN Rox K N X B N RGN )

- >500 ha
- Distintos ambientes geograficos

Incendio de :
“El Tiemblo” (Avila) eSS

#  Puntos posibles de MUESTREQ
o viaypoints_1

track_1

TRACK 2
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SERGISAT

Cartografia de los niveles de severidad en grandes incendios.

Preprocesado de las imagenes Landsat-TM
(Incendio de “Uncastillo”)
Se han procesado en total mas de 450 imagenes

29/06/2006
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Sist. Coordenadas: WGS84 UTM Zone 30N
Composicion RGB: 732

Fuente: USGS GloVis

01/09/2006
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SERGIS

Cartografia de los niveles de severidad en grandes incendios.

- v‘_(p\‘!--? —
VARSI (N
q %
4
J
L}

' ,l; ""/

PR SUPERFICIE AFECTADA POR EL INCENDIO IS
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Generado a partir de modelos de transferencia radiativa desde imagenes
Landsat-TM (Incendio de “Uncastillo”) Pt SEVERIDAD

AP I A Il GeocB=00-1.0
' <° |l 6oce=1020
7 ¢ [ GeocBi=20-25
. : . . : [ leeocB=25-27
Todos los incendios estan disponibles en _ G coocoe27-2

http://www.sergisat.es/ 7o 4 | Bl ceocei=2330
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SERGISAT

Recurrencia del fuego en grandes incendios. i

_,-.r o “hA ¢

Meters
o 1.500 3.000 6.000

Incendio de Uncastillo
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SERGISAT

Reconstruir la evolucion post-incendio en grandes incendios

Generado a partir de series temporales de imagenes
con LandTrendr

1. Descompresion de las imagenes.

. " v @ ou 2. Reprojeccién.
;H 3. Generacidon de composiciones de
ﬂ ” bandas
4. Creacion de mascaras de nubes.
SoaciialEhrondlosy 5. Mejora de la geolocalizacién de las
imagenes MSS.
il 6. Aplicaciones de correccidon atmosférica

(si es necesario).
7. Calibracion espectral de las imagenes
MSS a las imagenes TM.

Representacion conceptual de LandsatLinkr: stack de imagenes y Callbracu?n ,espectral de las imagenes

perfil espectral a lo largo de la serie multitemporal. OLl a las imagenes ETM+.

Fuente: http://landsatlinkr.jdbcode.com/guide.html 9. Creacion de composiciones anuales de
bandas libres de nubes.

Spectral Reflectance

1972... Years 2015+
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SERGISAT

Proceso de segmentacion en LandTrendr

1) ) ¢ —
— L, .
Sy | regression a) Eliminacidn de picos.
) ) . b) Identificacion de vértices en la serie
Rr—— rerre Ju multitemporal
No (7 c) Extraccion de vértices extranos.
© — Sy ] p— d) Identificacion de la mejor linea de
i N ézw | tendencia entre los vértices.

(] 3 / e) Simplificacié ' [

plificacion de la serie multitemporal.
ﬂ/ e)/_\ f) Seleccion del mejor modelo utilizando
8 — J

[ Segment count | estadisticas de ajuste simple.

[3 '—‘—"\—y ———\__f Max_segments

— R
[ Coatinue to max_segments + J . Max_segments-|
\ vertexcountovershoot ) = - -—a-\_/
0 - N | [IE2 g
B |\ oo
o % § - “_
w\/ Eas é g ‘E’-_-k Max_segments-3
O oy I~ g
o <O <0y <0<y — m

I

then repeat “compare and

1
; =
=g )| | —_——
is reached
. \

[ Remove (1, re-<calculate 02,

\Q
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Reconstruir la evolucion post-incendio en grandes incendios

Generado a partir de series temporales de imagenes | o e

...........................

con LandTrendr

Il s¢0unda perturbacion mas intensa

Xy :
: ' ‘ B Regeneracion mas larga \
Landsat-TM (Incendio de “Uncastillo”)
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SERGISAT

Factores ambientales para el modelado de la regeneracion

SUELO = medio
climatico + Iitologl'a L > SUELO LIMITANTE SUELO NO LIMITANTE
ORIENTACION — SOLANA UMBRIA SOLANA UMBRIA @
PENDIENTE = | <«25% [ | >25% <25% J‘ >25% <25% | | >25% <25% >25% %
P. sylvestris % (Q'-
Pinar o] Y %

GMalo P. nigra o

P. pinaster

Pinar

GBueno P. halepensis

Quercus| | Quejigos : |
R

Q. ilex
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Analisis exploratorio...
factores ambientales —
severidad — especie —

maow | agtrategia reproductiva
B Q101P2

B Co2M
CQ102P2
] 3201P1
= L Incendio de Villarluengo

Il Q/02P2

B Ot_quercus
9 Pinar_GB

Severidad

Pinar_aM
Cpeq R

Estrategia
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- Requena

8147,96
801731

6457,42
6302,30

5318,86
498,62
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Analisis exploratorio...
factores ambientales —
severidad — especie —

estrategia reproductiva

1000
otro_arbolado astizal = Ot_quercus
: 5 g - Requena
01P1S0 01P1S1 O1P1S2 O1P1S3 O1P2S0 01P2S2 O1P2S3 02P1S0 02P1S1 02P152 02p] 8000 - ®nodata ®Qpeq_R Matorral 1 B I =
M_quercus M_pinar_GM M_pinar_GB
3000
7000 | M Pinar_GM M Pinar_GB |~
2500 - 100,00% 6000
2000 - B0,00% 5000
2
g 1500 - 60,00% 4000
o
- BN Frecuencia
1000 L 40,00%  =®=% acumulade 3000
500 F 20,00% 2000
0 0,00% 1000
o Dje O o v QW o wn Qo un o :
3282223322£%2232222§
£ 0
=
Clase 01P1S1 01P1S2 01P1S3 01P2S2 01P2S3 02P1S1 02P1S2 02P1S3 02P25S2 02P2S3
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Pinar_GB Pinar_GM Quejigos_R | Encina-carrasca_R
o L101P1S1 5 (PS-PP)
HgLi01P152 = Combinaciones
L101P1S3 - )'--(Ffp)"--‘ e .
Q resultantes:
@ [ L101P251 5 (PS-PP)
v | L101P2S2 _5_(PS-PP)-_3_(PP) > P H H
< Pp)- ) : Inar germi-
S [1101p253 _5_ (PS-PP) _2_(;:9) _1_(PS)-_3_ _1_ o g
-
T 5 (p5.00) nador bueno
£ | L102P1S2 5 (PS-PP)
z —_—
g _5_(PS-PP)-_2_ (PP)-_1_(PS)-_3_ P halep
Z | L102P1S3 a
o (PP) . .
S [L102p251 » Pinar germi-
2 | L102P2S2 5 (PS-PP) n d rm I
(@] : _ _ _ —
S | L102pas3 _5_ (PS-PP) _2_(;:9) 1 (PS)-_3_ N ado alo
o | 1201P1s1 7_(PN) P. sylvestrls —
~ | L201P1S2 9 11 .
< 13 - 11 -9 -8 -6 -_4| _13_ (PP-PN)-_11_(PN)-_9_(PP)-_4_ 13 - 11_-9 -4 - P. nlgl'a - P.
L201P1S3 11 -12 - 7
o . 7~ (PP)- _12_ (PN)- _10_ (PP-PN) - _7_ (PN) 12_-_10_-_7_ . .
o | L201P251 7_(PN) pinaster
3 | 1201P252 9 11 (PN 11 ,
< S 11 -9 -8 -6 - PN) - ) ) 11 -9 -4 -
S | L201pP2s3 13 - 11 -9 -8 - 6_-_4]_13 (PP-PN)-_11_(PN)-_9_(PP)-_4_ -1 -7 13 -11 -9 -4 > QuerC|neas
= -_12_-_10_ (PP)-_12_ (PN)-_10_ (PP-PN)-_7_ (PN) 12 -7
o [ L202pP151 _7_(PN) rebrotadoras
'E L202P1S2 9 13 (PP-PN Q o
< 13_-11 -9 - 8 -6 -_4_|_10_(PP-PN)-_13_ (PP-PN)-_11_ (PN)- 13 - 11 -9 -4 - — QuUeljigos —
2 | L202P1s3 ) 9 (PP)- 4 (PP)- 12 (PN)- 7 (PN)| _12_-_10_-_7_ - )19
9 | 1202p251 7 (PN Q. ilex
2 | L202P2S2 S A1
S 13_-11 -9 -8 -_6_-_4|_13 (PP-PN)-_11_(PN)-_9_(PP)-_4 13_-11 -9 -4 -
U R T s s S s T || e — = —vs N N T s S o
L202P253 L - 10 (PP)-_12_(PN)-_10_(PP-PN)-_7_(pN)| 12 -7
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Incendio: Autores: Fecha:
N2 parcela: N2 Fotos: Hora inicio:
Coordenadas: Hora fin:
- r L LI 4
=wa | | Diagnostico de regeneracion:
Estrato FCC % Estrato Especie dominancia
por especie

> biodiversidad

Arborescente 3-5 m:

Arbustivo 1-3 m:

e » estructura vertical de la
vegetacion y biomasa contenida

=N W s,

Modelo de combustible

Prometheus:

» grado de cobertura

Prof. Horizonte 0:

Prof. horizonte A:

N2 muestras suelo:

Incendio: |Autores: |N9 parcela:
Datos de inventario
. H1a . H12
% Especie/ oM ?m Especie/ oM @m
H(m) | rama H(m) | rama
Forma (cm) (cm) Forma (cm) (cm)
v. (m) v. (m)
1 36
2 37
Datos generales de la parcela Estado general del arbolado/vegetacién 3 38
Nivel (0: Sin
Intensidad: | % sup. en 1/4 B ) daﬁos,-l: 4 39
. 2 Alta (A), de parcela (<1; Daftos (vienta, h?ngcs, <23%ples, Especies
Tipo de erosién N perforadores, defoliadores, | 2: 25-50%
Media(M), |[1-5;5-10; > 10 ) 3.50. | afectadas 5 40
_ muérdago...) P 3
Baja(B) 25; > 25) 75% p.,
4:>75%p.) 6 11
Rills
p 7 42
Laminar
Enlosado 8 43
Pedestales 9 40
Mov. Masa
Observaciones: 10 45
11 AL
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Seguimiento y evaluacion de espacios
forestales:
SERGISAT y aplicaciones LIDAR-PNOA

LIDAR-PNOA

Aplicaciones forestales del laser escaner aeroportado (ALS)
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Juea 4

LIDAR-PNOA

Point cloud classification

GOBIERNO  MINISTERIO
DE ESPANA DE FOMENTO

-
PNOA-LiDAR data ;‘{"‘ﬁ”q

LIiDAR data recorded in
January and February 2011

T S~

Scan range

Seica ALS60 discrete

Geosystems

return laser system

[

Nominal 1 point/m?
ground density

E T
By ¢

4072
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IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 8. NO. 8, AUGUST 2015

A Comparison of Open-Source LiDAR Filtering
Algorithms in a Mediterranean Forest Environment

Antonio Luis Montealegre. Maria Teresa Lamelas. and Juan de la Riva

Filtering
point cloud
Open source

software
M| - LAStoos
» FUSION v. 3.30
* MCC-LIDAR v2.1
+ BCAL LiDAR v.1.5.1
|+ ALDPAT v.1.0

1st Antonio Luis Montealegre
University of Zaragoza

o
€

1st Maria Teresa Lamelas
Centro Universitario de la Defensa

3rd Juan De |la Riva
University of Zaragoza
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12) Random selection of 50 points in two test sites T1y T2

Mcesiorest ERTALE

LIDAR-PNOA

Point cloud classification

4643000 4644000 4645000 4646000

4642000

666000

667000 668000

667000

666000

669000 670000 671000 672000

673000 674000

4646000

4644000

4643000

32) Manual
classification
supported by 3D
visor, Ortophoto,
LiDAR intensity image

BT
LDV -- V1,63 -- USDA Forest Service -- Pacific Northwest Research Station
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Two sample zones, T1 (2 km x 2 km) and T2 (4
km x 2 km). Topography characterized by a
hilly relief, elevation ranging from 400 to 750
m.a.s.l. Forest is dominated by Aleppo pine
(Pinus halepensis Mill.) and evergreen shrub

vegetation.

LiDAR returns

42) Field work to help manual

classification of returns

22) 50 Plots @ 3 m
424 LiDAR returns:
185inTly

239in T2

GPS-GNSS
centimetric
precision
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Point cloud classification
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en Ciencias Ambientales 2

Type Il errors
Points classified as ground \

being vegetation \

Type | errors
Points classified as vegetation
being ground
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Cluster of points automatically classified Cluster of points manually classified

ESTATISTICAS ASSESSMENT
Por correspondencia espacial entre puntos

IBM SPSS Statistics 20
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Point cloud classification

Filtering methods/tools Type || Type ll

(%)

Overall
accuracy

- Best overall accuracy:
MCC-s1-t0.3(83,3%),

-s1-t0,3 12,7 20,8 83,3
s1-t0,4 8,0 34,0 79,0 0,58 - Worst overall accuracy :
mcc $1-t0,5 353 Bl s0 0,61 Vosselman (2000) (62,5%).

-s1,5-t0,3 16,5 21,2 81,1 0,62

Sr— 241 118 821 0.64 - Typell errz)rs from 3,3% (MCC-s 1 -
. 20.8 e 828 _ '(czoégé;c)o 75% (ALDpat Vosselman
m w2g-2,51 60,8 7,1 66,0 0,32

e 61,3 2,8 67,2 0,36 -Type Il errors from 0% (ALDpat

ALDpat Zhang y Whitman (2005) 35,8 31,6 66,3 0,33 Vosselman (2000)) to 35,8% (MCC -s
ALDpat Zhang et al. (2003) 396 14,6 72,9 0,46 1-t0,5).

ALDpat Vosselman (2000) BB oo BN o>

Inverse distance 1%t order 38,2 7,5 77,1 0,54
Inverse distance 2" order 40,6 8,0 75,7 0,51
Inverse distance 3" order 38,2 10,8 75,5 0,51
Linear 67,5 4,7 63,9 0,28
Natural neighbour 64,2 4,7 65,6 0,31
Nearest neighbour 33,0 19,3 73,8 0,48
Polinomial regresion 2" order 56,1 3,8 70,0 0,40
Polinomial regresion 3™ order 55,7 4,2 70,0 0,40

BCAL
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L I DA R -I N 0 Sprouted scrub, stumps, and woody debris were the more problematic cover type in

filtering, as well as terrain slopes higher than 15-. However, less firm conclusions can

Point cloud classification be drawn from point density and scan angle variables, because morphological

methods are less sensitive to these factors.

Slope Scrub and burned area with sprouted Cover
serub, abandoned logs, stumps and
Slope 0-15° Slope greater than 15° woody debris Coniferous forest Crops and grassland

ALDPAT-MLS (k = 0.55) ALDPAT-MLS (k = 0.62) ALDPAT-MLS (k = 0.30) ALDPAT-MLS (k = 0.60) ALDPAT-MLS (k = 0.56)

ALDPAT-PM (k = 0.69) ALDPAT-PM (k=0.38) ALDPAT-PM (k =0.30) ALDPAT-PM (k=052) ALDPAT-PM (k= 0.51)

ALDPAT-ETEW (k =0.52) ALDPAT-ETEW (k = 0.26) ALDPAT-ETEW (k =0.14%) ALDPAT-ETEW (k =0.36) ALDPAT-ETEW (k = 0.46)

FUSION (k =0.33) FUSION (k =0.35) FUSION (k =0.26) FUSION (k =049) FUSION (k = 0.44)
BCAL (k =0.49) BCAL (k = 0.55) BCAL (k =0.54) BCAL (k =0.61) BCAL (k=032)
LAStools (k = 0.86) LAStools (k = 0.60) LAStools (k =0.49) LAStools (k = 0.63) LAStools (k = 1.00)
MCC (k =0.89) MCC (k=061) MCC (k =0.60) MCC (k=057) MCC (k=089)

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

W Total error (%) ™ Type Il error (%) = Type | emor (%) WTotal error (%)  ®Type Il error (%) = Type | emor (%) ®Total error (%) ®Type Il error (%) = Type | eror (%) ®Total emor (%) ®Type Il error (%) #Type | eror (%) ®Total eror (%) ®Type Il error (%)  # Type | emror (%)

Point density Scan angle
Scan angle up to + 14° Scan angle greater than + 14°

Point density up to 1 point/m? Point density 1 up to 2 points/m’ Point density >2 points/m’

ALDPAT-MLS (k =0.43) ALDPAT-MLS (k= 0.33)

ALDPAT-MLS (k = 045) ALDPAT-MLS (k=0.27) ALDPAT-MLS (k= 0.33)

ALDPAT-PM (k = 0.36) ALDPAT-PM (k = 0.51)

ALDPAT-PM (k =0.57) ALDPAT-PM (k = 0.44) ALDPAT-PM (k = 0.34)

ALDPAT-ETEW (k =0.27) ALDPAT-ETEW (k = 0.34)

ALDPAT-ETEW (k =0.29) ALDPAT-ETEW (k= 0.28) ALDPAT-ETEW (k = 0.32)

FUSION (k =0.36) FUSION (k =0.30) FUSION (k = 0.42) FUSION (k=0.44) FUSION (k =0.30)

BCAL (k =0.50) BCAL (k =0.44) BCAL (k=0.71) BCAL (k =0.66) BCAL (k =045)

LAStools (k =0.74) LAStools (k =0.64) LAStools (k =0.60) LAStools (k =0.71) LAStools (k =0.61)

MCC (k=059) MCC (k=0.69) MCC (k= 0.65) MCC (k=0.75) MCC (k=0.60)

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

mTotal error (%) ®™Type Il error (%) = Type | error (%) ®Total error (%) ®Tvpe Il error (%) = Type | error (%) ®Total error (%) ®Typell error (%) = Type | error (%) ®Total error(®%) ®Type Il error (%) = Type | emor (%) ®Total error (%) ®Typell error(%) = Tvpe | error (%)
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Point cloud classification and interpolation routine assessment

Instituto Universitario de Investigacién N
o en Ciencias Ambientales

Interpolation of ==
Remote Sens. 2015, 7, 8631-8654; doi:10.3390/rs7070863 1 ini ZoN
mote Sens oi s _ training dataset
. + Natural Neighbours (NN)
remote sensing Traiming ) |- TNt raster (TR)
ISSN 2072-4292 dataset + Inverse Distance Weighting (IDW)
www.mdpi.com/journal/remotesensing g = = « ANUDEM
Article Filtering (80%) . -
Arti . + Ordinary Kriging (OK)

. . . . . . point cloud » Point to raster (PR)
Interpolation Routines Assessment in ALS-Derived Digital Open source . S
Elevation Models for Forestry Applications software Randlt_)m ;

i sampliing ( . .
Antonio Luis Montealegre "*, Maria Teresa Lamelas ' and Juan de la Riva ' P A :;ﬁ?%js v. 330 » of ground LiDAR-derived DEMs
* MCC-LiDAR v2.1 points :
* BCALLIDAR v.1.5.1
« ALDPAT v1.0
~ < Test
dataset
(20%)
1x1 and 2x2 m
cell size
L. >

L 2

[ Accuracy assessment ]

DEM validation

For each DEM, vertical errors were calculated using this
equation: E(x,y) =P, (x,y) — M, (x,y)

Where E is the error, P.is the predicted value, and M, is
the measured value from the validation datasets at
location (x,y). Global statistics to quantify DEM error were
computed: Mean Absolute Error (MAE) and Root Mean
| Square Error (RMSE).

(GPS checkpoints

55 high-accuracy control

points collected on foot

with the Leica VIVA GS15

CS10 GNSS real-time

kinematic GPS.

Vertical and horizontal accuracy of
\_2.38 cm and 1.32 cm, respectively.

s ~
Error prediction
A Classification And Regression Tree
(CART) analysis was performed using
IBM SPSS Statistics 20, to uncover
those factors having the most
* influence on DEM error. These
conditional rules generated by the
decision tree were implemented in
ArcGIS 10.1 software using map
algebra to produce a categorical
| prediction uncertainty map.
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666000 667000 670000 671000 672000

4646000

4645000

Better accuracy of DEMs created with the combination of
MCC-LIDAR v.2.1 surface-based filter and TIN to raster
interpolation method (RMSE of 2.68 cm) ina 1 m.

o
S
o F
3
<
©
<5

4643000
4644000

4643000

4642000

666000 667000 668000 669000 670000 671000 672000 673000

Legend N
A GPS points ETestzones |”) Burn scar A O—Z'le
DEM validation with DEM validation with H H
LIDAR test dataset GPS checkpoints DEM validation
Filtering method Filtering method
DEM MCC- BCAL MCC- BCAL
pixel LIDAR LAS LiDAR ALDPAT FUSION LiDAR LAS LiDAR ALDPAT FUSION DEM 1x1m
(m) v.21 tools v.1.5.1 v.1.0 v.3.30 v.21 tools v.1.51 v.1.0 v.3.30 TR+MCC 7
TR 1 268 3.69 8.04 2.99 17.69 42.80 44.02 4210 44.18 44.26 RMSE=2.68 ¢ i §
2 548 6.30 10.88 6.05 20.30 4710 47.54 4294 46.71 47.05 DEM 2x2 m <%
3 NN 1 295 4.02 8.53 2.99 19.41 4040 41.58 39.09 43.93 40.85 OK+MCC 3 ©
% 2 552 747 10.37 6.52 19.73 46.00 44.79 43.95 48.21 46.34 ‘ RMSE=5.25 cm
£ ANUDEM 1 2.99 375 8.05 2.83 18.62 4540 4430 4044 44.83 40.67
5 2 542 574 1030 5.75 17.38 42,70 4725 42.84 4586 48.58 DEM 1x1 m
= 0
S| ow 5% s s sw  mam 4060 S04 4209 473 4990 jowace 2
o1 . : : : . . : : d : RMSE=37.10cm o ©
ﬂ:J oK 1 3.91 4.02 T4313) 3.39 16.20 38.10 44.94 4485 41.68 43.51 o) g-
= 2 525 5.86 9.34 6.00 16.61 4410 50.29 45.34 46.01 48.79 3
PR 1 6.64 736 2094 7.55 39.15 50.90 53.79 44.98 52.56 50.77 S
2 17.67 17.70 28.20 19.91 37.25 63.00 63.77 62.67 59.31 57.28

RMSE (cm) for combinations of filtering algorithm and interpolation  Fig.7 Ranking of the
method for two spatial resolutions (1 and 2 m cell size) using the best DEMs validated.
validation datasets.
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Figure 4. Mew0.117 Error prediction
Classification tree N=1806.468

resulting from CART !

i Terrain slope =15°
analysis of absolute Vs —— L Mo

Areas with a combination of

high slope (above 15°) and

errors fora 1 m DEM Mean=0.137 Mean=0053 p _
using TIN to raster nAB1 i low point density (below 0.3
interpolation. —= : points/m?) are the most
% % e o - prone to present high
Mean=0.164 Mean=0.118 interpolation errors.
SD~0.140 $D=0.101
N=580,987 N=860.600
; : Conjferous fores : Burned area. i ;i 5
| Growd et deity <030 e andremaced  Land cover erp: i naaul Conversely, if terrain slope is
By |—|—| MNo oresiainon ,—'—| Erassi o s .
Mean=0.207 Mean=0.156 Mean=0.131 Mean=0.095 less ﬂ:]an ) 15°,  prediction
$D=0.174 $D=0.130 S.D~0.109 $D.=0.081
N=09.033 N=481.034 N=360.903 N=209.714 u.ncertalnty ki low.
o 088000 657000 G58000 BE2000 670000 71000 672000 §73000 674000
g . a — - _ 2 &
b - “ . Figure 5. CART-derived

prediction uncertainty map
for 1 m TIN to raster DEM.
Slope, ground return
density and land cover
were good predictors of
interpolation error.

Legend

Prediction uncertainty
Mean absolute interpolation error (m)

E= 0,207 High

[ 0.156 Moderate-high
0131 Moderate
[ 0.095 Low-moderate

I 0.055 Low

Test zones
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Forest fire severity assessment

Remote Sens. 2014, 6, 4240-4265:; doi:10.3390/rs6054240

OPEN ACCESS

DAR point cloud

Original Li

L
] | AN remote sensing
R e EN S & ol A ISSN 2072-4292
= . www.mdpi.com/journal/remotesensing
Article

A S 5 et

Ground points 7 &

Forest Fire Severity Assessment Using ALS Data in
a Mediterranean Environment

Burn severity field /CBI Plot @30 m

measurements

LiDAR measurements
“normalized” to local
heights and metrics

extracted from the plot

locations (point heights

Antonio Luis Montealegre "*, Maria Teresa Lamelas "%, Mihai A. Tanase * and Juan de la Riva '

1st Antonio Luis Montealegre , 2nd Maria Teresa Lamelas
- University of Zaragoza - Centro Universitario de la Defensa

! Statistical analysis ! distribution and

1 - Spearman's correlation I .) »  number of returns i 3rd Mihai A. Tanase . 4th Juan De Ia Riva

- Analysis of variance ! JF:Fusion | per pulse). University of Alcala University of Zaragoza
| - Logistic regression analysis : —

I

Fig. 8 ALS point clouds at plot level and their correspondence with the CBI values.
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4644000
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Legend

Plot severity
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Table S. Spearman’s coefficient (Rho) and Kruskal-Wallis (K.W.) chi-square values for
selected variables with a statistical significance level p-value <0.01.

ALS Variables Rho K.W. Chi’ ALS Variables Rho  K.W. Chi®
Elev kurtosis 0.788 54.169 Percentage first returns above 3.00 —0.690 39.927
Elev_P25 —0.767 64.776 Ratio_All returns 3m —0.690 39.797
- ; Elev P30 —0.764 63.550 Elev_mean —0.684 34.138
" %_All_returns_lm ~0.757 56.715 Elev_P60 —-0.674 42.868
H Elev P20 —0.754 68.566 % First returns mean —0.673 62.590
l ; Elev P40 ~0.752 63.802 Canopy relief ratio —0.671 57.964
4‘ : Elev skewness 0.747 64.611 Ratio All returns mean —0.661 64.776
: % First returns Im —0.744 52.460 Elev P70 —0.653 33.988
i Ratio All returns lm —0.742 51915 Elev P75 —0.649 29.533
§ %_All returns 2m —0.736 51.570 Elev_IQ —0.637 29.544
g % Class Unassigned —=0.729 54.131 Elev P80 —0.631 24.535
v fomu0 Toon Tz Toom Toen TomO0 i %_Class_Ground 0.729 54.131 %_All returns_mean —0.630 67.337
Pine forest fire severity ) ' (" Elev P50 -0.728  57.146 % num of ret 1 0.623  30.906
mapping using a logistic -/ ™ % First returns 2m 0723 47.116 % num of ret 2 ~0.622 31020
regression methodology - m. e j = ""*“ff Ratio All returns 2m 0722 46.904 Elev AAD 0614  16.834
Percentage all returns above 3.00 —0.702 43.290 Elev P90 —0.608 16.450

Observed and predicted fire severity cross-tabulation for both
training and validation datasets, Kappa index (K) and ROC curves.

Training Dataset Validation Dataset
Predicted Predicted
§ Low High Sum % Low High Sum % Table 8 ffici I | d £ freed d d i sionifi
S Low 32 6 38 842  Low 8 5 13 619 able 8. B coefficients, Wa t. test values, degrees o ree. om (d.f)) and their significance
§ High 11 69 80  86.3 High 3 35 38 92.1 » <0.05 computed for the variables of the selected regression model.
Sum 43 7% 118 856 Sum 11 40 51 84.3 Independent Variables B Standard Error Wald Test d.f Signif.
K=0.68 K=0.56 Canopy relief ratio -12.236 3451 12.571 1 0.000
100 100 Percentage all returns above 1.00  —0.055 0.013 17.620 1 0.000
8t " Constant 6.925 1.566 19.546 1 0.000
£ 0 g e
& 40 £ a0
w w
20 AUC = 0.928 20 AUC =0.911
" P < 0.001 5 P <0.001
0 20 40 60 80 100 0 20 40 60 80 100

100-Specificity 100-Specificity
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Study area Prometheus fuel type determination
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i . 0 > 60% Bushes o
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o Sample plots
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Spanish National Plan for Aerial Orthophotography . .
(PNOA PROJECT) Outlier and noise removal

INSTITUTO lg GOBIERNO MINISTERIO “
0}"”.? = 111/

GECGRARICO DE ESPANA DE FOMENTO g g . .
Filtering using the multiscale curvature

. classification algorithm (Evans and Hudak,
ALS point clouds captured 23st January and 2th February 2007), implemented in MCC 2.1

2011

command-line tool
Delivered in 2 km x 2 km tiles of raw data points in LAS v

format v. 1.2, containing X, Y, Z coordinates, with up to 4 L. . .
returns measured per pulse. Nominal point density of the Digital Elevation Model (DEM) 1 m resolution

study area 1 point/m? with a vertical accuracy higher than applying “Point-TIN-Raster” interpolation o
0.20m. method to ground returns

E Height bin approach following
a Normalized return heights and Mutlu et al. (2008) using
ALS-derived metrics with “DensityMetrics” command.
in 1.064 um wavelength, 0.22 Gr/dMetr/cs and Seru_es of grlo.ls where ea_ch grid
mrad beam divergence and 29 “CSV2Grid”commands contains density information for a

scan angle degrees. implemented in FUSION LDV 3.30 specific range of heights above
ground.

LA

The ALS60 sensor was operating

"m ﬁ- A total of 29 ALS-derived metrics were § ‘
g/ obtained: height percentiles, several & Atotal of 8ALS height bins were 8
ﬁg’ metrics which describe the laser returns .\'ﬂ; obtained: 0-0.5 m (HB1), 0.5-1 m (HB2), fa®

""f" height distribution, and percentages of ” 1-2 m (HB3), 2-4 m (HB4), >4 m (HB5),

returns above a height threshold. &8 3-3.5 m (HB6), 3.5-4 m (HB7) y 1-4 m

| (HBS).
R q\\ W TR .'-. L v o

< ‘“-'
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Launch Date May 3, 2002 -
Launch Vehicle Ariane 4 {'

Guiana Space Centre, Kourou, French
Guyana

Orbital Altitude 822 kilometers

Orbital Inclination 98.7°, sun-synchronous

Speed . ﬁ;_j 4 Km/secoﬁd (26 640 Km/hour)

SREIRERIS > 2. 3@#Iﬁ (descendmg node)
Time — | I“

Orbit Time 101 4;1%1u’futes-

Revisit Time = 2—3 days depéﬁdmgon Iatltudp
“Swath Width 60 Km x 60“% 0 80 Km.at nadlr -
; ~ < 50m horizo ¢
(CE90%)
'Dlgltlzatlon 8 bits

Launch Location

' ; ~ Metric Accuracy -

Platform Acquisition date
SPOT-5 satellite 29-08-2010

Band 1: Green (0.50 — 0.59 pum)

Band 2: (0.61 — 0.68 um)

Band 3: Near infrared (0.78 — 0.89 um)

Band 4: (1.58 — 1.75 um)

Additionally, NDVI (Normalized Difference Vegetation
Index) and NDII (Normalized Difference Infrared
Index) were calculated.
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Training and validation samples

Fuel type Field plots Pixels for training  Pixels for validation TOTAL

1 14 321 36 357
2 24 445 50 495
3 15 198 20 218
4 9 175 18 193
5 23 507 56 563
6 9 181 18 199
7 14 260 29 289
Bare ground 352 40 392
TOTAL 108 2439 267 2706

Considering the centroids of the plots, a total of 2314 pixels were selected at which the fuel was allocated
manually. 392 pixels corresponding to bare ground were included in the sample.
10% of the total sample was randomly selected for validation and 90% was used in the training phase.
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Training and validation samples

Fuel type Field plots Pixels for training  Pixels for validation TOTAL

1 14 321 36 357
2 24 445 50 495
3 15 198 20 218
4 9 175 18 193
5 23 507 56 563
6 9 181 18 199
7 14 260 29 289
Bare ground 352 40 392
TOTAL 108 2439 267 2706

Considering the centroids of the plots, a total of 2314 pixels were selected at which the fuel was allocated
manually. 392 pixels corresponding to bare ground were included in the sample.
10% of the total sample was randomly selected for validation and 90% was used in the training phase.
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Source of information Bands Chi-square

SPOT-5 image NDVI 2000.8
HB 1 1993.1
. Elev. Mean (EM) 1993.0

ALS t cloud
et e 75t percentile (P,q) 1974.9
Variance (V) 1949.2
Band 4 1948.2
SPOT-5 image Band 2 1925.2
Band 1 1854.4
HB 5 1731.9
. HB 8 1595.1
ALS point clouds HB 4 1570.9
HB 7 1363.8
SPOT-5 image Band 3 1318.6
HB 6 1317.7
ALS point clouds Percentage of first returns above mean height (%Ret) 13164
Terrain slope model 812.0
DEM 718.2

Success Kappa

Multiband rate coefficient
(%) (k)
SPOT-5 bands 59.2 0.5
PCA components 1 to 9 derived from (SPOT-5 bands + NDVI + HB1,4,5,6,7,8 + ME, P, V, %Ret) + DEM + Terrain 708 0.7
slope model ) )
SPOT-5 bands+ NDVI + HB 1,4,5,6,7,8 + EM, P, V, %Ret 72.7 0.7
SPOT-5 bands+ HB 1,4,5,6,7,8 + EM, P,, V, %Ret + DEM + Terrain slope model 749 0.7

MNF components 1 to 8 derived from (SPOT-5 bands+ HB 1,4,5,6,7,8 + EM, P, V, %Ret) + NDVI + DEM + Terrain

76.8 0.7
slope model
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MNF components derived from SPOT-5 bands; ALS height bins 1,4,5,6,7,8; Elev. Mean; 75, percentile;
Elev. Variance; percentage of first returns above mean height.

h Component Eigenvalues % of total variance Cumulative

CpP1 70,083 53,262 53,262
CpP2 25,163 19,123 72,386
CpP3 7,408 5,630 78,015
CP4 6,318 4,802 82,817
CP5 4,351 3,306 86,124
CP6 3,696526 2,809 88,933
CpP7 3,508181 2,666 91,599
CP8 2,570352 1,953 93,553
CP9 1,964258 1,493 95,046
CP10 1,459451 1,109 96,155
CP11 1,425 1,083 97,238
CP12 1,306632 0,993 98,231
CP13 1,182918 0,899 99,130
CP14 1,144812 0,870 100,000

TOTAL 100,000
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Structural variables estimation in Aleppo pine forest
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Results

Multiple regression analysis in order to develop Aleppo
pine mean height (m), basal area (m2%ha), timber
volume (m3ha) density (stem/ha) and above ground
biomass.

INDEPENDENT
VARIABLES

Forestry Advance Access published February 16, 2016
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Forestry 2016; 0, 1-10, doi:10.1093/forestry/cpw008

Use of low point density ALS data to estimate stand-level structural
variables in Mediterranean Aleppo pine forest

A. L. Montealegre!?*, M. T. Lamelas?3, J. de la Riva'?, A. Garcia-Martin?? and F. Escribano?
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Max. 3.97 m
99% of points below 3.95 m (Py)
= 05% of points below 3.52 m (Py)

«— 75% of points below 2.88 m (Pys)
«—— 50% of points below 2.34 m (Pg)

«— 25% of points below 1.75 m (P;5)

5% of points below 1.44 m (Pyg}

s Min. 1.03 m
* Non-tree points excluded below | m

677848

Elev. mean: 2.37
Elev. mode: 2.62
Elev. SD: 0.70

Elev. variance: 0.49
Elev. CV: 0.30
Elev. 1Q: 1.13

Elev. sk : 0.25
Elev, kurtosis: 2.23

Height above ground (m)
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‘ Reference field plot data:
L

Hm (m): 5.15
S (stems ha''): 509.29 AGB (kg ha'): 12110.07

G (m? ha!): 4.60 V (m? ha'): 12.77 ‘

—Max. 714 m
= 99% of points below 6.65 m (Py)
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<— 50% of points below 4.31 m (Py;)
“— 25% of points below 3.52 m (Pas)
= 5% of points below 2.56 m (Py:)

= Min, 1.30 m
Non-tree points excluded below | m
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Hm (m): 6.82
S (stems ha'!'): 792.24 AGB (kg ha'!): 35770.11

G (m? ha'): 12,77 V (m? hal): 42.29

Max. 10.98 m

99% of points below 10.78 m (Py)
95% of points below 10.48 m (Pys)
75% of points below 9.83 m (Py:)
50% of points below 9.27 m (Ps;)
e 25% of points below 8.35 m (Pss)

=

€ 5% of points below 5.93 m (Pys)

e Min. 1.0l m
* Non-tree points excluded below 1 m

667399

£ Elev. mean: 8.86

é Elev. mode: 9.56
Elev, SD: 1.52

% Elev. variance: 2.31

i Elev, CV: 0.17

= Elev. 1Q: 1.49

) Elev. skewness: -2.13

z Elev. kurtosis: 9.37
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Reference field plot data:

Hm (m): 10.82
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G (m? ha'): 32.72 V(m® ha'): 147.65
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=
3
2
g
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g
Mean
height
(m)
' 14.27
1.92

§ Timber

< volume
(m3ha')

o 2579.51

3

1

-

0.00

4646000

4644000

Stand

density
(stems ha')

I 1114.73
0.0

0

Aboveground
biomass
(kg ha")

l 80468.00

0.00

Dependent
variable
Hm (m)
G (m? ha)
vV (m?® ha)
§ (stems ha'')
AGB (kg ha'')

Predictfive model

1.88+0.75% Py,

-4.37+1.13*Elev. maximum-4.32*Elev. skewness+0.13*% first returns above 1 m
-67.29+9.71°Pgs+B.18"Elev. kurtosis+0.52*% all retfurns above 1 m
496.20-1391.99*Elev. CV+10.38*% all returns above 1 m
-16440.68+5222.70"P,-14759.52 Elev.skewness+315.81"% all refurns above 1 m

I
1

Cross-validation

R2
0.87
0.89
0.89
0.48
0.89

RMSE Bias
0.72 0.00
2.40 0.03
10.99 0.03
187.32 0.91
7326.12 2.03
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