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1. Introduction

ECOI-'OP
s FIRE REGIME
-Frequency: NUMBER of disturbances in an area
ey in a period of time (recurrence)
-Seasonality: season of the year
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1. Introduction

I grandes fuegos de mas de 500 hectéareas [([SEIERELY]

SO, ALL WILDFIRES ARE THE SAME?

<0.5% Large fires (>500 ha burned)
>40% BURNED SURFACE

100.000

50.000

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Fuente: MAPAMA + Creado con Datawrapper

Poor

management
>~ Fuel build-up =)

Fire exclusion
(Fire suppression) I

The. Frequency of extreme weather events
Wildfire Lessons

SUCESSS IN FIRE SUPRESSION Moreira et al 2011. JEMA



1. Introduction

OBJECTIVE
- To generate a digital tool
to assess potential burn severity

POST-FIRE MANAGEMENT?

a) FIELD DATA (Alloza et al. 2014, Vega et al. 2013)

ECOSYSTEM TYPE FIRE SEVERITY . _
- VULNERABILITY/RESISTANCE : b) information from maps and remote sensor
RESILIENCE FIRE REGIME AT
of burn severity indices

ECOSYSTEM
RESPONSE

OBIJECTIVES FOR

THE BURNED AREA
ECOLOGICAL SERVICES:

Nasagiag Fasest Ecesystins

Francisco Moreira
Margarita Arlanoutsou
Piermaria Corona

Jorge De las Heras  Editors

- SOIL LOSS ;
FOREST PRODUCTIVITY Post-Fire
BIODIVERSITY | Management
- SOCIAL VALUES: and Restoration
RECREATION Of Southern
POST-FIRE MANAGEMENT LANDSCAPE European Forests:
- EMERGENCYACTIONS - RURAL p -
ABANDONMENT

- RESTORATION APPROACH
- - LONG-TERM ACTIONS
(PREVENTION+RESISTANCE)
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2. Methods

ECOFOR

Bustares 2014

o Geoporque
' [de'loComarca
wdeMolina
< yelAlo
==f1Tojo

-/
+JGuadalajara

La Iglesuela Cadalso 2019

2011

Villanueva de
Bogas 2012

Canada del
Hoyo 2019

oledo

Montesién 2019 '
% A\

La Estrella
2024

d

Almansa 2014

Argamasilla de
Calatrava 2024
Y

Talave 2021

WILDFIRES INCLUDED




QUI-
OTE

®UCLM

WV
N\ ARCHITECTURE

ECOFOR

2. Methods

Machine Learning methods: methodology for generating models with different algorithms
(linear models, decision trees, etc.) and different hyper-parameters by grid search

POTENTIAL BURN SEVERITY COMPONENTS
STATIC MODULE
biotic (vegetation-terrain indices)
abiotic (topography and terrain)

DYNAMIC MODULE

Weather prediction
Climate anomalies

FINAL RESULT: calculator for discrete variables + cartographic viewer = Castilla-La Mancha



STATIC MODULE
(VEGETATION+SOIL)

Elevation of terrain above sea level

Orientation

Height of vegetation
Percentage of slope
Fraction of covered area
Erodibility

Flammability

Fuel type

2. Methods

¢ Climate anomaly
* Maximum wind gust

* Vapor pressure deficit



2. Methods

MODULO SEVERIDAD
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2. Methods

LARGE WILDFIRES TO OBTAIN REAL BURN SEVERITY (GEOSHAPES) - dNBR (Key and Benson 2006)

Severity level dNBR range

Unburned -0.100 to 0.99 .:-‘-: - "
Low severity 0.100 to 0.269 2o

Moderate-low severity 0.270 to 0.439

(a) Canado del ho- (b) La Iglesuela (c) Donceles  (d) Villanueva de  (e) Almorox

Moderate-high severity 0.440 to 0.659 ¥ Bogas

o L
. - 7 ‘ L
High severity 0.660 to 1.300 (e %
i : ".3 -_" )
et - .
Severity Level dNBR Range (scaled by 103) dNBR Range (not scaled) o f A ¥ ol 4
[ Enhanced Regrowth, high (post-fire) -500 to -251 -0.500t0-0.251 “-3’ N (ol 2 . 3
Enhanced Regrowth, low (post-fire) -250t0 -101 -0.250t0-0.101 ¥z i }‘ : - i .i .
24 ¥ I
I Unburned -100 to +99 -0.100 to +0.99 s o %1%
Low Severity +100 to +269 +0.100 to +0.269
Moderate-low Severity +270 to +439 +0.270 to +0.439 !
[ ] Miderate-high Severity +440 to +659 +0.440 to +0.659 () Cogolludo (g) Bustares (h) Almansa (i) Liétor
[ | High Severity +660 to +1300 +0.660 to +1.300
Class dNBR range (multiplied by 1000) 250
s
Unburned or Regrowth <100 % ¥ 3 g i \vg'
Low severity 100- 270 - ;}'
sl [y SevEnsy e (k) Montesién (1) Cadalso (m) Agramén (n) Talave (0) Malagdn
Moderate high severity 440 - 660

High severity ==660




2. Methods
SUCLM RN

ECOFOR
EXCELENCIA INTERNACIONAL

IA Tools used to model severity and relate to proposed variables

Python 3 (Python Software Foundation, 2024) based on OREILLY &
libraries for data analysis and machine learning optimized to
handle large volumes of data: P thon

i
S

for Data Analysis

Data Wrangling with pandas, NumPy & Jupyter
- Pandas (pandas develop team, 2024): create, load, clean and transform datasets pr’

- Matplotlib+Seaborn (matplotlib development team, 2024): visualize data (graphs) ~

- Scikit-learn (scikit-learn development team, 2024): supervised (and unsupervised)
learning algorithms to split the dataset into training and testing, standardize
variables, cross-validation and model selection.

- OpenMP (OpenMP development team, 2024): optimize time of interpolation of

Treating an Python Series

climatic data from the stations of Castilla-La Mancha to the entire region. "1
- Docker (Docker, 2024): develop, ship, and run applications to eliminate
compatibility issues | EFFEETWE
& PANDAS 2
Martinez-Garcia 2024 TFM docker e
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2. Methods

SEVERITY APP

______________________ CLIMATIC DATA
(DYNAMIC MODULE)

HT + WH
A=——F—
2
* Heat stress H?‘Cé) percentile of averaged temperature (last 8 days)

Climate anomally

for each day of the year

» Water stress WT > percentiles of the Drought Code for each day of the year.

Vapor Pressure Déficit (VPD)

* Vapour pressure of water VPW as function of temperature (hPA)

* Relative humidity RH (%)

* Temperature T obtained from the weather prediction model
VPW = 6.11 * EXP[(12.27 *T)/(237.3 + T)]

1: funcién IDW((x, y). { (2, ui, value ,J}’.‘:‘ 1)
2: 240

3 w0

4 parai + 1 to N hacer

5: di — f(x— w2+ (y—wi)?

b

7

8

sid; # 0 entonces
w; [—fr
: 7 = 2+ w; - value;
9: W= W+ w;
10: sino

11: devolver value; © Si la distancia es 0, devuelve el valor conocide

12: devolver -

Algoritmo 3.1: Algoritmo de interpolacion Ponderada Inversa a la Distancia (IDW).
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Dusrbucien vanatis sevacion Orstrencon variseis sops Orstrtcon anseis cnesescon_sen

Variable | Descripcién Unidad e - -
elevacion Elevacion sobre el nivel del mar metros o i
orientacion Orientacién de la pendiente grados B
altura Altura de la vegetacion metros
erodi | Erosionabilidad del suelo [1,4] .
inflam Inflamabilidad de la vegetacion 1,4 o
mcroth Modelo de combustible de la vegetacion 1,4 -
slope Pendiente del suelo % . I
Ifcc Fraccion de cabida cubierta lidar %
anomalia | Anomalia climatica - VARIABLES wan
dpv Déficit de presion de vapor hectopascales j=
vel_media_viento | Velocidad media del viento metros/segundo "
severidad_real Severidad del incendio segun el dNBR -
coord x etrs89 Coordenada X del pixel en el sistema de } - -
== referencia ETRS89 - .
Coordenada Y del pixel en el sistema de - e
coord_y_etrs89 referencia ETRS89 ° ) - | | - ot | ! |
incendio Nombre del incendio - .
provincia Provincia donde ocurrio el incendio -
elevacion orientacion altura erodi inflam mcroth slope Ifcc  anomalia dpv vel_media_viento severidad_real coord_x_etrs89 coord_y_etrs89 incendio  provincia
175125 606.047974 285.0537M1 3.0 2.0 3.0 4.0 4.097000 15.584400 67784218 1.691194 2156014 0.448692 378870.000000 4.456710e+06 Almorox Toledo
66801 790.762024 78.863747 0.0 1.0 3.0 0.0 37775002 3.331200 86.518700 2.363752 4.850470 0.247743  601140.000000 4.260840e+06 Talave Albacete
5127 866.635010 270.244507 7.0 1.0 4.0 3.0 6.171000 35.249001 90.445862 2.008246 1.646238 0.283170 664224.843673 4.292922e+06 Almansa Albacete
141323 1612.354980 318.737183 0.0 4.0 3.0 1.0 20.552000 0.000000 77.778488 2.440382 4.320680 0.301376 496650.000000 4.557600e+06  Bustares Guadalajara
214826 NaN NaN NaN  NaN NaN NaN NaN NaN 79.800400 1.128929 3.472492 0.136661 376650.000000 4.458600e+06 Cadalso Toledo
166975 1041.090942 206.420959 3.0 4.0 2.0 3.0 9552000 4529600 73554558 2.288264 2.930897 0.270713  487200.000000 4.535520e+06 Cogolludo Guadalajara
151361 1257797974 149.393280 1.0 4.0 3.0 10 3.731000 0.000000 76.075317 2.410218 4.327665 0.433782 496920.000000 4554420e+06 Bustares Guadalajara
106621 1413.628052 149.773773 13.0 1.0 3.0 2.0 33714001 55.605400 52.458195 0.366200 2.445904 0.159852 554130.000000 4.253790e+06 Yeste Albacete
73412 429359009 357.348083 00 10 3.0 2.0 3813000 0.000000 86949562 2.388251 4.877640 0175822 603990.000000  4.258740e+06 Talave  Albacete
85601 1201.379028 116.453354 11.0 1.0 3.0 2.0 19.256001 50.355297 51.932129 0.406200 2.463216 0.199727 558420.000000 4.257360e+06 Yeste Albacete

DATAFRAMES FROM RASTERS
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CAMPUS DE EXCELENCIA INTERNACIONAL
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GALGO Supercomputer (Intel Xeon E5450 3.0 GHz processors)
40 GALGO's processing nodes (320 processing cores)
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2. Methods

CROSS VALIDATION

08
elevacion

sope  0.08
06
orientacion_sen 009  0.00

orientacion_cos . 001 004 |04

atura 022 007 004 001

fec 004 002 -02
anomalia 010 017
-00
dpv 007 013
el_media_viento [RUET] 004 016 044
-0.2

erodi 001 -0.03

. 026 . 017
006 018 008 014 028 020 034 . 04

inflam

meroth 002 004 010 011 019 006 019 007 008

& © "3 © 8 = > = E £
g 5 2 ] ] ] 3
& ‘§ | EI 5 g & 1 < E
H 8 g i
s 8

-

[}

B

vel_media_viento

orientacion_sen

CORRELATION OF PREDICTOR VARIABLES



2. Methods

LENCIA INTERNACIONAL

ist approach: all data set (cleaned and weighted) randomly divided into training set (75%) and test set (25%)
2nd approach: test set 2> Agramon, Alimansa, Malagén y La Iglesuela + training set > OTHER WILDFIRES

FINAL approach: only INCLUDE classification algorithms and composed values:
A) TERRITORIAL DISTRIBUION: MEDITERRANEAN AREA (CU, AB) — CONTINENTAL AREA (CR, TO, GU)
B) GROUP CLASSES

1.  Grouping LOW and MEDIUM-LOW BURN SEVERITY (O and 1) = class O
2. Grouping MEDIUM-HIGH and HIGH BURN SEVERITY (2 and 3) = class 1

C) PREDICTION MODEL Modelo Mejor puntuacion
.. . . .pe . Arbol de decision 0.3473
Training with binary classification o)) 0.2899
No weighted variables but inverse frequency in the data set Regresion logfstica 0.2791
KNeighbors 0.2628
XGBoost 0.1102
Random Forest 0.0585
(a) Baja - Alta
Modelo Mejor puntuacion Modelo Mejor puntuacion
SGD 0.7352 SGD 0.3379
Arbol de decisién 0.7351 Arbol de decision 0.3337
XGBoost 0.7351 Regresion logistica 0.1610
Regresion logistica 0.7160 XGBoost 0.1050
Random Forest 0.6878 Random Forest 0.0691
GRID SEARCH RESULTS KNeighbors 0.6564 KNeighbors 0.0403

(b) Baja - Media baja (c) Media alta - Alta
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F1 0.1901 F1 0.7228 F1 0.6170

MEDITERRANEAN AREA (CU’ AB) Recall 0.1343 Recall 0.8426 Recall 0.7964
Precision 0.3256 Precision 0.6329 Precision 0.5036

Accuracy 0.5984 Accuracy 0.6225 Accuracy 0.7054

conada.del Hovo 2011 (a) Baja - Alta (b) Baja - Media baja (c) Media alta - Alta

Original Prediccion

Nk




2. Methods

ECOFOR
: F1 0.1901 F1 0.7228 F1 0.6170
CONTINENTAL AREA (CR, TO, GU) Recall 0.1343 Recall 0.8426 Recall 0.7964
Precision 0.3256 Precision 0.6329 Precision 0.5036
Accuracy 0.5984 Accuracy 0.6225 Accuracy 0.7054
Vilanueva.de_Bogas 2012 (T0.CR.GU) (a) Baja - Alta (b) Baja - Media baja (c) Media alta - Alta
Original Prediccion
| l I

Evaluacién
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3. Results
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SEVERITY MODULE

Web APP

demo ~

PUCLM
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VISOR CALCULADORA ESTADISTICAS EXPORTAR




SEVERITY MODULE

EXPORT DATA

@ Exportacion de Datos

Se exportard en formato xlsx (Micrasoft Excel)
Prueba Algoritmo Datos Reales Sobre Yeste
Utilizado para comprobacion de severidad 2017 junto con los datos reales de las tablas estaticas

Estaciones AEMET
Se obtiene las estaciones AEMET, como puntos.

Drought Code
Se obtiene el Drought Code de todas las estaciones.

Drought Code por estacién
Utilizado para sacar el Drought Code por Estacion AEMET.

Selecciona la estacién

[ ASTURIAS/AVILES

& Descargar

3. Results



3. Results

'
\_&) SEVERITY MODULE

—_
ECOFOR
Filtros de Busqueda

*

[ Q. Busaueds Avanada | Selecciona el tipo Seleccionar fecha

B Graficos y Estadisticas [ Anomalia Climética v dd/mm/aaaa

Anomalia Climatica 08-01-2022
Cancelar Q. Buscar

| ,
| | |

Percentiles
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il ] | MV u ”‘llr“ \.4 N\

Estaciones AEMET




ECOFOR

[ calculadora

Datos Vegetacidn
Inflamabilided

2

Fraceién de Cabidad Cublarta

Anomalis Climética

7

Restablecer  Calcular Severidad

Pendientes
"

Maodslos Combustible
2

Orientacién
39

Deficit da Presisn de Vapor

La severidad es media-alta

Alturaz

6
Erosionabilidad

1
Modalo

Albacete-Cuenca
Velacidsd Media Vients (m/s)

SEVERITY MODULE

CALCULATOR

B colculadora

Datos Vegetacion
Inflamabilidad
2
Fraccin de Cabidad Cublerta
2
Elevacion

740

Anomalia Climética

7s

Restablecer  Calicular Severidad

Pandisntes
n

Modslos Combustible
2

Orientacién
39

Daficit de Presién de Vapor

La severidad es media-baja

3. Results

Alturas

Erosionabilidad

1
Modelo

Toledo-Ciudad Real-Guadalajara
Velocidad Media Vienta (m/s)

a
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SEVERITY MODULE

UCLM | Universidad de Castilla X <
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Restauracion

No actuacion

Control de la erosion
@ Monitoreo y apoyo a la regeneracion

Control de erosion y monitoreo de la regeneracion
@ Control de erosion y apoyo a la regeneracion
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