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¿Qué es el Cambio Global?

Se llama cambio global al conjunto de cambios ambientales que se derivan de las actividades humanas sobre

el planeta, con especial referencia a cambios en los procesos que determinan el funcionamiento del sistema

Tierra (Vitousek 1994).
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Biodiversidad, servicios ecosistémicos y bienestar humano

Millenium Ecosystem Assessment 2005



Definiciones de Vulnerabilidad:

IPCC 2007 - Grado en que un sistema es susceptible de sufrir efectos negativos.

IPCC 2014 - La predisposición de un sistema a verse afectado negativamente.

Estado del 

sistema

Estrés

Impacto

Esquema básico

Sensibilidad

Capacidad de 

adaptación

Exposición

Vulnerabilidad

AR4 (IPCC, 2007)

Exposición

Vulnerabilidad

Amenaza

AR5 (IPCC, 2014)

Riesgo



5º informe IPCC

¿Qué es la vulnerabilidad?



¿Cómo se cuantifica la Vulnerabilidad/ Riesgo? 

-Modelos complejidad causal / factores predisposición 

contribuyentes/ desencadenantes.

-Indicadores e índices. 

-Ambas aproximaciones se retroalimentan.



Van Oijen et al. 2013

PRS (Análisis de Riesgo Probabilístico) 

V , Vulnerabilidad

R, Riesgo

P(H), probabilidad de que 

ocurra un Peligro “Hazard”)



¿Qué es la adaptación al cambio climático?

Las medidas de adaptación al cambio climático se orientan a limitar los 

impactos, reducir las vulnerabilidades e incrementar la resiliencia frente 

al cambio del clima de los sistemas humanos y naturales, incluyendo la 

biodiversidad, los bosques, las costas, las ciudades, el sector agrario, la 

industria, etc.

La adaptación al cambio climático es la respuesta al calentamiento 

global que busca reducir la vulnerabilidad de los sistemas sociales 

y biológicos a los efectos del cambio climático.





¿Qué es un sistema de seguimiento de la adaptación? 

Preservation of Cultural Heritage and Resources Threatened by Climate Change. Chiara Bertolin© 2019 by the authors; CC BY-NC-ND license



Diseño de un Sistema de Seguimiento del Cambio 

Global y Adaptación:

• Conceptos claves.

• Diseño de un sistema de seguimiento de la

ACC: aplicación a la planificación forestal

• Medidas de Mitigación.







Villamayor-Tomas et al, 2024



Villamayor-Tomas et al, 2024
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282.734

Población de Guadalajara. Datos 

provisionales de 2024

85%

Porcentaje de municipios con 

densidad inferior a 12,5 hab/km2. 

Datos oficiales de 2023

173 de 288

Número de municipios con 

menos de 101 habitantes. Datos 

oficiales de 2023

93%

Porcentaje de municipios 

clasificados como Zonas de 

Extrema Despoblación. Datos 

oficiales de 2023

DATOS DEL OBSERVATORIO DE LA DESPOBLACIÓN

DE GUADALAJARA



Densidad de población (habitantes / km2) 

por municipio (2018)

Crecimiento de la población (%)

por municipio (2008 - 2018)

Fuente: INE, 2019. Fuente: INE, 2019. 

93% municipios - Serranía Celtibérica

7% municipios - Resto

Área de estudio:

Provincia de Guadalajara

Unidad de estudio:

Municipio (288 municipios)



Censo
“El censo es la operación estadística de mayor

envergadura que realiza el Instituto Nacional de

Estadística (INE) cada diez años.” (Gobierno de España,

2011)

¿Cómo cuantificar la población residente?

Estadística Padrón Continuo
“Permite llevar un control de la población y facilita la

planificación de políticas públicas. Sin embargo, muchas

personas empadronadas no residen verdaderamente en el

municipio.” (INE, 2014)

Falta de continuidad temporal

Poco fiable en lugares despoblados



Contaminación lumínica en Guadalajara. Mosaico anual 2020 VIIRS DNB. Fuente: 
Elaboración propia.

Alta correlación del PIB y población con la suma de la radiancia por 
municipio.

Alta correlación de la densidad de población con la media de la radiancia
por municipio.

Coeficientes de correlación de Spearman con nivel de 

significancia de 0,05. Fuente: Elaboración  propia.

Contaminación lumínica como indicador demográfico o económico



Tiempo para llegar a infraestructuras

IGN https://storymaps.arcgis.com/stories/662be0691ccd4d6f8d134817c409a356

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fstorymaps.arcgis.com%2Fstories%2F662be0691ccd4d6f8d134817c409a356&data=05%7C02%7Cma.zavala%40uah.es%7Ceeec7d7521924bb1ea8b08dd02394d8d%7Cced2c5527d1f4731aa3a2f0ec9629e26%7C1%7C0%7C638669167324083889%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=uALU1I7MxIltl3UFx%2BYK3C9odEQAbXEXzFrzg%2FN3dTI%3D&reserved=0
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Superficie (ha)

406.085,86

397.199,02

386.857,58

12.996,65

12.001,55

6.068,62

132,04

Los ecosistemas de Guadalajara

Fuente: Elaboración propia  a partir de CORINE LAND COVER



Cartografía de riesgos ambientales:



Gazol & Camarero, 2022. STOTEN
Hao et al., 2022. Ear. Sci. Rev

Tijerín-Triviño et al., en preparación

SPEI: balance precipitación y evapotranspiración potencial, estandarizado 

temporalmente en cada sitio

Ventanas de tiempo previo (p. ej. 6, 12, 24 meses)

Datos CHELSA V2.1 Karger et al 2017 

VPDmax: déficit de presión de vapor máxima

Williams et al., 2013. Nat. Clim. Chang



Kolus et al., 2019. Sci. Rep.

Dimensiones de 

sequías más cálidas

(SPEI & VPDmax)

¿Efectos en la 

resiliencia?

Composición forestal (Biomasa)

- Diversidad estructural (cv DAP)

- Diversidad funcional (FRichP50)

- Identidad funcional (CWMP50)

¿Modula la respuesta al clima?

R
e

s
p

u
e
s
ta

Tiempo

Estructura y 

composición

Tijerín-Triviño et al., en preparación



Usos segregados/ “Land sparing” Usos compartidos/ “Land

sharing”
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Mortalidad

Variabilidad

interanual
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Senescencia

hoja

Mortalidad

parcial

E. Granda

E. Granda

J. Read

Jump et al. 2017, 

Global Change Biology

Interacción Estructura x Clima
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Imágenes 
satelitales

↑ de sequías

(intensidad, 

duración, 

temperatura)

↑ competencia

(menos uso por 

abandono rural)

↑ procesos de decaimiento 

(muerte parcial o total de 

individuos)

Identificación

Cuantificación

Seguimiento

Impactos (Detección y seguimiento). 



• Resolución espectral

• Resolución espacial

• Resolución temporal

Herramientas de detección y seguimiento:

Evaluación decaimiento por

imágenes satelitales

¿Qué sensor utilizo?

https://www.jpl.nasa.gov/news/nasa-to-highlight-results-from-new-earth-missions/

Rodes-Blanco et al., en preparación



Imágenes Satelitales

Sensor Resolución 

espacial

Resolución 

espectral

Resolución 

temporal

Disponibilidad

Landsat-2 /OLI 30m Visible

Nir

Swir

Cada 16 días

(Desde 1984)

Libre

Sentinel-2/MSI 10m o 20m Visible

NIR

SWIR

Red-Edge (x3)

Cada 8 días

(Desde 2017)

Libre

PlanetScope 

/SD

3m Visible

NIR

Red-Edge(x1)

Diario

(Desde 2020)

Gratis sólo 

con licencia 

de estudiante 

/ 

investigación

Rodes-Blanco et al., en preparación



• Con imágenes de dron (RGB-NIR) se delimitaron los polígonos de 
daño 

• Evaluación espectral: en píxeles de 30m se calculó la correlación 
con el daño de diferentes índices calculados con distintos 
sensores

• Evaluación espacial: se calculó la correlación con el daño de 
diferentes índices calculados con distintos sensores a diferentes 
resoluciones espaciales

• Se compara la correlación de daño según la estructura forestal

Rodes-Blanco et al., en preparación

¿Cómo detectar decaimiento?



Zonas de 

estudio

Rodes-Blanco et al., en preparación



Zonas de estudio del proyecto 

IbForRes en Guadalajara

Adobes

Alustante

Traid

Zonas de decaimiento forestal

(daño medio)

Zona sin decaimiento forestal

(referencia)

Rodes-Blanco et al., en preparación



Zonas de decaimiento forestal

Traid Adobes

Individuos muertos 
Alta defoliación

Presencia de muérdagoRodes-Blanco et al., en preparación



Delimitación polígonos de daño con imágenes de dron

Delimitación

de copas con 

daño

% daño en pixel de 30m

(Landsat 8-OLI)
% daño en pixel de 20m

(Sentinel 2-MSI)

% daño en pixel de 3m 

(PlanetScope-SD)

0%

100%

50%

25%

75%

% of 

damage 

% daño en pixel de 10m

(Sentinel 2-MSI)

Rodes-Blanco et al., en preparación



Resolución espectral Sentinel2 es el sensor con el que se 

obtiene mejor correlación con el daño

Los índices que 

mejor detectan el 

daño son los que 

usan las bandas 

swir y red-edge

Rodes-Blanco et al., en preparación



Resolución espacial

Planet Scope

Sentinel 2

Tanto para Sentinel 2 como para 

Planet Scope la resolución a la que 

existe mejor correlación con el daño 

son 20m

PlanetScope

Rodes-Blanco et al., en preparación



Indicadores del Sistema de Seguimiento:

• Indicadores de Vulnerabilidad demográfica.

• Indicadores de Cambio Climático:

• Sensores remotos (decaimiento).

• Crecimiento (productividad).

• Hábitat centinelas.



Indicador  crecimiento 
(troncal)



FunDiv Europe

• Aim: analyse how divers forests 
influence productivity, mortality and 
other ecosystem functions

• 24 institutions in 15 European countries

• Observation plots in mature forests in 6 
sites, of which Alto Tajo is one. 

• Species gradient from monoculture to 6 
different species per plot

• Regular inventories (2012,2017,2022)
Molina de 
Aragón



Resampling and Mortality assessment 2022

View from one of the research plots in Alto Tajo

Tree gains and losses during 
the last inventory period

Growth assessment 
with increment coring



Alto Tajo part of a new 
European Forest 

Plot Network



FORTRESS 



Network Overview

Pinus nigra,
Pinus sylvestris,
Quercus ilex

>15 species
>800 dendrometers
>1300 trees cored



Study Design & plot installation

c

30 m 

20 m 

Altitudinal difference
~300 m



Dendrochronology 

Terrestrial Lidar Scanning 

Upcoming field campaigns in Alto Tajo

Going back in time

A detailed picture of
the forest



Any Questions?A large collaborative effort

Viola Filippini Robin Battison, Mathilda Digby, Julia Hall, Daniela Nemetschek PI: Tommaso Jucker

UK: University of Bristol, Cabot institute for the Environment, Forest Research
Spain: Universidad de Alcalá, Instituto Pirenaico de Ecología
Italy: Università degli Studi di Palermo, Università degli Studi del Molise, Fondazione Edmund Mach
Germany: Technische Universität München
Czech Republic: Charles University Prague
Romania: Transilvania University of Brașov
Norway: Norwegian University of Science and Technology

Funding: ERC starting grant, UKRI

Verónica Cruz-Alonso, Cristopher Fernández de Blas, 
César Morales del Molino

Maybe you would 

like to add 

Paloma and 

yourself here?
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Estado de conservación, dinámica sucesional y modelos de vulnerabilidad de los pastos orófilos, hábitat 6160 

de los “ZEC-Sierra de Ayllón” y “Alto Tajo”. Fundación General de la Universidad de Alcalá, 2020-2021, PI: 

Juan L. Aguirre (FGUA



The Resist-Accept-Direct (RAD) framework (USGS)

Marco conceptual planificación forestal.



Experimentación

Proceso a explicar

Hipótesis

Modelo

correlacional

Resiliencia

Comprobación
Modelos
Previos

Observaciones Predicciones

Modelo
de proceso

Modelos de Vulnerabilidad



(1) Espacialización de biomasa forestal

IFN: Biomasa estimada

LiDAR: métricas LiDAR

Biomasa ~ métricas LiDAR

(biomasa con continuidad

espacial) Aplicación a la serie temporal del satélite

(1985 - 2020)

(2) Estimación temporal de la biomasa forestal

Imágenes e índices de 

satélite

~    Métricas e índices de satelites

(Multiespectral)
Biomasa/pixel

Metodología desarrollada por Tanase et al., 2024. Env. Res.

2º modelo (random forest)
1er modelo

Tijerín-Triviño et al., en preparación



P1
P2

Pn

P
e

ri
o

d
o

d
e

 

e
s
tu

d
io

Clima

Estructura y 

composición

Productividad ~ α0 +

β1 Intensidad de sequía (DI) + β2
VPDImax

β3 Biomasaini + β4 cvDAPini +

β5 CWMP50 + β6 FRichP50

Productividad (Mg ha-1 año-1)

(periodos de 10 años) 

Pn

Modelo GLM 

(Modelo linear 

generalizado)

Tijerín-Triviño et al., en 

preparación

P3

Efectos de la intensidad de sequía (DI, SPEI) y las

temperaturas extremas (VPDImax) sobre la

productividad forestal (Mg ha-1 año-1).

10 años; 1985 – 2018; ventanas temporales móviles

de 1 año.

Identidad (CWMP50) + riqueza (FRichP50) y div. estructural (cv DAPini)



Efectos delVPDImax y  DI sobre la productividad

forestal a lo largo del tiempo

Tijerín-Triviño et al., en

preparación



Falk et al. 2022. Mechanisms of Forest resilience.





Experimentación

Proceso a explicar

Hipótesis

Modelo

correlacional

Resiliencia

Comprobación
Modelos
Previos

Observaciones Predicciones

Modelo
de proceso

Modelos de Vulnerabilidad
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Madrigal-González et al  (2017) Forest ecology and management 389, 167-175



Modelo de proceso (“bottom-up”) :Size-structured model

• N(t,s); Densidad

• B(t,s); Area basimétrica acumulada, s

• G(t,s); Crecimiento

• M(t,s); Mortalidad

• R(t); Regeneración

Zavala, M.A. et al.2024. Landscape Ecology 39, 6.

Sloboda 1976 

Madrigal-González et al  (2017) Forest ecology and management 389, 167-175





Zavala, M.A. et al.2024. Landscape Ecology39, 6.
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Carbon farming

European Environment Agency, 2022

SOURCE
(release)

SINK
(uptake)

Atmosphere

https://www.eea.europa.eu/data-and-maps/daviz/eu-emissions-and-removals-of-1/#tab-chart_2


Improve resilience and 
climate adaptation

Increase productivity Improve use of wood 
products

1 2
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Increment in European forests substantially exceeds felling 

Every year, more wood grows than is harvested in European forests, 

leading to the accumulation of growing stock in forests. Net annual 

wood increment is higher than in earlier periods. Since 1990, it has 

increased by approximately 25%. The volume of timber harvested has 

been increasing steadily since 1990. On average, 73% of the net annual 

increment is felled, thus indicating the sustainability of wood supply 

from European forests.

Europe is an important roundwood-production region

Roundwood production in Europe has been growing, reaching a maximum of 

almost 550 million m3 annually. The reported total value of marketed roundwood 

is also continuously increasing and reached about EUR 21 000 million annually 

around 2015. The reported roundwood volumes and values per unit are highly 

variable across the reporting countries.

Forests and other wooded land are an important source of non-wood goods, such as food and 

materials

Cork, Christmas trees, chestnuts, fruits, mushrooms, wild meat, and 

honey represent traditional non-wood goods. These goods are a 

source of additional income from forests. The reported value of 

marketed non-wood goods in Europe was about EUR 4 000 million 

in 2015.

Market realisation of forest services remains underdeveloped

Social services, including hunting and fishing licenses, predominate 

among marketed services of forest ecosystems, followed by 

biosphere services. The total reported value of marketed services 

was around EUR 500 million, although data availability is limited.

Related policy responses aim to improve timber supply by a higher use of increment and of 

accumulated growing stock

The major challenges and obstacles include low economic e iciency and performance of 

the forestry sector, a lack of enabling entrepreneurship environment, support for innovations, 

increasing competition for forest resources and their services, and underdeveloped markets for 

ecosystem services. Reported measures focus on marketing and promotion of forest products 

and services.

Productive Functions of Forests

Su
m

m
ar

y f
or

 Po
lic

y M
ak

er
s

73%

4 000 million €

non-wood goods

500 million €

marketed services
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The reported number of fatal accidents in forestry decreased markedly

Working in forestry is still dangerous. In 2015, 149 fatal and almost 21 000 non-

fatal accidents were reported in Europe, corresponding to about 24 accidents per 

1 000 forest workers.

Europe is a net exporter of primary wood and paper products

The trade of forest products comprises exports and imports of 

roundwood, energy wood, sawn wood, wood-based panels, and pulp, 

as well as paper and paperboard. Europe is a net exporter of these 

wood and paper products, with an European trade surplus of about 

30 million m3 roundwood equivalents or EUR 5 500 million in 2015. 

Having doubled from 1990 to 2005, export volume stagnated in the 

period 2005-2015.

There are more than 2.6 million employees in the forest sector

In 2015, about 4 employees worked per 1 000 ha of forest. In the forest sector 

(including forestry, wood manufacturing, and the paper industry), there were more 

than 2.6 million employees. Employment in the forest sector decreased by about 33% 

from 2000 to 2015.

Renewable energy from wood covers about 6.4% of total energy consumption

Wood is one of the renewable sources of energy, covering 6.4% of 

total primary energy supply in Europe in 2015. Reflecting the state of 

development in the wood processing sector, about half of the energy from 

wood is supplied directly from the forest, significantly complemented by co-

products and residues of wood processing industries and by post-consumer 

recovered wood.

Most countries have policy objectives focussing on ecosystem services, free access 

to forests, forest related value chain contribution to GDP, favourable employment 

opportunities, forest biomass for energy generation, investments for innovation, and 

sustainable consumption. Reported measures include support of research, education 

and training, improved access to forests and increased recreation areas, safety and 

health protection campaigns and training. The major challenges and obstacles relate to 

continuing depopulation of rural areas, di iculties in ensuring occupational safety and 

health, pressures from increasing recreation use, but also to limited access infrastructure, 

volatile wood markets, and ine icient use of woody biomass.
S
u

m
m

a
ry

 f
o

r 
P

o
lic

y
 M

a
ke

rs

2.6 mil.3 mil.

Related policy responses focus on education and training, improved access to forests and 

recreation opportunities, as well as nancial support and communication to stakeholders

“Climate smart forestry”
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Forest management 
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Deposition of air pollution has been continuously decreasing since 1997

Soil properties show limited changes

A comparison of 2015 data with those from a survey performed in 2009-

2012 revealed limited changes in soil properties, with only total nitrogen 

showing a generalised increase across Europe. Distinct North-South 

gradients were observed, the most pronounced being for the content of 

soil organic carbon, C:N ratio, and pH.

Defoliation is increasing

Although defoliation of trees at 72% of monitoring plots remained 

stable, foliage loss increased at 19% of plots in the period 2010-

2018. Overall, the condition of European forests is apparently 

deteriorating, with increasing mean defoliation of the main tree 

species.

About 3% of European forests are damaged, mainly by wind, insects, ungulate browsing, and 

forest res

There is a clear regional pattern in specific disturbances: fires occur 

mostly in the Mediterranean region, and windstorms and heavy 

snowfalls in central and north-western regions. Ungulate browsing 

is a European-wide disturbance. Damage by insects fluctuates, 

while damage by wind and snow has increased. However, an 

apparent shift in disturbances has been observed recently, 

suggesting extreme droughts and heat waves, more extensive 

bark beetle outbreaks, and a wider occurrence of forest fires.

Reported measures address the prevention and control of hazards, crisis management, as well 

as a reduction of soil degradation. The major challenges and obstacles are the increasing threat 

of damage caused to forests by harmful organisms and extreme weather events, mass dying of 

forest tree species, and the unclear adaptive potential of tree species.

Related policy responses focus mainly on prevention of forest res, ungulate browsing, and 

insect outbreaks

Forest Ecosystem Health and Vitality

Despite an overall decrease in deposition of air pollution, forests in 

Europe are still exposed to excessive levels of nitrogen deposition 

and tropospheric ozone.

The European context
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Forest area has increased by 9% since 1990, although the rate of expansion is slowing down

The 227 million ha of forests in Europe cover 35% of total land area. 

Other wooded land accounts for an additional 27 million ha.

Around 75% of the forest area is available for wood supply.

46% of European forests are predominantly coniferous, 37% are 

predominantly broadleaved, and the rest are mixed.

A quarter of European forests are uneven-aged

About three-quarters of forests in Europe are even-aged, of 

which about 64% are beyond the regeneration phase and 

have not yet reached the mature phase. Nearly a quarter of 

European forests are uneven-aged.

Growing stock has increased by 50% since 1990, although this trend is slowing down

The total growing stock of European forests adds up to 34 900 million m3, of which 

about 84% is located in forests available for wood supply. On average, there are 169 m3 

of growing stock per ha, which is 40 m3 per ha more than thirty years ago.

European forests are a major carbon sink; carbon stock increases in forests and in wood 

products
Between 2010 and 2020, the average annual sequestration of carbon 

in forest biomass reached 155 million tonnes in the European region. 

In the EU-28, sequestration corresponds to around 10% of gross 

greenhouse gas emissions. In the period 1990-2015, the carbon stock 

in harvested wood products increased from 2.5 to 2.8 tonnes of carbon 

per capita, thus contributing to CO
2
 emission reductions.

Related policy responses focus on increasing forest area, but its funding and competing land 

uses remain a challenge

The major challenges and obstacles to achieving policy objectives include the funding 

of a orestation, reforestation and climate change adaptation activities, competing 

land uses interests, and e ective operation and coordination of all key sectors and key 

stakeholders, as well as more frequent and more severe weather events resulting from 

climate change.

Forest Resources and their Contribution to Global Carbon Cycles
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4,5 millones Ton C 
almacenan los bosques 

de Guadalajara



QU.A.L.ITY Criteria for a robust certification system

QUANTIFICATION ADDITIONALITY LONG-TERM STORAGE SUSTAINABILITY

Carbon removal
activities must be 

precisely measured
and offer unequivocal

climate benefits 

Carbon sink activities 
go beyond common 

practices 

Certification considers
the duration of carbon 
storage, distinguishing

permanent from 
temporary storage 

Carbon sequestration
activities must not

harm the environment
and also support other

environmental
objectives such as the 

protection of 
biodiversity
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= Max
= Medium
= Low Quantification PermanenceAdditionality Leakage 

Prevention

=> practices based on the four EU QU.A.L.ITY criteria

Which forest management practices are suitable for carbon farming?
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 AFFORESTATION

 SPECIES SELECTION

 NO HARVESTING

 AGROFORESTRY

 STRUCTURE 
DIVERSIFICATION

 THINNING INTENSITY

 FIRE MANAGEMENT

 PEATLAND RESTORATION
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