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ix

Foreword

Trend monitoring is considered increasingly critical for a better  understanding 
of environmental changes. Our planet is a living system with multiple 
interactions between physical and biological processes that are continually 
 modifying the Earth’s landscapes. In addition to these natural processes, 
human activities play a very relevant role in explaining the environmental 
processes, as humans interact with a wide variety of atmospheric, ocean, and 
land flows. This interaction has two complementary heads—how humans 
affect and are affected by ecological processes. Planet Earth primarily serves 
as our home. We rely on natural resources to find food and shelter and even 
to find our spiritual guidance. For millennia, we have used those resources 
in diverse ways, perceiving them as infinite. This planet was considered vast 
and diverse enough to serve human needs unconditionally. However, we 
now realize that the human footprint is almost everywhere, and we have 
gradually begun to consider natural resources as precious and limited goods. 
Our house is becoming too small, or at least this is how we perceive it. We 
can react to this perception by  ignoring the potential collapse to which our 
current way of living may bring us or we can limit our growth. But the first 
effort should be to better understand the problem: whether this perception is 
true and what are the trends to estimate near-term scenarios.

Earth observation by satellite has become an indispensable tool for obtain-
ing a global view of many natural processes as well as for monitoring their 
trends. Even though the historical archives of satellite images are small 
(the first reliable satellites were launched only 25 to 30 years ago), they pro-
vide critical information on tropical deforestation, land use trends, water 
quality, crop yields, snow and ice extents, coastal processes, oceans, cloud 
and aerosol distribution, and many other variables that are essential to 
describe the global system.

Ecosystem services refer to all natural processes that have a significant 
impact on human societies. In recent decades, these services have been as 
inputs to be accounted for in any economical evaluation. Nature provides a 
wide range of services to humanity, from water quality to wood or pasture, 
from hunting to fishing, from biodiversity conservation to snow cover, from 
carbon stocks to soil erosion protection, from cork to nuts to mushrooms. 
Many of these aspects are covered in this book, which serves as a very  relevant 
method of facilitating updated material for better appreciating how satellite 
images can be used operationally in monitoring ecosystem services. This is 
probably the first book to cover most of those topics, providing a comprehen-
sive analysis of a very innovative field of research that should be promoted in 
the near future. The editors’ efforts to cover such a wide range of topics with 
such a diverse list of authors should be greatly acknowledged. The resulting 
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x Foreword

text will facilitate extensive material for  ecologists,  hydrologists, biologists, 
geographers, and many other environmental scientists, who can further rely 
on the growing availability of satellite images for better understanding and 
monitoring our fragile environment.

Emilio Chuvieco
Professor of Geography
Universidad de Alcalá

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xi

Editors

Domingo Alcaraz-Segura was born in Alhama 
de Almería, Spain, in 1978. He  received  his 
bachelor degree in environmental sciences  in 
2000 and his PhD degree in 2005, both at the 
University of Almería. He has enjoyed post-
doctoral positions at the University of Virginia, 
University of Buenos Aires, University of Texas 
at Austin, University of Maryland, and Spanish 
Council for Research (Doñana Biological 
Station). Currently, he is a professor at the University of Granada (Spain) and 
an associate researcher of the Andalusian Center for the Assessment and 
Monitoring of Global Change. He teaches courses in botany, geobotany, global 
change, biodiversity conservation and human well-being, and time series 
 analysis of satellite images. His current research interests are the  environmental 
 controls of biodiversity, the impact of land cover and land use changes on 
 ecosystem  functioning and services and on hydroclimate, and the development 
of  monitoring and alert systems of global change effects on protected areas. His 
research is based on fieldwork, remote sensing techniques, time series analysis, 
and geographical information systems.

Carlos Marcelo Di Bella was born in Buenos 
Aires, Argentina, in 1969. He graduated 
as an agronomist (Faculty of Agronomy, 
University of Buenos Aires, Argentina) 
in 1994 and received a PhD degree from 
the Institut National Agronomique Paris-
Grignon, France, in 2002. Since 1998, he has 
been a staff researcher at the Institute of 
Climate and Water (INTA, National Institute 
of Agricultural Technology) and since 2006 at 
the National Scientific and Technical Research 
Council (CONICET). He is also a director of postgraduate career: remote 
sensing and geographic  information systems (GISs) applied to the study of 
natural resources and  agricultural  production (Alberto Soriano Graduate 
School, Faculty of Agronomy, University of Buenos Aires, Argentina). His 
research focuses on the application and development of remote sensing and 
the application of GISs to natural resources and agroecosystems study, man-
agement, and monitoring.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xii Editors

Julieta Verónica Straschnoy was born in 
Buenos Aires, Argentina, in 1974. She gradu-
ated as a teacher of mathematics and physics 
in 1997. She received her bachelor degree in 
environmental management in 2002 and cur-
rently is finalizing her masters in environmen-
tal studies, both at the University of Business 
and Social Sciences (Buenos Aires). Since 2003, 
she has been a staff researcher at the Institute 
of Climate and Water (INTA, National Institute 
of Agricultural Technology). She participates 
in the development of different national and 
international projects in the area of permanent 
observation of agroecosystems.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xiii

Contributors

C. Aguilar
Fluvial Dynamics and Hydrology 

Research Group
Andalusian Institute of Earth 

System Research
Agrifood Campus of International 

Excellence (ceiA3)
University of Córdoba
Córdoba, Spain

D. Alcaraz-Segura
Botany Department
Faculty of Sciences
University of Granada
Granada, Spain

and

Andalusian Center for the 
Assessment and Monitoring of 
Global Change (CAESCG)

University of Almería
Almería, Spain

A. Andreu
Andalusian Institute for 

Agricultural and Fisheries 
Research and Training (IFAPA)

Cordoba, Spain

M. E. Beget
Climate and Water Institute
Research Center of Natural 

Resources (CIRN)
National Institute of Agricultural 

Technology (INTA)
Hurlingham, Argentina

E. H. Berbery
Cooperative Institute for Climate 

and Satellites
Earth System Science 

Interdisciplinary Center
University of Maryland
College Park, Maryland

F. J. Bonet
Terrestrial Ecology Research 

Group
Andalusian Institute for Earth 

System Research
University of Granada
Granada, Spain

J. Cabello
Department of Biology and 

Geology
Andalusian Center for 

the Assessment and 
Monitoring of Global Change 
(CAESCG)

University of Almería
Almería, Spain

F. S. Cardozo
National Institute for Space 

Research (INPE)
São José dos Campos, Brazil

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xiv Contributors

C. Carvalho-Santos
Department of Biology
Faculty of Sciences and 

Research Centre in 
Biodiversity and Genetic 
Resources (CIBIO)

University of Porto
Porto, Portugal

and

Environmental Systems Analysis 
Group

Wageningen University
Wageningen, The Netherlands

A. J. Castro Martínez
Oklahoma Biological Survey (OBS)
University of Oklahoma
Norman, Oklahoma

and

Andalusian Center for 
the Assessment and 
Monitoring of Global Change 
(CAESCG)

Department of Plant Biology and 
Ecology

University of Almería
Almería, Spain

S. Contreras
Centre of Pedology and Applied 

Biology of Segura
Spanish Council for Scientific 

Research (CSIC)
Murcia, Spain

S. M. C. Coura
National Institute for Space 

Research (INPE)
São José dos Campos, Brazil

C. M. Di Bella
Climate and Water Institute
Research Center of Natural 

Resources (CIRN)
National Institute of Agricultural 

Technology (INTA)
National Scientific and 

Technical Research Council 
(CONICET)

Hurlingham, Argentina

M. Durante
National Institute of Agricultural 

Technology (INTA)
Concepción del Uruguay
Argentina

H. E. Epstein
Department of Environmental 

Sciences
University of Virginia
Charlottesville, Virginia

J. Espinha Marques
Geology Centre and Department of 

Geosciences
Environment and Spatial Planning
Faculty of Sciences
University of Porto
Porto, Portugal

N. Fernández
Doñana Biological Station
Spanish National Research Council 

EBD-CSIC
Sevilla, Spain

I. Filella
National Research Council (CSIC) 
Center for Ecological Research 

and Forestry Applications 
(CREAF) 

Catalonia, Spain

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xvContributors

S. R. Freitas
National Institute for Space 

Research (INPE)
São José dos Campos, Brazil

M. F. Garbulsky
School of Agriculture
University of Buenos Aires
Institute for Agricultural
Plant Physiology and Ecology 

(IFEVA)
National Scientific and Technical 

Research Council (CONICET)
Buenos Aires, Argentina

M. García-Llorente
Sociology and the Environment 

Research Area
Social Analysis Department
Carlos III University of Madrid
and
Social-Ecological Systems 

Laboratory
Department of Ecology
Autonomous University of Madrid
Madrid, Spain

M. P. González-Dugo
Andalusian Institute for 

Agricultural and Fisheries 
Research and Training (IFAPA)

Cordoba, Spain

J. P. Guerschman
Commonwealth Scientific and 

Industrial Research Organisation 
(CSIRO) Land and Water

Canberra, Australia

L. Hein
Environmental Systems Analysis 

Group
Wageningen University
Wageningen, The Netherlands

J. Herrero
Fluvial Dynamics and Hydrology 

Research Group
Andalusian Institute for Earth 

System Research
University of Granada
Granada, Spain

J. Honrado
Department of Biology
Faculty of Sciences and Research 

Centre in Biodiversity and 
Genetic Resources (CIBIO)

University of Porto
Porto, Portugal

I. Iniesta-Arandia
Social-Ecological Systems 

Laboratory
Department of Ecology
Autonomous University of Madrid
Madrid, Spain

J. G. N. Irisarri
School of Agriculture
University of Buenos Aires
Regional Analysis 

Laboratory and Remote 
Sensing (LART)

Institute for Agricultural 
Plant Physiology and Ecology 
(IFEVA)

National Scientific and 
Technical Research Council 
(CONICET)

Buenos Aires, Argentina

E. G. Jobbágy
Environmental Research Group 

(GEA)
San Luis Institute of Applied 

Mathematics (IMASL)
National Scientific and Technical 

Research Council (CONICET)
San Luis, Argentina

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xvi Contributors

P. Kosuth
National Research Institute of 

Science and Technology for 
Environment and Agriculture 
(IRSTEA)

Earth Observation and 
 Geo-Information for Environment 
and Land Management Unit 
(UMR TETIS)

Montpellier, France

E. López-Carrique
Andalusian Center for the 

Assessment and Monitoring of 
Global Change (CAESCG)

University of Almería
Almería, Spain

P. Lourenço
Department of Biology and 

Geology
Andalusian Center for the 

Assessment and Monitoring 
of Global Change (CAESCG)

University of Almería
Almería, Spain

V. A. Marchesini
School of Agriculture
University of Buenos Aires
Regional Analysis Laboratory and 

Remote Sensing (LART)
Institute for Agricultural 

Plant Physiology and Ecology 
(IFEVA)

National Scientific and Technical 
Research Council (CONICET)

Buenos Aires, Argentina

and

School of Plant Biology
The University of Western 

Australia
Perth, Australia

B. Marcos
Department of Biology
Faculty of Sciences and Research 

Centre in Biodiversity and 
Genetic Resources (CIBIO)

University of Porto
Porto, Portugal

B. Martín-López
Social-Ecological Systems 

Laboratory
Department of Ecology
Autonomous University of Madrid
Madrid, Spain

A. Millares
Fluvial Dynamics and Hydrology 

Research Group
Andalusian Institute for Earth 

System Research
University of Granada
Granada, Spain

O. V. Müller
CEVARCAM
Faculty of Engineering and Water 

Resources
National University of Litoral
National Scientific and Technical
Research Council (CONICET)
Santa Fe, Argentina

M. Oesterheld
School of Agriculture
University of Buenos Aires
Regional Analysis
Laboratory and Remote Sensing 

(LART)
Institute for Agricultural Plant 

Physiology and Ecology (IFEVA)
National Scientific and 

Technical Research Council 
(CONICET)

Buenos Aires, Argentina

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xviiContributors

R. Oltra-Carrió
Global Change Unit
Image Processing Laboratory
University of València
València, Spain

M. Oyarzabal
Department of Quantitative 

Methods and Information 
Systems

School of Agriculture
University of Buenos Aires
Regional Analysis Laboratory and 

Remote Sensing (LART)
Institute for Agricultural 

Plant Physiology and 
Ecology (IFEVA)

National Scientific and 
Technical Research Council 
(CONICET)

Buenos Aires, Argentina

I. Palomo
Social-Ecological Systems 

Laboratory
Department of Ecology
Autonomous University of Madrid
Madrid, Spain

J. M. Paruelo
Department of Quantitative 

Methods and Information 
Systems

School of Agriculture
University of Buenos Aires
Regional Analysis Laboratory and 

Remote Sensing (LART)
Institute for Agricultural 

Plant Physiology and 
Ecology (IFEVA)

National Scientific and
Technical Research Council 

(CONICET)
Buenos Aires, Argentina

J. Peñuelas
National Research Council (CSIC)
Center for Ecological Research 

and Forestry Applications 
(CREAF)

Catalonia, Spain

G. Pereira
National Institute for Space 

Research (INPE)
São Paulo, Brazil

and

Federal University of São João 
del-Rei (UFSJ)

São João del-Rei, Brazil

M. J. Polo
Fluvial Dynamics and 

Hydrology Research Group
Andalusian Institute of Earth 

System Research
Agrifood Campus of International
Excellence (ceiA3)
University of Córdoba
Córdoba, Spain

A. Reyes
Department of Biology and 

Geology
Andalusian Center for the 

Assessment and Monitoring of 
Global Change (CAESCG)

University of Almería
Almería, Spain

B. Scanlon
Bureau of Economic Geology
Jackson School of Geosciences
The University of Texas at Austin
Austin, Texas

Y. E. Shimabukuro
National Institute for Space 

Research (INPE)
São José dos Campos, Brazil

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xviii Contributors

J. A. Sobrino
Global Change Unit
Image Processing Laboratory
University of València
València, Spain

G. Sòria
Global Change Unit
Image Processing Laboratory
University of València
València, Spain

Y. Souchon
National Research Institute of Science 

and Technology for Environment 
and Agriculture (IRSTEA)

Aquatic environments, ecology and 
pollution (UR MALY)

River Hydro-Ecology Unit 
(ONEMA–IRSTEA)

Lyon, France

R. Stockler
National Institute for Space 

Research (INPE)
São José dos Campos, Brazil

T. Tormos
National Research Institute of Science 

and Technology for Environment 
and Agriculture (IRSTEA)

Aquatic environments, ecology and 
pollution (UR MALY)

French National Agency for Water 
and Aquatic Environments 
(ONEMA)

River Hydro-Ecology Unit 
(ONEMA–IRSTEA)

Lyon, France

M. Vallejos
Department of Quantitative 

Methods and Information 
Systems

School of Agriculture
University of Buenos Aires
Regional Analysis Laboratory and 

Remote Sensing (LART)
Institute for Agricultural 

Plant Physiology and Ecology 
(IFEVA)

National Scientific and 
Technical Research Council 
(CONICET)

Buenos Aires, Argentina

K. Van Looy
National Research Institute of Science 

and Technology for Environment 
and Agriculture (IRSTEA)

Aquatic environments, ecology and 
pollution (UR MALY)

River Hydro-Ecology Unit 
(Onema–Irstea)

Lyon, France

B. Villeneuve
National Research Institute of 

Science and Technology for 
Environment and Agriculture 
(IRSTEA)

Aquatic environments, ecology and 
pollution (UR MALY)

River Hydro-Ecology Unit 
(ONEMA–IRSTEA)

Lyon, France

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xix

Reviewers

We sincerely thank the many reviewers that contributed to this book; their 
thoughtful evaluations and constructive comments substantially improved 
the content and presentation of the chapters. We are also grateful to the 
numerous universities, research centers, public agencies, and taxpayers that 
funded their works.

Flor Álvarez-Taboada, University of León, Spain
Roxana Aragón, National University of Tucumán, Argentina
Olga Barron, CSIRO Land and Water, Australia
J. Jesús Casas, University of Almería, Spain
Antonio Castro, University of Oklahoma, USA
Sérgio Bruno Costa, Simbiente, Portugal
Piedad Cristiano, University of Buenos Aires, Argentina
Miguel Delibes, CSIC, Spain
Koen De Ridder, VITO, Belgium
Heriberto Díaz-Solís, Antonio Narro Agrarian Autonomous University, 
Mexico
Martial Duguay, EURAC, Italy
Michael Ek, NOAA Center for Weather and Climate Prediction, USA
Martín Garbulsky, University of Buenos Aires, Argentina
Monica García, Columbia University, USA
Gregorio Gavier-Pizarro, National Institute of Agricultural Technology, 
Argentina
Artur Gil, University of the Açores, Portugal
Anatoly Gitelson, University of Nebraska, USA
Silvana Goirán, National University of Cuyo, Argentina
Alexander Graf, Forschungszentrum Jülich, Germany
Diego Gurvich, National University of Córdoba, Argentina
Michael Heinl, University of Innsbruck, Austria
Robert Höft, Secretariat of the Convention on Biological Diversity, Canada
João Honrado, University of Porto, Portugal
Ned Horning, American Museum of Natural History, USA
Charles Ichoku, NASA Goddard Space Flight Center, USA
Akihiko Ito, National Institute for Environmental Studies, Japan
Eva Ivits, Institute for Environment and Sustainability, Italy
Gensuo Jia, Chinese Academy of Sciences, China
Juan Carlos Jiménez-Muñoz, University of Valencia, Spain
Eric Kasischke, University of Maryland, USA
William Lauenroth, University of Wyoming, USA
Feliciana Licciardello, University of Catania, Italy

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



xx Reviewers

César Agustín López Santiago, University Autonomous of Madrid, Spain
Néstor Oscar Maceira, National Institute of Agricultural Technology, 
Argentina
Priscilla Minotti, National University of San Martín, Argentina
Claudia Notarnicola, EURAC, Italy
Miren Onaindia, University of the Basque Country, Spain
Pedro Peña Garcillán, Biological Research Center of the Northwest, Mexico
César Pérez-Cruzado, University of Göttingen, Germany
Gabriela Posse, National Institute of Agricultural Technology, Argentina
Serge Rambal, CEFE CNRS, Canada
Duccio Rocchini, Edmund Mach Foundation, Italy
Nilda Sánchez Martín, CIALE, University of Salamanca, Spain
Fernando Santos-Martín, Autonomous University of Madrid, Spain
David Sheeren, National Polytechnic Institute of Toulouse, France
Bob Su, University of Twente, Netherlands
Anke Tetzlaff, EURAC, Italy
Santiago Verón, National Institute of Agricultural Technology, Argentina
Donald Young, Virginia Commonwealth University, USA
Julie Zinnert, Virginia Commonwealth University, USA

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
0:

17
 1

1 
Fe

br
ua

ry
 2

01
4 



Section I

Introduction



3

1
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1.1  General Overview of Remote Sensing 
of Ecosystem Services

Ecosystem services can be defined as “an activity or function of an ecosys-
tem that provides benefit (or occasionally detriment) to humans” (Mace 
et al. 2012; see also Burkhard et al. 2012; Crossman et al. 2012). Repeated 
efforts have been made to quantify, value, map, monitor, and analyze the 
various ecosystem service components that sustain human well-being: 
from the early attempts of Costanza et  al. (1997) and the Millennium 
Ecosystem Assessment (MA 2005) to the more recent integrative initiatives 
of the  Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services (IPBES 2013) and the Global System for Monitoring 
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2
Ecosystem Services Related to Carbon 
Dynamics: Its Evaluation Using 
Remote Sensing Techniques

J. M. Paruelo and M. Vallejos
University of Buenos Aires, Argentina

2.1 Introduction

Policies aimed at integrating social, economic, and environmental dimen-
sions of sustainability have to explicitly consider evaluating the  influence 
of human activities on the provision of ecosystem services (ESs). The 
 decision-making process for land use planning requires ES inventory along 
with an estimation of the ES provision rates and the effects of related human 
activities. ESs are commonly evaluated on the basis of indicators that do not 
 provide a proper representation of the whole territory and/or do not capture 
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4
Earth Observation of Carbon 
Cycling Pools and Processes in 
Northern High-Latitude Systems

H. E. Epstein
University of Virginia, Virginia

4.1  Introduction to Remote Sensing of Carbon 
Cycling Processes at Northern High Latitudes

Ecosystem services of northern terrestrial systems encompass all three main 
categories of service: provisioning, regulating, and cultural (Haynes-Young 
and Potschin 2010). The ecosystem services focused on within this chapter 
are largely provisioning (e.g., biomass production) and regulating (e.g., car-
bon sequestration and storage). One key service of the northern high latitudes 
has been their ability to store carbon. Arctic and subarctic ecosystems have 
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5.1 Introduction

Worldwide, 80% of the energy required by cattle to reach market weight 
is derived from rangelands and pastures (Wheeler  et  al. 1981; Oltjen 
and Beckett 1996). Managing these forage resources requires knowing 
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6.1 Introduction

The scientific community is being urged to invest more time and  economic 
resources to improve current estimates of global and regional carbon bud-
gets (Scurlock et al. 1999). Carbon gains are considered either as an interme-
diate service (Fisher et al. 2009) or as supports of provision and regulating 
services (MA 2005). In addition, net primary production (NPP), an esti-
mate of ecosystem carbon gains, is often considered the most integrative 
 descriptor of ecosystem function (McNaughton et al. 1989). NPP estimates 
are derived from biomass harvesting, flux tower measurements, remote 
sensing, and model simulation (Ruimy et al. 1995; Sala et al. 2000; Still et al. 
2004). Biomass harvesting is expensive and not exempt from errors and 
methodological problems. These methods are limited in their spatial and 
temporal coverage. Given the linear relationship between the fraction of 
solar radiation absorbed by vegetation and spectral vegetation indices 
(Sellers et  al. 1992), Monteith’s model (Monteith 1972) offers the possibil-
ity of estimating seasonal variation in carbon gains from remote sensing 
data (Potter 1993). Monteith’s model states that carbon gains (Equation 6.1) 
of vegetation cover are a function of the quantity of incoming photosyn-
thetically active radiation (PAR), the fraction of this radiation intercepted 
by vegetation (fPAR), and the light use efficiency (LUE; Still et  al. 2004). 
The flux estimated using the Monteith’s model included net and gross pri-
mary production and net ecosystem exchange (NEE) (Ruimy et al. 1999; see 
Equations 6.2 and 6.3).

 NPP = PAR*fPAR*LUE (6.1)

 GPP = PAR*fPAR*LUE (6.2)

 NEE = PAR*fPAR*LUE (6.3)

PAR can be directly measured using radiometers; fPAR can be esti-
mated from spectral indices such as the Normalized Difference Vegetation 
Index (NDVI; Asrar et al. 1984) or the Enhanced Vegetation Index (EVI). The 
 relationship of fPAR-spectral indices may vary between land cover types, 
but several authors have proposed different empirical relationships: (a) lin-
ear (Choudhury 1987); (b) nonlinear (Potter 1993; Sellers et  al.  1994); and 
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8.1 Introduction

Species loss and the decline of populations are among the most important 
threats to the preservation of ecosystem processes and their services to 
humans (Chapin et al. 2000). These threats will increase in the near future: 
even the most conservative estimates indicate that current extinction rates 
have no precedent since the Cretaceous event (Barnosky et  al. 2011), thus 
supporting the idea that anthropogenic activity is triggering the sixth mass 
extinction on Earth. As an example, recent assessments of the status of ani-
mal species showed that, among all species included in the catalog of the 
International Union for Conservation of Nature (IUCN), 19% of vertebrates 
and 26% of invertebrates were threatened, and a large number of these move 
to a higher risk category every year (Hoffmann et al. 2010; Collen et al. 2012). 
Overall, diversity is suffering an additional reduction through the loss of 
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10.1 Introduction

During the past decade, river ecosystems have been identified as delivering 
ecosystem services that are fundamental to human well-being (Postel and 
Carpenter 1997; Aylward et al. 2005). River ecosystems provide cultural (e.g., 
recreation, tourism, existence values), regulating (e.g., maintenance of water 
quality, buffering of flood flows, erosion control), and supporting (e.g., role 
in nutrient cycling, predator–prey relationships, ecosystem  resilience, and 
maintenance of biodiversity) services that contribute greatly, directly and 
indirectly, to human well-being (Aylward et  al. 2005). Although the links 
between biodiversity, ecological functions, and the provision of ecosystem 
services are often poorly understood (Mertz et al. 2007), it has become evi-
dent that maintaining the river ecosystem integrity can support the protec-
tion of river ecosystem services.

The riparian zone, as an interface between the terrestrial and aquatic 
ecosystems, encompasses the strip of land containing distinctive veg-
etation along the margin of a stream. The vegetation may include trees, 
woody shrubs, herbs/forbs, grasses, and sedges. The ecological importance 
of riparian zones to ecosystem functions has been well recognized (e.g., 
Naiman and Décamps 1997; Naiman et al. 2005; Shearer and Xiang 2007). 
On the one hand, riparian vegetation contributes to the regulation of tro-
phic status and food chains (organic debris), temperature (providing shade 
and cover for the aquatic communities), and habitat (stabilizes the banks, 
provides woody debris), which are key parameters of river ecosystems. On 
the other hand, it plays a buffer role against agricultural and urban diffuse 
pollution (e.g., nutrients, sediments, pesticides). Maintaining and restoring 
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11.1 Society and Hydrological Services

Water plays an essential role in the functioning of ecosystems, underpinning 
biochemical cycles, supporting living organisms and their growth, and cre-
ating aquatic habitats on Earth (Chapin et al. 2002). In addition, humans and 
society rely on ecosystems to provide hydrological services and the resulting 
benefits (MA 2003). Two major types of hydrological services (Figure 11.1) can 
be identified according to the benefits they generate: (1) water supply, which 
includes water for household, irrigation, and industry; hydropower genera-
tion; freshwater products; transportation; and recreational and spiritual ben-
efits and (2) water damage mitigation, which includes the reduction in the 
number and severity of floods, the decrease in soil erosion and sediment 
deposition, and the mitigation of landslides (Brauman et al. 2007). Both types 
of services may be evaluated according to three dimensions: (1)   quantity 
(i.e., total amount of water), (2) timing (i.e., seasonal distribution of the water), 
and (3) quality (related to removal and breakdown of  pollutants and trap-
ping of sediments) (Brauman et al. 2007; Elmqvist et al. 2009).

The provision of hydrological services depends on the biophysical struc-
tures and processes involving water in ecosystems (Figure  11.1). The rate 
of ecosystem functioning determines the capacity to deliver a potential 
 service for people (Haines-Young and Potschin 2010). The intrinsic  capacity 
to  provide services exists in nature independently of human options in 
the form of ecosystem functions, and services are only materialized when 
people use or feel the benefits of those functions (Fisher et al. 2009). From 
one service, multiple benefits can be generated that translate into a welfare 
gain—the subject of economic, ecological, and social valuation (Ansink et al. 
2008; de Groot et al. 2010). For instance, the amount of water infiltrated will 
recharge groundwater reservoirs, increasing water storage capacity (proper-
ties and functions; Figure 11.1). Once people use this water, the water supply 
service is translated into economic benefits, such as water being available for 
household consumption.

Concerns over water problems have been increasing in the last decades, 
with special emphasis on water scarcity in arid and semiarid regions 
(van  Beek et  al. 2011). Water availability is a function of the biophysical 
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12.1 Introduction

The so-called water cycle was already observed, studied, and described by 
the ancient civilizations (Biswas 1970). But it was during the nineteenth cen-
tury that hydrology was consolidated as an individual science, when the 
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13.1 Introduction

Groundwater-dependent ecosystems (GDEs) play a key role in human 
development, and are especially relevant in regions with low rates of rain-
fall, by providing a broad range of ecosystem services such as physical sup-
port for wildlife habitats and biodiversity hotspots, control of floods and 
erosion, regulation of nutrient cycling, or provision of landscape refuges for 
 cognitive development (de Groot et al. 2002; Chen et al. 2004; Eamus et al. 
2005; Bergkamp and Katharine 2006; Ridolfi et  al. 2007). During the past 
decade, research on ecology and functioning of GDEs has received a grow-
ing interest from the scientific community and from landscape managers. 
However, in spite of their high intrinsic values, many of these ecosystems 
have been strongly impacted as a consequence of disruption of hydrological 
linkages with groundwater resources. This disruption has been generally 
promoted by excessive rates of groundwater extraction and depletion, for 
example, Las Tablas de Daimiel and Doñana National Reserves in Spain 
(Llamas 1988; Muñoz-Reinoso and García-Novo 2005); Swan Coastal Plain 
in southwest Australia (Groom et al. 2000); desert springs in the Mojave and 
Great Basin deserts in the United States (Patten et al. 2008); San Pedro River 
in the United States (Stromberg et al. 1996). It has also been caused by modi-
fication of morphology of stream channels or wetlands through dredging 
or artificial diversions (Ellery and McCarthy 1998) or as a consequence of 
changes in their water balance due to climatic factors (Murray-Hudson et al. 
2006). A better understanding of the functioning and water consumption 
of GDEs is then critically required to evaluate the ecological services pro-
vided by them (Murray et al. 2006; Brauman et al. 2007) and, for develop-
ing adaptive management frameworks that reconcile compatible human 
activities, ecosystem conservation, and their underlying hydrological trade-
offs under future  scenarios of land use and climate change (MacKay 2006; 
Barron et al. 2012b).

GDEs are ecosystems that require groundwater inflows to maintain their 
current structure and functioning and the subsequent delivery of eco-
system services (Hatton and Evans 1997; Murray et al. 2003; Eamus et al. 
2006). GDEs may display an obligate reliance requiring a constant ground-
water presence, or a facultative one where they adapt their functioning 
to  fluctuating groundwater availability (Murray et  al. 2003; Bertrand 
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16.1 Introduction

16.1.1 The Ecosystem Service of Climate Regulation

Ecosystem services related to the atmospheric composition and climate 
regulation group (Haines-Young and Potschin 2013) are associated with 
the maintenance of both global and local climate conditions that are favor-
able for health, crop production, and other human activities. At the global 
scale, ecosystem biogeochemical processes influence the climate by emit-
ting/absorbing greenhouse gases and aerosols to/from the atmosphere. 
Forests capture and store carbon dioxide, while marshlands, lakes, rice 
paddies, and cattle-raising rangelands emit methane. Ecosystems’ bio-
physical properties, such as albedo, latent heat, and sensible heat, affect 
the local or regional temperature, precipitation, and other climatic factors 
(Pielke et  al. 2002; Bonan 2008; Oki et  al. 2013). For instance (see Bonan, 
2008), part of the incoming solar radiation in a tropical forest is used for 
water evapotranspiration (latent heat flux), which decreases surface tem-
perature. Furthermore, the forest’s evapotranspiration may favor cloud 
formation as part of the local climate but also help maintain air quality. 
In a tropical desert, radiation heats up the soil, which then heats the air 
(sensible heat flux).

Despite ecosystems regulate climate through biogeochemistry (e.g., 
greenhouse gas exchanges) and biophysics (e.g., water and energy bal-
ance), current policies only focus on biogeochemical influences (i.e., CO2 
emissions). Recently, Anderson-Teixeira et  al. (2012) proposed a climate 
regulation value (CRV) index that accounts for the biogeochemical and 
 biogeophysical ecosystem properties that affect the value of ecosystem–cli-
mate services. The CRV converts the biophysical effects into biogeochemi-
cal units. Hence, the CRV offers the possibility of expanding the suite of 
climate regulation  services considered in the current global policies and 
carbon markets. The biophysical part of the CRV is estimated from eco-
system’s surface net radiation and latent heat flux, which are simulated 
using land surface models such as Integrated Biosphere Simulator (IBIS) 
(Foley et al. 1996; Kucharik et al. 2000) or Noah Land Surface Model (LSM) 
(Chen et al. 1996; Chen and Dudhia 2001; Ek et al. 2003). In general, these 
simulations involve the use of variables related to vegetation such as leaf 
area index, stomatal resistance, rooting depth, albedo and transmittance 
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17.1 Introduction

Ecosystems play an essential role providing goods and services to humans. 
Directly or indirectly, their benefits to humans include provisioning 
(e.g.,  food, water, fuel, fiber, and genetic resources), supporting (e.g., eco-
systems primary production, soil formation, oxygen production), cultural 
developments (e.g., recreation, cognitive development, reflection, and 
spiritual enrichment), and regulating services (e.g., air maintenance, water 
purification, regulation of human diseases, erosion control, and climate 
regulation) (MA 2005). Studying, quantification, and mapping of ecosys-
tem services have gained increasing interest in the scientific community in 
recent years.

At the ecosystem level, several processes regulate water, mass, and 
energy fluxes toward the atmosphere (e.g., Baldocchi and Wilson 2001; 
Noe et al. 2011): photosynthesis—affecting the level of carbon  dioxide in 
the atmosphere; evapotranspiration—controlling latent heat and water 
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19.1 Introduction

In 2011, the percentage of the total world population living in urban areas 
was 51%, according to the Population Reference Bureau’s world population 
data sheet (PRB 2011). Even though countries define urban in many different 
ways, from population centers of 100 or more dwellings to only the popula-
tion living in national and provincial capitals, one thing is clear: the world is 
being urbanized. Ecosystems regulate the climate through biophysical pro-
cesses that mediate energy and water balances at the land surface (West et al. 
2011) (see Chapter 16). Consequently, the replacement of natural surfaces by 

CONTENTS

19.1 Introduction ................................................................................................ 417
19.2 Evaluation of the UHI Effect ....................................................................420

19.2.1 DESIREX Experimental Campaign: The Madrid Case Study .... 421
19.2.2 Thermopolis Experimental Campaign: The Athens 

Case Study ......................................................................................423
19.3 Requirements of a Suitable Remote Sensing Sensor to Analyze 

the UHI Effect ............................................................................................. 424
19.3.1 Spatial Resolution .......................................................................... 424
19.3.2 Overpass Time................................................................................427

19.4 Assessment of Different Procedures to Retrieve the Land Surface 
Emissivity over Urban Areas ...................................................................429
19.4.1 Comparative Analysis of the Land Surface Emissivity 

Products ...........................................................................................430
19.4.1.1 Comparison in Terms of Land Surface Emissivity ....... 430
19.4.1.2 Comparison in Terms of Land Surface Temperature ... 432

19.5 Conclusions .................................................................................................433
Acknowledgments ..............................................................................................434
References .............................................................................................................434



Section VI

Other Dimensions of 
Ecosystem Services



441

20
Multidimensional Approaches in 
Ecosystem Services Assessment

A. J. Castro Martínez
University of Oklahoma, Oklahoma; University of Almería, Spain

M. García-Llorente
Carlos III University of Madrid, Spain; Autonomous University of Madrid, Spain

B. Martín-López, I. Palomo, and I. Iniesta-Arandia
Autonomous University of Madrid, Spain

CONTENTS

20.1 The Need for a Multidimensional and Interdisciplinary 
Framework for Ecosystem Services Assessment ...................................442

20.2 The Supply Side of Ecosystem Services ..................................................444
20.2.1 Service-Providing Units ................................................................444
20.2.2 Biophysical Indicators for Evaluating Ecosystem Services ......445
20.2.3 Going Spatial: From Early Approaches to Current 

Toolboxes .....................................................................................445
20.3 The Demand Side of Ecosystem Services ...............................................450

20.3.1 Ecosystem Services Beneficiaries.................................................450
20.3.2 Sociocultural Valuation ................................................................. 451
20.3.3 Economic Valuation .......................................................................453

20.4 Discussion and Future Steps: Toward Hybrid Methodologies and 
New Concepts ............................................................................................458

20.5 Conclusions ................................................................................................. 459
Acknowledgments ..............................................................................................460
References ............................................................................................................. 461



Earth Observation  
of Ecosystem Services

E d i t E d  b y

domingo Alcaraz-Segura
Carlos Marcelo di bella
Julieta Veronica Straschnoy

•  Alcaraz-Segura
•  di bella
•  StraschnoyEarth Observation  

of Ecosystem Services

ISBN-13: 978-1-4665-0588-9

9 781466 505889

9 0 0 0 0

K14591Cover design: MSc. Emilio Guirado-Hernández 

Remote SenSing

“Monitoring and mapping ecosystem services is critical to their effective management. This 
book covers the latest remote sensing techniques for doing that. A must read for anyone  
concerned with ecosystem services.”

—Robert Costanza, The Australian National University

“… a broad and valuable introduction to the use of remotely sensed data sets in  
assessing and monitoring key ecosystem services. … relevant to students and researchers 
interested in using earth observations in advancing their methods of inquiry. The subject 
matter is impressive, ranging from the carbon cycle to urban heat island effects. As  
humankind brings increasingly greater pressure to bear on natural systems, an improved  
understanding of their function in the context of change is critical. … an important contribution 
in explaining the utility of remotely sensed data in meeting this challenge.”

—Matthew C. Hansen, University of Maryland

“… synthesizes the state of the art of how remote sensing can contribute to get the pulse 
of the planet, specifically on how our ecosystems are changing and what key benefits 
they provide to societies. … New conceptual approaches and techniques are synthe-
sized. Timely, systematic, reliable, and easily accessible information on the flow of services  
to society from ecosystems is urgently needed: this book contributes one great leap forward.  
A massive effort from all nations will be needed to achieve full implementation of the  
suggested approach.”

—Patricia Balvanera, Centro de Investigaciones en Ecosistemas, Universidad Nacional 
Autónoma de México

“…for biodiversity and ecosystem services in situ observation cannot function without 
remote sensing. However, there are many earth observation systems and not every approach 
fits every problem. To build the global community of practice on biodiversity and ecosystem 
services three things are important: sharing knowledge, harmonisation of approaches 
and improving the observation tools.  … offers a great overview of how earth observation 
systems are being used, can be used in the near future and what the caveats and pitfalls 
are at present. … It is one of the objectives of GEO BON to provide this overview and  
develop capacity building programmes for the whole community. This book is a good step 
into that direction.”

—Rob H.G. Jongman, Alterra, Wageningen UR, Steering Committee GEO BON 

K14591_Cover_mech.indd   All Pages 10/8/13   9:11 AM


	1-Front matter
	Foreword
	Editors
	Contributors
	Reviewers

	2-Section 1
	3-Chapter 1
	A Global Vision for Monitoring Ecosystem Services with Satellite Sensors
	1.1 �General Overview of Remote Sensing of Ecosystem Services
	1.2 Overview of Book Sections and Chapters
	1.2.1 Ecosystem Services Related to the Carbon Cycle
	1.2.2 Ecosystem Services Related to Biodiversity
	1.2.3 Ecosystem Services Related to the Water Cycle
	1.2.4 Ecosystem Services Related to Energy Balance
	1.2.5 Other Dimensions of Ecosystem Services

	Acknowledgments
	References


	4-Section 2
	5-Chapter 2
	Ecosystem Services Related to Carbon Dynamics: Its Evaluation Using Remote Sensing Techniques
	2.1 Introduction
	2.2 The Carbon Cycle: Key Processes
	2.3 �Conceptual Frameworks to Connect Carbon Dynamics and ESs
	2.3.1 Production Functions to Link Intermediate to Final ESs
	2.3.2 �Impact Functions to Link Disturbances or Stress Factors with ES Provision

	2.4 �Scale Issues in the Evaluation of Carbon-Related ESs
	2.5 Which Intermediate Services Should Be Monitored?
	2.5.1 NPP Estimations
	2.5.2 AGB Estimations
	2.5.3 Carbon and Energy Released by Wildfires

	2.6 Concluding Remarks
	Acknowledgments
	References


	6-Chapter 3
	Recent Advances in the Estimation of Photosynthetic Stress for Terrestrial Ecosystem Services Related to Carbon Uptake
	3.1 Introduction
	3.2 �Alternative Ways to Remotely Estimate Photosynthetic Stress of Terrestrial Vegetation
	3.2.1 Leaf Pigments
	3.2.2 Chlorophyll Fluorescence

	3.3 Final Considerations
	Acknowledgments
	References


	7-Chapter 4
	Earth Observation of Carbon Cycling Pools and Processes in Northern High-Latitude Systems
	4.1 �Introduction to Remote Sensing of Carbon Cycling Processes at Northern High Latitudes
	4.2 �Remote Sensing of Vegetation Biomass and Primary Production in Arctic Tundra
	4.3 �Remote Sensing of Vegetation Biomass and Primary Production in Boreal Forests
	4.4 �Remote Sensing of Land–Atmosphere Exchange of Carbon in Arctic Tundra and Boreal Forests
	4.5 �Remote Sensing of Soil Carbon Processes (Soil Respiration, Decomposition, Methane Production) and Stocks in Arctic Tundra and Boreal Forests
	4.6 Remote Sensing of Carbon Emissions from Fire
	4.7 Summary and Conclusions
	Acknowledgments
	References


	8-Chapter 5
	Monitoring the Ecosystem Service of Forage Production
	5.1 Introduction
	5.2 ANPP Estimation through Successive Biomass Harvests
	5.3 ANPP Estimation through Remote Sensing
	5.4 RUE Estimation through ANPP and APAR
	5.4.1 ANPP Estimation
	5.4.2 APAR Estimation
	5.4.3 RUE Estimation

	5.5 Forage Monitoring System Based on Remote Sensing
	5.6 Other Uses of Remote Sensing for Livestock Systems
	5.7 Conclusions
	Acknowledgments
	References


	9-Chapter 6
	Missing Gaps in the Estimation of the Carbon Gains Service from Light Use Efficiency Models
	6.1 Introduction
	6.2 Material and Methods
	6.3 Results
	6.3.1 Estimation Methods and LUE Units
	6.3.2 LUE Estimates across Organizational Levels and Land Cover Types
	6.3.3 Time Interval of LUE Estimates

	6.4 Conclusions
	Acknowledgments
	Appendix 6.1 (Articles Reviewed from 1972 to 2007)
	References


	10-Chapter 7
	Biomass Burning Emission Estimation in Amazon Tropical Forest
	7.1 Introduction
	7.2 Methods for Estimation of Biomass Burning Emission
	7.3 Biomass Distribution in Amazon Tropical Forest
	7.4 Materials and Methods
	7.4.1 Thermal Anomalies Detections
	7.4.2 FRP Integration
	7.4.3 CCATT-BRAMS Model and Biomass Burned Estimation
	7.4.4 Field Data and Inventory Comparison

	7.5 Results and Discussion
	7.5.1 FRE Distribution
	7.5.2 �Aerosols and Trace Gases Emission Estimation for Amazon Tropical Forest
	7.5.3 Emission Model Assessment

	7.6 Conclusions
	Acknowledgments
	References


	11-Section 3
	12-Chapter 8
	Earth Observation for Species Diversity Assessment and Monitoring
	8.1 Introduction
	8.2 Finding Species from Space
	8.3 EO of Land Cover and Species Niches
	8.3.1 Species Distribution Modeling
	8.3.2 Global Species Assessment

	8.4 �Measuring Ecosystem Functioning in Animal Ecology and Conservation
	8.4.1 �Relationships between Ecosystem Functioning and Species Richness
	8.4.2 Ecology and Conservation of Wildlife Populations

	8.5 Concluding Remarks
	Acknowledgments
	References


	13-Chapter 9
	Ecosystem Services Assessment of National Parks Networks for Functional Diversity and Carbon Conservation Strategies Using Remote Sensing
	9.1 Introduction
	9.2 Methodology
	9.2.1 �Identification of EFTs and Quantification of Carbon Gains from a Satellite-Derived Enhanced Vegetation Index
	9.2.2 Functional Diversity Assessment of National Park Networks
	9.2.3 �Congruence between Functional Diversity and Carbon Gains in the Networks

	9.3 Results
	9.3.1 �Spatial Patterns of EFTs in Natural Areas of Portugal, Spain, and Morocco
	9.3.2 Representativeness and Rarity of the National Park Networks
	9.3.3 Carbon Gains in the National Park Networks
	9.3.4 �Spatial Congruence between Diversity and Carbon Gains in National Park Networks

	9.4 Discussion
	9.5 Conclusions
	Acknowledgments
	References


	14-Chapter 10
	Catchment Scale Analysis of the Influence of Riparian Vegetation on River Ecological Integrity Using Earth Observation Data
	10.1 Introduction
	10.2 Study Area
	10.3 Datasets and Method
	10.3.1 Datasets
	10.3.2 Classification of RALC
	10.3.3 �Modeling Large-Scale Relationships between Land Cover and Stream Ecological Integrity

	10.4 Results
	10.4.1 RALC Map
	10.4.2 Land Cover Effect

	10.5 Discussion
	10.5.1 Mapping RALC over Broad Territories
	10.5.2 �Large-Scale Riparian Vegetation Influence on River Ecological Integrity

	10.6 Conclusion
	Acknowledgments
	References


	15-Section 4
	16-Chapter 11
	Evaluation of Hydrological Ecosystem Services through Remote Sensing
	11.1 Society and Hydrological Services
	11.2 Hydrological Services and the Water Cycle
	11.3 �Remote Sensing of Ecosystem Functioning for Hydrological Services Provision
	11.3.1 Water Supply
	11.3.2 Water Damage Mitigation

	11.4 �Remote Sensing of Drivers and Pressures of Hydrological Services
	11.5 �Integrating Remote Sensing Data with Hydrological Modeling
	11.5.1 Hydrologic Biophysiographic Variables
	11.5.2 Hydrologic-State Variables
	11.5.3 Remote Sensing Applied in Soil and Water Assessment Tool

	11.6 Conclusions and Perspectives
	Acknowledgments
	References


	17-Chapter 12
	Assimilation of Remotely Sensed Data into Hydrologic Modeling for Ecosystem Services Assessment
	12.1 Introduction
	12.2 �Hydrologic Modeling and Ecosystem Services Quantification
	12.3 Hydrologic Modeling and Remote Sensing
	12.4 Water Quality Monitoring and Remote Sensing
	12.5 Conclusions
	References


	18-Chapter 13
	Detecting Ecosystem Reliance on Groundwater Based on Satellite-Derived Greenness Anomalies and Temporal Dynamics
	13.1 Introduction
	13.2 Methods
	13.2.1 Study Site
	13.2.2 Climate and Satellite Dataset for Greenness Anomaly Estimation
	13.2.3 Greenness Timing and Metrics
	13.2.4 �Impact of Groundwater on Vegetation Dynamics: A Conceptual Model

	13.3 Results and Discussion
	13.3.1 MAP-EVI Regional Function
	13.3.2 �EVI Dynamics along a Groundwater Dependence Gradient at the Telteca Site
	13.3.3 �Intercomparison among Phreatophytic Woodlands, Wetlands, and Irrigated Crops

	13.4 Conclusions
	Acknowledgments
	References


	19-Chapter 14
	Surface Soil Moisture Monitoring by Remote Sensing: Applications to Ecosystem Processes and Scale Effects
	14.1 Introduction
	14.2 Soil Moisture Monitoring by Remote Sensing Sources
	14.3 �Assimilation of Remote Sensing Data into Hydrological Modeling
	14.4 �Estimating Evapotranspiration as an Indirect Valuation for Soil Moisture Stress on Vegetation
	14.5 Final Remarks/Conclusions
	Acknowledgments
	References


	20-Chapter 15
	Snowpack as a Key Element in Mountain Ecosystem Services: Some Clues for Designing Useful Monitoring Programs
	15.1 �Introduction: From Monitoring Snow Cover to Quantifying Ecosystem Services
	15.2 �Design and Implementation of Methodologies to Monitor the Services Provided by Snow Cover
	15.2.1 In Situ Measurements
	15.2.2 Satellite Measurements
	15.2.3 Airborne Sensors 

	15.3 Final Services Provided by Snow in Mountain Areas
	15.3.1 Provisioning Services
	15.3.2 Regulating and Maintenance Services
	15.3.3 Cultural Services

	15.4 �A Case Study of Monitoring Snow Cover to Quantify Ecosystem Services: Sierra Nevada Biosphere Reserve (Spain)
	15.5 Conclusion
	Acknowledgments
	References


	21-Section 5
	22-Chapter 16
	Characterizing and Monitoring Climate Regulation Services
	16.1 Introduction
	16.1.1 The Ecosystem Service of Climate Regulation
	16.1.2 Ecosystem–Climate Feedbacks
	16.1.3 Modeling of Ecosystem–Atmosphere Interactions

	16.2 Identification of EFTs
	16.2.1 Satellite Data Record
	16.2.2 Definition of EFTs
	16.2.3 EFTs of Southern South America

	16.3 Biophysical Properties from EFTs
	16.3.1 Land Surface Parameterization of EFTs
	16.3.2 U.S. Geological Survey versus EFT-Derived Biophysical Properties
	16.3.3 Interannual Variability of Vegetation Properties

	16.4 Climate Regulation Services in Regional Modeling
	16.4.1 �Accounting for Changes in Biophysical Properties in a Regional Climate Model
	16.4.2 A Case Study for a Drought Episode

	16.5 Discussion and Conclusions
	Acknowledgments
	References


	23-Chapter 17
	Ecosystem Services Related to Energy Balance: A Case Study of Wetlands Reflected Energy
	17.1 Introduction
	17.2 Wetlands Reflected Energy
	17.2.1 Canopy Reflectance Simulation Model
	17.2.2 Simulated case studies
	17.2.3 Simulated Reflectance

	17.3 Conclusions
	Acknowledgments
	References


	24-Chapter 18
	Energy Balance and Evapotranspiration: A Remote Sensing Approach to Assess Ecosystem Services
	18.1 �Ecosystem Services, Energy Balance, and Evapotranspiration
	18.2 Relating ET and Energy Balance to Ecosystem Services
	18.3 �The Use of Remote Sensing to Estimate ET and Its Relationship with Ecosystem Services
	18.4 �ET, Albedo, LST, and Their Relation with Ecosystem Services
	18.5 �A Case Study: The Impact of Large-Scale Deforestation on Dry Forests of Central Argentina: Changes in ET, Surface Temperature, and Albedo at Landscape Scale
	18.6 Conclusions
	Acknowledgments
	References


	25-Chapter 19
	Urban Heat Island Effect
	19.1 Introduction
	19.2 Evaluation of the UHI Effect
	19.2.1 DESIREX Experimental Campaign: The Madrid Case Study
	19.2.2 Thermopolis Experimental Campaign: The Athens Case Study

	19.3 �Requirements of a Suitable Remote Sensing Sensor to Analyze the UHI Effect
	19.3.1 Spatial Resolution
	19.3.2 Overpass Time

	19.4 �Assessment of Different Procedures to Retrieve the Land Surface Emissivity over Urban Areas
	19.4.1 Comparative Analysis of the Land Surface Emissivity Products

	19.5 Conclusions
	Acknowledgments
	References


	26-Section 6
	27-Chapter 20
	Multidimensional Approaches in Ecosystem Services Assessment
	20.1 �The Need for a Multidimensional and Interdisciplinary Framework for Ecosystem Services Assessment
	20.2 The Supply Side of Ecosystem Services
	20.2.1 Service-Providing Units
	20.2.2 Biophysical Indicators for Evaluating Ecosystem Services
	20.2.3 Going Spatial: From Early Approaches to Current Toolboxes

	20.3 The Demand Side of Ecosystem Services
	20.3.1 Ecosystem Services Beneficiaries
	20.3.2 Sociocultural Valuation
	20.3.3 Economic Valuation

	20.4 �Discussion and Future Steps: Toward Hybrid Methodologies and New Concepts
	20.5 Conclusions
	Acknowledgments
	References


	28-Index
	Index

	29-Color figures

