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CHAPTER 1

Introduction
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Foreword 

A coast redwood tree (Sequoia sempervirens) in the Redwood National Park in 
California, United States, is believed to be the tallest tree on Earth1. Nicknamed 
Hyperion, in 2004, its highest branch towered at 112.7 meters above the ground, 
challenging our knowledge on the limits of growth (Koch et al., 2004). The city of 
Santa María del Tule in Oaxaca, Mexico, owes its name to an ancient, stout cypress 
tree (Taxodium mucronatum), or āhuēhuētl (‘old man of the water’ in Nahuatl 
language), whose broad crown hovers over the colourful Santa María de la Asunción 
church. The 36.5 m circumference of el árbol del Tule is the widest yet measured1. The 
biggest, most voluminous tree known to man, nonetheless, is a giant sequoia 
(Sequoiadendron giganteum) in California. General Sherman, as the tree is known, 
reaches 84 meters above the ground and has a circumference of 31 meters1. The 
thousands tons of matter erecting Hyperion, el árbol del Tule, and General Sherman, 
and all other three trillion trees around the world (Crowther et al., 2015), come 
from the air around us. Using water and nutrients from the soils where they anchor, 
all plants and trees on Earth fix gaseous organic matter from the air to build 
themselves high above the ground, higher than their neighbours. Plants and trees 
‘breathe in’ carbon dioxide and ‘breathe out’ oxygen in a watery belch. In the poem 
‘Inside out,’ Bill Yake writes2:  
 

Trees are our lungs turned inside out 
& inhale our visible chilled breath. 

Our lungs are trees turned inside out 
& inhale their clear exhalations. 

 
We have known our dependence on oxygen before our newfound obsession with the 
tall, the wide, and the big storages of atmospheric carbon in trees; before we 
changed our view of trees’ carbon sequestering capacities from nature to a service to 
humanity. 

 

																																																								
1 The Gymnosperm database: Sequoia sempervirens, Taxodium mucronatum and Sequoiadendron. 
Accessed in October 2015: http://www.conifers.org. 
 
2 Via The Poetry Foundation. Available at: 
http://www.poetryfoundation.org/poetrymagazine/article/239460	
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1.1 A new normal 

2015 knew extremes: news broadcast and print media reports spread warnings on 
how climate change fuels the extreme weather events that harm people and nature 
around the world. Extreme drought in California, United States, dragged on 
previous years, reaching the highest average temperature in the 120-years of record 
keeping (Stevens, 2015). Forest burnt in California, Alaska, and the South-west 
United States3 (Hoalthus, 2015; Stevens, 2015). July 2015 set new records for the 
hottest summer in Europe: thermometers hit 36.7 °Celsius in London, England; 
40 °C in Madrid, Spain, and Kitzingen, Germany; 39.7 °C in Geneva, Switzerland, 
and 38 °C in Maastricht, The Netherlands	 (Di Liberto, 2015). The ‘blob’ in the 
North-Pacific Ocean, extending from the shores of Mexico up through Alaska, 
continued record high temperatures: 1-3 °C higher than average (Bond et al. 2015; 
Hartmann, 2015; Mooney, 2015). The Arctic ice reached the lowest winter and 
summer maximum covers ever recorded (Mathisen, 2015; Viñas, 2015), forcing 
thousands of walruses (Odobenus rosmarus) to gather ashore in Alaska instead of 
floating ice in the Chukchi sea (Harvey, 2015). Heat waves in Pakistan and India 
melted pavement and killed thousands of people	 (Dearden, 2015a; Rush, 2015). 
Socio-political unrest in Syria was compounded by extreme, prolonged droughts 
(Kelley et al., 2015). On August 29, three category four hurricanes, and a tropical 
depression, developed in the Pacific Ocean (Gutro, 2015). ‘El Niño’ – the warming 
of the central and eastern equatorial Pacific Ocean – is expected to hit harder than 
ever before (Dearden, 2015b;	 Kiger, 2015; Stevens, 2015): an abnormal winter is 
coming. And as the rates of climate change continue unabated, ‘normal weather’ 
will become harder and harder to define (Schär et al., 2004; Fischer & Knutti, 2015; 
IPCC, 2013). 

Times are changing–faster than predicted, faster than ever before. For years 
now, it has been a truth nearly universally acknowledged: we are in the midst of 
major global changes with major, irreversible consequences (Jones et al., 2009; 
Solomon et al., 2009; Norberg et al., 2012; IPCC, 2013). In the past decades, we have 
experienced the fastest rates of global climate change ever recorded: from 1880 to 
2012 the average global surface temperature increased 0.85°C (0.65-1.06°C, 95% 
confidence interval; IPCC, 2013; Fig. 1). The cause is unequivocal: the extra heat 
captured by Earth’s atmosphere. 

																																																								
3 CALFIRE. Statistics on number of fires and burned acres. Available at: 
http://cdfdata.fire.ca.gov/incidents/incidents_stats?year=2015 
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Greenhouse gases are vital components of the atmosphere. Without them, 
Earth would be another icicle in our solar system. But as we emit more and more 
greenhouse gases into the atmosphere, more and more solar energy is trapped. 
There is ‘a strong, consistent, almost linear relationship between cumulative carbon 
dioxide (CO2) emissions’ and global temperature change (IPCC, 2013). Between 
1750 and 2011, cumulative CO2 emissions amounted to 2040±310 GtCO2

4, raising 
the atmospheric concentration from 280 ppm in pre-industrial times to 390.5 ppm 
(IPCC, 2013; Fig. 1). 

The primary sources of greenhouse gas emissions have been, and still are: 
burning fossil fuels and waste from industrial processes, and deforestation and land 
use conversion. The relative importance of these two sources reversed around 
1950—before, land use changes, mainly deforestation, accounted for most manmade 
emissions (Fig. 1). Of the total 1750-2011 emissions, about 60% have been 
removed from the atmosphere by the land and the ocean (IPCC, 2013). The capture 
of emissions by the ocean has increased water acidity by 26%, affecting marine life 
like corals and phytoplankton (IPCC, 2013). The capture of emissions by the land is 
modulated by vegetation and soils of ecosystems, which can be maintained, 
extended, and enhanced through, for instance, afforestation, reforestation, and 
restoration actions. The role ecosystems on the terrestrial surface play on the 
modulation of climate has transformed them into vital venues to mitigate some of 
the effects of climate change. 
 
 

1.2 Climate regulation is in ecosystem’s nature 

The nature of all plants and trees to influence the composition of the atmosphere—
by sequestering and emitting CO2—has placed ecosystems on the spotlight to 
mitigate our impacts on the atmosphere and the climate system. Under the Clean 
Development Mechanism, the Kyoto protocol allowed industrialised countries to 
offset their carbon emissions through investments in reforestation, afforestation,  
 

																																																								
4 ‘Greenhouse gases are quantified as CO2-equivalent (GtCO2-eq.) emissions using weightings 
based on the 100-year Global Warming Potentials, using IPCC Second Assessment Report 
values’ (IPCC, 2013). To offer some perspective a single Gigaton (Gt) is equal 
1,000,000,000,000 kilograms. Emitting 1 Gt of greenhouse gases is like dumping 5,500,000 
million blue whales (Balaenoptera musculus), the largest animals to ever to roam the Earth, 140-
180 tons heavy and 25-30 meters long, into Earth’s atmosphere (a 100-km long gas layer 
between the Earth surface and outer space). 
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Figure 1. Quantitative evidence of the causes and effects of global climate 
change. (A) Annually and globally averaged combined land and ocean surface 
temperature anomalies relative to the average over the period 1986 to 2005. 
Colours indicate different data sets. (B) Atmospheric concentrations of the 
greenhouse gases carbon dioxide (CO2, green), methane (CH4, orange) and 
nitrous oxide (N2O, red) determined from ice core data (dots) and from direct 
atmospheric measurements (lines). From 1750 until 2011 cumulative 
greenhouse gas emissions raised the atmospheric concentration of carbon from 
280 ppm in pre-industrial times to 390.5 ppm. (C) Indicators: Global 
anthropogenic CO2 emissions from forestry and other land use as well as from 
burning of fossil fuel, cement production and flaring. Cumulative emissions of 
CO2 from these sources and their uncertainties are shown as bars and whiskers, 
respectively, on the right hand side. Figure and text from IPCC (2013). 

A

C
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restoration, or improved forest management in the tropical forests of developing 
nations (McAlpine et al., 2010). At the 2007 Copenhagen Climate Change 
Conference an economic instrument offering incentives to reduce emissions from 
deforestation and forest degradation was officially launched (REDD+, McAlpine et 
al., 2010; Agrawal et al., 2011). The program allotted subsidies for avoided 
emissions in forestry projects in Latin America, the Caribbean, Africa, and Asia-
Pacific–funding initially provided by industrialised countries like Norway, and 
Britain (McAlpine et al., 2010; Agrawal et al., 2011; Thomas et al., 2013). These are 
international carbon-based initiatives, seeking to offset and mitigate greenhouse gas 
emissions through the extension, and enhancement of carbon sequestration and 
storage in ecosystems, especially in forests. All ecosystems on Earth, however, 
influence climate through additional pathways (Fig. 2). 

When plants and trees absorb solar radiation, part of it is emitted back into 
the atmosphere as infrared radiation (a property called albedo). The absorbed 
radiation is partitioned into latent and sensible heat (Foley et al., 2003; Field et al., 
2007; West et al., 2011; Anderson-Teixeira et al., 2012). Sensible heat is the energy 
transferred to the air, measurable with a thermometer as an increase in temperature. 
Latent heat is the energy used to transform liquid water in and on plants and soils 
into vapour (evaporation and transpiration). In moist, watered ecosystems most of 
the solar energy absorbed by vegetation is used for evapotranspiration, which 
creates a net cooling effect as little energy is left to warm the air (Foley et al., 2003; 
Bonan, 2008; West et al., 2011). Water vapour rises above ecosystems and forms 
clouds, which reduces the amount of incident radiation on vegetation, and transport 
precipitation downwind (Aragão, 2012; Spracklen & Carreras, 2015). These 
exchanges of water and energy between ecosystems and the atmosphere create rapid, 
net cooling effects in local and regional vicinities (Pielke et al., 1998; Foley et al., 
2003; House & Brovkin, 2005; Bonan, 2008; Chapin et al., 2008). These effects on 
climate ecosystem generate by influencing the concentration of CO2 in the 
atmosphere, are lagged by decades, or even longer given the time required for 
atmospheric mixing (Pielke et al., 1998; House & Brovkin, 2005; Chapin et al., 2008). 
 
 
1.3 Climate regulation as one of nature’s services 

The influence all ecosystems have on local and global climate is included in the 
framework of services from nature: ecosystem services (Daily, 1997; MA, 2005). 
Ecosystem services were first introduced as an answer to the increasing erosion of 
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natural ecosystems, due to land development and economic growth (Holdren & 
Ehrlich, 1974; Ehrlich & Mooney, 1983; Groot, 1992). This concept provides an 
explicit and direct framework to incorporate the many benefits derived from nature 
into environmental planning and decision-making by cataloguing and quantifying 
natural functions (Groot, 1992; Daily, 1997).  

Controversies and debate notwithstanding (Schröter et al., 2014), 
ecosystem services have changed the way we practice and the way we talk about 
conservation (Balmford, 2012). Throughout the world, policy initiatives and 
conservation programs place ecosystem services front-and-centre, as leverages to 
safeguard nature because of the many benefits they provides to humanity (Perrings 
et al., 2010; 2011). The service of climate regulation, in particular, has become an 
international policy tool to (partly) mitigate carbon emissions and to safeguard 
biodiversity (Agrawal et al., 2011; Thomas et al., 2013). 

Climate regulation services5 were initially defined as the maintenance of 
the climatic conditions necessary for human health, wellbeing, and productive 
activities like agriculture and livestock rearing (Daily, 1997; MA, 2005). This 
definition, though open and ambiguous, includes the multiple ways ecosystems 
influence climate: through exchanges of water and energy, as well as through the 
capture and long-term storage of greenhouse gases in soils and vegetation (Fig. 2). 
The development and application of effective policies and economic instruments to 
offset greenhouse gas emissions, or to mitigate some of the effects of climate change, 
by safeguarding ecosystems, the biodiversity that make them up and that produces a 
myriad of services, requires a clear understanding of the factors determining 
patterns and mechanisms behind the ecosystem service label: to know what we talk 
about when we talk about climate regulation services. This can help avoid 
unexpected trade-offs between the different climate benefits, and with other 
ecosystem services (Rodriguez et al., 2006; Bennett et al., 2009), as well as to avoid 
harmful leakage of externalities to distant regions (Bonan, 2008; Jackson et al., 2008; 
McAlpine et al., 2010). The existing carbon-based initiatives risk promoting 
suboptimal solutions for climate change mitigation, disregarding the immediate 

																																																								
5	This definition of climate regulation services is not global. For instance, The Economics of 
Ecosystem and Biodiversity report (TEEB report, published in 2010, available at: 
http://www.teebweb.org/resources/ecosystem-services/) separates climate regulation in two 
different categories of regulating services: ‘local climate and air quality’ and ‘carbon 
sequestration and storage.’ The former is defined as ‘the provision of shade by trees, and the 
influence rainfall and water availability both locally and regionally by forests.’ Carbon 
sequestration and storage is defined as ‘the regulation of global climate by storing and 
sequestering greenhouse gases from the atmosphere and effectively lock them away in their 
tissues.’	
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benefits from water and energy exchanges, and the inextricable links between all 
ecosystem-atmosphere exchanges (Reichstein et al., 2007; McAlpine et al., 2010; 
Anderson-Teixeira et al., 2012; Reichstein et al., 2014). 
 
 

1.4 Ecological research for ecosystem services 

Carbon storage and sequestration rates by aboveground vegetation, as land-cover or 
biome means, have been perused as proxies and leverages of climate regulation 
services (e.g., Naidoo et al., 2008; Kienast et al., 2009; Haines-Young et al., 2012). 
Soils contain more carbon than is currently present in the atmosphere, and are 
crucial to initiatives seeking long-term stabilisation of greenhouse gases in 
ecosystems (Davidson & Janssens, 2006; Diaz et al., 2009). Moreover, including the 
benefits from cooler temperatures and more stable precipitation regimes, enjoyed 
within days and months by local to regional populations, can provide additional 
incentives to protect ecosystems and complement our depiction of patterns of 
provision (Jackson et al., 2008; West et al., 2011; Anderson-Teixeira et al., 2012; 
Magnago et al., 2015). The effects water and energy exchanges between ecosystem 
and the atmosphere have on local-to-regional climate, as well as the role of soil and 
below-ground vegetation play on long-term carbon stabilization, need to include 
into the carbon reasoning of existing initiatives (Bonan, 2008; Jackson et al., 2008; 
Diaz et al., 2009; Anderson-Teixeira & Delucia, 2010; McAlpine et al., 2010; 
Anderson-Teixeira et al., 2012).  

If policy initiatives are to provide comprehensive schemes to safeguard or 
enhance the multiple climate benefits from ecosystems, they ought to recognise how 
the interrelated properties and processes in climate regulation services like albedo, 
evapotranspiration, primary productivity, and soil carbon dynamics, are likely 
underpinned by different ecological and biophysical factors, which make them not 
equally robust to different environmental and biological pressures. To understand 
how ecosystem services are produced, how their production is determined by 
different factors, and how production is likely to change under different scenarios 
(climate change, biological attrition, land-use development), we need ecology 
(Kremen, 2005; Kremen & Ostfeld, 2005; Nicholson et al., 2009). 

The multiple pathways in climate regulation services must also be 
connected those areas and populations that benefit from them. The definition of 
ecosystem services according to benefits to humans makes the concept 
anthropocentric, and a spatial construct: there are two intrinsic actors in the 
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framework (ecosystems and people), and spatial distinctions between the places 
where services are produced and where benefits are enjoyed can be expected. For 
instance, agricultural areas benefit from pollination services by bats, bees, birds, 
hoverflies, or butterflies that live in the surrounding forest. Though representations 
of beneficiaries and benefiting areas in assessments have been increasingly refined 
(Wolff et al., 2015), we still lack generic frameworks to integrate the spatial 
connections between areas where services are generated and areas where benefits 
are enjoyed: which processes or factors allow spatial connections and why? It is not 
only a matter of identifying areas, quantifying the amount of benefits, we need to 
take into account how ecosystem services have direction and limits in space and 
time (Costanza, 2008; Fisher et al., 2009; 2011): How do services reach 
beneficiaries? Are there limits to their reach? Why? 
 
 
1.4.1 A call for ecology and determinants 

Scientific articles and reports on ecosystem services have grown exponentially since 
the year 2000 (Fisher et al., 2009; Martínez-Harms & Balvanera, 2012). These 
provided the first exploration on the quantitative and spatial representation of 
ecosystem services. The lack of knowledge on how to integrate and quantify the 
services provided by a combination of species, properties and processes in 
ecosystems, however, undermined in particular, spatial representations of 
ecosystem services. The peruse of land-cover, land-use data (hereafter land-cover) 
was, and still is, a pragmatic approach for the assessment of ecosystem services, and 
projections of change under different developmental or environmental scenarios 
(Seppelt et al., 2011; Haines-Young et al., 2012; Martínez-Harms & Balvanera, 2012; 
Bateman et al., 2013). The use of land-cover data, however, disregards the variability 
in composition, structure, and functioning of biological communities within cover 
classes of, for instance, ‘forest areas,’ biasing quantifications of service provision and 
impeding the study and understanding of ecological patterns (Nicholson et al., 2009; 
Eigenbrod et al., 2010a,b). After all, ecosystem services are ecological phenomena 
subjected to ecological ‘laws.’ 
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Figure 2. Pathways through which ecosystem influence local to global climate. 
Pathways to the left represent the biogeochemical component of climate regulation: 
benefits through the influence ecosystems have on atmospheric concentrations of 
greenhouse gases. Pathways to the right represent the biophysical component: benefits 
through the influence in land water-energy budget, the net cooling effect from 
intercepting radiation and evapotranspiration of water. (A) Vegetation-atmosphere 
fluxes. All ecosystems sequester greenhouse gases through photosynthesis of 
vegetation. Vegetation emits back some of the CO2 trapped by photosynthesis through 
a process called respiration (energy used for the maintenance of plant tissues and in the 
construction of new tissue). Vegetation also intercepts and absorbs precipitation. 
Vegetation emits oxygen through photosynthesis in a watery belch, while the 
intercepted water also contributes the amount of water transpired. The energy used to 
evaporate liquid water comes from the absorbed solar radiation. Depending on the 
amount of radiation absorbed, and on the amount of water transpired, vegetation can 
take heat from the air or add to it (sensible heat). (B) Soil-atmosphere fluxes. Carbon 
in soils is primarily sourced from plants, entering the soil as root exudates or root and 
leaf litter. Soil microorganisms decompose most of the carbon imputed by plants, 
emitting CO2 back into the atmosphere (decomposition). Soil carbon accumulation 
results from the balance of net carbon inputs and decomposition, for instance, 
recalcitrant organic matter that does not decomposed in soils, or organic matter not 
decomposed because of climatic drivers (see Chapter 3). Litter, and its elemental 
composition, influence the amount of un-decomposed carbon in litter layer and topsoil. 
Water can directly infiltrate into soils (aiding the transport of organic matter into 
deeper layers), accumulate on it, or run on it following the slope. Through the amount 
of solar energy absorbed by the soil, infiltrated, standing water (or snow) are 
transformed into vapour (evaporation). Adapted from Hungate & Hampton (2012) 
and Bonan (2008).  
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Ecosystem services have intrinsic spatial and temporal features, produced 
not by isolated compartments but in a tangled web of mechanisms controlling the 
ecosystem properties and processes providing services (Kremen, 2005; Kremen & 
Ostfeld, 2005; Bennett et al., 2009). To date, approaches to the study of ecosystem 
services have often not explored the ecological mechanisms, dynamics, and non-
linearity behind provision (Kremen, 2005; Kremen & Ostfeld, 2005; Bennett et al., 
2009; Koch et al., 2009). Characterising and quantifying the effects of determinants–
the likely causal ecological and biophysical variables behind ecological patterns–
helps understand the ecological mechanisms behind ecosystem services. This 
characterisation is a key foundation of macroecology that has not been 
mainstreamed into ecosystem services: understanding the why and how of spatial 
patterns, using large amounts of data and sound statistical methods (Gaston & 
Blackburn, 2008).  

Quantitative knowledge on determinants of ecosystem services remains 
sparse, and is yet to be unearthed from the vault of ecological knowledge. Studies 
seeking to understand climate and ecosystem-atmosphere feedbacks have produced 
a wealth of knowledge on how temperature, precipitation, and soil influence 
processes like primary productivity and evapotranspiration, which are involved in 
climate regulation (Field et al., 2007; Heimann & Reichstein, 2008; Reichstein et al., 
2014). These abiotic factors, however, do not fully account for the rates and patterns 
of ecosystem-atmosphere exchanges (Reichstein et al., 2014). Species functional 
attributes, diversity, vegetation structure, density, successional stage, and many 
other biotic attributes of ecosystems and communities help complement the 
knowledge on how ecological patterns are determined (Diaz et al., 2007; Bello et al., 
2010; Reichstein et al., 2014). Still, comparative studies quantifying and contrasting 
the effects of abiotic, biotic, and fragmentation factors on patterns of the ecosystem 
properties and processes involved in a single service are rare.  
 
 
1.4.2 Effects of spatial scale  

Spatial scale is an integral part of our understanding of ecological patterns and 
mechanisms. Spatial scale, both grain and extent 6 , affects the direction of 
determinants effects, the perceived mechanisms underlying this relationship, and 

																																																								
6 Spatial grain and extent are two component of spatial scale in ecology (Wiens, 1989). Spatial 
grain is the size of the individual units of observation like grid cell size; while, spatial extent is 
the overall area encompassed by a study like landscape, country, biome, etc.	
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the relative importance of different determinants to account for patterns of 
ecological phenomena (Wiens, 1989; Levin, 1992; Rahbek & Graves, 2000; Willis & 
Whittaker, 2002; Rahbek, 2005; Sarr et al., 2005). Though studies on pollination 
services have explore the effects of spatial scale (e.g., Keil et al., 2010), assessments 
on how spatial scale affects determinants of climate regulation and many other 
services, are missing altogether. This is an important knowledge gap to fill, as the 
different processes inside a single service may not only have different determinants 
but also different spatial scale dependencies. Disregarding the effects of spatial scale 
on determinants of climate regulation, or in any other service, assumes that patterns 
and mechanisms are similar in identity and strength at any arbitrarily defined scale 
where the service is used for management goals or as policy tool (Wiens, 1989; 
Rahbek & Graves, 2000; Whittaker & Heegaard, 2003; Rahbek, 2005). 
 
 

1.5 Research objectives and synopsis 

The general aim of the research compiled in this dissertation is to broaden and 
deepen our ecological knowledge on macroecological patterns of climate regulation 
services. The following chapters explore and contrast the effects of abiotic and biotic 
determinants of climate regulation services provided by soil and woody plants, the 
effects of spatial extent on determinants, and spatial connections with benefiting 
areas.  

Chapter 2 presents evidence on how the strength and direction of effects of 
determinants differ for the main ecosystem properties and processes in climate 
regulation services: albedo, evapotranspiration, primary productivity and soil 
organic carbon (hereafter referred to as climate regulation processes). Results show 
how, at a temperate regional scale, biotic attributes like forest structure and 
succession stage strongly influence climate regulation services. Chapter 3 describes 
determinants of global soil microbial biomass, the live component of the soil carbon 
pool controlling autotrophic decomposition, and provides robust estimates of the 
global soil microbial carbon pool. Chapter 4 present an assessment of how spatial 
extent influences the different abiotic factors, biotic attributes, and fragmentation 
determinants differently for different climate regulation processes. 

In Chapter 5, the spatial connections between areas where ecosystem 
services are produced and areas where they are used are explored through the 
concept of ‘ecosystem service flow’: the spatial and temporal connections between 
ecosystem that provide services and the areas that benefit from them. Chapter 5 
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explores how the ecology behind the processes in an ecosystem service determine 
the unique spatial features in the benefits they produce. The generic framework 
introduced in Chapter 5 supports the analysis of spatial connections between the 
ecosystem service provisioning and benefiting areas. Its application is illustrated, 
using global data for pollination, groundwater supply, and climate regulation 
services.  
 
 

1.6 Glossary of terms 

Research on ecosystem services uses idiosyncratic terminology, but not always in 
the same context or for the same purpose. Here is a list the definitions of the 
ecosystem services terms used in this dissertation to alleviate ambiguities. 

 
Ecosystem services are ecosystem processes and properties that sustain and 
contribute to human health and wellbeing. This definition is in accord with that of 
Daily (1994), but differs from that of the Millennium Ecosystem Assessment (MA, 
2005) and similar—the benefits obtained from nature—in that we do not consider 
human benefits, but only the properties and processes of ecosystems that produce 
them. 

Ecosystem service provision refers to the rates of ecosystem processes and size of 
ecosystem properties. For instance, rates of carbon sequestration or 
evapotranspiration are two ecosystem processes involved in climate regulation 
services. Ecosystem properties are, for instance, the amount of carbon stored in 
vegetation or soil at a given moment. Ecosystem functions are often used in 
ecosystem service publications with the same purpose, but it also includes animal 
movements. 

Ecosystem service benefits result from ecosystem service provision. For instance, 
people downstream benefiting from the control on soil erosion by trees upstream. 
Beneficiaries refer to the location(s) that enjoy services. Climate benefits refer to 
the whole suite of benefits from ecosystem-atmosphere exchanges of water, energy, 
and greenhouse gases: net cooling effects, cloud formation, ‘water pumps’ 
downwind, and the modulation of CO2 concentration in the atmosphere. 

Climate (regulation) services are the set of ecosystem properties and processes 
that together, by controlling the ecosystem-atmosphere exchanges of water, energy, 
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and greenhouse gases, influence local to global climate patterns. In this dissertation 
the terms climate regulation services and climate services are used 
interchangeably. The term climate regulation processes is used for economy to 
refer to albedo, evapotranspiration, primary productivity, and soil organic carbon: 
the ecosystem properties and processes used in this dissertation to study patterns of 
climate regulation services. 

Determinants, often referred to as ‘drivers,’ are the abiotic, biological, or physical 
variables determining rates or spatial patterns of ecological phenomena, such as 
ecosystem processes. Here the use of the term ‘determinant’ is preferred over ‘driver’ 
as the latter is a metaphorical reference (what ‘drives’ the phenomena from point A 
to B) with many other connotations. 
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