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6.1 Revisiting research questions and findings 

The research compiled for this dissertation explores the quantification of 
determinants for the main properties and processes involved in climate regulation 
services. By using data on albedo, evapotranspiration, primary productivity and soil 
organic carbon, and quantifying the independent effects of a wide range of abiotic 
and biotic factors for each of them, we were able to evaluate the main controls, and 
to approximate the likely mechanisms behind ecological patterns of climate 
regulation processes. Chapter 4 explored the effects of spatial extent on the identity 
and magnitude of abiotic, biotic, and fragmentation effects on individual climate 
regulation processes. The assessment presents the first evidence of an extent-
invariant dominance of abiotic controls on all climate regulation processes, and how 
the changes in effects of individual abiotic, biotic, and fragmentation determinants 
with spatial extent are not ubiquitous. Asking what we talk about when we talk 
about climate regulation services, the approach applied in Chapters 2 and 4 may be 
a step towards the integration of the various mechanisms behind local-to-regional 
and global climate benefits from ecosystems and for deriving of management 
recommendations. 
 An important way in which ecosystems regulate climate is through to the 
sequestration of carbon in soils. The abundance and activity of soil microorganisms 
is of paramount importance to the storage and emission of carbon from ecosystems; 
soil microorganisms are the engines driving global biogeochemical cycles (Falkowski 
et al., 2008). Asking what factors underlie the differences in soil microbial carbon 
across all biomes on Earth, Chapter 3 shows the strong controls of water supply and 
soil nitrogen content on soil microbial abundance, and derive a refined estimate of 
the global soil microbial carbon pool of 14.6 Pg1. The assessment in Chapter 3 also 
shows that soil microbial abundance is more sensitive to precipitation than organic 
carbon, and that it is not as strongly constrained by temperature as plant biomass. 
Our quantitative estimates of global soil microbial biomass have already allowed the 
incorporation of this crucial component into soil carbon dynamic models, improving 
estimates of carbon respiration (see Fujita et al., 2014). 

Finally, Chapter 5 explores the spatial limits ecosystem services have in 
reach towards the areas where benefits are delivered. By building upon the concept 
of ecosystem service flow and by providing steps towards a refined quantification of 
actual service provision, the generic framework introduced in Chapter 5 allows for a 

																																																								
1 One Petagram (Pg) is equal to 1,000,000,000,000,000 (1015) grams. 
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simple way to characterise the spatial connections between providing and benefiting 
areas, using the ecology and hydrology behind services.  
 
 

6.2 Patterns of climate regulation processes and biodiversity 

Climate regulation processes are interlinked: after solar radiation hits the canopies, 
trees take up carbon from the atmosphere, releasing water and oxygen as by 
products. This explains the partly overlapping controls found in literature and in the 
research collected for this dissertation. All climate regulation processes considered 
here shared some determinants like temperature and precipitation, but the 
‘direction’ and magnitude of these controls differed according to the spatial extent 
and the process under consideration (Chapters 2 and 4).  

More often than not, a single indicator (process, property, or index) is used 
for assessments and quantifications of ecosystem services–carbon in the case of 
climate regulation services. The integration of the different properties and processes 
involved in climate regulation into the existing international initiatives has, so far, 
been elusive (Bonan, 2008; Chapin et al., 2008; Jackson et al., 2008; Mcalpine et al., 
2010). The applied approach in Chapters 2 and 4, of characterising and contrasting 
the abiotic and biotic determinants of the main climate regulation processes, helped 
reveal the differences in controls of temperature, precipitation, and soil as well as 
those of vegetation structure, diversity, and successional stage, and may be a step 
forward towards the integration of different climate benefits into management or 
policy initiatives (see Jackson et al., 2008).  

The approach of contrasting determinants can also be useful to understand 
the underpinnings of other ecosystem services. For instance, to understand the 
relative importance of different species, assessments of pollination services can 
build individual models for each pollinating species, thus contrasting their 
sensitivity to environmental or land-use pressures (e.g., Aguirre Gutiérrez et al., 
2015), and their differences in ecosystem service flow area. Assessments of spatial 
scale effects on pollinator distribution and change can also follow the approach (e.g., 
Keil et al., 2010). The same method can be applied to the ecosystem service of 
biological control provided by different species of birds, bats, flies, wasps, or frogs, 
asking what the abiotic and biotic factors are underpinning their distribution and 
foraging activities, and what their sensitivity is to anthropogenic, biological, and 
climatic pressures. Compartmentalising an ecosystem service into its different 
ecological or biophysical components and studying their sensitivities to abiotic and 
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biotic factors is a robust way to understand what we talk about when we talk about 
ecosystem services, and to derive effective management guidelines.  

An implication of these differences in determining the identity, strength, 
and direction of effects, is shown in the differences in spatial patterns of different 
climate regulation processes. This shows that a single indicator is most likely 
insufficient. In addition, the mismatch in spatial patterns of climate regulation 
processes highlights differences in the relative importance of eco-regions to deliver 
different climate benefits: local-to-regional benefits from water and energy 
exchanges, versus global climate benefits through the sequestration of CO2 from the 
atmosphere (Chapter 2; Anderson-Teixeira et al., 2012). By accounting for all 
climate regulation services, perceptions regarding which geographical areas provide 
the large climate benefits may also change. This could present new opportunities to 
conserve ecosystems and safeguard biodiversity.  

Policy initiatives seeking ‘win-win scenarios’ have prompted the evaluation 
of spatial congruence between carbon and biodiversity (Costanza et al., 2007; 
Naidoo et al., 2008; Strassburg et al., 2010; Larsen et al., 2011; Thomas et al., 2013; 
Magnago et al., 2015). Areas with stronger carbon-biodiversity spatial congruence 
are in the tropics, where initiatives like REDD+ are focused (Agrawal et al., 2011; 
Thomas et al., 2013). However, the application of similar carbon objectives of policy 
and management initiatives at other eco-regions may not be as effective for ‘win-win 
scenarios’ (Bonan, 2008; Jackson et al., 2008; Mcalpine et al., 2010).  

An open question is whether, by including the processes behind local-to-
regional climate benefits, we can protect both ecosystems and biodiversity. And if so, 
how can a climate regulation service indicator be constructed, and what would be its 
spatial congruence with important biodiversity areas? To address this issue, 
multifunctionality indices for climate regulation processes were calculated to 
explore their spatial congruence with terrestrial biodiversity.  

Four quantitative multifunctionality indices were constructed using 
different combinations of climate regulation processes: data from the Moderate 
Resolution Imaging Spectroradiometer (MODIS) on black-sky shortwave albedo 
(Moody et al., 2005; Liu et al., 2009), evapotranspiration (mm year-1; Mu et al., 2011), 
and gross and net primary productivity (g carbon m-2; Zhao et al., 2005) for the 
2000-2005 period. Multifunctionality indices were calculated as the average of 
normalised, standardised (mean=0, SD=1) climate regulation processes (Maestre et 
al., 2012; Table 1). Data on above and belowground live vegetation carbon density 
for the year 2000 (ton ha-1, Ruesch & Gibbs, 2008), and data on soil organic carbon 
in the first meter depth (g kg-1, Hengl et al., 2014) were used to represent a 
continental carbon patterns. Data on mean canopy height in the year 2005, derived 
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from space borne light detection and ranging sensor (LiDAR, Simard et al., 2011), 
was also used to represent aboveground vegetation structure. Finally, data on 
species richness on terrestrial mammals2, amphibians, and birds were combined to 
represent continental biodiversity3 patterns (Jenkins et al., 2013). Gridded data were 
set to Lambert Azimuthal Equal-Area Projection, and matched in extent, and grid 
cell area (100-km2). 

Spearman rank correlations between biodiversity and multifunctionality 
indices constructed using combinations of climate regulation processes from both 
local-to-regional and global benefits (MultiF1, MultiF2, MultiF3 and MultiF5, Table 
1) were stronger than those of biomass, soil carbon, and canopy height. MultiF4 
combined only albedo and evapotranspiration and its correlation with total species 
richness was smaller than that of biomass (Spearman’s ρ= 0.65 and 0.74, 
respectively), but the correlations with threatened species richness was similar for 
both (Spearman’s ρ= 0.54 and 0.57, respectively, Fig. 1). In fact, combining only 
evapotranspiration and productivity in MultiF5, shows a correlation with total 
species richness as strong as that of biomass (Spearman’s ρ= 0.75 and 0.74, 
respectively), but MultiF5 more strongly correlated with the distribution of 
threatened species (Spearman’s ρ= 0.67 and 0.57, respectively, Fig. 1). These results 
suggest that accounting for climate regulation processes involved in the local-to-
regional and in the global climate benefits may provide more opportunities to 
safeguard both climate benefits and biodiversity across the American continent 
(Figs. 1 and 2).  
 
																																																								
2 ‘Mammal diversity include the total species richness, major taxonomic Orders (Cetartiodactyla, 
Carnivora, Primates, Eulipotyphla, Chiroptera, Rodentia), marsupials, threatened species, and small 
ranged species. Avian diversity include the total species richness (using breeding, non-
breeding, and combined ranges), major taxonomic groups (non-Passeriformes, Passeriformes, 
Tyranni, Passeri), parrots, hummingbirds, threatened species, and small-ranged species. 
Amphibian diversity include the total species richness, major taxonomic Orders (Anura, 
Caudata, Gymnophiona), threatened species, and small-ranged species. Small-ranged species are 
in all cases defined as those with a geographic range size smaller than the global median (that 
is, the 50% of species with the smallest ranges). All maps were derived from digital 
distribution maps from the IUCN, July 2013 update.’	 See: 
http://www.biodiversitymapping.org/ 
 
3 ‘In all cases, extinct species and non-native distributions of extant species were removed. In 
cases where a species range was split into multiple subspecies, these were merged to create a 
range map for the full species when possible. Richness was usually calculated using a 10×10 
km grid cell. For each grid cell, any species that overlapped any part of the cell counted as a 
presence of that species.’ See: http://www.biodiversitymapping.org/ 
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Table 1. Indicators of continental patterns of climate regulation 
multifunctionality, carbon, and biodiversity. 
 

Indicator Data Units 
Biomass Above and belowground vegetation 

carbon density 
Ton ha-1 

Soil carbon Soil organic carbon in the first meter 
depth 

g kg-1 

Canopy Height LiDAR canopy height Meters 
Multifunctionality 

MultiF1 
MultiF2 
MultiF3 
MultiF4 
MultiF5 

 
(1-AB)+ET+GPP+NPP 
(1-AB)+ET+NPP 
(1-AB)+ET+(1-NPP-to-GPP) 
(1-AB)+ET 
ET+NPP 

 
 

Biodiversity 
Total 

Threatened 

 
Terrestrial mammals, amphibians, and 
birds 

 
Species richness  

 
AB: albedo, ET: evapotranspiration, GPP and NPP: gross and net primary productivity. 
(1-AB) and (1- NPP-to-GPP) were implemented to avoid negative correlations in the construction of 
multifunctionality indices (Maestre et al., 2012). 
MultiF4 combines ET with NPP because their correlation was not as strong as that between ET and GPP 
(Pearson’s r= 0.68 and 0.87, respectively). 
Square root (AB, GPP, NPP) and Logarithmic (log10) transformations (ET) were applied to approach 
normal data distribution. NPP-to-GPP ratio was not transformed before standardising. 

 
 
 

This exercise assumes that all climate benefits are equally important: 
offsetting global carbon emissions and the provision of net cooling benefits to local-
to-regional vicinities. In reality, the weights of different climate benefits are set by 
the aims of the policy initiative or management program. In tropical eco-regions, 
where most efforts are currently focused (Agrawal et al., 2011; Thomas et al., 2013), 
weighing local-to-regional climate benefits as strongly as carbon may influence the 
relative importance of landscapes, but will not diminish the importance of tropical 
forests to provide all climate benefits (House & Brovkin, 2005; Jackson et al., 2008; 
Mcalpine et al., 2010; Anderson-Teixeira et al., 2012). In other eco-regions, 
accounting for multiple climate benefits may help avoid conversion to faster-
growing trees or fertilisation to increase carbon sequestration (Jackson et al., 2008; 
Mcalpine et al., 2010; Anderson-Teixeira et al., 2012).  
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The examination of multifunctionality indices is a first step toward the development 
of a quantitative indicator for climate regulation services, which can help reveal 
additional areas of opportunities where the conservation of ecosystems for their 
climate benefits can also safeguard biodiversity. 
 
 
6.3 Factors determining climate regulation processes 

From spatial extents of 9×103 to 3×106 km2, it was evident how abiotic factors are 
the dominant determinants of all climate regulation processes (Chapters 2 to 4). 
The strong controls of climate may be expected as climate shapes ecosystems (Sitch 
et al., 2003), but the contrast between climatic controls on climate regulation 
processes and those of vegetation structure and diversity, as established in Chapters 
2 and 4, is needed to deepen our understanding of rates, spatial patterns, and 
possible feedbacks with biotic and environmental pressures (Diaz et al., 2007; 
Reichstein et al., 2014).  

In Chapter 2, differences in understorey and litter biomass carbon proved 
strong controls of climate regulation processes, rivalling those of temperature and 
precipitation. We considered forest understorey and litter carbon as indications of 
vertical structure and successional stage: old growth forest tends to have more litter 
on their soils, less understorey biomass, darker overstorey canopies and larger 
evaporation rates, while younger forest have less litter accumulated on their soils 
and large understorey biomass; both factors contribute to primary productivity and 
evapotranspiration (Black & Kelliher, 1989; Scott et al., 2003; Wardle, 2004; Nilsson 
& Wardle, 2005; Luyssaert et al., 2008). Such information on forest structure and 
successional stage is not available at continental scales, which precludes the 
assessment of the effects of spatial extent on their controls. Still, if above and 
belowground carbon density are taken as an approximation for forest successional 
stage (Liu et al., 2014), then the assessment in Chapter 4 suggests that these strong 
effects on climate regulation processes also tend to increase with spatial extent (Fig. 
3). This evidence of biotic controls is important because comprehensive, high-
resolution data on vegetation successional stage and structure, remain to be 
developed at large scales from forest inventories (e.g., Paquette & Messier, 2010; 
Wilson et al., 2013; Ruiz Benito et al., 2014) and/or remote sensing technologies (e.g. 
Simard et al., 2011). 

The community-weighted functional traits used in Chapter 2 exerted 
strong controls on climate regulation processes. The effects of leaf nitrogen on 
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climate regulation processes were particularly strong, even after accounting for the 
effects of litter, understorey, and climate. This supports findings showing the effects 
of tissue nitrogen on productive capacity scales up from leaf level to ecosystem scale 
(Garnier et al., 2004; Hollinger et al., 2010; Finegan et al., 2015). Chapter 2 shows 
how leaf nitrogen effects remain strong at regional spatial extents. This effects is not 
constrained to the temperate regional extent studied in Chapter 2, as leaf nitrogen 
traits have shown strong controls on productivity and aboveground biomass also in 
tropical regions (Finegan et al., 2015; Poorter et al., 2015), and in grasslands 
(Garnier et al., 2004; Mokany et al., 2008). 

Starting at a spatial extent of 9x103 km2, using a larger spatial grain than in 
Chapter 2, the multi-extent assessment in Chapter 4 did not indicate strong 
functional trait effects on climate regulation processes. Effects tended to increase up 
to the spatial extent of 105 km2, and decrease afterwards (Fig. 3). This effect, 
however, was strongly dependent on those of other biotic factors like vegetation 
cover and biomass. The small effects of functional traits in Chapter 4 may not 
necessarily reflect the lack of controls on climate regulation processes because 
previous studies conducted at regional spatial extents, including that in Chapter 2, 
have evidenced strong effects of diversity and functional diversity on productivity at 
regional scales (Paquette & Messier, 2010; Zhang et al., 2012; Ruiz Benito et al., 
2014; Finegan et al., 2015; Poorter et al., 2015). Instead, it suggests that most 
functional trait effects may occur at smaller spatial grains. 

 Moreover, considering the evidence in Chapter 2 and in literature (Lavorel, 
2013), it is very likely that the effects of functional traits on climate regulation 
processes are through the values of the dominant species in the community 
(biomass-ratio hypothesis; Grime, 1998). Testing this hypothesis against the 
‘diversity’ hypothesis (Tilman, 1997), and contrasting the effects against those of 
climate and the environment at continental scales, will require a large compilation 
of data on species presence, abundance, and functional traits. Current projects and 
databases like BIEN and TRY (Enquist et al., 2009; Kattge et al., 2011), are 
promising initiatives to develop data on macroecological patterns of community 
means of functional traits. 
 



	 205 

 

 

 

 

 
Figure 3. Changes in climate regulation determinant effects with spatial scale: evidence 
from Chapters 2 and 4. Heterogeneity category includes elevation and soil heterogeneity. 
Functional traits category includes the effects of abundance-weighted community means in 
Chapter 2, and the metrics from Chapter 4 (all species weighted equally). Vegetation cover and 
biomass includes the forest carbon pools in Chapter 2 (forest understorey, litter, belowground) 
and vegetation cover in Chapter 4 (cover of herbaceous and shrubland, closed-forest area, and 
above and belowground live vegetation biomass). Fragmentation category represents the 
fragmentation of closed-forest, and the metrics introduced in Chapter 4. 

103 104 104.5 105 105.5 106

Temperature
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6.3.1 Determinants at small spatial scales 

Forest fragments surrounded by open land uses like croplands, experience strong 
desiccation that penetrate as deep as one km inside the forest fragment, disturbing 
latent and sensible heath fluxes immediately, and with lagged effects on standing 
biomass (Laurance, 2004; Nascimento & Laurance, 2004; Laurance et al., 2011; 
Haddad et al., 2015). At smaller spatial grains and extents, the effects of 
fragmentation on climate regulation processes will likely be exacerbated through the 
matrix of habitats surrounding the fragments. Matrix habitat effects are recognised 
for species distributions, permanence and colonisation (e.g., Gascon et al., 1999), 
but how these effects impact ecosystem-atmosphere exchanges needs to be further 
explored (Mesquita et al., 1999; Laurance, 2004; Briant et al., 2010; Laurance et al., 
2011). A full characterisation remains to be done of how soil and vegetation 
exchanges with the atmosphere in forest fragments are impacted as the number of 
edges with agriculture increase, as well as when the distance from the centre to the 
edge decreases; the effects of different types of agricultural management 
surrounding forest fragments; the effects of historical land-cover; and the effects of 
forest fragment area and the type of the surrounding land-cover combinations like 
cropland, managed forest, impervious surfaces and intensive agriculture. Ground 
flux-tower data from forest patches can help characterise how the past and present 
landscape matrix configurations affect essential ecosystem processes like 
productivity, evapotranspiration, and soil carbon, as well as biodiversity. 
 
 

6.4 Strong climatic controls in a warm new world 

Policy tools and international targets seeking the conservation of ecosystems for 
their carbon sequestration potential are expected to strongly influence climate and 
the environment: a mitigating force for climate change effects by protecting forests, 
their biodiversity, and the myriad of ecosystem services they provide (Chapin et al., 
2008; Mcalpine et al., 2010; Thomas et al., 2013). But as shown in Chapters 2 to 4, 
climate strongly influence the ecosystems properties and processes involved in 
climate regulation: the increase in climate abnormalities and extreme weather 
events affects all ecosystems and their services directly and indirectly, with 
immediate and long-lasting effects.  

The assessment in Chapter 2 revealed how temperature annual range and 
precipitation seasonality strongly controlled regional patterns of climate regulation 
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processes. Chapter 3 evidenced strong controls of water availability on soil microbial 
biomass carbon. Chapter 4 evidenced strong controls of temperature annual range, 
temperature in the driest quarter, precipitation seasonality, and precipitation in the 
wettest month and in the warmest quarter, which also highlights the interplay 
between suitable temperature and water availability on climate regulation processes. 
All these climatic factors determining climate regulation processes across spatial 
extents are changing due to the effects of global climate change (Fig. 4). 
 

 

 
 
Figure 4. Observed changes in temperature and precipitation. (A) ‘Map of the observed 
surface temperature change from 1901 to 2012 derived from temperature trends determined 
by linear regression from one dataset (orange line in panel a). Trends have been calculated 
where data availability permits a robust estimate (i.e., only for grid boxes with greater than 
70% complete records and more than 20% data availability in the first and last 10% of the time 
period). Other areas are white. Grid boxes where the trend is significant at the 10% level are 
indicated by a + sign.’ (B) ‘Map of observed precipitation change, from 1951 to 2010; trends 
in annual accumulation calculated using the same criteria as in Panel A.’ Figures and text from 
Figure SPM.1, IPCC (2014) 
 

 

Changes in global precipitation and temperature patterns are, and will be, 
different, different in different eco-regions (Fig. 4). The impacts of these changes on 
climate regulation services are coupled: the effects from changes in precipitation will 
be influenced by changes in temperature. Affecting water supply and availability, the 
increased intensity and frequency of drought and heat waves will negatively impact 
carbon sequestration and evapotranspiration rates in ecosystems (Reichstein et al., 
2002; Ciais et al., 2005; Reichstein et al., 2007), increasing the flammability of 
vegetation, litter and woody debris, and, especially in Northern regions, where these 

A B
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impacts will expose a large pool of greenhouse gases trapped in vegetation and soils 
to decomposition (Chapin, 2005; Davidson & Janssens, 2006; Chapin et al., 2008; 
Schuur et al., 2008; Lutz et al., 2013; Zhang et al., 2014). These effects will not only 
impact ecosystems and their climate benefits but will create feedbacks, exacerbating 
local-to-regional and global climate change effects (Field et al., 2007; Chapin et al., 
2008) 

Fragmentation is also part of a feedback between forest loss, fire, and 
regional climate change impacts, which can be amplified as the intensity and 
frequency of drought and heat waves increases (Laurance & Williamson, 2001; 
Alencar et al., 2015). Thus, the deleterious effects of drought and ecosystem 
fragmentation will interact, amplifying the effects of climate change (Laurance & 
Williamson, 2001; Alencar et al., 2015). The increasingly pervasive occurrence of 
ecosystem fragmentation and how it impacts climate regulation processes will 
become more important as more ‘islands’ of isolated forest patches populate the 
landscapes of the Anthropocene (Steffen et al., 2007).  
 
 
6.5 New technologies to monitor determinants and changes 

Data from remote sensing provides a robust and consistent data source to assess 
macroecological patterns of climate regulation processes, and helps to characterise 
ecological and biophysical factors underpinning them—as demonstrated throughout 
this dissertation. The advent of new remote sensing technologies promises to 
enhance our understanding of macroecological patterns of ecological phenomena, 
and their dynamics in space and time (He et al., 2015). The forthcoming space-borne 
LiDAR, combined with radar sensors, promises new ways to characterise patterns of 
tree canopy height, canopy architecture and density, vertical vegetation structure, 
and stem density (Clark et al., 2011; Simard et al., 2011; Simonson et al., 2012; 
Fricker et al., 2015; He et al., 2015), all crucial to understanding ecosystem carbon 
dynamics.  

As discussed in section 6.3, leaf and canopy nitrogen are important factors 
controlling climate regulation. Multi-spectral imagery has shown strong promise for 
the characterisation of leaf and canopy nitrogen, other leaf chemical attributes, leaf 
water content, and leaf area density (Ollinger & Smith, 2005; Féret & Asner, 2011; 
Asner et al., 2014; Roelofsen et al., 2014; Detto et al., 2015). Though it will require 
large ground truth efforts to describe the spectroscopic and elemental properties of 
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plant species, the results can provide invaluable information on species spatial 
assemblage (e.g., Féret & Asner, 2011; Asner et al., 2015; Baldeck et al., 2015). 
 

 
6.6 Concluding remarks 

All ecosystem services are ecological phenomena produced by various species, 
ecosystem properties or processes, which interact with each other, with the 
surrounding web of functions, and with the environment. A close look at ecology 
and how ecosystem services are determined is necessary to execute policy tools and 
management programs that avoid undesired trade-offs or the leakage of externalities 
like ‘the transfer of emissions from a project site to other areas beyond the project 
boundary’ (Bonan, 2008; Mcalpine et al., 2010).  

When we talk about climate regulation services we talk about intertwined 
plant and soil properties and processes that influence climate through the exchanges 
of energy, water, aerosols, and greenhouse gases between ecosystems and the 
atmosphere. These ecosystem-atmosphere exchanges respond differently to changes 
in biotic and abiotic factors, as well as to management actions, and have different 
intrinsic spatial and temporal features (when and where they occur, when and 
where they affect people). A single process as leverage may not provide 
comprehensive coverage policy tools and conservation initiatives around the world. 
 When we talk about climate regulation services we talk about ecosystem 
properties and processes strongly determined by climatic conditions. Instead of 
becoming strong global environmental ‘forces,’ the success and efficiency of policy 
tools seeking to offset emissions through the reduction of deforestation rates and 
the restoration of ecosystems, will be impaired by the immediate and committed 
impacts of climate change on ecosystems and biodiversity (Laurance & Williamson, 
2001; Ciais et al., 2005; Jones et al., 2009; Nobre & Borma, 2009; Allen et al., 2010; 
Anderegg et al., 2012; Norberg et al., 2012). Feedbacks of ecosystems to climate 
changes will likely amplify the effects of global climate change in certain regions and 
might push ecosystems over their tipping points (Field et al., 2007; Lenton et al., 
2008; Mcalpine et al., 2010). 

In the Anthropocene, the effects of managing and conserving ecosystems 
for their climate benefits will be impacted by the ongoing changes in climate, and 
will be small in comparison to the net effects of past and present human action. We 
need to address the complex challenge of integrating the feedback mechanisms 
between human actions like land-use change, ecosystem-atmosphere exchanges, and 
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climate forcings across the globe (Field et al., 2007; Chapin et al., 2008). Policies and 
international targets using climate regulation services as leverage must reinforce 
actions, encouraging the curbing of greenhouse gas emissions from other sectors 
(Balmford, 2012); include biodiversity in their monitoring (Gardner et al., 2011), 
and construct adaptive management programs to cope with the effects of our 
warming world. 
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