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S1File. ECOSER 2.0 fundaments and description  

Supporting Information of the paper “Focusing conservation efforts on ecosystem services  

supply may increase the vulnerability of socio-ecological systems” by Laterra, P,  Barral, P, 

Carmona, A,  Nahuelhual, L (PLOS ONE, 2016). 

 

General overview  

ECOSER 2.0 (hereafter ECOSER) is a GIS modeling framework aimed to support local to 

regional land-use planning and sustainable development policies, where the current supply (or flow) 

of relevant ecosystem services (ES) types from different landscape units is not necessarily the 

unique or the best criteria. In such cases, maps showing the hotspots of socio-ecological 

vulnerability due to loss of ES supply under different scenarios of land-use and cover change 

(LUCC) may be considered as better criteria for definition of public policies than single maps of ES 

supply.  Therefore, ECOSER provides maps of ES supply and socio-ecological vulnerability 

through the integration of three complementary conceptual frameworks: a) the socio-ecological 

system, which embraces b) the ES cascade [1] (module 1), and c) the vulnerability analysis (module 

2) (see Fig. 1 in the main text).   

The ecological subsystem within a socio-ecological system is defined by the natural capital, 

and associated functions and services. The ES types most readily incorporated into the social system 

are the goods (provisioning services) that are directly harvested and used by human beings (e.g. 

crop, timber, water). Additionally, there are regulating services such as weather and flood regulation 

that augment the spatial scale of social-ecological interactions from individual stands to landscapes; 

and cultural services that provide a sense of place and identity, aesthetic or spiritual benefits, and 

opportunities for recreation opportunities and tourism. The social subsystem, however, is defined by 

economic, political, and cultural characteristics that constitute a society and define human existence 

at a particular place. 

The flow chart of ECOSER presented in Fig. 1 (main text) show the final outputs, main 

procedures and the required data inputs within the two basic modules: the assessment and mapping 

of ecosystem service benefits from ecosystem and landscape attributes (Module 1), and the 

assessment and mapping of socio-ecological vulnerability from those benefits, LUCC scenarios, and 

social, economic and institutional information (Module 2). Conceptual and procedure details within 

each step of ECOSER flowchart are presented along the following sections. 

Scores of socio-ecological vulnerability at any mapping unit depend on ecological and social 

properties which vary at different scales because of the very nature of their supporting processes 

and/or because of data availability, so scale mismatches can be expected within and between the 

ecological and social dimensions. For example, mapping of socio-ecological vulnerability requires a 

minimum set of proxies of social, economic and institutional variables which are frequently 
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aggregated at administrative scales with lower resolution than the available biophysical data. 

Therefore, maps of socio-ecological vulnerability obtained by ECOSER do not necessarily reflect 

some real extent of a socio-ecological system, but arbitrary boundaries within which heterogeneity 

of socio-ecological vulnerability and its components are evaluated and represented.  Since SEV 

maps may be sensible to the scale of analysis, scale needs to be carefully selected by the ECOSER 

users, and limitations to policy making from arbitrary selections need to be evaluated and declared.  

The design of this ECOSER version was not only intended for the integration of ecological 

and social dimensions of ES into socio-ecological vulnerability, but also for attending to some 

highly desirable but less frequent properties: a) context sensitivity of ES supply and delivery, b) 

indicators generality, c) and continuous improvement, as described below. 

Information at any pixel of ECOSER maps not only depends on local properties of these 

pixels, but according to the ES type, it may also depends on properties of other surrounding pixels 

affecting its capacity to sustain a given ES supply, and/or its capacity to deliver part of that supply to 

the enjoyers. For example, the ecosystem function of filtering of runoff by a given pixel covered by 

a riparian ecosystem depends on the filtering efficiency at that pixel, as well as on the sediment load 

in the incoming runoff (which is approached through the land-use in the collector area which drains 

to the pixel of interest). One resulting ecosystem benefit, water purification, is mapped on the same 

pixel after the ES supply is affected by the amount of people that is potentially benefited by it, 

depending on the spatial propagation of the ES. Like runoff filtering, other important ecosystem 

functions can be more properly called landscape functions, since they depend on lateral fluxes of 

matter and/or energy, and cannot be properly evaluated without taking into account particular 

landscape properties. Similarly, landscape benefits are represented on the pixel where the ES is 

supplied, but according to the portion of the landscape where it is potentially enjoyed and according 

the people living within it. 

Aiming at land-use planning as the main objective of mapping, selection of production 

functions must follow suitability, reliability, and relevance criteria. Suitability of proxies (ecological 

production functions like indices and process models) vary according to the information and 

knowledge levels available for a given study site. ECOSER is not defined by a particular set of 

proxies of ES supply but by the general procedures introduced in this overview and detailed below. 

Here we selected a particular set of proxies because of their suitability for the study cases (S1 File 

Table A), however ECOSER is flexible enough for the incorporation of alternative proxies. The 

present application of ECOSER to the study cases is based on preliminary integration matrices for 

their respective ecoregions. However, given the exponential growth of relevant knowledge and 

synthesis, and possible interest for application in diverse landscapes and socio-ecological systems, 

continuous addition, improvement or adaptation of ecological production functions and integration 

matrices is in the core of the suitability and reliance of this tool for future applications in different 

contexts. Since this objective is out of reach of a single research group, we designed ECOSER for 

promoting the interdisciplinary collaboration, and a web site offering opportunities to upload, 

download and comment complementary or alternative indices, process models, and matrices [2]. 
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Ecosystem 

function 
Ecological production/transfer function Ref. 

Soil organic 

carbon storage 

                
      

    
 

SOCi: estimated soil organic carbon stock in pixel i (Mg C) 

SOCref:  initial soil organic carbon stock (under reference condition, pristine or 

semi-pristine condition, Mg C) 

Flui: change factor related to the type of land-use/land cover in pixel i. 

Fmgi: change factor related to labors practices in pixel i. 

Fai: change factor related to different levels of carbon input to the soil. 

[3] 

 

 

Biomass carbon 

storage 

           
  

BCSi: carbon storage in biomass in pixel I (TonC/pixel) 

BLULC: biomass carbon storage values assigned to each land-use/land cover. 

[3] 

Erosion control 

              
         

ECi: erosion control in pixel i (Ton/pixel) 

RUSLEmax: Universal Soil Loss Equation parameterized for bare soil in pixel i. 

RUSLEi: Universal Soil Loss Equation parameterized for cover class in pixel i. 

[4] 

 

 

Soil fertility 

        

SFi : soil fertility in pixel i 

PIi : productivity index in pixel i 

[5] 

Retention of 

rainfall excess   

by vegetation 

       (   
(       ) 

       
)                         

     

(      )
 

ERVi : retention of rainfall excess by vegetation in pixel i (mm). 

P: total precipitation of a single-event rainfall (mm) 

stormdays: number of days of storm per year. 

IE: rainwater retained by the ecosystem before runoff occurs. 

NC: curve number, a coefficient taking a value within the range of 0–100, 

related to land-use, permeability, soil moisture before rain, and topography. 

[6, 7] 

 

Retention of 

rainfall excess  

by wetlands 

                                  ( 
  

     
) 

ERWi: retention of rainfall excess by wetlands in pixel i. 

WAi: wetland area 

TWI: Topographical Wetness Index 

Ai: upslope contributing area in pixel i. 

Tanβi: slope in pixel i.  

[8] 

 

 

 

 

 

 

 

S1 File Table A.   Ecological production and ecological transfer functions selected for the 

assessment of study cases. 
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Aquifer 

protection         

by vegetation 

      (         ) 

APi: aquifer protection by vegetation in pixel i. 

IDreli: DRASTIC index in pixel i. 

Pi: protection factor of cover type in the pixel i. 

 

[9] 

 

Sediments        

and pollutants 

retention in 

wetlands 

          
                                                       

                 
                                         

Nret : total nitrogen (NT) retained by the wetland area (kg/pixel/year) 

NTin: total nitrogen entering the wetland area (kg/pixel/year) 

NT0: initial nitrogen mass that is exported from each pixel. 

A: wetland area  

Pret: total phosphorous (PT) retained by the wetland area (kg/pixel/year) 

PTin: is the amount of PT entering the wetland area. 

PT0: initial phosphorus mass that is exported from each pixel. 

k: decay coefficient. 

t: travel time. 

 

 

 

 

[10 - 

13] 

Sediments        

and pollutants 

retention             

in riparian 

vegetation strips 
1 

                                                          

                                                         
 

SRRVS: sediment retention in the i-riparian vegetation strip (RVS) 

SREi: efficiency of sediment retention rank in the i-RVS 

RA: ratio area, is the ratio between the area of the riparian vegetation strip area 

and source area. 

Ci: pollutants loading rank. 

erosioni: potential erosion, calculated with RUSLE equation. 

SDR: sediment delivery ratio 

A: watershed area 

[13 -

17] 

Landscape 

structure 

                                            

a, b, c, d: specific weights from expert opinions 

typei: forest type in pixel i 

struci: forest structure (old growth, secondary, etc) in pixel i 

soili: type of soil in pixel i 

patch_sizei: size of patch to which pixel i belongs 

- 

Biomass 

production 

                           

VSIi: specific formula of densometric volume. 

Vi : densometric volumen per pixel i. 

Gi: basal area in pixel i. 

HDOMi: dominant stand high in pixel i. 

Ni: number of trees in pixel i. 

- 
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Relevance of production functions clearly depends on the relative importance or value of the 

ES for stakeholders, and not merely for the academic or technical sectors. Therefore, we emphasize 

the need to subordinate the selection of ES to the final objectives of the assessment. Methods to 

reveal social or economic values of ES are widely discussed and they are out of the ECOSER’s 

scope, but a guide for the preliminary selection of ES types on basis to expert knowledge can be 

found in the ECOSER website [2]. 

 

From ecosystem and landscape attributes to ecosystem functions 

This framework is currently integrated by a set of 12 ecosystem functions (or intermediate 

ecosystem services [2]: 1) soil organic carbon storage, 2) biomass carbon storage,  3) erosion 

control, 4) soil productivity, 5) retention of rainfall excess by vegetation, 6) retention of rainfall 

excess by wetlands, 7) aquifer protection by vegetation, 8) sediments and pollutants retention in 

wetlands, 9) sediments and pollutants retention in riparian vegetation strips, 10) landscape structure, 

11) biomass production, and 12) habitat production for species. Ecological production functions for 

each ecosystem function were adopted or adapted from the bibliography, and modeled as toolbox 

scripts in ArcGIS environment (S1 File Table A). Proxies for this set of ecosystem functions were 

selected according to their theoretical consistency and the availability of required data, but we are 

aware that the same ecosystem functions can be approached by different proxies. The proposal, 

analysis, and selection of alternative proxies are in the basis of the evolving character that we are 

intending for this framework, through learning processes along collaborative work. 

In addition to the ecological production functions, ECOSER flowchart also includes an 

alternative pathway from ecosystem and landscape attributes to ES supply, the “ecological transfer” 

procedures, consisting in the assignation of ES supply values obtained from other studies o from 

expert knowledge to homogeneous cover classes (e.g. biomes or vegetation units, among others). 

Ecological transfer procedures may include the correction of ES supply values by simple local 

information like terrain slope or patch size for diminishing extrapolation errors, but they are 

essentially land cover based methods with little or no support of causal relationships. Like other 

spatial value transfer procedures, ecological transfer may be used as an alternative for ecological 

production functions when knowledge and/or information about ecosystem functions is lacking, as 

Habitat 

production        

for species  

                                            

a, b, c, d: specific weight from expert opinions 

typeslopei: range of slopes preferred by target species i 

soili: range of soil types  preferred by target species i 

disti:  distance to dispersal pathways that depends on target species i 

- 
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well as for ecosystem services which are more easily linked to site attributes than to ecosystem 

functions (e.g. cultural services).  

How cultural services like recreation opportunities can be spatially defined and visualized 

continues to be a challenge in the ES literature [18, 19]. Since the assessment of recreation 

opportunities is rather subjective and value-leaden, supply of this ES type is related both to the 

observer values and ecosystem conditions
 
[20, 21], which are not easily linked to ecosystem 

functions but to ecosystem or landscape attributes (Fig. 1). In the extreme, cultural services 

essentially depends on the interaction of ecological and historical factors (neglected by the moment 

by ECOSER procedures) that cannot be reduced to ecological functions [22].   

 

From ecosystem functions to ecosystem services supply 

Supply of the i-ES (ESSi) (or provision of final ecosystem services [2]) are obtained from the pixel 

to pixel linear combination of  j-ecosystem function maps, weighted by the relative contribution of 

each j-ecosystem function (EFj) to the i-ecosystem service, as follows: 

      ∑         
 
                     (1) 

The     factors (0-1 rank) are the elements of the N ES columns by R ecosystem function rows of 

the integration matrix (see for example the integration matrix for the study cases, S1 File Table B). 

Since different ecosystem functions have different units, they must be normalized into a 0-1 scale 

before their combination, using as references the maximum and minimum values of the ecosystem 

functions within the study area. Therefore, is worth to note that normalization for commensurability 

purpose constraints the aggregation and/or the comparison of maps were maximum and minimum 

references are not the same.   

 

S1 File Table B.  Integration matrixes for Valdivian Forest Region and Mar Chiquita basin. 

 Ecosystem services types 

  Ancud  Mar 

Chiquita 

AW RO FW  GW FR 

Ecosystem functions       

Soil organic carbon storage 0.3
a 

0.0 0.0  0.3 0.2 

Biomass carbon storage 0.2 0.0 0.0  0.2 0.2 

Erosion control 0.9 0.0 0.0  0.6 0.7 

Soil fertility 0.1 0.0 0.4  0.2 0.2 

Retention of rainfall excess by vegetation 0.7 0.0 0.0  0.6 1.0 
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a 

Assigned weights to the relative contribution of each function (rows) to each service type 

(columns), based on normalization of average scores from expert surveys. AW: aboveground 

water provision, RO: recreation opportunities, FW: firewood provision, GW: groundwater 

provision, CP: potential crop production 

 

 

Elements of integration matrix are hard to obtain because most of scientific literature is 

focused on particular processes, dismissing how they interact to support ecosystem services. 

Ecosystem services (e.g. water regulation) are generally reduced to single processes or ecosystem 

functions (e.g. water infiltration) that are considered as proxies of the ES supply (e.g. water 

regulation), and they possibly vary according to the ecological context. However, the relative 

importance of different ecosystem functions supporting a particular ES flow can be approached from 

expert consultation for each ecoregion through different techniques, like expert valuations, Saaty 

matrixes, and neural networks. Elements of the integration matrix for study sites (S1 File Table B) 

were obtained from an ad hoc survey as a simple average of the scores from 4-6 local experts in ES 

type. Integration matrixes for different ecoregions of Latin America  are provided by Weyland [23]. 

 

From ecosystem services supply to ecosystem services benefits  

Within our conceptual framework, benefits are defined as the fractions of the ES supply which 

are captured or transformed into the wellbeing of local people. The calculation of benefits is made 

for each ES separately within each pixel were ES fluxes are generated, using an index based on the 

product among the ES flux and the number of people which is benefited, according to the following 

expression: 

                                        (2) 

Retention of rainfall excess by wetlands 0.7 0.0 0.0  0.6 1.0 

       

Aquifer protection by vegetation 0.4 0.0 0.0  1.0 0.3 

Sediments and pollutants retention in wetlands 1.0 0.0 0.0  0.8 0.3 

Sediments and pollutants retention in riparian 

vegetation strips 
1.0 0.0 0.0 

 
0.8 0.3 

Biomass production 0.0 0.0 1.0  0.0 0.0 

Habitat production for species 0.0 0.8 0.0  0.0 0.0 

Ecosystem and landscape attributes       

Landscape structure 0.0 0.8 0.7  0.0 0.0 
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where Bi, j  is the benefit of the i-ES type in pixel j, ESSi,j is the flow or supply of the i-ES type in the 

pixel j (calculated as in Eq. 1) and capi, j is the capture of the i-ES type in pixel j calculated with 

equation [3]. Since ES supply data and capture data are previously standardized to 0-100 and 0-1 

ranks, respectively, the resulting benefit data has a [0, 100] rank. 

In turn, the capture of the i-ES type in pixel j is calculated as, 

        
 (    )

  
                       (3) 

where capi,j represents the fraction of total population in the area (TP) which is benefited by the 

supply of the i-ES (direct beneficiaries). Direct beneficiaries is the number of people living within 

the propagation area of the i-ES type, which in turn is delimited using a propagation function or a 

simple model of people benefited according to their distance to the provision area  (    )   

 

From ecosystem services benefits to socio-ecological vulnerability  

The conceptualization of socio-ecological vulnerability is a challenging one. It directs 

attention to such questions as: who and which components of a system are vulnerable to the multiple 

environmental and human changes underway, and where? How are these changes and their 

consequences attenuated or amplified by different human and environmental conditions? What can 

be done to reduce vulnerability to change? How more resilient and adaptive communities and 

societies can be built? 

ECOSER is engaged in the assessment of vulnerability of the social-ecological system and it is 

therefore following the current trend of conducting integrative vulnerability research [24]. Socio-

ecological vulnerability  in ECOSER is defined as the degree to which a socio-ecological system is 

susceptible to or incapable of facing the adverse effects of a specific pulse or pressure (anthropic or 

natural perturbation) which compromises adversely the flow of ES, their benefits, and ultimately the 

satisfaction of human needs. Mapping socio-ecological vulnerability requires the integration of all 

the components of the cascade of ecosystem services framework
 
[1] besides information from 

specific features of the social system (e.g. users, access to ES, institutions).   

Main components of socio-ecological vulnerability are the same as those of general 

vulnerability framework: exposure, susceptibility, and adaptive capacities to withstand changes. 

Whereas under the general vulnerability framework elements exposure to a perturbation are 

particular elements like human beings, assets, ecosystems [25], ECOSER focuses on ecosystem 

services and related human wellbeing elements. Susceptibility indicates the condition or rate of 

response of the SES with regard to all perturbations and stresses within the system. In this case, 

susceptibility refers to the extent of changes in ecosystem services and related human wellbeing.   
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Susceptibility and adaptive capacities are neither homogeneously nor normally distributed 

within the society, so their mean or general value for a given socio-ecological system may be 

masking SES situations deserving particular concern. Moreover, disproportionate (non-aditive) 

influences of asymmetric distributions in susceptibility and adaptive capacities may be arisen by 

their non-random combinations [26]. Unfortunately, statistical distributions of susceptibility and 

adaptive capacities and their associations are hard to obtain for real socio-ecological systems, where 

aggregated data for administrative and/or cense units is the common situation. Therefore, as an 

attempt to include this asymmetric phenomena in the calculus of socio-ecological vulnerability, here 

we introduce a coefficient that increases the calculated socio-ecological vulnerability when social 

asymmetry in susceptibility and/or in adaptive capacity increases (coefficient of inequity, I).  

Socio-ecological vulnerability is separately calculated for each i-SE in two moments, t0 and t1, 

before and after a given perturbation.  The general mathematical expression of socio-ecological 

vulnerability (SEV) is the following:  

 

      (   )  *    ((     )  (    
(   )))+                  (4) 

where SEV is the socio-ecological vulnerability due to benefit loss from i-ES type in the pixel j,  E 

is exposure to LUCC, Sij  is susceptibility to benefit loss in the pixel j for the i-ES type, Ci is the 

adaptive capacity of the socio-ecological system for the i-ES type, cbi  represents the relative 

contribution of the i-ES type to the overall wellbeing, and a, b and c are parameters that represent 

specific weights for each component of socio-ecological vulnerability according to the initial state of 

the socio-ecological system (see adopted values in S1 File Table C). I is a coefficient of inequality 

that increases the calculated socio-ecological vulnerability when social asymmetry in susceptibility 

and/or in adaptive capacity increases. This framework presents four components of wellbeing: i) 

security, ii) health, iii) good social relationship, and iv) basics materials for “good living” and two 

types of relationship between ES and wellbeing components: i) intensity of the connection between 

ES and wellbeing and ii) potential of the ES to be mediated economic factors. Cbi was reported by 

MEA [27] according to expert knowledge as the mean intensity of the connection between ES and 

each wellbeing component using a three leveled scale: High (=1), Medium (=0,66) and Low (=0,33). 

Potential of ES to mediate economic factors was not taken into account since a similar included into 

the benefits estimations.  
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S1 File Table C. Normalized average contribution of ecosystem services to wellbeing (cb), 

according to MEA [27] framework 

 

Ecosystem 

service type  

Security Material 

wellbeing 

Health Good social 

relations  

Overall 

(average)  

Provision 0.66  1  1  0.33  0.74 

Regulation  1  1  1  0.33  0.83 

Cultural  0.66  0.33  0.33  0.33  0.41 

 

 

Inequality was approached by using the coefficient of inequity of Gini (G), re-scaled to the [1-2] 

rank by doing  

                                (5) 

 

Exposure computation 

As previously stated, socio-ecological vulnerability is calculated between two moments: the 

initial system’s state and a future state that is represented by a projected scenario of land-use and 

cover (one that involves the potential loss of ES). ECOSER does not provide procedures for 

representing exposure explicitly, and hence a qualitative and quantitative understanding is needed of 

how the system would change in a future scenario in response to local or regional pressures. 

Exposure values are finally standardized to [0, 1] rank. 

 

Susceptibility computation 

This calculation requires understanding how benefits change in response to exposure. 

Susceptibility is calculated as: 

        (       )                         (6) 

where i is the ES type under evaluation,     is the benefit arising from the i-ES type in t0 and     is 

the benefit arising from the same ES in t1, cbi the relative contribution of a given i-ES type to overall 

wellbeing standardized to [0-0.5]. By default, ECOSER calculates cbi values as the weighted 

average of relative contribution of main ES types to each specific component of wellbeing provided 

by MEA [27], as shown in S1 File Table C. Wi is a multiplier factor which affects     according to 

the relative influence of direct benefits from the i-ES type on local indirect benefits (economic 

activities supporting local employment and incomes [28]). Wi can be guessed or estimated through 

different proxies like the number of indirect beneficiaries by direct beneficiary and production or 

income or employment multipliers from input-output models [29].   
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In the Ancud case, a mix of general and ES type-specific indicators was used as economic and 

institutional factors of adaptive capacity to loss of different ecosystem service types: For estimation 

of adaptive capacity of Ancud case, we used capacity factors: actual erodability (Fecol), the soils 

map of Región de Los Lagos and farms area [1] plus ES type specific substitution possibility and 

and ES type specific access to them (Fecon), and educational level (Fsoc) on basis to the National 

Population Census of 2002 [2]. 

For estimation of adaptive capacity of Mar Chiquita Ecosystem service type-specific factors of 

adaptive capacity were not easy to obtain as secondary data for the Mar Chiquita case, so we used 

some general adaptive capacity indicators (instead of ES type-specific indicators) case we used 

factor proxies that  differed from those used for Ancud case due to limitations in data availability: 

number of job positions (Fecon), illiteracy level (Fsoc) and water entitlements (Finst) as provided 

by Ministry of Economy of Buenos Aires Province. 

 

Adaptive capacities  

Following the IPCC [5] definition for adaptive capacity, adaptive capacities  (hereafter, C) 

represent the ability of a socio-ecological system to adjust to land use changes to moderate potential 

damages, to take advantage of opportunities, or to cope with the consequences. Adaptive capacities 

are ES type-specific and depend on the combination of four factor types, as follows: 

                                              (7) 

where Fecol, Fsoc, Feco, and Finst represent ecological, social, economic, and institutional factors, 

respectively, each factor resulting from the combination of factor proxies that can be plausibly 

associated to the adaptive capacity of the system (S1 File Table D). Since the relevance, availability 

and suitability of F proxies are context-dependent, they need to be necessarily selected or developed 

by ECOSER users. Indicators are weighted within factor types and factor types are weighted within 

C, which is finally standardized within the study site to 0-50.  

 

S1 File Table D. Suggested variables for the calculus of social, economic, and institutional factors 

of adaptive capacity of socio-ecological systems. 

 

Ecosystem 

service type  

Security Material 

wellbeing 

Health Good social 

relations 

Overall 

(average) 

Provision 0.66 1 1 0.33 0.74 

Regulation 1 1 1 0.33 0.83 

Cultural 0.66 0.33 0.33 0.33 0.41 
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a 
ES: ecosystem service: 

b
ESS: ecosystem serices supply   

Fecol is inversely related to main ecological factors reducing the recovering ability (resilience) 

of the ecological sub-system for a given disturbance: potential erodability (E), regeneration time of 

dominant species (RT) and a hyperbolic function of the distance to nearest remnant patches of the 

ecosystem, as a proxy of colonization opportunities (D): 

          (
       

          
)    (

         

           
)    

       

         
           (8) 

where, e, r and d are weighting coefficients (0-1). 
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