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Abstract : 
 
The quantification and integration of ecosystem services (ES) into urban planning decisions is becoming 
increasingly important. However, studies that quantify and analyze the impacts in terms of ES changes are 
still scarce. We analyzed multiple ES provided by the landscape of the Urban Community of Bordeaux (CUB), 
in France, between 1990 and 2006 as a result of land use and cover change (LUCC) with Corine Land Cover 
and other open data. These ES were selected with the help of local stakeholders and were calculated using a 
spatially explicit modeling approach with InVEST and own-produced models. It was found that all ES, except 
erosion regulation, have decreased as a consequence of LUCC. Results also suggest that LUCC change 
decisions which do not consider policy measures for ES protection tend to generate land use patterns 
providing lower levels of ES. This spatial explicit approach to ES modeling enables an informed discussion 
with stakeholders and may be used to effectively implement, monitor, and communicate future planning 
policies. 
 

Highlights 

► We use free tools and open data to study changes in ecosystem services (ES). ► We describe a strategy 
to include stakeholders in ES assessment. ► We provide relevant ES information for integrative urban 
planning. ► Land change decisions that ignore policy measures for ES tend to provide lower ES. 
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1. Introduction 

Ecosystem Services (ES) approaches are seen by many as a promising way to better take 

into account the ecosystems in the decision process because they seek to make visible the 

multiple contributions of nature to society and associated tradeoffs (Goldstein et al., 2012; 

Tallis and Kareiva, 2006). This is especially important for cities, as they accommodate an 

increasing number of the world's population, and depend on the ES beyond their boundaries 

to sustain long-term conditions for life, health, security, social relations and other aspects of 

human well-being (Gómez-Baggethun and Barton, 2013).  

The production and use of information on the effects of LUCC management practices on 

ecosystem functioning is decisive for the design of policies able to ensure an effective 

provision of the desired ES (Nelson et al., 2009). However, this requires taking into account 

interactions between multiple human uses, which are a source of complexity for planning 

managers (Naeem et al., 2009). ES mapping tools and quantitative biophysical indicators that 

make ES values visible and help to assess the tradeoffs associated with these interactions are 

being increasingly used to help them face this complexity (Burkhard et al., 2013; Maes et al., 

2012; Tallis and Polasky, 2011, 2009). It has also been reported that the reliability, the local 

relevance, and the effective use of ES knowledge can greatly benefit from meaningful 

stakeholder participation (Biggs et al., 2011; Koschke et al., 2014; Levrel and Bouamrane, 

2008; McKenzie et al., 2014; Rosenthal et al., 2015; Ruckelshaus et al., 2015).  

Given the growing importance of ES approaches and assessment tools, it is now essential 

to test their effectiveness in a variety of real-world decision-making contexts and practical 

management situations at the territorial level (MEA, 2005; Ruckelshaus et al., 2015). 

Although a number of studies have quantified and mapped multiple ES (Chan et al., 2006; 

Egoh et al., 2008; Geneletti, 2013; Goldstein et al., 2012; Leh et al., 2013; Nelson et al., 

2009), such studies do not exist for France at the municipal level or, especially, for using open 

tools and data such as the Corine Land Cover (CLC) (EEA, 2012), which is an important 

European dataset for Land Use and Land Cover (LULC). 

In this paper we report the results of a spatial explicit ES assessment with local 

stakeholders using a tool called InVEST (Integrated Valuation of Ecosystem Services and 

Tradeoffs), which relies on ecological information to map, quantify, and value the distribution 

of ecosystem services across a landscape (Tallis et al., 2014), and other own-produced 

models. The ES assessment is focused on what is called the ―landscape services‖, which 

correspond to the services supplied by landscapes, i.e., the capacity of a landscape to provide 

goods and services to society (Lamarque et al., 2011). To measure these services, we use ―ES 
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indicators‖, which represent ―quantitative spatially differentiated metrics or maps related to 

supply of, or demand for, ES‖ (EPA, 2009).  

The goals of this exploratory and awareness raising study are:  

(i) to identify and describe the evolution of ES in the Urban Community of Bordeaux 

(CUB) as an impact of LUCC between 1990 and 2006 using free tools and open 

data;  

(ii) to describe a strategy for studying ES changes with stakeholder engagement; and  

(iii) to highlight issues regarding the assessment of ES at a local scale and discuss how 

this approach can provide useful information for integrative urban planning and, 

ultimately, be integrated in existing formal urban planning processes. 

 

2. Data and methods 

2.1 Study area 

The city of Bordeaux, capital of the region of Aquitaine, is located in southwestern France. 

The CUB is composed of 28 municipalities (communes) and covers about 57,632 ha (Fig. 1). 

It has a varied LULC composition including densely urbanized areas, agricultural and 

vineyard areas, forests, and wetlands. It is an area characterized by low slopes and low 

elevation (< 105m).  

In the north of the CUB is located the Ambès peninsula, which has marsh landscapes and 

wildlife typically found in wetlands. This natural territory is subject to strict protection 

restrictions. The Jalles Park, in the west of the CUB, houses the Bruges Regional Natural 

Reserve, composed of marshes and diverse habitats with more than 4,000 animal species (La 

CUB, 2013). In the west are also located the Landes forest, which is the largest maritime-pine 

forest in Europe. In the south, the rivers Vallée de l’Eau Bourde and the Vallée de l’Eau 

Blanche offer opportunities for recreation, such as fishing and hiking. On the east side of the 

CUB, on the right bank of the Garonne river, is located the Parc des Coteaux covering 100 

ha.  

The natural environment hosts a great a variety of local plant and animal species. Some of 

them are protected, such as the Angelica heterocarpa, Mustela lutreola, and the Phengaris 

arion (La CUB, 2013; Ruys et al., 2012). Other, more common species, are also present in 

these natural spaces such as foxes, otters, and orchids. There are also many local and 

migratory bird species on the territory of the agglomeration (Le Gall et al., 2012).  

The study area presents a set of practical issues in land use planning and the CUB 

expectation of reaching one million inhabitants by 2030 (727,256 inhabitants in 2011). To 
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manage this expectation the CUB launched, in 2009, a prospective approach that resulted in a 

policy document, the "Metropolitan Project", which articulates a vision for the city to year 

2030. Among others, the "55,000 ha for Nature" initiative aims to make compatible the 

demographic growth with the "respect and valuation of the natural spaces in the city, the well-

being and the respect for the biological needs of plant and animal species" (CUB, 2012). 

Therefore, the CUB wishes to put the "collective relationship to nature" at the heart of its 

reflection in the coming decade. The willingness to better account for nature in the 

Metropolitan Project has helped to shape planning instruments such as the SCoT (Schéma de 

cohérence territoriale) and the PLU (Plan local d'urbanisme). In this context, a quantitative 

spatial assessment of ES of the territory may provide valuable information to help the CUB 

reach these objectives in the near future. 

 

 

Fig. 1 The CUB and land use and land cover in year 2006 (Data sources: EEA, 2006 and IGN, 2013) 

 

2.2 An iterative process for integrating ES into spatial planning decisions 

A variety of tools have been developed in recent years to improve the integration of ES in 

multiple decision-making processes, by providing more systematic and reproducible 
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approaches for the quantification and assessment of ES (Bagstad et al., 2013; Peh et al., 

2013). These tools range from simple spreadsheets (WRI, 2012) to sets of complex spatial 

modeling software (Bagstad et al., 2011; Feng et al., 2011; Tallis et al., 2014).  

InVEST tools have been designed essentially with the aim of informing national or 

regional planning instruments and policies (Tallis et al., 2014). In this study we did not try to 

inform directly the existing planning instruments and processes ruling the CUB area, as there 

was no formal demand for it. Rather, we used ES approaches and tools as a way to: (1) raise 

awareness on the need to take ES into account in land use planning and management; and (2) 

open a space for dialogue among multiple stakeholders, based on a shared ―mental model‖ 

and visual representation of the connections between land use and good ecosystem 

functioning (Biggs et al., 2011).  

The research team included both independent scientific researchers and researchers 

employed by the local water company, Lyonnaise des Eaux (now SUEZ Eau France), which 

supported this study and hosted the workshops. The company’s own motivation was to test 

ES approaches: (1) to better understand the relationships between its water management 

operations and multiple aspects of biodiversity and ecosystem functioning (Feger, 2016); and 

(2) to open an exploratory dialogue with the municipality (its main client) and other 

stakeholders on green infrastructure planning and management. The CUB Nature Division 

and the CUB Water Division demonstrated interest and provided technical support at an early 

stage of the project.   

We did not seek to involve all possible stakeholders (e.g. tourism sector, individual users, 

etc.). Rather, we focused on consulting local stakeholders who represent various sectors that 

have an influence on land use planning and management and who could contribute from their 

own perspective to an informed dialogue on multiple ES: (1) stakeholders who have 

regulatory authority on the overall land-use planning and urban development dynamics (i.e. 

the CUB Water Division, the CUB Nature Division; the CUB Department of Urbanism); (2) 

stakeholders who operate on the CUB’s areas that are of particular importance for biodiversity 

as well as for water management such as the Jalles Park (i.e. environmental NGOs); and (3) 

stakeholders who play an important role in economic sectors strongly connected to ecological 

systems and water quality protection (i.e. wastewater management and water resource 

protection engineers from the water company; representatives of the Chamber of Agriculture) 

(Feger et al., 2015). 

The research team preselected a group of ES which they believed to be relevant for the 

CUB area, keeping in mind the availability of open datasets. These included provisioning 
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(food provisioning), regulation (water quality, flood regulation, erosion regulation, climate 

regulation) and cultural (recreation, biodiversity) services. Some face-to-face interviews took 

place with the different stakeholders in the preliminary phase of the study before the 1st 

workshop. These were conducted in order to present and discuss with them the ES assessment 

approach and the study objectives, as well as to better identify their respective concerns 

regarding future land use management in the CUB. The data collection activities as well as an 

extensive literature review about values of parameters required to run the ES models were 

carried out. Local scientific experts were consulted when adequate values were not found in 

the scientific literature. An historical analysis of ES between 1990 and 2006 was undertaken 

and presented to stakeholders during the 1st workshop organized at the end of the first year of 

the project (Fig. 2). 

The objective of the 1st workshop was to raise awareness about the importance of ES and 

to ask for stakeholders’ opinions about the choices made by the research team, such as the 

definition of the study area and the selection of the relevant ES. The 1st workshop started with 

the presentation of the ES concepts and the preliminary results for the ES calculated for the 

study area. Then a collective discussion followed in which remarks were made about the 

usefulness of some ES, the dynamics of local ecological issues, the way ES were 

communicated (e.g., how to name them in a sense-making way for a general audience) and 

calculated. At the end of the workshop the research team asked each participant to fill in a 

questionnaire with suggestions for improving the usefulness of the study. All this information 

was used to adapt the selected ES modeling approach to the needs expressed by the 

stakeholders.  

The 2nd workshop, at the end of the 2nd year, was dedicated to sharing and interpreting the 

results, and to discuss in an exploratory way their possible uses for influencing the 

municipality’s planning decisions and stakeholders’ practices and activities. Participants were 

asked to fill in a questionnaire about the interest they had in this study and in the dialogue 

with other stakeholders, about the way they intend to use these results in their own 

organizations and activities, and about the expected future developments of the ES.  
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Fig. 2 Workflow of this study 

 

2.3 ES models and indicators for the CUB 

The selected ES were calculated using InVEST (Kareiva et al., 2011; Tallis et al., 2014) 

(carbon storage, water yield, and nutrient and sediment retention models) and other own-

developed models (agriculture, recreation and biodiversity) to evaluate how LUCC affected 

ES in the CUB. We conduct a joint assessment of multiple ES, but do not attempt to equally 

assess the social, biophysical, and economic dimensions of those services (i.e. integrated 

assessment) (Fontaine et al., 2014). 

We used Corine Land Cover (CLC) from the European Environmental Agency (EEA) 

which has a spatial resolution of 100m with a minimum mapping unit of 25 ha (EEA, 2012). 

44 LULC classes are distinguished in these datasets for the years 1990, 2000, and 2006, 

although not all of them are present in the study area (supplementary Table A.1 shows all the 

LULC classes present in the CUB). All geographical datasets used in this study are open data 
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and are, or were, converted into a common coordinate system RGF_1993_Lambert_93. Table 

1 reports the ES and respective ES indicators (units) used in this study. 

 

Table 1 ES and ES indicators (units) used in this study 
ES ES indicator, units 

Food provisioning Total area for agriculture, ha 

Flood regulation Water yield, m3/ha/year 

Water quality Nutrient retention (phosphorus and nitrogen), 

kg/ha/year 

Erosion regulation Sediment retention, t/ha/year 

Recreation  Residential areas served by the green and blue 

areas, ha 

Climate regulation Carbon stored, t/ha/year 

Biodiversity Suitable habitats for fauna and flora, ha 

 

Food provisioning 

The total area (A) of the CLC classes dedicated to agriculture is used as a proxy of the 

food provisioning service. This service was considered important because of the cultural 

attachment of the region to agriculture, especially to vineyards, and the important place given 

to small scale suburban agriculture in the ―55,000 ha for nature‖ initiative. The values, 

reported in hectares, were aggregated to provide estimates by municipality (IGN, 2013). 

 

Flood regulation 

Water yield is the amount of water running off the landscape (Langbein and Iseri, 1995). It 

is important to control water yield in the CUB because this is a territory prone to floods. The 

Water Yield InVEST model is based on the Budyko curve and annual average precipitation 

(Tallis et al., 2014). We parameterized this model using average annual precipitation (Px) 

(Hijmans et al., 2005), annual reference evapotranspiration (Trabucco and Zomer, 2009), soil 

depth (Panagos et al., 2012), plant available water content (Panagos et al., 2012), plant root 

depth (Canadell et al., 1996; Fagherazzi et al., 2004; Hédin, 1972; Lebourgeois and Jabiol, 

2006; Mollier, 1999; Tallis et al., 2014), watersheds (IGN, 2006), and LULC to calculate the 

average annual water yield. The evapotranspiration coefficient (ETox) estimates per LULC 

class were developed based on the Leaf Area Index (LAI) (Watson, 1947) and integrated in 

the model according to the procedure described in the InVEST manual (Tallis et al., 2014). 
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The Normalized Vegetation Index (NDVI) (Rouse et al., 1974) data were obtained from the 

MODIS / NDVI Time Series Database Project Global Agriculture Monitoring (GLAM, 2013). 

These images have a spatial resolution of 250m and a temporal resolution of 16 days. A total 

of 23 images for the year 2006 in GeoTiff format were averaged using a procedure which 

excluded the nodata pixels to use the maximum information available. The LAI calculation 

was based on the method described in (NASA, 2012):                       

             .   

We report water yield in m3/ha/year. Pixel values were aggregated by municipality (IGN, 

2013). Although, some municipalities span more than one sub-watershed, they all belong to 

the same higher-level watershed, meaning that all the water will be draining into the same 

watershed outlet. The root depths and evapotranspiration coefficients are available as 

supplementary material (Table B.1). 

 

Water quality  

The InVEST nutrient retention model evaluates LULC effects on water quality (Tallis et 

al., 2014). Datasets used include a digital elevation model (DEM) (NASA, 2012), 

precipitation (Hijmans et al., 2005), evapotranspiration (Trabucco and Zomer, 2009), depth to 

root (Panagos et al., 2012), plant available water content (Panagos et al., 2012), watersheds 

(IGN, 2006), and LULC. The DEM used, ASTER (NASA, 2012), had a spatial resolution of 

30m and was hydrologically corrected (Hellweger, 1997) with data of the Water Information 

System of the Adour Garonne watershed (IGN, 2006). 

The model starts by calculating the average annual water yield based on each LULC. Then 

the average annual quantity of nutrients exported from each LULC cell is determined using 

values found in the literature and through expert consultation for nitrogen (N) and phosphorus 

(P) export coefficients (Deletraz and Dabos, 2001; Foy and Girvan, 2004; Jeje, 2006; Jordan 

et al., 2000; Kelsey and Hall, 2010; Leh et al., 2013; Matias and Johnes, 2011; Payraudeau et 

al., 2002; Reckhow et al., 1980; Tallis et al., 2014; Wochna et al., n.d.). The nutrient load is 

obtained by routing water along flow paths based on slope (Leh et al., 2013). Finally, the 

nutrient load quantity retained by the landscape is determined using the nutrient retaining 

capacity of each LULC (Tallis et al., 2014).  

We report nutrient retention (phosphorus and nitrogen) in kg/ha/year. Pixel values with 

mean nutrient retention were aggregated by municipality (IGN, 2013). Evapotranspiration, 

nutrient loadings, and filtering coefficients are available as supplementary material (Table 

B.1). 
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Erosion regulation 

Soil erosion can be caused by rain and runoff. Impacts of erosion include (Lal, 1998; Mann 

et al., 2002): the reduction of water quality, reduction of soil ability to store water and 

nutrients, reduction of agronomic productivity, damage in infrastructures, and siltation. The 

Sediment Retention InVEST model (Tallis et al., 2014) was used to determine the ability of 

the landscape to retain sediments in a watershed as a function of rainfall (Hijmans et al., 

2005), soil characteristics (Panagos et al., 2012), and topography (NASA, 2012). The model 

uses the Universal Soil Loss Equation (USLE) (Wischmeier, 1978) to calculate the potential 

soil loss of each LULC (1): 

 

                    (1) 

 

where USLE is the potential average annual soil loss, R is the rainfall erosivity factor, K is the 

soil erodibility factor (Panagos et al., 2012), LS is the slope length and steepness factor, C is 

the LULC management factor (DEQ, 2012; FORSEE, 2007; Leh et al., 2013; Tallis et al., 

2014), and P is the supporting practice factor (DEQ, 2012; FORSEE, 2007; Leh et al., 2013; 

Tallis et al., 2014). The sediment retention corresponds to the difference between potential 

soil loss (USLE) of the landscape and the maximum potential soil loss assuming a bare 

landscape. The rainfall erosivity (R) is a climatic factor strongly related to soil loss and was 

determined as (Renard and Freimund, 1994) (2): 

 

                      (2) 

 

where R  is rain erosivity and P is the average annual precipitation (mm) (IGN, 2013).  

We report sediment retention in kg/ha/year. Pixel values with mean sediment retention 

were aggregated by municipality (IGN, 2013). Cover-management (C), support practice and 

the sedimentation retention values used are available as supplementary material (Table B.1). 

 

Recreation  

We calculated this ES using the approach described in the work made for a city in Finland 

(Niemelä et al., 2010). In that study, the authors identified the suitable areas for recreational 

activities, "green areas", using CLC. Only areas with more than 1.5ha were considered and 
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these should be located within a distance of 300m of a residential area, which is defined as the 

maximum distance for a recreational walk (5mn walk). 

In the current study, the green and blue areas considered the following CLC level 2 classes 

(the code of the class inside parentheses): Artificial, non-agricultural vegetated areas (14), 

Forests (31), Scrub and/or herbaceous vegetation associations (32), Inland wetlands (41), 

Coastal wetlands (42), Continental waters (51), and Marine waters (52). We mapped these 

areas for years 1990 and 2006. It was noticed that the urban growth between these two dates 

created a considerable number of new accesses to green and blue areas. To address this effect, 

the number of hectares of the residential areas of 1990 that were served by the green and blue 

areas in 1990 and in 2006 were calculated. The results were reported by municipality in 

hectares.  

 

Climate regulation 

Carbon storage is an important global climate regulation service (Gómez-Baggethun and 

Barton, 2013). Estimates of the carbon stored by the vegetation for each LULC class with 

values found in literature (Cruickshank et al., 2000; Pereira et al., 2009) were used in the 

InVEST Carbon model (Tallis et al., 2014). The carbon stored by the CUB landscape is 

reported in t/ha/year and is aggregated to provide estimates by municipality (IGN, 2013). The 

carbon stored by each LULC is available as supplementary material (Table B.1). 

 

Biodiversity 

(Dallimer et al., 2012) demonstrated a positive relationship between well-being and the 

biodiversity richness that green space users perceive to be present. We treat biodiversity as a 

cultural service (non-use value) and measure it through the suitable LULC available area for 

the species that exist in the CUB. Biodiversity observation opportunities will be available for 

CUB inhabitants if these LULC are preserved. The procedure adopted for calculating this ES 

indicator consisted of extracting the observed fauna species in the study area from the Atlas of 

Aquitaine's Fauna (LPO Aquitaine, 2013) during the year 2012. The set of observed fauna in 

the CUB included 5 species of amphibians, 6 species of reptiles, 5 species of mammals, and 

72 bird species. Then, the Natura 2000 database was used to determine the habitats in which 

these species could be found (INPN, 2013). The relationship between the habitat and the CLC 

classes was determined using the correspondence available in the report  ―Projet de 

caractérisation des fonctions écologiques des milieux en France‖ (CGDD, 2010). Retained 

CLC level 2 classes for the species analyzed were (the code of the class inside parentheses): 
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Pastures (23), Forests (31), Scrub and/or herbaceous vegetation associations (32), Inland 

wetlands (41), and Inland waters (51). We calculated the area of these classes for years 1990 

and 2006. The results were reported by municipality in hectares.  

 

2.4 Variation in ES levels 

After calculating the ES of each type for each year in the CUB, the changes from 1990 to 

2006 were calculated as (3): 

 

     [
               

       
] * 100     (3) 

 

where      is the ES change index for delivering ES of type x,         is the baseline 

situation for delivering ES of type x in 1990, and         is the situation for delivering ES of 

type x in 2006.   

 

3. Results 

 

3.1 Elaborating a shared representation and promoting ES based dialogue in the CUB: 

1
st
 workshop  

The selection of relevant ES for the study area, the discussion about the best way to present 

and communicate results (e.g., to report results using municipalities instead of sub-

watersheds) and/or adjustment of specific ES indicators (e.g., access to green areas and 

biodiversity models) were essential for developing an iterative approach that fit the 

stakeholders information needs. Table 2 reports the results of the interaction between the 

stakeholders and the scientific team during the 1st workshop including the analysis of the 

questionnaire. All the suggestions were considered for adapting the first version of the 

modeling approach. The way these changes were addressed were presented to the 

stakeholders during the 2nd workshop. 
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Table 2 Main suggestions mentioned by stakeholders and respective solution 

Problem Solution 

Access to green and blue areas did not consider 

urban sprawl and demographic growth aspects, 

making an unfair comparison between 1990 and 

2006 results. 

We report this service using the number of hectares 

of the residential areas of 1990 that were served by 

the green and blue areas of 2006.  

ES were presented using the name of the indicator, 

which was confusing for a less familiarized 

audience. 

All ES are reported using the name of the ES and not 

the name of the biophysical indicator (e.g. erosion 

regulation instead of sediment retention, flood 

regulation instead of water yield). 

The analysis of ES was reported using the sub-

watersheds of the SCOT territory (93 

municipalities). 

It was decided that it would be more useful to report 

ES using only the municipalities of the CUB (28 

municipalities) as analysis unit to fit elected officials 

and local decision-makers’ potential needs. 

The scale of analysis did not consider recent CUB 

efforts to create green areas. 

This was a situation for which we did not have a 

solution, as the CLC has a minimum mapping unit of 

25ha, which excludes new green areas smaller than 

this value. 

 

3.2 LULC and ES dynamics between 1990 and 2006 

The quantitative areal data of the LUCC, as well as gains and losses in each category 

between 1990 and 2006, are depicted in Table 3. This table shows that artificial surfaces 

represented 47.8% of the total area in 2006 when, in 1990, they represented only 44.3%. 

During this time period agricultural areas fell considerably (-11.2%) and lost 1967ha for 

artificial areas. Forest and semi-natural areas (-2.9%) and wetlands (-6.1%) also decreased. 

These classes lost for the artificial areas, respectively, 712ha and 54ha. 
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Table 3 Land use and cover change of CLC level 1 classes (1: Artificial areas; 2: Agricultural areas; 3: 
Forest and seminatural areas; 4: Wetlands; 5: Water bodies) in the CUB between 1990 and 2006 

 1990 
 

20
06

 

Class 1 2 3 4 5 ha % 
Var (%) 

90-06 

1 24710 1967 712 54 92 27535 47.8 7.9 

2 474 11418 315 73 46 12326 21.4 -11.2 

3 251 354 13752 8 5 14370 24.9 -2.9 

4 6 81 15 511 1 614 1.1 -6.1 

5 77 64 7 8 2631 2787 4.8 0.4 

ha 25518 13884 14801 654 2775 57632 
  

% 44.3 24.1 25.7 1.1 4.8 
   

 

Figure 3 shows the results for the ES analyzed in the CUB between 1990 and 2006. Only 

erosion regulation (sediment retention indicator) had a positive variation in the study area 

(+1.2%). Water yield is considered a disservice, as it degrades the flood regulation. Its 

increase (+1.3%) is, therefore, considered as having a negative effect in this service and was 

multiplied by -1. All other services evolved negatively during the time period analyzed. 

 

 

Fig. 3 Ecosystem services variation (%) between 1990 and 2006 

 

Figure 4 shows the ES variation from 1990 to 2006 by municipality using a standard 

deviation classification scheme. The variation of food provisioning (agriculture) and 
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biodiversity are represented using percentage points. All other ES are represented using 

variation in percentage.  

 

 

Fig. 4 ES variation between 1990 and 2006  

 

3.3 A collective exploration and interpretation of the results: 2
nd

 workshop 

Extensive discussions with the stakeholders during the second workshop provided useful 

insights on the potential causes of the results obtained and how these could be interpreted. 

Each stakeholder gave specific feedback on the ES that were more closely related to the 
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activities of the organization and sector he/she represented. Environmental NGOs were more 

concerned with the biodiversity results, while the CUB Nature Division and the CUB 

Urbanism Department paid particular attention to biodiversity, flood regulation, and 

recreation. The Agriculture Chamber looked more attentively into the food provision from 

agriculture. 

The degradation of the flood regulation service is occurring mainly in the areas 

surrounding pre-existing urban areas. It was suggested that this was caused by both the 

increasing land artificialization and the degradation of wetlands, notably in the northeast parts 

of the CUB. It was also pointed out that our models only took into account flooding risks due 

to rainwater, to which should also be added important flooding risks due to the proximity of 

the Garonne estuary. Regarding water quality regulation, the nitrogen retention in the 

southeast, and phosphorous retention in the northeast, are decreasing along the Garonne river. 

Food provisioning (agriculture) is decreasing more strongly on the East side of the CUB along 

the Garonne river. Although it was pointed out that the model did not represent small-scale 

agricultural plots, the overall results were consistent with the increasing loss of agricultural 

land due to urbanization. The climate regulation (carbon storage) decreased more in the 

municipalities of Bordeaux and on the northwest side of the CUB, where the Landes forest is 

located. This forest was severely struck by the Martin storm in December 1999, which caused 

considerable damage and loss of lives. This effect is also visible in the recreation and in 

biodiversity services.  

All the stakeholders expressed curiosity to better understand how the current actions that 

they are undertaking will affect the evolution of the different ES. The CUB Nature Division is 

leading efforts with the local nature protection NGOs to ensure wetland protection and to 

create new Natura 2000 areas in the north and the south of the city. It is also opening new 

nature hiking trails (―boucle verte‖) that circle the urban city center to provide more public 

access to green areas. The Agriculture Chamber is operating a program to help young farmers 

open and run their business and save agricultural land from urbanization. The CUB 

Department of Urbanism has recently led efforts to identify and integrate the major ecological 

corridors of the area in the elaboration of its new urban plan. The water company has recently 

helped with the restoration of the ecological continuity of a river (Jalle-de-Blanquefort) 

flowing in the north of the city and with installing sophisticated monitoring systems of its 

surface water quality. All stakeholders showed interest in conducting further studies to gather 

more detailed and recent LULC data in order to see if the results of these various efforts and 

policies would eventually appear on future maps.  
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4. Discussion 

 

4.1 ES changes in the CUB as an impact of LUCC with open data and free tools 

In this study we quantified and mapped the evolution of CUB ES using open data and free 

tools. We contribute with a case study that quantifies and maps multiple ES changes over time 

as a consequence of LUCC using ecological production functions. However, some 

precautions should be taken before implementing any payments or compensation measures for 

ES on the sole basis of our exploratory study. We have only measured the potential of the 

ecosystem to provide such ES. A more detailed analysis should be made to study the 

relationship between stakeholders’ land management practices, ES provision, and ES use by 

people.  

Furthermore, it is also important to consider modeling and data limitations. All the models 

used have (as do all models) several limitations. For instance, regarding the InVEST models, 

we had to use a value transfer approach when we did not find the values for specific 

parameters in our study area (e.g. nutrient and sediment export values for specific CLC 

classes). All InVEST models used also have several limitations and simplifications which are 

described in the software documentation (Tallis et al., 2014). Concerning the own-developed 

models, there are also limitations that need to be considered. For instance, the agriculture ES 

indicator only reflected the value of the area in hectares dedicated to agriculture for each year 

of the CLC, regardless of the techniques used that could increase or decrease productivity. 

The recreation model did not consider potential visitors that use public or private 

transportation to frequent these places. The minimum mapping unit of 25ha of the CLC also 

did not consider new green areas smaller than this value. Lastly, the biodiversity model only 

considered the CLC classes frequented by the species observed in the CUB, regardless of 

other important aspects, such as historical species abundance.  

Data scarcity and scale issues were challenging aspects in this project. The geographical 

datasets needed for this modeling approach were not always available and some had to be 

calculated using indirect methods (e.g. evapotranspiration coefficients for the water yield 

model); others had disparate collection dates and/or different and/or inadequate scales (e.g., 

the hydrological services require data at the watershed level, while the study of recreational 

services would benefit from more detailed data). The option for aggregating data at the CUB 

municipality level was taken after the 1st workshop with the stakeholders. Indeed, this option 

generalizes values of ES indicators that were obtained at the pixel level. However, showing 
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the results at the municipality level made visible clear advantages for understanding and 

communicating where ES have been degraded and where measures are needed to mitigate 

problems. The use of biophysical indicators to study ES is scale dependent (Gómez-

Baggethun and Barton, 2013) and future versions of the study would also benefit from the use 

of more recent data (e.g. the most recent CLC dated from 2006, when this study was done) 

with improved resolution.  

 

4.2 A strategy for studying ES changes with stakeholder engagement 

The study benefitted from the participation of stakeholders who were involved since the 

beginning of the project. The assessment of multiple ES using spatial data and stakeholders’ 

involvement is an essential feature in the Natural Capital Project approach philosophy 

(Kareiva et al., 2011). This study provided several insights on a possible strategy for engaging 

stakeholders in these kinds of projects. Firstly, it helped to raise awareness among 

stakeholders who were not familiarized with ES concepts. Secondly, it showed them the 

possibility of studying multiple ES using a spatial explicit approach. The stakeholders’ 

engagement through the use of a common language was clearly facilitated by the use of maps, 

which made the exchange of information and ideas easier during the workshops. Thirdly, 

these stakeholders, who were used to work separately in their specific areas of intervention, 

understood the usefulness and the advantages of discussing ES together. Their active 

participation and willingness to understand the patterns, while recognizing the limitations of 

the exercise, and their efforts to find out how the preliminary results relate to their own 

activities and ongoing environmental policy and management projects testify their interest in 

this type of approach.  

 

4.3 Contribution to integrative urban planning and integration in existing formal urban 

planning processes 

We found that with the exception of the erosion regulation service (+1.2%), all other ES 

have decreased in the CUB area between 1990 and 2006. During the 2nd workshop, 

participants interpreted these negative trends as evidence of the current lack of integration of 

ES in the LUCC decision processes and discussed the need to design and implement more 

effective policy instruments (e.g. payments for ES, ecological compensation mechanisms, 

etc.) that could lead to a tradeoff between the continuous urbanization dynamics and ES 

conservation.  
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Although it was not our aim to integrate the results directly in the existing planning 

instruments, this study enabled an informed dialogue between different stakeholders who are 

now more able to better understand the link between land changes and multiple ES. The CUB 

Department of Urbanism and the CUB Nature Division suggested the possibility of using 

such studies to inform the elaboration of future urban planning documents (notably the PLU – 

Plan Local d'Urbanisme). These are important results that call for a stronger integration of ES 

in spatial planning in the CUB.  

This study also pointed out the role of the 28 municipalities belonging to this territory in 

their responsibility to manage ES. This spatiotemporal diagnosis helped to make more explicit 

how different municipalities’ LUCC choices contribute or impact ES production. These 

indicators should encourage them to look for better tradeoffs between development and ES 

protection than the ones that are carried out in a business as usual scenario at the urban scale. 

 

5. Conclusion 

This study assessed the impact of LUCC on multiple ES using a spatiotemporal approach 

enabling an innovative perspective on the functions and uses of the natural environments of 

the CUB. We showed that it is possible to use free tools and open geospatial data to study ES 

at a municipal scale. Although we have not used GIS free open source software to perform the 

spatial analysis, an approach based exclusively on this type of software (e.g., using Quantum 

GIS, gvSIG, or others) would have been possible since InVEST, as well as the own-developed 

ES models, are independent from the GIS software used. The results open a new space for 

dialogue on a common conceptual and scientific basis for a variety of stakeholders who have 

different perspectives and management activities of the CUB socio-ecological system. 

Although the results and the interest shown by stakeholders were promising, the outputs of 

scientific models may point to solutions different from the ones taken by policymakers and 

urban planners (Ruiz-Labourdette et al., 2010). Beyond the completion of this study, which 

will also include scenario and economic analysis of ES, the challenge will be to continue to 

work on the usefulness of this assessment and the way it can effectively influence decision-

making activities contributing to the maintenance of ecosystem functioning.  
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