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Abstract

Ecosystems provide a varied range of services to people known as ecosystem services (ES) which
contributepositively to human well-being. Thus, their quantification and integration into planning decisions has
become increasingly important.In this study we analyzed ES provided by the landscape of the Urban Community
of Bordeaux (CUB) in France. These ES were selected using a participatory approach with local stakeholders
and involved the creation of scenarios of land use and cover change (LUCC) expressing alternative planning
options. Only open data was used. Results show that allthe analyzed ES, except erosionregulation, have
decreased as a consequence of LUCC between 1990 and 2006. For year 2030, the "Plan™ scenario, which
integrates approved urban local plans, is the one that will cause more negative impacts on the CUB ES. Both
"Conservation" scenarios present a more balanced situation allowing to choose between carbon storage
improvement or agriculture preservation with a degradation on nitrogen and phosphorous retention ES. We also
found that there is little or no tradeoff on nutrient and sediment retention services regardless of the scenario used.
This spatial explicit approach to ES modeling enables an informed discussion with the stakeholders about
different planning options and their impact on ES and tradeoffs. Additionally, it may be used to effectively

implement, monitor and communicate planning policies.

Key-words: ecosystem services;geographical information systems; spatial planning;land use and cover change
models; open data



1. Introduction

Ecosystems are increasingly subject to multiple human uses and pressures which may compromise their
ability to deliver ecosystem services (ES)necessary to support mankind (Halpern et al., 2007; Harley et al.,
2006). The research field on ES which emerged on 1970s at the intersection of research in ecology and economy
(Meral, 2012) is now flourishing and the number of articles on this subject continues to grow (de Groot et al.,
2012; Jeanneaux et al., 2012; Vihervaara et al., 2010). 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).
However, this field is alsocrossed by controversyfocusing, particularly, on the definitions and methods of
classification of ES(Boyd and Banzhaf, 2007; Fisher et al., 2009; Gatzweiler, 2006; Nahlik et al., 2012), on the
development of biophysical and economic valuation methods (Chevassus-au-Louis et al., 2009; Lamarque et al.,
2011; Nelson et al., 2009).Given the growing popularity of this concept, initially forged to draw attention on the
importance of multiplying efforts to conserve ecosystems, it is now important to test on the field the
effectiveness of such an approach and associated tools so that their ability to be included in the decisional
process in practical management situations at the territorial level can be assessed.Therefore, quantitative
assessments are of great importance to acknowledge the value of ES that otherwise would tend to be ignored by
land use planners (Nelson et al., 2009). Knowing the impacts of land use management practices on ES
production is crucial for an effective design of policies that will ensure the provision of the desired ES (Nelson et
al., 2009). It has also been reported that the effective use of ES knowledge benefits from meaningful stakeholder
participation, scenario development and the integration of local and traditional knowledge (McKenzie et al.,
2014).

A variety of tools have been recently developed to integrate ES in the decision process. They seek more
systematic approaches to ES, i.e., to make more quantifiable and reproducible assessments and to respond to
various issues and contexts of decision-making (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). They differ in data requirements as well as on the time andeffort to complete the
assessment. Some are applicable to any place on the planet and are adapted to national or regional scales
(Bagstad et al., 2011), while others are site-specific and limited to someES(Parametrix, 2010; Peh et al., 2013).
Some favor the biophysical assessment of ES(Bagstad et al., 2011; Tallis et al., 2014) while others also offer
monetary valuations (EVT, 2012; Tallis et al., 2014). Finally, these tools also differ in how to involve
stakeholders in the study area.

In this paper, we report the results of a spatial explicit and participatory approach to assess in an integrated
way multiple ES using INVEST models and other own produced indicators with open data. The objectives are:
(i) to describe the evolution of ES in the CUBuUsing a time series of land use and land cover (LULC) between
1990 and 2006; and to (ii) anticipate plausible scenarios for year 2030 to understand howLUCCimpacts ES and

tradeoffs. Results are expected to contribute to the definition of CUB urban planning instruments.

2. Data and methods
2.1 Study area



The CUB is composed of 28 administrative areas (Communes) and has about 57632 ha (Figure 1). It has a
varied LULC composition including densely urbanized areas, agricultural and vineyard areas, the Landes forest
on the NW and important wetlands along the river La Garonne. It is an area characterized by low slopes and low
elevation (< 105m). The context of the study area is interesting because it presents a set of practical issues in
land use planning related with the CUB expectation of reaching one million inhabitants by 2030 (727,256
inhabitants in 2011). To 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 "55000 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). The CUB therefore wishes to put the “collective relationship to nature™ at
the heart of its reflection in the coming decade. The willingness to better account nature in the metropolitan
project has also resulted in planning instruments such as the SCoT (Schéma de cohérence territoriale) or the
PLU (Plan local d'urbanism). Thus, the quantitative spatial assessment of ES of the territory may help attaining

these objectives.
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: Continuous urban fabric

: Discontinuous urban fabric

: Industrial or commercial units
Road and rail networks and associated land
Airports

: Mineral extraction sites

Dump sites

Construction sites

Green urban areas

Sport and leisure facilities
Non-irrigated arable land

: Vineyards

Fruit trees and berry plantations

Pastures

Complex cultivation patterns
Land principally occupied by agriculture, with significant areas of nat. veg.
: Broad-leaved forest
Coniferous forest
Mixed forest
: Natural grasslands
Moors and heathland
Transitional woodland-shrub
: Inland marshes
Water courses
: Water bodies

Figure 1 The CUB and land use and land cover in year 2006 (Data sources: EEA, 2006 and IGN, 2012)

2.2 Project development approach

This 2-year project started with the selectionof the relevant ES with the help of the stakeholderswhich

included representatives of the Aquitaine region, several environmental ONG, the agriculture chamber, a water

company and CUB department's of water, nature and urbanism (Figure 2).Data collection activities and



anextensive literature review about values of parameters required to run the ES models was carried out. Local
scientific experts were consulted for the cases in which we did not find any adequate values in the literature.

An historical analysis of ES level between 1990 and 2006was carried out and presented to stakeholders in the
1% workshop in the end of the first year of the project. During this workshop, remarks were made about the
usefulness of some indicators and the way they were communicated. For instances, changes were made to the
recreational indicator (access to green and blue areas) that did not consider urban sprawl and demographic
growth aspects. It was also found that it would more useful report results using the administrative areas instead
of the sub-watersheds.Future plausible scenarios that translated the CUB planning challenges were also
discussed for year 2030 during this workshop.The use of consistent scenarios for potential future states that
represent policy-induced changes to services integrating coherent narratives are more informative than the ones
solely based on gross estimates (Peterson et al., 2003; Raskin, 2005; Swetnam et al., 2011).

The final workshop, in the end of the 2" year, was dedicated to sharing the results of the scenarios and to

discuss the possible use of the results for influencing planning decisions.

Study area definition and selection of ES
for the study.

Data collection. Literature review and
expert consultation.

Historical analysis of

ES (1990-2006) 1t workshop with stakeholders:

- Discussion of the first results and
partipatory scenario building

Adaptation of the modeling approach
to the needs expressed by the

stakeholders during the 1st workshop Scenario modeling results and

assessment of LUCC impact on ES.

2" workshop with stakeholders:

- Discussion about the results of
the scenarios

Figure 2Workflow of this study

2.3 ES models and biophysical indicators for the CUB

The selected ES were assessed using INVEST models (INVEST, 2013)together with own produced
indicators.These are deterministic models which use a variety of spatial data, including LULC and biophysical
data in the form of tables of coefficients(Tallis et al., 2014). They are based on ecological production functions
that define how the spatial extent, the structure and functioning of ecosystems, the LULC and the intensity of
human activities and uses of natural environments determine the local production of ES. These models produce

three main types of results: quantitative results (biophysical), cartographic representations and, in some



cases,estimates of ES economic value(Tallis et al., 2014).The particularity of the modeling approach developed
by Natural Capital Project (Kareiva et al., 2011) is to provide an integrated and joint evaluation of multiple ES.

ES are usually categorized: provisioning (or production) (e.g. food and raw materials), regulating (e.g. gas
and climate regulation, protection from flood and storms) and cultural services (e.g. cultural heritage and
identity, cognitive benefits, leisure and recreation and non-use benefits) and supporting services (e.g. provision
of biologically mediated habitats and nutrient cycling) (Millennium Ecosystem Assessment, 2005). Regulating
and supporting services have also been treated as a single category, i.e., regulating and maintenance services
(Liquete et al., 2013). The interactions between services are often complex and unpredictable and ES can have
negative or positive relationships (Petrosillo et al., 2010). Synergies exist when services interact multiplicatively
and a tradeoff happens when the production of a service is reduced as a result of increasing the production of
another. For example, planting a mono-specific forest so that it stores a maximum of carbon for reducing
greenhouse gas emissions in the atmosphere can strongly affect the preservation of biodiversity and the
regulation of water yield (Chisholm, 2010).

In this paper, we use biophysical indicators to evaluate how LUCC impacts ES in the CUB. The base land
cover maps, the Corine Land Cover (CLC), are from the European Environmental Agency (EEA) and have a
spatial resolution of 100m with a minimum mapping unit of 25 ha (EEA, 2012). 44 LULC classes are
distinguished in these datasets for years 1990, 2000 and 2006, although not all of them are present in the study
area (supplementary Table A.1 shows all the LUCC classes present in the CUB).All geographical datasets used
in this study are open data and are, or were, converted into a common coordinate system
RGF_1993 Lambert_93. Next, are described the models and datasets used in this study.

Food provisioning: agriculture

The total area (A) of the CLC classes dedicated to agricultureis used as a proxy of the food provisioning
service.This service was considered important because of the ecological footprint (i.e., the need to go farther to
get food) and also because of cultural attachment of the region to agriculture. The values, reported in ha, were

aggregated to provide estimates by administrative area(IGN, 2013).

Climate regulation: carbon storage

Carbon storage is an important global climate regulation service(Gomez-Baggethun and Barton, 2013).
Estimates of the carbon stored by the soil organic pool for each LULC class with valuesfound 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 andwas aggregated to provide estimates by
administrative area(IGN, 2013). The carbon stored by each LULC is available as supplementary material (Table
B.1).

Flood regulation: water yield

The CUB is a territory prone to floods. Thus, it is important to control the amount of water that runsoff the
landscape (i.e., precipitation minus evapotranspiration) (Langbein and Iseri, 1995). TheWater 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 (P )(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 (ETo,) 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 INVEST manual(Tallis et al., 2014). 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 250 m and a temporal resolution of 16
days. A total of 23 images for the year 2006, in GeoTiff format have been averaged using a procedure which
excluded no data pixels to use maximum information available. The LAI calculation was based on the method
described in(Pontailler et al., 2003) (1):

LAI = —1.3231n ((0.88 — NDVI)/0.714) 1)

We report water yield in m®ha/year. Pixel valueswere aggregated by administrative area (IGN, 2013).
Although, some administrative areas spam more than one sub-watershed, they all belong to the same higher-level
watershed meaning that all the water will be draining in the same watershed outlet. The root depth and

evapotranspiration coefficients are available as supplementary material (Table B.1).

Water quality regulation: nutrient retention

The InVEST nutrient retention model evaluates LULC impacts on water quality(Tallis et al., 2014).Datasets
used include a digital elevation model (DEM)(NASA/METI, 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/METI,
2012), had a spatial resolution 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 determinedusing literature and 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., 2011). 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.

In this study we report nutrient retention (phosphorus and nitrogen) in kg/ha/year. Pixel values with mean
nutrient retention were aggregated by administrative area (IGN, 2013). Evapotranspiration, nutrient loadings and

filtering coefficients are available as supplementary material (Table B.1).

Erosion regulation: sediment retention
Soil erosion can be caused by rain and runoff and some of its impacts 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/METI, 2012).The
model uses the Universal Soil Loss Equation (USLE)(Wischmeier, 1978)to calculate thepotential soil loss of
each LULC (2):

USLE=R*K*LS*C=*P 2

where USLE is the potential average annual soil loss, Ris the rainfall erosivity factor, K is the soil
erodibilityfactor(Panagos et al., 2012), LS is the slope length and steepnessfactor, C is the LULC management
factor(FORSEE, 2007; Leh et al., 2013; Montana DEQ, 2012; Tallis et al., 2014), and P is the supportingpractice
factor(FORSEE, 2007; Leh et al., 2013; Montana DEQ, 2012; Tallis et al., 2014). The sediment retention
corresponds tothe difference between potential soil loss (USLE) of the landscapeand the maximum potential soil
loss assuming a barelandscape.The rainfall erosivity (R) is a climatic factor strongly related to soil loss and was
determined as(Renard and Freimund, 1994) (3):

R = 0.04830 % p1:610 (3)

where R is rain erosivity and P is the average annual precipitation (mm) (Hijmans et al., 2005).
We report sediment retention in kg/ha/year. Pixel values with mean sediment retention were aggregated by
administrative area (IGN, 2013). Cover-management (C) and support practice as well as the sedimentation

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

Cultural services: Access to green and blue areas

We calculated the access to green and blue areas using the approach described in the work made for a city in
Finland(Niemeld et al., 2010). In this study, the authors identified the suitable areas for recreational activities,
"green areas"”,usingCLC. Only areas with more than 1.5 ha were considered and these should be located within a
distance of 300 m of a residential area, which is the maximum distance for a recreational walk.

In our study the green and blue areas are all the following CLC level 2 classes: 14, 31, 32, 41, 42, 51 and 52.
We used a dasymetric technique (Sleeter and Gould, 2007) to calculate, for 1990 and 2006, the available green
and blue areas in m? per inhabitant. To address the urban growth effect between these two dates,which created a
considerable number of new accesses to green and blue areas,we report this service by administrative area
usingha and the number of inhabitants of the residential areas of 1990 that are served by the green and blue areas
of 2006.

Cultural services: Biodiversity

Biodiversity, here treated as a cultural service, is measured using the available area of adequate LULC for
thespecies that exist in the CUB.After consulting local ONG dealing with biodiversity, the adopted procedure
consisted in extracting the observed fauna species in the study area from the Atlas of Aquitaine's Fauna (Faune

d’Aquitaine, 2013) during the year 2012. Then, the Natura 2000 database was used to know in which habitats



these species could be found(INPN, 2013). Retained CLC level 2 classes for the analyzed species were 23, 31,
32, 41 and 51. The relationship between the habitat and the CLC classes was carried out using the
correspondence available in (CGDD and MNHN, 2010).Finally, the results were aggregated by administrative
area and reported in ha. The list of the species and respective habitat and CLC class is available as

supplementary material (Table B.1).

2.4 LUCC projections for 2030

The scenarios were designed with the help of stakeholders in the first group meeting in which the most
important possible LUCC changes were discussed. Four scenarios were identified as important to understand the
dynamics of ES levels and possible tradeoffs as a consequence of LUCCprojected for year 2030. This date was
selected to match the "Metropolitan Project” policy document, which articulates a vision for the city to year
2030. The adopted scenarios were implemented using Land Change Modeler available in IDRISI Selva
software(Eastman, 2012):

e  Business as usual (BAU), in which the historical trend of LUCC between 1990 and 2000 is
used to project 2030 land cover without any planning restrictions;

e  Conservation - regulation and cultural services,in which the projection to 2030 is done
restrictingland changes to the main LULC classes that contribute most positively to these services (i.e.,
transitions from forest to scrub and/or herbaceous vegetation associations, urban fabric and industrial,
commercial and transport units classes, and frompastures to urban fabric, industrial or commercial units
classes). Both forest and wetland classes that existed in 2000 were preserved for year 2030.

e  Conservation - provisioning services, in which all transitions from agriculture classesto other
classes are restricted; and,

e  Plan - in which available local urbanization plans (PLU) were considered for projecting LULC
map of 2030. These plans included datasets describing current and future urban areas, transportation
networks, places designated to build superstructures, green areas and parks. All these datasets were
freely available from the CUB website (CUB, 2010). Preprocessing of these 1:5,000 scale datasets
involved aggregation and generalization GIS operations to make them comparable with CLC data
technical characteristics (e.g., only cells representing classes with more than 25 ha were retained). The
final 2030 LUCC map for this scenario preserved all the classes present on the plan. The areas outside
the plan were modeled using the BAU scenario approach parameters.

Only CLC level 2 classes, i.e. in this case 12 LULC classes, and the transitions with more than 100 ha were
retained for the modeling exercise for simplicity sake. The modeling of transition potentials included the use of
variables that represented the drivers for classes changing to other classes. For instances, the transitions to urban
classes included factors such as distance to main roads and proximity to thistype of land cover. Only the
variables with a good explanation power,using Cramer's V statistic, were kept in the model (Eastman, 2012).All
variables were transformed using a natural log and included in a multi-layer perceptron (MLP)to create a
transition potential map for each of the 15 considered transitions.Land change demand was obtained through the
use of Markov chains that determined the probability of each class changing to another class between year 1990
and 2000. CLC from year 2006 was used as validation data for the model using the BAU scenario. Planning

restrictions were added depending on the scenarios. For instances, the "Conservation-regulation and



cultural”scenario included the forest, wetlands and water classes as restricted areas whereas the "Business as

usual™ scenario included only the water classes.

2.5 Variation in ES levels
The change of the ES in a given scenario relative to the baseline is calculated as (12):

CES, = [M]* 100 (12)

ESpasxi

whereCES, is the ES change index for delivering ES of type X, ESg4s,; IS the baseline situation for delivering

ES of type x at time i and ESgcp, is the scenario for delivering ES of type x at time j.

3. Results
3.1 LULC and ES dynamics between 1990 and 2006

Analysis of table 1 shows that artificial surfaces represented 47.8% of the total area and have increased 7.9%
between 1990 and 2006. During this time period, agricultural areas had an important decrease (-11.2%) and lost
1967 ha for artificial areas. Forest and semi-natural areas (-2.9%) and wetlands (-6.1%) also decreased. These

classes lost for the artificial areas, respectively, 712 ha and 54 ha.

1990
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
h 4 6 81 15 511 1 614 11 -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

Table 1 Land use and cover change of CLC level 1 classes (1: Artificial areas; 2: Agricultural areas; 3:

Forest and semi natural areas; 4: Wetlands; 5: Water bodies) in the CUB between 1990 and 2006

In figure 3 are presented the results for the 8 analyzed ES indicators in the CUB between 1990 and 2006.
Only sediment retention had a positive variation in the study area (+1.2%). Water yield is here considered a
disservice so its increase (+1.3%) is considered as having a negative effect in flood control. All the other services

have evolved negatively during the analyzed time period.



Agriculture (-11.3%)

Biodiversity (-17.2%) Water yield (1.3%)

Nitrogen retention

Carbon (-17.3%) (-8.6%)
~O. 0,

Access to greenan
blue areas (-13.8%)

Phosphorous
retention (-3.1)

Sediment retention
(1.2%)

Figure 3 ES indicators variation (%) between 1990 and 2006

W 1990 (Reference)

M Variation 1990-2006
(%)

In figure 4 is presented the ES variation from 1990 to 2006. Variation of agriculture and biodiversity are

represented using the variation in percentage points. All the other ES are represented using variation in

percentage. The legend for water yield was inverted so that a increase in the value of this indicator (disservice) is

represented using light orange to red color scheme.
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Figure 4 ES variation between 1990 and 2006

Agriculture is decreasing more importantly on the Eastside of the CUB along the La Garonne river due to

urbanization. The carbon storage decreased more importantly on the commune of Bordeaux and on the
communes of the NW side of the CUB where it is located the Landes forest. This forest was severely struck by
the Martin storm in December 1999 which caused important damages and loss of lives. This effect is also visible
in the access to green and blue areas and in biodiversity. Water yield major positive variations, which are
considered as negative impacts on flood regulation, is happening mainly in the areas surrounding pre-existing
urban areas. Both nitrogen, in the SE, and phosphorous, in the NE, retention are decreasing along the river La

Garonne.

3.2 LULC scenarios for 2030
The LUCC model results are depicted in figure 5. Model validation statistics allocation and quantity

disagreement (Pontius and Millones, 2011)presented, respectively,9.4% and 1.57%. These values indicate that
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the model is more accurate predicting, for year 2006, quantities than it is in predicting allocation of cells. These
values, considering, the number of classes and the temporal proximity between 2000 and 2006, were considered
goad for the study(Chaudhuri and Clarke, 2014; Estoque et al., 2012).

Figure 6 shows the proportional LULC for 2006 and for each scenario. The "Plan" scenario is the one that
accommodates more artificial areas (55.% of total area) being the "Conservation - provisioning" scenario the one
more restrictive for this class (47.8%). The "Plan" scenario is the only one that decreases wetlands and water
bodies when compared to 2006. Forest and semi-natural areas havevery similar values in all the scenarios. The
"Plan" scenario is the one that decreases more the agricultural class (13.5%) and the "Conservation-
provisioning" scenario is the only one that increases this class (21.7%) when compared to 2006.

2006 BAU Plan A

Conservation Conservation
[ Jcus Regulating and Cultural Provisioning

Urban fabric

: Industrial, commercial and transport units

: Mine, dump and construction sites
[:] 14 : Artificial, non-agricultural vegetated areas

[ ] 21:Arableland

:] 22 : Permanent crops

[:] 23 : Pastures

[:, 24 : Heterogeneous agricultural areas
- 31 : Forests

l 32 : Scrub and/or herbaceous vegetation associations

- 41 : Inland wetlands 0 10 20 km
[:] 51 : Maritime wetlands L ] |

Figure 5 Projected LULC for 2030
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Conservation - Provisioning

Conservation - Reg. And Cult.

B Agricultural areas

245 101 49

256 1149
B Artificial areas

Forestand semi natural areas
B Wetlands

49
24.9 1I B Water bodies

249 1I 4.9

20 40 60 80 100

Figure 6Proportional LULC inthe CUBIn 2006 and for each scenario

3.3 ES levels for 2030

Using the projected LULC for year 2030, ES indicators were calculated using the previously described

methods. All biophysical values used in the models were averaged to match the CLC level 2 classification

scheme. The "access to green and blue areas" indicator reports the variation (%) of the ha of urban areas in 2006

that are served by the green areas in 2030 of each scenario. In table 2 and figure 7 is shown the joint variation

(%)of the ES indicators levels'using CLC 2006 as reference.

ES indicators

Agriculture

Carbon

Water yield

Nitrogen retention

Phosphorous retention

Sediment retention

Conserv. - Reg. Conserv. -

and Cult. Provisioning

1.2

Access to green and blue areas

Biodiversity

Table 2 ES indicators variation (%) for the 4 scenarios in 2030 using CLC 2006 as reference (dark red

represents a negative variation higher than -10%; light red represents a negative variation between -10

and 0%; light green represents a positive variation between 0 and 10%; dark green represents a positive

variation higher than 10%b)

The "BAU" scenario presents slight improvements only in 2 ES: sediment retention (1.5%) and access to

green and blue areas (0.9%). The "Plan" scenario only improves sediment retention (2.7%) and degrades very

importantly agriculture (-41.9%), carbon storage (-11.9%), nutrient retention (-21.6%) and biodiversity (-13.8%).
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Both "Conservation scenarios" present a more balances situation. In "Regulation and Cultural Services" scenario
carbon storage is strongly improved (25.8%) due to forest preservation. However,there is important degradation
in agriculture (-16.9%), nitrogen retention (-10.5%) and phosphorous retention (-9.6%) services. The
"Provisioning" scenario is the only that increases agriculture (1.2%) and presents moderate values, both positive
and negative, for all the other ES. We note that the nutrient retention, nitrogen and phosphorous, services decline
regardless of the scenario used. Although they exhibit different level of degradation, the tradeoff in these
services is low and regards only the intensity of the degradation. The same analysis is valid for the sediment

retention service which improves in all scenarios.

Agriculture

Biodiversity Carbon

/8

Sediment retention

—— 2006 (reference)

— BAU

Accessto greenand blue areas Water yield

Plan

Conserv. - Reg. and Cult.

Conserv. - Provisioning

Nutrient retention (nitrogen)

Nutrient retention
(phosphorous)

Figure 7 Joint variation of ES indicators using CLC 2006 as reference
Figure 8 shows the joint variation of ES for all the scenarios using CLC 2006 as reference by administrative

area. Orange to red colors represent an increasing decline in the ES between 2006 and 2030, while light green to

dark green represent an increasing improvement in the ES.
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Figure 8 ES joint variation by administrative area for year 2030 according to the scenarios using year

2006 as reference
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4. Discussion

This study enabled an integrated assessment of multiple ES under different scenarios of LULC. No or little
tradeoffs were found for the nutrient (both nitrogen and phosphorous) and sediment retention services in the
landscape of the CUB. This is a consequence of the LUCC scenarios designed with the help of the stakeholders.
If these are important ES to be accounted for in the future, the design of scenarios that reflect tradeoffs in these
services should be envisaged.

The models used are not necessarily the most sophisticated one's available on the scientific literature and
have, as any other models, several limitations(Tallis et al., 2014). However, the advantage of the INVEST tool is
to provide a set of open source model's ready to use and available for anyone who wants to do integrated ES
assessments in GIS environments. The integrated assessment of ES using spatial data and stakeholder
involvement is the most important aspect in the Natural Capital Project approach philosophy which is
independent of the models used which can be changed, adapted or replaced by others found more adequate.

Other important aspect we had to deal with was data scarcity.Some datasets had to be calculated using
indirect methods, others have disparate collection dates and/or different scales. A considerable effort was made
to integrate coherently these datasets. Future versions of the study would benefit from the use of data
withimproved resolution and more recent data (e.g. the most recent CLC dates from 2006).

The use of biophysical indicators to study ES is scale-dependent (Gémez-Baggethun and Barton, 2013).
Thus, larger scale datasets would enable a more detailed the analysis of these and other urban ES that were not
considered due to data technical characteristics and/orunavailability. This was also pointed out by the
stakeholders who referred that the scale of analysis did not account for recent green areas that were excluded
from the study because they had less than 25 ha, which is the minimum mapping unit of CLC.

This project clearly benefitted from stakeholder participation who were actively involved since the beginning
of the project. The selection of relevant ES for the study area, the discussion about the communication(e.g., to
report results using administrative areas instead of sub-watersheds) and/or adjustment of specific ES indicators
(e.g., access to green areas and biodiversity models) and scenario building were essential for developing an
iterative approach that fitted their information needs. Their active participation and willingness to understand the
patterns, while recognizing the limitations of the exercise, and how the preliminary results relate to their own
activities testified the interest in this type of approach. The scenarios proved to be a powerful discussion tool as
they allowed to understand the impact of different planning options on ES.

5. Conclusion

This study aimed an integrated ES assessment enabling an innovative perspective on the functions and uses
of the natural environments of the CUB using open data. The results opened a new space for dialogue on a
common conceptual and scientific basis for a variety of stakeholders that deal with different subjects. Although
the results and the interest shown by stakeholders were promising, the output of scientific model's may not
always match the decisions taken by policymakers (Ruiz-Labourdette et al., 2010). Beyond the completion of
this study, which will also include an economic analysis to 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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Supplementary Material to: “Ecosystem service monitoring for guiding urban planning in the Urban Community of Bordeaux, France” by Cabral et al.

Table A.1. Corine Land Cover classes present in the CUB

CLC Code | CLC Level | CLC Level I CLC Level Il
111 Artificial surfaces Urban fabric Continuous urban fabric
112 Artificial surfaces Urban fabric Discontinuous urban fabric
121 Artificial surfaces Industrial, commercial and transport units Industrial or commercial units
122 Artificial surfaces Industrial, commercial and transport units Road and rail networks and associated land
124 Artificial surfaces Industrial, commercial and transport units Airports
131 Artificial surfaces Mine, dump and construction sites Mineral extraction sites
132 Artificial surfaces Mine, dump and construction sites Dump sites
141 Artificial surfaces Artificial, non-agricultural vegetated areas Green urban areas
142 Artificial surfaces Artificial, non-agricultural vegetated areas Sport and leisure facilities
211 Agricultural areas Arable land Non-irrigated arable land
221 Agricultural areas Permanent crops Vineyards
222 Agricultural areas Permanent crops Fruit trees and berry plantations
231 Agricultural areas Pastures Pastures
242 Agricultural areas Heterogeneous agricultural areas Complex cultivation patterns
) ) Land principally occupied by agriculture, with significant areas of natural
243 Agricultural areas Heterogeneous agricultural areas )
vegetation
311 Forest and semi natural Forests Broad-leaved forest
areas
312 Forest and semi natural Forests Coniferous forest
areas
313 Forest and semi natural Forests Mixed forest
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areas

Forest and semi natural

Scrub and/or herbaceous vegetation

321 o Natural grasslands
areas associations
Forest and semi natural Scrub and/or herbaceous vegetation

322 o Moors and heathland
areas associations
Forest and semi natural Scrub and/or herbaceous vegetation .

324 o Transitional woodland-shrub
areas associations

411 Wetlands Inland wetlands Inland marshes

421 Wetlands Maritime wetlands Salt marshes

423 Wetlands Maritime wetlands Intertidal flats

511 Water bodies Inland waters Water courses

512 Water bodies Inland waters Water bodies

522 Water bodies Marine waters Estuaries
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Table B.1. Biophysical values used in the INVEST models (ETo: evapotranspiration coefficients; root-depth: root depths in mm; load_n: nutrient load in kg/ha/year; load_p:
phosphorous load in kg/ha/year; eff_n: nutrient retention effect in %; eff_p: phosphorous retention in %; usle_c: LULC management factor (value between 0 and 1); usle_p:

LULC supporting practice (value between 0 and 1); sedret_eff: sediment retention effect in %, C_soil: amount of carbon stored in soil (in t/ha/year))

ZI)_; ETo | root_depth (mm) load_n eff_n load_p eff p usle_c usle_p sedret_eff C_soil
111 0.094 1 7.75 0.05 1.2 0.05 0.001 0.001 0.1 0
112 0.308 1 7 0.05 1.2 0.05 0.001 0.001 0.05 3.1
121 0.204 1 8 0.05 25 0.05 0.001 0.001 0.05 0
122 0.187 1 0.01 0.05 1.2 0.05 0.001 0.001 0.05 0
124 0.292 1 0.01 0.05 25 0.05 0.001 0.001 0.05 0.5
131 0.285 1 8.6 0.05 25 0.05 0.001 0.001 0.05 0
132 0.195 1 8.6 0.05 25 0.05 0.001 0.001 0.05 0
141 0.386 300 1.52 0.05 0.84 0.05 0.001 0.001 0.05 0.9
142 0.43 100 25 0.05 1.2 0.05 0.001 0.001 0.05 6.8
211 0.817 900 40 0.25 4.9 0.25 0.5 1 0.25 2.2
221 0.364 2000 5 0.36 1 0.36 0.43 1 0.3 21
222 0.364 2000 10 0.36 1 0.36 0.43 1 0.25 21
231 0.75 100 42.94 0.25 0.84 0.25 0.2 1 0.25 0.9
242 0.75 100 20 0.25 2.32 0.25 0.3 0.8 0.25 1.6
243 0.75 100 15 0.25 0.49 0.25 0.2 0.8 0.25 2
311 0.805 2200 7 0.7 0.23 0.7 0.04 0.45 0.6 38
312 0.84 1200 15 0.8 0.39 0.8 0.04 0.45 0.6 29.9
313 0.822 2200 10 0.8 0.23 0.8 0.04 0.45 0.6 328
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321 0.355 1000 10 0.4 0.64 0.4 0.01 0.2 0.4 1.5
322 0.549 1000 15 0.65 0.1 0.65 0.1 0.5 0.6 2
324 0.84 1200 10 0.75 0.23 0.75 0.06 0.45 0.6 145
411 0.395 2000 0.55 0.8 0.23 0.8 0.003 1 1 15
421 0.174 2000 0.55 0.8 0.01 0.8 0.003 1 1 2
423 0.15 2000 0.55 0.8 0.01 0.8 0.003 1 1 0
511 0.012 1 0 0.02 0.5 0.02 0.01 1 0.1 0
512 0.012 1 0 0.02 -6.57 0.02 0.01 1 0.1 0
522 0.012 1 0 0.02 0 0.02 0.01 1 0.1 0
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