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Abstract

Urban growth is a factor of productivity but urban spreading is a major threat for soil and water resources.
Local development must consider a city with its hinterland (Figures 1 and 2). Soil and water resources are
needed for food production, water supply and their degradation can impair the possibilities of cities to
generate wealth and the economic resources for financing local development and managing public resources
(Figure 3). Data are generally available but dispersed. There exist already numerous models, separately
calibrated and checked, that allow the users to take into account land use change and climate change to
evaluate the modifications of soil properties due to urbanization, the crop requirements of water and
nutrients, the geochemical interactions between soils and water and economic models based upon
cost/benefits approach. The ASTUCE & TIC program aims at showing that different models of the type
above can be integrated to help policy-markers to cope more efficiently with urban spreading.
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Introduction

Occurrence of crisis and transitions in food products, climates, environments and energies are abundantly
described, analysed and commented on, especially in collective studies and consultations (e.g. Pachauri and
Reisinger 2007; Taylor 2008). These crisis and transitions have in common that they concern the
agricultural, urban and industrial domains simultaneously, the land uses and the division of the resources
(water, foods, energy) which are in interrelationship ones to another. They contribute to come back to the
first plan of the international concerns of the policy (FAO 2009). For these challenges, the efforts may care
on the capacity to: (i) analyse the territories at different organisation levels; (ii) increase the capacity of
expertise by working in different domains together; (iii) aggregate and make technological innovations of
other sectors suitable for the development of new tools for analysis and expertise. Historically cities were
built up in territories where Humans could find easily foods and water. The present urban spreading in the
world threatens significantly and with irreversible impacts the most fertile and the most easily to work
agricultural soils. This increases the energy demand, transport infrastructure, contributes to the green house
gases emission and has a negative impact on the natural resources of the territories. Degradation of soils and
waters thus impair the capacity of cities to develop and satisfy the needs of populations who live in. The
legitimate claiming for an environmental planning based on the sustainability of the systems meets with
numerous difficulties, e.g. benefits in short time in agriculture, financial deregulation in exchanges,
migration of population to the cities... which are limiting factors for soil and water management.

In this context, the main goal of ASTUCE & TIC program is to build up an integrative approach of the
landscape by mixing knowledge and know how developed until today independently in agronomy, soil
science, geochemistry, geography, urbanization and economy. This method of integrating data can be used
within the conceptual framework of the ECOLOC (Club du Sahel/OECD 2001) or Agenda 21, which
combines study, debates encouraging ownership and policy discussion, and the implementation of
development actions.
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Methods

Basic concepts

The basic concept is that urban growth cannot be considered independently of its surrounding rural areas, i.e.
its “hinterland”. A city and its “hinterland” can be considered as a system consisting of several subsystems
which exchange matter, such as water, dissolved elements, biomass, and information, such as internal and
external signals (Figure 1). The topology of the relationships between the subsystems is an important
property of the system (Figure 2). Data are generally available but in such a dispersed way that policy
makers lack a synthetic view of the environmental impacts of their decisions.

topology of the flows of matter and water ———»
topology of internal and external signals ———=*

il
W /
=/

O

Figure 1. A city and its surrounding areas Figure 2. Fluxes and matter transformations in the
city/hinterland viewed as a system

The now classical approach is: Driving force — Pressures — State — Impacts — Responses. Driving forces are
twofold, population change and climate change, and result in land use changes from agriculture to urban use,
including roads, airports etc. and a modification of water and soil resources that can be integrated in scenarii.
These pressures modify the state of the system both in urban areas where soil permeability is impaired and
soils are destroyed irreversibly, and in rural areas where food demand requires soil, water and nutrients. This
results — through the modification of flux of water in the “critical zone” and of water quality through
biogeochemical cycles in soils — in changes of the quantitative and qualitative inputs to groundwater.
Eventually, different hazards are estimated: loss of soil resources and biodiversity, increase of runoff in non
permeable areas, decrease of potability of water, decrease of food production and economic resources for the
population, increase of water salinity and soil salinity, degradation of soil physical properties due to sodicity
if swelling clay minerals are present. Ecosystem goods and services must thus be evaluated during the land
transition dynamics in different domains and require a framework able to mobilize local authorities,
academic organisations and private firms, ensuring the involvement of local actors from the very beginning
of the study phase (Figure 3).

Demonstration area

The tools are tested on the Crau’s plain as an area of demonstration. This territory is localised in the
Bouches-du-Rhone department in the south of France. The area covers 60,000 ha between the Rhone river at
West, the Berre’s pond in East, the Alpilles mountains at North and Mediterranean Sea at South. The alluvial
plain of Crau is divided into a semi-arid steppe of 9,200 ha with a remarkable ecosystem (a natural, cultural
and economic exception at the departmental, national and European scales) and the Crau of the grasslands of
12,500 ha where is grown the renowned hay “foin de la Crau” AOC (Appellation d’Origine Contrdlée).
Today the intensive fruit growing overrun the pastoral areas progressively. The Crau’s plain has a large
underground water table. The waters of the Durance’s river constitute 70% of the input of this water table via
the agricultural irrigation. This area of 20,000 ha determines the supply of drinking water to 250,000
inhabitants and of water to the large industries located in the south of the territory. This area is submitted to
diverse pressures, all in relationships with the spreading of the cities: (i) urban and industrial pressures
concentrated in the South in relationships with the Fos’s industrial zone; (ii) spreading of urbanization from
the districts of Saint-Martin de Crau, Miramas, Salon-de-Provence and Arles; (iii) increase of pressures on
the underground water table: uptake, urban sludge spreading, diffuse pollution; (iv) increase of greenhouse
fruit production.

© 2010 19™ World Congress of Soil Science, Soil Solutions for a Changing World 31
1 —6 August 2010, Brisbane, Australia. Published on DVD.



Land Use

Human control

Social SystemS «gmms=m Decision Making m——=p
Population
Socialleconomic structure
Politicalfintitution regimes

Culture
Technologie

Dynamic Land transitions

Choices (knowledge, values, preferences)
and their socio-economic,
political and cultural context

Land Cover
Biophysical control

Ecological
Systems
Biogeochemistry
Biodiversity
Water
Soil
Air

Social challenges
poverty
conflict

social justice
migration
consumption
health

Ecological challenges
pollution
diseases

food / fiber / fuel shortages

overcrowding
clean water supply

Ecosystem goods
and services
clean water
clean air
waste recycling
food /fiber / fuel
Recreation

2: Policy dialogue and

3: Revival of the local

1: Study phase

6 months

consultation phase
4/6 months

economy

No limit

Appropriation process

r B
local council

e

some economic operators

various components of local (civil) society \

| al actors (local, national autorities. donrs...) |

Figure 3. Analysis of land use changes and challenges and operational steps to apply this approach to a city and
its hinterland (combined from Club du Sahel/OECD, 2001 and Global Land Project, IGBP, Aspinall 2009)

Results

The preliminary results are only available, as the study has been undertaken at the beginning of 2008. The
models were chosen as explained hereafter to give birth to a partly integrated approach. This integrated
approach is based upon modelling of land use changes, urbanization, soil changes in urban areas, crop
models, geochemical interactions between soil and water and cost/benefits.

Land use changes are modelled on the basis of cellular automates, allowing to calibrate the rules of land use
changes and to simulate the future changes on the basis on geographical data bases, both of spatial and socio-
economic nature, of the accessibility of transportation networks, of land planning (zoning). Given its
situation, properties and local dynamics, the model estimates for each cell the probability of the land use to
change. After comparison of different models (MEPLAN, METRONAMICA, SLEUTH, SPACELLE) the
model chosen here is METRONAMICA™, on the basis of speed of calculation and precision.

Changes of soil properties in urban areas are assessed in the following ways: (i) artificialised areas are
classified in several types following an object oriented classification; (ii) soil water proofing is estimated for
each class objects; (iii) soil quality is globally estimated using the water holding capacity as a synthetic index
of soil quality, this being completed with secondary constraints (slope, hydromorphy, salinity). Soil pollution
is evaluated for point-polluted areas.

Crop models are used to evaluate: (i) the ability of surrounding agricultural areas to provide foods; (ii) the
water and nutrients requirements; (iii) the flow of water drainage below the root zone; (iv) the carbon budget
in the topsoil. The model chosen is STICS as it is used by a large community (Brisson ef al. 2003). It allows
the users to compute the different terms of the water balance (soil moisture, evapotranspiration, drainage and
runoff), the carbon and nitrogen budget, and the plant growth. This model incorporates crop system
characteristics and can accept remote sensing data such as Leaf Area Index (LAI) as input. It has been
recently used to model crop response to climate change (Brisson 2008).

Biogeochemical cycles in soils modify water quality and make groundwater potable. The input of water
drainage to the groundwater is thus one of the essential ecosystem services. Well-managed agricultural areas
protect water quality. The model chosen is PHREEQC as it is used by a large international community
(Parkhurst and Appelo 1999). The input data of PHREEQC are water quality entering soil and crop model
outputs, while output data of the PHREEQC model are water quality of groundwater, its safety, its salinity,
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its alkalinity and pH, soil salinity and soil sodicity. Soil salinity affects adversely soil fertility, while soil
sodicity impairs the physical properties of soils, if swelling clay is present, due to the low permeability of
sodic swelling clays.

Economic model is based upon a costs/benefits approach; built capital and environmental assets (forests,
biodiversity, soils, water) must be considered together as part of economic patrimony of territories. This aims
at demonstrating which local, regional or national decisions can be effective to counteract the degradation of
natural patrimony due to land use and climate changes. Outputs of METRONAMICA™, STICS and
PHREEQC are converted in economic values to give indicators.

A geomodel is used to integrate the results and obtain a spatial distribution of the data to test and develop
scenarii, rather than a GIS representation. The major limitation of GIS is that these models are static and do
not take into account the dynamics of the objects (e.g. soils). They give only a snapshot of the surface:
representation of data by splitting them into information layers result in the loss of the intrinsic properties of
the objects or subsystems. Instead, geomodels take into account the 3D geometry of geosystems, their
heterogeneities (faults, folds, thickness of strata) and different types of data (geology, geophysics,
geochemistry). Their development was funded by petroleum and mining industries and can be adapted to
environmental dynamics (Bile et al. 2009). The geomodel retained is gOcad™ (Mallet, 2002).

Conclusion

The first results show that different tools can be interfaced so that output of a model is the input of another,
and that dynamic data can be obtained at compatible times and frequencies. The economic analysis shows
that for the territory studied the future development will be hindered by the shortage of available resources.
Integration of available data on the basis of already existing tools is thus useful to help policy makers to face
the ill-mastered consequences of urban spreading. This approach can be used within strategies of local
development framework associating local public authorities, local or national academic organizations and
local actors from the study phase to dissemination and debates.
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