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Structure of the presentation:

× What do we know about urban soils?

× Evaluating urban soils

×Trying to reach the end user (the TUSEC 
experience)

×Future challenges and perspectives 
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What do we know about urban soils?



Soil in urban areas is often concealed by a 
more complex urban landscape
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The Earth Room, NY



1820 1880 1920 1980 2000

URBANIZATION (Torino, Italy)
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World Bank. World Development Report 2009

Travel time to major cities

http://bioval.jrc.ec.europa.eu/products/gam/images/large/access-map.png
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Main problems of urban 
soils

ωsealing

ω(land use change)

ωcompaction

ωexcavation

ωmixing

ωcontamination
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Studies of soils of 
cities in Europe

Ajmone Marsan and Biasioli, 2010; in press



Study types

ÅPopulation: 27 000 ï10 000 000

ÅN. of samples: 3 ï2182; 162 (109) 

ÅDepth: 0-5; 0-10 cm
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(Ajmone Marsan and Biasioli, 2010 in press)



copper
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(Ajmone Marsan and Biasioli, 2010 in press)



URBAN SOILS AS A SOURCE AND SINK FOR 

POLLUTION: 

towards a common european methodology for the 

evaluation of their environmental quality as a tool 

for sustainable resource management
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City Population

Main
pollution 
sources

Mean annual 
Temp. 
(ÁC)

Mean annual 
Precip.
(mm)

Geological 
substrate

Green
areas
(ha)

Torino 
(Italy)

900 000
Industry, 

traffic
12.6 750 alluvial 125

Glasgow 
(UK)

600 000
Industry, 

traffic
8.9 991

basalt, 
alluvial

n.a.

Sevilla 
(Spain)

706 000 Traffic 18.2 540 alluvial 278

Aveiro 
(Portugal)

68 000 Industry 17.5 1000 alluvial n.a.

Uppsala 
(Sweden)

187 000 Traffic 5.6 550

granite, 
glacial and 
postglacial 
deposits

100 forest
800 parks

Ljubljana
(Slovenia)

485843
Industry,
Traffic

9.1 1123 alluvial 10
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skel sand silt clay CEC CaCO3  Corg

% % cmol/kg % %

mean 7,0 12 71 19 10 11 4,8 2,1

median 7,2 9 71 18 10 10 3,9 1,8

min 4,2 0 43 1 3 0 0,9 0,0

max 7,9 62 95 43 22 33 20,2 7,9

CV% 9,5 94 15 43 35 53 73 64

n 204 204 204 204 204 204 204 204

pH in 

CaCl2

Results Torino

Biasioli et al., 2007
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Cr Cu Ni Pb Zn

mean 170 89 187 175 181

median 129 71 155 98 150

min 64 15 80 14 56

max 870 380 800 1500 870

95 percentile 369 214 340 740 388

RSD (%) 69 70 56 134 61

mg/kg

mean 174 89 187 162 172

median 123 69 151 86 133

min 65 15 77 24 53

max 1080 334 770 1790 1120

95 percentile 440 200 374 476 370

RSD (%) 81 68 51 139 74

Surface samples

Subsurface samples

Results Torino

Biasioli et al., 2007



Lead 0 -10 cm
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Comparison between URBSOIL cities

Lead in surface soil
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Chromium in surface soil 
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LEAD(100)

Aveiro 20

Turku 20

Uppsala 26

Berlin 39

Torino 169

Glasgow 307

La Coruna 309

Newcastle 350

CADMIUM(2)

Turku 0.20

Roma 0.31

Napoli 0.60
Gibraltar 0.80

Warsaw 1.00

Torino 1.30

Aviles 2.16

Celje 2.50

MERCURY(1)

Uppsala 0.03
Aveiro 0.09
Sevilla 0.30

Ljubljana 0.38
Berlin 0.42

Stockholm 0.59
Glasgow 1.20
Mieres 4.24

CHROMIUM(150)

Napoli 11

Warsaw 13

Mieres 20

Aberdeen 23

Jakobstad 23

Madrid 75

Gibraltar 125

Torino 191
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Metal concentration in various european cities compared with legislative limits
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Component 2

(Cr, Ni, 34 %)
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Conclusions:

ÅUrban soils are contaminated

ÅProperties are extremely variable 
in space ςand time

ÅSome areas are not accessible



Pb SF
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Sampling problems

ωHomogeneity and 
continuity

ωUse change

ωAccessibility

ωTraffic limitations

ωSafety
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The ValentinoPark

ωcentral position

ωsurface: 50 ha 

ωcreated in 1630

ωre-modeled in 1864
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EVALUATING URBAN SOILS



Soil functions

A multifunctional media

ÅEnvironmental interaction

ÅFood and fibre production

ÅSupport for the ecological habitat and biodiversity

ÅProvision of raw materials

ÅProtection of the cultural and natural heritage

ÅProvision of a platform for development and human activities

ÅProvision of a nice landscape

Munchen 27/09/2010 B-Team meeting 29Biasioli & Ajmone Marsan - Università di Torino



Munchen 27/09/2010 B-Team 
meeting

Biasioli & Ajmone Marsan - Università di 
Torino

30

Ą Functions difficult to quantify, overlapping.

ĄDifficult to make exhaustive and comprehensive 
interpretations

ĄDifficult to set up an evaluation method simple to use 
and effective

Various Authors grade soil functions differently according 
to their relevance. 

(Herrick, 2000; Ditzler and Tugel, 2002; Nortcliff, 2002; Hanks and 
Lewandowski, 2003; Karlen et al., 2003; Kibblewhite, 2003; Tzilivakis et al., 
2005)



Soil Quality

The quality of soil: 

Å An elusive concept

Å Often defined by the priority of the functions the soil performs 

Å A composite of the chemical, physical,and biological properties 
of soil
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Many attempts to define SQ
(Larson and Pierce, 1991; Parr et al., 1992; Pierce and Larson, 1993; 
Harris, 1994; Herrick, 2000; Doran 2002; Sojka et al, 2003; USDA SQG, 
2004; Agriculture and Agri-Food Canada, 2005; National Soil 
wŜǎƻǳǊŎŜǎ LƴǎǘƛǘǳǘŜΣ нллмΤ ΧŜǘŎΦύ
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A theoretical definition: Soil quality is the capacity of soil 
to function within ecosystem boundaries in order to 
sustain biological productivity, maintain environmental 

quality, and promote plant and animal health
(Doran and Parkin, 1994). 

The major components defining soil quality: 

Á Productivityςthe ability of soil to enhance plant and biological 
productivity

Á Environmental quality ςthe ability of soil to attenuate 
environmental contaminants, pathogens, and offsite damage

Á Healthςthe relationship between soil and plant, human and animal 
health. 



Soil Quality Assessment

Soil functions
Ą the basis for soil assessment.
Ą biased towards agricultural production 

rather than  broad range of functions & services

Å FAO Land Capability
Å USDA Land Capability Classification
Å Fertility Capability Soil classfication system
Å bŀǘƛƻƴŀƭ ŀǎǎŜǎǎƳŜƴǘǎ Χ
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Soil Evaluation for Natural and Anthropogenic 
Soils (the TUSEC-Method).
Andreas Lehmann, Susanne David, and Karl 
Stahr. Hohenheim University, Germany

KNOWLEDGE 
INTENSIVE



Soil Quality Indicators

Soil qualitycannot be measured directly.

- assessed through an evaluation of several soil quality indicators (SQI). 
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SQI set General Agriculture Urban Sum
Texture/ PSD 4 3 6 13
Organic matter 4 4 4 12
pH 3 3 5 11
Plant nutrients (N,P,K) 3 4 4 11
Bulk density 3 3 2 8
Salinity 3 2 3 8
Cation exchange capacity 2 1 3 6
soil depth (rooting depth) 2 4 1 7
Porosity (infiltration rate) 2 2 3 7

Structure (Strength & stability) 1 3 2 6

Heavy metal (Contamination) 2 1 2 5

Vrscaj et al., 2008



Pedotransfer functions (PTF)

Predictive algorithms or evaluation models of certain soil properties 
from other more available/easily/cheaply measured soil parameters.
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Soil Quality Indexing

The result of PTF is one-value index. 

Grading of soil property or determining the soil quality for a specific objective.

Indexing soils: to define and rate the: quality / performance / suitability 

of diverse soils with regard to a different purpose. 

Overall Soil Quality Rating (Q) 
(Karlen & Stott, 1994)

Soil Productivity Index (PI)(Larson & Pierce, 1994)

Authors: Need for practical indexςbased procedures for the soil quality assessment
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Soil Evaluation for Urban Planning

Top priorities for the management of urban soils:

Å A healthy and pleasant environment for human life

Å Efforts to minimise the harmful impacts of human activities on the 
groundwater and neighbouring ecosystems

Å ά{ǳǎǘŀƛƴŀōƭŜ ǳǊōŀƴ ŘŜǎƛƎƴΧέ (EC, 2002)

Å Planning in a  way that causes as little damage as possible to adjoining 
areas (Doran and Parkin, 1994)

Å ά{ƻƛƭ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ƛƴ ŀ ǎǳǎǘŀƛƴŀōƭŜ ƳŀƴƴŜǊ ǿƘƛŎƘ ǇǊŜǎŜǊǾŜǎ ƛǘǎ ŎŀǇŀŎƛǘȅ 
ǘƻ ŘŜƭƛǾŜǊ ŜŎƻƭƻƎƛŎŀƭΣ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ǎŜǊǾƛŎŜǎΧέ(EC, 2006a)
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{ƻƛƭ ŜǾŀƭǳŀǘƛƻƴ ŦƻǊ ǇƭŀƴƴƛƴƎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΧ 
facing two approaches

Is the soil suitable for present/planned LU?
How suitable?
Adequate quality?
Which parameters are not satisfying?
Is a soil too good? Wasting a resource?
Χ

How the LU change affects the soil resource?
Will the capacity of soil to perform main 

environmental function decrease?
if yes, how much? 

Which planned LU will have lower/higher 
negative impact?

Conflict

We need the soil to provide goods 
and to perform services 

We want the soil to perform the 
environmental functions in the 
ǎŀƳŜκƭŀǊƎŜǊ ŜȄǘŜƴǘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΧ
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GOODS and SERVICES
ENVIRONMENT/ 

RESOURCE PROTECTION



TUSEC-IP
Soil Evaluation in Urban and Regional 

Planning Procedures

http://www.tusec -ip.org/
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Municipality of 
Reutlingen

Municipality
of Linz

University of 
Innsbruck

Autonomous Province of 
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University of 
Torino

Municipality of 
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City of Zürich

City of
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Environment
Agency Ltd.

Vienna
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Project Partners
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PolicyPlanningSoil Science

decision

ASSESSMENT

Public

legislationscientific 
basics

public
objectives

Preventive soil protection as contribution to sustainable spatial development

(spatial) planning
objectives

closer cooperation

Objectives
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The TUSEC-IP 
goals 

Å The integration of soil evaluation in planningprocedures

Å The development of the list of requirementsfor soil 

evaluation techniques from the view of various users from 

municipalities of various sizes and different countries. 

Å The development of the procedurefor evaluating soil 

functions and soil degradation.

Å The production of a soil evaluation manual

Å The harmonisationof the approach to soil and land in 

planning procedures towards balanced and sustainable urban 

development in the Alpine Spacecountries.
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Our objectives

To develop a method for soil quality evaluation in urban areas

ïOriented at goods and servicesand environmental/soil protection 
approachat the same time

ïLand use oriented; should enable soil evaluation for a variety of urban 
land uses at the time

ïAllow  measures of urban soil quality(quality indexing)

ïApplicable and flexibleenough to meet the requirements of existing 
national and expected European legislation

ÅAn operative procedure for soil quality evaluation adapted for 
soil non-expert use (planners).

ÅAccompanying computer tools and GIS techniques
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PTF

The overview of the method

(Landscape and Urban Planning, 2008)
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