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Abstract: Strategic Environmental Assessment has been intesiby EU legislatiol
recognizing that spatial planning processes neetietssupported by the evaluation
medium and long term effecof policies, plans or programs under investigatidhe last
two decades of Strategic Environmental Assessn&BA) practices highlighted some lg
in comprehensiveness, especially in assessing rdriok different nature (infrastructutr
industrial devedpment, household consumption) and related impaet$act, househol
consumption plays a relevant role in the total slidrlocal impacts in a given region or ci
This requires to enlarge the perspective of thessssent in order to make it reallyeful
for decision making and resolving possible cordlibetween environmental protection ¢
social and economic development objectives in afiggent way. The methodolog
presented in this paper is an attempt to enlargdrtditional perspective olEA, centred
on the environmental assessment as a picture rduaind future situation: the assessn
made by a set of single environmental indicatorsasbined with the evaluation ma
through the composite indicators Ecological Foaoip& Biocapacty and Carbon balanc
This evaluation methodology can help: i) to underdtif the level of consumption of t
local community exceeds the limits of natural reses of the area (in a perspective of-

sustainment at the local scale) or if there i overshoot between the footprint and

biocapacity, i.e. if the local consumption the @atexcessive land use in other areas; i



2
identify the role of spatial planning choices intetenining the sustainability of the entire
system. The case study presented in this papke isriplementation of this approach in the
Strategic Environmental Assessment of the UrbantdaBlans of four municipalities in
Northern lItaly.

Keywords. Strategic Environmental Assessment, Sustainabiligicators, Ecological
Footprint, Carbon balance.

1. Introduction

Strategic Environmental Assessment (SEA) has be@oduced by EU legislation (Directive
42/2001 EC) recognizing that spatial planning psses need to be supported by the evaluation of
medium and long term effects of policies, planpmgrams under development. The main aim of an
SEA should be to support decision-making in thenipliag process and to help policy makers to
identify possible alternatives for the actions thah generate environmental impacts on the area of
implementation.

The experience made during the last two decad&E#f practice raised some concerns about the
real effectiveness of SEA implementation procediumdsifilling this aim [1]. One of the main issues
debated is the necessity to enlarge the perspeatitlee assessment in order to make it really usefu
for decision making and resolving possible cordgliobetween environmental protection and social and
economic development objectives in a proficient way

According to [2] many times SEA fails influenciniget decisions and there are very few successful
experiences documented at policy-level, mainly bseait usually follows environmental Impact
Assessment (EIA) approach, structured for projeicisng to adapt it to policies, programmes and
plans (PPPs). However, there is one main differdrete/een projects and PPPs which lies in the fact
that PPPs entail political decision, that are nesely influenced by non rational aspects, suckthas
economic and social conditions of the community ighéhe planning takes place [3]. In this
perspective policy makers may have to take deasib@sed not only on data about the environmental
conditions but also on the possible influence akemal factors and trends [4] as, for instance, the
lifestyle, i.e. consumption behaviour, of the @tz living in the area under investigation.

Household consumption plays a relevant role in tiital share of impacts caused by human
activities in a given region [5], so it is not uskefo set the planning only towards public or inys
sectors but it should be important to considerdfiects of household lifestyles during the planning
process. It is therefore necessary to include énassessment procedure some decision support tools
that take into account also the private consumpt@mponent and relative effects [6].

The methodology presented in this paper is an attéorenlarge the traditional perspective of SEA,
centred on the environmental assessment as aeicfururrent and future situation: the assessment
made by a set of single environmental indicatorsoibined with the evaluation made through the
composite indicators Ecological Footprint & Biocajgand Carbon balance.

The idea is to consider a more comprehensive rahgspects in the evaluation, listed below.

. To evaluate the effects with reference to the @gsiimits of resources [7] and testing the

self-sustainment of the area (in term of resourogipion and emissions uptake).
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. To quantify the effects generated by the actionthefplans: trying to calculate quantitative
variation in the sustainability state of the areaer investigation (not only a class of state,
e.g. overshoot or credit of resources and positivenegative carbon balance, but a
guantitative measure of effects in term of increaselecrease of EF, BC, emissions and
uptake capacity).

. To include in the evaluation not only the directaneaeffects (e.g. degradation of natural
land or building materials consumption due to tbastruction of new dwelling areas) but
also indirect ones, as for instance the increaseelettricity and other household
consumption following the increase in the numbetresifdents in a given area.

. To evaluate sustainability in a broader perspegcgvaluating the contribution from the area
under investigation to global environmental proldesnch as climate change and resource
depletion.

2. Methodology

As indicated by the EU directive and National l&gisn, SEA process has to include quantitative
evaluation about the current situation and theskeea effects of the PPPs under investigation. tisr t
reason, SEA is usually performed trough a set efrenmental indicators which give a picture of
environmental conditions in the area.

However, if we consider that the main objectivetioé planning process should be to ensure
sustainable development for the area, i.e. an ivgment of the quality of life and of services focél
community, respecting the quality of environmehhdcomes clear that SEA need to balance the three
components of sustainable development and cannainbe an environmental impact assessment
applied to plans and policies [1]. Some author®,(der instance, [2]) suggested moving from a
rationalist approach to a decision-centred apprdacihe evaluation that takes into account also th
non-deterministic aspects of decisions in policjkimg. In this perspective, an environmental
assessment which is based only on environment&atuits can be useful for identifying areas of
concerns but could be not sufficient to supporigiesc making.

Another important aspect to be considered in theuation of PPPs is that, in order to be really
sustainable, the planning has to take into accthntimits of local resources. Therefore, the cghce
of limit is the base upon which all the indicatoonsidered should be developed.

For this reason, we chose to perform the assesstnenigh a traditional set of environmental
indicators combined with composite sustainabilitgicators , able to take into account consumption
behaviour and limit of resources. The chosen coirtgpasdicators are the Carbon Balance (CB) and
the Ecological Footprint (EF). CB and EF take imtocount a sustainability threshold (limit of
resources) and are more focused on the consumpgaspective and on the role of responsible
behaviours from all the stakeholders of the commyuni

The present work illustrates an attempt to perf&EA integrating the evaluation made through a
set of environmental performance indicators withheot indicators derived from sustainability
assessment methodologies. Hence, the analysis memimnore traditional indicators with the EF
assessment of citizens’ consumption and a CB oétéa under investigation.

The EF assessment, and its comparison with locabbiacity, helps decision makers to understand
if the level of consumption of the local commungyceeds the limits of natural resources of the area
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(in a perspective of self-sustainment at the Iadle) or if there is an overshoot between the
footprint and the biocapacity, i.e. if the localnsamption the cause of excessive land use in other
areas.

The evaluation of C@balance is aimed to focus the attention on theatk issue (which is relevant
both at the local and the global scale), in ordenighlight disequilibrium between direct and iredit
emissions of greenhouse gases due to local aesivand the uptake capacity of the area. This
evaluation can help to identify the role of spafiEinning choices in determining the sustainabity
the entire system both in the ge@duction strategy and in conservation of the keptapacity of the
territory.

The idea is to include in the evaluation some issafeglobal concern, such as resource depletion
and climate change and to reinforce the use otdiney/ing capacity concept within the local planning
Apart from legislative thresholds, a focus on thor between consumption and impact at local Seale
really crucial [6].

Three type of carrying capacity can be defined apdlied in defining policies at local scale:
quantitative, qualitative and operational carrywagacity (Table 1).

This approach support a vision of “sustainabiliti@sunivocal solution for planning sustainability
actions is not feasible. Each country, region, roipalities have to define a pathway to sustainghbili
according to: local socio-economic condition, loeavironmental quality and quantity of resources,
culture and stakeholders’ behaviour in productind @onsumption of goods and services

Table 1. The three levels of carrying capacity and exampfeslated tools.

Carrying capacity Tool

Quantitative Carrying Capacity ( how much can beCarbon Balance (how far we are from a balance between
consumed in a perspective of self sustainability as a| emission and absorption of GO
way to reduce the overall impact on environment arittological footprint (how the local pattern of

resources). consumption affect the availability of resources)

Qualitative Carrying Capacity (how, where and wher &et of indicators, evaluated against sustainabjlity
new action may affect quality of an environmentahresholds, to compare intervention at local sacaith

system). actual condition

Operational Carrying Capacity (who may carry on |aCost benefit analysis

specific project, in which socio-economic contexzt, | Technology assessment

which efficiency level?).

This methodology has been applied both for theimpmeary assessment of the current situation,
aimed to identify critical issues to be considecadefully during the planning and, subsequently, fo
the evaluation of possible effects of the plannettbas. Due to the fact that SEA has to be perfokrme
during the definition of the UMP, some actions ao# yet specifically planned at the stage of the
evaluation, and this affects the possibility to mfifs the predicted effects in terms of changehe t
carbon balance of EF; nevertheless, we tried teldpvwossible scenarios based on the available data
aimed to predict a range of variation and to explitre magnitude of the effects with respect to the
previous condition (see section 3.2 for details).



2.1. Environmental indicators

The set of environmental indicators is inspiredth@ core sets of environmental indicators
developed by [8] and [9]; the issue evaluated thhoundicators have been selected according to the
results of the phase of scoping, aimed to the ifleation of the most relevant themes with refeeenc
to the contents of the UMPs under consideratioh [10

In order for indicators to be really effective foolicy making and for giving information about the
sustainability state of a given area, there is ribeessity to have reference values against which
evaluate the results of the assessment. Accordirfd1], “a given indicator does not say anything
about sustainability, unless a reference value siscthresholds is given to it”. The identificatioh
reference standards allows decision makers to ateathe results of the indicator in comparison \&ith
threshold (i.e. to verify if the value measuredbislow or beyond a determined thresholds of
sustainability) or with reference to a target (thee value measured enable to verify if a defimget
has been reached totally or partially, or if intt been reached).

Recognising that, even if the definition of threlsisois necessarily a choice that implies a certain
level of subjectivity, the evaluation of indicatdyrecomes meaningless in absence of referencedarget
and standards, the indicators selected for thesaggmnt is evaluated against a threshold or a refere
value, upon which classes are defined.

The methodology presented in this study considensesalternatives for defining reference values
when law constraints’ standards are not available:

. policy targets;

. objective physical limits (giving as a prerequigite self-sustainment of the area in term of
availability of resources and possibility to abserbissions and wastes);

. benchmark values coming from data at national gioreal level and values derived from
literature.

The set of indicators and relative classes usegsmn scores are illustrated in Table 2.

Table 2. The set of environmental indicators selected alataed classes based on thresholds.

| ssue Indicator of state Score
. ) Concentratiore law limit 0,

Concentratlo:l\(/l)f. S((:)é,NOZ, Ozone, Concentration = 0.5-1 * law limi,

0 Concentration < 0.5* law limit 2
AIR AND CLIMATE Overruns> law limit 0, Overruns 0.5-1%
Days of overrun of the daily limit law limit 1, Overruns of <0.5* law limi

2
LIM (index for Iake_s frqm Water LIM=45 0,LIM=3 1, LIM 1-2 2
Framework Directive)
L Class IBE = 4-50, Class IBE = 31, Class
EBI (Extended Biotic Index) IBE 1-2 2
FFI (index of fluvial functionality) Class IFF = 4-50, Class IFF = 31, Class
IFF 1-2 2

WATER _ | | anthr average rate flow/20% O, | anthr

| average rate of flow = anthr average average rate flow/=20-35% | anthr

rate flow/nat rate flow
average rate flow/>359%2
| anthtt = anthr minimum rate flow | anthr minimum rate flove 10% 0, |
Inatural average rate flow anthr minimum rate flow = 10-20%
9 ) anthr minimum rate flow >2092

% of collection and treatment of waste  ? {#urified 0-50% 0, AE purified 5075%

! Anthr= anthropogenic; nat = natural
2 |E = inhabitants equivalent



water 1, AE purified 75-100%2
Effluent concentrations current limit 0,
Treatment efficiency Concentrations = 0.7-1 * current linit
Concentrations < 0.7* current lim
Quantitative status of groundwater Clas9Class Bl, Class A2
Qualitative status of groundwater Clas®4Class 3 and 2, Class 12

Share of mining areas in total municipg

>1% 0,>0-1%1,0 2.
area

LAND USE : o
Share of green g:ggs in total municipal <35%0, 35-75%1, >75% 2
Share of utilized agricultural area in o [ o
total municipal area <35%0, 35-75%1, >75% 2
AGRICULTURE Share of organic agricultural area in <350 0 35-75%1 >75% 2
total utilized agricultural area ' '
Share of organic farms in total farms| 00>0-50% 1, >50% 2

Share of protected areas in total areas
with potential natural value
Share of renewable energy in total 0 0, >0-50% 1, >550% 2

WASTE average yearly consumption
m’ of solar panels 0-®, 5-50 1, >50 2
Average per-capita waste
production/average provincial per capita >100% 0, 50-100% 1, <50% 2
ENERGY production
% of separate waste collection/target
from the Provincial Waste Plan

BIODIVERSITY AND LANDSCAPE 0 0, >0-50% 1, >50% 2

>100% 0, 50-100% 1, <50% 2

2.2. CO, balance at the local scale

CO, balance is generally based on comparison betwaess®n and uptake of GOIn spatial
planning, this kind assessment is rarely taken actmunt. In this paper, a methodology developed by
Pennati and colleagues [12] is applied as a basiedtimating and mapping the gBalance at local
scale, providing a tool for the investigation ofdb situation with reference to the achievementof
emissions reduction objectives. The first stephis &ssessment of the gap between emission and
uptake at local scale. The second step is theidaasipport for spatial planning towards choicest th
can assure a reduction of the emission and a higpike capacity of the territory. Hence, policy
objective at both local and global scale can behed also considering the gap at local scale and
reducing emissions and/or planning land use teeam® amount of local uptake of £0

The methodology proposes to compare data of dardtindirect emission with data of uptake
referred to specific land uses, which were coll@étem literature and optimised for local condition

For the emission, direct emission are the emissitated to activities that take place in the area
under investigation (source of data is the Italimional inventory of emissidy whilst indirect or
indirect emission are related to emission that poctiside the area under investigation but caused b
production and consumption pattern in the area wimgdestigation (e.g. electric consumption or waste
production).

In literature, there are several methodologiese&trmating C@ emission from different sources,
whilst there are only few comprehensive studiesutitibe role of vegetation and soil for €O
absorption at local scales.

In this study, the balance is calculated consideviarious rate of uptake due to several kind of
actual land use.

3 based on EMEP/Corinair (2001)
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In [12] the rates of uptake resulting from therbtieire review are presented. In the calculation of
the balance, those values are divided by an avexadeprecautionary factor of two in order to take
into account that the data from the review refdy @do the CQ fixed during the day and not to the
plant respiration during the night. This precautignfactor account for potential variability of dat
also. In fact, experimental studies often preséfeardnt results, because of the difficulty in mesasg
uptake and of the influence by meteorological didatic conditions.

In this paper, an example of application in foummaipalities in Northern Italy is presented, where
emission and uptake data are mapped with GIS, imgatal highlight the uptake deficit and the role of
sustainable land use planning.

2.3. Ecological Footprint and Biocapacity

Ecological footprint (EF) is an aggregated indeat tborrelates the life-style of a population with
the amount of natural resources needed to suppinei “life-supporting natural capital”) [13]. it an
indicator based on a basic concept, which is higtdynmunicative because this relationship is
measured by a quite simple parameter: the exterthedfnatural bioproductive area (measured in
hectares per capita) needed to satisfy the consoimand to absorb the waste of a population. The
assessment of EF is based on an evaluation of ogrign, clustered in five components: food,
housing, transportation, goods and services. Arthede components is responsible of an EF, which is
measured in a specific unit that is equal to onetdne of the mean productivity of the earth. To
determine if the EF of a community is sustainabledt, it is necessary to compare local extension o
bioproductive land (biocapacity, BC) with local damd of land (EF), defining an environmental
balance of the local system. Assuming that to staguable a system has to be self-sustaining, the
amount of deficit or overshoot of natural resour@mserging from the environmental balance
represents an estimation of the level of sustalityabif the area considered.

The Ecological Footprint of the area object of 8fA has been calculated firstly referring to the
current state and then trying to predict the foeaseffect of the actions included in the Plans.

The methodology used is the bottom-up approach thé} allows for sub-national EF assessment
and permits to consider the changes in consumpgaiterns caused by the implementation of the
Plans.

The bottom-up method first establishes the amo@r@ctivity undertaken by a population in five
categories if consumption and one category of eonig¢ransportation, food, goods, services, bugddin
and waste). Activities are then converted into gpeand direct land use. Finally this amount is
converted into global area units to allow comparigdth the global biocapacity (amount of ecological
supply provided by a given area), assumed as theataonstraint for sustainability of consumption
[15].

The evaluation consists in:

1. Assessment of EF based on consumption by localehmls

2. Assessment of BC of the area.

3. Comparison between EF and BC, to evaluate the inabibty of the area in the present

condition.

This evaluation has the aim to identify the motevant areas of consumption and the types of land
that experience the higher pressure from humanites.
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To fulfil the aim of the study, which has a locatiis, data collection for calculation of EF of the
current state has been performed giving prioritgdarces that can ensure availability of primarada
such as the municipality councils or local statsiffices (e.g. for data about waste and housing)
using provincial or regional data (e.g. for mokilnd food consumption) as a proxy only when local
data were not available.

The calculation of EF for the foreseen evolutiooafl conditions following the implementation of
the Plans is not always possible, because of ttaled amount of information needed to perform the
evaluation: due to the fact that SEA takes plaaginduhe definition of the Plans, it follows thairse
of the action included in the planning are not isightly detailed to provide adequate data for
calculating the exact increase or decrease of Ehafter the implementation of the Plans. Neversgele
it can be useful to predict possible variationshaf EF through the development of scenarios that ta
into account the evolution of consumption due te #Het of actions included in the Plans. This
approach, even if represents a rough outline ofetreuation, can constitute an early warning for
decision makers and provide information useful ddrass more detailed analysis before and during
the implementation phase. Moreover, it offers thessibility to evaluate the situation in a
comprehensive manner, considering the effects efatttions as contributing in a cumulative way to
the final sustainability conditions of the area.

To evaluate the result of EF assessment of a specd#a, it is necessary to compare this value,
representing the human demand of nature for tleat, avith the amount of natural capital stock that t
area can supply. In this perspective, local BC espnts the reference value to determine if human
consumption is in a condition of deficit or oversh comparison with natural resources availapilit

BC of the area is evaluated assigning factors afdoiductivity (equivalence factors) to each type of
land considered in the EF method (Energy land amdsts, pasture, cropland, built-up land and
fisheries). The first step in the evaluation of BClocal scale is, then, the comparison between the
classes of soil use available in local classifaat{in this case, the DUSAF database by Lombardy
Region, based on Corine land cover classes, [1i@})thve six classes of land of EF method. The tesul
of this comparison is summarized in Table 3.

Table 3 - Comparison between land classes in EF model abtBAF database.

Land m.EcoIoglcaJ DUSAF d of land use Equivalence
Footprint model factor
Energy land and forest Natural vegetation, woodland, woody 134
plants
Pasture Pasture and meadows 0.49
Primary land under. cultivation (arable crops, 291
Cropland orchards, vineyards, horticultural land
Marginal | Uncultivated land 1.79
Built up land sgrylced and built up land, urban decay, 291
mining land
Fisheries Lakes, basins, river beds and artific|al 0.36
watercourse
Infertile soils, sandy lands, gravelly 0.00




soil, beaches, deposits of detritus, rogky
outcrop without plant cover

The class “non productive land” integrated the nhatveloped by Redefining Progress: some
classes of land use in DUSAF database have nospameence with land classification in EF model
and, moreover, they have productivity equal to @. this reason, this new class was created, with an
equivalence factor equal to 0. Assigning equivatefactors to the areas included in the respective
DUSAF classes associated in the table, it is plessibestimate total biocapacity (expressed in glob
hectares or global square mefpf the area considered.

Following the same approach, it is possible to wdate variation in BC that can follow the
implementation of the Plans, considering the tramsétion in land use, i.e. land cover illustratad i
the Plans (e.g. transformation from agriculturaldido urban areas due to the expansion of dwelling
areas in the municipalities). This kind of calcidatcan be more precise than the prediction of EF
variation, because data needed for the assessnediesa complex and regards only land use, which is
one of the core issues in spatial plans (i.e. alédetailed in the plan).

3. Area of study

The area of study chosen for the implementationth& methodology is a cluster of four
municipalities (Novate Mezzola, Samolaco, Verceid &ordona) in Lombardy Region, in Northern
Italy. It is an interesting area from the SEA pexdjve because it allows for evaluation at subeaeai
scale but not limited to one single municipalitg(iit has a wider range of interventions).

In 2008, the average population per municipalitys vietween 1103 (in Verceia) and 2941 (in
Samolaco). Only in the municipality of Verceia thdras been a slight decline in population between
2000 and 2008, while in the remaining municipaditithere has been an upward trend, with a
maximum of 11% in Novate Mezzola.

Land use shows absolute prevalence of forests,hwmtower percentages ranging from 51.4% to
Novate Mezzola and 68.9% of Verceia, while the sir@asignated for urban settlements, residential
and production are very limited in all four muniiiies. Moreover, there are some protected areas,
belonging to the Natura 2000 network, whose aridsviathin two or more municipalities boundaries.

Indeed the area and the UMPs of the four munidipalhave interesting characteristics for testing
the approach presented in this paper becauseaitragher natural territory and actions of the Plans
don’t imply significant interventions in term ofwanfrastructures or industrial activities.

Therefore in the evaluation of current and futuomditions it becomes relevant to include the
contribution of the actions to household consummptimd services for the local community (e.g.
mobility) rather than to assess only the environt@empacts of the main actions (e.g. constructibn
new buildings or infrastructures) from an Enviromta¢ Impact Assessment (EIA) point of view.

The SEA regards the Urban Master Plans (UMP) offthe municipalities that are developed
jointly, starting from common development objecsividr the entire area. The choice of the four
municipalities to work together relies on subs@ntiomogeneity of the areas and arise from the
willingness to build up a common strategy for tleelopment of the territory and to overcome the

4 Every kind of land has a different bioproductivifio have EF results expressed in a unique measheeglobal hectare — the model normalizes the
values of bioproductivity of the areas in differeations and of different kind of land.



10
economic difficulties related to the realizationaofletailed SEA (as highlighted also by Laniado and
colleagues [17]).

The main objectives of the UMPs are:

1) Recovery of a former industrial area (Falk indestyi

2) Valorisation of natural and cultural heritage

3) Promotion of sustainable tourism in guest accomrmiadasolutions (e.g. agritourism and
B&B)

4) Development of pedestrian and cycle routes

5) Improvement of services

6) Identification of areas for new residential dwedlgtrying to avoid urban sprawl.

4, Reaults

The results of the methodology’s implementationratated to:
. Set of environmental indicators applied to the lacatext
. Carbon Balance and Ecological Footprint at localesc

4.1. Environmental indicators

Table 4 illustrates the scores of environmentaicaidrs about the current condition and the
foreseen condition after implementation.

The evaluation made through the environmental atdis selected highlights some areas of
concern: the more severe problems regard air guatitl the availability of water resources. Theee ar
also some low scores about agriculture and enssyes.

As it is shown in table 5, there is no change mghbores between and after the implementation of
the Plans.

On the one hand, this means that the actions iadludl the Plans are not going to cause significant
damage or change to the current conditions; omtier hand, the absence of changes means also that
the actions are not relevant enough to contribotthé improvement of the current condition in the
critical areas.

Table 4 - Scores of environmental indicators in the areauwd\s

With reference to this, there are two main consitiens that can be made. Firstly, some of the
critical problems identified depends from driverslgressure that act not only at local scale &s it
for instance, for air quality (it has to be consetkthat the four municipalities are located in lbardy
Region, which is one of the most critical areag&imope), so it is difficult to obtain measurablsuis
from local actions, even if every single actioriusdamental for the final result. Secondly, evethd
Plans do not include highly significant intervemso(e.g. construction of highways) that can cause
significant environmental impacts, it is impossibdbeassume that the actions of the Plans won't have
any impact at all.

Therefore it can be interesting and useful for sieai makers to have instruments able to track these
small effects, in order to provide useful infornoatifor decision making process of the Plans and to
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make SEA really effective. Our proposal for composustainability indicators to be integrated
with environmental indicators presented befordlustrated in the following paragraphs.

4.2. Carbon balance

The assessment of the CB at local scale is perfbiméhree steps: assessment of direct emission,
assessment of indirect emission, assessment tddhleuptake capacity related to land use.

Direct emissions of C9
The regional inventory of C£, emissions was used to calculate direct emissidBf [The main
source of emission in the area of the 4 municilesliinder investigation are: agriculture (espegiall
cattle for Gordona and Samolaco), transport (eafigdbr a main road along the lake), the domestic
heating. For heating, it is worth of consideratibat the emission is mainly related to the use @bav
as an energy fuel in Novate Mezzola e Samolacd-idnre 1 the contribution of GQon the total
COyeqValue is shown.

The total amount of direct emission of g@s 58.88kton C@,per year.

Figure 1. Direct emission for the four municipalities, in ktof CQ and CQgq per year (reference
year 2005).

30
25
20
mco2
15 =
0 co2eq
10 —
e B = 0= B
O 1 T T
Verceia Samolaco Novate Gordona
Mezzola

Indirect emissions of CO

Indirect emissions were calculated attributing esmiss to local electric consumption and waste
production. In Table 5, an overview of the indirechissions from electric consumption and waste
production is shown.

Table5. Indirect emission due to local electric consumpaod waste production.

Electric Indirect Waste Indirect

M unicipality Inhabitants consumption emissions | production emission
(MWh) (kt CO,)® | in2008 (kg) | (kt CO,)®

Gordona 1812 2058.43 1.093 628092 1.381
Novate Mezzola 1846 2097.06 1.113 656246 1.443

> Indirect emissions are calculated multiplying electricity consumption for a factor of 0.351 kg CO,/KWh related to the production of 1
Kwh according to the national energy mix.

® Indirect emissions for waste are calculated multiplying waste production for a factor of 2.2 kg CO,/kg of waste according to the
composition of wastes in Italy
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Samolaco 2941 3340.98 1.774 751112 1.652
Verceia 1103 1253.01 0.665 379828 0.835

The overall indirect emissions related to electimsumption are 4.46 kton GQyear and the
overall indirect emission related to waste productare 5.3 kton C&; Indeed, this two emission
source are strongly related with household consiampatterns and not only with local policies.

CO, uptake

CO, uptake was calculated mapping the actual land@E&SAF) and applying the values reported
in [12]. In Figure 2, all the areas in green cdnite to the uptake whilst the area in grey andgean
contribute to the emission (urban areas, agricalltareas, industrial areas, infrastructures).

The overall uptake of the area is 292.78 kton/yApplying the precautionary principle mentioned
before to take into account the €éxchange of vegetation and the variability of tdaga, the final
estimated values equal to 145 ktonQGg2ar.

CO, balance

To assess the GQOoalance and the impact of the actions in the Stofgl emissions were
considered. The analysis of that emission represdstb a basis for setting further strategic pesidor
CO; reduction at local scale. The total emissions@8&ton CQeq /year) are the result of the direct
emissions (58.88 kton GE€q), the indirect emissions related to electric scomption (4.46 kton
CO.eq) and the indirect emission related to waste ymton (5.3 kton C@eq). Accounting for the
local uptake, the balance is positive. In fact, dhea uptake every year is equal to 145 kton &4
emit 68.63 kton Cgeq with a balance of 76.36. This result is mainlg do the presence of a dense
forested area. In a study applied to areas morsetiemopulated, the balance is negative and the
overall emissions are one order of magnitude nmoaa the uptake (see [12]).

Nevertheless, even if the balance in this areasitige, the emission per capita are quite high (17
ton/year per capita). Hence, the SEA has to takedocount policies focused on the reduction of CO
within the main drivers of emission (cattle, tramgpheating system) and policies for natural @pit
conservation, especially referring to forested su@amaintain the uptake capability of the area).

4.3. Ecological Footprint and Biocapacity

The biocapacity of the area of study is 39.090 g it is higher than the real extent of the area
(20.570 ha). This result reflects the distributmfnland cover types in the area and the abundahce o
green areas (more productive) with respect to udsees (unproductive). The detailed distribution of
land cover, which represents the basis for BC ¢ailicun, is illustrated in Figure 3 and the resulfs
EF and BC for each municipality are illustratedrable 6.

Figure 2. Land use in the area of study, according to clusterses to assign a biocapacity value.
The green areas are also those for which thguptake is more than zero.
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Table 6. EF and BC of the four municipalities in the areatoidy.

M unicipality EF per-capita Residents Total EF BC (gha)

Gordona 4.4 1,810 8,688 9,872
Novate Mezzola 4.9 1,732 8,487 17,222
Samolaco 4.8 2,913 13,982 10,132
Verceia 4.9 1,104 5,410 1,865
Total 36,567 39,090

EF from household consumption is 4.8 gha/persdbdardona and Samolaco and 4.9 gha/person in
Novate Mezzola and Verceia. The result is in lindthe average Italian EF (4.8 gha/person in 2008)
and represents a high level of consumption thaixténded to the entire world, cannot be sustdyed
the Earth capacity. However at the local scalerdgssilt can be considered quite good, because almos
in all municipalities the EF doesn’t overshoot beal BC (Figure 3).

Figure 3. Comparison of EF and BC in the area of study (curcendition, before the
implementation of the UMPS).
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The most significant categories of consumption Widetermine the total amount of EF are “food”
and “transport”. As a general indication for tharmpiing, it can be said that EF from food consunmptio
is mainly related with transportation of food frdareign countries, i.e. can be reduced increadieg t
share of local products consumed; EF from transigatlated to C@emission, so it can be reduced
through sustainable mobility solutions in altermatio the use of private car by citizens.

As mentioned in section 2.3, it is not possiblefdrecast the exact variation in EF that should
follow the implementation of the Plans becauseUMPs will be followed by a detailed planning of
single interventions. Nevertheless, it can be usefunake some considerations about the possible
effects of the actions on the total EF of the aneder investigation, based on the data available fr
the plans.

The main lines of intervention of the Plans do mutlude actions that are supposed to cause
significant variations in the EF: sustainabilityteria as to prefer the use of existing buildingsteéad
of building new ones to fulfil the need of new diwvej areas, the valorisation of the natural and
cultural heritage for tourism purposes and the eoraion of agricultural areas should help to préve
the conversion from more productive lands (e.gplenads) to less productive ones (e.g. built up
lands).

However, there are some specific actions that rteetle further investigated to predict their
effective contribution to EF; these issues areutised in the following paragraph.

Firstly, the identification of possible new dwellimreas, even if it is planned in a way that tiees
avoid urban sprawl and to limit the constructionnefv buildings, necessarily implies an increase in
the number of people that live in the area, i.enanease of the total household consumption affgct
all the categories of EF (food, energy, transpmmatwaste, etc.). The foreseen raise in population
foreseen by the UMPs in the four municipalitiesgda the expansion of residential areas) is 2,271
new inhabitants (+30%). Therefore in case the nemllthg capacity would be totally exploited, the
total EF would increase of 11,014 gha, overshodfingapacity by 8,491 gha.

Moreover the construction of new buildings has lavant impact on EF in terms of material and
energy consumption (from about 6,000°dor a detached house to about 9,086mn a condominium;
[19]. It is not possible to predict the EF of neuiltings since it would require to have detailedada
about the main features of these buildings, suctot@as$ volume, type of construction materials and
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energy performance. Therefore these are paranté@raeed to be carefully taken into account in
the phase of detailed planning of the new constmgin order to reduce the potential increasekn E

The same concept applies to the actions regartimgxpected increase in the number of tourists: it
is important that, as mentioned in the Plans, tb&om@s are oriented to the promotion of guest
accommodation structures, that help to preventctivestruction of new buildings and can ensure a
lower footprint during the use phase. Tourism reenés an issue that has to be take carefully into
account because the footprint from this kind ofvétats can be a relevant share of the total faatpr
insisting on the area [20] [21]; moreover, thera b& a significant difference between the EF of a
night spent in a B&B (about 60 dgrperson-1*night-1) and in a 3 or 4 stars hotel (atb@40
gm**person-1*night-1) [22].

Regarding the effects of the Plans on the BC ofatlea, it is possible to quantify the variation on
the basis of the detailed information about theaanterested by the transformations foreseen by the
UMPs. The variation in BC can be calculated mwiipy the extent of the area interested by the
transformation for the correspondent equivalentoiad-or instance, if there is an agricultural larid
ha that will be transformed into built up land (eiry the case of the construction of new residéntia
district), the BC will be reduced from 2.21 gh&tgha.

In the area of study there is only one municipalisgt will benefit from an increase in BC due to
the restoration of a former industrial area thdt be transformed from built up land to meadowsd. Al
the other actions imply a reduction in BC due te tinansformation from productive land to
unproductive one, even if the variation is not gigant if compared to the total BC of the area
(reduction of 19 gha out of 39,000 gha). The detbihe variation is illustrated in Table 7.

Table7. Prediction of BC variation due to the actions af Blans.

S . Transformation .
M unicipality Action (code) Area (ha) BC Variation
Before After

Gordona M-AT1 Pasture Built up 329 -16.21

Novate Mezzola N-ATla Built up Pasture 38,5 1.88
N-AT1lb Pasture Built up il -0.49
N-AT2 Pasture Built up 0.79 -0.38
N-AT4 Pasture Built up 0.80 -0.39
N-AT5 Pasture Built up 0.538 -0.25
N-AT6 Pasture Built up 0.4p -0.20

Samolaco S-AT1 Cropland Built up 0.85 -1.87

Verceia V-AT1 Pasture Built up 0.70 -0.34
V-AT2 Pasture Built up 1.31 -0.64
V-AT3 Pasture Built up 0,78 -0.38

5. Discussion

The use of composite indicators in the contextpatial planning could be leverage for supporting
decision making at local scale. Nevertheless, imigortant to evaluate weakness and strengthens of
applying such indicators.
First of all, both the balance of G@nd the ecological footprint are composite inadicatieveloped for
assessing the impact of local consumption pattensidering:

. Different drivers: energy consumption, transpowgtings etc
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. Different perspectives (for example the energy oom#ion: in the case of the GO

balance, energy consumption affects both the diaect the indirect emissions. Indeed,
energy consumption for heating implies direct emis®f CQ, whereas energy consumption
for electricity may imply indirect emission relatéal where the energy production occurs;
energy in the context of Ecological Footprint isismlered mainly in order to assess carbon
emission and the necessity of forest to absorb it).

Table 8. Strengths and weaknesses of the methodology propose

Weakness

Strengths

Availability of data at local scale, with a templend
spatial consistency

Ability to capture drivers of impact that generadlse not
taken into account in local planning. In many case
third of the total amount of C@mission at local scale al
due to transport and domestic combustion (in Ity
household and services sector accounts for 34.49
consumption, followed by the transportation andistdal
sectors, at 34.2% e 29% respectively; ISPRA, 20093.
important to support local decision making assessie
influence of citizen behaviour with respect of theerall
emission.

[e

o of

Direct link with local policy at the level of thessessment

Creating scenarios of
consumption pattern

sustainable pfoducand

Necessity to have detailed description of eachoacto
derive reliable input data for the calculation &reast to
develop possible scenarios).

Focus on land use, which is a central theme inru
planning.

ba

The balance at local scale in some case is driven Ibdicators easy to be presented to decision ma&eds

factors that cannot be planned by local authorifes.:
Considering a municipality, the presence of a poplant
that provide energy for a certain region affectgatizely
the balance. In this case, the regional stratezioning
plays a role in smoothing the hot spots of emisgion

local stakeholders. Being based on a balance, f
indicators allow to a synthetic assessment of
performance of production and consumption pattaria
specific context

hose
the

6. Conclusion

Researcher and practitioners highlighted the négess identify ways of making SEA more
effective as a decision supporting tool, evolvimgni an EIA perspective, oriented to impact
prediction, to a more comprehensive sustainab#tgluation, that allows for the comparison of
alternatives and that takes into account a widegeaf issues.

In the case of Urban Master Plans, especially dytinefer to small areas without significant
industrial activities or infrastructures, househlifdstyles can play a relevant role in determinthg
environmental impacts of the local community, thee effects of the actions included in the UMP. In
many cases when the plans object of SEA don't delsignificant infrastructure constructions or
industrial activities establishment, the evaluat@am appear as not useful and made only for legal
compliance. Nevertheless, the absence of big acttwesn’t entail necessary the absence of any
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environmental impact, especially if consideredhia long-term, and consequently the impossibility
for SEA to provide useful information for sustaiiidy improvement to decision makers.

Therefore it is important to include in the SEA @aes suitable tools for this purpose, able to
consider a wider range of aspects. Following tleispective, the methodology presented in the paper
iIs composed by a set of environmental indicatoraluated against sustainability thresholds, aineed t
provide a detailed picture of the current and feitgtate of the environmental compartments. In
addition, the evaluation is performed also throegmposite indicators, EF and BC and the carbon
balance, aimed to provide a more comprehensivaurgicthat considers also the effects of “non
traditional” SEA issues (e.g. household lifestydssdrivers for consumption and related environmenta
impacts) and allows for the creation of scenariaseld on direct and indirect effects of the actioins
the plan.

As discussed in section 5, this approach presem strengths but also some weaknesses. The
main features are the reference to the physicaisliof the resources and the inclusion of both joubl
and private stakeholders as responsible of consompgtterns and related impacts. Moreover, the
methodology is deeply oriented to land use evadnaivhich is a focal point in urban planning.

Finally, being based on a balance, those indicatdiev to a synthetic assessment of the
performance of consumption patterns in a speciiatext (and to develop scenarios when only not
detailed information is available from the Planylaan be easily presented to policy makers and loca
stakeholders to support decision making.

The direction for SEA further development shoulthdio a shift from integrated assessment
methodologies towards sustainability assessmertiadetogies able: to assess the policy but also the
consumption patterns influencing the local envirental quality; and to capture the different
dimensions of the local carrying capacity, beingmuative, qualitative and operational.

Acknowledgments

The Authors acknowledge the contribution of Valehbezzanotte and Alessandro Bisceglie,
involved in the development of the technical enwimental reports for SEA of Gordona, Novate
Mezzola, Samolaco and Verceia municipalities.

Conflict of Interest
The authors declare no conflict of interest.

References and Notes

1. Bina, O. A critical review of the dominant lineargumentation on the need for strategic
environmental assessmeBhvironmental Impact Assessment Review 2007, 27, 585—-606.

2. Nilsson, M.; Dalkmann, H. Decision making anda&igic Environmental AssessmentTwols,
Techniques & Approaches for Sustainability: Collected Writings in Environmental Assessment Policy
and Management; Sheate, W. R., Ed.; World Scientific, 2009; p041

3. Pintér, L.; Hardi, P.; Bartelmus, P. Sustaindbé&elopment Indicators: Proposals for the Way
Forward.2005.



18
4. Brown, A. L.; Thérivel, R. Principles to guideetdevelopment of strategic environmental
assessment methodologgpact Assessment and Project Appraisal 2000, 18, 183-189.

5. Nijdam, D. S.; Wilting, H. C.; Goedkoop, M. Madsen, J. Environmental Load from Dutch Private
Consumption: How Much Damage Takes Place Abrdadfhal of Industrial Ecology 2008, 9, 147—
168.

6. Scott, KA Literature Review on Sustainable Lifestyles and Recommendations for Further
Research; Stockolm, Sweden, 2009; p. 42.

7. Meadows, D. H.; Randers, J.; Meadows, [Limitsto Growth: The 30-Year Update; Earthscan:
London, 2004; p. 338.

8. OECDOECD key environmental indicators;, OECD Environment Directorate, Ed.; Paris, France,
2004; p. 38.

9. European Environmental AgenEffA core set of indicators - Technical report 1/2005;
Copenhagen, 2005; p. 38.

10. Donnelly, A.; Jones, M.; O’ Mahony, T.; Byrr&, Selecting environmental indicator for use in
strategic environmental assessméinizironmental |mpact Assessment Review 2007, 27, 161-175.

11. Lancker, E.; Nijkamp, P. Sustainable Agricudtur the Developing World and the Tropical
Context.Impact Assessment and Project Appraisal 2000, 18, 111-124.

12. Pennati, S.; Castellani, V.; Sala, S. CO2 budgtmation and mapping at a local scale. In
Ecosystems and sustainable development VII; CA Brebbia, M Neophytu, E Beriatos, | ioannu,Ka,
Ed.; WIT Press: Sothampton, 2009; Vol. 122, pp.321—

13. Wackernagel, M.; Rees, \®ur Ecological Footprint: reducing human impact on the Earth; New
Society Publishers: Canada, 1996; p. 176.

14. Simmons, C.; Lewis, K.; Barrett, J. FORUNMHE ECOLOGICAL FOOTPRINT Two feet — two
approachesa component-based model of ecological footprgticol ogical Economics 2000, 32,
375 — 380.

15. EcotedEcological footprinting - final study. Working document for the STOA panel - European
Parliament, Directorate General for Research, Division Industry, Research and Energy; Luxemburg,
March 2001, 2001.

16. ERSARUso del suolo in Regione Lombardia. | dati DUSAF. Regione Lombardia; Grafiche
Tirredi, Cologno Monzese (M), 2010.

17. Laniado, E., Ricci, A., Zanchi, M. La valutazéambientale dei Fondi strutturali europei nella
Regione Lombardia/alutazione Ambientale 2003, 3, 50-53.

18. ARPA Lombardia - Regione Lombardia INEMAR, Int&io emissioni in atmosfera. (CO2 eq
emissions in atmosphere) www.inemar.eu/xwiki/biewiinemar/WebHome.

19. Bastianoni, S.; Galli, A.; Niccolucci, V.; Pali, R. M. The ecological footprint of building
construction. Infhe Sustainable City 1V: Urban Regeneration and Sustainability; Mander, U.;
Brebbia, C.; Tiezzi, E., Eds.; WIT Pres: Southampf006; pp. 345-356.



19
20. Bagliani, M.; Da Villa, E.; Gattolin, M.; Nictacci, V.; Patterson, T. M.; Tiezzi, E. The
ecological footprint analysis for the province ofnice and the relevance of tourismThe
Sustainable City I11; Marchettini, N.; Brebbia, C. A.; Tiezzi, E.; Waalh, L. C., Eds.; WIT Press:
Southampton, 2004; pp. 123-131.

21. Gossling, S.; Borgstrom Hansson, C.; Horstm@erSaggel, S. Ecological footprint analysis as a
tool to assess tourism sustainabillBgological Economics 2002, 43, 199-211.

22. Castellani, V.; Sala, S. Ecological Footprimdl &ife Cycle Assessment in the sustainability
assessment of tourism activiti&€eological Indicators 2012, 16, 135-147.

© 2011 by the authors; licensee MDPI, Basel, Swigrel. This article is an open access article
distributed under the terms and conditions of thecaive Commons Attribution license
(http://creativecommons.org/licenses/by/R.0/




