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"There is one measure, and one measure only, désgrihe capacity and relationship between
human society and living systems: Ecological Fdatprg. It is the only standard by which we may
calibrate our collective impact upon the planetdassess the viability of our future. (...) no report

about the environment is complete without it."

Paul HawkenExecutive Director, Natural Capital Institute

"The great thing about the Footprint concept isttth@aptures a lot of disparate information and
brings it together in a rather simple concept."

Bruce Sampson, former Vice President SustainapBi§/ Hydro, Canada

"The calculations of Ecological Footprints will imges the world community and help politicians,
business, engineers, and the public-at-large td fiaw and exciting paths towards sustainable
development.”

Prof. Ernst Ulrich von WeizsaeckdP, Founder and Former President of the Wuppertditute,
and Member of the German Bundestag
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1 The Ecological Footprint

1.1 Definitions

The Ecological Footprint is a synthetic indicatbisastainability that measures the amount of
land and water area a human population requir@saduce the resources it consumes and to
absorb its wastes.

This concept developed in 1990 with the studieMathis Wackernagel and William Reese,
researchers of University of British Columbia, Vaager (Canada).

An example to explain the concept of ecologicalfoiot: we can imagine a city contained in
a glass dome that lets the light enter but doep@whit to any material to enter or exit. So the
guestion is: how big should the dome be to endi®ecity to support itself indefinitely only
thanks to the ecosystems and to their resources?oidl ecosystem surface necessary for the
inhabitant’s life is itsEcological Footprint So the scientific concept acarrying capacityis
upset, we do not want to know how many inhabitanépecific environment can support, but
how many hectares of land are necessary for pruyithe area with materials and energetic
resources and for absorbing the produced waste.

It is then possible to compare the measured unifocofogical Footprint with the actual area
where the population lives, so it will be possibbeunderstand if and how much the local
carrying capacityis exceeded. In this way it is possible to asfiessveakness associated to
specific environmental matrixes.

It is important to remember that the Ecological oot does not give a comprehensive
analysis of the environment, but it should be assed to other social and economical

indicators to have a more complete outline of thpacts.




1.2 Calculation method

The basic concept of the Ecological Footprint & flor each quantity of materials and energy
consumed there is a land area that satisfies ¢lqiseist, guaranteeing the necessary resources
and the absorption of the waste.

The conversion into areas of consumptions is basesbme fundamentals rules:

- definition of population’s yearly consumption ofaranaterials and energy and of the
guantity of waste produced: the values are clasbifietweertonsumption categories
(services, mobility...);

- conversion of the resources and waste consumpteta th the corresponding
biological productive areasoptprint land typels necessary for the maintenance of the
matter and energy flows; so it is possible to dalkeuthe territorial surface necessary
for generating resources, supplying with services @sorbing waste;

- conversion of the footprint land types in a commmit of measurement, using two
different types of parameters: tequivalence factorghat describe the ratio between
the productivity of each type of land and the bgitally productive land and water
area on the Earth, and thield factors representing the productivity of the footprint
land types across different nations compared vinighvtorld average production of the
same land type. So the hectares relative to eatdgay are converted in an
equivalent area that describes their world aveggductivity @lobal hectarg and
consent to compare different countries with veffedent characteristics (for climate,
geography, economy, technology...);

- the areas (global hectares) for the different acaieg can be added in a final value
representing the total biological capacity demandfa specific population;

- that value (Ecological Footprint) can be comparetth the Biocapacity available in
the area (expressed in global hectares); Biocapacihe capacity of the ecosystem to
produce “useful biological materiafsand to absorb waste materials generated by

humans using current management schemes and exireethnologies.

1.3 Equivalence Factors and Yield Factors

Equivalence Factors and Yield Factors are usedotovert hectares into the equivalent

number of global hectares. They are applied to Bottitprint and Biocapacity calculations.

L «Useful biological materials” are defined as thesed by the human economy (Kitzes et al., 2007).



The Equivalence factors the key factor that allows lands of differepppes to be converted
into the common unit of global hectares; it is aductivity-based scaling factor that converts
a specific land type into universal unit of biologl productive area, a global hectare.

In this way it is possible to determine how manghgll hectares are contained in one hectare
of world-average land of cropland, grazing lande$b, infrastructure etc., for a specific year.
For instance, to convert an average hectare oflamdpto global hectares, it must be
multiplied by the cropland equivalence factor @4.indicating that cropland productivity is
more than twice and a half productive than a headtand with world average productivity.
Grazing land, which has a lower productivity thhe world average one, has an equivalence

factor of 0.49. Equivalence factors are the samevery country.

TheYield factoris an index representing the difference in produacof a specific land type
across different nations. This difference may dueadtural factors, such as precipitations or
soil quality, or management practices: for exangpie hectare of pasture in New Zealand
produces on average more meat than a hectaretofeas Jordan.

To measure these differences, the yield factor ewegpthe production of one hectare of a
specific land type in a specific nation to the wloaverage hectare production of the same
land type. Each country has its own set of yietddes.

1.4 Ecological Footprint Accounting methods

Two distinct methods are available for the calgéatabf Ecological Footprint: compound and

component-based.

Compound methods based on a top-down approach and it is useparticular for the
calculation of the Footprint of the Nations andtlué citizen. It is based on the possibility to
determine the yearly consumptions of the populaioalyzing the inbound and outbound
flows of materials and energy concerning the tyit The consumptions are estimated
adding imports (inbound flows) and subtracting ¢éx@orts (outbound flows) to the internal
productions, without knowing the relative singledarse. The result is significant in
proportion to the data completeness and to theracguof the conversion values about
energy. The compound method is the one used tesaske national Ecological Footprint
published in the WWF Living Planet Network.



The component-based meth@albased on a bottom-up approach, and is usefdétermine
the Footprint of productive activities and servidescause it refers to a procedure similar to
LCA (Life cycle assessment).

Most of data are mainly on a local level, everhistcan cause problems because it is often
difficult to find information and statistics on anall scale; it is also difficult to compare the

results with others case studies.

The two methods represent two different kinds ¢énpretations of the Ecological Footprint,
they can be alternative or complementary, one doesubstitute the other. In the Ecological
Footprint calculation we often have “hybrid” sitiots, where we have to consider our

objectives and the data availability. Both the ffii@ta are expressed in global hectares.

1.5 Sub-National Ecological Footprint

The sub-national Ecological Footprint has as stabject sub-national areas, as Regions,
Counties, Municipalities, industrial sites etc.

Assessing the Ecological Footprint for sub-natiogedgraphic level is not as immediate as
for the national level, nevertheless it is ofteedibecause it is a measure that policy makers
can easily use to communicate to many types ofeagel

For the calculation of the Footprint as an instratrfer planning and territory management, it
is useful to divide it in two separated forms: Foott of the citizens and Footprint of the

Territory.

The Footprint of the citizens related to the population consumptions in aifigearea; this
instrument is particularly useful in the environrtereducation field, it permits to focus on
the actions more impacting the environment, andiriderstand on which sectors we can
operate to change the situation acting on thetjife®f every single person. The consumption
categories for the citizen Footprint are:

- food;

- housing;

- mobility;

- goods;

- services;

- waste.



The Territory Footprintanalyses the different activities in the invedegaarea; the objective
is to build a simplified balance for productive igities, mobility and waste. In this case the
choices of the single citizens have only a pamifiilence on the final value. The considered
consumption categories are:

- productive activities (agriculture, industry andfty services);

- mobility;

- waste.

Every consumption category has an impact on diffel@nd types: for both Footprint of the
citizen and Footprint of the territory these are same:

- Croplands growing crops for food, animal feed, fibre an{j oi

- Grazing areasraising animals for meat, hides, wool and milk;

- Fishing groundsharvesting fish and other marine products;

- Forests harvesting timber products and fuelwood;

- Build-up area construction of infrastructure for housing, tpaogation and industrial
production. Occupation of areas by hydroelectrimslaand reservoir used for the
hydropower production;

- Carbon land absorption of the carbon dioxide not sequestbyetthe oceans using the
carbon absorption potential of the world averagedb

It is also to consider the land for the conservatbbiodiversity, estimated as the 12% of the

Biocapacity, although many scientists state thiatghrcentage is too small.

The referring model used to calculate the Footpointhe citizen and the Footprint of the

territory are represented in Table 1.1 and 1.2.



Table 1.1 Distribution of the impacts of the consumptiontegaries on the territory categories for the Faatpr

of the citizen.

Footprint land types

Consumption | Carbon | Cropland | Grazing | Fishing Forest Build-up
categories land (gha) land ground (gha) area TOTAL
(gha) (gha) (gha) (gha)

Food X X X X X
Housing X X X
Mobility X X X
Goods X X X X X
Services X X X
Waste X X X
TOTAL X X X X X X X

Table 1.2 Distribution of the impacts of the consumptiontegaries on the territory categories for the Faatpr
of the territory.

Footprint land types

Consumption | Carbon | Cropland | Grazing | Fishing Forest Build-up
categories land (gha) land ground (gha) area TOTAL
(gha) (gha) (gha) (gha)

Productive X X X X X
activities

Mobility X X X
Waste X X
TOTAL X X X X X




2 Jokkmokk Municipality Ecological Footprint

In this work | want to estimate the Ecological Roait of Jokkmokk territory.
As described in the previous chapter, the Ecolddioatprint of the territory is based on the
impacts on the following consumption categories:

- productive activities (agriculture, industry andfty services);

- mobility;

- waste.

The “Productive activities” category, composed Qyi@lture, industry and services, is based
on impacts related to energy consumption in théewhht sectors and to the land area
occupied by the infrastructures.

Since | do not want to calculate the Footprintlad titizen, in this work | will introduce a
new consumption category, “Residential areas”, iingtides the energy consumptions of the
citizens and the area occupied by the residenti¢édings.

The categories “Mobility” and “Waste” give us sonmormation more about “Productive
activities” and “Residential areas”: in fact, theolility inside of the territory concerns in
particular the mobility of the citizens (associated“Residential areas”) and of the goods
(associated to “Productive activities”), and thedarction of waste includes urban waste
(associated to “Residential areas”) and indusiveste (associated to “Productive activities”).

This concept is represented in Figure 2.1.
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Figure 2.1 Consumptions categories in the Footprint of theteey of Jokkmokk Municipality.
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The method used is intermediate between Comporamsidomethod and Compound method:
in fact | use the principles of Compounds methadt, & the same time the activities are
analyzed in a way typical of the Component basethaoak

In the calculation | have given the priority to thee of local data: only when it was not

possible to get them, they have been estimated ffrager scale data.

2.1 Jokkmokk Municipality

Jokkmokk Municipality (“*Jokkmokks Kommun” in Swedisis located in Northern Sweden,
in Norbotten County (Figure 2.2), 7 km over thedd\rctic Circle. The Municipality is the
second largest size of all Swedish municipalitieith an area of 19,477 Kmand is the less
populated in Sweden, with 5,305 inhabitants (Deaan#)08), and a density of about 0.3
inhabitants/km

The municipality is situated in the Scandinavianudi@ins in Swedish Lapland; a large part
of the area has been the habitat of reindeer hgpiSami people and has been protected as a
UNESCO World Heritage Site under the name Laporea.a

In the Municipality there are four national parkSarek, Muddus, Padjelanta and Stora
Sjofallet, and several nature reserves.

Jokkmokk Municipality has a diverse economy inchgdiourism, small and medium sized
companies, service industries and the Sami cudtndeassociated business.

The Municipality is part of the organization “Swggi Ekokommuner” (“The National
Association of Swedish Eco-municipalities”, www.saknu).

Moreover the Municipality is now arranging an EneRJan, as required by the Government,
containing information about the consumption ofrggeand projects in energy field; in this
contest the data collected for the calculationh® Ecological Footprint (in particular the
Carbon Footprint) can be a good help, giving araidbout the energy consumption in the

area.
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Figure 2.2 Localization of Jokkmokk Municipality in Swedendam Norbotten County.
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2.2 Data and formulas

The data used for the calculation are describetainle 2.1, divided between consumption

categories and their impact on footprint land types

Table 2.1 Data necessaries for the calculation of the Faatpf the territory

D

ngtsgg r(r;ﬁtelgn Footprint land types
Carbon land Cropland Grazing area Build-up ar
Energy
_ consumptions in Area occupied b Area occupied by
Productive productive | P Y1 Area occupied by | structures used for
A L ands for crop .
activities activities . graze land productive
. production L
(electricity, fuels, activities
wood)
Energy
Residential consumption of Area occupied by
habitations . X
area (electricity, fuels residential area
wood)
Mobilty | Py faes oy e e
Energy necessary t
Waste burn the waste
produced

Every datum is then converted in global hectaresyguthe following formulas (for Carbon

land, Cropland, Grazing area and Build-up &rea)

E.Fcamon land™ {[Pc* (1 — Sceand] / Y} * EQF

Where:

P.= annual emission (production) of carbon;

Soceans= percentage of anthropogenic emissions sequesteyedceans in a given year

(0.35%);

Y= annual rate of carbon uptake per hectare of war&tage forest land (0.095 kg &@°*

year);

EQF = equivalence factor.

2 Reference: “Calculation methodology for the Natibfootprint Accounts 2008 Edition”, Global Footpri

Network (California).
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E.F.Crop|and= A * YF * EQF

E.FGrazingare= A * YF * EQF

E-FBuiId—up area= A* YF * EQF

Where:

A = area available;

YF = yield factor;

EQF = equivalence factor.

The Equivalence Factors and the Yield Factors feed®n for year 2005 (Table 2.2) have
been provided from Global Footprint Network (Califa), “National Footprint Accounts

2008 Edition”.

Table 2.2 Yield factors and equivalence factors for Swegear 2005.

Yield factor (-) Equivalence factor (gha/ha)
Cropland 1.796 2.644
Grazing land 1.681 0.497
Inland water 1.000 0.397
Forest 1.328 1.333
Build-up area 1.796 2.644
Carbon - 1.333
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2.2.1 Productive activities: agriculture

The Productive activity Agriculture has an impanttbe Footprint land types Carbon land,
Cropland, Grazing land and Build-up area.

Concerning Carbon land, the data source about grengsumption in agriculture has been
Statistics Sweden website (www.scb.se), from wihieres been possible to find the total

guantity of energy used in agriculture in the y2@06, corresponding to 4,683 MWh.

The agriculture in Jokkmokk Municipality is pra&ts on a very small scale, just for

providing food for the animals in the farms, so am®close petrol, diesel and burning oll

consumption in the Consumption category Mobilitmdawe do not have to count the

consumption of seeds and fertilizers, because #neynot used; so we consider the datum
found about energy consumption just as electramtysumption.

The emission factor for electricity in Sweden is53% CQ/MWh®, so we can apply the

formula for the Carbon Footprint:
E.Fcarbon lan= {[4,683* 375* 0.65)] / 0.095} * 1.333 =1,601.6 gha

About the impact on Grazing land, the area occupiethem is estimated from the data about
Norbotterf, where it corresponds to 1,999 hectares; makipmpportion with the two are3s
we have 393.3 hectares of Grazing land in Jokkmdkikicipality. Then it is possible to

apply the formula:

E.F.Grazing area: 3933 * 1681 * 0497 3286 gha

It is important to remember that the grazing areasdnot include the graze of the reindeers,
considered as a part of the forest area duringviher, and a part of the area occupied by

National Parks in the summer.

The area occupied by Cropland has been found friatsfcs Sweden website (area occupied

by arable land) and corresponds to 248 hectareltdmokk Municipality.

% Reference: http://energihandbok.se/x/a/i/10214Being-av-koldioxidutslapp-for-olika-energislag.htm
* Reference: website of Swedish Board of Agricolti@rdbruks Verket) (www.sjv.se).

® Jokkmokk Municipality area corresponds to 1,948, Hectares, Norbotten area corresponds to 9,903,000
hectares.
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E.Fcropland= 248 * 1.796 * 2.644 4,177.6 gha

As the agriculture is practiced on a small scale,will consider the area occupied by the
buildings used in agriculture (impact on Build-upea@ as enclosed in the Consumption
category Residential area.

The final diagram for Agriculture is representediable 2.3.

Table 2.3 Summarizing diagram about Agriculture Footprint

Datum Ecological Footprint
Carbon land Electricity consumption 1,601.6 gha
Grazing area 328.6 gha
Cropland 1,177.6 gha
TOTAL 3,107.8 gha

2.2.3 Productive activities: Industry

The Productive activity Industry has an impact lba Footprint land types Carbon land and
Build-up area.

About the impact on Carbon land, we have to comdite consumption of electricity, LPG,
diesel and burning oil. The data we have, fromi§tes Sweden website, is about the energy
consumption in the industrial sector for the ye@®?2, corresponding to 13,737.6 MWh.

From this value, the 49% is from electricity (6,MWh), the 6% is from burning oil
(824.2 MWh), the 1.5% is from diesel (206 MWh) ghd rest is from LPG (5,944.6 MWh).
In Sweden the emission factor for LPG is 234.5 Kg,/®Wh, for burning oil is 274 kg
CO,/MWh and for diesel it corresponds to 259 kg AMNVh (all the data have been found
from Statistics Sweden website).

So we can apply the following formulas:

E.F carbon lanc= {[6,731.4 * 375 0.65)] / 0.095} * 1.333 =2,302.2 gha (electricity)
E.F Carbon lanc= {[5,944.6 * 234.5 0.65)] / 0.095} * 1.333 =1,271.4 gha (LPG)
E.F Carbon land= {[206 * 259* 0.65)] / 0.095} * 1.333 =48.7 gha (diesel)
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About the impact on the category Build-up area,aresa occupied by the industrial area has
been measured by hands from the map and it comdsgo 61.1 hectares. The formula is the

following one:

E.Fsuild-up area= 61.1 * 2.644 * 1.796 290.1 gha

The final diagram about the Ecological Footprinttieé industrial sector is represented in
Table 2.4.

Table 2.4 Summarizing diagram about Industry Footprint

Datum Ecological Footprint TOTAL
Carbon land Electricity consumption 2,302.3 gha 3,283.4 gha
LPG consumption 1,271.4 gha
Diesel consumption 48.7 gha
Burning oil consumption 201 gha
Build-up area 290.1 gha 290.1 gha
TOTAL 3,5735gha

2.2.3 Productive activities: Services

The Productive activity Services has an impacth@nRootprint land types Carbon land and
Build-up area.

Concerning Carbon land, we consider the consummfoglectricity, burning oil and wood.
The data, from Statistics Sweden website, are ath@uenergy consumption in the services
sector for the year 2006, corresponding to 18,409hH\

From this value, the 57% is from wood (10,493.1 MWhe 40 % is from electricity (7,363.6
MWh) and the 3% is from burning oil (552.3 MWh). &temission factor for wood
corresponds to zero, because it is a renewableesamirenergy, so the Footprint of wood

consumption is zefo

® Reference: UNFCCC, United Nations Framework Cotivaron Climate Change.
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The formulas used are the following ones:
E.Fcarbon land= {[7,363.6 * 375 0.65)] / 0.095} * 1.333 =2,518.5 gha (electricity)
E.F carbon land= {[552.3 * 267.5* 0.65)] / 0.095} * 1.333 =134.7 gha (burning oil)

About the impact on Build-up area, the area ocalpieservices has been measured directly

by hands from the map and it corresponds to 31c&hes, so we apply the formula:

EFBU||d.up area: 318 * 2644 * 1796 4.51 gha

The final data are summarized in Table 2.5.

Table 2.5 Summarizing diagram about Services Footprint

Datum Ecological Footprint TOTAL
Carbon land Electricity consumption 2,518.5 gha 2.653.2 gha
Burning oil consumption 134.7 gha
Wood consumption 0 gha
Build-up area 151 gha 151 gha
TOTAL 3,400.9 gha

The total Footprint for the Productive activitisssummarized in Table 2.6.

Table 2.6 Summarizing diagram about Productive Activitie®tpoint

Sector Ecological Footprint TOTAL
Carbon land Agriculture 1,601.6 gha 7,538.2 gha
Industry 3,283.4 gha
Services 2.653.2 gha
Grazing land Agriculture 328.6 gha 328.6 gha
Cropland Agriculture 1,177.6 gha 1,177.6 gha
Build-up area Industry 290.1 gha 441.1 gha
Services 151 gha
TOTAL 9,485.5 gha
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2.2.4 Residential area

The Consumption category Residential area has padnon the Footprint land types Carbon
land and Build-up area.

Concerning Carbon land, we consider the consummtfoglectricity, burning oil and wood.
The datum we have, from Statistics Sweden webitabout the energy consumption in
Residential area for the year 2006, 55,057 MWh.

The 37% of this value is from wood (20,371 MWh)e th8% is from electricity (31,933
MWh) and the 5% is from burning oil (2,752.8 MW®s we know the emission factor for

wood correspond to zero, se we can apply the farmulelectricity and burning oil:

E.Fcarbon land= {[31,933 * 375* 0.65)] / 0.095} * 1.333 =10,921.7 gha (electricity)

E.F carbon lan= {[2,752.8 * 267.5 0.65)] / 0.095} * 1.333 671.6 gha (burning oil)
About the impact on Build-up area, the area ocalg residential building has been
measured by hands from the map, and corresporids/td hectares. Then it is possible to use
the formula:

E.Fsuild-up area= 157.4 * 2.644 * 1.796 #47.4 gha

The final data are summarized in Table 2.7.

Table 2.7 Summarizing data about Residential area Footprint

Datum Ecological Footprint TOTAL
Carbon land Electricity consumption 10,921.7 gha 11,593.3 gha
Burning oil consumption 671.6 gha
Wood consumption 0 gha
Build-up area 747.4 gha 747.4 gha
TOTAL 12,340.7gha
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2.2.5 Mobility

The Consumption category Mobility has an impactios Footprint land types Carbon land
and Build-up area.

About Carbon land, | considered the consumptiopeaifol and diesel as fuels for vehicles.
From Statistics Sweden website it has been postilfiad the total consumption of petrol in

the Municipality for the year 2006, corresponding38,050 MWh, and the total consumption
of diesel, 58,584 MWh, and we have to subtrachi® value 206 MWh, due to the industrial
sector (see Chapter 2.2.3), so we get a resul8@&73.9 MWh for the Mobility sector. The

emission factor for petrol corresponds to 261.5k®/MWh (datum from Statistics Sweden).

Then we can apply the formula:

E..F carbon lang= {[38,050 * 261.5¢ 0.65)] / 0.095} * 1.333 =9,075 gha (petrol)

E.F carbon lanc= {[58,378 * 259 0.65)] / 0.095} * 1.333 =13,790.1 gha (diesel)

Concerning the impact on the Build-up area, we haveonsider the area occupied by the
streets. The length of the streets into the townkkkmokk, Vuollerim and Porjus has been
provided from Gote Grahn (Jokkmokk Municipality)dait corresponds totally to 41 km.
Then | have found the data about the length of mth&in streets from the website
www.resrobot.se, the values are the following ones:

- Vuollerim — Murjek 18 km;

- Jokkmokk — Stora Sjofallen 142 km (Jokkmokk — Perfg6 km, Porjus — Stora

Sjofallen 96 km);

- Jokkmokk — Knikkjok 120 km;

- Jokkmokk — Karats 55 km;

- Jokkmokk — Vuollerim 41 km;

- Jokkmokk — Kabdalis 58 km.

It is important to remember that the total is uedémated because it has been not possible to
find the length of all the streets in the Municipalbut just of the ones in the biggest town
and the main streets connecting one town to theroth

The width of the streets has been found from thiesite of the Road Department (Vagverket,
www.vv.se) and it corresponds to 8 m into the tqwshsn for the roads from Jokkmokk to
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Porjus and from Jokkmokk to Vuollerim, and 6.5 m &l the rest of the roads. In total we

have 3,360,000 frof roads (336 hectares), so we can use the formula

E.F suild-up area= 336 * 2.644 * 1.796 4,595.5 gha

In Table 2.8 we can see the final data.

Table 2.8 Summary of the data about Mobility Footprint.

Datum Ecological Footprint TOTAL
Carbon land Petrol consumption 9,075 gha 22,865.1 gha
Diesel consumption 13,790.1 gha
Build-up area 1,595.5 gha 1,595.5 gha
TOTAL 24,460.6 gha

2.2.6 Waste

The Consumption category Waste has an impact oRdbtorint land type Carbon land.

The datum about the production of waste in Jokkmigklnicipality has been provided by

Gote Grahn from Recycling Department, and reprasé quantity of waste sent to Kiruna
to be burned, corresponding to 17,736 ton for 2888. The emission factor for waste is 0.25
kg COJ/kg waste (from Swedish Environment Protection AgerNaturvardsverket), so we

can use the formula:

E.F carbon lanc= {[17,736,000 * 0.25 0.65)] / 0.095} * 1.333 =4,044 gha
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2.3 Ecological Footprint: results

After finding the contributes due to the differérdotprint land types, it is possible to assess
the total Ecological Footprint of the Municipalitgdding the partial contribution of the

Footprint land types or of the consumptions catiegor

E-F-TOT = E-FII'OT carbon land® E-FII'OT cropland+ E-|:?|'OT grazing areal E-|:?|'OT build-up area
or

E-F-TOT = E-FTI'OT productive activities™ E-FTI'OT mobility + E-F?I'OT wastet E-FTI'OT residential area
We can see the final data in Table 2.9, the diagsaime same seen of Table 1.2.

Table 2.9 Distribution of the impacts of the consumptiontegaries on the territory categories for the Faatpr
of the territory for Jokkmokk Municipality.

Footprint land types

Consumption | Carbon | Cropland | Grazing | Fishing Forest Build-up

categories land (gha) land ground (gha) area TOTAL

(gha) (gha) (gha) (gha)

Productive 7,538.2 1,177.6 328.6 441.1 9,485.5
activities
Residential 11,593.3 747.4 12,340.7
Area
Mobility 22,865.1 1,595.5 | 24,460.6
Waste 4,044 4,044
TOTAL 46,040.6 | 1,177.6 328.6 2,834 50,330.8

Figures 2.3 and 2.4 describe graphically Table & ¥igure 2.3 we can see the percentage
division of the Ecological Footprint of the Termyodivided between the different Footprint
land types, and in Figure 2.4 we can see the incel®f the consumption categories on the

final value.
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Distribution of Ecological Footprintin land types

Grazing area )
0.7% Build-up area
Cropland 5,6%

2,3%

Carbon land
91,4%

B Carbon land O Cropland B Grazing area B Build-up area

Figure 2.3 Percentage distribution of Ecological FootprinFwotprint land types for the Footprint of the
Territory in Jokkmokk Municipality.

Distribution of the Ecological Footprintin
consumption categories

Productive
Waste activities
8,0% 18,8%
Mobility
48,6% ) .
Residential
area

24,5%

O Productive activities O Residential area O Mobility 0 Waste

Figure 2.4 Percentage distribution of Ecological Footprintonsumptions categories in Jokkmokk
Municipality.

The land type with the biggest Footprint is Carltemd (91.4%), followed by Build-up area
(5.6%), Cropland (2.3%) and Grazing area (0.7%).

The consumption category with the higher FootpigtMobility (48.6%), followed by
Residential area (24.5), Productive activities §¥8). and Waste (8%).
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We can also consider just the Carbon Footprintaddkihokk Municipality: measuring the
Carbon Ecological Footprint means measuring howhrarea is required to absorb human
CO; emissions due to energy consumption.

Figure 2.5 shows the percentage components ofitifeeethit CQ emissions source sectors on
the Carbon Ecological Footprint. It shows that khebility sector is the most pollutant one
(49.7%), this is due to the extension of the ark#he municipality, since people have to
cover a lot of kilometers for going from one plate the other. The Mobility sector is
followed by the Residential area (25.2%), Wast&8%®, Industry (7.1%), Services (5.8%)
and Agriculture (3.4%).

CO, emissions distribution by source sector

Agricolture
| t
Waste 3,5% n;jliso .
8,8% ’
Services
5,8%
Residential

Mobility area
49,7% 25,2%

Figure 2.5 CGO, emissions distribution by source sectors in Jokidunicipality.
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3 Jokkmokk Municipality Biocapacity

The Ecological Footprint then must be divided foe focal available Biocapacity, and the
ratio between the two values can tell us if theittay is in deficit (ratio > 1) or in reserve
(ratio < 1).

As already said in the first chapter, the Biocafyas the capacity of the ecosystem to
produce “useful biological materials” and to abserbste materials generated by humans
using current management schemes and extractibndkegies. To calculate the Biocapacity
is necessary to collect the land use data in tireéotgy, as the area occupied by croplands,
grazing lands, forests, productive area etc. Thenhave to convert this data in global
hectares, using the equivalence factors and thd faetors for Sweden, with the following

formula:

Global hectares = hectares * EQF * YF

In Table 3.1 is possible to see Jokkmokk land we,dhen converted in global hectares; the
available Biocapacity represents the 88% of thal tithe 12% is considered as the land
necessary for the conservation of the ecosysterhg) datum about the area occupied by the
forests (year 2003) has been found from the websiteSwedish Forest Agency
(Skogsstyrelsen, www.skogsstyrelsen.se); the owatalhe area occupied by Inland water
(year 2008) has been found from Statistics Swedebsite. The rest of the data has been
previously found for the calculation of the EcolcgiFootprint.

Table 3.1 Jokkmokk land use area, Biocapacity and availBimeapacity.

Territory categories Land use area Biocapacity (global Available Biocapacity

(hectares) hectares) (global hectares)

Cropland 248 1,177.6 1,036.3

Grazing land 393.3 328.6 289.2

Forest 528,986 936,423.7 824,052.8

Inland water 174,190 69,153.4 60,855

Build-up area 586.3 2,771.3 2,438.7

TOTAL 704,403.6 1,009,854.6 888,672
1,947,726

" Effective area of Jokkmokk Municipality.
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Its very important to remember that the effectiaeea of Jokkmokk Municipality,
1,947,403.6 hectares, is bigger compared to tta vatue found (704,403 hectares). In fact
the area doesn't include the natural parks (witiotal of 572.540 hectares), the numerous
protected area, rock surfaces and high mountaims, last two not considered in the
Ecological Footprint calculation. So the total dafle Biocapacity is underestimated.

In Figure 3.1 is represented the available Biociypacosided between Footprint land types.

Distribution of available biocapacity in territory
cathegories

Croplands
0,12%

Infrastructure

0,27% Grazing lands

Inland water 0,03%

6,85%

Forests
92,73%

Figure 3.1 Distribution of available Biocapacity in Footprilaind types in Jokkmokk Municipality.

The mayor part of the available Biocapacity is takg the forests (92.73%), representing one
of the main features of Jokkmokk territory. Theg &llowed by the inland water (6.85%)
and in very small parts by infrastructures (0.27@pplands (0.12%) and grazing lands
(0.03%).

So if we divide the Ecological Footprint for theadlable Biocapacity we get the following

result:

E.F. / a. Biocapacity = 50,330.8 gha / 888,672 gbd6
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This means that the ratio between Ecological Fautpand Biocapacity for Jokkmokk

Municipality is less then 1, so the Municipalityirsreserve, in particular it is using about the

6% of its “useful biological material”.

It is important to remember that this result is dugparticular to the presence of the forests

and to the small number of inhabitants: it is polgsito see it better if we compare the

Biocapacity per capita in Jokkmokk with the dat@wtbSweden for 2005 as described in
Table 3.2 and in Figure 3.2.

Table 3.2 Biocapacity per capita in Jokkmokk Municipalitynepared with the values for Sweden (year 2005).

Territory categories Biocapacity Jokkmokk Biocapacity per capita Biocapacity per capita
Jokkmokk Sweden
Cropland 1,036.3 0.19 1.42
Grazing land 289.2 0.05 0.34
Forest 824,052.8 155.33 5.39
Inland water 60,855 11.47 2.63
Build-up area 2,438.7 0.45 0.20
TOTAL 888,672 167.5 10
O Jokkmokk m Sweden
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Figure 3.2 Biocapacity per capita in Jokkmokk Municipalitynapared with the values for Sweden (year 2005).

8 Reference: “Ecological Footprint and Biocapac2905 — Data Updated, based on National FootpricbAnts
2008 edition”, www.footprintnetwork.com.
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4 Comparisonswith Montechiarugolo Municipality (Italy)

The method | have used to calculate Jokkmokk Mpality Ecological Footprint is the same
| used in my master thesis in 2007 for calculatuhgntechiarugolo Municipality Ecological

Footprint, so it can be interesting to compare thsults, considering that the two
municipalities are very different each other, fomate, extension, density of inhabitants and

economy.

Montechiarugolo Municipality is located in Northehaly, in Emilia Romagna Region, in
Parma Province (Figure 4.1 and 4.2). The areasMubnicipality is 48 krf, and the number
of inhabitants in 2007 was 9,951.

The economy is mainly agricultural, with a largenther of cheese factories (producing
Parmigiano Reggiano cheese), two big industriesd{ming respectively tomato sauce and

steel pipes), a thermal resort and several crdttgtries.

0 50100 Kiomelers
| T S —
{1 50 100 Mifes

pickatrail.com

Figure 4.1 Localization of Emilia Romagna Region in Italyethrea highlighted with the red circle represents
Parma Province.
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Figure 4.2 Localization of Montechiarugolo Municipality in Baa Province.

The Ecological Footprint of Montechiarugolo Munialpy (year 2007) is 98,950 gha, and the
Biocapacity is 10,795 gha, so the ratio between tthe values is 9.1, that mean that
Montechiarugolo is in deficit (we should need agaamore that nine times bigger to supply to
our consumptions and waste production). In Tablésad 4.2 it is possible to see the final
data about Montechiarugolo Ecological Footprint,d aabout the land use area and

Biocapacity.
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Table 4.1 Distribution of the impacts of the consumptiontegaries on the territory categories for the Faatpr

of the territory for Montechiarugolo Municipality.

Footprint land types (gha)

Consumption Carbon | Cropland | Grazing Inland Forests | Build-up

categories land land water area TOTAL
Productive
activities 44.172 8.593 1.630 1.130 55.525
Mobility 20.289 259 20.547
Waste 6.952 6.952
Residential
area 15.312 614 15.926
TOTAL 86.725 8.593 1.630 2.002 98.950

Table 4.2 Montechiarugolo land use area, Biocapacity andahla Biocapacity.

Territory categories Land usearea Biocapacity Available Biocapacity
(hectares) (gha) (gha)
Cropland 2.604 8.593 7.562
Grazing land 795 1.630 1.434
Forests 23 41,8 36,8
Inland water 0 0 0
Build-up area 686.8 2.003 1.762
TOTAL 12.267 10.795

It is then possible to compare with Jokkmokk thetpdnt divided between Footprint land

types and Consumption categories (Tables 4.3 ahd 4.
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Table 4.3 Comparisons between Jokkmokk and Montechiarug@trilsution of the Ecological Footprint in

Footprint land types.

Footprint land type Jokkmokk Montechiarugolo
M unicipality M unicipality
Carbon land 91.4 % 86 %
Cropland 2.3% 8.7 %
Grazing land 0.7% 1.6 %
Build-up area 5.6 % 2%

Table 4.4 Comparisons between Jokkmokk and Montechiarugddtribution of the Ecological Footprint in

Consumption categories.

Consumption categories Jokkmokk M ontechiarugolo
Municipality Municipality
Productive activities 18.8 % 56.1 %
Residential area 245 % 16.1 %
Mobility 48.6% 20.8 %
Waste 8% 7%

It is interesting to see from Table 4.3 that Footppercentage for Carbon land is not so
different between Jokkmokk and Montechiarugolo 49d.and 86%), that mean that the
average consumptions of energy are not so diffelat have also to consider that in the
calculation of the carbon Footprint for Jokkmokk gid not count the wood consumption for
distant heating plant, as the wood emission fastoonsidered as zero.

The Footprint percentage about Cropland is biggerMiontechiarugolo, obvious result

because of the agricultural economy in the Munidipa

About the consumption categories, we can seenhidkkmokk the main part of the Footprint
is taken by the Mobility (48.6 %), after that theaee the residential area (24.5 %), the
productive activities (18.8 %) and the waste (8%).

In Montechiarugolo on the other hand we have thed&tive activities as the biggest
consumption category (56.1%), followed by the Mibpil(20.8%), the residential area

(16.1%) and the waste (7%).

It is finally possible to compare the Biocapacitgrpcapita of Montechiarugolo with

Jokkmokk, as we can see in Table 4.5 and in FiguBe There is an evident difference
between the area occupied by the forests in Jokkraoll in Montechiarugolo: this is mainly
why Jokkmokk is in reserve and Montechiarugolmisiéficit; we saw, for example, that the
percentage of the Footprint (taking the biggest pathe total Footprint) due to carbon land

is not so different between the two municipalities.
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Table 4.5 Comparisons between Jokkmokk and Montechiarugaodpacity per capita.

Territory categories Biocapacity per capita Biocapacity per capita Jokkmokk
M ontechiarugolo (gha) (gha)
Cropland 0.76 0.19
Grazing land 0.14 0.05
Forest 0.003 155.3
Inland water 0 11.47
Build-up area 0.18 0.45
TOTAL 1.08 167.5
0O Jokkmokk ® Montechiarugolo
180 1675
160 155,33
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Figure 4.3 Comparisons between Jokkmokk and Montechiarug@odpacity per capita.
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5 Conclusions

This work, a part of my traineeship tasks during imgonardo Da Vinci Program in
Jokkmokk Municipality, has as objective the caltiola of the Ecological Footprint of the
territory of Jokkmokk Municipality. The method iBet same | used in my master thesis for
Montechiarugolo Municipality, elaborated from thagmal one developed by the Global
Footprint Network, adapted to sub-national contests

The calculation has been preceded by the datactiole after that the data have been
converted in the correspondent territory area, ioiotg a final value reflecting as best as
possible the local situation; that can be a godd foe understanding better the critic aspects
of the territory analysed, and to give informatadout the resource metabolism in the area.
Analysing the results, it is evident that the Foioifpof Jokkmokk is due mainly to the energy
consumption, in particular from the Mobility, takiralmost the 50% of the total Footprint,
and representing the most critic aspect on thédgyr

On the other hand it is very good that Jokkmokkisghg the distant heating plant for the
heating of the houses, since wood is a renewabies®f energy, without impact on the total
Ecological Footprint.

In Jokkmokk Municipality there are also a lot ofdsts compensating the consumptions of
CO,, so that at the end the ratio between Footpridt Biocapacity is widely less than 1
(0.06), and the Municipality is definitely in reser Moreover, the Biocapacity for Jokkmokk
Municipality is underestimated, because it hashesn considered the area occupied by the
national parks and the protected area.

So this work can be considered as a starting pm@ntmonitoring the situation of the
Municipality about environment, energy consumptma territorial planning.

After that, it has been interesting to compare regults for Jokkmokk with the ones for
Montechiarugolo (Italy): from them it is possibte understand better some of the differences
due to the climate, to the different extensionhef two territories, and to the type of economy.
For example, it is has been interesting to noté the Carbon Footprint percentage, that in
both cases represents the main part of the Foutminot so different from Montechiarugolo
to Jokkmokk. But at the end, as we know, the rbgbwveen Footprint and Biocapacity is
completely different (9.1 and 0.06), because Joknias a very big Biocapacity due to the
forest area (528,986 hectares), and on the othet Kontechiarugolo has just 23 hectares of

forests.
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So this work can be considered also as a good draafpapplication of the Ecological
Footprint method to two situations completely difiet, almost extreme the one to the other,
that in this way can be compared.
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