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Industrial Ecology
I Analyse interactions between the socioeconomic and

environmental system
I Close loops in anthropogenic resource and energy flows
I Minimize environmental impacts of economic activities

I Focus on systems analysis on various scales
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Background

Accounting for all impacts along the global supply chain
becomes increasingly policy relevant:

I Roadmap to a Resource Efficient Europe vision: EU
should become a sustainable society which “respects
resource constraints and planetary boundaries”

I Government and the Riksdag of Sweden aims to solve
environmental issues in Sweden “without increasing
environmental and health problems beyond
Sweden’s borders”
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Largest Global Carbon Flows

EU – Carbon Footprint
7.7 Giga tonnes
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Discrepancy production / consumption

Materials

18.7 %

13.9 %

22.3 %

22.6 %

1.3 %

9.4 %

1.5 %

5.0 %

5.2 %

12.9 %

11.0 %

23.4 %

22.9 %

1.6 %

12.3 %

2.5 %

6.6 %

6.8 %

Extraction of materials Consumption of goods and services

EU

USA

APAC

CN

CAN

LAM

AUS

ME

AFR

EU

USA

APAC

CN

CAN

 LAM

AUS

ME

AFR

Water use

12.7 %

11.5 %

41.0 %

14.2 %

0.8 %

6.3 %

0.8 %

4.6 %

8.1 %

7.0 %

13.1 %

42.8 %

16.0 %

0.4 %

7.4 %

1.0 %
3.5 %

8.8 %

Water extraction Consumption of goods and services

EU

USA

APAC

CN

CAN

LAM

AUS

ME

AFR

EU

USA

APAC

CN

CAN

LAM

AUS 
ME

AFR

Land use

12.6 %

10.9 %

25.1 %

8.9 %

2.7 %

15.0 %

4.8 %

4.0 %

16.0 %

5.0 %

7.8 %

24.7 %

8.5 %

4.3 %

18.9 %

6.6 %

3.3 %

20.9 %

Land use Consumption of goods and services

EU

USA

APAC

CN

CAN

LAM

AUS

ME

AFR

EU

USA

APAC

CN

CAN

LAM

AUS

ME

AFR 



EXIOBASE

K. Stadler

Introduction

Background

Outline

EE MRIO

Basic IO model

MRIOs

EXIOBASE

Structure

Results

pymrio

Future Research

EXIOBASE
development

Connected
projects

Summary

Outline

1. How do we estimate these flows?

I Short introduction to EE MRIO Analysis

2. EXIOBASE 2

I An open EE MRIO database
I Development and Structure
I Results

3. How can you use EXIOBASE?

I pymrio

4. Future research

I EXIOBASE 3
I Ongoing projects
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Basic IO model

A basic input output model for one region - absolute flows
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Basic IO model

A basic input output model for one region - coefficients

sec 1 sec 2 sec 3 sec 4 fd exp Unit
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EXIOBASE development

EXIOBASE 1 I outcome of the EU fp6 project EXIOPOL
I base year 2000

EXIOBASE 2 I First major update (March 2014)
I Outcome of the fp7 project CREEA
I Base year 2007
I 48 countries/regions

I EU27
I US, JP, CN, CA, KR, BR, IN, MX, RU, AU,

CH, TR, TW, NO, ID, ZA
I 5 RoW

I High sector detail
I 163 industries
I 200 products

I Coupled with a global physical MRIO
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EXIOBASE: Sectors

I Agriculture
I 19 sectors

I Mining
I 15 sectors

I Manufacturing
I 61 sectors
I Several re-processing and

recycling sectors

I Electricity, gas and water
I 17 sectors
I Hydro, wind, solar, . . .

I Construction
I 2 sectors

I Wholesale retail, repair
I 5 sectors

I Transport, storage and
communication

I 8 sectors

I Others
I 36 sectors
I Incineration: 7 sectors
I Biogasification: 3 sectors
I Composting: 2 sectors
I Waste water treatment: 2

sectors
I Landfill: 6 sectors
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EXIOBASE: Extensions

Among others . . .

I Employment
I Three skill levels
I Hours worked and employees

I Emissions
I To air and water
I Total: 46 stressors

I Material
I Domestic extraction used: 45 categories
I Unused domestic extraction: 38 categories
I Water consumption: 47 categories
I Gross energy supply/use
I Emission relevant energy use

I Natural land use
I Arable Land: 13 categories
I Pasture and wood land
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EXIOBASE results - Footprint of Nations

Carbon footprint
per capita

Land footprint
per capita

Water footprint
per capita



Human development, well-being and footprints
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Global material flows



Global material flows
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Booklet

Arnold Tukker, Tatyana Bulavskaya, Stefan Giljum, Arjan de Koning, 
Stephan Lutter, Moana Simas, Konstantin Stadler, Richard Wood

Carbon, water, land and materials embodied in trade and fi nal consumption 

The Global Resource Footprint 
of Nations

40 41

Carbon Water Land Material GDP Population

Resource footprints per € GDP 1.354 kt/Mil € 0.015 Mm³/Mil € 2.533 km²/Mil € 2.414 kt/Mil €

Per capita footprints 
relative to world average

2.79 0.71 2.25 2.88

Contribution to global total 0.06 % 0.01 % 0.05 % 0.06 % 0.04 % 0.02 %

World total 37.97 Gt 1 660 560 Mm³ 88 031 435 km² 65 627 314 kt 40 744 556 Mil € 6 638 184 044

World average per capita 5 721 kg/cap 250 m³/cap 0.013 km²/cap 9 886 kg/cap
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TRADE FLOWS By PRODUCTnET TRADE

Water LandCarbon MaterialFOOTPRInTS

per capita

per country

Shown below are the net trade of products imported/exported to/from a country (imports minus 
exports) – the products include products for both further processing into more advanced goods/services 
(that may be later exported) and for final consumption. Environmental impacts are shown for the 
complete up-stream international supply chain of each product.

Estonia

21 397 kt 38 145 kt239 Mm3 40 025 km2

15 948 kg 28 431 kg178 m3    . 0.030 km2

Estonia joined the EU in 2004. The Estonian economy is characterized by one of the highest levels of GDP per capita in 
Eastern and Central Europe. The country has strong trade relations with neighbouring countries — Finland, Germany, 
Russia and Sweden. Estonia ranks relatively high in terms of carbon, land and material footprint, but falls well below the 
world average with regard to water footprint. 

1 Sale, maintenance, repair of motor vehicles, motor vehicles parts, motorcycles, motor cycles parts and 
   accessoiries
2 Wholesale trade and commission trade services, except of motor vehicles and motorcycles
3 Supporting and auxiliary transport services; travel agency services
4 Wood and products of wood and cork (except furniture); articles of straw and plaiting materials
5 Machinery and equipment n.e.c.

Land area: 45 230 km²Population: 1 341 672 GDP: 15 804 Mil. €

8 695 km²1 931 kt

2 413 kt 201Mm³

0.006 km²1 440 kg

1 799 kg 150 m³

[Mil EUR] [kt]EURO Carbon Water Land Material[Mm³] [km²] [kt]
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Carbon Water Land Material GDP Population

Resource footprints per € GDP 0.620 kt/Mil € 0.010 Mm³/Mil € 1.894 km²/Mil € 1.188 kt/Mil €

Per capita footprints 
relative to world average

3.68 1.30 4.85 4.08

Contribution to global total 0.29 % 0.10 % 0.39 % 0.33 % 0.44 % 0.08 %

World total 37.97 Gt 1 660 560 Mm³ 88 031 435 km² 65 627 314 kt 40 744 556 Mil € 6 638 184 044

World average per capita 5 721 kg/cap 250 m³/cap 0.013 km²/cap 9 886 kg/cap

KEy InDICATORS

Shown below are the net trade of products imported/exported to/from a country (imports minus 
exports) – the products include products for both further processing into more advanced goods/services 
(that may be later exported) and for final consumption. Environmental impacts are shown for the 
complete up-stream international supply chain of each product.

Finland

111 344 kt 213 314 kt1 726 Mm3 340 110 km2

21 053 kg 40 334 kg326 m3    . 0.064 km2

Finland is a highly industrialized country. Due to its geographical position, the Finnish economy is heavily dependent on 
its forestry sector. Finland’s industrial sector is highly competitive in the international market, notably in wood processing, 
engineering and electronics. Its economy is, therefore, driven by export of these commodities. The country’s dependence 
on import of raw materials and energy is reflected in the inward direction of the net trade of its environmental footprint. 
As in the case of most developed countries, Finland ranks quite high in terms of its carbon, land and material footprint.

1 Paper and paper products
2 Chemicals nec
3 Plastics, basic
4 Crude petroleum and services related to crude oil extraction, excluding surveying
5 Radio, television and communication equipment and apparatus

Land area: 338 440 km²Population: 5 288 720 GDP: 179 589 Mil. €
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105 405 km²8 422 kt

26 669 kt 881 Mm³

0.020 km²1 593 kg

5 043 kg 167 m³

[Mil EUR] [kt]EURO Carbon Water Land Material[Mm³] [km²] [kt]
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Free download at www.exiobase.eu
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Product level analysis

The apparel sector in the EU

account Territorial Footprint Unit

Global Warming (GWP100) 2.35e+09 7.2e+10 kg CO2 eq
Domestic Extraction 0 1.34e+05 kt
Water Consumption Blue - Total 119 3.83e+03 Mm3
Land use 0 1.68e+05 km2
Employment 1.6e+03 1.19e+04 1000 p.
Employment: Low-skilled 141 4.3e+03 1000 p
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pymrio - introduction
Multi regional input output analysis in python

I Open source (python)

I Fully documented

I Parsing global MRIO databases (EXIOBASE. . . )

I Calculation: top and low level methods

I Aggregation (sectors and regions)

I Exporting data (csv, xls, html)

I Visualization and reporting

I Contributions are very welcome (github)

https://github.com/konstantinstadler/pymrio
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pymrio - example

import pymrio # the module

# parse EXIOBASE 2 from the raw data download
pxp = pymrio . pa r s e ex i oba s e22 (

path = r ’S :\ rawexio ’ ,
iosystem = ’pxp ’ , v e r s i on = ’ ex iobase 2 .2 ’ ,
charact = r ’S :\ rawexio\ charac . x l sx ’ )

# Aggregate the 48 coun t r i e s o f EXIOBASE
# to EU, BRIC and keep the remaining ones
r e g v e c t o r = mr . bu i l d agg vec (

[ ’EU ’ , ’BRIC ’ , ’ o r i g r e g i o n s ’ ] , path=’ ex io2 ’ )
pxp . aggregate ( r eg i on agg=reg vec to r , i np l a c e = True )

# The f o l l ow ing command checks f o r miss ing
# part s in the system and c a l c u l a t e s them .
pxp . c a l c a l l ( )

# V i sua l i z e some o f the data
pxp . impacts . p l o t account ( [ ’ g l oba l warming (GWP100) ’ ] )

https://github.com/konstantinstadler/pymrio
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pymrio - output

The visual output of the script:

Export to html, xlsx and other are also possible.

https://github.com/konstantinstadler/pymrio
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EXIOBASE development - DESIRE

I DEvelopment of a System of Indicators for a Resource
efficient Europe (EU fp7)

I EXIOBASE 3
I Time series of MRIO tables (1995 to 2012)
I Closing the time gap (now-casting of MRIOs to the

current year)

I Connections to the beyond GDP debate

I Incorporation of more biodiversity data4

I Understand the indirect drivers of biodiversity loss
I Reduction on species richness due to land use change (per

country, per sector)
I HANPP, SAR

4German Center f Integr. Biodiv. Res. - Biodiv. Conservation Group
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Connected projects

1. CARBON CAP
I Carbon emission mitigation by Consumption-based

Accounting and Policy (EU fp7)
I Comparison and limitations of consumption based

account databases
I Assessing and reducing uncertainties
I Assess the feasibility of consumption based accounting

(footprints) for policy making

2. GLAMURS
I Green Lifestyles, Alternative Models and Upscaling

Regional Sustainability (EU fp7)
I Exploring the potential for lifestyle change
I Providing recommendations for policy makers,

stakeholders and citizens
I Developing transition pathways to sustainable lifestyles

and a green economy
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Summary

I Environmental extended Multi-Regional Input-Output
Analysis (EEMRIO)

I Trace impacts from the producer to the consumer
I Consumption based accounting (footprints) take into

account the whole global supply chain

I EXIOBASE provides a highly detailed global MRIO

I EXIOBASE results (booklet): www.exiobase.eu

I pymrio: https://github.com/konstantinstadler/pymrio

I Further information: konstantin.stadler@ntnu.no
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