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What is Input Output (IO) Modeling

Input-Output modeling is an economic technique

• Model of the interrelationship of economic 
sectors in the production of goods and 
services

• Wassily Leontif received the Nobel Prize in 
Economics for this technique.



What is Input Output (IO) Modeling

An Input output table defines the flow of economic 
value through an economy.
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Most national governments produce National IO tables – See Slovenia



What is Multi-Region Input Output (IO) Modeling

Economic model of the flow of money from all sectors 
of all economies of the world to all other sectors of 
the world.

Major Global Models:

Global Trade Analysis Project (GTAP)

World Input Output Database (WIOD)

EORA

OECD*



How is MRIO related to Ecological Footprint?

Environmentally Extended MRIO or EE-MRIO

Widely used application

• Carbon Emissons

• Ecological Footprint (MRIO-FA)

• Water Footprint



NFA,IO, and MRIO models
1.National Footprint Account (NFA)

3. MRIO model

2.Single IO model



NFA vs MRIO-FA 2 Approaches, Same Goal

1 Goal: 

Ecological Footprint (Consumption) at the 
country level.

1. National Footprint Accounts:

Physical Accounting (See workbook)

• Bottom up

• Physical flows of trade



2 Approaches, Same Goal

1 Goal: 

Ecological Footprint (Consumption) at the 
country level.

1. Environmentally Extended Economic Model

• Production from NFA

• Trade calculated from using Footprint 
intensity (per dollar)



Differences

MRIO-FA: 
based on Global Trade Analysis Project (GTAP) 

model (Purdue)

• Limited years: 2004, 
2007, 2011

• Sector Resolution (57)

• Supply Chain included

• Country - Sector 
Consumption

NFA:

• 1961 – 2014 or ~(T-3)

• Product level resolution

• Tracking across borders 
only (limited supply 
chain)

• Land Use and Product



GTAP 9.0

See GTAP 57 sectors







Economic Sectors -> Household Consumption

Once we are operating and making calculations 
within an economic framework and based on 
Footprint intensities (Footprint/$) we can 
view the data in different ways.

UN COICOP: “Classifications of Individual 

Consumption According to Purpose”
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1. Sector based Footprints were redistributed in IO/COICPI concordance table, and 

then Footprints by COICOP category were obtain by summing the number in 

each column in the concordance table. 

2. Finally, Footprints by COICOP in each land type were set in CLUM table

accordingly. 

Economic Sectors to Household Consumption



Consumption Land-Use Matrix (CLUM)



Consumption Land-Use Matrix (CLUM)

[gha person
-1

] Cropland 
Grazing 
Land 

Forest 
Products 

Fishing 
Grounds 

Built-up 
Land Carbon TOTAL 

Food 0.37 0.10 0.03 0.02 0.00 0.15 0.67 

Housing 0.09 0.01 0.51 0.01 0.01 1.20 1.82 

Personal 
Transportation 0.04 0.01 0.09 0.01 0.01 0.66 0.81 

Goods 0.08 0.04 0.16 0.01 0.00 0.34 0.63 

Services 0.08 0.02 0.14 0.01 0.01 0.49 0.75 

TOTAL 0.66 0.18 0.93 0.05 0.02 2.84 4.68 

 

Land Use
Consumption category



Sectoral Analysis



Additional Applications

National Footprint Accounts 

• Commodity level resolution

• Full Timeline (1961-2014)

• Physical Trade Accounting

MRIO

• Supply Chain Trade

• Economic sector analysis

Consumption Land Use Matrix

• Household Consumption by COICOP 
categories (Food, Transportation, Housing…)



Summmary

• EE MRIO is an alternative calculation of 
Ecological Footprint with different 
advantages and disadvantages

• EF data can be analyzed by different 
economic sector through EEMRIO

• EF data can be analyzed by individual 
consumption category through the CLUM.



What is Input Output 

Analysis
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Basic Structure of Input-output table

(Intermediate output: Z + final demand: F) = (intermediate input + value add)              

= total output: X (or input). 

Z + F =X        
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Furthermore, final demand 

section is disaggregated into 

domestic final demand (consisting 

of household consumption, 

government consumption, and 

gross fixed capital formation) and 

trade related demand. 

The value added part is mainly 

divided into tax, compensation of 

employees and operating surplus. 

(Intermediate output: Z + final demand: F) = (intermediate input + value add)              

= total output: X (or input). 

Basic Structure of Input-output table
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Z + F =X        

AX + F = X

A = Zj / Xj

Basic Structure of Input-output table
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Z + F =X        

AX + F = X

(I – A) X = F

X = (I- A) -1 F   

Leontief Inverse Matrix = (I – A) -1 where I is the identity Matrix 

and A is the technical Coefficient Matrix 

X = (I- A) -1 F
Recipes of 

Economics

Final 

Demand

Basic Structure of Input-output table
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Applications of Input Output Analysis 

X = (I- A) -1 F
Recipes of 

Economics

Final 

Demand

With the concept of Leontief 

Inverse as main engine, IO tables 

can provide consistent and 

reproductive tools for economic 

analysis including of industrial 

structure, growth, and employment. 
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α X = α (I- A) -1 F

Increasingly, input-output tables are applied to the environmental aspect, in 

what is called environmental extended input-output analysis (EEIO). EEIO 

can be used, for example, to measure direct and indirect CO2 emission by 

industry sectors in a given country. 

where α is a physical co-efficiency vector which represents direct 

environmental pollutants such as  carbon dioxide, methane, nitrous oxide,  

per unit currency. 

Applications of Input Output Analysis 
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Calculate Ecological Footprints of final demand categories, industry sector, and CLUM

Ecological Footprint by final demands = EFtot (diag) * FDdomestic

where EFtot (diag) is the diagonal matrix of Total Footprint Intensity, FDdomestic 

is the domestic final demand expressed separately  as household consumption, 

government consumption, and gross fix capital. 
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Calculate Ecological Footprints of final demand categories, industry sector, and CLUM

The Ecological Footprint was redistributed to a domestic final 

demand category by multiplying EFtot by domestic final demand, 

FDdomestic. 

Domestic final demand mainly consists of three components such 

as household consumption, government consumption, gross fixed 

capital (GFC).

Ecological Footprint by final demand category can clearly show the 

responsibility of each player to entire National Footprint. 


