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Abstract

We present a new, flexible and extensible alternative to multi-regional
input-output (MRIO) for modelling the global economy. The limited coef-
ficient set of MRIO (technical coefficients only) is extended to include two
new sets of coefficients, import ratios and import propensities. These new
coefficient sets assist in the interaction of the new model with other social
science models such as those of trade, migration, international security
and development aid. The model uses input-output models as descrip-
tions of the internal workings of countries’ economies, and couples these
more loosely than in MRIO using trade data for commodities and ser-
vices from the UN. The model is constructed using a minimal number
of assumptions, seeks to be as parsimonious as possible in terms of the
number of coefficients, and is based to a great extent on empirical ob-
servation. Two new metrics are introduced, measuring sectors’ economic
significance and economic self-reliance per country. The Chinese vehi-
cles sector is shown to be the world’s most significant, and self-reliance is
shown to be strongly correlated with population. The new model is shown
to be equivalent to an MRIO under an additional assumption, allowing
existing analysis techniques to be applied.

1 Introduction

The objective of this paper is to present a global economic model that can be
used as the basis for assessing the impacts of future changes in trade, migration,
security and development aid. Because these topics are often associated with
developing countries, it is important that the model have as few coefficients as
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possible, to enable the future addition of countries who publish little data on
their economic structure. The model as it is presented here represents a first
‘proof of concept’ step towards these ambitious goals. At this stage, the focus
is on creating a model of global trade which will form a skeleton onto which
additional social science models will be added in future work. The economies
of individual countries are represented as 35-sector input-output models, each
of which is linked through trade flows representing imports and exports. This
has recently been made feasible by the publication of the World Input-Output
Database (WIOD) (Timmer 2012), a collection of national input-output tables
(NIOTs) for 40 (mostly OECD) countries across 17 years, from 1995 to 2011.
The NIOTs are linked through data from the UN, covering trade in both prod-
ucts1 and services2.

While other models of world trade based on the input-output methodology
exist, the model presented here is one of the first to integrate the extremely
detailed internal economic data provided by WIOD with the enormous wealth of
trade data from the UN COMTRADE database, resulting in a picture of global
trade that includes an unparalleled amount of empirically derived economic
information. The use of such data sources and the simplicity and flexibility of
the model proposed will allow for the investigation of a of wide range of economic
scenarios, including those involving developing countries, in future work.

The remainder of this paper is structured as follows: Section 2 gives an
overview of existing work in this area; Section 3 gives a description of the present
system and outlines how data is used to calibrate the coefficients of the model;
The algorithm used to calculate the output of the model is described in section
4 and some preliminary results are given in section 5. Conclusions and potential
directions for future research are presented in section 6.

2 Existing global economic models

In the mid-1970s, the creator of input-output economics, Wassily Leontief, used
the acceptance speech of his Nobel prize in Economics to announce a very am-
bitious project to model the global economy:

Major efforts are underway to construct a data base for a system-
atic input-output study not of a single national economy but of the
world economy viewed as a system composed of many interrelated
parts [...] Preliminary plans provide for a description of the world
economy in terms of twenty-eight groups of countries, with about
forty-five productive sectors for each group. (Leontief 1974)

Duchin (2004) describes how, twenty years on, Leontief’s efforts in this area
had largely been ignored by economists who describe his departures from the
standard, neoclassical modelling in terms of price elasticity and elasticity of

1comtrade.un.org/db
2unstats.un.org/unsd/servicetrade/
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substitution as being “too great to ignore”. See section 3.1 for more on this
subject.

In the years since Leontief published his global model, input-output analy-
sis has been largely restricted to regional studies, of which Akita (1993), Khan
(1999) and Luo (2013) are examples; and studies related to energy and the envi-
ronment, such as Leontief (1970), Joshi (1999), Bergh (2002) and Hendrickson,
Lave, and Matthews (2006).

However, much more recently, attention has returned to input-output mod-
elling in a global context more generally. Tukker and Dietzenbacher (2013)
describe how several multi-regional input-output (MRIO) models have been de-
veloped in the very recent literature. These are, along with WIOD which is used
in the present model, EORA (Lenzen et al. 2013), EXIOPOL (Tukker, Koning,
et al. 2013) and the more mature GTAP (Walmsley, Aguiar, and Narayanan
2012).

Each of these existing models of the global economy extends the idea of
the national input-output table to an international setting: where in a NIOT
the magnitude of every bilateral sector–sector flow is recorded for a given coun-
try, these projects record the magnitude of every country/sector–country/sector
flow. Thus, for example, the extent to which British agriculture purchases from
Belgian manufacturing is recorded in dollar amounts. This results in a large
matrix which, through inversion in the normal input-output fashion, can be
used to predict the impact of a particular exogenous change in demand. This
tends to strengthen the case of those economists, mentioned by Duchin (2004),
that price- and substition-elasticities are ignored by input-output economics.

The model presented in this paper provides a framework in which the power
of input-output analysis at the national level can be combined with a more subtle
understanding of the dynamics of international trade. The standard MRIO of
C countries and S sectors requires SC × SC coefficients and a major goal of
this model is to minimise the number of coefficients required to model a global
system. It also provides modellers with a richer set of coefficients than the
standard technical coefficients of MRIOs in order to facilitate the combination
of the present model with other models of human systems, such as migration,
international security and development aid. Additionally, as mentioned, this
reduced set of coefficients will facilitate the addition of countries vital to the
study of these systems, but which do not publish data on economics structure.
The mathematical estimation of the coefficients for these countries is the subject
of upcoming work.

3 Description of the model

Here we outline the new global model. In this presentation the model has C
countries, the economies of which are divided into S productive sectors3. All

3Although each sector produces many distinct products, for the sake of simplicity, these
products are considered to be perfect substitutes, allowing the terms ‘sector’ and ‘product’ to
be used interchangeably throughout this paper.
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product flows are given by value, measured in millions of (current price) US
dollars4. We start with an introduction to input-output tables which, aside
from some important notation, can be skipped by the reader familiar with this
topic. We then introduce the model of a single country, and outline both the
normal input-output coefficient sets and introduce the first new set. Finally we
show how these country models are linked with an international trade model
and introduce the second new set of coefficients.

3.1 Introduction to input-output tables

Input-output is, at its heart, an accounting methodology. The products pro-
duced by and imported into a given country in a given year are either: sold as
inputs to other sectors (‘intermediate supply’); supplied to the ‘final demand’
of consumers and the government; invested; or exported. The total amount
imported and produced must equal the amount used, consumed, invested and
exported for each sector.

By simple summation, country i’s total production of sector s, x
(i)
s , can

be defined as the sum of all intermediate supply, plus supply to final demand,
investment and export:

x(i)s =
∑
t

z
†(i)
s,t + f†(i)s + n†(i)s + e(i)s (1)

where z
†(i)
s,t is the intermediate supply from domestic sector s to sector t in

country i, f
†(i)
s is final demand for domestic sector s, n

†(i)
s is investment and

e
(i)
s are exports.

Similarly, country i’s total import of sector s, m
(i)
s , is the sum of all interme-

diate supply of imported products, plus demand for and investment of imported
products5:

m(i)
s =

∑
t

z
∗(i)
s,t + f∗(i)s + n∗(i)s (2)

An input-output table, T (i), as described by Miller and Blair (1985), is a par-
ticular arrangement of these quantities, which provides a clear and compact
summary of the structure of a national economy. Neglecting the (i) superscript
for clarity6 , the national input-output table (NIOT) is defined as follows:

4This allows us to use the terms ‘quantity’ and ‘value’ interchangeably.
5Note that, by convention, imported products may not be directly exported. This is a

convention we retain throughout.
6For the remainder of this paper, the country superscript will be excluded whenever its

presence is clear from the context.
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Sector 1 . . . s F.D. Inv Exp Tot

Domestic


1
...
s

Imports


1
...
s



z†1,1 . . . z†1,s f†1 n†1 e1 x1
...

. . .
...

...
...

...
...

z†s,1 . . . z†s,s f†s n†s es xs
z∗1,1 . . . z∗1,s f∗1 n∗1 0 m1

...
. . .

...
...

...
...

...
z∗s,1 . . . z∗s,s f∗s n∗s 0 ms


(3)

It will often be convenient to gather those quantities having a single subscript
into vectors, and those with two subscripts into matrices. We can then charac-
terise a country’s economy through the S-vectors f (i), n(i) and e(i), and by the
S × S matrices Z†(i) and Z∗(i). In matrix form, the input-output table may be
written:

T =

(
Z† f † n† e x
Z∗ f∗ n∗ 0 m

)
(4)

The elements of Z† and Z∗, provide each sector with a complete ‘recipe’ for
making its output, describing the quantities of each product needed as input,
both domestic and imported, to produce total production, x. We are now in a
position to introduce our first coefficient set.

Technical Coefficients

By dividing each intermediate flow, z, by the total output, x, of the sector using
the intermediate, we can arrive at a set of technical coefficients, a, which define
the input of one sector required per unit output of another. The amount of
domestically produced product r required by sector s to produce a single unit
of output is thus:

a†r,s =
z†r,s
xs

(5)

and the equivalent measure for imported r is:

a∗r,s =
z∗r,s
xs

There are therefore 2S × S technical coefficients for each country7. These tech-
nical coefficients allow the intermediate demand to be calculated for any given
set of final demands, investments and exports. The total domestic production
of sector s, xs, is given by:

xs =
∑
r

a†s,rxr + f†s + n†s + es

7Note that a single year is assumed throughout this treatment. In time series analyses
there will be 2S × S technical coefficients for every country in every year.
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Table 1: Coefficients which define the economy of country i and their source in WIOD na-
tional input-output tables. Note that domestic coefficients are labelled with a dag-
ger superscript (†) and import coefficients with an asterisk (*).

description source in WIOD

f
(i)
s final demand on sector s sum of three final consumption columns:

households, government and non-profit or-
ganisations

n
(i)
s investment of sector s sum of two investment columns la-

belled “gross fixed capital formation” and
“changes in inventories and valuables”

e
(i)
s exports of sector s column labelled “Exports”

z
†(i)
s,t intermediate demand on

sector s by sector t
(domestic)

top-left 35×35 block, labelled “c1–c35”

z
∗(i)
s,t intermediate demand on

sector s by sector t
(imported)

bottom-left 35×35 block

or, in matrix representation, stacking the equations for each sector vertically:

x = A†x + f† + n† + e (6)

Having calculated total domestic production, we can then calculate the import,
m, required to satisfy intermediate and final demands as:

m = A∗x + f∗ + n∗

Thus the domestic total production, the intermediate demand, and the imports
may be completely determined from the final demand, the investments, the
exports and the technical coefficients.

3.2 A single country model

Our country model follows the standard input-output model described in section
3.1 to a large extent. Each country is represented by an input-output table and
many of the coefficients used to describe a country’s economy are taken directly
from WIOD. Table 1 shows a summary of which coefficients are used, unchanged,
in our country model8.

Notice that imports, m, are not present in this table. To define m we now
introduce the first of two new sets of coefficients.

8The coefficients relating to final demand and investment are generated by summing across
the WIOD columns listed in the table.
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Import ratios

The above description treats domestic and foreign goods as complements of
one another, rather than as substitutes. For example, each aeroplane produced
would require some fixed quantity of domestic steel, and a (different) fixed quan-
tity of imported steel. Inspired by the description given by Duchin (2004) of
Leontief’s proposed global model, the present model reverses this assumption
and treats foreign and domestic products as perfect complements. This assump-
tion is important for our goal of coefficient parsimony as we shall see.

Leontief assumed that engineers in an importing country do not care where
a product originated; they will simply know that domestic production does
not meet their demand, and instead demand a perfectly-substitutable imported
product. In a similar spirit, when a product in the present model arrives at
the shores of an importing country, it enters a theoretical ‘national warehouse’
along with domestically produced products, at which point the two become
indistinguishable9.

We assume that the proportion of domestic to imported goods in this ware-
house remains constant. This fraction remains fixed per country and per sector,
and is called the import ratio. It is calculated directly from the country’s NIOT
as:

ds =
ms

(xs − es) +ms
(7)

where xs, es and ms are the total production, export and import of sector s,
calculated via eq. (1) and eq. (2) respectively. The term (xs−es) represents the
products used domestically. It includes all intermediate demand, including that
required to fulfil export requirements, as well as direct flows to final demand
and investment, but excludes direct flows to export. This is because imports
may not directly supply export demand as per eq. (4).

The assumption of fixed import ratios halves the number of technical coeffi-
cients that must be specified for a given country, and therefore helps to achieve
our goal of model parsimony.

Since we no longer need to track intermediate flows separately for domestic
and imported goods, we can create a single matrix of intermediate flows, Z, as
follows:

Z = Z† + Z∗

Now, similarly to eq. (5), the ‘combined’ technical coefficients can be calculated
by dividing each element of Z by an appropriate element of x. Following Miller
and Blair (1985) in defining x̂ as a matrix whose diagonal elements are the
elements of x, we can calculate the combined technical coefficients as:

A = Zx̂ (8)

As we have seen, both A and d are calculated directly from data and are then
fixed as coefficients of each country model. Once they are calculated, we can

9Note that this concept is referred to in Miller and Blair (1985) as import similarity
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use them to calculate, in a similar style to eq. (6), total production x for any
set of final demands, f , investments, n, and exports, e:

x = (I − d̂)(Ax + f + n) + e (9)

where d̂ is an S × S matrix whose diagonal elements are the import ratios,
ds, and I is the appropriately sized identity matrix. Once x is known, we can
calculate imports, m, from eq. (7) as:

m = (I − d̂)−1d̂x (10)

Finally, every individual inter-sector flow can be recovered using:

Z = Ax̂

Z∗ = d̂Z

Z† = (I − d̂)Z

(11)

A further parsimony benefit of the import ratio assumption is that final
demand and investment have only S elements to be specified, rather than the
2S elements shown in eq. (3). This implies that consumers have no preference
between domestic and imported products. Rather, the import ratios will set
the relationship between demand for domestic goods and demand for imported
goods in an identical way to eq. (11).

3.3 An international trade model

The concept of the NIOT is often expanded to an international context using
multi-regional input-output modelling (MRIO). In standard MRIO, each sector
in each country is explicit about which countries it gets its imports from. This
requires each sector to have S × C technical coefficients, an onerous data re-
quirement and, as we have seen, a challenge to the credibility of the assumptions
required.

WIOD presents all these technical coefficients in what it calls world input-
output tables (WIOTs), huge MRIO tables for the whole world, but the present
model instead takes a second assumption from Leontief via Duchin (2004) which
Leontief referred to using the term “export shares”. It is this assumption which
introduces our second new set of coefficients.

Import propensities

Once import demand is fixed by the country model outlined in section 3.2 we
make the assumption that countries get each of their imported products from
their international trading partners in fixed proportions. Thus, country j will
always get the same proportion of its total import demand for product s from
country i. We refer to these fixed proportions as import propensities as they
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describe a country’s propensity to import a given product from each other coun-
try. These propensities are calculated directly from empirical observation, us-
ing trade flow data provide by the UN in their COMTRADE database10. This
database provides bilateral flows of products at a very fine grain of detail. Us-
ing a mapping provided to us by the WIOD team, we were able to map each of
these product flows to a sector and, by summation, create empirically observed
total sector flows. By denoting the flow of sector s from country i to country j

as y
(i,j)
s we can calculate the associated import propensity directly from data,

using:

p(i,j)s =
y
(i,j)
s∑

k y
(k,j)
s

(12)

Given the import requirements of each country from eq. (10) and the import
propensities from eq. (12), the export demand on sector s in country i due to
demand from country j can be calculated as:

e(i,j)s = p(i,j)s m(j)
s

and total export demand in country i is therefore:

e(i)s =
∑
k

p(i,k)s m(k)
s (13)

Equations (7)–(13) thus describe a system which defines the total productions
of all sectors in all countries, the intermediate input-output flows, imports and
exports, given a set of technical coefficients, import ratios, import propensities,
and final demands11, all of which can be derived directly from empirically ob-
served data. Following a given set of changes to any of these latter four sets of
coefficients, all of the former six categories of flow can be found.

3.4 Setting model coefficients from data

As outlined above, the model takes four groups of coefficients and produces a
complete set of flows within countries (input–output flows) and a complete set
of trade flows (imports and exports) between countries. These four groups of
coefficients are either calculated from the NIOTs provided by WIOD or from
commodity and services trade data provided by the UN. Table 2 summarises
the four groups of coefficients and the way in which they are set from data.

10COMTRADE covers only commodities. An explanation of how import propensities for
serivces sectors are derived is given in the appendix.

11In the present version of the model, investments, ns, are set to zero. Data on investments
is provided by WIOD but it is not used in this version.
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Table 2: The four groups of fixed coefficients in the model, and their construction from data.
All other flows, including imports and exports, are derived from these coefficients
mathematically.

Final demand fs quantity of a product consumed by the public and
the government of a particular country. These are
taken directly from the NIOTs using the columns
described in table 1.

Technical coefficients ar,s the quantity of product r required in country i
to make a single unit of product s. Calculated from
the NIOTs using eq. (8).

Import ratios ds the proportion of country i’s total demand for
product s which is supplied by imports. Calculated
from the NIOTs using eq. (7).

Import propensities p
(i,j)
s the proportion of country j’s total of import of

product s which comes from country i. Calculated
from the UN trade data using eq. (12).

4 Solving the model

To get production requirements from traditional WIOT, it is sufficient to invert
the matrix and solve for x directly via Leontief’s famous equation:

x = (I −A)−1f

The elegance of Leontief’s method also had an additional benefit in that it was
computationally efficient. Mathematical methods existed for efficient inversion
of matrices which lent the solution extra appeal in an age of hand-wrought
numerical solutions.

4.1 The drawbacks of mathematical elegance

Behind this elegant and efficient formulation are the assumptions that:

i production functions are linear: to produce double the output, double the
amount of every input is required,

ii production possibilities are unlimited: an economy will simply produce
whatever is demanded of it,

iii markets always clear: all demand is fulfilled immediately.

The undeniable computational convenience of the traditional method of solving
IO-models is no longer a sufficient justification for its use, if it is accompanied
by assumptions which would not otherwise be made.

The model in its current form relaxes none of the three assumptions given
above, but the separation of international trade from individual domestic economies

10



e(i)[0] = 0

Initialisation, k = 0

x = (I − (I − d̂)A)−1(I − d̂)f

m = (I − d̂)−1d̂x

Country-Level Model

e
(i,j)
s = p

(i,j)
s m

(j)
s

International Trade Model

Is stop condition met?∣∣∣∣∣
C∑
i=1

(
m (i)[k]− e(i)[k]

)∣∣∣∣∣ ≤ ε
Iteration Condition

x(i) = x(i)[k]
m(i) = m(i)[k]
e(i) = e(i)[k]

Results

Fixed, set by data:

A(i), d̂
(i)

, f (i), n(i)

no
k → k + 1

yes

Figure 1: The model algorithm: total production, imports and exports are calculated for a
given set of fixed coefficients. Note that square brackets have been introduced to
designate the iteration variable k, which tracks the quantities that are iteratively
recalculated as the algorithm runs.

offers the flexibility to do so in future work, simply by making the desired al-
terations to the country-level model. Such alterations would be more straight-
forward to perform and more intuitively comprehensible in this model than in a
world input-output table, where changing any individual process would require
consideration of the entire system and would likely necessitate a completely new
approach to finding solutions. Recent work on complexity in economics such as
Beinhocker (2006) and Ramalingam et al. (2009) supports the thesis that many
of the interesting phenomena in macroeconomics happen when systems are out
of equilibrium. With this in mind, a routine is described below for solving the
model iteratively, rather than through a single, large matrix inversion.

4.2 Algorithm for an iterative solution

Figure 1 shows a schematic version of the algorithm for calculating imports and
exports from the four groups of coefficients.

Initialisation

All export demands are set to 0.

Country-level model

Inside each country, total demand is calculated using the export demands (which
were initially set to zero), final demands, technical coefficients and import ratios,
as per eq. (9). This step maintains the standard input-output matrix inversion.
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From total demand, import demand can be calculated via the import ratios as
in eq. (10).

Iteration condition

At this point the iteration continues unless the total level of global imports
matches, to within some small tolerance ε > 0, total exports in each sector12.
In the first run through the iteration, this stop condition will certainly fail,
because exports have just been set to zero.

International trade model

The import demands calculated in the country-level models can be divided up
into export demands using the import propensities by using eq. (13). These
new export demands replace the export demands from the previous iteration
(which were all zero the first time round). With a new set of export demands
calculated the algorithm returns to the country-level model.

The iteration continues in this way, moving between the country-level and
the international-level models, until the system of imports and exports converges
and the stop condition is met13.

Solving the system algorithmically rather than relying on the standard meth-
ods of linear algebra allows for a greater flexibility in the way that the model
may be extended in future work. For example, provided that care was taken
to maintain its stability, the algorithmic approach could be applied even if the
assumption of linear production functions were to be relaxed in order to model
economies of scale.

5 Analysis

The model combining input-output country descriptions and the international
trade network allows for the measurement of the total input required to make a
single unit of a particular sector’s product. Since WIOD reports product flows
in millions of US dollars ($M), this will also be the unit of all the following
analysis. In all that follows, the model was initialised using data from 2010.

5.1 Simple modelling approaches

Economic significance

A simple way to measure the significance to the global economy (hereafter ‘sig-
nificance’) of a particular sector in a given country is to artificially reduce final

12More specifically, as shown in Figure 1. we verify that the length of the vector of differences
between the global sum of all imports and the global sum of all exports for each sector does
not exceed , ε. This approach ensures that global export and import totals must balance for
all sectors simultaneously.

13An analysis confirming the convergence of the algorithm is the focus of upcoming work
by Dr A.P. Korte of UCL’s Centre for Advanced Spatial Analysis.
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demand for the products of that country-sector by one unit, to recalculate all
flows in the model based on this new final demand and to measure the response
of each other sector in each other country in the model.

This is not only takes account of the direct effects of such a change – a
reduction in the output of the sector in question and of those sectors supplying
that sector’s intermediate demand – but also of the full spectrum of indirect
effects, on those sectors which supplied the demand of the sectors who supplied
the sector in question, on their suppliers and so on. We can formalise the
final-demand change in sector s in country i as:

f (i)s → f ′(i)s ≡ (f (i)s − 1) (14)

The simplest way to define ‘response’ is as the change of total output of all
sectors, r, in all countries, j, caused by the reduction:

∆(i)
s x(j)r ≡ (x′(j)r − x(j)r )

where x
′(j)
r is the total output of sector r in country j after the change in eq. (14)

has taken place and the model has been recalculated according to Figure 1.

∆
(i)
s x

(j)
r is thus the change in output of sector r in country j induced by the

change in final demand for sector s in country i.
The total response across all countries and all sectors induced by sector s in

country i is:

η(i)s ≡ ∆x(i)s =
∑
j

∑
r

∆(i)
s x(j)r

and the average response-inducing power of the sectors in country i is:

η(i) =

∑
s η

(i)
s

S

where S is, as before, the number of sectors in country i’s economy.
If a reduction in demand for a sector induces a large reduction in production

globally, it follows that sectors with a larger value of η must require, once
the entire production network is accounted for, a larger amount of input to
produce each unit of their output. η can thus be thought of as a country-level
significance measure, with larger values implying a economy which, averaging
across the effects of each of its sectors, has a greater significance on production
in the rest of the world.

Figure 2(a) shows the ten most significant modelled countries by this mea-
sure. China is the world’s most significant economy, a $1M reduction in final
demand leading to an average $2.36M reduction in total output worldwide.

This is perhaps a surprising result, as we might have expected the US to
be the world’s most significant economy. To investigate further, we split the
significance measure, η, into foreign and domestic effects, as follows:
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Country η(i)($M)

China 2.36
Czech Republic 1.98
S. Korea 1.95
Russia 1.94
Bulgaria 1.92
Japan 1.90
Italy 1.90
Poland 1.89
Finland 1.88
Portugal 1.87

(a) most significant countries

Sector η
(China)
s ($M)

Vehicles 2.47
Food 2.20
Plastics 2.20
Metals 2.17
Machinery 2.17
Wood 2.14
Electricals 2.13
Construction 2.12
Textiles 2.11
Paper 2.10

(b) China’s most significant sectors

Figure 2: Response to a $1M reduction in final demand, in terms of difference induced in
the total output, x, of other sectors. Only the largest 10 are shown.

η∗(i)s =
∑
j 6=i

∑
r

∆(i)
s x(j)r

η∗(i) =

∑
s η
∗(i)
s

s

and

η†(i)s =
∑
r

∆x(ii)sr

η†(i) =

∑
s η
†(i)
s

s

Notice that this does indeed split η into precisely two parts, as:

η(i) = η∗(i) + η†(i)

Figure 3 shows how the average response across all sectors divides between
domestic response, η†s, and foreign response14, η∗s , for each country. An OLS
regression line has been added to the plot. All the countries lying close to the
line have a similar total significance, η(i). The region below the line is the
region of less-than-average significance and that above the line is the region of
greater-than-average significance.

China is immediately visible as an outlier. Its economy is around one-third
more significant (η = 2.36) than that of Brazil (η = 1.75) or India (η = 1.74),

14It should be noted here that the ‘rest of the world’ (RoW) is not included in this analysis.
Thus “foreign” here refers only to the countries explicitly modelled. According to Streicher
and Stehrer (2012), the 40 WIOD countries cover 85% of the global economy, so the effect of
excluding RoW should not be too large.
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but almost all of this extra significance relates to its impact on its own domestic
sectors. Thus China’s significance to the world economy shows itself largely in
China itself: it is significant to the extent that it uses disproportionately large
amounts of its own productive output in its production technology. This may
perhaps be evidence of the much-vaunted end of low labour costs in China (Li
et al. 2012; Economist 2012) although further research would be needed to verify
this.
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Gross output response to a $1M reduction in final demand

Figure 3: The total response of the global economy to a reduction in final demand, averaged
across every sector in a country. ‘Response’ is defined as the total production
lost across all sectors. Here, response has been divided into domestic, where the
response is measured only in the country whose final demand has been reduced,
and foreign, where the response is measured in all other countries only. The solid
line shows the result of an OLS regression, with the grey shaded area being the
5% confidence interval.

Economic self-reliance

Countries further to the left of Figure 3, such as Brazil, India, Japan, Russia,
Turkey and the USA, have a lower global response to a domestic demand shock.
We could therefore describe these countries as being more self-reliant than those
on the right, such as Luxembourg, Belgium, the Netherlands and Denmark. This
self-reliance can be made precise by measuring the ratio of domestic response
to foreign response:

φ(i) =
η∗(i)

η†(i)
(15)
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Figure 4: Figure showing the positive relationship between economic self-reliance as defined
by eq. (15) and population. More populous countries tend to be more self-reliant.

Figure 4 shows the relationship between φ(i) and population in 2010 (World
Development Indicators, The World Bank).

The positive slope of the regression line (significant at 0.1%) indicates that
larger countries are generally more self-reliant. Brazil and Australia are both
more self-reliant than their populations would suggest. Belgium and the Nether-
lands are less self-reliant in the same sense. An interesting avenue for further
research might be to invesigate which sectors cause the largest share of these
atypical self-reliance measures, particularly that of the largest outlier, Brazil.

5.2 A unified network approach

The flow of products between countries can be viewed as a weighted, directed
network, where countries are nodes, and the weights of each edge represents
the magnitude of the flow between them (Nystuen and Dacey 1961; Serrano
and Boguñá 2003; Bhattacharya et al. 2008; Baskaran et al. 2011). Similarly
with the sector-sector flows which constitute an input-output model (Blöchl
et al. 2011; Fedriani and Tenorio 2012). Network science has developed useful
ways to analyse the sort of weighted, directed networks that constitute the
present model, but a single network representation is required which combines
the international and the sub-national networks.

Recall from section 3.2 above, that products arriving at the shores of an
importing country are put into a warehouse along with domestically produced
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products, at which point the two become indistinguishable. If an additional
assumption is made that domestic sectors take from this warehouse by means of
a random sample, then the fraction of products in each sample from abroad will
be identical, as will the fraction of imported products from each exporter. These
fractions will be set by the import ratios and import propensities respectively.

This additional assumption allows us to specify a complete system of inter-

mediate (input-output) flows, y
(i,j)
rs , from sector r in country i to sector s in

country j, thereby effectively reconstructing the MRIO from which we diverted
in section 4:

y(i,j)rs = p(i,j)r d(j)r a(j)rs x
(j)
s

which can be understood as follows: sector s in country j requires an amount

a
(j)
rs x

(j)
s of sector r’s product to produce its total output; a fraction d

(j)
r of

this will be supplied by imports; a fraction p
(i,j)
r of these imports will come

from country i. Note that since countries do not import their own exports,

p
(i,i)
s = 0, ∀i, and the expression holds trivially for i = j.

The fractions of each type of demand for s in country j which was exported
by country i are given by similar expressions:

f (i,j)s = p(i,j)s d(j)s f (j)s

e(i,j)s = p(i,j)s d(j)s e(j)s

n(i,j)s = p(i,j)s d(j)s n(j)s

where, as previously, f is final demand, e is export demand and n are invest-
ments.

Along with the sector-to-sector flows given by eq. (11), this allows for the
representation of all the flows in the present model as a single network, to which
standard network analysis techniques can then be applied.

This reformulation demonstrates the connection between the model described
in this paper and the established world input-output table approach, allowing
us to visualise the individual country-sector to country-sector flows (or changes
in such flows) for any model scenario, such as that calculated in section 5.1 in
response to a reduction of demand in China for the Vehicles sector by $1M.

The change to every such flow (both between-country trade flows and within-
country intermediate flows) in the eight most-affected countries is recorded and
visualised in figure 5. Node size is proportional to eigenvector centrality and
the edge weight is proportional to the change induced in the particular flow by
the reduction in final demand. This diagram reveals the patterns and shapes of
the various economies which would be hard to pick out in the raw flow matrix.

5.3 Comparison with a multi-region input-output model

As discussed in section 2, the modelling approach presented here relaxes the
somewhat rigid structure of a MRIO table. In so doing, it also reduces the
amount of data required to estimate the place in the world of countries which
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Figure 5: A network representation of the seven most-affected countries following a reduction
in final demand for the Chinese vehicles sector. Node size is proportional to
eigenvector centrality, and edge width is proportional to the change in flow.

are not covered by WIOD. But since the present iteration of the model can
be made equivalent to a MRIO (as shown in section 5.2), any of the analyses
presented here could equally well be performed using the world input-output
table directly. It is therefore important to verify that the model in its present,
most simple form, behaves similarly to a MRIO before any further development
is done.

To this end, the results of the experiment of section 5.1, reducing demand
for Chinese vehicles, is repeated using a MRIO, and the results are compared in
figure 6. The response to a reduction in demand for Chinese vehicles is summed
over sectors in each country. The countries are then ranked according to the
size of the response. The ranks produced by the MRIO are shown on the left-
hand side, and those produced by the present model on the right. Visually,
the results seem broadly comparable and have a Spearman rank correlation
coefficient (Spearman 1904) of 0.96. This gives some confidence in concluding
that this first, simplest iteration of the model behaves in a similar fashion to
the MRIO it seeks to generalise and extend.
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Figure 6: A comparison of the results of the Chinese vehicle experiment performed on a
MRIO (on the left) and on the present model (on the right). Vertical position
represents the rank of the country in terms of how affected it is by a reduction in
demand for Chinese vehicles.
*Taiwan is ranked last in the present model. This is because the UN provides
no trade data for the territory. All Taiwan’s import ratios are therefore zero (i.e.
Taiwan is modelled as being entirely self-sufficient.)
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6 Conclusions

In this paper, we have introduced a new model of global trade, combining two
distinct modelling approaches for the internal workings of national economies
and for international trade. The model incorporates information from two ex-
tremely extensive data sets, the UN COMTRADE database and the World
Input-Output Database, giving it a good basis in empirical observation.

The model equations are solved iteratively, thus avoiding the limitations and
assumptions of the traditional multi-region input-output approach, lending the
model the flexibility to accommodate a wide variety of possible extensions, such
as the consideration of non-linear production functions, limited production ca-
pacities and non-clearing markets. It also introduces two new sets of coefficients
for modellers to work with, which will facilitate its integration with other social
science models.

We have also introduced a new measure of the global economic significance
of each sector within a national economy, gauging the degree to which that sec-
tor drives economic activity across the world. In initial investigations, China
was found to be a considerable outlier in terms of its economic significance,
driven by high consumption of its own domestically produced products and ser-
vices. Following this analysis, we introduced a measure of economic self-reliance,
which was was found to vary inversely with population. These results represent
preliminary analyses only, with far more scope for detailed investigation of in-
ternational trade patterns and alternative global economic scenarios now that
the model is operational.

Finally, we have presented a method for transforming the structure of the
model into that of a traditional MRIO table, allowing for both traditional MRIO
approaches, and the use of the tools and analyses of the network science liter-
ature. A very simple example of this approach was presented, with further
analyses to follow in future work.

The next step will be to estimate country models for those (mostly non-
OECD) countries not in WIOD to facilitate the study of such human systems
as migration, interational security and development aid. Further work on the
model will include the relaxation of its input-output assumptions, beginning
with the introduction of limits on production capacity, with the goal of creating
a fully dynamic version of the model to analyse the change in trade patterns
over time. Upcoming work uses the model to answer specific policy questions
such as how to maximise a country’s GDP by manipulation of its final demand
vector, import ratios and technical coefficients.

Acknowledgements

The authors acknowledge the financial support of the UK Engineering and Phys-
ical Sciences Research Council (EPSRC) under the grant ENFOLDing – Ex-
plaining, Modelling, and Forecasting Global Dynamics, reference EP/H02185X/1.

We would also like to thank Hannah Fry, Rob Downes, Anthony Korte and

20



Peter Baudains for their invaluable input and support during the writing of this
paper.

References

Akita, T. (1993). “Interregional Interdependence and Regional Economic Growth
in Japan: An Input-Output Analysis”. In: International Regional Science
Review 16.3, pp. 231–248.

Baskaran, Thushyanthan et al. (2011). “The Heckscher-Ohlin model and the
network structure of international trade”. In: International Review of Eco-
nomics & Finance 20.2, pp. 135–145.

Beinhocker, Eric D. (2006). Origin of Wealth: Evolution, Complexity, and the
Radical Remaking of Economics. 1st ed. Harvard Business School Press.

Bergh, Jeroen C. J. M. Van Den (2002). Handbook of Environmental and Re-
source Economics. en. Edward Elgar.

Bhattacharya, K. et al. (2008). “The International Trade Network: weighted
network analysis and modelling”. en. In: Journal of Statistical Mechanics:
Theory and Experiment 2008.02, P02002.
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A Appendix

Here we outline some additional details of the setup of the model.

A.1 Modelling the ‘rest of the world’

The UN trade data records flows to and from many countries (as well as many
non-country ‘trade areas’) which are not part of WIOD. If these flows were
simply ignored, then countries which trade significantly with these areas would
be misrepresented in terms of extent to which they trade with the countries
which are in the model. To avoid this, the model includes a ‘rest of the world’
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entity (RoW) which receives all exports going to countries (‘stray’ exports) not
explicitly modelled, and provides all imports coming from such countries (‘stray
imports’). The RoW has no technical coefficients and no import ratios.

The RoW is initialised to have a final demand, fs, equal to the total stray
exports in each sector across the whole model15. Then, since the RoW has no
import ratios, instead of solving eq. (10) to calculate import demand, it simply
sets

m = f

thus importing a fixed amount of each sector, defined by the initial level of stray
exports in the data.

The RoW also has a particular way of deriving its total production, x. It
has no technical coefficients, so cannot solve eq. (9). Rather, it simply sets

x = e

which allows it to produce ‘for free’ (in the sense that there is no intermediate
demand) whatever is required of it from other countries. This also has the effect
of decoupling the RoW’s import side from its export side.

Other than these aspects, the RoW behaves just like a normal country: it
has a set of import propensities defining its imports from each other country,
and each other country will have an import propensity relating to trade with
the RoW.

A.2 Services trade data

Data on trade in goods is based on the very detailed records kept by border
agencies for gathering the appropriate taxes. For this reason, the goods trade
data can be considered to be of high quality. Since the supply of services is
harder to track, the data on trade in service goods16 is considerably coarser.
Specifically, many countries report only the total quantity of services imported
and exported, not the origin and destination of any particular bilateral trade
flow. In order to estimate the bilateral flows required by eq. (12) for the cal-
culation of import propensities, these flow totals must first be divided between
trade partners17.

This is done using a method of iterative proportional fitting introduced by
Deming and Stephan (1940). The basic algorithm for balancing n totals into a
matrix of n× n bilateral flows works as follows:

1. Initialise an n× n matrix with 1s (or any other arbitrary starting value)

2. Multiply each row vector such that the sum of the elements is equal to
the required total outflow

15flows from countries not in the model to other countries not in the model are ignored.
16taken from http://unstats.un.org/unsd/servicetrade/default.aspx
17Where data on a particular flow is reported from both the importer and the exporter, the

data from the importer is given preference. Data from the exporter is only used where the
importer reports no data.

23



3. Multiply each column vector in an identical fashion such that they sum
to the required total inflow

4. Iterate steps 2 and 3 until the system converges (in the sense of the sum of
the squared difference between each element in the matrix of the current
iteration and that of the previous iteration being less than some ε > 0)

The procedure is followed S times, producing one flow matrix per sector, with
two changes specific to this situation.

A.2.1 Importing own exports

The commodities trade data report no flows originating from and arriving to the

same country. The import propensities p
(i,i)
s are therefore set to zero. To ensure

that the outcome of the fitting procedure adheres to this, the initial matrix is
modified to have a zero along its diagonal. Since the fitting consists only of
multiplications, any zeros in the initial matrix will remain zero in the balanced
matrix.

A.2.2 The rest of the world for sectors

Since total imports and total exports will inevitably not be equal per sector,
a ‘rest of world’ (RoW) similar to that described in appendix A.1 is added to
absorb any excess. If exports exceed imports, the RoW is added as an additional
column (importer) and vice versa. The initial matrix is thus either wide or tall,
depending on the relevant trade totals.
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