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Abstract

We introduce a novel indicator of economic resilience that captures the ability of an economy to
adjust and recover from a negative shock either from the demand or the supply side. The metric
is counterfactual and reveals by simulation the extent of the adjustments that would keep total
income at least at the initial pre-shock level while maintaining the initial economic structure.
The larger the scale of the needed adjustments in response to the shock, the smaller is the
resilience of the economic system. Therefore, our proposed economy-wide resilience indicators
are static or short-term indices. The methodology we propose for this appraisal relies on the
concept of constrained input-output multipliers embedded within a linear programming
problem. We show the applicability of our approach by calculating and comparing demand and
supply resilience indices for a group of ten of the largest OECD economies: Australia, Canada,
France, Italy, Germany, Colombia, Mexico, Spain, United States and United Kingdom.
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1. Introduction

In recent years, any analysis of the impact of the pandemic derived from COVID-19 has
highlighted how important is economic resilience and its measurement (OECD, 2021b;
Linkov et al. 2021b; Hynes, 2022; Trump et al, 2020; among others?). The analysis of
economic resilience dates back to the 70s (Goldstein and Brooks, 2016). The idea of
resilience was firstly used for the study of ecological systems (Holling, 1973). In this
regard, resilience is a concept that transcends economics. It describes the ability of
physical, biological, or social systems to withstand an external negative shock (Haimes,
2009; Serfilippi and Ramnath, 2018). Nowadays, the concept of resilience is applied in
a broad range of interdisciplinary studies that are concerned with the interactions
between people and nature. Furthermore, resilience is jointly used with the concept of
"adaptive capacity", another term with multiple meanings (Carpenter et al, 2001).

Generally speaking, the term of resilience could be defined in several ways (Cumming
et al, 2005): the amount of change that a system can undergo maintaining the same
controls on structure and function; the system’s ability to self-organize; and the degree
of learning and adaptation of the system. Therefore, as pointed out by Béné et al.
(2012), resilience relates to three different types of capacities: Absorptive, Adaptive and
Transformative capacity (OECD, 2014).

More specifically, in the field of economics and according to the existing literature,
there exist several definitions of economic resilience too. These definitions strongly
depend on the context of each analysis i.e. economic resilience derived from the
response and recovery from earthquakes (Tierney, 1997), from society behavior and
disaster hazard analysis (Rose 2004, 2009), among others. Although, the definition of
economic resilience still remains unclear (Rose, 2009), in general, we can defined
economic resilience as the capacity of households, regions and countries to absorb and
recover from shocks, while positively adapting and transforming their structures and
means for living in the face of long-term stresses, change and uncertainty (Mitchell,
2013). For instance, in the analysis of Pant et al. (2014), economic resilience is defined
as the capacity of the economic system that allows recovering economic productivity
after a disruptive event, in a specific period of time and with appropriate costs.

Following Rose and Liao (2005) economic resilience, instead, refers to the “inherent

1 Several studies on Resilience in the time of COVID-19 can be found at the book series Linkov et al.
(2021a), Springer.



ability and adaptive response that enables firms and regions to avoid maximum

potential losses”.

From these general conceptualizations, we may define economic resilience, in short, as
the ability of an economy to adjust and recover from external shocks. The external
shock may be the result of the ordinary course of events (i.e., a fall in demand for
exports, say) or a disruption following an unexpected event (i.e., a fall in demand from a
pandemic, say). In both these cases, we associate resilience to what Rose (2007) defines
as static resilience. It relates to the in-built ability of the economic system to counteract
the negative shock via resource reallocation of economic flows. Hence, it is aligned
with the well-known problem in economics of efficient allocation of economic
resources. According to Rose (2007) this interpretation is static because it can be
reached without reconstructing economic activities, modifying the current level of
economic activity and its long-term path i.e. no changes occur in terms of technology

and factor endowments.

Dynamic resilience, on the other hand, has to do with disruptions affecting physical or
human capital stocks mostly observed after some unexpected major disasters (i.e., an
earthquake, a terrorist attack, etc.). Common features for dynamic economic resilience
given by Rose (2007) are the speed and stability of a system, related to its capacity of
recovery from a severe shock. In short, resilience measurement can be classified by
static (Rose, 2004), as the capacity of a system to avoid maximum impact and thus
robustness and by dynamic, as the speed of the system to recover from a shock i.e.
rapidity, recoverability (Pant et al, 2014).

From the perspective of measuring the inherent economic resilience of a system, we will
focus on the concept of static or short-term resilience since we aim at unveiling some
intrinsic properties of the system in its normal course of economic events. This has the
advantage that standard mitigation policies by the government, for example, can be
more easily conceptualized and eventually programmed (Briguglio et al, 2009). The
intensity of the government's mitigation or intervention would reveal the response-needs
of the system to offset the negative shock. In fact, all we need is the counterfactual
response regardless of the actual feasibility of the policy implementation. The degree of

this counterfactual response indicates the state of the system when facing the shock.



High system fragility measured in terms of acute reactions to shocks would therefore
suggest low system resilience. Therefore, one possible and simple way of revealing the
economic resilience of the system when facing a negative shock would be measuring
the minimal countervailing needs that, outside the subsystem receiving the shock, would
eliminate its detrimental effects. The larger the compensation needs, the more fragile
would be the economy to the shock and the lower would be its resilience and thus, the
higher its vulnerability. In this regard, as in Klein et al. (2004), we assume that "a
system is vulnerable because it is not resilient, and it is not resilient because it is
vulnerable”. In fact, existing empirical evidence reveals that an economy’s vulnerability

is linked to its structural fragility (Diaz, 2020).

Summing up, in our approach, the degree of resilience or vulnerability of economic
systems is associated with the amount of resources that have to be mobilized in order to
restore, in our case, the pre-shock income level generated by this economy while
technology does not change and the sectoral structure of demand (supply) remains
similar to the pre-shock equilibrium. It is true that economic resilience, as already
mentioned, is a multifaceted concept and thus, single metrics that address one resilience
coordinate will provide only limited information (Haimes, 2009). However, limited
information is always better than no information and any metric, no matter its
simplicity, helps to reveal part of the underlying structure that is not easily observable,
and this always contributes to a better understanding of the system's ability to adjust to

changes.

Unlike major disaster disruptions that may have huge but discontinuous effects, we can
model economic flows using a continuous function, which yields a computational
procedure that allows us to measure intrinsic economic resilience in its static variety.
Since resilience is both sector specific and network related, the linear interindustry
model of Leontief (Leontief, 1986) offers the most convenient modelling platform for
the analysis since it integrates the receipt and the transmission of external shocks and
feedbacks.

The possibilities and limitations of the interindustry model are well known. On the one
hand, the model is transparent in the nature of its network interdependencies,
computationally operational, easily interpretable and—Ilast but not least—we usually
dispose of the required data (Miller and Blair, 2009). In this regard, it offers the
possibility of measuring what we can call total static economic resilience or economy-
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wide resilience since the Input-Output (I-O) models allows capturing the existing direct
and indirect interdependencies. On the other hand, the interindustry model has limited
behavioral reactions and we should interpret its results as short- or medium-term
responses prior to price adjustments (Rose and Liao, 2005). In addition and in great
contrast to computable general equilibrium (CGE) models and non-linear
macroeconometric approaches, the I-O models only capture either quantity effects or
price effects but not both at the same time (Rose, 2004). Nevertheless, the linearity of
the model, however, makes it amenable to ready integration into a linear programming
framework (Intriligator, 2002; Graham, 2016). Therefore, as a combined result, what we
do here is to use a computational mechanism that allows us to identify the minimal
changes in the system i.e. changes in the demand or in the supply structure as well as
the minimal amount of resources mobilized in response to negative shocks received by
economic sectors. As stated before, the higher the volume of resources mobilized, the

lower the degree of resilience (higher vulnerability) of the economic system.

Hence, this paper is organized as follows. Section 2 shows the economic framework
used to incorporate the measurement of intrinsic static economic resilience laying the
basic properties of the interindustry model, whereas Section 3 extends the concept of
constrained multipliers to develop a static economic resilience index based on I-O
relationships. Section 4 applies the proposed methodology of the industry-by-industry
domestic 1-O to a group of OECD economies for the year 2018, analyzing the numerical

results about demand and supply-resilience indices. Section 5 concludes the paper.

2. Economic framework: A Generalization of the Demand Driven
Total Multiplier Model

A modern economy operates through a network of interconnected industries. When an
external shock affects a certain industry, the effects that fall directly on that industry
will have repercussions in the form of a cascade through the network of industrial
interconnections and will end up affecting the functioning of the entire economy.
Interindustry economics (Leontief, 1986; Miller and Blaire, 2009) provides an adequate
framework for the quantitative measure of these ripple effects. An interindustry
economy is composed of n distinguished industries. Each industry labeled j=1, 2, ..., n
acts both as a demander and a supplier of goods. Industry j demands goods from the rest
of the industries that it then uses as inputs in its production process and these



intermediate demand flows are used by industry j in fixed proportions. The industry’s
output, in turn, satisfies the intermediate demand of other industries that use good j as
input in their production activities as well as final demand by households, the public
sector, the external sector, etc. The economy is in balance when total supply equals total
demand in each and all of the n industries.

In its simplest possible form, the balance condition in an 1-O Leontief system is given
by the expression:

X=A-X+Yy 1)

with x = (x;) being a column vector representing total production, y=(yi) being the non-
negative column vector of final demand. The non-negative matrix A = (aj;) describes the
technical 1-O coefficients. Each coefficient ajj indicates the quantity of the output of
industry i needed as input in the production of one unit of the output of industry j. The
model in expression (1) is solvable under some regularity conditions? with non-negative

solution given by:

x=(1-A)ty=M-y 2

with the inverse matrix M denoting the so-called Leontief inverse of total (direct plus
indirect) multipliers. We can also write the equilibrium system of equations (2) in
differential terms. In this regard, we can either consider exogenous changes in final
demand that lead to direct and indirect variations in gross industry output:

Ax=(1-A)"-Ay =M -Ay (3)

Alternatively, we can also consider exogenous changes in gross industry output that
lead to endogenous variations in final demand:

Ay =(1-A)-Ax =M - Ax (4)

A vector Ax endogenously calculated from (3) will indicate the required changes in the
production of all industries that are necessary to accommodate the exogenous change
Ay in the final demand originated in a specific industry k or, more generally, in a subset

of industries. Focusing first on the effects originated from a unitary change in the final

2 If matrix A is non-negative, constant and its maximal eigenvalue is less than 1, the system of equations
(1) is non-negatively solvable. See Nikaido (1972).



demand of industry k, Ayg = (0, 0,..., 1,...0), with a 1 in the k-th position, we can
quickly calculate the total demand-induced change using the multiplier matrix M as:

,Uky = Zn: L (5)

We can easily extend the quantification of the multiplier effects to non-unitary changes
in final demand, say Ay, =(0,0,...,6/,...,0) with & positive or negative in the k-th
position. In this case, and by the linearity implied by the constancy of matrix A, the
aggregate output multiplier value associated to a 5 change in final demand of industry
k would turn out to be:

w (8)) = Z oy -my =06, z M, (6)
i1 i

The k demand-induced multiplier . (s) will be positive if 5/ >0 or negative if & <O0.
In the first case, we have positive demand shocks, in the second one negative demand
shocks.

Similarly, vector Ay in (4) captures the direct and indirect endogenous variations in
final demand of all industries when there are exogenous changes in the gross output of
industry k or in a subset of industries. In this case, the total output or supply induced
effects of a change Ax,, =(0,0, ..., 8;,...,0) in the output of industry k on final demand
would be:
/ukx (§kx) = é‘kx - Z §kx Ay = §kx '(l_ z aikj (7)
i=1 i=1

Therefore, the k supply-induced multiplier .. (s,) will identify a positive supply shock
if 5, >0 or a negative one if &, <0.

3. A measure of demand and supply static economic resilience within

the input-output framework.

The multiplier matrix M measures the unrestricted effects of external unitary shocks
affecting the economy via its final demand. In the same vein, the information contained
in matrix M provides the unrestricted effects in final demand derived from external

unitary supply shocks. When a negative demand shock, such as a decline in investment



flows, falls on industry k the ripple effects expand over the network and reduce overall
production by a magnitude that we can approximate using the multiplier matrix M and
the accounting from expression (6). Similarly, if the shock takes place constraining the
supply, as would be the case under the scarcity or unavailability of some specific input,
matrix M working through expression (7) would provide now an evaluation of the
implications on final demand. Consequently, one possible way to estimate the ability of
the economy to recover from a negative demand or supply shock falling on industry k
would be to calculate the minimal volume of resources that should be mobilized to the
remaining industries ik that would countervail the shock on k and keep the economy at

least at the initial gross domestic product (GDP) level.

Therefore, what we propose here is to use Leontief's I-O model, although adapted to a
restricted version of the multipliers that is capable of capturing the level of
compensatory changes required after a shock. In calculating these economy-wide
resilience indices for the economy, we isolate and measure the economic strength in the
non-impacted industries that offsets the shock in impacted industry k. Taken together,
this simulation would provide us with a quantification of the economy’'s ability to
withstand the shock (falling on industry k) and adjust to it (from counterfactual changes
inall i = k). Since we can sequentially simulate the shock and counterfactuals across all
industries, this strategy would identify the strength associated with unaffected industries
that, together with the initial negative shock, would offset total GDP in the aggregate.

We begin, firstly, by describing the method used to construct the resilience indicator
induced by shocks on the demand side. One way to implement this approach is through
the concept of restricted multipliers developed by Guerra and Sancho (2011) to examine

the spending policies of governments under budget constraints.

Suppose a shock of magnitude &<0 falls on final demand in industry k. We can
calculate the countervailing values &'>0 for i=k that would keep aggregate GDP
constant and do so with the least deviation from the initial final demand structure:

(67 =657 (i=k)

Jaiy:_é‘ky' yi

[ Sy (i = k) (8)



The changes in final demand from vector 3’ =(s”) have two properties. Firstly, from
the definition in expression (8) we verify:

n I )

5! =5 ~5) =8 -8 | E— =0 9
D5 wZLkzij 5 ktzyiJ 9)

i=1 i=k

j=k jzk

Thus, total aggregate final demand remains unchanged (i.e., neutral scaling). Secondly,
the changes in the non-shocked industries i=k are set to be proportional to initial
demand levels so as to keep the final demand structure in the non-shocked industries as
close to the initial one as possible. As stated in the introduction, the later condition is in

line with static or short-term economic resilience.

Consequently, the negative shock &’ reduces gross output according to (6) and thus,
GDP. The (n-1) positive shocks counteract this fall through its aggregation over the (n-
1) industries. The overall result takes into account both forces, negative and positive,
and the restricted multiplier associated to the neutral shift in final demand takes value:

Iaky (5ky) = ’uky (5ky) + Z z 5iy : mij (10)

i=1 j=k

Under the type of negative shock and positive countervailing compensation we
examine, the first term of this summation is always negative and captures the standard
unrestricted multiplier »)(s)) from expression (6) whereas the second one is always
positive. The composite result is that the restricted multipliers z’(s5)), unlike the

always-negative standard multipliers ) (s5) stemming from a negative shock s <0,
can now have any sign.

The neutral scaling that we define in expression (8) would change “post-shock” final
demands from y, to y, =y +&”. This scaling, however, does not guarantee that total
output in the economy is going to be preserved. In fact, in general, total output x under
demand scheme y will be different from total output x under demand scheme y both
industry wise and economy wide (Guerra and Sancho, 2011).

The same type of discrepancy occurs in regard to GDP. If the n-th vector v = (vj)
denotes value-added per unit of j-th industrial output, income GDP can be calculated as
the dot product:



GDP =v'x=>Vv, X, (12)

j=1

As before, GDP under demand scheme y will be different from GDP under demand
scheme y through the changes taking place from x to x . Nonetheless, for any demand
shock 5 we can readjust the scaling in (8) to determine the minimal value p that
would rescale the neutral coefficients §” for i =k and has the additional property that
GDP remains at least at the initial level after the shock &”. With this adjustment, we
guarantee that the economy would recover from the external shock, at least in terms of
its total value added, i.e. the adjustment is costless for the economy.

In other words, given a demand shock &’ on industry k find the re-scaling value p/
that solves the linear programming problem:

Min p, subject to
(12.1) 6’ =5) ifi=k and 6’ =p)-—6) - —D— ifizk

k 2V

j=k
i =Yi+o)] (12)

(123) % =Y 2%+,

12.2) §

(12.4) Vi X, S V- X

Equation (12.1) indicates the re-scaling adjustment over the neutral one. Equation (12.2)
indicates the new level of final demand after the re-scaling whereas equation (12.3) is
the Leontief equilibrium condition between total output and total demand. Finally,
equation (12.4) is the recovery provision for total value-added i.e. GDP.

The optimal solution p of system (12) is the magnitude that proxies the system-wide
economic resilience associated to industry k facing a negative demand shock &. The
smaller the rescaling value, the smaller the compensatory adjustment needed in the
economy and, therefore, the more resilient the economy's response to the negative
shock. In other words, a small value of p) implies that the productive technology and
final demand structure of the economy prior to the shock is capable of offering a better

adaptive response to counteract the shock.

If the solution of (12) yields p)=1, the neutral scaling defined in (8) would be sufficient
to counteract the losses in GDP from the negative shock. On the other hand, whenever
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p.>1 the neutral adjustment would be insufficient to counteract the induced losses in
GDP and the larger the negative distance 1 — p?, the larger the recovery effort and the
smaller the adaptability or resilience, in our terminology. Then, we define 1 — p) as the
net demand-resilience coefficient. Lastly, if p) <1, the neutral adjustment would be
sufficient to compensate the economic losses from the negative shock in sector k. As a
result, the volume of resources that should be mobilized to offset the perverse effects of
the shock would be lower, which means a high degree of resilience in sector k.

Similarly, we can also construct supply induced resilience coefficients and indices. In
this case, the negative shocks on supply translate to shocks in final demand according to
expression (4). Using the supply induced multiplier defined in equation (7) we can
replicate the analysis and obtain the resilience indices from a supply perspective. We
omit the details that can be looked up in the Appendix 1 at the end of the paper.

4. Calibration and results.

For the calculation of the demand and supply-resilience indices, we have used the
industry-by-industry domestic 1-O tables regularly compiled by the OECD statistical
database (OECD, 2021a). From this data set, we have selected the domestic 1-O tables
that correspond to ten of the largest OECD economies. We include Australia, Canada,
Colombia, Germany, France, Italy, Mexico, Spain, the United Kingdom, and the United
States of America. The industry breakdown includes 44 industries (see details in
Appendix 2). The monetary flows of the domestic I-O tables are expressed in US
millions of dollars and refer to the year 2018 which is the last version available at the

moment.

We have evaluated both the demand and supply-resilience indicators solving the
demand and supply linear programming problems specified in (12) and (A4-Appendix
1), respectively, using the linear solver BDMP available in GAMS (2021). We introduce
a negative shock in each of the 44 industries in each economy and solve the 44 linear
programming problems sequentially via a loop. In order to ease the interpretation of the
results, the negative shock refers to a unitary decline in the domestic demand (supply)
of a specific industry®. Once the negative shock is introduced in (12) and (A4-

3 Recall that under the standard 1-O approach with constant returns to scale and zero substitution
elasticities average multipliers equal marginal multipliers. Hence, the magnitude of the evaluated shock
does not affect the evaluated resilience indexes (Guerra and Sancho, 2014).
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Appendix 1), the domestic demand (supply) flows of the remaining industries optimally
adjust to compensate the decline in GDP. Consequently, if the net demand resilience
coefficient 1- p/ is positive and large, the degree of resilience of the economy to a
potential unexpected shock in industry k will be high: less public resource mobilization
is needed to counteract the negative effect in sector k. On the other side of the spectrum,
if the net demand resilience coefficient turns out to be negative and large, the degree of
resilience of the economy regarding industry k will be low. The interpretation for the net

supply-resilience coefficient 1— o is similar (see Appendix 1 for details).

4.1. Results: demand and supply static resilience indices.

4.1.1 Demand-induced resilience indices.

In order to have a general overview of the degree of demand resilience by country, we
have calculated the average demand-resilience index for each of the ten selected OECD
countries. We also provide the range and the standard deviation to summarize their
distribution in each country. In Table 1, we review the stylized facts by country sorted

from highest to lowest average net demand-resilience coefficient.

Table 1: Demand induced resilience indices by country.
Distribution Parameters.
Country Average Max Min St.Deviation
Index Value Value
United Kingdom | 0.0763 0.7314 -0.1687 0.9773
France 0.0752 0.6538 -0.2193 1.3497
Canada 0.0596 0.5032 -0.1790 0.9149
Spain 0.0593 0.7193 -0.2195 1.3147
Australia 0.0518 0.2444 -0.0968 0.3143
Italy 0.0483 0.6083 -0.2256 1.1612
Colombia 0.0463 0.3911 -0.1529 0.6880
Germany 0.0455 0.5680 -0.2057 1.0319
United States 0.0347 0.2633 -0.0631 0.2352
Mexico -0.0049 0.5017 -0.2585 1.2404

Source: our model using OECD input-output data for 2018

Figures 1-10 depict, instead, for every industry and for each of the ten OECD selected
economies, the results of the net demand-resilience coefficients previously defined.
These figures present the industries’ net demand-resilience coefficient 1- o sorted by
size, i.e., from the least resilient industry to the most resilient one. To facilitate the

presentation of the results, in these figures we highlight only the ten most demand-
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resilient and the ten least demand-resilient sectors out of the total 44 sectors included in
the database.

In line with the definition of the static demand-resilience coefficient in (12), the United
Kingdom (Figure 6) turns out to be the most demand-resilient economy with an average
net demand-resilience coefficient of 0.0763 among the ten selected OECD countries. An
alternative interpretation of this net demand resilience index is the following: in the
United Kingdom, on average, the volume of public resources needed to compensate the
negative demand shock in sector k to restore the initial GDP is less than proportional to
the initial negative shock i.e., -1 US millions dollars, thus 7.63 percent below the initial
negative shock. On these grounds, the United Kingdom economy is closely followed by
France, with average net demand-resilience coefficient of 0.0752.

Despite the average similarity between these two OECD economies, notice that France
(Figure 4) presents the highest standard deviation among these ten selected OECD
economies, with a value of 1.3143. Therefore, in great contrast to United States (figure
7) or Australia (Figure 1), which have the lowest standard deviation, in the case of
France, the degree of demand-resilience varies remarkably from one industry to another.

Figure 1. Net Demand Resilience Coefficient.
Domestic I-O Table Australia. 2018.
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Figure 2: Net Demand Resilience coefficient.
Domestic I-O Table Canada. 2018.
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Figure 3.Net Demand Resilience Coefficient.
Domestic 1-O Table Colombia. 2018.
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Figure 4. Net Demand Resilience Coefficient.
Domestic I-O Table France. 2018.
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Figure 5. Net Demand Resilience Coefficient.
Domestic 1-O Table Germany. 2018.

v | LN AN

Figure 6. Net Demand Resilience Coefficient.
Domestic I-O Table United Kingdom. 2018.
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Figure 7. Net Demand Resilience Coefficient.
Domestic I-O Table United States. 2018.
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Figure 8. Net Demand Resilience Coefficient.
Domestic I-O Table Italy 2018
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Figure 9. Net Demand Resilience Coefficient.
Domestic I-O Table Spain. 2018.
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Figure 10. Net Demand Resilience Coefficient.
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At the other end of the ranking, we find Mexico (Figure 10) followed by the United
States (Figure 7). According to our criteria, Mexico turns out to be the least resilient
economy with an average net demand-resilience coefficient of -0.0049. This figure,
though quite close to zero, i.e., close to the neutral adjustment mentioned in section 3, is
negative. Hence, this figure informs that, on average and in that economy, the resources
necessary to restore the initial GDP level after receiving a negative demand are more
than proportional to that initial shock. In other words, in the case of the Mexican
economy, on average, the volume of mobilized resources to counteract the negative
final demand shocks account to 0.49 per cent above the negative shock.

If we now focus on the most demand-resilient economy among the ones considered in
our analysis, the United Kingdom, the ten industries that present the smallest net
demand-resilience coefficient are the following (Figure 6): Coke and refined petroleum
products industry (N_10), Air transport industry(N_29), Motor vehicles, trailers and
semi-trailers industry (N_20), Basic metals industry (N_15), Electricity, Gas, Steam
and Air Conditioning industry (N_23), Chemical and Chemical products industry
(N_11), Rubber and Plastic products industry (N_13), Other Transport Equipment
(N_21), Electrical Equipment (N_18) and Wood and Products of Wood and Cork
(N_8).

According to the interpretation of this coefficient, this implies that if any of these
industries undergoes a negative final demand shock i.e., a decline in exports, a sharp
reduction in final consumption or investment flows, little mobilization of alternative
resources should be necessary in order to counteract the derived decline in income.

Table 2: Country Frequency of the First Ten Highest Demand-Resilient Industries

Sector | Country ISO 3166-1 alfa 3 code Sector | Country 1SO 3166-1 alfa 3
Code Code |code

N_1 N_23 |UK

N_2 N_24

N_3 GER N_25

N_4 N_26

N_5 N_27

N_6 GER N_28 |FRA,GER,ITA

N_7 CAN,FRA,GER,USA N_29 |AUS,COL,FRAGER,UK,ITA
N_8 UK,USA N_30

N_9 COL,MEX N_31
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N_10 |AUS,CAN,COL,FRA,GER,UK,USA,ITA SPAMEX | N_32
N_11 | AUS,CAN,COL FRA,GER,UK,ITA,SPA MEX N_33
N_12 N_34
N_13 | AUS,CAN,COL,UK,USA ITA SPA N_35
N_14 N_36
N_15 | CAN,FRA,GER,UK,USA,ITA,SPA N_37
N_16 |USA,SPAMEX N_38
N_17 |AUS,CAN,COL,ITA,SPA MEX N_39
N_18 | AUS,CAN,COLFRA,UK,USA,ITA,SPA MEX N_40
N_19 |AUS,CAN,COL,FRA,USA SPAMEX N_41
N_20 | AUS,CAN,COL FRA,GER,UK,USA ITASPA, N_42
MEX
N 21 | AUS,CAN,COL,FRA,GER,UK,USA ITA,SPAMEX |N_43
N 22 |AUSMEX N_44

Do the remaining countries present common patterns in terms of the most demand-
resilience industries identified in United Kingdom? For most of the ten selected
economies (Table 2), as in the case of United Kingdom, the majority of the industries
that are classified as common high demand-resilient industries pertain to the industrial
sector i.e. Motor vehicles, trailers and Semi-trailers industry (N_20) and the Other
Transport Equipment (N_21) and some energy-related sectors such as Coke and Refined
Petroleum products industry (N_10). As it can be asserted from Table 2, these
industries are identified as high demand-resilient sectors in all the selected OECD
economies. Similarly occurs in the case of Electrical Equipment industry (N_18) with
the exception of the United States. The Rubber and Plastic Products industry (N_13)
and the Basic Metal industry (N_15) are also quite common high demand-resilient
sectors. These two sectors are classified as high demand-resilient sectors in seven out of
the ten OECD economies analyzed here. Within the service industries, it is worth
mentioning the case of the Air Transport Service Industry (N_29).

If we now move to comment on the results of the least demand resilient economy,
Mexico, the industries that present the lowest net demand-resilience coefficient are the
following (Figure 10): Real State Services industry (N_37), Education Services industry
(N_41), Wholesale and Retail Trade, repair of motor vehicles industry (N_26),
Financial and Insurance activities industry (N_36), Other Service Activities industry
(N_44), Administrative and Support Services industry (N_39), Professional, scientific
and technical activities industry (N_38), Public Administration and Defense,
Compulsory Social Security industry (N_40), Arts, Entertainment and Recreation
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activities industry (N_43) and Accommodation and Food services activities industry
(N_32).

Table 3: Country Frequency of the First Ten Lowest Demand-Resilient Industries

Sector | Country ISO 3166-1 alfa3 | Sector | Country 1SO 3166-1 alfa 3 code

Code |code Code

N_1 N_23 |[CAN

N_2 N_24 |UK

N_3 AUS, FRA, SPA N_25

N_4 COL, ITA N_26 |CAN,GER, USA, ITA,SPA, MEX

N_5 FRA,GER,ITA N_27

N_6 N_28

N_7 N_29

N_8 N_30 |AUS

N_9 N_31 |FRA,UK,ITA, SPA

N_10 N_32 |MEX

N_11 N_33

N_12 N_34 |[UK

N_13 N_35 |AUS,CAN,COL,FRA, UK,USA

N_14 N_36 |AUS, CAN, COL,USA,ITA, SPA, MEX

N_15 N_37 |AUS,CAN, COL,FRA, GER, UK,USA,ITA, SPA,
MEX

N_16 N_38 |AUS, CAN, COL,GER, UK,USA, ITA, MEX

N_17 N_39 [CAN,COL,FRA, GER,USA MEX

N_18 N_40 |AUS,CAN,COL,FRA,GER, ITA,SPA, MEX

N_19 N_41 |AUS, CAN,COL,FRA,GER,UK,USA ITA,
SPA,MEX

N_20 N_42 | AUS,CAN,FRA, GER,UK,USA SPA

N_21 N_43 |COL,GER,UK,USA,SPAMEX

N_22 N_44 | AUS,COL,FRA,GER,UK,USA,ITA,SPA MEX

In replicating the previous exercise (Table 3), the bulk of industries that are common

low demand-resilient industries belong, in this case, to the service sectors. This is, for

instance, the case of the Real State Service industry (N_37) and Education service

industry (N_41) that stand out as low demand-resilient industries in all ten OECD

selected economies. In the same vein, it is worth mentioning the case of the Other

service activities (N_44) that are identified as “key” low demand-resilient industries in

nine out of ten economies (with the exception of Canada). The Public Administration

and Defense, Compulsory Social Security service industry (N_40) and Professional,

Scientific and Technical activities service industry (N_38) are low demand-resilient

20




service industries in eight out of ten OECD economies. The Financial and Insurance
Activities industry (N_37) is also a common low demand-resilient sector across these
countries. It is identified as such in seven out of the ten selected economies. Lastly,
outside the service sectors, we can highlight the extractive industries: Mining and
Quarrying, energy producing products industry (N_3), Mining and Quarrying, non-
energy producing products industry (N_4) and Mining Support Service Activities (N_5).

As stated before, these outcomes inform about the degree of resilience of each of the
economies regarding each category of industry when there are sudden negative shocks
in domestic final demand and, the remaining industries have to compensate the potential
reduction in aggregate income (keeping technology constant along with a similar final
demand structure).

4.1.2. Supply-induced resilience indices.

In Table 4 we report, for each of the ten OECD countries, the resilience coefficients
induced from the supply side sorted again from highest to lowest average index. In this
case, none of the ten economies presents a negative index. Australia (Figure 11) with an
average coefficient of 0.1342 ranks first as having the most resilient economy to
negative supply shocks, while Italy (Figure 18) with 0.0789 ranks last, aggravated in the
case of Italy for having the highest sectorial variability as measured by the standard
deviation. Hence, in the case of Italy, there exists a great heterogeneity in the negative
effects of supply shocks across industries. We can also observe that the United
Kingdom, in the second position of the ranking with a coefficient of 0.1303, is quite
similar in results to Australia both in average and standard deviation values. France with
a value of 0.1192 takes the third place in the ranking but, unlike Australia and the
United Kingdom, the variability in France is almost twice as large and is the second
largest one after Italy. Recall that we already detected that France had the largest
variability when we examined the demand-induced resilience indices. Germany, the
United States and Mexico, on the other hand, present quite similar average indices but,

again, their variability turns out to be quite dissimilar.
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Table 4: Supply induced resilience indices by country.
Distribution Parameters.
Country Average Max Min St.Deviation
Index Value Value
Australia 0.1342 0.7813 -0.4664 3.8833
United Kingdom | 0.1303 0.8258 -0.6051 3.8848
France 0.1192 0.8140 -0.7867 6.9363
Spain 0.1125 0.8384 -0.7756 6.2033
Canada 0.1053 0.6786 -0.5133 3.5557
Germany 0.0931 0.8419 -0.6082 4.7160
United States 0.0930 0.6230 -0.3994 2.7599
Mexico 0.0910 0.7144 -0.6830 6.3113
Colombia 0.0884 0.7070 -0.8148 4.7663
Italy 0.0789 0.8731 -0.9929 8.0682

Source: our model using OECD input-output data for 2018

In Figures 11-20 we can observe the detail of the results by industry sorted by size from
lowest to highest supply resilience index. As before, we highlight the ten lowest and ten
highest industries in each of the Figures.

For the economy with the highest supply resilience index, Australia, the top ten supply-
resilient sectors, in descending order, are (Figure 11): Basic metals (N_15), Coke and
refined petroleum products (N_10), Food products, beverages and tobacco (N_6),
Other transport equipment (N_21), Construction (N_25), Chemical products (N_11),
Rubber and plastic products (N_13), Motor vehicles, trailers and semitrailers (N_20),
Paper products and printing (N_9), and Wood and products of wood and cork (N_8).
Any supply shock falling on one of these sectors would require smaller positive supply
adjustments in the rest of the industries to compensate for the negative shock. Notice

that all these sectors belong mostly to the set of industrial sectors proper.

In Table 5 we report the frequency of the shared most resilient supply industries of
Australia with the rest of countries. We can observe that with the exception of
Construction (N_25) and for most countries, there is a strong similarity in the subset of
industrial sectors. In all of the ten countries, Coke and refined petroleum products
(N_10) and Motor vehicles, trailers and semitrailers (N_20) are in the top ten supply
resilient sectors, followed by Food products, beverages and tobacco (N_6), Chemical
products (N_11), and Basic metals (N_15) with nine shared industries altogether.
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At the other side of the classification, we find that the least ten supply resilient
industries in the least supply resilient economy, Italy (Figure 18) as mentioned before,
happen to be: Real estate activities (N_37), Mining support services (N_5), Mining and
quarrying (N_4), Education (N_41), Other services activities (N_44), Professional.
scientific, and technical activities (N_38), Human health and social work activities
(N_42), Agriculture (N_1), and Financial and insurance activities (N_36). Most of the
least supply resilient industries belong to the general services category, with the

exception of agriculture activities and two of the mining activities.

When we look at Table 6 we find the frequency of the shared least supply-resilient
industries. Agriculture (N_1) seems to be an outlier since only Colombia shares the
classification for this sector. All ten countries share Real estate activities (N_37) and
Education (N_41) in the subset of least resilient industries followed by Human health
and social work activities (N_42) and Other services activities (N_44) with eight shared
industries. As was the case with the least demand-resilient industries, we find once
again a majority of industries belonging to the services sector in this classification of

least supply-resilient industries.
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Figure 11.Net Supply Resilience Coefficient.
Domestic I-O Table Australia. 2018.
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Figure 12. Net Supply Resilience Coefficient.
Domestic I-O Table Canada. 2018.
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Figure 13. Net Supply Resilience Coefficient.
0.8 Domestic I-O Table Colombia. 2018.
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Figure 14. Net Supply Resilience Coefficient.
Domestic I-O Table France. 2018.
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Figure 15.Net Supply Coefficient.
Domestic I-O Table Germany. 2018.
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Figure 16. Net Supply Resilience Coefficient.

Domestic I-O Table United Kingdom. 2018.
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Figure 18. Net Supply Resilience Coefficient.
Domestic 1-O Table Italy. 2018.
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Figure 19.Net Supply Resilience Coefficient.
Domestic I-O Table Spain. 2018.
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Figure 20. Net Supply Resilience Coefficient.
Domestic I-O Table Mexico. 2018.
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Table 5: Country Frequency of the First Ten Highest Supply-Resilient Industries

Sector | Country ISO 3166-1 alfa 3 code Sector | Country 1SO 3166-1 alfa 3
Code Code |code

N_1 N_23 |UK,ITA

N_2 Fra,UK N_24

N_3 GER N_25 |AUS

N_4 UK N_26

N_5 UK N_27

N_6 AUS,CAN,COL,FRA,GER,UK,USA,ITA,SPA N_28 |CAN,FRA,GER,USA
N_7 FRA,USA N_29 |GER,UK,ITA,SPAMEX
N_8 AUS,CAN,FRA,GER,USA,SPA N_30

N_9 AUS,CAN,COL,GER,USA MEX N_31

N_10 [AUS,CAN,COL,FRAGER,UK,USA,ITASPAMEX |N_32

N_11  [AUS,CAN,COL,FRA,UK,USA,ITA,SPA MEX N_33

N_12 [MEX N_34

N_13 [AUS,CAN,COL,USA,ITASPA N_35

N_14 |CAN,MEX N_36

N_15 [AUS,CAN,COL,FRA,GER,UK,USA,ITASPA N_37

N_16 |MEX N_38

N_17 |[COL,MEX N_39

N_18 |ITA,SPAMEX N_40

N_19 [cCOL N_41

N_20 [AUS,CAN,COL,FRA,GER,UK,USA,ITASPAMEX |N_42

N_21 |AUS,COL,FRA,GER,ITASPA N_43

N_22 N_44
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Table 6: Country Frequency of the First Ten Lowest Supply-Resilient Industries

Sector | Country ISO 3166-1 alfa 3 | Sector | Country 1SO 3166-1 alfa 3 code
Code |code Code

N_1 COL,ITA N_23 |[CAN

N_2 COL,USA N_24

N_3 AUS,FRA,UK,SPA,MEX N_25

N_4 AUS,CAN,COL,GER,ITAJMEX |[N_26 |CAN,GER,SPA MEX

N_5 CAN,FRA,GER,ITA N_27

N_6 N_28

N_7 N_29

N_8 N_30 |AUS,USA

N_9 N_31 |[FRAUK

N_10 N_32 |MEX

N_11 N_33

N_12 N_34 |[UK

N_13 N_35 |CAN,COL,FRA,UK,USA

N_14 N_36 [AUS,ITA,SPAMEX

N_15 N_37 [AUS,CAN,COL,FRA,GER,UK,USA,ITA,SPA MEX
N_16 N_38 [CAN,COL,USA,ITAMEX

N_17 N_39 [CAN,COL,FRA,GER, SPAMEX

N_18 |UK,USA N_40 |AUS,FRA,GER,USA,ITA,SPA

N_19 N_41 |AUS,CAN,COL,FRA,GER,UK,USA,ITA SPA, MEX
N_20 N_42 |AUS,CAN,FRA,GER,UK,USA,ITASPA
N_21 N_43 |AUS,COL,GER,UK,USA,SPA

N_22 N_44 |AUS,COL,FRA,GER,UK,ITA,SPAMEX
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5. Conclusions

This work has a double objective, methodological and empirical. On the one hand, we
introduce a new methodological criterion of static resilience that can be calculated from
the available 1-O data of an economy. Our criterion uses the concept of restricted
multipliers and allows a numerical estimation of the degree of adjustment of the
economy to a negative external shock, taking into account the chains of interconnection
that are present in the current economic structure. We use a linear programming
problem to estimate the minimal basal adjustment to a shock both from the demand and
supply sides. On the other hand, we use our conceptual proposal to generate an
empirical evaluation of demand and supply resilience for a set of ten OECD countries.
We use the homogenized 1-O dataset elaborated in the OECD using the most recent
available data for 2018. This data has the advantage of distinguishing input-output
intermediate data separating domestic inputs from imported inputs. The numerical
results show, in general terms, that demand resilience tends to be associated with
industrial sectors whereas supply resilience is mostly associated with the general
services sectors. This type of response is what we observe it happens in all of the ten
selected OECD countries. The United Kingdom and France present the most resilient
economic structures to demand shocks; with The United States and Mexico being the
least resilient of the ten countries. On the supply side, Australia and the United
Kingdom have the most resilient economies whereas Colombia and Italy take the
bottom places in the ranking. In our calculations we impose the condition that the
adjustments must preserve initial GDP that we select as the measuring yardstick. Other
and different restrictions than GDP preservation are of course possible, and we plan to

examine them in our future work.
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Appendix 1: Supply Induced Resilience Indicators.

Suppose a shock of magnitude 5, <0 falls on the gross output of industry k. We can
calculate the countervailing values §°>0 for ik that would keep aggregate value-
added, or GDP, at least at the initial level with the least deviation from the initial final

demand pattern. We first define the neutral scaling:

(67 =5 (i=k)

Ja* — 5= (i2K) (A1)

As in the case of the demand induced resilience indicator, the changes in gross output
also fulfill the following condition:

iz::éix —5;+§{5;-§}—5;5;-[%—:}—0 (A2)

j=k j=k

Hence, the restricted output induced multiplier reads as:

TS BT U 3 S AN (A3)

i=1 j=k

For the case of the supply induced resilience index, given a negative shock & find the
re-scaling value p. that solves the linear programming problem:

Min p, subject to

X, =X +06

(A4)

5*=5" ifi=k and 6 =p, —5' -—1— ifizk

Therefore, similarly to the interpretation of the demand resilience net coefficient, the
most resilient industry sector from a supply-side perspective would be then the one that
presents the highest positive net supply resilient coefficient 1 — pj;.
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Appendix 2: Industry Classification OECD Input-Output Tables

Industry- | ISIC 4 Division | Industry Description

Code

N_1 01, 02 Agriculture, hunting, forestry

N 2 3 Fishing and aquaculture

N 3 05, 06 Mining and quarrying, energy producing products

N 4 07,08 Mining and quarrying, non-energy producing products
N_5 9 Mining support service activities

N_6 10, 11, 12 Food products, beverages and tobacco

N_7 13,14, 15 Textiles, textile products, leather and footwear

N 8 16 Wood and products of wood and cork

N 9 17,18 Paper products and printing

N 10 19 Coke and refined petroleum products

N_ 11 20 Chemical and chemical products

N_ 12 21 Pharmaceuticals, medicinal chemical and botanical products
N_13 22 Rubber and plastics products

N_14 23 Other non-metallic mineral products

N_15 24 Basic metals

N 16 25 Fabricated metal products

N_17 26 Computer, electronic and optical equipment

N_18 27 Electrical equipment

N_19 28 Machinery and equipment, nec

N_20 29 Motor vehicles, trailers and semi-trailers

N 21 30 Other transport equipment

N 22 31, 32,33 Manufacturing nec; repair and installation of machinery and
N 23 35 Electricity, gas, steam and air conditioning supply
N_24 36, 37, 38, 39 Water supply; sewerage, waste management and remediation
N_25 41, 42,43 Co.ns-tr-uction

N _26 45, 46, 47 Wholesale and retail trade; repair of motor vehicles
N_27 49 Land transport and transport via pipelines

N_28 50 Water transport

N_29 51 Aiir transport

N_30 52 Warehousing and support activities for transportation
N 31 53 Postal and courier activities

N_32 55, 56 Accommodation and food service activities

N _33 58, 59, 60 Publishing, audiovisual and broadcasting activities
N_34 61 Telecommunications

N_35 62, 63 IT and other information services

N_36 64, 65, 66 Financial and insurance activities

N_37 68 Real estate activities
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N 38 69 to 75 Professional, scientific and technical activities
N_39 77 to0 82 Administrative and support services
N_40 84 Public administration and defense; compulsory social security
N 41 85 Education
N_42 86, 87, 88 Human health and social work activities
N_43 90, 91, 92, 93 Arts, entertainment and recreation
Other services activities, activities of households as employers;
N_44 94, 95, 96, 97, 98 undifferentiated goods and services production activities of

households for own use
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