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Abstract 

Input-output models are commonly used to assess socioeconomic impacts. These models 

typically evaluate exogenous variations in demand-related elements; however, they do not 

fully capture the associated effects of backward and forward sectoral linkages 

simultaneously. An analysis from the supply perspective is of greater interest to economic 

sectors that exploit natural resources because their activity is subject to natural variations 

or political factors beyond the producers’ direct control. This paper seeks to propose a 

methodology to improve the estimation of the impacts of these variations or supply shocks. 

Within the methodological context of input-output (IO) analysis, this paper introduces a 

practical procedure that includes price mechanisms that allow us to consider all sectoral 

linkages (backward and forward), thereby avoiding double counting. Therefore, the 

proposed method will improve impact assessments derived from supply shocks. 
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1. INTRODUCTION 
 

Since Leontief’s first contributions (Leontief, 1936, 1941), the input-output (IO) 

analysis has undergone substantial development (Rose and Miernyk, 1989; Kurz et al., 

1998). According to experts in the field, its future is quite promising (Dietzenbacher et al., 

2013). A relevant part of the theoretical extensions and practical applications of IO models 

are related to impact assessment. For instance, relevant studies can be found on the 

analysis of the economic impacts of specific industries (Kinnaman, 2011; Malik et al. 

2014), environmental impacts (Lenzen et al., 2003; Ferng, 2003; Suh, 2004; Suh and 

Kagawa, 2005; Hertwich, 2011), impact assessments that use IO tables in physical units 

(Giljum and Hubacek, 2004; Dietzenbacher, 2005), or impacts that are linked to disasters 

or attacks (Santos and Haimes, 2004; Andrijcic and Horowitz, 2006; Okuyama, 2007).  

Building on the framework of IO models, this work focuses on assessing impacts that 

are linked to productive sectors whose activity or production levels are highly dependent 

on uncontrollable factors (e.g., the weather), natural restrictions (e.g., limitations on the 

availability of natural resources) or political decisions (e.g., production limitations due to 

quotas and/or regulated prices). These types of restrictions often affect activities in primary 

sectors (agriculture, forestry or fishing). Therefore, the production level is largely 

determined by these exogenous factors rather than by changes in the final demand for 

such products (which tends to be relatively stable due to the products’ low-income 

elasticity). When an event limits production (i.e., a supply shock), how can we estimate the 

resulting socioeconomic impacts? 

To address this type of analysis, scholars can use models that estimate the impacts 

of disasters. In these models, the consequences of disorder caused by a natural and/or 

human-made disaster are studied. As noted by Okuyama and Santos (2014), the direct 

impacts are linked to the loss of physical and human capital. Such damage can cause 

business interruptions and production and/or consumption losses, which can potentially 

spread to other firms via backward and/or forward linkages. Direct effects represent 

damage to stocks, while indirect effects represent damage to production and consumption 

flows. The inoperability input-output model (IIM) was developed to analyze the wide-

ranging economic impacts of disasters. The conceptual and theoretical foundations of the 
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original IIM (Haimes and Jiang, 2001) were presented in physical terms. Santos and 

Haimes (2004) developed a process in which IO data could be utilized to study the effects 

of inoperability across interdependent economic systems. Since then, methodological 

extensions and practical applications of the IIM have been published (a brief description of 

these works can be found in Santos et al., 2014). However, in a recent paper, 

Oosterhaven (2015) presented a critical view on IIM’s suitability for capturing the diverse 

impacts of disasters. First, the IIM completely ignores the potential positive impacts that 

can be derived from, for example, technical and/or substitution effects (in the case of 

replaceable inputs) or from post-disaster reconstruction programs. Second, although it 

considers only a subset of a disaster’s negative effects, the IIM is not well suited to 

estimate these impacts because the exogenous final demand is the driving force in the 

IIM, while most disasters generate a shock on the supply side of the economy. 

To overcome these limitations, some authors (Roberts, 1994) have proposed 

replicating previous methodology using the Ghosh model’s forward perspective (Ghosh, 

1958). As Dietzenbacher (2002) indicated, this type of model has been frequently used to 

empirically analyze the supply-side effects on the output of an economy (Kurz et al., 1998, 

includes an exhaustive revision of this perspective). However, other authors have 

questioned this solution, deeming it implausible (Oosterhaven, 1988, 1989). After 

reviewing the literature, we have concluded that the model should be used only for 

descriptive analyses and not for causal interpretations or applications, which could 

potentially lead to meaningless results. Subsequently, the Ghosh model has been 

interpreted as a pricing model (Dietzenbacher, 1997). Nevertheless, the discussion 

regarding the theoretical consistency and validity of the Ghosh model continues, as 

evidenced in some more recent works (Guerra and Sancho, 2011; Oosterhaven, 2012). 

Critical authors with supply-driven IO models have proposed other ways of estimating 

forward production effects. For example, Oosterhaven (1988) developed an interesting 

alternative model that applies to situations in which resources are scarce. Based on 

exogenous change in primary inputs, this alternative model uses intraregional output 

coefficients (from the supply-driven IO model) and reciprocal technical coefficients to 

estimate the forward production effects on processing sectors. Aiming to consider the 

possible forward and backward effects simultaneously, Rose and Wei (2013) developed 

Oosterhaven’s idea to estimate the total economic consequences of a seaport disruption. 

They used the demand-driven IO model to capture the impacts on suppliers up the supply 

chain and a modified version of the supply-driven IO model to capture impacts on 
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customers down the supply chain. This modified supply-driven IO model was able to avoid 

some of the criticism related to the use of this type of model. However, as Oosterhaven 

(1989) previously concluded, markets and prices need to be introduced into IO models to 

integrate demand and supply effects in a satisfactory manner. 

Changes in prices, supply constraints and possibilities of substituting inputs, imports 

and exports may be considered in the computable general equilibrium (CGE) model. This 

model has also been used to analyze the impacts of disasters (Rose and Liao, 2005 and 

Rose at al., 2011). Although developments and applications of the CGE model are beyond 

the scope of this study, the contributions of Mansen and Jensen-Butler (2004) may be of 

special interest to scholars in the field of IO models and impact assessments. Their paper 

examined the nature of the links between a regional economy and activities at the sub-

regional level through the perspective of a disaggregated sub-regional CGE model, 

discussed related operational problems and developed a concrete application to analyze 

the economic effects of changing transport costs and bridge tolls in Denmark. The model 

is based on two interrelated circles: a real Keynesian circuit and a dual cost-price circuit. In 

the application, three types of locations (place of production, place of residence and place 

of demand) were considered to calculate the changes in transport costs through trade, 

shopping, tourism and commuting. The variations in transport costs result in changes in 

the relevant prices (for demand, production and imports and exports), which have an 

impact on disposable income, private consumption, foreign trade, GDP and employment. 

Therefore, this analysis incorporates the influence of supply-side conditions on production 

(e.g., the links between prices and disposable income) in the first step, but it does not 

consider the consequences of changes in prices of goods on the demand for those goods. 

Hallegate (2008) proposed an IO model to assess the indirect effects of disasters at 

the regional scale and applied it to the landfall resulting from Hurricane Katrina in 

Louisiana. This model considers changes in production capacity due to productive capital 

losses (an assessment of the consequences of a shock on the supply side) and adaptive 

behavior in the aftermath of disasters (producers and consumers can respond to a lack of 

input, for instance, by finding alternative suppliers). The disaster can reduce productive 

capacity and generate an imbalance with demand, leading to increases in commodity 

prices. This author noted that commodity prices respond linearly to the level of 

underproduction and assumed a single parameter of price inflation for the whole economy 

in applying these prices. In addition, local demand and exports were modified based on 

both the macroeconomic situation and their price elasticity (also considered unique for the 
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whole economy in their application). In the sensitivity analysis of that model, the author 

concluded that price dynamics do not strongly feed back into the model dynamics (inflation 

in all sectors remains negligible, except in the construction sector) and that, for reasonable 

values of demand elasticity, no large qualitative changes are observed, showing that this 

parameter is not essential. 

The current paper aims to introduce a practical methodological proposal that 

combines elements of various IO approaches to improve socioeconomic impact 

assessments that are derived from initial shocks in the supply’s output in a given sector. 

More specifically, it proposes a novel procedure for studying the effects of forward sectoral 

linkages by considering markets and prices in the IO model. This proposal is tailored to 

support decision making, as it provides an assessment of potential impacts under different 

circumstances (e.g., before setting fishing quotas, limits on dairy or livestock production, 

and regulated energy prices). Evaluating the potential impacts of unexpected changes in 

production conditions (e.g., due to climatic events that temporarily reduce or stop 

production in some sectors) may also be useful. 

To explain this approach, the paper is organized as follows. In section 2, the basic 

elements of IO analysis are summarized because they will be used throughout the rest of 

the paper. For those who are familiar with these elements, this section presents the 

notation used. In section 3, the new methodological proposal for assessing socioeconomic 

impacts that are linked to initial supply shocks is introduced. This innovative procedure is 

based on a sequential combination of known elements in the field of IO analysis. Section 4 

contains a synopsis and discussion of the proposed methodological procedure. This 

discussion attempts to explain the rationale and economic logic behind the assumptions 

made in the different phases of the procedure. Finally, section 5 summarizes the 

conclusions.  

 

 

2. INPUT-OUTPUT MODELS AND OUTPUT MULTIPLIERS 
 

By accepting the assumptions of standard IO models (Oosterhaven, 1996, and Miller 

and Blair, 2009), we can define the more conventional demand-driven IO model, which 

is formulated in matrix algebra notation as follows: 

𝐱 =  𝐀𝐱 + 𝐟  (1) 
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(𝐈 − 𝐀) 𝐱 = 𝐟    (2) 

where A is the input coefficients matrix in the case of open economies (Oosterhaven 

and Hewings, 2014); x and f are the column vectors of total output and final demand, 

respectively; and I is the identity matrix. The matrix that results from solving (I-A) is known 

as the Leontief matrix. From the previous expressions, we can yield the following: 

𝐱 =  (𝐈 − 𝐀)−1 𝐟 = 𝐋 𝐟  (3) 

where L=(I-A)-1 is known as the Leontief inverse matrix of the total requirements (lij). 

From this matrix, we can obtain the simple output multipliers, m(o)j:  

m(o) j = ∑ lijn
i=1   (4) 

This indicator explains the direct and indirect impacts that variations of a certain 

sector’s final demand can have on the overall economic system.  

The price model based on monetary data (Miller and Blair, 2009) can be represented 

in matrix form: 

𝐱′ = 𝐢′ 𝐙 + 𝐯′   (5) 

where x’, i’ and v’ are, respectively, the row vector of total output, the row vector of 

ones and the row vector of the total value-added expenditures by each sector. If we 

represent x� as the diagonalized matrix of total outputs and substitute Z = A x� in expression 

(5), we obtain the following: 

𝐢′ = 𝐢′ 𝐀 + 𝐯′𝐜   (6) 

where v′
c =  v′ x�−1 = [v1/x1, …, vn/xn]. If p�j denotes the base-year index prices, p� ′ = 

[p�1, …, p�n], then the IO price model can be written as follows: 

𝐩� ′ = 𝐩� ′𝐀 + 𝐯′𝐜 =  𝐯′𝐜 (𝐈 − 𝐀)−1 =  𝐯′𝐜 𝐋  (7) 

Or its equivalent form can be expressed in column vectors: 

𝐩� =  𝐀′𝐩� +  𝐯𝐜 =  �𝐈 − 𝐀′�
−1

 𝐯𝐜 = 𝐋′ 𝐯𝐜  (8) 

By assuming that the coefficients of A are fixed values, this model is useful in 

determining how the index prices vary due to exogenous changes in the primary input 

values. This price model, in which the quantities are fixed and the prices change, is also 

known as the cost-push IO price model (Oosterhaven, 1996; Dietzenbacher, 1997). 

In the standard demand-side IO models, the final demand elements are typically 

exogenous components, and each sector’s outputs are endogenous. In certain cases, the 
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total output of one or more sectors may be determined exogenously, while the outputs of 

the remaining sectors continue to be specified endogenously. A mixed type of IO model 

may be appropriate to address these special circumstances (Miller and Blair, 2009). This 

type of model has often been applied in empirical studies on agricultural and natural 

resource economics (e.g., Johnson and Kulshreshtha, 1982; Papadas and Dahl, 1999; 

Eiser and Roberts, 2002; Leung and Pooley, 2002). 

Assume that total output for k sectors in a regional economy  is determined 

exogenously (x’ex = [x1,…,xk]) and that final demands are determined endogenously (f’en = 

[f1,…,fk]); in addition, the other sectors (n–k) are assumed to remain exogenous their final 

demands (f’ex = [fk+1,…,fn]) and endogenous in their outputs (x’en = [xk+1,…,xn]). For 

simplicity, we can partition the elements of matrix A as follows:  

𝐀 =  �𝐀𝟏𝟏 𝐀𝟏𝟐
𝐀𝟐𝟏 𝐀𝟐𝟐

�   (9) 

Matrix A11 contains the elements of the first k rows and columns of A; matrix A12 

contains the elements of the first k rows and the last n–k columns; matrix A21 contains the 

elements of the last n–k rows and the first k columns; and matrix A22 contains the 

elements of the last n–k rows and the columns of A. The same notation criteria can be 

used for the partitioned matrices of I and L. From (2), we can express the IO system as 

follows: 

�
(𝐈𝟏𝟏 − 𝐀𝟏𝟏) −𝐀𝟏𝟐

−𝐀𝟐𝟏 (𝐈𝟐𝟐 − 𝐀𝟐𝟐)�  �𝐱
𝐞𝐱

𝐱𝐞𝐧� =  �𝐟
𝐞𝐧

𝐟𝐞𝐱�   (10) 

Rearranging (10) provides the following:  

�
− 𝐈𝟏𝟏 −𝐀𝟏𝟐
𝟎 (𝐈𝟐𝟐 − 𝐀𝟐𝟐)�  �𝐟

𝐞𝐧

𝐱𝐞𝐧� =  �− (𝐈𝟏𝟏 − 𝐀𝟏𝟏) 𝟎
𝐀𝟐𝟏 𝐈𝟐𝟐

�  �𝐱
𝐞𝐱

𝐟𝐞𝐱�   (11) 

If we use M to denote the matrix that pre-multiplied to endogenous variables and N to 

denote the matrix that pre-multiplied to exogenous variables, (11) can be expressed as 

follows: 

�𝐟
𝐞𝐧

𝐱𝐞𝐧� =  𝐌−𝟏 𝐍 �𝐱
𝐞𝐱

𝐟𝐞𝐱� = �(𝐈𝟏𝟏 − 𝐀𝟏𝟏) − 𝐀𝟏𝟐 𝐋𝟐𝟐 𝐀𝟐𝟏 −𝐀𝟏𝟐 𝐋𝟐𝟐
𝐋𝟐𝟐 𝐀𝟐𝟏 𝐋𝟐𝟐

�  �𝐱
𝐞𝐱

𝐟𝐞𝐱� (12) 

where L22 = (I22-A22)-1. 

M-1N is a multiplier matrix that relates the exogenous variables (xex and fex) to their 

corresponding endogenous variables (fen and xen). The L22A21 matrix elements are similar 

to output-to-output multipliers. For instance, if we assume k = 1 and no changes in the 
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values of the other exogenous variables (∆f2=…=∆fn = 0), these elements reflect changes 

in the endogenous outputs ([x2,…,xn]) that are derived from a unitary change in the 

exogenous output (x1 in our example). 

 

 

3. METHODOLOGICAL PROPOSAL FOR ASSESSING SUPPLY SHOCK IMPACTS 
 

Exogenous variation in the output of a sector will affect the sectors that supply 

intermediate products to that sector. Furthermore, an exogenous shock to the production 

of a sector may have a significant impact on other sectors of the economy that are 

provisioned by that sector’s output (or intermediate inputs). Therefore, the multipliers 

calculated through the aforementioned methods do not consider the possible impacts of 

the existence of forward linkages. The inability to capture the forward and backward 

effects simultaneously is particularly manifest in a regional economy with many sectors 

whose production is subject to frequent exogenous shocks and that have strong forward 

linkages, such as input suppliers, with other sectors of the same economy. The following 

methodological proposal aims to address this aforementioned problem while maintaining 

the general scheme and basic assumptions of IO models, as synthesized in section 2.  

In the case of this methodological proposal, it is important to highlight that the supply 

shock that we analyze is not linked to a disaster involving a reduction in productive 

capacities; thus, no inflationary process deriving from underproduction is generated (as 

contemplated in Hallegate, 2008). This proposal is not based on the problematic supply-

driven IO model or on the sophisticated combination of a supply and demand IO model 

(the idea of Oosterhaven, 1988, which was later applied by Rose and Wei, 2013) because 

this approximation uses a combination of fixed technical coefficients and flexible trade 

coefficients, and a series of case-specific assumptions must be applied to obtain a decent 

estimate (Oostehaven, 2015). We assume that, in the short and medium term, the input 

coefficients remain stable after the supply shock because no technical or trade substitution 

possibilities exist (unlike in the CGE models or the model that Madsen and Jensen-Butler, 

2013, proposed for foreign trade). 

As a baseline, an exogenous supply shock to the production of a certain sector of an 

economy is considered to potentially alter the price of this sector’s output. According to the 

supply, demand and market price information, the inverse of price elasticity of supply of 
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this exogenous output can be estimated [Esi−1 =  (∆pi/pi)/(∆qi/qi)]. Subsequently, the 

possible price variation in year 1 (∆p i
1) can be calculated through the concrete forecasting 

of supply amount variation in year 0 for the following year (∆qi
1): 

∆pi 1  =  Esi−1 pi 0 (∆qi 1 / qi 0)   (13) 

In addition, this output price variation can affect the prices of other outputs in the 

same economy, particularly if these outputs are used as intermediate inputs into other 

productive sectors. We assume that, with fixed input coefficients, the price change of 

outputs due to a supply shock will influence the prices of other outputs that are generated 

in other sectors of the economy, depending on the sector’s relative importance as an 

intermediate input in those industries.  

The main contribution of this methodological proposal is that a mixed IO price model 

is used to evaluate how a product’s price variation can affect the prices of other products. 

In this model, we assume that k sectors generate outputs whose prices are determined 

exogenously by the existence of direct regulations on supply or on prices. For sectors with 

exogenous prices, their vector of index prices can be constructed (𝒑�’ex = [𝑝�1,…,𝑝�k]). For the 

remaining (n–k) sectors of the economy, the ratio value added per unit of output will be the 

exogenous variables (vc’ex = [vc k+1,…, vc n]). From equation (8), we can write the following: 

�𝒑
�𝐞𝐱
𝒑�𝐞𝐧� =  �𝐀′𝟏𝟏 𝐀′𝟐𝟏

𝐀′𝟏𝟐 𝐀′𝟐𝟐
�  �𝒑
�𝐞𝐱
𝒑�𝐞𝐧� + �𝐯𝐜

𝐞𝐧

𝐯𝐜𝐞𝐱
�   (14) 

Following the steps in the previous mixed IO quantity model (equations 10-12), we 

obtain the following: 

�− 𝐈𝟏𝟏 −𝐀′𝟐𝟏
𝟎 (𝐈𝟐𝟐 − 𝐀′𝟐𝟐)�  �𝐯𝐜

𝐞𝐧

𝒑�𝐞𝐧 � =  �− (𝐈𝟏𝟏 − 𝐀′𝟏𝟏) 𝟎
𝐀′𝟏𝟐 𝐈𝟐𝟐

�  �𝒑�
𝐞𝐱

𝐯𝐜𝐞𝐱
�   (15) 

If we use 𝐌̇ to denote the matrix that pre-multiplied to endogenous variables and 𝐍 ̇ to 

denote the matrix that pre-multiplied to exogenous variables, from (15), we obtain the 

following: 

�𝐯𝐜
𝐞𝐧

𝒑�𝐞𝐧 � =  𝐌̇−𝟏 𝐍̇  �𝒑�
𝐞𝐱

𝐯𝐜𝐞𝐱
� = �

(𝐈𝟏𝟏 − 𝐀′𝟏𝟏) − 𝐀′𝟐𝟏 𝐋′𝟐𝟐 𝐀′𝟏𝟐  −𝐀′𝟐𝟏 𝐋′𝟐𝟐
𝐋′𝟐𝟐 𝐀′𝟏𝟐 𝐋′𝟐𝟐

�  �𝒑�
𝐞𝐱

𝐯𝐜𝐞𝐱
�      (16) 

where L´22 = (I22-A´22)-1. 

According to exogenous price variation in year 1 (𝒑�ex 1 known) and assuming vc
ex 1 = 

vc
ex 0, the system (16) estimates vc

en 1 and 𝒑�en 1. Moreover, this mixed IO price model 

allows us to estimate the relative change in the prices due to exogenous changes in the 

price levels of one or more sectors of the economy. 
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In our methodological approach, we assume that the change in prices of outputs 

involves changes in production and in final demand, but the estimation of these effects 

differs based on the type of sector. 

For the case of k sectors that are affected by a supply shock, we assume that 

companies, at least in the short and medium term, react by keeping supply commitments 

to industries that depend on their raw materials. The supply of intermediate inputs that are 

demanded by other n–k sectors is prioritized; consequently, the impact on the quantity 

needed to supply the final demand of k sectors with exogenous output depends on the 

magnitude of the supply shock suffered and of the evolution of demand for n–k sectors.  

In the case of the n–k sectors that are not directly affected by a supply shock, 

variations in final demand depend on the price elasticity of demand for their products. In 

the standard IO models, by assuming fixed values for input coefficients, we implicitly 

assume that the price elasticity of demand is equal to -1 (de Boer, 1997). However, in this 

proposal, we assume that elasticity may differ by product. This information is exogenous to 

the IO model; thus, we assume that the change in these final demands is determined 

exogenously. That is, the variations in the prices of n–k endogenous outputs imply 

changes in their final demand in year 1 (∆di 1). Additionally, these variations in the 

demanded quantity of endogenous outputs can be estimated through the observed 

information according to the price elasticity of the demand for these products [Edi =

 (∆di/di)/(∆pi/pi)].  

∆di 1 / di 0  =  Edi (∆pi 1 / pi 0)   (17) 

The impact on the total output of the n–k sectors is determined both by the supply 

shock in the k sectors and by exogenous variations in their own final demands.  

If we operate with prices in the initial year (year 0), the expected variations are 

transferred directly to their monetary values in the quantities of exogenous outputs 

supplied (∆qi 1) and in the quantities of endogenous outputs demanded (∆di 1). If we denote 

xi
 ex 1(0) as the value of exogenous outputs for year 1 and fi

 ex 1(0) as the value of the 

exogenous demands for year 1, both expressed in monetary units of year 0, we obtain the 

following: 

xi
 ex 1(0)  =  xi ex 0 [1 + (∆qi 1 / qi 0)]      ; fi

 ex 1(0)  =  fi ex 0 [1 + (∆di 1 / di 0)]   (18) 

By understanding the predicted values for the exogenous variables (xi
 ex 1(0) and 

fi
 ex 1(0)), we can estimate a mixed IO model using the endogenous variables (fi

 en 1(0) and 
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xi
 en 1(0)). Therefore, assuming that the values of the input coefficients remain fixed, 

according to the system of equations (12), we obtain the following: 

� 𝐟
𝐞𝐧 𝟏(𝟎)

𝐱𝐞𝐧 𝟏 (𝟎)� =  𝐌−𝟏 𝐍 �𝐱
𝐞𝐱 𝟏(𝟎)

𝐟𝐞𝐱 𝟏(𝟎)� = �(𝐈𝟏𝟏 − 𝐀𝟏𝟏) − 𝐀𝟏𝟐 𝐋𝟐𝟐 𝐀𝟐𝟏 −𝐀𝟏𝟐 𝐋𝟐𝟐
𝐋𝟐𝟐 𝐀𝟐𝟏 𝐋𝟐𝟐

�  �𝐱
𝐞𝐱 𝟏(𝟎)

𝐟𝐞𝐱 𝟏(𝟎)� (19) 

where L22 = (I22-A22)-1. 

Notably, to estimate the impact of the initial supply shock on the outputs of the other 

sectors, we must consider the variations in the exogenous final demands. In our model, 

these variations may be significantly different from zero ([∆fk+1, …,∆fn] ≠ 0), which diverges 

from the typical assumption in other applications of the mixed IO model (e.g., Papadas and 

Dahl, 1999). 

As estimated with the aforementioned method, each sector’s total output is 

expressed in monetary units of the initial year (at year-0 prices). However, the estimated 

price indices are known for year 1 and linked to the initial supply shock:   𝒑�ex 1 from 

equation (13) and 𝒑�en 1 from equation (16). If these indices are used to calculate the 

variation in prices in percentage terms from one year to another (∆%pj), the results can be 

expressed in monetary terms for year 1 (xj1) with a simple operation:  

xj1  =  xj
1(0) �1 + ∆%pj�  (20) 

Applying a similar operation to the intermediate outputs [zij1  =  zij
1(0) (1 +  ∆%pi)] and 

final demand in each sector [fj1  =  fj
1(0) �1 +  ∆%pj�], we can rebuild a new IO table for 

year 1 that is expressed in current monetary units. This step allows us to calculate the 

value of total impacts in current terms, i.e., the situation valued at year-1 prices, and to 

compare it with the initial situation valued at year-0 prices. 

Figure 1 synthesizes this methodological proposal. In particular, it represents the 

stepwise sequence to apply the previous procedure, distinguishing the methodological 

tools and the information needed from the estimated results obtained from each step. 
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Figure 1.  Proposed procedure for assessing economic impacts 
 

 

 

4. DISCUSSION OF THE METHODOLOGICAL PROPOSAL 

 

The complexity of assessing the impacts related to exogenous shocks primarily 

affects the primary sectors that directly exploit natural resources (e.g., agriculture, 

fisheries, and forestry). These sectors have a high degree of uncertainty in their medium- 

and long-term production forecasts (e.g., due to atmospheric or climatic events, fires, and 

spills at sea), or they are strongly regulated (e.g., via fish quotas or prices fixed by the 

government). In addition, some industrial sectors in these economies may use these raw 

materials for their production (e.g., the agro-industry, forestry industries, canned food, and 

processed fish products) or to directly satisfy the final demand (e.g., restaurants). In these 
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cases, the productive activity is also affected by changes in the supply of their main raw 

materials. 

Within IO analysis schemes, impact assessments are typically based on the 

assumption that input coefficients and the prices of outputs are stable in the short and 

medium term. Nevertheless, this price stability seems difficult to assume for some outputs 

when a supply shock occurs. For instance, a significant decrease in landings of fish, due to 

an exogenous cause, affects not only the production of the regional processing industries 

but also the hospitality industry if these industries cannot find replacement supplies for 

those raw materials. The scarcity of fish products causes an increase in prices that 

ultimately affects the prices of fish products and the prices of items served at seafood 

restaurants. If so, the typical assumption of invariability in final demand of the sectors with 

endogenous output is also affected. 

The data on the produced quantities and market prices in primary sectors are 

generally available through official data sources and surveys. Therefore, we can obtain the 

measurements on the inverse of the elasticity price of supply (Esi−1) for those exogenous 

outputs. Thus, the initial supply shock for a primary product (∆qi
1) due to exogenous 

causes can be calculated (step 1). Furthermore, by applying Esi−1, we can estimate how 

prices will vary in the next period (step 2). 

If this information is included in the proposed mixed price model (step 3), the effects 

of exogenous output price variation (𝒑�ex 1) on endogenous output prices (𝒑�en 1) can be 

estimated. Remarkably, we consider price variations in relation to the initial situation 

(moment or year 0) and exclusively associate them with the supply shock under 

consideration (i.e., no additional factors are assumed to be capable of influencing the 

modification of these products’ prices). 

To apply this mixed pricing model, two basic assumptions should be explained in 

detail. 

On the one hand, we assumed stability in the relations of value added per unit of 

exogenous output (vc
ex 1 = vc

ex 0) to calculate the price indices. This assumption is 

reasonable for the sectors examined here. Agricultural and fishing sectors often have a 

slight relative weight on the overall economy. Therefore, a slight change in the levels of 

these sectors’ outputs hardly can result in significant variation in the average cost of 

wages or the average return of capital employed in the economy. 

On the other hand, assuming that, in the short term, no real changes are required in 
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the physical demand of the different intermediate inputs per unit of output seems equally 

reasonable, as can be illustrated in a brief example. After an initial shock in the supply of a 

fish product (e.g., tuna fish), in the short term, the canning industry will continue to demand 

a similar amount of tuna per can and will continue using the same facilities and working 

hours per unit produced as those used in previous years. A similar situation will occur in 

restaurants. The dishes will require the same amount of tuna fish and the same kitchen, 

chefs and waiters per customer. In both cases, the changes are related to the costs of 

production (variation in the price of raw tuna fish), which will be reflected in the final price 

of the tuna can or in the price of dinner at the restaurant. Therefore, if the initial supply 

shock is not extreme, the input coefficients will remain stable. 

The new index prices for endogenous outputs, as obtained through this mixed model 

(𝒑�en1), provide valuable information regarding each sector’s sensitivity to exogenous 

supply shocks in other sectors. If 𝑝�𝑗1 > 𝑝�𝑖1 (with k < i,j ≤  n), then sector j has a greater 

relative dependence on sector i in relation to the supplies of intermediate outputs of the 

sectors with exogenous prices. In other words, the outputs generated by the sectors 

subject to supply shocks have greater relative relevance in the cost structure of industry j 

and in determining the price of the output of sector j. Consequently, sector j is more 

sensitive than sector i in terms of potential exogenous supply shocks. 

The historical information on market behavior allows us to determine the price 

elasticity of demand (Edi) for each type of output (step 4). Through price variations (𝒑�en 1), 

we can estimate quantitative changes in the final demand for these products in year 1 

(∆di 1). A significant change in the price of a product (e.g., fish) due to an exogenous shock 

(government restrictions on allowed catches) will affect the amount of output that is 

earmarked for final demand and the amount of final demand in other sectors that use 

these products as intermediate inputs (e.g., fish processing industry or restaurants). 

Notably, both the initial supply shock (∆q i
1) and the estimated final demand variation 

(∆di 1) are discussed in physical terms (in our example, tons of fish). Applying equation 

(18), these variations in supply and demand allow us to obtain the new values of 

exogenous outputs (xi
 ex 1(0)) and exogenous demand (fi

 ex 1(0)) in monetary terms for the 

initial year (year 0). As discussed in step 3, we do not assume constant prices in this 

scheme. Put simply, once the changes in physical terms are estimated (∆qi
1 and ∆di 1), we 

propose to calculate their value in real monetary terms by using the base-year prices (in 

our case, year-0 prices). 
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The selection of year-0 prices is an important element in estimating these impacts. 

This decision enables the use of the same input coefficient matrix (A) that is used in the 

mixed IO model (step 5). Here, as in the price model, we assume that technical 

requirements in physical terms remain unchanged in the short term and that the input 

coefficients in monetary terms (aij) at year-0 prices remain unchanged. Therefore, the 

estimated results obtained through the mixed IO model (fi
 en 1(0) and xi

 en 1(0)) are also 

expressed in monetary units of the initial year (at year-0 prices). 

 The proposed mixed IO model follows the same backward perspective as that found 

in standard IO models. Nevertheless, unlike typical assessments of impacts, this proposal 

considers exogenous final demand variations that are caused by the initial supply shock 

(∆fi
 ex 1(0)  ≠ 0). Remarkably, these variations in demand depend on price changes, and 

they are more pronounced under conditions of high sensitivity to exogenous supply shocks 

and the high price elasticity of demand (in absolute terms) for these outputs. By 

considering the variations in the exogenous demand that are different from zero, we 

incorporate the forward linkages of those sectors that are subject to exogenous shocks. 

Thus, the proposed mixed model simultaneously captures the effects linked to the 

backward linkages of the sectors with exogenous output (the impact on sectors that supply 

intermediate inputs) and to the forward linkages of the sectors that depend on the 

intermediate output of the sectors that are subject to supply shocks. This model also 

manages to avoid the double counting of impacts. 

With this procedure, we estimate the direct and indirect impacts on sectors that are 

linked to other sectors that suffer due to exogenous supply shocks. However, we likely 

underestimate the total economic impacts. For this reason, impact assessments typically 

include induced effects throughout the economy. The incorporation of households in the 

model tends to overestimate the total economic impacts. In this case, both assessments 

can be considered minimum and maximum references, and the real impact on the overall 

economy will be positioned between them (Oosterhaven, Piek and Stelder, 1986).  

If the IO table is rebuilt according to the impacts expressed in year-0 prices, the 

supply relationships per product unit in each sector should remain stable (input 

coefficients, income per unit of output, etc.). Variation should occur in the sectoral 

relationships of final demand per unit of output because the new prices should cause 

relative displacements to the final demand of the sectors less affected by the inflation. 

 The estimated price increases can be used as deflators to obtain the new IO table at 
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year 1, as valued in current monetary units. This reconstructed table only considers the 

changes in the levels of prices associated with the initial supply shock to a concrete sector. 

Once the variables are calculated in current monetary terms, the input coefficients, 

including those of the other relationships in the basic Leontief model (e.g., the value added 

per unit of sectoral output), change. 

According to the proposed methodological procedure, an impact assessment can be 

achieved not only in terms of output and final demand but also in terms of value added or 

employment. The monetary amounts are expressed in terms of prices in the initial year 

(year 0) and in the final year (year 1), allowing us to conduct comparisons of the variations 

in real terms and in current or monetary terms. By introducing price variation into the 

procedure, we allow the possibility of a compensatory reaction in the economic system. 

Thereby, we avoid—at least in part—the frequent overestimation of impacts derived from 

the habitual use of the IO multipliers, which are based on fixed relative prices. The results 

obtained are sensitive to the values assumed for the price elasticity of supply of the good 

that suffers the exogenous shock. As the elasticity (in absolute terms) increases, the 

impacts on the entire economy increase because the price variations in the exogenous 

good more intensively extend to the prices of other goods that are produced in that 

economy. 

 

 

5. CONCLUSIONS  
 

IO models are widely used to assess socioeconomic impacts in an economy. 

Normally, the different versions of such models have analyzed, from a backward linkage 

perspective, the repercussions on production (endogenous variables) of changes to an 

element of the final demand (exogenous variables). Furthermore, activities that directly 

exploit natural resources are often subjected to restrictions (e.g., natural or political 

drivers) that can determine the production. Nevertheless, these usual IO models are 

insufficient for assessing possible supply shock impacts in sectors with strong forward 

linkages in their economy (i.e., such as suppliers of raw materials to other activities).  

This paper proposes a methodological procedure that aims to address this problem 

by considering the forward sectoral linkages. To address this problem from a practical 

perspective, we combine different elements and approaches of IO analysis. Building on 
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the economic information available in developed economies (i.e., an IO table and 

indicators of price elasticities), we propose a method to assess possible impacts of a 

potential supply shock in one (or more) of these economic sectors. The impacts derived 

from the forward linkages are introduced by including market mechanisms into the 

procedure through variations in the prices of the products that are affected by the initial 

supply shock. If we use the proposed mixed price IO model, we can see that the variation 

in the exogenous output price has a greater impact on prices in sectors that use the 

exogenous output as an intermediate input. Therefore, the final demand levels for those 

sectors with forward linkages will experience a relatively larger impact than the rest.  

The previous procedure is valid for assessing slight variations in supply shocks. 

Traumatic supply shocks, such as major disasters (human or environmental), require a 

different type of analysis. In this proposal, relative scarcity is addressed in the market 

through price modifications, but major disasters can turn product scarcity into an absolute 

(or nearly absolute) shortage. In such cases, market and price mechanisms will not 

function properly. 

Finally, this methodology is valid for providing a socioeconomic impact assessment 

for a supply shock that directly affects one of an economy’s productive sectors because it 

considers forward and backward sectoral linkages simultaneously. Nevertheless, the 

proposed method is even more useful for assessing or comparing different options (e.g., 

the impact of different fishing quotas). The assumptions and approximations used in this 

process may have little predictive capacity (because a shock is analyzed in isolation from 

other phenomena). However, we understand that this method has great advantages in 

analyzing and comparing estimated economic impacts in diverse scenarios. Therefore, the 

proposed method can support decision making, which is particularly relevant for sectors 

that are linked to the exploitation of natural resources. The decision makers in these 

sectors require further information because the main management tool may require limiting 

production or regulating prices (e.g., maximum price per kW of electric power). For this 

reason, this methodology may help us explore strategies and scenarios that involve 

ecological and social information and address biodiversity exploitation dilemmas using 

complex management approaches, such as the ecosystem-based approach. 

 

 

  



18 
 

References 

Andrijcic, E. and B. Horowitz (2006) A macro-economic framework for evaluation of cyber 

security risks related to protection of intellectual property. Risk Analysis, 26, 907-923. 

doi:10.1111/j.1539-6924.2006.00787.x 

Boer, P.M.C. de (1997) On the relationship between input-output coefficients and 

Hanoch's linear homogeneous constant differences of elasticities of substitution 

production function. Economic Systems Research, 9, 259-264. 

Dietzenbacher, E. (1997) In vindicat ion of the Ghosh model: A reinterpretation as a price 

model. Journal of Regional Science, 37, 629–651. doi:10.1111/0022-4146.00073 

Dietzenbacher, E. (2002) Interregional Multipliers: Looking Backward, Looking Forward. 

Regional Studies, 36, 125-136. doi:10.1080/00343400220121918 

Dietzenbacher, E. (2005) Waste treatment in physical input-output analysis. Ecological 

Economics, 55, 11-23. doi:10.1016/j.ecolecon.2005.04.009 

Dietzenbacher, E., Lenzen, M., Los, B., Guan, D., Lahr, M. L., Sancho, F., Suh, S. and C. 

Yang (2013) Input-Output Analysis: The Next 25 Years. Economic Systems 

Research, 25, 369–389. doi:10.1080/09535314.2013.846902 

Eiser, D. and D. Roberts (2002). The employment and output effects of changing patterns 

of afforestation in Scotland. Journal of Agriculture Economics 53, 65-81. 

Ferng, J.J. (2003) Allocating the responsibility of CO2 over-emissions from the 

perspectives of benefit principle and ecological deficit. Ecological Economics, 46, 

124-141. doi:10.1016/S0921-8009(03)00104-6 

Ghosh, A. (1958) Input-output approach in an allocation system. Economica, 25, 58–64. 

doi:10.2307/2550694 

Giljum, S. and K. Hubacek (2004) Alternative Approaches of Physical Input–Output 

Analysis to Estimate Primary Material Inputs of Production and Consumption 

Activities. Economic Systems Research, 16, 301-310.  

doi:10.1080/0953531042000239383 

Guerra, A.I. and F. Sancho (2011) Revisiting the original ghosh model: can it be made 

more plausible? Economic Systems Research, 23, 319-328. 

doi:10.1080/09535314.2011.566261 



19 
 

Haimes, Y.Y. and P. Liang (2001) Leontief-based model of risk in complex interconnected 

infrastructures. Journal of Infrastructure Systems, 11, 67-79. 

Hallegate, S. (2008) An Adaptive Regional Input-Output Model and Its Application to the 

Assessment of the Economic Cost of Katrina. Risk Analysis, 28, 779-799. 

Hertwich, E.G. (2011) The life cycle environmental impacts of consumption. Economic 

Systems Research, 23, 27-47. doi:10.1080/09535314.2010.536905 

Johnson, T.G. and S.N. Kulshreshtha (1982) Exogenizing Agriculture in an Input-Output 

Model to Estimate Relative Impacts of Different Farm Types. Western Journal of 

Agricultural Economics, 07, 187-198. 

Kinnaman, T.C. (2011) The economic impact of shale gas extraction: A review of existing 

studies. Ecological Economics, 70, 1243-1249. doi:10.1016/j.ecolecon.2011.02.005 

Kurz, H., Dietzenbacher, E. and C. Lager (1998) Input-output analysis. Cheltenham, 

Edward Elgar.  

Lenzen, M., Murray, S.A., Korte, B. and C.J. Dey (2003) Environmental impact 

assessment including indirect effects—a case study using input–output analysis. 

Environmental Impact Assessment Review, 23, 263-282. doi:10.1016/S0195-

9255(02)00104-X 

Leontief, W. (1936) Quantitative Input and Output Relations in the Economic Systems of 

the United States. The Review of Economics and Statistics, 18, 105–125. 

doi:10.2307/1927837 

Leontief, W. (1941) The Structure of the American Economy: 1919-1929. New York, 

Oxford University Press. 

Leung, P. and S. Pooley (2002) Regional economic impacts of reductions in fisheries 

production: a supply-driven approach. Marine Resource Economics, 16, 251–262. 

doi:10.1.1.374.8312 

Madsen, B. and C. Jensen-Butler (2004) Theoretical and operational issues in sub-

regional economic modelling, illustred through the development and application of 

the LINE model. Economic Modelling, 21, 471-508. 

Malik, A., Lenzen, M., Ely, R.N. and E. Dietzenbacher (2014) Simulating the impact of new 

industries on the economy: The case of biorefining in Australia. Ecological 

Economics, 107, 84–93. doi:10.1016/j.ecolecon.2014.07.022 



20 
 

Miller, E.D. and P.D. Blair (2009). Input-Output Analysis. Foundations and Extensions. 2nd 

Edition. Cambridge University Press. 

Okuyama, Y. (2007) Economic Modeling for Disaster Impact Analysis: Past, Present, and 

Future. Economic Systems Research, 19, 115-124. 

doi:10.1080/09535310701328435 

Okuyama, Y. and J.R. Santos (2014) Disaster impact and Input-Output analysis. Economic 

Systems Research, 26, 1-12. doi:10.1080/09535314.2013.871505 

Oosterhaven, J. (1988) On the plausibility of the supply-driven input-output model. Journal 

of Regional Science, 28, 203–217. doi:10.1111/j.1467-9787.1988.tb01208.x 

Oosterhaven, J. (1989) The supply-driven input-output model: a new interpretation but still 

implausible. Journal of Regional Science, 29, 459–465. doi:10.1111/j.1467-

9787.1989.tb01391.x 

Oosterhaven, J. (1996) Leontief versus Ghoshian Price and Quantity Models. Southern 

Economic Journal, 62, 750-759. 

Oosterhaven, J. (2012) Adding supply-driven consumption makes the Ghosh model even 

more implausible. Economic Systems Research, 24, 101-111. 

doi:10.1080/09535314.2011.635137 

Oosterhaven, J. (2015) On the Doubtful Usability of the Inoperability IO Model. SOM 

research report 15008-EEF, University of Groningen. 

Oosterhaven, J. and G.J.D. Hewings (2014) Interregional Input-Output Models. In: M.M. 

Fisher and P. Nijkamp (eds.) Handbook of Regional Science Vol.2. Heilderberg. 

Springer, 875-901. 

Oosterhaven, J., Piek, G. and D. Stelder (1986) Theory and Practice of Updating Regional 

versus Interregional Interindustry Tables. Papers of the Regional Science 

Association, 59, 57-72. 

Papadas, C.T. and D.C. Dahl (1999) Supply-Driven Input-Output Multipliers. Journal of 

Agricultural Economics, 50, 269–285. doi:10.1111/j.1477-9552.1999.tb00813.x 

Roberts, D. (1994) A Modified Leontief Model for analyzing the impact of milk quotas on 

the Wider Economy. Journal of Agricultural Economics 45, 90-101. 



21 
 

Rose, A. and S.Y. Liao (2005) Modeling Regional Economic Resilience to Disasters: A 

Computable General Equilibrium Analysis of Water Service Disruptions. Journal of 

Regional Science, 45, 75-112. 

Rose, A., S.Y. Liao and A. Bonneau (2011) Regional Economic Impacts of a Verdugo 

Scenario Earthquake Disruption of Los Angeles Water Supplies: A Computable 

General Equilibrium Analysis. Earthquake Spectra, 27, 881-906. 

Rose, A. and W. Miernyk (1989) Input-output analysis: the first fifty years. Economic 

Systems Research, 1, 229–271. DOI: 10.1080/09535318900000016 

Rose, A. and D. Wei (2013) Estimating the economic consequences of a port shutdown: 

The special role of resilience. Economic Systems Research, 25, 212-232. 

Santos, J.R. and Y.Y. Haimes (2004) Modeling the demand reduction input-output (I-O) 

inoperability due to terrorism of interconnected infrastructures. Risk Analysis, 24, 

1437–1451. doi:10.1111/j.0272-4332.2004.00540.x 

Santos, J.R., Yu, K.D.S., Pagsuyoin, S.A.T. and R.R. Tan (2014) Time-varying disaster 

recovery model for interdependent economic systems using hybrid input-output and 

event tree analysis. Economic Systems Research, 26, 60-80. 

Suh, S. (2004) Functions, commodities and environmental impacts in an ecological–

economic model. Ecological Economics, 48, 451–467. 

doi:10.1016/j.ecolecon.2003.10.013 

Suh, S. and S. Kagawa (2005) Industrial ecology and input-output economics: an 

introduction. Economic Systems Research, 17, 349-364. 

doi:10.1080/09535310500283476 

 

  

 


